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M ECHANICAL means for expediting library work have been con-
sidered for many years, as an examination of the early pages of Library
Journal bears out. The very first volume of the forerunner of the BULLETIN,
the Medical Library and Historical Journal, moreover, contained an arti-
cle on the use of the "typewriting machine" in cataloging (1). Telephones
have long been accepted as library machines, and, except for unusual
items, hand bookbinding has given way to machine-bound books.

Nevertheless, when the term "machine methods" is used for libraries
today, the prevailing idea is that expensive and complicated electronic
equipment must be employed, and, since few libraries are able to afford
such equipment for themselves, it is generally assumed that none but the
largest libraries (the Library of Congress or the National Library of Medi-
cine, for example) will be able to employ already existing mechanical
methods or devise systems specifically applicable to their own situations.
Another stumbling block to the acceptance of machine methods in the

majority of libraries is the investment already made in existing catalogs,
serial records, order and billing systems, and the like. Even though the
traditional systems do not do everything desired of them and even though

* This project was supported in part by funds from U. S. Public Health Service Grant
No. SOI-FR-05089.
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the manpower necessary to run them is difficult to obtain, the cost of
scrapping them and installing a totally new system is so great it is un-
feasible. A parallel has been pointed out between this situation and the one
that existed when electric lights were introduced. In Edwardian Britain,
where gas lines criss-crossed the country and made gas lamps cheap and easy
to use anywhere, a substantial time lag occurred in the introduction of
electric lines. In the United States, on the other hand, where vast stretches
of the country had no access to piped gas, electricity was accepted more
quickly and more easily than in Britain. Similarly, a new library today
would have a freer hand in deciding to introduce mechanical methods than
would a well-established, well-functioning one.
The enormous literature growth which has occurred and continues to

occur in the sciences heightens the need for improved library methods.
Control of this expanded literature is not an unfamiliar problem to those
whose business is information. Much documentation of this problem exists
(2), and much additional literature deals with solutions to parts of the
problem (3). A solution to the entire problem appears remote; nonetheless,
the staff of the Washington University School of Medicine (WUSM) Li-
brary felt that such steps should be undertaken as were presently possible.

GENERAL OBJECrIVES

The Library had two purposes in mind when it began seriously to work
on machine methods. First, of course, was the motive of running its own
shop efficiently, with all that this implies in the way of personnel and
other costs. But it had a second objective.
Many medical libraries are too small and have too few staff to be able

to purchase computers or other equipment for rapid storage and retrieval
of masses of data or even to pay to rent time from commercial data proc-
essing firms. On the other hand, many such libraries in the United States
are connected with hospitals or universities where this equipment is avail-
able in business offices, accounting departments, physics and engineering
departments, and the like. If programs were worked out for the use of
this equipment by medical libraries generally, such use would become
feasible and many libraries would be able to make the contents of their
collections available to users faster, with fewer library personnel, and at a
greater depth of specificity than is now possible. In view of the enormous
size of medical literature and the inadequate numbers of trained medical
librarians, a goal such as this is in the general interest of scientific medicine.
A library as small as this one is easier to work with than one the size of

the National Library of Medicine or the New York Academy of Medicine;
moreover, it represents a large group of similar institutions. It was felt
that methods worked out in an average-sized library could be more easily
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adapted to other small libraries than methods from the giants. It was also
hoped that the example of one small library experimenting in one segment
of the problem would lead other, similar libraries to start experiments on
other segments and thus aid all by multiple approaches.

PHASES

Three phases for experimentation with machine methods were outlined
at the WUSM Library, of which this is a progress report on one section of
phase one. The three phases are:

1. The expediting of administrative work in the Library. This includes
such matters as accurate determination of receipt of books and journals,
correct billing and accounting, record keeping for binding, streamlining
work flow, compilation of statistical reports, and preparation of book (as
compared to card) catalogs, lists, and indexes for distribution widely
throughout the affected community.

2. The meshing of published indexes with the Library's individual in-
dexing schemes to provide a wider conspectus of the literature than is ob-
tainable from either the home library or the literature keys. This includes
studies on compatibilities of several systems, such as the National Library
of Medicine's MEDLARS project, the BASIC (i.e., permuted title) index
of Biological Abstracts, or the translations from the Russian in the Federa-
tion Proceedings.

3. The redividing of material in published indexes into subject group-
ings pertinent to the particular needs in a particular institution. Published
keys to the literature can hope to break down their subject fields only to
the level of the most widespread needs; they cannot be expected to do
demand subject searches on very specific topics for large numbers of re-
questors in remote areas. This specificity is the field of local libraries and
information centers. An attempt will be made in this phase to work out
sample systems of specific coding for specific retrieval which will not re-do
the enormous labor of handling material already indexed by other sources
nor require the services of such highly trained people that finding and
paying them would be difficult for society. It is realized that this is the
most difficult phase of the work and may take the longest time to investi-
gate.

BEGINNINGS

In the fall of 1961 the WUSM Library underwent a reorganization. At
that time a survey of the strengths and weaknesses of the organization was
made; this showed first that, because of shortages and turnover of staff
for a number of years previous to 1961, the records of library holdings
were not to be relied upon. The second lack found was in fiscal account-
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ing-it was difficult to determine how much money was due to which
suppliers for what items, so that neither budget estimates nor logical
planning for current expenditures was possible. These two items (records
and fiscal accounts), together with the physical rehabilitation of the
Library quarters, were chosen as areas for the first projects to be under-
taken.

It was the consensus of the staff that present records had to be put in
order first, because whatever system was adopted for the future would re-
quire accurate information. As a result, a physical inventory was taken
of all the books and journals in the collection, and the serial-record Kardex
was revised for completeness and accuracy. Only at that point was it possi-
ble to consider future methods in detail. Entirely new systems could be
considered, as well as patching up of older systems, because it was estimated
that the latter would be very time consuming and expensive.

It seemed obvious that punched-card equipment could help greatly
in the fiscal processes of the Library. Like most such institutions, the Li-
brary did not itself have mechanical equipment, but accounting machines
were available in the hospital's data processing section. The first approach
was to that department, from which the Library was directed to the Uni-
versity's Computer Center.

In October 1961 preliminary arrangements were made with the Center,
which was under the direction of Mr. Richard A. Dammkoehler, and a
set of specific objectives was drawn up. Among these were publication of
the Library's serial record and monograph holdings in book form, auto-
matic check-in of journals and updating of records, compilation of a sub-
ject listing of currently received titles, and accounting tabulations for
budget and acquisition purposes.
Some of these objectives had to be delayed because of the unavailability

of suitable equipment at that time; however, in the succeeding year the
accounting records, preliminary editions of the title list of journals cur-
rently received, and a subject list of those titles were produced at the
Center using unit record equipment (keypunches, sorters, collators, and
an accounting machine). The organization of the data, subject coding of
the titles, and arduous proofreading and correcting chores were performed
by Miss Isabelle T. Anderson, Assistant Librarian for Technical Services.
During the summer of 1962, new equipment (IBM 7072 and 1401 com-

puter systems) was added to the Computer Center, and it was then possible
to contemplate logical extensions of the work previously performed and
to plan additional steps.

In 1961/62 considerable progress was being made in the field of library
data processing in several institutions. At the end of the summer, for ex-
ample, the University of California at San Diego issued a report on the
mechanization of its serial records which took into account the problems
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of check-in and tiu)(latiing (4). This program performedl its functions in
a manner analogous to that propose(l at the WVUSM Library; however, it
usecd dlifferent computers and programming languLage.
The MIEDLARS program of the National Library of Mledlicine was also

p)roceedling accor(ling to schedlule, and a report on the completion of Phase
OIne was issuedl by General Electric (the contractor) in January 1962 (5).
Sinice the WVUSM Library had acted as a regional center for medical li-
braries for some time, it naturally wished to examine any changes in its role
or its ability to carry out that role which MIEDLARS might introduce.
Specifically, it was interested in the possibility that it might participate in
this program as one of a network of regional centers selecte(d to receive
I)ulk informatioin stores for rearrangement an(l searching accor(ling to
local nee(ls.
At the same time, the report of the University of Illinois at Chicago ap-

lpecIre(l (6); this also seeine(l to in(licate that other institutions were ap-
proaching the same problems from slightl) (lifferent viewpoints and(l witl
(lifferent philosophies.

In September 1962, spurred by these progress reports an(d aware of the
vastly increasedl capabilities of the University's Computer Center, the
WAIUSM Library leldk further (liscussions with Mr. Dammkoehler on the
feasibility an(l (lesign of certain experimental proce(lllres andl with Dr.
Edward WV. Dempsey, Dean of the Mledical School, who generously as-
signed to the Library some of the School's General Research Support Grant
fund(s from the U.S. Ptiblic Health Service. The helpfulness of Dr. Demp-
sev an(d -Mr. Dammkoehler cannot be overemphasize(l.

.Mr. Irwin H. Pizer was assigned to the project on a fLull-time basis be-
ginnin1g in January 1963, and Mlr. Donald R. Franz, Senior Program Ana-
lyst of the CompLuter Center, was (lesigniate(l as the Center's liaison, at
whilch tinme work was beguLnl on1 the compilatioin of the entire serial record
in miachine-readlable form.

OUtTPtTT AND FREQUENCY

It was hope(l thalt the research wouldl prodluce several products, each of
which woould have (lifferent applications and functions. Some outputs, for
example, wotul(d be use(d within the Library only, others outsi(le it; some
woUld give cuLrrent awareness, others cumulative information.

In the first )hase of the l)roject the output designe(l for extralil)rary
use wzas to be of two tyw)es, PHILSOM an(d PHILSOMlIS.

"PHILSOM" (Periodical Holdingas bi t1e/ Librmny of the School Of Medi-
ciise)

'I'lie first and Imlost inmme(liately desire(l ouitpuit was the creation of a

1)Liblislail)ble listinig of' the entire serial record of the Library, giving both

317



I. H. PIZER, D. R. FRANZ, E. BRODMAN

} RESEARCH PRO-JECIT

f'/

/N tedcinge

] In the

pageIwasadded byL iiiiiicograpliiiig. The coltiiiiii at the far riglit is i ibrary of the

choct

DJ ~~~~~~~~~~~~~~~~~~~~edilcirne
FtIc. 1- Samlple of the covers (lesignecd for the extralihraryr pull)licationls of the Re-

scarch Project. The dlesign was b)ased onl that usedl for other Library pobllications durling
1962; 63, anld this cover was prinlted in red. For PHILSOMS, the letter "S" appearedl onl
the left siile l)elow^ the "M," anld the cover was printed in blue. The} third line onl the

page w!as za(l(le(l 1 lilcgraphinlg. The colulmn at the fas- righlt is^ 1101 palrt of the cover.
CUrren t ani(d noncurrent titles, the Library's holdings, and certain addi-
tional pertinent information (see figs. 1-2).

"PHILSOMlIS" (Periodical Holdinigs In the Library of Ilte Sc/tool Of Medi-
chi1c by Subj'ect)
In addition, a subject listing of the currently receive(i titles, witlhout

their hol(lings, was also projected (see fig. 3). Since botlh PHILSOM and(I
PHILSOAlIS were extensionis of the work performed the year before, it was
possible to build on thalt experience as well as to benefit by tlle amalganmat-
tion of data for those lists. Botlh of the projected listings coul(d be obtained
as by-products of the development of the total system, and their publica-
tion could be (and was) effected even before the entire system was opera-
ble; i.e., as soon- as the basic (lata had been accumulate(d and keypunche(l.

It was finally dlecidledl to issue the lists semianlnually, as the imost practical
perio(licity from the economic viewpoint. Because of the slheer- size of thle
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DIRECTORY OF CATHOLIC HOSPITALS
Tn BEGIN 1 1963
FORMERLY HOSPI TAL PROGRESS DIRECtORY ISSUE

DISCUSSIONS OF THE FARADAY SOCIETY SEE
FARADAY SOCIETY DISCUSSIONS

DISEASE- A MONTH SEE
D M

* DISEASES OF THE CHEST
1/ZNI1-3,5-7.9-12/3-42/(1935-19621

* OISEASES OF THE COLON AND T4E RECTUM
2-4/SN1-5/1 19;9-1962)

* DISEASES OF THE NERVOUS SYSTEM
t-22/23N1- 11/(1940-19621

DISSERTATIO4 ABSTRACTS
Tn BEGIN IN 1963

DOKLADY AKADEMI NAUK SSSR
131- 136'/137P1-3/138Nt-5/139N1- *4-%/140-142/143NI-/(1 19
60-19623

DUBLIN HOSPITAL REPO tTS AND COPMUNICATIONS IN MEDICINE AND
SURGERY-

1-5/181617-18305

DUBLIN JOURNAL OF MEDICAL S:IENCE
1-95/104N308-309/11411903N34/11t/190P4024'06/t19Os/141
-15C/1 I U32/1833-19211

E E G JOURNAL SEE
ELECTROENCEPHALOGRAP4Y AND CLINICAL NEUROPHYSIOLOGY

EDINBURGH HOSPITAL REPORTS
1/1 1893)

EDINBURGH MEDICAL AND SURGICAL JOURNAL
1-54,56-57,59-82M/180-1855)
UNITED WITH MONTHLY JOURNAL OF MEDICINE to FORM

EDINBURGH MEDICAL J
FIG. 2.-Sample page from PHILSOM, showing the various types of information

given in the final listing. An asterisk indicates that a title is indexed in Index Medicus.
Slashes are used to separate volume information. "N" stands for "issue number," and
commas indicate lacks within a volume, or missing volumes. Hyphens indicate inclusive
volumes or issues. Also shown are cross-references and history information.
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PACE 13

EXCERP1A MEDICA ENDOCRINOLEGY

* GENERAL AND COMPARATIIVE ENDOCRINOLOGY

* JOURNAL OF CLINICAL ENDOCRINOLCGY AND METAWOLISM
* JOURNAL OF ENDOCRINOLOGY

* RECENT PROGRESS IN HORMONE RESEARCH

* V1TAMINS AND HORMONES

YEAR BOOK OF ENDOCRINOLOGY

ENZYMOLOGY SEE. BICCHEPISTRY

EPILEPSY SEE NEURCICGY

EXPERIMENIALL tEDICINE

* ACTA BIOLOGICA El MEDICA GERMANICA

* ACIA MEDICA SCANDINAVICA

* ACTA MEDICA SCANDINAVICA SUPPLEMENT

* ACTA SCHOLAE MEDICINALI S

* ANNALES MEDICINAE EXPERIMENlALIS ET BIC.CGIAE FENNIAE

* ANNALES MEDICINAE EXPERIMENTALIS ET BICLCGIAE FENNIAE
SUPPLEMEN1

* ANNALS OF BIOCHEMISlRY AND EXPERIMENTAL MECIC1NE

* ARCHIVES ROLMAINES DE PATHOLOGIE EXPERIMENTALE ET DE
MICROBIOLOGIE

* AUSTRALIAN JOURNAL OF EXPERIMENTAL BIOLCGY ONC MECICAL SCIENCE

* BOLETIN DEL INSTITUTO DE ESTUDIOS FDICOS Y BROLOGICOS

* BOLLE7TINO DELLA SOCIETA ITALIANA DI BIOLCGIA SPERI1ENTALE

BULLETIN OF 1HE RESEARCH COUNCIL OF ISRAEL SECTION E
EXPERIMPENAL MED

FIG. 3.-PHILSOMS, containing no holdings or cross-references from variant titles,
is an alphabetical list of titles arranged by subject. Cross-references are given from
unused subject headings. The headings are the same as those of the Index Medicus,
adapted to fit local needs.
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publications, it might be necessary to charge for them. Semiannual pub-
lication insured that if a fee had to be levied for their production, it could
be kept at a nominal level. But up-to-dateness was as desirable a feature
as low cost. In order to lessen the period between lists, it was decided to
publish them alternately, so that the recipient of the lists had an up-to-date
record of the titles received every three months. This schedule also has the
advantage of spreading out the work involved in the production of the
lists, so that excessively long periods of computer use are not required.
The lists for intralibrary use were more diverse in type and more com-

plex in mode of production.

"PHILSOM CURRENT" (CUmulative Recurring Receipts-ENtry of
Titles)

This listing of all issues received during the current month was an ob-
vious necessity, for it will be remembered that one of the purposes of the
project was the development of new systems to replace those presently in
use. Thus, eventually the serial record as presently known could cease to
exist.
Frequency of issuance of PHILSOM CURRENT was important, and as

a trial a print-out on an alternate day basis was selected. This meant that
the time lag between lists would be two days; i.e., PHILSOM CURRENT
could not give data covering the day a question was asked or the previous
day. For this period a different record, PHILSOM DAILY, was devised.
As an added insurance, it was noted that the journal arrangement in the
Library provided for keeping daily and weekly receipts separate (because
they do not circulate), and scanning would quickly reveal all titles re-
ceived since the last issue of PHILSOM CURRENT. This periodicity of
,issuance is by no means immutable and can be lengthened or shortened
as experience indicates. PHILSOM CURRENT will be self-cumulative
up to one month.

"PHILSOM DAILY"

As was common in many scientific libraries (and still is in many), this
Library used to produce a daily listing of the titles which it had received.
These lists were posted in a prominent place and enabled the user who
might not have been able to come to the Library on a certain day to check
to see if any titles of particular interest to him had been received. Like
many another library, however, this one was forced to discontinue the
service in 1961 because of lack of personnel and the cost of manual pro-
duction of the lists. Many readers expressed a strong desire to have such
lists, however, and so they were designated as one of the desired outputs
from any new system. Actually, the method of journal check-in from pre-
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VOLUME ISSUE DAT E
PHILSOM DAILY

THURSDAY MARCH 14 1963

AMER NAT 97 1 1963
BULL GEISINGER MED CENT 15 1 1963
CAIAD MED ASS J 88 10 1963
CLIN PHARMACOL THER 4 2 1963
INT J CLIN EXPER HYPN 11 1 1963
J MICROSC,PIE 1 6 1962
J NJEUROSURG 20 2 1963
h4EUROLOGY 13 3 1963
PATTERNS 0IS 1963 3 1963
PRESSE MED 71 7 1963
THER NOTES 70 3 1963
TROP DIS BULL 60 2 1963
TRANS ROY SOC TROP MED HYG 57 1 1963
YALE J 8I0L MED 35 4 1963

FIG. 4.-Sample page from the PHILSOM DAILY listing. The list gives abbreviated
title, current volume number, current issue number, and year of the issue.

punched cards made this type of listing quite simple (see fig. 4). The cards
are sent to the Computer Center daily, and, before they are interfiled with
the previous cards for the month (see PHILSOM CURRENT), they are
listed on the 1401 computer; the print-out is then returned to the Library.
It should be noted that this type of listing can be accomplished equally
well using equipment such as an IBM 407 accounting machine with a
specially wired control panel to arrange the list and suppress undesired
details.

Acquisition Records

In order to provide budget information, facilitate the checking of ven-
dor or supplier lists, and provide statistical data, two lists were planned
for the Technical Services Section.
The first of these was a list arranged by vendor or other source, with the

titles arranged alphabetically within each group (see fig. 5). The list gives
the full title, code number for source of supply, and the latest price. The
price is totaled at the end of each section. The second list is strictly alpha-
betical by title, giving the same information as above, but with a cumula-
tive price total for the entire list.

Automatic Check-in and Claim Cards

Each month the Library receives one card for each serial issue expected
to be received during the month (see fig. 6). When a journal issue is re-
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ACQLISITIONS LIST ARRANGED BY SOURCE

FIG. 5.-Two lists are prepared for the Acquisitions Section; this is a sample of the list
arranged by source. The first and last pages of the list for one vendor are shown. The
information given includes full title, price, number of additional sets (if any), and the
total price for all titles purchased from a particular source.

title volume isue date source
index D&ta

The itm listed above has not yet been reoeived. Please This volume
replace or indioates
Not published_ Otbers__________

>,qPrious volume
In trrist Merged with to form _ _ _

Ceased publioatica with volt nos date: 0
. 1IIone issued5uspended publioatian -util_ _

'WASHINGTON IfIVEITr X4
.0'BBind vithout index

4580 Soott Ayue -4

Saint Louis 10,MiDssouritTitle not bound
"4 Shelv in stas

FIG. 6.-A test format check-in and claim card. All the cards which the Library re-

ceives each month are of this type. These are used to send to the vendor when an issue
is not received. The right hand section titled "Index Data" is used by the Library to

enter title page and index information.

ceived, the card for it is extracted from the deck, matched, and returned
to the Computer Center for the updating of the master record and for
listing in PHILSOM DAILY. The cards remaining at the end of the month
then form the basis for claiming.
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Claiming

Each month these remaining cards are interfiled with previous ones for
issues which have not been received. Human judgment then determines
when each will actually be sent to the supplier as a claim notice. At that
point, a duplicate card is made, and one of them is sent to the source of
supply as a request for the issue or for information about it. When the
issue is received, the Library sends the other card back to the Computer
Center for correction of the record.

Check-in cards are all designated with a special number (99) to dis-
tinguish them from the cards which are necessary for correction of other
portions of the record; i.e., title changes, mergers, and new titles (see
"Updating and Change Routines" below).

Bindery Notification

When the index to a volume is received, the serials assistant punches
out the appropriate hole of the check-in card using a pencil or stylus.
(The "Index Data" section of this card contains a row of squares which
are actually prescored holes. See fig. 6.) When this punch is sensed by the
computer, it scans the holdings record for the volume indicated. If the
volume is complete, the title is punched into a card which becomes the
bindery notification for the serials assistant. One of the advantages of
putting this information into cards is that they can be easily interfiled for
future use if the bindery pickups are less frequent than production of the
cards.
At present no other outputs are planned.

METHODS

The goals of this phase of the project having been decided, the next
steps were determination of the information needed, the order in which
it was to be recorded, the methods for control of the record, and finally the
maximum size of the record. The record size was limited to 1250 characters.
A keypunch (IBM 026) was installed in the Library, and the full titles

of all serials were recorded in a field of seventy columns. Most titles were
fitted into this field unchanged; longer titles were either truncated in the
latter portion of the title or abbreviated. At the same time all cross-refer-
ences were keypunched, as was all history information, such as earlier or
succeeding titles. The cards were proofread and alphabetized. To allow for
machine alphabetization a seven-digit code number was assigned to each
title automatically by the 1401 computer, based on a predetermined for-
mula for assigning numbers proportionately throughout the alphabet.
This served to tie together the multiple cards which were generated as
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TABLE 1
FIELD DEFINITION FOR ORIGINAL RECORD CODING

CARD CODE TYPE OF CARD CONTENTS COLTUMNS

Blank.. Full title

3. Abbreviation

4-7, 71-79......

8, 81-89........

9, 91-93........

2..............

2 ..............

Alphabetical number
Card code
Indexed in Index Medicus
Full title

Abbreviation
Price
Source
Extra sets
Current volume number
Current issue number
Frequency code
Index data
Language
Blank (unassigned)
Number of issues per volume
Subject codes (maximum of
4 three-digit numbers)

1-7*
8-9*
10*
11-80

11-40
41-45
46-47
48
49-53
54-57
58-61
62
63
64-66
67-68

69-80

Holdings cards (nonseries) Holdings 11-60
Blank (unassigned) 61-80

Series holdings Holdings (1 series to a card) 11-60
Blank (unassigned) 61-80

History History statement 11-80

Cross-reference "From" reference (part one) 11-80

Cross-reference "To" reference (part two)

* Columns 1-10 encode identical types of information on all cards.

11-80

parts of the record for each title. Each car(1 belonging to a group was fur-
ther coded to enable various portions of the record to be separated and to
make possible the machine identification of special information (see Table
1). Columns 8 and 9 were designate(d as the card-co(le field and were
punched as shown in figure 7. A new alphabetical number was assigned
each time the computer sensed a blank or a "1" punch in column 8. At this
time a print-out was also created to serve as the data collection sheet for
the next steps and for proofreadling.
Holdings were next coded onto the data sheets, corrections were made,

and all new information was keypunched and listed for proofreading. This
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A.

I
L_ .

I

-r .'. t

_'

-- . -

/,1/:<./_,,If 1:II

-< 0;1- 1' ^' $: :il,

|__...........3....! ,,!1*it[

Fi;. 7.-'The iniforimiationi in the imiaster recor-d was asseml)le(I by pticlhinig the (lata
inito a scries of IBM cards, of wvhichi the variotus types aire shownvi here. 'rable 1 gives a

cletailed l)reak(lownii of the conitenits and(1 arranigemilent of eacih car(l.

complete(l the aissembly of the basic portioni of the recor(d alnd( now per-
mittel p)ublication of PHILSOMI from the cards.

Since this was onie of the extralibrary output itemiis, to 1)e (listribute(l
in multiple copies, the most suitable mo(le of reProduction Was StUldied
(see "Equipmnent atncld Su)Uplies" below). MNimeographing was selectedl als
the best and cheapest method, an(d the entire compl)ter output was gen-
erate(d on continulotus-form mimeograph stencils by means of the IB1\I
1403 printer. The creation of the 179 pages require(d only twenity Imlitnutes
of matchine time.

Imme(liately after the ptiblication of PHILSOAL1 two fulrtlher steps wer-e
talken. The (lata wats collecte(d to comllete the abbreviation card (see Tta-
ble 1), and work was begun on1 the format of the subject listilng and( tlle
assignmenit of subject hea(lings (7). Unassigned coluLmns of this card are
temporarily blatnk lor additionial inlormation; e.g., the bi ndery sche(dule.
A master list was lpreptre(d for enterinig corrections aind( changes whicl
occur during the time between edlitionis of PHILSOMlI (six imonlthls) an(I
for obtaininlg alphabetical numbers for new enitries (see fig. 8).
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MASTER LISTING

33325 4 6-26/(1899-1919)
33325 9 Merged into Modern Medicine later Nation's Health

33330 _ * Investigative Ophtamo
33330 3 * Invest Ophthal 1200 1 62525 6574 Indexed in IN
33330 4 1/(1962)

/ ~ ~ ~~~~History card

33335 Iodine
33335 4 INI-6/2N1-6/3N1-2, 5-6/4 19 1958/1960) Number of isau

Card type idej
33340 Irish Journal of Medical Science
33340 3 Irish J Med Sci 630111 1 43
33340 8 S 5 1922-1925 Current isue
33340 81 5 6 1926-1961/l962N1-11/(1926-1962)

Frequency coz

33345 IsIa
33345 3 IsIs 10 7 5 41111 4357 Current volun
33345 4 52/53N1-3/(1961-1962) ~~~ ~~Source
33350 * Israel Medical Journal
33350 3 e Israel Med J 6007 21 77777 12 01 Price
33350 4 17-2C/21N1-6 (195-1962)
33350 9 Supersedes Acta Medica Orientalia

Subject code

33356 Italian Journal of Biochemistry Holdings
33356 3 Ital J Biochem 023 10
(i365) 4 14/6N1-2, 4-6/7N1-5/8N1-6/9N5-/IONl-2t61-1961)

35252 6091

37006 I J A M A 8ee \ Cros reference
37005 2 Journal of the American Medical Association

\Full title

37010 Jackson Clinic Bulletin
37010 4 3N3/6N6/7N1-7/8N1-6/9N1-2, 4-6/lON1-6/(1941-1948) Abbreviated title

Series card
37015 Jahrbuch fur Kinderheilkunde
37015 8 1-8/(1858-1868)
37015 81 N S 1-151/(1868-1938)

37020 1 Jahrbuch fur Morphologie und Mikroskopische Anatomie Se

FIG. 8.-The master listing as produced for proofreading and for entering corrections
and changes. It must also be consulted when new titles are added in order to obtain the
alphabetical number, which is derived by interpolation between the two closest alpha-
betical items. (This is a typeset copy of the original computer print out, which is pro-
duced only in upper case.)
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328 I. H. PIZER, D. R. FRANZ, E. BRODMAN

Frequency Coding

One of the major problems in any automated check-in system for jour-
nals is the varying frequency of the individual titles; in some libraries,
especially very large ones, this problem may be a major stumbling block
to the success of the program. We believe that the system evolved here
would be applicable in all medical school libraries, and the frequency
code may be adaptable for other cases with which we have not had to
reckon.
The problem was approached from the standpoint that, of the 1200

titles which the Library currently receives, the majority are published on

a regular, announced schedule. While this assumption helped to clarify
the situation and enabled frequency variations to be regarded as excep-

tions to the rule, it did not in itself suggest a method of coding the informa-
tion for efficient machine handling.
This problem was compounded by the limitations of space available

for frequency information. It was finally solved by formulating a code
number system which reduced practically all possibilities to a four-digit
number which could be composed entirely of digits or combinations of
digits and blanks (see fig. 9).

FREQUENCY CODING
JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCrOBER 4OVEMBER 'DECEMBER

CODING NARlt lat 2rd 3rd 4th
QUAERS

001 - 1W E E K.L Y II-WezxLYY - Day of weak of pubL ZZ a day of month of

Sunday - 1 current isue.01 0 - 2 Monday - 2
Tuesday - 3
Wedneaday- 4011 - 3 Thursday- 5
Friday - 6

1 0 - 4 Saturday - 7

101 -- 5 LL2iI
S E M I-M O N T H L Y U N10N110 - 6 SM-OTL

or less freqnt than
Il L1 - 7 one per year.

FIG. 9.-Frequency coding. The chart is used to convert the three-digit number to
a single digit, saving space and enabling all frequencies to be given a unique number
no matter how the publication frequency varies.



MECHANIZATION: I. THE SERIAL RECORD

In order to clarify this concept, let us examine the case of two journals
of different frequency. In the following examples and in actual practice,
the digit "1" indicates that an issue appears at the time indicated, and a
"0" (zero) means that no issue is expected during that period.
Developmental Biology is published seven times a year: in February,

March, April, June, August, October, and December. If we plot these
months on a chart such as that shown in figure 9, we obtain the following:

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

0 1 1 1 0 1 0 1 0 1 0 1

which gives four three-digit numbers, one for each quarter. If we look these
numbers up in the frequency code table in figure 9, we find that the "pat-
tern" of "1" 's and "0" 's which we have established equals the four-digit
number shown below:

1st quarter = 011 = 31
2nd quarter= 101 = ,| 3 5 2 5
3rd quarter = 010 = 2f
4th quarter = 101 = 5

Final four-digit code

On the other hand, if we examine a monthly publication such as the
American Review of Respiratory Diseases, we find that the "pattern" con--
sists of four groups of "1" 's; i.e., "1 I1 1I 11 1 1 1 1." On looking up this
"pattern" in the code table, we find it equal to four "7" 's, and so, in this
case, the frequency code number is "7777."
This type of coding will take care of all journals with any frequency

from one month to one year. For serials which are more frequent than
monthly, a variation on the system is used, as shown in figure 9. For titles
which appear less frequently than once a year, the code number "9bbb"
is given, in which the "b" 's represent blanks (no punch at all). It should
be noted here that the purpose of the code is to enable the computer to
determine when to generate a check-in (receipt) card. In this system, a new
card is generated for irregular titles and titles which appear less frequently
than once a year whenever the previous one is fed back into the updating
routine.
When all the data had been collected, the development of the necessary

computer programs was possible.
A flow chart for the entire system had been prepared as a general guide

(see fig. 10), and now block diagrams were drawn up for the various
steps in the system and the computer programs were written for the 7072
and 1401 computers to produce PHILSOMS. These were more compli-
cated than those needed for PHILSOM, since the new list was to be created
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MECHANIZATION: 1. THE SERIAI. RECORD

fromio mnagnetic tape record(s. Moreover, it required a mach'inie stel) to
generate the various etries [or eachi subject lheadling a-nd a milachlie sort of
the mlaginetic tail)e thius creaite(t in ordler to inser-t the stubject lheadinigs andI
to arranige the titles alplhabetically wlithiln each grotip. The programs al-
ready written were still ulseftil, however, since they becamile parts of the
complicated stubrottiines in the overall system.

updaltinlg alld (Chanre Routidles

Thle dlata. neede(l for clianiginig and tipdating the master tape records
utist be identified in soimie way other thian that tisedI for the originial recor(l.

Columns 8 and 9 weie again uLse(I for card-code i(lenitificationi (see fig. I1),
btit Witil a (lifferenit seIies of itiumbers to ind(licaite what type of chlainge was
to be miade in the record. In effect, the (ligit "2" wvas added to all tlle pre-
vious car(i co(les; e.g., cross-reference changes were added by (lesignatinig
the card code ats "21" and(I "22" instea(l of the previously tise(l "1" andl "2."
'I'o i(dentify lonig l)ortioiis of the record, such as holdkinigs whichi mnay require
mor-e thlainl one car(d for the data, all car(ds excelpt the last ilmust have a "+"
(pluts) punche(l into columni 10 to indicate that there is mIorie to coImie. With
this method, VarioLuS portionls of thie recor(l can be altered selectively.

Othler methodologi(cal (letatils, SuLCI as the organization of' the recor(
oIn tape by the use of ind(lex iinimbers, aire n1ot (lesci-ibe(d here, btit will be

putiblishedl at the comlpletion of this phase ol the p1ojeOt.

IN - r A

viS,~~~~~~~~AAZ,_

li(;. 11 -Change carlds, in whhic the carld co(Ie is altered1 so that Imiachinle i(Ientifica-
tioIn of the tu%Cpe of iiiforIll-tia)ol and the actioIn to he takenI is comlbilled.
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Et!IPMlENT ANI) SuTPPI,IES

The Library's programs are (lesigne(1 for the IBMI 1401 an(1 7072 com-
puter systems. The 1401 system is made up of the 1401 processinig ulnit,
1402 card punclh-read unit, 1403 printer, an(d two 7330 tape-drive units.
The printer operates at a spee(1 of app)roximately 400 lines per minute
when printing the Library's output, although it is capable of printing some
types of data faster. The 1401 processing unit has 4 K (4000) memory
positions (the e(quivalent of 400 ten-letter words). The 1401 systeim serves
both input anld output functionis of the p)rogram; i.e., generation of up-
(lating tapes, format creation of output lists, and printing. The 7072 sys-
tenm uses six 7330 tape drives and has a memory capacity of 10,000 ten-digit
words. This is used for sorting, merging, updating, and correcting the
master holdings record and creating submaster tape recor(1s for outituit on
the 1401.

All input to the system is (lone in card form, the cards being prelared
on an IBM 026 printing keypunch, whichi allows for visual proofreading.
Machine verificationi of keypuinching is not (lone. The cardls may thenl be
sorte(1 on any of the machines made for the purpose. Iany lists can be
create(d fronm cards alone, as men tionecl earlier, by using uinit-record equip-
ment.
Two kinds of special supplies were re(uire(d for lro(luctioni of the out-

lptt in the form we (lesire(l. One wats continuous-form miimeograpil stencils,
whiclh were obtainied from the A. B. Dick Corporation. These einabledl uis
to create a reproducible master on the 1403 printer. As note(l elsewhere
in this article, we selected mimeographing as the mo(le of reproduction
for economic reasonis, sinice the Library did not have a multilitlh machine
at its disposal, anid commeircial printing of otur mutltilitlh stencils was pro-
hibitively expensive. Printing was (lone on an A. B. Dick 434 Mimeograph.
This machine is able to accept both regular stencils and those withotit
the familiar paper band( at the tol, normally tuse(1 to hook tlle stencil to
the ink (Iruml A laste ink was lotind( to be mor-e suitable thanl a fast (tryillg
liquid ink for this latter type of stencil. Spirit-process repro(luction could
have been used; however-, suclh a process woul(d have preclude(l the use of
two sides of a slheet of paper, an1d doublinig the paper costs would have
eliminated the saving obtaineCd from the ulse of the cheaper spirit-process
stencil. Esthetically, also, mimeographing wits preferre(.
The second kind of special sull)plies wAas car(ds tised for the dlaily receipts,

which contain prescore(l holes in dlesignatecl p)ositions to allow for the
easy recordling of index (lata. These car(1s are also prel)rinte(d lor ulse as
claim notices.
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MECHANIZATION: I. THE SERIAL RECORD

PROGRAMMING

The Library's programs are written in two machine lainguages, Auto-
coder for the 7072 system and SPS (Symbolic Programming System) for
the 1401. Fortran, which is usable on the equipment available, was felt to
be unsuitable for our purposes for several reasons. Fortran programs
normally produce a greater number of machine instructions than do pro-
grams written in the languages chosen here, thus taking up a large per-
centage of the computer memory area and leaving a small amount of spa'ce
for the actual data. Fortran is also an unwieldy language for data process-
ing. It was designed for mathematical computations primarily and is un-
able to handle very large records efficiently.

In a recent article, Don S. Culbertson of the University of Illinois makes
a plea for standardization of program language for library data processing,
specifying the selection of COBOL (COmmon Business Oriented Lan-
guage) as the most desirable (8). Standardization is, of course, a laudable
goal; however, it is not without numerous problems. Since one of the most
expensive factors in data processing is equipment, one must consider
whether any language chosen as the standard is compatible with a large
number of machines. In our case, we would be unable to use COBOL,
since it requires a memory size of 8 K, or double the size of the memory on
the 1401 system now used. It also requires a greater number of tape-drive
units than we have presently available on the IBM 7072.

In addition, COBOL is a more general language than either Autocoder
or SPS. It is relatively easy to translate a specific program into general
terms (as a recipe for apple pie into a general theory of cooking), but not,
however, to convert a general language to a specific system (as a general
theory of cooking into a specific recipe for apple pie). Conversion of
COBOL to other languages for other systems would thus be rather difficult.
Culbertson further suggests that alternate solutions be made mandatory
for parts of the program which are written in variations of COBOL; if
this were done, one would be spending time writing programs which were
of no use to the library which wrote them.

Standardization of combinations of equipment would seem to be the
prime requisite for any system of standardized programming. Yet this is
likely to be the area in which the library has the least control; i.e., except
in enormous libraries such as the Library of Congress or the National
Library of Medicine, most libraries will have to use equipment already
available in the parent institution. Thus, until hospitals, medical schools,
and universities standardize their equipment, the medical library's ability
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to solve the problem by using COBOL is small. Standardizing the language
is certainly not the immediate answer.
The major objection, nonetheless, remains the necessity for obtaining

a larger computer memory to handle the language. It seems more desirable
in setting up a standard procedure to start with the premise that one uses
a minimum of equipment necessary to establish the goals set, rather than
an intermediate or maximum array of machines. (This is the modern
corollary of the medieval "Occam's razor"; namely, "entia non sunt mul-
tiplicanda praeter necessitatem"-entities should not be multiplied ex-
cept by necessity.)

STATISTICS

One of the benefits derived from the entire program in machine methods
has been the production of previously unknown statistical data concern-
ing the WUSM Library. Many of these were unknown prior to mid-1961
or known only in part; for a year and a half the staff has been assembling
data regarding such administrative concerns as budgets, estimation of
work loads, use of the collection, its real size, and planning for a new
building. In addition, new nonadministrative data was uncovered with
wide implications for general bibliographic and bibliothecal knowledge.
For example, when the subject listing of journals received in the Library
was prepared, the program called for a sort procedure. As the initial tape
record was read into the machine memory, the number of pieces of data
were automatically counted and recorded on the typed print-out. This
information was primarily for the benefit of the machine operator, to let
him know where the machine was in its program and also to let him
check to see that no items of data were lost by the time the procedure was
completed. At the end of the program the machine typed out the number
of items on the final tape. From this figure we could easily derive the
number of subject entries assigned to each title. Not all machine generated
statistics come out so easily-many must be programmed-but this particu-
lar programming is basically a simple matter, and the total number of jour-
nals in the library, the number currently received, total amounts paid to
vendors, total amounts paid for all journals, etc., were all obtainable auto-
matically. Once the program is written to elicit or accumulate this infor-
mation, it need not be redone.
One of the most intriguing statistics derived when the count of the

total number of titles in the Library was obtained may help us in evalu-
ating the present state of medical literature publication. It was found that
half of all the titles in the Library were still being currently received.
This percentage forms an interesting datum which might have some cor-
relation with statistics on the number of present-day scientists. As Gerald
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deSolla Price and others have noted, approximately 80 to 90 percent of all
scientists are still alive today (9). What hypothesis about the future of
medical literature and medical libraries this fact raises is still unclear,
but that there is some significance to it seems very likely.

COSTS

If a new system is to obtain widespread acceptance, it must not be more
costly than the one it supersedes (if it provides additional benefits not
possible under the old, of course, one is not comparing equivalent things).
The question frequently asked, "How much did it cost to produce PHIL-
SOM or PHILSOMS?" is therefore both a logical and a pertinent one.

Because, however, these publications are only two of the products which
will eventually be produced by the new system, it is hard to determine the
costs of these particular segments. Several operations (such as keypunching,
placing the record on magnetic tape, working out data sheets, designing
special forms, or training personnel to handle the system) are fundamental
to all portions of the system, and it is difficult to figure out how to prorate
the total costs for any one segment. In struggling with this problem, our
staff has come up with an analogy to a commercial bakery-probably be-
cause the delicious odor of new-baked cinnamon rolls is wafted over to
the Library every morning from the bakery across the street.

In a bakery making rolls, bread, cake, buns, etc., the initial cost of pre-
paring the dough can be divided into the quantity percentage of the total
output of each item. If 500 1-lb. loaves of bread, 1000 2-ounce rolls, 75
pound cakes weighing two pounds each, and 3600 3-ounce cinnamon buns
are produced from a batch of dough which costs $750 to produce, it is
possible to work out the cost of dough per loaf of bread, per roll, per cake,
or per bun. Unfortunately, initial costs for the machine project cannot
be divided up among all the products of the system by any such method;
this is so because, unlike the dough which is made in larger or smaller
amounts depending upon the size of output desired, the total preliminary
work of the machine project has to be accomplished even if only one end
product is to be produced. In a sense it might be logical to charge the entire
preliminary costs to PHILSOM or PHILSOMS, since without the key-
punching and other early work these products could not have been pro-
duced. Yet to do so would be to give a false impression, because the basic
coding will be used for several products with no common factor (like
weight of baked goods) on which prorating can be based.
Another reason that costs of our program are not clear-cut, of course,

is that it is an experiment, with the usual false starts, blind alleys, and
inoperable way stations adding to the development costs. The true ap-
praisal of what it would cost a library to use the system developed here
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TABLE 2
COSTS OF EXTRALIBRARY PUBLICATIONS

Price

PHILSOM
Continuous-form mimeograph stencils (179) ....... ................... $ 22.00
Paper, drilled for three-holed binder................................. 55.00
Printing and design of cover......................................... 5.00
Machine time........................................................ 12.00
Clerical time for mimeographing, collating, distributing.............. 33.38
Mimeograph 434 (amortized over 10-year period)*.................... 14.00
Mimeograph supplies: Ink .......................................... 8.25

Stencil wrappers ................ .............. 6.74
Drum cover ................................... 0.04
Stencils (preface etc.) ..................1.1.02

Total cost for 100 copies........................................... $157.43
Cost per copy .................................................... 1.57

PHILSOMS
Continuous-form mimeograph stencils (71) ........................... $ 7.81
Paper, drilled for three-holed binder................................. 11.75
Printing and design of cover......................................... 5.00
Machine time....................................................... 45.00
Clerical time for mimeographing, collating, distributing.............. 9.00
Mimeograph 434 (amortized over 10-year period)*.................... 14.00
Mimeograph supplies: Ink ........... ............................... 2.75

Stencil wrappers ....... ....................... 2.96
Drum cover................................... 0.04
Stencils (preface etc.) ......................... 0.34

Total cost for 100 copies........................................... $ 98.65
Cost per copy .................................................... .99

Paper fasteners ....................................................... $ 1.00
Postage............................................................... 2.50

Total cost for PHILSOM and PHILSOMS ........................ $259.58

Yearly amortization cost quartered.

can come only when all parts of the system are operational and the entire
program functioning.
This is not to say that we have no idea of our costs, or that all the

costs of the project are to be charged off to research and development. We
have enumerated in Table 2 the actual costs for the production of the pub-
lished lists: the equipment and supplies necessary for their production
alone and the cost of the machine time needed to produce them. What we
have not included, then, are professional salaries, the cost of writing pro-
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grams, and the machine time which was spent in "debugging" and manip-
ulating the programs to make them more effective.

"PHILSOM" and "PHILSOMS"

Since the first production of PHILSOM was from cards, we are not yet
able to estimate the machine-time costs which will eventually be required
for its production from magnetic tape (this estimate is further complicated
by the fact that as the tape for PHILSOM is corrected, so also are the tapes
for PHILSOMS, the acquisitions lists, and the master tape record). In-
cluded in this production procedure is updating of the master record, ad-
dition to or correction of the record, and production of the following
month's check-in cards.
At the time of its initial production, the card file was some 9,000 cards

in length (for approximately 2,500 titles). These cards required twenty
minutes to be read through the 1401, while suppressing undesired informa-
tion for this listing, arranging format, and printing out the stencils.
PHILSOMS was more expensive to produce, even though it is shorter,

because it required more machine manipulation. (It should be noted here
that cost for the publication and distribution of both PHILSOM and
PHILSOMS were borne by the Library rather than the General Research
Support Grant. The Grant, of course, paid for the experimental work.)

CURRENT STATUS

At the end of March 1963, the developments and current status of the
project can be summarized as follows:

1. PHILSOM was published in January 1963 from cards.
2. PHILSOMS was published in March 1963 from tape.
3. Acquisitions lists, both by source and alphabetical, were printed in

March 1963 from tape.
4. Work was proceeding on the production of the various programs for

portions of the system, both on the 1401 and the 7072. It was ex-
pected that work would be completed on the programs by the end
of April and that May and June would be spent in correcting and
changing various details.

5. Production of the second issue of PHILSOM was scheduled for the
latter part of June and the second issue of PHILSOMS for the end of
September 1963.

6. Automatic check-in of journals and correction of the master record
for the production of PHILSOM was to be undertaken in June.

7. A symposium on the current state of the project was held on April
26, 1963, for twenty-five librarians from all parts of the country. In
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addition to talks on the development of the system and outlines of
programs, etc., a demonstration was planned showing the steps in
the compilation of the subject listing (PHILSOMS).

8. A three-day symposium will be held on September 5-7, 1963. Limited
to fifty registrants, the meeting will concern the development and
theory of operation of unit-record machines and computers, in addi-
tion to reports on current developments in this project and in others
of related nature.

IMMEDIATE NEXT STEPS

Once the check-in system has become operational (June 1963), it will re-
quire close attention to determine what types of problems arise and how
they may best be solved.
This stage will bring to a close the outlined program of experimentation

with the serial record. The Summer months will be spent developing and
putting into operation a semiautomated circulation system for library
materials. In the Fall, it is expected that work will be begun on the next
phase of the program, which aims at varying degrees of coordination of
acquisitions and cataloging and at the eventual production of a distrib-
utable book catalog.
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