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Development and implementation of an off-line catalog card production 

system and an on-line shared cataloging system are described. In off-line 

production, average cost per card for 529,893 catalog cards in finished form 

and alphabetized for filing was 6.57 (·. An account is given of system design 

and equipment selection for the on-line system. File organization and pro

grams are described, and the on-line cataloging system is discussed. The 

system is easy to use, efficient, 1'eliable, and cost beneficial. 

The Ohio College Library Center ( OCLC) is a not-for-profit corporation 
chartered by the State of Ohio on 6 July 1967. Ohio colleges and universi
ties may become members of the center; forty-nine institutions are partici
pating in 1971/ 72. The center may also work with other regional centers 
that may "become a part of any national electronic network for bibliographic 
communication." 

The objectives of OCLC are to increase the availability to individual 
students and faculty of resources in Ohio's academic libraries, and at the 
same time to decrease the rate of rise of library costs per student. 

The OCLC system complies with national and international standards 
and has been designed to operate as a node in a future national network as 
well as to attain the more immediate target of providing computer support 
to Ohio academic libraries. The system is based on a central computer with 
a large, random access, secondary memory, and cathode ray tube terminals 
which are connected to the central computer by a network of telephone 
circuits. The large secondary memory contains a file of bibliographic records 
and indexes to the bibliographic record file. Access to this central file from 
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the remote terminals located in member libraries requires fewer than five 

seconds. 
OCLC will eventually have five on-line subsystems: 1) shared catalog

ing; 2) serials control; 3) technical processing; 4 ) remote catalog access 
and circulation control; and 5) access by subject and title. This paper 
concentrates on cataloging; the other subsystems are not operational at the 

present time. 
Figure 1 presents the general file design of the system. The shared cata

loging system has been the first on-line subsystem to be activated, and the 
files and indexes it employs are depicted in Figure 1 by the heavy black 
lines and arrows. As can be seen in the figure, much of the system required 
for shared cataloging is common with the other four subsystems. 

The three main goals of shared cataloging are: 1) catalog cards printed 
to meet varying requirements of members; 2 ) an on-line union catalog; 
and 3) a communications system for requesting interlibrary loans. In addi
tion, the bibliographic and location information in the system can be used 
for other purposes such as book selection and purchasing. 

The only description of an on-line cataloging system that had appeared 
in the literature during the development of the OCLC system is that of the 
Shawnee Mission (Kansas) Public Schools ( 1). The Shawnee Mission 
cataloging system produces uniform cards from a fixed-length, non-MARC 
record. The OCLC system uses a variable-length MARC record and has 
great flexibility for production of cards in various formats. There are a 
number of reports describing off-line catalog card production systems, in
cluding systems at the Georgia Institute of Technology ( 2), the New 
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England Library Information Network ( NELINET) ( 3), and the Univer
sity of Chicago ( 4). The flexibility of the OCLC system distinguishes it 
from these three systems as well. 

CATALOG CARD PRODUCTION-OFF-LINE 

An off-line catalog card production system based on a file of MARC II 
records was activated a year before the on-line system ( 5) . OCLC supplied 
member libraries with request cards (punch cards prepunched with symbols 
for each holding library within an institution). For each title for which 
catalog cards were needed, members transcribed Library of Congress ( LC) 
card numbers onto a request card. Members sent batches of cards to 
OCLC at least once a week. At OCLC, the LC card numbers were key
punched into the cards and new requests were combined with unfilled 
requests to be searched against the MARC II file. By the spring of 1971, 
over 70 percent of titles requested were found the first time they were 
searched. 

The selected MARC II records were then submitted to a formatting 
program that produced print images on magnetic tape for all cards required 
by a member library. The number of cards to be printed was determined by 
the number of tracings on the catalog record and the number of catalogs 
into which cards were to go including a regional union catalog (the Cleve
land Regional Union Catalog) and the National Union Catalog. Individual 
cards were formatted according to options originally selected by the member 
library. These options included: 1) presence or absence of tracings and 
holdings information on each of nine different types of cards; 2) three 
different indentions for added entries and subject headings; 3) a choice 
of upper-case or upper- and lower-case characters for each type of added 
entry and subject heading; and 4) many formats for call numbers. OCLC 
returned cards to members in finished form, alphabetized within packs for 
filing in specific local catalogs. 

The primary objective of off-line operation was the production of catalog 
cards at a lower cost than manual methods in OCLC member libraries. 
Early activation of off-line catalog card production did reduce costs and 
gave some members an opportunity to take advantage of normal staff 
turnover by not filling vacated positions in anticipation of further savings 
after activation of the on-line system. 

Other objectives of off-line operation were the automated simulation of 
on-line activity in member libraries and development and implementation 
of catalog card production in preparation for card production in an on-line 
operation. The number of catalog card variations required by members, 
even after members had reviewed and accepted detailed designs of card 
products, proved to be higher than anticipated. More than one man-year 
was expended after activation of the off-line system in further development 
and implementation to take care of the formats and card dissemination 
variations requested by specific libraries. The one year advance start on 
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catalog production made possible by using MARC II records in the off-line 
mode proved to be a far greater blessing than anticipated, for it would have 
been literally impossible to have activated on-line operation and catalog 
card production simultaneously. 

A major goal of OCLC card production is elimination of uniformity 
required by standardized procedures. The OCLC goal is to facilitate co
operative cataloging without imposing on the cooperators. The cost to 
attain this goal is slight, for although there is a single expense to establish 
a decision point in a computer program, the cost of selection among three 
or thirty alternatives during program execution is infinitesimal. 

Design of catalog cards and format options began four months before 
off-line activities. Two general meetings of the OCLC membership were 
held at which card formats were reviewed and agreed upon in a general 
sense. Next, the OCLC staff published a description of catalog card pro
duction and procedures for participation ( 6). This publication was reviewed 
by the membership and format variations were reported for inclusions in the 
procedure. Members reported few variations at this time, but when imple
mentation for individual members was undertaken, it was necessary to build 
many additional options into the computer programs. To assist the OCLC 
staff in defining options for off-line catalog products and on-line procedures, 
an Advisory Committee on Cataloging was established. This committee met 
several times and provided much needed guidance and counsel. 

The catalog card format options that members could select were exten
sive. For example, although the position of the call number was fixed in the 
upper left-hand corner of the card, there were 24 basic formats for LC call 
numbers, and libraries using the Dewey Decimal Classification could format 
their call numbers as they wished. In general, the greatest number of format 
options are associated with call numbers, probably because there has never 
been a standard procedure for call number construction. 

Programs 

Because designing, writing, coding, and debugging of catalog card 
production programs can cost tens of thousands of dollars, OCLC sought 
existing card production programs that could run on computers at Ohio 
State University, which is the generous host of the Ohio College Library 
Center. Only two programs were located that could both produce cards in 
the manner required by OCLC and run on OSU computers. Card produc
tion costs were not available for one of the programs, but because analysis 
suggested that the design of the program would create very high card costs, 
this program was not selected. The other program had been written and 
used at the Yale University Library, and although the card production costs 
were high, it was known that changes could be made to increase efficiency. 
Thus, arrangements were made to obtain and run the Yale programs at OSU. 

Members were free to choose a variety of format options and submitted 
on a Catalog Profile Questionnaire (Figure 2) their specifications for each 
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catalog. Holdings information and tracings could be printed on any or all 
of nine types of cards: 1) shelf list; 2) main entry; 3) topical subject; 
4) name as subject; 5) geographic subject; 6) personal and corporate 
added entries; 7) title added entry; 8) author-type series added entry; 
and 9) title-type series added entry. Subject headings and added entries 
could have top-of-card or bottom-of-card placement and could be printed 
in all upper-case or in upper- and lower-case characters. Any type of subject 
heading and added entry could begin at the left edge of the card or at the 
first, second, or third indention. Other options are described in the Manual 

for OCLC Catalog Card Production ( 5). 
The data received on Catalog Profile Questionnaires were transferred to 

punch cards and a computer program written in SNOBOL IV embedded the 
information in the form of a Pack Definition Table (PDT) in one of the 
principal catalog production programs named CONVERT ( CNVT). Each 
PDT defined the cards to go into the catalogs of one holding library, a 
holding library being a collection with its own catalog. 

The first major program in the processing sequence was PREPROS, which 
was written in IBM 360 Basic Assembler Language ( BAL) and run on an 
IBM 360/75. PREPROS converted records from the weekly MARC II tapes 
to an OCLC internal processing format, including conversion of MARC II 
characters from ASCII to EBCDIC code. This program also parsed LC call 
numbers and partially formatted them. It also checked for end-of-field and 
end-of-record characters and verified the length of record. Finally, it wrote 
the output records in LC card number sequence into huge variable format 
blocks of 20,644 characters. The large blocks reduced computer costs since 
the pricing algorithm employed on the IBM 360/75 imposed a charge for 
each physical read and write operation. 

The magnetic tape output weekly by PREPROS was then submitted to 
CNVT together with the old master file of bibliographic records in LC card 
number order and a file of request cards that had been sorted in LC card 
number order. CNVT merged the records on the weekly tape with the 
master file and then matched the requests by LC card number. When a 
match was obtained, CNVT deleted some fields from the bibliographic 
record and formatted the call number according to the specifications of the 
library that had originated the request. It then wrote the modified record 
and associated POT's onto an output tape in external IBM 7094 binary
coded-decimal (BCD) character code with the record format converted to 
that of the Yale Bibliographic System. The second principal product of 
CNVT was the new master tape of bibliographic records that would become 
the old master for the next week's run. CNVT also punched out a card 
bearing the LC card number for each request card for which there was a 
match. These punch cards were used to withdraw cards from the request 
card file so that they would not be submitted again. CNVT was first run 
on an IBM 360/50. 

The tape file of modified records and POT's was then submitted to 
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Fig. 2. Catalog Profile Questionnaire. 

EXPAND, a modified Yale program written in MAD and run on an IBM 
7094. By combining the number of tracings and PDT requirements, EX
pAND developed a card image for each catalog card required by the 
requesting library. It also prepared a sort tag for each image so that the 
image could be subsequently sorted by library into packs and alphabetized 
within each pack. EXPAND essentially did the formatting of catalog cards 
except for the complex LC call number formatting carried out by CNVT. 

The file of card images was passed to a program named Build Print Tape 
(BLDPT) written in BAL and run on the IbM 360/ 75. BLDPT first con
verted the external IBM 7094 BCD characters to EBCDIC. Next BLDPT 
sorted the images, and finally, it arranged the images on a single tape to 
allow printing on continuous, two-up catalog card forms- the first half of 
the sorted file was printed on the left-hand cards and the second half on 
the right. 

The PRINT program was also written in BAL but run on an IBM 360/ 50. 
It was designed so that either the entire file or a segment as small as four 
cards could be printed; the latter feature was of greatest use in reprinting 
cards that for one of several reasons were not satisfactorily printed during 
the first run. Cards were printed six lines to an inch and the print train used 
was a modified version of the train designed by the University of Chicago 
which in turn was a modified version of the IBM TN train. 
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The printer attached to the IBM 360/50 was an IBM 1403 N1 printer. 
This printer appears to be superior to any other high-speed printer cur
rently available, but to obtain a product of high quality, it was necessary 
to fine-tune the printer, to use a mylar ribbon from which the ink does not 
flake off, and to experiment with various mechanical settings to determine 
the best setting for tension on the card forms and for forms thickness. Above 
all, patience in large amounts was required during initial weeks when it 
seemed as though a messy appearance would never be eliminated. 

OCLC off-line catalog card production programs were written in as
sembler language and higher level languages. Use of higher level languages 
for character manipulation incurs unnecessarily high costs. Therefore, for a 
large production system like OCLC, it is absolutely required that processing 
programs and subroutines that manipulate all characters, character by 
character, be written in an assembler language to obtain efficient programs 
that run at low cost. Programs that do not manipulate characters, such as 
the OCLC program for embedding PDT's in CNVT, may well be written 
in a higher level language. 

Materials and Equipment-A Summary 

Off-line catalog production was based on availability of MARC II records 
on magnetic tapes disseminated weekly by the Library of Congress. Without 
the MARC II tapes, the off-line procedure could not have operated. Each 
week, the new MARC II records were added to the previous cumulated 
master file also on magnetic tape, and previously unfilled and new requests 
were run against the updated file. 

OSU computers employed were an IBM 360/75, an IBM 360/50, an IBM 
7094, and an IBM 1620. The run procedure was complex and therefore 
somewhat inefficient, but this inefficiency was traded off against a pre
dictably high expense to write a new card formatting program. 

Members submitted a request for card production on a punch card on 
which the member had written an LC card number. Members could specify 
a recycling period of from one to thirty-six weeks for running their request 
cards against the MARC II file before unfulfilled requests would be re
turned. In general, request cards bore LC card numbers for that section of 
the MARC II file that was complete; at first, the file was inclusive for only 
"7" series numbers, but in early 1971 the RECON file for "69" numbers was 
added. Request cards often numbered several thousand a week. 

Catalog card forms are the now-familiar two-up, continuous forms with 
tractor holes along each side for mechanical driving. The card stock is 
Permalife, one of the longest-lived paper stocks available. A thin slit of 
about one thirty-second of an inch in height converts each three-inch verti
cal section of card stock to 75 mm. The lowest price paid in a lot of a half 
million cards has been $8.065 per thousand. 

After having been printed, the card forms are trimmed on a modified 
UARCO Forms Trimmer, model number 1721-1. This trimmer makes four 
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continuous cuts in the forms and produces cards with horizontal dimensions 
of 125 mm. Cards are stacked in their original order as printed and are 
therefore in filing order. The trimmer operates at quoted speeds of 115 and 
170 feet per minute or 920 and 1,360 cards per minute. Measurements of 
speeds of operations confirmed these ratings. 

Results 

The off-line catalog production system produced 529,893 catalog cards 
from July 1970 through August 1971 at an average cost of 6.57 cents per 
card. This cost includes over twenty separate cost elements plus a three
quarter cent charge for overhead. The firm of Haskins & Sells, Certified 
Public Accountants, reviewed the costing procedures that OCLC employs, 
found that all direct costs were being included, and recommended the 
three-quarter cent overhead charge. 

The number of extension cards varies from library to library depending 
almost entirely on the types of cards on which libraries have elected to print 
tracings. However, one university library with a half-dozen department 
libraries and requiring tracings on only shelf list and main entry cards 
averages approximately six cards per title. 

Cataloging using the OCLC off-line system results in a decrease of staff 
requirements, and some libraries that used the system during most of the 
year found that they needed less staff in cataloging. Reduction of staff by 
taking advantage of normal staff turnover facilitated financial preparation 
for the OCLC on-line system in these libraries. 

Evaluation 

Despite the obvious inefficiences generated by running production com
puter programs on four different computers in two different locations and 
despite inefficiencies in the programs themselves, computer costs to process 
MARC II tapes and to format catalog cards, but not to print them, was 
2.27 cents per card. As will be shown later, newer and more efficient pro
grams have halved this cost, but even at 2.27 cents per card for formatting 
and .33 cents per card for printing, the cost of OCLC off-line card produc
tion is less than half the cost of more traditional card production 
methods ( 7). 

Two features originally designed into the system were never imple
mented, somewhat diminishing the usefulness of the system for some 
libraries. One of the incompleted features was a technique for deleting, 
changing, or adding a field to a MARC record (this capability exists in the 
on-line system). Absence of this procedure meant that libraries had to 
accept LC cataloging without modification except to call numbers. The 
second missing feature was the ability to print multiple holding locations 
on cards (this capability also exists in the on-line system) although it was 
possible to print multiple holdings in one location. This deficiency limited 
the usefulness of the system for large libraries processing duplicates into 
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two or more collections. Both of these features could have been activated, 
. but shortage of available time prior to activation of the on-line system 
prevented their implementation. 

Figure 3 shows the high quality of the catalog cards produced. Subse
quent to attainment of this level of quality, there have been no complaints 
from members except in cases where a piece of chaff from the card forms 
went through the printer and caused omission of characters. OCLC con
tinues to vary the design of its continuous forms to achieve completely 
chaff-free stock. 

The shortest possible time in which cards could be received by the 
member library after submitting a request card was ten days, but it is 
doubtful that this response time was often achieved. The minimum average 
response time for the three-quarters of requests for which a MARC record 
was located on the first run was two weeks. Delays at a computer center or 
incorrect submission of a run could extend this delay to three and four 
weeks, and unfortunately such delays were cumulative for subsequent 
requests until the "weekly" runs were made sufficiently more often than 
weekly to catch up. If another delay occurred during a catch-up period, the 
response time further degraded. During the fourteen months of operation, 
there were two serious delays. 

The amount of normal turnover that occurred in OCLC libraries during 
the fourteen months and that was taken advantage of by not filling positions 
was too small to reduce the financial burden incurred in starting up the 
on-line system. A few libraries demonstrated that it was possible to take 
advantage of such attrition. However, 20 percent of the libraries did not 
participate in the on-line system and perhaps half of those who did partici
pate were uncertain as to whether the on-line cataloging system would 
operate or would operate at a saving. 

When feasibility of on-line shared cataloging has been substantiated and 
other centers begin to implement similar systems, it should be possible to 
activate off-line catalog production sufficiently in advance of on-line imple
mentation to enable participants to take adequate advantage of normal 
attrition to minimize, or nearly eliminate, additional expenditures. Experi
ence such as that of OCLC will enable new centers to calculate the number 
of months necessary for off-line production required to reduce salary 
expenditures by an amount needed to finance the on-line system. 

SHARED CATALOGING-ON-LINE 

The cataloging objectives of the on-line shared cataloging system are to 
supply a cataloger with cataloging information when and where the 
cataloger needs the information and to reduce the per-unit cost of catalog
ing. Catalog products of the system are the same as the off-line system
catalog cards in final form alphabetized for £ling in specific catalogs; the 
on-line system is not limited to MARC II records but also allows cataloging 
input by member libraries. The shared cataloging system, which accommo-
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dates all cataloging done in modern European alphabets, builds a union 
catalog of holdings in OCLC member libraries as cataloging is done. One 
library, Wright State University, is converting its entire catalog to machine
readable form in the OCLC on-line catalog. The third major goal is a com
munications system for transacting interlibrary loans. 

System Design and Equipment Selection 

Figure 4 depicts the basic design of computer and communication com-
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ponents for the comprehensive system comprised of the five subsystems 
described in the introduction. The machine system for shared cataloging 
was designed to be a subsystem of the total system so that subsequent 
modules could be added with minimal dismption. Similarly, the logical 
design of the shared cataloging subsystem was constructed so that the 
modules of shared cataloging would be common to the remaining file 
requirements as shown in Figure 1. 

Design of the on-line shared cataloging system began with a redefinition 
of the catalog products of off-line catalog production ( 5) . In this exercise, 
the Advisory Committee on Cataloging, comprised of members from seven 
libraries, contributed valuable assistance. The committee was also most 
helpful in designing the formats of displays to appear on terminal screens. 

Important decisions in the design of the computer, communications, and 
terminal systems were those involving mass storage devices and terminals. 
Random access storage was the only type feasible for achieving the objec
tive of supplying a user with bibliographic information when and where he 
needed it. Hence, random access memory devices were selected for the 
comprehensive system and ipso facto for shared cataloging. 
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The cathode ray tube (CRT) type of terminal was selected primarily 
because of its speed and ease of use by a cataloger. CRT terminals are far 
more flexible in operation than are typewriter terminals from the viewpoint 
of both the user and machine system designer. For these reasons, CRT 
terminals can enhance the amount of work done by the system as a whole. 

It was originally planned to select a computer without the assistance of 
computerized simulation, but in the course of time, it became clear that it 
was impossible to cope with the interaction among the large number of 
variable computer characteristics without computerized simulation. There
fore, a contract was let to Comress, a firm well known for its work in com
puter simulation. Ten computer manufacturers made proposals to OCLC 
for equipment to operate the five subsystems at peak loading (an average 
five requests per second over the period of an hour ) . 

All ten proposed computer systems failed because simulation revealed 
inefficiencies in their operating systems for OCLC requirements. OCLC and 
Comress staff then proposed a modification in operating systems, which the 
manufacturers accepted. The next series of trials revealed that more than 
half of the computers or secondary memory files would have to be utilized 
over 100 percent of the time to process the projected traffic. As a result 
of these findings, one computer manufacturer withdrew its proposal, and 
five others changed proposals by upgrading their systems. On the final 
simulation runs, the percent of simulated computer utilization ranged from 
19.70 percent to 114.31 percent. 

A subsequent investigation of predictable delays due to queuing in such 
a system showed that unacceptable delays could arise if computer utiliza
tion rose above 30 percent at peak traffic. Three manufacturers proposed 
computer systems that were under 30 percent utilization and, for these, a 
trade-off study was made that included such characteristics as cost, re
liability, time to install the applications system, and simplicity of program 
design. The findings of the simulation and trade-off studies provided the 
basis of the decision to select a Xerox Data Systems Sigma 5 computer. 

Major components of the OCLC Sigma 5 are the central processing unit 
(CPU), three banks of core memory with a total capacity of 48 thousand 
32-bit words or 192 thousand 8-bit bytes, a high speed disk secondary 
memory, 10 disk-pack spindles with total capacity of 250,000,000 bytes plus 
two spare spindles, two magnetic tape drives, two multiplexor channels, five 
communications controllers, a card reader, card punch, and printer. The 
character code is EBCDIC. Figure 5 illustrates the Sigma 5 configuration 
at OCLC. In this configuration, the burden of operating communications 
does not fall on the CPU so that there is no requirement for "cycle stealing" 
that slows processing by a CPU. 

The lease cost to OCLC of the equipment represented in Figure 5 is 
$16,317 monthly. The listed monthly lease of the equipment is $21,421 from 
which an educational discount of 10 percent is deducted. (The remaining 
difference is due to a rebate because the original order included secondary 
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memory units that XDS was to obtain from another manufacturer who 
proved incapable of supplying units that fulfilled specifications. Hence, XDS 
was forced to supply other memory units having a higher list price but 
has done so at a cost per bit of the units originally ordered.) 

The printer furnished with the Sigma 5 does not provide the high-quality 
printing required for library use. At the present time, OCLC prints catalog 
cards on an OSU IBM 1403-N1 printer that without doubt provides the 
highest quality printing currently available from a line printer. However, 
OCLC is designing an interface between a Sigma 5 and an IBM 1403 
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printer; XDS is also developing a new type of printer that will provide high 
quality output. When the Sigma 5 can produce quality printing, it will be 
fully qualified to be used for nodes in national networks. 

As has already been stated, the CRT-type terminal was selected because 
of its ease of use. Moreover, the simulation study confirmed that CRT 
terminals would place far less burden on the central computer and therefore, 
for the OCLC system, would make possible selection of a less expensive 
computer than would be required to drive typewriter terminals. Although 
typewriter terminals cost less, the total cost could be higher for a system 
employing typewriter terminals than for one using CRT's because of greater 
central computer expense. 

Library requirements for a CRT terminal are: 1) that the terminals have 
the capability of displaying upper- and lower-case characters and diacritical 
marks; 2) that the image on the screen be highly legible and visible; 3) that 
the terminal possess a large repertoire of editing capabilities; and 4) that 
interaction with the central computer and files be simple and swift. System 
requirements were: 1) that the terminal accept and generate ASCII code; 
2) that it make minimal demands for message transmissions from and to 
the central site; 3) that it have the capability of operating with at least a 
score of other terminals on the same dedicated line; and 4) that its cost, 
including service at remote sites, be about $150 per month. 

Data were collected on CRT's produced by fifteen manufacturers, and 
three machines were identified as being prime candidates for selection. 
OCLC carried out a trade-off study in which thirty-three characteristics were 
assessed for these three machines. One of the thirty-three (reliability) 
could not be judged for any of the three because none had yet reached the 
market. For the remaining characteristics, the Irascope LTE excelled or 
equaled the other two terminals for twenty-eight characteristics including 
all nineteen characteristics of importance to the OCLC user. Moreover, the 
Irascope was outstandingly superior in its ability to perform continuous 
insertion of characters, line wrap-around during insertion of characters, 
repositioning of characters so that each line ends in a complete word, and 
full use of its memory. However, the Irascope was the most expensive
$175 a month as compared with $153 and $166. Nevertheless, the Irascope 
was selected because of its obvious superiority. Pilot operation by library 
staffs has not produced complaints concerning visibility or operability; 
complaints during pilot operation have sprung from failures caused by a 
variety of bugs in telephone systems and a couple of bugs in the terminals 
that were subsequently exterminated. 

The number of terminals needed by a member library for shared catalog
ing was calculated on the assumption that six titles could be processed per 
terminal-hour. It was also assumed that a library might have only one staff 
member to use the terminal throughout the year. It was further assumed 
that as much as three months of the terminal operator's time would be lost 
to vacations, sick leave, and breaks. At the rate of six titles per terminal-hour 
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and with 2,000 working hours in a year, 12,000 titles would be processed 
annually assuming full-time use. Since only nine months was assumed to 
be available, it was estimated that 9,000 titles would be processed at each 
terminal. 

In large libraries where there would be more than one staff member to 
operate a terminal, there would be three months of time available to do 
input cataloging, and since only a few libraries will be obtaining less than 
75 percent of cataloging from the central system, it appears that a formula 
of one terminal for every 9,000 titles or fraction thereof cataloged annually 
would give each library sufficient terminal-hours. In actual operation, 
operators have been able to work at twice the assumed rate of six titles per 
terminal-hour so that there is reason to believe that these guidelines will 
provide adequate terminal capability. 

File Organization 

The primary data that will enter the total system are bibliographic 
records, and since the system is being designed to conform to standards, the 
National Standard for Bibliographic Interchange on Magnetic Tape ( 8) 
has been complied with in file design. In other words, the system can pro
duce MARC records from records in the OCLC file format; more specific
ally, the system can regenerate MARC II records from OCLC records 
derived originally from MARC II records, although an OCLC record 
contains only 78 percent of the number of characters in the original 
MARC II record. Similarly, the system can generate MARC II records from 
original cataloging input by member libraries. 

The simulation study clearly showed that bibliographic data would have 
to be accessed in the shortest possible time if the system were to avoid 
generating frustrating delays at the terminal. Imitation of library manual 
files or of standard computer techniques for file searching would not pro
vide sufficient efficiency. OCLC, therefore, set about developing a file 
organization and an access method that would take advantage of the 
computation speeds of computers. 

OCLC research on access methods has produced several reports ( 9,10,11) 
and has developed a technique for deriving truncated search keys that is 
efficient for retrieval of single entries from large files. These findings have 
been employed in the present system that contained over 600,000 catalog 
records in April1973, arranged in a sequential file on disks, and indexed by 
a Library of Congress card-number index, author-title index, and a title 
index. The research program on access methods did not, however, investi
gate methods for storing and retrieving records. 

Research on file organization included experiments directed toward 
development of a file organization that would minimize processing time for 
retrieval of entries or for the discovery that an entry is not in the file. Since 
the OCLC system is designed for on-line entry of data into the data base, it 
was not possible to consider a physically sequential file for the index files. 
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The indexed sequential method of file organization obviates the data-entry 
obstacle posed by physical sequential organization, but is inefficient in 
operation. Consequently, scatter storage was determined to be the best 
method for meeting the efficient file organization requirements of the 
system. 

The findings of the investigation have shown that very large files of 
bibliographic index entries organized by a scatter-store technique in which 
search keys are derived from the main entry can be made to operate very 
efficiently for on-line retrieval and at the same time be sparing of machine 
time even in those cases where requests are for entries not in the file ( 12). 
This research also produced two powerful mathematical tools for predicting 
retrieval behavior of such files, and a design technique for optimizing 
record blocking in such files so that, on the average, only one to two 
physical accesses to the file storage device are needed to retrieve the 
desired information. 

The files displayed in Figure 1 are constructed by a single file-building 
program designed so that additional modules can be embedded in the 
program. The program accepts a bibliographic record, assigns an address 
for it in the main sequential file, and places the record at that address. 
Having determined the bibliographic record address, the program next 
derives the author-title search key and constructs an author-title index file 
entry which contains the pointer to the bibliographic record. Then the 
program produces an LC card number index entry and a title index entry, 
each of which contains the same pointer to the bibliographic record. 

When a bibliographic record is used for catalog card production, an 
entry is made in the holdings file. When the first holdings entry is made 
for a bibliographic record, a pointer to the holdings entry is placed in that 
record; the pointer to each subsequent holdings entry is placed in the 
previous holdings entry. An entry is made at the same time in the call 
number index containing a pointer to the holdings entry. 

This file organization operates with efficiency and economy. The files 
containing the large bibliographic records and their associated holdings 
information are sequential, and hence, are highly economical in disk space. 
The technique used ensures that only a low percentage of available disk 
area need be reserved for growth of these large sequential files. Disk units 
can be added as needed. Each fixed-length record in the scatter-store files 
is less than 3 percent of the size of an average bibliographic record, and 
since 25 percent to 50 percent of these files are unoccupied, the empty disk 
area is small because of the small record lengths. 

Sequential Files 

The bibliographic record file and holdings file are sequential files, the 
holdings file being a logical extension of the bibliographic record file. A 
record is loaded into a free position made available by deletion of a record 
or into the position following the last record. Whenever a new version of a 
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record updates the version already in the file, the new record is placed in 
the same location as the old if it will fit; otherwise, it is placed at the end 
of the file and pointers in the indexes are changed. There is a third, small 
sequential file containing unique notes for specific copies, dash entries, and 
extra added entries. 

Each bibliographic record contains the information in a MARC II record. 
Each record also contains a 128-bit subrecord capable of listing up to 128 
institutions that could hold the item described by the record. At the present 
time, only 49 of the 128 bits are used since there are 49 institutions partici
pating in OCLC. The record also includes pointers to entries in index files, 
so that the data base may be readily updated, and a pointer to the beginning 
of the list of holdings for the record. In addition, each record has a small 
directory for the construction of truncated author-title-date entries, which 
are displayed to allow a user to make a choice whenever a search key 
indexes two or more records. 

Although each bibliographic record includes all information in a standard 
MARC II record, records in the bibliographic record file have been reduced 
to 78 percent of the size of the communication record largely by reducing 
redundancy in structural information. OCLC intends to compress bibliogra
phic records further by reducing redundancy in text by employing com
pression techniques similar to those described in the literature ( 13,14). 

The holdings file contains a string of holdings records for each biblio
graphic record; individual records are chained with pointers. Information 
in each record includes identity of the holding institution and the holding 
library within the institution, a list of each physical item of multiple or 
partial holdings, the call number and pointers to the next record in the 
chain, and to the call number index. The last record in the chain also has a 
back-pointer to the associated bibliographic record. Whenever there is a 
unique note, dash entry, or extra added entry coupled to a holding, that 
holding has a pointer to a location in the third sequential file in which the 
note or entry resides. 

Index Files 

Indexes include an author-title index, a title index, and an LC card num
ber index. Research and development are under way leading to implementa
tion of an author and added author index and a call number index. A class 
number index will be developed and implemented in the future. 

With the exception of the class number index, which by its nature is 
required to be a sequentially accessible file, the OCLC indexes are scatter 
storage files. The construction of and access to a scatter storage file involves 
the calculation of a home address for the record and the resolution of the 
collisions that occur when two or more records have the same home address. 
The calculation of a home address comprises derivation of a search key from 
the record to be stored or retrieved and the hashing or randomizing of the 
key to obtain an integer, relative record address that is converted to a 
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storage home address. The findings of OCLC research on search keys has 
been reported (9,10,11). 

The hashing procedure employs a pseudo-random number generator of 
the multiplicative type: 

Home Address= rem(K x.jm) 
where K is the multiplier 65539, x,. is the binary numerical value of the 
search key, and m is the modulus which is set equal to the size of the index 
file; 'rem' denotes that only the remainder of the division on the right-hand 
side is used. Philip L. Long and his associates have shown that efficiency 
of a scatter storage file is rapidly degraded when the loading of the 
file exceeds 75 percent ( 12 ); therefore, OCLC initially loads files at 50 
percent of physical capacity. Hence, the modulus is chosen to be twice the 
size of initial number of records to be loaded. When 75 percent occupancy 
is reached a new modulus is chosen and the file is regenerated. 

Collisions are resolved using the quadratic residue search method pro
posed by A. C. Day ( 15) and shown to be efficient ( 12). In this method, 
a new location is calculated when the home address is full; the first new 
location has the value (home address - 2), the second (home address - 6 ), 
the third ( home address - 12) and so on until an empty location is found 
if a record is being placed in the file, or the end of the entry chain is found 
if records are being retrieved. When the file size m is a prime having the 
form 4n + 3, where n is an integer, the entire file may be examined by 1n 

searches. 

Retrieval Techniques 

The retrieval of a record or records from the OCLC data base is achieved 
in fractions of a second when a single request is put to the file, and rarely 
exceeds a second when queuing delays are introduced by simultaneous 
operation of upwards of 50 terminals. Response time at the terminal is 
greater than these figures because of the low communication line data rate, 
but terminal response time rarely exceeds five seconds. 

Figure 6 shows the map of a record in the author-title index file and the 
title file. In the author-title file, the search key is a 3,3 key with the first 
trigram being the first three characters of the author entry and the second 
being the first three characters of the first word of the title that is not an 
English article (9). For example, "Str,Cha" is the search key for B. H. 
Streeter's The Chained Library. However, any or all of the characters in 
the trigrams may be all in lower case. The author-title index also indexes 
title-only entries, but the title index provides a more efficient access to this 
type of entry. 

The pointer in the record map in Figure 6 is the address of the 
bibliographic record from which the search key was derived. The Entry 
Chain Indicator Bit is set to 0 (zero) if there is another record in the entry 
chain and to 1 if the record is last in the chain. When this bit is 0, the 
search skips to the next record as calculated by Day's skip algorithm. The 
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Bibliographic Record Presence Indicator Bit is set to 0 (zero) to indicate 
that the bibliographic record associated with this index entry has been 
deleted; it is set to 1 to indicate that the bibliographic record is present. 

An author-title search of the data base is initiated by transmission of a 
3,3 key from a terminal. A message parser analyzes the message and identi
fies it as a 3,3 author-title search key by the presence of the comma and by 
there not being more than three characters on either side of that comma. 
Next, the hashing algorithm calculates the home address and the location 
is checked for the presence of a record. If no record is present, a message 
is sent to the terminal stating that there is no entry for the key submitted 
and suggesting other action to be taken. If a record is present and its key 
matches the key submitted and if the entry-chain indicator bit signifies that 
the record at the home address is the only record in the chain, the biblio
graphic record which matches the key submitted is displayed on the 
terminal screen. 

If the entry-chain bit signifies that there are additional records in the 
chain, those records are located by use of the skip algorithm. If more than 
one record possesses the same key as that submitted, truncated author-title
date entries derived from the matching bibliographic records are displayed 
with consecutive numbering on the terminal screen. The user then indicates 
by number the entry containing information pertaining to the desired work, 
and the program displays the full bibliographic record. 

The title-index record has the same map as the author-title record and 
is depicted in Figure 6. The title index is also constructed and searched in 

Entry Chain 

Indicator Bit 

4 Bytes 

Bibliographic 
Record 

Pointer 

Nome- Title 

Search Key 

Bibliographic Record 

Presence Indicator Bit 

Bibliographic 
Record 
Pointer 

Title 

Search Key 

Fig. 6. Author-1'itte and Title Index Records. 

8 Bytes 



176 ]ou,-nal of Library Automation Vol. 5/ 3 September, 1972 

the same manner as the author-title index. The title search key ( 3,1,1,1) 
consists of the first three characters of the first word of the title that is not 
an English article plus the initial character of each of the next three words. 
Commas separate the characters derived from each word. The title search 
key is "Cha,L," for B. H. Streeter's The Chained Libmry, the three commas 
signifying that the message is a title search key. The bibliographic record 
pointer and the two indicator bits have the same function as in the author
title record. 

Figure 7 exhibits the map for a record in the LC card number index. The 
three left-most bytes in the LC card number section contain an alphabetic 
prefix to a number where this is present, or, more usually, three blanks when 
there is no alphabetic prefix. Similarly the right-most byte contains a 
supplement number or is blank. The middle four bytes contain eight digits 
packed two digits to a byte after the digits to the right of the dash have 
been, when necessary, left-filled with zeroes to a total of six digits. The dash 
is then discarded. For example, LC card number 68-54216 would be 
68054216 before being packed. The pointer and the two indicator bits have 
the same function as in the author-title index record. 

An LC card number search is started with the transmission of an LC 
card number as the request. The parser identifies the message as an LC 
card number search by determining that there is a dash in the string of 
characters and that there are numeric characters in the two positions 
immediately to the left of the dash. The remainder of the search procedure 
duplicates that for the author-title index. 

On-Line Programs 

As is the case with all routinely used OCLC programs, the on-line 
programs are written in assembly language to achieve the utmost efficiency 
in processing. In addition, every effort has been made to design programs 
to run in the fastest possible time. In other words, one of the main goals 
of the OCLC on-line operation is lowest possible cost. 

The simulation study had shown that it was necessary to modify the 
operating system of the XDS Sigma 5 so that the work area of the operating 
system would be identical with that of the applications programs. The 
XDS Real-time Batch Monitor, which is one of the operating systems 
furnished by XDS for the Sigma 5, has been extensively altered, and one 
of the alterations is the change to a single work area. Another major change 
to the operating system was building into it the capability for multi
programming. At the present time, the on-line foreground of the system 
operates two tasks in that two polling sequences are running simultaneously, 
and the background runs batch jobs at the same time. This new monitor is 
called the On-Line Bibliographic Monitor ( OBM). 

An extension of OBM is named MOTHERHOOD (MH); MH supervises 
the operation of the on-line programs. MH also keeps track of the activities 
of these programs and compiles statistics of these activities. In addition, MH 
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contains some utility programs such as the disk and terminal 1/0 routines. 
The principal on-line application program is CATALOG (CAT); its 

functions are described in detail in the subsequent sections entitled Catalog

ing with Existing Bibliographic Information and Input Cataloging. In 
general, CAT accepts requests from terminals, parses them to identify the 
type of request, and then takes appropriate action. If a request is for a 
bibliographic record, CAT identifies it as such, and if there is only one 
bibliographic record in the reply, CAT formats the record in one of its 
work area buffers and sends the formatted record to the terminal for display. 
If more than one record is in the reply, CAT formats truncated records and 
puts them out for display. After a single bibliographic record has been dis
played, CAT modifies the computer memory image of the record in accord
ance with update requests from the terminal. For example, fields such as 
edition statement or subject headings may be deleted or altered, and new 
fields may be added. When the request is received from the terminal to 
produce catalog cards from the record as revised or unrevised, CAT writes 
the current computer memory image of the record onto a tape to be used 
as input to the catalog card production programs. 

The catalog card production programs operate off-line, and the first 
processing program is CONVERT ( CNVT), which formats some of the 
fields and call numbers. The major activity of CNVT is the latter, for 
libraries require a vast number of options to set up their call numbers for 
printing. CNVT also automatically places symbols used to indicate over
sized books above, below, or within call numbers as required. 

FORMAT is the second program; it receives partially formatted records 
from CNVT. FORMAT expands each record into the total number of card 
images corresponding to the total cards required by the requesting library 
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for each particular title. FORMAT determines this total from the number 
of tracings and pack definition tables previously submitted by the library 
that define the printing of formats of cards to go into each catalog. 

FORMAT, which is an extensive revision of EXPAND, contains many 
options not found in the old off-line catalog card production system. FOR
MAT can set up a contents note on any particular card, and puts tracings 
at the bottom of a card when tracings are requested. The author entry 
normally occurs on the third line, but if a subject heading or added entry is 
two or more lines long, FORMAT moves the author entry down on the 
card so that a blank line separates the added entry from the author entry. 
In other words, each card is formatted individually. 

The major benefit of this feature, which allows the body of the catalog 
data to float up and down the card, is that the text on most cards can start 
high up on the card, thereby reducing the number of extension cards. The 
omission of tracings from added entry cards has a similar effect. Table 1 
presents the percentage of extension cards in a sample of 126,738 OCLC 
cards for 18,182 titles produced for twenty-five or more libraries during a 
seventeen-day period, compared with extension cards in Library of Con
gress printed cards and in a sample of NELINET cards "for over 1,300 
titles" ( 16). The table shows that the OCLC mixture of cards with and 
without tracings and with the floating body of text yields about 10.8 percent 
more extension cards compared to Library of Congress printed cards. Were 
libraries to restore the original meaning to the phrase "main entry" by 
printing tracings only on main entry cards, the percentage of extension 
cards in computer produced catalog cards printed six lines to the inch 
would probably be less than for LC cards. 

FORMAT also sets up a sort key for each record and a sort program sorts 
the card images by institution, library, catalog, and by entry or call number 
within each catalog pack. Another program, BUILD-PRINT-TAPE (BPT), 
arranges the sorted images on tape so that cards are printed in consecutive 
order in two columns on two-up card stock. Finally, a PRINT program 
prints the cards on an IBM 1403 N1 Printer attached to an IBM 360/50 
computer. 

Cataloging With Existing Bibliographic Information 

This section describes cataloging using a bibliographic record already in 
the central file; the next section, entitled Input Cataloging describes cata
loging when there is no record in the system for the item being cataloged. 

The cataloger at the terminal first searches for an existing record, using 
the LC card number found on the verso of the title page or elsewhere. If 
the response is negative or if there is no card number available, the cata
loger searches by title or by author and title using the 3,1,1,1 or 3,3 search 
keys respectively. If these searches are unproductive, the cataloger does 
input cataloging. 

When a search does produce a record, the cataloger reviews the record 
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Table 1. Extension Catalog Card Percentages 

Number OCLC Lilnary of NELl NET 
of MARC II Congress MARC II 

Cards Cards Printed Cards Cards 

1 77.2 87.8 79.9 
2 18.9 10.0 16.7 
3 2.5 1.6 2.5 
4 1.1 .3 .6 
5 .2 .2 .1 
6 .1 .2 

to see if it correctly describes the book at hand. If it is the correct record 
and if the library uses Library of Congress call numbers, the cataloger 
transmits a request for card production by depressing two keys on the 
keyboard. Cataloging is then complete. If the LC call number is not used, 
the cataloger constructs and keys in a new number and then transmits the 
produce-cards request. 

If the record does not describe the book as the cataloger wishes, the 
record may be edited. The cataloger may remove a field or element, such as 
a subject heading. Information within a field may be changed by replacing 
existing characters, such as changing an imprint date by overtyping, by 
inserting characters, or by deleting characters. Finally, a new field such as 
an additional subject heading may be added. When the editing process is 
complete, the cataloger can request that the record on the screen be refor
matted according to the alterations. Having reviewed the reformatted 
version, the cataloger may proceed to card production. 

When a cataloger has edited a record for card production, the alterations 
in the record are not made in the record in the bibliographic record file. 
Rather, the changes are made only in the version of the record that is to 
be used for card production. The edited version of the record is retained 
in an archive file after catalog card production so that cards may be 
produced again from the same record for the same library, should the need 
arise in the future. 

The author index currently under development will enable a cataloger 
to determine the titles of works in the file by a given author. The call 
number index, also currently being developed, will make it possible for a 
cataloger to determine whether or not a call number has been used before 
in his library. The class number index that will be developed in the future 
will provide the capability of determining titles that have recently been 
placed under a given class number or, if none is under the number, the 
class number and titles on each side of the given number. 

liiJJUl Cataloging 

Input cataloging is undertaken when there is no bibliographic record in 
the file for the book at hand. To do input cataloging, the cataloger requests 
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that a work form be displayed on the screen (Figure 8 ) . The cataloger then 
proceeds to fill in the work form by keyboarding the catalog data, and trans
mitting the data to the computer field by field as each is completed. A~ 
shown in Figure 8, a paragraph mark terminates each field ; each dash is to 
be filled in by the cataloger for each field used. Input cataloging may be 
original cataloging or may use cataloging data obtained from some source 
other than the OCLC system. 
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When the catalog data has been input, revised, and correctly displayed 
on the terminal screen, the cataloger requests catalog card production. In 
the case of new cataloging, not only are cards produced, but also the new 
record is added to the file and indexed so that it is available within seconds 
to other users. If a MARC II record for the same book is subsequently added 
to the file, it replaces the input-cataloging record but does not disturb the 
holdings information. 

Union Catalog 

Each display of a bibliographic record contains a list of symbols for those 
member institutions that possess the title. In other words, the central file 
is also a union catalog of the holdings of OCLC member libraries, although 
in the early months of operation these holdings data are very incomplete. 
Nevertheless, they will approach completeness with the passage of time 
and with retrospective conversion of catalog data. Titles cataloged during 
the operation of the off-line system have been included in the union catalog. 

The union catalog function is an important function of the shared 
cataloging system, for it makes available to students and faculties, through 
the increased information available to staff members, the resources of 
academic institutions throughout Ohio. 

Libraries also use the union catalog as a selection tool since they can 
dispense with expensive purchases of little-used materials residing in a 
neighboring library. Members also use the file to obtain bibliographic data 
to be used in ordering. 

Assessment 

With over nine hundred thousand holdings recorded in the union catalog 
as of April 1973, it is clear that having this type of information immediately 
at hand will greatly improve services to students and faculties. Enlargement 
of holdings recorded will enhance the union-catalog value of the system. 
Wright State University is in process of converting its holdings using the 
OCLC system, and the Ohio State University Libraries-the largest collec
tion in the state-has already converted its shelf list in truncated form. The 
OSU holdings information will soon be available to OCLC members. 

Members using the OCLC system report a large reduction in cataloging 
effort. Two libraries using LC classification report that they are cataloging 
at a rate in excess of ten titles per terminal hour when cataloging already 
exists in the system. Libraries using Dewey classification are experiencing 
a somewhat lower rate. 

The original cost benefit studies were done on the basis of a calculated 
rate of six titles per hour for those books for which there were already 
cataloging data in the system. The net savings will be realized when the 
file has reached sufficient size to enable the largest libraries to locate 
records for 65 percent of their cataloging and for the smallest to find 95 
percent. To reach this level, members collectively would have to use 
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existing bibliographic information to catalog 350,000 titles in the course of 
a year, or an average of approximately 1,460 titles for the total system per 
working day. It was thought that this rate would be attained by the end 
of the second year of operation. However, at the end of the first month of 
on-line operation, over a thousand titles per day were being cataloged. 

The new catalog card production programs operating on the Sigma 5 are 
much more efficient than the programs used in the older off-line system. 
Earlier in this paper it was reported that cost of the older programs to 
format catalog cards, but not to print them, was 2.27 cents per card. If costs 
of the Sigma 5 are calculated at commercial rates, the new programs format 
cards at 2.21 cents per card. However, if actual costs to OCLC are used and 
with the total cost being assigned to one shift, the cost of formatting each 
card becomes 0.86 cents. The total cost of producing catalog cards is, of 
course, much more than the cost to format them on a computer. Neverthe
less, either the 2.21 cents or 0.86 cents rate might serve as a criterion for 
measuring the efficiency of computerized catalog card production. 

The low terminal response-time delay for the operation of seventy 
terminals is a good gauge of the efficiency of the on-line system. In particu
lar, the file organization is efficient, for it enables retrieval of a single entry 
swiftly from a file of over 600,000 records. Moreover, no serious degradation 
in retrieval efficiency is expected to arise as the result of the growth of 
file size. 

The system operates from 7:00 A.M. to 7:00 P.M. on Mondays through 
Fridays, and at times the interval between system downtimes has exceeded 
a week. It is rare that the system will be down on successive days, and 
when a problem does occur, the system can be restored within a minute or 
two. Moreover, when the system goes down, only two terminals will occa
sionally lose data, and most of the time, there is no loss of data. Hence, it 
can be concluded that the hardware and software are highly reliable. 

In summary, it can be said that the OCLC on-line shared cataloging 
system is easy to use, efficient, reliable, and cost beneficial. 
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