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ABSTRACT

This thesis describes a Computerized Information System
for Pathology (CISP). The system is intended to process, store,
retricve and correlate information contained in pathology reports.
Before the present system was designed, previously existing pathology
information systems were reviewed and from this base the present
approach has evolved. ) ‘ .

Our aim 1s to provide the capability of dealing with
a varicty ot correlative data retricval procedures and it scems
that a system based on a large hierarchical dictionary is most
appropriate.  Both 1CPA (International Classification of Riscases
(Adapted) and the Topography section of SNOP (Systematized
Nomenclature of Pathology) ave used 1n forming the CISP's dictionary.
Current computer technology makes the storage of such dictionaries
feasible

v

The objectives set forth by pathelogists were translated
into a set of practical specifications for CISP.  The formulation of
these specifications was guided by (a) our design approach which
1s based on a large hierarchical dictionary, (b) the information

‘flow environment which the pathology system must satisfy and, (¢)

the constraints imposed by the available computer systems on the
McGill University Campus. Following this procedurc, CISP was pro-
grammed and its data base, consisting of the system's dictionary and
the collection of coded report files, was stored.

In the operational prototype system the report is entered
in text form and is coded utilizing the system's dictionary. In the

coded form, any diagnostic item in the report may be directly retricved.

The entire report may alsabe retrieved in a decoded text form which is
tarlored to bhe suitable for clinical use
35
’ The system istat present undergoing operational trials in

the Montrecal General Hospital,
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Cette thdse décrit un systdme de traitement ‘d'informations
par ordinatcur en pathologic (STIOP) qui cnmagasine, extrait ct met
cn corrélation les protocoles d'anatomies pathologique. La conception
de ce systeéme fut précédée par unc revue de 1'évolution historique
des systémes congus ot r€alisés dans le pass€. Nous avons conclu
que plusieur approches de conception étaient possibles.. Notre but
ctant dc realiser um systéme capable d'exécuter une varieté de pro-
c€dés de corrélation, nous avons decidé de concevolr un systdme basé
sur un dictionnaire hdérarchiquo extensif. Le dictionnaire ICDA
(International Classification of Diseases - Adapted) et la section
de Topogriaphie de SNOP (Systematized Nomenclature of Pathology) ont
¢t€ employés dans la formation du dictionnaire de STIOP, I'cnmngnqino
de tels dictionnaire est possible A 1! heure actuelle grice’ aux toutes
demiéres tcahnlvucs en informatique. ,
Les ub)d!tnfﬁ cxpogés par les pathologistes ont €té traduits
dans une scrie de spécifications pratiques pour STIOP. La formulation
de ces spéeifications fut guidée par: (a) notre approaches de con-
ception qui st hasée sur un dictionnaire hiérarchique rxtensif, (b)
les filieres que doit suivre le cheminement des informations on
pathologic® et, (¢) les contraintes imposées par le systdme du centre
d'mmformatique de I'université McGill. Aprds cette phase, STIOP a
€té programmé ct la rassemblement des données, se composant du
dictionnaire du systéme et la collection des dossiers de protocoles
codés, a'6té cnmagasiné.

‘

Dans c¢e systéme prototype en fonctionnement le protocole

est entré dans une forme narrative ot il est codé utilisant le

dictionndire du systéme. Dans sa forme cod€e, n'importe quel €1€ment
diagnostique du protocole peut étre extrait directement. Le protocole
complet peut €tre récupéré dans une tforme narrative decodée qui est

appropri¢ a 1'utilisation clinique. >
' t
: - Actucltlement le system cst experimenté au, Montreal Genecral
. e 4
Hospital. ) n s '
! '
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INTRODUCTION

For more than a decade now, computers have been playing
a significant role in the delivery of medical care. Still, the
impact of computers has not been felt as radically in medicine
as it has been in other areas notably in science, business, and
engineering. Intensified research, system analysis and -
engineering is needed to reach the stage where the potential of
computefs will be readily translated into applications yielding -
improved trgatmeﬂt of the patient.

Nevertheless there are many areas of medical care
where computers have been successf;lly used. For example:

- In clinical laboratories the computer is employed

to accummulate the various test results and to print the updated
test report for each patient;

- In inténsiye care units the physiological functions

of critically ill patients are monitored by caﬁhyterized sys{ems
which issue wamings whenever abnormal parameter variations d?e
detected;

- The computer ﬁas‘found to be very promising in

automating some patient screening methods;

- Computerized schcduling of opernting_}ooms enables

a more efficient use of these facilities; and /
»

s
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~ - The trnditional use of computers in billing and
accounting has been succesafully, cxtonded to the hospital.

\ During the trentpent of any one patient,data are
accummulated whigh can be of great use lx’ltcr in the life of
the same patient, in resoarch and teaching. While a summary
of':hds data forms the patient's chart (or pationt's medical
record), more spécific data nhokt the pationt's illness are
gathered in-various documents éencratod by various hospital
dopuftments. Sﬁch depaitments arc typlically clinical chemistry,
ra&iology, pathology and others co&corned with the application
ofAlnborqtory/mothods to diagnosis. Thus oxhaustive study of

¥

information generated from oven one pationt entails a significant
amoﬁnt of document collection and cooperation among departments.
This need, togother with the difficulty of analysing those documents,
discourages interested hospita) personnel from undertaking analyses
which would vcduirc collections of documents on & large scale, from
several departments, and possibly from soveral hospitals. In the
past 15 years ;cvernl nttemp{s were made to alleviate at least part
of this problem through .the use of computers.

‘ The ohj;otivc of the project doscribed in this thesis
is to automate the infermation handling procedures in. the Department

of Pathology of the Montreal Gcneralfﬂospital (MGH). This ‘sutomation_

was to causc no interruption in the operation of the Department of



. Pathology. The primary resources available to us in this process
consisted of the data base existing in the Department of Pathology
and any ronJily available information procéqsing facilities.

In Chapter 2, the role of pathology in treatment, the

T

p 9holngy report and the pathology information system are discussed
in general.  Termatrex, the present mechanized systom at the Montreal
General Hospital is'nlsn desceribed. Chapter 3 deals with medical
coding schemes used in pathology. The subject of choosing a coding
scheme for a pathology system is introduced briefly.
' (hapter 4 focuses on the evolution of computerized pathology
information systems. This discussion is illustrated with specific
.system descriptions. - The basis for the design of our system is also
explored. In Chapter 5 the design concepts of the new computerized
system, called CISP, are described. The objectives specified by the
pathologists are interpreted to specify the basic components of the
systom.
The storage of the dictionaries and the coded reports and

<. the programming of CISP are described in Chapter 6. The results ob-

tained wfth the new system are shown in Chapter 7. In the same chapter

an evaluation of the system is presented followed by recommendations

for improvements and extensions.



; Chapter 2

%

PATHOLOGY , PATHOLOGY REPORT AND PATHOLOGY INFORMATION SYSTEM

2.1 Introduction

£

The material in this chapter is intended primarily
for the non medical reader, to provide a brief survey of the
field and to focus bn the problem of this study in its setting.
The role of the speciality of pathology in patient treatment is
reviewed and the nature of the data accumulated by the pathologist
is examined.

The pathology report itself and the data base and
structure of the information system which handles these reports
are important aspects of this analysis.

Terminology specific to the pathology report and to
the pathology information system as used thfoughout this thcsxs'
is defined in this chapter.

Finally a description of the preseﬁt mechanized system
existing in the Montreal General Hospital for coding, storing and

v
retrieving pathology reports is given.

2.2 The Role of Pathology in the Treatment of the Patient

Pathology is that speciality of medicine which studies

bl

the nature of diseases, their causes and manifestations. The role

I
-
©



of pathology in the treatment of a patient is illustrated in
Fig. 2.1.

Upon admission to a hospital the patient is examined
by a clinician. From an evaluation of the patient's complaints,
assessment of alterations in his physical state and a review of
the patient's past history, the clinician often formulates a
clinical diagnosis. Based on this clinical diagnosis treatment
may be initiated and/or further tests ordered. If a biopsy is
taken or the?patient undergoes corrective surgery, tissue removed
during the operation is sent to the pathologist for analysis.
After both gross and speci;lized microscopic study, the pathologist
arrives at a pathological diagnosis which often provides a specific
diagnosis of the disease process. DbDuring his analysis, the
pathologist makes use of the tissue submitted to him, the available
clinical information, and any previous diagnostic records that may
bear relevance to the case, beforec he arrives at a diagnosis.
(Fig. 2.2).

The pathological diagnosis may be coupled with recommen-

dations by the pathologist to assist in further clinical management.

2.3 The Pathology Report

The findings of the pathologist are summarized in the
D
pathology report. Such rcports scrve in the study of disease and

' as references for the pathologist in future cases. There are three



\ PATIENT IN
° SPECIMEN EXAMINATION
CUNICAL LABORATORY
SURGERY
PATHOLOGY INFORMATION
TREATMENT ‘
9
PATHOLOG I CAL
PATIENT OUT

Fi}. 2.1 - The relationship between Pathology and the
hospitalized patient.

1Y

L It

9

CUINICAL ‘ CONSULT
EXAMINATION SPECIMENSS PREVIOUS
RESULTS . FROM QR. DIAGNOSTIC RECORDS
PATHOLOGY
TREATMENT PATHOLOGICAL

RECOMMENDAT 1ONS DIAGNOSIS

Fig. 2.2 - Major sources of material and infomt,ion
| input and output. O.R. = Operating Room.
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types of pathology reports.

The autopsy report is a report compiled on the basis

of dissection of the body after death and the gross and microscopic
examination of organs and tissues.

‘

e cytology report summarizes the study of cells

exfoliated or scraped from organs or tissues. Sputum, for
example ,will contain cells exfoliated from the lungs.

The surgical pathology report summarizes findings

obtained from analysis of tissues removed by biopsy or during
surgery. This is the only type of report discussed in this

thesis and hence surgical pathology report should be assumed

whenecver '"pathology report' is stated. ¢

It is convenient to divide the surgical pathology
report (Fig. 2.3) into 6 sections. The first section of the re-
port is the Patient Identification (ID) section containing‘a
variety of demographic data. The second and third sections consist
of the clinician's observations. They include the Clinical Notes
(CN), or symptoms, and the Clinical Diagnosis kCD). The OP (for

"Operative Procedure) section of the report describes the surgical
procedure used (not shown in Fig. 2.3) and the surgical diagqps(s.
The specimen sent to the patholog;;al laboratory, and the sections
m?de from this specimen are described in the SP (er Specimen)

section. ‘The last 'section contains the Pathology Diagnosis (PD).

x .
In this particular report, the PD section also contains the op-

erative procedure 'total gastrectomy'. '  Such inconsistencies occur

L3
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THE MONTREAL GENERAL HOSPITAL
DEPARTMENT OF PATHOLOGY

Name: Sickman ,Mr. John Room No.: 923 Unit No.: 388786

Sex: male Age: 89 Secrvice De.: PUB Service No.: $.71-6147

——— s e i o

———— o o o 2 s

CN: weight loss,anemia . Positive goastric
wasthing for CA -confirmed with gaostroscopy.

co CA stomach

Op. Finding: same

Specimen: stomach(totol), greoter omentum ,spleen and

mesenteric nodes.

Specimen consists of the stomach, duvodenum and
spleen. The stomach includes the prornimal portion of the dvodenum aond
meatvres altogether 24 ¢cm. along its greater curvoture ond 16 cm. olong
the iester curvature . On opening there is 0 very firm irregular raised aree
on the mucosol sucface of the stomoch along the lesser curvature and
meesures 10nubcm. «n diom. The raised irregular mass is found to be directly
infiltrating themuscle 'coot and reaches up 1o the serosal surface. ...
c...0tC. ... ... etc. ... e e

Sections: 2 rep sections sub. ocross this areo extending
up to the serosal coat and labelled os no.l
| rep.section subm. from prox. resection margin
os no. 2 .

¢ { from distal resection margin a3 no'. 3 .
2 lymph nodes submited o3sno. 4 .

The spleen is attached to the mesentery and
weighs altogether 150 gms. , and meosures 10 x 8 x 5.4 cm. in dim. The
dork red homogeneous cut .. ... etc....etc...... etc.

No enlorged lymph nodes could be palpoted in the

ottached mesentery .
| rep. section across the mesentery sub. o3 no. 6

9156N0§|S:_‘

» 1. YOTAL GASTRECTOMY: WELL DIFFERENTIATED ADENO -

CARCINOMA OF THE STOMACH INFILTRATING THE SEROSA . TWO
REGIONAL LYMPH NODES AND THE RESECTION MARGINS ARE FREE OF

TUMOR .
2. SPLEEN: PASSIVE CONGIESTION |

3. OMENTUM : HYPEREMIA .

Dete: June 84/71

’

Surgicel Pathilogy

Fig. 2.31- Mjuq)le of a pathology report.
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frequently in the formulation ‘of a rép.ort.
Although one is presumably dealing with one discase
process, several diagnostic statements -- clinical, surgical,
(; pathological may be made. The reason for this is that various
’—Riagnostic approaches often result in the cxpression of several
opinions and not infrequently the same disease process mu; be
differently described by physicians rcpre;cnting allied interests.
For example, a clinician often specifices a CD (Clinical Diagnosis)
based on thc physical cexamination of the patient, chemical
laboratory tests and health hRQtory. The clinician is interested
in diagnosis mainly as a specific guide to trecatment. On the
other hand the patﬁologist is interested in catcgorizing‘thc
nature of the underlying disease process. i
The pathological diagnosis, hnsoJ on laboratory tests
and tissue analysis, tends to he an objective ‘finding based on
*hard"data. 1t is not %vnilahlc in cvery patient but when a
diagnosis is rendered by pathology, the nﬁturo of these fin?}ngﬁ

are vitally important in any future rcview of the patient's

medical outlook.

2.4 The Pathology Information System (PIS)

ant

Some of the uses of the pathology report have alrcady
been mentioned. Other uscs include the utilization of the report

. as a document of commmication between departments, and with




clinicians. Upon repeated return of a patient to the hospital,
the pathology report can also scrve as a precise record of health
history. In order to provide these services the Pathology
Department must file its reports and create p;f;ent and discase
indexes. The Pathology Information System (PIS) consists of the
totality of reports of a pathology department fBgether with all
the facilities, manual or automatic, for the storage, recall and
analysis of the reports. The commmication channels that
connect Pathology to other hospital departments are also part of
this system. .
These information channels, together with the internal
structure of files, documents and their retrieval mechanisms are

shown in Fig. 2.4. This information flow diagram shows the environ-

ment whose information needs the PIS should satisfy. Fig. 2.5

depicts the major classes of information which are based on the

same data set but diffcr in the way the information is extracted,
processed and aggregated and 1n thc way the information 1s ‘used.
In discussing Pathology Information Systems, we use
the terminology that is generally used in describiné information
systems. Thus the pathology report becomes a pathology record
(or just a record) which consists of a number of data it;ms.
For example, the term “agc'" in the demographic section of thb~
report (Fig. 2.3) 1s a data item. FEach of the diagnostic state-
ments within the CN, CD, OP, and PD sections contain either:

single or multiple data items. The SP section, however, always

10.
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COMELARONS , PAST IPORTS

104
@ OMAATIONAL RIDSACK  PROCIBUNES, MSULTS . DIAGNONS
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2.4 - The information flow environment of the PIS
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2.5 - Data base utilization subdivided by major classes.
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consists of a sing‘le data item,

A collection of records is called a file. Thus one
speaks of an autopsy fiG?e, or of a file of all records of 1969,
or of the file of neuropathology microscopic slides. The
collection of files of the pathology department forms the data
base of the PIS.

The PIS is only one of the information systems that
can exist in a hospital. There may also exist a Radiology
Information System (RIS), ete. All of these disjointed
information systems may be interconnected to form ; Hospital
Information System (HIS) which assures a smooth information

t

flow.

2.5 Present Pathololy Information Pmccssini at the Montreal
General Hospital (Reesal et al., 1970)

The Montreal General Hospital (MGH) is a McGill
University affiliated teaching hospital. With its 1,000 bed
capacity it i: considered a large size hospital. The pathology
department generates 16,000 surgical pathology reports a year
increasing approximately 8-10% annually, In addition about 420
autopsy reports arc also processed yearly. »

About 10 years ago the Pathology Department adopted
a mechanized i1nformation system called Termatrex. The information

storage medium for this system consists of cards with hotes

drilled in them. The drilling is done with a J-301 Jonkers Encoding



Machine which can accommodatc 40 cards at a time. The holes in the
cards are read with the aid of a backlighted board.

Ten thousand holes can be drilled i1n each of the 24 cm.
x 23 cm. cards. The x-y coordinates of a hole are converted to a
number which is the surgical pathology number of the patient. A
surgical pathology number is assigned to each specimen procesqnﬂg
request starting with surgical number 00001 which is assigned to
the first specimen of the year. If the same patie;t has several
specimens analysed during the same year then he is assigned the
corresponding number of surgical numbers. A list which cross
indexes surgical numbers with medical record numbers (unit numbhers)
is maintained in order to link the surgical pathology reports with
the patient's chart,

¢

Each card corresponds to one type of item that can be
stored. For cxample there is an appendicitis card, a card for all
females, a card of all patients hétween the ages of 41 and 50, etc.
There is a number associated with cach card which relates to the
position of the card within the deck. This number also appears in
the dictionary which lists all terms codable by this system. In
this system the drilling process 1s the coding process. During this
process a particular data item in a report is translated into a hole
on the card carrying that data item. By reading-off the holes froﬁ~"

a card, one may find all patients sharing the same data item in their

report. The size of the card deck used depends on the number of items

LI T, N o
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one wishes to code in a system such ns this. This usual ly inctudes
all significant diagnostic terms a pathologist is interested in.

The MGH pathology department uses a dictionary of
approximately 1400 terms. Different sections of the doék are
differently coloured so as to group the term describing cards
according to common crito%in of interest such as different ana-
tomic parts of the body.

The process of coding a pathology report (cither surgical
or autopsy) commences with the scanning of the text of the report
to identi?} significant terms which are to be coded. A hole drilled
in a card only ‘means that that particular term 1s present.  (ne has
no way of coding any modificer to that term unless a separate card
exists for that term. For example, the term "subacute appendicitas”,
cannot be exactly coded if there is only a card for‘"ﬂppcﬁdicitlﬂ".
Alteration of information through™toding is not uncommon even among
systems whose dictionary is more qophi%ticuted than the Termatrex
dictionary.

The casiest type of retricvial possible with the Termatrex
system is to find the surgical number of all patients with a certmin

‘
diagnosis. Thus all patients with cholecystitis hetween 1965 and 1970
can be found by retricving the cholecystitis card for cach of the years

from 1965 to 1970 and reading-off the hole mmbers with the aid of the

&bncklighted board. Questions containing the boolean opcrator AND can

be answered. The cards corresponding to the opcrands in question are
f %

14,




ot

retrieved, superimposed and read on the-backlighted board, Wherever
the light shines through a hole, a surgical number exists which
meets all criteria expressed by the operands. A retrieval involving
OR is similar to the simple retrieval of cholecystitis cases described
above. We should point out that while these retrievals are possible
they are time consuming and can become quite error prone depending
on the conscientiousness of the Termatrex system operator,

Because of the nature of information storage in this
system, questions involving the boolean operator NOT (e.g. patients
who are female AND between 41-50 and did NOT have appendicitis)

cannot be answered dirvectly. Also it is not practically feasible

to retrieve all data corresponding to a surgical number or all

data corresponding to the same patient. In addition, pathologists
often request the retrieval of all cases where clinical di:g#nsie

A was present and pathological diagnosis B was reported. ‘The Terma-
trex system cannot accommodatt these regquests.

There are also signs which lﬂdlCﬂtC that the system has
outgrown 1ts e?flClent operating size. The 10 years of accumulated
data have resulted in a sizable number of card decks which are be-
coming difficult to store. ‘'The large number of cards that must be
read in order to scan all thesec years, results in slow retricval
time and the hospital cannot truly profit from the accumulated large

data base. For cxample, to read-off the surgical numbers of the 6800

patients suffering from cholecystitis takes a whole day. This represents

.
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OV wve time than would have hooy m;m\m\ e 190 when oty 4
vanen wete accumulated,  Furthermotpe, ainee one net of carda can
v acoomvdate 10,000 patients at least anonther set In peguired
tor the 16,000 o mvre pationts yvear v (vont per aet $1910)
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Mia means that the "nomber" ot a4 hole kes not corroapmd
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amvmre tooa snrgieal numbey and additional vinen bndexing tabien

arte needml to correldte the hole nimbiers with the actunl aurgioal

numbe g n Min twmthery stows the coding proceas At preaent thee

tn a delay of four monthe {0 the l\mlhm of reporta,

I mummary, an ing reasing number ot jeports e ntoged
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rtem il sation officliony .

I spite of these deawhacka, the pathology depas tmnt
hax matntatned the system in opferation bevatnae 1t was capable of
natistying mam of the intormational needs of the pathologial
Requests came into the fermatyey syatem not only from Mol aontces
Pt alao from various outside bodies such as the thited Nations and
the Nortd Hpalth Organfration.  To satisty these demands with the
Himited capability of the Tormatrex system (o clearly no lTonger’
|\,N\ih‘o.“/\ Yo werve the present demand for sophisticated report
analvete and to provide the basis for the full utilization of the

2
exvisting pathology du(n’hmo. the converaion of the lermat rox systom o
< B
te a computer based automatod system {2 indicated.  The analysis,
dosign and demonstration of the' feasibility of such a system iv the

«ibject mwatter of thix thewis,
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ChaEter 3

CODING SCHEMES IN PATHOLOGY

.3. 1 Introduction

Almost all pathology information systems use a dictionary
or coding scheme, These dictionaries may be stored in the system or
may be used as an accessory during manual coding. The terms in the
dictionary serve as a reference “standard" for disease names which
can be coded by the system. At the same time the dictionary es-
tablishes‘a Kﬁerarchica} structuring of the diseasc names 1t contains.
Therefore the coding scheme of a pathological information system has
a great'bearing on théd storage, retrieval and correlation of reports.

Some coding schemes came into existence as a result of
ter;ns accumulated from the various reports which are entered for
storage into anAinformntiqn system. Other schemes may have come

t
in/vanous studies that needed a systematized usage of disease names.

int7 existence through the efforts of many workers who were interested

Se\;e}al of\ these schemes are intermationally known and used in various
fields of ue;u? ne. Some attempts were recently made in using them in
information systeéms as well. |

In this éi\apéer we will discuss in more detail the content
and structure of coding schemes. We uill-illustrate this with a de-

tailed description of two internationally used schemes - Intermational

17.

ooy ,e‘lg



Classification of Diseases (Adapted) and Systematized Nomenclature
for Pathology. In the concluding section, we %hall touch bricfly
on the subject of choosing a coding scheme suitable for a pathology

information sys tem.

3.2 The Content and Structure of Coding Schemes

[

Diagnostic statements contain one or more disease names.
A diseasc name, such as ‘'malignant neoplasm of larynx', may contain
onc or several of di#gnostic terms, anatomic terms and modifier terms.
When a disease name is located in a dictionary, or when it is pu't in
a form in whi::h it can be entered into the computer, it is referred

to as a diseasc _entry or as a diagnostic entry. This can be either a

text or a numeric entry depending on the nature of its content.
Appendicitis, for example, is a general disease name. A dictionary
may only contain th(Le wmore specific diagnostic entry "appendicitis
fulmnaiing" and "appendici tis obstructive'”. Any one of thesc two
entries is a text entry. Symptoms of a disease, syndromes* and
eponyms** constitute special types of disease names.

Dictionaries formed by systematically assembling discase

names can facilitatce their study, avoid duplication of names and

*The aggregate of signs and symptoms associated with any morbid
process and constituting together the picture of the disease (Anon,
1966a) . .

**The name of a disease, structure, operation, or procedurc, supposedly
derived from the name of the person who discovered or described it first
(Anon, 1966a).

.



establish a relationship between them. This relationship may be

that of a synonym or one in which c\ertain diseases appear as sub-
categories of others. These latter types of dictionaries whict;
impose a structural relationship of several levels upon the

diseases, are called hierarchical dictionaries, hierarchical

thesauri or classification schemes. These classification schemes .
arec usually assembled to carry out certain studies (e.g. study

of tumour), or to increase the accuracy of disease names assoii ated
with a diagnosis being observed (Bohrod, 1971). The assembled
dictionary should be sufficiently dyna-i.c to allow for continuous
changes that reflect the newest developments in the medical field.

The assembly of totally satisfactory dictionaries is hindered by

the lack of agreement among physicians on the specific names to be

e

used for many diagnoses, or the exact relationship that exists among
them.

If a code is assigned to every disease entry in a
dictionary, then it changes the dictionary into a coding scheme.
The code is usually numeric. Codes are useful in compressing disease
names for the purposes of computerization. Their alphanumeric structure
often reflects the structural organization of the dictionary. For
example, in the ICDA dictionary (discussed below), all diseases of the
digestive. system have a code starting with the number 5.

One of the 'ﬁrst comprehensive coding schemes to appear was

the Standar(J Nomenclature of Discases (SNOD) whose first edition was
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published in 1932. During later years, the revised e&itious of
SNOD (Jordan, 1947) also contained card indexing methods for
implementation of information systems in the various hospital
de;mrtmentr.. SNOD is not in use any more, but the experien.co
garned in using this dictionary was very ‘vnlual;le in the formation

of two of the most widely used classification schemes today:

SNOP and H-TCDA.

3.3. 'The Systematized Nomenclature of -Pathology (SNOP) (Anon,1965).

The Systematized Nomenclature .of Patholggy (SNOP) is
intended primarily" as a coding scheme to be usedn Pathology
Information Systems. A pathological diagnostic statement is
coded by specifying it in temms of 4 different types of infor-
mation. Thesc consist of topography (T), morphology (M), (the
structural changes produced compared to what is normal (Pratt and
Thomas, 1966)) , etiology (F), and f;mcnon (F) (physiological
or chemical disorders within the body caused by the disease). A
4 digit numeric field\ is uscd for coding each of these 4 t);pes of

information.” An example of the coding of a pathological diagnostic

statement is (Pratt and Thomas, 1966):

T M E F
Descending Acute inflammation " due to Sal- with associa-
colon monellg typhosa | ted diarrhea
6760 4100 1361 7225, )




Through this method of coding, systems based on SNOP allow
for a wide range of correlations to he carried ou{. This
is further enhanced by the sttenatic use of codes. For
cxample, the second digit of all morphology codes stands
for the following attributes: .

0 - NOS (not othecwwise specified)

1 - Acute

2 - Subacute
: 3 - Chronic

4 - Granulomatous
Hence: in order to retrieve all cases in which the morphology
term contains the attribute "acute', one has Fo retrieve all
cases with a morphology code of the type: 'I;'.

SNOP is a one-to-one correspondence coding scheme;
thnt)fs, given a text entry and its type (that is either T,M,E,
or F) one, and only one, code will be found. Any one numeric
code may correspond to several text entries which are either
synonymous or equivalent. hriticism of SNOP tends to be centered
on tﬁc fact that while it is too specific for everday coding in
the Pathology Department of a hospital, it does not contain
sufficient clinical\oriented data to enable the coding of the
entire pathology report. An international effort is presently
in progress to update SNOP to be more convenient for use, in

hospitals.

21,
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3.4 The International Classification of Diseases (Anon, 1972a)

»

" The International Classification of Diseases (ICD)
first appeared in 1950 and was later revised specifically for
hospital use. In this new form it was given the name H-TCDA (ICD

specifically adapted (ICDA) for use in hospitai) (Anon, 1972a).

- H-1CDA (or ICDA, as wc shall refer to it) is mecant to be generally

used in the hospital in contrast to SNOP's restricted use in
pathology only. It has been realized that ICDA cannot only serve
as a coding scheme but also as an educational tool which encourages
conformity in the use of diagnostic terms. This served as
motivation for the continuous updating of ICDA resulting in several
revised editions.

The ICDA dictionary is divided into sections, some of
which apply to major topographic regions of the body. Thus onc finds
a cﬁaptcr on "Discases of Digestive System'”, another on ''Diseases
of the Circulatory System" and so on. There are also chapters on
“Infective and Parasitic Discases”, ‘'Neoplasms', "Physical Signs,
Symptoms and [11-Defined conditions”, "Injuries and Adverse Effects",
and a separate section on "Classification of Operations and Treat-
wents''. Volume I contains a listing of entries arranged by the code
nusbers ulth the above mentioned chapter divisions. Volume 2 1s an
alphabetical listing of the entries for the purposes of coding. This
listing often contains several versions of a particular diagnostic

entry so that it can be readily found in whichever version it appears ,
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in the medical record. For example, both "loss of weight" and . 7
“weight loss' are preserék%n the alphabetical list.

ICDA is a hierarchical dictionary with its entries
arranged on three levels proceeding from the general to the . r
specific. Two examples of typical entry structures are; “'

level 1 - 564 Functional Disorders of Intestine

level 2 - 564.1 Irritable colon - ’ N
level 3 - 564.1A Enterospasm
and, ) ) i
level 1 - 568 Peritoneal adhesions ‘ .
level 2 - S568E Adhesions (of) omentum. A
The latter type is less frequently encountered and
consists only of a genegal disease entry with a mo;; specific
subcategory added on. To code a diagnostic statement in most
cases, it 1s sufficient to look up the alphabetic list and
locate the statement irrespective of the level to which the
statement corresponds. A diagnostic sta;cment can contain terms -
at any, or all three of these levels depending on the specificity ) :
we w{sh to assign to a diagnosis. A code of an entry at a more
specific level always implies the entries at the more general levq}k.
The converse of this is not true and should be remembered when -
coding the diagnostic statement. If 564 was coded, the code does .

not imply the patient also suffered of enterospasm. Conversely

S64.1A implies a complete diagnostic statement containing the
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entries of 564, 564.1, and 564.1A,
The look up of an entry such as "fistula' may yield

several codes. This happens because an entry term can be part

of several diagnostic statements appearing in ICDA. Therefore

ICDA is not a dictionary having a one-to-one correspondence
between a text entry and its code. ‘Fistula' corresponds to
3 codes: 527.4, 543F, 537.1. The complete diagnostic state-
ments within which it appears are:

527 - Diseases of the salivary glands

527.4 - Fistula

537 - Other diseases of stomach and duodenum
537.1 - Fistula

537.1A - Fistula gastrocolic

543 - Other diseases of appendix
543F - Fistula.
When multiple codes correspond to the same entry,

correct coding can be assured if the entry is specified with an

associated entry at another level. Thus, if we were interested

in coding fistula as it applies to salivary glands we would search
!

for the code that corresponds to the joint entries:

"Diseases of the salivary gland” and "Fistula".

These coding complexities of ICDA are on the whole not
s

more serious than those of other dictionaries, For example, though

<
\
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one benefits in the coding procedure from the one-to-one
correspondence of the SNOP dictionary, one can only code with
SNOP if, previously, the diagnostic statement was quite
artificially split up into the 4 entry types accepted by SNOP.
We must also point ou‘t that the entries and their
classification in ICDA are nearer to those disease names which

are generally used by physicians.

3.5 Choosing a Coding Scheme to be Used in PIS

Coding schemes, whether large or s-a_ll. di ffer
greatly in their content, specialization, structure and
completeness. One factor that causes differences in the
completeness of dictionaries is the existing practical limitations

/'"Bn/(the size of a dictionary. Both the content and completeness
of a dictionary are affected by the nature of the nomenclature it
embodies. Some dictionaries may list only one form of the disease
name, synonyms and equivalents being disregarded. Some dictionaries
completely delete the use of eponyms, while others make use of them
interchangeably with disease names.

Disagreement exists among physicians on the appropriate
disease name to be used for certain diagnosis. This disagreement
may be the cause of the differcnces that exist in the nomenclature
and structure of various coding schemes. Doctors in the various

specialties of medicine often compile dictionaries whose structures

reflect their differing interests.




Rarely will members ofha pathology department be
satisfied with any one of the available dictionaries. Therefore,
the designer of a pathology information system in conjunction
with the pathologists 6f the department will have to assewmble a
suitable dictionary.

| Both the completeness and the structuring of the
adopted dictionary has to be evaluated. Two types of problems
may sometimes o!ccur while trying to code a report using this
dictionary. One is that a disease entry is not present‘ in the
dictionary and an equivalent entry has to be chosen. The other
is that an entry may be present but the hierarchical context in
which it is present in the dictionary does not correspond to that
intended by the pathologist. In both of these cases, if coding
is' coupleted: some alterations in the meaning of the coded report
occurs. The fewer alterations occur, the better the assembled coding
dictionary. Alterations in the meaning of the information stored
should not be interpreted as an inherent fault of the coding scheme.

Coding schemes can only be as good as the consistency with which

" disease names are used in describing diagnosis. In an information

system based on a coding scheme, weaknesses of the scheme can be
pinpointed and through updating, the weaknesses can be eliminated.
Thus an mexpectgd benefit accrued from the use of these systems wmay
very well be a higher dcgrec; of standardization in the use of disease

names .

EG
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Chapter 4

PATHOLOGY INFORMATION SYSTEM (PI1S) IN PERSPECTIVE

4.1 Introduction

The history of PIS extends over no more then 15 ycars.
During this timo there were many attempts of PIS implementation
few of which culminated in a satisfactorily operating systom.
Te critical review of the literature on PIS is difficult since
it is often impossible to determine from the published material
whether a system is only being planned, is already being worked
upon or has been actually implemented. 1In addition, "follow up"
articles which report on a system's performance over a period of
time are rare. This is very regrettable because this performance
depends not only on the excellence of technological design and
physical implementation but also on the ucccptaan of the system
by 1ts users, Many organizational, sociologicnl.lprofessiona]
and cemotional factors come into play during the introduction and
operation of the system affecting its ultimate success or failure.

Finally, system evaluation and comparison on the basis
of published material is often found to be misleading. Understand-
ably it is not often possible to include detailed technical
descriptions in an article published in a scientific journal.
Consequently, one often finds that only the basic ideas and the
system philosophy are discussed without the all important details,

which often are crucial in overcoming limitations of computer

N
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fncl{}tics. storage, personnel and finances. Thus it is very ;
casy to misjudge the actual capabilitios of the systems des-
cribed in the litorature.

The approach I have used in describing the evolution
of PIS consists of the discussion of a number of computerized
PIS in the chronological order of appearance. Due to the
limitations of this thesis only those systems are mentioned which
cmbody interesting and new concepts and/or‘roprcson} fmportant
stages of development. [If several quch’syst?mq appeared
simultancously, only one representative system is described.
1hcroforc; I must apologize to all whose work 1 did not mention

here.

4.2 Computerized PIS: A General Background

The cvolution of computerized pathology information
retricval systems was predicated by the evolution of informatiaon
retrieval systems for the military, industry and government and
followed the development of computer utilizarfor in hospitals.

The computers of the 50's were bulky and expensive. They
operated at a slow speed with mcmgry cycle times in the range of
scveral microseconds, a limited core-memory of perhaps a few tens
of kilobytes, external tape storage that could be used only for
the simplest sequential dat; organization and input facilities f
consistipg almost exclusively of punched card readers. These com-

puters werc used in simple business applications, in accounting

and sorting, by the military in air defence control and science.




Scientific users Qere attracted mostly by the fast calculating
ability of the computer. At this time the computers were not
yet used for information processing and dissemination,

The computers of the 60's showed many advancements
over their predecessors of the 50's. These newcr‘computers
operated at higher speeds, benefited from memory storage of
hundreds of kilobytes, had an improved internal organization
and occupicd less spacé. System software and high level languages
increased the versatility and ease of the operation of computers.
A number of new peripheral storage devices appeared enabling
“random access of data. Soon afterwards the much needed storage
and retrieval software was developed to allow the programming
of information sgorage applications utilizing these peripheral
devices. Also; developments in the field of telecommunications

-

enabrled the remote use of computers through terminals.

' Although computers were used in hospitals since their
commercial introduction, early computer applications were restricted
to the business office and to certain research purposes. The wide-
spread introduction of computers had to await the developments of
the 60's. Among these developments, of particular significance was
the appearance of minicomputers and time-sharing. ‘

The min{tomputer was developed primarily as a laboratory
tool. In particular it is widely used to collect laboratory results

. ' . . . . S
from laboratory instruments in numerical form, to process the data,

to store them in approp}iate files and to print-out a variety of

#
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, documents,  In intensive care patient monitoring applications, the

mini computer monitors and proceases physiological signals for pur-
poses of display and patient health warning,

In general, minicomputers perform extremely well in
applications where they are divectly interfaced with instruments
and where they are called upon to perform only a limited number of
func tions,  They are exceptionally useful in “closed loop"
applications where data collection miat he accompanied by noar
instantancqus data processing and doclwl#n making followed by nn
appropriate control action,

Since the information processing and storage capability of
minicomputers is limited, it is rare to encounter minicomputers in
PIS. Nevertheléss the minicomputer had a signitficant effect in
<haping’ the attitudes of pathologiste towards automation because
many miwicomputers are being used in clinical chemistry and laboratory

-

systems.  In fact there were oven some attempts to extend such

N -
laboratory systems to include pathology. lowever these nover succeeded
because of the limited storage cnpﬁcity and system software of mini-
computers,

'Timv~uhnring grow out from the need to work with tho computer
on an jntvruérivo basis. Ordinarily this kind of operation would bhe
prohibitively cxpensive hecause the computer's central processing unit
(Cry) is g;pnhl& of performing millions of operations per sccond while

the speed at which a human can -input data or absorb output from a

computer is much slower. Consequontly it was necessary to design a

>4



scheme which on one hand would provide people with an ability
to communicate with a computer and at the same time make the

computer operation economical by allowing its CPU to opérato

at full speed and without any idle periods.

In a time-shared system several computer users are
connected to the computer simultaneously. While data is
entcred or is being printed at the terminal of one user,
another user's data is processed in the computer. This way
A user is always able to input data, and the output of pro-
cessed data is almost instantancously available. Each user
is serviced by the CPU in a "round robin" fashion for a
pertod of a fraction of a second. Meanwhile, the impression
remaining with any one of the users 1s that he is the sole
user of the system.

¢

Modern telecommunication technology enables hospitals
to communicate with a distant computer using ordinary telephone
lines. Through time-sharing facilities the input and the output
of data is not interrupted by a waiting period. Thus, both
practically and financially, remote interaction with computer

hased data becomes feasible.

4.3 ‘The University of California Hospital Laboratory Medicine System

;yc will start now with the discussion of pathology
information systems. One of the first systems was built by
B.G. Lamson (Lamson, 1965), whose goals were similar to those of
other medical information systems designed at about the same time
(c.g. Smith and Melton, 1963; Lindberg, 1965; Korein, 1963). These

goals were:

s‘i . in



- The compatorization of the hospital information systom,
The recommended uppmu;'h was to carry this out in a stopwise
tashion, the implementation of a pathology system being one
&8 the nocessary Steps;

Dovisting a computori ;od systom for modical diagnosing or

n tool to ald in the .di'umu:-:th rovearch.
i.nmmn'-« syxtom gatherved b;uh clinical laboratory and
pathotogy data.  tie designed the system to provide bettor
commimi cation between the labaratory and the clinicianye on the
ward via display terminals,  He hoped that the data accumilatoed
on patients in such a computeri red svstom would he oasier to
disseminate tor medical research purposcs.

he operation of the, system is shown in Eig, 4.1, An
IRM 1410 computer was uxed with a 1301 Dish file serviced by
rudimentary random access su!‘twnl:c. The system was operatoed
by ppecially trained personnel.  The punched card input inter-
tace and the cquipment of the time needed much expertise from
those who operated it.  Because of oquipment limitations the
operational pgu‘edur@s shown in Fig. 4.1 include seemingly un-

necessary and complex routines.. Thic operational system however,

tactlitated a smoother flow of the laboratory results to the

~

~
chinician than was previously possible. It also resulted in

cxtenstve mond toring of the performance of the laboratory which

proved to be very useful for quality control and managemont.
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Since more than 6000 pathological diagnoses had to
be processed each year, Lamson desigmed his system so that it -
would accept these diagnoses in free text form. The coding of
the text was ‘carried out through a table-look-up procedure.
Unfortunately, very little information was provided about this
coding process or the dictionary. The scant description though, >
suggests that Lamson's dictionary was constructed similarly to
that of Smith and Melton (1963, 1964). In their approach the
entries of the dictionary were accumulated by scanning every
new report until a new diagnostic term was found Terms which
were added to the dictionary during previous scans were of course
1gnored. A code was assigned to each new entry which was then
entered into the dictionary.

Based on their experiences, Lamson, Melton and Snith,
Lindberg, Korein and others pointed out the difficulties associated
with this kind of work. This was very significant since there was
a great wave of enthusiasm for employing computers in the hospital.
In fact, there were many optimistic predictiops that in a ve;y few
vears hospital information systems would become a functional recality.
This did not prove to be so since the application of computers alone
is notaenough to'solvc the problem. It is necessary that system
analysis precede automation, 1in particular, the analysis of the pro-
cedures in the hospital, th; analysis of the systems that are being ;

uscd to code and classify information, and so on. In fact -as for

example, Lamson pointed out ; even such a tractable subsection of the

14
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total hospital information system as the clinical laboratory

system was far from satisfactorily implemented. In particular,

cost and complexity of the system had to be carefully considpred.

And, the problem of free text processing and retrieval has re- -

mained to this day.

4.4 An Interactive Clinical Pathology Data Analysis System

The SMOLDS system (Krieg et al., 1968) was completed by
1966 for the Department of Pathology, Upstate Medical Centre,
SUNY, Syracuse, New York. This system came into existence to

automate the reporting of laboratory generatéd data whose volume

was increasing by 10% to 20% a year. The data base generated

was meant to be queried by the clinician in the hope of obtaining
fecdback on the treatment procedures used. Therefore the system

was designed to allow the physician to communicate with the computer
without' interposing an intermediary data handler.

In order' to make such an arrangement functional it is
1ﬁporative that the system allow easy, direct and realtime communi-
cation between the physician and the computer. In particular, for
the physician }he primary activity is that of treating patients and
thoﬁhfore he will quickly be discouraged from the use of even the
most sophisticated system, whatever its pdtentiai,'if he has to pay
a largc time penalty. For cxample, if h?-has to prepare questions
on punched cards, submit them to a conputé; operator and then has
to wait for the answer he will be rapidly discouraged from using

the computer as 8 daily tool. The system designed by Krieg,et al.
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overcame this problem by using a dedicated computer (IBM 1410)

- ~

with a typeurig;y terminal. In addition, the operating program
was designed toﬂaztcept English language commands which the
clinician cpuld learmm with a minimal amount of instruction. Such
querying is feasible if an appropriate data base is designed. A
two- level structure (Fig. 4.2) was found to be satisfactory.

The user has to have a general knowledge of the. data
base structure in order to phrase his query. The original

-

question 1s broken down into the three basic steps of: a) data

\
access, b) processing and c¢) result display. FEach of these steps
can be entered using such commands as FIND, AVERAGE, COMPRESS, PRINT,
RAPH, etc. Boolean operatoss are accepted by thé system and data
obtained in retrieval can be used in subsequent st;ps. The article
describing the system contains examples of queries which yielded
clinically significant findings. It is not often that one finds a
system whose implementation is completed to this extent before it 1s

actually reported in the literature !

4.5 The Radiology System at the University of Arkansas
Medical Centre

Further developments of interactive systems were handicapped
by problems of processing narrative text. Many experimental systems
have been devised in the quest of a system which would:

Aceept at the snput 4 narrative text as written by the physician;
Ixntract from this narrative text the medically sipgntfocnt
information;
- Store_the information in either coded or text form but in>an

P

efficiently retrievable manner; and

BN
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- Have the ability of recognizing the hierarchical ordering

of the informational items and of automatically grouping entries
belonging to the same class. It is particularly important that ¥
the system have the ability to recognize 4ynonym§ and express<ions
which contain essentially the same idea and the same information.

A system which satisfies at least some of these aims,
was implemented by Barmhard et al. (1966) at the University of
Arkansas Medical Centre. This syste; processes radiology reports
which present the same text processing problems as pathology
reports.

The approach taken by Barmhard et al. is illustrated
in Fig., 4.3, Nﬂile the report is typed, the text is also punched
on pupcr\{ggf\fi{;gfa&i The text 1s copled onto magnetic tape
which serves as the input td the processor. In effect, this section
of the operation is an caply version of today's key-to-tape data
entry.

The text is screened by the system to locate the keywords
whicg carry the medical information. A word is labelled as a
"keyword'" if it is found in the keyword dictionary of the system.
IWwo other classes of words are also identified: " discard" words
and "unknown' words. Discard words are those which can be skipped
since they arc not meaningful. Included in this class are articles, ®
connecting words, ctc. A scparate dictionary contains these words.

Words which cannot be found in either the keyword dictionary or the d
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discard word dictionary are labelled as unknown words and are

investigated soparately by the operator. Some of these unknown
words may contain misspelled keywords, new discard words or a
not-yet-encountered keyword. Hence from this stream of unknown
words, keywords may he extracted and added to the dictionary.
The entire keyword dictionary was built up through this method.
However, the authors of the system found that the dictionary
would not stabilize cven after the scanning of 100,000 words
and continuous additions were necessary (Bamhard et al. 1968).
Furthermore, the frequency distribution of word occurrence did l
not warrant the reorganization of the dictionary into a stack
which contained the more frequently used words at its top. In
retrospect, it scoms that the size of the dictionary used was
far too small, compared to ICDA or SNOP (sce sections 3.3, 3.4),
to achieve stability.

A more detailed illustration of the text-processing
steps followed by this system is shown in Fig. 4.4. The numeric
characters hcading the text are patient identification data. In
the first processing run, illegal words and findings following a
negation are deleted from the text. The choice of deleting
ncgative diagnostic findings is questionable since in many cases
the absence of diagnostic signs is highly significant. Ouring
the second run the discard and the unknown words are deleted. The
remaining words contain either an anatomical term, a pathological ‘(diagnosis)

term, a terw indicating size, degree of positivity or location side.
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Fig. 4.3 - The words of the radiology report are typed (upper
left) and simultaneously punched on paper tape or
cards in machine readable form. Following transfer
to magnetic tape the computer compares the words

{  of the report with its "dictionary'" and treats
them as key, discard or unknown words (Bamhard and
Long, 1966).
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INTHE REGION OF THE LEFT VENTRICEE  TIE TUNG INEIN ARE €11 AN AND N0
OTHER THORAC M ABNORMALITHS ARE SFEN  IMPRISUION SHED ¢ ARDNAN ) Y
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MUIGAL € HARAC TERS,
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Fig. 4.4 - Computer print-out of the text processing steps
(Bamhard et al., 1968).
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The type is tdentified by looking up the term in the keyword

dictionary. An attempt was made to impose some hierarchy Ne—
upon the keywords but in this system this yuuld not be done
successfully, In the lnstbprOCQ*sing run, the so called
i’ AP tost eliminates those sontences which contaln only an ,
anatomical term.  When all the keywords are tdentified, the
patient identification numbor is added to the storage areas
- of_each recogni zed keyword,  Each koyword has such a storage
arca which serves as a "linkage'" ot patient data. o
Ihis method of butlding up "the dictionary Is again
simiiar to that used by Smith and Melton (1963, led).Barnhnrd,'
et al. hoped that the improved computer facilities, storage
devices, software and text input devices would allow the implc-
mentation of n system that processes narrative text with a
higher degree of ;uccoss than was possible hefore.
Although conceptually it scems possible to carry out
correlation of data items involving comparison and boolean operators,
the authors only illustrate data retricoval involving the use of
the AND operator. Output of stored reports is not truly possible

with this system. Only a random listing of keywords found within

the text of the report i< feasible. Thus it is difficult to check -
. for correctness of the entered report and updating becomes meaning-:
lgss,



4.6 The Johns Hepkins Hospital System for Autopsy Report Analysis

Paplanus et al. (1969) aimed to implement a system that
would aid clinicians in their attempt to correlatc data contained
}n the autopsy report. Since a working system was desired, the
designers of this system stayed away from any approach that would
have required long experimentation and unproven techniques. The
system was to be built so that clinicians could operate it with
case and use it as an analytic tool.

The approach adopted was to input the diagnostic terms
in full English, not in the narrative text form of the autopsy
report but in a pre-edited form. The pre-editing process ex-

tracted the diagnostic tems of the report for storage. This
I

manual operation overcame the text entry problem that Barnhard
et al. could not solve reliably using the computer.

The pre-editing process consists of rewriting the
autopsy report in a form that contains the patient's identification
data and a listing of all diagnosis found in the original report.
The relevant anatomy term must appear ahead of each diagnosis listed.
If no anatomy term is present in the diagnosis, or the existent ana-
tomy term is not satisfactory for correlation purposes, then a more
satisfactory onc is added. For example, a diagnosis of "arteriosclerosis"
would be entered as 'blood vessel, arteriosclerosis'. The dictionary
of the system 1s built up as new terms are encountered within the
entered reports. This again reminds us of the early approach used by

Smith and Melton (1963, 1964). - N

1



In the system implemented by Paplanus et al. the
reports are entered in a key-to-tape operation using an IBM
1401 computer. The tape scrves as the input medium to the
system's software which resides on an 1BM 7094, As in ihc
radiology system mentioned in the previous section, each kcy-'
word has its own storage area contain;ng the patient identi-
fication numbers of the reports with this keyword in them.

# A book is printed out rcgularly containing an alpha-
betical list of al} diagnostic entries encountered by thgmsy<tom
together with the rgspective.report numbers. This book is
used in manual scarches of the reports.

Two types of automated searches were possible in this
system.  One was a search of reports using a search key containing
boolcan and comparison operators. The search key was used 1n
looking up the reports residing on the input tape. Lf a report
satisfied the hey, it was retrieved in its entirety. Another
“search could look 1¥)classes of diagnoses, ecach of which cohtaincd‘”

-~/

}ho same given word. For example, a number of diagnose§ coataininé
the word 'abscess'" could be found in the dictionar;. Then all
reports containing at least onc of these diagnoses would be re-
trieved. This search still ¢oes not allow, for example, the re-
trieval of all cases with "malignant neoplasm" diagnosis because
not all names of malfgnnnt ncoplasms contain, this w;rd in their
name. The external storage media of this %;stcm was tape and

consequently the reports were stored sequentially. Thus the cpst

of these retrievals was -high,




. ’ ) Tis autopsy ayatem was already 1n operation for

I8 mmtha ‘at the time It was reported and the evaloation of

the aystem design concepts was puesaible  ‘IWo reasons were s >
By 4
© , : vited for not using nmeric coding: (a) the possibility of errors

ocomring during coding, and (b)) the alteration in the meaning
r . of the original diagnosia in the procesas of coding amd decoding

the authoras recognized the possibibity of misspel Ling o diagnogis

N

and thus atomatically ceeating a new entry in the lHerm\ry.
' Inft they pointed out that this is easier to apot than a4 miadpelled
pmmeric code,  he tact that the data base ¢id not allow a true \
hiertarchical retrieval was also mentioned by the authora,

Since the aystem did not recognize synonyms or
diagrioees which are the same but stightly ditferently worded,
. . o0

cltloctive weardhes could only be carvied ot i a4 connistont )

o

diagnost {c entay was naed In view of this, diagnostic p;\'rln'n
= hat to be aomet imes teworded before they were entered into the
'wfah"m e alteration tn meaning tnduced throngh rewording
i xtnmpmuh'h‘ to that of searching a coding dictionary for the
- neareat diagnostic entry to fit a term, ‘Thepetore the cholce of

using Faplanus' approach o1 the coding dictionary approach, becomes

amattey of peraonal preference,

J

= It i= perhape werth mentioning that -most of the systems
attempted till this time tried to cope first of all with the pro
blem of navvative text-ontry. Extensive ;»;(vgruming efforts re~/

‘ sulted only in a partially satisfactory system, - In the end, the
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dcsignérs of these systems summarized the difficulties they

o
encountered with narrative text entry and added that a truly
satisfactory system should also be able to perform hierarchical
retrievals. However, it would have been possible around 1968,
to design a system which would have performed satisfactorily
1in carrying out hierarchical searches. Such a system would have
used 8 numeric coding scheme and would have yiclded English
text output.  The input would have consisted of the manually -
coded diagnostic terms. Orvganization of the stored report
could have been identical to that used in the system of Paplanus
et al, The paticnt identification would have been placed in the
storage arca allowed for“each code. "lhe output would have been
obtained by translating the codes back into text using a disk
stored numeric code to text dictionary. The hierarchy built
into the dictionary would have enabled the desired hierarchical
retricval. The system could have been programmed in FORTRAN.

4.7 Investigations of Narrative Text Input in PIS

furing the past 15 years, many attempts were made to
commnicate with the computer through both narrative text and
specially designed computer languages. Some of the so called
high level computer languages were designed for the specific
purposc of casing the programming task and to climinate the nced
to understand the "inner worl‘dngs" of the computer. These

computer languages were designed to contain many ordinary words,

48,




such as SKIP, EDIT, WRITE and LIST. The design of such

languages was made possible through studies of the organization
of“ordinary and artificial languages and the manner in which
they communicate information. Especially well known is Chomsky's
work (Chomsky, 1965).

Some of these new computer languages, such as PL/I,
resemble the spoken human language. Current computer systems
can easily translate these languages into uachjnq language. Is
it not reasonable then, to atte-ﬁt to aﬁto-ate the translation
of the human language as well? The dictionaries of current
high level languages such as PL/I contain English words exclusively.
Compared to the human language, however, the size of these dictionaries
is significantly smaller, the rules for expressing a thought are much
stricter and the range of thoughts expressible is much more limited.
Therefore, the translator of the human language is bound to be more
complex than any computer language translator.

Before we answer the above question we must define a few
concepts which will serve as criteria for evaluating whether it is
possible to build a human language translator. A language enables
information to be communicated in specific increments called state-
ments (in written English language these are the sentences). A
statement contains a number of elements, each consisting of a word
or a group of words. An element has a function. It is this function

that determines whether an clement in the English language becomes

3
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a subject, a predicate, a complement, etc. The clements and
their functions occur within a statement according to specific

structural rules which are sometimes rcferred to as syntax. The

totality of these rules forms the grammar of the language,

Syntactic analysis is the analysis which inquires into
the structure of the statement. The process of finding a sequence
of elements within a statement and identifying it as a rule of the
grammar is called parsing. Syntactic analysis of a correctly
written statement in a computer language always yields an equi-
valence between the string (a collection of alphanumerics) being
analysed and one, and only one, rule of the grasmar. In such a
casc the parse is said to be successful. In the English language,
often more than one rule can bhe found to be equivalent to the
same string, giving rise to syntactic ambiguity. Added to this,
Lnglish grammar contains a large number of complex rules.

A statement can be analysed not only syntactically, but
also semantically. Semantic analysis inquires into the meaning of
a word and if more than one mecaning is found semantic ambiguity P
arises. The information communicated by a statement is determined
by both the syntax of the statement and semantics of the words.

The above introduced concepts were essential in the analysis
and synthesis of computer languages and the i-ple-entatio%ﬂof the
respective translator. In terms of these concepts our original
question can now be rephrased to ask: Can we find a set of rules

for the English language, or a subset of it, enabling us to carry "



out syntactic and semantic analysis of any statement in this
language., A subsot, in this case, i« the medical language
used in formulating the pathology report.  Medical language
haw a limlted dictionary and has strong ties to Latin word
structure and grammar.  The many diagnostic statements ex-
pressed in this language resemble each other in structure,
Therefore, it <eems teasible to attempt an analysi< leading to
o translator,  Such work has been carried out by Lamson and
tHmscditle (1906) and Wong and Gavanon (197)),

While working on his labaratory medicine systom
{(vection 4.3, Lameon decided to investigate further the
entry of pathological statements in natural text torm.  To
this end he implemented a natural language information rotricval
system spocitically adapted tor pathology (Lamson and Dimsdale,
1966) . In this implementation, he reduced the conplexlt‘y of
his task by replucing the general syntactic structure of the
dingnostic.statements with a simpler one. Within this simple
structure he n“\nmvd that it was not essential to carry out an
exiact syntactic and semantic analysl< of the statement. Only
the appearance and identification of cortain words such as the
terms (called descriptors by lLamson) ‘denoting anatomy and
dingnosin hecame es<sential. These terms were inserted in o
directed graph which‘ cstablished the hicrnrchlcnl’ relationship among

them. This gruph could also handle the synonymous relation oxisting

48,
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between certain temms.

Input to t system consists of the pathology report
in an unedited form,|of requests to makc changes within the
directed graph structure or of search questions also in un-
cdited prose form. A dictionary of 7000 terms was accumulated.
This continually expanding dictionary was kept functional with
the aid of a logic structure maintenance program.

Search requests yielded copies of the original docu-

ment input. Retrieval success was reported to be 100% while

7% of all Jocuments retrieved were not relevant to the search
request.
: The system implemented on an IBM 7040/7094 was .
cumbersome. Significant complications in the maintenance of the
logic structure resulted. Only questions involving NOT and AND
operators could be used in scarches. Lamson intended to cxpand
thi1s system on an IBM 360 for a definitive evaluation of this
method. The results of this expansion have not yet been reported.
A more recent‘expcr;ment to syntactically ‘analyse
surgical pathology diagnostic statements was attempted by Wong
and Gaynon (Wong and Gay;on. 1971) at the University of Illinois.
Rather than .replace the complex sfructure of the diagnostic

statement, as Lamson did at the expensc of a complex dictionary,

Wong and Gaynon decided to accept its full complexity and devise

4 pgrammar whosc. rules would cnable parsing any diagnostic statcment.



The grammar devised is shown in Fig., 4,6, The first~
step in the syntactic analysis proccsi is the scanning process.
The first scan looks for the statement delimiter, a period ('.'),
and isolates from the text the diagnostic statement which will be
analyzed structurally. Such a statement contains elements which
can be one of three types: site, diagnosis and modifier. The
word grou[;s are separated ;n;o elements by the identification
of delimiters existing between clement types. The 13 groups of
dclimtcr's are shown in Fig. 4.5. Altogether 62 delimiters arc .
present in these 13 groups. Thesc elewment delimiters are scarched
for during the second scan of a statement (see cxample in Fig. 4.7).
The cicment type is determined by investigating the delimiter pre-
ceding and fczllouing the element. Once the sequence of element
types and delimiters is established, comparison with the grammar
rules can be carried out. If the sequence matches one of the rules
the parse is successful. If not, either the sequence represents a
new rule not yet presént in the grammar, or the statement did nogt
parse successfully because of syntactic ambiguity. After the
parsing is completed, the elements are stored in their full text
form together with ‘an element identification '"tag".

Parsing test runs with this system resulted in a 10\ error
rate. The authors suggest that further improvements of the parsing
routine can reduce this unacceptably high error rite. In addition,

some arrangement that would establish a hierarchical relationship

among the stored diagnostic statement elements would also be neceded.

o »
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CGroup ol Delimilers Example
1 Conjunction and
2. Diagnostic suffizes for  -icitis of »appendicitis-
trensformation
3 Gatbage word fragment, portion
4 Site pointer with fragment of
gervege word
S Disgnostic delimiter -oma, -osls, ulcer
€ Ambiguous pointer consistent with
7 Site adfectival -lsl, renal
delimiter with
transformation
8 Disgnostic adjectival  -ating, -od
delimiter
9. Disgnostic pointer with
10 Site pointer of, involving
1l Commae -
12 Semicolon .
13 Petiod »e

Fig. 4.5 - List of delimiters used in the parsing
routine in 13 groups (Wong and Gaynon 1971)
(hagmostic Statement Example
Type
1) Dx of SITE (default) Paplliary trensitionel

cell adenocarcinome vl
urinery bladder; deeply
ponetrating into the
muscular layer.
ta} Dx, MOD, involving  Poorly differentiated
siTe adenocercinoma, possible
metastatic, involving skin
of forehesd.
tb) Du, Dx and Dx Squamous metaplasie,
ulceration and acute
, inflammation.
ic) Fregment- of Dx of Pregment of poorly
Sie differentiated epidermoid
carcimomn of cervix.

) Dx-ive SITE (defeult) Besentially normal
vermiform appendix and
jejunum.

2a) Du-ive Dx of Site Recurreat mixed tumor of
. parotid region.

#l SITEe! Dx (deleult) Renal amyloidosis,
odvanced.

Ja) SITE el Site Uterine content with
hydatidiform mole.

QA Dz Sieith Acute asppendicitis with
porforetion.

) SITE with Dx (delanlt) Utervs with letomyoma.

3¢} Consistent with Dx  Conelstent with Hodghin's
ol 8ITR diosese of breest.
) Dz with MOD of Neurtommoma with
siTe contrel hamorrhoge and
necresis of triceps region,
tight arm.
Note Dx « diognesis,
MQD ~ medifter
$
Fig. 4.6 - Types of diagnostic statements used in surgical

pathology reports acceptable by the parsing routine
(Wong and Gaynon, 1971)
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Iiegnostic Slealement EXAMPLEF
Type Statement ol the Otiginai
ment
F; Dx of SITR idefeui) Docu
Papiilary transitional
adenotarcinoma of
urinaty bledder, devply
Stack penetrating Into the
musculer dayer
4
delimiters posilion’) Parsed Stilement
1 -oma k1) diagnosis:
papiilary transitional .
4ot » adenocercinomae
+ . -semicolon 57 aiter
4 aing n urinary bladder j
5« period (0]} modilier:
deeply penetiating into I’
the muscular layer ’

Fig. 4.7 -

Example illustrating the operation of the parsing
routine.

The above statemont is scanned. First the delimiter
"-oma" is encountcred which signals that the preceding
element is likely to be a "diagnosis'. Then the next
delimi ter "of" is found indicating that the clement up
to and including "oma'" is indeed a '‘diagnosis'.
Following this, delimiter ";' is encountered, suggesting
the possibility of a "site" clement follpwing the
"diagnosis'. Delimiter "-ating" is found later, its
presence confirming that the eloment up to the semicolon
is a "site”. The last delimiter, the end-of-statement
symbol allows the parsing routine to conclude that the
entire string following the semicolon is a "modifier”,
(Wong and Gaynon, 1971).
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In their conclusion, Wong and Gaymon elaborate on this aspect
by presenting a list of characteristics which a free text
analyser must possess. This includes the ability to recognize
synonymous or hierarchical relations among elements, interpret
negative results and accept multiple word scarch keys. A later
implcmentation of a PIS by the sasme authors (Gaynon and Wong,
1972) did not include this parsiné routine. It seems that the
above recommendations cannot be readily put into practice in

4 system using the parsing routine.

4.8 Present Directions in the Implementation of PIS

The predo-imnant 1ssue in the systems discussed in the
foregoing has been the extraction of information from the
pathology report entered in a narrative text form. A totally
satisfactory method has not yet been found and at this time, we
cannot even speculate when a truly successful system will be
designed . A possible future solution may consist of devising a
medical Lnglish language which would have a simpler syntax than
the one currently used (Martin, 1973)., This language would be
widely taught and used by physicians to converse with systems

containing medical data. Statements expressed in this language

would be similar to natural hnoguage statements. The limitations

would mainly be 1n the variety of sentence structures and the size

and the specificity of the medical vocabulary. The effort of

leaming this more formal tnglish language would probably be

T
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accepted by clinicians if, in return, they would have the reward
of effortless interaction with large medical data bases.

There are, however additional problems to be solved before
total medical information systems serving the population of an entire
region become functional. These problems and the relation between
them are shown in Fig. 4.8. The investigation of these problem
areas can be carried out independently. Thus a small medical
information module, such as the pathology module, can be implemented
even before the ''physician-computer" conversation problems are
solved. These modules can be ;nsed on their own until ‘it becomes
feasible to incorporate them into the larger -ediccal information
system (Grams, 1971).

We shall now proceed to investigate the various PIS
modules that are either being '"built" or could be "built” at
present.

A new system was recently reported by Gaynom and Wong
(1972), the authors of the parsing routine discussed in section
4.7. Their current system was designed for report retrievals,
statistical inquiries and linkage. In particular, the system was
meant to link statements from reports with the corresponding
microscopic and photographic slides. The input to the system, read
1n as free text, consists of the tissue examination request form
and the surgical pathology f-eport. After statements and words are
delimited, the identification of the disease entries is achieved

-

through a look-up procedure of the system's dictionary, called
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Fig. 4.8 - The sequence of problems that have to be
solved for the’ implementation of a medical
information system for a given region.



Lexicon. Hence, no structural analysis takes place and only
the presence of certain words is in&estigated (context-free A
analysis). Lexicon changes some of the ;ords into the system's
standard form. It also enables the recognition of negation
wi thin statements, the recognition of synonyms, and the im-
plication of certain diagnostic terms. It does not recognize
any hierarchical relation among disease entries.

Each statement read in is rotated so that several ) ) .
versions of it exist, each starting with one of the identifiable
keywords (this is similar to IBM's KWIC process). These °
resulting statements and the corresponding surgical number are
entered in ione of the 3 catalogs for clinical diagnosis, operative
procedures and pathological diagnosis. These catalogs make
possible the desired linkage operation and the retrieval of the
origm'al report, given any one of the statements 1t contains.
The wording of a retrieved report is’ﬁ;ually different from the {
original, because of the word standardization changes performed.
by Lexicon. Due to the same reason the report is also difficult to
read.

The systeﬁ was programmed on an IBM 370/1S5 with a
250K partition using the PL/I language. A general purpose
information retrieval software package was also adapted for .
use in this system. Large amounts of external storage are used
by the various files. Léxicon was reported to occupy 8.5 million
bytes and it was still accumulating new words from the report;

entered. . '

’
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While an attractive feature of the system is that it

allows narrative text input, the system suffers of high faulty
retrieval rate. In addition the system has a limited corre-
lation capability which is due to the lack of hierarchical
organization of the stored diagnostic terms. Of course a .
system with such a vast storage capacity and software package
is expensive to run. What is most discouraging though is that
even such a large scale system as this cannot offer a working
combination of free text-input and satisfactory correlative
retrievals.

Altemative automated pathology systems concentrate
on solutions in which the emphasis is on petrieval and cerrelation
effectiveness, rather than convcﬁsational effectiveness. There- )
fore, emphasis is on a data base in which the hierarchical relation-
ship among the diagnostic entries is recognized. In addition,
cxtensive software 1s available to enable the answering of a
varicty of questions,

The practical approach to hxcrgrchicat retrieval
capability lies within the use of coding schemes. .Traditionnlly,
pathology information systems basea on coding schemes used either
the SNOP dictionary 6r some smaller dictionary developed in the
hospital (for example, the Termatrex dictionary used in the

Montreal General Hospital) The popularity of the SNOP dictionary

1S not surprxﬁnﬁg because 1t was specifically designed for pathology.

One of the carliest compdtcr based systems using SNOP was imple-

mented by Pratt and Thomas (1966) for the U.S. National Cancer

-

-



Inatitute,  Ihia syatom demons ¢ vated the use of SNOP in coding ©
dingnontic mnrlm,‘nn.l n careving out retrieval operations

ALL thrée tyvpen of reports autopay, cytology and
wirptoal lpnﬂmlug\' ave procesded in this avstom. e yeports
entered are mmually pre edited, separating the dapgnoat ie
statement fntos the 4 typeas ot codab e intformation exiating in
SNOE topogaply ¢ morphology Jettology and fanction,  The

,
teport b entered aatng panched cards whiich contatn the pationt
tdentitication and the pre edited diagneatic atatoment.  The
Pprocedure tor th«-/ lat ter in to entor the codes and the text
coded on ‘Nw same card, Prasential intormation which s not
'\nd.-llvlv can be added fmmedintely foltowing the diagnostic ontey
on the card  While Pratt and Thomas claim that computer look

%
up ot the dictionary i teasible n thetr avatem turther (informa
tion onthis 4w not provided and thus no ovaluation gan be made.
ey alwo chatm that SNOP s organt zation allows most diagnostic
~L;;n|mnm\h to he entered tnto the computer in test form without
&

having to rewmt to comples syntactic Wnalvals,  lHowever, on two
cvcasions . Wong and savnon tound that the complexity has boen
underestimated.  Mhis was «hown Ciest in the implementation of the
pPavaing rmu‘nw (Wong and Gaynon, T, and later in the tmple
mentation of thetr system which used "dictionary took up' for
syntactic analvsds (Gavnon and Wong, 1972, .

Several computericed searchos are feasible with the

»

svateom devised by Pratt and Thomas (1966).  Included among these

are correlations involving the AND, OR and AND/NOT operators,
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Retricval of a report yields only a collection of diagnostic state-
ments appearving in the entered reﬁ;rt.

Nithin'thc past 4-5 years fow manually coded systems were
implemented because the process of manual coding based on such large
dictionaries as SNOP is time consuming and the handling of number
codes can often result in error.  Nevertheless, a number of systems
exploring the use of SNOP were reported in 1972 (Van der ksch, 1972),

The recent appearance of new data managoment softwarce and
the continuous decrcase in both the cost per bit storage and the cost
of computer processing indicate that a more sophisticated approach
towards pathology system implementation based on large coding .
schemes may prove fruitful.  In this approach both the coding and
decoding of pathology reports would be automated. Current high
level languages such as PL/1 allow the programming of such a ) '
system with rceasonable cotfort,

o

This newer approach was used in the implementation of
the Computerizdd Information System for Pathology (CISP) at the
Montreal General Hospital. TCDA was ‘the dictionary chosen by the
pathologists for this system. This, dictionary allows coding not
only of the PO but also of the (N, CD and OP sections of the
report.  Thus, ICDA allows a more complete coding of the report

than SNOP would. The resulting large data base in conjunction

with ICDA's complex hicrurchicnlvorganizntion makes the complex

[ v
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correlations of stored data itoms foasiblo.

The pathology reports arc entored in a pre-editod form,
This pre-cditing is necessary to assure that diagnostic statements
correspond tq the entries in the 1CDA dictionary., Orthographic
errors in the report are casily detocted, cither by the comptorized
system - when it fails to find the misspelled entrios in the
dictionary - or by th; system operator - when he compares the re-
tricved report with the original onc.

The problems of information alteration through the pre-
editing and coding process (sec section 3.5) arec not acute in this
LCOA based system.  This can be clearly scen from the resemblance
of the wording of an original report and the wording of the same
report rewritten in terms of the ICDA dictionary. The suitability
of TCOA for CISP could be further improved through changes in the

terminology of the stored version of this coding scheme.

-1
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Chapter 5

DESTGN CONCEPTS OF THE COMPUTERIZED INFORMATION

SYSTEM FOR PATHOLOGY (CISP) ( Mercz et al., 1972)

5.1 lntroductiqg

The failure of the Termatrex system to satisfy the
Montreal General Hospital provided the motivation to investigate
a computerized system (section 2.5). Review of the literature
suggested a number of possible approaches to this pr&blem
(Chp. 4). At the current level of development of computer
technology, the utilization of large dictionaries with complex
hicrarchical structures seems both feasible and cost-effective.
Since this approach has the potential to proviSG the data pro-
cessing and correlation capabilities we seck, we have decided
to make it the bhasis of our system design.

In this chapter the design concepts of the planned
system are discussed. The system objectives specified by the
pnthologis;s of the MGH are translated into a series of working
specifications.  ‘These specifications were reconsidered in view
of the limitations of computer systems, storage devices, ctc. -
A compromise practical approach for the implementation of CISP
i1~ developed and, thus, the basic components of the system can
be described.  This chapter also discusses some useful system
implementation principles (c.g. system modularity principle)

A

and the man-machine tonteraction  in CISP.




5.2 User's Objectives, System Specifications and Constrnfngf

ihe primary objective of the Montreal General Ho«pit;|;<
Pathology Department { the future users) has hced\the creation
of a computcriigg system that would cnable the storage and
retrieval of pathology reports with greater speed, ease and
detarl than is presently possible with their Termatrex
system.  Iheir secondary objective has been to implement a
system that would profit from thc.cnpahilitios of the computer
in extending the scope of the analysis of patholpgy information.

The Pathology Department's nhjovtives‘for the com-
puterized system were reinterpreted into specifications for this
system. To this end, we carried out a detailed analysis of the
Pathology Department's informptional requirements. Our findings
on the information flow cnvironment were already summarized id
rlﬁf 2.4, ihe following working specifications were derived to
he used in the design and programming of the prototype system:

1) The data to be cntered into the system consists of the

pathology report which includes the clinically generated data.

-
2

e data entered should be kept as near to its original free-

text form as it is feasible. The input mode should be "on-line
conversational' using a keyboard terminal. Provision should be
made to detect, and wherever possible,to correct any typing or
contextual error in the entered text. It should be remembered

that the operator using the system will neither be

L
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know ledgeable about computer data processing. nor will he be
motivated,as a casunl user, to remember complicated operating
instructions, 1ho}ofnro. the use: of the system should bhe
simple, employing only a limited number of tnglish-like
commands which could he easy to memorize;

2} The emphasis in the specification of the data base
~is on the subsequent analysis of the <tored data. The
%trucﬁﬁrnl classification of the stored diagnostic items should
cnidble the retrieval of items that correspond to the level of
entries in a large coding ¢«cheme. On tho recommendation of the
Pathology Department it was decided to code data using the 1CDA
dictionary. The coding of the report text should be, automated;

3) e inquiries addressed to the system will regquire
divect access to data on any specific patient by surgical number,
name or unit number (hospital number). They will also demand
statistics on any type of data item present within the data ha;v.
correlation invelving tﬁcso ddta items, or a combination of both.
the correlative inquiries will be formulated using a combination
of both comparison and boolean operators;

4) e output of the system will consist, first of all, of
copies of reports ontéﬁzd. Quick and casy production of copies
of past reports will enhance the communicntioﬁ with ¢linicians

and with "other ho<pital departments.  The results of inquiries

should be avarlable in the form of text, table or graph;
Y

.
« J
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- S) The updating of the data basc should be convenicnt
and under the control of the operator. This will include up-
dating of any section of the stored report or of any entry
present in the stored dicti&hary;

- 6) As these specifications are for a prototype system,
it is most likely that changes within the system will be
ncecessary during the implementation phase.  The dcsig; of the
system should allow for these changes to be made at little
expense and at a small programming effort;, and,

- 7) The design of the system must recognize the iiportancc
of the system's rcliabilitics. The stored data should not he
alterable in any way and this data should be retrievable. For
cxample, simultancous coding and decoding of a particular data
1tem. should result in an output cquivalent to the input. Also,
no accidental crasure of stored data is’nllowable either by the
system internally or by unintentional opcra}or input. In
addition, no input by the operator should affect the future
opcration of the system.

bue to the experimental nature of this system it is
; «
not possible to specify a priori morc stringent working specifi?Z—
ttons such as the average system rcSponscjtiue. While we
rccognized the importance of such specifications, it was apparent

that these could be given only after an cvaluation of the completed

CISP prototype systoen was made.,

vt
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The working specifications dotullod above ‘can bo
,implemonted only If the constraints imposed by the limitations
of the computing systems available to us are also taken into
consideration. In the/next sections we will consider these
constraints and further modify our working specification to
obtain the best possible compromise guidelines for the imple-
mentation of CISP,
5.3 The Computer Systom

The choice of the computer systom for CISP is
governed by the stated objectives which define a minimum
required capability and by the available resources.  An in.
house independent computerf system must be ruled out because of
¢ost considerations.  In particular, minicomputers which may
be within a rcasonable purchase price or rental range ( say
$50,000 or $1000/month respectively) do not have the roquiroh
core memory, cxternal storage facilities, programming languages
and data management software (sce also section 4.2),

1ho'rung6'nf large-<cale computing facilities avallable
to us in principle includes the service bureaus, regional shared
hospital computers and the McGill University Computing Center
(MUCC).  Our decision was to utilize the MUCC services.

There are two systems available oh the campuswide
terminal  network.  The first system, based o; an TBM 370/155,

provides on-line conversational services through time-sharing.

68,
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Unfortunately, this system is geared mostly to scientific work

~

and its range of languages does not include any which arc particularly
suitable for text processing applications. The software available

for data management was also judged to be too primitive for our

.

purposes. In addition, it was estimated that the maximum effective
usable core of 120K may be too small, and the maximum time slice

(of the order of a few seconds) alloted to each user may be too
short. Since scarches in our CISP would conceivably require scveral

such time slices, the resulting long system response time would

destroy the advantages accrued from the on-ling conversational

capability.

4

The second system, an 1BM 360/75 and:its Operating
:
|
System (0S), has a large core of up to 800 kilobytes and provides
software which includes a large array of subroutines, sophisticated’

data management routines and several languagc[éompilcrs, including

i

PL/I. ‘The only difficulty with the adoption bf this system for
!

CISP lies 1n meeting the conversational requirements. In particular,
i

|
the IBM 360/75 0S system offers only a multiprogramming environment.
/

In this environment all programs are placed into a queue according

!
to their priority and core requirement and dxecuted in sequence
» i

I
(batch processing). It 1s not possible to ?communicate" with the

program while it 1s being cxecuted to estahﬁish a8 "conversational

mode'". i

i

It is possible, however, to enter from a remote terminal
i

a data set containing programs and data apd also to obtain the
) /

o



output at the same terminal. This operational mode is called the
Conversationdl Remote Job Entry (CRJE). CRJE allows the "interactive"
editing of the entered data set. During such editing the data set

can be updated, typing errors can be corrected, etc. These editing
activities are carried out in a conversational manner with response
times comiparable to that of time shared systems.

i

In CISP the CRJE editor can be used to enter and manipulate
the pathology report that is to be processed. The actual processi;g
of the report is carried out in batch mode, with a turn-around time
of less than 10 minutes. While waiting for the processing of this
report, the operator may type-in the next report, and so on. There-
fore, batch mode processing coupled with interactive report entering
is acceptable .

A si-ilar'approach is taken' in the programming of the
querying routines. The retrieval, correlation and statistical pro-
grams will be tested and operated in batch mode. By that time,
advancements in computer technology may allow the operatioh of these

tested programs in the desirable conversational mode. If such a

conversational mode will not be available, then CISP queries will

have to be fgrnatted according to stricter rules and entered using CRJE.

7
5.4 Data Base Organization

The data within a data base wmust be organized to make them

suitable for the various analyses and retrieval operations specified

67.




by the system's objectives. This organization is‘'achieved

%y arranging .the records in a file forming suitable data structures.
Dodd (1969) has shown that no matter how complex the data structure
15, it can be built up from three basic organizations: sequential,
random and list. In a sequential organization the records are
asscmbled according to a specific sequence. In random organhization
the physical arrangement of the records is at random and every record

may be accessed directly by knowing their location on the storage

device. In a list organization the records are coupled through the

use of pointers which indicate the location of the next record
1rrespective of where that record resides physically.

Unfortunately, very little information is available in
the literature (Carville et al., 1971) on how to choose a suitable
data stru;turc for an information system. In particular, no readily
avitlable rules exist which translate working specifications for an
information system into specifications for an appropriate data basc
structurce. Furthermore, although complex file systems are used cx-
tensively today, only scant information is available in the computer
literature on the use of different languages for the implementation of
file structures. The documentation which can be found mainly describes
simple sequential organization. This situation is similar to the
Literature  of computer sorting.  In this arca many computer develop-

ments occurred an the 50°'s and the various sorting sethods became common

hknowledge among programmers. Nevertheless, not one article on sorting

68.
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methods appeared in the literature until 1956 (Knuth, 1972).

The structure of the CISP's data base was chosen by
analysing the relationship that has to exist between any onc record
and the other records in the data base. The form 6} this relation-
ship is governed by the various analyses and retrieval requirements
that the data bqse will have to fulfill. The scanning paths that
have to exist to fulfill these requirements are shown in Fig. 5.1
(see also Fig. 2.5). It is essential to be able to retricve any
reoord directly so that a patient's report may be retrieved easily.
For analytical purposes the ability to scan the same type of data
1tem (e.g. name) in every report is essential. This scanning 1s
feasible if the data items can be treated as a list. Aside from the
ability to scan data items "among'' many records, it is often also
essential to be able to scan the data items "within" a record.

A data organization that meets these criteria of data
structuring is the indexed-sequential organization. In this data
organization a record can be looked up directly (a) using a key
which is translated into a record location in the data set * random
organization or (b) in the alphabetic sequence order of the keys

(sequential organization). Hence a particular organization of a

data set m®y allow several methods of access of the data within the

C ¥
¢

* A collection of data items (e.g. a file) residing on an external

storage device is,reférred to as a data set.
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Fig. 5.1 - The scanning paths crossing a record in the
data base. Arrows indicate the direction of the
scanning paths. Any path that follows a sequence
of such arrows is a feasible scanning path. The
parallel arrows connect the same data item (e.g.
age) in all records. The other arrows allow
scanning of items "within' the record.



data seg. *
SP's data base will also include the medical s "

nomenc lature dictionaries to be used in coding and decoding

npérntkms. In these dictionaries only the ability to look
up a record dircctly is essential. On tho computer system
chosen, direcct access is feasible through the use of koys,
Since keys cannot be of variable length to accommodate the
various text entries in a dictionary, we had to resort to a

compromise dictionary look up method, which would allow, when

necessary, the combination of both direct and sequential access,

Again the indexed-scquential organization was found €o be the

&

most s table for our purposes,

he software for the implementation of the indexed-
sequential organization is available as part of the 08 rsoffwarv
on the TBM 300/75 computer. Because this software is widely
used, 1t has the added benefit of being thoroughly tested and
refined.  The storage size 'of data sets using the indexed-
sequential organization may extend over several «disk pachs*,

assuring that large dictionartes such as ICDA can be stored in @

completeness,

v )
Maintenance operations that keep a data set functional v
despite " the mapy extensions, dclct}ons and replacements of ' "
records can be readily aprogrammcd for the ind¢xcd-%;quentinl data ) ¢
sct. , h

*A disk pack consists of several disks mounted on the samc vertical -
shaft. ~Usually bhoth surfaces of the disk are used for recording. L%

£
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U0 Modularity and _(_h_o_ Mana g_opvi\t_ of _Mp_x[u» les In a System

A system which is expected to undergd modi#ications

and expansions has to be implemented in a modular fashion, A -
@ by ©
svstem ix modular i€ it s made uprot a number of modules which

contain a section of the syvtem's prdagram, uwsoally in the torm

ot a subroutine, .

tn the TBM 360/7% OS5 program modufes are stoved in

data wot+ called partitioned libraries, ‘Theae ditfer from the

data wets discussed carlieor in that instead of storing data,

the prm'v‘ssing programs are stored in them. lvery partitioned

Library has o divectory with the names of the programs present f

m Hu\/ tibrar Whenever refervence is made tn a program to a
I3 ' I ‘ 1 2 . ' \
subroutine stored in a specitied library, the computer system
.‘f}num:nucnl‘lv tookw uﬁ the divectory of the tibrary, locates the
P

14
) R
program ahd read< it into core, .

Program modules stored in the partitioned library me

.

wial iy bept in erther object or loadable code form (object modiele

g
and lToad module, rveypectively)*, 1 a module is not executed |

.

4 f

very often, it i< better to store 1t in object code form to Save '@
o o A3 v z
on the larvger storape cost that would be incyrred by the eymivalent
. " - N
- {
- Y ¢ o v * ¢
v ' ) v
* The qompilation of the source program results in the object
e,/ ' '
~ program. The nh‘wct program is limk-edited to obtain the load
- b‘ :/” o
\ module which 15 in executable form. ’ : .
n . Kl
i : /4 .
* i
. .
. o ¥

n,
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load module. However, if the module is cxecuted often, the
module should be in toadable code form because the computer time
<aved in linkage editing will more than compensate for the !
largern storage cost.

The calling of subroutines, and hence the accos'-;i"np,
of madules, is performed by a supervisory program (or a "driver").
has program interprets the commands to determine the type of
processing needed, calls in the appropriate modules for exccution
and monitors thearr performance. A specific 11lustration on how °
this s performed in the context of CISP is scen in Fig., 5.2.

»
Originally it was hoped that some commercially

.

avai lable modules could be readily adopted tor CISP and thus

shorten the time required for implementation.  Save for one

cxception, no such module was found.

[ v . . . b - s ) . qap
5.6 l!./l. the l..m;vu:g_&g_ﬂ(zl_\_(ﬁg_n for Programming CI1SI

h e - g ————

Unti! recently the imptementation of the general software

for computer systems or u&:;‘r—ori‘éntcd systems was carried out almost
exclusively by using assembler l.'mgu‘agc. This situation 1s now
changing and higher level nlangungcn are being used increasingly for
these purposes (Corbato, 1969).  ‘The ms;in reason for using high
level languages i\—th:'lt they allow a 'more direct translation of the
problem into a program than lower level languages do. 'Aleo, to

qnnoté Corbato (1969), a hmigh lcvel language "forces one ta design,

not to fiddle with coc,l\e". : “

- - ’,
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Because of the complexity of CISP, and because the
programming of this system was to be a onc-min cffort, the use
of a high level language becomes an absolute necessity.,  Al-
though this may incur execution time and storage requirement
pcnnl&ics. it has been hoped that the use of a high level
language will speed up programming and an operational prototype
system could Go implemented within the time limitations of this
preject. Once the system is opct"nhimml. inefficient modules .
can be reprogrammed in assembler. -

Programming language/Once (QL/I) was the language
thosen for the programming of the CISP.  PL/1 has a number of
advantages that make it cspecially attractive. First, the
lLanguage allows for modularity in programming. Thus, subroutinc

programs can be compiled without having to compile the main program

as well. The resulting object or logd module may then be stored in

1
.

a partitioned library. Also the transfer of different data types

' (varyinh length ﬁirings, dynamically allocated variables, filce

names, ote.) between progrnm§ is well defined in this language,
though not always simple to nccom;)li:ah.

The sccond impértunt asset of the language is its
powerful facility for text processing. A number of variable
attributes, operators and functions suit;hlc for text mani -

1
pulation are present in tht language.

5
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™ird, the language is superior to other commonly used
hi&h»lvvol languiges in data management prugrnmlng’ (Rubey , 1908).
Datn contained in o data <ot is accossed by defining a symbolic
file in the program.  ‘The correspondence between the organization ‘
of o data set and that recognized in the program is ostablished
through the environment spocification of the file in the program,
'I"h(:' data accesy mode Is spectfied thibugh the attributes of the
file. l.xnmplv’s of these specifications appear in the next chapter,

Fourth, the language incorporates many featuroes associated
witl'a the manipulation of binary variables, boolean and comparison
operators and list processing.  These features asre uscful in anter-

preting queries and carrying out the requested processings.  In

addition to this, the Scientatic Subroutine Package available to a
PL/L users contans o comprehensiye set of scientific subroutines.
These modules can be incorporated into those CISP programs which
- . ¢ R

carry out statistical processing.

The construction of the PL/T language’ 1s not as systematic
ns that of Algol, for example. This, together with PL/I's complextty,
N - .' ~ -
inevitably results in a slow, large and qostly compiler whidch trans-
lates into a significant system development cost.  Surprisingly, this .
1~ not equivalent to saying that implementation of a system such as

CISP would be cheaper 1t a language like assembler would be used
\ \
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hoecause th.o rapidity of programming in PL/I compensates for
iho extra costs involved ((‘.urhntu, 1909). At present ap

optimized version of the PL/1 compiler Is available for IBM
computvrs: The hope is that this new compiler may produce.

object modules whose efficiency will approach that of assembler

programs (Anon., 1973},
I3 © 3

By programming CISP in a high level I‘nnguage such
as PL/1 we make .it machine independent. This mc;ms that the
CISP's programs can be casily ‘run o another computer systom
which has a PL/I comi)i ler ‘and supports 'the data organization

used in CISP (see big. 6.2).  This allows CISP to be transfered
to other hosprtails which may want to use a1t
; .
In the 1BM 360/75% 0S environment, Job Conhtrol Language

(JCL) 1s used in conjunction with PL/U in programming CISP ~ JCL

statements are usced to connect the symbolic file defined in the
PL/} program with the actunl data set residing on an external

-storage device. Maintenance of these data scts are c¢arried out

through statements, or utility programs, written in JCL. ‘'The

»

c¢reation, maintenance and management of partitioned libraries

¢

1s also donc through JCL. Unfortunately, JCL has a very strict

syntax, has very poor error messages and descriptions of the 1

language are complex, making programming in JCL a difficult and ..

lengthy task. )
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5.7 The Basic Software Components of CISP

The consideration of the working specifications
detailed in section 5.1 together with the computer system
constraints and facilities described in this chapter enable
us at this stage to specify the basic components of the working
system. Fig. 5.3 illustrates the two basic phases oé processing
;ithin the CISP. The first 1s the interactive phase “in which
a4 question or a report is typed-in and readied for the second
phase 1n which the actual processing resulting in the §toragc.
retricval or correlation of records is carried out in hatch mode.

The operation in the intcractive phase is facilitated
by the interactive editor of the system. This editor is imple-
mented using CRJE's lihrar% of data sets and through programs
which consist of CRIE edi{pr commands .

The batch pr&ies;;;;\p ase useswa large number of g;/!
programmed modules and the system's data base. The text input s
first {nvcstigatcd to determine the exact processing operation
that has to be carried out. This information 1s relayed to the
batch text editor program through command keywords embeaded in
the text and which this(pditor will identify. The investigation
15 carried out using the scanning method as shown in Fig. 5.4.

The command keywords identified by the batch text

cditor are transmitted to a supervisor program which calls in

the module seqtience that will carry out the requested operation.

'
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Fig. 5.3 - ‘The interactive and batch processing phases

in CISP.
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The supervisor also monitors the performance of these modules  The

manner in which this is done has already been <hown in Fig & 0.
Several types of information processing modules cxixt

tn the -sy«.tom. Some analyse and transform informution which s

not dictionary coded, others arve specific file procossing modules

whith fook up entries in dictionaries and store the coded reports

¢

i the pathology report file.  Among information processing modules
we cmoalso include those that print the reports elther in coded,

or an decoded torm and those that interpret the questions addressed

O
to the system and process the reply.

M
. . ] -
lhe data base consdists of dictionary files for both

coding and decoding operations and o variety of report files such

- ‘
AW cthe surpienl pathology and autopsy rvpurl\'f The relation between

the data base and the processing modules is shown in Fig. 5.2,
t
The Tast remaning componaent of CISP is the maintenance

program collectvon,  These programs are exccuted to reorganizce the
program bhibrary and/or the data basce which have become cluttered as
& result of updatings and cxpansions.  Thus, maintenance operations

assure that CISP's functroning continues to be faultless and

.

cfficient. | »

5.8 'l‘_l\gﬂMilpuMnchino lntc_rfuco of ~(,‘I:S'}_’ -

P R R, et et e

4 , L
The operator using CISP interacts with an automated .

system based on a computer.  This interaction takes place, across

<

the man-machine interface of CISP.  The easc and éonvenience of

' . )
the man-machine interaction detemines to a great.extent the

3 - ' + . :
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degree of success of the antomated system. ¢
There are a number of factued Influencing the quality of

man machine iateraction in CISP.  Some of these factors are divectly

dependent on the behaviour of the working system.  For example, a

system which is highly inteoractive, has a short response time, uses

& ‘

vu\’i ly memorized English word commands and issuoes }"Ioar and helptul
crror nwwugv:\.pus‘wwm desirable system behaviour qualitios,  These
qualitiecs are within the control of the system designer while the
system s being programmed.  Other factory influencing man-machine
wn';.uthm relate to the physical environment in which the systom

tv used. In this category we can include the choice of the tominal
m.ul the noise und lighting of the room in which tho torminal is

used. Finally, the training of the npornm:r will.grcatly determine
‘ih"v cxtent of the utilization of the system and hence the satis- ..

»

faction derived from the existence of the system,

The importance of CISP's man-machine interface has been -

'

recognized carly in the design stage.  The design concepts detailed

in this chapter have all been formilated with the aim of achiceviang
14
- optamal man-machine interface. o ;




Chapter ¢
&

:ll‘_l‘ DATA BASE STORAGE AND PROGRAMMING OF CISP

6.1 Introduction

In this chaptér the storage of the d;ctionarlos and
the programming of CISP are described., It i< assumed that the
reader i familiar with tho PL/I prou;‘nmlnn language.

Parts of three medical dictionaries were used to make
up CISI's dictionary. In addition mnICDA.. sections of SNOP and
the Termatrex dlctionm:y were employed. 1t was found that it is .
not very practical to use the same dictionary for both coding and
decoding. Hence, two versions exist: a coding ‘dictionary and a
decoding dictionary. Tn‘ expedite chgngcs in the dictionaries
it was practical tc; keep sections of \those dictionaries se‘;mmtcd.

Thus there is a coding dictionary for symptoms and disensesh (CODE),

onc- for ‘operative procedures (OPERC), one for topography (CTOPOG)

)
.

and one for ncoplasms (CNEOP) /(See Fig. 6.2). The corresponddng
four decoding diétionnrics are DECODE, OPERD, DTOPOG and DNEOP,

- respectively. |
In addition to" the discussion of these dictionaries in

this chnptér the batch processing modules and the interactive phase.

of CISP are also described with the aid of flowcharts. The form
' "

in which a report is entered for coding and storage, the organization
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of the coded pathology report and the maintenance procedures

omployed in this system are also presented.

6.2 The Storaggvand Access of the Dictionaries in CISP

-

6.2.1 Hfstorical hote on Dictionary Storqig; As meﬁtioned in

Chp. 5.3., the indexed-sequential (IS) organization was chos;n

for the storage of the dictiokgfics. At the time when we started
programming CISP, the computer ::)(sfom software only enahled an

1S organization with fixed length \records. This was not sui table
for the storage of the variable lekgth entries of the ICDA
dictionary. Variable length records could only be accommodated

in data sets sequentially organized or those with the REGIONAL

(3) organization. The need for direct access immediately ruled out
the sequential organization, (Chp.“5.3). In the RFGIONAL (3)
organization records are stored in storage regions. Both the number
of a "near-hy" storage region and the key of the record need to be
ﬁpcgificd in order to r;trieve a particular record. If the region
specified is not "near" enough to the desired record, a significant
amount of sequential search has to be carried out and the record may
not be found though it is in the data set. Due to this reason, and
to ’tge difficulty of keeping track of the region number of updated
records, we decided to abandon this organization. Instead we

decided .to use the IS organization with a record size of a few



thousand bytes (1 byte » 1 character = 8 bits). We designed

o program that would i1l every record with as many variable
tength dictionary oentries as could be fitted in without trun-
cation, Data regarding tho number of entrios and thelr
.tmlivldunl length was also stored in the rocord to facilltato
the search for the desired entry, Pven after two months of
programming effort a reliable and efficlient program to store,
update and delete entries could not be n“rm!nod.. This servos
asoan cxnmpln,thut programs which should he part of the computer

N

systems software cannot he implemented cost-effectively within

the limhod1 scope of a projoct such as C1SP.  Fortunately, however,

IS datn <ot organization with variable length records did become

s

avii lable on the IBM 360/75 0S computer qyst:am in the autum of

1972, . .

¢.2.2 IS _Data Scts. The IBM 2314 type disk packs were used for
the storagesof 1S data sets. The storage capacity per disk track

s 700t bytes.  There arc 200 tracks per disk surface with 20

1

surfaces in a pack forming the equivalent of 200 cylinderi por

o

pack (Anon, 1966b).

A minimum of ofe cylinder has to be allocated to an

*

1S data set with its 3~data storage areas: prime, index and

‘overflow. The records are stored in the prime area. The pointers

that allow c,ircct access of the records are stored in the index

[
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arca. Records that do not fit into the prime area are store(‘i in
the overflow area, The advantage of keeping all of these areas in
the same cylinder is that access of data is very quick because no
time is wasted on the positioning of the access head. However,
if any of these areas need to be large', they have to be kept on
secparate cylinders.

Records stored on disk are grouped into blocks in
order to minimize the number of empty gaps that would otherwise
cxist between records. The specific form of a block in an IS
organization with variable length records is shown in Fig. 6.1,
In this illustration the key of the record is embedded within the
record. With this type of record organi:zation less storage space
1s used and the record key is retrieved every time the record is
retrieved.

~

6.2.3 Dictionaries. Two types of dictionaries are used by CISP:

coding and decoding dictionaries. It is feasible, however, to
store only one dictionary which could be utilized for both coding
and decoding purposes. In particular, a sgt of pointers embedded
in the dictionary would allow scanning the dictionary entries in
an alphabetic order for text coding purposes, while another set
of pointers would allow scanning it in the incredsing numeric
order for decoding purposes.  ‘The suvin‘g-a in storage spacc is not

decisively significant, however, since the new space requi red by
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Fig. 6.1 - The structure of an IS block (Anon,> 1972b; Brown, 1970)
The dashed line indicates data inserted by the system LT

software while the continuous line indicates data

inserted by the programmer. The first item in the

block is a copy of the key of the last record in the k
block (key n in block K and key m in block K+1). This /
item is followed by the block length count (BL). Each

record starts with the record length coummt (RL) which

is usually followed by the dummy field (D). This

field contains either (8)'1'B if the data will be

entered later in the record or (8)'0'B if the data in

the record is not valid. The D field may be written by

either the system program or the programmer. Separating

the blocks is the Inter-Block-Gap (IBG).

Numbers indicate the field lemgth in characters.



the pointers nearly equals the space vacated by one dictionary.
In addition, the scamning process increases the access time of
a particular record and complicates the programming of the
dictionary look up module. Thefefore we decided on a "two"
dictionary implementation which consists of storing a coding
dictionary and a separate decoding dictionary. Since the
coding dictionaf'y can be recreated from the equivalent de-
coding dictionary, and inversely, the reliabiAlity of the data
base is increased through this approach.

=

6.2.4 Decoding Dictionaries. The structure of the record in

the decoding dictionary is the following (without the D-field -

see Fig. 6.1):

| ¢ | Max. 85
[SH0E | APPENDICITIS RETROCE
- KEY N mk v #

The record key must be of constant length. A length of 6
characters was chosen, corresponding to the longest dictionary
entry code. The data field can have any length up to 85. It
contains the text of the dictionary entry corresponding to the code
in the key field. Including the D and RL fields the maximm

regord length is 96 bytes (characters).
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By choosing a certain block size we fix the amount
of storage space wasted by inter-block-gaps, the time needed
to read into core a block and the size of the buffer needed to
hold a block. A small block takes little time to read in and
needs only a snali buffer to hold it but it incurs a great .

waste of storage space. To decide on the best compromise a

few block sizes and the fespective percentages of the total

_track space effectively occupied were considered. Renelﬁer(ing

that the storage capacity per disk track is 7294 bytes, the

following figures were obtained (Anon, 1966b):

S
1) 96 bytes - 30 rec./tr x 96 'bxtes - 39.7%
7294 bytes/tr
2) 1640 bytes - (4 x 1640> - 90.5%
) 7294
3} 3470 bytes - 2 x 3470 - 95.8%
7294,

Examples 2) and 3) are the maximum block sizes for 4 and Zﬁt‘)locks '

per track, respectively. While in example 1) (the unblocked
case) more than half of the tracl; is wasted, in examples 2) and.
3) efficient use is made of the storage space.

In conjunction with above storage efficiency calcula-
tions, the following table of data retrieval times was considered

(Anon,, 1966b): N

<
%.
Iy
. -
3 T



Block size to Trans fer Rotational | Total (1) | Rotational| Total (2)
be read-in Time Delay (1) Delay (2) :
(bytes) (msec) (msec) (m&ec) (msec) (msec)
200 0.64 3 , 3.64 12.5 13
400 1.28 3 4.28 12.5 13.3
800 2.56 3 5.56 12.5 14.5
1200 . 3.84 4.5 8.34 12.5 15.8
1600 5.12 6 11.12 12.5 17.6
3200 10.24 12.5 22,75 12.5 E}.S
( C
- Transfer time: time to transfer one block from storage ihto

core; calculated on the basis of 3.2 nanosec/byte

Rotational Delay (1): time to access the next record

Total (1): Transfer time + Rotational Delay (1);

time to retrieve records sequentially

time for one-half of a full rotation;
an average rotation time.

Rotational Delay (2):

Total (2): an average direct-access retrieval time.
This table was compiled by assuming that the dictionary occupies only
one cylinder and hence access head positioning time (access time) is 0.
It would be desirable to use a block size of 3470 bytes
because it ;llows the efficient utilization of the storage space.
Howevér, as the aone table indicates, by reducing the block size to
1640 bytes, we reduce the direct-access retrieval time from about
23 msec to 18 msec and the buffer storage requirement by nearly 2
Kilobytes. Since this reductioh in block size increases the storage
waste by less than 6%, we decided to adopt the block size of 1640
bytes for the storage of the dictionaries.
The data set that is to contain a decoding dictionary

is created by déqlaring in the program a FILE of the form

{
DIFCODE FILE RECORD KEYED ENVIRONMENT (INDEXED V(1640,96)).

[~ ,

:



DECODE is the file name, V indicates variable length records, and

1640 and 96 are the block and record sizes,x respectively. The file
is crcated in a sequential access mode (OPEN FILE (DECODE) SEQUENTIAL
OUTPUT). The records to be written onto this file have to be
supplied with their }eys in ascending (numeric or alphabetic) order.
Program REC whic;g crke'utes this file is shown in Appendix A. The
decoding dictionaries created are: DECODE, DNEOP, DTOPOG, OPERD .
(Fig. 6.2). |

-

A peculiarity of PL/I programs interacting with IS

files is that character variables of varying length cannot be used

-

in some record transsisiion statements such as WRITE (writes a
record on disk). ) Henc very time a variable length record is to be
written on disk, a fixed length variable equal to the length of the
record, has to be used. In practice this is accomplished by u.!ng
CONTROLLED variables and always ALLOCATE-ing a fixed length variable

of the desired length. The structure containing the record is:

1 REC CONTROLLED,

2 DUMMY BIT (8), \
2 NO QHAR (6), K

2 TEXT CHAR (V), ’

where V is the length of the text entry we wish to store next. As soon
i /

as V is known, REC can be dynamically allocated. DUMMY contains the

E /
8 bits of the dummy field while NO contains the numeric code of the

entry. After the record is written, the vari_able REC is freed (FREE REC)




o

wntil the next record to be storea becomes available,

The association between the file DECODE déclared
in the program, and the data set on fl"isk which is created
through this program, is accomplishéd through thcs)e JCL
statements: e

/760 DL CODBE. DD lNl'l"—‘(ﬂl.N,DlSP: (NFW , CATLG, DELLETY)

/! DSN=B.BE1S .DECODE:, SPACE= (CYL, L, , CONTIG) ,
/! DCB= (ISORGe= 1S, KEYLEN=6 , RKP=S , 0P TCD=LY ,
/1 CY LOF1=1, RECFM=VB)

|
Briefly, the following is the meaning of the parameters. The

file DECODE in th® program {GO.DECODE) is associated with a

data set named B.BE1S5.DECODE, existing on a device named ONLN. ®

After its creation this NEW data set is to be catalogued (CATLG)
uniess the program fails in which case the data set is to be

DELETE-d. One cylinder is requested for this data set whose
>
organization (DSORG) is IS, keylength is 6, relative key position

(RKP) in the record is 5, overflow area is 1 track within the L
requested cylinder, and records are of variasble length and blocked
(V) .‘ The OPTCD parante,r,l. denotes that deletion of records is
done through the D field and Y denotes that the ov,i\rflow area with-
in the chlinder is to be used. |

There are two ways of expanding an already created IS

data set (Anon., 1970b). If the records to be added have their

keys arranged in increasing alpham-eri;: order, the data set is

92,



expanded by accessing it in a SEQUENTIAL OUTPUT mode. Instead
of specifying DISP=OLD, as is usual ly done ‘for data sets already
created, DISP=(0LD, MOD) is specified. This has the effect of -
removing the end-of-file (EOF) mark in the data set and allowing
records to bec added in continuation at the end of the file rather
than over wri,lting already cxisting records. The danger is that
if the computer fails (''goes down') while this operation is in
progress, the data can never be retrieved from this data set.
To prevent this from happening a copy is made of the data set
and then the copy is expanded. Several such copies may exist,
with copying-and-expansion being{ carried out in a "round-robin"
fashion.
In the second method, records can be added even if
their keys are not arranged in increasing order. The data set is
accessed in the DIRECT UPDATE mode. ' However, since most records
added through this method end up in the overflow area, the number
of records that can be added is limited by the size of this over-
flow area.

v

By specifying the numeric code of a dictionary entry as
a key, the record with the corresponding text entry is retrieved.
In IS data sets not only direct access but sequential access is

also feasible. Sequentisl reading can start from anywhere in the

data set by first positioning the reading head through s direct

~



access operation,
The content of the data field in a record may be changed.
The file is open in the DIRECT UPDATE mode and the record may be up-
dated using REWRITE. The content of the key cannot be changed. If
this is desired, the record has to be deleted and a new record with
the new key and the old data field content must be written.
s ¥

6.2.5 Coding Dictionaries. To create the coding dictionaries, the

text entries have to be arranged in alphabetic order. First the
records of the decoding dictionary are copied into a sequential
data set (program SEQU, Appendix A). Then program SORTA sorts
the records of this new data set over their text entry field. SORTA |
uses an IBM 360/0S sort/merge médule which can be called from wi thin
a PL/T program ( CALL IHESTRA..... ) (Anon., 1972b). The sorted
records are placed in a sequential data set called SORTOUT.
Program \’IOKA (Appendix A) creates the coding dictionary
by reading the r:ecords from data set SORTOUT. Since the key of a
record in an IS data set cannot vax:y .in length, a key length equi-
valent to the /l/qnged\)t text entry could have béen chosen. However,
more than 50% of the storage space within the key field would have
been empty and wasted. Therefore the key field of the coding dictionaries
contains only the first 15 characters of a text entry. The remaining
part of the text entry and its corresponding numeric code are inserted in

the data field. Since several Yecords may exist-whose first 1S

characters are identical, the last 2 characters in the key fietd contain



A

a number (from 01 to 99) distinguishing between these otherwise
identical keys. This is essential because the keys of an IS
data set must all be different., The resulting record structure

is the following:

15 char. 2 6 Max.71 )
' APPENDICITIS RE J0O1|540E |TROCECAL
) RET DT N

IS data sets allow the access of records even if
only a part of the key is specified. Thus it is not essential
to specify the numeric part of the key. The result is that the
first record is accessed in a class of entries which have in
common their first 15 characters. Of course, this class may
contain as few as one record. If the first record accessed does
not contain the desired full text entry then one of the records
sequentially following it will, if the record is to be found at
all in this data set (§5ee module PATSEK , section 6.3).

The JCL\ statements used in the creation of the de-
coding dictionary can be also used here with the exception of the
KEYLEN parameter which in this case is 17. The coding
dictionaries created are: OODE, CNEOP, CTOPOG and OPERC
(Fig. 6.2).
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6.3 The Pre-edited Pathological Report

After CISP's dictionaries were created, the
programming of the batch processing modules was started.

Before these modules can be described, however, it is essential
to describe the form in which reports are entered.

The pre-edited report entered for coding and storage
closely resembles the original pathology report. Everyu report
entered starts with the word ID followed by the text of thg
report (Table 6.1 - col.A). Embedded within the report text
there are a number 6f keywords. The most important of such
keywords are called commands. At the head of each report
section there is a command. The various report sections and
their names have already been discussed in Chp. 2.3. Because
they are easy to remember, the abbreviated names of these sections
were adopted as commands (e.g. ID, CD, OP, etc). A seventh
command, denoted NT (note), was added (tables 6.1, - col. B, 6.2).
This command enables a non-codable observation to be entered with
the report for storage.

Several keywords called headings follow the ID
and PD commands. These headings denote the type of data entered
within these sections. In the ID section, they specify the type of
demographic data entered (Table 6.1 - col. C). The names adopted'“

for these headings are also taken from the pathology report (Table 6. 3).



The text following the heading is called the heading-text. A
colon {:) is used to separate them (e.g. AGE:73).

) In order to enhance the corrclative retrieval
capability of the systen‘. the pathological diagnosis is entered
in a specific form. First the topographic region of the body,
ihen the actual pathological diagnosis followed by the category
of the diagnosis, if applicable, are indicated. Accordingly,
three PD headings exist: TOPOGRAPHY, DIAGNGSIS, CATEGORY
(Tables 6.1-co0l1.C,6.4). Each of these headings may be followed
by several heading-texts. This is necessary, for example, when
more than one topographic region of the body must be specified..

To code the topography entries, the 4 digit SNOP-
Topography dictionary was added to the ICDA dictionary creating
the DTOPOG and CTOPOG dictionary data sets. To code the category
entries, nomenclature from the Te;'-atrex dictionary was added to
the Neoplasm section of ICDA. A code starting with "1C" was
assigned to each of these entries.q

Commands and headings must be present in the entered
text so that the processing programs can determine the type of
the data that are processed. Both full-word and abbreviated

headings may be used. An operator entering several reports a

day will probably opt to use the

I
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abbreviated headings. A -

A subcommand is usually present following the command
ID. The subcommand infons‘the supervisory program about the
type of processing requested for this report. There are 4 subcommands
altogether (Table 6.5). They may spedfy that the report

.

following is a NEW one or that it is to REPLACE, EXTEND or- DELETE
an already stored report. If there is no subcommand following
ID, it is assumed to be NEW,

Very few restrictions exist in entering keywords and
text‘. Echpt for the comand ID, no restriction exists in the

- A . 7 .

number and order .of conands‘rused. inciuding the number of times
the same command is used. If a particular command (except ID) is
used several times, the section contents are fused together before
the data is stored. The ID headings can be used in any order. If
such a heading is used more than once, only the last heading-text is
retained. Since pathology reports are accessed by surgical numbers,
SURGICAL NO must be one of the ID headings entered. If another

e

command is encounteréd~after ID but before the surgical number was

~

read-in then the entire report is skipped. \

The first PD heading must ‘be TOPOGRAPHY and the order

of headings - TOPOGRAPHY, DIAGNOSIS, CATEGORY - must be maintained.

S

- '!;:ié
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b ID , NEW -

-SURGICAL NO.

~NAME

-ROOM NO.,

~UNIT NO, " "
-SEX |

~AGE

-YEAR OF BIRTH

-SERVICE DR.

| . -SPECIMEN DATE

Ne—

[ 4

1D, NEW I
CN | eN
" cD | cp
‘oP =° oP
sp | SP .
. %
PD ~———e PD
| . ~TOPOGRAPHY
, -DIAGNOSIS
: -CATEGORY
NT‘. | NT
B I C

s P ) \
- Table 6.1 : o °




Commands

ID
‘N
cD
oP
SP
PD
NT -

Table 6.2

ID Headings

( PD Headings

Full-word Abbteviated

TOPOGRAPHY TPG
DIAGNOSIS DX
CATEGORY CAT

lel:‘@.b

Full-word Abbreviated
SURGICAL NO, SNO
NAME NM
ROOM NO. RNO
UNIT NO. UNO
SEX SEX
AGE i AGE
YEAR OF BIRTH

YB
YR. OF BIRTH
SERVICE DR. SRV
SPECIMEN DATE SPD
Table 6.3
Subcommands
Full-word Abbreviated
NEW N
REPLACE R
EXTEND E
DELETE D
Table 6.5

g
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Text and command may not be entered in the same line.
Each text must follow the appropriate command and it has to be
preceded and trailed by the delimiter "*/". E.g.:

CN

/Excessive sweating # hyperhidrosis/,
The delimiter "/" is used so that entries extending over several
lines can be recognized as such. If the diagnostic entry contains

entries corresponding to more than one level of the ICDA dictionary

then these are separated by the symbol "#". Entries are entered .

with the first level entries (the more general entry) first.
Entries may be accompanied by comments which are stored
without being coded. For example, the entry / headache (daily) /
is stored as '"781(daily)". The comment field extends the range of
information that can be stored by coding with either the ICDA or .
SNOP dictionary. It may be used to express negation, the side of
the body involved, degree of an assess-e;mt (slightly, certainly),
etc. Through the use of the comment field, CISP overcomes to
some extent the rigidity of expression of uthe ICDA and SNOP
dictionaries. Other uses of the comment field are described in
section 6.4
Chp. 7.2 contains two examples of pre-edited pathology

reports (Figs. 7.1b, 7.2b).
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6.4 Description and Programming of the Batch Processing Modules
of CISP

A considerable part of the effort in the implementation
of CISP went into prograsming of the batch processing modules. A
set of these -oglules pfocesses, codes and stores an entered pat‘hology
report, while another set performs the requested retrievals. Some
modules are shared by both sets.
The modules will be described with the aid of flow charts (App.B).

Two types of charts are used: system charts and flow diagrams

(Chapin, 1970). System charts represent the general aspects of the
modules. In particular they focus on the nature of input, the type
of processing carried out and the output gemerated. Specialized
equipment, such as disk or core section, are ¢learly indicated. Only
general references are made to programs and data structures. Flow
diagrams, on the other hand, are more specific. They focus on the
specific data transformations that occur together with the algorithmic
processes involved. Individual operations within the program and
changes in variables are explicitly shown. No reference is made to
specific equipment used. Generally speaking, the flow diagram tells .
“how" a process is carried out, while the system charts only specify ‘
*what" is done.
The modules of the system consist of main programs and
subroutines. Subroutines (or procedures) programmed in Pl.‘/l can be

either internal or extemal. Modules can be formed only from the



main programs and the external procedures. Internal procedures
cannot be compiled independently and, hence, they can only exist
within a module,

First the modules involved in the processing of an
entered report will be described. The general processing scheme
is shown in Fig. 6.3. The description of the modules (see Fig. 6.4)
and their flow charts will illustrate in more det’ail the various
processing steps shown in Fig. 6.3. During the discussion of a’
module, the reader may find it helpful to refer back to Fig. 6.3. in
order to relate the module to the overall processing scheme shown
in this figure.\

The batch editor and system supervisor for the report
entry operation.is contained in the main program PATREAD (Fig."G.S.
6.6, 6.7). The recognition of commands and subcommands is performed
by this program. Keywords such as the ID and PD headings’are
recognized in wmodules invoked by PATREAD after co-an recognition.

A line containing a command may not also contain text so
that scanning can be quickly performed. In addition, this ensures/
that the entered report is neat in appearance. Fig. 6.6a shows the
batch editor section of PATREAD \which is involved in the recognition
of commands and subcommands. Because of the importance of the ID

command, more elaborate error detection and error correction exists

for this command than for the other commands. If the lfnq read in

-
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does not contain a command, execution continues in one of the
supervisory blocks of PATREAD labelled CLAB (...).

As shown in Fig, 5.2, supervisors not only order the
appropriate processing but also monitor it. Monitoring in CISP is nec-
essary to check on erroneous processing and to detect the
oécurrence (or non-occurrence) of events which may become
significant later on in the processing. Binary variables (DECLARE
MID BIT (1)) are used as monitors in CISP. Such monitors yield
fast execution when they are tested in IF statements:

IF MID THEN....

If MID has the value binary 1 ('1'B) then the THEN clause is
executed; if it is '0'B then ELSE executes. Accordingly, a monitor
can have two states: an on state and an off state. In some system
charts, the monitoring performed by monitors is self evident. Where
this is not so, the ‘function of the monitor is explained in table 6.6.
Usually a monitor is tested after a subroutine is invoked in order
to find out the success of the subroutine execution. "

Not only monitor values are passed from one module to ’
another but contents of variables as well. Care had to be taken in
the design of the modules so that variable contents were not altcred

while they were being passed. Such errors, due to the internal mal-

functioning of the system, can greatly reduce its reliability.
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PN There are two methods of passing variable contents
between modules. The first method consists of variable passing
through an argument-parameter relationship. For example, in the
program: ,

CALL SUB (K)

SUB: PROCEDURE (COUNT);

. 1

variable ca.ttents are passed between argument K in the inwvoking
procedure and parameter COUNT in the invoked procedure. The

second method consists of using variables declared with .the attribute
EXEWL. Variables in different modules which have the same name,
and are declared EXTERNAL, are recognized as being the same. In CISP
these types of variables are used as storage registers for the .

coded sections of the report. Thus, it is not necessary to return
these code containing variables to the supervisor program (PATREAD)
which originally invoked the coding operation. Only the monitor

need be retumed for checking the success of coding. Later on,
when the report i-s »ready for storage, the appropriate variables are
declared in the storing module and thus their content becomes available.
Fig. 6.4 shows the method chosen for passing variable contents between

various modules.

® / |




The wmost complex supervisor block in PATREAD is CLAB (1)
which is entered while command ID is in effect (Fig. 6.6b), and
occurs when a new report is encountered or during the processing of
the ngg\raphic entries of a report. The complexity of this block
is due pax\'tly to the large number of monitors 'c!'\ecked here. This
is done, for example, when a coded report is prepared for storage.
1f n monitors have to be checked, 2®-1 IF statements have to e)gist
to test all wonitor state combinations. Thus, 4 monitors need 15
IF statements to take into consideration all possible combinations.

Whenever block CLAB (1) is entered in the courspe of
processing ID headings, module ID is invoked. /‘nﬂs \l?dull;
supervises the recognition of headings and invokes th; ‘iteading—
text processing modules. First ID (Fig. 6.8a) prepares‘ the string -
which ought to contain the heading. Recognition of the heading is
performed by module IDHED (Fig. 6.9) which is basically a table
look-up program. As mentioned in chp. 6.2 it isA-ost likely\ that
the abbreviated ID headings will be entered by the ol;eutdr.
Therefore, IDHED was programmed to execute fastest wheq sbbreviations
are used. IDHED looks up the table of fullword headings only after
look up of the ’table of nbbreviaiions fails. Certain headings such
as "SPECIMEN DATE" contain more than one word (composite heading)."
The| table in IDHED usually contains only the first wdrd. The presence

of the second word of the heading is invesiigated by wmodule NO (Fig. 6.10).
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NO is a text comparator module. Both the text and the text to

be compared with (comparator) are passed to NO NO carries

out the comparison and issues error -essag\e§ if necessary.
lde;ttification of a heading is followed by the

processing of the heading-text. To process a heading-gext

which contains the Surgical Number, the module MOSNO (Fig. 6.11)

is invoked by ID. If the processing of the Surgical Nusber fails,

the entire pathology report must be skipped. In order to avoid

this whenever it is possible, extensive error detec‘tion and

correction routines were built into MOSNO. From a ;ypical surgical

number such as S.72-9560 only the numeric fields are retained (at

most 7 characters) since the rest are redundant. MOSNO will accept

surgical numbers without the °'S.' or the '-' in it, or with blanks

embedded between the djgits. CISP's operator should not take

advantage of these error correction and detection routines by intro-

dhcing laxity in the enﬁt:ered report because the processing may prove

costly.

. The name text is processed by the module MONM (Fig. 6.12).

An example of the accepted form of 8 name entry is: DOMEK, MR. JOHN K.

Entering names in this form allows for the identification of the sumname
and christian names. Thus retrieval of a patient's report is possible

even if only his last name is specified.
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The texts following the headings RNO, UNO, SEX, AGE,-
YB and SRV are processed within module ID (Fig. 6.8c, 6.8d). The
texts of UNO, AGE and YB are accepted only if they are numeric.
The sex text is tested for the two conventional possibilities.
If the SRV text contains the name of the physician, his last name
is recorded first. As in all names, periods after initials are
redundant and are left out.

The specimen date is transformed to a 6 character
date code by module MOSPD (Fig. 6.13). The first 2 characters
denote the morgth, the next 2 the day and the next 2 the year.

The PATREAD supervisory blocks labelled CLAB(2),
CLAB(3) and CLAB(4) are very similar with respect to the nature of
processing carried out within them (See Fig. 6.6¢c). CLAB(2) codes”
the CN entries, CLAB(3) the CD entries and CLAB(4) the OP entries.
As soon as the execution is transferred to one of these supervisory
blocks, the variables that will contain the coded entries are pre-
pared, the dictionary to be l‘ooked up is chosen and PATSEK is called.
PATSEK (Fig. 6.14) is the module invoked whenever a disease entry has
to be coded through the look up of one of the extermally stored
dictionaries. After the entries are coded they are assesbled in the
respective EXTERNAL variabfes which are used again later during the

storage of the report.

e
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The file name associated with the dictionary that
must be searched is pa%sed as an argument to PATSEK. The
E}TERNAL variables containing the coded entries are also passed
to PATSEK as arguments rather than as EXTERNAL variables. This
way only one variable has to be declared within PATSEK for
holding codes, reducing variable storage requirements from 2000
bytes to only 400 bytes.

Although the dictionary look up operation is quite
a simple one, PATSEK is a large module (300 PL/I source statements).
Part of the program prepares the entry for look up. If the
delimiter "#" is present in the text, the entries at different
levels are separated. Aléo, the comment field, if present, is
separated from the entry-text. Before the diagnostic entry is
looked up in the dictionary it is reorganized by module SPLIT
(Fig. 6.15). The opera;ion performed by this module is shown in
its system chart (Fig. 6.15a). The text of the entries stored
in the dictionary are also first reorganized by SPLIT. This type

=
of reorganization is necessary because a dictionary look up can

only be successful if the dictionary entry and the diagnostic entry
match character-by-character. Module SPLIT may also be used to
compress text through the elimination of unnecessary blanks.%5

The subroutine LOOKUP (Fig. 6.14d), an internal sub-

routine to module PATSEK, performs the coding dictionary look-up
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operation. Using the PL/I file environment GENKEY feature
(availab&e only with IS files) an appropriate dictionary
entry can be directly retrieved by specifying only part

of the record key. If the full dictionary entry does not
march the diagnostic entry, a few of the "near by'" dictionary
records are sequentially retrieved until the entries match
(see section 6.2 and Fig. 6.14d). ,

If the entry consisted of more than one level then
the codes obtained have to be matched (section 3.4). For
example, if the level 1 entry yielded codes 5031 and 460 and
the level 2 entry yielded S071, 4601, 231 then only the codes
460 and 4601 form a matched set. This matching is performed by
the internal procedure TWO - for 2 entry levels -, and THREE -
for 3 entry levels. The more complex algorithm of THREE is
shown in Fig. 6.1l4e.

CLAB(S) (Fig. 6.6d) is the.block supervising the
reading in of the specimen description (SP entries). These
entries are not coded and are only retained in the report while
the patient is in the hospital. In order to compress the amount
of data stored, the trailing blanks are cut-off and a line skip

delimiter i¢ inse instead.
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The PD headings and texts are processed by module
PAT which is similar-$o module ID. PAT edits the PD headings
and supervises the coding of the entries (Fig. 6.16).

The SNOP dictionary is looked up to code the topo-
graphy entries and the ICDA dictionary to code the diagnosis
and category entries. ( In spite of the different hierarchical
organization of SNOP and ICDA (see Chp. 3), it was found
that with minor modifications the already existing PATSEK
could be used to look up both dictionaries. An entry that is
to be coded using §M)P consists of only a one level entry.
Hence PATSEK skips the code matching process which is only
necessary to accomodate ICDA's hierarchical structuring,

Since the three data items - topography, diagnosis
and category form a complete pathological diagno.;.is, they

have to be entered together and in the proper sequence. If

an error occurs in processing any of these items, the processing of the

report is skipped till the next topography item or the next rcport section

is encountered. The corrected version of the PD section left

out may be added to the already stored report using the stb conmand

REPLACE or EXTEND.
Some category entries contain not only the entries

codable through the standard dictionary, but also a modifier

entry. These modifiers are underlined in the following examples:

111,
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/ no lymph node invol\n;nent}

/ metastatic to liver/

/ size 2 mm/
PAT searches these statements in an attempt to find within them
such category entries as ''size", "metastatic to", "grade", etc.
(Fig 6.16b, 6.16c, 6.16d). The adjoining modifiers are inserted

into an intema\‘lly created comment field which is attached to the

A Y

-~
3

code of the respective category entry. Thus /no lymph node
involvement/ becomes 1C80(NO). The entry /metastatic to liver/
contains the. topographic site modifier "liver'". PATSEK looks up

this site entry in the SNOP dictionary yielding the code 5600. ~a
{

" The entire category entry is coded as 1C81(5600).

The coded pathology report is assembled and stored by

- module STORE (Fig. 6.17) in data set PATREP. If the report was

entered with subcommand EXTEND or REPLACE then the previously stored

report is read first, If at{)entry in a section is to be replaced,

the entire corrected section has to be entered because individual

entries cannot be replaced in this prototype version of CISP.
Printing of the report is carried out by module PRINT

(Fig. 6.18). It was found that for checking purposes »

it is enough to print just the coded version of the report,

report. If a more elaborate checking of the entered report is

necessary, then the operator can print it out in the decoded form.

<



M i)

~

SUBSTRING, a PL/I built-in function was used in
programming most of these modules. Great care had to be exercised
in using SUBSTRING. If SUBSTRING was made to refer to a part of
a string lying outside the boundaries of the variable concerned,
damage could be .caused to areas of the core where the program
machine code instructions reside. This may result in -alfunction
which can damage the data base. Therefore, in the programming of
CISP modules, the use of SUBSTRING was preceded by a test of the
string length within the vax:iable involved.

. Since the modules of CISP will need to execute several
times a d:;y. it'is iéortant that execution cost be as low as
possible. Therefore, these modules were compiled at the optimizing
level 2 (OPT=2) which yields modules that execute fast at the expense
of a larger storage area needed to hold them. |

The subroutine modules described above are link edited to
form separate special purpose load module programs. Thus, one load
module program codes a report, another retrieves a report in decoded
text form, a third retrieves the coded version of the report, and
so on. Several of these programs may contain copies of the same CISP
snbrdutine modules. For example, IDHED is used in the program which
codes reports and jin the retrieval programs where it recognizes the

ID heading by which a report_ is to be retrieved.

"
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The execution of a load module program is initiated through a
JCL program of the form:
) //EXEC PGM=REPCOD
//STEPLIB DD DSN=B.BE1S_PATLIB,DISP=SHR
Ié\ this e‘an)le, REPCOD is the program which codes a report.
It consists of the main program module PATREAD and ~the sub-
' routine modules it invokes.
It would be feasib‘le to simply have one program

module containing all these special purpose program modules,

together with a small batch editor that would choose the

—

appropriate processing to be performed. However, this is not

practical because of the large storage area needed by such a

1

module and the large core area needed for execution. - Therefore,
\}‘n CISP these programs are kept separately and the program which

/ is to be executed is selected during the interactive processing

( phase of CISP. -

6.5 The Organization of the Coded Pathology liegorts “

< 1Y

K/PATREP, the data set containing the coded pathology

\\
reports, is the eq‘ui(alent of the pathology report file in the
" .

pathology department. W\e data set organization adopted for

PATREP is indexed-sequential with varisble length records. The

7




creation of PATREP is similar to that of the dictionaries
(Chp. 6.2)., except that the bloc); size is 3470 and the
record size is 2800 bytes. The cylinder overflow area
extends to half the cylinder size (10 tracks) in order to‘
accommodate the possible numerous updl.tings (rewritingt) of
the records.

Each record in the data set contains one pathology
report in coded form with the surgical number serving as

I
the record key. The record structure is the following:

| 2 | n | Max. 2722 I
Surgical| Pixed Field Variable Length Field I
Number )

(. N _—

B 28 h 4
KEY DATA

The fixed length field consists of 8 fixed length subfields

.

which accommodate the processed version of the texts following
the ID headings. The following are the subfields, including the
record key, and their respective length in characters:

SN0
NM
RNO
UNO
SEX
AGE
Ye
SRV
SPD

N

~N
COML= YN

Fixed fields were adopted for these entries because they are present

in most of the reports entered and thus vefry little storage space is

L =
118.
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wasted. A desired item can be retrieved from this field by
knowing its location. Thus.for example,patient age is

found starting with the 39th character and extending till the
41st character of the field.

A number of delimiters are embedded in the varisble
length field of the record in order to separate one code from
another and the various report sections. Thus, each section
in the record forms a subfield which starts with a 4 character
field of the form *KK*, where KK is the command of that section.
As a result the general structure of the varisble length field
L is: \

*CN*...*CD*...*0P*...*PD*...*NT*...*SP*..... .

The codes in these subfields are delimited by the symbol #.

A (N subfield may have the form:

*CN* 791(daily) #7843A
The delimiters T, D and C are used to delimit the
topography; diagnosis and category codes of the PD section. An
example of a PD section is:
*PD* T<S 840>D<S5540#2080>C<1C80 (NO) llcél (6387)
- #1C10>T<S S0 D>D<2301 450 DCACE2 (3M)>
Chapter 7.2 cﬁntains examples of coded pathology

reports (Fig. 7.1c, 7.2c). -
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6.6 'n\e,Pro‘ruMng of the Interactive Processing Phase

The programming of the inte‘nctive processing phase
of CISP was carried out by adapting the CRJE editor to the needs
of the CISP's operator. Several sequences of CRJE editor commands
were collected in CRJE data sets called CLIST (command 1ist) (Anon,
1970a). The sequence of commands in a CLIST data set may be
cxecuted by typing in the command EXEC (or X) followed by the data
set name. For example, when:
EXEC CODE1
is typed in then the following commands will‘ew\ﬁo:

SUBMIT REPCOD, ONE, FINISH

EDIT MSG

LIST, NONUM

END
The first command submits a program for execution. REPCOD contains
the JCL program which calls for the execution of the losd module
program which codes the pathology re[;ort‘ The report to be processed
is to be found in the CRJE data set ONE. FINISH cc‘mtnins the :ﬁd-of—
program delimi ter /'t After the program is submitted, the mssl.ge
contained in data set MSG is printed for the operator:

REI:ORT (S) IN DATA SET "ONE"WERE SUBMITTED FOR PROCESSING.

Fig. 6.19 illustrates the vsrious interactive processing
activities which are at the disposal of an operator ysing CISP. The

operating instructions do not have to be memorized by the operator



"because on request they are printed at the terminal. (See Appendix .

C for the operating instructions). ' )

6.7 Maintenance of the Data Base and Program Library in CISP

1Y

In the course of time, numerous alterations of CISP's
program library and data base will occur. The effect of these
alterations is to clutter the storage areas available for these
data sets. Even the normal daily operations of CISP consisting
of the addition of new pathology reports will necessitate the
regular reorganization of the pathology report file. There arc a
number of maintenance programs which are run for this purpose.

Updatings of the dictionaries and of the stdred
pathology reports quickly fill the overflow area of these 1S
data’ sets. Unless the overflow records are inserted into the
prime area leaving the ove-rflow area empty, further updatings of
the data set may not be performed. This is accomplished by re-
copying the data sets.

Programs TRANS anc’ TOTRANS (Appendix D)* carry out

»

the recopying of the decoding and coding dictionaries, respectively.

v

With minor parameter alterations, TRANS is also used to recopy

*All programs mentioned by name in this section are shown in
Appendix D.
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the daéa set containing the coded reports (PATREP). Program
RENAME is used after recopying to change the name of the new
data set back to that of the qld one.

As the number of stored pathology reports becomes
large, it may become impossible to keep all these reports on
disk. Older reports may be stored on tape, off-line. There are
IBM utility programs which copy the content of an IS data set
onto tape (unloading), and, when needed, recreate the IS data '
set on disk from the information stored on tape (loading).’ Thus,
old reports Ican easily become "active" again and available for
on-line retrieval.

Often, it is necessa;'y to consult the dictionaries
used by the system. Programs BLOW and TOBLON produce paper copies
of CISP's dictionaries. Due to the bulk of these dictionaries,
their content is printed on the high speed printer of the computing
centre.

A different set of programs is needed to maintain and
expand CISP's library of programs. Each new module is compiled
using program JCOPT which produces modules optimized for fast
execution. Program LIB creates a partitioned library, LIN adds,
new modules to the library and LINREP replaces an existing module
with its improved version. The addition and replacement of modules
is limited by the size of the library's directory which is fixed

during the creation of the library. If the directory of the library



A
’
\

is full, the library can be recreated using program LOADCOPY.- ./
This program allows selective copying of the old library.

Siqc; r;epllced modules are not overwritten, lpmgru ae '
COMPRESS should be used to eliyinlte unused spaces. Program.
RELEASE may also be used to release storage space assigned to ‘
the library but not utilized.

Those PL/1 source programs which are not used are
stored, in the source form, on an extemal data set using prot
gram SAVE. Shoul‘d the need u:ise to update an old lo_nd wodule,
the respective source program is read back into the CRJE Ilibrary

where it is altered and the load module produced is entered into T

the library as a replacement.

'3
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PR

PATREAD
OONS
MONP

MID
MER

MFP

MRUN

FPR

MON
CONS

IDHED

CONS

PATSEK

MST

M1

M3

MTHREE

On signals that:

Off signals that:

On signals that:
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Table 6.6

a surgical nusber has been encountered

in this report

an error in coding PD entries; it initiates
a search for the next TPG heading or command
the line read in contains c d 1D
subcommand could not be identified; print
last report and skip this one entirely.

ID was not met at the head of the 1st report
entered.

error occured in the analysis of the SNO text,
or error occured in identifying an ID heading
before SNO was read in.

the PD command was already encountered but
the PD codes were not yet collected in the
PD variable

see MON (PATSEK)

see MRUN (PATREAD)

error occured in the identifying an ID
heading before an SNO was read in

the ID heading text was correctly analyzed.
see CONS (PATREAD)

see MTH (ID)
see CONS (PATREAD)

coding error is due to incorrect use of
entry delimi ters.

an entry was correctly looked up in the
dictionary.

both coding and the matching of the different
level entry codes was correctly performed
the 1st level entry was correctly looked wp
in the dictionary

the 2nd level entry was correctly looked up
in the dictionary. -

the 3rd level entry was correctly looked up
in the dictionary.

matching of the codes of a 3 level entry was
correctly performed.

A
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Table 6.6 contd

3

PAT .
MONP On signals 'that: see MONP (PATREAD)
MP see MON (PATSEK)
MQ see MQ (PATSEK)
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VPD = variable containing coded PD

TOP, DXO, CTO = variables containing
‘the TPG, DX and CAT
codes, respectively

Fig. 6.7 - Flow diagram of subroutine FORMPR, internal to
PATREAD.
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Fig. 6.8d - Module ID
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EVALUATION OF THE PROTOTYPE CISP SYS}EM AND lMPROVHMﬂNT ’
RECOMMENDATIONS

7.1 l_n}jy’gl_\”n&c’ﬂ on

This chapter illustrates CISP;s performance in coding
pathology reports and retrieving them in docoded form. An oxample
of an intorm"ﬂvo worli session with CISP )ls also shown. These
Lllust rations are foll:mcd by an cvaluation of the design and
the performance of CISP,

Basced on the trial-runs of this prototype systom, a
numbher of recommendations can alrcady be made. However, the final
improvements of this system can only be made after the in-hospital
operational trials are conpictod.

v

7.2 Uxamples of Pathology Report Processing and Retrieval with
C1SP
g q

.

Figures 7.1 (é.b,c.d) and 7.2 (a,b.c.d) cach contain an
cxample of a pathology report. The "a" figures contain the original

document. The reports typed-in at the torminal are shown in b .

ang’ ‘
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figures. The coded version of the report as it is stored on disk
is reproduced in the '"c'" figures. The "'d" figures show the reports
as they are printed out when the decoded version of the report is
requested. This decoded version may be compared to the originals
in the.'"a" figures.

Figure 7.3 shows an interactive work session in which
a report is entered for coding and storage, is updated and then
printed out in decoded form. This figurec mainly
illustrates the warning messages and error messages issued by

CISP to the operator.

7.3 Evaluation of the Present Prototype

The present prototype CISP is operational and can
be operated from a terminal situated in the hospital. The results
obtained with CISP prove that it is possible to implement a system
which stores a large ICDA-type dictionary for the coding of pathology
reports. The present system contains all dictionary sections related
to the digestive system. Thus reports of any patients suffering from
ai lments of the digestive system can be coded and stored. The
operational trials have indicated that the text of the decoded pathology
report is acéepfﬁble for clinical use.

The design and implementation of CISP was carried out over
a period of 3 years. About 65% of this time was spent on designing
CISP and experimenting with various approaches, while the balance was

spent on creating the dictionaries and programming the modules.

*
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THE NOMTAKAL GENEMAL NOSPLIAL
DEPARTYENT OF PATNOLOCY
Name: Saith, MWr. Jowm , Room No.!: 937 Unit Ne.: 35296
Sent W \”: 7 Service Dr.: Sored N.F. Serial Wo.: 5.73-112%

Dete Received: Wev. 13/7)

CH: Upper Geatro-Intestinel bdleeding
CDt Cencer of Stomach
Specimen: Stomech

The stomach measutres 22 ch and 17 cm on the greater and lesssr curvature
respectively. The enterpal surfece {s smoeth end glistening with some induration
along the leswver curvature. At the sucoss]l surfece is s fetirly large, irreguler,
superficial wicerstion with en irregular ond growvlsr mucess surrouwnding the uicer.
The ulcer measures 10 cm fn its grestest dimension end 1s located mainly on the
lesoer cutvature. 1t extends neer the margine of resection. On section, the lesion
appeere to invade the entire thicknesse of the wall of the lesser curvature and ot
this region the wall meesures 0.9 cn. The lesser omentus shows S Lyaph nodes two
of which are partly repleced by twmor.

Representative sections are svbmitted.

Representative sections from the uwicer and neardby gestric mucora submitted labelled
we. 1 ond ne. 2,3,4 and 3. Representative section from the pronimel and distal
nargine of resection are submitted as wo. & and me. 7. .

RIACRORIS!

Castrectony!

1. Poorly diffecentioted adenoccarcinoms of lesset curvature with entensive perincurel,

perivescular invesion snd maseive involvément of the emtire thickness of the
goetric wall and with mestatases to two of five lymph nedes.
1. Interstitie]l metaplasia in gastric sucosa.

Note! The tumer exntends deep but not fnto the margine of resection
Prev. Op.:1 Castroscopy biepey semt Feb. 8, 197).

Date: Wov. 14/7) Ve

Fig. 7.1a - The pathology report with Surgical
No. S.73-11234
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19, NEV

WANT, SNT TN,"™R. JONN X,
ROON WN0.t 937

UNIT N0 ¢ 343D96¢

Yy N

K ¢ T8

SERVICE DR, ¢+ SORKD M. F,
SUNIICAL %O0.t S.73-11234
SPECINEN DATY, WOV, 13773

cN

/70ASTROINTESTI WAL TRACT HEMORRKAGE NOS/
co )

7132 C(STOMACH) / .
o

7COMPLETY GASTRECTONY/

o
7SPECINEN 1 STOMACN

TNE STOMACN WEASURES 22 CM AND 17 CM ON THE NREATER AND LESSER
CURVATURE RESPECTIVELY. TME EXTERNAL SURFACE IS SMOOTM AND
GLISTENING VITH SONT INDURATION ALONG TMX LESSTR CURVATURE.

AT IME WUCOSAL SURFACE 1S & FALRLY LANGE, IRAKGULAR, SUPERFICIAL
WCERTION VITH AN IRREQULAR AND ananuLak mucosa suhrouwding

THE ULCER. THE ULCEN NEASURES 18 CN 1V 1TS QREATCST DIMENSION
AYD 1S LOCATED MAIYLY ON THE LESSER CURVATURE. IT EXTENDS NEAR
THT NARGINS OF RESECTION. ON SECTION , THE LESION APPEARS T0
INVADE THE ENTIRE TMICKNESS OF THE VALL OF TME LESSER CURVATURE
AWD AT THIS REGION TN VALL NEASURES 8.9 CM. THE LESSER OMENTUM
SMOVS 3 LVAPN NODES TVO OF WNICH ARE PARTLY REPLACED AY TUMOR,

REPRESCNTATIVE SECTIONS ART SUBALTTED.

REPRESENTATIVE SECTIONS FROM ULCER AND NEARDY BASTRIC MUCOSA
SUBNITTED LABELLED M0.1 AND NO.2,3,4, AND 5 . REPRESENTATIVE SECTIOW
FROM TNE PROXINAL AND DISTAL MAROINS OF WESECTION ANE
SUBRITIED AS WO.€ AND 0.7./

b}
/PREVIOUS OP, OASTROSCOPY = FES 8,1073/
»
TOPOGRAPMY ¢ /LESSER CURVATURE OF STOMACK/
N1AIN0S1S)

7 ADENOCARC 1 NOMA/
CATEAORY: /POORLY DIFFERENTIATED/
71NVOLVENENT OF WERVE/
/METASTATIC TO LYNPN NODE, %08/
7CCTENSION TO SEROSA OR CAPSULE/
JLYNPH WODE 1WVOLVEMENT 2 OUT OF 5/
/RESECTION NANIINS FREE OF TUNOR/ -

Fig. 7.1b - The pre-edited pathology report

f
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8GN0 2734234 ;

NN «PSMITH (JONYN X - »

RO 2837 o

YN0 & 349296

SEX oMe

ANE « T8

Y)Y o .

SRV eSORIN M F . i

SPD 2111373

aCHe 789 7¢CD8 19 (STOMACH) 2 OP 4440 PDaT«E3D 1 NDei9RPe Cu | CIRAICIANICR |
(OREP)IAICOO21CRB(2 3)PICIV»aNTAPREVIOUS 0P, NASTROSCOPY - FEB 8

197398Pa SPECINEN ¢ STOMACHS THE STNMACN MEASURES 22 CY AND
‘-:;-;; ON THE GREATER AND LESSTERFCURVATURE RESPICTIVELY. THE {EXTER
MAL SURFACY 1S SMOOTH ANDSOLISTENING WITH SOME INDURATION ALpNG T
VEKLESS[R CURVATURE. #AT THE MUCOSAL SURFACK IS A FAIRLY LARNK, IR
RCIWLAR, SUPERFICIALAULCERATION VITH AN JRREOULAR AND NRANULAR MU
COSA SURROUNTIINATHE ULCER, THE ULCER MEASURES 1a CM IN 1TS GREAT
ST DIMENSIONAND IS LOCATED MAINLY OV THE LESSER CURVATURE, IT K
XTINIS Niﬁ!‘!ﬂt MARGINS OF RESECTION, ON ltCTlON o THE LESION aP®
EARS TO/IWVADE THE ENTIRY TMICKNESS OF THE WALL OF THK LESSEN CURN
VA TUREZAND AT THIS RENION THE VALL MEASURES 6,9 CM, THE LISSER OM
ENTUMP SHOWS 5 LYMPH NODES TVO NF WHICH ARE’ PARTLY REPLACED BY TUM
o, ¢ REPRESENTATIVE SECTIONS ARK SURMITTEN.# ¢ REPRESENTA
TIVE SECTIONS FAOM ULCER AND NEARBY GASTRIC MUCOSASSUSMITTED LASE
LLed mo.1 aw NO.2,3,4, AND 5 , REPRESENTATIVE SCCTIONIFROM THE P
ROXIMAL AND DISTAL MARGINS OF RIllCTIO’JQllOSUDNIYTID A8 NO.6 AND
0. 7.

Fig. 7.1c - Transcript of the coded report stored

on disk. The SP section (shown below the
broken line) is deleted from the report
once the patient leaves the hospital,
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TME MONTREAL GENERAL NOSPITAL '
DEPARTMENT OF PATHOLOGY

SURIICAL M0.3 S.73-11234  UNIT NO.t 343296 ROOM NO.t 937
WAME: SMITH,MR, JOWN X SEXs MALE AGE: 78
SERVICE DR.t SORED M F
SPECIMEN DATS: NOVEMBER 13/73
CN: 1. SYMPTONS REFERABLE TO ABDOMEN AND LOVER MSIROI'QTESTI!AL TRACT -
= GASTROINTESTINAL TRACT HENORRMAGE NOS
CJs 1. CARCIVOMACSTOMACH)
OPs |, OPERATIONS ON STOMACH -- COMPLETE GASTRECTOMY
SPs SPECIMEN 3 STOMACM
THE STOMACH MEASURES 22 CM AND L7 CM ON THE GREATER AND LESSER
CURVATURE RESPECTIVELY. TNE EXTERNAL SURFACE IS SMOOTH awD
GLISTENING WITH SOME INDURATION ALONG TNE LESSER CURVATYRE,
AT THE MUCOSAL SURFACE IS A FAIRLY LARGE, [RREGULAR, SUPERFICIAL
ULCERATION VITH AN IRREGULAR AND GRANULAR MUCOSA SURROUNDING
THE ULCER, THE ULCER MEASURES I8 CW I8 [TS AREATEST DIMENSION
AN 1S LOCATED MAINLY ON THE LESSER CURVATURE. IT EXTENDS NEAR
THE MARGINS OF RESECTION. ON SECTION , THE LESION APPEARS TO
INVADE THE ENTIRE THMICKNESS OF THE WALL OF TNE LESSER CURVATURE
AND AT THIS REGION THE WALL MEASURES #.9 CM, THE LESSER OMENTUM
SHOYS 3 LYMPM NODES TWO OF WNICH ARE PARTLY REPLACED WSY TUMOR,
REPRESENTATIVE SECTIONS ARE SUAMITTEN,
REPRESENTATIVE SECTIONS FROM ULCER AND NEARAY 3ASTRIC NUCOSA
- SUBMITTED LABELLED MO0.1 AND %0.2,3,4, AND 3 ., REPRESENTATIVE SECHON
FROM TME PROXIMAL AND DISTAL HARM!S OF RESECTION ARt
SUIMITTED 1S %0.6 AND NO, 7,
POt 1. LESSER CURVATURE OF STOMACM
CARCINOMA -~ ADENOCARCI NOMA
POORLY DIFFERENTIATED
INVOLVENENT OF %ERVE
METASTATIC TO LYM®H WODE , %0S
EXTENSION TO SEROSA OR CAPSULE
LYMPH NODE INVOLVEMENT 2 OUT OF 3
RESECTION MARGINS FREE OF TUMOR
NT3 PREVIOUS OP., TASTROSCOPY - FEB 8 , 1873

Fig. 7.1d - The decoded pathology report
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\ame: Johnsev , Mra. K. D, Room No.: 966 mit ho.t 43296
Sext F Aget 39  Rervice Pr.: Doren F.K. Scrial Ko.1 5.73-%)9
Date Rece lved: May 23/7)

CN: Vomiting - Duration 13 deys
Constipet fon

(o1 B Bowel obetruction
or: Explorstory Laparotomy

Specimen: Bx. gasto-colic ligamemt
FROZEN SECTIOM: f

Malignant - ssrcows , probables fibrosarcoms '
Special Remarka: No definitive OR evidence of Primery; pesaible pancrestic
CROSS :

/

o

The specimen ts Igbelled "biopay of gastro-colic ligsment™ ewd comeists of

o
pleces of firm tissue , pihkish white in colour , measuring 1.3 = 0.7 ¢ 1.5 = 0.8
Cut section of the specimeh shows 1t to be variegsted.
Submitted in toto,

MICROSCOPY:

The tisswe consists of several circumecridbed fatty nodules which sre subdivided
by well developed bands of fibroblastic tisewe. Individwal fat cells are also separated
by proliferative [1broblasts . There sre occasionsl mitoses snd atypical cells. Focal
{at degeneration with chromic inflssmetory reaction is 2lso noted. This is se wnususl
pattern but Ibelieve 1t to be a malignast mecplasm although a resctive process
con not be ruled out with cowplete certeiaty.

DIAGCROSIS: Fibrosarcoma

Note: See Autopav A73-321 . The groee sppesramce suggests sesothelioma favolvieg
peritoneal cavity snd right plewral cavity. Therefore this {s a varieat
fibrosarcometoue mesothelioms.

Date: Mav 24/73

Fig. 7.2a - The pathology report.
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17N

W, JONNSAY, MRS, X, D

90,1966

‘I8N t 210788

TExv 3 F

ATE ¢ 99

“EQVICE DR.t DOREN F, X, '
GNN 3 739369 . .
590t MAY 23773

cN

ZHAUSEA AND VOMITINGCIY DAYS)/

/CONSTIPATION (19 DAYS)/

c?

70DSTRUCTION DUL TO UNSPECIFIED CAUSE (BOVEL)/
oP

/EXPLORATORY LAPARQOTOMY OR CELIOTOMY/

°D

TP%1 /GASTROCOLIC LIGANENT/ -
/FIBROSARCONA/
/MESOTHEL10MA/

Kl

/SPECIMEN ¢ BX. GASTRO-COLIC LIGAMENT
FROZEN SECTIO0N

MALIGNANT - SARCONA, PROBABLE FIBROSARCOMA
SPECIAL REMARKS: %0 DEFINITIVE OR EVIDENCE OF PRIMARY;

POSS1BLY PANCREATIC.

TMOSS 1@

THE SPECIMEN IS LABELLED “BI0PSY OF GASTRO-COLIC LIGAMENT
AND CONSISTS QF 2 PIECES OF FIRM TISSUE , PINXKISH WNITE IN COLOUR ,
MEASURING 1.9 X 9.7 C 1.5 X 8.8 CM, SUBMITTED [N TOTO.
MICROSCOPY

THE TISSUE CONSISTS OF SEVERAL CIRCUMSCRIBED FATITY
VIJULES WHICH ARE SUBDIVIDED BY WEILL DEVELOPED %ANDS OF FIHROBLASTIC
TISSUE, INDIVIDUAL FAT CELLS ARE ALSO SEPARATED Sy PROLIFERATIVE
FIBRNBLASTS. THERE ARE OCCASIONAL MITOSES AWD ATYPICAL CELLS.
TOCAL FAT DEGEWERATION YITHN CHRONIC INFLAWMATORY REACTION IS ALSO
YOTE?D, THIS IS AN UNUSUAL PATTERN ST 1 BELIEVE IT TO 9E A MALIGNANT
NCOPLASM ALTHOUGK & REACTIVE PROCESS CAN NOT SE RULED OUT VITM
COFPLETE CERTAINTY ./

b ’
/SEE AUTOPSY a73-321/

Fig. 7.2b - The pre-edited report




SN0 +7303369

W =) JONNSAY X D .

RNO +966 o

UNC 3278789

SEX =P

AGE & 939

YB o .

SRV «DOREN F X L]

SPD +0323 13

«CT8AL(1S DAYS)P3640(19 DAYS)sCDaS€B9(BOVEL)20PeSS1sPNeT<£38I1>D

D SED GED R D CED SED N AR AN GEDGIE SED RS S e

_;0;52022:-1-_3}5_ ﬂn_orlv_ﬂs;sg{snsnc:n- s BX. GASTRO-COLIC
LIGANENTZTROZEN SECTIONS MALIGRANT -~ SARCOMA, PROBABLE FIBR
OSARCOMAZ SPECTAL REMARNS; WO DEFINITIVE OR EVIDEWCE OF PRIMARY;/
POSSIBLY PANCREATIC.#GROSS 12 INE SPECINEN IS LABELLED "BI0
PSY OF GASTRO-COLIC LIGAMENT “#AWD CONSISTS OF 2 PIECES OF FIRM T
ISSUE , PINKISH WHITE 14 COLOUR ,#MEASURING 1.5 X 8,7 C1.95 X 0.8
CM. SUBMITTED IN TOTO,#MICROSCOPY 19 THE TISSUE CONSISTS OF
SEVERAL CIRCUWSCRIBED FATTY# WODULES WICN ARE SUSDIVIOED By VELL
DSVELOPED BANDS OF FIBROBLASTICSTISSUE. INDIVIDUAL FAT CELLS ARE
ALSO SEPARATED BY PROLIFERATIVE/FIBROBLASTS. TMERE ARE OCCASIONA
L WITOSES AND ATYPICAL CELLS.#FOCAL FAT DEGEMERATION VITH CHAOWIC
INFLAWMATORY REACTION IS ALSOZNOTED. THIS IS AW UNUSUAL PATTERN
BUT 1 BELIEVE IT TO BE 4 MALIGWANTS NEOPLASN ALTNOUGH A REACTIVE P
ROCESS CAN NOT BE RULED OUT VITH/COMPLETE CERTAINTY .

Fig. 7.2c - The coded report
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TME MONTREAL OENERAL MOSPITAL
DEPARTMENT OF PATHOLOOY

GUNAICAL NO.t 5.73= 5369  UNIT NO.1 SR78789  MOOM NO.y 966
WME; JOMNSAY, MRS, X D SEX; FEMALE  AGEs 99
SERVICE DR.1 DOREN F X
APECIMEN DATE: MAY 23773
C% 1. SYNPTONMS REFERABLE TO UPPER NASTROINTESTINAL TRACT == NAUSEA AND
VOMITINGC1S DAYS)
2. FUNCTIONAL NISORDERS OF INTESTINE == CONSTIPATINNC(IS DAYS)
€ 1. INTESTINAL OBSTRUCTION VITHOUT WENTION OF NERNIA == OBSTRUCTION
DUE TO UNSPECIFIED CAUSE(BOVEL)
1 1. INCISION AND EXCISION OF ABDOMINAL VALL AND PERITONEUM == EXPLOR
ATORY LAPAROTOMY OR CEL[OTOMY
50y SPECIMEN § HYX, NASTRO-COLIC LIGAMENT
FROZEN SECTIOM
MALIGNANT » SARCOMA, PROBABLE FISROSARCOMA
SPECIAL REMARXS: NO DEFINITIVE OR EVIDENCE OF PRIMARY;
POSSIBLY PANCREATIC.
AROSS 4
IHE SPECIMEN 1S LABELLED "BIOPSy OF GASTRO-COLIC LIGAMENT ~
AND CONSISTS OF 2 PIECES OF FIAM TISSUE , PINCISH WHITE IN COLOUR ,
MEASURING 1.5 X 0.7 C 1.9 X A8 CM. SUBMITTED IN TOTO,
MICR0SCOPY 1 o,
THE TISSUE CONSISTS OF SEVERAL CIRCUMSCRIBED FATTY
NODULES WHICH ARE SUBDIVIDED 8y VELL DEVELOPED BANDS OF FIBROBLASTIC
TISSUE, INDIVIDUAL FAT CELLS ARE ALSO SEPARATED By PROLIFERATIVE
FIDRORLASTS, THERE ARE OCCASIONAL MITOSES AND ATYPICAL CELLS.
FOCAL FAT DEGENERATION WITH CNRONIC INFLAMMATORY REACTION IS ALSO
NOTED, THIS IS AN UNUSUAL PATTERN BUT I BELIEVE IT TO BE & MALIANANT
NEOPLASM ALTHOUGH A REACTIVE PROCESS CAN NOT BE RULED OUT WITM
COMPLETE CERTAINTY .
PD1 1. GASTROCOLIC LIGANMENT
SARCOMA -- FIBROSARCOMA
MESOTMEL]OMA
NT: SES AUTOPSY A73-321

2

Fig. 7.2d - The decoded report
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TR

»X O%E
f1 1D,
83 SPD: MRCK 7/78
04 UNIT s 93810

ca
@€ /HEADACNE/

e 10,8
09 30y 13-9872 v
18 WANE ¢ JOSS, MR, W,

11 AGE ¢ 50 .
12 UNOs Seg3l -

3 srtclntn Dnva WOVEMBIR 2,73

. 13 ntanrnunnt o
I6 /DISPHAGIA/

17 Cp ¢ .

18 7ULCEN/ b

»S
»E4)

»
. X oot
03EPORT(S) 1N DATA SET “ONE" SUBALITTED FOR PROCESSING

OUTPUT ONE

L



’ /M
oe .
LINE: * SANE, JAIN}. ‘s .
1--ER2C ON)-- Hl mnmn.m...) APPCARS [0

1-=ER2(19) -~ {UCORNECT BANE “DANIEL , J N.°
‘Ht Q0T CATIRED FOR Ylli PatiICNY

LII& SPD; WACN T/73°

I--EQI(I'?;;;_ NONTN 0 %07 9T [DENTIFISD 10 SPECINEN OATE
1--ER7C 10) = JNCORRECT SPECINGE DATC s NACK 7/73

JATE WOT CATERED

[ ]
LINE:z"UulT 3 THIETE°;

[ ]

1--ER2CPATREADY -~ PATIENT IDEWTIFICATION WEADINGS VERE ALL READ- 1Y YET §
RIICAL N0. WS NOT ENCOVETERTD

m--aouc on TO TwE MEXT 1D

LIIL'Sm 13-9872°
1--ERLCSN0)-~- S NISSING 1% SURGICAL %0 3
15-98

.

LINEz="SANRT ;1 JOSS ) B, N.°
L ]

LINE="AGE £ %0°s

L]

LINE: “UNO: 3823110°¢

L ]

LISE: “SPECINGY DAY: WOVENSER 2 , 73°g

s (Res®) - 16 Lise ~spacinke oav: sovEnsER z o 1
~SPECINEN DATE™ IS WNDERSTOOD

{-- ERZ(SPD)-~ SPECINES DATE “NOVEWSEIR 2 , 73°

IS 0T OF TNE FORM “WONTR BAY/YR.”

1-~EX7C [0)-- [ SCORRECT SPECINEN DATE {HOVENBIR 2 , 7§
JATE WOT ENTERTO

[ ]

[ ]
1--ERICeCOn) -~ THTRY FOR CN ¥ LINE
NEARTBURS/
DOES WOT START VITN /. LINE SXIPPLD. !
--SI CODING FAILED
[ 3
®

. 1
1--LOOKUP OF Cu CHIRY "DISPNAQIA® FalLED
--CH coouc FaILED R

:;_;::mt THAR | DICTIONARY QOI vas Foum toO M!CI THE CO ENTRY o
~= 4% ALTERMATIVE CONM mn 19133810

[
PRINTs THE RECOMD VITN SNO $, 13-098 72
NAS 3N SUCCESSFULLY STORTD
casntagsad
19.590x ‘7389872 ° .
18, WMz "2J0SS N
15.990: 382311y
8. AGE: 90,
«CII2R*)
powws T T 1Y
€YY OF DATA ' -




#1  10,REPLACE
ot sedr 8.73-9812 ,

cN
04 /NIMTRVRY
3  /0YSPRNASIY/

(3 .
»Tud

>
X coote
OREPORTC(S) 1n DATA SET “TWO™ SUBNLTIED FOR PROCESSIWG

[

OUTPUT TWO ‘
Oe

.
LINE: "SN0: S.73-9872"
.

[ 2% 3 N W J

PRINT: IME RECORD VITH S00 8,73-R9872
HAD TME ABOVE ELENENTS REPLACLID SUCCESSFULLY
00t o000te
18.800: " 1309872"
oCe 784301844
*C)3289D

anscanasne -
END OF DATA

X PRINT '
91 SURGICAL %0.: 8.73-9879
62 SNO ¢ S, 73-9872 .
{ 2 )

OTHE PATNOLOGY REPORT RCTRIKVAL REQUIST IS 91w PROCLESLD

WUTPUT REPORT

O1--ERTCP)--RECOND VITN SN0 S. T3-A9ETA COULD NOT AE FOUNDI

TNE WONTREAL AEWENAL NOSPITAL
DEPARTNENT OF PATHOLOSY

SUNIICAL WO.1 S.75- 9672 UNIT #0.: 3E8R3N ROON ¥0.:

WNt: JOSS, AR, N $tXs AOls 9

SERVICE DR, ~

S*CECINEN DATE.

Ce1 1. SYRPTOMS RIFERABLE TO UPPER GASTROINTESTINAL TRACY -- NEARTBURN
2. SYYTORS RIFERABLE TOUPPER GASTROINTESTINAL TRACT -- DYSPNAGIA

. €91 3. DISCASES OF ORAL SOFT TISSULS , EXCLUDING ALNAJVA AND TONUUE --

OINER &ND UNSPICIFIED -~ ULCEIN
m B
’.‘ .
P

£99 OF DATA . ’ .

Fig. 7.3 - Example of a work session with CISP.
> Text entered by operator
O Text printed by CISP

Y
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g 'lj‘o rain an appreciation of the execution characteristics

of CISP, the processing of a pathology report may be congidered .‘
The load wmodule program which perfbnns this function occupies about 230 Kilo-
bytes of corc storage. The elapsed time, during whicha this program v
resides in core under the multiprogramming arrangement of the computer
system, varics from 30 sec. to S minutes. The\cost of an average
report processing is about $1.50 which can be cqually divided between
the (PU execution time ( -~ 3 sec.) and the Inptu(/OJiptnt cost. One
must add to this an overhoad of about $1.00 for iﬁitinting the pro-
gram cxecution. Therefore, by entering several reports in the same
batch, the cost «?f processing i reduced.

The above costs were calculated on the basis of program
exccq’gion 'in almox core partition under priority 2 (the normal R
priority used). By using overlaying in the report processingl pro-
, gram, the ;*ore size fmuima\t could he reduced to ZBOprielding
shorter t;uem—in time and leoss-expensive execution Overlaying is a
fca?\urzc of the linkage editor whi‘ch cnables only those modules to

reside in core which arc actually necded at any time during the

é F

. processing. Aside from PATRFAD apd SPLIT, one would 6nly find one

of these :i;dule sets in core: ]
< . *
a) 1D, IDMED, NO, MOSNO, MOSPD, MONM -0
+« - ’ . ) ' ”
R b)  PATSEK
. . N 1 4 h
i ! . Fd
\ ¢) PAT; PATSEK .
. ]
d) STORL, PRINT, RESET , ‘
, ‘ o ?
) .
. ? ‘ .
- ' ‘ d
l‘ ‘x * ) (

. s A -
9y Do e e . a e
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1

With overlaying execution is slightly slower due.to the time

‘ needed to read in the various modulesi Only experiments using

the overlay feature can indicate whether the advantages gained

are not cancelled out by the drawbacks. . '

A realistic cost estimate should add the weekly data
set storage cost ($1.25/cylinder), the CRIE connect time and the
rental of the terminal to the above expenses.

Since CISP is only a prototypec system, only a limited

number of retrieval capabilities were programmed. It is feasible

’

to retricve reports by their surgical number and print them out
cither in the coded or in the decoded form. A larger collection

of coded reports than the present few must be accummulated before

i
other retrieval and correlation programs can be tested thoroughly.
\

Nevertheless, a primary goal in the design of this sytém was to

createc a framework for a wide variety of correlative data mani-

puliiion proccdures. With the present data base structure of

CISP, correlations involving demographic data or diagnostic

. ¢

statements may be carried out. When involving PD statements, Fhe

corrclations may be very specific by referring to the topography,

diagnosis and category terms and to modifiers in Fhe comment field ‘
of the category term. In conclusi&n, any data item that appears in

a coded fo;m in the storedlreport may be used to establisH correlations.

[ L]
The complexity and variety of these correlations<are large because of

the complexity of the dictionary used by CISP.
1
]
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As described carlier the CISP programs are modular
and thorefore replacement of modules or expansion of the system
can be casily carried out. The segmentation of the system into
modules was done by identifying the basic tasks the system has
to perform rc:>§;edly. Thus a module exists to lock up
dictionaries for coding purposes (PATSEK), another to reorganize
the contered text (SPLIT), and so oﬁ. This segmentation approach
has «uccesstully met the challenge of adding an additional
dictionary (SNOP) to the system. Major alteratiogs in CISP's
proccssingﬂcnn nlsé be handled with ;cnsonable effort., These
alterations may occur if the form of the entered report is
changed (redesign PATREAD), if the dictionary of the system is
changed (redesign PATSEK), if the format of the report print-out
is altered (redesign PRINT), if the number and type of dcemographic

data is changed (redesign 1D and IDHED), etc.

7.4 Improvements, Expunsions and Recommendations

-

The single, most important onvlopmontnl goal of cise
is to make it operational in the hespital's pathology department.
Ta fqnction within the hospital, CISP must allow the entering
of any pathology report and the retrieval of the reports stored.
Thercfore the first step is €& store the entire ICDA and the

SNOP-Topography dictionaries. We estimate that in the new IBM

<
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3330-type disk packs presently available, a total of 10 cylinders
will be nceded to store hoth the coding And the decoding dictionaries.
While the present dictionavy is 'oxtmdod. <ome of the dictionary
sections may be concatenated (e.g. CODE and CNEOP) . By reducing the
mmber of dictionary sections, simpler decision making processes are
needed, thereby reducing execution times,
l'xporion‘cc with CISP in the hospital will certainly yield

indications on how to adapt the system for better interaction with
the operator. This may nocessi"tr&o some reprogramming of CISP e
interactive phase, altering the input-text error detection and
corregt ion routines and changing the form and vimher of errvor
detection and correction messages.  The report pre-coditing may be
simplificd by adding to the coding dictionary the synonyms and
oquivalents of the already stored diagn&stic entries (e.g. "weight
loss” and "loss of weight”),  This will also simplify the querying
S ot the system by <omchody who does not have access to a copy of the
system's dictionary, '

¢ - .

To profit from the data base, a great variety of querying
13

’

modules will be programmed. Conversational question-answering will
greatly be facilitated by the Time Sharing Option (TS0) which at

present is available on McGitl's TBM 360/75 0S computer system. TS0

allows the writing of programs which converse during execution.
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With CRJE only minimal conversation’is possible during report
entry. The programming of a system to perform question-answer
routines in English text would be extremely complex without
;he availability of the features of TSO.
Many psychological considerations must bhe accoun‘t‘od‘for
in devising the proper question-answer routines. Extensive
experimentation is needed to devise the proper series of
questions which help the user to properly formulate his query.
The entered question will be processed by the query processing
modulc and the reply will be ;lispla;'ed at the user'sﬂ terminal. ‘ J
The query processing modules will be programmed
first. Whilc the conversational question-answer editor is still
in development, queries may already be answered by relaying
them to the system's operator who enters them in a pre-edited
form. Accessory modules that help questioning of CISP's data
basec will also be developed. Among these we include those modules
which display a small section of the stored dictionary to acquaint §
the user with its terminology and structuring. Also included are /j
" modules which store the question replies so that they may be used in
a series of related exploratory cfxuestions.
The large storage capacity of CISP and the ease of ‘
report entering will undoubtedly encourage the extension of the °®

content and type of reports entered. There are already plans to
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SAEe ﬁ%signéd, programmed and its data base created. In the course

increase the number of demographic data items entered by adding
such item; as place of birth, medicare number, etc. The OP
section may be expanded to include the date of the operation and
the name of the surgeon. New sections mnf be added, as for
example one that lists the patient's previoys operntiyns. Dis-
charge reports drawn up on all patients leaving the hospital, are
not coded at present. These reports,whose annual numbertis at
least éwice the number of pathology reports may also be processed
and stored using CISP.

And finally, it is hoped that other hospitals will
also make use of CISP, or an adapted version of it, to store

their own reports. CISP is transpértable to any computer system

similar to the system shown in Fig. 6.2.
B /I

i
’ /

.4 Summazzf

—-

A Computerized Information System for Pathology (CISP)

A}

PRRA

of this work the following were achieved:

1) The unique information flow environment in which
- ‘g )

this sytem must function in the hospital was analysed. The results

-

of this analysis were summarized in an information flow diagram.

, addition, the retrieval and correlation capabilities Tequired for'

’

this System were specified.

In-
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2) The literature on Pathology Information Systems was
reviewed. This review indicated that at present it is not feasible
ntg‘build a system with both narrative text input and high level
correlative retrieval capability.: Neither can one build a satis-
factory system whose coding dictionary was assembled from tefms
found in the text of the entered reports. Tbe review suggested
that the use of a large medical diagnosis dictionary is most
likely to yield a satisfactory system with the desired correlation
capability.
' ' 3) CISP was implemented with the following features:
. a) The system dictionary, consisting primarily of
thé)ICDA dictionary and the SNOP-Topography dictionary, was created
.and‘hsqd in the coding and decoding of pathology reports;
'%“ b) The pathology report can be entered in a pre-
edited text form. The codiné of the text is automated using the
system's dictignary;
‘ c) The coded vsports are stored in a data set

allowing direct access to any diagnostic item appearing in the

coded form in the report; :

\
d) The decoded report is acceptable\ifr clinical

use; . /
e) A comment field is present in both the entered

and the coded report. This field helps overcome the rigidity of

expression of the system's dictionary and in certain cases it
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T

extend:? the correlative capability of the system;

f) The entering ol: a report for storage and the
formulation of the retrieval request is carried out interactively.
The actual processing of the gntry/retrieval request is carried
out in the batch mode;

’ g) The ’systen is modular. Improvements and
expansions may be carried out with rcasonable effort;

h) CISP is operational. It is, however, in-
complete-due to the limitations in time, and manpower that exist
within the framework of this project; and

i) The system is portable and it may be tailored
to the individunl\requlrenents/ofva pathology department.

The successful implementation of the above system has
shown that:

a) It is cost-effective to store an ICHA-type (;ictiun-

A R

ary I a computer and to use it for automated coding and decoding

purposes in a PIS; and

b) ‘Twe or more such dictionaries may be used

x
jointly without neccss‘nri"ly increasing the prograsming and/or operational

complexity of the system. In CISP the same program module is used °

to search both 1CDA and SNOP dictionaries.
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PROGRAMS FOR_DICTIONARY CREATION

( See section 6.2 )

REC) PROCEDUNE OPT LONN(MAT M)}
Dgl. (CARD,0L) CHMAR(HA) VAR,
ocL
CAX,OLDNEY) CHARCS) VaR,
NEY CHANCG) ,
| REC CIL,
P Dummy BITc8),
. B MO CHAR(G),
? TEXT CHAR( V),
vV FIXED DECCR)Y,

DECODK FILEL RECORD KEYEID ENVIROWMENT( INDENED ViiGaR,9€)))

On ENDFILE(SYSIN) Q0 TO PRINTy
OPEN FJLE(DICOTN) SIQUENTIAL OUTPUT

READ ¢ QKT SKIP DIT(OL) CALNO) )
IF OLe"° THEY G0 TO RIANy
CHOP: CALL SPLITCOL,CARD) ¢ ¢
CARD: CARD CAT * °y
ENTEX: TNNEXCCARD,* ')
A2BUBSTRICARD , 1 ,TVIXX=- 1)y
CARD: SUSSIN CARD

'ﬂ!“l)‘
1F CARDx® THEN PUT SNIP E?)IN XTY-TEXT SLEND 1N .l‘)(l.‘)l

IF AR LT “9' TMEN CTys OLDXEY CAT avy
ELSE KEY, OLOKEY: AXy
rut o1t onen) ¢ sxIP, N6,y
/e NEY CONTAINS NECOWD-NEYy CARD -= TEXT &/

FORM; VLENGTMC W)~ 1)

ALLOCATE RECy

DYMMY= (W) 0 By

0:AEYy

1EXT=CARD

wWilE FILI(DICOO!) FAOMC NEC) XEYFRON(NEC. NO))
FREE NEC,

0o 10 mEAD} - -

PRINT:  CLOSE 'ILI(DICOD!H
PUT EDLITC *ecssefNNeanes’) (SIIP.I(!)ih)l
IND WEC;

»

/7%

//LKED. SYSLIB DD ) »
77 30

7

77 DD I8NeH, AC1S , PATLIN, DESPOLY
7700, SYSPRINT DD SYSOUT: R

/780, DECOOE DO UNIT:OM N, D187 WEV,CATLG, DELETD) ,

1’/ ~ o D8N, BE19,.01CODK, SPACTILCCYL, I, ,CONTIM,

7/ 0CB2 (VSO IS, XEYLENZ &), R(P23, OPTCNILY, CYLOFLSI,
17" RECra: v

/e

s

29N

176.

v



e

siQu

SORTA
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13

8800' PROCROURE OPTINNSCNALN)}

LEAT CHARCOR) VAR, TAR CHANI D), !

SORTIN FILE NECORD SEQUENTIAL IW(COII(CU"VI | I
DECODE FILE MECORD RIVED “VUW'“D 17
0% KENNFILE(DECONT) G0 TO EW
OPEN FILECSORTIM) IIQUKOHQL W"lﬂt
OPEN FILE(DECODE) LK ST IAL INPUT

CYCLEYNEAD FILE(DKCODYX) INTNCLEAR),

TRMz LUAF,

Vﬂ"‘ FlL((lOllll) FROM(TRM) ¢

0ocC

ENIE04 CLOSK m,&mcoon.vluuomm
PUT BRNIP EDITCIFILE OXN°) ()

T 8Ly

/e
7700, SYSPRINT DD SYSOUT« N

7700.90RTLN DD DENARCs 3, 815, SORTIN, UNITe ONLN,
77 DCBy(WECFWs PN, LRECLINR, BLKSIZE: | 636)

7 D1sPe ¢ WKV, cAbLS, DELETE) , SPACK: (TN, (0,90
7700, DICONE DD DENANC b e 13, obe C00L, D18Ps OLD

/e *

7]

('J
7/78TEP) KXEC PLILFCL,PARM, PLILE * S5 (| ,00) , NOL, NS, FE, SI7E:99999
7/7PLIL. BYSIN DD - .

SONTAM PROC OPTIONS(MALN)¢
DCL INCORTA ENTRY(CHARCSQ L, CHANC £7), *1YKD Slﬂlll.l).'llln "N

RETURN_CODE FINED SIN(81,7))

CALL INESRTAC® SORT FIELONS:(8,.89 CK.‘) SIZKskvR0E '
' RECORD TYPE2F,LINGTMe (92) °,29 OI.R!*UIQ-CODIH

r nttu\ltn.coonu INEN PUT SXIP ENITC SORT FAILED)C A)}
CLEE |1 RETURN_CODEs@ THEN PUT SKIP EDLT('SORT COFPLITED')
ELSE PUT SXI® EDIT(°INVALID RETURY_CODE,

4
CODE: * , RETURN.-CODE

) (AL F(SE) )y

.//3Y80U1 DO lYlW!!h 3

ua SORTAy

~

l/lllFl [XEC POMze, STEPE, LNED, lY’LHOO

77SYSPRINT DD SYSOUTEY

7780RTLID DD DISP:SNR, DSNs $YSI, SONTLLY

7/7SORIVARL DD UNLT:ONLW, SPACKS ¢ TAY, (68,20) , ,CONT 1 0)
7780RTVMIE DD UNIT: 0N W, SPACE: C TAY, (60,20, CONTIQ) _
77S0RTVRSS DD UNIT: ONLN, BPACEC TRY, (69,200 5, CONTIN -
77SORTYEA DI UNIT:ONLN, SPACK: ¢ TRY,(68,20) o, CONTIQ)
//780RTYNES 20 UNITrONLN, SPACL2C TAY,(63,80), ,CONTIM .
/7SORTVWAG DD UN1TeONLN, SPACKEC TRY,(C8,2A) ) CONT 1)
//80RTOUT DD DSNAYC:S, DE13, SORTOUT, UnTs OwLN
77 DISPICNEY,CATLS, DELETE), SPACK{ TRY, (20,3 )), .

77 DCBy(RECHR: PH, LAECLEDE, MNS 1 2Er | 636) .
7780RTIN DO ocunnn.ms RUTCATILY Sl

s
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TOKA

&

YOKRA 1 PNOCEDUNE OPTIONS(NALN) ¢
DCL
1 X CTh,
t DUNAY BIT(O),
£ K CHARCIT), '
£ NO CHARCE)
£ TEXT CHaK D),
LEAT CHARD) VN, " oz Picys )
CARD CHAR(D®) VAR v rixkd necced
ax cumnhmufr e lm'w xv cianc i hy van

CODE FILE RECOAD XEYEN LAVIROMMENT( INODEXTD Vd‘.'.”’)'
JCL SORTOUT FILL RECOND "'U'l

OLOREY: " *}

0!!.| "

OPEN FILE(CODE) SRQUENTIAL OUTPUTY

orgN 'lLl(lon'OU“;

On INDFILEASORTOUT) GO I0 l.otbl

READ: READ FILE(SORTOUT) INTOLLEAF)
CARDESUBSTA(LIAF,B) ) /o JUBST .TEIXT »/ .

DIVIOL) IF LENGITM(CAND) LT |9 THEN Vemy
ELSE VeLINGTNCBUBITAC CARD,i6) )}
ALLOCATE ‘.!
KVa SUSSTRCCARD, §,13)}
17 XVsOLDAEY THEN DO '
OfeO2et g
KVIAV CAT OF;
vy

INDL *
ELBEK D0y

Ols iy
OLDKIYl XV

ViV CAT O

K1 KV

PUT BXIP EDITEX) CA))

{11

NO2AK}

| 34 LlMIN(CAID) LE 15 THEM TEXT:'")

ELST TEXTE SUBSTRICARD, 16)¢

DUNMY(8)'0°D

RITE ru.nco!m FROM( ) n"nmm
FRLL X

20 T0 READ:

t“tnlbc*8=§| riLEccooen
F2S

/700, 8YSPRINT DD SYSOYTsA
/700,C00L ) W"l Oﬂl.'*Dllh L ) C"L DELETE),

fa

¢

Y DSM: 9, 8 13.co0 Ex(CYL,0 o , CONTIN)
. Dchs (D8 oA i, um.nm:nhs oPTChe Ly, CYLOFLI,
;mo. SORTOUT 05 DS W= &, 13, SORTOUY, DASPr OLD v
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CONVENTIONS AND ABBREVIATIONS USED IN FLOW CHARTING

PATIEK

=

'

o

- .

Yj

==
--E:

K ) ; .
<?> ‘
B

E((O

>

input, output

processing

processing with reference to program name
M : .

set monitors

decision

multiple decision .

annotation

v

on-line storage devices

manual off-line operation =
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\

terminal

document

Q_ magnetic tape ¥

punched card -

= ) | _ assignment symbol
" ) ‘toncatenate
~v, ¥ symbol for blank character
i s digit 0 (zero)
char. ' character
msg. message
er. | ‘ error
del. delimiter
var. variable
frz;g. fragment g
; no. number
, com., subcom. . command, 'subcommand
: . ) FUWHEADACHE , HIRON 1 WU ¥¥ ’ .
‘\'“\: 1 . I , / \
¥ b1lanks text blanks
. " leading trailing trailing

text Loma text



1..' Appendix C " “ P

CISP OPERATING INSTRUCTIONS ’ ) . x

& ¢

-« NELCONE TO Cl$¢ll" L\,
+e e COMPUTENIZED INFORMATION SYSTEM FOR PATHOLOGY

10 ENTER A PATNOLOGY REPORT FOR CODING AND STORAIE TYPE IN ANY OF
. X ONE OR X TWO OR X TMREE , KTC.

AFTER YOUR REPORT IS TYPED IN CMANGES CAN SC MADE VITMIN THE REPORT,
En qo | § ¢

CHANGE 2 /0UT/0UT OF/
YILL cnn:n: WORD “OUT" TO “OUT OF" W LINE 2 OF THK REPORT,AND THEN:

- LIS

41LL LIST LINE 2 TO CHECK THE CMAYOES MADE. G
WEN ALL CHAVGES ART TERNIVATED , TYPE Iy .

SAVE 4 . \

END .
anp xgucangln:aov TO NAVE THE REPORT CODED AWD STORED. FOR THIS TYPE I R

. D * . ‘

eoeses IF YOU USED X OWE™ ORIGINALLY . . ’ '
1F LATER OW YOU VISH TO CNANGE THIS REPORT AWD RE'CNTER IT FOR CODING :
AND STORAGE , TYPE 1w .

X LISTI -
and AFTE: CHANGES ARE MADE VITKIN TNE REPORT , TYPE 1Nt

SAV :

END : »~ :

X CODEl - & R ~
VMENEVER YOU TYPE I : " . ' .
‘ 0~E . . %' .

THE PREVIOUS REPORT TYPED 19 IS ERASED AwD .CISP IS READY TO acczfr
YOUR WEV REPORT , ¢ .

TO CBTAIN YOUR OUTPUT SINPLY TYPE 1N ¢ ) i
OUTPUT ONE ) : .

70 RETRIEVE A REPORT 1Im CODED FORM TYPE 1a
X PRINIC ‘
A!)rron':?srbtcootn FomRn TYPE 1IN . |
X
FOLLOVED BY TNE REPORY INENTIFICATION., TWE WEPORT IS PRINTED
pv TYPING IN o )
OUTPUT REPORY .
a9 FINALLY, 1N BETVEEN ANY IuPUT OPERATIONS LF YOU VOULD LIXE T0
RECEIVE r::sz INSTRUCTIONS a0alw , TYPE 1IN0 3 .
. X STORY :

»

In addjiiﬁﬁ to “the above, the system's operator must have .
an awareness of the form in whjch the pre-edited report is to be T
entered and the various delimiters that are to be used (sectjon6.3)

| . \__,,173 : ' ’
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Appendix D

CISP MAINTENANCE PROGRAMS

Creates and copies into B.BE15.DECODE2 the content
of B.BE15.DECODE .

) (AN

€

;R-\ NS3 PROCEDURE OPTIONS(MAlN)g

CcL

LEAF CHAR(2883) -VAR,

DECODER FILE RECORD XEYED SNVCIWEXED V(1643,9€) ),
DECODE FILE RECORD KEYED ENVCINDEXED ),

1 REC CTL,

2 DUmY BIT(8),

? MO CHAR(D),

2 TEXT CHAR(V),

vV FIXED DEC(3)s

ON EWDFILE(DECOOT) GO TO EWDEM
OPEN FILEC(DECODE) SEQUENTIAL IRSUT:
OPEN FILE(DECODER) SEQUENTIAL OUT™UT:
CYCLE: READ FILEC(DECODE) IMTOC(LEAR),
Lt VELENGTMU SUBSTN LEAF,93)y
ALLOCATE WEC:
DUNNY=(8) 8" B;
%0:SUBSTRC LEAF, 2, 7)q
TEXTz SUISTRCLEAF, %)
WYRITE FILE(DECODER) FTROM(REC) ltYl‘!Oﬂ(ltc.!dn
FREE REC;
G0 T0 CYCLE

EWDED: CLOSE FILECDECODE), *ILE(DECODER)3 PUT SKIP EDITC “eZNpe’

s

END TRANS: ‘
/A
//GO0. SYSPRIAT DD SYSOUT:= R
/7G0.DECODE2 DD UNIT=ONLN,DISP=(NEV,CATLG,DELETE),

17 OSN: 3, 9215, DECODE? , SPACE=(CYL 1,,CONTI®) ,

77 B: (DSORG: 1S, XEYLEN:6, AXP:=3 , OPTCD= LY, CYLOVL=1,
7/ NECFM: VI

/7GO,DECODE D) DSNANE: 8, BEIS . DECODE, DISP= OLD

l4] ‘

1

‘ . RENAME: Renames DECODE2 to DECODE

/(00 EXEC POMs ilmom
7/SYSPRINT DD SYSOUI=R -
7/7SYSTER DD DSWANE: SYSI,. SVCLI =0
/7/392 O unhou-.von..sn: AT .I pISP: OLD
//G0.SYSIN DD &
RENANE DSWANE: 3. BE15. DECODER, VOL=23) 4= ATSEE) ,

NEVRANE: 3, 3£15. OECODE
uucm.c JSmAng: B, 8E19, DECOOER
CATLE DSMANE: 8. 9C13 . DECODE, VOL:231 42 ATSRA!
/e
[

-r



TOTRANS: Copies B,BE15,CODE into B,BE1S.CODEQ

LY

f1 TOTRAWS: PROC OPTIONS(MAIW);
ocL

03 LEAF CHARCI103) VAR,
84 CODE2 FILE WCORD XEYED ENV(IVOEXID V(I64R,99)), -
€3 CODE FILE RECORD XEYED ENV(INDEXSD ),
96 ! x CTL,
07 2 Duynmy BIT(B),
88 2 X CHARLIT),
~ 8% 2 TEXT CHAR( V),
I8 AX CHARCIT) , V FIXED ODEC(2):

12 0% ENDFILE(SYSIN) 60 TO ENDED;
13 OPEn FILE(CODE) SEQL 1WPUT:

) ¢ 14 OPEN FILE(CODER) SEQL OUTPUT

13 N
16 CYCLE: READ FILE(CODE) INTO(LEAR);

. 17 V:LENGTNCSUASTRCLEAF,19) )
18 - ALLOCATE v

. T IMNY=(8) '8 Bg
. o :SUBSTR(LEAF, 2,1 7)) .
21 TEXT=SUBSINLEAF,19);
- 22 WRITE FILE(CODER2) TROM ¥) KEYFROM(v,X)g

23 FREE 3

24 GO 10 CyCLEg

25 SYDED: CLOSE FILE(CODE),FILE(CODEZ);
26 END TOTRANS; -
27

/e
28 /7/Go,SYSPRINT DD SYSOUT=R
\ 29 //7G0.CODE2 DD UNIT=0WLN,DISP: (NEV,CATLS, DELETE),

- 32 27 DSN=B, 3513, CODE2, SPACE= (CYL, ), ,CONTID),
. 3t s/ DCB= (DSORG= IS, NEYLEN= 1 7, ,RXP=3 , OPTCO:=LY,
32 1/ CYLOFL=} ,RECPFM:= VD)
33 /7G0.COXE DD DSWHAME: B9.8£15,.CODE, DISP=0LD

34 /= *

.

BLOW: Prints dictionary DNEOP

: "
'5 “o%.o" rnoc ?’5&2&’{23,' “w P FIXSD DEC(2), AF CNAR(E),
a3 DECOIE rn.: WECOND KEYED ENV(IWDEXED)3
pa  O% EWDFILE(DECOIE) GO TO TMIEX .
83 OPEw FILE(DECOPE) SEQL INPUT) ¢
06 NEXI: READ FILEC(DECODS) ISTOCLEAF) 3
o 1 PUT SKXIM2)g
n AF:= SUBSTMLEAF 2,60 .
. LEAF: SUBSTRC LEAF,8)5 Pz IVIEXCAF,® *)=1 3
m 1F P:3 TMER DO3 ,
1" PUT EDITCAF,LEA®) (M6),%(3), 8¢
12 g
IS IF P:za THEN DO
- e :t'g nnum.un CRCl), M6), WD), O

15
16 1F P:3 THEN DOy
1 PUT EDITCAF,LEAF) ((2), M6),X(3),8))
1. - g -

. .18 DO YO MXIy
2 KDL ct.os: FILE(DECODD)
2 EWD 3L0%
2 /e

. 23 7700,SYSPRINT DD SYSOUT: A

24 /76G0.DECODE DD DSz, 9%15.DWEOP,DISP= OLD
9 /e

2

A e B Nemia




i . e

TOBLOW: Prints CNEOP ‘

Bl  TOBLOW: PROC OPTIONS(RAIND 3
2 JCL LEAF CHARC LRD) VAR, AK CHARCE),
. :i CODE FILE RECORD XEYED ENVCINDEXIN) g

83 0% CMFILE(COE) G0 TO INDEM
. 86 OPEN FILEC(CODE) SEQL 1YPUTs
T  R: READ FILE(CODE) I“O(LEQFH
o IF LENGTHCLEAF) 4T 24 THEN 90 4
3 PUT SKIPC2)y
13 PUT SKIP EDH’(SUSSTR(L'AF.Z 15), SUNSTRCLEAF,17,2),SUBS
TRLEAF,19,6),5UBS

11 IR(LEAF,23)) CACIS),XU2) ,AL2) XU R),A(6) X(2), ANy
12 END; !
13 ELSE 00 3
14 Pur sxmu
£ PUT SKIP :omsuasrm LEAF,2,15),SUBSTRCLEAF, ) 7,2),5UBS
TRCLEAF, 19 ,6))

16 (l(IS).X(!).A(!).K(!).6(6))'

17 ENg

18 GO.TO Rg

;: ;:aoton CLOSE FILECCODE)T END T05L0'% .
21 /700, SYSPRINT 00 SYSOUTI:=A

. 22 //6G0,COD% DD DSN=B, BEII.CNEOP,NISP: OLD
23 /e

JOOPT

/77 TXEC PLILFCL,PARM, PLIL: “SM:(|,83), NOL, OPTzR, FE, SI2E=99990e, 4

/7 PARM.LXEDz 'MAP,LIST,LET, NCAL® A
Z7/7PLIL. SYSPRINT DD SYSOUT: A.
Z7/7PLIL. SYSIN DD =

L
OaB,ST°

ase

e # LY

LIB: Creates partitioned library B.BE1S.PATLIB. Adds module
SPLIT to this library.

[y

0 Je .
82 //LKID.SYSLNOD DD DS#=9.8115, PATLINSPLIT), DISP:z OLD /
. :i ;I DISPz(WEV,CATLG,DELETE) , SPACEz C TRY, (1 ,2,2))
-

LIN: Adds module PRT2 to library

TS
:i ;/um. SYSLNOD 0D DSux§, 8113, PATLIN PARTE) , DISP OLD s
. J



T2
- - - - iy
E@“ ' . 7
» B
-

188

® = R

' LINREP: Replaces module PRINT with a new version .

o se ¢
€2 //LKED.SYSLNOD DD DSW= 8. 8E1S. PATLIS, : :
33 7/ DISP:= SKR, SPACE: - , ”
. 5 84 //LXED, SYSIN DD &
83 SARD PRINTCW) -

‘ ¥
06 /o » (\\‘) .
L \ M +

COMPRESS : ' (

19 // EXEC COMPRESS, VANE= "8,88153.PATLIY ,0=R
0 // ‘ '

° RELEASE - - :

-

8l /7 EXEC REALEASE, % "B.B8E13.PATLIA" ,SPACE=CYL
82 /=

LOADOOPY: Copies library B.BE15.LIBINK into a new library
B.BE15.PATLIB . .

81 // EXEC PGM= 1EBCOPY
82 //SYSPRINT DD SYSOUT= R
83 /73 0 DSM=B. 3613. LIBLAY,DISP: SR

= 13, PATLIS, SPACK: (TRK, (28,4,8))
83 // DISP:( WEV,CATLG,DELETD),UNITzOMN =
8¢ //SYSIN DD «
87 C 1:a,0-3
8 /=

a»

SAVE i ‘ - ’

~ » ‘L

.

LCTLG: Lists the names of data sets in the catalog

¢/ EXEC LIST,0:=4 . .
7760.3YSIN DD »
r LISICTLS ®02%:8, K49 ’



DELETE: Deletes a data set

81 7/ [EXEC PON:= IEFBRIA -
82 //SYSPRINT DD SYSOUT:R .
83 //0D1 DD DSM=B.BIIS.PATREP2,D1SP:=(OLD,DELETE)

~

GPD: Executes the program module that processes a pathology
report, ‘ '

\
8

@1 ' 7/ EXEC PLILFLG
#2 //LKED.SYSLIB DD
8 /7 9 .
84 /7 DD - .

) 85 /7 DD DSw:B. BEIS. PATLIB, DISP: 0LD
8¢ //LXED.SYSUTI DD DISP: WEW, SPACE= (CYL,(18,2))
#7 //LKED,SYSIN DD
88  INCLUDE SYSLIN PATREAD) . .
09  ENTRY INENIRY !
16 //G0.SYSPRINT DD SYSOUT=R
Il //G0.PATREP DD DSN:8, BELS, PATREP, DISP: OLD !
12 77/00.CODE PD DS%=3.%13, COOE,DISP:OLD
13 7700.O0PERC DD DS 3, BEL5 . OPERC, D1SP: OLD

, 14 //G0,CTOPOG DD DSK=8, 513, CTOPOA, DISP: OLD

1S /700,CHEOP DD DSKz8,BE1S . CNEOP, D1SP: OLD
l: /7760, SYSIN DD )
1 /

GPRT: Executes the program module that pyints out the
pathology report in a decoded form.

g Ol // EXEC PLILFALA '
32 //LRED, SYSLIB DO
83 /7 09 . v
84 /7 DD .
@3 /7 DD DSR=95.8TI3.PATLIS,DISPzOLD
686 //LXED.SYSIN 0D =
87  INCLUDE SYSLI PRD) -
88  ENTRY IMENTRY
8y //700.SYSPRINT DD SYSOUT= R
18 /7/00.PAIREP DD DSH2Y, BE15, PATREP, 513D OLD)
11 /700.pELODE DD DSH3B, BEIS. DECOOT,D18P=0LD
12 /700.0PERD DD 9SWzd, 5£15, 0PLR), DISP: OLD
13 7/00.DT0P0G DD DSNzA, BELIS,.DTOPOG,DISP: OLD
14 /730.DYE0P DD DEN:B, BL15, DNLOP, DISPIOLD
1% //780.SYSIN DD »
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