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M.Lib.I.Sc. - 7: Application of IT in Libraries and Information Centres 

Block – 1 : An Overview of Library Automation 

 

Block Introduction 

 

 Technology has profoundly changed the nature and functioning of 

libraries and librarians. Today the library services are in transition i.e. 

providing global information access and information delivery through 

network technologies. The use of ICTs has potentially benefitted the 

development of libraries in resource sharing with consortia approaches. 

Computer technology has opened up tremendous possibilities for storing and 

retrieving enormous data/information with great speed. The unit – 1 of this 

block takes you on a trip down to the evolution of library automation, its 

rationale, concept and types of library automation, software and hardware 

sides and a quick glance at use of computers in a library environment. 

 

         Nowadays, the print medium is overtaken by the impact of IT 

and e-publishing. During 1990’s CD-ROM technology emerged as a tool- 

store vast amount of data in a small optical disc and has made inroads into 

library and information centres. Unit – 2 in this block discusses a variety of 

optical storage devices, mainly: CD-ROM and its variants, their features, 

and important data bases in different disciplines. The unit further probes into 

the library application dimension of the CD-ROM and finally advantages 

and disadvantages of CD-ROM technology. The future of the CD-ROM will 

depend upon other storage media and relative economics of remote access to 

data bases compared with local access to CD-ROMs. This unit also presents 

a brief description about CD-ROM networking, criteria for choosing 

software for retrieval of information from CD-ROM databases.   



  Artificial Intelligence (AI) is an area that is concerned with the 

development of systems that are capable of: a) problem solving, b) logical 

reasoning, c) understanding natural language and d) learning. Thus the core 

area of AI is the study of intelligent behaviour. This can be possible only if 

an open-ended amount of knowledge about the world is available to the 

system. Such a system is called an Expert System or knowledge engineering, 

and emerged as a source for useful applications of AI techniques. An Expert 

System therefore is a computer system that embodies knowledge about a 

specific problem domain and can solve problems from the domain using its 

knowledge with a degree of a expertise that is comparable to that of a human 

expert. Expert Systems can be developed for professional tasks in both 

traditional and no-traditional library and information services and 

management tasks. Unit 3 of this block is an attempt to brief you about 

these. 

 Both Hypertext and Hypermedia systems provide a way of 

representing and managing information in a flexible non-linear way that is 

appropriate for many multimedia applications. This unit also seeks to know 

the types, tools and access to hypermedia systems and hypertext and 

hypermedia applications in library and information environments. 

 

Prof. N B Pangannaya 
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1.0 Objectives: 

On completing the study of the units in this block students should be able to: 

 Understand the nature of library automation systems, 

 Understand how library automation has evolved over the last half a century, 

 Get to know the important landmarks and trends that have shaped library 

automation,  

 Get to know the rationale for and advantages of library automation, 

 Get to know the typical functional areas that a library automation system 

addresses, and  

 Get an overview of the technologies used over the years in library automation 

 

1.1 The nature of library automation systems 

Library automation systems are elaborately designed and carefully crafted computer 

applications that require considerable programming skills together with an extensive 

knowledge of the functional needs of libraries, software technologies that are appropriate 

for these and the exacting international data standards that are applied in libraries.  

Typically, they have one or more of the following characteristics: 

 Library automation systems create and maintain large bibliographic databases, 

e.g., the online catalogues. 

 Library automation systems provide the support needed to ensure consistency and 

accuracy in the content of these databases.  

 Library automation systems provide support to enable records in the databases to 

satisfy exacting international standards for bibliographic description.  

 Library automation systems provide support to enable data exchange between 

different libraries in a network of libraries. 

 Library automation systems use sophisticated software tools and standards to 

index, search and display information from the databases created. 

 Library automation systems allow library staff to perform routine library 

operations such as  

 acquisition (of books and serials),  

 cataloguing of acquired items,  
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 circulation of items held by the library and inter-lending of items between 

libraries,    

 access to external databases either online or on CD-ROM, and  

 the production of useful reports that help the management of a library to 

better utilize resources made available to it. 

Software and other technologies used in library automation systems include database 

management systems (DBMS), client-server architectures, search engine technology, and, 

increasingly, software used in many web-based applications.  

 

 

 

1.2 Evolution of library automation 

The term automation is used for any process that is done in which there is little or no 

human intervention between the input and the output of the process or operation or 

control of equipment, a process, or a system.  However, many computer-based 

automation systems depend on interaction between a computer and a human being for 

initial and intermediate responses or inputs before the desired output is reached. A good 

example of this kind of automation is the railway reservation system where a user first 

provides the starting and final destinations, the date and class of travel. Once the system 

receives these inputs, it then provides a response to indicate if the tickets for the desired 

travel are available and again depending on an intermediate response from the user, 

further actions are performed. Most library automation systems in vogue today depend on 

human-computer interaction to accomplish various tasks.  

 

 Early efforts to automate library operations and services using computers began 

during the mid-1950s, almost a decade after digital computers became available. Even 

before these experiments, however, there were several attempts to use semi-automated 

methods using punched cards, paper tape, ‘peek-a-boo’ cards and photographic systems. 

The chief difference between these early attempts and the later use of computers for 

library and information work lay in the extent of human intervention needed in the 

different processes, the speed with which the operations could be performed, the 



 4 

interactivity needed to accomplish some tasks, and the degree of control that could be 

exercised. Semi-automated methods require considerable human intervention, and are 

more error-prone compared with computer-based systems. 

 

 Pioneering work in the application of computers to libraries was understandably 

done first in USA, and later in UK and in Continental Europe due to the availability of 

the best infrastructure in telecommunications and computing technology.  

  

 It is convenient to view the evolution of library automation in three distinct 

phases: the first, during the period 1954–70; the second, during 1970–90; and the current 

phase, from 1990 onward. Each of these phases has been influenced by the technologies 

(hardware and software) available at those times; the social and political influences on 

education and research; and the convergence of media, computer, and communication 

technologies that took place over these years. 

In a broad sense, between 1954 and today, library automation has evolved through four 

incremental phases:  

 Efficiency of internal operations. In this phase libraries concentrated more on 

automating their internal or housekeeping processes, e.g., acquisition, circulation, 

etc., to obtain better control over these,  

 Access to local resources. In this phase, library automation systems were more 

focused on how to provide easy and remote access to a library’s online catalogue,  

 Access to resources outside the library. In this phase, library automation 

systems, attempted not only for better control over internal operations, and easy 

access to local resources, they expanded their scope to include access to other 

library catalogues and specialized databases, and 

 Access also to digital content, i.e., full-text of documents, images, audio, video 

and newer forms of information objects such as web pages. 

  

 Thus, a clear shift can be seen from local concerns to global concerns and from 

access to bibliographic records only also to digital information objects of one kind or the 

other. Increasingly, today, we are seeing the move towards making the diverse systems 
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and library networks to become interoperable, i.e., capable of exchanging data and 

messages seamlessly through the use of internationally accepted standards. 

These shifts in emphasis and phases may also be seen from the point of view of shifts in 

technology use. Initially library automation systems were predominantly data processing 

systems using either a large (expensive) main frame computer or a minicomputer that 

benefited only a single library. In the next phases, local area and wide networking 

(LAN/WAN) technologies began to be used to enable remote access to library databases 

and the creation of library networks and union catalogues, and with the advent of the 

Internet and the worldwide web, library automation systems today increasingly use web-

based technologies. 

 

 We will briefly review the phases of the evolution of library automation 

mentioned above. 

 

1.2.1 The period 1954–70 

 It could be said that library automation was in its infancy during the period 1954–

70. The period saw important initiatives in the use of computers for information retrieval 

and library housekeeping. The development of the Machine-Readable Cataloguing 

(MARC) format and the distribution of MARC tapes by the Library of Congress and the 

British Library, and establishment of the OCLC (Online Computer Library Center) 

cooperative network were important landmarks in this phase of library automation. 

 

1.2.11 Information retrieval applications 

 The Medical Literature Analysis and Retrieval System (MEDLARS) heralded the 

first major departure in machine searching of bibliographic records. The original 

MEDLARS which became operational in 1964 had two products: 1) the composition of 

the Index Medicus; and 2) machine searching of a large file of journal article citations for 

the production of bibliographies and on-demand search outputs. The MEDLARS system 

searched a compressed citation file in which each record had descriptors or subject 

headings associated with it. In addition, the system provided for Boolean ‘AND’, ‘OR’, 

and ‘NOT’ logic in searches. MEDLARS was a pioneering attempt at making available 
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large bibliographic databases on computers. This became the model for other database 

producers, and later for the hosting of these databases on online systems for remote 

access. The next major development was the development of the well-known online 

reference retrieval system called DIALOG. This was the first online retrieval system 

where users entered searches from remote terminals using dial-up connections via 

telephone lines. 

 

 Another important landmark in the area of information retrieval applications 

during the period 1954–70 was the work of H.P. Luhn. In 1961, Luhn used computers to 

produce a keyword-in-context or KWIC index to the titles of articles in Chemical 

Abstracts. He selected keywords from the titles of articles and arranged these in 

alphabetical order by words in the titles. A KWOC or keyword-out-of-context index 

listed keywords separately in the left-hand column with the full titles shown on the right. 

KWIC and KWOC indexes were used to provide multiple accesses to documents listed in 

current-awareness publications. Luhn also proposed the Selective Dissemination of 

Information (SDI) service using computers. SDI was an innovative idea to automate the 

matching of user interests (represented as a search profile) with the subject characteristics 

of new documents added to a library or information center.  

 

1.2.12 Library housekeeping applications 

1.2.12.1 Cataloguing 

 The production of catalogue cards was among the first of the library housekeeping 

operations to be automated in USA, followed by the automation of circulation control 

systems in large university libraries. 

 

 A development of great significance, one that continues to influence library 

automation was the initiative of the Library of Congress (LC) (USA) which began the 

development of the Machine-Readable Cataloguing (MARC) format in 1961. Underlying 

the MARC format is the idea of ‘field tags.’ These are three-digit numbers that are used 

to uniquely identify fields. The tag 100, for instance, always represents the personal 

name field; the tag 245 represents the title field; and so on. Further, each of the fields was 
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defined to have one or more subfields, each with its own unique identifier. The unique 

tags and subfields enabled computer programs to read and interpret catalogue records in 

machine-readable storage. The MARC format therefore made it possible to record full 

standard bibliographic descriptions based on a cataloguing code such as the AACR-II. 

The Library of Congress conducted a pilot project from 1966 through 1968, and began 

the MARC-II distribution service in 1968. The British National  Bibliography (BNB) and 

the Library of Congress began work toward a UKMARC pilot project during the initial 

LC-MARC project, leading to the international exchange of records between USA and 

UK beginning in 1969. Equally importantly, for the future of library automation and 

resource sharing, was the establishment of the Ohio Colleges Library Center (OCLC; 

now renamed as Online Computer Library Center, Inc.) in 1967. This was the first major 

online shared cataloguing system, and was soon followed by others such as the Research 

Libraries Information Network (RLIN) and the Western Library Network (WLN) in 

USA; the Birmingham Libraries Cooperative Mechanisation Project (BLCMP) and the 

Consortium of University Research Libraries (CURL) in UK; and the Project on 

Integrated Catalogue Automation (PICA) in the Netherlands. It is doubtful if these shared 

cataloguing utilities and initiatives would have developed when they did without the 

establishment of standards for exchanging bibliographic data in computer readable form. 

 The production of catalogue cards using computers soon gave way to the 

production of bookform catalogues. In UK, the Birmingham University Library first 

produced a book catalogue but this was soon replaced by a Computer Output Microfiche 

(COM) catalogue. The advantage of COM catalogues was that they could be distributed 

more easily than book catalogues. However, book catalogues and COM catalogues had a 

very short lifetime, as new methods were developed to make library catalogues more 

widely available to their clients. COM catalogues were expensive and time-consuming to 

produce, and difficult to consult. 

 

1.2122 Circulation control 

 Automation of circulation control has much in common with data-processing 

applications in business. Many large university and public libraries were overwhelmed 

with the number of circulation transactions that they had to contend with on a day-to-day 
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basis. Manual circulation control methods were simply not able to cope with the load of 

transactions that needed to be handled, apart from being error-prone and inefficient. 

Circulation control using computers was rightly seen as an appropriate application and 

there was a flurry of experiments in this area of library automation during the 1960s. 

Early circulation control systems used the punched card to store information about books 

that were charged out (issued). Such systems produced loan lists, lists of reserves and 

overdue and statistical analyses. While book information was read from a punched card, 

borrower data was actually entered each time a charge transaction took place. Other 

variants of circulation control using punched book cards and punched borrower 

identification (ID) cards soon appeared on the scene. 

 

 A step ahead in this area was the use of the IBM–357 data collection device for 

circulation control, which made it possible to have punched cards for both the book card 

and borrower identification cards. The IBM–357 directly read these punched cards and 

produced a paper tape of the transaction. The paper tape transactions were then batch-fed 

to computer programs at the end of each day to generate lists of books on loan and other 

outputs. The Southampton University Library in the UK was among the early ones to 

apply the IBM–357 and ICL–1900 series computers to automate its circulation system. 

Understandably, these early circulation systems were batch-processed systems and had 

many limitations, not the least of which was the fact that information on the current day’s 

transactions was not available. Also, it was not possible to query the circulation data files 

to find out if a specific book was out on loan, or what books were on loan to a borrower. 

More important, however, was that these early circulation control systems did not provide 

an interface with the catalogue records of the library, i.e., they did not draw book 

information from the catalogue; such information had to be provided externally through a 

punched card. Online circulation control systems that eliminated the disadvantages of 

batch-processed systems soon appeared, thanks mainly to the availability, by the late 

1960s, of visual display terminals (VDT) as interactive input/output devices to mainframe 

computers. 
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 Early online circulation systems used VDTs located at the circulation desk to 

transmit transaction data to a computer that processed the data at the end of each day (in a 

sense, the application was still a batch-processed one). 

 

 The first truly online circulation system, used at the Bell Laboratories Library in 

1968, had a database of converted catalogue records and used IBM–1050 terminals in 

each of the three libraries served by the system. This system permitted inquiries about the 

status of a title, apart from supporting charging and discharging operations 

 

1.2123 Serials control systems 

 The earliest serials control system reported in the literature was that of the 

University of California, San Diego. Checking-in of serials issues was accomplished by 

manual retrieval of a pre-punched card for the specific title and issue. The card was sent 

to the computer center for processing, and the journal issue was sent to the shelves. The 

system produced holdings lists, lists of issues not received, and subscription lists. A 

similar system was also introduced at the Washington University School of Medicine, 

USA. However, many problems were faced with batch-processed serials control systems, 

and the first online system was introduced in 1969 at the Laval University in Quebec, 

Canada. The file was accessed from VDTs, and the database could be queried and claims 

produced. 

 

1.2124 Acquisitions 

 Acquisitions automation did not pose any technical problems and there were 

several attempts to develop automated acquisitions systems during 1957–70. Early batch-

processed systems were based on the use of punched cards and produced printed multi-

part orders, in-process lists, and account statements of expenditures and encumbrances. 

Online acquisitions systems were first seen in 1968 and these provided interactive access 

by order number.  

 

1.213 Technology and environment 
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 The technology available during 1957–70 was predominantly mainframe 

computer based—initially the IBM–1401, followed by IBM–1130, and later the IBM–

360 and 370 series machines were commonly used—although minicomputers did make 

their presence felt by the mid-1960s. Mainframes were expensive and had to be used 

primarily as centralized resources. Further, the chief back-up storage device in use was 

the magnetic tape. Magnetic disks did become available during the mid-1960s, but they 

were expensive and their storage densities at that time were still not very high. This did 

preclude the widespread use of disks in library automation. Most processing was done in 

a batch mode, limiting the usefulness of systems where access to current records (e.g., in 

circulation and serials control) was important. Almost all the library automation that took 

place during this phase (1957–70) was based on locally developed custom applications 

with batch processing of records. Most applications addressed a single subsystem, e.g., 

circulation control. Librarians and programmer-analysts applied standard systems 

analysis techniques to identify individual operations that could be mechanized, to 

determine relationships between tasks, and to isolate the points at which human judgment 

was required. Even where VDTs were used as input/output to central computers, the user 

interface was character-based and menu driven, a far cry from the graphical user 

interfaces (GUI) that have become commonplace these days. Automation changed work 

tasks, workflow, and relationships between technical processing functions; it also reduced 

the number of professional staff, and resulted in the delegation of tasks to the least-skilled 

(and lowest-paid) workers who could accomplish them. These efficiencies improved 

services by getting acquired materials onto library shelves faster and by simplifying loan 

procedures for library patrons.  

 

 The 1960s marked a period of expansion in higher education and increasing funds 

for library collections. As the rate of publication increased, libraries realized that they 

could not acquire and process materials fast enough with traditional manual methods and 

that automation also could help to control costs on labor-intensive operations. 

Automation, in these countries, built on long traditions of shared and distributed 

cataloguing, resource sharing and cooperation, and ready access to a highly developed 

telecommunications infrastructure. As in other sectors of their economies, efficiency and 
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productivity were the chief factors motivating the automation of libraries. However, 

many libraries also discovered that although automation can provide more services for 

comparable expenditures, it rarely saved much money. 

 

 The greatest achievement of this period, which continued until the early 1980s, 

was the development of shared copy-cataloguing systems and standards for machine-

readable cataloguing records. These systems established very important precedents in the 

use of computers and computer networking for collaboration and cooperation within the 

library community, and paved the way for other key developments that would change 

libraries in the 1980s and early 1990s. 

 

 

 

1.22 The period 1970–90 

 This period may be said to be the adolescence of library automation. The first 

phase of automation had helped in the development of technical specifications, 

requirement analysis, and functionalities desired from automated library systems. Also, in 

the first phase of library automation, the greatest improvements were with regard to 

behind-the-scene processing functions. The easier availability of minicomputers (notably, 

Digital Equipment Corporation’s PDP–11 and later their VAX–11 series, Wang 

minicomputers, and Hewlett-Packard’s HP–3000 series machines), and the reduced costs 

of computer hardware, which had fallen by the early 1980s, enabled libraries to own 

computers and operate them in an online mode. Integrated library automation software 

enabled libraries to create bibliographic records at the time of ordering materials, which 

were then augmented with data needed for acquisitions, cataloguing, and circulation. 

Workflows and management reporting improved, and, thanks to the availability of 

networking technologies, library users had direct online access to library resources for the 

first time. 
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 Access quickly expanded from terminals in the library buildings, to terminals on 

university and organizational networks, to dial-up access by modems, and eventually to 

access via the Internet. 

Several developments marked this period: 

• Emergence of a marketplace for automated library systems 

• Implementation of online catalogues, and 

• Many projects for the retrospective conversion of records, all of which contributed 

to a shift toward concerns beyond local ones.  

 In USA, UK, and Europe, from the late 1970s to the early 1980s, there was rapid 

growth in the number of libraries automating their operations. An important reason for 

this was the emerging market for automated library systems. In the years preceding this 

period, libraries wanting to automate had to depend on local expertise of library and 

computer professionals and find funds to meet the development costs. 

 

 Commercially available library automation systems had many similarities, based 

as they were on a common understanding of the subsystems and functionalities within 

these subsystems. The early systems relied on proprietary hardware, software, and 

database structures, the market moved toward systems that supported library and 

computing standards. This shift followed overall trends in computing, from inhouse 

development to purchasing commercial software, and from closed systems based on local 

practice to open systems based on technical standards, particularly the MARC format. In 

the library community, the trend toward open systems also was driven by the need to 

migrate to new generations of hardware and software. After painful experiences in 

extracting their data from proprietary systems in order to transfer it to newly purchased 

systems, librarians pressurized vendors to support open standards. 

 

1.221 Online catalogues 

 Online catalogues first came into existence for on-site use in libraries in the mid-

to-late 1970s. They reached critical mass by the early 1980s, became available on local 

area networks and by dial-up modem by the mid-1980s, and were accessible via the 

Internet by the late 1980s. Until hardware, software, and communications costs became 
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low enough to maintain local catalogue data online, automated records were output from 

shared cataloguing utilities such as printed catalogue cards, book catalogues, or 

microforms. Online catalogues brought about many qualitative improvements in access to 

library resources. Even though the content and structure of the records was little changed 

from card catalogues, online catalogues provided new searching capabilities such as 

keyword access, Boolean logic, and the possibility to limit searches by publication year, 

language and type of material. Integrated library software allowed seamless access to 

circulation, acquisitions, and cataloguing data, and this changed the very nature of the 

catalogue, from a record of materials owned to a database indicating what is owned, 

available, and on order. 

 

 Universities and other organizations with departmental libraries could treat all 

their holdings as one database, searchable from any terminal. Before the online 

catalogues became available, only the central campus (or city, government, or corporate) 

library was likely to have a union card catalogue, while each branch library had a card 

catalogue of its own holdings. With the advent of online catalogues, all catalogues could 

be union catalogues. Online catalogues marked a shift in focus from individual local 

collections to the convergence of multiple collections, and from access in the library 

building to remote access, removing geographic constraints. 

 

1.222 Retrospective conversion 

 Libraries established their online catalogues initially with newly catalogued 

materials. However, by participating in shared cataloguing systems before internal 

automation, they could begin with five to ten years’ catalogue records already in 

computer-readable form. Large research libraries converted all of their records to create 

comprehensive databases of their collections, so they could gain the full advantages of 

automation and avoid the duplication of effort required by maintaining older records in 

manual form. By the mid-1990s, many smaller university and college libraries had 

converted 100% of their records. This resulted in the first generation of comprehensive 

and current academic library catalogues.  
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 Libraries in USA and UK recognized the importance of ensuring the quality of 

their retrospectively converted catalogue records. Each record had to conform to current 

cataloguing rules, augmented if incomplete, and the data assigned on the basis of 

international standards for catalogue data representation. 

 

 It was clearly understood that unless sufficient effort is invested in quality control 

and in normalizing the records to current practice, the online catalogue risks being a 

morass of inconsistent data from decades, or even centuries, of cataloguing practices. 

 These libraries found that it was prohibitively expensive for each of them to 

upgrade all their records on their own, given the high costs of professional staff in these 

countries. Capturing records catalogued to current standards from shared cataloguing 

databases such as OCLC, was found to be a simpler and more cost-effective alternative. 

Several cooperative efforts were initiated in USA and in Europe to complete retrospective 

catalogue conversion of major research libraries. 

 

1.223 Access to resources outside the library 

 During the 1980s, budgets for library acquisitions, in real terms, began to fall and 

there was a shift in emphasis from building extensive local collections to providing 

access to resources outside of the library. Libraries began employing communication 

technologies to acquire access to the collections of other libraries. Economics was a 

motivating factor, as was the availability of the technology. Libraries realized that to 

maintain quality services they had also to offer access to resources held elsewhere. The 

trade-off between collecting and borrowing became complex and this led to the formation 

of library consortia. The consortia evolved policies for cooperative acquisitions, and 

sharing of resources and skills/services, and created a collective capacity to negotiate 

with vendors, publishers and utilities such as OCLC. The availability of online catalogues 

and good telecommunications networks came in handy in all these efforts. At the same 

time, there was a marked change in the service expectations of the user community. The 

shift also reflected an orientation toward a global community of information seekers, as 

access to information became less and less constrained by geographic and political 

boundaries. 
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 Important developments that facilitated access to resources outside the library 

took place during the 1980s and early 1990s, as a consequence of automation and the 

networking of libraries. These are described below. 

 

 1.224 Interlibrary loan services and document delivery 

Shared cataloguing databases of library networks and consortia became union catalogues 

of their members’ collections by showing which member libraries held the items in the 

database. Union catalogues of library networks and consortia, and the OCLC’s database 

(which carries holdings data for several hundred thousand items held by member 

libraries), provided a rich base for interlibrary loan services. Thus, the automation of 

local collections in USA and UK created a massive set of resources for libraries, which 

were available not only to those who created them, but also to libraries worldwide and to 

their user communities. The 1980s heralded the heavy use of interlibrary loan services, 

reflecting the growing need to share resources in order to overcome the pressures on 

budgets and the increasing costs of published materials. The term interlibrary loan was 

soon replaced by document delivery, a more general concept that reflected the use of 

electronic mail, file transfer over computer networks, and faxed delivery of documents, 

rather than the borrowing of physical materials from another library via postal mail. 

 

1.225 Data exchange 

 The gradual convergence of computing and communications technologies 

improved access to information resources within and outside of libraries. In the early 

days, data exchange between systems was limited to batch tape loading and custom 

programming. Loading records from shared cataloguing systems into the early automated 

library systems was difficult, because of proprietary formats and inconsistent application 

of standards. An important international standard for the exchange of bibliographic 

records between systems—the ISO-2709 format—was defined during 1970–90. 

 

1.226 Integrating other online resources 
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 While the online catalogue was a huge advance, it did not completely meet the 

needs of some categories of library users. For example, users found that online catalogues 

did not provide access to journal articles, since the catalogue records were limited to 

books and serials. Since journals increasingly constituted the key literature in many 

disciplines, particularly in the sciences, users had to explore other information sources. 

Abstracting and indexing databases (MEDLINE, Engineering Index, etc.) that covered 

journal literature were offered for searching on commercial online services such as 

Dialog and BRS (Bibliographical Retrieval Service). But these services were expensive 

and required a certain degree of expertise in order to obtain good search results. 

 It was only in the late 1980s and early 1990s that these abstracting and indexing 

databases were mounted for interactive public access, opening up journal literature in the 

same way that the online catalogue opened up monographic literature. Initially, these 

were mounted on local servers and access to these was limited to a few users. However, 

many of these databases began also to be published on CD-ROM by the mid-to-late 

1980s, and libraries could subscribe to the CD-ROM versions. Initially, these were 

available for searching only on local workstations, but it eventually became possible to 

mount them on CD towers for networked access. 

 

1.227 Technology and environment 

 Computer technology for the best part of this period (1970–90) was dominated by 

minicomputers, with the PDP–11, VAX–11, Wang, and HP–3000 series machines being 

the most popular ones. Mainframes continued to be used by the large corporations 

because of the machines’ superior processing power, the considerable software 

development effort invested in them, and the many critical business applications that they 

supported. The years 1970–90 also saw the emergence of new software languages 

(notably C and C++), software engineering concepts, object-oriented programming, and 

paradigms such as database models and the software called database management 

systems (DBMS) built to implement these models. DBMS software using the 

hierarchical database model was soon replaced by DBMS software that implemented the 

network database model. In time, the relational database model soon replaced both the 

hierarchical model and the network model as the preferred model for DBMS software. 
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 Although the microprocessor was invented and microcomputers became available 

during the 1980s, it was not until the late 1980s and 1990s that they became cheap and 

widely available. Initially, there were many different makes of microcomputers, and 

major manufacturers (such as Apple Computers, Digital Equipment Corporation, IBM, 

and Radio Shack) had their own systems, with little or no interoperability between these 

systems. It was only during the mid-to-late 1980s that the microcomputer industry 

standardized on what we today call the PC (or IBM-PC). 

 The microcomputer industry made rapid strides during the late 1980s. Memory 

capacities, processor speeds, back-up storage capacities in the form of hard disk drives 

and CD-ROM drives increased dramatically along with new graphics adapters, modems 

and sound cards that truly transformed the microcomputer to first rival and later surpass 

earlier-day minicomputers in terms of performance and capability. The microcomputer 

also replaced VDTs as terminals to minicomputer and mainframe computer systems. The 

Intel Corporation became the chief supplier of microprocessor and other chips that went 

into microcomputer and telecommunication systems. Intel thus became a major force in 

the hardware industry. MS-DOS (Microsoft Disk Operating System) became the 

definitive operating system for PCs, and this enabled the Microsoft Corporation to 

become the richest IT Company in the world and a predominant software giant in the PC 

industry. MS-DOS was the most widely used operating system until the Windows 

operating system became available during the late 1980s and matured during the 1990s. 

The microcomputer, and operating systems such as the Microsoft Windows, pushed 

software developers in all fields, including library automation, toward developing 

systems that used the paradigms and ideas espoused by the graphical user interface 

(GUI). 

 

1.228 International initiatives 

 The International Labour Organization (ILO), an organ of the United Nations, 

took the initiative during the 1970s to develop the ISIS software for use by institutions in 

the developing countries. ISIS was developed for IBM–360 and IBM–370 series 

machines. ISIS was an information retrieval application that permitted the definition, 
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creation, indexing, maintenance, and searching of text-oriented databases, and the 

production of useful outputs from such databases. ISIS was developed keeping in mind 

the idiosyncrasies of bibliographic databases. It provided support to variable length 

records, repeating fields, and the possibility of word and phrase indexing of text-oriented 

fields such as titles and abstracts. It allowed searches using Boolean logic and field-

specific, free-text and truncated terms in search expressions. 

 

 When minicomputers became more widely and cheaply available, the 

International Development Research Centre (IDRC) Canada developed MINISIS, which 

like ISIS was an information retrieval application specifically designed for 

minicomputers. MINISIS, unlike ISIS, used the relational model and had all the features 

of ISIS. However, MINISIS was tied to the HP–3000 series minicomputer.  

 

 When microcomputers by the mid-1980s had become quite widely and cheaply 

available, UNESCO, another UN body, decided to develop a PC-based version of the 

mainframe ISIS during 1985. This was called Micro CDS/ISIS. Micro-Isis was made 

available free of charge to many developing countries. UNESCO, along with other 

international and national agencies, organized several training program in different 

developing countries to help build skills in using Micro-Isis. These initiatives were 

greatly responsible for introducing computer and database technology into many 

libraries. However, MINISIS and Micro-Isis were not library automation software. 

Special computer programs had to be written to use MINISIS and Micro-Isis to enable 

them to be used for library automation. 

 

1.229 Networking technologies 

 The period 1970–90 also saw many important developments in networking 

technology—developments that, in fact, provided the building blocks for the Internet and 

the World Wide Web comprising communications hardware and software. Packet-

switching technology developed during this period was a breakthrough technology 

because it enabled data to be transmitted across telephone networks in a reliable and 
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efficient manner. Communication of data over the Internet is based on this technology 

even to this day. 

 

 Packet-switching allows data (e.g. a file or message) to be broken up into packets, 

with each packet containing information about the source of the packet, its destination 

and its sequence in the total set of packets comprising the file or message. Each packet 

also carries error-correcting information, allowing the receiving system to check if indeed 

the packet has been received intact, and if not to make a request to retransmit the packet 

of data in question.  

 

 Local area networks (LAN) or networks that interconnect personal computers, file 

servers, printers, disk drives and CD towers in a single building or in a group of closely 

located buildings, also became possible due to the development of appropriate 

communications hardware and software, standard networking protocols and media during 

the 1970s and 1980s. LANs became the computing environment, replacing 

minicomputers in many business and educational organizations including libraries in the 

late 1980s.  

 

 Many libraries developed LANs that enabled better sharing of data and files 

between the different library subsystems. Library LANs also improved communication 

and interaction between users and the library staff. Terminals within the library building 

were dedicated for users to access the library’s online catalogue and other databases and 

services. It was possible to connect a library’s LAN, via communications hardware called 

bridges and gateways, to the organizational network or other networks outside the 

organization. This made it possible for a user sitting far away from the library to connect 

to the library’s LAN and search its online catalogue and other databases. Users who were 

outside the ambit of the LAN or the organizational network could dial-in to the LAN via 

a modem. All these developments enabled the library to reach out to its users in new and 

more effective ways than ever before. 

 

1.2210 The birth of the Internet and the World Wide Web 
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 The 1960s and 1970s saw important initiatives by the U.S. Department of Defense 

(DOD) and the Agency for Advanced Research Projects (ARPA) that ultimately led to 

the evolution of the Internet. The DOD wanted to create a network that would continue to 

operate even if part of the network was damaged during hostilities in the event of a war. 

The idea also was to enable different types of computers situated in different cities to be 

able to communicate with each other. A packet network called ARPANet, linking four 

universities on the West Coast of USA.was built. New universities were subsequently 

added to ARPANet, one at a time, until the early 1970s. Another challenge was to 

interconnect different kinds of packet networks, including radio and satellite. The 

breakthrough in Internet history came in the early 1980s with the development of the 

Transmission Control Protocol/Internet Protocol (TCP/IP) by Vincent Cerf and his 

graduate students at the University of California at Los Angeles (UCLA, USA). The 

TCP/IP suite of protocols became the crucial technology that allowed different computers 

to “talk” with each other, i.e., exchange data among themselves. 

 

 In the 1980s, American research scientists wanted a way to effectively share 

information, and they began to demand the same sort of access to networks that, at that 

time, only computer scientists had. In 1985, the National Science Foundation (NSF) 

formed the NSFNet by linking supercomputers at six major American universities. Each 

of the six universities became the hub of a regional network accessible to all universities, 

schools and libraries in the region. The NSFNet became a logical successor to the 

ARPANet, which was then shut down. By the mid 1990s, several large commercial 

networks based on the TCP/IP protocols connected to the NSFNet backbone and the 

regional networks, and began providing direct connections to customers. These 

companies were in fact the first Internet Service Providers (ISPs). 

 

 In effect, several networks began to be connected to each other via the NSFNet 

backbone. Such a network of networks began to be called the Internet. By 1994, the 

NSFNet had become so entrenched in the Internet, that it seemed logical to let the 

Internet grow by allowing commercial networks to take over the traffic. NSFNet was 

therefore wound up and its traffic taken over by commercial networks. The 



 21 

administration and development of the Internet was handed over to private bodies and 

professional groups. Several new protocols and services developed around the Internet. 

Popular among these were the Gopher (a menu-driven interface to resources on the 

Internet), FTP (File Transfer Protocol), which allowed anonymous users to download 

files from an Internet site, and Telnet (a protocol that allowed users to login to remote 

computers via the Internet). 

 What fuelled the explosive growth of the use of the Internet was the coming of the 

World Wide Web (WWW or ‘the Web’). Physicists and computer scientists, notably 

Tim-Berners Lee, who launched the WWW project in 1989, shared the vision of 

hypertext, a mechanism to link related information located on different networks 

anywhere in the world (as long as it was on a machine connected to the Internet) into a 

seamless web of information. The group proposed the use of a markup language called 

HTML (Hypertext Markup Language) to enable people to both access and publish 

information on the Internet. It is possible, for instance, to put a link in an HTML page 

that would point to another HTML page somewhere else on one of the computers 

connected to the Internet. The link (also called hyperlink) when clicked by a user would 

open the page to which the link pointed. All this became possible with protocols that 

were designed and agreed upon. The HTTP (Hypertext Transfer Protocol) and the 

concept of a URL (Universal Resource Locator), two key ideas among several others, 

were developed. The URL is a unique identifier of a document or page (constructed 

according to well-defined rules) on a specific computer connected to the Internet. 

Importantly, these protocols worked within the TCP/IP suite of protocols, i.e., they made 

use of the Internet protocols to enable a user to link seamlessly between different sites 

(computers or web servers) on the Internet and also use Internet services such as Telnet 

and FTP. 

 

 Soon thereafter, software to navigate the Internet via the links (or the Web) was 

developed. The first such software or Internet browser called Mosaic appeared in 1993. 

In 1994, Mosaic was taken over and marketed by a commercial company called Netscape 

Communications Corporation. Netscape provided their browser free of cost to anyone 

who wanted it. Soon thereafter, Microsoft got into the act and announced their Internet 
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browser called Internet Explorer. This one too was provided free of cost to interested 

users. The web browser became the definitive interface for navigating the Web. Along 

with browsers, there appeared authoring software that allowed the creation of web pages 

that could then be hosted on a web site. Other software to create animations and graphics 

for the Web emerged during the 1990s. A notable development of the 1990s was the 

development, by Sun Microsystems, of the programming language called Java that was 

targeted to the Internet. Java pioneered new concepts, notably the idea of a Java Virtual 

Machine (JVM). It is the JVM that actually interprets the Java byte code that is 

downloaded by the Internet browser. This enabled a Java program (applets and 

applications) to be available on any operating system platform as long as the platform had 

a JVM. 

 

 Similarly, new initiatives helped to develop standards for the representation of 

graphics and motion pictures on the web. Two important bodies—JPEG (Joint 

Photographers Expert Group) and MPEG (Motion Pictures Expert Group)—developed 

standards that are now widely accepted and used. This has led to an explosion of 

electronic information of all kinds (text, images, graphics, sound, videos, games). The 

last decade of the 20th Century saw several adaptations and enhancements to the 

protocols, software, hardware and applications of and for the Internet. 

 

 

1.2.3 Developments since 1990 

The opening up of the Internet to the world at large in the late 1980s and its rapid 

percolation in the 1990s, together with the development of protocols, software, hardware 

and standards that make up the World Wide Web (WWW), added a completely new 

dimension to the information world. If the microcomputer made access to computing 

power widely and cheaply available, it was the Internet that made access to worldwide 

information universally available. Information produced in any corner of the world could 

be accessed from anywhere else as long as it was hosted on a web server. 
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 Networked information saw a breakdown of geography as an organizing 

principle. All resources on the network were equally close, and they could complement or 

compete with each other; relationships between information providers, including 

librarians, and information users became much more varied and complex. International 

information sharing and collaboration were greatly facilitated. The use of the web 

became critical in many forms of scholarly communication. Preprints and technical 

reports became widely distributed on the web, democratizing access to this critical 

information and speeding up the rate of communication. Monographs and reference 

works became available as databases and scholarly web sites. Government databases and 

datasets became critical resources in the physical and life sciences, the social sciences, 

and even in some areas of the humanities. 

 

 Inevitably, the Internet and the World Wide Web have impacted the way libraries 

operate and serve their clients. In fact, Internet and the web technologies have enabled 

many players to enter the information access, delivery and knowledge provision business 

that was once the mainstay of libraries. To quote June Abbas  

[http://alexia.lis.uiuc.edu/review/5/abbas.html], “Perhaps no other recent innovation has 

impacted the library profession to such a great extent as the Internet and other networked 

resources. Not only is our world becoming an interconnected global community, but this 

early use of the 

 

 Internet has changed the fundamental roles, paradigms, and organizational culture 

of libraries and librarians as well.” The Internet and the Web have posed a number of 

threats and also opened new opportunities for libraries. 

 

 

 

1.3 Rationale for library automation 

The main reasons why libraries seek the application of automation and IT solutions are 

to: 

 obtain increased operational efficiencies;  
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 relieve professional staff from clerical chores so that they are available for user 

oriented services; 

 improve the quality, speed and effectiveness of services; 

 improve access to remote users and other stakeholders (e.g., the general public); 

 improve access to resources on other networks and systems, including the Web; 

 provide new services not hitherto possible; 

 improve the management of their physical and financial resources; 

 facilitate wider access to information for their clients; 

 facilitate wider dissemination of their information products and services; 

 enable their participation in resource-sharing library networks; and 

 Enable rapid communication with other libraries (including outreach libraries) 

and professional peers. 

 The above-mentioned reasons are not mutually exclusive. Benefits of the 

application of IT have been known to have a spillover effect. Also, it is well known that a 

library beginning with one application and reaping its benefits, soon begins to look for 

other areas where IT solutions are possible and useful. 

 

1.4 Types of library automation systems 

Library automation systems can broadly be categorized into two types: 

 Standalone systems 

 Integrated systems 

 

1.41 Standalone systems 

 These are systems that automate a single library function, e.g., circulation control. 

In today’s marketplace it is unlikely that vendors will develop and offer standalone 

systems. These are usually created and used in a library with the help of local systems 

analysts and programming staff. When microcomputers became widely available and 

programming languages such as dBase became available in the mid-1980s, a number of 

standalone systems were developed by librarians and programmers for use in small 

libraries.  
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1.42 Integrated systems 

 An integrated library system is one in which all of the functional modules share a 

common bibliographic database. An important feature of integrated systems is that there 

is considerable data exchange taking place between the different subsystems quite 

transparently to the user. The integration of a system can be accomplished in different 

ways. A library can: 

 buy an integrated system, including a number of functional modules, from a 

single vendor; or 

 Buy different modules from different vendors and interconnect them through local 

programming efforts. 

An integrated system is superior in several ways to one that is not integrated: 

 Duplication of effort to create and maintain multiple copies of bibliographic 

records is eliminated in an integrated system 

 Possibility of errors is minimized when records are entered only once, and 

changes are automatically propagated throughout the system 

 Library staff and patrons can have access to all pertinent information at one 

location 

 Maintenance and troubleshooting is simpler in an integrated system compared 

with one that is not integrated. 

 

 Integrated systems are particularly useful for library patrons. For example, while 

viewing a bibliographic record in the online catalogue, a patron can also see that the book 

has been checked out and note the date on which it is due back to the library. At the same 

time, the privacy of borrowers can be protected by preventing patrons from viewing 

borrower information. Patrons looking at an integrated system’s online catalogue can also 

see that a book has been ordered but not yet received by the library. In a non-integrated 

system, such information would be restricted to library staff who would view it only 

through the acquisitions module.  

 

 Integrated systems first made their appearance in mainframe architectures. In such 

a computing environment, all processing was done within the central host computer. 
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Users interacted with the host through a terminal that captured keystrokes and sent that 

information to the host. User interaction was via PCs or UNIX workstations. Mainframe 

software architectures did not support graphical user interfaces (GUI). As a result many 

integrated systems of the 1980s had character-based interfaces. In the late 1980s and 

early 1990s, the original PC networks were based on file-sharing architectures, where the 

server downloaded files from the shared location to the desktop environment. The 

requested user job was then run (including logic and data) in the desktop environment. 

File-sharing architectures work if shared usage, update contention, and the volume of 

data to be transferred are low. In the 1990s, PC LAN computing underwent a change 

because the capacity of the file sharing (typically only 12 simultaneous users) became 

strained as the number of online users grew and GUIs became popular, making 

mainframe and terminal displays appear out of date. The limitations of file-sharing 

architectures led to the emergence of a new architecture called the client-server 

architecture. This approach introduced a database server to replace the file server. Using 

a relational database management system (RDBMS), user queries could be answered 

directly. The client-server architecture reduced network traffic by providing a query 

response rather than total file transfer. It improved multi-user updating through a GUI 

front end to a shared database. In client-server architectures, Remote Procedure Calls 

(RPCs) or standard query language (SQL) statements are typically used to communicate 

between the client and server. The emergence of the Internet and the Web accelerated the 

move toward client-server architectures in the 1990s. 

 

 The definition of an integrated system has changed from a system that shares 

bibliographic records among local functions and modules, to a system that exchanges 

information with many other systems outside of the library. Client-server architectures 

and standardized protocols for passing information from one system to another have 

facilitated the integration of outside information sources into local systems. Most high-

end integrated systems today are web-based and client-server architecture based. 

 

1.5 Library automation subsystems 



 27 

Historically, library automation systems have been viewed as comprising a number of 

functional subsystems: 

 Acquisitions 

 Cataloguing 

 Circulation control 

 Serials control 

 OPACs 

 

 This view is largely conditioned by the workflow in a typical library. Logically, 

the acquisition of books and other material triggers all other activities in a library. Once 

these are acquired, they will need to be catalogued and indexed, and prepared for display 

and browsing on library shelves. The books/material then become available for 

circulation. Serials have unique characteristics and therefore their acquisition and control 

is managed differently. The OPAC is the electronic equivalent of the card catalogue since 

it provides the means by which users search the library’s holdings. Another reason why 

library automation software has modules organized according to the above-mentioned 

subsystems in their offerings is the fact that most libraries are organized by sections or 

departments responsible for book acquisitions, technical processing, circulation, and 

serials control. Within this broad framework, library automation software vendors offer 

value-added features in different subsystems, and it is these features that provide the 

differentiation of software from one another. 

 

1.6 Use scenarios in library automation 

 In earlier times, a library seeking to automate was chiefly concerned with its own 

requirements, conditions and priorities. Little consideration was given to networking with 

other libraries and resource sharing. Today, however, with the increasing need to access 

external resources, the possibility of shared functionality, and the need for exchanges of 

data between libraries, we are seeing greater emphasis on automation solutions that 

enable networking of libraries within an organization and across similar organizations. In 

the following paragraphs, we will look at typical networking scenarios that library 

automation should support. 
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 Libraries exist in a variety of organizational environments. At one end of the 

spectrum, there are organizations in which there is a single library (e.g., a law firm). On 

the other hand, there are organizations in which there may be several libraries. In such an 

organization, the libraries may be largely autonomous in their respective sets of 

operations but still cooperate in sharing their resources (e.g., a university library and the 

libraries of constituent colleges). Alternatively, one of the libraries may play the role of a 

central library and perform acquisitions and cataloguing functions for the other libraries 

(e.g., a university library and the departmental libraries). Library automation solutions 

should therefore be capable of supporting the following use scenarios: 

 Single library. 

 Central library and several remote affiliate libraries, e.g., a corporate library in a 

metropolis, and branch office libraries in different cities. In such a scenario, the 

corporate library and each of the branch offices may operate largely 

autonomously but still share resources. This scenario could be considered to be a 

distributed network of libraries. In this network, all libraries are part of the same 

parent organization and may choose to use the same library automation software. 

 Central library of a university and departmental libraries. In such a scenario, the 

central library may perform acquisitions and cataloguing for the departmental 

libraries, or only the acquisitions function. This use scenario could be considered 

to be a hierarchical network. In this network, all libraries are part of the same 

parent organization and may choose to use the same library automation software. 

 Library network of different libraries in a specific subject area (e.g., medicine), or 

libraries in a city or region that constitute themselves as a consortium. In such a 

network, each of the libraries operates autonomously and shares resources with 

the other libraries in the network. In this scenario, the libraries belong to different 

parent organizations. This use scenario is also considered to be a distributed 

network of libraries. However, in such a network, each library may use different 

library automation software. 
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 The single library use scenario poses the least problems in choosing and 

implementing a library automation solution. Ideally, however, whatever the solution 

chosen, it should support the exchange of data with other networks including cooperative 

networks such as OCLC.  

  

 The second broad use scenario is the distributed network (Fig. 2.2). In the multi-

library distributed network, two use scenarios are possible: 1) all libraries in the network 

use the same automation software; and 2) each library uses different automation software. 

Whether common or different, the software should: 

 support the creation and maintenance of a union catalogue. 

 enable the downloading of catalogue records from the union database 

 

 The third broad-use scenario is the hierarchical network, where the master library 

performs certain functions (e.g., acquisitions and cataloguing) on behalf of the satellite 

libraries. This ensures that the catalogue database is a union database. Other functions 

(e.g., circulation) are performed in a decentralized manner by all the libraries in the 

network. However, users accredited to a satellite library may have privileges to use the 

other satellite libraries as well as the master library. In this kind of a network, it would be 

advantageous for the master library and the satellite libraries to use the same automation 

software. An important advantage of using common software across the network is that 

the modules could be run out of a single installation out of the Intranet server of the 

organization. 

 

 

 

1.7 Hardware and software for library automation 

 The computing environment required for library automation can vary from very 

simple and relatively inexpensive to very expensive, depending on the kind of 

functionalities required, the number of users to be served, support to international and 

interoperability standards, and the connectivity to external sources of information desired. 
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1.71 Single user systems 

 At one end of the spectrum is the single user (Figure 1) environment: the user has 

a visual display terminal (or a PC) connected to a computer and a disk drive that houses 

the application. 

 

 

Figure 1 

 

1.72 Multi-user systems 

 A second configuration is one in which there are many users accessing the 

computer system that houses the library automation application and data files (Fig. 2). A 

layer of complexity is added in this configuration because the system should manage 

concurrent access to the database; particularly, it should prevent two users from updating 

the same record simultaneously. Such a configuration also needs a special piece of 

hardware called the terminal server to manage the transmission and receipt of data 

between the computer’s central processing unit and the user terminals. When a user sends 

a message to the host computer, it is routed through the terminal server that corrects any 

possible errors and delivers the data to the central processor. A similar process occurs in 

the reverse direction. 
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Figure 2 

 The multi-user system configuration was typical of centralized mainframe and 

minicomputer architectures. 

 

1.73 Local area networks (LANs) 

 A third configuration called the local area network (LAN) became possible with 

the development of technologies to network personal computers and file and print servers 

within a building or between closely located buildings (Fig. 3). The development of 

standard networking protocols and media has resulted in the worldwide proliferation of 

LANs throughout business and educational organizations including libraries. Each node 

(also called a workstation) in a LAN has its own CPU (to execute its programs), but it can 

also access data and devices anywhere on the LAN. This allows many users to share 

expensive devices such as laser printers, in addition to data exchange. Users can also use 

the LAN to communicate with each other, by e-mail or through chat sessions. In 

comparison with telephone lines, LANs are capable of transmitting data at much faster 

rates; but the distances tend to be limited, and there is also a limit on the number of 

computers that can be attached to a single LAN. Also attached to the network is a 

powerful workstation called a server that stores data files and delivers data and programs 

to user work-stations. The LAN is constructed using coaxial, or fiber optic, or twisted-

pair cables. Each of the PCs on the LAN has a network adapter card (also called an 
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Ethernet card) connected to the cable. Other hardware devices on a LAN could be 

special-purpose printers and CD-ROM towers, which allow people to share printers and 

enable CD-ROM titles to be shared by users on the network. 

 

 

Figure 3 

 LANs are based on the file-sharing architectures where the server downloads files 

from the shared location to the desktop environment. The application software resides on 

the server and is invoked by users at the different terminals. The programs are then 

executed on the user workstations. A system administrator provides permissions to users 

to add, edit, modify or delete records in databases on the server. A LAN also needs a 

terminal server to manage communications between user terminals and the network 

server. PC-based LANs require a network operating system (NOS) or software that 

enhances a basic operating system by adding networking features. For example, some 

popular NOSs for 

 

 DOS and Windows systems include Novell NetWare, Artisoft’s LANtastic, 

Microsoft LAN Manager, and Windows NT. The limitations of LANs led to the 

emergence of client server architectures. 
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1.74 Client-server architectures 

 The term client-server was first used in the 1980s with reference to personal 

computers on a network. The client-server model, as we understand it today, started 

gaining acceptance in the late 1980s. The client-server software architecture is a versatile, 

message-based and modular infrastructure that is intended to improve usability, 

flexibility, interoperability, and scalability compared with centralized, mainframe, time-

sharing computing. 

 

1.75 Software requirements 

 Library automation systems are application software that require other software in 

order to work as designed. Some library automation software will work only under a 

particular operating system (OS). Some vendors offer the same software under more than 

one OS. Most high-end software structure the catalogue database as a relational database 

under a DBMS, and may sometimes be tied to a specific one, e.g., Oracle or MS-SQL 

Server. If this is the case, the library applying the automation software will require a 

license to install and run the DBMS on its server. Software that runs under a particular 

OS, e.g., Microsoft Windows, often requires small software such as Dynamic Link 

Libraries (DLLs) or ActiveX components. These may be software that are commonly 

needed by a number of applications under the OS, or specially developed for the library 

automation software (in which case the vendor will supply these components). Web-

based library automation software may require a specific web server (e.g., Apache) for 

the proper functioning of the different modules. Web browser software would also be 

needed to use web-based software. Some software may require run-time modules of 

specific software (e.g., Java) to be installed for the modules to function properly. 

 

 

1.8 Check your progress 

1. What is the significant development that had a profound impact on 

library automation? 

(A) The BLAISE Project of British Library (B) The MARC Project initiated by 

the US Lib of congress 1966 (C) The Union Cat. Project of INSDOC (D) The 
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invention of Microchip by "Intel" 

2. What is the first step to plan library automation 

A. Feasibility studies 

B. Technical aspects 

C. Finance 

D. Data collection 

3. The Reason for delay in implementation of the library automation 

projects - biggest reason? 

A. Inadequate finance 

B. Lack of caliber 

C. Lack of demand 

D. none of them 

4. Which is the most appropriate tool to make better use of 

information? 

(a) Well qualified and experienced information professional (b) 

Depth classification and indexing (c) Experts in domain 

knowledge (d) Information technology 

 

5.Online catalogues first came into existence for on-site use in libraries in the mid-to-late 

1970s. (True/False)  

Ans:- True 

 

1.9. Summary: 

 In this unit, the nature of library automation systems has been thoroughly 

explained to you. The evolution of library automation over the last half a century has 

been traced and the important landmarks and trends that have shaped library automation 

have been identified. The rationale for and advantages of library automation, the typical 

functional areas that a library automation system addresses, and an overview of the 

technologies used over the years in library automation has been discussed. 
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1.10. Glossary  

 

DBMS 

 Data Base Management System is a programme that manages data in a database. 

It is a computerized record-keeping system that stores maintains and provides access to 

information. 

 

 

KWIC 

 Key Word in Context devised by H. P. Luhn, 1959 of IBM is a rotated index most 

commonly derived from the titles of publication. The quick index is simplest approach to 

the production of printed indexes by computer, yet it as some power since each key word 

can be viewed in its context.   

 

MARC 

MAchine-Readable Cataloguing-formats based on ISO 2709 for the interchange 

of bibliographic information in machine-readable form. 

 

1.11 Questions for self study 

1. Describe the characteristics of library automation systems. 

2. Highlight the significant landmarks of library automation during 1954-70. 

3. Trace the significant landmarks of library automation since1990. 

4. Trace the significant landmarks of library automation during the period 1970-90. 

5. Explain the different types of library automation systems you have studied 

6. Enumerate the functional subsystems of library automation 

7. Discuss the reasons for library automation 

8. Identify the different use scenarios in library automation 
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2.0 Objectives 

 

The unit aims to brief you about: 

 The importance of archival collections 

 Different types of optical storage devices esp., CD-ROM and its new 

incarnations  

 The advantages and disadvantages of CD-ROM technology in library and 

networked environment. 

 Introduces few important CD-ROM data bases and marketed by companies, 

organizations and other academic bodies.  

 Criteria for choosing a workstation 

2.1 Introduction:  

Archival storage has been a major problem for libraries and librarians. As 

the stock of a library grows year by year, several problems arise. Major problems associated 

with conventional print media include the need for a large shelf space, longer retrieval times, 

expensive maintenance, durability, and wear and tear. These problems made some of the 

libraries, especially those situated in large cities where addition of extra space is difficult 

and large libraries with huge collections to resort to either weeding out at regular intervals 

documents which are not active or create dormitory collection to store unused and less used 
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documents. These factors coupled with the ever-changing technological advances in the 

electronics and computer technology paved the way for the development of mass storage 

systems. Advances in these fields have resulted in the optical data storage devices, which 

have a long archival life, high resolution, and simplicity in handling, and above all, 

enormous storage capacity. In an ever-growing library environment, mass storage is 

necessary to meet the following needs. 

a)     Providing large volume digital storage for archival management; 

b)    Providing users with immediate access to the rapidly growing volume of data 

and information that is stored in digital information systems and is likely to be 

distributed on optical media in the future; 

c)    Providing users with access to multimedia information quickly and interactively 

through the integration of technologies; and 

d)    Transferring large volumes of data and / or files from one system to another. 

In addition, mass storage media are needed for the distribut ion oi 

bibliographic databases of library holding to customers and member libraries in a wide 

area network environment. 

2.2 Optical Disc Storage Technology: 

With the technological developments in computers and electronics, optical 

storage media have become popular. Users generally prefer optical media due to their 

obvious advantages like accessing time, versatility, multimedia capabilities, compactness, 

transportability, etc. The major features of optical mass storage media include: high 

resolution as well as mechanical stability, easy handling, low recording energy with high 

recording sensitivity, rewrite and/or duplicate, and short recording time. Other features 

include relative low cost, ease of handling, compact size, and high portability.  

2.2.1 Read-Only Optical Media: 

Videodisc 

Videodiscs are read-only media used for distribution and display of 

analogue video information. Videodiscs allow random access, and are aimed at domestic 

market. However, as they do not allow recording, they have not yet become as popular as 
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Video Cassette Recorders (VCRs), which the videodisc players were expected to replace. 

The most commonly used videodisc system is known as a laser disc system. 

Videodiscs are available in two sizes, in 8 and 12-inch diameter, the latter 

being more common. Information is recorded in microscopic pits and a 12-inch disc 

contains about 14 billion pits in about 54000 spiral tracks on each side of the disc. Audio 

information can also be recorded along with video (mostly motion pictures). As the main 

objective is to provide maximum play back time, the CLV (Constant Linear Velocity) mode 

recording is used, and a 12-inch disc can hold 60 minutes video on each side. The CAV 

(Constant Angular Velocity) discs are used in interactive environments such as training and 

education, and how-to-do type applications. Efforts have been made in examining the use of 

interactive videodiscs as publishing medium. These link a videodisc player with a 

microcomputer and allow the interfacing of computer graphics with text and moving pictures. 

The potential of such a technology in the educational field is immense. 

2.2.2 Compact Disc-Read Only Memory: 

In recent times, CD-ROM drives have become a part of he standard 

configuration of a PC, be it for corporate, academic, R&D or home usage. It has become a de 

facto drive along with the 3.5-inch floppy disc drive. The growth of multimedia titles, 

games, entertainment and cheap availability of videodiscs, and the latest trend in 

software distribution through CDs made CD-ROM discs and drives more popular. Also, 

there is a gradual increase in the digital information component in R&D, corporate and 

academic libraries, which are moving towards handling digital information slowly. New 

libraries are also joining the stream by slowly introducing CD-ROM databases. It is the 

first practical technology for mass distribution, which is suited to the developing countries 

where the communication infrastructure is rather poor. All these factors are making CD-

ROM more and more popular for the office as well as home usage. 

 

The CD-ROM, a 12-cm and 1.2-mm thick disc can hold 

approximately 650-680 million characters (650-680 MB) equal to about 270000 pages of 

(A4) plain text or about 60000 suitably compassed images. The advantages of CD-ROM 

are its huge storage capacity, durability, transportability, light weight, easy and faster   
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(-200 ms) access to and non-corruptibility of stored information, immunity to 

magnetic fields and amenability for parallel searching by multiple users in a Local 

Area Network (LAN) or Wide Area Network (WAN) environment. CD-ROM, the 

'digital' papyrus, has become synonymous with electronic publishing. Due to these 

qualities, the publishers of scholarly periodicals, reference books (including 

encyclopedias, dictionaries, handbooks, catalogues, etc.), multimedia products, and 

bibliographic databases have increasingly used it. Almost all software released in the market 

is now distributed on CD-ROM. 

The installed base of CD-ROM drives was 2.3 million in 1990  which in 1995 rose 

to 37 million and was expected to reach 100 million drives by 1998 n. Due to the use of 

multimedia products, this is increasing further. A majority of PCs sold are bundled with CD-

ROM drives. A 63 per cent growth of CD-ROM titles was achieved during 1992 and 1993.  

 

2.3 Multimedia CD-ROMs : 

Just as the first year for CD-ROM centered around getting used to having 

so much textual data on a 12cm disc, the second year focused on retrieving and displaying 

the data. The third year firms attempted to combine text with images and audio. Future years 

for CD-ROM will see a constant evolution of changes, based sometimes on the 

introduction and use of new products such as Digital Video Interactive (DVI), often on the 

ingenuity of those developing software, and increasingly because end users will constantly 

voice a desire for new features and capabilities. The movement will be steady, uphill, and 

unending. 

2.4 DVD: 

 Digital Videodisc (DVD) is similar to a CD-ROM in appearance. In 1996, the 

developers of the DVD agreed upon a common standard and as a result, it became to be 

known as digital versatile disc. In simple terms, DVD offers far greater data density, 

smaller recording pits, more closely spaced tracks, and backward compatibility with CD-

ROM. Many variant forms of DVD have been launched (in both 12-cm and 8-cm size) and 

a few are under various stages of development. Some of these include DVD - Video or 
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simply DVD, DVD - ROM, DVD-R, DVD-RAM and DVD+RW. Among these DVD-R, 

DVD-RAM and DVD-Audio are in the pipeline. Ultimately, DVD is expected to replace 

CD-ROM in near future. The DVD systems for music, motion picture and entertainment 

market are known as players while the computer based DVD systems are known as DVD-

ROMs. The former is a 12-cm size disc with a thickness of 0.12 cm, having a track pitch of 

74 micrometers. It uses laser diodes of 635-650 nanometers, and can hold 4.7 GB data per side 

per layer. The DVDs are developed in four forms, viz. the single-side single-layer (SSSL), 

single side double-layer (SSDL), double-side single-layer (DSSL), and double-side 

double-layer (DSDL). Data transfer rates are varied, but an average 4.7 Mbps is achieved 

for image and sound. 

 The DVD-ROM is a 5.25inch diameter disc. The DVD-ROM drives up to 5X have 

been tested and higher speeds are expected. Unlike CD-ROM drives where each X 

represents data transfer of 150 kbps, in DVD drives it equals 1350 kbps i.e. 9 times that of 

the CD-ROM data transfer sped. The use and popularity of DVD-ROM is steadily 

growing. It is estimated the demand for it in the market is expected to grow steeply in the 

coming years. According to a forecast in the PC Magazine, by the year 2000, the sale of 

DVD-ROM drives should surpass the sales of CD-ROM drives. It was reported that twenty 

per cent of desktop computers received by PC World each month for review are fitted with 

DVD-ROM drives. It is also possible to upgrade CD-ROM drives to DVD-ROM drives. The 

CD-ROM drives may become 'obsolete' but not the CD-ROMs as the DVD-ROM drives 

have backward read compatibility with future read/write and, write-one discs. Thus one can 

play a CD-ROM on a DVD drive, but DVD discs cannot be played on CD-ROM drives. 

Also, DVD-Video cannot play a CD-ROM on a DVD Drive, but DVD discs cannot be 

played on CD-ROM drives. Also, DVD-Video cannot play a DVD-ROM.  

 

 

2.4.1 Some of the benefits of DVD are: 

a) Its use as a single interchange standard to provide unification for computer, consumer 

electronics and entertainment industry; 

b) Its backward read compatibility with existing CDs, and  future compatibility with 
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read/write and WORM discs; 

c) Its utility as a single file system for all disc types; 

d) Its low cost; 

e) It does not need for mandatory containers for playing discs; 

f)  Its reliability in data storage and retrieval including error correction capability for 

ROMs and rewritable discs; 

g) Its high online capacity of 8.5 GB on a single side (or 17 GB on both sides);  

 h) Its high performance for sequential and non-sequential data. 

If the rapid developments in the field are any indication, we can expect 

notebook PCs with built-in DVD-ROM drives (with backward compatibility to use CD-

ROMs) in the near future. 

2.5 Optical Discs and Electronic Publishing 

Optical discs have become synonymous with electronic publishing (e-

publishing). CD-ROMs, videodiscs and online bibliographic databases form a major part 

of the e-publishing field. CD-ROMs have penetrated all branches of professional and 

scholarly publishing. This is because of success of the CD-ROM as the optical medium of 

choice for the publishing industry and also due to its acceptance by major libraries around the 

world. Durability, capability to hold large volumes of data, and affordability are the 

important factors for the success of CD-ROMs. Many publishers including McGraw-Hill, 

Wiley, Elsevier, North-Holland, Mechler, Grolier, Prentice-hall, Oxford University, etc. have 

all ventured in this area. CD-ROMs are slowly marching towards replacing microform 

documents primarily due to their versatility, low cost and ease of use. The usability of CD-

ROMs in a networking environment made this technology more attractive and acceptable to 

the library community. 

 

Electronic publishing replaced the printed reference sources to a large extent; 

secondary and some tertiary periodicals followed suit. The; primary journals embraced CD-

ROM rather slowly. Many publishers like Elsevier, ADONIS, IEEE, Chemical Abstract 

Service, Cambridge Science Abstracts, SCI, BIOSIS, UMI, INSPEC, etc. are distributing 
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primary, peer-reviewed periodicals in CD-ROM format. The full-text databases produced on 

CD-ROM during 1993 accounted for 47 per cent of the total CD-ROM titles. In the 

coming few years, all the reference, primary and secondary periodical are expected to be 

brought out as dual publications (in both print and electronic forms) which later on will be 

brought out in electronic form only. 

 

In recent times CD-ROM publishing systems have been on the rise. Besides 

creating searchable versions of databases and storing them on CD-ROM, these allow anyone to 

become a CD-ROM publisher/producer. These systems facilitate libraries and other institutions 

that are involved in creating databases of their holdings (and archives) to produce CD-ROM 

based searchable products and to market them. The availability of recordable CD/DVD drives 

has facilitated in house CD publishing. However, these products do not find a place in 

directories as the efforts are isolated, mostly meant for internal use and are neither 

marketed nor publicized. 

 

The latest development in e-publishing is the Web publishing. The World Wide 

Web is offering limitless opportunities for becoming one's own publisher. The Web provides 

seamless access to the (published) information, without any restriction. Many document-

publishing systems enable Internet publishing and even support the indexing of unstructured 

documents while providing full text searching capabilities for users. The advent of web publishing 

has facilitated speedy publishing. Although initially these were distributed in ASCII text 

files through list serves, the Web browsers like Mosaic and Gopher or FTP protocols later 

started providing access to e-journals on the Net. Current technology provides hypertext links, 

which connect references to other articles/journals and other web files. 

 

 

2.6 CD-ROM applications: 

 The following are some of the areas  

 Bibliographic databases 

 Full text documents 
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 News papers 

 Directories 

 Encyclopedias 

 Patent specifications 

 Legal materials 

 Maintenance Manuals 

 Archives 

 

 

 

 

2.7 CD-ROM Data based in different disciplines 

2.7.1 CD-ROM Database In Different Subjects: 4.5.1 Mathematics 

Frank. J. Lepkowski reviews Mathsci Disc, the CD-ROM database 

produced by American Mathematical Society and silver Platter Information Inc. It 

contains 2 databases such as Mathematical Reviews and Current Mathematical 

publications. The Mathematical Science Library in Purdue University, Indiana acquired 

the MATH SCI CD-ROM in order to train the users. 

2.7.2 Life Sciences 

Among the two CD-ROM databases-compact Cambridge's Life sciences 

collection (LSC) and BIOSIS's Biological Abstracts (BA), LSC is the better database for 

occasional searchers who do not require comprehensive   searches.   BA   has   broader   

periodicals   coverage   and indexing. 

2.7.3 CD-ROM databases in Applied Sciences 

Engineering 

Engineering Information Inc. released 2 additions to its CD-ROM series 

of databases viz. Ei, EE disc (for electrical and computer engineering) and Ei 

Energy/Environment Disc (for environment protection, energy conversion and related 

fields. 

Medicine and related topics 

The application of the NLM's MEDLINE CD-ROM database in 

different medical libraries is reviewed in some of the papers. The Nippon Medical 
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School Library, Tokyo while using MEDLINE on CD-ROM found some problems in 

data reliability. The popular Japanese NEC PC 9801 microcomputers are not suitable for 

the CD-ROM database. 

In 1988, Medical Economics Company Inc, introduced a CD-ROM 

product incorporating the contents of its 4 printed volumes such as physicians Desk 

Reference (PDR), the volumes of non prescription and that ophthalmologic products and 

Drug interactions and side Effects Index the PDR on CD-ROM permit rapid and user-

friendly access to the fuL text of FDA approved on more than 2700 information 

products. The St.Luke's International Hospital Medical Library acquired the MEDLINE 

database on CD-ROM in June 1989 and is freely accessible. After a month 16 people 

used the systems 25 times, which is more than the number of on-line search requests in 

that year. Lippincott Information service Once Disc offers access to bibliographic 

database of CancerLit, Physician Data Query (PDQ) and Principles and Practice of 

Oncology (PPO). Bracher Library at Queens University Ontario introduced the 

MEDLINE on CD-ROM system in 1989. 

The CD plus MEDLINE offers monthly updates and coverage of the full 

MEDLINE database back in 1966. The system is designed for the novice and the 

professional searcher. A study of the effects for end-user CD-ROM MEDLINE searching 

conducted at the James. A Haley Veterans Hospital Library, Florida shows that though 

there is a decrease in on-line searcher initially, later it remained basically constant. At the 

end of the study, the number of end user CD-ROM searches increased dramatically. 

Angela S.W.Yan reports on survey undertaken at the University of Hong Kong library to 

compare the reaction of users to the DIALOG and EBSCO MEDLINE CD-ROM 

products. The results indicated that DIALOG is for more users friendly. 

 

The major reference product of interest in the health sciences in 

MEDLINE on CD-ROM and there are now at least 8 different vendors. 

CD Plus Net is the family of network-based medical databases form 

CD-Plus. 2version are available, both mounted on a custom-designed Novell Netware 
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386 Ethernet network. Plus Net 1 is designed for small libraries or hospital departments 

with 8 CD-ROM (MEDLINDE). Plus Net 2 is designed for large libraries and uses 

magnetic drive to hold databases. The CD-ROM version of MEDLINE on the 

DIALOG On Disc system was introduced into Asahi University Library, Japan Sept.89. 

Most of the users were postgraduates and the number of searches increased daily. 

James Harrington reviews the Health PLAN CD-ROM, containing 

bibliographic file covering non-clinical aspects of health care industry, is published by 

Silver Platter. It is available through DIALOG and BRS. Product review of silver 

Platter Information Inc.'s CD-ROM database C1NAHL-CD is equivalent to the 

Cumulative Index to nursing and Allied Health Literature. 

The MEDLINE database on CD-ROM is updated quarterly and 

provides access to the MESH thesaurus. The MEDLINE database based on the CD plus 

Net 2 system of the Health Sciences libraries in Philadelphia provides access to the 

entire MEDLINE database file through LAN and WAN. The three surveys conducted to 

find the results of the end user searching of the MEDLINE DATABASE on CD-ROM 

showed that most end users were satisfied with their search results. Excerpta Medica 

CD: drugs and Pharmacology, another product of silver Platter consist of one of 6 

medically oriented CD-ROM databases from Elsevir science publishers. 

 

Information Access Company has recently introduced 2 new health-

related databases namely Health Periodicals Database (DIALOG File 149) and Health 

Index Plus, an abridged CD-ROM version of the on-line database. A third product, 

Health Reference Center, a more comprehensive CD-ROM product hypertext features 

is currently being tested. 

2.7.4 Humanities 

Religion Indexes on CD-ROM produced by the American The logical 

Libraries Association indexes a range of serious religious periodicals and employs the 

WILSONDISC retrieval software. Jaim Bloom describes the master Search Bible of 

Tri Star Publishing, Fort Washington, and Pennysylvania. It contains versions of Bible, 
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plus a range of good biblical reference texts on CD-ROM. 

2.7.5 CD-ROM databases in Social Sciences. 

Many social science databases are becoming available on CD-ROM. 

Sociological Abstracts and Social Planning Policy and Development Abstracts are 

available on CD-ROM under the name Sociofile from Silver Platter. It is primarily a 

source of information on sociological topics. Susan Klingerg describes the Education 

and Social Science Library's (Illinois University)   experience   in   using   Sociofile 

database.   The   U.S.Census Bureau's CD-ROM database (1990 national census) is the 

first of its kind. It is very helpful to the decision makers PAIS (Public Affairs 

Information Service) is available on CD-ROM and contains Foreign Language Index 

form 1972-1986. 

  

 Economics : FAME (Financial Analysis Made Easy) is a CD-ROM database in 

finance brought out by Jordans Ltd. And the Bureau Marcel Van dijk. It consists of a 3-

tier database of 125,000 U.K.Compaines, retrieval software and a range of financial 

analysis software. 

A number of CD-ROM business databases now available contain 

information on publicly owned companies and index business journals. Some of them are 

Compact Disc, Moody's 5000 plus, Standard and Poor's Corporation's, General Periodical 

Index, Business Periodicals Index and ABI/INFORM DELECON CD-ROM is new CD-

ROM product from the Helsinki school of Economics Library on business with  about 

440000  references.   The database is very easy to use. 

 The three educational databases currently available on CD-ROM are the 

electronic Encyclopedia, Info Trac II and GEOVISION's on the world. Lucie Olson 

describes the use of CD-ROM is meeting a user's information needs by using DIALOG 

On Disc ERIC. The three ERIC CD ROM-System are DIALOG On Disc ERIC, OCLC 

Search CD 450 for Education; Silver Platter ERIC. In 1986 ERIC decided to put their 

information on CD-ROM. 

Law 
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 The three established legal databases on CDROM by West publishing are Federal 

Civil Practice, Government Contracts and Bankruptcy. J.C.Binwal and Dittakavi Rao 

describe the operation of Legal Track; the CD-ROM version of the law database by the 

Info Track CD-ROM. Ronald M Mcllivian views the Practical application of CD-ROMs 

to legal database publishing.  

2.8 Non-book materials 

 CD-ROM embraces the new multimedia capabilities and benefits from the 

addition of photographic images and sound. A multimedia CD-ROM product developed 

by Warner New Media features music and text images. Greg Arments reviews and 

evaluates four map databases on CD-ROMs; Super map, window on the world; Electro 

map world Atlas; and Electronic map Cabinet. He opines that the creation and 

manipulation of thematic maps on CD-ROMs holds great promise. The Electro map 

world atlas CD-ROM database, published by Electro map Inc., Arizona consists of 239 

full color political top graphic and special thematic maps of countries and regions of the 

world. 

 

2.9 Advantages of CD-ROM 

 Compton states that there are six major reasons why CD-ROM technology is 

important to us. 

1     The large storage capacity of CD-ROM: one disc can store up to 660 megabytes of 

data. 

 

2   The durability of CD-ROM: only severe damage can make a disc unreadable. One 

does not have to worry about the common environmental problems such as 

humidity, heat, power fluctuations, etc., the plastic used to manufacture a disc is the 

same polycarbonate material used to make bullet-proof glass. Moreover, because 

the disc can only be used to read data from, one cannot change, tamper with, 

overwrite, or erase data, and therefore these discs are not susceptible to viruses. 

3     Low mailing cost: a CD-ROM disc weighs only 20 grams. The same amount of data 

in 1800 floppy disks having the same storage capacity would take up the space of 



 55 

about O.lm; the equivalent 33,000 pages would weigh almost two metric tons. The 

shipping cost of CD-ROMs are thus low, and they do not need any special 

packaging. 

4    There is no need of telecommunication. Access to computer databases by telephone 

links may be impossible or prohibitively expensive in many countries. One needs a 

modem, telecommunication software, an adequate phone line and a computer to 

start an online information retrieval facility. CD-ROM technology requires only the 

computer and CD-ROM drive. 

 

5.  CD-ROM makes budgeting easy and accurate. A CD-ROM database can be sub-

scribed to on an annual basis, giving unlimited access to the databases. The cost of 

CD-ROM searching does not depend on the amount of time spent: users can take as 

much time as necessary to conduct searches. Therefore, the cost is fixed and the 

number of searches and searching time are unlimited.  

 

6  A CD-ROM database can be used directly by end-users. Allowing end-users to 

conduct searches in an online information retrieval environment may prove to be 

very expensive, but this is not the case in case of CD-ROM searches. The search 

interfaces of CD-ROM databases are designed with end-user access in mind. 

 

Key lard lists the following nine advantages of using CD-ROM: 

1.  its enormous storage capacity (660 megabytes or more) 

2.  its searching, sorting and retrieval capability is superior to paper or microfilm 

3.  it cannot be mutilated easily 

4.  it is easily transportable 

5.  it needs little space 

6.  it is user-friendly 

7.  it is not dependent on telecommunications 

8.  prices are fixed 

9.  large volume distribution has a lower cost. 

The main strengths of CD-ROM from the library point of view include: 

1. fixed costs: the 'pay-as-you-go' arrangement of online information retrieval systems 



 56 

can be swept away with a subscription arrangement which allows the library to 

control and predict costs 

2    easy interfaces: the fixed cost allows unlimited searching by end-users. Interfaces 

have been designed to facilitate the searching process by all categories of users 

3    convenience and power: compared to printed indexes with their annual volumes, 

many CD-ROM databases permit the user to search through many years in a single 

search step and with greater power, flexibility, and convenience 

4    portability: in many ways the most impressive feature of the CD-ROM is its ability to 

store 660 megabytes of data on a single portable disc. Magnetic disks with 

comparable storage capability are much more bulky and therefore less easy to carry. 

 

2.10 Disadvantages of CD-ROM 

 There are a number of disadvantages of CD-ROMs too. Compton? lists the 

following drawbacks: 

1   the high subscription cost of CD-ROM databases 

2. the cost of a CD-ROM drive: although prices are coming down significantly, acquiring 

a CD-ROM drive involves additional expenditure 

3   speed of technological change: new CD-ROM databases may need more powerful 

hardware, the latest versions of the operating system (Windows, for example), and 

more expensive networking requirements. It costs organizations money to keep pace 

with technological advances 

4   CD-ROM is slower than online searching, and retrieval speed is largely dependent on 

the speed of the computer processor. With slower equipment, the searching process 

may be extremely frustrating. 

 

Hanson mentions a number of weaknesses of CD-ROMs, as follows. 

1. Storage capacity: the storage capacity of a CD-ROM may be quite impressive in 

general, but this is far too small when compared with the size of some large 

databases, such as MEDLINE, Chemical Abstracts, etc. The inconvenience of having 

to change discs and repeat a search in order to search across different years is 

irritating and time-consuming. However, several attempts are being made to include 
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more data in one CD-ROM by using several techniques, such as data compression 

methods. 

 

2. Access time: one of the fastest CD-ROM drives on the market has an access time of 

100-200 ms (milliseconds), while the average magnetic hard disk has an access time 

between 10 and 15 ms. Many CD-ROM drives will be of an earlier generation with an 

access time in excess of 300 ms. Thus, in large databases, the response time could be 

very poor, which is frustrating for users. 

 

3. Currency of data: updates to CD-ROM databases are obtained from time to time, but 

this cannot be matched with the more frequent updating of online databases. Thus, it 

may be difficult to get current information from a CD-ROM database. However, to 

cope with this problem, several CD-ROM interfaces, such as WILSONDISC, Dialog 

OnDisc interfaces, etc., allow users to conduct searches on the CD-ROM databases as 

well as on the update portion of the same database online, provided the end-users's 

machine is equipped with a modem and the appropriate communications software. 

 

4. Not designed for networking (see also pp. 265-7): it must be remembered that CD-

ROM technology was not designed for the networking environment -multi-user 

access has been 'grafted on'. None of the standard networking software, such as 

Novell NetWare or Microsoft LAN Manager, could recognize CD-ROM as standard; 

third-party software has had to be developed to either operate independently (peer-to-

peer network software, such as LANtastic), or more commonly, to be grafted onto 

server-based networks such as Novell NetWare. Not surprisingly, it has taken CD-

ROM networking a long time to reach a satisfactory level of performance and 

reliability. Novell NetWare, version 4.0+, now recognizes CD-ROM as a so-called 

'NetWare Loadable Module', thus making the purchase of a separate package such as 

SCSI Express unnecessary. 

 

 

 



 58 

2.11 CD-ROM: hardware issues 

 Heimburger provides the minimum requirements of the equipment required to run 

a CD-ROM by a single user: 

 

IBM PC-XT, IBM PC-AT, or compatible: Macintosh or Apple II type of microcomputer  

 at least 512 kilobytes of RAM 

 device drivers 

 two floppy disk drives or a hard disk 

 a CD-ROM drive 

 a CD-ROM drive controller or SCSI (small computer system interface) host 

adapter 

 some type of input device (keyboard, mouse, touch screen, joysticks, or track ball) 

 a display and control card required by the CD-ROM application, and 

 a printer. 

 

The connection between CD-ROM drive and the microcomputer consists of an 

adapter card, device driver software in the microcomputer, and a cable (if the drive is 

external) that connects the CD-ROM drive to the computer. Before using a CD-ROM, the 

hardware must be installed; this process sets the software to user's system configuration, 

that is, to the operating system version and the type of CD-ROM drive being used. CD-

ROM drives can be divided into four categories: standalone drives, built-in drives, 

multidrives, and jukeboxes (see below). 

 

When CD-ROM technology was first introduced onto the market, the choice of 

hardware involved a much simpler decision than is the case today. Today a large number 

of drives are available along with a large variety of computers with a bewildering array of 

processor, memory and other specifications. Therefore, the systems manager has to be 

very careful in selecting the most appropriate equipment for running CD-ROMs. 

 

2.12 Criteria for choosing a workstation 

Bradley16 provides a number of criteria for choosing a workstation for a CD-ROM 
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application, as summarized below; the following section considers the criteria for the 

CD-ROM drive itself. 

1     Price: the price that has to be paid for the workstation(s) is to be given priority, no 

doubt, but it is pleasing to note that prices are coming down very rapidly. 

2     New machine vs upgrade: it is possible to upgrade an older machine, an XT, for 

example, by buying more memory and an accelerator board. However, this may 

lead to compatibility problems, and eventually the expenditure may not be much 

less than that for buying a new machine. It is often better to replace an older 

machine with a new model than to upgrade it. 

3. RAM and processor: as application software becomes more and more sophisticated, 

it requires more RAM (random access memory) to run the retrieval software 

efficiently and more room in the hard disk to store temporary data, though the size 

of the hard disk is less important than the amount of RAM available and the 

processor speed. 

4    Screen: many CD-ROM applications make good use of screen colours, and therefore 

a colour monitor with VGA (video graphics adapter) or super VGA graphical 

capability is desirable. 

5    Operating system: it is better to have a relatively recent version of an operating 

system (whether DOS or Windows), as this makes better use of the computer's 

memory by freeing up more RAM for use by the application software. 

 

2.13 Criteria for choosing a CD-ROM drive 

Having chosen the appropriate hardware, one has to decide on the CD-ROM 

drive. The choice here, however, is easier, as there are fewer drives on the market than 

PCs. First, it is important that the drive can read ISO 9660 standard discs, as this standard 

is used by virtually all CD-ROM producers. 

 

The next question is whether to go for an internal or an external drive. If the 

intention is to use the drive on one machine, then fitting an internal drive is a viable 

option. Most CD-ROM drive manufacturers have an internal model of their latest drive 

available. The physical installation of an internal drive is a little more tricky than for an 
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external drive, but it is not too difficult. However, if the intention is to achieve greater 

flexibility, for example, if it is intended to daisychain several drives together on one 

machine, then the choice will be an external drive. 

 

Drives: efficiency factors 

There are three parameters by which efficiency can be measured: 

 transfer rate (measured in kilobytes per second) 

 access time (measured in milliseconds), and 

 mean time between failure (MTBF), measured in hours. 

 

The most quoted parameter is the access time, which is the time taken by a computer to 

read data from the disc into its memory. This is an area that is changing very fast, and 

while 32-speed (referred to as 32X, having a data transfer rate of 4800 KB/s) CD-ROM 

drives are now commonplace, higher speed ones, such as 40X (with a data transfer rate of 

6080 KB/s) are also now available. 

 

Drives: the problem of dust 

Dust is one of the most significant factors in drive failure. Older drives had no way of 

protecting the laser-head from being covered with dust, but most of the new drives have a 

double door system, an automatic laser lens cleaner, and a caddy. 

 

Drives: installation 

Whatever CD-ROM drive is purchased, it will come with an interface card, cable, and 

software. The major reasons for failed installation include: ill-fitting interface cards, 

incorrect cabling, or wrongly installed software. 

 

Drives: daisychaining 

Several drives can be linked together in a process called daisychaining, which provides 

several benefits: 

1   it will limit the number of computers that are needed for CD-ROM database 

searching; 
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2      it will decrease the number of machines on which software updates have to be made, 

and 

3     it will allow cross-database searching. 

Drives can be daisychained simply by cabling the second drive to the first, the third 

to the second, and so on. There is no need to install a separate interface card for 

each machine; each card will support up to four or eight drives (depending on the 

interface card). However, the computer's operating system must be amended so that 

the extra drives can be accessed. 

 

Drives: tower 

A tower or '4-pack' of drives is composed of four internal CD-ROM drives linked 

together in an enclosure. An appropriate interface card needs to be inserted into the 

machine, and this has to be cabled to the back of the tower. The use of a tower provides 

greater security and ease of use. However, the major problem is that if one drive fails, the 

whole unit has to be sent for repair. 

 

 

 

CD-ROM jukebox 

A 'jukebox' comes with a magazine that allows the user to have ready access to a 

number of different CD-ROMs. Now the high-end CD-ROM jukebox is also available to 

provide large networked full-image database access. The CD-ROM jukebox forms a 

significant component of an integrated information environment. While a jukebox 

occupies less than two square feet of table space, it can hold 240 CD-ROMs (up to 1.44 

million full-page images).6 Up to seven such juke boxes can be daisychained together and 

connected to a system network, which can then deliver full-text and full-image 

documents over the network to the system users in a few seconds. 

 

2.14 CD-ROM networking 

A network is a method of connecting two or more computers to allow them to 

share different resources - CD-ROM drives, databases, printers, etc.  
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2.14.1 There are several benefits to CD-ROM networking, such as: 

1 greater access to several CD-ROM databases 

2 software applications will be quicker and easier to update 

3 enhanced security can be obtained 

4 greater flexibility can be achieved, and 

5 the impact on any single computer will be much less. 

 

2.14.2. However, there are some potential disadvantages to CD-ROM 

networking too, which include: 
1   Much more competence may be required to set up and maintain the network 

2   It may be possible to use a slow or old computer in a standalone environment; 

however, it will be undesirable in a networked environment because the performance 

of the system will come down very rapidly. 

 

2.14.3 Choosing CD-ROM networking software 

There are a number of factors to be considered if networking is to be implemented 

The following are some of the important questions to be answered: 

1   Are there enough computers with adequate specification? Any network software that 

is put into place will use a certain amount of RAM. 

2   What operating system are they running? 

3   Are the existing CD-ROM drives going to be fast enough for access by more than one 

user at a time? If the access time is faster than 400 ms, then the drives will be 

acceptable. 

4   Where are the workstations going to be physically located? The distance between the 

workstations is an important factor in any LAN (local area network) environment. 

5   Is there a need for a server (a computer, or software package, that provides a specific 

kind of service to client software running on other computer, e.g. World Wide Web 

server, or main server?) 

Even if a LAN already exists, it may be necessary to purchase additional software 

that would allow the use of CD-ROM drives across the network. The reason behind this 

is that most LAN software can only 'talk' to magnetic drives, and not to optical ones. The 
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software intercepts the request to talk to an optical disc and translates it into the format 

that the CD-ROM drive can understand. The software will often be installed both on the 

file server, and also on the individual workstations; it can also be split between the two. 

Bradley' provides a short list of some of the leading software that can be used in a CD-

ROM networking environment. 

 

CD Net 

This software is produced by Meridian Data. It is available as standalone software 

that can be incorporated in a network. The installation process is simple, and the software 

has a utility program that allows the administrator to set up multiple menu databases. 

 

SCSI Express 

This is easy to install and provides quick access to CD-ROM drives. The software 

is produced by Micro Design International Inc. It is designed to work on Novell NetWare 

SCSI Express, and does not support Microsoft extensions. Thus, although majority of 

CD-ROM applications can run on it, some that require extensions will not. (Microsoft 

Extensions is a piece of software that performs three main functions: it tells the computer 

that a CD-ROM interface card has been installed; it assigns a drive letter to the CD-ROM 

drive; and it helps DOS cope with reading very large files.) 

 

OPTI-NET 

This was the first software-only solution to CD-ROM networking. It is produced 

by Online Computer Systems Inc. OPTI-NET allows the use of multiple drives, and net-

work statistics can be easily monitored. 

 

Lantastic 

This is basically an operating system in its own right. It has the capability to 

directly support CD-ROM drives. It does not require the existence of a separate server; 

any PC in the network can be used either as a workstation or as a server (a peer-to-peer 

configuration). Each workstation can share its CD-ROM drive with the others, but the 

incorporation of the networking software, extensions, and device drivers may cause 
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memory problems on machines with limited memory. 

 

2.14.4 CD-ROM retrieval software 

The large storage capacity of CD-ROM has generated a need for sophisticated 

search software capable of handling large files. The CD-ROM end-user requires easy-to-

use application software. So CD-ROM database producers have tried to come up with 

retrieval software that will be as user-friendly as possible. A number of firms produce the 

software needed to build and retrieve information from a database on CD-ROM. A 

comparison of search programs can become complicated because software developers 

have had many different starting points, for example, as Heimburger points out: 

•   software has been created in the mainframe environment and then converted to 

perform retrieval functions in the microcomputer environment 

•     software has been developed to retrieve digital data stored on an analog videodisc; 

•   software has been designed for full-text searching of the CD-ROM medium 

•     some programs are database management systems, and finally 

•    companies in the online service industries have adapted their searching capabilities 

and unique interface requirements to CD-ROM retrieval. 

In most cases search and retrieval software is stored on floppy disks. Heimburger3 

suggests two reasons for this: 

1     the CD-ROM database and the search and retrieval software are two different 

products usually produced by two different companies, and therefore it is con-

venient to keep them separate because of copyright reasons, and 

2 when the search and retrieval software is stored on the floppy disk it does not take 

space on the CD-ROM. 

Saffady divides the available CD-ROM retrieval programs into four broad groups. 

1   Some retrieval programs were specifically developed for specific CD-ROM products, 

e.g. H. W. Wilson Company's WILSONDISC software, Silver Platter Information 

Retrieval Software (SPIRS), etc. 

2   A number of retrieval programs were specifically developed for CD-ROM 

applications but may be used with the information products of different vendors: for 

example, Knowledge Retrieval Systems (KRS) from the Knowledge Corporation, the 
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PLUS system from Online Computer Systems, and so on. 

3   Some CD-ROM retrieval programs are derived from software developed for digital 

videodisc applications by companies specializing in videodisc premas-tering services, 

for example, STA/F TEXT from Reference Technology, LASER KEY from 

LaserData, etc. 

4   Some retrieval programs were originally developed for magnetic media, for example, 

MICROBASIS is the CD-ROM version of a database management and retrieval 

program which is available for a variety of minicomputers and mainframes. DIALOG 

Information Services and BRS Information Technologies have implemented CD-

ROM versions of their online retrieval software. 

 

Most CD-ROM retrieval software uses inverted file techniques for easy access to 

index terms. Heimburger lists the following search capabilities of CD-ROM retrieval 

software: 

• page-by-page search 

• number search 

• Boolean operators 

• use of parenthesis 

• thesaurus capabilities 

• single character wild card suffix or prefix 

• multi-character wild card suffix or prefix 

• number of hits per document 

• number of documents containing hits 

• highlighting of hits, and so on 

 As a complement to Boolean searching, most retrieval software supports 

proximity searching and truncation facilities. With some systems, the operator types the 

first few characters of a search term to display a specified alphabetical portion of the 

index file which can then be browsed. All retrieval software allows a search to be 

conducted in one or more specified fields or in any field (often called 'free text 

searching'). The retrieved records may be displayed, saved or printed in a format chosen 

from those available or in a user-defined format, depending on the retrieval software. All 
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software provides general as well as context-sensitive help facilities to aid in searching 

and retrieval. 

2.15  Rowley in her review of CD-ROM interfaces discusses the various 

 retrieval parameters identified by researchers and proposes her 

 own useful checklist  
Checklist of information retrieval features of CD-ROM databases 

 (as proposed by Jennifer Rowley) 

Index 

 

Search structure 

 

Search features 

 

Search profile 

management 

 

Browse index Term selection from Boolean Speed performance 

Number of postings index Truncation Save searches 

Cross references Term selection from Adjacency/ Purge old searches 

 record proximity Search status 

Thesaurus Case sensitivity Positional Set and query 

 Search types Arithmetic management 

 Combine searches  Number of search sets 

   Search history display 

   Search modification 

   Search selection 

 

 

 

 

 Statistics gathering 

 

CO-ROM user interface 

 The user interface is probably the most important design attribute of any software 

program, especially so in the case of CD-ROM databases. Unlike online information 

retrieval systems, which require some training for effective searching, CD-ROM retrieval 

programs are meant for casual users and therefore they make extensive use of menus, 

function keys, and help screens to simplify retrieval operations. They also provide 

command-oriented short cuts for experienced users. Windows-based interfaces and pull-

down menus have also become quite common. Brooks18 observes that, without the 

retrieval engine and specifically designed user interface, the CD-ROM is nothing more 

than a very efficient storage and distribution medium. The user interface is the means 

through which the end-user communicates with any program. Most CD-ROM 

applications have, as a first step, a specially built retrieval engine between the user 

interface and the disc itself. 
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There are several main goals of user interface design: 

To satisfy the objectives of the application 

• to make it easy to learn 

• to make it easy to use, and 

• to provide expandability and/or customization. 

 

 An encyclopedia on CD-ROM provides the benefit of fast access to specific 

knowledge that is too difficult to locate by thumbing through a book or even sometimes 

by using the indexes that come with the book. Thus, the CD-ROM database provides the 

benefit of providing the capability of access to more knowledge or more easily accessible 

knowledge in a shorter time span. 

 

 However, users like to do things the way they did before they used computers. 

Thus, program operations are not only made to be familiar and intuitive, metaphorical 

language and images are used that allow one to work virtually the same way one operated 

before using a computer. Thus, interfaces are designed such that they help the user pick 

out an object-oriented device that is a replica of some commonly used item - a book, a 

pen, a page of a book or file, and image of some familiar item, and so on. Another way to 

promote the process of learning is to follow standards. If all the programs used the same 

set of commands and keys, each new program would be easy to use. However, a counter 

argument also holds good. Adhering to the same old practice may lead to stagnation, 

thereby depriving the user of better means of doing things. However, as long as an 

interface is intuitive, it does not matter that it is different from the interface of another 

program. What is important is that the command structure is obvious, and wherever 

possible, it should be familiar. 

 

 It has been stated on several occasions'8 that CD-ROM publishers should meet to 

provide a single, standard user interface for all CD-ROM applications. However, this has 

not been the case, perhaps one of the reasons being that since the nature of the data 

provided in the CD-ROM varies, the nature of the user interface that allows use to be 

made of that data should vary as well. 
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2.16 Guidelines for user interfaces for CD-ROM 

 In 1992 the Special Interest Group on CD-ROM Applications and Technology 

(SIGCAT) prepared a set of guidelines for designing user interfaces for CD-ROMs. 

Three sets of functions have been identified, which, as represented by Rowley, are as 

follows: 

 

1. Top level functions: 

• help 

• browse index 

• search 

• display 

• print 

• download 

• restart 

• choose 

• quit 

2. Operational functions: 

• execute 

• break 

• escape  

 

3 navigational functions: 

• navigation. 

 

 It is quite true that a program that is easy to leam may not always be easy to use. 

A 'layered menu' program may be easy to learn because each menu tells the user what 

he/she can do. However, it may be quite time-consuming to use and sometimes the user 

may lose his/her way in the middle of a sequence of menus. A program that is easy to use 

has an intuitive command structure but also allows us to accomplish our objectives 

consistently and quickly. Command keys frequently allow us to perform a task quickly 

but are not necessarily intuitive. Therefore, many programs will have built-in redundancy 
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that will allow the user either to use a menu function or a combination of function keys to 

perform the same function; it may also be possible to customize some of the commonly 

used command keys. A well-designed program should also allow a user to get started and 

use many of the function keys of the program immediately. Thus, users should be able to 

start work immediately and to perform basic functions through some commands. 

Subsequently, as the user gets familiar with the system, more powerful functions of the 

program should be obvious. 

 

 A well-designed interface will have a minimum of display screens. If there is 

more than one display, it is frequently useful to overlay the second screen in a window, 

with the bottom original display still partially visible. This will help the user's orientation. 

The 'home' display should always be visible or accessible, and the user should be able to 

get to the home screen easily and comfortably. 

 

 The display should be clearly designed and displayed. The user's eye should be 

consistently led to the same place to get the same information. This may mean that help 

messages should always be displayed at the bottom of the screen and menu functions at 

the top. Different colours may be used, or simple graphics, to display an error or warning 

message to draw the attention of users. 

 

 The interface program should adjust to the skill and level of the user. One way of 

accomplishing this is to provide different levels of using the program - perhaps a 'novice' 

mode and an 'expert' mode. An ideal program would enable the user to customize it. This 

might include the facilities to create new functions, to change the colour of the screens, to 

create new function keys or change already existing ones, to create customized display or 

output formats, and to create program macros. Macros are memorized series of computer 

instructions that allow often-repeated procedures to be carried out by using short-cut 

keystrokes. 

 

CD-ROM applications 

 CD-ROM databases can hold text (including numeric data), pictures (graphics and 

images) and sound. Initially CD-ROMs were used to hold mainly bibliographic, textual, 
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and numeric data. It is common to find CD-ROMs with bibliographic data, full texts of 

legal materials, patent specifications, dictionaries and encyclopedias, maintenance 

manuals, directories, and so on. However, nowadays CD-ROMs are also used to contain 

multimedia information. There is a wide variety of CD-ROM applications on the market 

today. Keylard lists the following major examples: 

• bibliographic databases 

• full-text documents 

• newspapers 

• directories 

• encyclopedias 

• patent specifications 

• legal materials 

• software systems 

• maintenance manuals, and 

• archives. 

 

 This list is far from exhaustive, and does not include some significant applications 

of CD-ROM technology, particularly the multimedia applications discussed later in this 

book. 

 

Criteria for selection of CD-ROM databases 

 A number of factors are to be considered while choosing an appropriate CD-ROM 

database. The following is a simple checklist as proposed by Haar et al. 

Acquisition 

1   What is the initial subscription cost of the product? 

2   What, if any, are the costs for current discs and archival discs? 

3   What are the ongoing costs, if any, for regular updates? 

4   Is a discount applied to the cost if the product is already being purchased in a different 

format (print, microform, etc.)? 

5   Is the product available through purchase or lease? 

6   Is similar information available from vendors other than the chosen vendor in 
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electronic or other formats? 

7   If the product is available from more than one vendor, why is the current one being 

preferred? 

8   Are there licensing requirements, i.e. site or hardware restrictions, limits to access to 

use of data, etc.? 

9   Can the CD-ROM be networked? 

10   What is the additional cost for networking? 

 

Coverage 

11  What subject area(s) does the database cover? 

12  What is the scope of the database? 

13  How accurate are the data? 

14  How thorough is the indexing? 

15  Why is the intellectual level of the product appropriate for the given library? 

16  Is the content suitable for ready reference, basic inquiry or in-depth search? 

 

2.17  Check your progress 

1. When CD-ROM was prepared and made? 

(A) 1985 

(B) 1982 

(C) 1980 

(D) 1977 

Answer: (A) 

 

2. ISO-9960 is related with? 



 72 

(A) Standard for encoding data on CD-ROM 

(B) Standard for Computer Hardware 

(C) Standard for Information Processing 

(D) Standard for Networking 

Answer: (A) 

 

3. Identify the correct order as per increasing data storage capacity: 

(A) CDROM, DVD, Cartridge, BlueRay disc (B) DVD, Cartridge, 

BlueRay Disc, CDROM (C) Cartridge, CDROM, DVD, BlueRay Disc 

(D) BlueRay Disc, DVD, Cartridge, CDROM 

 

4. Before the age of video cassettes, DVD, CD, downloadable audio, 

what was made available? 

Ans:- Spoken word album. 

 

5.OPTI-NET was the first software-only solution to CD-ROM networking. (True/ False) 

Ans:True 

 

 

 

2.18 Glossary  

Database:  

 Database is a computer based record keeping system. The objective is to record 

and maintain information. Database is a collection of structured data independent of any 

particular application. 

 

Information Retrieval: 

 The term was coined in 1952 by Calvin Mooels which stores and retrieval 

information required by the user community. The term is in vogue in computer based 

information systems. 

User-interface: 
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 The user interface is the means through which the end user communicates with 

any programme. 

 

DVD: 

 Digital Video Disc is a new technology that will influence the CD-ROM in 

information retrieval environment. DVD standard allows for different configurations, 

providing for different disc capacities i.e., 4.7 GB (Single Layer 8.5 GB (double layer 

disc) and 17 GB (double sided and double-layer disc). 

2.19. Questions for self study 

 

1. Explain the characteristic features of CD-ROMs 

2. Discuss the advantages and limitations of CD-ROMs 
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Unit - 3 

EXPERT SYSTEMS; HYPERTEXT AND HYPERMEDIA SYSTEMS 

 

 

Structure 

3.0 Objectives 

3.1 Introduction 

3.2 Concept of artificial Intelligence 

3.2.1 Ingredients of AI: 

3.2.2 Artificial Intelligence: Meaning and Definitions 

3.2.3 Artificial Intelligence:  Historical developments 

3.3 Major Developments in Artificial Intelligence 

3.4 Scope and Implications of Artificial Intelligence 

3.5 General Applications of AI 

3.6 Applications of different Artificial Intelligence Techniques in Library and 

Information Science 

3.7 Knowledge Based Computerized Expert System 

3.7.1Components of an Expert system 

3.7.2Categories of Expert Systems 

3.8 Application of Expert Systems in Library activities 

3.9 DRTC Classification research and system development 

3.10 Benefits of Expert systems 

3.10.1 Advantages of Expert systems  

3.10.2 Disadvantages of Expert systems 

3.10.3 Limitations of Expert Systems 

3.11. Summary 

3.12.  Multimedia, Hypertext and Hypermedia 

3.12.1 Non-computerized Multimedia 

3.12.2 Interactive Multimedia 

3.12.3 Hypertext 

3.12.4 Hypermedia 
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3.12.4.1 Types of Hypermedia Products 

3.12.4.2 Advantages of Hypermedia 

3.12.4.3 Disadvantages of Hypermedia 

3.13 Check your progress 

3.14. Summary 

3.15.Glossary 

3.16Questions for self study 

3.17.References  

 

 

 

3.0 OBJECTIVES 

The Objectives of this unit are as follows:  

 To understand the concept Artificial Intelligence 

 To define and explain Artificial Intelligence 

 To identify different categories of AI  

 To know how AI and its sub areas like Expert systems are connected with 

library  and information centers. 

 Advantages of Hypermedia 

 

3.1 INTRODUCTION 

The world stands on the threshold of modern computer age. New kind of 

Information technology now moving out of the laboratory to change the computer from a 

fantastically fast calculating machine to a multi-purpose knowledge processing device 

that mimics human thought processes. Today’s computers can simulate many human 

capabilities such as reading, grasping, calculating, speaking, remembering, comparing 

numbers, and drawing, making judgments, and even interactive learning. Researchers are 

working to expand these capabilities and, therefore, the power of computers by 

developing hardware and software that can initiate intelligent human behavior. For 

example, researchers are working on systems that have the ability to reason, to learn or 

accumulate knowledge, to strive for self –improvement, and to stimulate human sensory 

and mechanical capabilities.  
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Artificial Intelligence (AI) is the area of computer science focusing on creating 

machines that can engage on behaviours that humans consider intelligent. The ability to 

create intelligent machines has intrigued humans since ancient times, and today with the 

advent of the computer and 50 years of research into AI programming techniques, the 

dream of smart machines is becoming a reality. Researchers are creating systems which 

can mimic human thought, understand speech, beat the best human chess player, and 

countless other feats which never before possible. 

 

Artificial Intelligence mainly focuses on understanding and performing intelligent 

tasks such as reasoning, learning new skills and adopting to new situations and problems 

etc. Artificial Intelligence is concerned with the concept and methods of symbolic 

inferences by computer and the symbolic representation of knowledge to be used in 

making inferences.  Perhaps, the most popular Artificial Intelligence programs are the 

Expert systems, which are computer programs that embody human expertise and help 

people to solve any problem.      

     

  To some, the mere mention of Artificial Intelligence creates visions of electro-

mechanical devices replacing human beings. But as anyone involved in the area of 

artificial intelligence will explain that, there is a distinct difference between human 

beings and machines. Experts are convinced that it is now only a matter of time before 

the present generation can experience the impact and utility of new applications based on 

AI in offices, factories, Information centers and homes. The key factor of a AI work flow 

is a new type of computer software, or programming. Hundreds of rules and facts make 

up AI programmes. AI programmes process ideas and knowledge, not members, in 

several different ways. 

 

Artificial Intelligence, or AI for short, is a combination of computer science, 

psychology, and philosophy. AI is a broad topic, consisting of different fields, from 

machine vision to expert systems. The element that the fields of AI have in common is 

the creation of machines that can "think". In order to classify machines as "thinking", it is 
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necessary to define intelligence. To what degree does intelligence consist of, for example, 

solving complex problems, or making generalizations and relationships? And what about 

perception and comprehension? Research into the areas of learning, of language, and of 

sensory perception has aided scientists in building intelligent machines. One of the most 

challenging approaches facing experts is building systems that mimic the behavior of the 

human brain, made up of billions of neurons, and arguably the most complex matter in 

the universe. 

 

The research in Artificial Intelligence is gaining much importance. It is witnessed 

that during the year 1990, there would be more commercially available software’s in AI. 

However, it is argued that Object Oriented Programming will be a major contender in the 

market. Nevertheless, AI both as an end and means has applications in many fields 

including Library and Information Science.  

 

Libraries played an important role in advancement of education, scientific 

research and socio economic development in an information society, supporting all new 

kinds of research and creativity. Keeping the importance of AI in view, CDC Report for 

Model syllabus for Library and Information Science has included the AI facet as an 

important component for M.L.I.Sc level. This itself indicates the greatness and usefulness 

of the AI in LIS field. During 1995 itself, Documentation Research Training Center 

(D.R.T.C), Bangalore has introduced a full Semester specialization paper on 

“Applications of AI to Library and Information work” and has been carrying out research 

in the application of Expert systems and Natural Language Processing. Future libraries 

will be recognized by variety of services and approaches rendered to its users. Though 

Information society is posing lots of challenges for libraries and information 

professionals in order to provide up to date subject knowledge, changed role of 

information professionals available in the proper information infrastructure, management 

techniques, proper information polices and intellectual property rights will certainly make 

information society of 21st century a grand success. 

 

3.2 CONCEPT OF ARTIFICIAL INTELLIGENCE  
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 Artificial Intelligence has come a long way from its early roots, driven by 

dedicated researchers. The beginnings of AI reach back before electronics, to 

philosophers and mathematicians such as George Boole (1815-1864) and others 

theorizing on principles that were used as the foundation of AI Logic. AI really began to 

intrigue researchers with the invention of the computer in 1943. The technology was 

finally available, or so it seemed, to simulate intelligent behavior. Over the next four 

decades, despite many stumbling blocks, AI has grown from a dozen researchers, to 

thousands of engineers and specialists; and from programs capable of playing checkers, 

to systems designed to diagnose disease.  

 

AI has always been on the pioneering end of computer science. Advanced-level 

computer languages, as well as computer interfaces and word-processors owe their 

existence to the research into artificial intelligence. The theory and insights brought about 

by AI research will set the trend in the future of computing. The products available today 

are only bits and pieces of what are soon to follow, but they are a movement towards the 

future of artificial intelligence. The advancements in the quest for artificial intelligence 

have, and will continue to affect our jobs, our education, and our lives. 

 

In the quest to create intelligent machines, the field of Artificial Intelligence has 

split into several different approaches based on the opinions about the most promising 

methods and theories. These rivaling theories have lead researchers in one of two basic 

approaches; bottom-up and top-down. Bottom-up theorists believe the best way to 

achieve artificial intelligence is to build electronic replicas of the human brain's complex 

network of neurons, while the top-down approach attempts to mimic the brain's behavior 

with computer programs. 

 

3.2.1 Ingredients of Artificial Intelligence: 

Basically the major ingredients of AI are divided into following four types they are:  

1) Representation; 

2) Problem solving methods; 

3) Architecture; and 
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4) Knowledge.  

(1) Representation: To work on a task, a computer must have an internal representation 

in its memory, for example, the symbolic description of a room for a moving robot, or a 

set of features describing a person with a disease.  The representation also include all the 

knowledge, including basic programs, for testing and measuring the structure, plus all the 

programs for transforming the structure into another one in ways appropriate to the task. 

 (2) Problem-solving method:   AI has gradually built up a stock of relevant problem-

solving methods ( so-called week methods) that is applied  generally for the task. An 

important feature of all the week methods is that they involve search.  One of the most 

important generalizations to arise in AI is the ubiquity of search. It appears to underlie all 

intelligent action. In the worst case, the search is blind. In heuristic search extra 

information is used to guide the search. 

 

(3) Architecture: An intelligent agent-person or program-has multiple means for 

representing tasks and dealing with them. Also required as an architecture or operating 

framework within which to select and carryout these activities. Often called the executive 

or control structure, it is best viewed as a total architecture (as in computer architecture), 

that is, a machine that provides data structures, operations on these data structures, 

memory for holding data structures, accessing operations for retrieving data structures 

from memory, a programming language for expressing integrated patterns of conditional 

operations, and an interpreter for carrying out programs.  

 

(4) Knowledge: In AI, the basic paradigm of intelligent action is that searching through a 

space of partial solutions (called the problem space) for a goal situation. Each step offers 

several possibilities, leading to a cascading of possibilities that can be represented as 

branching tree. The search is thus said to be combinatorial or experimental. For example, 

if there are 10 possible actions in any situation, and it takes a sequence of 12 steps to find 

a solution, (a goal state), then there are 1012 possible sequences in the exhaustive search 

tree. What keeps the search is the Knowledge, which suggests how to choose, or narrow 

the options at each step.  
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3.2.2 Artificial Intelligence: Meaning and Definitions : The Encyclopedia of Library 

and Information Science defines AI as: “The exhibition of intellect, of understanding, or 

of adaptively by anything other than man. An artifact that exhibits intellect, 

understanding, or adaptively is termed as Artificial intelligent. It may be living or not”.  

 

The Dictionary of computers data-processing & telecommunications defines AI as 

“ The capability of a device to perform functions that are normally associated with human 

intelligence, such as reasoning, learning and self improvement.”   

 

The Dictionary of Computers by W.R.Spencer gives an elaborate meaning and 

explanation of AI, as “It is a discipline concerned with the building of computer 

programs that perform tasks requiring intelligence when done by humans However, 

intelligent tasks for which a decision procedure is known are generally excluded, where 

as perceptual tasks (e.g. seeing & hearing) are generally included. For this reason AI is 

better defined by indicating its range.”  

 

The Mc Grow Hill concise Encyclopedia of Science & Technology defines AI as 

“ It is a sub field of computer science, concerned with understanding the nature of 

intelligent action and constructing computer systems capable of such action. It embodies 

the duel motives of furthering basic scientific understanding and making computers more 

sophisticated in the service of humanity.”  

 

The Dictionary of Information technology defines, as “AI is design and device of 

computer programs that imitate human intelligence, providing basic reasoning and other 

human characteristics.” 

 

3.2.3 Artificial Intelligence:  Historical developments 

Prehistory of AI: Humans have always speculated about the nature of mind, 

thought, and language, and searched for discrete representations of their knowledge. 

Aristotle tried to formalize this speculation by means of syllogistic logic, which remains 

one of the key strategies of AI. The first is-a hierarchy was created in 260 by Porphyry of 

http://encyclopedia.thefreedictionary.com/Aristotle
http://encyclopedia.thefreedictionary.com/Syllogism
http://encyclopedia.thefreedictionary.com/260
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Tyros. Classical and medieval grammarians explored more subtle features of language 

that Aristotle shortchanged, and mathematician Bernard Bolzano made the first modern 

attempt to formalize semantics in 1837. Early computer design was driven mainly by the 

complex mathematics needed to target weapons accurately, with analog feedback devices 

inspiring an ideal of cybernetics. The expression "artificial intelligence" was introduced 

as a 'digital' replacement for the analog 'cybernetics'. Much of the (original) focus of 

artificial intelligence research draws from an experimental approach to psychology, and 

emphasizes what may be called linguistic intelligence. 

 

Experimental AI research: Artificial intelligence began as an experimental field 

in the 1950s with such pioneers as Allen Newell and Herbert Simon, who founded the 

first artificial intelligence laboratory at Carnegie Mellon University, and John McCarthy 

and Marvin Minsky, who founded the MIT AI Lab in 1959. They all attended the 

aforementioned Dartmouth College summer AI conference in 1956, which was organized 

by McCarthy, Minsky, Nathan Rochester of IBM and Claude Shannon. 

 

Artificial Intelligence, an area of computer science and engineering, began its 

perceivable existence since 1956.  John McCarthy, as Assistant professor of Mathematics 

at Dartmouth, United States, suggested and used this name for the first time. Most of the 

authors assume that the mathematics discipline may be the mother of artificial 

intelligence technology. In United States of America  ‘Rand Corporation’, a private 

sector research organization has played a major role in promoting the early developments 

of AI, which can be enlisted as follows: During 1950’s Rand company was involved in 

designing and building first stored program on computers that is entitled as ‘JOHNAIC’. 

Some of the experts working in Rand company specialists in the field of AI technology to 

name a few for example Newell, Shaw and Simon were developed methods, directions 

and computational tools for AI programming and research. They also developed the first 

symbol manipulating techniques and List Processing Languages (LISP) and series of IPL 

(Information Processing languages).   

 

 

http://encyclopedia.thefreedictionary.com/Bernard+Bolzano
http://encyclopedia.thefreedictionary.com/semantics
http://encyclopedia.thefreedictionary.com/1837
http://encyclopedia.thefreedictionary.com/cybernetics
http://encyclopedia.thefreedictionary.com/psychology
http://encyclopedia.thefreedictionary.com/1950s
http://encyclopedia.thefreedictionary.com/Allen+Newell
http://encyclopedia.thefreedictionary.com/Herbert+Simon
http://encyclopedia.thefreedictionary.com/Carnegie+Mellon+University
http://encyclopedia.thefreedictionary.com/John+McCarthy
http://encyclopedia.thefreedictionary.com/Marvin+Minsky
http://encyclopedia.thefreedictionary.com/MIT+Artificial+Intelligence+Laboratory
http://encyclopedia.thefreedictionary.com/1959
http://encyclopedia.thefreedictionary.com/Dartmouth+College
http://encyclopedia.thefreedictionary.com/1956
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SUMMARY 

 

 Artificial Intelligence is a branch of computer science that investigates the extent 

to which computers can perform tasks that require intelligence when done by people (or, 

more weakly, by animals). AI is closely associated to cognitive science. The terms 

artificial intelligence and expert system are sometimes used synonymously. Artificial 

intelligence (AI) is a generic term which covers a very broad range of computer 

applications that mimic human intelligence and/or behavior. One of the major elements in 

any AI system is the ability to reason. This reasoning ability is central to one of the major 

branches of AI, expert systems.  

 

Humans have always speculated about the nature of mind, thought, and language, 

and searched for discrete representations of their knowledge. Aristotle tried to formalize 

this speculation by means of syllogistic logic, which remains one of the key strategies of 

AI. The first is-a hierarchy was created in 260 by Porphyry of Tyros. Classical and 

medieval grammarians explored more subtle features of language that Aristotle 

shortchanged, and mathematician Bernard Bolzano made the first modern attempt to 

formalize semantics in 1837. Early computer design was driven mainly by the complex 

mathematics needed to target weapons accurately, with analog feedback devices inspiring 

an ideal of cybernetics. The expression "artificial intelligence" was introduced as a 

'digital' replacement for the analog 'cybernetics'. Much of the (original) focus of artificial 

intelligence research draws from an experimental approach to psychology, and 

emphasizes what may be called linguistic intelligence. 

 

3.3 MAJOR DEVELOPMENTS IN ARTIFICIAL INTELLIGENCE 

 Although AI is relatively a new subject, much of the work, which later laid the 

foundation of AI, can be traced back to the last 20th century.  Foremost among them, is 

the work done by George Boole (1815-1864) on Boolean algebra in which he introduced 

the logical definition of `and’, `or’ etc.  Another important contribution was made by 

“Alan Turning (1912-1954) considered as the father of Artificial Intelligence”.  He 

http://encyclopedia.thefreedictionary.com/Aristotle
http://encyclopedia.thefreedictionary.com/Syllogism
http://encyclopedia.thefreedictionary.com/260
http://encyclopedia.thefreedictionary.com/Bernard+Bolzano
http://encyclopedia.thefreedictionary.com/semantics
http://encyclopedia.thefreedictionary.com/1837
http://encyclopedia.thefreedictionary.com/cybernetics
http://encyclopedia.thefreedictionary.com/psychology
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worked with the precursors of modern computers and contributed for the development in 

this regard.  Turning, (1963) envisaged in his paper on ‘Computing machinery and 

Intelligence’ that computer could be programmed to exhibit intelligent behavior.  His 

most important contribution is undoubtedly the “Turning Test” In this test a operator 

working with a computer    keyboard asks and replies the queries from the unknown 

sources instantly which may be handled either by a human being or a machine.   

       

 The emergence of a new field called ‘Cybernetics’ which has been coined and 

founded by Norbert Wisner brought together many parallels between human beings and 

machine.  Cybernetics is the study of communication between human and machine. 

Which combines the concepts from Information’s theory, Feed back control systems 

(both biological and electronic) and Electronic computers. The technological 

developments in the field of ‘Linguistics’ have been greatly initiated especially by the 

contributions of ‘Nown Chomsky’ in developing formal grammars helped to a large 

extent for the developments of Natural Languages processing. However, many 

specialists/technologists consider that the year 1956 as a landmark in the History of AI.   

In this year John Mc Carthy coined and used the word “Artificial intelligence” for the 

first time.  

 

3.4 SCOPE AND IMPLICATIONS OF ARTIFICIAL INTELLIGENCE:  

 Research in artificial intelligence spreads out to explore the full range of 

intellectual tasks. In addition to the subject areas maintained above, significant work has 

been done on puzzles and reasoning tasks, induction and concept identification, symbolic 

mathematics, theorem-proving in formal logic, natural language understanding and 

generation, vision, robotics, chemistry, biology, engineering analysis, computer-assisted 

instruction, computer-program synthesis and verification, to name only the most 

prominent. As in any developing science, there occurs both a reinforcement of the basic 

ideas (about representation, search, architecture, and knowledge) and the discovery of 

new mechanisms; both extend existing ideas and reveal limits. 
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     Artificial intelligence has close ties with several surrounding fields.  As part of 

computer science, it plays the role of expanding the intellectual sophistication of the tasks 

to which computers can be applied. Various sub fields, once viewed as part of artificial 

intelligence, have become autonomous fields, most notably symbolic mathematics and 

program verification.  Work on vision and speech overlaps with the field of pattern 

recognition in electrical engineering in the concern with efficient signal processing.  

 

         The relation of artificial intelligence to the study of cognitive and linguistic 

processes in humans is especially important.  Human experimental psychology and 

linguistics underwent a transformation in the late 1950s, coincident with the birth of 

artificial intelligence, to an essentially symbolic and information-processing viewpoint.  

  

 Research in AI spreads out to explore the full range of intellectual tasks. For this 

many areas like games, speech, medical diagnosis, puzzles and reasoning tasks, induction 

and concept identification, symbolic mathematics, theorem proving informal logic, 

natural language understanding, vision, robotics chemistry, engineering analysis, 

computer program synthesis and verification, can be selected. As in the case of any 

developing science there occurs a recurrence of the basic ideas (about representation, 

search, architecture and knowledge) and the discovery of new mechanisms; extend 

existing ideas and reveal limits. 

 

3.5 GENERAL APPLICATIONS OF ARTIFICIAL INTELLIGENCE  

 Computers provide the perfect medium for the experimentation and applications 

of AI technology in the present era. Examples of tasks tackled by AI are mainly 

computer-based game playing, computer oriented inference, and computer assisted 

learning, Natural language understanding, Plan formation, Speech recognition technique, 

Theorem proving and Visual perception.  AI has more success at intellectual tasks such 

as computer based game playing and theorem proving than perceptual tasks.  Sometimes 

these computer programs are intended to simulate human behavior and they are built for 

technological applications also such as Computer aided instruction (CAI), Expert systems 

and Robotics etc. In many cases the main goal is to find any technique for doing some 
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task, or to find a technique that does the task quick and in better way.  Some of the recent 

computational techniques and concepts that are utilized in developing many practical 

applications in the field of Artificial Intelligence for example: 

 

(3.5.1) Natural Language Processing:   

 One of the long-standing goals of computer science is to teach computers to 

understand the language that we speak. Ultimate generation of computer languages is the 

Natural Language. It is believed by many authors that acquiring natural language is so 

easy for children; however, it becomes increasing by complex to teach it to computers.  

Computer experts are at a long way in achieving this goal.  Artificial Intelligence 

technology specialist scientists have succeeded in building Natural Language interfaces 

to a large extent, using limited vocabulary and syntax.  Hindustan Aeronautics Limited 

(HAL) of India utilizes Lotus 1-2-3 spread sheet software package for the purpose of 

carrying out complex program functions using commands expressed in limited English 

sentence from the users end. ‘Intellect’ from Artificial Intelligence Inc., is a powerful 

natural language front-end system that has been adopted by several mainframe database 

system servers.  

  

(3.5.2) Optical Character Recognition (OCR) :  

 It falls under pattern recognition.  OCR greatly promises minimization in the 

efforts of bibliographic data entry, which is quite verbose when compared to other forms 

of databases. With the emergence of OCR software which will run on any personal 

computers, with brands like-OMNIPAGE and TOPSCAN. It is very essential for a library 

professional to know and understand the software and hardware requirements in building 

an OCR workstation to capture the bibliographic data for further processing activities in 

the library. 

 

(3.5.3) Intelligent Retrieval from Databases:  

 Data base systems are computer based systems, that store a large volume of facts 

and figures about some subject in such a way that they can be used to answer the user’s 

questions about that subject at anytime.  The design of a data base system is an active 
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subspecialty of computer science, and many techniques have been developed to enable 

the efficient representation, storage, and retrieval of large number of facts and figures. 

The subject becomes interesting when user want to retrieve pinpointed answers that 

require deductive reasoning with the facts in the database.  

 

(3.5.4) Expert systems:   

 AI methods have also been employed in the development of ‘automatic consulting 

systems’ which provides human users with expert conclusions about specialized subject 

areas such as diagnosis of diseases, evolution of potential ore deposits, suggesting 

structures for complex organic chemicals, providing advice of how to represent and use 

the knowledge that human experts in these subjects use and possess? which is often 

imprecise and  uncertain.  Such problems are solved by using the AI technique like “ rule 

based deduction” which consists of representing the expert knowledge as a large set of 

simple rules and these rules are used to guide the dialogue between system and user. 

 

(3.5.5) Theorem Proving:  

 Finding a proof or dis-proof for conjectured theorem in Mathematics, Physics and 

other fields will require intelligence.  It requires ability to make deductions from 

hypotheses and intuitive skills such as guessing about which theorem should be proved 

first in order to help, prove the main theorem.  Now a day some ‘automatic Theorem 

proving programs’ have been developed which have such skills to limited extent.  The 

study of theorem proving is a significant outcome of the developments in AI methods.  

There are many informal tasks such as Information retrieval and medical diagnosis can be 

formalized by using theorem-proving problem. 

 

(3.5.6) Robotics:  

 The field of robotics is often described as the sub field of AI that is concerned 

with perceptual and motor tasks. The problem of controlling the physical action of a 

mobile robot might not seem to require much intelligence.  Even small children are able 

to navigate and use them successfully such as light switches, toy blocks etc.  However 



                                                                        

 89 

these same tasks performed unconsciously by human but by a machine require many of 

the same abilities used in solving more intellectual demanding problems. 

 

 The Research on robots and robotics has led the developments of AI ideas. It has 

initiated into the development of several techniques for modeling like “ states of the 

world” and for describing the process of change from one world to another.  It also led 

into a better understanding of how to generate plan for action sequences?  and how to 

monitor the execution of these plans? etc. 

 

(3.5.7) Automatic Programming:  

 The task of writing a computer program is related to both theorem proving and 

robotics so all these areas overlap.  The compilers already dose “automating 

programming” which is actually means “super compiling” or a program that could take in 

a very high-level description of what the program is to accomplish and produce a 

program, which would be in the form of a formal language like predicate calculus, or a 

loose description, said in English. The task of proving a given program achieves a stated 

result card as program verification. The research in the automatic programming has 

yielded debugging as a problem solving strategy. 

 

SUMMARY 

Artificial intelligence is a generic term commonly used to indicate the inclusion in 

software of some type of automated application of rules, the results of which give the 

appearance of "intelligence" on the part of the computer.  An example would be a 

computer, which uses language rules to carry on a conversation with the human using 

the computer. 

 

.   

 

3.6 APPLICATIONS OF ARTIFICIAL INTELLIGENCE TECHNIQUES IN 

LIBRARY AND INFORMATION SCIENCE 
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   Modern libraries and information centers provide a variety of documentation and 

information services to support research and development, industrial productivity, 

management, marketing and trade activities and all other programmes of government and 

non-government institutions with the help of modern computer based information 

retrieval systems. The AI based techniques generally adopted for the purpose is a fuzzy 

set approach to information Retrieval i.e. application of artificial intelligence to 

information Retrieval. Earlier retrieval systems were based on Boolean logic. In most of 

these models, underlying decision rules are based upon the two-valued logic.  These 

models will identify whether the document is retrieved or not. And is either relevant or 

not relevant document etc. Further they will find an index term which represents 

information contents of a document is either present or absent in the description of the 

document. But in reality, information retrieval systems are too complex and two-valued 

logic fails to satisfy user’s requirement Further, the imprecision in the form of fuzziness 

occurs in an information retrieval system in a wide variety of ways.  It occurs while    

Describing the information content of the document in a natural language; Evaluating the 

information retrieval output-decision concerning the relevancy; and  Deciding a term or 

phrase as a candidate to describe the information content.  

 

In any Information retrieval environment, queries equally consist of fuzziness.  To 

tackle the problems, which arise due to fuzziness, several approaches to IR were 

developed, one such approach adopted AI technique that technique is fuzzy set approach. 

The AI techniques to design and development of information systems are becoming 

increasingly popular. For example ‘CODER’ (Computer Document Expert Retrieval) 

project is a prototype model and it was developed for validating AI approaches for 

creating knowledge representations for document collections and for interacting closely 

with users.    BIRS (Bibliographic Information Retrieval System)  model is based on 

theory of set and it is on AI technique.It is very much used in design and development of 

expert systems.   

 

 The applications of Natural Language Processing (NLP) techniques in Library 

and Information Science are mostly centered on developing Natural Language interfaces 
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to bibliographic database systems.  As a part of it, NLP techniques have also been used in 

substituting the library professional as a intermediary in translating the user query into a 

system query.  In addition, NLP techniques are also being used to identify the descriptor 

representing the next, which so far is done with statistical techniques. IR –NLP combines 

the expertise of a professional intermediary for on-line searching with the capability for 

understanding natural language and carrying out a dialog with the user. NLP is 

advantageous because Natural language front ends to the existing bibliographic database 

could be developed so that the user can   avoid learning search language for retrieving his 

required information. Such user interfaces with proper knowledge of the search strategies 

could substitute search intermediaries. 

 

The National Center for Software Technology (NCST), Mumbai established by 

the government of India in 1985, is a leading institution in the area of Artificial 

Intelligence related training. Other institutes being, Tata Institute of Fundamental 

Research, Mumbai; Cognitive System Research Laboratory (C.S.R.L), the another wing 

of Tata InfoTech Limited; Indian Statistical Institute, Kolkota; Indian Institute of 

Science, Bangalore; Indian Institute of Technology Mumbai ; etc where there are specific 

research and development (R & D) tasks concerning Artificial Intelligence. 

 

 Artificial Intelligence focuses on symbolic, non-algorithmic problem solving 

methods. The language of Artificial Intelligence (LISP and PROLOG) enabling us to 

process the symbols efficiently using predicate calculus. The applications of Artificial 

Intelligence techniques are less in the field of Library and Information Science as 

compared to Science and Technology. But in future it will be eventually overcome with 

the introduction of competent models with Artificial Intelligence techniques. And the 

ongoing researches, experiments and applications indicate its inevitable future use in 

libraries.  Some of the areas where Expert Systems (ES) are likely to make their greatest 

impact include Reference Service, Indexing, Cataloguing and interactive information 

storage and retrieval systems.  

 

3.7 KNOWLEDGE BASED COMPUTERISED EXPERT SYSTEM 



                                                                        

 92 

 Expert systems are the Knowledge based computerized systems, which play a role 

of intelligent interface or gateway for providing access to database and to obtain relevant 

information. Expert system contains knowledge about any specialized area, which 

enables the specialists to formulate search profiles and obtain relevant solutions for 

various problems. Expert systems called as knowledge based systems or Intelligent 

assistants, rely on AI to assist both experts and non-experts.  The comparison of Expert 

Systems with date base system gives clear understanding of Expert systems (ES). The 

primary goal of Artificial Intelligence from the beginning was to evolve strategies of 

general problem solving using intelligence, Expert Systems have adopted an engineering 

approach and concentrated on problem solving in specific, narrow domain.  In general, 

experts are considered to be specialists in a limited area of operation.   

 

Expert system (ES) is an intelligent computer program that uses knowledge and 

inference procedure to solve the problems that are difficult enough and also requires 

significant expertise for their solution.  Knowledge necessary to perform at such level 

plus the inference procedure used can be thought of as a model of expertise of the best 

practitioner pf the field.  The knowledge of an ES consists of facts and heuristics.  The 

facts constitute a body of information that is widely shared, publicly available and 

generally agreed upon by experts in a field. 

The process of building on ES is often called knowledge Engineering that relies 

heavily on the study of human experts in order to develop intelligent, skilled programs.  

The central notion of problem solving is that a system must construct its solution 

selectively and efficiently from space to alternatives.  When resources are limited, the 

expert needs to search this space selectively, with as little unfruitful activity as possible.  

An experts knowledge helps to spot useful data early, suggests ways to exploit, them and 

helps to avoid low pay off efforts by pruning blind alleys as early as possible. 

Expert systems range in scale from simple rule-based systems with flat data to 

very large scale, integrated developments taking many person-years to develop. They 

typically have a set of if-then rules, which forms the knowledge base, and a dedicated 

inference engine, which provides the execution mechanism. This contrasts to 

conventional programs where domain knowledge and execution control are closely 
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intertwined such that the knowledge is implicitly stored in the program. This explicit 

separation of the knowledge from the control mechanism makes it easier to examine 

knowledge, incorporate new knowledge and modify existing knowledge. 

 

Expert systems make it possible to capture the knowledge of a human expert in a 

computerized knowledge base. The knowledge base consists of data and rules for 

processing that data. The expert system performs analysis and reaches conclusions by 

running the knowledge base through an inference engine. The inference engine is the 

processing (or ”reasoning”) element of the expert system. A well-designed system 

enables users to get sound solutions to complex problems without recourse to a human 

expert. 

 

 The development of Expert System technology seems to follow a mathematic 

function – exhibiting steeply graduated growth in the early days, and slowly leveling to a 

relatively linear progressive growth today. Today, the technology is very similar to that 

used twenty years ago. 

 

________________________________________________________________________ 

3.7.1 Components of an Expert system: 

 

 

Knowledge base 

 

 

User 

 

Interface 

 

Inference Engine 

   Fig.No.1 Components of Expert System 

 

Component 1: Knowledge base: This is the central of the system.  An ES can give 

intelligent answers only when it has access to sufficient knowledge about the fields.  It 

contains both factual and inferential knowledge.  The knowledge may be in any 

specialized area that has been incorporated in the system by the specialist.  Knowledge 

 
 

 

Users 
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base is built up through a process of knowledge acquisition where by the expert system 

user interface builds up through series of dialogue and for direct data entry by the expert.  

In the knowledge base the knowledge is represented in the form of rules that are 

generally popular in ES. 

 

Component 2:Inference Engine:  Inference engine is the component, which enables the 

ES to implement the knowledge in an appropriate manner.  The knowledge base in the in 

the form of facts and rules is interpreted by an Inference engine that processes the facts 

and rules to arrive at a conclusion. 

 

 It consists of operating rules and principles.  These applied constantly to ensure 

that the system is stable and predictable. It uses the search techniques to arrive at 

solutions for given problem and the search is dome by a process of shifting through 

alternative solutions to reach the goal.  The search is curried out in search space of all 

possible path of exploration to reach the goal.  The Inference engine or the Rule operator 

is the control structure, operates on knowledge base and determines which rule come 

first.  It controls, organizes and executes the processing, and searches and interprets the 

knowledge base. 

 

Component 3.User interface: If the expert system is to be successful. The infuriation 

between the human and machine has to be a high priority in the construction of the 

system.  In this, a user must have a way to communicate with the system is known as 

‘User Interface’.  This function is a bi-directional communication in which the user 

describes the problem and the system responds with solutions or recommendations.  A 

two-way message track, therefore, has to exist in the expert system. The facilities for 

providing explanation to the user are available as a by-product of the inference process.  

Just as human experts may seek additional information by way of ordering tests 

examinations etc., ES through the User interface may elicit additional facts to quickly 

arrive at a conclusion. 

 

3.7.2 Categories of Expert Systems: 



                                                                        

 95 

 Expert system can be categorized under two major groups: 

(a) Autonomous expert systems;  

(b) Knowledge based decision support systems.  

Autonomous expert systems operate autonomously without human intervention 

and replace an expert and make decision along. Such type of expert systems is rarely 

used. And majority of the expert systems are Knowledge based expert systems. They 

perform the following functions: 

(i) Ask questions or get information; 

(ii) Give answer and explain it’s reasoning; 

(iii) Permit new kinds of problems to be solves by computers; 

(iv) Help assimilate and store valuable expert knowledge and make it available to wider 

audience.     

3.8 APPLICATION OF EXPERT SYSTEMS IN LIBRARY ACTIVITIES 

Library activities related to the reading materials, users and staff. The application 

of Expert Systems where dialogue between staff and users, users and database (service 

and guidance) appears quite promising. For example, an Expert System will help the 

librarian in realizing the need for an improvement in productivity. Further, a well-

programmed Expert System will also improve the quality. It can be gainfully applied in 

activities where decision-making is required (e.g. choice and rendering of personal, 

corporate authors, etc. in cataloguing, in formulation of Index terms, in classification, in 

handling managerial tasks, etc.) In the following paragraphs an attempt has made to 

highlight some of the  areas where expert system can be used effectively.  

 

3.8.1 Application of Expert Systems in Reference service: 

Reference service is prime activity of any library and the Expert System will in 

the absence of reference librarian. Following are the some examples of Expert Systems 

used for Reference Service. 

 

(1) REFSEARCH :It is a system that supplies patrons the recommended sources to 

lookup for certain questions.  The system can be used to teach students reference skills or 

as a computerized aid for practicing reference librarians and information specialists.  



                                                                        

 96 

Refsearch incorporates a small indexing language that can simultaneously categorize a 

question and the desired works that may answer it.   

 

(2) POINTER: It was the early successful working application of computer system in the 

area of reference work. It directs the users to the reference  sources, it does not tell them 

how to use the sources.  POINTER is not a Knowledge Based System but a computer 

assisted reference program. 

   

(3) Online Reference Assistance (ORA) : This  system intended to simulate the services 

of an academic reference Librarian for questions of low and medium level, by using 

several technologies: a   videotext like database, computer assisted instruction modules, 

and knowledge based systems.  Like other systems, it gives help in performing subject 

searches, but it also gives assistance in tracking down publications for which the 

reference is already known.  ORA consist of Directional transactions like library 

locations, services and policies.   

 

(4) AMSWERMAN: An Knowledge based system to help users for reference questions 

on agricultural topics.  It uses series of menus to narrow   down the subject of the 

questions and the type of tool needed (directory, encyclopedia, atlas etc.).  It can function 

as either a consultation system or as a front end to external databases and CD-ROM 

reference tools. 

 

(5) PLEXUS: This is a referral tool used in Public Libraries.  It includes knowledge about 

the reference process, information retrieval, certain subject areas, reference sources, and 

Library users.  All the above systems are advisory systems for locating reference source 

books and factual data.   

 

3.8.2. Application of Expert Systems in Cataloging. 

 Cataloguing is one of the oldest library crafts. Recent attempts to automate 

cataloguing through Knowledge Based Expert Systems have focused on descriptive 
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cataloguing because it is considered rule-based (AACR2).  There are two approaches for 

applying artificial intelligence techniques to cataloguing. 

 

(i) A human-machine interface, where the intellectual effort is divided between the 

intermediary and the support system; and (ii) An Expert System with full cataloguing 

capability linked into electronic publishing system, so that as a text is generated on-line, 

it can be passed through knowledge based system and  cataloguing process is done 

without any intellectual input from an intermediary. The project ESSCAPE (Expert 

System For simple Choice of Access points for Entries), involved implementing a set of 

rules from Chapter 21 of AACR2 (Anglo American Cataloguing Rules, 2nd edition) that 

deals with the choice of access points. There have been problem in every attempt to 

convert AACR2 into the highly structured rules necessary to run the Expert System.  

Current research on automatic cataloguing has had mixed results, but researchers 

continue to suggest further work.  The impact of this technology on AACR2 will be great 

because of the demand for consistency.   

 

3.8.3 Application of Expert Systems in Classification. 

 Classification is the fundamental activity in the organization of knowledge.  For 

this reason it is prominent in all systems for organizing knowledge in libraries and 

information centers. Application of Expert Systems in the area of classification in 

libraries include the following: 

 

1.Coal SORT: It is a conceptual browser designed to serve either as a search or an 

indexing tool.  Coal SORT consists primarily of a frame-based semantic network and the 

software needed to allow users to display portions of it and to move around in the 

conceptual structure.  The expert knowledge in the system is embodied almost entirely in 

the semantic network.  There is no procedural knowledge in the system. 

 

2.EP-X: The Environmental Pollution Expert (EP-X) has certain things in common with 

Coal SORT in that both are concentrating on enhancing interfaces using a Knowledge 

Based approach.   The knowledge base of EP-X consists of a hierarchical frame- based 
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semantic network of concepts and a set of template that express the patterns called the 

pragmatic relationship among concepts.  These patterns are referred to as contextual 

information. 

 

3.BIOSIS: The earlier two system were basically networks of term relations used to help 

the user browse in the system or to help the system make intelligent suggestions to the 

users to modify strategy.  BIOSIS uses a knowledge base, including a significant amount 

of procedural knowledge, to assign documents to categories automatically.  Like the 

MEDLINE project, BIOSIS is designed as an indexer aid.  BIOSIS uses the information 

in the titles of biological documents to assign as many categories as possible of those that 

would be assigned by human indexers. It can be concluded that there is a close link 

between classification and Knowledge Based Expert Systems.  The indexing languages 

are structured and practical representations of information that can be used to very good 

advantage of AI applications. 

 

3.8.4   Expert System in Indexing:  Indexing of periodicals is another area where 

knowledge based expert systems are being developed. Indexing a periodical article 

involves identification of concepts discussed in the articles, to translate these concepts 

into verbal descriptions, and selecting and assigning controlled vocabulary terms that are 

conceptually equivalent to these verbal descriptions.  But the intellectual aspects of the 

indexing process, however, are not yet automated.  The reason for automating the 

intellectual aspects of indexing is to improve the indexing consistency and quality.  A 

variety of indexing errors occur because understanding indexing rules are relatively 

complex.  Knowledge-based expert systems are very helpful in this regard because they 

include not only the semantic networks but also procedural rules.  Based on the 

information provided by the indexer, the knowledge-based systems can arrive at 

appropriate preferred terms automatically to assign relevant subdivisions.  The system 

can make inferences and, based on the inference, it can take appropriate action.  A 

prototype of such a Knowledge Based Indexing System is already developed and tested at 

the National Library of Medicine (NLM) U.S.A, ‘Med Index’ is the best example of 

Knowledge based Expert systems used in the library Indexing activity.’ Med Index 
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Project’ at NLM investigated a Knowledge based approach to indexing the periodical 

literature.   

 

 Very few library users have interacted with knowledge based systems.  In general, 

users have had very little contact with these systems due to the fact that most of them are 

not perfected enough to be used by the everyday library patron.  Most of the systems are 

in experimental stage and vendors are marketing very few libraries. 

 

3.8.5 Application of Expert Systems in Acquisition: The ‘collection of documents’ is 

another integral part of the library. The librarian or the Information officer is key person 

in this activity. And the ‘Reference librarians’ experience plays an important role in 

collection development and it should be applied in systems’ modeling. The users of the 

library have a significant role to play in building electronic collections and that their help 

and advice should be solicited in the process.  Several systems have been built  which 

incorporate the techniques discussed above.   

 Monograph Selection Advisor, a pioneering effort in applying this emerging 

technology in another area of Library Science i.e. building library collection.  

Specifically, the task modeled is the item-by-item decisions that a subject bibliographer 

makes in selecting monographic. 

 

 The aim of Expert Systems is to make use of the library easier.  Therefore, 

transfer of intelligence from person to the machine and vice versa must be effective.  The  

knowledge base has to be broad enough and the interfacing aspects must be easy enough 

for the library to get the desired information from the machine.  The degree of user 

success with Knowledge Based Expert Systems will depend on how well the system is 

designed, the completeness of knowledge base, the ease in using the system etc. 

 

 

 Artificial Intelligence mainly focuses on understanding and performing intelligent 

tasks such as reasoning, learning new skills and adopting to new situations and problems 

etc. Artificial Intelligence is concerned with the concept and methods of symbolic 
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inferences by computer and the symbolic representation of knowledge to be used in 

making inferences.  Perhaps, the most popular Artificial Intelligence programs are the 

Expert systems, which are computer programs that embody human expertise and help 

people to solve any problem. Expert systems are the Knowledge based computerized 

systems, which play a role of intelligent interface or gateway for providing access to 

database and to obtain relevant information. Expert system contains knowledge about any 

specialized area, which enables the specialists to formulate search profiles and obtain 

relevant solutions for various problems.   

                   

 

 

 

 

3.9 DRTC CLASSIFICATION RESEARCH AND SYSTEM DEVELOPMENT 

Dr. A.R.D. Prasad, Professor of Documentation Research and Training Center, 

Bangalore  has developed “Prometheus”, an automatic subject indexing system using 

Natural Language Processing (NLP) techniques.  The work demonstrates that NLP 

approach has much potential in subject indexing as it attempts semantic analysis.  The 

system adopts the deep structure of Structured Indexing Language (SIL) as a semantic 

structure of document abstracts.  That is, the deep structure subject indexing language 

serves as Meaning Representation Language (MRL) for a NLP system.  The parser of the 

system works at the syntactic and semantic levels.  At the syntactic level, the grammar 

formalism identifies the noun phrase and at the semantic level, the system identifies the 

roles of each the noun phrase in order to build a frame based knowledge representation o 

the thought content of the information processed.  Once the meaning of a given abstract is 

represented in a frame-based model, the system generates the subject strings.   

 

 Following the development of Prometheus, another project was carried out on the 

design and development of knowledge representation model for automatic indexing.  It 

resulted in a frame-based model built for generating subject indexing strings according to 

POPSI.  A system Viswamitra has been developed using frame based representation 
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which automatically assigns Colon Classification numbers to input expressive titles.  This 

system  follows all the prescribed steps in practical classification and assigns the class 

number for the titles.  Following the trend in the representation techniques evolved 

earlier, Vyasa an integrated system, which attempts the management of analytico-

synthetic classification system has been developed.  It adapts the earlier model in 

Viswamitra, for representation of the Colon Classification schedules as the work starts 

with the problems in classifying documents.  It recognizes  the new terminology that need 

to be accommodated in the schedules and resolves through frame representation and rule  

based inference mechanism and fixes  them in the appropriate position in the schedules.  

It thus enables automatic updating of the schedules.     

 

 3.10 BENEFITS OF EXPERT SYSTEMS 

The following benefits derived from the Expert System have made it popular among 

Artificial Intelligence techniques. 

i) Increased timeliness in decision-making; 

ii) Increased productivity of organizational experts; 

iii) Improved consistency in decision; 

iv) Improved understanding and explanation; 

v) Improved understanding and explanation; 

vi) Explanation of line of reasoning used during process of solving a problem; 

 vii) Improved management of uncertainty; 

 viii) Formalization of organizational knowledge; 

 ix) Can be used to analyze how organization solves problems. 

 

3.10.1 Advantages of Expert System 

 Human are slow and prove to error in performing lengthy analysis on the logical 

implications of all the fact recalled from long and shot term memories or acquired from 

eternal sources as handbooks and journals.  Even human are not efficient in conducting 

extensive search for alternatives, especially where much backtracking from dead ends is 

necessary.  But expert system stairs with a seen of its knowledge base covering, all the 

commercially available system to determine which one meet the actual necessity. 
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In short, the following advantages may be noted: 

1.)Expert system is well suited for advising operations and maintenance personnel on 

variety of problems. 

2.)Using expert system a person who is not expert  in a field can solve a problem that 

likely would have required consulting with a equipment specialist, generally a Senior 

person.  Currently, most expert systems function only as consultants. 

3.)Expert systems are well suited for diagnosing various problem because trouble 

shooting  heuristic can be readily expressed as rules.  But expert system need the general 

information about all particulars of the problems.  It also asks for additional information 

for the properties just as a constant would. 

4.)Expert system is particularly well suited to handle. 

a) Monitoring a process and equipment including making trend analysis and identifying 

superior data and the cause of change parameters. 

b) Predicting process conditions and service quality on the basis of the evaluation of 

current Library parameters.  

c) Integrating process control by combining ‘real time’ data from planning to 

implementation. 

d) Optimizing the process. 

 

 

 

3.10.2 Disadvantages of Expert Systems. 

 Despite various advantages one cannot ignore the drawbacks of existing expert 

System packages.  The main disadvantages are: 

a)Behavior   of data is not changing over time; 

b)Packages are difficult to integrate efficiently with conventional software; 

c) Most of the packages cannot efficiently take input from external sources other than 

operator; 

d).  The needed knowledge is not always available; 

f)  Experts use common sense which is difficult to program; 
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g) Expertise is difficult to extract and encode; 

h) Experts can recognize a problem outside the knowledge domain      must faster than an 

Expert Systems; 

 An Expert Systems is functional only with a narrow knowledge domain; 

   10. Expert systems cannot eliminate the cognitive limitations of the  

users ; 

11. Human experts can adapt to their environment naturally whereas an Expert        

Systems must be explicitly updated; 

   12. An ES has a limited sensory experience as compared to human experts. 

 

3.10.3 Limitations of Expert Systems: 

Although the capabilities of expert system are quit significant, they do have limitations. 

a) Expert systems are not capable of originating new knowledge; 

b) The performance of expert system is only as the knowledge put into them and since 

they have neither common sense, nor human intelligence, they are not capable of 

correcting the errors or including any commissions in the system; 

c) The expert system cannot indicate whether their knowledge is reliable or not, and the 

advice the are providing is based on sound principles or not. 

 

a.) Expert system is a computer program that contains both declarative knowledge (fact 

about objects, events, and situation)  to emulate the reasoning process of human expert in 

particular domain. 

b.) Expert systems are the recent product of artificial intelligent.  It is a set of program 

that manipulate encoded knowledge to solve problems in a specialized domain of 

normally requires human. 

c.) Expert system is computer system that achieves high levels of performance in task 

areas that for human beings requires years of special education and training. 

d.) Expert systems is a set of program for a skeletal knowledge engineering language for 

rule-based representation.  Its principal characteristics include a forward chaining control 

scheme designed for diagnosis of classification on type problem, mechanism for handling 

certainty and efficient and transportable code. 
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e.) It can solve problems efficiently and effectively in a specific problem  domain ,It 

gives permanent, error free data consistently; Broad areas in which Expert system can be 

utilized.  

 

Revolutionary changes have taken place in the field of Artificial Intelligence and 

its sub fields like Expert Systems, Robotics, Natural Language Processing, etc. Expert 

system technology has clearly come of age, and numerous library applications are under 

consideration. We are still in the early stage of assimilation and accommodation. The first 

step is appreciation of values and benefits of Artificial intelligence can bestow on 

libraries. Then come the assimilation of procedures involved and a grasp of the 

mechanics. A few librarians are at this stage, building experimental prototypes of 'Toy' 

systems. An even smaller group of more advanced researchers is pushing out the 

frontiers. Members of more advanced group are taking on larger and/or more ambitious 

projects. As they progress, their mastery of this new technology increase along with their 

ability to accommodate it to the specialized needs of existing library services. Eventually 

there will be new services centered on the expert system technology. 

 

 There are several new applications of expert systems to Libraries in the near 

future as a result of more sophisticated Shells and new developments in control strategies 

for the knowledge base. Its components helps in codifying and automate the knowledge 

in variety of narrow domain by interfacing or providing access to database and formulate 

search profiles in providing useful and relevant solutions for various problems and many 

aspects of Library and Information Technology. The further advancements will surely be 

made in the level of intelligent problem solving offered by Knowledge Based Systems 

are expected to reach a level of performance comparable to that of a human expert in a 

specialized problem area. 

 

It is revealed from the many trend reports; studies published at both International 

and National level that AI has gained a highly potential in Information retrieval area. 

Currently, there is relatively low rate of practicability of AI in areas such as cataloguing, 

classification, documentation, collection development, etc., but which will be eventually 
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overcome in the future with the introduction of competent models with AI techniques. 

Library service and Information services will be greatly benefited by the development of 

efficient expert System for technical services as well as Information processing and 

management. These changes expected to bring a change in the career and status of 

librarianship. Application of Artificial Intelligence in the area of library and information 

work has made a revolutionary change in library operations as well as in information 

storage retrieval systems. 

 

3.12 Multimedia, Hypertext and Hypermedia 

 The concept of utilizing media in combination is not new.  The use of multimedia 

presentations and packages in education derives from the belief that differences in 

learning modalities of students can be matched in some way to the provision of audio, 

audiovisual and textual versions of a particular topic.  A further factor that would indicate 

the use of a variety of media is the content to be transmitted.  A third viewpoint is that 

certain media can teach more effectively than others.  This has led to a large body of 

research, built up over more than half a century, which has compared the effectiveness of 

teaching a particular topic to a particular type of student by different media. 

 

It is well said, “we live in a multimedia world and have now become so 

accustomed to communication via media that we take for granted. We expect the library 

also to reflect the resources and services to which we have become accustomed by 

making man’s knowledge readily available in all the formats in which it has been 

recorded. Libraries are attempting to satisfy the demands of modern society by expanding 

their activities to serve the new needs of a more varied clientele. The transition from the 

traditional library to multimedia library is not easy. The sheer bulk of available materials 

in every type of media pose new challenges of selection, materials control, utilization and 

professional skills. 

 

Multimedia means ‘many-media’. The term ‘Multimedia instructional system’ 

refers to the uses of appropriate and carefully selected varieties of learning experiences 

which are presented to the learner through selected teaching strategies which reinforce 
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and strengthen one another so that the learner will achieve pre-determined and desired 

behavioral objectives. Many define Multimedia as ‘more than one media’ used in a single 

communication either sequentially or simultaneously. Experts are of the opinion that 

different media serve different educational functions, so that various media should not be 

used in isolation, instead they should be integrated. Certain instructional situations 

require the use of more than one medium to achieve their objectives. When several media 

are used, it conveys to the learners a message that for all practical purpose cannot be 

conveyed by any single media.  Most learning events if not all are multi-mediated. When 

systematically planned, multi-mediated learning events are more predictable of product, 

are more effectively refillable and are easier to produce and control than single mediated 

learning events. 

 

The use of multimedia in education, tourism, training, entertainment and business 

has attracted a tremendous amount of attention in recent times. With the proper skill and 

techniques, multimedia has the potential to revolutionize methods of disseminating and 

communicating knowledge. Multimedia is promising some solutions to the growing 

complexity.  Adaptation of Information Technology is forced on all the professions. The 

use of multimedia will become vital in the days to come with help of Information 

Technology. 

 

The invasion of electronic media into library system is now a well-known fact. 

But “libraries have never remained static throughout”, but have to plan for an 

incorporation of newer type of media into their collection and make efforts to transmit the 

information for use by the clientele. However all media, regardless of whether they have 

been around for centuries or are new, exotic and futuristic, must meet the attention of 

being the best means of serving its clientele. 

 

Multimedia as in modern concept means, an electronic technology, which 

provides a single medium with the power to integrate diverse types of information. It 

provides endless integration of data, text, images, and sound within a single digital 
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environment and access to stored information using computer systems, which are user 

friendly and, above all interactive. Multimedia system has been categorized into :  

(i) Non-computerized Multimedia; (ii) Interactive Multimedia;  (iii) Hypertext; and  

(iv) Hypermedia.. 

3.12.1 Non-computerized Multimedia: 

 Non-computerized multimedia systems are those in which a number of different 

media are integrated into a single learning package or module.  This is a common 

approach for distance learning or self-instruction.  For example, the Open University in 

the UK provides undergraduate and postgraduate degree level courses for students to 

study at home in their own time and without the constant presence of a tutor. Typically, 

these courses comprise specially prepared self-instructional texts, television programmes 

(or videocassettes), a home experiment kit (for science courses), and audiocassettes. 

These packages have for many years been described as ‘multimedia’ as they are based on 

carefully integrated collections of material delivered via different media. 

 

3.12.2 Interactive Multimedia: 

 More recently, the term ‘Interactive multimedia’ has also been used to describe 

systems or a network.  These systems can vary along several dimensions.  Technically, 

they range from specially prepared packages which run on a single-user computer system 

in which input and output are achieved using a screen, keyboard and/or mouse, through 

systems which use sophisticated virtual reality devices like data gloves, data suits, etc., to 

networks which carry a variety of different types of media which collectively provide 

electronic conferencing, electronic mail, access to large data banks of textual and visual 

material such as slides of famous works of art, computer-based learning and training 

materials and so on.  Another dimension along which multimedia systems vary is the 

kind of learning experience that they provide.  They can provide a variety of self-

instruction styles ranging from a linear presentation of concepts similar to a linear text 

but with pictures, video, sound and animation to highly flexible hyper environments, 

which encourage users to develop their own pathways thought the material.   

 

3.12.3 Hypertext: 
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For centuries, people have been using texts to disseminate and acquire 

information. With the introduction of computers in the classroom, information that was 

available in printed form is now available electronically, in the form of hypertext 

documents. Vannevar Bush rose to prominence during World War II as chief scientific 

advisor to American President Franklin Roosevelt and director of the government's 

Office of Scientific Research and Development, U.S. where he supervised the research 

that led to the creation of the atomic bomb and other military technologies. Vannevar 

Bush outlined the idea of hypertext in his article entitled "As We May Think." published 

in  July, 1945 issue of The Atlantic Monthly . He proposed "a mechanized, enlarged, and 

intimate supplement to an individual's memory, a future device" which he called a 

"memex" using electro-mechanical technology as a device for associative indexing, a 

reading and writing machine that would allow "wholly new forms of encyclopedias to 

appear, with a mesh of mesh of associative trails running through them." Users would 

create "endless trails" of links...exactly as if the physical items had been gathered 

together from widely separated sources and bound together to form a new book."       

 

However, the idea of a global hypertext system had been championed since the 

1960s by Ted Nelson, an graduate student in philosophy a cranky and apocalyptic 

visionary,  who described himself as "a rogue intellectual, social critic, and designer of 

interactive computer systems for our world of tomorrow", pursued it as the Project 

Xanadu "a computer program intended to make possible a new unified electronic 

literature.” in his book Literary Machines, first published in 1981 and later republished as 

Literary Machines 91.1 in 1991. In the project Xanadu, Nelson proposed to make all 

published work electronically available, to make each reader able to make and publish 

links and comments, and to make royalty payments automatically upon quotation, which 

would in fact be a form of purchase.  In1988, Autodesk, the highly successful software 

company which developed Autocad, the most widely used computer-aided design 

program, acquired Nelson's project Xanadu, although it soon isolated Nelson from the 

programming, giving him the title of distinguished fellow, and abandoned the project 

after four years of sponsorship.  
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Ted Nelson a most influential figures in computing coined the term hypertext in 

1965 and defined it as non-sequential writing. Hypertext is a network made up of non-

linear units, in which text chunks (nodes) are related (linked) in multiple ways. The non-

linear nature of hypertext environments offers certain difficulties as well as opportunities 

for learning, thus making the design of such systems both complex and challenging. The 

flexible nature of hypertext makes it necessary for designers to provide learners with 

some kind of navigational support. Researchers believe that learning from hypertext puts 

a greater cognitive load on learners. Readers have to acquire specific strategies such as 

knowing where they are, deciding where to go next and building a cognitive 

representation of the network structure, in order to cope with the specific constraints of a 

non-linear presentation.   

 

In traditional text, writers typically present a coherent set of arguments. The 

words, sentences and paragraphs flow together and the sections follow in a coherent 

manner. However in hypertext, it is more difficult for a writer to maintain global or 

macro-coherence (between sections), because there are numerous  sections to which a 

learner can usually jump. Writers of hypertext thus have to define the information units 

and elaborate a web of semantic connections . In addition, writers have to provide top-

level representations to facilitate navigation and learning. Therefore, one of the most 

important aspects of hypertext design is that effective learning from hypertext is a 

cooperative venture between reader and writer. In a hypertext system, the reader is 

actively engaged in creating both meaning and structure. The reader constantly  makes 

decisions about where to go next. Most systems constrain this choice with the goal  of 

helping the reader make a good choice. An author of a hypertext may constrain and  

support the learner in various ways, for instance, by deciding which hyperlinks are  

available in a page (and which not!) or by the way the hyperlinks are ordered or  

prioritized in a list of suggestions or topics.  

 

One can define a hypertext document as a standard textual document in a sense 

that it can be manipulated by way of editing, modifying, saving, however making 

provision for providing links to other documents in the body of its text.  For instance 
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while giving a search item for fetching the information you will see the information 

which is displayed on the screen after searching contains some underlined/highlighted 

areas which when clicked by the press of a mouse fetches another document.  This is 

what is hypertext. 

A hypertext document appears as a usual document but contains a certain number 

of anchors, which refer to other documents by links.  These anchors appear generally in a 

distinctive manner, underlined, highlighted, framed, or by a change of colour. These links 

are directed to other parts of the document, other local documents, or distance documents.  

Though the concept of hypertext is not new, the power brought by WWW resides in these 

links that can be established to distant resources.  As such, the topological representation 

of WWW resembles a graph. 

 

Fig.1 Hypertext              Fig.2 Memex hypermedia device 

 

                          

‘Hypertext’ is a system for presenting active text.  The key feature, from the 

learners’ point of view, is that the text has many nodes and links, which allow them to 

determine their own routes through the material.  Hypertext may contain text and 

graphics and, if the latter are present, it too may be classified under the multimedia 

umbrella.  Definitions of hypertext can, however, be confusing.  Experts identified  two 

broad types of hypertext: broad spectrum and a more clinical variety.  The broad-

spectrum definition is characterized primarily by the recognition that hypertext is a 
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format for non-sequential representation of ideas.  It is dynamics and non-liner.   The 

second type is more rigorous and specific, but at its crux is the notion of computer-

supported Links.  Hypertext has many applications, including use as a presentation 

medium for information management and browsing, providing access to information that 

the public needs (such as tourism information) and for various learning activities. 

Hypertext is non-sequential text, which offers the possibility of representing and 

exploring knowledge more originally and naturally.  Any system possessing the 

characteristics of hypertext will be called as ‘hypertext system’.  

 

In hypertext, there are no page boundaries like in a conventional book, which is 

purely hierarchical. In hypertext systems the user can navigate by moving rapidly in 

either direction between the nodes of the hypertext database. In a hypertext environment, 

the computer brings us very close to the natural human knowledge processing.  Even 

though hypertext does not incorporate an artificial intelligence (AI) concept like an expert 

system (ES), it is more useful than the expert systems in enhancing human skills and 

knowledge effectively. 

 

A hypertext system allows the user to access information by both associative and 

intuitive routes, without regard for the actual location of information, or for any visible 

database structure. To a large extent, hypertext leaves the control of information in the 

hands of users. Hypertext database can have changeable structure (i.e. like an amoeba), 

which keeps on changing according to the authors(s) or designers(s) addition, deletion or 

editing of the text, graphics, images, etc.  It does not have a clear structure like 

conventional book in which the length and breadth can be defined.  Moreover the 

arrangement of information in the hypertext database can change according to the user’s 

interaction. Unlike a printed book, hypertext is multifaceted with many entry points to 

add or retrieve information according to the need/requirement, level of interest and 

learning style of he user population. 

 

Hypertext and hypermedia refer to web pages and other kinds of on-screen 

content that employ hyperlinks. Hyperlinks give us choices when we look for 
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information, listen to music, purchase products, and engage in similar activities. They 

take the form of buttons, underlined words and phrases, and other “hot” areas on the 

screen. Many websites are entirely or largely hypertexts. The Web and other hyper 

textual media are strongly non-linear. Indeed, the essence of hypertext and hypermedia is 

choice—the freedom to decide what we will experience next.  

 

In early hypertext systems links were just simple electronic pathways with a fixed 

origin and destination. But now if you revisit an e-commerce website, you may find an 

automatically generated, personalized link inviting you to buy a new book by an author 

whose books you’ve previously purchased. Furthermore, this link may be gone the next 

time you visit the site. A limitation of the navigation paradigm is that it doesn’t 

correspond to the full range of user behavior. At times users do not think spatially; they 

just click the most promising links they see. Designers, in fact, have begun employing a 

different metaphor for Web use—the metaphor of the “information scent.” The idea is 

that users, like animals foraging or hunting for food, look for strong and distinct scents 

that point them toward their desired goals.  

 

The operation of the World Wide Web relies mainly on hypertext as its means of 

interacting with users. Hypertext is basically the same as regular text - it can be stored, 

read, searched, or edited - with an important exception: hypertext contains connections 

within the text to other documents. These new texts would themselves have links and 

connections to other documents - continually selecting text would take you on a free-

associative tour of information. In this way, hypertext links, called hyperlinks, can create 

a complex virtual web of connections.  

 

Hypertext Models 

It seems impractical to list all of the myriad of hypertext/hypermedia systems 

available today. Some major systems are Hyper Wave/Hyper-G, 

Microcosm,Storyspace,WebDing,World wide web, and  Xanadu. 
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HyperWave is a sophisticated Web document management system for large 

information spaces. The project began under the name Hyper-G in 1990. Among 

other things, it features hierarchical structuring, link management, attribute and 

full text search, access control, and interactive link and document editing. 

Microcosm  is an open and extensible hypermedia system designed for managing 

and disseminating unstructured digitally encoded files. Storyspace is described as 

a `writing environment designed for the process of writing. Storyspace is 

especially well suited to working with large, complex, and challenging 

hypertexts.' WebÞing's holistic hypertext is an object-oriented hypertext system 

designed for collaborative authoring and implemented on the Web which  is a 

very popular link-based hypertext system based on a client-server architecture 

running on the Internet. And lastly Xanadu. the system Ted Nelson wrote about in 

his ground breaking book Literary Machines. 

3.12.4 Hypermedia: 

Hypermedia is hypertext with a difference - hypermedia documents contain links 

not only to other pieces of text, but also to other forms of media - sounds, images, and 

movies. Images themselves can be selected to link to sounds or documents. The 

branching structure of hypertext is used with multimedia in order to produce a system in 

which learners can determine their own paths through the medium.  There is debate about 

the relationship between hypermedia and multimedia. 

 

Whilst the terms multimedia and hypermedia are often used interchangeably there 

is a conceptual difference between the two. The difference is based upon the depth and 

richness of the information contained.  Multimedia refers to the integration of two or 

more different information media within a computer system. Hypermedia is the extension 

of the hypertext paradigm to multimedia. Hypermedia is different from multimedia 

because the learner decides how much of this virtual richness he or she wants to use. In 

hypermedia the nodes of information may be any medium, not just text. Whilst all 

hypermedia systems are of necessity multimedia, not all multimedia systems are 

hypermedia. Hypermedia simply combines hypertext and multimedia. "Hypermedia is a 
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term used as a logical extension of the term hypertext, in which audio, video, plain text, 

and non-linear hyperlinks intertwine to create a generally non-linear medium of 

information." (www.Wikipedia.org ) 

 

Hypermedia is a term created by Ted Nelson in 1970. The World Wide Web is a 

classic example of hypermedia, whereas a movie on a DVD is an example of standard 

multimedia. The lines between the two can (and often do) blur depending on how a 

particular technological medium is implemented.  

 

A student reading a digital version of an art magazine can select a work to print or 

display in full. Rotating movies of sculptures can be viewed. By interactively controlling 

the movie, the student can zoom in to see more detail. The Web, although still in its 

infancy, has already enabled many of these examples. It facilitates the easy exchange of 

hypermedia through networked environments from anything as small as two Macintoshes 

connected together to something as large as the global Internet.  

 

One of the main concerns for designers of hypertext and hypermedia is the need 

to provide users with navigational support so that they do not get lost in the myriad of 

links, often referred to as ‘hyperspace’.  For designers of multimedia the main design 

issues are how to integrate the media and which media to use for presenting different 

kinds of information.  Research in human-computer interaction (HCI) and human factors 

provides general theory, knowledge and techniques which can support and guide 

multimedia and hypermedia development.  As yet, however, little of this work has been 

concerned specifically with hypermedia and multimedia, but this will change as 

experience with the technology increases. 

 

3.12.4.1 Types of Hypermedia Products: 

 Presently there are two types of hypermedia products available. 

(1) Studio-based Hypermedia Products: 

Normally for designing this type of products require large number of people, 

sophisticated equipments and studio environment.  No doubt these products will have 
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excellent multimedia presentation, extensive user interaction but production of these 

materials requires very large amount of money and manpower.  However, they are not 

useful to customize the information available to explore and annotate new databases.  

Usually they are larger in size and require very large amount of storage space for storing 

and distributing these databases, which is again expensive process. 

 

(2) Microcomputer-based Hypermedia Products: 

These materials are normally small in size, not too expensive, easy to design, do 

not require too much sophisticated equipment and economic resources also.  Mostly these 

are educational materials, moderately priced and allow the user to customize and build 

his/her databases.  However, the storage size required varies from small floppy disk 

(normal programs) to compact disk (for extensive interactive applications) like CD-

ROM, CD-I, CD-V and videodisk.  For example, Guinness Book or Records 2006 is an 

ideal hypermedia product whose size is about 600 Mbytes and is available on a CD-

ROM. 

       

     3.12.4.2 Advantages of Hypermedia 

 The essence of the hypermedia paradigm is its non-linearity. Hypermedia systems 

are non-linear and non-sequential. In practice this means that the user does not have to 

proceed through an application in a set manner - screen A, then screen B, then screen C, 

etc - as would be appropriate in a tutorial or a demonstration, but instead has the freedom 

to roam around within the application, to move from node to node via semantic links. 

With hypertext and hypermedia the user can choose to view information at a superficial 

level by not following links, or to investigate a topic in depth by following the hyper 

'trail'. This can also lead to them investigating other related, but perhaps tangential topics 

in a way, which would be very difficult in a linear system, such as a tutorial or a book.  

 

This semantic non-linearity of hypermedia fits in well with current theories of 

memory and learning Allowing users to navigate their own paths through material runs 

the risk that they will lose their bearings and be unable to find their way to where they 

want to be in the application, that is be 'lost in hyperspace'. It is very important, therefore, 
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for the designer of the hypermedia system to provide sufficient navigational aids for users 

to find their way around with ease. Such aids usually take the form of easily accessible 

features such as visible buttons, 'control panels', or menus, which provide 'landmarks' to 

guide users. 

 

 The interactive nature of hypermedia applications is different from the more usual 

situation in which software controls available options in a strict way. The user has control 

over how to use the application by making choices about which links to follow. To be 

sure this is only partial control insofar as s/he is using a ‘hyperspace’, which has already 

been defined by the authors of the application, but nevertheless this does represent a 

qualitative shift of control to the user. This degree of interaction with, and control of, the 

courseware can increase student motivation by making the student feel more in control 

and also by simply being more fun to use than a linear application. 

Hypermedia provides advanced navigational tools. 

 

      3.12.4.3 Disadvantages of Hypermedia:  

 The loose, associative, and non-sequential structure of hypermedia systems is a 

disadvantage. Hypermedia systems are ill-suited to situations where directed learning is 

required. In these situations the user or student has to be taken from an initial situation 

where they lack knowledge of a subject, or skill at a task, and taught/trained in gradual 

steps along a set route to a situation where they have acquired the relevant knowledge or 

skill. It could be counter-productive in such situations for the student to have access to 

material more advanced than their current knowledge/skill level, as might be the case 

with a hypermedia system.  

 

 An additional danger in the hypermedia approach is that the student could indulge 

in clicking on links as they appear and going from node to node without any serious 

attempt to assimilate the information contained in the nodes. Moreover, the more non-

textual clips in an application the greater is the likelihood that a student may flick through 

the application ignoring any text and playing any clips s/he comes across - the equivalent 
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of browsing through a book looking at the pictures. To get the most from a hypermedia 

application the student must be motivated to learn about the subject. 

  

3.13.Check your progress 

1. The IT used for simulation of the human thought is known as 

(i) thinking simulation (ii) third generation computers (iii) 

thought process mechanism (iv) artificial intelligence. 

 

2. Which of the following programming language is exclusively used for 

Artificial Intelligence? 

(A) C (B) J2EE (C) Prolog (D) JAVA 

 

3. In which field Fuzzy logic has been applied? 

Ans:-Control theory to Artificial Intelligence 

 

4. Inference Engine is a part of which information system? 

(i) Management information system (ii) Decision support system 

(iii) Expert system (iv) Open system 

 

5. Which of the following are the basic components of expert system? 

(i) User interface (ii) Knowledge base (iii) Inference Mechanism (iv) 

Schema 

Codes: 

(A) (i), (ii) and (iii) (B) (ii), (iii) and (iv) (C) (iii, (iv) and (i) (D) (iv), (iii) and (ii) 

 

 

 

3.14.Summary 

Undoubtedly the construction of a hypermedia, as opposed to a linear, system places 

much greater burdens upon the shoulders of both the developer and the content provider. 
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The source material needs to be organised into standalone nodes so that it fits into a 

hypermedia paradigm. The authors have to remember that the student is very likely to 

take a non-sequential path through the courseware and thus cannot structure the material 

in a linear way as one does when writing a book or a paper. Considerable time and effort 

have to be spent designing the both structure of the courseware and its interfaces, in 

particular its navigation facilities. 

 

The operation of the World Wide Web relies mainly on hypertext as its means of 

interacting with users. Hypertext is basically the same as regular text - it can be stored, 

read, searched, or edited - with an important exception: hypertext contains connections 

within the text to other documents. These new texts would themselves have links and 

connections to other documents - continually selecting text would take you on a free-

associative tour of information. In this way, hypertext links, called hyperlinks, can create 

a complex virtual web of connections. 

 

 

3.14. GLOSSARY 

ASCII 

American Standard Code for Information Interchange. A seven bit code used for 

representing text, graphics, and keyboard control characters for computer use. For file 

transfer purposes, an ASCII file is a text file which should be readable on any type of 

computer. 

Browser 

A computer program that provides tools for exploring information. The browser acts on 

the searcher's behalf as a client. It helps you extract information from servers that provide 

the information. Examples of widely-used browsers are Lynx, Netscape and Internet 

Explorer. Lynx provides text-only access; Netscape and Internet Explorer provide a 

graphical interface. 
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Cyberspace 

The electronic space created by a computer system or computer network which the user 

can explore. The sensation of cyberspace is that of being inside a virtual space that has 

been created by a computer system. In linking millions of computers worldwide, the 

Internet collapses the geography that divides them with almost instantaneous links and 

constructs a new space rich in hidden resources.  

HTML (Hypertext Markup Language) 

The standard markup language for documents available to the World Wide Web. HTML 

is a variation of SGML (Standard Generalized Markup Language) which is frequently 

used to mark up or identify the parts of electronic texts for display and analysis. HTML 

provides tags to format World Wide Web documents.  

HTTP (Hypertext Transfer Protocol) 

The protocol which allows browsing on the World Wide Web. The protocol allows a user 

browsing a hypertext document to jump to another document that may be located on 

another host thousands of miles away, and to retrieve the information in that document.  

Hyperlink 

In a hypertext or hypermedia document, an emphasized word, phrase, image or other 

element that, when selected, leads to another document. Sometimes called a hot link.  

Hypermedia 

A hypertext system that can display multimedia, including graphics, sounds, animation, 

and video.  

Hypertext 

A non-sequential method for reading a document displayed on a computer screen. Instead 

of reading the document in sequence from beginning to end, the reader can jump to topics 

by selecting a highlighted word or phrase embedded within the document. This activates 

a link, connecting the reader to another place in the same document or to another 

document. The resulting matrix of links is called a web.  
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Internet 

A world-wide network of computer networks that exchange data by means of the TCP/IP 

protocol, a standard means of computer communication. The result is a cyberspace of 

enormously valuable global resources and collaboration. 

Lynx 

A text-only browsing program for the World Wide Web that provides hypertext 

capabilities for users. To navigate the Web's hypertext links, use the up or down arrow 

keys to select a link, and press enter or the right arrow key to jump to the next document. 

Lynx also provides key word searching and the ability to display a history list of the 

jumps you have made. Lynx will not display graphic or multimedia files. 

Anchor  

An area within a the content of a node which is the source or destination of a link. The 

anchor may be the whole of the node content. Typically, clicking a mouse on an anchor 

area causes the link to be followed, leaving the anchor at the opposite end of the link 

displayed. Anchors tend to be highlighted in a special way (always, or when the mouse is 

over them), or represented by a special symbol. An anchor may, and often does, 

correspond to the whole node. (also sometimes known as "span", "region", "button", or 

"extent").  

 

Annotation  

The linking of a new commentary node to an existing node. If readers can annotate 

nodes, then they can immediately provide feedback if the information is misleading, out 

of date or plain wrong. Thus the quality of the information in the web can be improved.  

 

Authoring  

A term for the process of writing a document. "Authoring" seems to have come into use 

in order to emphasise that document production involved more than just writing.  
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Back link   

A link in one direction implied from the existence of an explicit limk in the other 

direction.  

  

 

 

Browser  

A program which allows a person to read hypertext . The browser gives some means of 

viewing the contents of nodes , and of navigating from one node to another.  

Button  

An anchor which is the source of a link . Often, but not always, represented on screen to 

look like a push-button.  

 

Card  

An alternative term for a node in a system (e.g. HyperCard, Notecards) in which the node 

size is limited to a single page of a limited size.  

 

Client  

A program which requests services of another program. Normally, the browser is a client 

of a data server.  

 

Cyberspace  

This is the "electronic" world as perceived on a computer screen, the term is often used in 

opposition to the "real" world. With Web-extensions like VRML and the Cyberspace 

Protocol, Virtual Reality will one day come to your home computer.  

 

Database  

We have used this vaguely as a term for a collection of nodes. We imagine management 

information for one of these being kept in one place and all being accessible by the same 

server. Links outside this are "external", and those inside are "internal". We do not imply 

anything about how the information shored be stored.  
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Daemon  

A program which runs independently of, for example the browser . Daemons may 

perform various management tasks such as building indexes, overviews, and back-links. 

Under unix, "daemon" is used for " server ", because servers normally run independently.  

 

Document  

A term for a node on some systems (eg Intermedia). Sometimes used by others as a term 

for a collection of nodes on related topics, possible stored or distributed as one. The 

prefered term in W3 documentation.  

 

Domain  

We have used this specifically for a unit of protection. It could possibly correspond to a 

database , and in that case would be a better (less vague) term for it.  

 

Host  

A computer on a network. We use this term rather than the term " node " which is often 

used for a document in a hypertext web .  

 

Hypermedia  

MultiMedia Hypertext . HyperMedia and HyperText tend to be used loosely in place of 

each other. Media other than text typically include graphics, sound, and video.  

 

Hypertext  

Text that is not constrained to be linear.  

  

Index  

Something which points at other data; a server facility which provides pointers to 

particular data as a function of a query; a table of contents of a book in hypertext form.  
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Link  

A relationship between two anchors , stored in the same or different database . See 

"Internal" and "External" .  

 

Navigation  

The process of moving from one node to another through the hypertext web . This is 

normally done by following links . Various features of a particular browser may make 

this easier. These include keeping a history of where the user has been, and drawing 

diagrams of links between nearby nodes.  

 

Node  

A unit of information. Also known as a frame (KMS), card (Hypercard, Notecards). Used 

with this special meaning in hypertext circles: do not confuse with "node" meaning 

"network host". For user's benefits, we use the term " document " as this is the nearest 

term outside the hypertext world.  

 

Protection  

The prevention of unauthorized users from reading, or writing, a particular piece of data. 

Also known as "authentication", "access control", etc.  

 

Path  

An ordered set of nodes or anchors which represent a sequence in which a web can be 

read. A path may represent the sequence a reader actually used, or may be a sequence 

recommened to the reader by the author.  

 

 

 

Reader  

We have used this term for the person who browses, to distinguish him/her from the 

program ( browser ) which (s)he uses.  
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Server  

A program which provides a service to another, known as the client . In a hypertext 

system, a server will provide hypertext information to a browser . See also: daemon .  

 

Tracing  

The automatic finding of nodes by automatic navigation . Examples might be finding all 

nodes dependent on another node, all people interested in a given node, all modules 

which use a given module. Another example is a trace starting with more than one node, 

such as to find a node in common between two groups, or path linking two nodes.  

Topology  

The allowable connectivity between nodes, anchors and links: for example, 1-1 or many-

1 mappings.  

Versioning  

The storage and management of previous versions of a piece of information, for security, 

diagnostics, and interest. This is important when many users are allowed to edit the same 

material.  

 

VRML  

Virtual Reality Modeling Language. The term "VRML" had been coined by Dave Ragget 

at the 1st WWW Conference in Geneva, May 1994. VRML is proposed as a logical 

markup format for non-proprietary platform independent VR.  

 

3.15.Questions for self study 

1. Discuss the concept of Artificial intelligence. 

2.  Explain the scope and implication of Artificial Intelligence. 

3. Discuss the general application of  Artificial intelligence.  

4. Explain the features of expert system 

5. Mention the various components of an Expert system. 

6. Describe the applications of expert system in the library.  

7. Discuss briefly the benefits of expert systems. 

8. Enumerate the advantages and disadvantages of expert systems 

9. Discuss the various aspects involved in hypertext and Hypermedia 
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Unit – 4 

BENCHMARKING LIBRARY AUTOMATION SYSTEMS: CRITERIA FOR 

EVALUATION  
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4.0. Objectives 

 

The objectives of this unit are: 

 To give an understanding on the concept of benchmarking. 

 To explain the purpose and uses of benchmarking in the library.  

 To give an idea of  benchmarking process, and  

 To identify the criteria for evaluation of library automation systems. 

 

4.1. INTRODUCTION 

 Benchmarking a systematic method by which organizations can measure 

themselves against the best organizational practices. It is the search for best practices that 

will lead to superior performance. The concept benchmarking is applicable used in many 

fields. Library and information field is no exception to this. Benchmarking is used for 
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comparing one library services to the other.  Yardsticks are the basis for benchmarking.  

Yardsticks used for assessment are called criteria. 

 

 There are many software packages for library automation. In India alone there are 

more than 50 commercial software packages with varied capabilities.  Selection of 

software package which may be perfect or near perfect for a specific task of a library is 

not an easy job. A package, which does not perform as expected or which requires 

expensive modification will shake its creditability.  The librarians improved by setting up 

an evaluation process based on common sense, sound judgment and dash of skepticism. 

The evaluation process should start with a detailed look at the problem of software has to 

tackle and proceed through a technical evaluation of the packages, testing and 

negotiation, maintenance and service.  

 

4.2. WHAT IS BENCHMARKING? 

  In this section you are introduced to the concept of benchmarking. Here some of 

the definitions relating to the concept.  

Benchmarking is defined as “measuring our performance against that of best-in-class 

companies and its products, determining how the best-in-class achieve those performance 

levels and using the information as a basis for our own company’s targets, strategies and 

implementation”.  

 

 More simply, “the search of industry best practices, that leads to superior 

performance”. The term “best practices” refers to the approaches that produce 

exceptional results, are usually innovative in terms of the use of technology or human 

resources and are recognized by customers or industry experts. 

 

 Benchmarking is the systematic search for best practices, innovative ideas, and 

highly effective operating procedures. Benchmarking considers the experience of others 

and uses it, it is the common- sense preposition to learn from others what they do right 

and then intimate it to avoid reinventing the wheel.  
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 A benchmark is a point of reference against which things are measured. These 

points of reference or standards can take many forms. They are measured by questions 

about the product or service (e.g. how many, how much time, how much money, how 

reliable or how well made is it?) by studying other organizations and comparing the 

answers to these questions, we will be able to measure our performance with that of 

others. As a result of we will be able to set new goals and adopt the best practices to our 

organization. This, in turn, will help us to satisfy our customers with the best quality, 

cost, product and service.   

 

 At the whole, benchmarks provide a route to determining appropriate standards 

for a service, which are based in practice rather than aimed at excellence. It is a 

continuous and systematic process of studying and evaluating similar services in order to 

establish ‘best practice’ and therefore rational performance goals. 

 

 

Figure 1 : Benchmarking concept 
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 Figure-1 shows the benchmarking measures of performance against that of best-in-class 

organizations, determines how the best-in-class achieve those performance levels, and 

uses the information as the basis for adaptive creativity and benchmarking performance. 

 

4.3.  PURPOSES OF BENCHMARKING 

 Benchmarking is the most critical, confusing and contradictory exercise. The 

ultimate aim is to ascertain whether the resources (men, money and material) and the 

services rendered by an information centre/organization meet the optimum level of 

standards. These are 1). Ability to stretch the ‘core competence’ to ‘networking 

competence’ 2). Speed to implement new ideas and capture potential information 

marketing strategies 3). Better ability to transform ‘uncertainty’ into ‘visible risk’ and 

‘visible risk’ into ‘manageable risk’,  and 4). Capacity to sustain ‘professional maturity’ 

against the ‘generative gap’ .  

 

 The essence of benchmarking is the continuous process comparing an 

organization’s strategy, products and processes with those of world leaders and best-in-

class organizations in order to learn how they achieved excellence and then setting out to 

match and even surpass it. In other words, it is “moving from where we are to where we 

want to be”.  

The purpose is to identify areas for improvement and to stimulate change by: 

 Competitive analysis: the systematic analysis of competitor activity so that 

performance can be matched and improved; data can be difficult to acquire in 

competitive environments. 

 Best practice: looking for best practice associated with the way that information 

services perform. 

 Performance comparison: comparing organizational and functional performance 

to identify areas for improvement and innovation. 

 Standard setting: a means of providing guidance on setting and appropriate 

performance standards.  
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4.4.  USES OF BANCHMARKS IN LIRARIES 

 Benchmarking efforts carried out effectively and regularly will bring to a library  

the following benefits:  

i. Helping to identify the current position of a library and determining priorities 

for improving the performance. 

ii. Intensive studies of existing practices often lead to identification of non-value-

added activities and plans for process improvement.  

iii. Encouraging regular monitoring of progress and a programme of continuous 

improvement. 

iv. Increasing the competitiveness of a library by demonstrating the 

improvements to users. 

 

4.5. BENCHMARKING PROCESS 

 Specific steps in benchmarking vary from library to library but the fundamental or 

basic approach is the same. One library’s benchmarking may not work at another library 

because of differences in their operating concerns. Successful benchmarking reflects the 

culture of the organization, works within the existing infrastructure and is harmonious 

with the leadership philosophy. Benchmarking is an ongoing process that requires data 

gathering, goal setting and analysis. These are accomplished by a seven step model. The 

seven steps are: 

i. Identify what to benchmark 

ii. Determine what to measure 

iii. Identify who to benchmark 

iv. Collect the data 

v. Analyse data and determine the gap 

vi. Set goals and develop action plan, and 

vii. Monitor the process.  

 

The following activities are needed  for conducting benchmarking: 

i. Planning: decisions need to be made about what is to be benchmarked, 

focusing on those areas which are most important and will deliver greater 
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returns e.g. measuring the usage of library automation software to justify the 

investment.  

ii. Form the benchmarking team: individuals can conduct benchmarking 

exercise, but most benchmarking exercise is team activities. Think of the 

workload and knowledge requirements. It is mainly based on the size of the 

organization, organization needs to spend, organization process, and location. 

There are   three teams are required for benchmarking exercise. They are, the 

lead team, preparation team, and visit team. 

iii. Collecting data: decisions need to be made on the sources of the data; 

appropriate organizations and people can be approached; the right question 

need to be asked and the information provided evaluated. 

iv. Analyzing the results: compare figures and solutions o ensure that like is 

compared with like; what can be learned needs to be assessed. 

v.   Implementing the changes: the improvements need toe be made need to be 

established; the change needs to be planned and executed; appropriate people 

should involve in planning, analysis and decision making. 

vi. Evaluating progress: the changes need to be reviewed and corrective action 

taken if necessary; it may be necessary to gather new information from 

different sources, or to check the validity of the initial data.  

 

4.6. CRITERIA FOR EVALUATION OF LIBRAY AUTOMATION SYSTEMS 

 Library automation mainly consists of two important components i.e. hardware 

and software. Both these components are responsible for the success of automation. 

Software selection is one of the major tasks of planning. Selection of software is a 

complicated issue and it partly depends on the number of functions to be automated. The 

software selection team consisting of library professional and computer specialists has to 

visit automated libraries to examine the facilities available and problems encountered by 

the library staff. Observation and discussion with the actual users of software provides 

enough background information and help the team in selecting the appropriate software.  

 

 Before going for the automation one has to think of the organization’s 

requirements and the software that are available in the market. Selection of a quality 
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package from among the many involves a series of activities that are useful to the 

problems of identifying, evaluating and selecting packed or pre-written software for 

librarians and information purposes. Following criteria might help the librarians to select 

the right software for housekeeping operations.  

  

General features  

 Who developed the software? Packaged software is designed and developed by 

variety of organization, which include other libraries, computer manufacturers, 

government bodies, and specialized firm and so on. One has to be skeptical about the 

software developed by individuals, as there will be no continuity or after sale support. 

 Do the other librarians use the software, and if so what are their experiences? The 

experiences of other librarians who have used a software system are more valuable 

than assurances of manufactures.  

 Who supplied the software? 

 Can the software carryout the required applications in a reasonable time? 

 How much does the software cost? 

 How many times the software has been revised since the time of its first launch?  

 How many parameters are available for each module?  

 Whether the software has facility to import bibliographic data available in ISO2709 

format and similarly export of data in this format? 

 Whether they follow the Standards – MARC, MARC-21, etc.? 

 Whether the facility of Z39.50 copy cataloging with automatic holding posted  to 

OCLC?  

 Whether it automatically generation of authority headings?  

 Whether it can offer OPAC and different rights to different logins?  

 Whether it supports multiple metadata formats concurrently, including Dublin Core? 

 How many installations it has got in the country, since when and major clients?  

 

 

Technical features    

 Technical features reflect on the quality of package. Choice of software quality is 

very important because of its effects on the performance and maintenance of the package. 

The following factors influence the software quality.  
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 Reliability should give consistent results.  

 Effectiveness should meet the specifications.  

 Efficiency should take less of CPU time.  

 Testability should be easy to operate.  

 Usability should be easy to test the features.  

 Language is the software available in a language that is available on the computer 

system to be used. 

 Whether it fully supports to the present standalone or server platforms. 

 Does the software require a minimum hardware configuration? 

 Data limits, what the limits on the number of records, size of file, size of field etc. 

 Flexibility is the software designed to be used by a librarians (non-programmed) or 

does it require some special knowledge of programming? 

 Whether available on major operating systems?  

 Whether it can be interfaced with the e-mail system of the campus network?  

 Whether it can be Windows Wizards interface for minimal staff training? 

 Whether it interfaces for email server?  

 Barcode/RFID enabled. 

 
Supporting features 

 All programs have to perform few basic functions and it is very important to look 

that they are properly designed and easy to understand. Some of the basic supporting 

features are  

 What documentation is available? 

 Is there any training provided in the use of the software to librarians? 

 How are future versions of the software to be obtained by the librarians? 

 How are modifications to the existing software system to be obtained by the 

librarians? 

 Is there an association of existing users group which produce newsletters, 

conferences, courses for keeping the details of the package and act as a pressure 

group.  
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Legal features  

 To avoid risks in operating and maintaining the packages, librarians has to sign  a 

sound well defined contract with the vendor. The contract should protect the interests of 

both librarians as well as vendors. The contrast should be very clear and define as the 

issues, promises and commitments.  

 Are these a performance warranty?  

 Does the legal department of a librarian’s organization approve the contract?  

 

For identifying, evaluating and selecting software for library the following criteria may 

be adopted.  

 

i. First make yourself clear short term and long term needs of which you intend to buy 

software. Develop functional specification of each job that you want to do with the 

software.   

ii. Make a survey of the suitable packages in use for envisaged tasks by consulting 

relevant directories and writing to the library and crate a short list of appropriate basis 

of its specification and capabilities and seek clarification from the vendor. The 

experience of the library may be relied upon more than the assurance of sales people. 

Review of software packages published in library journals may also be examined. 

iii. The reputation of the firm may also be considered while buying software. It is 

probably worth paying a bit more software for a software package from a repeatable 

firm which is less likely to have “Bugs” and more likely to be unknown identifier.  

iv. Software must be compatibility to the computers on which it has to run. Some 

packages use a     special peripheral devices like modem, hard disk etc. a few others 

are designed to be used with DBMS or spreadsheets while buying a software the 

concerned library should verify whether any companion programmed (s) or a special 

devices/ hardware are required or not.  

v. The software must be flexible enough to work both fixed and variable length records. 

It must  also meet a limits set for file size, record size, field size etc.  

vi. It should be user friendly so that people with little or no knowledge of computer 

could use it. 
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vii. The software package must have good documentation to include system and run level 

narrative description, system and logic flow charts, input and output and file 

description and layouts, operating instructions and input preparations instructions.  

viii. The Vendor must support installation and provide training to operating ‘personnel an 

user’.  

ix. As the software package gets updated, vendor notifies new features and 

improvements. 

x. Important than the criteria is cost of package which must be with in budgeted amount 

and it, should include vendor’s change for training, installation, maintenance and 

updating. Buying package software arises many risks. But by careful study of needs 

and evaluating the available software packages, it is possible to find a fight package. 

xi. The recall and precision measures are the two important criteria to evaluate the 

effectiveness of the performance of an information retrieval system. 

  

Rao, and Abideen   have given the detailed checklist for evaluation of software.  They are 

as follows: 

 

System Features 

i. Is the software available in platform, such as UNIX, Windows NT, and 

NOVELL  NetWare etc? 

ii. Does the software have different standard standalone and network version? 

iii. Does the software provide Internet connectivity? 

iv. Does the software provide Email Connectivity?   

v. What are the main functions of the software? 

 

Data entry and storage 

i. Any restriction in total number of databases it can handle or records in a 

database it can handle? 

ii. Does it use windows to offer help and display authority lists? 

iii. How effective is the system for data entry? 

iv. Does the database/adhere to CCF / MARC21? 
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v. Does the software have provision to import/export of records in standard 

formats? 

vi. Can the software check for duplicate copies of records?  

 

Performance 

i. Does the system empower the experienced user with shortcut and flexible tools? 

ii. Is the system easy to learn? 

iii. Is the command mnemonic base? 

iv. Is it easy to handle different modules?  

 

Documentation 

i. Is working manual available? 

ii. How good is the user? 

iii. Does the manual have an Index, glossary and table of contents? 

iv. Is the help provided in the software context specific? 

 

Security 

i. Is there any provision for user Ids and password? 

ii. Access restriction to certain records, and/or certain fields? 

iii. Is there any provision for read only access/ 

iv. Any other security measures? 

 

Acquisition 

i. Does the software carry out duplicate checking while entering data? 

ii. Can system maintain statistics on vendor performance? 

iii. Does the software accept the funds from different agencies and add them to the 

budget database? 

iv. Is GOC conversion rates possible? 

v. Does it allow changes in discount rates? 

vi. Does it print accession register? 
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OPAC 

i. Does the system maintain the log of OPAC use? 

ii. Are these different such as, boolean, right and left truncation, proximity search, 

free text search, wild cards, sounds like etc, possible in OPAC? 

iii. Does OPAC allow for more than one display format of retrieved records? 

iv. Can the user modify the display format? 

v. Can a user reserve book through OPAC? 

vi. Can books be recommended through OPAC? 

vii. Does the system provide a list of accessible database? 

Circulation 

i. Is there facility for issue, return, renewal, computing fines, reservation? 

ii. Does the circulation module allow for fine to be collected in parts and maintain 

the accounts? 

iii. Does it alert to lost or stolen cards when presented? 

iv. Can more than one member reserve the same document? 

v. Does OPAC search indicate circulation status of the books? 

vi. Does the software handle over night loans? 

vii. Can the software issue un -catalogued items? 

viii. Does it keep track of missing, lost damaged, written-off, withdrawn documents? 

Serials Control 

i. Can the system monitor receipt of multiple issues of serials? 

ii. How are combined issues treated in the serial module? 

iii. Does the serial module allow grace period for reminders? 

iv. Does the serial module give renewal alerts? 

v. Does it accept the refunds from the suppliers and adjust in the budget database? 

 

4.7. Check your progress 

1. What is Bench marking?  

Ans:- Bench marking is defined as “measuring our performance against that of best-in-

class companies and its products, determining how the best-in-class achieve those 
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performance levels and using the information as a basis for our own company’s targets, 

strategies and implementation”.  

 

2. University Libraries in India are meddling with automation of 

circulation activities.(True/False)  

Ans:True 

 

3.BALLOTS is……………… 

Ans: Bibliographic Automation of Large Libraries using an 

Online Time sharing System (Standrad Unit) 

 

4. Selection of software is a complicated issue and it partly depends on the number of 

functions to be automated. (True/False)  

Ans:True 

 

5. Library automation software should have facility to import bibliographic data available 

in ISO2709 format. (True/False)  

Ans: True 

 

 

 

 

4. 8.    SUMMARY 

 Significance of benchmarking can not be neglected.  It is more so in the field of 

library and information centres as they the service oriented institutions.  . Today there are 

a large number of library automation software are available in the market. The problem is 

selecting the best one to the library.  The selection of the software is a complex process. 

The pre-selection evaluation process should be done with the help of some checklist 

depending on the need of the library in consideration. The system features, functions, 
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performance, hardware requirement, cost etc., have to be considered.  A good software 

system has provisions for latest technologies such as barcoding, RFID etc. Adherence to 

appropriate standards is a quality of a good system.  Indian library automation software 

should have the facility to enter data in Indian languages. There should be a standard for 

the library automation software in order to ensure performance of certain functions with 

minimum hardware and software specifications and facilities. Otherwise it is very 

difficult to exchange the data.  

 

 

 

4.9. Glossary 

 

1. Authority Control:  A method to control the number of similar headings (usually 

subjects or authors) in the library catalog. Multiple entries are cross-referenced to a 

single entry using authority control. 

 

2. Automation: Automatic, as opposed to human, operation or control of a process, 

equipment or a system; or the techniques and equipment used to achieve this. In 

libraries, automation refers to the process of automating functions such as circulation, 

cataloging, or acquisitions. 

 

3. Barcode: A printed horizontal strip of vertical bars of varying widths, groups of 

which represent decimal digits and are used for identifying commercial products or 

parts.  Bar codes are read by a bar code reader and the code interpreted either through 

{software} or a {hardware} decoder. Now it is also used in the libraries. 

 

4. Benchmark: A standard set by the best existing practice, product or service. A 

standard by which something can be measured or judged. Benchmarking is the 

process of comparing performance against that of others in an effort to identify areas 

for improvement. 

 

5. Database: A structured set of  data, generally accessed via a software program. A 

simple database might be a single file containing many records, each of which 

contains the same set of fields, such as a series of companies with name, address, 

phone, and contact fields for each one. 

 

6. Database Management System (DBMS): Complex set of programs that control the 

organization, storage and retrieval of data for many users. Data is organized in fields, 

records and files. Examples include Oracle, Sybase, and Datacom. 

 

7. DBMS: A database management system allows multiple independent users to have 

concurrent access to a central repository of information. 
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8. Dublin Core: A minimal set of metadata elements used to describe networked 

information resources which aids users in locating specific items. 

 

9. Evaluation: The process of determining whether an item or activity meets specified 

criteria. It is an assessment against a standard. It assesses the effectiveness of an 

ongoing program in achieving its objectives. Evaluation has several distinguishing 

characteristics relating to focus, methodology, and function.  

 

10. Graphical User Interface (GUI) :The use of pictures rather than just words to 

represent the input and output of a program. The program displays icons, buttons, 

dialog boxes etc. in its windows on the screen; the user controls it by moving a mouse 

or pointer on the screen, selecting objects by pressing buttons on the mouse 

 

11. Internet: A network of networks; a group of networks interconnected via routers. 

The Internet is the world's largest network. 

 

12. MARC: MARC is the acronym for MAchine-Readable Cataloging. It defines a data 

format that emerged from a Library of Congress-led initiative that began thirty years 

ago. It provides the mechanism by which computers exchange, use, and interprets 

bibliographic information, and its data elements make up the foundation of most 

library catalogs used today.  

 

13. Network: A group of interconnected computers, including the hardware, software, 

and cabling used to connect them. 

 

14. OPAC: Online Public Access Catalog: provides access to the library's holdings via a 

computer monitor, replacing the traditional card catalog. May also be called a PAC 

(Public Access Catalog). 

 

15. OPACs: Short for online public access catalogs. Online systems providing access to 

the library's holdings information integrated library systems. 

 

16. RFID:  Radio Frequency Identification Device refers to systems that allow a device 

to read information contained in a wireless device that is commonly called a tag, and 

provides a method to transmit and receive data from one point to another. 

 

17. Unicode: A 16-bit, language-independent character set that enables representation of 

all of the characters commonly used in information processing. 

 

18. UNIX: Widely used multi-user general-purpose computer operating system. 

 

19. Z39.50: A NISO (National Information Standards Organization) standard for 

information retrieval that allows any library using a Z39.50-compliant automated 

library system to access remote library collections. Z39.50 specifies a query/response 

protocol between a client and a server.  

 

4.10. Questions for self study 
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1. What is meant by benchmarking? 

2 List the purposes of benchmarking.. 

3. State the seven steps in benchmarking process? 

4. Write a note on the general features of criteria for evaluation of library automation 

systems. 
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M.Lib.I.Sc. - 7: Application of IT in Libraries and Information Centres 
Block – 2 : Automated of Library House – Keeping Functions 

 

Block Introduction 

 
 Automated library systems have been in application more than six decades.  

Punched card application for loan transaction and record keeping activities in libraries is 

usually referred as the first attempt in automation of libraries.  Salmon writes, in his book 

Library Automation Systems, that “Ralph Parker installed a Hollerith punched-card 

system for circulation control at the University of Texas in 1936 and by the middle 1940s 

had also experimented with its use in serial record control”.  There seems to be a gap 

after the preliminary experiments as far as application of new technologies in libraries are 

concerned until the 1960s when librarians began using computerized services along with 

improvements in the technology. The introduction of mini-computers, and then their 

micro successors, made automation much easier, and at the same time generated more 

sophisticated services in libraries. In the meantime, it was the development of MARC and 

many of its non-American versions which stemmed from the original idea in European 

and Asian countries, and improvements in telecommunications technology which 

enhanced the utilities and services towards bringing Vannevar Bush’s idea of “memex” 

into reality. The introduction of on-line interactive systems played a great role in making 

library and information services more public in a shrinking world. Many libraries and 

information centres are now linked together, enjoying capabilities of networking and data 

transfer on super-highways. At the same time, many vendors, competing to achieve the 

golden bowl of success, are now trying to sell their “best automation systems and 

products”. 

 

The present block contains three units devoted for discussing the factors involved in the 

automation three house-keeping functions, viz., Circulation, Catalogues and Acquisitions. 

Unit 4 on Automated Circulation Systems gives the reasons for automating circulation 

transactions in a library.  Efficiency and accuracy are the most important reasons for 

application of computers this circulation function.  You are introduced to the various 



subsystems such as Membership registration, Charge, Discharge, Renewals, Holds, 

Recalls, Interlibrary loans, over dues, binding, search and retrieval.   

 

Traditionally serials control is considered to be the most difficult area of all the house-

keeping activities of a library.  Automation support to serials control is a real benefit to 

librarians.  Unit 5 gives a good idea about the difficulties involved in serials control 

activity inherited due to the idiosyncrasies of serials.   The unit discusses the basic 

infrastructural requirements for automating this activity.  You can find description about 

eight subsystems of the serials control function. 

 

Catalogues are important tool for searching the items in a library.  Automated catalogues 

makes the task of finding the availability of items in a library much more easy and 

effective.  Unit 6 describes the importance and role of catalogues in a library.  It 

succinctly explains the reasons for automating the cataloguing function.  The data 

structures required for a catalogue database has been clearly explained in the unit.  You 

also find the issues involved in retrospective conversion.  Description of the features of 

online public access catalogue (OPAC) makes this unit more comprehensive. 

 

Acquisitions is the central activity in any library.  Unit 7 describes the application of 

computers for performing various tasks of acquisitions section.  The unit contains the 

details about the reasons for automation, infrastructural requirements, subsystems and 

typical features of a computerized acquisitions system.  A section on the interface with 

other functions of library house-keeping activity gives an idea of how integrated software 

works in an automated environment. 
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5.0 Objectives: 

On completing the study of the units in this block students should be able to understand: 

 The nature and importance of circulation control  

 The rationale for automating circulation control 

 The infrastructure and requirements of an automated circulation control system 

 What subsystems comprise an automated circulation control system and the 

functionalities that these are expected to provide, and 

 What are the interfaces of a circulation subsystem has with other library 
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automation subsystems 

5.1 Introduction 

Circulation control was one of the first applications to be automated in many libraries in 

the west during the 1960’s.  Large university and public libraries where overwhelmed 

with thousands of circulation transactions that they had to manage daily at their 

circulation desks.  Manual systems and later semi-automatic systems, they found, were 

simply incapable of effectively managing the large volume of circulation transactions, 

i.e., issues, returns, reservations. Computer systems which until the 1960’s were 

expensive and affordable only by very large institutions as centralized resources became 

affordable and began to be used even by smaller institutions in the 1970s.  Early 

circulation systems were batch processed systems. It was only later that online circulation 

systems became possible with the coming of minicomputers and Visual Display 

Terminals (VDTs), and the possibility to store circulation transaction data online on disk 

drives. In terms of complexity, the automation of circulation control does not pose any 

significant challenges.  Much of the work that needs to be automated at a circulation desk 

is akin to the data processing required to be done in a business process such as inventory 

control. 

5.2 Rationale for Automating Circulation Control 

The most important rationale for automating circulation control is to obtain a high degree 

of efficiency and accuracy in this area of library management. Managing a large volume 

of transactions using manual methods is error prone and inefficient. Filing and arranging 

of the hundreds of borrower cards and book cards that is done daily typically in a manual 

system at the time of charging a publication and then retrieving the right set of cards at 

the time of a discharge operation can be a very time consuming operation apart from the 

fact that it is error prone. Computers are obviously better equipped to quickly store and 

retrieve transaction data as compared to human beings. 

An equally important reason for automating circulation control is to obtain greater control 

over the items that are out on loan. In a manual system, for instance, the sending of 

overdue claims involves considerable clerical effort and time, and in many cases this is 

not done in a timely fashion. Ensuring that there is equitable access to a library’s 

collection for all its users requires that there is better control over its circulation. 
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Another important reason for automating the circulation control function in the library is 

to understand how the collection is actually being used and who uses the collection.  In 

other words, automation helps in the analysis of the circulation transaction data and this 

could provide insights for acquisitions policies for the library.  For instance, if it is 

possible to know what books were issued or reserved 5 or more times during the last six 

months, the library could take meaningful decisions to augment their stock of such titles. 

Similarly, if it is possible to find out what books have never been circulated over the last 

two years, and if this has something to do with the age of the books (i.e., year of 

publication), the library management could take decisions concerning removing the less 

used or unused stock to compact shelving or in weeding out such collections. Manual 

circulation systems do not have the capability to store and process transaction data and 

make intelligent analysis of such data to support decisions. 

 

5.3 Infrastructure and requirements of an automated circulation control system 

By infrastructure here is meant the pre-requisites and support structures for an automated 

circulation control system. These are as follows: 

 Access to the membership records of the library 

 Access to the online catalogue of the library 

 Access to information concerning the privileges of different categories of library 

patrons, i.e., what types of materials may be borrowed by the different categories 

of patrons and for what periods. 

 Access to the information on fines to be charged, i.e., who is to be charged fines, 

at what rates and for what materials. This information and the privileges 

information referred to earlier are usually defined at the time the library 

automation software is installed. Such parameters are also called setup 

parameters. 

 Barcode printing and reading equipment 

5.3.1 Membership Records 

The first thing that is done before one can automate circulation control in a library is to 

capture information about its members into a database. This is a fairly straightforward 

task. In fact one of the circulation control’s modules provides the needed functionality to 
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capture information about members. Typically personal information along with address 

where overdue notices should be sent, telephone, email, membership category, and date 

on which the membership expires are captured in the membership file. Each member is 

assigned a unique id. Such an id could be the same as that assigned by the organization. 

In some situations, membership data may be drawn form an external source, For instance, 

in a university environment, it may be possible for the library to get data on students who 

have enrolled for various courses from the Registrar’s office or similar department.  

5.3.2 Membership Privileges Matrix 

Depending on the nature of the library, all its borrowing members are categorized into 

different types and the privileges of each member type are defined. Similarly, several 

document types are defined, e.g., monographs, reference material, theses, serial issues, 

etc. Each member’s borrowing privileges and rates of fine to be charged with respect to 

each of the different types of documents is stored as a two dimensional table or matrix. 

The matrix also has data on whether an item can be renewed and if so how many times 

for each member and document type combination. The Privilege Matrix is usually stored 

as a parameter file and is created when installing the circulation control software. This 

matrix is accessed by all the subsystems of the circulation control system. The privileges 

matrix defines borrowing privileges based on the likely usefulness of library materials to 

different categories of users. 

 

5.3.3 Barcode making and reading equipment 

An important pre-requisite for automating circulation control is to ensure that all items in 

the library’s collection have a unique barcode number assigned to them. This is usually 

the accession number of the item. A barcode label is pasted at different locations of the 

item at the time it is acquired. Similarly, users or library members are provided identity 

cards with their photographs and their membership id, a unique number or other 

alphanumeric code assigned to each of them, as a barcode. Barcode readers (see box 

below) placed at the circulation desk are used to read the barcodes on the items as well as 

on the members’ Id cards. The barcode standard that is commonly followed in libraries is 

Code 39 also called the 3 of 9 Standard (see box below). This standard is one of the most 

widely used barcode. It allows alphanumeric symbols to be used in the barcode and is 
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therefore well suited to libraries. Many organizations issue employee identity cards and 

these could be used also by the library as user ID cards for circulation control, as long as 

there is a unique barcode assigned to each employee/student and available on the ID card. 

More recently, libraries have begun to use RFID (Radio Frequency Identification) 

systems in their circulation systems. In such systems, a RFID tag is placed in books. 

These tags have electronic chips and can store not just the accession number but 

considerably more information about a book. The RFID tags and user ID cards are read 

by special RFID workstations. Once a book is checked out via an RFID station, the user 

passes through a RFID gate. If the book is properly charged out the RFID gate recognizes 

this and allows the user to leave normally. However, if a book passes through the gate 

without it being properly charged out, the gate issues an audible warning. RFID  systems 

therefore permit better security for a library circulation system and are used in large 

public and university libraries. Such systems have other advantages such as simultaneous  

charge or discharge of several items at one time unlike barcode-reader based circulation 

systems. 

5.4 Subsystems of an automated circulation control system 

An automated circulation control system could be broken down into several subsystems 

based on the discrete functions that are required to be performed. A typical circulation 

control system will have the following functional subsystems: 

 Membership registration 

 Charge (also called check-out, issues) 

 Discharge (also called check-in, returns) 

 Renewals 

 Holds or reservations 

 Recalls 

 Interlibrary loans 

 Overdues collection and management 

 Binding 

 Search and retrieval 

 Management information reporting 

It is important to reiterate that although we talk of subsystems, there is tight integration 
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and data exchange that is constantly taking place between these subsystems in integrated 

library automation software. The typical features of each of these subsystems are 

described below. 

 

5.4.1 Membership registration subsystem 

This subsystem enables the library to capture, store, and maintain information about the 

members of the library. Obviously, this operation will be done mainly when a user joins 

the library (for example, at the beginning of an academic year in a university). Typically, 

the Membership File captures the personal information of the member, along with the 

address where overdue notices should be sent, telephone number, e-mail address, 

membership category, and the date on which the membership expires. This subsystem 

should provide support to the following functions: 

 Adding a new member record. This is done by presenting an appropriate data 

entry work form. Every effort should be made to avoid possible redundancies. 

Wherever possible, the staff should have access to pop-up lists or look-up tables 

from which data could be selected. For instance, in a university environment, it 

should be possible to consult a look-up table to pick the department in which a 

student is enrolled. The routines in this function should also check for possible 

duplicated entries. The module should also alert staff to incomplete entries, i.e., 

when mandatory fields are not filled in. 

 Editing/updating a member record. 

 Deleting a member record. 

 Querying the member database to retrieve information about members. 

The Membership File is accessed automatically by the other modules such as the Charge, 

Discharge, Fines, etc. It is very important for this subsystem to ensure that only 

authorized staff can add, edit, or delete data from the membership records. 

5.4.2 Charge subsystem 

The Charge subsystem provides all the functionality needed to issue documents to valid 

members. The underlying principle in this function is to ensure accurate and efficient 

charging out (or issue) of documents so that users do not need to wait for long at the 

circulation desk to borrow documents. Some software even provide a ‘self-checking’ 
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option, where the user himself/herself checks out material without the intervention of 

library staff. 

This subsystem should support the following functionalities: 

• User ID verification. Charging to users should be preceded by verification of the user 

ID via a scan of the ID’s barcode. The verification ensures the following: 

- That the user’s membership is still valid; 

- That the user has not exceeded his/her loan limits (loan limits are defined by 

document type in the Privileges Matrix); 

- That the user is not a delinquent (i.e., a habitual defaulter in returning loans 

or in paying fines). 

• Item ID scan. The next step in the charge process 

- scanning of the item ID should begin only after a user’s validity is verified (and 

the above conditions are satisfied). When the item ID is scanned, the module 

accesses the Privileges Matrix to verify if indeed the user has the privilege to 

borrow the item being charged. If this is not the case, an alert is triggered and the 

charge operation is aborted. Once the item ID is cleared, the item is considered as 

having been charged out to the user whose ID was scanned. The period of loan is 

determined by the value found in the Privileges Matrix. 

• Multiple items. It should be possible to charge out multiple items (subject to loan 

limits) without having to re-scan the user’s ID. 

• Pseudo-users. The subsystem should permit charging to pseudo-users, e.g., other 

libraries (on interlibrary loan) or a binder. Each such pseudo-user also gets a unique ID. 

• Blocking of charge. The system should allow the charging operation to be blocked, or 

an alert displayed, under specific circumstances, e.g., over dues above a defined limit; 

recall notice ignored, etc. 

- The system should prevent the charge of an item that is already known to be 

charged out (that is, when the item in question has not been properly discharged). 

In such a case, the module must first discharge the item before it is charged to the 

current user. 

- In the event of a reserved item being presented for charging (by a user other than 

the one who has reserved the item), the module must trigger an alert and prevent it 
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being charged. 

- When a user has been asked to return an item (See Recalls subsystem below), the 

Charge subsystem should block all subsequent charges to that user until the 

borrowed item is returned. 

• Overriding option. The subsystem should permit the overriding of defaults in the 

privileges that are set for user-material type loans. Such overriding should be possible 

only by selected staff and should be password controlled. 

5.4.3 Discharge subsystem 

This subsystem provides the functionality  

1) to accept and record returns of borrowed materials; and  

2) to cancel the charge for an item.  

Importantly, in an automated circulation system, there is no need for a member to be 

present when he/she wishes to return an item that has been borrowed; only the item is 

needed at the time of discharge. This subsystem should support the following 

functionalities: 

• Error-free discharge. The charge transaction record for the item being discharged 

should be updated. What happens in practice is that the charge transaction is updated and, 

at a later date, a history record is created showing both the issue and return transaction 

dates. The history records are used in the analysis of circulation data. 

• Alert on unsuccessful discharge. The subsystem should trigger an alert for an 

unsuccessful discharge. For instance, if there is an attempt to discharge an item that has 

not been charged, an alert should be shown to the operator. 

• Alert on discharge of reserved items. The subsystem should trigger an alert when a 

reserved item is being discharged. The alert helps the staff to isolate the item. 

Simultaneously, the Reservations subsystem is automatically invoked and the user who 

has reserved the item is informed (either by a printed letter or an e-mail message) about 

the item’s availability in the library. 

• Discharge receipts. The subsystem should produce discharge receipts either 

automatically or on demand. 

5.4.4 Renewals subsystem 

As the name suggests, this subsystem provides all the functionalities for administering 
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the renewal of loans of items that are already on charge. This subsystem should support 

the following functionalities: 

• Remote renewals. The subsystem should permit renewals without the need for the user 

to be present; only the item ID should be needed for renewal. 

• Renewal defaults. Renewals should be allowed strictly according to the defaults that 

have been set for each document type-user type combination and found in the Privileges 

Matrix. Moreover, the loan periods for renewals and the number of renewals should both 

be governed by the data contained in the Privileges Matrix. 

• Renewal of reserved items. The subsystem should prevent the renewal of an item that 

has been reserved. 

5.4.5 Reservations subsystem 

This subsystem is important in academic environments where some documents (e.g., 

textbooks) are often needed by several students, and therefore there is a need to regulate 

the circulation of such items. 

Unlike other circulation control subsystems that we have already seen, the Holds 

subsystem is accessible not only to the library staff but also to library users. This is 

particularly so in networked environments. The user himself/herself should be able to 

‘place a hold’ (or reserve an item) from his/her terminal. This functionality is now 

commonly available within the OPAC of a library automation system. 

 

This subsystem should support the following functionalities: 

• Privilege-controlled holds. The holds placed should be governed by the user type 

document type privileges that are already defined in the Privileges Matrix. That is, a user 

who does not have the privilege of borrowing a certain type of document should not be 

allowed to place a hold on a document of that type. If he tries to do so, he should be 

alerted to this fact. 

• Holds by title/copy. It should be possible for a user to place holds only by the titles of 

documents. There may be several copies of a document; if all the copies are out on loan, 

the user is allowed to place a hold on the title of the item he/she wishes to borrow, and 

not on any specific copy. On the other hand, however, the library staff may wish to place 

a hold on a specific copy. Both types of holds should be possible. 
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• Queuing of holds. When more than one member places a hold on a title, the subsystem 

should create a queue of such holds. If there is an upper limit to the number of holds that 

may be placed on a title by a user (this is also part of the Privileges Matrix), and if this 

limit has already been reached, the system should trigger an alert to the user. 

• Messages to users in the holds queue. When an item on hold is discharged by the 

Discharge subsystem, the Holds subsystem should generate and send appropriate 

messages (printed or electronic) to the user who is first in a holds queue. 

• Automatic queue reset. The subsystem should automatically push up the holds queue 

when an item on hold is charged out to the user whose turn it was to borrow the item. 

• Password control. Only authorized library staff (with the appropriate password 

authorization) should be allowed to modify the hold queues for an item. 

• User query of reservation status. Users should be able to query, via the OPAC, the 

reservation status of items that they have requested to be placed on hold. 

Moreover, users should be able to cancel (from their own terminal, if necessary) a hold 

that they would have placed on an item. 

5.4.6 Recalls subsystem 

At times, library staff may need to recall an item that is on loan even before the date of its 

return. For instance, in an academic environment, a certain publication may need to be 

placed in the Reserve Section of the library at the beginning of a semester. If the item in 

question is on loan, it should be possible for the library to recall it. The Recalls subsystem 

provides the needed functionality to implement such recalls. This subsystem should 

support the following functionalities: 

• It should produce recall notices either in printed or electronic form. 

• When a user logs in to the library system (via the OPAC), he should be alerted to the 

fact that an item on loan with him is being recalled. 

5.4.7 Interlibrary loans subsystem 

The circulation control modules should provide support for the administration and 

management of interlibrary loans. Library users often make requests for interlibrary 

loans. Such requests could be received online via the library’s OPAC. When a request is 

received from a user, the library communicates with the other library that possesses the 

requested item and arranges the interlibrary loan. After the item is received, it is charged 
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out to the requesting user through the Charge subsystem. Similarly, when the item is 

returned by the requester, it must also be returned, in turn, to the library that lent the item. 

A reverse process operates when a library lends its materials to another library. Further, it 

is important that all incoming and outgoing interlibrary loan transactions are tracked and 

archived for proper statistical analysis, in order to provide useful management 

information to the senior staff of the library. 

5.4.8 Over dues subsystem 

As the name suggests, this subsystem provides all the functionalities to administer claims 

and over dues in an automated circulation system. This subsystem should support the 

following functionalities: 

• Generation of claims. It should be able to generate claims for all materials by due date 

or user. 

• Overdue lists. The subsystem should be able to produce overdue lists of delinquent 

users (i.e., those who have more items than the defined threshold number for overdue 

items, or those who are habitual defaulters). 

• No-dues certificates. Typically, in many organizations, an individual is required to 

submit a ‘No-Dues Certificate’ issued by the library when he/she leaves the institution. 

This subsystem should be able to generate a no-dues certificate for a specified user. 

Simultaneously, the subsystem should update the Membership record to indicate the 

expiry of the membership of the member to whom the no dues has been issued. 

5.4.9 Fines subsystem 

This is the subsystem that administers the collection of fines from users when they 

default on returning items after the due date. This subsystem should support the following 

functionalities: 

• It should calculate fines automatically based on the data in the Privileges Matrix that 

defines the fine structure for each user type-document type combination. 

• It should administer upper limits for fine amounts for each user type-document type 

combination. This requirement may not be needed in all types of libraries. 

• It should allow partial payment of fine amounts. 

• It should produce receipts for fines collected. 

• In some situations, it should allow the sending of collection authorizations to a 
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designated authority, e.g., the Accounts Department of a university. 

• It should maintain an audit trail of fine transactions. This is a chronological statement of 

collections by user and amount collected. 

 

5.4.10 Binding subsystem 

This subsystem provides the needed functionality to administer the binding function. 

Typically, staff at the circulation desk identifies the materials that require repair or 

binding. 

These are then listed and sent to the library’s bindery or an external binder. A binder is 

also treated like any other borrower, and all items sent to the bindery are charged out and 

discharged in the usual way.  

The subsystem must provide support to the following functionalities: 

• Allow materials that require repair or binding to be charged to a pseudo-user, such as 

the binder. 

• Prepare a list of materials that are sent for binding. 

• Accept the return of bound materials and discharge these to cancel the charges made 

earlier. 

• Process invoices and payments to the binder. 

5.4.11 Search and retrieval subsystem 

A module-specific search and retrieval function is a common feature in integrated library 

automation systems. Staff at the circulation desk often needs to quickly check for some 

detail or other, e.g., a member’s privileges or his/her current loans. Library users often 

approach the circulation desk with queries about publications and their availability, and 

in order to respond to these queries, staff needs to be able to search the circulation files. 

The search and retrieval module should support the following functionalities: 

• Search member records by name or member ID. 

• Search reservation data to examine the reservation status for specific items. 

• Search circulation transactions data to retrieve information about items on loan. 

• Search binding records to determine when an item was sent for binding and the likely 

date of its return. 

• Search the online catalogue. 
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5.4.12 Management information reporting subsystem 

As mentioned in the introduction to this chapter, automation of circulation control must 

enable the production of useful reports to provide insights into the usage of the library’s 

holdings. It should be possible to generate on demand, reports on the usage by user type, 

by material types, by discipline, by hours of the day, months of the year, and by age of 

materials (i.e., year of publication). Reports on heavily used items (and on those for 

which there is an unusually high demand, as revealed by a large number of reservations 

or renewals) are useful in decisions to add more copies of such items or in moving such 

items into the Reserve section of a library. Similarly, information about the non-use of 

items might help in decisions to weed out publications or transfer them to compact 

shelving. 

 

 

5.5 Interfaces with other library automation subsystems 

The circulation control subsystem needs to access and exchange data with the following 

subsystems: 

• Whenever a charge transaction takes place, the circulation subsystem searches the 

holdings table and the tables that make up the bibliographic database to retrieve 

information about the item being charged out. 

• The circulation subsystem updates the status field of the holdings file after each charge, 

discharge or reservation transaction. 

• The OPAC. Users logged in to the OPAC search the circulation database to retrieve 

information about their circulation data, e.g., loans outstanding with them. Similarly, 

users interact via the OPAC with the Reservations subsystem to make reservations, or 

query the reservation status of items they have placed on hold. 

 

5.6 Check your progress 

1. Arrange the following library automation software according to 

their date of origin: 

(I) SOUL (2000) (II) KOHA (2000 (in Katipo)/2001 (outside 

Katipo)) (III) NewGenLib (2005) (IV) Libsys (1984) 
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Codes: 

(a)(IV), (I), (II), (III) (b) (I), (III), (IV), (II) (c) (III), (II), (I), (IV) (d) (I), 

(IV), (II), (III) 

 

2. Circulation control was one of the first applications to be automated in many libraries 

in the west during the 1960’s. (True/False)  

Ans: True 

 

3. The barcode standard that is commonly followed in libraries is Code 39 also called the 

3 of 9 Standard. (True/False)  

Ans: True 

 

4. A computerized library catalogue available to the readers online. Reason is 

called…………………….. 

Ans:- Web-OPAC 

 

5. OPAC (Online Public Access Catalogue) was initiated in India in 

(a) 1960s (b) 1970s (c) 1980s (d) 1990s 

 

5.7 Summary 

In this Unit an attempt has been made to discuss the nature and importance of circulation 

control, besides explaining the rationale for automating circulation control. The 

infrastructure and requirements of an automated circulation control system has also been 

discussed. The subsystems of an automated circulation control system and the 

functionalities that these are expected to provide, and the various interfaces of a 

circulation subsystem with other library automation subsystems has been described. 

 

5.8 Glossary 

 

Binding The books, which are sent for binding, 

are withdrawn from circulation systems 

Check-In To record the loan of a book or other item 

http://lu.com/odlis/odlis_b.cfm#book
http://lu.com/odlis/odlis_b.cfm#bibitem
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from the circulating collection of a library 

to a borrower. In modern libraries, this 

task involves the use of a computer. Also 

refers to the library's record of such a 

transaction, including the identity of the 

borrower, the title and call number of the 

item, and its due date. 

Check-Out In circulation, to cancel the record of a 

loan upon return of the borrowed item 

and payment of any overdue fine. 

Holds Reserving a charged item for borrowing. 

Interlibrary Loan A cooperative arrangement between 

libraries, whereby users can borrow items 

from other libraries within the system 

Overdue Overdue is nothing but a sending 

reminder to its members to return the  

books or charging fine for the overdue 

(expire data of return of book)  

Renewals Renew ( Extend ) the due date of 

documents already issued to its members 

 

 

 

5.9. Questions for self study 

 

1.Trace the history of automated circulation control 

2. Discuss the reasons for automating circulation control 

3. Mention the Infrastructure and requirements of an automated circulation control 

system 

4. List the subsystems of an automated circulation control system 

5. Identify with which subsystems the circulation control subsystem needs to have 

interface with 
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6.0 Objectives 
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After reading this unit you will be able to understand and acquaint with 

 The rationale for the automation of the serials control function  

 Idiosyncrasies of serials   

 Infrastructure and requirements of an automated serials control system  

 Subsystems of an automated serials control system and 

 Interface with other library automation systems 

6.1 Nature of serials control 

 

Serials control is the most difficult and complex of the library subsystems to automate, because a 

serial as a form of publication has number of inherited idiosyncrasies which you will learn in the 

next pages. The automation of serials control is important for library, as serials occupy a central 

position of a library’s collection and that major portions of the library budget is spent on serials 

only.  As such it is inevitable for a librarian to have a control over the processes, services and 

budgets. Though there exists certain similarities between book acquisitions and serials control 

(control over the budget, placing orders and send claims etc), serials control differs from book 

acquisitions in number of ways (registration of serials issues). 

 

6.2 Rationale for automating the serials control function 

 

As in book acquisitions, serials management calls for the maintenance of several paper files—list 

of subscriptions, file of requests received, vendor correspondence, file of currency conversion 

rates, etc. Considerable manual effort is needed to maintain such files and to ensure that action 

(e.g., in sending reminders for unsupplied items) is taken promptly. Manual systems tend to store 

redundant information. Moreover, searching for information in paper files can be inefficient and 

time-consuming. The valuable time of trained professionals could be more usefully spent on 

other tasks. Automation can help reduce the drudgery and error-proneness of manual paper-

based systems of maintaining files. 

 

As already pointed out, many libraries spend a considerable portion of their budget on serials 
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subscriptions. An automated system could offer far greater control over the procedures, tasks, 

and budgets in this area of library management, especially in subscription management tasks that 

involve many serial titles and publishers or vendors. 

 

Some of the tasks in serials control are highly labor-intensive. For instance, the registering of 

several newly arrived serials issues is a daily task in serials control. Associated with registration 

is the need to ensure that there are no gaps in the receipt of serial issues, i.e., the need to generate 

timely claims to obtain replacement copies from publishers. Automating such tasks would 

obviously make for prompt and effective action, apart from relieving professional staff from 

clerical tasks. 

 

Serials issues are usually bound into volumes to better preserve them in a collection. The 

administering of the binding function associated with serials management—tasks such as 

tracking the completed volumes, making binding lists, and later adding these to holdings data—

is another area where automation could help a library gain better control. 

 

An important requirement in serials control is effective and efficient handling of claims and 

cancellations, and improved ability to track subscriptions, invoices, and claims. Automation can 

greatly improve such handling. 

 

 

 

6.3 Idiosyncrasies of serials 

 

The several characteristics of serials—and the fact that serials are issued by so many publishers 

over whose publication schedules and policies we do not have any control— makes it necessary 

to address complex problems in serials automation. Some of the idiosyncrasies of serials as a 

form of publication are given below: 

 

 A serial could be published in one of several frequencies—daily, weekly, bi-weekly, 

fortnightly, quarterly, 10 times a year, etc. Some serials are irregular; that is, there is 
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no way of knowing how many issues in a year will be published or when the next 

issue is due. A serial title may decide to change its frequency. 

 The way serials issues are numbered within each volume varies widely. Most serials 

number their issues beginning from the number 1 in each volume. However, there are 

serials whose issues are numbered continuously across volumes. Some serials issues 

are designated by season (e.g., spring, summer, etc). Some serials use Roman 

numerals (I, II, HI, etc.) for their issues. 

 Some issues of serials could be published as combined ones. A serial that is published 

each month may decide to combine the publication of two successive issues under 

one cover. 

 At times, publishers print special issues, that is, issues over and above the ones that 

are scheduled in a volume. These are normally included with the annual subscription 

to the serial, but at times are also priced separately. 

 Publishers may decide to change the title of a serial. This is usually done at the end of 

a volume with the old title. 

 Publishers may decide to split a serial title into two or more serials. This is usually 

done at the end of a volume with the old title. Conversely, a new serial may be born 

by merging two or more titles into either one of the existing titles, or into a totally 

new one. 

 Normally, a serial volume spans a single calendar year, but there are cases where a 

serial can have more than one volume per year. 

 Many publishers produce index pages and title pages of the completed volume of 

serials. Such pages are meant to be used in the bound volumes of these serials. 

However, the practice varies widely from publisher to publisher. Some publishers 

include the title and index pages as separates along with the last issue of the serial, 

some others send these pages along with the first issue of a new volume. Some do not 

produce title and index pages at all. 

 Nowadays, we find that some serials are only published electronically, while some 

are published both as print-on-paper and in electronic form. A subscription to the 

electronic version of a serial title is often tied to the subscription to the paper version 

when both forms are available. 
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The above-mentioned idiosyncrasies of serials and the publishing world make it necessary for 

the serials control module to provide for these wide variations and practices. This adds to the 

complexity of the processing programs or procedures and of the interface that is presented to the 

user of the software. 

 

 

6.4 Infrastructure and requirements of automated serials control 

system 

 

Infrastructure, in this context, implies the prerequisites and support structures for an automated 

serials control system. These are: 

 Access to external databases and sources of information  

 via the Internet (e.g., to publishers' web sites);  

 via online library catalogues;  

 via library networks and service providers (e.g., OCLC) 

 Internal databases and files 

 

6.4.1 Access to external databases 

 

An important activity in serials acquisitions work is the bibliographical verification of data for 

new serials that are proposed to be acquired. The data that may be available to the library is 

usually provided by a user (or taken from a review, advertisement, or blurb), and this may not 

always be adequate in making decisions about subscribing to the serial. The bibliographical 

verification process entails not only verification and correction of data that is on hand, but also 

the import of data that is not available (e.g., price data, ISSN). In manual systems, such 

verification is done using a publisher's catalogue. In an automated system, if the serials control 

module has access to an external resource (for example, the web site of the publisher or a serials 

union catalogue of a library network), the process of verification (including the import of data) 

could be automated. Such access would help achieve fuller and more accurate records in the 
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serials acquisitions files. 

 

Many libraries in the West are members of one or other library utility such as OCLC (Online 

Computer Library Center). OCLC is a cooperative network, in which several thousand libraries, 

worldwide, participate in contributing original cataloguing records. The OCLC database has 

records for serial titles catalogued by its members. Although OCLC's database is ideally meant 

for shared cataloguing, its records could also be used by Automated serials management system. 

However, such access is only available to members of a library or consortium that subscribes to 

OCLC or a similar utility.  

 

An important decision in serials acquisitions is also whether to acquire a serial, or to depend on 

resource sharing arrangements in order to obtain access to that serial. Such a decision may be 

needed, for instance, when the required serial is very expensive. However, if the serial is already 

available with another library in the network and this is known, the library in question may 

decide to request shared use of the serial instead of acquiring it for its own collection. Access to 

the union catalogues of serials on a library network or to OCLC becomes invaluable in such 

decisions. 

 

6.4.2 Access to Internal databases 

 

A serials control system requires access to several local files and databases. Some of these are an 

integral part of the serials management system, and in fact are created within it. The following 

internal files and databases are typically needed by a serials control system: 

 Library's online catalogue 

 Serials Master File 

 Currency and exchange rate files 

 Invoice data file 

 Financial data file 

 Vendor data file 

All the above-mentioned files are shared between the book acquisitions and serials control 

systems with the exception of the Serials Master file, which is a setup file created within the 
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serials control module.  

The Serials Master file contains several fields of data on the subscription to the serial. It captures 

such details as title, volume number and issue number from which the new or renewed 

subscription commences, the period of subscription, the mode of delivery (air mail or sea mail), 

the version being subscribed to (paper, electronic, or both), vendor, payment of subscription, 

invoice details, budget, user department (if any), routing data, etc. This master file then becomes 

accessible to the processing procedures of the serials control module.  

 

A very important component of the Serials Master file is information about the binding 

specifications for each serial on the list of acquisitions of the library. Typical data under binding 

specifications include; spine title, number of issues to be bound in a physical volume, nature of 

binding to be done, color of the binding, place on the spine where the title and volume number 

should be placed, etc. The data on binding specifications are used by the serials control module 

in its binding functions. 

 

 

6.5 Subsystems of an automated serials control system 

 

Automated serials control system could be broken down into several subsystems based on the 

discrete functions that are required to be performed. A typical serials control system will have 

the following functional subsystems: 

 Check-in or Registration 

 Claims 

 Binding 

 Serials Union list 

 Subscription Management 

 Search and Retrieval 

 Physical Preparation 

 Reports 

 

It is important to reiterate that although we talk of subsystems, there is tight integration and data 
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exchange that is constantly taking place between these subsystems. For instance, as soon as all 

issues of a serial volume are completely received, the control passes to the Binding subsystem. 

The typical features of each of these subsystems are described below. 

 

6.5.1 Check-in or registration subsystem 

 

In the day-to-day management of a serials department, several newly arrived serials will need to 

be checked-in or registered. This chore is a necessary first step before the serial issues can be 

made available to the users. In a large library that subscribes to many serials, the registration of 

issues can be a time-consuming task and, if done by professional staff, a waste of quality time 

that could be better employed in other user-oriented services. The Check-in subsystem, in 

automated serials control, provides the needed functionality to perform this task efficiently. 

Typically, this subsystem should support the following: 

 Quick identification, in the Serials Master file, of the record for a serial whose issues 

are required to be registered. 

 A registration form that is at least as intuitive and display as much information as a 

good, manual check-in system (e.g., the Kardex). 

 Single-keystroke registration of serial issues. In a manual system, check-in involves 

entering the date of receipt under the column for the specific volume and issue of 

serial that has been received. In an automated system, if the issue that is received is 

the one that is due, a simple keystroke (or a single click of the mouse button) should 

be enough to register the serial issue. The subsystem should automatically record the 

issue data, chronology and date. 

 Registration of multiple issues as a single transaction. Similarly, multiple copies of an 

issue should be possible to be registered as a single transaction. 

 Prediction of the date of arrival of the next issue. This important functionality is 

usually achieved via prediction algorithms that use receipt history data, frequency of 

serial and other special characteristics (for example, recognizing that September and 

December are part of the holiday season each year, and that there are delays in 

editing, printing, etc.). 

 Providing alerts to library staff on the arrival of the first issue of a newly ordered 
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serial. When this happens, the Serials Master file is updated, and control is passed on 

to the cataloguing data entry module so that the new serial can be catalogued. 

 Recording of special issues or combined issues, when such an event occurs. 

 Recording of duplicate copies of issues received, and the subsequent processing of 

duplicate issue data (for example, generating lists of the duplicate issues received). 

 Providing alerts to library staff on possible missed issues, especially when the library 

receives an issue other than the one expected. If it is confirmed that an issue has been 

missed, library staff should have the opportunity of transferring control to the Claims 

subsystem, so that a claim could be generated immediately.  

 Creation of new entries in the serials master file—in the event of changes in serial 

title, or splits/mergers of serials—and provision of appropriate links to previous/ new 

records. 

 Although it is not common practice in large libraries, small libraries still route-

selected journals to specific users. Serials that are routed have a routing list associated 

with them. When a new issue is received, a routing slip (bearing the names of users 

on the related routing list) is attached to the issue before the serial is circulated. Each 

person on the routing list gets his/her turn, and is expected to send the issue to the 

next person on the list. The check-in module must permit the entry of a routing list 

and print the routing slip if needed. 

 

A typical example of a series of check-in screens is shown in the graphics below. As can be seen 

in Figure 10.1, the software allows searches for the titles by one of many o even before the actual 

check-in takes place. 

 

 

Figure 10.1    Check-in screen. 
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Once the correct title is retrieved, it is possible to check-in the issue. In the g above, for instance, 

clicking the CHECK-IN » button leads to another screen that d the expected issue (Fig. 10.2). 

 

 

Figure 10.2    Display of expected issue details. 

 

If the issue expected is the issue received, the check-in is confirmed by clicking ACCEPT button 

shown in the above figure. On the other hand, if the issue received than what is expected, several 

conditions need to be checked: 

 Is the issue a duplicate of the one already received and registered? 

 Was the issue received because of a claim sent for it? 

 Is the issue later in time than the one expected? 

 Does the issue reflect a change in frequency or numbering? 

 Does the issue show a change in title or section? 

 

The check-in module must provide appropriate resolutions for each of the above-mentioned 

possibilities. 

 

6.5.2 Claims subsystem 

 

In a manual system, serials registration staff have to manually identify the gaps in receipts of 

issues and then send claims as printed mail. Understandably, this is a time-consuming and 

painstaking task, apart from the fact that it is error-prone. Given that the print runs of serials are 

not much bigger than the number of subscribers to the serial, it is important that claims for 

missing issues be made within 2 to 4 weeks of the expected date of an issue's arrival. If this is not 

done, the missing issue may never be replaced. The claims subsystem is therefore an important 

one, and in a library with a large number of subscriptions, an effective claims subsystem could 

more than justify the cost of the library automation software. Typically, this subsystem should 
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support the following: 

 Automatic alerts, as soon as an issue is identified as missing during the check-in or 

registration process. Staff should then have the possibility of producing a claim 

immediately or as a deferred one. 

 Production of claim notices as a batch operation, say, once a week. The claims 

produced could then be manually reviewed and released. 

 Possibility of sending claims to either the vendor or the publisher. This may be a 

parameter that is set in the master file record for a serial. 

 Calculation of the date when the next claim should be sent based on the time required 

by the publisher to send a replacement and on the coded response from vendors to 

claim notices. 

 Production of status reports of the receipts or non-receipts of serials under 

subscription either by title or by vendor. 

 

The claims functionality is implemented differently in different software. In some software, it is 

necessary to first mark the record for an issue for which a claim is required to be sent. Marked 

records are then manually reviewed, before a claim is generated. An example of such a method is 

shown in Figure 10.3. 

 

 

 

The above example shows the different reasons why a serial issue record is marked Although 

manual intervention is called for in marking a record, the above example show how it is possible 
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to implement the different kinds of actions that are needed when dealing with serial receipts, 

claims, binding, etc. 

 

6.5.3 Binding subsystem 

 

An important design specification for a serials control system is the need for tight integration 

between the registration and binding subsystems. This subsystem should have the functionality 

to administer the typical binding functions in a serials department: 

 Alerting staff, as soon as the last issue of a volume (including the title and index page 

of the volume, if any) is received, to signal that a serial volume is ready for binding. 

Such a serial becomes a bindery candidate. 

 Allow staff to review in batch mode, (e.g., once a month) the bindery candidate as of 

that time. Such a review could lead to the physical isolation of such volume before 

they are actually listed and sent to the binder. 

 Production of binding orders from the list of bindery candidates that have bee: 

physically isolated. The binding orders should include the binding specification for 

each of the bindery candidates. The specifications are taken from the Serial Master 

file. 

The binding functionality of a typical serials control subsystem is shown in Figure 10.4 

 

Figure 10.4   Binding functionality in serials control 
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6.5.4 Serials union list subsystem 

This subsystem is needed in a situation where there are a number of cooperating libraries, such 

as the central library of a university and several departmental libraries or affiliated college 

libraries. The serials holdings of all such libraries, or a union list of serials, would be an 

extremely useful tool in sharing serials resources. Typically, this subsystem should support the 

following: 

 Consolidation/summarization of the holdings of cooperating libraries by title, when 

displaying holdings in the union list. 

 Searching of the union list by title, ISSN, subject or keywords. 

 

6.5.5 Subscription management subsystem 

 

This subsystem, as the name suggests, is concerned with the placement of subscriptions, 

renewals, and fund accounting of serials budgets. Typically, this subsystem should support the 

following: 

 Placing of subscription orders with vendors, once the approval processes for this have 

been completed. Many high-end serials software allows electronic orders to be placed 

using the EDI standard. 

 Placing of renewal orders for serials already on subscription. 

 Generation of renewal alerts well in time for action to be initiated to renew the 

subscriptions. 

 Acquisition of serials also via gifts and exchanges. 

 Handling of the fund accounting and invoice processing as in the case or book 

acquisitions, and also the payment of supplementary invoices. Invoice processing in 

serials management is less complicated as compared to that of book acquisitions, 

since invoices are paid in advance and once a year. 

6.5.6 Search and retrieval subsystem 

 

This subsystem provides module-specific search functionality mainly to the library staff 

responsible for serials management. Users will have access to serials data via the OPAC. 
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Typically, the subsystem should support the following: 

 Searching of the serials subscriptions master file by serial title, ISSN, vendor, 

subscription expiry date or budget head. 

 Searching and display of serial registration data by serial title, ISSN, or keyword. 

 Searching of the library's catalogue for information on serial holdings. 

 Searching of binding records of serials. 

 

6.5.7 Physical preparation subsystem 

 

Typically, this subsystem should allow printing of barcode labels for bound volumes as well as 

loose issues of serials. Normally, a loose issue of a serial is barcoded on demand (i.e., when it is 

borrowed). 

 

6.5.8 Reports subsystem 

 

Subscription expiry alerts are the most important reports that this subsystem should provide.    In 

addition, it should allow the generation of budget and expenditure statements and daily activity 

reports on issues checked-in and number of issues claimed. 

 

 

6.6 Interfaces with other library automation subsystems 

 

By interface to other library subsystems, we mean the possibility to query each other’s files, 

exchange data and utilize common resources in a seamless and transparent manner with minimal 

(or in some cases, without any) user intervention. Such interfaces are an important feature of 

integrated library automation systems. The serials control system in integrated library automation 

software should have interfaces to the following subsystems 

 Cataloguing. 

 The serials control system should permit searching of the serials catalogue 

downloading of catalogue data into the serials master file or subscription o records. 

Importantly, when the first issue of a newly subscribed serial is received the serials 
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module should be able to invoke the cataloguing data entry module that the new serial 

can be catalogued. 

 OPAC. 

 The serials control system should allow users to query current serials records as well 

as the serials catalogue and a union list of serials database via the OPAC 

 

6.7. Check your progress 

1. The union catalogue of Social Science Serials in India brought out 

by 

(i) INSDOC (ii) NASSDOC (iii) SENDOC (iv) DRTC. 

 

2. Which of the following are the International Cooperative Serials Control Program? 

(i) CONSER 

(ii) BIBCO 

(iii) SERLINE 

(iv) CATLINE 

Codes: 

(A) (i) & (ii) are correct. 

(B) (ii) & (iii) are correct. 

(C) (i) & (iii) are correct. 

(D) (ii) & (iv) are correct. 

 

3. Which National agency in India is assigning the ISSN?  

(a)BIS (b) RRRLF (c) NISCAIR (d) National Library, Kolkata 

 

4. Kardex system is adopted in libraries for 

(i) maintenance of news clipping (ii) maintenance of records of 

periodicals subscription (iii) filling of microforms (iv) cataloguing of books. 

 

5. ‘Three cards system’ is used for 

(i) cataloguing of books (ii) acquisition and control of periodicals 

(iii) shelf list iv) circulation of books. 
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6.8. Summary 

After going through this unit now you have understood the rationale for the automation of the 

serials control function, learnt the idiosyncrasies of serials, and assessed the infrastructure and 

requirements of an automated serials control system. You have also understood the subsystems 

of an automated serials control system and found out the interface with other library automation 

systems 

 

6.9 Glossary 

 

Binding The journal issues are sent for binding after all the issues of a given volume are 

received 

Check-In Recording the arrival of a journal issue 

Claims Remainder for unreceived  journal issue 

Serials Control Serial Control is the mechanism of Journal Management  

Union List Union List is the alphabetical or subject list of more then one library or consortium 

of Libraries  

 

6.10. Questions for self study 

 

1.  Briefly explain the reasons for automating the serials control function 

2.  Briefly discuss the idiosyncrasies of serials 

3.  Highlight the importance of Serials Master File  

4. Identify the functional subsystems of a typical automated serials control system 

5. Spell out the desirable features of a serials registration (or check-in) module serials automation 

system. 
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Unit - 7 

Automated Catalogues and OPACs 

 
 

7.0 Objectives 

7.1 The role of catalogues and cataloguing 

7.2 Rationale for Automating the Cataloguing Function 

7.3 Infrastructure and requirements of an automated Cataloguing  

system 

7.4 Data structures for the Catalogue Database 

7.5 Subsystems of an automated cataloguing system 

7.6 Typical features of subsystems of automated cataloguing system 

7.7 Retrospective conversion 

7.7.1 Issues in RECON 

7.7.2 Options for converting records  

7.8 The online public access catalogue (OPAC) 

7.9 Check your progress 

7.10. Summary 

7.11.Glossary 

7.12.Questions for self study 

7.13.References 

 

 
7.0 Objectives: 

On completing the study of this unit students should be able to: 

 Understand the importance of the cataloguing function in a library and of the 

centrality of the catalogue record in a library automation system. 

 Understand the reasons for automating the catalogue and the cataloguing function 
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 Know the infrastructure required and desirable  for an automated cataloguing 

system 

 Know the typical subsystems in an automated cataloguing system, with the 

functionalities that these subsystems should ideally provide. 

 Understand what is meant by retrospective conversion, i.e., conversion of manual 

catalogue records to machine-readable form and issues encountered in, and the 

methods in use for such conversion. 

 Understand the role, advantages and features of online public access catalogues 

(OPAC’s). 

7.1 The role of catalogues and cataloguing 

The catalogue is undoubtedly among a library’s most valuable resources. It is the result 

of careful and painstaking descriptive and analytical work. Importantly, cataloguers need 

to apply exacting standards and use standard tools in their descriptive and analytical 

work. The hallmark of a good catalogue is the accuracy, completeness and consistency 

with which a library’s holdings are described, classified and indexed.  The primary 

purpose of the catalogue is to provide easy and effective access to the library’s collection 

and in the process the retrieval of information to meet needs of the library’s users.  In 

today’s context, the catalogue is expected to provide access not only to metadata (data 

about bibliographic and other information objects) but also to digital content, i.e., full text 

of documents, images, music and other audio files.  

The catalogue is a database in the true sense of the word, since it is a collection of many 

related and interacting files: bibliographic data, authority data, topical subject terms, and 

holdings data. The catalogue in an automated library is also its central record because all 

other subsystems of an integrated library automation system depend on the availability of 

the catalogue as a searchable database. 

The work of cataloguing and classification (and indexing) involves considerable 

intellectual effort from highly trained professionals. Automation of these intellectual 

tasks is not easy. However, automation can and does relieve professionals of routine 

clerical tasks (e.g., filing and arrangement of cards, keyboarding of data), and in helping 

to achieve better accuracy, completeness and consistency.  More importantly, automation 
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is the only way to making a library’s collection more widely and easily accessible to its 

patrons. 

 

7.2 Rationale for Automating the Cataloguing Function 

Cataloguing and associated processes (classification and subject indexing) are among the 

costliest processes in a library since these are done by highly trained professional staff 

and since there is considerable intellectual effort involved in this work. It is estimated 

that original cataloguing costs between Rupees 140 to 150 per book in Indian libraries.  

Cataloguing costs are thus much higher than any other costs in libraries if, as many 

developing country libraries perform considerable original cataloguing. An important 

rationale for automating the cataloguing function in a library is to see how it could help in 

reducing costs of cataloguing books. This is possible primarily through the sharing of 

catalogue records over networks and by using machine-readable cataloguing data from 

library utilities such as OCLC or other cooperative networks. Only a library that has an 

automated catalogue can benefit from cataloguing resources that are available on library 

networks and the Internet. 

It is estimated that if a library depended entirely on original cataloguing, a cataloguer can 

catalogue a maximum of 5 to 7 books in a day, depending on the level of detail in 

descriptive cataloguing and standards that are followed in the library. In a large library, 

total dependence on original cataloguing could mean that new books acquired by the 

library could take 4 to 6 weeks before they become available to users. The time lost by 

potential users waiting to access these newly acquired materials is an opportunity cost 

that is difficult to measure; nevertheless, it is a cost. An important rationale for 

automation of the cataloguing function is to reduce the time it takes to make available 

new acquisitions to users.  

The most compelling reason for automating the cataloguing function of a library (and 

access to its catalogue) is to make available the catalogue to users over the local area 

network (LAN) of the organization and to remote users via the Internet. The fact that 

more and more organizations are now networked organizations and the fact that users are 

accustomed to searching for information from their desktops, and expect information 

delivery to their desktops, makes it imperative for libraries to automate their catalogues. 
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An equally compelling reason for the automation of the cataloguing function is to avoid 

the unnecessary duplication in intellectual cataloguing effort that takes place when the 

same title is catalogued over and over again. If these efforts can be shared, they would 

greatly reduce the cost of cataloguing and expedite the availability of new acquisitions to 

the users of a library.  

Another important rationale for automating the cataloguing function is the possibility, 

through automation, for obtaining greater accuracy, completeness and consistency in a 

library’s catalogue.  This becomes possible when a library decides to use the cataloguing 

data from an authoritative source, e.g., the national library of the country or an 

international source such as the Library of Congress, or an international cooperative 

network such as OCLC. Records from such sources are created by specialist staff imbued 

in the exacting standards that are called for in such libraries. Using their cataloguing data 

would obviously add to a local library catalogue’s quality.  Equally importantly, 

automation of the cataloguing function allows a library to contribute those records it 

creates through original cataloguing to a national, regional or international cooperative 

network. It is only through such cooperative efforts that the intellectual output of 

institutions worldwide becomes known and accessible globally. 

Lastly, an important reason for automating the cataloguing function is the possibility to 

link the metadata that a catalogue provides with other resources within the library and 

outside it, particularly on the Internet. For instance, a catalogue record of a book could 

have a URL (Universal Resource Locator) of a web site that provides abstracts of papers 

in the publication (e.g., conference proceedings). Similarly, it is possible to add value to 

an automated catalogue record by attaching an image of the contents page of the 

publication in question. It is also possible to link the metadata record to a digitized full-

text version of the publication in question. The digitized version may reside on the 

organization’s network or on another web site. 

More and more digital resources, including full text and multimedia are becoming 

available on organizational networks and on the Internet. Library catalogues are expected 

to provide coherent access, not only to conventional resources but also to a host of web-

based ones that are useful to a library’s clients.  
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Some of the above-mentioned rationale is as much about automation of cataloguing as for 

cooperative and shared cataloguing. In fact automation of cataloguing is so closely 

associated with cooperative and shared cataloguing that automation cannot be spoken of 

in isolation. Equally importantly, automation in cataloguing can provide the greatest 

benefits to library staff and users only when the library decides to follow international 

standards. Library networks are founded on the rock bed of internationally agreed 

standards for bibliographic description, classification, indexing, and interchange formats. 

Newer standards which allow one network to ‘talk’ to another network (i.e., allow 

programs to be interoperable even though the two networks may use different operating 

systems) and pass messages between them (which are then acted upon and responded to 

by the receiving network) are now being developed or enhanced (e.g., the z39.50, an 

information retrieval protocol for client server environments, and the ISO-ILL 

(Interlibrary loan) Protocols) and will allow even greater intercommunication and 

interoperability via the Internet and the web.  

 

7.3 Infrastructure and requirements of an automated Cataloguing system 

By infrastructure here is meant the pre-requisites and support structures for an effective 

automated acquisitions system. Infrastructure enables professionals to apply software 

tools and sources of data efficiently to perform tasks needed in cataloguing and indexing 

resources. These are as follows: 

• Access to external databases and sources of information 

– Cataloguing resources on CD ROM’s 

– via Internet, e.g., to web sites of a national library 

– via online library catalogues 

– via library networks, service providers, e.g., OCLC 

• Internal databases and files 

7.3.1 Access to External Databases 

The chief kind of external database that is useful to have in automating the cataloguing 

function is sources of cataloguing and authority data. Such databases where earlier 

resident on a CD-ROM but nowadays are increasingly accessible on the Internet, e.g., the 

catalogue of the Library of Congress and commercial sites which offer cataloguing data 
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for download on payment and/or membership charges. The OCLC is an important source 

of cataloguing data and several thousands of libraries worldwide are members of OCLC 

for cataloguing data among other things. 

 

 

Figure 1: Library of Congress Authority File Search 

 

A resource that is extremely valuable in automated cataloguing is the authority files of 

personal names, corporate and conference names, serials and geographic areas that are 

usually created cooperatively but maintained by a central cataloguing agency such as the 

Library of Congress. Access to these files and the possibility of extracting data from 

these would greatly help in ensuring consistency in a library’s catalogue.  The Library of 

Congress’ authority files are freely searchable on the Internet. The figure -1 shows the 

search page of the LC’s authority files. 
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Figure 2: Authority file data for subject terms 

 

Access to machine-readable files of vocabulary control devices, e.g., a thesaurus or list of 

subject headings during the cataloguing process would be a valuable assistance to 

cataloguers in their choice of terms to index items being catalogued. However, not all 

library automation software provides integrated access to such tools. At times therefore it 

may become necessary for the staff to use a third party application. Similarly, if it is 

possible to get access to online versions of a classification schedule, this would also 

greatly assist and speed up the process of classification. The chief advantage of such tools 

is that they are searchable and often hyperlinked, enabling a cataloguer/classifier to 

browse through the data and then select one or more terms or subject headings to index 
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an item. Figure 2 shows a portion of the page from the LC’s authority files for the subject 

term, Algorithms. 

In today’s context, there is absolutely no doubt that access to the Internet for cataloguers 

is a must. The Internet must be seen as an extension of the traditional tools that the 

cataloguer uses.  

7.3.2 Internal databases and files 

One obvious internal database that must be accessible to cataloguers is the library’s 

online catalogue itself. The cataloguer must be able to search the catalogue by many 

parameters to help in ensuring consistency and accuracy. For instance, when deciding to 

assign a subject heading to an item, it would be helpful if the cataloguer can see other 

items already in the collection and catalogue records to which the heading was previously 

assigned. Similarly, searches by author names help in ensuring that the name is rendered 

consistently. Such functionality is provided by allowing a search of the online catalogue 

and also a local or external authority file. 

In the absence of access to external authority files, a library may decide to create its own 

authority files for personal names, corporate names, etc. Ideally, such authority files will 

be created and updated as an integral part of the cataloguing process, e.g., as soon as a 

new corporate body is entered, this is added to the appropriate authority file. Before 

adding the new name to the authority file, however, the cataloguer ensures that the name 

entered is checked against internal and/or external authority files for correctness of the 

entry. Cataloguing software should support this kind of validation. 

 

 

7.4 Data structures for the Catalogue Database 

There is considerable variation in the way different library automation software structure 

their catalogue database. There is no single standard that is followed by the different 

library automation software in structuring their catalogue database. Each software vendor 

decides for their software how it will structure its catalogue database. The choice of this 

internal structure is made keeping processing and retrieval efficiencies, and data integrity, 

data recovery and data validation needs. Most well known and currently available 

commercial library automation software structure their catalogue database as a relational 
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database under a well known database management software (DBMS) such as Oracle or 

MS-SQL Server. Open source library automation software that have become available 

during the late 1990s have tended also to use an open source DBMS such as PostgresSQL 

or MySQL to structure their catalogue databases. This is done to take advantage of the 

underlying strengths of the relational model and the DBMS, e.g., the possibility to use the 

Structured Query Language (SQL) as the query language in searching the database, the 

indexing, validation and data recovery capabilities that are already built into the DBMS. 

However, all good cataloguing software provides the capability to import external catalog 

records into the local structure of their catalogue database. This is done by using built-in 

procedures which take the data from an external source and transform the imported 

records into one or more records of the local structure. Obviously, the possibility to 

import records is limited to only well known sources, i.e., those sources which are 

predominantly in use by libraries. In practical terms, this means that most library 

automation software provide the capability to import MARC records formatted according 

to an international standard, viz., the ISO-2709. Library cooperatives such as OCLC 

allow the import of their records in the ISO-2709 format. Similarly, it is possible for 

MARC records to be downloaded from the Library of Congress OPAC and other library 

web sites.  

Since library automation software define their own structure for their catalogue database 

and at the same time provides the capability to import external records into their local 

structure, it is important to reiterate that the support to importing records from an external 

source also varies from software to software. What this means in practical terms is that 

not all fields from the external source get mapped into the internal structure. Each 

software decides for itself as to what fields, subfields of an international format such as 

MARC it will support (i.e., provide for explicitly in its local structure). The choice is 

made a priori and is usually based on the category of client library that the software is 

targeted to. For instance, if the software is targeted to school libraries, the level of support 

to importing MARC records will be far less than if the software is targeted to a 

University library. It is important therefore when choosing library automation software, 

to see the extent to which it actually supports the import of external records in standard 

formats such as MARC. 
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7.5 Subsystems of an automated cataloguing system 

An automated cataloguing system could be broken down into several subsystems based 

on the discrete but related functions that are required to be performed.  

A typical automated cataloguing system will have the following functional subsystems: 

 Search, retrieval and display  

 Cataloguing data entry including the possibility for copy cataloguing – that is 

the import of data in a standard format such as MARC-21 – and for 

modification of existing catalogue records 

 Verification and validation of entered data 

 Authority control 

 Printing and output production 

It is important to reiterate that although we talk of subsystems, these are tightly integrated 

so that data exchange can take place between different subsystems in a library automation 

software. Data exchange takes place in a seamless or transparent manner for instance 

between the cataloguing data entry and authority control subsystems. 

7.6 Typical features of subsystems of automated cataloguing system 

7.6.1 Search, retrieval and display 

The Search, retrieval and display subsystem provides the interface and functionality for 

library staff in searching the catalogue in the process of cataloguing an item.  The 

following functions or tasks should be facilitated by this subsystem. 

 Search of the local catalogue to identify if item being catalogued is already 

held by the library. In such a case the new item may be an additional copy. If 

this is the case, the new copy’s accession number is added to the existing 

holdings data. If the new item is a later edition of the item displayed, a new 

record is created and added to the online catalogue. In creating the new 

catalogue record for a later edition, the details of the item as found on the 

earlier record are copied to the data entry form so that the staff does not need 

to re-enter data that is common to the later edition. 

 The possibility to search the local catalogue from many access points. 

Typically, it should be possible to search by author names, title words or 
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phrases, corporate names, keywords, subject headings, ISBN, classification 

numbers. 

 Import of data from an authoritative cataloguing source such as the Library of 

Congress or a cooperative network such as OCLC. This is also called copy 

cataloguing and obviously reduces the time and cost to catalogue an item. 

Also, it ensures that the data imported for an item is accurate and complete 

because it has been imported from a source which ensures high quality 

cataloguing.  

 The possibility to search the local and/or an external authority file to ensure 

consistency in entering headings (e.g., author names, corporate body names). 

The figure below shows (figure 3)how an authority file is possible to be used 

during the search of the online catalogue. 

 

Figure 3: Search via the authority file 

7.6.2 Cataloguing data entry 
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Although the trend worldwide is to avoid original cataloguing and use wherever possible 

catalogue records from an authoritative external source, some amount of original 

cataloguing is inevitable. For instance, the cataloguing of the books or other documents 

that are authored and published within the organization, The Cataloguing Data Entry 

subsystem provides the means for creating original catalogue records that not only 

become part of the library’s catalogue but may also be contributed to a cooperative union 

catalogue, e.g., OCLC’s WorldCat database or a library networks’ union catalogue. 

Typically, this subsystem should support the following features and capabilities: 

 It should provide a form-based interface for interactive data entry. 

Importantly, non-redundant data entry should be possible, i.e., it should be 

possible for the cataloguer to select items from a popup list or authority file. 

Also, data that is already available by virtue of the acquisitions record that 

was created for the item being catalogued should get populated in the data 

entry forms that are displayed by the subsystem. 

 It should be possible for the cataloguer to create a new record from the copy 

of a related or existing record. 

 It should be possible for cataloguers to enter data as a MARC record for use 

of staff trained in using the MARC format. Alternatively, it should be possible 

for cataloguers to use a simpler template that does not call for expertise in 

MARC (see figure below). 

 It should be possible for cataloguers to import cataloguing data from an 

external source such as OCLC or other cooperative network (see Figure 

below). 

 The data entry forms provided should be the templates for records that are 

imported from an external source. Imported records, seen in the data entry 

forms, is edited, local fields (e.g., holdings, accession or barcode number, call 

number) are added and then saved to the catalogue database. 

 It should provide context-sensitive help for each data element in the data entry 

form, i.e., the user should be able to see online help and obtain instructions on 

how to fill-in the data in a particular field according to a standard cataloguing 

code, e.g., AACR-II. 
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 The forms provided for data entry by this subsystem should depend on the 

kind of document that is to be catalogued. 

 It should support data entry in scripts, other than in the Roman script, e.g., in 

Indian languages. Such a feature is available mostly in the high end software 

which targets large university and national libraries where there is need to 

describe monographs and other materials in many different languages, 

including for instance, ideographic languages such as Chinese and Japanese. 

Commonly, this feature is enabled by the software providing support to 

Unicode and by offering virtual keyboards which allow data entry in different 

languages.  The graphic below (Figure 4) shows a data entry screen with a 

superimposed virtual keyboard for input in Hindi, a non-Roman script 

languages. 

 

 

Figure 4: Virtual keyboard in Hindi 
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A typical data entry form for input (or editing) of cataloguing data using a simple 

template is shown below. 

 

Figure 5: Simple cataloguing data entry template 

Figure 5 shows a tabbed notebook with different pages of the notebook for the main 

entry, added entry, subject headings, etc. Notice also the possibility for invoking an 

appropriate authority file when doing data entry and for making attachments to catalogue 

records. Such attachments could be for full text  of the document being referred to by the 

record, or a URL of a web site providing the full text or abstracts. 

The graphic below (Figure 6), shows a MARC record template. Note that MARC tags, 

indicators and subfields are shown in the template. 
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Fig 6: MARC record template for cataloguing data entry 

       

      Given below is (Figure 7) a graphic of how a local subject authority file is invoked 

during catalogue data entry to aid in selection of one or more subject headings. The 

dialog box showing access to the authority file is superimposed on the data entry 

template shown above. As can be seen in the graphic, the cataloguer can search for 

subject terms and select those that he feels are appropriate to describe the subject of 

the book being catalogued. 
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Figure 7: Authority file use during data entry 

Given below is a typical dialog (Figure 8) for the import of an exchange formatted 

MARC record. The ISO file is seen in the upper window and brief details of the imported 

record are seen in the lower window.  
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Figure 8. Dialog for the import of MARC Exchange formatted record 

 

In large libraries with several cataloguers, it may be necessary for a junior cataloguer’s 

work to be vetted by a senior cataloguer before the catalogue record is committed to the 

database. It should be possible to configure the data entry module so that the junior 

cataloguer’s work is automatically submitted to a designated senior cataloguer who then 

edits it and then submits it for entry into the database.   

7.6.3 Verification and validation 

Control to this subsystem is automatically passed from the data entry module. In this 

subsystem, the structure of each type of record is automatically verified. For instance, if 

the record is for a monograph, the subsystem verifies if all the mandatory fields for such 
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a record have been filled-in. If this is not the case, the operator is alerted so that he can 

take corrective action.  Similarly, if there are repeatable fields in a record, the subsystem 

takes care to structure such fields into records with appropriate links to the main record if 

catalogue is a relational database. Similarly, this subsystem validates the internal 

consistency of the input record using defined rules for each type of record. For instance, 

if a conference record is being entered, the subsystem will check if the title of the 

conference, place and date of the conference are all filled-in. If one of these is missing an 

alert will be triggered. An imported record is validated against the vocabulary control 

device and other authority files in use within the library to ensure consistency. 

7.6.4 Authority control 

When a library uses its own authority files, this subsystem supports the creation, 

maintenance, and provision of access to different types of authority files, e.g., vocabulary 

control file, name and title authority files, series names. Ideally, access to local or 

external authority files should be possible directly from the cataloguer’s interface. For 

instance, if the cataloguer is entering personal name data in a cataloguing template, he 

should be able to browse through personal name authority file without leaving the data 

entry template to ensure that he is using the agreed form of the name being entered. 

Similarly, he should be able to connect to the Library of Congress authority files to 

search and retrieve names or subjects already in such files for use locally.  

7.6.5 Printing and output production 

 This subsystem provides the support services needed by the Technical Processing units 

of a library. Such services include the production of barcode labels and spine labels 

which are then stuck on the physical item. In some libraries, there may be need to print 5 

x 3 inch catalogue cards. This subsystem in some software will print catalogue cards 

formatted according to AACR-II rules.  

 

7.7 Retrospective conversion 

Retrospective conversion (or RECON for short from REtrospective CONversion) is about 

converting a library’s manual catalogue records to machine-readable form so that such 

records can be loaded into the catalogue database of the library automation software that 

the library chooses to use. When a library is automating its catalogue for the first time, as 
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indeed libraries in many developing countries would be, it is necessary for the library to 

consider several issues and prepare a plan to ensure good control over the retrospective 

conversion process.   

Most libraries in the west were concerned with RECON during the 1970’s and 1980’s 

when many first-time library automation projects were initiated. The process was greatly 

assisted by helpful factors that existed in these countries: 

 The availability of several records for post 1968 publications in the MARC-II 

format initially on magnetic tape, and in time, via downloads from 

cooperative networks such as WLN, RLIN, OCLC, and currently from several 

library web sites that permit the downloading of MARC formatted records. 

 The services of vendors who offered RECON services to libraries. 

Libraries in the developing world do not as yet have vendors who provide RECON 

services and therefore depend considerably on their own professional and contract staff 

for this work. In some cases, however, the vendor of the library automation system offers 

to convert machine-readable records in a current implementation (e.g., a CDS/ISIS 

database) to the structure of the catalogue database of the system being supplied.  In such 

an effort there is obviously no attempt to add value to the records, to remove 

inconsistencies, or to bring it in line with international standards such as MARC and/or 

AACR-II rules.  Further, not many libraries in developing countries are exposed to the 

MARC format and more often than not, do not follow this standard. Many libraries in the 

developing world have used the CDS/ISIS software to create a bibliographic database of 

their holdings of monographs and serials. In many cases libraries have used a native 

format for the capture of bibliographic data. In some cases Unesco’s CCF format 

(Common Communications Format) has been used to record bibliographic data of its 

holdings including records for serial articles. When a library using one or other of the 

above mentioned formats chooses to acquire a vendor-based library automation system, 

these records are imported into the vendor systems catalogue database using the import 

functionality provided by the vendor or through special programming if required. Even in 

such conversions, there is no significant effort to remove inconsistencies in the existing 

records, much less in adding value to these records. 

7.7.1 Issues in RECON 
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RECON is an expensive and time consuming operation and must therefore be done to a 

set plan and to meet well defined objectives. Some of the issues that must be considered 

in developing a plan for RECON are as follows: 

 How far back in time should the records be converted? The conversion of 

records for older publications may not be justified if there is evidence that 

these are not used enough. Circulation statistics will provide some leads as to 

the extent of use of such publications. Alternatively, the conversion of older 

records that are not used enough may be given second or third priority in the 

RECON project. 

 Should RECON be used as an opportunity to improve the quality of records in 

the catalogue?  The answer to this question will in all probability be in the 

affirmative. In fact the choice of the library automation software will depend 

considerably on the answer to this question.  

 Should RECON be used as an opportunity to change to another cataloguing 

and/or classification and subject heading standard?  

 Will the library, following automation, begin to use copy cataloguing rather 

than depend predominantly on original cataloguing? If the plan is to depend 

on copy cataloguing post-automation, then the library will do well to consider 

using the MARC format for its catalogue records and the AACR-II standard 

for descriptive cataloguing. The choice of the library automation software will 

also depend on this decision. The RECON plan will need to be predicated by 

the use of external sources of MARC records.  As already pointed out, the 

feasibility for libraries in the developing world aligning with a global standard 

such as MARC are today far more than even a decade ago because access to 

the web and to sources of MARC records on cooperative networks have 

become available. 

7.7.2 Options for converting records  

Libraries in the developing world do not have the luxury of vendor services for RECON 

like libraries in the west. Such services can theoretically be accessed via the Internet but 

it is unlikely that the majority of developing country libraries can afford such services.  
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Libraries in the developing world have largely used one or more of the following 

methods to capture records in machine-readable form for use with a library automation 

system: 

 The shelf list card is used to keyboard data into the catalogue data entry 

modules of the library automation software.   

 Records are created in an exchange format such as ISO-2709 which are then 

imported into the database of the library automation software 

 Information about the library’s holdings is recorded on manual worksheets 

using the services of junior staff or contract staff. The filled-in worksheets 

(together with the publication referred to) are first vetted by senior cataloguers 

who edit the information on the worksheet to ensure consistency and to 

correct mistakes. The corrected worksheets are then used by data entry 

operators as source for input to the catalogue data entry modules of the library 

automation system. 

None of the above methods enable the library to enhance the quality of their catalogue 

records as would have been possible through copy cataloguing using authoritative 

cataloguing sources. Seldom, if at all, have libraries in developing countries used copy 

cataloguing for retrospective conversion purposes partly because of poor access to 

sources of copy cataloguing and partly because most such libraries do not use the MARC 

format in their cataloguing work. The situation in respect of access to MARC records has 

changed since the late 1990s thanks to the better access to the Internet and the availability 

of many free sources of MARC records. A library that places high importance to 

enhancing the consistency, accuracy and quality of its catalogue records and the 

possibility of adding value to such records (e.g. through attachments to catalogue records 

and through linking with web content and full text of documents) will do well to utilize 

the MARC format as the standard for its RECON project. This decision is easier to 

implement today in developing countries that ever before thanks to the better connectivity 

to the Internet that has become available and also the availability of free MARC 

cataloguing data sources. 

 

7.8 The online public access catalogue (OPAC) 
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The usefulness of a library automation solution to the user depends a great deal on the 

functionality that the OPAC provides to him. Before the advent of the Internet, a library’s 

online catalogue was provided via the server of the organization’s local area network, i.e., 

the library automation software provided a customized search interface to the online 

catalogue mounted on the server of the LAN. Such a catalogue was called the library’s 

Online Public Access Catalogue (OPAC). Thanks to the availability of the Internet and 

Intranets worldwide, more and more libraries make their OPAC’s available on a local 

Intranet or on the web. The chief advantage of making the OPAC accessible on an 

Intranet or on the Internet is that the user need not use a custom-made interface to search 

the library’s catalogue; he uses the familiar internet browser. Whether access to an OPAC 

is via a LAN server or via the Internet, the OPAC should support the following search 

and retrieval capabilities. 

 It should be possible for end-users (i.e., students, faculty, others) of the 

catalogue to search it from many access points. Typically, it should be 

possible to search by author names, title words or phrases, corporate names, 

keywords, subject headings, ISBN, classification numbers. Further the OPAC 

should make it possible for the user to limit his search by publication type, 

year of publication, language, and location of item. Figure 9 is an example of 

the search functionality that an OPAC should provide. In the figure you can 

see a drop down of the searchable fields. 
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Figure 9: OPAC screen with search options 

 It should be possible to do simple, i.e., single key searches and advanced 

searches. In an advanced search it should be possible to use Boolean and 

range operators with search terms form more than one data field. The figure 

below shows a typical OPAC’s advanced search screen showing the possibility 

of combining search terms from more than one field and also using Boolean operators. 
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Advanced search in an OPAC 

 

 It should be possible for a user to do collateral searching, i.e., select terms 

from retrieved output, and click on these to make a new search. 

 It should be possible to set search limits, i.e., restrict the search to specified 

kinds of documents (e.g., theses), to publications between two years, to 

specified languages, etc. 

 It should be possible to use left, right and embedded truncations in search 

terms. 

 It should be possible for the retrieved items (or hits) to be displayed in more 

than one format, e.g., as brief records, full records, as a catalogue card, etc. 

Figure 10 shows the different display formats that are possible to be used in an 

OPAC. 
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Figure 10: OPAC display of records 

 

 It should be possible for libraries using an OPAC that is web-enabled to 

download cataloguing data in a standard format such as MARC in an 

interchange format such as ISO-2709. 

 Many users create their own personalized databases with data downloaded 

from one or more databases. These personalized databases are usually created 

with popular PC-based software, e.g., MS-Access. Some library automation 

software therefore provide the possibility to download retrieved records in a 

commonly used format such as a comma delimited format so that users can 

then download such records into their personalized databases.  

 The display of retrieved items should show the availability status of items, i.e., 

whether the item is on loan, on order, lost, under binding, etc. 

 It should be possible for a user to save his search terms and recall these at a 

later date. 
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 It should be possible for the user to download, save, or print retrieved data 

into his desktop in a format of his choice, and/or with fields that the user 

specifies for the download, save or print operation. Similarly, it should be 

possible for the user to selectively email those records that are of interest to 

his or another email ID. 

 In today’s context an OPAC must also provide access to digital content that 

may be associated with a bibliographic metadata record.  

7.8.1 Multiple roles of an OPAC 

Although the OPAC’s main purpose is to enable users to search a library’s online 

catalogue, we see today that it is expected to serve other purposes. The fact that the Web 

has so many resources that are useful to a library’s users, and the need to provide guided 

access to web-based resources, has encouraged libraries to act as portals via the OPAC. 

The OPAC interface has thus undergone a transformation from being just a search 

interface, to one that also allows the user to access other resources and services of the 

library (e.g., circulation services), and in some cases, access the library staff via e-mail 

and through online chat sessions. OPAC interfaces and functionality are still evolving 

and there is no doubt that we will see new features in vendor offerings in the years to 

come.  

Typical OPAC features are listed below, although not all OPACs necessarily provide all 

of such functionality/access/service options: 

 Allow users to make requests for the addition of new materials to the library. 

Also, users can, at any time, directly search for and view the status of books/items 

they would have recommended. That is, they can check the date the materials 

were ordered or if they have been received by the library. 

 Allow users to directly search the circulation records, typically to see what 

materials are still on loan against their name and when they are due for return to 

the library, to check the fines that are outstanding (if any), and to check the status 

of items placed on hold, including the position in a reservation queue. 

 Allow users to request an item on interlibrary loan, or request electronic delivery 

of a specific document/item. 

 Allow users to customize the output in order to have only selected fields. 
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  Not only retrieve metadata in response to a search, but also point to digital 

content (full text, images, sound, and video clips) and resources within and 

outside the library, e.g., on a web site. 

 Allow access to other databases, online or on CD-ROM, which may have been 

mounted on the library’s server or on the Web. 

 Allow access to free and paid electronic journals in various subjects. Access to the 

full text of journal articles may be controlled via a user ID and password, or 

restricted to IP addresses. 

 Allow users to send e-mails to library staff asking for reference help or advice on 

sources of information on specific topics. Some OPAC interfaces allow users to 

use chat software for interactive reference enquiries with a knowledgeable 

reference librarian. 

In addition to the above roles, some OPACs allow users to personalize their interaction 

with the library. Typically, users are asked to specify their preferences (e.g., the titles of 

journals that they regularly consult, the broad subjects of their interest, the full text 

reference sources they regularly consult). The software then uses the information to 

present a customized version of the library’s home page or OPAC for the users. Each 

time users log into the OPAC, they see the customized page somewhat in the fashion of 

generic portals like Yahoo! that allow their users to customize their page, which then 

becomes available when the user clicks the ‘My Yahoo!’ tab on Yahoo!’s home page.  

Information on the preferences of a user is also used to ‘push’ content that might be of 

interest to the user. For instance, when the library acquires a publication whose subject 

area would be of interest to specific users, the system sends an e-mail to those users (or 

flashes a message onscreen when they log-in), informing them about the new acquisition. 

 

7.9 Check your progress 

1. library automation software provides integrated access to machine-readable files of 

vocabulary control devices (True/ False) 

Ans:- True 

 

2. The currently used full form of OCLC is 
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(i) Ohio College Library Center (ii) Online Computer Library 

Center (iii) Online Catalogue of Library of Congress (iv) none of these. 

 

3. While using OPAC user need to have some understanding of inverted files and search 

strategies. (True/ False) 

Ans:- True 

 

4. Authority file is used in 

(i) periodical division (ii) classification and cataloguing division 

(iii) technical division (iv) referral service division. 

 

5. MARC records contain 

(i) Description of library materials (ii) Searchable headings (iii) Elements 

to organize collection (iv) List of index terms 

Codes: 

(A) (i), (ii), (iii) are correct (B) (ii), (iii), (iv) are correct (C) (iii), (iv), (i) are correct (D) 

(iv), (i), (ii) are correct 

 

7.10.Summary 

In this unit you have learnt the importance of the cataloguing function in a library and of 

the centrality of the catalogue record in a library automation system. Further, the reasons 

for automating the catalogue and the cataloguing function, the infrastructure required and 

desirable for an automated cataloguing system, the typical subsystems in an automated 

cataloguing system, with the functionalities that these subsystems should ideally provide, 

retrospective conversion, and the role, advantages and features of online public access 

catalogues (OPAC’s) have been introduced to you. 

 

7.11 Key terms 

Authority control :Authority control is the procedures by 

which consistency of form is maintained 

in the headings (names, uniform titles, 

series, and subjects) used in a library 
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catalog or file of bibliographic records, 

through the application of an authority 

file to new items as they are added to the 

collection 

Catalogue A list of all the books, videos, CDs, 

journals, maps, etc. held in the Library 

Database A database is an organised collection of 

information records. In the Library this 

includes indexing and abstracting 

databases, citation databases or databases 

of full text journal articles 

ISO 2709  ISO 2709 is International Standard for 

the exchange of bibliographic 

information 

MARC MARC is a acronym for Machine 

Readable Cataloguing which facilitates 

for exchange of Bibliographic data across 

machine. 

OPAC OPAC  is a acronym for Online Public 

Access Cataloguing  

RECON : is the Retrospective  Conversion of the 

holdings of the library  

 

7.12 Questions for self study 

1. Bring out the advantages of OPAC 

2. Enumerate the typical OPAC features 

3.  What do you mean by retrospective conversion? 

4.  Identify the issues that must be considered in developing a plan for RECON 

5. How data is structured in a catalogue database of an automated library software? 

6. Mention the functional subsystems of a typical automated cataloguing system  

7.  Describe the infrastructure and requirements of an automated Cataloguing system 

8. Discuss the importance of the cataloguing function and the centrality of the 

catalogue record in a library automation system. 

9. Highlight the reasons for automating the catalogue and the cataloguing function 

 

 

 

 

7.13. References  
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8.0 Objectives: 

On completing the study of this unit students should be able to: 

 Understand the role of acquisitions systems in general 

 Understand the reasons for automating the acquisitions function 

 Get to know the infrastructure required for an automated acquisitions system 

 Understand the subsystems of an automated acquisitions system and the 

functionalities of such subsystems. 

 Understand how an automated acquisitions system interfaces with other 

library automation subsystems 

8.1 The Role of Acquisitions:  
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The acquisition of books, serials, and now non-book materials such as CD-ROMs, 

microforms, video tapes, etc is an important activity of all kinds of libraries, big and 

small. The acquisitions function includes tasks that require human judgment as well as 

those that may be classified as clerical.  The character of the collection of a library is 

much dependent on the policies laid out for the acquisitions in the library and how 

effectively such a policy is in fact implemented. The definition and implementation of an 

acquisitions policy is very much the role of senior library management and professional 

staff who are in-charge of acquisitions. Automation of the acquisitions function can help 

only marginally in helping to build a sound acquisitions policy. However, automation can 

greatly improve a library’s efficiency in this important area of library housekeeping. 

8.2 Reasons for automating the acquisitions function 

In any acquisitions system, there is need to maintain several paper files, e.g., on-order 

file, file of requests received from library users, file of orders placed with different book 

sellers or vendors, vendor correspondence, file of currency conversion rates, etc. 

Considerable manual effort is needed to maintain such files and ensure that action 

needed, e.g., in sending reminders for unsupplied items is taken promptly. In manual 

systems, one finds that information is required to be stored redundantly. Searching for 

information in paper files can be time-consuming and inefficient of the valuable time of 

trained professionals. Automation can help reduce the drudgery and error-proneness of 

manual paper-based systems of maintaining files. 

The acquisitions system of a library requires that the data created during the acquisitions 

operations are shared with other subsystems, e.g., cataloguing, to improve the efficiency, 

of the other subsystems, minimize data redundancy and in ensuring consistency. 

Automation could greatly help in this. 

There is also need for overall efficiency in the different processes involved in the 

acquisitions function, viz., request verification, ordering, receiving and verification of 

orders, follow-up, cancellation, etc. Automation can help improve the efficiency of these 

operations by ensuring that they are done in a timely manner. 

An important rationale for automating the acquisitions function is the possibility for the 

preparation of useful management information reports, i.e., reports that would enable the 

senior and middle management of the library to take meaningful decisions in the interest 
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of the library. Such reports are possible to be prepared only if the data files used in 

acquisitions are up-to-date. Also, the preparation of such reports requires considerable 

data processing. This is better done in an automated system; manual systems are 

inevitably poor in data processing.  

Equally importantly, there is the constant need to search for status and related data 

concerning ordered material by library staff and users. In other words, library staff or 

users require searching the files of the acquisitions system to retrieve information and if 

necessary take follow-up action. For instance, when a user asks for information about the 

status of the order for a book he/she recommended, it is necessary to search the on-order 

file. Searching a manual on-order file can be time-consuming and sometimes may not 

produce any retrieval because the searcher’s request did not match the way the manual 

file is ordered. 

Good management of a function such as acquisitions requires that there is accuracy in all 

facets of the acquisitions process, e.g., more accurate and timely financial data recording, 

accounting and reporting. Automated systems are obviously better equipped to be more 

timely and accurate than manual systems. 

An important requirement in acquisitions management is effective and efficient     

handling of claims and cancellations and improved ability to track orders, receipts, 

invoices and claims. Automation can greatly improve such handling. 

Last but not the least, there is urgent need to relieve professionally qualified staff to 

concentrate more on the quality and content of acquisitions work rather than on the 

clerical chores and routines. In most manual systems, highly trained professional staff 

spends too much time on the clerical tasks. This does reduce the time available for them 

to concentrate on the qualitative aspects of acquisitions work. An automated system, by 

relegating the clerical chores to the machine, contributes greatly to relieving professional 

staff for work of an intellectual nature that could lead to improved quality in acquisitions.  

Several kinds of people are involved in the acquisitions process: library staff, users, 

vendors, approving authorities, and accountants. Considerable work is involved in 

moving information back and forth between these different groups of people. For 

instance, users make suggestions, these are then consolidated by librarians and sent to 

appropriate authorities for approval, which then are sent back to librarians, and then to 
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vendors. Automation can improve the efficiency and reduce the redundancies of the 

information and work flows involved is acquisitions work. 

 

 

 

8.3 Infrastructure for an automated acquisitions system 

By infrastructure here is meant the pre-requisites and support structures for an automated 

acquisitions system. These are as follows: 

• Access to external databases and sources of information 

– on CD ROM’s 

– via Internet, e.g., to publisher’s web sites 

– via online search systems, e.g., Dialog 

– via online library catalogues 

– via library networks, service providers, e.g., OCLC 

• Internal databases and files 

 

8.3.1 Access to external databases 

An important activity during acquisitions work is the bibliographical verification of data 

for books that are proposed to be acquired. The data that may be available to the library is 

usually provided by a user (or taken from a review or advertisement or blurb) and this 

may not always be adequate in making decisions about acquiring the publication. The 

bibliographical verification process entails not only verification and correction of data 

that is on hand but also the import of data that is not available, e.g., price data, ISBN. In 

manual systems such verification is done using a publisher’s catalogue or a reference tool 

such as the Books-in-Print. In an automated system, if the acquisitions module has access 

to an external database, e.g., Books-in-Print on CD-ROM or as a subscriber to the web 

site, http://www.booksinprint.com, the process of verification (including the import of 

data) could be automated. Such access therefore leads to fuller and more accurate records 

in the acquisitions files. This has implications also for the downstream processes in the 

http://www.booksinprint.com/
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library, e.g., cataloguing. Screen shots of the web pages from the Books-in-print web site 

are shown below. 

 

Fig 1 Display of details of a book searched for in the Books-in-Print web site 

 

Figure 1 shows the display of details of book searched for in the Books-in-Print web site. 

Figure 2 shows the dialog to download the selected record in different formats. 
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Fig 2 Dialog in the Books-in-Print web site to download details of selected record 

 

Depending on the nature of a library, it may need access to several different kinds of 

external databases. For instance, a special library that needs to acquire conference 

documents would need access to the web sites of professional bodies or to online 

databases provided by vendors such as Knight Riddley (formerly Dialog). Similarly, a 

library that needs to acquire Government publications would benefit from access to the 

online catalogues of national libraries, e.g., British Library, or the online catalogues of 

other libraries in a network.  Access to such catalogues nowadays is usually through via 

the worldwide web.  

Many libraries in the west are members of one or other library utility such as OCLC 

(Online Computer Library Center). OCLC is a cooperative network, i.e., in which several 

thousand libraries, worldwide, participate in contributing original cataloguing records. 

The OCLC database is the largest bibliographic database in the world with over 40 
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million records. Although OCLC’s database is ideally meant for shared cataloguing, its 

records could also be used by an automated acquisitions system. However, such access is 

only available to members of a library or consortium that subscribes to OCLC or similar 

utility. 

An important decision in acquisitions is also whether to acquire or depend on resource 

sharing arrangements in order to get access to a required publication. Such a decision 

may be needed, for instance when a publication is very expensive. If the same publication 

is already available with another library in the network and this is known, the library in 

question may decide to borrow the given publication instead of acquiring it for its own 

collection. Access to the union catalogues of library networks or to OCLC becomes 

invaluable in such decisions. 

8.3.2 Access to Internal databases 

As already mentioned, an acquisitions system requires access to several local files and 

databases. Some of these are an integral part of the acquisitions system and in fact are 

created within the acquisitions system. The following internal files and databases are 

typically needed by an acquisitions system: 

• Library’s online catalogue 

• User/Membership files. These are created as part of the circulation system. 

Access to these files is required in the Acquisitions subsystem, to enable 

dissemination of information about new accessions or to provide lists of 

suggestions for approval. 

• Currency and exchange rate files 

• Authority files 

• In process file 

• Order history file 

• Invoice data file 

• Financial data file 

• Vendor data file 
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In an automated acquisitions system, the above-mentioned files (except the online 

catalogue, Authority files and User/Membership files) are created and updated by the 

modules in the automated acquisitions system.  

 

8.4 Subsystems of an automated acquisitions system 

An automated acquisitions system could be broken down into several subsystems based 

on the discrete functions that are required to be performed. A typical automated 

acquisitions system will have the following functional subsystems: 

• Request Processing  

• Order data entry and updating 

• Order production and transmission  

• Received item processing 

• Accessioning   

• Received invoice processing 

• Claims  

• Cancellation 

• Physical preparation  

• Financial records, budgeting and reporting 

• Search and retrieval 

• Management information reporting 

It is important to reiterate that although we talk of subsystems, there is tight integration 

and data exchange that is constantly taking place between these subsystems in an 

integrated library automation system. For instance, when a new publication is added to 

the on order file, the financial records subsystem receives the data about the cost of the 

publication to be ordered and it then automatically updates the expenditure data. 

8.5 Typical features of subsystems. 

8.5.1 Request Processing 

Thanks to the fact that most organizations are networked, it is essential for a modern 

library automation system to take advantage of the connectivity that networks provide. 

Increasingly, the interactions between the user and the library are becoming computer-
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mediated. One area where connectivity and ease of communication that networks provide 

can be applied effectively is to provide facilities for the user to make requests and 

suggestions online, for the addition of publications to the library’s holdings. These 

requests are then attended to by library staff and subject to the availability of funds and 

approvals, the requests/suggestions are ordered.  

Typically, the Request Processing subsystem provides the possibility for users to login 

and fill out a form that gives the details of the publication being suggested for addition. 

They not only specify the bibliographical details but also provide information on the 

budget that may be debited, cost, etc. All such requests reside in a separate file accessible 

to the designated library staff, The staff then fill in the missing information, if any, sort 

the requests by budget or subject, eliminate duplicate requests, obtain approvals (either 

through conventional means or online) before the items are either ordered or rejected. In 

either case the user who made the request is informed of the action taken and the reason 

for rejection, if the item was not approved for acquisition.  Increasingly, communication 

between the library and users is via email. An example book suggestion form is shown in 

the graphic below: 
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Fig 3. Book Suggestion Form 

 

The Request Processing subsystem also supports the following functionalities: 

 Permits instant messaging and/or email so that users are informed, for instance 

when a publication suggested is already on order. 

 Permit the searching of the on order file and library catalogue to avoid 

duplication. 

 Permit the online submission of lists for approval before purchase orders can 

be placed 

 

 

8.5.2 Order data entry and updating 

When a library desires to acquire a publication, it is necessary that the data for the 

publication is entered (or imported) into its files. Further, the automated system should 
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support different modes of acquisition. Good acquisitions systems support the following 

modes of acquisitions: 1. firm orders, 2. on approval purchases, 3. on exchange 

acquisitions, 4. as solicited gifts, and 5. as standing orders.  

The order entry is usually accomplished by the system providing data entry forms into 

which the staff enter data. In doing so, the software ensures that the staff is provided 

online help wherever needed. Further, the software should ensure the possibility for the 

import of data from an external or internal file, e.g., online catalogue, the publisher’s web 

site, or an online library catalogue such as that of the Library of Congress. Very 

importantly; the software should provide lookup tables so that the staff simply selects the 

data from an entry in the lookup table. For instance, if it is required to enter the budget 

head to which the cost of a publication is to be debited, the software should allow 

selection of the budget head from a popup list of such heads rather than expecting the 

staff to enter it by hand. The underlying principle in any computer-based data entry 

system is that there should be minimal keyboarding of data during data entry. This 

improves efficiency and minimizes errors.  

The Order Data Entry and Updating module should also permit duplication checking 

when a new item is entered. This is checked against the on order file as well as the online 

catalogue. The checking to avoid unintended duplication is done automatically and the 

library staff is alerted to the fact that duplication may be taking place. The staff 

concerned has the option then to cancel the data entry of the item or override the alert and 

proceed with entering the data. 

In addition to permitting data entry, this subsystem normally has the capability to validate 

the data in some fields. For instance, it is possible to validate an input ISBN or ISSN 

since these fields have a calculated check digit  Some software also provide the means for 

ensuring that a budget is not over encumbered, i.e., that the total cost of orders against the 

budget are not more than the actual allocation. If this happens, the software alerts the data 

entry staff. A decision can then be taken to defer the purchase order for such a 

publication or to charge the cost to another budget head. 

In addition to primary data entry, there is also need at times to modify entered data. For 

instance if it is realized that there has been a spelling mistake in a particular record, the 

order data entry subsystem must provide the possibility to update the record in question.  
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8.5.3 Order Production and Transmission 

Once a decision has been taken to order one or more publications, it is obviously 

necessary that orders should be produced and transmitted to vendors, publishers, donors 

or exchange partners depending on the mode of acquisition for each of the items that are 

ready for acquisition. 

A good acquisitions system will support the following kinds of order production and 

transmission: 

• On-line production, i.e., as soon as the data for the order is entered  

• Batch production, i.e., orders are produced and transmitted periodically 

• Option to produce orders, sorted by vendor or as unit orders for each 

publication 

• Order transmission 

– Printed form 

– Electronic form. Many vendors now provide the possibility to transmit 

orders using the EDI standard. 

– via telecommunication, e.g., Fax 

This subsystem will also ensure that the on order files, financial records files are updated 

quite transparently to the user.  The figure below shows a typical firm purchase order 

process being performed. 
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8.5.4 Received Item Processing  

When an item ordered is received, it is important that all processes associated with 

receipts, e.g., invoice processing and payments are completed efficiently so that the item 

can then be sent for further processing in its run up to becoming available to users. The 

Received item processing subsystem ensures the efficient processing of received items. 

The receiving function requires firstly that the on order (or in process) record for the item 

that is being received should be retrieved. This is usually done by searching the on order 

file by order number, usually a unique number assigned by the user or generated by the 

software at the time of order placement. However, if the order number is not available 

then it should be possible for the record for the item being received to be retrieved by 

author or title of the item. Once the appropriate record is retrieved, the receiving function 

allows the staff to enter details of the invoice, copies supplied, cost price of the item, 

currency in which the cost is invoiced, etc. Once this is done, the module registers the 

fact that the item was received on that date, updates the financial records, creates a record 
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in the order history file, and then hands over control to the Received Invoice Processing 

subsystem. 

In a majority of the cases, the receiving function is straight forward, i.e., the item is 

received along with an invoice. However, there could be exceptions to the rule and the 

following conditions may arise. 

 The item is received but not an invoice for it 

 An invoice is received but not the item invoiced 

 An order is only partially supplied, e.g., only 3 volumes of a 5 volume set 

supplied 

 The item supplied is defective and has to be returned to the vendor. 

The Receiving Item Processing subsystem should be capable of handling the above-

mentioned exceptions. In addition, the subsystem should support the following: 

• Receive multiple volumes in a single transaction  

• record receipt of defective items 

• handle returns for defective items  

• handle receipts of gifts and exchanges  

• communicate with the user or users that requested the publication 

• Apply discounts 

• Convert foreign currencies 

• Distribute postage over items 

• Handle credit and advance payments 

• Handle adjustments, e.g., against advance payments 

A typical process to receive orders is shown in the figure below.  
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8.5.5 Accessioning 

The next logical step in the acquisitions process, after the item is received, is its 

accessioning. Accessioning entails the assignment, usually of a unique accession number 

to the item received, and recording of the details of the item, its source of supply, cost 

paid, budget debited, date of receipt, etc. Some automated systems allow the system to be 

configured either to produce the accession number automatically or to be manually 

assigned by the library staff. If the accession number assigned or generated for each item 

is unique, this can be used also as the barcode number of the item in circulation control. 

Since the details of the item have already been captured in earlier functions, the process 

of accessioning in an automated system is simply to add a new record with the accession 

number to an accessions file. However, this does introduce an element of redundancy 

since most of the details will again be captured in the catalogue record. One way of 

avoiding this redundancy is to add the details of cost, vendor, etc. to the catalogue record 
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instead of maintaining a separate file of accessions. In some libraries, however, audit and 

statutory requirements force the library to maintain a separate accession register. Because 

of this an automated acquisition system should allow the printing of the accession register 

(i.e., periodic updates, page-wise) to cater to such needs. It must be mentioned, however, 

that the practice of maintaining an Accessions Register as an auditable document has lost 

ground in most libraries in the West. 

8.5.6 Received invoice processing  

Control to this subsystem comes from the Received item processing and Accessioning 

subsystems. Here the user is allowed to enter the details of the invoice using as little 

keyboarding as needed. This subsystem should allow the recording of single title, 

multiple title and partial shipment invoices. An important output of this subsystem is a 

printed or electronic authorization for the payment of the invoice.  

8.5.7 Claims 

Producing claims for items that are overdue in a manual system is a very time consuming 

and painstaking task because it is not easy to sort the on order file by different keys, e.g., 

by date of order or by vendor. An automated system, on the other hand, can quickly 

locate records for orders that were placed on or before an input date, which are still 

unfulfilled and then produce claim letters for such items.  

This subsystem can be configured to produce claims automatically, e.g., at the beginning 

of each week or on demand. In the latter case, the user triggers the action to produce the 

claims. It is customary for the subsystem to produce claims for manual review and 

release. However, the subsystem should support the following types of claims: 

• Claims by title, copy or source 

• Claims by vendor or publisher 

• Claim late or missing invoice  

8.5.8 Cancellation 

As the name suggests, this subsystem provides the needed functionality to cancel orders 

that are unfulfilled. The option to cancel an order is usually triggered by the user. 

Cancellation may sometimes be needed to be followed by reordering and this should also 

be taken care of by this subsystem. The subsystem should support the following 

functions: 
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• Cancellation of entire orders. In this event, budgets that were encumbered at 

the time of ordering are disencumbered and balances recalculated. 

• Cancellation of parts of orders  

• Re-issue of orders without re-entering order data 

• Handling the receipt of items after cancellation of order 

• Generation of cancellation notices for review and release   

8.5.9 Physical preparation  

Once an item has been received and accessioned, a certain amount of physical 

preparation is needed before it is passed on to the Technical Processing Unit where it is 

classified and catalogued. The chief physical processes that are done are the production 

of barcode labels and accession number labels which are then physically pasted on the 

item. Normally, as soon as the item is accessioned, control passes to this subsystem and 

the required labels are prepared on self-sticking stationery, which are then simply pasted 

on the item. In addition, where necessary, the software should allow on demand 

production of labels for any given item in the library’s collection. 

8.5.10 Financial records, budgeting and reporting 

An important requirement in any acquisitions system is the management of allocated 

budgets and the preparation of financial statements and reports. The allocation of funds to 

different budget heads is done at the beginning of each financial year but could be 

reallocated at any time during the year. An automated acquisitions system should ensure 

that the system maintains records of allocation of funds by kind of publication, budget 

head (e.g., department or subject). 

It should also possible to view the records of allocation of funds by:  

– Ordering unit 

– Fund account  

– Funding source, e.g., UGC, Text book budget 

This subsystem must also provide the means to produce needed routine reports, e.g., 

expenditure and balance statements, by budget head, funding source or publication type. 

In addition, this module should provide management information reports such as a Fund 

Activity Report. Such a report shows how a particular fund (or budget head) has utilized 
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the allocation of funds during a period of time. Such a report is useful in alerting the 

department that is responsible for using the allocation in case it has not been using it 

adequately enough or if it is overusing the funds. Such a report is useful also in 

determining if there is a need for a mid-year reallocation of funds. 

Typically the subsystem should support the following functionalities: 

– Creation of  funds 

– Closing of funds 

– Modifying fund records, and  

It should permit inter-fund transfers of: 

– Encumbrances 

– Cash balance amounts  

8.5.11 Search and retrieval 

During the day to day work of an acquisitions unit, there is need to search the different 

files of the acquisitions system to retrieve information. For example, when a user wants 

to know the status of the order for a book that he made a request sometime ago, it is 

necessary for the staff to search the on order file to see when the item in question was 

ordered, if there are any reports from the vendor regarding its supply, etc. Another 

example: when a vendor writes back to say that an order placed with him cannot be 

supplied because of some reasons, it becomes necessary to retrieve the record and make 

the necessary modifications to it to reflect the vendor’s inability to supply the item.  

The Search and Retrieval subsystem within the acquisitions module is an important 

subsystem as it allows the staff to access the different files of the acquisitions subsystem 

for various purposes. A typical Search and Retrieval subsystem will provide the 

capabilities to search the acquisitions system’s files by author, title words, purchase order 

number, vendor, budget head, requester, date ordered, date received. 

8.5.12 Management information reporting 

Automation should not only improve efficiency of operations, it should also facilitate 

effective decision making. This it does by producing timely reports which then become 

the basis for decisions. It should be possible for the system to produce routine reports. At 

the same time, the system should permit the production of ad-hoc reports, i.e., where the 

user defines parameters to use in building a report. Ideally, the reporting function should 
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permit graphical outputs apart from the tabular or textual ones. Some of the routine 

reports that the acquisitions module should be able to produce are: 

 Financial statements giving expenditures and balances available in different 

budget heads at any point of time. 

 Fund activity reports. This kind of report shows how different funds have 

been able to utilize funds put at their disposal over a period of time.  

 Expenditures incurred by subject, discipline, kind of material or departmental 

acquisitions. 

 Vendor performance reports. This kind of report shows how effective the 

service of a vendor has been. For instance, the report can show the supplies 

that the vendor has been able to make within different time intervals, 1 to 15 

days, 16-31 days, etc., and the ratio of the number of books supplied to the 

number ordered in a given period of time.  

It is not unusual for library automation software to have a Report Writer as an integral 

part of the software. The Report Writer provides the interface and tools for library 

managers to define and create ad-hoc reports. 

8.6 Interface with other library automation subsystems 

We have already seen that library automation software is of two types: 1; Standalone 

systems, i.e., where only one function is automated, e.g., serials control or circulation, 

and 2. Integrated systems, i.e., one in which all the different functions are part of the 

automation system. The former type of system is obviously of limited value as compared 

to an integrated system.  

An integrated system implicitly recognizes that each of the library automation 

subsystems is closely related to the other subsystems. In an integrated system, each of the 

functional areas, e.g., an acquisitions subsystem needs to provide interfaces to other 

subsystems, e.g., cataloguing. By an interface, we mean the possibility to query each 

other’s files, exchange data and utilize common resources in a seamless and transparent 

manner with minimal or in some cases without any user intervention.  

The acquisitions subsystem in integrated library automation software should have 

interfaces to the following subsystems: 
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• Cataloguing system 

– Must permit searching of the catalogue and downloading of catalogue 

data into acquisitions system’s files 

• OPAC 

– Must allow users to query acquisitions files via the OPAC 

• Circulation system 

– Access to circulation statistics and interlibrary loan records in helping 

with decisions to add more copies of a publication. 

8.7 Check your progress 

 

1. OCLC Project, MARC Project are the examples of : 

(A) Co-operative storage of materials 

(B) Co-operative Acquisition of materials 

(C) Co-operative processing of materials 

(D) Co-operative sharing of materials 

 

2. Arrange the following according to the work flow: 

(a)Dissemination, Selection, Processing, Acquisition (b) 

Selection, Processing, Acquisition, Dissemination (c) Selection, 

Acquisition, Processing, Dissemination (d) Processing, 

Acquisition, Dissemination, Selection 

 

3. ‘Three cards system’ is used for 

(i) cataloguing of books (ii) acquisition and control of periodicals 

(iii) shelf list iv) circulation of books. 

 

4. Acquisition work in a library comprises three distinct functions 

selection, procurement and 

(i) computerisation (ii) accessioning (iii) issue (iv) return. 
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5. For acquisition of 6000 books in a library in a year, Dr. S. R. 

Ranganathan in his staff formula has recommended 

(i) two professional staff (ii) three professional staff (iii) four 

professional staff (iv) one professional staff. 

 

8.8 Summary 

In this unit, you have learnt the role of acquisitions systems in general, the reasons for 

automating the acquisitions function, the infrastructure required for an automated 

acquisitions system, the subsystems of an automated acquisitions system.  And the 

functionalities of such subsystems have been discussed at length. You have also learnt 

how an automated acquisitions system interfaces with other library automation 

subsystems. 

 

8.9 Glossary 

Acquisitions Acquisitions is  the process of selecting 

books and procuring periodicals by 

purchase, exchange or gift. The acquisitions 

process involves processing invoices 

(transactions) for payment, and maintaining 

records 

Exchange Rate Exchange rate is the rate at which one 

currency can be exchanged for another at a 

given date or over a given period of time 

Invoice Invoice  is a list of goods or services sent to 

a purchaser showing information including 

prices, quantities and shipping charges for 

payment 

Purchase Order Any order, request, demand for library 

material regardless of mode of acquisition. 

For ordered items, the purchase order 

handles the commitment of funds that are 

earmarked and set aside to pay for an item 

once it is received. 

 

 

8.10. Questions for self study 

1. Describe the role that automation can play in a library’s acquisitions. 
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2. Enumerate the reasons for automating acquisitions system 

3. Identify the prerequisites and support services required of an acquisitions system 

4. Mention the various internal files and databases are typically needed by an 

acquisitions system. 

5. Indicate the functional subsystems of a typical automated acquisitions system 

6.  What is an integrated system? 

7. List out the subsystems with which an acquisitions subsystem in integrated library 

automation software should have interfaces with? 
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Block – 3 : Study of Library Automation Packages 

 

Block Introduction 
 There are several market designed software packages available exclusively 

support house keeping functions such as acquisition, cataloguing, serials controls, 

circulation control, stock verification, management information communication, e.g., E-

mail and OPAC facilities you are given an exclusive Block under course 9: application of 

IT in Libraries on Computerized Development System/ Integrated Set of Information 

System popularly known as CDS/ISIS developed by UNESCO. You will receive 

practical exposure with and hands-on thanking to create data bases using CDS/ISIS. As 

said earlier, Unit 8 in this Block will give you information about some other 

commercially available library application software packages in order to help you 

understand the main features, capabilities and their specialities. It is upto you to choose 

appropriate software packages suitable to your library or information system where you 

work. Features of LibSys, SOUL, SLIM, New GenLib, and EasyLib and their operational 

environments and special modules available with them are explained in this unit. You 

will be given adequate training on the use of open source software especially, Koha 

which is available free and can be downloaded for use in the library during the practical 

sessions under course 9.  

 

 Open source software developments can be said to have initiated the idea of 

copyleft, whereby software is made freely available on the condition that it and 

developments of it also are made freely available. Unit 9 of this Block focuses on open 

source software which can be developed by any one with an Interest in doing so, 

provided they make their development available to the community (hence ‘open source’).  

Perhaps the best known product of this effort is Linex, the Unix based operating system 

that underlies most of the servers on the web today.  Although there are some drawbacks 

and benefits, the open source route is both philosophically and practically more in 

keeping with the traditions and needs of the information profession. This unit brings forth 

many open source soft ware to you. 



 

 Benchmarking is the most critical, confusing and contradictory exercise. The 

ultimate aim is to ascertain whether the resources (men, money and material) and the 

services rendered by an information centre/organization meet the optimum level of 

standards. The Unit 10 deals with the concept, purpose, uses, processes and the criteria 

for benchmarking in an automated library system.  
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9.0. OBJECTIVES  
 

Block 3 of this course has given you an understanding of the library automation and its packages. 

The objectives of this unit are to: 

 Understand the concept of library automation 

 Know the need of library automation 

 Study the areas of library automation 

 Highlight the characteristic features of the various library automation packages 

  

9.1. INTRODUCTION 
 Library automation refers to the use of computers to serve the needs of library users. The 

operations of a library get a quantum jump with the introductions of computers. The computers 

help to provide fast and reliable access to the resources available in the library as well as 

elsewhere. The application of computers in the library operations avoids repetitive jobs and saves 

lot of labour, time, speeds up operations, increases use of library resources. Computers are not 

only used as a tool for processing the data, but also for data storage and accessing.  

 

 Planning for an automated system, no matter how big or small, should be part of an 

overall long-range plan for the library. Automation should always be used as a means to achieve 

overall better patron service. Careful planning for technology will assure that your automation 

project is "sustainable", i.e. enhances the organization's ability to meet its service mission 

without disrupting the organizational stability of the institution.  

 

The present scenario of library worldwide is 

 

o Vastly expanded storage of indexes, statistical data bases, and document databases within 

the library;  

o full-text storage of documents, complete with full-text keyword searching and on-demand 

printing;  

o Access by users to library databases from home or office, with direct downloading of 

information and text on demand;  
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o The ability to access remote databases across the country and the world, and to download 

information and text on demand;  

o Storage of pictorial and graphic material; and,  

o Availability of "intelligent systems" providing transparent, one-step searching and access 

to various library in-house and remote databases.  

 

 

9.2. WHAT IS LIBRARY AUTOMATION? 

 Since the advent of the term automation in 1936 by Mr. Harder, plethora of definitions 

are found in library literature. Harder defined the term automation as ‘the automatic handling of 

parts between progressive production processes’. 

 Encyclopedia of Library and Information science defines library automation as ‘the use 

of automatic and semiautomatic data processing machines to perform such traditional library 

activities as acquisitions, cataloging, and circulation. Although these activities are not necessarily 

performed in traditional ways, the activities themselves are those traditionally associated with 

libraries; library automation may thus be distinguished from related fields such as information 

retrieval, automatic indexing and abstracting, and automatic textual analysis.  

 A library automation system is a computer system designed to automate tasks in a library.   

Library automation succeeds through the work performed by hardware, software, and people.  

 Traditional library work consisting of acquisitions, technical processing, serials control, 

circulation and reference services all entail time consuming manual work. Though these 

activities are essential to proper functioning of a library, they consume professional staff time 

that might otherwise go towards user services and library development. Library computerization 

is now gaining importance necessitating the establishment of profession-wide standards. 

Comprehensive studies of library computer systems world over include discussions of machine-

managed acquisitions, cataloguing, serials control, circulation and bibliographic service modules. 

The literature in this area highlights major aspects of computer’s role in the library environment. 

Similar to several aspects of library management, the demand for more and faster information 

services and the decline in library resources are compelling librarians to appreciate the role of 

http://en.wikipedia.org/wiki/Automate
http://en.wikipedia.org/wiki/Library
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computers within their operations. In general, librarians are looking to maximize the benefits of 

automation by spreading computer use to as many aspects of library activities as possible by 

taking advantage of developments in computer hardware and software and telecommunications. 

 

9.3.  NEED FOR LIBRARY AUTOMATION 
 

 Even though this question seems to be very fundamental it is essential to emphasize this 

aspect, as the library automation is yet to take off in majority of the Indian libraries. Secondly, 

while justifying need for library automation more than cost-effectiveness the benefits derived by 

the library users become the major consideration. To appreciate the advantages it becomes 

necessary to highlight the different levels of library automation.  

 

Following are considered as important factors for Library Automation 

o Information explosion 

o Increase in the collection of libraries 

o Inability of users to explore the unlimited literature and information of their interest 

o Advances in the computer and communication technology 

o Wastage of user / staff time in locating the information 

o Provide wide access to resources within the libraries and elsewhere 

o Better access 

 

9.4.  AREAS OF LIBRARY AUTOMATION 
 

 As a first step in a planning process, it is desirable to formulate a model for 

computerization listing all itemized and prioritized information systems being maintained on a 

manual basis by the library. For this exercise it is necessary to break down these procedures into 

their constituent parts. When further subdividing these activities, each item is to be considered of 

its functional elements. The systems and subsystems listed below are only indicative and may 

vary with differing library system environments. These are: 

Acquisitions 

 Selection  

 Ordering  

 Claiming/cancellation  
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 Receiving/invoice processing  

 Extended procurements  

 gift tracking  

 Fund Control 

 Maintains information about all library related funds  

 Ability to group funds (nesting)  

 Track fund allocations and adjustments  

 Fund encumbrance  

 Fund expenditure  

 Cash Balance  

 Free Balance  

 Automatic updating of fiscal information through recording of specific transactions  

 Track year-to-date expenditures  

 Create Purchase Orders  

 

Technical Services 

 Books 

 Serials 

 Special Collections 

 

Cataloguing 

 Books 

 Serials 

 Special Collections 

 

Circulation 

 Charge/Renewal  

 Discharge  

 Loan Periods  

 Processing schedules  

 Holds  

 Messages  

 Blocks  

 Notices  

 Transaction Recording Devices for off-line processing  

 Member control  

 Inventory Control  

Serials Control 

 Receipt (check-in)  

 Claiming  
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 Bindery control  

 Replacements  

 Monographic serials  

 Invoice processing 

 

Reference Services 

 Desk services i.e. retrospective search, comprehensive search, selective search, state-

of-the art search, SDI search, ready-reference search, and patent search.  

 User tools 

 Bibliographic utilization 

 Reprography 

 Inter-library communications 

 General Administration 

 Grants Administration 

 Library Publications 

 Bindery 

 Periodical Citation Searching 

 

OPAC 

 Bibliographic Database 

9.5 COMMERCIAL LIBRARY AUTOMATION SOFTWARE’S 

 There are hundreds of library software packages available in the market. The rapid 

advancement and decrease of cost of technology have made it possible to develop commercial 

and open source software without much effort and delay. Here we are provided some of the 

commercially available library software and their salient features. 

 

Silent features of selected Library Software’s 

 LibSys 

 NewGenLib 

 SLIM ++ (System for Library Information and Management)  

 SOUL (Software for University Libraries)  

 EasyLib 
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9.5.1 LibSys:  
 

 LibSys for library automation" is the prime mission of New Delhi based software 

company - Info-Tek Consultants Pvt. Ltd., engaged in providing software solutions for General 

Insurance and ERP/CRM since 1984. Its continuous growth for the last 12 years has made 

LibSys a defacto standard for libraries in India. Its acceptance in global market further 

strengthens its popularity across the country as the most field proven library system in a wide 

spectrum of libraries with unmatchable depth in functionality and features. 

 

 Since its inception and its continuous transition from a host multi-user system to Client-

Server implementation and finally a total web-based solution, makes LibSys an advanced 

multidimensional library system. A powerful and user friendly Web-OPAC along with Windows 

based OPAC, makes it an outstanding choice for a Library system. 

 

LibSys: Library Functional Module  

 

LibSys has the following Functional Modules  

   

 Streamlined Acquisition 

 Catalog Power 

 Circulation Ease 

 Serials Control 

 Comprehensive Reports 

 Ease of Searching 

 User-friendly Interface 

     

Its advanced programming features guarantee maximum productivity, ease of use, security, 

optimum functionality, and top performance.  

 

Silent Feature of LibSys Software 

 Client-Server model with options for server and client 

 Multi-lingual support for Indian and International languages/scripts using Unicode  

 A Web enabled option using JSP 

 User-friendly Windows GUI 

 Z39.50 compliance (Both search engine and LibSys Clients) facilitating  Co-operative 

Cataloguing 
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 Web OPAC 

 Conformance to international standards (MARC 21, UKMARC, UNIMARC, CCF) 

 Incorporates state-of-the-art technologies (Barcode, Smart Card, RFID) 

 Support for Electronic Resources 

 Multi-media files (TIFF, GIF, JPEG, Wave, Midi, etc.) 

 PDF file 

 Convert existing database to LibSys, Like CDS/ISIS, Text Files, MARC can be easily 

converted to LibSys. LibSys provides programming support to convert user specific 

formats including from ORACLE database 

 Extensive training program  

  

 

9.5.2 SOUL (Software for University Libraries) 

 SOUL, software for university library is developed by INFLIBNET (Information Library 

Network) Ahamedabad.SOUL is primarily designed for the University libraries to provide state-

of-art library services, but over the years it has been using in different libraries as well. 

INFLIBNET puts it like “ Although looking at the name of the software, one may think that it is 

meant for university libraries only, but in fact it is flexible enough to be used for automating any 

type or size of library. 

 University libraries are complex entities, having large collections and serving a huge 

clientele. To carry out various operations in a library effectively, there is a need for automation. 

Computer and communication Technologies have brought revolutionary changes in the 

information acquisition, processing, storage, retrieval and dissemination. Keeping in view the 

latest trends in Information Technology. INFLIBNET Center has developed a Windows based 

Library Management Software "SOUL", which provides total solution for Library Automation. 

SOUL is designed using Client-Server Architecture which imparts extra strength to storage 

capacity, multiple access to single database, various levels of security, back up and storage 

facilities etc. This software has been designed after a comprehensive study of different library 

related functions practiced in university libraries. It has MS-SQL Server 7.0 or higher as the back 

end. This user-friendly software is quite easy to work with. SOUL handles Indian 

languages/scripts using ISM Publisher of C-DAC. There is an effort is going on to develop a new 

version of software based on MARC 21 and Unicode standards and RFID protocols for 

electronic surveillance.  
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System Requirement  

Hardware configuration for a library to implement SOUL software. 

Network Version 

The software can work with minimum hardware and software configuration given below, 

however higher or latest configuration may be purchased to have efficiency of the software. 

      System for Server 

 Pentium @933 MHz with 128 MB RAM  

 40 GB HDD  

 48 x CD-ROM Drive  

 1.44" MB Floppy Drive  

 Colour Monitor (SVGA)  

 Ethernet card 10 / 100 Mbps  

 Windows-NT / Windows 2000 server (Operating System)  

 MS-SQL Server 7.0 / Advance server 2000 (RDBMS)  

 Personal Web Server or Windows NT IIS with option pack 4.0 installed OR 

Windows 2000 as server for Web OPAC  

      System for Client 

 Pentium @933 MHz with 64 MB RAM  

 2GB HDD with 10 MB Free space  

 1.44" MB Floppy Drive  

 Colour Monitor (SVGA)  

 Ethernet card 10 / 100 Mbps  

 Windows-95/ 98/ 2000/ XP/ NT (Operating System)  

The software comprises following modules 

 Acquisition 

 Catalogue  

 Circulation  

 OPAC  

 Serial Control  

 Administration  
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Acquisitions 

The Acquisition module enables library staff to handle the following major functions related to 

acquisition of library material. 

 Suggestions management.  

 Ordering, cancellation and reminders.  

 Receiving.  

 Payment including fund control.  

 Master file management such as currency, budget, vendors, publishers etc.  

Through this module library staff can search the entire database of library holdings for the 

purpose of duplicate checking etc. Using various combinations, number of reports could be 

generated. 

 

Catalogue 

 This module is used for retrospective conversion of books, technical processing of books 

received from Acquisition Section, printing a range of records for verification, searching by title 

and accession numbers, authority files for publishers etc. One of the unique features of SOUL is 

accessing to authority files on screen as well as selection box in various fields of records. Once 

the proposed VSAT Network by INFLIBNET is commissioned this module will take care of 

automatic replication of data into union catalogue. This will avoid exchange of library data on 

physical media i.e. floppy, tape etc. This module covers following functions. 

 Cataloguing Process.  

 Catalogue Search.  

 User Services.  

 Catalogue card generation.  

 Authority file maintenance.  

 Retro conversion.  

 Stock verification.  

 Report Generation.  

 Union database maintenance (local level).  

 Export/Import of records.  
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Circulation 

 This module will take care of all possible functions deal in a university library setup. 

Starting from membership management, maintenance of status of library items can be handled 

using SOUL. The circulation transactions viz. issue, return, renewal, reserve, recall, hold can be 

successfully done. The complex functions like fine management for each category of user and 

material-wise can also be effectively managed. Inter library loan, searching the status of every 

member or library item is possible. Reminders for overdue material, generation of various 

reports have also been covered. 

 Membership  

 Transaction  

 Inter-Library Loan  

 Over due Charges  

 Reminder  

 Search Status  

 Report Generation  

 Maintanance - Lost, Binding, Damaged, Missing, Withdrawal, Reports  

 

OPAC (On-line Public Access Catalogue)  

 The On-line Public Access Catalogue (OPAC) of SOUL is a window to the library 

collection. Using the user-friendly menus, user can search for an item available in the library by 

author, title, corporate author, conference name, subject descriptors, class number etc. The 

Boolean search enables the user to conduct the search using all combinations including type of 

material, language, year etc. Besides, this will serve as first point of information about the library 

and also gateway for accessing INTERNET, union databases, or any other external sources. Web 

OPAC facility is also there. 

 Books/Theses  

 Serials  

 Member Status  

 Other Resources  

 INFLIBNET Access  
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Serial Control 

 The complex job of keeping track of serials can easily and effectively be handled using 

SOUL through its Serial Control module. This module broadly handles following functions. 

 Suggestions.  

 Subscription (renewal and new subscription).  

 Payment including fund control etc.  

 Check in of issues including prediction of issues arrival.  

 Reminder generation.  

 Binding management.  

 Search status of every item.  

 Master database management.  

 Reports generation etc.  

Administration 

 User administration facility in this module is used for creating new users and giving them 

right for accessing different modules. 

Benefits of using SOUL  

 Available at nominal cost to university libraries.  

 Software designed and developed exclusively to work under university environment.  

 Network feature of the software will allow multiple libraries of university to function 

together.  

 Exhaustive training at INFLIBNET supported by comprehensive manual.  

 On-site training.  

 Free updation/modification.  

 Free technical assistance.  

 

Standards supported by SOUL Software 

 SOUL is state of the art library management software widely used across India and 

neighboring countries. SOUL adheres to internationally acceptable standards like AACR-2, 

CCF, MARC 21 and ISO 2709. Adoption of Standards in SOUL makes user's database globally 

acceptable and interchangeabl. 
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Features of SOUL Software  

   

 Windows and RDBMS based, works on Client-Server architecture and allows scalability  

 Well-designed screens, logically arranged functions make the software user friendly  

 Software is available in Network and College version at affordable cost  

 Installed in more than 550 institute/university libraries in India  

 Specially designed for very large academic libraries, which have to handle huge number 

of records but even small libraries can use productively  

 Supports internationally known standards such as MARC 21,CCF, AACR2 and data 

export/import in ISO 2709 (MARC/ CCF)  

 In-built Barcode label generation facility for books and members  

 Provision of printing of accession register, catalog cards & many other reports  

 OPAC is very versatile and very user-friendly with all options in-built  

 Web-OPAC can be accessible by using any internet browsers and provision of online 

request proposal for acquisition of books  

 Provision of integration of electronic resources available on internet through OPAC  

 Stock verification is also possible  

 Provides facility to create, view and print records in regional languages  

 Efforts are made to integrate digital libraries with SOUL Software  

 Planning to bring out UNICODE and SOUL software on Linux in new version  

 Regional SOUL service centers for coordination of installation and technical support  

 INFLIBNET conducts SOUL training programme regularly and supports online help 

facility  

 

9.5.3 SLIM++ (System for Library information management) 

 SLIM++ is integrated, multi-user, multi-tasking library information software for the 

Windows environments, developed by Algorhythms, Pune based software Company and 

marketed by Informatics India Limited, Bangalore. 

 

 SLIM++ helps you catalogue books, films, sound recordings, drawings, clippings, 

articles, reports, letters, pamphlets, serials publications... all those things that contain information 

so vital to your organization. SLIM++ cataloguing adheres to popular international standards. 

This means you can exchange data with the world. Retrieval of the data is simple, fast and 

efficient. Even a catchy phrase in the description of the catalogued item can be used for 

searching. 
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 SLIM++ is designed and developed in modules to take care of complete functionality 

required for automating libraries. You can configure SLIM++ software for your library by 

selecting one or more of these standard and add-on modules. These modules exhibit features that 

make SLIM++ a top class software.SLIM++ modules work on the same data from different 

nodes of a network. They can be installed independent of each other on different desktops. 

SLIM++ works just as well on a stand-alone machine as it does in a network of Computers. 

Moreover, your library can be browsed through the Internet / intranet with SLIM++. 

 

 

Modules of SLIM ++ 

 Cataloguing  

 Circulation  

 Serials Control  

 Acquisition  

 OPAC  

 Web based OPAC  

 Current Awareness Service (CAS)  

 Selective Dissemination Information (SDI)  

 Web Proposals  

 ILL  

 Statistical Analysis  

  

Cataloguing 

 SLIM++ Cataloguing is based on AACR2 (Anglo American Cataloguing Rules, 1988). 

Catalogue any type of material: Books, Micro-documents, Slides, Maps, Audio / video cassettes, 

Drawings, Films, Texts, Clippings, Serial publications and Descriptions of AACR2 areas / 

subareas / other categories are available on-line. MARC fixed fields are provided. Data entry for 

a card is entirely menu driven. Rules of punctuation are programmed to give consistent and 

accurate cards. The cards are available in the standard 5" x 3" size. Analytical entries, 'See', 'See 

also' references and multiple catalogues are available. Unlimited number of added entries (access 

points) per card are allowed such as title, uniform title, multiple keywords, place of conference, 

etc. Any subject classification system such as UDC, DD, or CC is permissible. 

Apart from this SLIM++ Provides following features with cataloguing modules 
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 Authority control on author / publisher name / keyword  

 Accession details of items  

 Cardex for bound volumes of journals  

 Micro-document cataloguing (article indexing)  

 Bibliographic details of serials  

 Accession register  

 Catalogues and labels printing  

Circulation 

SLIM++ Circulation system is based on lending rules that you can define and change. It covers: 

 Member information / registration card  

 Subjects of interest for members (SDI) 

 Loans and reservations data retrieval by borrower identification  

Front desk operations 

 Issues, returns, reissues  

 Reservations / cancellations  

 Bulk transactions for a borrower  

 Backdated transaction  

Other Features 

 Inventory / circulation status  

 Physical stock verification  

 Binding (issues / receipts)  

 Shelf list  

 Calendar master for maintaining institute / library holidays  

 Deferred reservations to ensure availability of an item on shelf at a specified future date  

 Transaction logging  

 Rules based computation of fines for overdue items  

 Tracking fines and fees due  

 Prioritized reservation queues  

 Inter library loan monitoring system  

Letters Generation 

 Collect reserved item  

 Overdue loans notice  
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 No dues certificate  

 Membership renewal reminder  

 Recall a book in circulation  

 SDI (selective dissemination of information)  

 

Serials Control 

SLIM++ serials control system helps achieve an effective utilization of periodicals budget. It 

allows for tracking receipts of issues, filing claims for issues not received, preparing binding 

orders, etc. It includes:  

 Publisher / agent  

 Periodicity  

 Delivery mode  

 Subject  

 Gratis / exchange  

 Addresses for communication  

 Subscription order  

 Subscription payment details  

 Issue details  such as 

 Cardex for loose issues  

 Issues arrived  

 Issues not received  

 Missing / damaged issues  

 Duplicate issues  

 Issues in bindery  

 Issues borrowed 

 

 Publisher details 

 Agent details 

 Journal cataloguing as per AACR2 

 Separate list for journals on   proposals 

 Renewal of subscription 

 Reminders / replacements for issues 

 Binding order 

 Request / acknowledgment for gift / exchange 

 Payment forwarding note 
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Acquisition 
 

SLIM++ Acquisition system supports the entire range of activities from the time someone makes 

a proposal or a recommendation to acquire an item, until it is finally paid for and accessioned. It 

covers: 

 Proposal for acquisition  

 Inquiry to book sellers / publishers  

 Purchase orders (foreign / local)  

 Books on approval memos  

 Purchase bills  

 Payment details of purchase bills  

 Credit notes  

 Detailed information about vendors  

 Multiple currencies and conversion rates  

 

OPAC (Online Public Access Catalogue) 

SLIM++ OPAC offers powerful on-line search facilities to search through library catalogues:  

Author Keyword Subject class  

Title Publisher Place of publication 

Main entry Material type Place of conference 

Subject name ISBN / ISSN Year of conference 

Series Titles Serials Title Year of publication 

 

The repository of words, names, titles, keywords, etc. is available for on-line browsing while the 

search phrase is being entered. This enables display of alternate spellings; words derived from 

same root and helps the searcher by providing a view of the data. In addition to these 

conventional searching methods, OPAC indexes every word in the description of the item. Thus, 

to conduct a search one need not be aware of the cataloguing style of the library. 

 

Optional formats are available to display information such as: 

 

 Abstract of the item  

 Keywords for the item  
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 Number of copies  

 Circulation status such as:  

 Current borrower  

 Due date  

 Reservations  

 Bound volumes of a journal  

 Loose issues of a journal  

 Inventory status such as lost / missing / withdrawn 

 An interactive query builder with  

 Boolean operators such as and, or, not 

 Wild card matching  

 Proximity and adjacency operators  

 Set formation and combination operators  

A query result can be presented as a neatly formatted bibliography in multiple sorting orders. 

Web OPAC 

SLIM++ has the capability of putting your library information on the WWW / INTRANET. This 

module allows the user to login as a library member and view his/her loans and reservations. 

He/She can even reserve an item in the library through the internet. Along with all these features, 

catalogue browsing, circulation details, word/phrase search, view card etc. are also available. 

All this information appears as different web pages on the NET. The appearance of these pages 

can be customised by you. 

Retrieval of the data is simple, fast and efficient. Even a catchy phrase in the description of the 

catalogued item can be used for searching. 

CAS (Current Awareness Service) 

SLIM++ helps in the publication of an information bulletin containing particulars of the latest 

additions of books or articles. The list in the bulletin is arranged in the order of subjects. The 

particulars of the items can include abstracts besides the standard bibliographic data and library 

call numbers. A Keyword or an author name index to the list is also prepared.  

This report can be prepared either in the Rich Text Format or the HTML Format. The report 
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when created in the HTML format gets automatically linked to the Web Aware OPAC module of 

SLIM++.  

 

 

SDI (Selective Dissemination of Information Service) 

 
This report contains the bibliography of those recently acquired library items in which the 

member is interested. The generated report can be printed, stored into a file or can be mailed to 

the borrower. 

 

WEB Proposals  

 

 This module allows library members to propose (suggest) books for purchase using web-based 

suggestion forms. These forms are veiwed by the library staff using acquisition module and 

books are either marked for approval with the name of the approving authority or approved for 

purchase by the staff. The approver sees the list of books meant for his/her approval on web and 

can mark some of the books for purchase.  

Statistical Analysis 

 

This Module produces different statistical information required for library management such as: 

 Distribution of transactions over working-hours, week-days, or months 

 Distribution of loans and overdue loans for a borrower category 

 Distribution of loans and overdue loans for a subject group 

 Reservation queue sizes and average waiting period  

Common Features of SLIM++ 

Scope of SLIM++ is very exhaustive, and a lot of attention is paid to the details of library 

management functions in its design. At the same time, a high degree of comfort in operation of 

the software is achieved by incorporating the following:  

 On-line help /Manual 

 Pick-up lists during data entry 

 Validation checks 

 Bar code support 

 Minimal data entry 
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 Multimedia Links 

 Data captured in the export / import format similar to MARC / CCF, ISO 2709 

 Browsing your library information through  the Internet/Intranet 

 Multi-script with multiple fonts 

 Packing / purging of records 

 Variable length fields / records 

 Optimal use of disk storage 

 Integrity checks 

 Existing database conversion to SLIM++ 

 Optional customized data entry  

 Optional customized data capture  

 

Variety of selection criteria for reports Reports can be: 

 

  Viewed on screen  

 Printed straight-away  

 Stored in disk files  

 

 Letters 

 User defined default texts  

 Optional editing of prepared letters  

 Sending letters through e-mail  

Windows GUI features 

 Adherence to Windows Standards with menu bar, taskbar, window resizing, window 

moving, multi-tasking using simultaneous operations in multiple windows.  

 Point and Click, reduces users learning requirements  

 Drag & Drop, Cut & Paste reduces data entry effort and thereby increases uniformity and 

accuracy of the data.  

 Wizard mode for beginners e.g. wizard mode to enter item information, to formulate 

search query. Users don't have to remember steps; neither can they miss out any steps.  

 Extensive online help  

 Tool tips  

 Use of RTF (rich text format) for reporting allows user specified fonts, colors and sizes 

for texts  

 Double click to open files and multi-media links to sounds, films, and drawings, bitmaps, 

web sites etc.  

 Interface with standard Windows applications like wordpad, MS-Word, Mail Exchangers, 

Object packagers etc.  

 Use of Windows standard dialogues for saving, opening and searching. 
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Advantages of SLIM software 

 
Ready to use from day one: 

 

SLIM has exhuastive set of library management functions. Hence the library gets computerized 

in all respect. 

 

Cost Effective: 

 

SLIM software is developed by team of computer professionals along with library professionals 

and astute readers over last eight years. The cost of development runs into many man-years. It 

comes to you at the price of a few man-months. 

Proven software: 
 

SLIM is implemented at over hundred libraries. It is a stable product. In case of in-house system, 

the development cycle will go through many trials and errors. You are paying for the time and 

efforts of your library and the development staff during this time. 

9.5.4  NewGenLib 

NewGenLib is the result of collaboration between domain specialists in library automation and 

software specialists (Virus solutions Private Limited). A professional body has provided domain 

knowledge, a charitable trust called Kesavan Institute of Information and knowledge 

Management. (KIIKM) set up at Hyderabad in India. 

Functional Modules of NewGenLib. 

Acquisitions 

The Acquisition Module of NewGenLib Comes with following Feature  

 Request processes 

Users make requests (recommendations) for new materials online via the OPAC. These are then 

refined (missing details are filled-in and errors corrected, budgets checked) by library staff who 

also eliminate duplicate requests. Refined requests are then sent online (promoting a degree of 
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workflow automation) to one or more approving authorities. Approving authorities return 

requests online after approval (or rejection). Approved items are moved to orders file and then on 

to the Ordering process. 

 Patron’s Request  

The user can recommend different types of materials. A similar facility is also available via the 

OPAC. The user indicates the budget(s) to which the recommended item could be charged. 

 Approval Process 

Many libraries, especially in developing countries, acquire materials on-approval. On-approval 

purchases are therefore fully supported. The following processes are automated. Library staff 

initiates requests to vendors for supply of one or more items for evaluation/approval. Details of 

items received are entered and routed to approving authorities. Approving authorities return 

details online or offline after approval (or rejection). Approved items are moved to orders file 

and then on to the Request for invoice process since item in question is already in possession of 

the library. 

Other modes of acquisition supported          

 Firm Orders 

 Standing Orders 

 Solicited Gifts 

 Unsolicited Gifts 

 Receiving of Orders 

 Invoice Processing 

 Accessioning 

 Payment Processing 

 Management Information Reporting 

 

Technical processing and database development 

 

 Standards Supported 

 MARC-21  

 ISO 2709 (Communication format)  

 AACR-2R  

 XML-MARC DTD  
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NewGenLib provides support to the full range of the tags, subfields and indicators of the MARC-

21 format. NewGenLib supports Unicode 3.0 and UTF-16 encoding format. The software can be 

customized for use in a specific language environment. 

 

Import of MARC-21 ISO-2709 and records in other formats 

It is possible also to convert records in other format (CCF, CDS/ISIS). However, since such 

databases are not always identical in structure and content, special programming is needed for 

converting records in such databases to the internal MARC-21 compliant NewGenLib structure. 

The capability to import records from other formats, e.g., UNIMARC and other MARC. 

 

Circulation Control 

 

NewGenLib circulations modules has the following capabilities 

 

 Library-configurable parameters to enable the setting of a wide range of circulation 

options, fines, user privileges, etc., needed in different library environments  

 Rapid charging, discharging, renewal, recall and reservation operations  

 Built-in traps for delinquent users, reservations, etc.,  

 On-the-fly circulation for older items, not in database  

 Inter-library transactions  

 Binding management  

 Management Information Reporting for better management of collection  

 Assistance in weeding out less used collections  
 Circulation history of patrons 

 

OPAC (Online Public Access Catalogue) 

OPAC of NewGenLib has given wide range of options for the searching of document and to 

print the document in the variety of format. Search options and Format for print, other then these 

capabilities Patrons can request new additions, access their circulation data, make reservations 

and go to other web sites via the OPAC. Digital content (full text, images, audio, video and web 

pages), 'attached' to catalogue records are seen by the patron and can be viewed and/or 

downloaded by the patron. The OPAC can be integrated with the Institution's homepage 
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 Basic and advanced search options of NewGenLib including phrase and Boolean retrieval and 

display, print, download and formatting options for patrons as follows:  

 Customized  

 Text format (Brief)  

 Text format (Full)  

 MARC Tagged  

 ISO 2709  

 MARC XML  

 Dublin core  

Serials Management 

Serial Management is always big problem for the libraries The periodicity of Journals 

and delay in subscription, the NewGenLib Software has given emphasis to solve the 

problems of serial control with various options and capabilities. 

Following capabilities can be found in the serial control module: 

Addition to list of subscriptions 

Serials acquisition begins with the receipt of recommendations for the addition of new serials to 

the list of subscriptions already in place. This is done by the library patron via the OPAC. 

Recommendations received are vetted carefully by one or more approving authorities before 

these are added to the subscription list. 

 

 

Creating the Serials Master File 

 

As soon as a new serial is added to the list, more details will need to be captured and this is done 

in the Serials Master File. The details include start volume and year of the new serial, number of 

issues per volume, expected date of first issue, frequency, and details of binding specifications 

 

Placing Subscriptions Orders 

 

New subscriptions order can be placed without much difficulty with easy to use windows. Cost 

of subscriptions, remaining amount, new budgets etc can be easily identified and modifications 

can be done. 
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Registration of Serial Issues 

 

This is one of the most labour-intensive operations in the library. This chore is a necessary first 

step before the serial issues can be made available to the users. In a large library that subscribes 

to many serials, the registration of issues can be a time-consuming task and, if done by 

professionals is a  waste of quality time that could be better employed in other user-oriented 

services 

 

Binding functionality 

 

NewGenLib provides Binding functionality as well. Management can easily keep track the 

issues, which are given for the binding and date of binding probable date of return to the library 

with binding. This helps to manage bound volumes for easy access. 

 

Administration and system setup 

 

Administrative and system setup has the following capabilities. 

 General setup parameters  

 Module specific setup  

 Creating patron records  

 Defining the Circulation Privilege Matrix  

 

NewGenLib has many advanced features 

Some of the advanced features are listed below 

 NewGenLib leverages the World Wide Web to build library and information networks 

using international standards  

 Integrated library automation system using the n-tier client-server architecture using the 

J2EE Application server for efficient transaction processing and database management  

 Specially designed not only for use in single libraries but also to cater to hierarchical as 

well as distributed networks of libraries.  

 Provides support to the full range of the MARC-21 format.  

 Unicode 3.0 compliant with virtual keyboards for multilingual input, query formulation 

and output  

 NewGenLib uses many open source components including database servers such as 

FireBird, PostGreSQL, MySQL and JBoss, Application Server.  
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 The latest version supports the creation of digital archives using the Open Archives 

Initiative Protocol for Metadata Harvesting (OAI-PMH). This will allow libraries and 

information centres not only to build digital archives of their own contributions (pre-

prints, post-prints, reports) but also to harvest metadata from other digital archives that 

comply with OAI-PMH.  

 

NewGenLib Software and Digital Library 

 

With the advent of the Internet, individuals’ expectations for access to information have 

increased dramatically. It is no longer considered practical or acceptable to travel to a 

specific location during certain hours to locate needed information. Library patrons are 

not satisfied to locate an item of interest that is housed at yet another physical location, 

request the item, and then wait days or weeks for the item to arrive at the building where 

it was requested. Patrons increasingly expect instant access to all the information 

resources they require, from any location, at any time, and from any device. This is the 

objective that the digital library is fulfilling. Using NewGenLib institution can provide 

digital library facilities to its users to access digital content of the library and can also 

develop institutional repository of the organization to showcase intellectual capital of the 

respective institutions. 

 

9.5.5 EsayLib (Entire Automation System for Libraries) 

Easylib that stands for Entire Automation System for Libraries is an integrated system for your 

library. It performs various functions related to your library while helping you to improve your 

operations, user satisfaction and achieve your dreams of having a state of the art library. The 

company has head quarters in Bangalore and representative offices in Hubli and USA. 

Developing library automation software has been Easylib's core focus. It has been working on 

this since last three years and shown continues commitment. 

Easylib comes in four parts.  

 

Brief descriptions and features of EasyLib Library software modules and features are given 

below: 
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Easylib OPAC: Online Public Access Catalogue 

 

OPAC provides search facility for members on a network environment. You keep a few 

machines for members use in the library so that they can perform searches.  

 

Easylib E-PAC: Web OPAC 

 

EPAC is OPAC facility running on web or intranet. If the campus is connected, members will be 

able to perform searches from anywhere on the campus. It can be extended by implementing the 

same onto the web as well where in users can take the facility from anywhere on the Internet.  

 

Easylib Batch 

 

Batch Easylib runs in the background checking the system status. As per the configuration, it 

sends e-mails when the books are overdue, sends reminders for the allotted reservations, 

calculates fine in the background and so on as per the pre set timings. In addition, it also does 

health check of the database, automatic re-indexing, and data backup and so on.   

 

Easylib Main 

  

This is the main portion of the Easylib system for librarians use. The following features are 

provided in the system.   

 

Cataloguing: 

 MARC21 Format   

 Cataloguing Non Book Items   

 Cataloguing   

 Catalogue Card Generation   

 Automatic Indexing   

 Auto Keyword Generation   

 AACR2 Compatibility   

 Multi Lingual Catalogue Cards   

 Subject Wise Tree Structure   

 Semi Automatic Classification   

 Link to Bibliography Database   
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Accessioning: 

 Accessioning Of Books   

 Non Book Items   

 Import And Export Of Data   

 Bar Code Compatibility   

 Customized Data Entry   

 Stock Verification   

 Tracking Withdrawn/Lost   

Searching: 

 By Keywords, Title, Author   

 Search by Other Fields   

 Boolean Search   

 Search by Location   

 Rack wise Library Map   

 Content Search   

 Customized Search   

 Customized Result   

 Customized Reporting  

Membership System: 

 Record Member Data   

 Take Digital Signature   

 Store Photo   

 Profiles For The Members   

 Set Circulation Parameters   

 Set Parameters By Category   

 Complete Authority Structure  

Circulation System: 

 Issue, Return And Renewal   

 Circulate Books, Non Books, Serials, Bound And Loose Issues   

 Circulation On Lending Rules   

 Customize Lending Rules   

 Digital Signature Proof   

 Automatic Print on Issue   

 Due And Fine Calculation   

 Stair Case Type Due   
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 Due Warnings Reminders By E-Mails   

 Digital Signature   

 Inter library loan   

 Long Term Loans Reservation   

 Hold Facility   

 Overnight Circulation   

 Pick-Up Notice Generation   

 Circulation Reports   

 Usage Statistics   

 Incremental Recovery Facility   

 OPAC   

Periodicals: 

 Track Journal Subscriptions   

 Handle Multiple Subscriptions   

 Track News Paper Delivery   

 Monthly Billing   

 Generation of Receivables   

 Subscription Expiry Reminder   

 Selective Dissemination of Information   

 Content Indexing   

 Import Index Data   

 Extensive Search  

Multi Language: 

 Support for Seven Languages   

 Create Indian Language Accession Data   

 Create Indian Language Catalogue Cards   

 Search in the Respective Languages   

 Indian Language Reports  

Barcode Generation: 

 Barcode Generation as per Code 39/ Code 128 Standard   

 Customize Barcode Label Size   

 Print Facility  

Requisition: 

 Request Books on Network   

 Import Requisitions   

 Link From Other Resources   
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 Duplicate Check   

 Transfer Data to Pos   

 Request Status by E-Mail  

Budgeting & Acquisition: 

 Track Sources of Budget   

 Allocate Funds To Departments  

 Track Expenses by Department  

 Collection of Member Dues   

 Track Purchase Orders   

 Track Deliveries   

 Track Payments   

 Handle Multiple Currencies  

Usage and Reading Analysis: 

 Circulation Analysis   

 Purchase Recommendation   

 Weed Out Recommendation   

 Reading Habit Analysis  

Digital Library: 

 Create Digital Library   

 Browse Pre-Built Digital Library  

 Search On Digital Library   

 Import And Export Metadata  

 Do full text search  

Reports: 

 Over 200 Reports   

 Ability to Print,   

 Publish on Web,   

 Export to Excel or any other tool   

 Many Customizable Reports   

 Graphical Reports  

Other Features: 

 Easylib Bibliography   

 Connection To Publisher Sites 

 Regular Alerts   
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 Web & E-Mail Integration   

 Reports As Per VTU/AICTE/UGC Norms  

 

9.6 SUMMARY 

 This paper an attempt has made to give some idea for beginners in library automation. 

Even though wide ranges of technology/products are available, it is necessary for librarians to 

keep a watch on the developments and to choose appropriate technology depending on the needs. 

Also, it is very important for librarians to interact with computer professionals as the library 

automation at all levels needs good co-ordination among both these professionals. Without the 

right human skills, no matter how advanced the technological tools, library automation will yield 

disappointing results. 

9.7.  Self check exercise 

1. What is library automation? 

2 Explain the areas of library automation. 

3. Write the popular library automation software available in the market? 

Note: 

i) Write your answer in the space given below. 

ii) Check answers with the answers given at the end of this unit. 
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9.8. Answers to Self check exercises 

Ans.1 

Since the advent of the term automation in 1936 by Mr. Harder,  plethora of definitions are found 

in library literature. Harder defined the term automation as ‘the automatic handling of parts 

between progressive production processes’. 

Encyclopedia of Library and Information science defines library automation as ‘the use of 

automatic and semiautomatic data processing machines to perform such traditional library 

activities as acquisitions, cataloging, and circulation. Although these activities are not necessarily 

performed in traditional ways, the activities themselves are those traditionally associated with 

libraries; library automation may thus be distinguished from related fields such as information 

retrieval, automatic indexing and abstracting, and automatic textual analysis.  

A library automation system is a computer system designed to automate tasks in a library.   

Library automation succeeds through the work performed by hardware, software, and people.  

Ans. 2 

 The major areas of library automation are: 

i. Acquisitions 

ii. Technical Services 

 

http://en.wikipedia.org/wiki/Automate
http://en.wikipedia.org/wiki/Library
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iii. Cataloguing 

iv. Circulation 

v. Serials Control 

vi. Reference Services 

vii. OPAC 

 

Ans. 3 

The popular library automation software available in the market are: 

i. LibSys 

ii. SOUL (Software for University Libraries)  

iii. SLIM ++ (System for Library Information and Management)  

iv. NewGenLib 

v. EasyLib 

 

9.9. Keywords 

1. AACR2 : A set of rules that describe the content that is contained in library catalog 

records. 

 

2. Access : The ability to get data from and / or place it into memory. It is also called 

retrieval .  

 

3. Automation : The technology concerned with the design and development of process and 

systems that minimize the necessity for human intervention in their operation.  

 

4. Barcode : A printed horizontal strip of vertical bars of varying widths, groups of which 

represent decimal digits and are used for identifying commercial products or parts.  Bar 

codes are read by a bar code reader and the code interpreted either through {software} or 

a {hardware} decoder. Now it is also used in the libraries.  

 

5. CCF : CCF one of the major international exchange formats. 

 

6. Database : it is an organized body of related information. A database is a collection of 

data that is organized so that its contents can easily be accessed, managed, and updated. 

 

7. DBMS : A database management system allows multiple independent users to have 

concurrent access to a central repository of information. 

 

8. DTD: Document type definition. (ISO 8879, as referenced in ISO 12083). 
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9. Dublin Core : Dublin Core is a 15-element metadata element set intended to facilitate 

discovery of electronic resources. 

 

10. GUI: Graphical User Interface. A graphical way to represent the operating system, such 

as Windows 95 or X11. 

 

11. JSP: Java Server Pages (JSP) are normal HTML with Java code pieces embedded in 

them. A JSP compiler is used to generate a Servlet from the JSP page. 

 

12. Library automation software : The process of reproducing, reprinting, or copying 

graphic material especially by mechanical, photographic, or electronic means. 

 

13. MARC21 : MARC is the acronym for MAchine-Readable Cataloging. It defines a data 

format that emerged from a Library of Congress-led initiative that began thirty years ago. 

It provides the mechanism by which computers exchange, use, and interprets 

bibliographic information, and its data elements make up the foundation of most library 

catalogs used today. MARC became USMARC in the 1980s and MARC 21 in the late 

1990s. 

 

14. MYSQL : is an open source relational database management system (RDBMS) that uses 

Structured Query Language (SQL), the most popular language for adding, accessing, and 

processing data in a database. Because it is open source, anyone can download MySQL 

and tailor it to their needs in accordance with the general public license. MySQL is noted 

mainly for its speed, reliability, and flexibility. 

 

15. OAI – PMH : Open Archives Initiative-Protocol for Metadata Harvesting - an 

application-independent interoperability framework. 

 

16. OPACs: Short for online public access catalogs. Online systems providing access to the 

library's holdings information integrated library systems . 

 

17. PDF : Portable Document Format. An electronic document that must be read with the 

Adobe Acrobat computer program. 

 

18. RDBMS : Short for relational database management system and pronounced as separate 

letters, a type of database management system (DBMS) that stores data in the form of 

related tables. Relational databases are powerful because they require few assumptions 

about how data is related or how it will be extracted from the database. As a result, the 

same database can be viewed in many different ways.  An important feature of relational 

systems is that a single database can be spread across several tables. This differs from 

flat-file databases, in which each database is self-contained in a single table.  

 

19. Reprography : The process of reproducing, reprinting, or copying graphic material 

especially by mechanical, photographic, or electronic means. 

 

http://www.webopedia.com/TERM/R/database_management_system_DBMS.html
http://www.webopedia.com/TERM/R/store.html
http://www.webopedia.com/TERM/R/data.html
http://www.webopedia.com/TERM/R/table.html
http://www.webopedia.com/TERM/R/system.html
http://www.webopedia.com/TERM/R/flat_file_database.html
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20. RFID :  Radio Frequency Identification Device refers to systems that allow a device to 

read information contained in a wireless device that is commonly called a tag, and 

provides a method to transmit and receive data from one point to another. 

 

21. Smart card : A small electronic device about the size of a credit card that contains 

electronic memory, and possibly an embedded integrated circuit (IC). Smart cards 

containing an IC are sometimes called Integrated Circuit Cards (ICCs). 

 

22. SVGA : This acronym is short for the "Super Video Graphics Array" display mode. 

SVGA resolution is 800 x 600 pixels. 

 

23. Unicode : A 16-bit character encoding scheme allowing characters from Western 

European, Eastern European, Cyrillic, Greek, Arabic, Hebrew, Chinese, Japanese, 

Korean, Thai, Urdu, Hindi and all other major world languages, living and dead, to be 

encoded in a single character set. 

 

24. WebOPAC : If the particular library cataloguing data will be hosted on the Internet than 

it is called as WebOPAC. 

 

25. XML : XML (Extensible Markup Language) is a W3C initiative that allows information 

and services to be encoded with meaningful structure and semantics that computers and 

humans can understand. XML is great for information exchange, and can easily be 

extended to include user-specified and industry-specified tags. 
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10.0 Objectives 

 
After reading this unit you will be able to understand and acquaint with 

 the concept of Open Source Software,  

 Open source license, OSS certification, OSS development, OSS development 

tools, Models 

 Utility of OSS in libraries including current projects on Open source library 

software 

 

10.1 Introduction 

The biggest news in the software industry in recent years is open source. Every 

week in the news papers and magazines we can read about IBM or Oracle or Netscape or 

Corel announcing plans to release flagship products as open source or a version of these 

products that runs on an open source operating system such as Linux. Number of new 

open source products along with regular news of upgrades, bug fixes, and innovative new 

features for these products are announced every day at web sites. If you've ever used the 

Internet, you've used open source software. Many of the servers and applications running 

on machines throughout the wired world depend on software created using the open 

source process. Apache (the most widely used web server in the world) and sendmail, 

(the backbone of the Internet's email server hardware) can be cited as examples of such 

software.  

 

In 1998, a group of individuals including Todd Anderson, Larry Augustin, John 

Hall, Sam Ockman, Christine Peterson and Eric S. Raymond advocated in a strategy 

session held in Palo Alto that the term free software be replaced by open source software 

(OSS) as an expression which is less ambiguous and more meaningful for the corporate 

world. The 'open source' movement is generally thought to have begun with this strategy 

session where in Netscape released its Navigator source code as open source. Many 

people, nevertheless, claimed that the birth of the Internet, since 1969, started the open 

source movement, while others do not distinguish between open source and free software 

movements. But what does exactly Open Source mean? 
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10.2 Open Source:  

Open Source Software is primarily defined as software, which is freely 

redistributable and includes the source code. This is different from the commercial 

software industry where source code is highly guarded and programs are only distributed 

in their binary, unmodifiable format. The most important aspect of the open source 

movement is the participation of users. When a user or users want a feature or bug fix for 

a program, they have traditionally been at the mercy of the software vendor. However, 

with open source they can modify the program to their own needs or fix what is broken. 

Many users will help develop the program for free, simply to improve the product and 

benefit the community.  

 

Thus it is a collaborative programming infrastructure that co-opts copyright law 

by freely releasing source code to the general public for any use, modification, and 

redistribution without licensing restrictions. Linux, Eclipse, Apache, Tomcat web server, 

Moodle, Mozilla, Mediawiki (the software that runs Wikipedia), and various other 

projects hosted on SourceForge and elsewhere are few of the examples of open source 

initiatives.  A range of other open source products and projects as identified by 

Kochtanek and Matthews are shown below. 

 

 

 

Type of Software Products 

Operating Systems Linux (GNU/Linux) 

Free BSD  

Open BSD 

NetBSD 

GNU/Hurd 

Utilities GNU Utilities 

Multi Router Traffic Grapher 

Junkbuster 

Majordomo 

Cron 

Sendmail 

Languages GNU C/C++ 

Perl 

Python 

Tel 

Windowing System X Window System 
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Desktop environment GNOME (GNU Network Object Model 

Environment) 

KDE (K Desktop Environment) 

GNU Setup 

Xfice 

Web Browser  Netscape 6-Mozilla 

Office Suites Open Office 

K Office 

Productivity Applications ABI Word 

GNU IMAGE 

Manipulation Program 

Jabber Instant Messaging 

Server Type Software Samba 

Apache 

PhP 

Relational Database Management MySQL 

PostgreSQL 

Object Oriented Database Zope 

Library Applications Free Reserves (www.lib.edu/san/freereserves0 

Prospero  

Jake 

 

 

More succinctly, from the definition offered by Open Source Initiative at 

www.opensource.org “Open source promotes software reliability and quality by 

supporting independent peer review and rapid evolution of source code. To be certified as 

open source, the license of a program must guarantee the right to read, redistribute, 

modify, and use it freely”.  In a nutshell the following can be ascribed as the features of 

an open source. 

 It is created and maintained by developers crossing institutional and national 

boundaries, collaborating by using Internet-based communications and 

development tools; 

 

 Program meets certain requirements before it is considered open source 

including: the software must be free to redistribute; derivative works must be 

allowed; the license can not discriminate against any persons; and the license 

cannot discriminate against any fields of endeavor;  

 

 Products are a kind of "free", often through a license that specifies that 

applications and source code (the programming instructions written to create 

http://www.lib.edu/san/freereserves0
http://www.opensource.org/
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the applications) are free to use, modify, and redistribute as long as all uses, 

modifications, and redistribution’s are similarly licensed;   

 

 Successful applications tend to be developed more quickly and with better 

responsiveness to the needs of users who can readily use and evaluate open 

source applications because they are free;  

 

 Quality, not profit, drives open source developers who take personal pride in 

seeing their working solutions adopted;  

 

 Intellectual property rights to open source software belong to everyone who 

helps build it or simply uses it, not just the vendor or institution that created or 

sold the software.  

 

I Self-check Exercises 

 

Note: 1. Write your answer in the space given below 2. Check your answer with the 

answers given at the end of this unit 

 

1.  Briefly explain the concept of open source software 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

10.3 Open Vs Closed/ Free Software 

We learnt in the previous sections that open source is a source code that is 

distributed and available for a programmer or software engineer to reuse, extend or fix if 

it has errors. 'Free' software means freedom from closed-source restrictions, not free in 
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the monetary sense. The term 'Free' pre-dates 'open source' software and the two are quite 

similar except for some licensing differences, which you can learn in the later sections. 

Closed source software is what most commercial software companies practice. They 

usually do not give the customer source code, which is the tool to produce the 

commercial programs. They only give the binary translations of these programs, which a 

computer understands, and is more or less useless for a person to read. Without the 

source code, the customer isn't free to fix, extend or change the software; they must rely 

on the company to do it for them. However, removing the restrictions on a customer 

fixing or extending the software, with the requirement that the fixes or extensions go 

back to the company, frees the customer from having to wait or otherwise be 

inconvenienced by closed source.  

 

Thus, Closed source software has several inherited problems and lapses. The 

nature of closed source is such that the internals of the program is intentionally hidden 

from the user. This software hoarding puts the user at the mercy of the vendor and 

disallows them from modifying the program to suit their own needs. This monopolistic 

approach is removed with open source, where anybody can use or change the software 

for their requirements. With open source, more people see the code and find and stop 

problems before they damage anything. Open source offers a different and better 

software development model. Companies can improve their products greatly and 

significantly increase their market share. Overall, open source is good for everyone. The 

aim of open source is to let the product be more understandable, modifiable, duplicatable, 

or simply accessible, while it is still marketable. 

 

Open-source software generally  

 Allows anybody to make a new version of the software,  

 Port it to new operating systems and processor architectures,  

 Share it with others or market it or understand how it works. 

 Provides a legal framework in avoiding privacy  

 Produces higher quality software than any other methodology or technique.  

 Has less time between flaw discovery and a patch or fix 
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 Makes it possible to identify what security vulnerabilities or bugs that may 

existA virtual community of developers grows around the software incurring 

lower overhead due to unpaid, out-sourced work, which is closer to customers 

who use the product.  

 

II Self check Exercises 

Note: 1. Write your answer in the space given below 2. Check your answer with the 

answers given at the end of this unit 

 

2.  Bring out the advantages of open source software over closed/ free software 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

10.4 Open source license 

Software licenses grant rights to users which would otherwise be prohibited by 

copyright. Open source licenses define the privileges and restrictions a licensor must 

follow in order to use, modify or redistribute the open source software. Open source 

software includes software with source code in the public domain and software 

distributed under an open-source license.While open source presents a way to broadly 

make the sources of a product publicly accessible, the open-source licenses allow the 

authors to fine tune such access.  

A few of the most common and popular licenses for OSS are discussed here in the 

following pages.  
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 GNU Public License (GPL) - The GPL originated from the GNU project of 

Richard Stallman. This is one of the original and most common software 

licenses. It states that software released under it must be given away freely 

with its source code. It also states that any code derived from the original 

source is also under the GPL and must be given away freely.  

 Limited GNU Public License (LGPL) – Formerly known as the Library 

GNU Public License, since most of the software released under it were 

libraries, this is similar to the GPL, but includes one extra provision. It allows 

software, mainly function libraries, to be released so that non-open source 

software may use it. This allows a company creating commercial software to 

use libraries, like glibc, without having to make their produce open sources 

itself.  

 BSD-Style License - The BSD License originated from Berkeley Systems 

Distribution, an early flavor of UNIX. The main difference between it and the 

GPL is that source code modification can be kept private and do not have to 

be redistributed. Examples of BSD-style licenses are the BSD License itself, 

the Xfree86 License, and the Apache License.  

 The Artistic License - The Artistic License was developed for Larry Wall's 

PERL programming language system. The main caveat in this license is the 

provision that it can be sold in a "software distribution," which could simply 

be it and program which just prints out "Hello World."  

 The Netscape Public License (NPL) and the Mozilla Public License 

(MPL) - These licenses were originally developed for Netscape's open source 

release of their Navigator web browser. Mozilla was the name they gave to the 

open source version, and retained the Netscape trademark for their own 

commercial product. Both of these licenses allow changes to be taken private, 

and the NPL give special privileges to Netscape itself.  

 Apple Public Source License (APSL) - This is one of the worst open source 

license. Richard Stallman has lambasted Apple for even proposing this as an 

open source license. It has three fundamental flaws - changes, even for private 
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use, must be returned to Apple, groups releasing a modified version must 

contact Apple about it, and the license can be revoked by Apple at any time.  

 

III Self-check Exercises 

Note: 1. Write your answer in the space given below 2. Check your answer with the 

answers given at the end of this unit 

 

3.  What do you mean by Open Source license? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

4. List important Open Source licenses you have studied 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

10.5 Certification of OSS: Criteria  

Since 1998, the Open Source Initiative has become a certification group to 

determine which software licenses qualify as “open source software” under a commonly 

agreed upon definition. The distribution terms of open-source software must meet ten 

conditions as put forth by Open Source Definition in order to be considered open source 

licenses. The definition was based on the Debian Free Software Guidelines, written and 

adapted by Bruce Perens. The guidelines are 

i) Free redistribution: The license shall not restrict any party from selling or giving 

away the software as a component of an aggregate software distribution 



 45 

containing programs from several different sources. The license shall not require a 

royalty or other fee for such sale. 

ii) Source code: The source code must either be included or freely obtainable. 

iii) Derived works: Redistribution of modifications must be allowed.  

iv) Integrity of the author's source code: Licenses may require that modifications 

be redistributed only as patches.  

v) No discrimination against persons or groups: No-one can be locked out.  

vi) No discrimination against fields of endeavor: Commercial users cannot be 

excluded.  

vii) Distribution of license: The rights attached to the program must apply to all to 

whom the program is redistributed without the need for execution of an additional 

license by those parties.  

viii) License must not be specific to a product: The program cannot be licensed only 

as part of a larger distribution.  

ix) License must not restrict other software: The license cannot insist that any 

other software it is distributed with must also be open source.  

x) License must be technology-neutral: No click-wrap licenses or other medium-

specific ways of accepting the license must be required.  

 

IV Self check Exercises 

Note: 1. Write your answer in the space given below 2. Check your answer with the 

answers given at the end of this unit 

5.  Mention the guidelines to be considered while certifying Open Source Software 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 
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10.6 Development of OSS  

Open source code evolves through community cooperation. These communities 

are composed of individual programmers as well as very large companies. They fall 

broadly into two categories  - the Core and the Peripheral. The Core or Inner Circle are 

developers who modify code that constitutes the project. The Peripheral are usually made 

up of users who use the software. They report bugs, and suggest fixes. The participants 

may further be divided into the following groups. 

 Project leaders (Core): They have the overall responsibility and usually involved 

in coding the first release of the software.  

 Volunteer developers (Core / Periphery): They do actual coding for the project. 

These include:  

o Senior members with broader overall authority  

o Peripheral developers producing and submitting code fixes  

o Occasional contributors  

o Maintainers who maintain different aspects of the project  

 Everyday users (Periphery): They perform testing, identify bugs, deliver bug 

reports, etc.  

 Posters (Periphery): Participate frequently in newsgroups and discussions, but 

do not do any coding.  

10.7 Open source software development tools 

There are several types of tools used to aid the activities performed in open source 

software projects. These tools include the following; 

 

10.7.1 Source code revision control:  

In OSS development the participants, who are mostly volunteers, are distributed 

amongst different geographic regions. So there is need for tools to aid participants to 

collaborate in the development of source code. 

 Concurrent Versions System (CVS): It is a major source code collaboration tool 

to help manage the files of a project when several people are working on the 

project at the same time. It also enables one to easily go back to a previous 

version of a file and retrieve it.  
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 The Subversion revision control system (svn): It is an intended CVS 

replacement that is quickly gaining ground in OSS project version control. 

 

10.7.2 Testing tools: 

Since OSS projects undergo frequent integration, tools that help automate testing 

during system integration are used. One such tool is Tinderbox. 

 Tinderbox:  It enables participants in an OSS project to detect errors during 

system integration. It runs a continuous build process and informs users about the 

parts of source code that have issues. It also identifies the author of the offending 

code. 

  

10.7.3 Bug/Error/Defect tracking tools 

Bug tracking is a very important aspect of OSS projects. Bug tracking includes 

the following tasks. It involves keeping a record of all reported bugs, whether the bug has 

been fixed or not, which version of the software does the bug belong to, and whether the 

bug submitter has agreed that the bug has been fixed (squashed). Popular bug tracking 

systems include GNATS and Bugzilla. 

 GNU GNATS:  It is a set of tools for tracking bugs reported by users to a central 

site. It allows problem report management and communication with users via 

various means. GNATS stores all the information about problem reports in its 

databases and provides tools for querying, editing, and maintenance of the 

databases. 

 Bugzilla:  It is known as "Defect Tracking System" or "Bug-Tracking System". It 

allows individual or groups of developers to keep track and manage outstanding 

bugs in their product effectively. 

 

10.7.4 Communication Tools 

Since the participants in an OSS development project are scattered widely, there 

is a need for tools to aid in organizing communication between project participants. This 

is accomplished with the aid of websites (Freshmeat, GNU Savannah, SourceForge), 

mailing lists (GNU Mailman) and instant messengers. 
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V Self check Exercises 

Note: 1. Write your answer in the space given below 2. Check your answer with the 

answers given at the end of this unit 

 

6.  Identify the people concerned with development of Open Source Software 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

7. Briefly explain the Open Source Software development tools 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

10.8 Open Source Models  

10.8.1 Economic Models 

There are four primary economic models for open source software businesses. 

These are service sellers, loss leaders, widget frosting, and accessorizing. So far, the most 

successful among these have been service sellers and loss leaders.  

 Service Sellers: Service sellers are companies who give their software away and 

sell customer support. The free software will attract more users, and therefore 
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more support income. Since the software is open source, the company will benefit 

from the positive externality of user bug fixes and code enhancements. Digital 

Domain recently open sourced their web application server Zope. Two more 

examples are Red Hat Software and Cygnus Solutions.  

 Loss Leaders: A loss leader gives open sources a piece of software to increase 

their market position for another closed source product. One example of this is 

Netscape Communications Corporation. They decide to open source their 

Navigator web browser to increase name recognition for the web server products 

they sell. A more successful loss leader is Cygnus Solutions.  

 Widget Frosting: Widget frosting mainly applies to hardware companies. Here, 

non-profitable software such as hardware drivers are open sourced and developed 

by the users. The company no longer has to spend as much developing software, 

which bring in no revenue. Many Linux hardware drivers were developed 

independently of their respective vendors, who could have greatly speeded the 

process. This is primarily a cost saving instead of revenue enhancing paradigm.  

 Acceessorizing: With accessorizing, a company sells anything from books on 

open source or computers with open source preinstalled to t-shirts or even 

caffinated penguin mints. Several companies have done quite well with this. 

O'Reilly & Associates, Inc. is a major open source book publisher, known for the 

famous Camel book on the PERL programming language. Another example is 

VA Research, a computer systems vendor. They are the largest seller of machines 

with Linux pre-installed.  

10.8.2 OSS Development Models  

Eric Raymond based on the observations of the Linux kernel development process 

and his experiences managing an open source project, “fetchmail” published  “The 

Cathedral and the Bazaar” dealing with software engineering methods in 1999. It is 

commonly regarded as the manifesto of the open source movement. Raymond proposes 

two different free software development models – Cathedral and Bazaar 
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10.8.2.1 The Cathedral model  

In this model the source code is available with each software release, but code 

developed between releases, is restricted to an exclusive group of developers. In the 

Cathedral, model development takes place in a centralized way. Roles are clearly defined. 

Roles include people dedicated to designing (the architects), people responsible for 

managing the project, and people responsible for implementation. Traditional software 

engineering follows the Cathedral model. F.P. Brooks advocates this sort of model in 

order to preserve the architectural integrity of a system, which should be done by as few 

architects as possible. The Cathedral is also the typical development model for 

proprietary software — with the additional restriction in that case that source code is 

usually not provided even with releases. GNU Emacs and GCC are presented as 

examples.  

 

10.8.2.2 The Bazaar model:  

In this model the code is developed over the Internet in view of the public. 

Raymond likens the development of software by traditional methodologies to building a 

cathedral, "fully crafted by individual wizards or small bands of mages working in 

splendid isolation". Linus Torvalds, leader of the Linux kernel project invented this 

process. Raymond suggests that all software should be developed using the bazaar style, 

which he described as "a great babbling bazaar of differing agendas and approaches."In 

this model, roles are not clearly defined.  Linux, Netscape, Apache, the GNU Compiler 

Collection, and Perl can be citd as the examples 

 

10.8.2.2.1 Features of Bazaar Model 

Gregorio Robles suggests that software developed using the Bazaar model should 

have the following features: 

 

 Users should be treated as co-developers   

The users are treated like co-developers and so they should have access to the 

source code of the software and be encouraged to submit additions to the software, code 

fixes for the software, bug reports, documentation etc.  

 Early Releases   
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The first version of the software should be released as early as possible so as to 

increase one's chances of finding co-developers early.  

 Frequent Integration   

New code should be integrated as often as possible so as to avoid the overhead of 

fixing a large number of bugs at the end of the project life cycle.  

 Several Versions   

There should be at least two versions of the software. There should be a buggier 

version with more features and a more stable version with fewer features.  

 High Modularization   

The general structure of the software should be modular allowing for parallel 

development.  

 Dynamic decision making structure   

There is a need for a decision making structure, whether formal or informal, that 

makes strategic decisions depending on changing user requirements and other factors.  

 

VI Self check Exercises 

Note: 1. Write your answer in the space given below 2. Check your answer with the 

answers given at the end of this unit 

 

8. Mention the different OSS economic models you have studied 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

9. Differentiate between Cathedral and Bazaar models 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

10.9 Open Source Software and Libraries 

The library community is largely made up of not-for-profit, publicly funded 

agencies, which hardly command a major voice in today's high tech information industry. 

As such, there is not an enormous market niche for software vendors to fill our small 

demand for systems. Indeed there are relatively few software developers available to 

build library applications, and therefore a relatively small community pool of software 

talent. Open source software, individually offers a number of significant benefits to 

libraries. The benefits include lower initial and ongoing costs, great accessibility, and 

elimination of vendor lock in and better prospects for long-term preservation of scholarly 

works. The idea behind the open source is that institutions, such as libraries, are enabled 

to build a combination of components and deliver services that cross several vendors’ 

offerings. Thus, for instance, a library might use an integrated library system from one of 

the major vendors in combination with an open source product developed by another 

library or by itself in order to better meet its internal and users’ requirements.  

 

Open source systems, when licensed in the typical "general license" manner, cost 

nothing to use. Although the costs of implementing and supporting the systems on which 

software runs might not change, the purchase price of a new search interface (or ILL tool, 

or circulation module, etc.) from the budget of a library can be removed and such funds 

might be reallocated for training, hiring, or support needs, areas where libraries tend 

toward shortfalls. 

 

Open source software allows for more support options. Proprietary software 

vendors often package service with the product. This is particularly true of proprietary 

library-specific software. When support from a vendor is inadequate it is an additional 
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expense to purchase another tier of support, assuming that it is even available. Open 

source software allows for different vendors to compete for support contracts based on 

quality of service and on price. Access to the source code also allows for self-support 

when practical and desired.  

 

Open source product support is not locked in to a single vendor. Also, anyone can 

go into business to provide support for software for which the very source code is freely 

available. Thus even if a library buys an open source system from one vendor, it might 

buy technical support from another company or to arrange for technical support from a 

third-party at the time of purchase. Any library with technical staff capable of 

understanding source code might find that its own staff might provide better internal 

support. 

 

It is easier to evaluate open source software then proprietary software. Since open 

source software is typically freely available to download, librarians and systems 

administrators can install complete production-ready versions of software and evaluate 

competing packages. This can be done not only without any license fees, but also without 

having to stick to a vendor's trial period, evaluate a limited version of the software, or 

deal with the vendor's sales personnel. If the library likes an overall open source package 

but would like a few added features they can add these features themselves. This is 

possible because the source code is available. Even if a library does not have in-house 

expertise they can benefit from source code availability because another library may be 

able to provide them the fix or they can hire a consultant to make the changes that they 

desire.  

 

10.9.1 Open Source Library Soft wares 

This section intends to provide you a brief description of some of the most visible 

current projects - integrated library systems, customized gateways, document delivery 

applications, collection management systems, MARC record readers and writers based on 

open software.  
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10.9.1.1 Integrated library systems 

 Avanti:  Begun in 1998 by Peter Schlumpf, Avanti is designed to be a simple 

solution to automating small- and medium- sized libraries and requires minimal 

technical expertise to install and use. A series of releases of the software occurred 

during 2003. 

 Koha:  Made in New Zealand by Katipo Communications Ltd. and maintained by 

a team of volunteers from around the globe. It is the first open-source Integrated 

Library System (ILS) in use worldwide. It includes modules for circulation, 

cataloging, acquisitions, serials, reserves, patron management, branch 

relationships, and more. It is built using library standards and protocols that 

ensure interoperability between Koha and other systems and technologies. Koha 

is distributed under the open-source General Public License (GPL). You will learn 

in detail about Koha in the later units of this course. 

 Openbiblio: It is a user-friendly automated library system written in CSS and 

PHP containing OPAC, circulation, cataloging, and staff administration 

functionality. It has been consistently developed since 2002 to be the most user-

friendly, intuitive open source ILS available on the free market. It runs under 

Linux or Windows, any web server, PHP, and MySQL.  

 PYTHEAS (OSDLS): Jeremy Frumkin, a metadata librarian at the University of 

Arizona, originated The PYTHEAS project in 1999. It shares early development 

roots with the Avanti project. Although spearheaded by Frumkin, it was 

University of Windsor systems librarian Art Rhyno that did most of the core 

programming since the beginning. It is known for cross-platform capability, and 

utilises Java for its subsystem together with XML. The latest release only runs on 

Linux and requires the Java Development Kit (JDK), Apache Jakarta Tomcat web 

server, and MySQL. For now, only the circulation and OPAC modules have been 

fully implemented with MARC21 support planned for the near future.  

 Learning Access ILS: non-profit foundations of Washington State instigated The 

LEARNINGACCESS ILS (formerly known as Koha West and Open Book). Its 

intended audience is small to medium public and school libraries. It was designed 
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to handle small collections of up to 25,000 items.  It provides Unicode support. 

Technical support is provided through mailing lists or the Learning Access 

Institute, which also provides instruction for librarians in conjunction with a local 

community college. System requirements are as follows: Linux or Windows, 

Apache, PHP, YAZ, and MySQL. It includes OPAC, cataloguing (original and 

copy, full MARC21), Z39.50 client/server, and circulation (with reserves support) 

modules.  

 phpMyLibrary: The phpMyLibrary project started in 2001 in the Philippines as 

a means of providing a low-cost solution to library automation in that country. Its 

target audience is small academic and special libraries. It is offered in English. 

The development model is highly centralized with ultimate control of the source 

code solely in the hands of the project's founder.  phpMyLibrary runs under Linux 

or Windows, PHP, any SQL database system, phpMyAdmin, and Python 

(optional). Its cataloguing (original only), circulation (including reserves), and 

OPAC modules are fully implemented with USMARC support and CDS/ISIS 

conversion  

 GNUTeca: This small project was first started by three Brazilian programmers in 

2001 and has become highly popular among public, academic, and governmental 

special libraries in Brazil. One of its disadvantages is that the software and the 

accompanying documentation have not been translated from Brazilian 

Portuguese. It has achieved national coverage with full implementation of OPAC, 

original cataloguing with MARC21 support, circulation with reserves/booking 

support, and CDS/ISIS conversion. GNUTeca only runs under Linux, Apache, 

PHP, and PostgreSQL. It also depends on a homegrown database component 

called MIOLO, which is only native to the Portuguese open source community. 

Optional support for GTK-based X-Windows staff clients is provided through 

PHP-GTK, however the primary means of access for patron and staff is through 

their web browser.  

 PhpMyBibli: PhpMyBibli is the most recent open source ILS attempt, made in 

France during 2002. The project is still in the planning stages and issues frequent 

releases without version numbering. However it has accomplished a considerable 
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amount of work in areas like the OPAC, circulation with reserves support, 

original cataloguing with UNIMARC support, and serials. Barcode input is 

conveniently included as well. It runs under Linux or Windows using any web 

server, PHP, and MySQL. One of the best features of this package is its intuitive, 

user-friendly interface especially in the cataloguing module.  

 Fire Fly: It is the latest effort to redefine the traditional ILS under an open source 

process with its target audience being public libraries. The project is still in the 

early planning stages. The major problem with this project is the software 

dependencies on which the system will eventually be built: Perl and Python. 

Another issue is a lack of willingness to plan before programming which leads to 

redundancy on the development roadmap later.  

10.9.12 Content Management 

 MyLibrary@NCState: The North Caroline State University library has released 

the source code to its portal application called MyLibrary@NCState. This 

software allows the user to create a customized gateway to general and discipline-

specific databases, electronic journals, personal booksmarks and the library’s 

catalogue. 

 Open Journal Systems: Open Journal Systems (OJS) is a journal management 

and publishing system that has been developed by the Public Knowledge Project 

through its federally funded efforts to expand and improve access to research. 

OJS assists with every stage of the refereed publishing process, from submissions 

through to online publication and indexing.  

 LOCKSS Project: LOCKSS (Lots of Copies Keep Stuff Safe) is a system that 

allows libraries to safeguard the Web journals they subscribe to. It was designed 

and is being implemented at Stanford University Libraries with funding from the 

National Science Foundation, Sun Microsystems, Inc and the Andrew W. Mellon 

Foundation. The current version of the LOCKSS software is restricted to 

electronic journals.  

 Cyberthèses: Cyberthèses is a French platform for the archiving and distribution 

of electronic theses and dissertations on-line. Since it can also process documents 
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other than theses and dissertations, the software has been recently renamed 

"Cyberdocs". 

 

10.9.1.3 Document delivery applications 

 Edd: Electronic Document Delivery (EDD) automates the process of converting 

incoming Ariel files to web-accessible documents. It is being beta tested at the 

Yale Medical Library and is freely available for use/modification/distribution 

under the GNU General Public License. 

 

 Prospero: Prospero is an open source Internet Document Delivery (IDD) system, 

allowing libraries to send and receive documents in electronic format from 

Prospero or Ariel workstations. It also converts Prospero/Ariel files (TIFF 

images) into Portable Document Files (PDF) and then places them on a Web site 

for direct user access. 

 

10.9.1.4 Collections Management Systems 

 Greenstone: Greenstone is a suite of software for building and distributing digital 

library collections. It provides a new way of organizing information and 

publishing it on the Internet or on CD-ROM. The aim of the software is to 

empower users, particularly in universities, libraries, and other public service 

institutions, to build their own digital libraries. It is produced by the New Zealand 

Digital Library Project at the University of Waikato, and developed and 

distributed in cooperation with UNESCO and the Human Info NGO. It is open-

source, multilingual software, issued under the terms of the GNU General Public 

License. The complete Greenstone interface, and all documentation, is available 

in English, French, Spanish, Russian and Kazakh. Greenstone also has interfaces 

in many other languages. 

 DSpace: DSpace is a digital repository system that captures, stores, indexes, 

preserves, and redistributes an organization's research data. It is freely available as 

open source software. It accepts all forms of digital materials including text, 

images, video, and audio files. Jointly developed by MIT Libraries and Hewlett-
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Packard Labs, the DSpace software platform serves a variety of digital archiving 

needs like Institutional Repositories (IRs), Learning Object Repositories (LORs), 

eTheses, Electronic Records Management (ERM), Digital Preservation, 

Publishing and more. It is designed for ease-of-use, with a web-based user 

interface that can be customized for institutions and individual departments.  

 Catalog: Catalog is a perl program that allows creating, maintaining and 

displaying Yahoo! like directories. The user interface is 100% HTML. It requires 

a MySQL database to run. The general idea behind the design of Catalog is that 

creating a catalogue is mainly a matter of organizing objects in a structured tree. 

For Catalog the objects are records in a table of the SQL database. The structured 

tree is a set of tree nodes and relations between these nodes. The maintainer of the 

catalogue is in charge of building the tree and placing objects in this tree.  

 Roads: ROADS is a set of software tools to enable the set up and maintenance of 

Web based subject gateways.  

 

10.9.1.5 Marc record readers and writers 

 MARC.pm: MARC/Perl is a Perl 5 library for reading, manipulating, outputting 

and converting bibliographic records in the MARC format.  

 

 m[n]m: This is a suite of perl scripts that provide support for processing of 

national standard MARC MeSH subject authority records for use in Medical 

Library online public access catalogues. 

 

 XMLMARC: Developed by Lane Medical Library, XMLMARC started as a 

program to convert MARC (Machine Readable Cataloguing) records into XML. 

XMLMARC is a computer program that converts MARC records into XML. It 

can also update MARC records, based on plain text processing instructions, and 

write records to a file in the MARC format. 

 

10.9.1.6 Systems to read and write bibliographies 

 BibDesk: A graphical BibTeX-bibliography manager for Mac OS X. 
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 GBib: gBib is a user-friendly editor and browser for BibTeX databases, 

distributed under the terms of the GNU General Public License. 

 

 Pybliographer: Pybliographer is a tool for managing bibliographic databases 

which can be used for searching, editing, reformatting and other functions, such 

as generating HTML pages according to bibliographic searches. The system 

currently supports the following formats: BibTeX ,ISI , Medline , Ovid and Refer. 

 

10.9.1.7 Z39.50 Clients and servers 

 Net::Z3950: The Net::Z3950 module provides a Perl interface to the Z39.50 

information retrieval protocol. Since its first public release in February 2001, 

Net::Z3950 has been adopted by software houses, universities, government 

departments and libraries in the UK, US, Denmark, Canada, Australia and Russia, 

running a variety of operating systems on a selection of hardware. 

 

 Yaz: YAZ is a C/C++ programmer's toolkit supporting the development of 

Z39.50v3/SRW clients and servers. The latest version of this software was 

released on 25 April 2003. 

 

 SimpleServer: SimpleServer is a Perl module aimed to simplify the development 

of new Z39.50 servers over any type of databases. SimpleServer is based on the 

popular YAZ toolkit. 

 

10.10 Summary 

After going through this unit now you are able to define and understand the 

concept of Open source software. In this unit open source license is defined and few 

important open source licenses have been enumerated. The criteria to be considered while 

certifying software as OSS is also discussed. Further people involved and tools required 

with OSS development is identified Economic and development models of OSS are also 

described in this unit. Further, the utility of OSS in libraries including current projects on 

Open source library software has been briefly described. 



 60 

 

VII Self check Exercises 

Note: 1. Write your answer in the space given below 2. Check your answer with the 

answers given at the end of this unit 

 

10.  Highlight the significance of Open Source Software in libraries 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

11. List out various open sources library software’s you have studied 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

10.11 Model Answers (Self-check Exercises) 

1. Open source software refers to computer software available with its source code and 

under an  open source license. Such a license permits anyone to study, change, and 

improve the software, and to distribute the unmodified or modified software. It is created 

and maintained by developers crossing institutional and national boundaries, 

collaborating by using Internet-based communications and development tools.  As such 

successful applications tend to be developed more quickly and with better responsiveness 

to the needs of users who can readily use and evaluate open source applications. 

http://en.wikipedia.org/wiki/Computer_software
http://en.wikipedia.org/wiki/Source_code
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Intellectual property rights to open source software belong to everyone who helps build it 

or simply uses it, not just the vendor or institution that created or sold the software.  

 

2. Open-source software generally allows anybody to make a new version of the 

software. It is possible to port it to new operating systems and processor architectures and 

share it with others or market it or understand how it works. It produces higher quality 

software than any other methodology or technique and has less time between flaw 

discovery and a patch or fix. Makes it possible to identify what security vulnerabilities or 

bugs that may existA virtual community of developers grows around the software 

incurring lower overhead due to unpaid, out-sourced work, which is closer to customers 

who use the product.  

 

3. Software licenses grant rights to users which would otherwise be prohibited by 

copyright. Open source licenses define the privileges and restrictions a licensor must 

follow in order to use, modify or redistribute the open source software. The open-source 

licenses allow the authors to fine tune such access.  

4. GNU Public License (GPL), Limited GNU Public License (LGPL), BSD-Style 

License, The Artistic License, The Netscape Public License (NPL) and the Mozilla 

Public License (MPL), and Apple Public Source License (APSL)  

5. The distribution terms of open-source software must meet conditions as put forth by 

Open Source Definition in order to be considered open source licenses. The definition 

was based on the Debian Free Software Guidelines, written and adapted by Bruce Perens. 

The guidelines are: The software must be free to redistribute including the source code, 

redistribution of modifications must be allowed, integrity of the author's source code be 

upheld, no discrimination against persons or groups, no discrimination against fields of 

endeavor, the rights attached to the program must apply to all to whom the program is 

redistributed without the need for execution of an additional license by those parties, 

license must not be specific to a product,  and License must not restrict other software 

and License must be technology-neutral:  

 

6. Open source code evolves through community cooperation. They fall broadly into two 

categories  - the Core and the Peripheral. The Core or Inner Circle are developers who 
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modify code that constitutes the project. The Peripheral are usually made up of users who 

use the software. They report bugs, and suggest fixes. The participants include: Project 

leaders (Core),  volunteer developers (Core / Periphery), everyday users (Periphery), and 

posters (Periphery):  

 

7. There are several types of tools used to aid the activities performed in open source 

software projects. These tools include the following;  a) Source code revision control - to 

aid participants to collaborate in the development of source code, b) Testing tools – to 

help automate testing during system integration, c)  Bug/Error/Defect tracking tools - It 

involves keeping a record of all reported bugs, whether the bug has been fixed or not, 

which version of the software does the bug belong to, and whether the bug submitter has 

agreed that the bug has been fixed (squashed), and d) Communication Tools - to aid in 

organizing communication between project participants.  

8. There are four types of economic models. They are: 1. Service Sellers-  companies 

who give their software away and sell customer support, 2. Loss Leaders - gives open 

sources a piece of software to increase their market position for another closed source 

product, 3. Widget Frosting - applies to hardware companies. Here, non-profitable 

software such as hardware drivers are open sourced and developed by the users and 4. 

Acceessorizing - a company sells anything from books on open source or computers with 

open source preinstalled to t-shirts or even caffinated penguin mints.  

9. In the Cathedral model the source code is available with each software release, but 

code developed between releases, is restricted to an exclusive group of developers. In the 

Cathedral, model development takes place in a centralized way. Roles are clearly defined. 

Roles include people dedicated to designing (the architects), people responsible for 

managing the project, and people responsible for implementation. Traditional software 

engineering follows the Cathedral model. The Cathedral is also the typical development 

model for proprietary software — with the additional restriction in that case that source 

code is usually not provided even with releases. In the Bazaar model the code is 

developed over the Internet in view of the public to put it in a decentralized way. In this 

model, roles are not clearly defined.   
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10. Open source software, offers a number of significant benefits to libraries. The 

benefits include lower initial and ongoing costs, great accessibility, and elimination of 

vendor lock in and better prospects for long-term preservation of scholarly works. The 

idea behind the open source is that institutions, such as libraries, are enabled to build a 

combination of components and deliver services that cross several vendors’ offerings.  

Open source software allows for more support options. Proprietary software vendors 

often package service with the product. Access to the source code also allows for self-

support when practical and desired. It is easier to evaluate open source software then 

proprietary software. Since open source software is typically freely available to 

download, librarians and systems administrators can install complete production-ready 

versions of software and evaluate competing packages.  

 

11. The following are few of the important open source softwares in use.   

 Integrated library systems: Avanti, Koha, Openbiblio PYTHEAS (OSDLS), 

LearningAccess ILS, phpMyLibrary, GNUTeca, PhpMyBibli, FireFly  

 Content Management: MyLibrary@NCState, Open Journal Systems, LOCKSS 

Project and Cyberthèses 

 Document delivery applications: Edd, and Prospero,  

 Collections Management Systems: Greenstone, Dspace, Catalog and Roads 

 Marc record readers and writers: MARC.pm, m[n]m, XMLMARC 

 Systems to read and write bibliographies: BibDesk, Gbib and Pybliographer 

 Clients and servers: Net::Z3950, Yaz and SimpleServer 
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11.1 Objectives 

After reading this unit, you will be able to: 

 Understand and appreciate the technical usage of the terms database and database 

management systems (DBMS) 

 Identify different stages in the development of database technology 

 Describe the basic concepts such as database abstraction, schemas and instances, 

data models, and database languages. 

 Enumerate the features of various database models. 

 

11.2Introduction 

One of the most common tasks for computer systems today is storing and managing 

data. This data can be any information you want to store about some subject. It can 

include facts, figures, images, or almost anything else. In general, any collection of 

information about some particular subject is a database. Thus, the word  database is used 

in many ways and in various contexts.  Library catalogues, printed catalogues of 

archaeological artifacts and telephone directories are all examples of databases.  

However, in this Unit, you will be introduced to more a technical use of the term as in 
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vogue in computer science field.  Databases may be stored on a computer and examined 

using a program. These programs are often called `databases', but more strictly are 

database management systems (DMS). Just as a card index or library catalogue has to be 

constructed carefully in order to be useful, so must a database on a computer. Similarly, 

just as there are many ways that a library catalogue can be organised, there are many 

ways, or models, by which a computerised database may be organised.   

One possible definition is that a database is a collection of records stored in a 

computer in a systematic way, such that a computer program can consult it to answer 

questions. For better retrieval and sorting, each record is usually organized as a set of 

data elements (facts). The items retrieved in answer to queries become information that 

can be used to make decisions that might otherwise be more difficult or impossible to 

make. The computer program used to manage and query a database is known as a 

database management system (DBMS). The properties and design of database systems 

are normally fall in the domain of study of information science. 

A database consists of a file or set of files that can be broken down into records, 

each of which consists of one or more fields. Fields are the basic units of data storage. 

Databases are structured to facilitate storage, retrieval, modification, and deletion of data 

in conjunction with various data-processing operations. Users retrieve database 

information primarily through queries. Using keywords and sorting commands, users can 

rapidly search, rearrange, group, and select the field in many records to retrieve or create 

reports on particular aggregates of data according to the rules of the database 

management system being used. 

Strictly speaking, the term database refers to the collection of records, and the 

software should be referred to as the database management system or DBMS. When the 

context is unambiguous, however, you  can use the term database to cover both 

meanings.    

Self Check Exercise 

1. Define the terms ‘Database’ and ‘Database management system’.   
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(Hint:  Collect the definitions from any standard text book or dictionary) 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------- 

 

11.3History 

System Development Corporation organized a symposium called “Development and 

Management of a Computer-centered Data Base” in June 1963.  It is acclaimed that that 

was the first known usage of the term “Data Base”.  It was used as a single worded term 

during 1970s in Europe.   

The first database management systems were developed in the 1960s. A pioneer in 

the field was Charles Bachman. Bachman's early papers show that his aim was to make 

more effective use of the new direct access storage devices becoming available: until 

then, data processing had been based on punched cards and magnetic tape, so that serial 

processing was the dominant activity. Two key data models arose at this time: 

CODASYL developed the network model based on Bachman's ideas, and (apparently 

independently) the hierarchical model was used in a system developed by North 

American Rockwell, later adopted by IBM as the cornerstone of their IMS product. 

The relational model was proposed by E. F. Codd in 1970. For a long while, 

however, the relational model remained of academic interest only. Among the first 

implementations were Michael Stonebraker's Ingres at Berkeley, and the System R 

project at IBM. Both of these were research prototypes, announced during 1976. The first 

commercial products, Oracle and DB2, did not appear until around 1980. 

During the 1980s, research activity focused on distributed database systems and 

database machines, but these developments had little effect on the market. Another 

important theoretical idea was the Functional Data Model, but apart from some 
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specialized applications in genetics, molecular biology, and fraud investigation, the world 

took little notice. 

In the 1990s, attention shifted to object-oriented databases. These had some success 

in fields where it was necessary to handle more complex data than relational systems 

could comfortably cope with: spatial databases, engineering data (including software 

engineering repositories, multimedia data. Some of these ideas were adopted by the 

relational vendors, who integrated new features into their products as a result; the 

independent object database vendors largely disappeared from the scene. 

In the 2000s, the fashionable area for innovation is the XML database. As with 

object databases, this has spawned a new collection of startup companies, but at the same 

time the key ideas are being integrated into the established relational products. XML 

databases aim to remove the traditional divide between documents and data, allowing all 

of an organization's information resources to be held in one place, whether they are 

highly structured or not. 

Self Check Exercise 

2. Explain in brief the landmarks in the development of Database Technology.  

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------- 

 

 

 

11.4. Basic concepts 

 

Text books on databases and DBMS uses a few terms which are basic to the 

understanding of the subjects.  Important among them are listed below along with a brief 

explanation.  The list is meant to be illustrative rather than being exhaustive.  

 

a) Data abstraction/Three-level architecture 

b) Schemas and Instances 

c) Data models 
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d) Database Languages and Interfaces 

e) Data Independence 

  

We will learn these terms before studying further.   

 

 

a) Data abstraction:  The generally accepted method of explaining the architecture 

of a database system is the Three-level architecture as shown in the figure below. 

 

 
 

 The architecture is also known as ANSI/SPARC architecture, named after 

Standards Planning and Requirements Committee of the American National Standards 

institute.  The advantages of the three tiered architecture are that this division into levels 

allows both developers and users to work on their own levels. They do not need to know 

the details of the other levels AND they do not have to know.   

 

 

 

 

The following are the levels: 

 Internal or Physical Level:  It concerns about the way the data are physically 

stored on the hardware. The internal level is described using the actual bytes 

and machine-level terminology.  Usually, the DBMS software takes care of 

this level. 

 Conceptual or Logical Level:  This level presents a logical view of the entire 

database as a unified whole, which allows you to bring all the data in the 
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database together and see it in a consistent manner. The first stage in the 

design of a database is to define the conceptual view, and a DBMS provides a 

data definition language for this purpose. The system administrators, 

application developers and database designers usually work at this level. 

 External or View Level: This level provides a window on the conceptual 

view which allows the user to see only the data of interest to them. The user 

can be either an application program or an end user. Any number of external 

schemas can be defined and they can overlap each other.  

Obviously, the three levels of abstraction in the database do not exist independently 

of each other. There must be some correspondence, or mapping, between the levels. 

There are actually two mappings: the conceptual/internal mapping and the 

external/conceptual mapping.  The conceptual/internal mapping lies between the 

conceptual and internal levels, and defines the correspondence between the records and 

the fields of the conceptual view and the files and data structures of the internal view.  

The external/conceptual view lies between the external and conceptual levels, and defines 

the correspondence between a particular external view and the conceptual view. 

 

b) Database Schemas and Instances 

 Understanding database systems requires making a clear distinction between the 

database’s structure (the schema) and its contents (the state or instances.) Schema is the 

description of the structure database. It contains the metadata about the database 

generated during the database design.  It does not change frequently.  On the other hand 

instances are the data itself.  They change quite often and change in the data is mostly 

effected by the users of the database.  To understand the differences between the two, let 

us consider the process of creation of a database.  When we define a new database, we 

specify its database schema only to the DBMS.  At this point, the corresponding database 

instance is the empty state with no data.  We get the initial instance of the database when 

the database is first populated or loaded with the data.  From then on, every time an 

update operation is applied to the database, we get another database instance.  At any 

point in time, the database has a current state called snapshot.   
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 Although, as mentioned earlier, the schema is not supposed to change 

frequently, it is not uncommon that changes are made occasionally to the schema to suite 

the requirements of the application.  However, in comparison schemas change 

infrequently to that of instances. 

 

c) Database Models: A database model or data model is a theory or specification 

describing how a database is structured and used. They are of three types, viz., i)  

high-level or conceptual models,  ii)  representational or implementation models, and 

iii) low-level or physical models.    Entity-Relationship model, Relational model and 

Access path are examples for the three models respectively.  More about the models 

in the next section. 

d) Database Languages and Interfaces:  Different types of users interact with 

DBMS for different purposes.  We can classify the users as database administrators 

(DBAs), database designers,  and end users.  Their knowledge of DBMS varies.  Thus  

DBMS must provide appropriate languages and interfaces for each category of users.  

Database Definition Language (DDL) is used mostly by the DBAs and database 

designers.   DDL provides commands and procedure required for creating and 

maintaining the database from the administrative point of view.  For example, DDL is 

used to create the tables and describe the fields within each table.  Once the database 

schemas are compiled and the database is populated i.e., data is added, users must 

have some means to interact with the data.  Typical interactions with the database 

include retrieval, insertion, deletion and modification of the data.  The DBMS 

provides a set of operations or a language called the Data Manipulation Language 

(DML) for these purposes.  DML is mainly used by the end users of the database.    A 

typical example of a comprehensive database language is the Structured Query 

Language (SQL).  SQL is the most popular computer language used to create, 

modify and retrieve data from relational database management systems. The language 

has evolved beyond its original purpose to support object-relational database 

management systems. It is an ANSI/ISO standard. 
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Interfaces, on the other hand, are meant exclusively for casual and naïve users.  

Typical interfaces include: menu-based interfaces for web clients or browsing; forms-

based interfaces; graphical user interfaces; natural language interfaces and interfaces 

for parametric users.   

e) Data Independence:  It  is the type of data transparency that matters for a centralized 

DBMS. It refers to the immunity of user applications to changes in the definition and 

organization of data, and vice-versa. In simple words, the capacity to change the 

schema at one level of a DB system without having to change the schema at the next 

higher level.  One reason for three levels architecture is to give data independence.  

There are two types of data independence.  

 Logical data independence:  Ability to change the conceptual schema without 

changing external schema or application programs.  For example columns 

could be added to tables without changing the existing external schema or 

application programs.  

 Physical data independence: Ability to change internal schema without 

changing the conceptual schema. For example DBA decides it is more 

efficient to store the data in a B+ tree instead of a heap, so changes the 

internal schema and then he changes the mapping to the conceptual schema.  

In this process conceptual schema remains unchanged. 

 

 

 

Self Check Exercises 

3. What is the difference between a database schema and database instance?  

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------- 

4. What the different levels of database architecture? 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 
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------------------------------------------------------------------------------- 

      -------------------------------------------------------------------------------- 

5. List the main categories of data models. 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

 

 

11.5 Database models 

The way data is physically stored on computers probably has little or no significance 

to you. All of the data may be stored as simple binary numbers that span several files or 

even several disks. The DBMS uses a data model to represent this stored data in a way 

that is meaningful and easy for you to understand. 

The data model is a mathematical abstraction of the data that provides structures and 

access techniques for the data. This allows the data to be retrieved and manipulated by 

users and application programs without the need to worry about where the data is located 

or how it is actually stored.    

A data model is not just a way of structuring data: it also defines a set of operations 

that can be performed on the data. The relational model, for example, defines operations 

such as selection, projection, and join. Although these operations may not be explicit in a 

particular query language, they provide the foundation on which a query language is 

built. 

11.5.1 Flat model 

 

The flat (or table) model consists of a single, two-dimensional array of data 

elements, where all members of a given column are assumed to be similar values, and all 

members of a row are assumed to be related to one another. For instance, columns for 

name and password might be used as a part of a system security database. Each row 

would have the specific password associated with an individual user. Columns of the 

table often have a type associated with them, defining them as character data, date or time 
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information, integers, or floating point numbers. This model is, incidentally, a basis of the 

spreadsheet. CDS/ISIS is an excellent example for flat model.  Other classic example of a 

flat file database is a basic name-and-address list, where the database consists of a small, 

fixed number of fields: Name, Address, and Phone Number. Another example is a simple 

HTML table, consisting of rows and columns. These types of database are so common 

that we often see one without thinking of it as a database at all.  The following example is 

a simplest flat model 

  

 

 

 

 

 

 

 

 

 

Simplicity of  its creation and maintenance is the major advantages.  However, 

problems of flat file model include its inability to build the construct for complex 

situations, data redundancy and inconsistency,  data isolation, amenable for integrity 

problems and difficulties in multi-user and networking environments.   

 

11.5.2 Network model 

The network model (defined by the CODASYL specification) organizes data 

using two fundamental constructs, called records and sets. Records contain fields (which 

may be organized hierarchically, as in COBOL). Sets (not to be confused with 

mathematical sets) define one-to-many relationships between records: one owner, many 

members. A record may be an owner in any number of sets, and a member in any number 

of sets. 

The operations of the network model are navigational in style: a program 

maintains a current position, and navigates from one record to another by following the 

relationships in which the record participates. Records can also be located by supplying 

key values. 

id Name team 

1 

2 

3 

4 

5 

6 

7 

8 

 

Anil 

Babu 

David 

Dinesh 

Eeswar 

Fred 

Gilly 

Hari 

 

Blues 

Reds 

Blues 

Blues 

Reds 

Blues 

Blues 

Reds 
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Although it is not an essential feature of the model, network databases generally 

implement the set relationships by means of pointers that directly address the location of 

a record on disk. This gives excellent retrieval performance, at the expense of operations 

such as database loading and reorganization. 

The chief argument in favour of the network model, in comparison to the 

hierarchic model, was that it allowed a more natural modelling of relationships between 

entities. Although the model was widely implemented and used, it failed to become 

dominant for two main reasons. Firstly, IBM chose to stick to the hierarchical model in 

their established products such as IMS and DL/I. Secondly, it was eventually displaced 

by the relational model, which offered a higher-level, more declarative interface. Until 

the early 1980s the performance benefits of the low-level navigational interfaces offered 

by hierarchical and network databases were persuasive for many large-scale applications, 

but as hardware became faster, the extra productivity and flexibility of relational systems 

won the day. 

 

Advantages of network model include simplicity, data security, data integrity and 

efficiency.  Its major limitations are implementation complexity, lack of structural 

independence, programming complexity and problems in database management. 

 

11.5.3 Relational model 

The relational model was introduced in an academic paper by E. F. Codd in 1970 

as a way to make database management systems more independent of any particular 

application. It is a mathematical model defined in terms of predicate logic and set theory. 

The products that are generally referred to as relational databases (for example, 

Oracle, DB2, and SQL Server) in fact implement a model that is only an approximation 

to the mathematical model defined by Codd. The data structures in these products are 

tables, rather than relations: the main differences being that tables can contain duplicate 

rows, and that the rows (and columns) can be treated as being ordered. The same 

criticism applies to the SQL language which is the primary interface to these products. 

There has been considerable controversy, mainly due to Codd himself, as to whether it is 
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correct to describe SQL implementations as "relational": but the fact is that the world 

does so, and the following description uses the term in its popular sense. 

A relational database contains multiple tables, each similar to the one in the "flat" 

database model. Relationships between tables are not defined explicitly; instead, keys are 

used to match up rows of data in different tables. A key is a collection of one or more 

columns in one table whose values match corresponding columns in other tables: for 

example, an Employee table may contain a column named Location which contains a 

value that matches the key of a Location table. Any column can be a key, or multiple 

columns can be grouped together into a single key. It is not necessary to define all the 

keys in advance; a column can be used as a key even if it was not originally intended to 

be one.  You will learn more about this in the next Unit.  

The popularity of the RDBMS are due to its structural independence; conceptual 

simplicity; ease in designing, implementing and maintaining the database; and ad hoc 

query capability.  Its limitations are: hardware overheads, ease of design could often lead 

to bad design and ‘information island’ problem. 

11.5.4 Object-oriented Model 

In recent years, the object-oriented paradigm has been applied to database 

technology, creating a new programming model known as object databases. These 

databases attempt to bring the database world and the application programming world 

closer together, in particular by ensuring that the database uses the same type system as 

the application program. This aims to avoid the overhead (sometimes referred to as the 

impedence mismatch) of converting information between its representation in the 

database (for example as rows in tables) and its representation in the application program 

(typically as objects). At the same time object databases attempt to introduce the key 

ideas of object programming, such as encapsulation and polymorphism, into the world of 

databases. 

A variety of ways have been tried for storing objects in a database. Some products 

have approached the problem from the application programming end, by making the 



 13 

objects manipulated by the program persistent. This also typically requires the addition of 

some kind of query language, since conventional programming languages do not have the 

ability to find objects based on their information content. Others have attacked the 

problem from the database end, by defining an object-oriented data model for the 

database, and defining a database programming language that allows full programming 

capabilities as well as traditional query facilities. 

Object databases suffered because of a lack of standardization: although standards 

were defined by ODMG, they were never implemented well enough to ensure 

interoperability between products. Nevertheless, they have been used successfully in 

many applications: usually specialized applications such as engineering databases or 

molecular biology databases rather than mainstream commercial data processing. 

However, object database ideas were picked up by the relational vendors and influenced 

extensions made to these products and indeed to the SQL language. 

The object-oriented database model has many advantages over the other database 

models.  They include: capability to handle large number of different data types; use of 

object-oriented programming and database technology, and efficient data access.  

However, it too suffers from a few limitations.  Important among them are: difficulty in 

maintaining and unsuitability for all applications.   

Self Check Exercise 

6. Explain the advantages and disadvantages of object-oriented models. 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------- 

 

 

 

 

11.6 Summary 
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In this Unit, you have been introduced to the main concepts used in database 

systems.  We defined the terms ‘database’ and ‘database management systems’.   You 

noted that the term database refers to the collection of records and the software used 

should be referred to as the DBMS.  Then you studied some of the landmarks in the 

development of DBMS technology.  The beginning of databases could be traced back to 

early 1960s when the term was first used by System Development Corporations.  Earlier 

to that databases were being maintained on punched cards and magnetic tapes.  

Widespread use of hard disks during 1960s changed the scenario.  CODASYL 

development is marked as successful implementation of hierarchical model.  A landmark 

paper E.F. Codd saw the development of RDBMS technology which is being used even 

now.   

 

You then learnt some important concepts in DBMS. You studied the three levels in 

the database architecture.  They are: Internal level concerns with the physical storage 

structure of the database; Conceptual Level is a high level description of the whole 

database   and External level describes the views of different user groups.  We clearly 

demarcated schema, or description of a database, from the database itself.  The schema 

does not change very often, whereas the database instance changes every time data is 

inserted, deleted, or modified.   

 

DDL and DML are the database languages and there are some interfaces which are 

useful for easy interaction with the database.  Later, you learnt different database models.  

They are flat model, network model, relational model and object-oriented model.  You 

identified the advantages and disadvantages of each of these models. 

 

 

11.7Answers to the Self Check Exercises 
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1) Database:  One or more large structured sets of persistent data, usually 

associated with software to update and query the data. A simple database 

might be a single file containing many records, each of which contains the 

same set of fields where each field is a certain fixed width.   

Database Management System: A suite of programs which typically manage 

large structured sets of persistent data, offering ad hoc query facilities to many 

users. They are widely used in business applications. 

(Source: Foldoc Dictionary available at http://wombat.doc.ic.ac.uk/foldoc/ ) 

 

2) Techniques for data storage and processing  have evolved over the years: 

 1950s and early 1960s: Magnetic tapes were developed for data storage.  

Punched cards were also in use. 

 Late 1960s and 1970s: Widespread use of hard disks in the late 1960s 

changed the scenario for data processing greatly, since the hard disks 

allowed direct access to data.  CODASYL developed a network model.  A 

landmark paper by E F Codd in 1970 introduced the concept of relational 

model 

 1980s:  Relational model gained the popularity over its predecessors such 

as network model and hierarchical model.  Commercial and popular 

DBMSs such as IBM DB2, Oracle, Ingres and DEC Rdb were all based on 

relational model. 

 1990s: The SQL language was designed primarily for decision support 

applications.  It became de facto standard for RDBMS. 

 2000s: Research on XML based database is in progress. 

 

3) Schema is a logical description of the database.  The data in the database at a 

particular moment in time is called a database instance. 

 

4) There are three levels of database architecture.  They are  

 Internal level or Physical level 

 Conceptual level or Logical level 

 External level or View level 

 

5) The main categories of database or data models are flat (table) model, network 

model, hierarchical model, relational model,  and object oriented model. 

6) The advantages of object oriented models are as follows: 

 Capability to handle large number of different data types 

 Marriage of object-oriented programming and database technology 

 Object-oriented features improve productivity – inheritance 

 Efficient data access 

The limitations of object oriented models are as follows: 

 Difficult to maintain 

 Not suited for all applications. 

 

http://wombat.doc.ic.ac.uk/foldoc/
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a) Keywords/Key Concepts 

 

Database A collection of information organized in such a way that a computer 

program can quickly select desired pieces of data. You can think of a 

database as an electronic filing system. 

Database 

Management 

Systems 

A collection of programs that enables you to store, modify, and 

extract information from a database. There are many different types 

of DBMSs, ranging from small systems that run on personal 

computers to huge systems that run on mainframes. 

Data abstraction Generalisation; ignoring or hiding details to capture some kind of 

commonality between different instances. 

Schema The overall design of the database is called schema 

Instance The database state at any given point of time. 

Data model It is the underlying structure of a database. 

DDL DDL stands for Data Definition Language and is a set of commands 

for defining the database. 

DML DML stands for Data Manipulation Language and is a set of 

commands for retrieving, inserting, deleting and modifying the data 

in a database. 

RDBMS RDBMS stands for Relational Database Model. A database based on 

the relational model developed by E.F. Codd.  

Data 

Independence 

The separation of data from the programs that use the data. Nearly all 

modern applications are based on the principle of data independence. 
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Block 3 

Design and Management of Databases 

 

 Unit 12 

Structure, Organization and Database Security 

 
  

12.0 OBJECTIVES 

12.1 INTRODUCTION 

12.1.1 CONCEPTUAL DESIGN 
12.1.2 LOGICAL  DESIGN 
12.1.3 PHYSICAL DESIGN 

12.2 CONCEPTUAL DESIGN THROUGH ER DATA MODEL 

12.2.1 BASIC CONSTRUCTS 
12.2.1.1 Entity Sets 
12.2.1.2 Attribute 
12.2.1.3 Relationship Set 
12.2.1.4 Weak and Strong Entity Types 
12.2.1.5 Cardinality Constraints 
12.2.1.6 Participation Constraints 

12.3 SUMMARY 

12.4 PHYSICAL DESIGN THROUGH RELATIONAL MODEL 

12.4.1 DATA STRUCTURE AND TERMINOLOGY 
12.4.2 NOTATION 
12.4.3 PROPERTIES OF RELATIONAL TABLES 
12.4.4 RELATIONSHIPS AND KEYS 
12.4.5 DATA INTEGRITY 

12.5 RELATIONAL DATA MANIPULATION 

12.5.1 UNION 
12.5.2 DIFFERENCE 
12.5.3 INTERSECTION 
12.5.4 PRODUCT 
12.5.5 PROJECTION 
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12.7.1 Recoverability 
12.7.2 Integrity 
12.7.3 Security 
12.7.4 Availability 
12.7.5 Performance 
12.7.6 Development/Testing Support 

12.8 SUMMARY 

12.9 KEYWORDS 

12.10 REFERENCES 

12.11 WEB RESOURCES 

 

12.0 Objectives 

After studying this unit, you should be able to: 

 Define entity, attribute and relationship concepts 

 Draw Entity-Relationship diagram 

 Design a relational database system  

 Enumerate and understand the duties of a database administrator 

 

12.1 Introduction 

In the previous unit, you have learnt the basics and terminologies commonly used in 

databases.  In this unit you will learn the issues and processes involved in designing of 

the databases.   

 

Database design is defined as: "design the logical and physical structure of one or more 

databases to accommodate the information needs of the users in an organization for a 

defined set of applications".  Database design provides a comprehensive framework for 

the database.  It allows the database to be viewed in its entirety so that interaction 

between elements can be evaluated.  It also permits identification of potential problems 

and design alternatives.  A bad design would result in:  

 irrelevant data that will not be used  

 omitted data  

 no update potential  

 inappropriate representation of entities  

 lack of integration between various parts of the database  

 unsupported applications  

 major additional costs to revise the database 

The design process roughly follows three steps: 

1. conceptual design 
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2. logical design 

3. physical design 

Each of these steps is briefly explained in the succeeding sections. 

12.1.1 Conceptual Design 

Conceptual design includes several semantic data models.  A data model gets its inputs 

from the planning and analysis stage. Here the designer, along with analysts, collects 

information about the requirements of the database by studying the current system, 

reviewing existing documentation and interviewing end-users.  

A data model has two outputs. The first is an entity-relationship diagram which 

represents the data structures in a pictorial form. Because the diagram is easily learned, it 

is valuable tool to communicate the model to the end-user. The second component is a 

data document. This is a document that describes in detail the data objects, relationships, 

and rules required by the database. The dictionary provides the detail required by the 

database developer to construct the physical database.  

12.1.2 Logical  Design 

In this stage the work of refining the conceptual design is carried out.  It is also called 

normalization.  It checks relational schema for redundancies and related anomalies.  

Normalization is very important component of good database design.  Redundancies in 

the data not only makes databases larger, but also creates the potential for update and 

delete anomalies which can cause a database to become inconsistent.  In short, logical 

design involves refining conceptual design, normalizing data and ensuring data integrity.   

 

12.1.3 Physical Design 

This is a take off stage from the previous stage.  The actual process of creating the tables 

using your favorite RDBMS suite is carried out at this stage.  Forms and queries are 

created and linked appropriately.  Security implementation is also done at this stage.      

 

12.2 Conceptual design through ER data model 

A data model is a conceptual representation of the data structures that are required by a 

database. The data structures include the data objects, the associations between data 
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objects, and the rules which govern operations on the objects. As the name implies, the 

data model focuses on what data is required and how it should be organized rather than 

what operations will be performed on the data. To use a common analogy, the data model 

is equivalent to an architect's building plans.  

A data model is independent of hardware or software constraints. Rather than try to 

represent the data as a database would see it, the data model focuses on representing the 

data as the user sees it in the "real world". It serves as a bridge between the concepts that 

make up real-world events and processes and the physical representation of those 

concepts in a database.  

The Entity-Relationship (ER) model was originally proposed by Peter in 1976 [Chen76] 

as a way to unify the network and relational database views. In simple terms the ER 

model is a conceptual data model that views the real world as entities and relationships. A 

basic component of the model is the Entity-Relationship diagram which is used to 

visually represent data objects. Since Chen wrote his paper the model has been extended 

and today it is commonly used for database design.  For the database designer, the utility 

of the ER model is:  

 it maps well to the relational model. The constructs used in the ER model can 

easily be transformed into relational tables.  

 it is simple and easy to understand with a minimum of training. Therefore, the 

model can be used by the database designer to communicate the design to the end 

user.  

 In addition, the model can be used as a design plan by the database developer to 

implement a data model in specific database management software.  

12.2.1 Basic constructs 

The Entity-Relationship Model (ER Model) employs three basic notions: entity sets, 

relationship sets and attributes.  These concepts are explained in the following sections. 

12.2.1.1 Entity Sets 

It is important to understand the meaning of ‘Entity’ and ‘Entity sets’ in this model.  Let 

us try to define these terms and take a few examples to understand its connotation for 

databases. 
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An entity is a “thing” or “object” in a real world that is distinguishable from all other 

objects. In other words, an entity is something that has a distinct, separate existence, 

though it need not be a material existence. In particular, abstractions and legal fictions are 

usually regarded as entities. In general, there is also no presumption that an entity is 

animate.  Entity could be a human being, a non-human animal, a non-thinking life-form 

such as a plant or fungus, or a lifeless object.  What is more important to be considered as 

an entity for database applications  it should be a  recognizable concepts, either concrete 

or abstract, such as person, place, thing, or event which have relevance to the database. 

Some specific examples of entities are MEMBERS, BOOKS, INVOICES.  An entity is 

analogous to a table in the relational model.  For instance, for a database S R 

Ranganathan is an entity, as he can be uniquely identified as one particular person in the 

universe. An entity may be concrete (a person or a book, for example) or abstract (like a 

holiday or a concept).   

 

Definition An Entity is a real-world item or concept that exists on its own. 

The set of all possible values for an entity is the entity type.  

 

 

 

Entities are classified as independent or dependent (in some methodologies, the terms 

used are strong and weak, respectively). An independent entity is one that does not rely 

on another for identification. A dependent entity is one that relies on another for 

identification.  Parent and child are respective examples for independent and dependent 

entities. 

 

Entity Set, on the other hand, is a set of entities of the same type that share the same 

properties, or attributes.  The set of all users who are members at a given library, for 

example, can be defined as an entity set members.  Similarly, the entity set loan might 

represent the set all books issued by the library.  In an ER diagram, we represent an entity 

type as a rectangle containing the type name, such as student 
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Self Check Exercise 

1. Define “Entity” and “Entity Set”.   

(Hint:  Collect the definitions from any standard text book or dictionary) 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------- 

 

12.2.1.2 Attribute 

 

Each entity has attributes, or particular properties that describe the entity. For example, a 

student Deepak Sharma has properties of his own Student Identification number, name, 

and grade. A particular value of an attribute, such as 93 for the grade, is a value of the 

attribute. Most of the data in a database consists of values of attributes. The set of all 

possible values of an attribute, such as integers from 0 to 100 for a grade, is the attribute 

domain. In an ER model, an attribute name appears in an oval that has a line to the 

corresponding entity box, such as in shown below.   

 

 

 
 

Definition An attribute of an entity is a particular property that describes 

the entity. The set of all possible values of an attribute is the 

attribute domain.  



 24 

 

Sometimes the value of an attribute is unknown or missing, and sometimes a value is not 

applicable. In such cases, the attribute can have the special value of null. For example, 

until the professor grades a classification assignment, the grade is missing or null.  

 

 

 

An attribute can be simple or composite. A simple attribute, such as grade, is one 

component that is atomic. If we consider the name in two parts, last name and first name, 

then the name attribute is a composite. A composite attribute, such as "Deepak 

Sharma", has multiple components, such as "Deepak" and "Sharma"; and each 

component is atomic or composite. We illustrate this composite nature in the ER model 

by branching off the component attributes, such as in Figure shown below.  

 

Definition A simple attribute is one component that is atomic. A 

composite attribute has multiple components, each of which is 

atomic or composite.  

 

 

ER diagram notation for composite attribute domain, name  

 

Definition Null is the special attribute value that indicates an unknown or 

missing value.  
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Another way to classify attributes is either as single-valued or multi-valued. For an entity 

an attribute, such as StudentGrade, usually holds exactly one value, such as 93, and thus 

is a single-valued attribute. However, two lab assistants might assist in a laboratory 

section. Consequently, the LabAssistant attribute for the entity LabSection is multi-

valued. A multi-valued attribute has more than one value for a particular entity. We 

illustrate this situation with a double oval around the lab assistant type, LabAssistant (see 

Figure below). 

Definition For a particular entity, an entity attribute that holds exactly one 

value is a single-valued attribute. A multi-valued attribute has 

more than one value for a particular entity.  

 

 

 

 

A derived attribute can be obtained from other attributes or related entities. For 

example, the radius of a sphere can be determined from the circumference. We request 

the derived attribute with a dotted oval and line, such as in Figure below.  

 

An attribute or set of attributes that uniquely identifies a particular entity is a key. For 

example, Deepak Sharma's Student Identification Number uniquely identifies him. 

However, to determine the class we need a composite key that consists of several 
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attributes, such as catalogue number, section, semester, and year. In the ER diagram of 

(Figure shown below) , we underline the composite key, class. (The figure shows another 

attribute (DragExpWeek) of LabSection that stores the week of the semester (1-15) in 

which the drag experiment occurs.) 

 

Definition An attribute or set of attributes that uniquely identifies a 

particular entity is a key. A composite key is a key that is a 

composite of several attributes.  

 

Self Check Exercise 

2. Differentiate Simple and Composite attributes.  Give an example for each. 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------- 

 

12.2.1.3 Relationship Set 

A relationship is an association between several entities.    For instance, Deepak Sharma 

is member of a library.  Here Deepak Sharma and library are two different entities.  Then 

borrowerof denotes the relationship between the two.  A relationship set is a set of 

relationships of the same type.    

 

Definition A relationship set is a set of associations among entity types. A 
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relationship or relationship instance is an ordered pair 

consisting of particular related entities.  

 

We use a diamond to illustrate the relationship type in an ER diagram, such as in figure 

shown below.  We arrange the diagram so that the relationship reads from left to right, "a 

user is a member of a library." Alternatively, we can arrange the components from top to 

bottom.  

 

 

The degree of a relationship type is the number of entity types that participate. Thus, the 

LabSecMemberOf relationship type of figure (shown below)  has degree 2, which we call 

a binary relationship type. To clarify the role that an entity plays in each relationship 

instance, we can label a connecting edge with a role name that indicates the purpose of 

an entity in a relationship. For example, we can have two binary relationship types 

associating the student and team types, TeamMemberOf and LeaderOf. In the former 

case, a student entity is a member of a team entity; in the later case, a student can be a 

leader of a team. 

         

 

Student Library 
Memberof 
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Definition The degree of a relationship type is the number of entity types 

that participate. If two entity types participate, the relationship 

type is binary. A role name indicates the purpose of an entity in 

a relationship.  

 

As Figure shown below illustrates, a relationship type can also have attributes. The 

relationship type order connects entities library  and supplier. The relationship is many-

to-many because each chemical can be from several suppliers and each supplier has a 

number of books. An order has a purchase date, amount, and total cost as well as the 

book  and supplier information. Thus, order has attributes PurchaseDate, amount, and 

TotalCost that we cannot appropriately associate with library or supplier. 

12.2.1.4 Weak and Strong Entity Types 

 

In the physics laboratory ER model example, the entity type student is strong because its 

existence does not depend on some other entity type. However, the team entity type is 

weak. The existence of team depends on the existence of LabSection, and we call the in 

identifying relationship. As (see Figure below) illustrates, we draw double lines around 

the identifying relationship, the team entity type, and the line connecting the two to 

indicate the weak entity type.  

Definition An entity type is strong if its existence does not depend on some 

other entity type. Otherwise, the entity type is weak.  
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12.2.1.5 Cardinality Constraints 

 

If each team can have at most one student leader and a student can be a leader of at most 

one team, we have a 1:1 or one-to-one relationship. We can illustrate this ratio by 

writing ones on the lines indicating the relationship, as in  the first Figure shown below. 

Several teams can be in each lab section, students as members, so we write the cardinality 

ratio as N:1 in this many-to-one relationship and draw the diagram, as in second Figure 

shown below. Similarly, we can have a one-to-many relationship.  
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Because a student can retake a course, a student could be a member of more than one 

team. Thus, we would need different variables, say N and M, for the numbers of student 

and team entities, respectively; and the ratio would be N:M in this many-to-many 

relationship. As shown in the below Figure/diagram, a team has any number of students, 

and a student can participate in several teams during his or her college career. Ratios, 

such as 1:1, 1:N, N:1, and N:M, give a cardinality constraint or numeric restriction on 

the possible relationships.  

Definition A 1:1 or one-to-one relationship from entity type S to 

entity type T is one in which an entity from S is related to at 

most one entity from T and vice versa. An N:1 or many-to-

one relationship from entity type S to entity type T is one in 

which an entity from T can be related to two or more entities 

from S. A 1:N or one-to-many relationship from entity 

type S to entity type T is one in which an entity from S can 

be related to two or more entities from T. An N:M or many-

to-one relationship from entity type S to entity type T is one 

in which an entity from S can be related to two or more 

entities from T, and an entity from T can be related to two or 

more entities from S. A ratio, such as 1:1, 1:N, N:1, and 

N:M, gives a cardinality constraint or numeric restriction 

on the possible relationships.  
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12.2.1.6 Participation Constraints  

 

Every student must be a member of a team, or, in other words, a student entity is of 

interest only if it participates in a MemberOf relationship. Thus, we can include in an ER 

diagram a participation constraint in which participation of student in MemberOf is 

total. A double line indicates the total participation constraint in an ER model (see 

Figure). However, the participation of student in LeaderOf in  one of the Figures above is 

partial, because a student might be a team leader.   

 

12.3 Summary  

 

The Entity-Relationship Model is a conceptual data model that views the real world as 

consisting of entities and relationships. The model visually represents these concepts by 

the Entity-Relationship diagram. The basic constructs of the ER model are entities, 

relationships, and attributes. Entities are concepts, real or abstract, about which 

information is collected. Relationships are associations between the entities. Attributes 

are properties which describe the entities. Next, we will look at the role of data modelling 

in the overall database design process and a method for building the data model.  The 

following table gives a list of commonly used ER diagram symbols. 
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Notation Meaning 

 Entity type 

 Attribute 

 Key attribute 

 Derived attribute 

 
Multivalued attribute 

 

Composite attribute 

 
Relationship type 

 
Total participation 

 

Many-to-one 

relationship 

  

Weak entity type  

 

 

Self Check Exercise 

3. What is Cardinality Constraint? Explain its types. 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------- 
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12.4 Physical design through Relational model 

Dr. E. F. Codd introduced the model in 1970.  The major reason for its popularity lies in 

its simplicity to understand and implement.  Two-dimension table is used to represent 

data in relational model.   Each table represents an entity set.   

A basic understanding of the relational model is necessary to effectively use relational 

database software such as Oracle, Microsoft SQL Server, or even personal database 

systems such as Access or Fox, which are all based on the relational model.  

This unit is an informal introduction to relational concepts, especially as they relate to 

relational database design issues. It is not a complete description of relational theory.  

12.4.1 Data Structure and Terminology  

In the context of relational model, a database is a collection of relational tables. A 

relational table typically consists of rows and columns.  For a given table, number of 

columns is fixed and each column is identified by a unique name.  On the other hand, 

number of records is not known at the designing stage and the number keeps on changing 

from time to time.  Rows are not named unlike columns.  The columns of the tables 

contain information about the table. The rows of the table represent occurrences of the 

"thing" represented by the table. A data value is stored in the intersection of a row and 

column. Each named column has a domain, which is the set of values that may appear in 

that column. Figure 1 shows the relational tables for a simple bibliographic database that 

stores information about book title, authors, and publishers.  

Figure 1 
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There are alternate names used to describe relational tables. Some books use the terms 

tables, fields, and records to describe relational tables, columns, and rows, respectively. 

The formal literature tends to use the mathematical terms, relations, attributes, and tuples. 

Figure 2 summarizes these naming conventions.  

Figure 2: Terminology  

In This Document Formal Terms Many Database Manuals 

Relational Table  Relation  Table  

Column Attribute Field 

Row Tuple Record 
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12.4.2 Notation  

Relational tables can be expressed concisely by eliminating the sample data and showing 

just the table name and the column names. For example,  

AUTHOR  (au_id, au_lname, au_fname, address, city, state, zip) 

TITLE (title_id, title, type, price, pub_id)  

PUBLISHER  (pub_id, pub_name, city)  

AUTHOR_TITLE  (au_id, title_id) 

 

 

12.4.3 Properties of Relational Tables  

Relational tables have six properties:  

1. Values are atomic. 

2. Column values are of the same kind. 

3. Each row is unique.  

4. The sequence of columns is insignificant.  

5. The sequence of rows is insignificant.  

6. Each column must have a unique name. 

 Values Are Atomic  

In databases, an atomic means the columns are not multi-valued.  For instance, in a given 

cell one can’t store multiple telephone numbers of a person. This property implies that 

columns in a relational table are not repeating group or arrays. Such tables are referred to 

as being in the "first normal form" (1NF). The atomic value property of relational tables 

is important because it is one of the cornerstones of the relational model.  

The key benefit of the one value property is that it simplifies data manipulation logic.  

 Column Values Are of the Same Kind  

In relational terms this means that all values in a column come from the same domain. A 

domain is a set of values which a column may have. For example, an author column 

contains only specific authors. It never contains other information such as titles, series 

flags, or even publishers name.  
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This property simplifies data access because developers and users can be certain of the 

type of data contained in a given column. It also simplifies data validation. Because all 

values are from the same domain, the domain can be defined and enforced with the Data 

Definition Language (DDL) of the database software.  

 Each Row is Unique  

This property ensures that no two rows in a relational table are identical; there is at least 

one column, or set of columns, the values of which uniquely identify each row in the 

table. Such columns are called primary keys and are discussed in more detail in 

Relationships and Keys section.  

This property guarantees that every row in a relational table is meaningful and that a 

specific row can be identified by specifying the primary key value. 

 The Sequence of Columns is Insignificant  

This property states that the ordering of the columns in the relational table has no 

meaning. Columns can be retrieved in any order and in various sequences. The benefit of 

this property is that it enables many users to share the same table without concern of how 

the table is organized. It also permits the physical structure of the database to change 

without affecting the relational tables.  

 The Sequence of Rows is Insignificant  

This property is analogous the one above but applies to rows instead of columns. The 

main benefit is that the rows of a relational table can be retrieved in different order and 

sequences. Adding information to a relational table is simplified and does not affect 

existing queries.  

 Each Column Has a Unique Name  

Because the sequence of columns is insignificant, columns must be referenced by name 

and not by position. In general, a column name need not be unique within an entire 

database but only within the table to which it belongs.  
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12.4.4 Relationships and Keys  

A relationship is an association between two or more tables. Relationships are expressed 

in the data values of the primary and foreign keys.  

A primary key is a column or columns in a table whose values uniquely identify each 

row in a table. A foreign key is a column or columns whose values are the same as the 

primary key of another table. You can think of a foreign key as a copy of primary key 

from another relational table. The relationship is made between two relational tables by 

matching the values of the foreign key in one table with the values of the primary key in 

another.  

Keys are fundamental to the concept of relational databases because they enable tables in 

the database to be related with each other. Navigation around a relational database 

depends on the ability of the primary key to unambiguously identify specific rows of a 

table. Navigating between tables requires that the foreign key is able to correctly and 

consistently reference the values of the primary keys of a related table. For example, the 

figure below shows how the keys in the relational tables are used to navigate from 

AUTHOR to TITLE to PUBLISHER. AUTHOR_TITLE is an all key table used to link 

AUTHOR and TITLE. This relational table is required because AUTHOR and TITLE 

have a many-to-many relationship. 
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12.4.5 Data Integrity  

Data integrity means, in part, that you can correctly and consistently navigate and 

manipulate the tables in the database. There are two basic rules to ensure data integrity; 

entity integrity and referential integrity.  

The entity integrity rule states that the value of the primary key can never be a null value 

(a null value is one that has no value and is not the same as a blank). Because a primary 

key is used to identify a unique row in a relational table, its value must always be 

specified and should never be unknown. The integrity rule requires that insert, update, 

and delete operations maintain the uniqueness and existence of all primary keys.  
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The referential integrity rule states that if a relational table has a foreign key, then every 

value of the foreign key must either be null or match the values in the relational table in 

which that foreign key is a primary key.  

12.5 Relational Data Manipulation  

Relational tables are sets. The rows of the tables can be considered as elements of the set. 

Operations that can be performed on sets can be done on relational tables. The eight 

relational operations are:  

12.5.1 Union  

The union operation of two relational tables is formed by appending rows from one table 

to those of a second table to produce a third. Duplicate rows are eliminated. The notation 

for the union of Tables A and B is A UNION B.  

The relational tables used in the union operation must be union compatible. Tables that 

are union compatible must have the same number of columns and corresponding columns 

must come from the same domain. Figure1 shows the union of A and B.  

Note that the duplicate row [1, A, 2] has been removed.  

Figure1: A UNION 

B   

12.5.2 Difference  

The difference of two relational tables is a third that contains those rows that occur in the 

first table but not in the second. The Difference operation requires that the tables be union 

compatible. As with arithmetic, the order of subtraction matters. That is, A - B is not the 

same as B - A. Figure2 shows the different results.  
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Figure 2: The Difference Operator 

 

12.5.3 Intersection 

The intersection of two relational tables is a third table that contains common rows. Both 

tables must be union compatible. The notation for the intersection of A and B is A 

[intersection] B = C or A INTERSECT B. Figure3 shows the single row [1, A, 2] appears 

in both A and B.  

Figure3: Intersection 

 

12.5.4 Product  

The product of two relational tables, also called the Cartesian Product, is the 

concatenation of every row in one table with every row in the second. The product of 

table A (having m rows) and table B (having n rows) is the table C (having m x n rows). 

The product is denoted as A X B or A TIMES B.  

Figure 4: Product 

 

The product operation is by itself not very useful. However, it is often used as an 

intermediate process in a Join.  
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12.5.5 Projection  

The project operator retrieves a subset of columns from a table, removing duplicate rows 

from the result.  

12.5.6 Selection  

The select operator, sometimes called restrict to prevent confusion with the SQL 

SELECT command, retrieves subsets of rows from a relational table based on a value(s) 

in a column or columns.  

12.5.7 Join  

A join operation combines the product, selection, and, possibly, projection. The join 

operator horizontally combines (concatenates) data from one row of a table with rows 

from another or the same table when certain criteria are met. The criteria involve a 

relationship among the columns in the join relational table. If the join criterion is based 

on equality of column value, the result is called an equijoin. A natural join is an equijoin 

with redundant columns removed.  

Figure 5 illustrates a join operation. Tables D and E are joined based on the equality of k 

in both tables. The first result is an equijoin. Note that there are two columns named k; 

the second result is a natural join with the redundant column removed.  

Figure 5: Join 

 

Joins can also be done on criteria other than equality.  

12.5.8 Division  

The division operator results in columns values in one table for which there are other 

matching column values corresponding to every row in another table.  
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Figure 6: Division 

 

 
12.6 Normalization  

Normalization is a design technique that is widely used as a guide in designing relational 

databases. Normalization is essentially a two step process that puts data into tabular form 

by removing repeating groups and then removes duplicated data from the relational 

tables.  

Normalization theory is based on the concepts of normal forms. A relational table is said 

to be a particular normal form if it satisfied a certain set of constraints. There are 

currently five normal forms that have been defined. In this Unit, we will cover the first 

three normal forms that were defined by E. F. Codd.  

12.6.1 Basic Concepts  

The goal of normalization is to create a set of relational tables that are free of redundant 

data and that can be consistently and correctly modified. This means that all tables in a 

relational database should be in the third normal form (3NF). A relational table is in 3NF 

if and only if all non-key columns are (a) mutually independent and (b) fully dependent 

upon the primary key. Mutual independence means that no non-key column is dependent 

upon any combination of the other columns. The first two normal forms are intermediate 

steps to achieve the goal of having all tables in 3NF. In order to better understand the 

2NF and higher forms, it is necessary to understand the concepts of functional 

dependencies and lossless decomposition.  

12.6.2 Functional Dependencies  

The concept of functional dependencies is the basis for the first three normal forms. A 

column, Y, of the relational table R is said to be functionally dependent upon column X 

of R if and only if each value of X in R is associated with precisely one value of Y at any 

given time. X and Y may be composite. Saying that column Y is functionally dependent 

upon X is the same as saying the values of column X identify the values of column Y. If 

column X is a primary key, then all columns in the relational table R must be functionally 

dependent upon X.  
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A short-hand notation for describing a functional dependency is:  

R.x —>; R.y  

which can be read as in the relational table named R, column x functionally determines 

(identifies) column y.  

Full functional dependence applies to tables with composite keys. Column Y in 

relational table R is fully functional on X of R if it is functionally dependent on X and not 

functionally dependent upon any subset of X. Full functional dependence means that 

when a primary key is composite, made of two or more columns, then the other columns 

must be identified by the entire key and not just some of the columns that make up the 

key.  

12.6.3 Overview  

Simply stated, normalization is the process of removing redundant data from relational 

tables by decomposing (splitting) a relational table into smaller tables by projection. The 

goal is to have only primary keys on the left hand side of a functional dependency. In 

order to be correct, decomposition must be lossless. That is, the new tables can be 

recombined by a natural join to recreate the original table without creating any spurious 

or redundant data.  

Sample Data  

Data taken from Date’s book is used to illustrate the process of normalization. A 

company obtains parts from a number of suppliers. Each supplier is located in one city. A 

city can have more than one supplier located there and each city has a status code 

associated with it. Each supplier may provide many parts. The company creates a simple 

relational table to store this information that can be expressed in relational notation as: 

FIRST (s#, status, city, p#, qty)  

where  

s#  supplier identifcation number (this is the primary key)  

status  status code assigned to city  

city name of city where supplier is located  

p#  part number of part supplied  

qty>  quantity of parts supplied to date 

In order to uniquely associate quantity supplied (qty) with part (p#) and supplier (s#), a 

composite primary key composed of s# and p# is used.  
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12.6.4 First Normal Form  

A relational table, by definition, is in first normal form. All values of the columns are 

atomic. That is, they contain no repeating values. Figure1 shows the table FIRST in 1NF.  

Figure 1: Table in 1NF 

 

Although the table FIRST is in 1NF it contains redundant data. For example, information 

about the supplier's location and the location's status have to be repeated for every part 

supplied. Redundancy causes what are called update anomalies. Update anomalies are 

problems that arise when information is inserted, deleted, or updated. For example, the 

following anomalies could occur in FIRST:  

 INSERT. The fact that a certain supplier (s5) is located in a particular city 

(Athens) cannot be added until they supplied a part.  

 DELETE. If a row is deleted, then not only is the information about quantity and 

part lost but also information about the supplier.  

 UPDATE. If supplier s1 moved from London to New York, then six rows would 

have to be updated with this new information.  

12.6.5 Second Normal Form  

The definition of second normal form states that only tables with composite primary keys 

can be in 1NF but not in 2NF.  

A relational table is in second normal form 2NF if it is in 1NF and every non-key column 

is fully dependent upon the primary key.  

That is, every non-key column must be dependent upon the entire primary key. FIRST is 

in 1NF but not in 2NF because status and city are functionally dependent upon only on 

the column s# of the composite key (s#, p#). This can be illustrated by listing the 

functional dependencies in the table:  

 



 45 

s#  —> city, status  

city  —> status  

(s#,p#)  —>qty  

The process for transforming a 1NF table to 2NF is:  

1. Identify any determinants other than the composite key, and the columns they 

determine.  

2. Create and name a new table for each determinant and the unique columns it 

determines.  

3. Move the determined columns from the original table to the new table. The 

determinate becomes the primary key of the new table.  

4. Delete the columns you just moved from the original table except for the 

determinate which will serve as a foreign key.  

5. The original table may be renamed to maintain semantic meaning.  

To transform FIRST into 2NF we move the columns s#, status, and city to a new table 

called SECOND. The column s# becomes the primary key of this new table. The results 

are shown below in Figure 2.  

Figure 2: Tables in 2NF 

 

Tables in 2NF but not in 3NF still contain modification anomalies. In the example of 

SECOND, they are:  

INSERT. The fact that a particular city has a certain status (Rome has a status of 50) 

cannot be inserted until there is a supplier in the city.  

DELETE. Deleting any row in SUPPLIER destroys the status information about the city 

as well as the association between supplier and city.  
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12.6.6 Third Normal Form  

The third normal form requires that all columns in a relational table are dependent only 

upon the primary key. A more formal definition is:  

A relational table is in third normal form (3NF) if it is already in 2NF and every non-key 

column is non transitively dependent upon its primary key. In other words, all nonkey 

attributes are functionally dependent only upon the primary key.  

Table PARTS is already in 3NF. The non-key column, qty, is fully dependent upon the 

primary key (s#, p#). SUPPLIER is in 2NF but not in 3NF because it contains a transitive 

dependency. A transitive dependency is occurs when a non-key column that is a 

determinant of the primary key is the determinate of other columns. The concept of a 

transitive dependency can be illustrated by showing the functional dependencies in 

SUPPLIER:  

SUPPLIER.s#  —> SUPPLIER.status  

SUPPLIER.s#  —> SUPPLIER.city  

SUPPLIER.city  —> SUPPLIER.status  

Note that SUPPLIER.status is determined both by the primary key s# and the non-key 

column city. The process of transforming a table into 3NF is:  

1. Identify any determinants, other the primary key, and the columns they determine.  

2. Create and name a new table for each determinant and the unique columns it 

determines.  

3. Move the determined columns from the original table to the new table. The 

determinate becomes the primary key of the new table.  

4. Delete the columns you just moved from the original table except for the 

determinate which will serve as a foreign key.  

5. The original table may be renamed to maintain semantic meaning.  

To transform SUPPLIER into 3NF, we create a new table called CITY_STATUS and 

move the columns city and status into it. Status is deleted from the original table, city is 

left behind to serve as a foreign key to CITY_STATUS, and the original table is renamed 

to SUPPLIER_CITY to reflect its semantic meaning. The results are shown in Figure 3 

below.  
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Figure 3: Tables in 3NF 

 

The results of putting the original table into 3NF has created three tables. These can be 

represented in "psuedo-SQL" as:  

PARTS (#s, p#, qty)  

Primary Key (s#,#p)  

Foreign Key (s#) references SUPPLIER_CITY.s# 

SUPPLIER_CITY(s#, city)  

Primary Key (s#)  

Foreign Key (city) references CITY_STATUS.city  

CITY_STATUS (city, status)  

Primary Key (city)  

Advantages of Third Normal Form  

The advantage of having relational tables in 3NF is that it eliminates redundant data 

which in turn saves space and reduces manipulation anomalies. For example, the 

improvements to our sample database are:  

INSERT. Facts about the status of a city, Rome has a status of 50, can be added even 

though there is not supplier in that city. Likewise, facts about new suppliers can be added 

even though they have not yet supplied parts.  

DELETE. Information about parts supplied can be deleted without destroying 

information about a supplier or a city. UPDATE. Changing the location of a supplier or 

the status of a city requires modifying only one row.  

 

 

12.7 Database Administration 

 

A database administration involves several works.  In general, these include: 

 Recoverability - Creating and testing Backups 

 Integrity - Verifying or helping to verify data integrity 

 Security - Defining and/or implementing access controls to the data 
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 Availability - Ensuring maximum uptime 

 Performance - Ensuring maximum performance given budgetary constraints 

 Development and testing support - Helping programmers and engineers to 

efficiently utilize the database. 

The person who is responsible for carrying out the above works in an organization is 

called Database Administrator (DBA).  The following are the brief explanations of the 

works listed above. 

12.7.1 Recoverability 

Recoverability means that, if a data entry error, program bug or hardware failure occurs, 

the DBA can bring the database backward in time to its state at an instant of logical 

consistency before the damage was done. Recoverability activities include making 

database backups and storing them in ways that minimize the risk that they will be 

damaged or lost, such as placing multiple copies on removable media and storing them 

outside the affected area of an anticipated disaster. Recoverability is the DBA’s most 

important concern. 

Recoverability, also sometimes called "disaster recovery," takes two primary forms. First 

the backup, then recovery tests. 

The backup of the database consists of data with timestamps combined with database 

logs to change the data to be consistent to a particular moment in time. It is possible to 

make a backup of the database containing only data without timestamps or logs, but the 

DBA must take the database offline to do such a backup. 

The recovery tests of the database consist of restoring the data, then applying logs against 

that data to bring the database backup to consistency at a particular point in time up to the 

last transaction in the logs. Alternatively, an offline database backup can be restored 

simply by placing the data in-place on another copy of the database. 

If a DBA (or any administrator) attempts to implement a recoverability plan without the 

recovery tests, there is no guarantee that the backups are at all valid. In practice, in all but 

the most mature RDBMS packages, backups rarely are valid without extensive testing to 

be sure that no bugs or human error have corrupted the backups. 
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12.7.2 Integrity 

Integrity means that the database, or the programs that create its content, embody means 

of preventing users who provide data from breaking the system’s business rules. For 

example, a retailer may have a business rule that only individual customers can place 

orders; and so every order must identify one and only one customer. Oracle Server and 

other relational DBMSs enforce this type of business rule with constraints, which are 

configurable implicit queries. To continue the example, in the process of inserting a new 

order the database may query its customer table to make sure that the customer identified 

by the order exists. 

12.7.3 Security 

Security means that users’ ability to access and change data conforms to the policies of 

the business and the delegation decisions of its managers. Like other metadata, a 

relational DBMS manages security information in the form of tables. These tables are the 

“keys to the kingdom” and so it is important to protect them from intruders. 

12.7.4 Availability 

Availability means that authorized users can access and change data as needed to support 

the business. Increasingly, businesses are coming to expect their data to be available at all 

times (“7x24”, or seven days a week, 24 hours a day). The IT industry has responded to 

the availability challenge with hardware and network redundancy and increasing online 

administrative capabilities. 

12.7.5 Performance 

Performance means that the database does not cause unreasonable online response times, 

and it does not cause unattended programs to run for an unworkable period of time. In 

complex client/server and three-tier systems, the database is just one of many elements 

that determine the performance that online users and unattended programs experience. 

Performance is a major motivation for the DBA to become a generalist and coordinate 

with specialists in other parts of the system outside of traditional bureaucratic reporting 

lines. 
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12.7.6 Development/Testing Support 

Development and testing support is typically what the database administrator regards as 

his or her least important duty, while results-oriented managers consider it the DBA’s 

most important duty. Support activities include collecting sample production data for 

testing new and changed programs and loading it into test databases; consulting with 

programmers about performance tuning; and making table design changes to provide new 

kinds of storage for new program functions. 

Here are some IT roles that are related to the role of database administrator: 

 Application programmer 

 System administrator 

 Data administrator 

 Data architect 

 

12.8  Summary 

 

In this unit we discussed that entity-relationship (ER) data model is based on a perception 

of a real world that consists of a set of basic objects called entities, and of relationships 

among these objects.  E-R model is a conceptual model and is used primarily for the 

database design process.  We learnt a few concepts in this unit, such as entity, attribute 

and relationships which are considered as the basic construct of ER model.  An entity is a 

“thing” or “object” in the real world that is distinguishable from all other objects.  An 

attribute is the property of an entity.  The relationship is the association between two 

entity sets.   

 

The physical level of designing the database is creation of the database.  We learnt about 

the concepts involved in designing a relational database.  The relational database is based 

on a collection of tables.  A table is also called relation.  A table is made up of rows and 

columns.  The properties of a relational table are: values are atomic, column values are of 

the same kind, each row is unique, the sequence of columns is insignificant, the sequence 

of rows is insignificant and each column must have a unique name.  The rows in a table 

are distinguished by a primary key.  A primary key is a column or columns in a table 
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whose values uniquely identify each row in a table. A foreign key is a column or 

columns whose values are the same as the primary key of another table.   The relational 

operators can be performed on tables.   

  

Database administrator manages the database in an organization.  Recoverability - 

Creating and testing Backups, Integrity - Verifying or helping to verify data integrity, 

Security - Defining and/or implementing access controls to the data, Availability - 

Ensuring maximum uptime, Performance - Ensuring maximum performance given 

budgetary constraints, and Development and testing support - Helping programmers and 

engineers to efficiently utilize the database are the primary functions of an database 

administrator.   

  

12.9 Keywords 

 

Atomic Does not have multiple values 

Attribute Is a property inherent in an entity or 

associated with that entity for database 

purposes. 

Data Integrity It is concerned with three aspects of the 

data in a database: Accuracy, Correctness 

and Validity.   

Database Security Precautions taken to prevent the loss or 

misuse of data, whether accidental or 

deliberate. 

Entity An entity is something that has a distinct, 

separate existence, though it need not be a 

material existence. 

E-R Model An approach to data modelling proposed 

by P. Chen in 1976. The model says that 

you divide your database in two logical 

parts, entities (e.g. "customer", "product") 

and relations ("buys", "pays for"). 

Foreign Key A column in a database table containing 

values that are also found in some primary 

key column (of a different table) 

Normalization A series of steps followed to obtain a 

database design that allows for efficient 

access and storage of data in a relational 

database. 

Primary Key The candidate key selected as being most 

important for identifying a body of 
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information (an entity, object or record). 

Referential Integrity A collection of properties which should be 

possessed by data in a relational database. 

Relationship An association between two entity sets 

Weak Entity Is an entity that can't be uniquely identified 

by its own attributes alone, and therefore 

must use as its primary key both its own 

attributes and the primary key of an entity 

it is related to. 
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M.Lib.I.Sc. - 7:  Application of IT in Libraries and Information Centres 

Block – 4: Design and Management of Databases 

 

Introduction 

 One of the most common tasks for computer systems today is storing and 

managing data.  This data can be any information you want to store about some subject. It 

can include facts, figures, images, or almost anything else. In general, any collection of 

information about some particular subject is a database.  Databases are the backbone of 

any information system.  In this block you are various issues related to design and 

management of databases. 

 

 The first Unit is on Database Concepts and Components.  In this Unit, you will be 

been introduced to the main concepts used in database systems.  A clear distinction will 

be made between  ‘database’ and ‘database management systems’.  The beginning of 

databases could be traced back to early 1960s when the term was first used by System 

Development Corporations.  Earlier to that databases were being maintained on punched 

cards and magnetic tapes.  Widespread use of hard disks during 1960s changed the 

scenario.  CODASYL development is marked as successful implementation of 

hierarchical model.  A landmark paper E.F. Codd saw the development of RDBMS 

technology which is being used even now.    The unit attempts to introduce the three 

levels in the database architecture.  They are: Internal level concerns with the physical 

storage structure of the database; Conceptual Level is a high level description of the 

whole database   and External level describes the views of different user groups.  The five 

database models, viz., flat model, network model, relational model,  and object-oriented 

model have been discussed in detail.  This unit gives a fair idea about the database 

architecture. 

 The second unit is on Structure, Organization and Administration.   Designing a 

proper database makes or mars any information retrieval systems.  While the good design 

increases the usefulness of the information system, the bad design would result in chaos 

for users as well as administrators of the database.  These issues are discussed in the unit.     

In this unit you find a detailed discussion on entity-relationship model.  Entity-



relationship (ER) data model is based on a perception of a real world that consists of a set 

of basic objects called entities, and of relationships among these objects.  E-R model is a 

conceptual model and is used primarily for the database design process.  Further the Unit 

discusses the role of database administrator. Database administrator manages the 

database in an organization.  Recoverability - Creating and testing Backups, Integrity - 

Verifying or helping to verify data integrity, Security - Defining and/or implementing 

access controls to the data, Availability - Ensuring maximum uptime, Performance - 

Ensuring maximum performance given budgetary constraints, and Development and 

testing support - Helping programmers and engineers to efficiently utilize the database 

are  also the primary functions of an database administrator.   

 

 The third unit is on Structured Query Language.  In this Unit, you will learn the 

historical development of SQL  - a de facto standard for relational database management 

systems.   The development of SQL is normally attributed to E.F. Codd who has 

developed a model for RDBMS.  Its simplicity and English like commands made SQL 

very popular.    The standard SQL statements can be grouped into four distinct categories, 

viz., Data Query Language (DQL), Data Manipulation Language (DML),  Data 

Definition Language (DDL) and Rights.   DQL is used to interact with the database to 

retrieve data and impose ordering upon the retrieved data.  DML is used to add, delete 

and modify the data in a database.  DDL supports the functions like creating, altering, and 

deleting database structures and definitions.  Lastly, commands responsible for rights 

management help in giving and controlling access rights to database objects.   

 
 The fourth unit is a case study of two popular database management systems – 

CDS/ISIS and Microsoft Access.  CDS/ISIS has all the qualities of a DBMS.  However, it 

not a relational database management system though it provides some of the facilities 

found in RDBMS packages.  On the other hand, Microsoft Access is a typical example 

for RDBMS package. 

 

 Finally, DBMS technologies are growing at a very fast pace.  You must keep up 

pace with it, especially in the client-server levels of databases.  The logical design which 



has been discussed in the present block will also help you to design the server site 

database application.  The client site development require various other application 

development tools.  Being an information professional, you must develop the fair skills in 

DBMS.   

                                                             Dr. N S Harinarayan 
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13.1 Objectives 

The Objectives of this learning module are:  

1. To survey the fundamentals of Computer Hardware and Software necessary to 

understand the working of networks. 

2. To survey the basic types of networks and introduce network terminology. 

13.2  Introduction 
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In today's complex world, there are very few organizations without networks. In fact, 

there are very few homes without some type of network. A network can range from 

simply having two linked computers, to the complexity of computers being able to 

access each other and share data across continents. All networks, no matter how 

different or complex, have some basic requirements that you should be familiar with. 

These concepts will help you understand how any network transports data and 

communicates. 

Networks were developed to allow people to share information and devices. A 

network is a group of computers that can communicate with each other to share 

information. This can range in its simplest form from two computers in a home that 

are connected by one cable to the most complex network that includes many 

computers, cables, and devices spanning across continents. When computers can 

communicate with each other, they can share resources. These resources can be data, 

such as documents, spreadsheets or applications. 

One way of sharing files is to transfer them onto a floppy disk and then load them 

onto each computer. This is also known as a sneakernet. It stems from the fact that 

you have to walk the files back and forth between the two computers to transfer them. 

This was the primary method of communication before networks became popular.  

For these two computers to be able to share information, each computer must have an 

operating system with networking capabilities, some type of connection, and a 

common method or protocol to communicate. For the devices in the network to 

connect to each other, they use a special interface card. All connections, whether 

they're wired or wireless, allow devices to connect by this interface card. You'll hear 

this referred to as a network card, network adapter, or the most common name, a NIC 

(network interface card). Before the card can be used, a software or device driver 

must be installed on the computer. In the beginning days of network computing, each 

vendor had its own proprietary driver, which made it difficult to integrate different 

vendors into the same network and to keep up with hardware and software updates. 

The operating system vendors eventually developed a way to integrate device drivers 

into the operating system for easier communication between the OS and the devices. 

A driver is a program that communicates between the operating system and the 

device, kind of like an intermediary.  
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Lastly, let's look at what a common method of communication or protocol is. A 

protocol is a set of rules and conventions that governs how computers exchange 

information over the network medium. In simple terms, a protocol is the language that 

computers use to talk to each other. For example, if I only speak and understand 

English and you only speak and understand French, we won't be able to effectively 

communicate because we don't know what each other is saying or how to talk to each 

other. The same holds true for computers.  

This unit introduces you the network types, network media and network hardware.  

Basic understanding of these concepts is essential to manage a network in a library.   

13.3  History 

Carrying instructions between calculation machines and early computers was done by 

human users. In September, 1940 George Stibitz used a teletype machine to send 

instructions for a problem set from his Model K at Dartmouth College in New 

Hampshire to his Complex Number Calculator in New York and received results back 

by the same means. Linking output systems like teletypes to computers was an 

interest at the Advanced Research Projects Agency (ARPA) when, in 1962, J.C.R. 

Licklider was hired and developed a working group he called the "Intergalactic 

Network", a precursor to the ARPANet. In 1964, researchers at Dartmouth developed 

a time sharing system for distributed users of large computer systems. The same year, 

at MIT, a research group supported by General Electric and Bell Labs used a 

computer (DEC's PDP-8) to route and manage telephone connections. In 1968 Paul 

Baran proposed a network system consisting of datagrams or packets that could be 

used in a packet switching network between computer systems. In 1969 the 

University of California at Los Angeles, SRI (in Stanford), University of California at 

Santa Barbara, and the University of Utah were connected as the beginning of the 

ARPANet network using 50 kbit/s circuits. 

Networks, and the technologies needed to connect and communicate through and 

between them, continue to drive computer hardware, software, and peripherals 

industries. This expansion is mirrored by growth in the numbers and types of users of 

networks from researchers and businesses to families and individuals in everyday use.   
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Self Check Exercise 
1)  What is a computer network?   

 

Note:  i)  Write your answer in the space given below 

           ii)  Compare your answer with the answers given at the end of this unit. 

 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

13.4  Categorizing the computer networks 

Networks can be classified differently based on various characteristics.  A brief 

introduction about each of them is given in the following sections. 

13.4.1  By scale 

o Local area network (LAN)  

A local Area Network (LAN) is a computer network covering a small 

local area, like a home, office, or small group of buildings such as a 

home, office, or college. Current LANs are most likely to be based on 

switched Ethernet or Wi-Fi technology running at 10, 100 or 1,000 

Mbit/s (1,000 Mbit/s is also known as 1 Gbit/s). 

The defining characteristics of LANs in contrast to WANs (wide area 

networks) are: a) much higher data rates, b) smaller geographic range - 

at most a few kilometers - and c) they do not involve leased 

telecommunication lines. "LAN" usually does not refer to data running 

over local analog telephone lines, as on a private branch exchange 

(PBX). 

o Metropolitan area network (MAN) 

http://en.wikipedia.org/wiki/Wi-Fi
http://en.wikipedia.org/wiki/Megabit_per_second
http://en.wikipedia.org/wiki/Gigabit_per_second
http://en.wikipedia.org/wiki/Wide_area_network
http://en.wikipedia.org/wiki/Private_branch_exchange
http://en.wikipedia.org/wiki/Metropolitan_area_network
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Metropolitan Area Networks or MANs are large computer networks 

usually spanning a campus or a city. They typically use wireless 

infrastructure or optical fiber connections to link their sites. 

For instance a university or college may have a MAN that joins 

together many of their local area networks (LANs) situated around site 

of a fraction of a square kilometer. Then from their MAN they could 

have several wide area network (WAN) links to other universities or 

the Internet. Specifically, this type of MAN is known as a campus area 

network. 

Some technologies used for this purpose are ATM, FDDI and SMDS. 

These older technologies are in the process of being displaced by 

Ethernet-based MANs (e.g. Metro Ethernet) in most areas. MAN links 

between LANs have been built without cables using either microwave, 

radio, or infra-red free-space optical communication links. 

DQDB, Distributed Queue Dual Bus, is the Metropolitan Area 

Network standard for data communication. It is specified in the IEEE 

802.6 standard. Using DQDB, networks can be up to 30 miles long and 

operate at speeds of 34 to 155 Mbit/s. 

Several notable networks started as MANs, such as the Internet peering 

points MAE-West and MAE-East and the Sohonet media network. 

 

o Wide area network (WAN) 

A wide area network or WAN is a computer network covering a wide 

geographical area, involving a vast array of computers. This is 

different from personal area networks (PANs), metropolitan area 

networks (MANs) or local area networks (LANs, first invented by the 

US military during the cold war, the network was known as arpanet) 

that are usually limited to a room, building or campus. The most well-

known example of a WAN is the Internet. 

http://en.wikipedia.org/wiki/Computer_network
http://en.wikipedia.org/wiki/Campus
http://en.wikipedia.org/wiki/City
http://en.wikipedia.org/wiki/Wireless_MAN
http://en.wikipedia.org/wiki/Wireless_MAN
http://en.wikipedia.org/wiki/Optical_fiber
http://en.wikipedia.org/wiki/University
http://en.wikipedia.org/wiki/College
http://en.wikipedia.org/wiki/Local_area_network
http://en.wikipedia.org/wiki/Wide_area_network
http://en.wikipedia.org/wiki/Internet
http://en.wikipedia.org/wiki/Campus_area_network
http://en.wikipedia.org/wiki/Campus_area_network
http://en.wikipedia.org/wiki/Asynchronous_Transfer_Mode
http://en.wikipedia.org/wiki/Fiber_distributed_data_interface
http://en.wikipedia.org/wiki/Switched_multimegabit_data_service
http://en.wikipedia.org/wiki/Ethernet
http://en.wikipedia.org/wiki/Metro_Ethernet
http://en.wikipedia.org/wiki/Free-space_optical_communication
http://en.wikipedia.org/wiki/DQDB
http://en.wikipedia.org/wiki/IEEE_802.6
http://en.wikipedia.org/wiki/IEEE_802.6
http://en.wikipedia.org/wiki/Mbit/s
http://en.wikipedia.org/wiki/Internet_peering_point
http://en.wikipedia.org/wiki/Internet_peering_point
http://en.wikipedia.org/wiki/MAE-West
http://en.wikipedia.org/wiki/MAE-East
http://en.wikipedia.org/wiki/Sohonet
http://en.wikipedia.org/wiki/Wide_area_network
http://en.wikipedia.org/wiki/Computer_network
http://en.wikipedia.org/wiki/Personal_area_network
http://en.wikipedia.org/wiki/Metropolitan_area_network
http://en.wikipedia.org/wiki/Metropolitan_area_network
http://en.wikipedia.org/wiki/Local_area_network
http://en.wikipedia.org/wiki/Internet
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WANs are used to connect local area networks (LANs) together, so 

that users and computers in one location can communicate with users 

and computers in other locations. Many WANs are built for one 

particular organization and are private. Others, built by Internet service 

providers, provide connections from an organization's LAN to the 

Internet. WANs are most often built using leased lines. At each end of 

the leased line, a router connects to the LAN on one side and a hub 

within the WAN on the other. Leased lines can be very expensive. 

Instead of using leased lines, WANs can also be built using less costly 

circuit switching or packet switching methods. Network protocols 

including TCP/IP deliver transport and addressing functions. Protocols 

including Packet over SONET/SDH, MPLS, ATM and Frame relay are 

often used by service providers to deliver the links that are used in 

WANs. X.25 was an important early WAN protocol, and is often 

considered to be the "grandfather" of Frame Relay as many of the 

underlying protocols and functions of X.25 are still in use today (with 

upgrades) by Frame Relay. 

Academic research into wide area networks can be broken down into 

three areas: Mathematical models, network emulation and network 

simulation. 

o Personal area network (PAN) 

A personal area network (PAN) is a computer network used for 

communication among computer devices (including telephones and 

personal digital assistants) close to one person. The devices may or 

may not belong to the person in question. The reach of a PAN is 

typically a few meters. PANs can be used for communication among 

the personal devices themselves (intrapersonal communication), or for 

connecting to a higher level network and the Internet (an uplink). 

Personal area networks may be wired with computer buses such as 

USB and FireWire. A wireless personal area network (WPAN) can 

http://en.wikipedia.org/wiki/Local_area_network
http://en.wikipedia.org/wiki/Internet_service_provider
http://en.wikipedia.org/wiki/Internet_service_provider
http://en.wikipedia.org/wiki/Leased_line
http://en.wikipedia.org/wiki/Router
http://en.wikipedia.org/wiki/Circuit_switching
http://en.wikipedia.org/wiki/Packet_switching
http://en.wikipedia.org/wiki/Communications_protocol
http://en.wikipedia.org/wiki/TCP/IP
http://en.wikipedia.org/wiki/Packet_over_SONET/SDH
http://en.wikipedia.org/wiki/Multiprotocol_Label_Switching
http://en.wikipedia.org/wiki/Asynchronous_Transfer_Mode
http://en.wikipedia.org/wiki/Frame_relay
http://en.wikipedia.org/wiki/X.25
http://en.wikipedia.org/wiki/Grandfather
http://en.wikipedia.org/wiki/X.25
http://en.wikipedia.org/wiki/Mathematical_model
http://en.wikipedia.org/wiki/Network_emulation
http://en.wikipedia.org/wiki/Network_simulation
http://en.wikipedia.org/wiki/Network_simulation
http://en.wikipedia.org/wiki/Personal_area_network
http://en.wikipedia.org/wiki/Computer_network
http://en.wikipedia.org/wiki/Communication
http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Telephone
http://en.wikipedia.org/wiki/Personal_digital_assistant
http://en.wikipedia.org/wiki/Internet
http://en.wikipedia.org/wiki/Uplink
http://en.wikipedia.org/wiki/Computer_bus
http://en.wikipedia.org/wiki/Universal_Serial_Bus
http://en.wikipedia.org/wiki/FireWire
http://en.wikipedia.org/wiki/Wireless
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also be made possible with network technologies such as IrDA and 

Bluetooth. 

13.4.2  By functional relationship 

o Active Networking (Low-level code movement versus static data) 

Active networking is a communication paradigm that allows packets 

flowing through a communication telecommunications network to 

dynamically modify the operation of the network. The active network 

architecture is comprised of execution environments (similar to a unix 

shell that can execute active packets), a node operating system capable 

of supporting one or more execution environments, and active 

hardware, capable of routing or switching as well as executing code 

within active packets. This differs from the traditional network 

architecture which seeks robustness and stability by attempting to 

remove complexity and the ability to change its fundamental operation 

from underlying network components. Network processors are one 

means of implementing active networking concepts. Active networks 

have also been implemented as overlay networks. 

Active networking allows the possibility of highly tailored and rapid 

"real-time" changes to the underlying network operation enabling such 

ideas as sending code along with packets of information allowing the 

data to change its form (code) to match the channel characteristics. The 

smallest program that can generate a sequence of data can be found in 

the definition of Kolmogorov Complexity. The use of real-time genetic 

algorithms within the network to compose network services is also 

enabled by active networking. 

 

o Client-server 

Client-server is a network architecture which separates the client 

(often a graphical user interface) from the server. Each instance of the 

client software can send requests to a server or application server. 

http://en.wikipedia.org/wiki/Infrared_Data_Association
http://en.wikipedia.org/wiki/Bluetooth
http://en.wikipedia.org/wiki/Active_Networking
http://en.wikipedia.org/wiki/Client-server
http://en.wikipedia.org/wiki/Network_architecture
http://en.wikipedia.org/wiki/Client_%28computing%29
http://en.wikipedia.org/wiki/Graphical_user_interface
http://en.wikipedia.org/wiki/Application_server


8 

 

Although this idea is applied in a variety of ways, on many different 

kinds of applications, the easiest example to visualize is the current use 

of web pages on the internet. For example, if you are reading this 

article on KSOU homepage, your computer and web browser would be 

considered a client, and the computers, databases, and applications that 

make up KSOU  homepage would be considered the server. When 

your web browser requests a particular article from KSOU homepage, 

the KSOU homepage  server finds all of the information required to 

display the article in the KSOU homepage database, assembles it into a 

web page, and sends it back to your web browser for you to look at. 

o Peer-to-peer (Workgroup) 

A peer-to-peer (or P2P) computer network is a network that relies 

primarily on the computing power and bandwidth of the participants in 

the network rather than concentrating it in a relatively low number of 

servers. P2P networks are typically used for connecting nodes via 

largely ad hoc connections. Such networks are useful for many 

purposes. Sharing content files (see file sharing) containing audio, 

video, data or anything in digital format is very common, and realtime 

data, such as telephony traffic, is also passed using P2P technology. 

A pure peer-to-peer network does not have the notion of clients or 

servers, but only equal peer nodes that simultaneously function as both 

"clients" and "servers" to the other nodes on the network. This model 

of network arrangement differs from the client-server model where 

communication is usually to and from a central server. A typical 

example for a non peer-to-peer file transfer is an FTP server where the 

client and server programs are quite distinct, and the clients initiate the 

download/uploads and the servers react to and satisfy these requests. 

13.4.3  By network topology 

Every network has a "shape" which is normally refered to as its topology. 

There are five major topologies in use today: Bus, Ring, Star, Tree, and Mesh. 

Each is used for specific network types, although some network types can use 

http://en.wikipedia.org/wiki/Application_software
http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Web_browser
http://en.wikipedia.org/wiki/Database
http://en.wikipedia.org/wiki/Peer-to-peer
http://en.wikipedia.org/wiki/Computer_network
http://en.wikipedia.org/wiki/Bandwidth
http://en.wikipedia.org/wiki/Server_%28computing%29
http://en.wiktionary.org/wiki/ad_hoc
http://en.wikipedia.org/wiki/File_sharing
http://en.wikipedia.org/wiki/Voice_over_IP
http://en.wikipedia.org/wiki/Node_%28networking%29
http://en.wikipedia.org/wiki/Client-server
http://en.wikipedia.org/wiki/File_Transfer_Protocol
http://en.wikipedia.org/wiki/Network_topology
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more than one topology. For example, Ethernet networks can be laid out in a 

Bus, Star, or Tree topology, or any combination of the three. Token ring is 

physically laid out in a Star, but electrically behaves like a Ring. To properly 

understand each network type requrires first understanding the basic 

topologies. 

o Bus network 

The simplest topology to understand is the Bus. In a Bus, all the 

devices on the network are connected to a common cable. Normally, 

this cable is terminated at either end, and can never be allowed to form 

a closed loop. Following figure shows an example of a Bus network. 

 

 

Bus Topology 

 

      

o Ring network 

A Ring topology is very similar to the Bus. In a Ring, all the devices 

on the network are connected to a common cable which loops from 

machine to machine. After the last machine on the network, the cable 

then returns to the first device to form a closed loop. Figure below 

shows an example of a Ring network. 

http://en.wikipedia.org/wiki/Bus_network
http://en.wikipedia.org/wiki/Ring_network
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Ring Topology  

o Star network 

A star topology is completely different from either a Bus or a Ring. In 

a Star. each device has its own cable run connecting the device to a 

common hub or concentrator. Only one device is permitted to use each 

port on the hub. Figure Three shows an example of a Star network. 

 

Star Topology  

 

o Mesh network 

http://en.wikipedia.org/wiki/Star_network
http://en.wikipedia.org/wiki/Mesh_network
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A Mesh topology consists of a network where every device on the 

network is physically connected to every other device on the network. 

This provides a great deal of performance and reliability, however the 

complexity and difficulty of creating one increases geometrically as 

the number of nodes on the network increases. For example, a three or 

four node mesh network is relatively easy to create, whereas it is 

impractical to set up a mesh network of 100 nodes -- the number of 

interconnections would be so ungainly and expensive that it would not 

be worth the effort. Mesh networks are not used much in local area 

networks (LANs) but are used in Wide Area Networks (WANs) where 

reliability is important and the number of sites being connected 

together is fairly small. Figure below shows an example of a four-node 

Mesh network. 

 

Mesh Topology 

 

o Tree network 

A tree topology can be thought of as being a "Star of Stars" network. 

In a Tree network, each device is connected to its own port on a 

concentrator in the same manner as in a Star. However, concentrators 

are connected together in a heirarchial manner -- i.e. a hub will connect 

to a port on another hub. Figure below shows a Tree network. 
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Tree Topology  

 

Self Check Exercise 
2)  Explain the uses  of LAN. 

 

Note:  i)  Write your answer in the space given below 

           ii)  Compare your answer with the answers given at the end of this unit. 

 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

 

13.5  Computer Networking Devices 

Computer networking devices are units that mediate data in a computer network. 

Computer networking devices are also called network equipment, Intermediate 

Systems (IS) or InterWorking Unit (IWU). Units which are the last receiver or 

generate data are called hosts or data terminal equipment.  
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13.5.1  Common basic network devices 

 Gateway: device sitting at a network node for interfacing with another 

network that uses different protocols. Works on OSI layers 4 to 7. 

 Router: a specialized network device that determines the next network point to 

which to forward a data packet toward its destination. Unlike a gateway, it 

cannot interface different protocols. Works on OSI layer 3. 

 Bridge: a device that connects multiple network segments along the data link 

layer. Works on OSI layer 2. 

 Switch: a device that allocates traffic from one network segment to certain 

lines (intended destination(s)) which connect the segment to another network 

segment. So unlike a hub a switch splits the network traffic and sends it to 

different destinations rather than to all systems on the network. Works on OSI 

layer 2. 

 Hub: connects multiple Ethernet segments together making them act as a 

single segment. When using a hub, every attached device shares the same 

broadcast domain and the same collision domain. Therefore, only one 

computer connected to the hub is able to transmit at a time. Depending on the 

network topology, the hub provides a basic level 1 OSI model connection 

among the network objects (workstations, servers, etc). It provides bandwidth 

which is shared among all the objects, compared to switches, which provide a 

dedicated connection between individual nodes. Works on OSI layer 1. 

 Repeater: device to amplify or regenerate digital signals received while setting 

them from one part of a network into another. Works on OSI layer 1. 

13.5.2  Hybrid network devices 

 Multilayer Switch: a switch which, in addition to switching on OSI layer 2, 

provides functionality at higher protocol layers. 

 Protocol Converter: a hardware device that converts between two different 

types of transmissions, such as asynchronous and synchronous transmissions. 

 Brouter: Combine router and bridge functionality and are therefore working on 

OSI layers 2 and 3. 

 Media Hub: Connects a computer network to a home theatre 

http://en.wikipedia.org/wiki/Router
http://en.wikipedia.org/wiki/OSI_model
http://en.wikipedia.org/wiki/Network_bridge
http://en.wikipedia.org/wiki/Network_segment
http://en.wikipedia.org/wiki/Data_link_layer
http://en.wikipedia.org/wiki/Data_link_layer
http://en.wikipedia.org/wiki/OSI_model
http://en.wikipedia.org/wiki/Network_switch
http://en.wikipedia.org/wiki/OSI_model
http://en.wikipedia.org/wiki/OSI_model
http://en.wikipedia.org/wiki/Ethernet_hub
http://en.wikipedia.org/wiki/Broadcast_domain
http://en.wikipedia.org/wiki/Collision_domain
http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/OSI_model
http://en.wikipedia.org/wiki/Network_switch
http://en.wikipedia.org/wiki/OSI_model
http://en.wikipedia.org/wiki/Repeater
http://en.wikipedia.org/wiki/OSI_model
http://en.wikipedia.org/wiki/Multilayer_switch
http://en.wikipedia.org/wiki/Network_switch
http://en.wikipedia.org/wiki/OSI_model
http://en.wikipedia.org/w/index.php?title=Protocol_converter&action=edit
http://en.wikipedia.org/wiki/Hardware
http://en.wikipedia.org/wiki/Transmission_%28telecommunications%29
http://en.wikipedia.org/wiki/Brouter
http://en.wikipedia.org/wiki/OSI_model
http://en.wikipedia.org/wiki/Media_hub
http://en.wikipedia.org/wiki/Computer_network
http://en.wikipedia.org/wiki/Home_theatre
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Hardware or software components that typically sit on the connection point of 

different networks, e.g. between an internal network and an external network: 

 Proxy: computer network service which allows clients to make indirect 

network connections to other network services 

 Firewall: a piece of hardware or software put on the network to prevent some 

communications forbidden by the network policy 

13.5.3  Hardware for establishing networks or dial-up connections: 

 Multiplexer: device that combines several electrical signals into a single signal 

 Network Card: a piece of computer hardware to allow the attached computer 

to communicate by network 

 Modem: device that modulates an analog "carrier" signal (such as sound), to 

encode digital information, and that also demodulates such a carrier signal to 

decode the transmitted information, as a computer communicating with 

another computer over the telephone network 

 ISDN terminal adapter (TA): a specialized gateway for ISDN 

 Line Driver: a device to increase transmission distance by amplifying the 

signal. Base-band networks only. 

Self Check Exercise 
3)  List and briefly explain any five  devices used in computer networks. 

 

Note:  i)  Write your answer in the space given below 

           ii)  Compare your answer with the answers given at the end of this unit. 

 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

 

13.6  Data Transmission in Networks  

Data transmission is the process of conveying data between two points by way of a 

communication medium. A wide variety of media are available, but they fall into two 

classes: bounded and unbounded. 

http://en.wikipedia.org/wiki/Proxy_server
http://en.wikipedia.org/wiki/Network_service
http://en.wikipedia.org/wiki/Firewall_%28networking%29
http://en.wikipedia.org/wiki/Multiplexer
http://en.wikipedia.org/wiki/Network_card
http://en.wikipedia.org/wiki/Modem
http://en.wikipedia.org/wiki/Terminal_adapter
http://en.wikipedia.org/wiki/Gateway
http://en.wikipedia.org/wiki/Line_driver
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Bounded media confine the data to specific physical pathways. Common examples of 

bounded media are wire and optical fiber cables. Cable TV uses bounded media. 

Unbounded media transmit the data-carrying signal through space, independent of a 

cable. Broadcast radio and television are examples of unbounded media. 

13.6.1  Bounded Media 

By far the most common media employed for data transmission are defined as 

bounded -- the data signal is confined in a specific transmission pathway. When 

practical, cable represents a low-cost and reliable means of transmitting data between 

computing devices. 

Practicality is a relative thing. Certainly cables are likely to be the logical choice 

within a building or even a building complex. It may not be possible, however, to run 

a cable between two buildings on different sides of a public road, and it is certainly a 

major undertaking when the buildings are located on different continents. Such 

conditions may call for use of unbounded media. 

You should be alert to several characteristics when examining cables:  

1. Resistance to electrical magnetic interference (EMI).  

2. Bandwidth, the range of frequencies that the cable can accommodate. LANs 

generally carry data rates of 1 to 100 megabits per second and require 

moderately high bandwidth.  

3. Attenuation characteristics. Attenuation describes how cables reduce the 

strength of a signal with distance. Resistance is one factor that contributes to 

signal attenuation.  

4. Cost.  

13.6.2  Cable Types 

Cables fall into two broad categories -- electrical conductors and fiber optic -- with 

various types of cables available in each category. Prior to an examination of fiber 

optic cables, this section examines two types of electrical cables: coaxial and twisted 

pair. 
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13.6.3  Coaxial Cable 

As you can see in this diagram, this cable is called coaxial (or coax for short) because 

two conductors share a COmmon AXis. A typical coaxial cable has the following 

components:  

 Center conductor. This conductor usually consists of a fairly heavy, solid yet 

flexible wire; stranded wires can also be used. Solid conductors are preferred 

for permanent wiring, but stranded conductors make the cable more flexible 

and easier to connect to equipment. 

 Insulation layer. Also called a dielectric layer, this layer provides electrical 

insulation and keeps the inner and outer conductors in precise coaxial 

relationship. 

 Outer conductor or shield. This layer shields the inner conductor from outside 

electrical interference. The shield can consist of braided wires, metal foil, or a 

combination of both. Because of this shield, coax is highly resistant to 

electrical magnetic interference (EMI). 

 Jacket or sheath. A durable plastic or Teflon jacket coats the cable to prevent 

damage. 

Coax has many desirable characteristics. It is highly resistant to EMI and can support 

high bandwidths. Some types of coax have heavy shields and center conductors to 

enhance these characteristics and to extend the distances that signals can be 

transmitted reliably. 

A wide variety of coax cable is available. You must use cable that exactly matches the 

requirements of a particular type of network. Coax cables vary in a measurement 

known as the impedance (measured in a unit called the ohm), which is an indication 

of the cable's resistance to current flow. The specifications of a given cabling standard 

indicate the required impedance of the cable. 

Here are some common examples of coaxial cables used in LANs, along with 

their impedances, and the LAN standards with which they are associated:  

 RG-8 and RG-11 are 50 ohm cables required for thickwire Ethernet. (10Base5 

- ThinkNet)  
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 RG-58 is a smaller 50 ohm cable required for use with thinwire Ethernet. 

(10Base2 - ThinNet)  

 RG-59 is a 75 ohm cable most familiar when used to wire cable TV. RG-59 is 

also used to cable broadband 802.3 Ethernet.  

 RG-62 is a 93 ohm cable used for ARCnet. It is also commonly employed to 

wire terminals in an IBM SNA network.  

Some advantages of coaxial cable are as follows:  

 Highly insensitive to EMI  

 Supports high bandwidths  

 Heavier types of coax are sturdy and can withstand harsh environments  

 Represents a mature technology that is well understood and consistently 

applied among vendors  

Coax also has some disadvantages including the following:  

 Although fairly insensitive to EMI, coax remains vulnerable to EMI in harsh 

conditions such as factories.  

 Coax can be bulky.  

  

  

 Coax is among the most expensive 

types of wire cables.  

 

 

13.6.4  Twisted Pair 

This diagram shows how two wires are twisted together to form the wire type known 

as twisted pair (TP). Cables can be constructed of multiple pairs of cables contained 

by a common jacket. 

The twists in the wire pairs are an important part of the electrical characteristics of TP 

cable. Twists reduce the cable's sensitivity to outside EMI and the degree to which the 
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cables radiate radio frequency signals. Remember that the frequencies at which LANs 

operate fall into the range of radio signals. If TP cable is insufficiently twisted, it can 

function as an antenna and radiate significant amounts of radio signals that can 

interfere with local broadcast reception equipment. 

 

Until recently, twisted pair cable used in networks was most frequently surrounded by 

a braided shield that served to reduce both EMI sensitivity and radio emissions. An 

example of this shielded twisted pair (STP) cable is IBM Type 1 ,Type 6, and the 

newer Type 9 cable used in Token Ring installations. Shielded twisted pair cable 

(STP) was required for all high-performance 

networks such as IBM Token Ring until a 

relatively few years ago. STP cable, however, 

is expensive and bulky, and manufacturers of 

network equipment have devoted extensive 

research to enabling high-speed networks to 

work with unshielded twisted pair (UTP). UTP 

is the cost leader among network cables. The 

10Base-T & 100Base-TX standards defines an Ethernet configuration that utilizes 

UTP. Recent work by IBM and other vendors also has developed network equipment 

that can use UTP even for high speed 16 megabit per second Token Ring. In most 

cases, UTP cable is implemented using modular telephone-type connectors such as 

the RJ-11 (2 pair) and RJ-45 (4 pair) connectors. Telephone modular connectors are 

inexpensive and easy to install, serving to further reduce the cost of UTP cabling 

systems. 

NOTE: UTP looks much like the wire used to wire voice telephones. In newer 

telephone installations, it may indeed be possible to use wiring installed for the voice 

telephone system as cable in a network. UTP cable comes in a variety of grades, 

ranging from level 1 (lowest quality) to level 5 (highest quality). When investigating 

the use of UTP cabling, be sure to determine the wire quality required for your 

network. 
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When utilizing UTP cable, it is necessary to ensure that all components in the data 

network are data grade. Voice grade components used in voice telephone systems are 

not of sufficiently high quality. 

Shielded twisted pair cable (STP) is the standard cable specified for IBM Token Ring 

networks and for Apple's LocalTalk. 

Unshielded twisted pair cables (UTP) can be utilized for some configurations of 

Token Ring, Ethernet, and ARCnet networks. 

Here are some advantages of twisted pair wiring:  

 Telephone cable standards are mature and well established. Materials are 

plentiful, and a wide variety of cable installers are familiar with the 

installation requirements.  

 It may be possible to use in-place telephone wiring if it is of sufficiently high 

quality.  

 UTP represents the lowest cost cabling. The cost for STP is higher and is 

comparable to the cost of coaxial cable.  

Some disadvantages of twisted pair are as follows:  

 STP can be expensive and difficult to work with.  

 Compared to fiber optic cable, all TP cable is more sensitive to EMI. UTP 

especially may be unsuitable for use in high-EMI environments.  

 TP cables are regraded as being less suitable for high-speed transmissions than 

coax or fiber optic. Technology advances, however, are pushing upward the 

data rates possible with TP. Cable segment lengths are also more limited with 

TP.  

13.6.4  Fiber Optic 

Fiber optic cables utilize light waves to transmit data through a thin glass or plastic 

fiber. The structure of a typical fiber optic cable is shown in the diagram. The parts of 

the cable are as follows:  
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 The light conductor is a very fine fiber core. Glass is the most common 

material, allowing signals to be transmitted for several kilometers without 

being refreshed. Plastic is used in some circumstances, but plastic cables allow 

only short cable runs. 

 The cladding is a glass layer that surrounds the optical fiber core. The optical 

characteristics of the cladding reflect light back to the core, ensuring that little 

of the light signal is lost. 

 A sheath or jacket protects the cable from damage. A single sheath can be 

used to bundle multiple core/cladding fibers into a multi-fiber cable.  

The light signals on fiber optic cables are generated either by light emitting diodes 

(LEDs) or by injection laser diodes (ILDs), which are similar to LEDs but produce 

laser light. The purity of laser light is desirable, increasing both data rates and 

transmission distance. Signals are received by photodiodes, solid state devices that 

detect variations in light intensity. 

The interface devices required to operate with fiber optic cable are more expensive 

than those required for copper cable. The higher cost is the result of several factors, 

including cost of the components and tighter design characteristics because fiber optic 

cables generally are operated at high data rates. The cost of fiber optic cable 

installation, however, is trending downward. 

Fiber optic cables have many desirable characteristics. Because the fibers are small in 

diameter, a cable of a given size can contain more fibers than copper wire pairs. 

Because fiber optic cables use light pulses instead of electrical signals, they offer very 

high bandwidth. Bandwiths of 100 megabits (million bits per second) are 

commonplace, and bandwidths in the gigabit (billion bit) per second range are 

available. 

Because the signal in a fiber optic cable consists of light pulses, the signal cannot be 

affected by electromagnetic interference. Nor can the cables radiate radio frequency 

noise. Optical fibers are, therefore, suitable for use in the noisiest and most sensitive 

environments. Because these cables radiate no electromagnetic energy, it is 

impossible to intercept the data signal with electronic eavesdropping equipment. Fiber 

optic transmissions are extremely secure. 
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Installation of fiber optic cable requires greater skill than is necessary to install most 

copper cables. Cables must not be bent too sharply, and connectors must be installed 

by skilled technicians using special tools. However, new connector technologies have 

simplified installation and reduced cost. 

 

Here are some advantages of fiber optic cable:  

 Very high bandwidth.  

 Immunity to EMI; fiber optic cables can be used in environments that make 

wire cables unusable.  

 No radio frequency emissions; signals on fiber optic cables cannot interfere 

with nearby electronic devices and cannot be detected by conventional 

electronic eavesdropping techniques.  

 

Summary of Cable Characteristics 

Cable 

Type 

Cable 

Cost 

Installation 

Cost 

EMI 

Sensitivity 

Data 

Bandwidth 

UTP 

 

STP 

 

Coax 

 

Fiber Optic 

Lowest 

 

Medium 

 

Medium 

 

Highest 

Lowest 

 

Moderate 

 

Moderate 

 

Highest 

Highest 

 

Low 

 

Low 

 

None 

Lowest 

 

Moderate 

 

High 

 

Very high 

 

13.6.5  Wireless Data Transmission 

Wireless communication uses electro-magnetic waves that require no physical 

medium for transmission.  A common type of wireless technology uses microwaves 

(electromagnetic waves with frequencies between Radio/TV and light) or radio 

waves to provide high-capacity transmission (over 3 million bps) over line-of-sight 

channels.   

a. Types of wireless communications: 
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a. Terrestrial communications involve transmission via repeater 

stations which form a series of direct line-of-sight links from source to 

receiver. 

b. Satellite communication involves satellites in geosynchronous orbit, 

which receive data transmitted on an uplink, amplify that signal, and 

transmit to a receiver station on a downlink. 

c. Cellular communications is a form of short-wave wireless technology 

that is currently used mostly with cellular telephones,  The user 

connects to a nearby  transmitter.  The land area covered by the 

transmitter is called its "cell".   As the user travels between adjacent 

cells, the cellular telephone is automatically passed on to the next local 

cell transmitter. 

d. Wireless network technology is becoming more efficient and cost 

effective, especially in LAN applications, e.g. wireless routers are 

now commonly used to share Internet connections, printers, data 

storage, etc. at home. 

b. Wireless categores include the following. 

1. Fixed wireless involves stationary hardware, e.g. office/home 

equipment, typically of limited range IR (infared) technology like 

wireless mice, keyboards, etc.  

2. Mobile wireless involves hardware built into vehicles, e.g. cars, boats, 

airplanes, etc.  

3. Portable wireless involves battery powered hardware that is carried by 

people, e.g.  cell phones, protable communications systems, etc  

4)  Write the features  of STP and UTP cables? 

Note:  i)  Write your answer in the space given below 

           ii)  Compare your answer with the answers given at the end of this unit. 

 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

Summary 
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Answers to Self Check Exercises      

1) Communications system connecting two or more computers and their 

peripheral devices to exchange information and share resources. 

2) LANs have become popular because they allow users to share vital 

computing resources electronically, including expensive hardware such 

as printers and CD-ROM drives, application programs, and, most 

importantly, the information the users need to do their jobs. Prior to the 

development of LAN technology, individual computers were isolated 

from each other and limited in their range of applications. By linking 

these individual computers over LANs, their usefulness and 

productivity have been increased enormously. But a LAN by its very 

nature is a local network, confined to a fairly small area such as a 

building or even a single floor of a building. To realize the full benefit 

of computer networking, it is critical to link the individual LANs into 

an enterprise-wide backbone network that connects all of the 

company's employees and computing resources, no matter how 

geographically dispersed they may be. 

 

3) A hub is a device that connects several network nodes together.  

Devices on a hub-based network share the total bandwidth. 

A switch is a device that allows a non-shared connection between two 

network devices to be selected.  The network software can select one 

of several links between two network nodes. 

Multiplexers allow several communications to share the same 

communications channel by interleaving the signals. 

A repeater is a device which propagates electrical signals between 

remote network devices.  It is used to regenerate an analog or digital 

signals distorted by transmission loss.  Analog repeaters typically only 

amplify  the signal, but digital repeaters can reconstruct a signal almost 

to its original quality.  Repeaters are less intelligent than a bridge, 

router, or gateway which is successively more sophisticated. 

A router is a computer system in a network that stores and forwards 

data packets between LANs and WANs. They see the network as 
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network addresses and all the possible paths between them. They read 

the network address in a transmitted message and can make a decision 

on how to send it based on the most expedient rout (taking into account 

traffic load, line costs, speed, bad lines, etc.) 

 

 

4) The features  of STP and UTP cable are summarised in the following 

table: 

Characteristics UTP STP 

Speed and throughput Fast enough Fast 

enough 

Average cost per node Least 

expensive  

Expensive 

Media Connector Size Small  Medium 

Maximum cable length (because of 

attenuation) 

Short Medium 

Resistance to outside interference Low Moderate 

Keywords 

Bandwidth : Refers to the relative range of frequencies, that is, the 

difference between the highest and lowest frequencies 

transmitted. For example, the bandwidth of a TV channel is 

6 MHz. 

Coaxial cable : An electromagnetic transmission medium consisting of a 

center conductor and an outer concentric conductor. 

Data Communication : The transmission and reception of computer data, often 

including such operations as coding, decoding and 

validation. 

Digital signal : It is a pattern of discrete high or low amplitude pulses, 

such signals can carry digital data without modification (i.e. 

there is no need for a modulation). 

Fibre Optics : A technology for transmitting their formation via light 

waves moving through a five filament. Signals are encoded 

by varying some characteristics of the light waves generated 

by low powered laser. Output is sent through light 

conducting fibre to a receiving device that encodes the 

signal. 

ISDN : ISDN (Integrated Services Digital Network) is a circuit-

switched, dial-up service for transmitting digital data via a 

single wire or fibre optics cable. 

Modem : Modem is a device that transmits digital data over an 
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analogue channel by modulating the analogue carrier signal. 

Multiplexing : Multiplexing is the process of combining the transmission, 

character by character, from several devices into a single 

data stream that can be transmitted over a single 

communication channel. 

Networking : It is the linking of computers (not necessarily over large 

distances) so they can communicate, sharing hardware and 

software, thus uniting processing power. 

Protocols : In the context of data communication, a protocol is the 

special set of communication rules that both end points of a 

communications link must use in order for transmissions to 

occur. 

Twisted pair cables : It is the typical telephone cable. The wires are twisted 

around each other to minimise interference from other 

twisted pairs bundled in a cable. 
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1. Objectives 

The present unit is designed to meet the following objectives.   After going through 

the unit, the student will be able to: 

 Understand the concept and significance of network topology 

 Understand the network architecture concepts. 

2. Network Topology 

Topology is the study or science of places. It derives its name from the Greek words 

τοπος meaning place and λογος meaning study, talk.  In computer science, it is a term 

used to describe the shape of a network, or the network's layout. How different nodes 

in a network are connected to each other and how they communicate is determined by 

the network's topology. 

A network topology is the pattern of links connecting pairs of nodes of a network. A 

given node has one or more links to others, and the links can appear in a variety of 

different shapes. The simplest connection is a one-way link between two devices. A 

second return link can be added for two-way communication. Modern 

communications cables usually include more than one wire in order to facilitate this, 

although very simple bus-based networks have two-way communication on a single 

wire. 

Network topology is determined only by the configuration of connections between 

nodes; it is therefore a part of graph theory. Distances between nodes, physical 

interconnections, transmission rates, and/or signal types are not a matter of network 

topology, although they may be affected by it in an actual physical network. 
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2.1Types of topology 

Topologies are either physical or logical. Below are diagrams of the five most 

common network topologies. 

 

2.1.1. Physical topology:  The physical layout of devices on a network. Every 

LAN has a topology, or the way that the devices on a network are arranged 

and how they communicate with each other. The way that the workstations 

are connected to the network through the actual cables that transmit data -- 

the physical structure of the network -- is called the physical topology.  

 

2.1.2. Logical topology: In contrast to physical topology, it is the way that the 

signals act on the network media, or the way that the data passes through 

the network from one device to the next without regard to the physical 

interconnection of the devices.  It is also called signal topology.  Logical 

topologies are bound to the network protocols that direct how the data 

moves across a network. The Ethernet protocol is a common logical bus 

topology protocol. LocalTalk is a common logical bus or star topology 

protocol. IBM's Token Ring is a common logical ring topology protocol.  

A network's logical topology is not necessarily the same as its physical topology. For 

example, twisted pair Ethernet is a logical bus topology in a physical star topology 

layout. While IBM's Token Ring is a logical ring topology, it is physically set up in a 

star topology.  

http://www.webopedia.com/TERM/L/Ethernet.html
http://www.webopedia.com/TERM/L/LocalTalk.html
http://www.webopedia.com/TERM/L/star_network.html
http://www.webopedia.com/TERM/L/token_ring_network.html
http://www.webopedia.com/TERM/L/twisted_pair_cable.html
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2.1.3. Physical topology 

As said earlier, it is the physical layout of devices on a network.  The following 

layouts are most common among computer networks: 

 Linear Bus  

 Star  

 Star-Wired Ring  

 Tree 

 

a. Linear Bus Networks 

Bus networks (not to be confused with the system bus of a computer) use a common 

backbone to connect all devices. A single cable, the backbone functions as a shared 

communication medium, that devices attach or tap into with an interface connector. A 

device wanting to communicate with another device on the network sends a broadcast 

message onto the wire that all other devices see, but only the intended recipient 

actually accepts and processes the message. 

 

Bus networks are the simplest way to connect multiple clients, but often have 

problems when two clients want to transmit at the same time on the same bus. Thus 

systems which use bus network architectures normally have some scheme of collision 

handling or collision avoidance for communication on the bus, quite often using 

Carrier Sense Multiple Access or the presence of a bus master which controls access 

to the shared bus resource. 
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Fig.:. Linear Bus topology 

 

Advantages of a bus network are: 

 Easy to implement and extend 

 Well suited for temporary networks (quick setup) 

 Typically the cheapest topology to implement 

Disadvantages of a bus network are: 

 Difficult to administer/troubleshoot 

 Limited cable length and number of stations 

 A cable break can disable the entire network 

 Maintenance costs may be higher in the long run 

 Performance degrades as additional computers are added or on heavy traffic 

 Low security (all computers on the bus can see all data transmissions on the 

bus) 

 One virus in the network will affect all of them (but not as badly as a star or 

ring network) 

 Proper termination is required.(loop must be in closed path) 
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b. Star Network 

A star topology is designed with each node (file server, workstations, and peripherals) 

connected directly to a central network hub or concentrator (See fig. below). Data on 

a star network passes through the hub or concentrator before continuing to its 

destination. The hub or concentrator manages and controls all functions of the 

network. It also acts as a repeater for the data flow. This configuration is common 

with twisted pair cable; however, it can also be used with coaxial cable or fiber optic 

cable. 

Star networks are one of the most common computer network topologies. In its 

simplest form, a star network consists of one central switch, or hub computer which 

acts as a router to transmit messages. 

When applied to a bus-based network, this central hub rebroadcasts all transmissions 

received from any peripheral node to all peripheral nodes on the network, sometimes 

including the originating node. All peripheral nodes may thus communicate with all 

others by transmitting to, and receiving from, the central node only. The failure of a 

transmission line linking any peripheral node to the central node will result in the 

isolation of that peripheral node from all others, but the rest of the systems will be 

unaffected. 

If the central node is passive, the originating node must be able to tolerate the 

reception of an echo of its own transmission, delayed by the two-way transmission 

time (i.e. to and from the central node) plus any delay generated in the central node. 

An active star network has an active central node that usually has the means to 

prevent echo-related problems. 
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Fig.. Star topology  

c. Tree 

A tree topology combines characteristics of linear bus and star topologies. It consists 

of groups of star-configured workstations connected to a linear bus backbone cable 

(See fig. 4). Tree topologies allow for the expansion of an existing network, and 

enable schools to configure a network to meet their needs. 

 

Fig. 4. Tree topology  
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Advantages of a Tree Topology 

 Point-to-point wiring for individual segments.  

 Supported by several hardware and software venders.  

Disadvantages of a Tree Topology 

 Overall length of each segment is limited by the type of cabling used.  

 If the backbone line breaks, the entire segment goes down.  

 More difficult to configure and wire than other topologies.  

Self Check Exercise 

1)  What is a computer Network? What are the different types of network topologies. 

 

 Note:  i)  Write your answer in the space given below 

           ii)  Compare your answer with the answers given at the end of this unit. 

 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

4.Network architecture 

In telecommunication, the term network architecture has the following meanings: 
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1. The design principles, physical configuration, functional organization, 

operational procedures, and data formats used as the bases for the design, 

construction, modification, and operation of a communications network. 

2. The structure of an existing communications network, including the physical 

configuration, facilities, operational structure, operational procedures, and the 

data formats in use. 

With the development of distributed computing, the term network architecture has 

also come to denote classifications and implementations of distributed computing 

architectures. For example the applications architecture of the telephone network 

PSTN has been termed the Advanced Intelligent Network. There are any number of 

specific classifications but all lie on a continuum between the dumb network (e.g. 

Internet) and the intelligent computer network (e.g. the telephone network PSTN). 

Other networks contain various elements of these two classical types to make them 

suitable for various types of applications. Recently the context aware network which 

is a synthesis of the two has gained much interest with its ability to combine the best 

elements of both. 

5. Essential elements of a network architecture 

The elements that are required for a network architecture include: 

 Digital transmission lines for the transfer of streams of binary information 

between equipment. 

 Exchange of frames of information between adjacent equipment; these frames 

contain delineation information as well as check bits for error control. 

 Medium access control procedures to regulate the transmission of frames 

from multiple users to a shared broadcast medium. 

http://en.wikipedia.org/wiki/PSTN
http://en.wikipedia.org/wiki/Internet
http://en.wikipedia.org/wiki/Intelligent_computer_network
http://en.wikipedia.org/wiki/PSTN
http://en.wikipedia.org/wiki/Context_aware_network
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 Addresses to identify points of attachment to a network or internetwork.  

 Exchange of packets of information between packet switches in a network.  

Routing tables in packet switches are used to select the path of each packet as 

it traverses the network. 

 Dynamic calculation of routing tables at the packet switches in response to 

changes in network traffic and topology. 

 Congestion control  mechanisms may be used to prevent congestion inside 

the network. 

 Internetworking provide connectivity across multiple, possibly dissimilar, 

networks by using gateways or routers. 

 Segmentation and reassembly of messages into packets at the ingress to and 

egress from the network.  End-to-end error recovery mechanisms to ensure 

reliable transfer across a network or internetwork. 

 A multiplicity of applications that build on the transfer of messages between 

computers. 

 

Self Check Exercise 

2) Briefly describe Network  Architecture? 

 

 Note:  i)  Write your answer in the space given below 

           ii)  Compare your answer with the answers given at the end of this unit. 

 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 
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--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

 

6. Protocols  

In the field of telecommunications, a communications protocol is the set of standard 

rules for data representation, signalling, authentication, and error detection required to 

send information over a communications channel. An example of a simple 

communications protocol adapted to voice communication is the case of a radio 

dispatcher talking to mobile stations. The communication protocols for digital 

computer network communication have many features intended to ensure reliable 

interchange of data over an imperfect communication channel. Communication 

protocol is basically following certain rules so that the system works properly. 

A number of major protocol stacks or families exist, including the following: 

Open standards: 

 Internet protocol suite 

 Open Systems Interconnect (OSI) 

Proprietary standards: 

 AppleTalk 

 DECnet 

 IPX/SPX 

 SMB 

 Systems Network Architecture (SNA) 

http://en.wikipedia.org/wiki/Telecommunications
http://en.wikipedia.org/wiki/Communications_channel
http://en.wikipedia.org/wiki/Radio
http://en.wikipedia.org/wiki/Protocol_stack
http://en.wikipedia.org/wiki/Internet_protocol_suite
http://en.wikipedia.org/wiki/Open_Systems_Interconnect
http://en.wikipedia.org/wiki/AppleTalk
http://en.wikipedia.org/wiki/DECnet
http://en.wikipedia.org/wiki/IPX/SPX
http://en.wikipedia.org/wiki/Server_message_block
http://en.wikipedia.org/wiki/Systems_Network_Architecture
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 Distributed Systems Architecture (DSA) 

Among the above, OSI is the most popular whose description is found below. 

7. Open Systems Interconnection 

The Open Systems Interconnection Reference Model (OSI Model or OSI 

Reference Model for short) is a layered, abstract description for communications and 

computer network protocol design, developed as part of the Open Systems 

Interconnection initiative. It is also called the OSI seven layer model. 

7.1 Purpose 

The OSI model divides the functions of a protocol into a series of layers. Each layer 

has the property that it only uses the functions of the layer below, and only exports 

functionality to the layer above. A system that implements protocol behavior 

consisting of a series of these layers is known as a 'protocol stack' or 'stack'. Protocol 

stacks can be implemented either in hardware or software, or a mixture of both. 

Typically, only the lower layers are implemented in hardware, with the higher layers 

being implemented in software. 

This OSI model is roughly adhered to in the computing and networking industry. Its 

main feature is in the interface between layers which dictates the specifications on 

how one layer interacts with another. This means that a layer written by one 

manufacturer can operate with a layer from another (assuming that the specification is 

interpreted correctly). These specifications are typically known as Requests for 

Comments or "RFC"s in the TCP/IP community. They are ISO standards in the OSI 

community. 

http://en.wikipedia.org/w/index.php?title=Distributed_Systems_Architecture&action=edit
http://en.wikipedia.org/wiki/Open_Systems_Interconnection
http://en.wikipedia.org/wiki/Network_protocol
http://en.wikipedia.org/wiki/Open_Systems_Interconnection
http://en.wikipedia.org/wiki/Open_Systems_Interconnection
http://en.wikipedia.org/wiki/Protocol_stack
http://en.wikipedia.org/wiki/Request_for_Comments
http://en.wikipedia.org/wiki/Request_for_Comments
http://en.wikipedia.org/wiki/List_of_ISO_standards
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Usually, the implementation of a protocol is layered in a similar way to the protocol 

design, with the possible exception of a 'fast path' where the most common transaction 

allowed by the system may be implemented as a single component encompassing 

aspects of several layers. 

This logical separation of layers makes reasoning about the behavior of protocol 

stacks much easier, allowing the design of elaborate but highly reliable protocol 

stacks. Each layer performs services for the next higher layer and makes requests of 

the next lower layer. As previously stated, an implementation of several OSI layers is 

often referred to as a stack (as in TCP/IP stack). 

The OSI reference model is a hierarchical structure of seven layers that defines the 

requirements for communications between two computers. The model was defined by 

the International Organization for Standardization in the ISO standard 7498-1. It was 

conceived to allow interoperability across the various platforms offered by vendors. 

The model allows all network elements to operate together, regardless of who built 

them. By the late 1980's, ISO was recommending the implementation of the OSI 

model as a networking standard. 

Of course, by that time, TCP/IP had been in use for years. TCP/IP was fundamental to 

ARPANET and the other networks that evolved into the Internet. (For significant 

differences between TCP/IP and ARPANET, see RFC 871.) 

Only a subset of the whole OSI model is used today. It is widely believed that much 

of the specification is too complicated and that its full functionality has taken too long 

to implement, although there are many people who strongly support the OSI model. 

http://en.wikipedia.org/wiki/TCP/IP_stack
http://en.wikipedia.org/wiki/International_Organization_for_Standardization
http://en.wikipedia.org/wiki/ARPANET
http://en.wikipedia.org/wiki/ARPANET
http://tools.ietf.org/html/rfc871
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Description of OSI layers 

 

 

 

 

 

 

 

Layer 7: Application  Layer 

The Application layer provides a means for the user to access information on the 

network through an application. This layer is the main interface for the user(s) to 

interact with the application and therefore the network. Some examples of application 

layer protocols include Telnet, File Transfer Protocol (FTP), Simple Mail Transfer 

Protocol (SMTP) and Hypertext Transfer Protocol (HTTP). 

Layer 6: Presentation Layer 

The Presentation layer transforms data to provide a standard interface for the 

Application layer. MIME encoding, data compression, data encryption and similar 

manipulation of the presentation is done at this layer to present the data as a service or 

protocol developer sees fit. Examples: converting an EBCDIC-coded text file to an 

ASCII-coded file, or serializing objects and other data structures into and out of 

XML. 

OSI Model 

 Data unit Layer Function 

Host 

layers 

Data 

Application Network process to application 

Presentation Data representation and encryption 

Session Interhost communication 

Segments Transport End-to-end connections and reliability 

Media 

layers 

Packets Network Path determination and logical addressing (IP) 

Frames Data link Physical addressing (MAC & LLC) 

Bits Physical Media, signal and binary transmission 

http://en.wikipedia.org/wiki/Application_layer
http://en.wikipedia.org/wiki/Application
http://en.wikipedia.org/wiki/Telnet
http://en.wikipedia.org/wiki/File_Transfer_Protocol
http://en.wikipedia.org/wiki/Simple_Mail_Transfer_Protocol
http://en.wikipedia.org/wiki/Simple_Mail_Transfer_Protocol
http://en.wikipedia.org/wiki/Hypertext_Transfer_Protocol
http://en.wikipedia.org/wiki/Presentation_layer
http://en.wikipedia.org/wiki/MIME
http://en.wikipedia.org/wiki/Data_compression
http://en.wikipedia.org/wiki/EBCDIC
http://en.wikipedia.org/wiki/Computer_file
http://en.wikipedia.org/wiki/ASCII
http://en.wikipedia.org/wiki/Serialization
http://en.wikipedia.org/wiki/Object_%28computer_science%29
http://en.wikipedia.org/wiki/Data_structure
http://en.wikipedia.org/wiki/XML
http://en.wikipedia.org/wiki/Application_layer
http://en.wikipedia.org/wiki/Presentation_layer
http://en.wikipedia.org/wiki/Session_layer
http://en.wikipedia.org/wiki/Transport_layer
http://en.wikipedia.org/wiki/Network_layer
http://en.wikipedia.org/wiki/Data_link_layer
http://en.wikipedia.org/wiki/Physical_layer
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Layer 5: Session Layer 

The Session layer controls the dialogues (sessions) between computers. It establishes, 

manages and terminates the connections between the local and remote application. It 

provides for either duplex or half-duplex operation and establishes checkpointing, 

adjournment, termination, and restart procedures. The OSI model made this layer 

responsible for "graceful close" of sessions, which is a property of TCP, and also for 

session checkpointing and recovery, which is not usually used in the Internet 

protocols suite. 

Layer 4: Transport Layer 

The Transport layer provides transparent transfer of data between end users, thus 

relieving the upper layers from any concern while providing reliable and cost-

effective data transfer. The transport layer controls the reliability of a given link 

through flow control, segmentation/desegmentation, and error control. Some 

protocols are state and connection oriented. This means that the transport layer can 

keep track of the packets and retransmit those that fail. The best known example of a 

layer 4 protocol is the Transmission Control Protocol (TCP). It is the layer that 

converts messages into TCP, User Datagram Protocol (UDP), Stream Control 

Transmission Protocol (SCTP), etc. packets. 

Layer 3: Network Layer 

The Network layer provides the functional and procedural means of transferring 

variable length data sequences from a source to a destination via one or more 

networks while maintaining the quality of service requested by the Transport layer. 

The Network layer performs network routing functions, and might also perform 

http://en.wikipedia.org/wiki/Session_layer
http://en.wikipedia.org/wiki/Duplex_%28telecommunications%29
http://en.wikipedia.org/wiki/Transmission_Control_Protocol
http://en.wikipedia.org/wiki/Transport_layer
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Error_control
http://en.wikipedia.org/wiki/Transmission_Control_Protocol
http://en.wikipedia.org/wiki/User_Datagram_Protocol
http://en.wikipedia.org/wiki/Stream_Control_Transmission_Protocol
http://en.wikipedia.org/wiki/Stream_Control_Transmission_Protocol
http://en.wikipedia.org/wiki/Network_layer
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Quality_of_service
http://en.wikipedia.org/wiki/Routing
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segmentation/desegmentation, and report delivery errors. Routers operate at this 

layer—sending data throughout the extended network and making the Internet 

possible (there also exist layer 3 (or IP) switches). This is a logical addressing scheme 

– values are chosen by the network engineer. The addressing scheme is hierarchical. 

The best known example of a layer 3 protocol is the Internet Protocol (IP). 

Layer 2: Data Link Layer 

The Data Link layer provides the functional and procedural means to transfer data 

between network entities and to detect and possibly correct errors that may occur in 

the Physical layer. The addressing scheme is physical which means that the addresses 

(MAC address) are hard-coded into the network cards at the time of manufacture. The 

addressing scheme is flat. Note: The best known example of this is Ethernet. Other 

examples of data link protocols are HDLC and ADCCP for point-to-point or packet-

switched networks and Aloha for local area networks. On IEEE 802 local area 

networks, and some non-IEEE 802 networks such as FDDI, this layer may be split 

into a Media Access Control (MAC) layer and the IEEE 802.2 Logical Link Control 

(LLC) layer. 

This is the layer at which the bridges and switches operate. Connectivity is provided 

only among locally attached network nodes. However, there's a reasonable argument 

to be made that these really belong at "layer 2.5" rather than strictly at layer 2. 

Layer 1: Physical Layer 

The Physical layer defines all the electrical and physical specifications for devices. 

This includes the layout of pins, voltages, and cable specifications. Hubs, repeaters, 

network adapters and Host Bus Adapters (HBAs used in Storage Area Networks) are 

http://en.wikipedia.org/wiki/Router
http://en.wikipedia.org/wiki/Network_switch
http://en.wikipedia.org/wiki/Internet_Protocol
http://en.wikipedia.org/wiki/Data_link_layer
http://en.wikipedia.org/wiki/MAC_address
http://en.wikipedia.org/wiki/Ethernet
http://en.wikipedia.org/wiki/HDLC
http://en.wikipedia.org/wiki/ADCCP
http://en.wikipedia.org/wiki/Packet
http://en.wikipedia.org/wiki/Aloha_protocol
http://en.wikipedia.org/wiki/IEEE_802
http://en.wikipedia.org/wiki/FDDI
http://en.wikipedia.org/wiki/Media_Access_Control
http://en.wikipedia.org/wiki/IEEE_802.2
http://en.wikipedia.org/wiki/Logical_Link_Control
http://en.wikipedia.org/wiki/Network_bridge
http://en.wikipedia.org/wiki/Network_switch
http://en.wikipedia.org/wiki/Physical_layer
http://en.wikipedia.org/wiki/Pins
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Cable
http://en.wikipedia.org/wiki/Specification
http://en.wikipedia.org/wiki/Ethernet_hub
http://en.wikipedia.org/wiki/Repeater
http://en.wikipedia.org/wiki/Network_card
http://en.wikipedia.org/wiki/Host_adapter
http://en.wikipedia.org/wiki/Storage_area_network
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physical-layer devices. The major functions and services performed by the physical 

layer are: 

 Establishment and termination of a connection to a communications medium. 

 Participation in the process whereby the communication resources are 

effectively shared among multiple users. For example, contention resolution 

and flow control. 

 Modulation, or conversion between the representation of digital data in user 

equipment and the corresponding signals transmitted over a communications 

channel. These are signals operating over the physical cabling (such as copper 

and fiber optic or over a radio link. 

Parallel SCSI buses operate in this layer. Various physical-layer Ethernet standards 

are also in this layer; Ethernet incorporates both this layer and the data-link layer. The 

same applies to other local-area networks, such as Token ring, FDDI, and IEEE 

802.11. 

Self Check Exercise -  

3)  What is Communication Protocol? Write a brief note  on OSI  Model. 

 

 Note:  i)  Write your answer in the space given below 

           ii)  Compare your answer with the answers given at the end of this unit. 

 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------- 

http://en.wikipedia.org/wiki/Electrical_connector
http://en.wikipedia.org/wiki/Communication
http://en.wikipedia.org/wiki/Transmission_medium
http://en.wikipedia.org/wiki/Contention
http://en.wikipedia.org/wiki/Flow_control
http://en.wikipedia.org/wiki/Modulation
http://en.wikipedia.org/wiki/Digital_data
http://en.wikipedia.org/wiki/Channel_%28communications%29
http://en.wikipedia.org/wiki/Parallel_SCSI
http://en.wikipedia.org/wiki/Token_ring
http://en.wikipedia.org/wiki/Fiber_distributed_data_interface
http://en.wikipedia.org/wiki/IEEE_802.11
http://en.wikipedia.org/wiki/IEEE_802.11
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--------------------------------------------------------------------------------------------- 

 

Summary 

Communication networks are in a period of transition from networks that are based on 

telephone architecture and standards to networks based on the Internet Protocol (IP) 

architecture.  It is in this exciting context, the present unit is discussed.  The unit 

provides an introduction to fundamental network topology and network architecture 

concepts. 

Keywords 

Topology  Topology describes the shape of a network, or the network's 

layout 

Frame In telecommunications, a frame is a packet which has been 

encoded for transmission over a particular link. This process 

involves, at a minimum, adding delimiters to distinguish the 

packet from dead air, address and control fields specific to 

the link, and checksums to detect errors. (Sometimes the 

address, control, and checksum fields from the higher-level 

protocol are used directly.) 

Internet 

Protocol (IP) 

Internet Protocol is a standardized method of transporting 

information across the Internet in packets of data. It is often 

linked to Transmission Control Protocol, which assembles 

the packets once they have been delivered to the intended 
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location. 

Ethernet A network protocol invented by Xerox Corporation and 

developed jointly by Xerox, Intel and Digital Equipment 

Corporation. Ethernet networks use CSMA/CD and run over 

a variety of cable types at 10 Mbps (megabits per second). 

Domain Name 

System 

A system which maintains a relationship between Internet 

Protocol (IP) addresses and domain names. Computers use 

the DNS system to electronically transmit data with other 

computers through the internet. DNS is actually comprised 

of a set of database servers which maintain the relationship 

between IP addresses and domain names and facilitate the 

lookup between the two. 

Protocol A set of formalized rules that describe how data is 

transmitted over a network. Low-level protocols define the 

electrical and physical standard, while high-level protocols 

deal with formatting of data. TCP and IP are examples of 

high-level LAN protocols. 

Answers to the self check exercises 

1)  When two or more computers connected so that they can communicate with each 

other and share information, software, peripheral devices, and/or processing power, 

then it is called a computer network.    The basic network topologies are bus, star and 

tree. 
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2)  Network architecture is a set of design principles, including the organisation of 

functions and the description of data formats and procedures, used as the basis for the 

design and implementation of a network (ISO). A reference used for the definition 

and development of protocols and products for inter-networking between data 

processing systems, often used to define a hierarchy of communication function 

layers. 

 

3)  The rules governing the exchange of information between devices on a data link is 

called communication protocol.  An ISO standard for worldwide communications that 

defines a networking framework for implementing protocols in seven layers. Control 

is passed from one layer to the next, starting at the application layer in one station, 

proceeding to the bottom layer, over the channel to the next station and back up the 

hierarchy.  

At one time, most vendors agreed to support OSI in one form or another, but OSI was 

too loosely defined and proprietary standards were too entrenched. Except for the 

OSI-compliant X.400 and X.500 e-mail and directory standards, which are widely 

used, what was once thought to become the universal communications standard now 

serves as the teaching model for all other protocols.  Most of the functionality in the 

OSI model exists in all communications systems, although two or three OSI layers 

may be incorporated into one. OSI is also referred to as the OSI Reference Model or 

just the OSI Model. 
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15.0 Objectives 

 After studying this unit you will be able to: 

 Understand  database related features of CDS/ISIS 

 Understand database related features of Microsoft Access 

 Apply the concepts learnt in previous units to these two software 

 

15.1 Introduction 

You have learnt in previous chapters important concepts related to databases and 

database management systems.  In this chapter you will be introduced to two popular 

database management systems – CDS/ISIS and Microsoft Access.  CDS/ISIS has all the 

qualities of a DBMS.  However, it not a relational database management system though it 

provides some of the facilities found in RDBMS packages.  On the other hand, Microsoft 

Access is a typical example for RDBMS package. 

 

15.2 Introduction to CDS/ISIS 

CDS/ISIS is a menu-driven generalized Information Storage and Retrieval system 

designed specifically for the computerized management of structured non-numerical data 

bases. One of the major advantages offered by the generalized design of the system is that 

CDS/ISIS is able to manipulate an unlimited number of data bases each of which may 

consist of completely different data elements. Although some features of CDS/ISIS 

require some knowledge of and experience with computerized information systems, once 

an application has been designed the system may be used by persons having had little or 

no prior computer experience. For advanced users having access to computer 
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professionals, CDS/ISIS offers an integrated programming facility allowing the 

development of specialized applications and/or the functional extension of the software 

as originally provided.  The windows version of CDS/ISIS is called WINISIS. 

 

15.2.1 CDS/ISIS database 

CDS/ISIS allows you to build and manage structured non-numerical data bases, i.e. data 

bases whose major constituent is text.  

Although CDS/ISIS deals with text and words, and offers therefore many of the features 

normally found in word-processing packages, it does more than just text processing. This 

is because the text that CDS/ISIS processes is structured into data elements that you 

define.  

In the most general terms you may think of a CDS/ISIS data base as a file of related data 

that you collect to satisfy the information requirements of a given user community. It 

may be for example a simple file of addresses or a more complex file such as a library 

catalogue or a directory of research projects. Each unit of information stored in a data 

base consists of discrete data elements, each containing a particular characteristic of the 

entity being described. For example, a bibliographic data base will contain information 

on books, reports, journal articles, etc. Each unit will, in this case, consist of such data 

elements as author, title, date of publication, etc.  

Data elements are stored in fields, each of which is assigned a numeric tag indicative of 

its contents. You may think of the tag as the name of the field as it is known by 

CDS/ISIS.  
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The collection of fields containing all data elements of a given unit of information is 

called a record.  

The unique characteristic of CDS/ISIS is that it is specifically designed to handle fields 

(and consequently records) of varying length, thus allowing, on the one hand, an optimal 

utilization of your disk storage and, on the other, a complete freedom in defining the 

maximum length of each field.  

 

 

 

15.2.2 Database functions in CDS/ISIS 

The major functions provided by CDS/ISIS allow you to:  

 Define data bases containing the required data elements 

 Enter new records into a given data base 

 Modify, correct or delete existing records 

 Automatically build and maintain fast access files for each data base in order to 

maximize retrieval speed 

 Retrieve records by their contents, through a sophisticated search language 

 Display the records or portions thereof according to your requirements 

 Sort the records in any sequence desired 

 Print partial or full catalogues and/or indexes 

 Develop specialized applications using the CDS/ISIS integrated programming 

facility. 
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15.2.3 Data base structure  

Although a CDS/ISIS data base will appear to you as a single file of information, in 

actual fact it consists of a number of logically related but physically distinct computer 

files. The management of the physical files is the responsibility of CDS/ISIS and you do 

not normally have to know their structure in detail in order to operate a data base. 

However some basic knowledge of the purpose and function of the major files associated 

with a data base will help you to understand the system better.  

 

15.2.3.1 Data base definition files 

Before a data base can be accessed for processing, it must be made known to CDS/ISIS 

by defining certain characteristics of its record structure and contents. The Data base 

definition services allow you to create and/or modify a data base definition.  

A CDS/ISIS data base definition consists of the following components, each stored in a 

separate file:  

Field Definition Table (FDT) : The FDT defines the fields which may be present 

in the records of the data base and their characteristics.  

Data entry worksheet(s) : One or more screen layouts used to create and/or 

update the master records of the data base. CDS/ISIS provides a specially 

designed editor to create these worksheets.  

Display format(s) : Display formats define precise formatting requirements for 

either on-line display of records during searching or for the generation of printed 

output products such as catalogues and indexes. CDS/ISIS provides a powerful 
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and comprehensive formatting language which allows you to display the contents 

of a record in any desired way.  

Field Select Table(s) (FST) : One FST defines the fields of the data base to be 

made searchable through the Inverted file. Additional FSTs define the most 

frequently used sorting requirements for the data base.  

15.2.3.2 Master file 

The Master file contains all the records of a given data base, each record consisting of a 

set of variable length fields. Each record is identified by a unique number, automatically 

assigned by CDS/ISIS when it is created, called the Master File Number or MFN.  

In order to provide a fast access to each master file record, CDS/ISIS associates a special 

file to the Master file, called the Cross-reference file, which is in fact an index giving the 

location of each record in the Master file.  

You may create, modify or delete Master file records by means of the CDS/ISIS Data 

Entry services.  

 

15.2.3.3 Inverted file 

Although a master record can be retrieved directly by its MFN, through the Cross-

reference file, additional ways of accessing a record are, of course, necessary. In the 

retrieval of bibliographic records, for example, it may be desirable to access a record by 

author, by subject, or by any other data element occurring in the record. CDS/ISIS allows 

you to provide a virtually unlimited number of access points for each record through the 

creation of a special file called the Inverted file.  
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The Inverted file contains all terms which may be used as access points during retrieval 

for a given data base, and, for each term, a list of references to the Master file record(s) 

from which the term was extracted. The collection of all access points for a given data 

base is called the dictionary. You may think of the Inverted file as an index to the 

contents of the Master file.  

For example, four master records (with MFN 18, 204, 766 and 1039) contain the 

keyword ADULT EDUCATION. The logical structure of the corresponding Inverted file 

entry would be:  

ADULT EDUCATION 18 204 766 1039  

Here, ADULT EDUCATION is the access point (or dictionary term), and each reference 

to the Master file record where it appears is called a posting.  

Because each term will normally have a different number of records indexed under it, the 

logical records in an Inverted file are of varying length. Here again, in order to provide 

the fast retrieval of each access point, the Inverted file actually consists of several 

physical files.  

CDS/ISIS allows selective creation of Inverted files for each data base. You may select 

fields, subfields or elements thereof. In addition, by specifying appropriate options, you 

may extract individual words, phrases or descriptors from selected fields.  

You define the searchable elements for a given data base by means of a Field Select 

Table (FST), which contains the fields to be inverted and the indexing technique to be 

used for each field.  

Unlike other Inverted file based retrieval systems, in which there is a separate Inverted 

file for each searchable field, CDS/ISIS uses a single Inverted file for any given data 

base. Because of the particular structure of this file, however, it is functionally equivalent 
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to a multiple Inverted file approach. In actual fact, each posting contains not only the 

MFN, but also additional information precisely identifying the field from which the data 

was extracted, as well as the relative word position within the field.  

The current implementation provides for access points of up to 30 characters. Elements 

longer than the maximum length are truncated before an entry is made in the Inverted 

file. 

 

15.2.3.4 ANY file 

An optional type of file, associated with the Inverted file, is the Any File. It is used in 

retrieval to link together certain related terms. An any term is a collective name assigned 

to a table of search terms. When an ANY term is used in a search, the table with that 

name is retrieved, and the individual terms in the table are automatically or'ed together.  

The criterion for the establishment of an ANY term is the likelihood of its frequent 

occurrence in queries. Geographic groupings will, in most cases, meet this criterion, but 

other types may qualify equally well. If, for example, you create an ANY term ANY 

Latin America, which defines the names of all the countries in Latin America, you may 

then use this collective name in a search, rather than typing all the names of the various 

countries.  

 

15.2.3.5 Relationships between the files 

The logical relationship between the major files of a CDS/ISIS data base is best perceived 

by examining the way in which retrieval is performed. Retrieval from a data base is done 

by specifying a set of search terms which are looked up in the Inverted File to locate the 
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list of MFNs associated with each term. These lists are then manipulated by the program 

according to the search operators you have specified in your search formulation until, at 

the end of the search, a single list, called the hit list, is obtained, corresponding to the 

MFNs of the records satisfying your search formulation. If at this point you request a 

display of the records retrieved, CDS/ISIS will read each record in the hit list from the 

Master file, format it according to the specified format and display it on the screen.  

You may also save one or more hit lists, which you may later use to print the records 

using the ISISPRT services. A saved hit list is called a save file.  

 

15.3 Microsoft Access 

Microsoft Access is a relational database management system from Microsoft, packaged 

with Microsoft Office Professional which combines the relational Microsoft Jet Database 

Engine with a graphical user interface. It can use data stored in Access/Jet, SQL Server, 

Oracle, or any ODBC-compliant data container. Skilled software developers and data 

architects use it to develop powerful, complex application software. Relatively unskilled 

programmers and non-programmer "power users" can use it to build simple applications 

without having to deal with features they don't understand. It supports substantial object-

oriented (OO) techniques but falls short of being a fully OO development tool. 

 

Microsoft Access was also the name of a communications program from Microsoft, 

meant to compete with ProComm and other programs. It proved a failure and was 

dropped. Years later they reused the name for their database software. 
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15.3.1 Features 

One of the benefits of Access from a programmer's perspective is its relative 

compatibility with SQL – queries may be viewed and edited as SQL statements, and SQL 

statements can be used directly in Macros and VBA Modules to manipulate Access 

tables. Users may mix and use both VBA and "Macros" for programming forms and logic 

and offers object-oriented possibilities. 

The report writer in Access is similar to the other popular database report writer – Crystal 

Reports – but the two products are vastly different in their approach. MSDE (Microsoft 

SQL Server Desktop Engine) 2000, a mini-version of MS SQL Server 2000, is included 

with the developer edition of Office XP and may be used with Access as an alternative to 

the Jet Database Engine.  

Access' cut and paste functionality can make it a useful tool for connecting between other 

databases.  For example, Oracle and Microsoft SQL Server during data or database 

conversions. Access comes with various import and export features that allow integration 

with Windows and other platform applications, several of which can be executed on 

demand from within applications or manually by the user. For example the very compact 

SNP format for sharing perfectly formatted reports with people who don't have the full 

Access software. It can also easily be upgraded to Microsoft SQL Server. 

Unlike complete RDBMSes, it lacks database triggers and stored procedures. It does 

allow forms to contain code that is triggered as changes are made to the underlying table, 
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and it is common to use pass-through queries and other techniques in Access to run 

stored procedures in RDBMSs that support these. 

15.3.2 Major objects in an Access database: 

 Table: An object you define and use to store data.  Each table contains 

information about a particular subject, such as a library.  Tables contain fields (or 

columns) that store different kinds of data, such as a name or an address, and 

records (or rows) that collect all the information about a particular instance of the 

subject.  You can define a primary key and one or more indexes on each table to 

help retrieve your data more quickly. 

 Query:  An object that provides a custom view of data from one or more tables.  

In Access, you can use the graphical query by example (QBE) facility or you can 

write structured query language (SQL) statements to create your queries.  You can 

define queries to select, update,  insert, or delete data.  You can also define 

queries that create new tables from data in one or more existing tables. 

 Form.  An object designed primarily for data input or display or for control of 

application execution.  It is a screen that customizes the presentation of data that 

your application extracts from queries or tables.  You can also design a form to 

run certain procedures (either macros or Visual Basic for Applications (VBA) 

modules) depending on the input received from the user. 

 Report:  An object designed essentially for data output.  It can format, calculate, 

print and summarize selected data.  You can view a report on your screen before 

you print it. 
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 Pages: A data access page is a special type of Web page desgned for viewing and 

working with data from an Internet or intranet – data that is stored in a Microsoft 

Access database or a Microsoft SQL Server database.  The data access page may 

also include data from other sources, such as Microsoft Excel. 

 Macro:  It is simply a structure definition of a sequence of actions tht you want 

MS Access to perform in response to a defined event.  For example, you might 

design a macro that opens a second from and brings up a message-box query 

when you select an item on a main form.  You can also run other macros or VBA 

procedures from within a macro. 

 Module:  It contains programming language code that you write to carry out 

certain event-related procedures.  Modules provide you with a greater ability to 

control the flow of actions that the computer system performs on the happening of 

a specified event.  Modules for instance can allow you to trap run-time errors and 

avoid system crashes.  They can be stand-alone objects containing functions that 

can be called from anywhere in your application, or they can be directly 

associated with a form or a report to respond to events on the associated form or 

report. 

 

15.3.3 Basic Steps in Designing and Building a Database in Microsoft Access 

 Define the problem  

 Decide what real world things (entities) you need to store information 

about. For example Employees, Products, Customers, Orders. Entities 

are represented by tables in the database  
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 Decide what facts (attributes) you need to know about each entity, e.g. 

an Employee’s date of birth, salary. Attributes are represented by fields 

in the tables 

 Decide on the relationships between the entities in the database; i.e. 

what attributes do they have in common. Relationships are formed in the 

database between entities that have common attributes. They have 

common fields in the related tables. For example, customer ‘Fred 

Bloggs’  can place an order for product ‘eggs’. So the Orders table has  

relationships with Customers table and Products table  

 Decide what information you need to extract from your data. This will 

allow you to design the queries 

 Design Forms that will allow users to enter data values for running 

queries  or entering data  

 Design Reports that will print information extracted from the database  

 

15.4 Summary 

Database Management System or DBMS in short refers to the technology of storing and 

retrieving users data with utmost efficiency along with appropriate security measures.  

DBMS allows its users to create their own databases as per their requirement. These 

databases are highly configurable and offer a bunch of options.This tutorial explains the 

basics of DBMS such as its architecture, data models, data schemas, data independence, 
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E-R model, relation model, relational database design, and storage and file structure. In 

addition, it covers a few advanced topics such as indexing and hashing, transaction and 

concurrency, and backup and recovery. 

 

15.5 Self check excrcises  

a. Brief Summary on CDS/ISIS 

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------- 

b. Microsoft access 

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------- 
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15.6 Key words 

a. CDS/ISIS: Computerised Documentation Service / Integrated Set of 

Information Systems. 

b. DBMS: Data Base Management System 
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Block 4  

Design and Management of Databases 

 Unit 16 

Structured Query Language (SQL) 

 
Structure 

16.0 Objectives 

16.1 History and Development 

16.2 SQL Features 

16.3 Data Query Language (DQL) 

16.4 Data Manipulation Language (DML) 

16.5 Data Definition Language (DDL) 

16.6 Criticisms of SQL 

16.7 Summary 

16.8  Answers for the Self Check Exercises 

 

16.0 Objectives 
 

After going through this unit you will be able to: 

 

 Differentiate SQL commands with other programming languages 

 Use  Data Query Language 

 Use Data Manipulation Language 

 Use Data Definition Language 

 

 

16.1 History and Development  
 

SQL (commonly expanded to Structured Query Language) is the most popular 

computer language used to create, modify and retrieve data from relational database 

management systems. The language has evolved beyond its original purpose to support 

object-relational database management systems. It is an ANSI/ISO standard. 

The father of relational databases, and thus SQL, is Dr. E.F. "Ted" Codd who worked for 

IBM. After Codd described a relational model for databases in 1970, IBM spent a lot of 

time and money researching how to implement his ideas. IBM came to market with a 

product named System/R in 1978.  
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But other companies had formed and created relational database products before IBM 

was ready to release System/R. The first to market was Relational Software's product 

named Oracle and the second was Relational Technology's Ingres. IBM then released 

improved products in 1982 named SQL/DS and DB2. Oracle (now from Oracle Inc.) and 

DB2 are still available today in nth generation forms while the Ingres technology was 

bought by Computer Associates. 

SQL was adopted as a standard by the ANSI (American National Standards Institute) in 

1986 and ISO (International Organization for Standardization) in 1987. ANSI has 

declared that the official pronunciation for SQL is /ɛs kjuː ɛl/, although many English-

speaking database professionals still pronounce it as sequel.  

The SQL standard has gone through a number of revisions: 

Year Name Alias Comments 

1986 SQL-86 SQL-

87 

First published by ANSI. Ratified by ISO in 1987. 

1989 SQL-89  Minor revision. 

1992 SQL-92 SQL2 Major revision. 

1999 SQL:1999 SQL3 Added regular expression matching, recursive queries, triggers, 

non-scalar types and some object-oriented features. (The last two 

are somewhat controversial and not yet widely supported.) 

2003 SQL:2003   Introduced XML-related features, window functions, 

standardized sequences and columns with auto-generated values 

(including identity-columns).  

 

 

16.2 SQL Features 

1. It is meant to be an English like language using set English phrases to manipulate 

the database. How well it achieves this is questionable. 

2. It is non procedural. You specify the information required not the navigation and 

operations required to access the data. Each RDBMS has an inbuilt query 

optimiser which parses your SQL statements and works out the optimum path to 

the required data. 

3. When you query data, all the rows affected by your statement are dealt with in 

one go as a set, they are not dealt with separately. The work area that holds the set 

is known as a CURSOR.  

http://en.wikipedia.org/wiki/ANSI
http://en.wikipedia.org/wiki/1986
http://en.wikipedia.org/wiki/International_Organization_for_Standardization
http://en.wikipedia.org/wiki/1987
http://en.wikipedia.org/wiki/ANSI
http://en.wikipedia.org/wiki/1986
http://en.wikipedia.org/w/index.php?title=SQL-87&action=edit
http://en.wikipedia.org/wiki/ANSI
http://en.wikipedia.org/wiki/International_Organization_for_Standardization
http://en.wikipedia.org/wiki/1987
http://en.wikipedia.org/wiki/1989
http://en.wikipedia.org/w/index.php?title=SQL-89&action=edit
http://en.wikipedia.org/wiki/1992
http://en.wikipedia.org/wiki/SQL-92
http://en.wikipedia.org/wiki/1999
http://en.wikipedia.org/w/index.php?title=SQL1999&action=edit
http://en.wikipedia.org/wiki/2003
http://en.wikipedia.org/w/index.php?title=SQL2003&action=edit
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4. SQL encompasses a range of uses and users. DBA's, application programmers, 

management and end users can use SQL. 

5. It provides commands for the following tasks :- 

 inserting, updating and deleting data 

* creating, modifying and deleting database objects 

* controlling access to the database and database objects 

* guaranteeing database consistency 

* monitoring database performance and configuration 

Self Check Exercise 

1. Whose work is mainly responsible for the development of SQL? 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------- 

 

Standard SQL statements can be subdivided into 4 distinct groups which are shown 

below, we will deal with each group in turn.  

Group  Statements  Description  

DQL  SELECT  
DATA QUERY LANGUAGE - Used to get data from the 

database and impose ordering upon it.  

DML  

DELETE 

INSERT 

UPDATE  

DATA MANIPULATION LANGUAGE - Used to change 

database data.  

DDL  

DROP 

TRUNCATE 

CREATE 

ALTER  

DATA DEFINITION LANGUAGE - Used to manipulate 

database structures and definitions.  

RIGHTS  
REVOKE 

GRANT  
Used to give and take access rights to database objects.  

 

 

We are going to learn some of the commands for the first three groups in the subsequent 

sections of this unit. 

The following two tables are used in the examples discussed in this unit. The tables refer 

to a fictional library lending database, the table BOOK details all the library books and 
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the table SECTION details the library section that the book belongs in. The field 

LIBRARY.BOOK.SECTION_ID (schemaname.tablename.fieldname) is a foreign key 

between the BOOK and SECTION (LIBRARY.SECTION.SECTION_ID) tables 

showing which section each book belongs to. ACCN is the prime key of BOOK and 

SECTION_ID is the prime key of SECTION. 

 

Table BOOK 

ACCN  title  author  cost  
lent_

date  

returned

_date  
times_lent  section_id  

21  HELP  B.Baker  20.90  

20-

AUG-

97  

  10  9  

87  Killer Bees  
E.F.Hamm

ond  
29.90        9  

90  Up the creek  K.Klydsy  15.95  

15-

JAN-

97  

21-JAN-

97  
1  10  

22  Seven seas  J.J.Jacobs  16.00  

21-

DEC-

97  

  19  5  

91  
Dirty steam 

trains  
J.SP.Smith  8.25  

14-

JAN-

98  

  98  9  

101  
The story of 

trent  
T.Wilbury  17.89  

10-

JAN-

98  

16-JAN-

98  
12  6  

8  
Over the past 

again  
K.Jenkins  19.87        10  

79  
Courses for 

horses  
H.Harriot  10.34  

17-

JAN-

98  

  12  9  

989  
Leaning on a 

tree  
M.Kilner  19.41  

12-

NOV-

97  

22-NOV-

97  
56  11  
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Table SECTION 

Section_ID  section_name  book_count  

10  Fiction  321  

5  Romance  398  

6  Science Fiction  176  

7  Science  72  

9  Reference  213  

11  Law  54  

 

 

16.3 Data Query Language (DQL) 
 

The SELECT statement is the heart of SQL. It allows you to get the data out of the 

database and do things with it. When you perform a SELECT against a table or tables the 

result is compiled into a further temporary table which is displayed to you (or received by 

your program). We will explore the SELECT statement increasing its complexity as we 

move along with few examples. 

 

Example 1: A simple SELECT statement looks like this: 

 

SELECT * FROM Library.BOOK 

This will provide a result set exactly like the BOOK table. The keyword SELECT tells 

the parser which function is required. After the SELECT is the column identifier region 

where you tell the parser which columns you require in the result set, "*" is a special 

character and means (in this context) ALL COLUMNS. The FROM keyword is 

mandatory and tells the parser that the next region is the table identifier region. The table 

identifier region (LIBRARY.BOOK) tells the parser both the schema that owns the table 

and the table name within that schema. The schema name is not required if the statement 

is issued when logged in to the LIBRARY schema or when you have the select right on 

the LIBRARY.BOOK table granted to you (and no other schema to which you have 
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select access has a table named BOOK). It is good practice to always use (schema name 

dot table name) notation as it ensures you don't access the wrong table. 

Example: 2 Sorting of retrieved table. 

SELECT ACCN, TITLE FROM LIBRARY.BOOK ORDER 

BY ACCN 

 

ACCN  title  

8  Over the past again  

21  HELP  

22  Seven seas  

79  Courses for horses  

87  Killer Bees  

90  Up the creek  

91  Dirty steam trains  

101  The story of trent  

989  Leaning on a tree  

 

 

The above SELECT statement gets two named columns from a table and orders them.  

Note that we use a comma separator to define multiple columns to the parser for the 

query, if we required only a single column then we would specify only that column name 

with no commas. The ORDER BY keywords tell the parser that the following region is 

the ordering list, this is where you specify the fields that will be sorted (by default the sort 

order is ascending). You do not have to order by a queried column, we could have 

ordered by Author even though we haven't asked for that column, the data would still be 

sorted by the Author column. You may sort by as many columns as you want up to the 

total columns within the queried table(s). 

Example 3: Using of conditional WHERE clause in query statement. 
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The WHERE clause enables you to selectively return rows from tables, it has many 

variations depending upon what you wish to do. The WHERE clause fits in between the 

table identifier region and any ORDER BY clause. A basic example is given below. 

SELECT * FROM LIBRARY.BOOK WHERE ACCN > 100 

ORDER BY ACCN  

 

 

ACCN title author cost lent_date returned_date times_lent section_id 

101  
The story 

of trent  
T.Wilbury  17.89  

10-JAN-

98  
16-JAN-98  12  6  

989  
Leaning 

on a tree  
M.Kilner  19.41  

12-NOV-

97  
22-NOV-97  56  11  

The basic format of a where clause is WHERE keyword, followed by the column (or 

alias) name for comparison (as with ORDER BY clauses the comparison column name 

need not be selected as part of the result set), followed by the operator followed by the 

condition. 

The basic operators are "=" (equal to), ">" (greater than), ">=" (greater than or equal to), 

"<" (less than), "<=" (less than or equal to) or "<>" (not equal to).  

The condition is the thing that you are checking against, it must be of the same type as 

the comparison column. For example :-  

WHERE MYDATE = '17-FEB-82' 

WHERE MYNUM = 9090 

WHERE NAME = 'SMITH' - strings are case sensitive, 'smith' would not be found. 

Example 5:  Using of SQL Operators in query statement 

There are four SQL operators, they work on all data types. 

Operator  Description  

BETWEEN ..... AND .....  within two given values   

IN(condition list)  matches any value in the given list  
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LIKE  match a string pattern  

IS NULL  is a NULL value  

 

Some examples are :- 

SELECT * FROM LIBRARY.BOOK WHERE ACCN 

BETWEEN 90 AND 120 ORDER BY ACCN  

 

ACCN  title  author  cost  lent_date  returned_date  times_lent  section_id  

90  
Up the 

creek  
K.Klydsy  15.95  

15-JAN-

97  
21-JAN-97  1  10  

91  

Dirty 

steam 

trains  

J.SP.Smith  8.25  
14-JAN-

98  
  98  9  

101  

The 

story of 

trent  

T.Wilbury  17.89  
10-JAN-

98  
16-JAN-98  12  6  

 

 

 

SELECT * FROM LIBRARY.BOOK WHERE SECTION_ID 

IN (9, 11) ORDER BY SECTION_ID  

 

ACCN  title  author  cost  lent_date  returned_date  times_lent  section_id  

21  HELP  B.Baker  20.90  
20-AUG-

97  
  10  9  

87  
Killer 

Bees  
E.F.Hammond  29.90        9  

91  

Dirty 

steam 

trains  

J.SP.Smith  8.25  
14-JAN-

98  
  98  9  

79  

Courses 

for 

horses  

H.Harriot  10.34  
17-JAN-

98  
  12  9  

989  

Leaning 

on a 

tree  

M.Kilner  19.41  
12-NOV-

97  
22-NOV-97  56  11  
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The LIKE operator accepts any character string as a condition but also allows "%" 

wildcards to indicate many / no characters or numbers and "_" (underscore) to indicate a 

single undefined character at that point.  

SELECT * FROM LIBRARY.BOOK WHERE TITLE LIKE 

'HELP'  

 

ACCN  title  author  cost  lent_date  returned_date  times_lent  section_id  

21  HELP  B.Baker  20.90  20-AUG-97    10  9  

 

 

SELECT * FROM LIBRARY.BOOK WHERE TITLE LIKE 

'%st%'  

 

ACCN  title  author  cost  lent_date  returned_date  times_lent  section_id  

91  

Dirty 

steam 

trains  

J.SP.Smith  8.25  
14-JAN-

98  
  98  9  

101  

The 

story of 

trent  

T.Wilbury  17.89  
10-JAN-

98  
16-JAN-98  12  6  

8  

Over 

the past 

again  

K.Jenkins  19.87        10  

 

 

SELECT * FROM LIBRARY.BOOK WHERE TITLE LIKE 

'_e%'  

ACCN  title  author  cost  lent_date  returned_date  times_lent  section_id  

22  
Seven 

seas  
J.J.Jacobs  16.00  

21-DEC-

97  
  19  5  

989  
Leaning 

on a tree  
M.Kilner  19.41  

12-NOV-

97  
22-NOV-97  56  11  

It is not the intention of this unit, to list all the possible ways of using SELECT statement.   
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Self Check Exercise 

2. Write SQL statements for the following. 

a) Display ACCN, Title and Author for those books having ACCN<80 

b) Display all the fields for those titles which have been bought more than 10 

times but less than 50 times 

c) Display all books which have been borrowed on JAN 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------- 

 

16.4 Data Manipulation Language (DML) 
 

Data manipulation language is the area of SQL that allows you to change data within the 

database. It consists of only three command statement groups; they are INSERT, 

UPDATE and DELETE.  

 

Example 1:  Inserting new rows in to a table 

We insert new rows into a table with the INSERT INTO command. A simple example is 

given below.  

INSERT INTO LIBRARY.SECTION VALUES 

(SECIDNUM.NEXTVAL, 'Computing', 0) 

The INSERT INTO command is followed by the name of the table (and owning schema 

if required), this in turn is followed by the VALUES keyword which denotes the start of 

the value list. The value list comprises all the values to insert into the specified columns. 

We have not specified the columns we want to insert into in this example so we must 

provide a value for each and every column in the correct order. The correct order of 

values can be determined by doing a SELECT * or DESCRIBE against the required 

table, the order that the columns are displayed is the order of the values that you specify 

in the value list. If we want to specify columns individually (when not filling all values in 
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a new row) we can do this with a column list specified before the VALUES keyword. 

Our example is reworked below, note that we can specify the columns in any order - our 

values are now in the order that we specified for the column list.  

INSERT INTO LIBRARY.SECTION (SECTION_NAME, 

SECTION_ID) VALUES ('Computing', 

SECIDNUM.NEXTVAL) 

In the above example we haven't specified the BOOK_COUNT column so we don't 

provide a value for it, this column will be set to NULL which is acceptable since we don't 

have any constraint on the column that would prevent our new row from being inserted.  

 

Example 2: Changing values through UPDATE 

 

The UPDATE command allows you to change the values of rows in a table, you can 

include a WHERE clause in the same fashion as the SELECT statement to indicate which 

row(s) you want values changed in. In much the same way as the INSERT statement you 

specify the columns you want to update and the new values for those specified columns. 

The combination of WHERE clause (row selection) and column specification (column 

selection) allows you to pinpoint exactly the value(s) you want changed. Unlike the 

INSERT command the UPDATE command can change multiple rows so you should take 

care that you are updating only the values you want changed (see the transactions 

discussion for methods of limiting damage from accidental updates).  

An example is given below, this example will update a single row in our BOOK table :- 

UPDATE LIBRARY.BOOK SET TITLE = 'Leaning on a 

wall', AUTHOR = 'J.Killner', TIMES_LENT = 0, 

LENT_DATE = NULL, RETURNED_DATE = NULL 

WHERE ACCN = 989 

We specify the table to be updated after the UPDATE keyword. Following the SET 

keyword we specify a comma delimited list of column names / new values, each column 

to be updated must be specified here (note that you can set columns to NULL by using 



 65 

the NULL keyword instead of a new value). The WHERE clause follows the last column 

/ new value specification and is constructed in the same way as for the SELECT 

statement, use the WHERE clause to pinpoint which rows to be updated. If you don't 

specify a WHERE clause on an UPDATE command all rows will be updated (this may or 

may not be the desired result). 

Example 3:  Deleting rows from a table 

The DELETE command allows you to remove rows from a table, you can include a 

WHERE clause in the same fashion as the SELECT statement to indicate which row(s) 

you want deleted - in nearly all cases you should specify a WHERE clause, running a 

DELETE without a WHERE clause deletes ALL rows from the table. Unlike the 

INSERT command the DELETE command can change multiple rows so you should take 

great care that you are deleting only the rows you want removed (see the transactions 

discussion for methods of limiting damage from accidental deletions).  

An example is given below, this example will delete a single row in our BOOK table :- 

DELETE FROM LIBRARY.BOOK WHERE ACCN = 989 

The DELETE FROM command is followed by the name of the table from which a row 

will be deleted, followed by a WHERE clause specifying the column / condition values 

for the deletion.  

DELETE FROM LIBRARY.BOOK WHERE ACCN <> 989 

This delete removes all records from the BOOK table except the one specified. 

Remember that if you omit the WHERE clause all rows will be deleted.  

16.5 Data Definition Language (DDL) 

Data Definition Language is a set of SQL commands used to create, modify and delete 

database structures (not data). These commands wouldn't normally be used by a general 

user, who should be accessing the database via an application. They are normally used by 
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the DBA (to a limited extent), a database designer or application developer. These 

statements are immediate, they are not susceptible to ROLLBACK commands. You 

should also note that if you have executed several DML updates then issuing any DDL 

command will COMMIT all the updates as every DDL command implicitly issues a 

COMMIT command to the database. Anybody using DDL must have the CREATE 

object privilege and a Tablespace area in which to create objects.  

Example 1:  Creating  tables through DDL commands 

The following commands create the table BOOK and SECTION that has been used as the 

example database in this unit. 

 

CREATE TABLE BOOK ( 

   ISBN NUMBER(10),  

   TITLE VARCHAR2(200), 

   AUTHOR VARCHAR2(50),  

   COST NUMBER(8,2),  

   LENT_DATE DATE,  

   RETURNED_DATE DATE,  

   TIMES_LENT NUMBER(6),  

   SECTION_ID NUMBER(3) 

); 

 

 

CREATE TABLE SECTION  

   SECTION_ID NUMBER(3), 

   SECTION_NAME CHAR(30), 

   BOOK_COUNT NUMBER(6)  

 
 

The two commands above create our two sample tables and demonstrate the basic table 

creation command. The CREATE keyword is followed by the type of object that we want 

created (TABLE, VIEW, INDEX etc.), and that is followed by the name we want the 
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object to be known by. Between the outer brackets lie the parameters for the creation, in 

this case the names, datatypes and sizes of each field.  

A NUMBER is a numeric field, the size is not the maximum externally displayed number 

but the size of the internal binary field set aside for the field (10 can hold a very large 

number). A number size split with a comma denotes the field size followed by the 

number of digits following the decimal point (in this case a currency field has two 

significant digits) 

A VARCHAR2 is a variable length string field from 0-n where n is the specified size. 

Oracle only takes up the space required to hold any value in the field, it doesn't allocate 

the entire storage space unless required to by a maximum sized field value (Max size 

2000). 

A CHAR is a fixed length string field (Max size 255). 

A DATE is an internal date/time field (normally 7 bytes long). 

A LONG or LONG RAW field (not shown) is used to hold large binary objects (Word 

documents, AVI files etc.). No size is specified for these field types. (Max size 2Gb). 

Example 2:  Deleting table 

 

You can delete all the data in a table by using the TRUNCATE command (you can also 

achieve this with a DELETE command but it is not as efficient due to the ROLLBACK 

memory usage). TRUNCATE flushes the table of data but leaves the structure and 

constraints intact. You can add a REUSE STORAGE option which tells the table to hold 

onto the memory it used to store the rows (but I can't think of any reason why you would 

want to do this).  

TRUNCATE TABLE BOOK 

TRUNCATE TABLE BOOK REUSE STORAGE 
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Like the above,  you can perform various other task like creating index, renaming 

database objects, modifying the database object structure etc. using appropriate DDL 

language.  We will leave it to you to explore more commands of SQL DDL language. 

 

16.6 Criticisms of SQL 

Technically, SQL is a declarative computer language for use with "relational databases". 

Theorists note that many of the original SQL features were inspired by, but in violation 

of, tuple calculus. Recent extensions to SQL achieved relational completeness, but have 

worsened the violations, as documented in The Third Manifesto. 

In addition, there are also some criticisms about the practical use of SQL: 

 The language syntax is rather complex (sometimes called "COBOL-like"). 

 It does not provide a standard way, or at least a commonly-supported way, to split 

large commands into multiple smaller ones that reference each other by name. 

This tends to result in "run-on SQL sentences" and may force one into a deep 

hierarchical nesting when a graph-like (reference-by-name) approach may be 

more appropriate and better repetition-factoring. 

 Implementations are inconsistent and, at times, incompatible between vendors. 

 It is at times too difficult a syntax for DBAs (DataBase Administrators) to extend. 

 Over-reliance on "NULLs", which some consider a flawed or over-used concept. 

 For larger statements, it is often difficult to factor repeated patterns and 

expressions into one or fewer places to avoid repetition and avoid having to make 

the same change to different places in a given statement. 

 Unexplained difference between value-to-column assignments in UPDATE and 

INSERT syntax. 

16.7 Summary 
In this Unit, you have learnt the historical development of SQL  - a de facto standard for 

relational database management systems.   The development of SQL is normally 

attributed to E.F. Codd who has developed a model for RDBMS.  SQL has seen number 

of revisions so far, the last one being done in 2003. 

 

Its simplicity and English like commands made SQL very popular.    The standard SQL 

statements can be grouped into four distinct categories, viz., Data Query Language 

(DQL), Data Manipulation Language (DML),  Data Definition Language (DDL) and 

Rights.   DQL is used to interact with the database to retrieve data and impose ordering 

http://en.wikipedia.org/wiki/Relational_database
http://en.wikipedia.org/wiki/Tuple_calculus
http://en.wikipedia.org/wiki/The_Third_Manifesto
http://en.wikipedia.org/wiki/COBOL
http://en.wikipedia.org/wiki/Database_administrator
http://en.wikipedia.org/wiki/Null_%28SQL%29
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upon the retrieved data.  DML is used to add, delete and modify the data in a database.  

DDL supports the functions like creating, altering, and deleting database structures and 

definitions.  Lastly, commands responsible for rights management help in giving and 

controlling access rights to database objects.  We have learnt about these commands 

through some of the examples.  In spite of its popularity and effectiveness, SQL has not 

failed to gather few criticisms.  Major among them is its complexity in formulating a 

complex query. 

 

16.8  Answers for the Self Check Exercises 
 

1.  The father of relational databases, and thus SQL, Dr. E.F. "Ted" Codd’s work on 

relational databases is considered as the chief source of inspiration for the development 

of SQL. 

 

2.  The SQL statements to achieve the results are: 

 SELECT  ACCN, Title, Author 

 FROM     Library.book  
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