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ARSTRACT 

Th", tht"si .. d(·"'("riht'" a COMJUlh'ri z .. d Info ... at ion Sy ... t .... 
for f'athology (CISr). The sy .. tCM i .. intcndc.'d to proc(' ..... ,tOf'('. 
rl"trit"ve and correlzat .. inforMntion nMltaint"d in pathology' rt"port ... 
R('fort" tht-· pres .. " t '1Y" f(-. w" ... dr .. q:ncd .previ ou .. 1 y l'li i .. t i ng ,.,n thol n,w 
infm .. at ion .. y .. t(· .. ~ wert' rrvit'W('d .lIul frOll thh Illl"e th .. pr"".·nt 
al'Ilrmu:h ha .. ('vol VCll. 

Our ai. ,'" to l'ToviJ(' tht' capuh.l. ty of cl('al in~ wi th 
II Vllrtety of ('orr(' lat i v(' dat:. ft" ru·v .. 1 ,.,roc .. durc5 and if '!'c." 
that a .. y .. tc. •• h:."cd on a IllrK(' hi .. rarchieal diet ionary i .. ,.n .. t 
:appropriait'. Roth ICHA (Intt~rl1i1tional Cla .... ifil·ation of Qi'i(· ..... c· ... 
(Ad:,pledU and tht.· Topography scl"tion of SNOI' (Sy~tt"llatiz"ll 
Nown~·I:.tur .. of l'athology) ar .. Il ..... d .n forMlng th .. t:.SI"" clidionllTY. 
(:UTTt"nt COMllUl('T tcchnolo~y ,.lIk .... th.· .. torl.~e of ,,"eh didinnhri .... 

1 f('a ... ihl .. 

'" 11.c objective" "t't forth hy Jluthologi .. t" We.'T" tran .. l"t .. d 
into a set of practical "'pc·dfu"ation .. for clsr. 11'1(' fonllliation of 
t"ese !'>p('("Ification" was J!uidt'cl hy' (a) ollr (J(,'iiKn Il pp Toa d. whil'h 
'" ha"ed 00 a Illrge hierardlÎlnl dictionllry, (b) the.' infnra:.tion 

'flow .. nvironacnt which the" pathology "y,t(' •• J!'>t satisfy and, (l" 

th .. constraint .. illlflosed by the avai lahle cOilputt'r "yst ... ~ on tht· 
Mc(alllJniversity Cupus. Followin~ thi" procedurt' , l:ISI'wa' JlTO
gr~d and if .. data haSt', l'Oflo;i!'>ting of the 'iystt'.'s dictionary .tnd 
thr collectHm of coded report fi I('s. wa" '>toTt'd. 

ln th(' opcrati 00:11 prototypt' sye; teM tht' report io; ente.'Teod 
in tt'xt fo ... and i .. coded utilizing the systeM'e; dictionary, ln the 
cod .. d fo .... any diagnostic ite. in tttc rellOrt JIIay be diTc("fJy rt'tricvcd, 
11u' entirt.· rellOrt .ay al~Qo'l?e r('tricved in •• det."oded text fOI"lll which i" 
tallored to ht' suitabl .. for éllnic,.·al ue;c . ' 

~" 
The e;ystclI iSlotat pn· .... nt lmdt'rgoing operational tria'" in 

theo Mont Tea 1 (;cn('rlll lIospi ta 1. 
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, RESIIMt: 

Cl'tte thèse décrit \m ~y~t~me de trai temcnt \d'informatfion!'\ 
var ordinateur en patholo~fe (STlOP) (lui ('nmngn~inc. extrai t ('t met 
l'n ctJrr~lation les protocoleo; d'nnntomil'~ pathologique. I.a concl'ption 
dc cc sy~t~m(' fut pr~cédét' par unt' rt'Vtll' de l'évolution hi~toriqut' 
dl'~ sy~t~mes conçU5' t't r,(Cnli~t.<s dlln~ le pll~o;(C. Nous avons condu 
<fu(, rlu~il'ur approches dl' l'onception c:'tAient poc;sihlcs. i Notrt' hut 
l'tant dl' rcaH~cr un système çnpnhlt' d'exécuter uno vnrle.tt.< dl' pro
cédé .. de currél at i on. nou .. nvon~ doci (lé dt' cont'evoi r un o;Y'Hème hase:\' 
"ur lUl dirtionnllirc ~~rarchil(u(, extenc;if. Ll' dictionnllirl' IcnA 
(Intl'rnationnl CIR~ .. ificntlon of Ilisl'ao;('" - Adnpt('d) t't lu o;cction 
dl' TopORraphil' dt' SNOI' (Sy"t('mntized Nomenclature of rlltholo~y) ont 
<'te:' l'mployé .. dan~ ln formation tlu dlctionnairl' dl' STIOP. 1.',cnmn~nsiTl(, 
(Il' tl'h dktionnnl.rc t'st poe;"ihll' Ï\ l 'l'wllr(' IIl't\ll'lll' Rr!in.' /lUX toutee; , 
dl' nl i c:' Tl'" t Cl'~n i ïUl''' t'Tl in formll t i IfUl' . , 

I.e" ol,jall'ti f" ('xpn~~-~' par Il''' pllthologi~tl's ont été trndui t" 
d:lIl" tUle "eril' de sp~cifil'ation., prlltiqu<'s pour STTOP. La formulation 
dl' l'es spt<cifil'Iltion:; fut J,luid(tl' por: (a) notre Ilppro8chl'o; dt.' COTl-
c<'ption qlli eo;t hasél' "ur 'Ill (Iil'tionn:lirt' hlérarchiQuf' l'xtl'no;if. (h) 
Il''' fi lil'r('s 'tlle doit ",ulvrt' le.' dH'milll'm~'nt Jl'S informntion., ('Il 
pathologÎt.'* ct, (r) le" contrllintt.'o; :impoo;él''' pur le .. ystème du ('('nt Tt' 

d'Informatique dl' l'univer"itt< Mc{;i 11. Aprl'~ cette pha~t', STJOI' a 
b~ pro~rltl1ln~ ('t la rns~cni)le,mt'nt Ùl''' dnnnt<t.''', sc cOl'1poc;ant d~ 
,Iil'tlonnrtirt' du "ystèmt' l't la l'ollel'tion dt'" dossiers d(' protol'olt·" 
cod~". q!~t~ enmaRnsin~. 

lia Il " Cl' sye; t ~m(' pro t () t YP(' l'Il fon ct i on nl'men t 1 l' P rotoco 1 (' 
(·"t l'ntré dnn .. 'O1l" forml" narrativl' l't il co;t codé 'lJti li"llnt le 
dictionnîtire du "yst~me. flan" "3 formt' coMe, n'importe quel élt<mcht 
di'1R11O"tique du protocoll" Pl'ut {ltrt' l"xtr"It dirl'ctement. ).(' protocolt.' 
co~lct Jlt.'ut ~tr(' récupér~ dn,,'i unt' forme narrative dt'cod~l' qui C'it 
llpproprif Il l'utilisation diniqul'. 

~ 

,- Ac t Ut.' Il l'men t Il' .. ys ft'm l'o; t (' XP(' ri ~~n t é all,:~on t reu 1 (:cn cru 1 
110' pit Il 1 . '. • 

.. v 

\ 1 
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1 Chapter 1 ~ 

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. Intensi fied research, system analysis and 

engineering is needed to reach the stage where the potential of 

computers will be readily tr,anslated into applications yielrling . 

impToved treatm~t of the patient., 

Nevertheless there are many are as of medical care 

where computers have been successfully used. For example: 

- In c lini cal laboratories the ,ompute'r is emp loyed 

to accummulate the vario~ test results and to print the updated 

test report for each patient; 1 

- In intè'ft.si!S,' care mi ts the physiological functions 

of critically ill patients arc monitored by c~erized sys~ems 

which issue warnings whenever abnormal parameter variations ~re 

detected; 

- The computer was· fO\Dld to be very promising' in , 

aotomating some patient sereening methods; 

- Computt'ri zed ~cht'dul in~ of opernt ing rooms enables 

a .ore effici('nt use of the .. " fncJllt!.-cs; and .. 
J 

1 

.. 
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- Tho trndHional \~5t' of computer" in hi lllnR and 

nC"counting I)as. boen SUCC055 f\l11r,.,nt'xtonded ta tho hosJli tai. 

llurJng the trontmt"nt of Rny bno pnttont.data Rre 
, 

accuJIIIltllntt"(I which CRn he of grent u~e lut.er in tho life o.f 
" 

the samo
o 

pnti ertt. "in rosoarch Rpd teuching. Whi 10 a summary 

of tMs dnta forms the (lntient,'s chort (or }lnttent's madlcal 

record), more spoc1 fi c dnta nho~t the l'nUent' 5 Ulnos5 arc 
,/ 

gatherod in'v.rious documents gonoratod by vnrious ho~pital 

dop.Î'tmonts. Such dopRit,tmonts aro typlcRlly clinicat chemlstry, 
f' 

radlology. IlnthololO' und others cOI\C'orned w"i th the application 
,.:; 

of laborat-ory mcthods to diHgnosis. 11\\1s C!xhau.'itive study of 
< 

infonaation gcnerutt",1 from l'ven ont" plltbnt entaih R significant 
)( 

alllO\mt of dOCuIIICnt collection and cooperation UlOnf{ dC!partments. . , 

This heed. togothor whh the cÜffinllty of analysing these documents, 

discourage!'l intt"rc!'Ited hosl;ltal pt"rsonlJel From Wldertalting analys05 

which woutd r..cq'ui re collections of documents on a large scale. froll 

several depnrtmcnts. and pos~~bly from several hn!pitals. In the 
, 

past IS years ~("vernl utte~lt~ w~re modo to alleviate at loàst part 
.-
of this Jlrob lem through .the u.qf' of computors. 

The objeotive of the projcct describod in thb thesis 

15 to automate the in f""l'mM ion hond Ilng proced\lres in, the llepartment 
'" 

of Pathology of the t.bntreol flCneral" tfospi tal (MGr). This 'autollUltion. 

was to cause no int~rruptlon in ~he operation of the Oepartment of 

/"" 
o 

o • 
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l'athology. Thf' 'primaT)' 1'C~ourC'es nvai luhlc to \lS in thi~ proc('ss~ 

l'oosistt'd of the data hase t'xisting in tht' Ilt'pnrtment of J'athology 

4 • 

and any rt'Ildily llvnllahlt' infoMnlltion procl'"sing facilltit"L 

ln Chapter 2. tht' rolt' of pnthulogy in trt'utml'nt. tilt' 

p/ih~Îogy rt'port Ilnd tht' pathology infoMnntion "y"h'm urt' dhcu .... cd 

11\ 1o!\'1\t'ral. T('rmatrex. thl' pr(,~l'nt ml'l'hllnlZCll ~ystom nt tilt' Montrl'1l1 

Gt'nernl lIospital i5 also dl'~l'fiht'll. Chnptcr 3 dt'll)S with ml'dicul 

cuding .. dwme~ lL"t'd j 1\ patho log)'. 11w suhjt'ct of d\oo" in).! /1 codi UR 

'\cht·mt' for a p<ltholoRY sysh'm i'\ lntrodm'ed hri{'fly. 

(1\ap.t('f 4 focust''\ on ttH' t'volution of computeri zed plltholo).!y 

infomatinn '\y~tt·m ... This disl'IIssion is illustratt'd with spl'dfil' 

sy'item dt'scl"'iptions. ~ 11\e hasts for the design of our system je; aho 

t'xJllored. In (ltapter S the design ronct'pte; of the nl'W computeri lt'lI 

systt'm. c/liled CISP. are de~critl('d. The ohjectivl"s spC'l'i fit.'d hy the 

p8thologists 8rt' intt'rprett'cl tn "pt'Cl fy the hasic componl"nts of tht' 

l1tt' .. torage of th(' dil'tinnaries wlcl the coded 1'<'ports and 

thl' programming of CISP arc dt'sl'riht'd in Chapter h. nle rC'sults 01"1-
( 

faint'd with the nl'W system are shown ln Chapter 7. In the same chapter 

an l'vllha.'1tlon of the system is prt"sented followcd by recommendations , 
for illprovl'mt'nts and extensions. 

:\ . 

\ 
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~apter 2 

PAmoLOGY. PAlHOLOGY REPORT AND PAlliOWGY INFORMATION SYSTEM 

2. 1 Introduction 

The .aterial in this chapter is intended primarily 

for the non .edical readet, to provide a brief survey of the 

field and to focus-on the prOhlem of this study in its setting. 

The role of the speciality of pathology in patient treatment is 

reviewed and the nD'ture of the data accl8ulated by the pathologist 

The pathology report itself and the data base and 

structure of the infon.ation syste. which handle~ the se reports 

are i.portant aspects of this analysis. 

Ter.inology specifie to the pathology report and to 

the pathology Informat ion systell a .. uscd throughout th IS thes 15 

is defined in this chapter. 

" 
Finally a description of the present mechanized system 

existing in the Montreal General I~spital for coding, storing and 
if 

retrlevlng pathology reports is given. 

Z.Z The Role of Pathology in the Treat.ent of the Patient 

Pathology is that speciality of .edicine which studies 

the nature of dise.ses, their causes and .. nifestations. The role 
/' 
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of pathology in the treatllent of a pat ient is i llustratt"d in 

Fig. 2.1. 

Upan a~ission to a hospital the patient is examined 

by a elinician. Fra. an evaluation of the patient's cOlllplaints. 

assessllent of alterations in his physical state and a revÎt"w of 

the patient's past history. the clinician often formulates a 

elinical diagnosis. 8ased on this clinical diagnosis treat~nt 

may be initiated and/or further te~ts ordered. If a biopsy i~ 

taken or the.patient undergOt"s cor~ctive surgery, tissue removed 

during the operation is sent to the pathologlst for analy~is. 

After both gross and specialized .icroscopic ~tl~y. the patholog\st 

arrives at a pathologieal diagnosis which often provldes a ~peciflc 

d13gnOSlS of the disease proce~... llurlng his analysis, the 

pathologlst makes ~~e of the tis .. ue ~uh.itted to him, the available 

cl inical infonlation, and any prevÎous diagnostic records that may 

bear relevanee to the case, before he arrlve~ at a diagno~is. 

(FIg. 2.2). 

The pathologica} dlagnosis .ay he coupled with recommen-

dations by the pathologist to assist in further clinical .anagement. 

2.3 The Pathology Report 

The findings of the pathologist are s....arfzed in the " . 
pathology report. Such reports serve in the study of disease and 

as referenees for the pathologist in future cases. There are three 
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Fig. 2.1 - The relationship between Pathology and the 
hospitalized patient. 
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types of pathology reports. 

The autopsy report is a report co.piled on the basis 

of dissection of the body after death and the gross and .icroscopic 

examination of organs and tissues. 

~e cytology report summarizes the study of cells 

exfoliated or scraped from organs or tissues. SputlDl.for 

example.will contain cells exfoliated fro. the lungs. 
> • 

The, surgical pathology report su_ari zes findings 

obtained from analysis of tissues removed by biopsy or during 

s~rgery. This is the only type of report discussed in this 

thesis and hence surgical pathology report should be assUJDed 

whenevcr "pathology report" is statOO . 

It is convenicnt to divide the surgieal pathology 

report (Fig. 2.3) into 6 sections. lne first section of the re-
.? 

port is the, Patient Idcnti fieation (ID) section eontaining a 

variety of dcmographic data. The second and third sections consist 

of the elinician's observatlons. They include the Clinical Notes 
-

(CN), or symptoms, and the C1inical Diagnosis (CO). The OP (for 

, Operati ve Procedure) section of the report describes the surgieal 

procedure uscd (not sh~n in Fig. 2.3) and the surgieal diagnosi,s. 

The specimen sent to the pathological lahoratory. and the sections 

made from this specimen arc descrjhed in the SP (for Speci.en) 

section. lne 1ast 'section contains the Pathology Oiagnosis (PD) . 
.. 

In this particu1ar report, the rp section 8150 contains the op-, 

erati ve procedure "total gas trectomy". ' Suth inconsistencies oceur 

... 
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CN: 

CD : 

Op. F."di".: 

Sp.ci •• ,,: 

THf MONTUAl GfNUAl HOSPITAL 
DfPAtTMfNT Of 'ATHOlOGY 

A,_: '9 
U"i. No.: 3"7'6 

S.,,,ice D,.I pua s.,.,rc. No.: S.7I-6147 

D ••• r.cei •• d: Jun. 7/71 

w.I,h. lou.a"ellli •. 'o,i.i". , •• tric 
wo.hlnl '0' CA -confir •• d wl ... I •• tro.cop)'. 

CA ,to •• ch 

'.111 • 
•• olllach(.otall., •••••• ollle"'u ••• pl •• " ."d 
",.,.n'.ric "od ••. 

Sp.c i •• " co".i ... of th •• to ... ch. duod.nu ... ,u' 
.pl •• ". Th. "o.ac" includ ••• 1.. p.o.;"'al po.t;on of th. duod."u. and 
..... u ••• alto' ..... , 24 c"' .• Ion, ill I ••• t.r cu, •• 'ur •• "d 16 CIII .• Ion, .1.. I .... r CU'''.'ur •. On op.".'" .1..,. i •• "." 'ir. i".,ul., r.i •• d .r •• 
0" th. lIIuco •• 1 .u,fac. of .h •• to .. ac" 010'" th. I .... r cu' •• 'ur •• "d 
..... u, •• 10.6clII •• n dia •. Th. ,oi •• d in.,,,I ...... " i. 'ound to ... dir~c.l, 
in'i Itr.'in, th .... ".c 1. 'co.t .nd ,.och •• up to .1.. '.'0 •• 1 .u.'ac •.... 
... .•• c ........• tc .. 

S.c.ioft.: 2 '.p •• e.io", 'u .... c,o ... hi. 0' •• ~ .'.ndi", 
up to .h. '.'0 •• 1 co ••• "d 1 .... II.d •• " •• 1 . 
1 r.p .•• c.io" .u .... f,olll pro •.•••• ctio" •• 'Ii" 
o. no. 2 . 
1 f,olll di.t.1 •• uc'io" ".'Ii" •• no'.3 . 
2 1 )'.ph nodo. ,,,,,.ie.d •• no. 4 . 

Th •• pl •• n i •• ".ch.d '0 tho .e.~"to', oftd 
woi,h. olto,eth., ISO ,"' •••• "d lIIeo.u, •• 10 ••• S.4 c •. i" di •. Th. 
d •• " •• cI hO_OI.n.ou. cut .....• tc ....• tc ...... rte. 

No ."Io".d I,.ph "od •• co"ld ... pal,.ted i" th • . 
l '.p .•• ct.on .C'OII .1. ••••• nt •• , ." ..... "0. 6 • 

DIAGNOSIS: ----.------- -
1. TOTAL GASTUCTOMY: WHl DlfFflENTlAHD ADfNO-

CA_CINOMA OF THE STOMACH INfllTlATlNG THE SUOSA. TWO 
REGIONAL lYM'H NODES AND THf IfSfCTlON MAIGINS AU flU Of 
TUMOI . 

2. srUEN: rASSIVE CONGESTION. 
3. OMENTUM : HYPfUMIA. 

Cod. 1 

D ••• : J u '" .. / 71 ~!!."-'!.'_.1!~!.: ........... . 
Su,.ic.1 P.'hvlo.,. 

1 

fi,. 2.3 - An )Ullp18 of • patho1oIY report • 
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frequently ln the formulation of a report. 

Alth.ough one 15 prcsumably dcal\ng wi th one dheBse 

process. several diagnostic statemcnt~ -- dinieal, ~lJrKienl, 

l __ ~atholOgiCal .ay be mado. 1l\(' rl'RSOn for this is thllt various 

JiaKnostic approaches often re"ult in thl' cxpr('s,,!on of c;evC'ral 

opinions and not infrequontly tht' C;UIlK' diseac;<, pro<.;css muy he 

l , 

differently doscribed hy physidanc; r('pre"enting lllltt'd Intere"t ... 

for exuple. n cliniciWl often specifice", a Cil (ClinieaJ Diagno .. "c;) 

based on the physical oxamination of the putient, "hemieal 

laboratory tests and health hic;tory. nll' c1inician \0; intercc;tl'd 

in diagnosis mainly as a specifie guide to trl'lltment. On thl' 

other hand the pathologist i .. interc .. tcd in categoriling the 

nature of thl' underlying di .. ea~c proct'ss. 

The pathologicltl diagno .. is. ha.sl'd on lahoratory tests 

und ti'isue analY'Hs, tendc; to he' IUt OhjN:tivl' 'C,nding hll .. cd on 

~ard·data. It is not avnilahlc lJ\ cVl'ry plltl~nt I~ut wh en a 

diagnosis is rendl'red by pRthology. the nnturl' of thesc finding .. 
1 \. 

are vitally important in any future rcvicw of tht' patient 's 

Medical out look. 

2.4 The Pathology Information System (PIS) 

, 
So.c of the uses of the' patholoKY. report have alrcndy 

heen acntioned. Other uses inc1ude the utilization of the report 

as a docu.ent of cO.MUnieation betwecn depaTt~nts. and with 

. 
, , 
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clinicians. Upon repeated return of a patient to the hospital, 

the pathology report can also serve as a p~ecise record of health 

history. In order to provide thcse services the -Pathology 
\. 

Oepartment must file i t5 reports and create parient and disea .. e 

indexes. The Pathology Information System (rIS) consists of the 

totality of reports of a pathology department together with aIl 

the facilities, maoual or automatic, for the storage, recall and 

analysis of the reports. The commlUlication channels that 

connect Pathology to other hospltal departments are also part of 

this system. '.< 

These infonnation ch8Dnels, together wi th the interna 1 

structure of fi les, documents and thei r retri eval mcchtmisms are 

shown in FIg. 2.4. This information flow dlagram .. hows :the enVlron-

ment whose informatIon needs the PIS should satisfy., FIg. 2.5 

depicts the major classes of information WhlCh arc hased on the 

samc data set hut differ in the way the info~ation is extractcd, 

processed and aggregated and ln the way the information IS 'tlsed. 

In discussing Pathology Information Systems, wc use 

the terminology that is gcnerally used in descrihing information 

sy,s tems. Thus the pathology report bccomcs a.. pathology record 

(or just a record) WhlCh cons15t5 of a number of data it'ellls. 

For exa~le, the term "age" in the demographic section of th'e 

report (Hg. 2.3) 15 a data item. Each of the diagnostic 5tato-

mcnts withln the eN. CD, OP, and Pl) section.:; contain either' 

single or .ultiple data items. The sr section. however. aJways 

10. 
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consists of a 5ingle data it~ •. 

A collection of record~ i s callcd a fi le. ThtL" ont' 

speaks of an autopsy d~e. or of a fi le of a Il rt"cords of l~)h(). 

or of the fi le of neuropathology aicrœcopic slidcs. Tht" 

collection of fi les of the llatholoR)' dt"partllCnt foras the data 

hase of the PIS. 

The PIS i5 only one of the infol'llation ~yste ... e; that 

can t"xist in a hospital. There aay al .. o exist a Radiology 

Information 5y .. te. (RIS), etc. AlI of thcsc disjointed 

inforaation "y'itelftS .ay he interconnccted to for. a llospital 

Inforaation Sy" tem (1115) wh lch assures a s.:loth inforaat ion 

flow. 

1. S Present Pathology InJ~H"",a!_ion Proccssing at the Montrl';)1 
General ttospi tal (Recsal et a ~c)70) 

The Montreal Gt'neral tlospi tal (~I) is a McGi II 

lmiverslty affillated teaching hospltal. With its 1.000 hed , 
capacity, it ie; consldered a large size hospital. The patholugy 

depart.ent generates 16,000' ~urgical pathology reports a year 

increasing approximat~lr R-IO\ annually, 

autop"y reports I!re also processed yearly. 

ln addi tion ahout 420 

About 10 year~ ago the Pathology Depart.ent adopted 

\ 

a .. chani zed mforution sys te. ca lIed Tenutrex. The infol1lat Ion 

storage aediua for thlS syste. consists of cards vith ho~s 

dri lied in the.. The dri 11 ing is donc wi th ~ J-101 Jonkers f.ncoding 
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Machine which can accommodate 40 cards at a time. The hole~ in th~ 

~t cards are read with the aid of a backlightcd board. 

Ten thousand holes can be dri lIed 1 n each of the 24 cm. 

x 23 cm. cards. The x-y coordinates of a ho le are converted to a 

number which is the surgieal patho logy numner of the pat H'nt. A 

e;urgiçal pathology number is assigncd to each specimen procese;lIlg 

request starting with surgica} number 00001 which is assigned to 

the fi l'st speci men of the year. 1 f the same patient has several 

specimens analy~ed during the same year then he is assigned the 

correspondlng number of surgieal numbers. A list which cro~~ 

indexes surgi cal numbcrs wi th medi cal record numbers (lUli t numhl'rs) 

ie; malntained in order to link the surgical pathology reporte; wlth 

the patlcnt's chart. 

Each card corresponds to one type of item that can he 

stol'ed. For example there is an appendicitis card, a cal'd for ail 
, 

females, a card of aIl patIents hetween the ages of 41 and 50, etc. 
) 

There is a number assoeiated wlth cach card which relates to the 

position of the card within the deck. Thie; numbcr also appear<; in 

the dictlonary which 11sts aIl tenn ... codahle by this system. In 

thl" system the drilling process IS the coding process. ()uTlng thi ... 

process a particular data item in a report is trans lated into a hole 

-on the card carrying that data item. By reading-off the holes from \. 

a cardo one My find aIl patients sharing the sallie data item in thei r 

report. The si ze of the card deck used depends on the nuft>er of i tt' ms 

• 
" 
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one whhC!l ta code in a sy~tcm sUl'h n~ thi .... 'l1li .. u"lIl1lly indlul ... " 

ail significant diagno!>ti..c tcrms 8 pllthologi'\t is intl'rl''\te.'41 in. 

The MGf pathololO' departmcnt uses n dictiona'rY ,nf 

approximately 1400 terms, lliffc.'rcnt .. ectionc; of the.' dt'cI.. an' 

di fferently coloured sa "" tn group tht' term d(' .. crihlllg card ... 

according to Commoll critcrill of intL'rc .. t slich as c.lifft'rent <11\8-

toml c parte; of the body. 

Tht' process of coding li pllthology rt'port ('ithcr "lIr~lral 

or autopsy) cOlllllcnce ... wi th the scannlng of tll(' tl'xt of th" n'llOrt 
. 

to idcnti'fy significant tcrm ... whid\ liTt' to tH' coc.le.'c.1. A holt' tlri t le41 

ln li l"ard unly 'mcans that that partl("ular tcrm IS prc<,cnt. One h, ... 

no way of coc.ling any modi fier to th .. t tt'nn .mll'~s a ""pal'ah! l'.lrd 

('XI<;ts for that tem. For cXllmplc.', the tcrm "'>uhllcutl" appcl\ùld t ....... 

cnnnot he C"xactly coded if thcrc ic; only a card fnr " appcrldidtl'\". 

Alt('rntlon of Information' through'\odinli i .. not \mt'ommn l'v('n am(),,~ 

"ystt'ms who'ic dictionary H more ,>ophi"ticntC"d than the Termatrt'X 

(hctIOfl.lry, 

Thc {'ac;iest type ()f retrÎl'vlfl pos,>.hle with thl' Tcrmatrt'X 

system 1s ta find the surgical numher of aIl patiente; with a l"Cl"tllln 

dtagnosis. Thus a11 patient .. with cholecY'ititls hetwt'en It)flf, and 1970 

can be found by rctheving the cholcc)'sti tic; curù for cneh of th(' y t'ur" 

froll 1965 to 1970 and reading-off the hole numbcrs wi th the' ,Ild of the' 

.. b .. cklighted board. Question~ containing the boolean opcrator ANI> Clan 

be' answercd. The cards corresponding to the opcrands in question arl' 

• 1--
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ret rieved. ,"uperi mposed and rc ad on the, had'" l)th ted hOl1rd, Wht'Tl'Vl't 

the light shino'4 through Il holc.·, n o;urj.!icnl nllrntH'r <,xio;t-; whidl 

lIK.'cts ail criteria expres"ed hy tht' oIll'rund ... A rt'tril'vul illvolvill~ 

OR j .... imitar to the simple rt"trieva} of dwlt'ry ... titis ca<;('-; dl",cribl'd 

uhove. Wc ~hould point out th nt whill' tlu., ... t' rt>trÎt'vnl<; lin' po",o;lhlt' 

thl'Y a Tt' t i ml" con'\Uml ng and t'an hel'ome qui tt' ('ffor proOl' d('IH'IHli n~ 

on th<' conscientiousnt.'ss of the Tt'nnatTt'X "y ... tt'm operator. 

Bccuusc of the nature of Information o;forage in th!!' 

... yqem, quec;tions involving th{' hooll'un opt.'rator NOT ({'.g. patlt'nt... 

who arc fernnlt' AND bctwoen 41-50 und did NOT have appt'IIJldti .. ) 

(,Ilnnot he ans..,ered dircctly. Al<;o it i<; not practicnlly ft'a ... ih}e 

to rt'triev(' ail data corresponding to a o;urgiclll ntunhcr or al} 

du,ta l'orre<;pondlng to the "amt' putit'nt. In addItion, ratholo),tÎ<;t" 

often rt.'que<;t tho n'tricval of aIl ru ... e" wh(,Tl' 

A wa" prc .. cnt and pathological diugno ... i .. R was reported. .. 
tn'x "y"tem cannot accommodatt' thc ... e requc ... ts. 

111crc arc also o;i~no; which Indlcate that the "y<;tcrn ha .. 
..., 

ollt~Town Its efftClent operlltlng O;lze. l11c 10 ycar'\ of acnlmul11t('d 

data have resulted in a sizable numer of cart! deck" which arc hl'-. 
coming difficult to store. 'Ille large nllllher of cards thnt mll'\t hl' 

rend in order to scan aIl tht.>sc ycarc;, results in slow retricval 

tlme and the hospital cannot truly profit from the accuIDulated largt.' 

data base, For exaq>le, to rend~off the surgiesl nurilers of the 680n 

péttlents <;uffering from cholecystitis takc'\ a wholc day. Thio; reprt.'sento; 

15 • 
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Chapter 3 

CODING SOiEMES IN PAUmLOGY 

3.1 Introduction 

AlllOst aU pathology information systems use a dictionary 

or coding scheme. These dictionaries may be stored in the system or 

may be used as an !lccessory during manual coding. The terms in the 

dictionary serve as a reference "stan'dard" for disease names which 

can be coded by the system. At the same time the dictionary es-

tabl ishes a Merarchical structuring of the diseasc names 1 t contains . . 
Thcrefore the coding,scheme of a pathologicai infonnation system has 

a great'bearing on the storage,"retrieva1 and correlation of reports. 
1 

Some coding schemes came into existence as a result of 

ter..s accUIDulated froll the various reports whi-ch are entered for 

storage into an, information syste.. Other schemes may have come 

ifltj existence through the efforts of many wdl'kers who were interested 

i(,varlous studies that nee-ded a systematized usage of disease namc ... 

Seve}.t of these scholies are intemationally known and used in various 
"-
~ 

fields of .edif~C. So.e attempts were recently made in using them in 

infor.ation Syst~.s as weIl . 

" ( 
In this chàpter we wi Il di5CU.~S in IlOTe detai 1 the content 

and ""tructure of coding schclM's. We wi 11 i llustrate this with a de-

tai led description of two internationa1ly u'"\ed sche..,s - International 

\ 
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Classification of Dise.ses (Adapted) and SystelMti zcd NoltellclaturC' 

for Pathology. In the concluding section, wt.'" ~hall touch hricfly 

on the subject of choosing a coding schelle SUI tahle for a pathology 

inroraation sys te •. 

3.2 The Content and Structure of Codin, Schelles 
\ 

Iliagnostic state.ents contain one or more disease names. 

A diseasc n • .e. such as 'alignant neopla .... of larynx', Iftay contain 

one orscvcral of diagnostic te", .. , anatoMie tenlls and modifier term ... 

WhC'n a diseasc naac is located in a dictionary, or when it is put in 
.. 

a forll in which it can be entered into the computer, it i5" referred 

to as a diseasc entry or as a diagnostic entry. This can he eithC'r Il 

text or a n..cric entry depending on the nature of i ts content. 

Appendicitis, for exalllPle, is a general discase name. A dictionary 

.ay only contain the .orc specifie diagnostic entry "appendicitis 
, 

ful.mating" and "appendicitis obstructive". Any one of thesc two 

entries i5 a tcxt entry. SyaptollS of a disease, syndromes· and 

epony.s·· cons t i tute specia 1 types of disease nalles. 

Dictionarics fo~ by systematically assembling disease 

na~s can faei 1 i tatc thei r s tudy, avoi d dup 1 i ca t i on of n3llCs and 

·The aggreglte of sigos and syllllptOlis associ ated wi th any .orbid 
proceS'i and constituting tog~ther the picture of the disease (Anon, 
19(68) . 

··The na.e of • dise.se, structure, operation, or procedure, supposedly 
derivcd frœ the na.e of the person who discovered or described it first 
(Anon. 19661). 

( 
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establish a relationship between the.. This relationship may be 

that of a synony. or one in ",hich certain diseases appear as stib-

categories of others. These latter types of dictionaries which 

iapose a structural relationship of several levels upon the 

diseases, are called hierarchical dictionaries. hierarchical 

thesauri or classification scheaes. These classification schemes 

are usuaJly asseabled to carry out certain studies {e.g. study 

of tUllOur), or to increase the accuracy of disease nalles associ ated .. 
wi th a diagnosis being observed (Bohrod. 1971). The assenmled ,,' 

dictionary should he sufficiently dyna.ic to allow for continuous 

changes that reflect the newest develo~nts in the .edical field. 

Th'e asselllbly of tota11y' satisfactory dictionaries is hindered by 

the lack of agrceaent allOflJ( physicians on the speci fic names to be 
-.. 

u .. ed for many diagnoses. or the exact relationship that exists amonR 

them. 

If a code is assigned to every disease cotry in a 

dJctionary. then it changes the dictionary into a coding scheme. 

The code is usually n\merie. Codes are useful in cOllipressing disease 

nsaes for the purposes of coaputel'izatioo. Theil' alphanumerlc stnlcture 

often reflects the structural organization of the dictionary. For 

exalllple, in, the ICDA dictiooary (discussed belov), ail diseases of the 

digcstlve .. syste. have a code starting with the nUlllber S. 

One of the first co"'l'ehensive coding schellCs to appear was 

the standarJ Noaenclature of Oiseases (SNOO) whose first edttion was 

19. 
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puh l1shed in 1932. During 1ater years. the revhed edit ions of 

SNon (Jordan. 1947) Rlso eontRined card indl'xing Iftethods for 

Implementation of information systems in the various ho~pital 

dcpnrtmcnt... SNOn is not in use any more, but the experiencc 

galncd in using this dictionary WIlS v('ry ,valunblt" in the fohlation 

of two of the most wldely u .. ed dll'\ .. ification ~ehc.es today: 

SNOI' and 11- JCllA, 

~. J. 1110 Sys temat izcd Na.encl ature of -Pathot ogy (St«>P) (Anon.. 1965) . 

The Systcmatized NomencJaturt" of PathoJ~ (SNOPl is 

Intt'ndcoù primari Ir ilS a coding scheme to he uset'1.n PatholoRY 

Information Systcm.c;. A pathologieal diaJPlostil- .. tah.'.ent is 

eoded by spccifying it in term .. of 4 diffcrent types of IOfor-

mation, The .. c consist of topography (T), IIOrphology {Ml. (th .. 

"tructural changes produced compared to what is nomal (!)ratt a/ld 

'I1\Omas,19bb)) • etiology (E), and functlon (F) (phy~iological 

or chemi ca 1 di sorders wi th in the body caused by the dhease). A. 

4 dijlit numeric field is uscd for coding eaeh of these 4 types of 

Information: An oxample.. of the coding of a pathologieal diagnostic 

... tafemcnt is (Pratt and Thomas, 196b): 
• 

T M E F 
-------.-----+-------------------------~----------------+--------------

Ilcsl'cndtng 
colon 

b76() 

Acutc infla1lllMtion 

4100 

duc to 581-
lKlI'Ie Il, typhosa 

1361 

wlth a~SOCLa
ted di armeR 

" 
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Through this mcthod of èoding, systeMs ba~ed on SNOP .IION 

for a wide range of correlations to be carried out. ,This 
. 

is further enhanced by the systeaat le u~e of eode~. For 

l'xample, the second digit of ail IIOTphology eode~ stands 

for the followinlt attributes: 10 

o - ~~ (not otherwise specified) 

- Acute 

2 - Subacutc 

~ Chronic 

4 - Granulomatous 

II('n<:<', in order to retrieve a11 cases in which the .. rphology 

tt'rm conuins the attribute "acute". one has to retrieve ail 

(a~~~ with a morphology code of the type: -li-. 
SNOP i5 a one-to-one correspondencl' coding !iche.e; 

thnt f5, given a text entry and its type (that is elther T.M.F.. 

or F) one, and on1y one. code wi Il be found. Any one n.-cTi~ 

code may correspond to several te xt ent ri es wh 1 eh are ci ther 

-;ynonymous or equivalcnt. CriticislI of SNOr tends to be centered 

on the faet that while it is too specifie for evcrday coding in 

the f'atho logy Departllent of a hospi ta l, i t does not contain 
, 

sufficient clinieal oriented data to enable the coding of the 

ent ire pathology report. An international eHo,rt is presently 

in progress to update SNOP ta be IIIOfe convenient for use. in 

hO:'lri tais. . , 

-~ 
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J." The Intef1laUonal Clani fi cation of Di seases (Anon., 19128) 

The Intelnational Classification of Iliseases (ICD) 

first appeared in 1950 and was later ~vised s~cifically for 

hospital use. In this new fora it wa .. Riven the na~ II-ICM (tCIl 

.. pecifically adapted (leM) for USt' in hospita:) (Anon., 1912a). 

~ . II-ICUA (or leM, as wc shall rcfer to i t) i s .cant to be gener. lly 

IIsed in the hospi tal ln contrast to SNOr t 
.. restricted use in 

pathology only. It. has been realned that IfllA cannot only serve 

a .. a codlng schelle but aiso as an educational toot which ~couralte .. 

confonaity in the use of diagnostic tenas. Thi .. served as 

.. tivation for the continuous upc:lating of U:OA resulting in several 

revlsed editions. 

The (CDA dictionary i .. divided into sections, so~ of 

whtch apply to aajor topographic regions of the body. Thus one find .. 

• 1 d,apter on "Diseases of Digestive Syste.", anothcr on "Di'iease .. 

of the Clrculatory Syste." and 50 on.' There are also chapters on 

"~Infect ive and Parasi tic Diseases", "Neoplas.s". "rhY!lical SiR"s, 

SYlIJltoas and Ill-Oefined condi tians", "Injurtes and Adverse F.ffects", 

and ft separate section on "Classification of Operations and T1'ea.,t-

.-nts". VolUlle 1 contains a listing of entries arranged by the code 

nt-"ers wi th the above .entioned chapter divisions. Volu. 2 15 an 

alphabt"ttcal listing of the entries for the purposes of coding. Thi.s 

listing often contains several versions of a particular diagnostic 

entry so that it can he readily found in whichever ver~ion it appears 

-:1 n .. 



• 

• 

in the .,dical record. FOT example, both "1055 of weight" and 

"weight 1055" are preserf(1n the alphabetieal list. 

ICDA 15 a hierarchical dictionary with it'i entrics 

arranged on three level! proceeding from the general to thè 

speci fic. 'IWo exampl~5 of typical entry stnJctures are: 

and, 

level 1 - 564 FWlctionul Ilisorders of Intestine 

level 2 - 564.1 Irritable colon 

level :\ - 564. lA Enterospac;m 

level 1 - 568 Peritoneal adhesions 

leve 1 2 S68E Adhesion .. (of) omentum. 

The latter type is 1('5s f~e(~uent Iy encountered and 
~ 

consists only of a aenelat disease entry with ft more specifie 

suhcategory added on. To code ft diaRnostic "tatement in most 

c .... cs, it IS ~\Ufficient to look ur the alrhahetic list and 

locate the stateaent irresrcctivc of the lovel to which the 

... tatClQl'nt corresponds. A diagnostic statement can contain tenns 

at Any, or ail three of thcse levels dependinR on the specificity 

wc wish ta assign to a diaanosis. A code of an entry at a more 

, . 

specifie lovel always illplies the entries at the more eeneral leve/s. 

The converse of this is not true and should be remembered when 

coding the diagnostic statenent. If 564 was'coded, the code does 

not illply the patient .150 suffered of enterospasm. Conversely' 

564. lA i~lios a co.pleto diaenostic statement containing the 

23 • 
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entries of 564. 564.1, and 564. lA, 

The look up of an entry such as "fi stulalt lIay yield 

several cod~s. 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 8 text entry and i ts code, "Fistula" corresponds to 

3 codes: 527.4, 543F, 537.1. The complete diagnostic 5t3te-

ments within which it appears are: 

527 - Diseases of the salivary glands 

527.4 - Fistula 

537 - Other diseases of stomach and duodenum 

5 37,. 1 - Fis tu 1 a 

537. lA - Fistula gastrocolic 

543 - Other di 5eases of appendi x 

S43F - Fistula. 

When mul tiple codes correspond to the SaM entry, 

correct coding can be assu.red if the entry is speci fied wi th an 

associated cntry at another level. Th us , if we were interested 
) 

in coding fistula as i t applies to sali vary glands we would search 
1 

for the code that corresponds to the joint entries: 

"Diseases of the salivary gla~d" and "Fistula", 

These coding cOlllplexities of ICDA are on the whole not 

more serious than those of other dictionaries. For ex .. ple, though 
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one bene fi ts in the coding procedure fra. the one·to-Olle 

correspondence of the SNOP dictionary. one can only code vi th 

SNOP if. previously, the diagnostic stateEnt vas quite 

at'tificially split up into the 4 entry types accepted by SMlP. 

We .ust also point out that the entries .. d thei r 

classi fi cation in ICDA are nearer to those disease nalles vhich 

are generaJly used by physicians. 

3.5 Choosing a Codin, Sche.e to he Used in PIS 

Coding sche.es. whether large or sasll. di ffer 

greatly in their content. specialization. structure and 

coapleteness. ~e f{Jetor that causes di fferences in the 

complcteness of dictionaries is the existing practical li.itatioQs 

dthe si ze of a dictionary. 80th the content and cOllipleteness 

of' a dictionary are affected by the nature of' the no.enclature i t 

e.bodies. Sa.e dictionaries .ay list on1y one for. of the disease 

name, SynonyE and equivalents being disregarded. So.e dictionaries 

cOllplete Iy de lete the use of eponym, whi le others _ke use of the. 

interchangeab ly vi th disease nalles. 

Disagree_nt exists a.ang physicians on the appropriate 

disease na.e to be used for certain diagnosis. This disagreellCllt 

.ay be the cause of the di fferences that exist in the na.enclature 

and structure of various coding sch~s. ~tor~ in the various 

specialties of .edicinè often co.pile diction.ries vhose structures 

reflect their differing interests. 

25. ' . 
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Rarely ",ill lItulben of a pathoJogy depart.nt be 

satisfied with any one of the availahle dictionaries. Therefo",_ 

the designer of a pathology infonlation systea in conjmction 

with the ratholoaists Of the departaent will have to asse~l~ a 

suitable dictionary. 

80th the cOllpleteness and the structuring of the 

adopted dictionary has to be evaluated. TVo types of prable.s 
1 

may so.etilles occur whi le trying to code a report using this 

dict ionary. One is that a disease entry 15 not present in the 

dictionary and an equivalent entry has to be chosen. The other 

is that an entry uy be present but the hierarchicaJ context in 

which it i5 present ln the dictionary does not correspond to that 

intended by the patholoaist. In both of these cases, if coding 

is co-rleted. so.e alter.tions in the ~anlng of the coded report 

occurs. The fever alter.tions occur. the better the asse~led coding 

di ctionary. "Iterations in the .eanin, of the inforaation stored 

shouJd not be interpreted as an Inherent (ault of the codina sche_. 

Coding scheRs can only be as good as the conshtency ",ith which 

disease na.es are used in describing dtaJl1osis. In an inforution 

5ystea based on a codina scheae. weaknesses of the scheae can be 

pinpointed and throulh updating. the weaknesses CM be ell.inated. 

Thus an \81expect~d benefi t accrued fra. the use of these sys tellS .. y 
1 

very weil be a hiaher degree of standardi zation in the use of dlsease 

n.-es . 

," 
" 
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• Chl4pter 4 

PAn~OLOGY INFORMATION SYSTEM (PIS) IN PERSPECTIVE 

4. l Introduction 

The history of PIS cxtend~ over no more then 15 ycar~. 

llurinR thioi time thcre wcro many nttl'mptc; of PIS implementation 

fc.'w of which culminatcd in II .. atic;fActori Iy opcrAting system. 

'Il\(' l'riticnl rcvicw of the litt'ratllrc on PIS is difficult c;incc 

it is often imposc;lhlc to determiOl' from the puhlishcd material 

wh(·thcr 8 c;ystem is only heing pllmncd, h already beine worked 

upon or ha!> hocn [tctually implcmented. In addition, "follow up" 

llrtidt's which report on a system's pt'rfo'hnance over a period of 

t iml' IIrc rllrt:'. This 15 very regrettahle bccAuse this performance 

dcp<,nds not only on the excellence of technologieal design and 

phyc;icnl implcmentlltion but 81so on tht' ücccptance of the sy<aem 

h)' Its uscrs. Many orgRJlizationnl. sociologicol, professional 

" 
and emotional factors come into play during the introduction and 

opl'rlltion of the syHem affecting its ultimate succcss or failure. 

Finully. system evaluation and comparison on the ba~h 

of puhlishC'd material is often found to he misleading. Understand-

ahly it i .. not often possible to include detailed technical 

dcscrtptions in an article publishcd in a sdentific journal. 

Conc;equently. one often finds that only the hasic idess and the 

sys tem ph llo~ophy are discussed without the aIl illlportant detai hl 

which often arc crucial in overcoming limitation~ of computer 

• 
? 
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" fjlclliti('~, ~torage, personnel and finnnct''\. Thu~ it h very 

ea~y to misjudKC the 8ctuat c8pBbilltic~ of thl' ~ystem5 d~s-

I..'ribt'd ln the litofature. 

The 8pproach 1 have u!'\ed in descrihing the evoluti'on 

of PIS com;i~t:; of the dhH.·\J~5ion of Il numbl'r of computerilcd 

l'IS in the chr()nolo~ical order of :.ppearllncl'. Ilu(' to thl' 

limit:ltil'ms uf this thesi!; only thO<;l' system. .. lire mcntioned which 

eMody intcr('sting and new conct'pf<; nnd/or rePr:cSt'flt importAnt 

<;tIlRe.'!-t of dt'v(·topme.'nt. If several "uch sy'\tl'm .. Ilppcare.'d 
• 

.. imultnneous 1 y, on Ir on(' reprcsent n ft Vl' sy!\tl'm 1 .. descrihed. 

11l<,'Tl'fol"C, 1 muH apologi le.' to ail whosl' work 1 dld not mention 

Thl' l'volution of l'omputeri led pRtholoRY information 

f('tricval "yst<-m<; WB" prl'dicntcd hy the ovolutiul\ of infoTmntion 

n'trit'vili .. y .. tf'ms for the' mi lit.uy, indu .. try and govemmcnt nnd 

full<JWl'd the dcvl'lopmcnt of computer utilizarlori in hospitnls . • 
The computcrs of tht.· 50's wcre bulky and expensive. 111ey 

operated at 8 sl<JW speed with m('mory cycle times ln the range of 

several microscconds, a limtted corc-memory of perhaps 8 few tcns 

of Ic.i lobyt~5, externa! tape storaRe that l'ould he used only for 
1 

the simplest sequential data organization and input facilitic! 

consistina almost exclusivcly of punch~d card readers. Thcse com-, 

putors were uscd in simple businc~s applications. in accountina 

and sortina. by the ml1itary in air defence control and science. 
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Scicntific uscrs were attracted mostly by the fast calculating 

ab il ity of the computer. At th i s ri 100 the c'omputcrs ",cre not 

yet used for information processing and disscmination. 

The computers of the 60' s showed many advancemen'ts 

ovcr their prcdecessors of the 50's. Thesc ncwcr computcrs 

opcrated at highcr specds, benefited from memory storage of 

hundrcds of kilobytes, had an improvcd internaI organization 

and oceupied less space. System software and high level languages 

lncrcascd the versatili ty and ease of the operation of computers. 

A number of ne", pcripheral storage devi ces appearcd enabling 

random acccss of data. Soon afterwards the much needed storage 

and retrieval software ",as developed to allow the "progra/lllling 

of information storage applications utilizing thcse peripheral 

dcviccs. AIso, developments in the field of telecommunications 

enaMcd the remote use of computers th rough termina 15. 

AI though computers were used in hospi tais sincc thei r 

commercIal introduction, early computer applications were restricted 

to the husiness office and to certain researeh purposes. The wide-

sprcad in,troduction of computers had to awai t the developmcnts of 

the 60's. Among these developments. of particular significance was 

the appearanec of minicomputers and time-~haring. 

The minitomputcr was developcd primari Iy as a laboratory 

tool. In particular,it is widely used ta colleet laboTatory results 

" 'from laboraiory instruments in numerical form, to process the data, 

to store them in appropriate files and to print-out a variety of 

29. ,. 
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,tlnl'Ullrnt .. , ln tntnt\!\tve eAre (lAtt«-nt monltnrl,ntt R(lllltl'Rtion .. , the 

ln $('n('rlll, ",inil'o",put('r .. pl'rform rxtrrm('ly w~11 ln 

Anll whrr(' th~y Rr(' l'II' I('d uilon tn ,,('r(orm only " Ilml tl'll IHlltlhl'r uf 

fllllltlun~, nl('Y Ar(\ ('xl'l'ptlonnlly ",,('(ul ln "dol'l'd loopll 

applklltlnn"l wh('rl' dAta (:oIIM'fion mu"!t hl' nn:umpAnlt"d hy nOl4r 

:a 1'1' l'nI' l' 1 At l' \ nn t ru 1 Al: t 1 (ln , 

SllIn' th(' In(onnAtloll pnwl'.,,,,11I1l Illhl qtOfllJl(' ('AllIlhlllly of 

miIlHn",,1\ltl'J'~ h limttC'd, lt h rllrl' tn ('I,,'ollnh'r ",inll'oml'\ltl'r'l in 

l'IS. N(,vl'rthl'I(\", .. th" mtnil'0mt',lIh'r hlltl ,. .. iJ.e.lifil'lant ('f('('t ln 

.. hlll' i I1Jl~ r 'U' ,. t t i t lidos 0 f pa tho 1 ()~ i '" t '" tow/.rd.. IIU' omA t Ion h(,l'AII81' 

mAlly milt!l'ompllt('r .. Art" hl'lng 1I<;('d in dlnlcAI dwml .. try Anll luhorntnTY 

InhnrAtnf)' ,y~t(,lJl<; to includC' l'ntholollY, lIowl'vcr th("H' nOVer "UCl'l'l'tlNI 

hl'l'{lu!Or of thl' liml,tNt stongr nlp;idty IIl1d "y",t('m ·wftwArti nf minl-

l'O"'put l' l' .. , 

TlInC'- .. harlng art'W out from th .. nl'l'd to work wi th tho (omp\Jtl'r 

nn 1'" JUIl-TIIl'tlv(' hut ... Ordln9rlly thi .. klnd of n(laratlpn wouhl hl' 

prohihitively rxpl'n .. ivc hccAu",e thl' comp\lt('r'~ l'(\nt1'11 proc('""ln~ unit 

(rl'lJ) i .. ,c9111lh 1-1' of perfonl na 1II111l on" of o(lcutt ons per l'veo"d wh il c 

thr "'peod lat which a hUlMfl ca" -i"(lut data or abl'Jorb output From a 



schc.e which on one hand would provide people with an ability 

to co .. unicate with a co~puter and at the 5am~ time make th~ 

cOlllputcr operation economical by allowing i t5 cru to operatC' 

at full spced and without any idlc period5. 

In a time-shared system several computer users arc 

connected to the computer simultaneously. While data 15 

entcrcd or is being printed at the terminal of one user. 
... 

another user's data is processed in the computer. This way 

JI user i5 always able"to input data. and the output of pro-

ccssed data is almost instantaneously availahle. F.ach user 

.is '>crviced by the CPU in a "round robin" fashion for a 

pcrlod of a fraction of a second. Meanwhile, the impression 

rc~aining with any one of the u,>ers 15 that he i5 the sole 
• 

u-.cr of the system. 

Modern telecommùnication technology cnables hospitals 

to cOmMunicate with a distant c~mputer using ordinary telephonp 

1 incs. Through tilDC-sharing faei li ti es the input and the output 

of data is not interrupted by a waiting period. Thus. both 

pr,actically and financially. remote interaction with computer 

tlll'>trd data bccomes feasible. 

4.3 Thc lmiversity of California Hospital Laboratory Medicine Syste~ 
<, 

<",Wc will start now with tJtc discussion of pathology 
• 

informatlon systems. One of the first systems was built by 

R.G. La.son (Lamson. 1965), whose &oals were similar to those of 

• oth~r _cdlcal inforaation ,systellls designed at about the same ti_e 

(c.g. S.ith and Mel'ton. 1963; Lindberg. 1965; Korein. 1963). These 

goals were: 
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. 
'11u' "C'\',,_"n,'~" ''''l'tH.d, Wlt" tl' ",ury thl" ,nit ln " "t~,lWll'~ 

" t.i "-

Il t,,,,' tu" 1 ~I 1" t hl' di "tt"I" t" '·l'",C'lu·,·h. 

""t'rn'lu''''1 l'rlwl''duft'l!& 'hown in t;llt. ".1 lnd"dt' !u'!cMlna1y un
!\. 

\ 

lu'o'""n :",,1 \'o .. ,I('Ill routlnc'., l'hl" "I",nulo".' "y,tclft h(1w('Ivrr • 
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• Since more than 6000 pathologiea) diagnoses had to 

be processed each year. Lamson designed his syst~. 50 that it 

would accept these diagnoses in free text fOTm. The coding of 

the text was 'carried out through a table-Iook-up procedure. 

Unfortunately, very little information was provided about this 

coding process or the dictionary. The seant description though • 

... uggests that I.amson' s dictionary was constructed si.i larly to 

that of SmIth and Melton (1963, 1964), In th~ir approach the 

entrle'i of the di ctionary were accumulated hy scanning every 

nl'W report unt lIa new diagnos ti e ter. wa'i found TenlS whi ch 

werc added ta the dictlonary during previous scans w~re of course 

l~lored, A code was assigned to caeh new entry which W8S then 

cntcred into the dictionary. 

Rased on their experienc~s. La.son. Melton and Smith, 

Llndherg, Korein and others pointed out the difficulties associated 

wlth thlS kind of work. This was very signIfieant since there .was 

il great wave of enthusiasm for emploYlng cOlDputers in the hospi tal. 

ln faet, thert' were Many optlmistic predictiop" that in a very few 

yCdrs hospital informatIon system ... would become a funetional reallty, 

Thi!. did not prove to be so since the appheation of COliputers alone 

i .. not enough to solve the prob.lem. It is necessary that system 
'" 

analysis precede automation; ln particular. th~ analy~is of the pro-

('edures in the hospttal. the analysis of the syste.s that are being 

u",ed to code and c1assify inforaation, and 50 on. In het -as for 

example, Lamson pointed out r even such a tractable sw)sectlon of the 
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• total hàspital information system as the clinical laboratory 

-.ystem W3S far from satisfsctori Iy implellCntcd. ln particu)ar. 

cost and complexi ty of the system had to be carcfully consid~red. 

And, the problem of free text processing and retrieval has l'C-

mained to this daY. 

4.4 An Interactive Clinical Pathology Oata Analysis Syste. 

The SMOLOS system (Krieg ct al .• 1968) was co-rleted by 

19hb for the Department of Pathology, Upstate Medical Centre. 

SUNY, Syracuse, New York. This system Calle into existence to 

automate the rcportlng of laboratory generat~d data whose voluae 

wa~ incrcasing by 10\ to 20\ a year. The data base generated 

/ 
was meant to be queried by the clinician in the bope of Obtaining 

fccdback on the trcatment procedures. used. Therefore the syste. 

wa~ dèsigncJ to allow the physician to co .. unicate with the coaputer 

wi thout, mterpos ing an intermediary data handler. 

ln order' to make such an arrange.ent functional it i~ 

lmpcrativ6 that the system allow easy, direct and realtiae coa.uni-

catl~n b~tween the physician and the computer. In particular. for 

the physician the primary activity is that of treating patients and 

th('.t,efore he wi 1 1 qui ck Iy be di scouraged fro. the use of even the 

most sophisticated system, whatever its potential,'if he has to pay 

a larg~ tlme pen~lty. For cxa.ple. if h~has to prepare questions 
, 

on p~ched cards. submit them to a co.putér operator and th en has 

to wait for the answer he will be rapidly discouraled f~ using 

•• the co-vuter as 8 datly tool. The syste. designed by Kriea.et al . 

/ 
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overca.e this p,ro~le. by using a dedicated co.puter (IBM 1410) 

" with a typewriter ter.inal. In addition, the operating progra. 
-'> ' 

was deslgned to "'a~cept English language co_ands which the 

clinician cpuld learn with a ainiaal a.aunt of instruction. Such 

querying is feasible if an appropriate data base is designed. A 

two-Ievel structure (Fig. 4.2) was found to be satisfactory. 

The user has to have a general knowledge of the,data 

hase structure in order to phrase his query. The original 

q'uestion IS broken down into the three basic steps of: al data 

acccss, hl processlng and cl result display. [ach of thcse steps 

can he entered using such ca..ands as FINO, AVERAGE, COMPRESS, PRINT, 

(;RAI'II. etc. Boolean operator.; are accepted by the' systea and data 

obtained in retrieval can be used in subsequent steps. The article 

dcscriblng the systea contains exaaples of queries which yielded 

dinically significant findlngs. It is not often that one finds a 

systea whose iapleaentatlon is c~pleted to this extent before it IS 

actually reported in the literature ~ 

4.5 The Radiol0sY Systea at the University of Arkansas 

Medical Centre 

Further developaents of interactive systeas were handicapped 

hy probleas of processing narrative text. Many experiaental systeas 

have hecn devised in the quest of a systea which would: 

A.n·"t .• t thr ,np"t il ,wrraf,v(' t('xt .... wrift"n hy th., phy ... idan; 

Illlr.I,-'1 tre,. t'"", n, .. ,',.IIVt' h'llt ttu' *·,IH."ly ... ,):nlf".1II1 

in foraat ion; 

Store the infonution ln either coded or text fora but in lUI 

efficiently retrievable aanner; and 

·'1 
1 
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Fil. 4.2 - Structure of SMOLDS data base (Krieg 
et al.. 1968). 
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Uovc the ahility of recognizing the hicrarchical ordering 

of the infonnutional items Ilnd of autOllllJticully grouping entrie!> 

he'longing ta the' o;amc c1u5!\. ft il' pnrticulorly importllnt thut 

thl' ~y~tcm hnve the ahil1ty to recognize "ynonym~ and exprcs"lon~ 

which rontaln ('s~cntiully the ~amt' idea Md tht' !liAnte information. 

A -;yste'm which .. atisfic .. lit lea .. t som" of these 81m. .. , 

WU!, implcmt'nted hy 8nmhard ct Ill. (l9hfl) at the University C'lf 

Arkallsas Medical Cent're. This system procc .. ses radiology report" 

whid\ pn'st'nt the sarne text proces .. ing prohlems as puthology 

The Ilpproach takt'n hy 8amhurd l't al. i~ i llu!ltratcd 

III Fig. 4.3. While the report i" typed, the' text is also punched 

on pupe'r tape The text 1 c; copled onto magneti c tape 

input the prol'('s,\or. In effect, th i" ~cct i on 

of thl' opcrat Ion is y vcr<;lon of tuday' .. ker-to-tape datn 

l'n t ry . 

The text i5 screcncd hy the sy~tcm to locate the kcyword .. 

which carry the mcdical information. A word i5 labelled a!li a 

"keyword" if it is found in the keyword dictionary of th~, system. 

Twu other classes of words are aho identified: " discard" words 

und "unknown" words. IlisC'ord words are those which can be skipped 

"ince they arc not meanlngful. Included in this clos! are articles, 

('onm'ct 1 nR ward .. , etc. A separate di cti onary contains these words. 

Word~ wh i ch cannat be found in ei ther the kcyword di ctionary or the 'J 
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dheord word dictionary Rre labe lied a5 unlmown words and arc 

invostlgated soparatolr br the operator. S~ of these unknown 

words "r contain alsspelled keyvords, ncw dl~card words or a 

not-yet-encountorcd kcyword. Hence fn. this strt'a. of unknown 

words, keywords .ay he extractod and added to the dictlonary. 

The entlre koyword dictionary was built uP through thls .ethod. 

However, the Authon of the systo. found that the dictiona". 

would not stabll1ze cven after the scanning of 100,000 words 

and contlnuous additions were necessary (Iarnhard et al. 1968). 

Fur the rllO TC , the frequency distribution of word occurrence did 

not warrant the reorganizatlon of the dlctionary lnto a stack 

which contained the .ore frequent1y uscd words at its top. In 

ret rospect, il seea, th. t the sile of the di cU onRry used was 

far too 5Mal1, cO~Rred to ICDA or SNOP (see sections 3.3. 3.4), 

to achieve stability. 

A aore detailed illustration of'the text-processing 

~teps followed by this Sy5tO. ls shawn ln Fig. 4.4. The nt~ric 

characters heading the text are patient identification data. In 

the first proces!ing run, 1110gal words and findinas fol1owlng a 

n,egaUon are deleted frOli the texte The choice of deleting 

neaative diagnostic findinls is quesU,onable since ln ... y cases 

the absence of diagnostic sims Is hiahly ,ilRificant. OurinR 

the second run the di scard and the mknown words are deJeted. The 

rellalnina words contain el ther an anat_leal ten, a patholoa1eal '(dlap05is) 

tera. a ter.·indleatlna slze, de,ree of posltivity or location side. 

.. .' 
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eOO ..... ..----...... , .. " ............. . ...... ,,..t ... ~. , ... p, 

.. ......... , ...... .. 

Fia. ".3 - The words of the raclioloJY report are typed (upper 
1 eft) and ,111U1 taneous Iy pw.ched on paper tape or 
cards in .. chine readable fo ..... Followlna traftsfer 
to .aaneti c tape the COIIpUter co..,ares the vords 
of the report vi th 1 ts "dlctiOllary" and treats 
the. as leey. discard or w.ltnown vords (8amhard and 
Lona. 1966). 

Il ...... , .. " .. , ( ClII" 

~n4~ ,f1905112}~2 (H'''' lHI HI ""' "'",.tI .. \ ." "", .• ,. '-M' """" ,,,. \ 

" .... "H.tU'" Of 'H' un ","ue" " .. " ,,, '"II''' "'" (II , .. ,,,. , .. 
UU"" "'Olt". M "aNOltM""'If" ""t "ft, ...... "'''"" "" Il , "".,u,",. '1 \. 
,ttOUlhV"NIl'""MIMI'. 

,,1'\, l '" A' n" Nflo"11ON "M'IlIl. "CI' n. ,.n" c ()\.lIotC, ... \\ne,," ",,, \\1*." \\, ". 
III U.AI C HA"AC ""s. 

OOlMl HIA'" SlM.HUY 'MAlte.tn ....... 1\ .. '110' .. ' "tt.lCt"" ... , \l''IC''" 
l ,,~. ''''''15 C Il Ait. Mill' C ""llIn" ... " ....... 11 ue.' """'11" ......... , 

.,,,'. ,'\ A' "" ""IC nNe. DI5( " • ., WOII'l'\ ""'Il W,tIC, ....... ,. teM'''''.l .... 'lM ",,' \1" 
OOCM\ "A'" - A "'-M.HU y"." • ,. A ••.• '1 - ct ...... "'''110'.1\ " 
"".IION'" A 'If' t 114 'UN'''MIt =- A .• , ...... -. A ........ \1 ,,,, .. ,..,. 
.... C.A ... ". .. 

a' .. " •• "t If" ",. ft" 

,,~~14~ ... "". "k.U'I\ ."""c ........... "'"",,1\ llle .... ' ... 1 "'''Ut Il 
Mil Il • ''''''IU''''.AI ... 

FI,. 4.4 - eo.puter print-out of th. text processln, steps 
(8amhard et al. 1161). -. 
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dll'tlonnry. An ftttempt wa~ matie to ImrHl"l' "(lmr hil"T'archy 

\lpnn the krywortl!" nut in thh sy~tl"m thl~ l'tm "1 not hl" dont' , 

AI' t<'c;,t ('llminotl"" thost" ~cntcn(.'t's whldl ('ontoln unly An 

1A1\:lt\lmh'ul tt'T'm. Whrn Rtl the ke.'yword., Ilrl' i,lt'ntHied, thl' 

pntH'nt ill«,nttfi\'lltion numhor i~ Alhlt'd to th .. storARe .. r(,A~ 

an'a wh kh "l'rVt''\ II~ a "linkaKt''' ot pnUf'nt dRtll, 

1111" IIk'thod of huildinR up 'tht> dlctlonRry l!l DRAin 

.. imllar tn thnt \l'\<<:'tI hy Smith tlnd M<-ltnn (19h3. 19(4).Bamhard, 

(,t a', hnprJ that the improvetl computer fRd liti('~. Hor_lle 

,Ie'vin'''_ "loftwnrl' ond tpxt input d«,vlcc'\ would nllow the lmJllc~ 

mt'ntatinn of n "y"tt'm thlAt proc(",,,(''\ nnrrntiv(' t«,xt wlth n 

AlthlHlKh l'onl'«:'ptIlRlly it ~N''''''\ po .. '\ihlr t'o carry out 

,'orrt'llltiun of dntll ltl'm'ô involvintt (.'ompRrhoo antl hoolean opc:ratof", 

tht' llllthnr .. nn Iy 111~ .. tr.tc dnt/! rct rirval involvinR the u"c of 
/ 

thl' ANIl opcrlltor, Output of .. torcd report!' 15 oot truly p05"ihlc 

with thi .. 'Iy~tem. Only Il random Ihting of keyword5 found withln 

the.' te.'xt of the rl'poTt i~ ff'85ible. Thu~ it h diffic:ult to check 

for l'orrc<, .. tnl'~~ of the cntE'red report and updating beco.es .. e_ning .. 

41 • 
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4.6 The .Johns Hepkins Hospital System fOT Aut?psy Report Annly~is 
, 1. 

Paplanus et al. (969) aimed to implement a system that 

would aid clinicians in their attempt to correlate data contained 

in the autopsy report. Sinec a working system was desired, the 

desIgners of this system stayed away from any approach that would 

have rcquired long experimentation and unproven techniques. The 

system was to be built so that clinicians eould operate it with 

case and use it as an analytic tool. 

The approach adopted was to input the diagnostic terms 

in full Engltsh, not in the narntive text form of the autopsy 

report but in a pre-edited form. The pre-editing process ex-

tracted the diagnostic terms of the report for storage. This 
! 

manwlI opera~ion overcamc the text entry problem that Barnhard 

et al. could not solve re1iably using the computer. 

The pre-editing process consists of rewriting the 

autopsy report in a fOTm that contalns the patient's identification 

data and a listing of ail diagnosis found in the original report. 

The relevant anatomy tem must appear ahead of each diagnosis 11sted. 

If no anatomy term is present in the diagnosis, or the exi!tent ana-

to.y ter. is not satlsfactory for correlation purposes, then a more 

sattsfactory one is added. For example. a diagnosis of "arterios'clerosis" 

would he entcred as "blood vessel, arteriosclerosis". Tho dictionary 

of the systeM IS built up as new tcrms are encountered within the 

ontered reports. This again reminds us of the carly approach used by 

Saith and Melton (1963, 1964). 
.~ 
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ln the ~ystcm implcmentcd hy Papllln\J!'t et al. thE' 

reports arc cntcred in a key-to-tapc opcration usinR an IBM 

1401 computer. The tape serves as th<, input medium to the 

"ystcm's software w}lich l'esides on an IBM 7094. AC; in the 

rad1010RY "y"tcm mcntioned in the prcviotls .. cet ion, cach kcy-

word has i t5 own Horage aren containin~ th!' patit'nt identi-

ficution munhers of the reports with thic; kcyword in them. 

A book is pri~tod out regularly containing an alpha-

hetleal li"t of aIl diagnostil: ('ntries encountcrcd by thr-~Y<h'm 

t0J.:dhef with the ~pcctive.;l'eport numers. This book ïs 

u,><-'J in maOlwl "t'arches of the reports. 

l'wo typt's of automatcd scarches wcrc poss~hle in th i s 

"y"tel1l'. Or,c WHO; a sC8l'ch of reports using A scarch key containing \ 

hoolcan and l'Oinparison opcratoJrs. The scarch key WBS used ln 

loob OR ur the reports l'cS idi nit on the input tape. Lf Il r<-port 

was retrieved in its cntil'ety. Anothel' 

-"carch could look l~p classes of diagnoses, cllch of which containcd ,,' 
. \J 
the samc given word. For example, a numbcr of diagnoses containing 

thl' word "absce~s" cou1d be fOlUld ln the di ct ionary. Then a Il 

l'l'port .. containing at least onc of these diagnoses would be rc-

trÎl'vcd. nus search st! 1 1 ~es not al Jow, for example, the l'e· 

tricvaJ of aIl cases with "maiignant neoplllsm" diagnosis bccau!\~ 

Ilot ail na me .. of maltgnnnt ncopl'sm~ contai'l, this word .in thcll' 
" . 

name. The cxternal .. tol'a)tc media of thls ~y .. t('m was tape und 

l'on~e4ucntly the reports wcre c;tored scqucntiully. Thus thl' l'p~t 

of thc~c rctrlcvals w8s-high. 

.-. 
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'h" .. \·~t .. ", Il .. ~IJ>!tI ,'un,,'I"" w" .. 1'"11'tUd" 
4. 

d'l'II ru, Il,,t IIl\ltl~ tHlII'l1,I,' tC1I""~' (Al th .. pnqtdldlltv (~f ''l''''U''' 

"ttlll.lnt! IllIdtl~ 1\I,III1~. 111\11 (hl thr nlt"rn'Iu" lu n,f' tfK1AI11,," 

nH' IUt'hu,'q t''''ClJ!tt' 1p,1 Iltp 1'"l\ ldlti Il 'v, "f' ml «;'\1',,1 """, Il ,1I11J("t'l\lq 
p 

IU'II 'h"" lU" I,mn' Il III Iv 1 t'Pllt In.a Il I\rw ""' t'y'" thf'! .lId l ''''''''Y , 

'"l1n". l,' t \llh', 

hl C" rln hl t rli ,'rt .'\ "VAl w",. Il IIUl m"tI t 1 u'H~1 hy 'h" ft"t hurq , 

.1 III~III''t t Il "U" \' WAq IIQt'tl 

Ihr 111'''1'11,1,," III mf'~",I,,1oI '",h/('",I thrutlJlh rf'WntlllnM 

,Ir, ~"ml''''"''''' 'n .thl1t of ""'Hlhl,,~ ft l'IHlInt.! ,lId ICII\luy rllr lhl' 

""I"" .. ~t tIlIlW"IIII'" .,ntry tll ft, Il 'rrm, 'nlf-"rfllr(1 thi' dwlc..·" flf' 

... 

IIttf'ml't ... ,1 '"I thl", tlmf' tr\rtl ln rnl'f' fi r"lt CIl' .. II wlth th .. l'rI) 

• '\1I11f'11 ""Iv \fI Il pArtllllly c;nt I .. h, tClry "Y"l'(1m. ln th" t'rul, th" 
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dcsignèrs of thesc systems summarizcd the difficulties thcy 

.' 
"'J 

~ncountcred vith narrativ~ text cntry and ndded thot a truly 

.. ati .. fllct01Y' systcli .. hould 01 .. 0 he ahl~ to pcrform hierarchielll 

r~tri('vals. Itowevcr. if vould have h('~n possible oround 1968, 

to de!>ign Il system which would have pcrfonncd satisfactori Iy 

ln carrying out hicrarchical searchcs. Such a systcmwould have 

us('d a nUIIICric coding scheme and would have yiclded English 

tl'xt output. Tht" input would have consisted of the manual1y 

,l'Odcd diagnostic terlls. Organization of the stored report 

could have hecn identical to that used in the system of raplanug 

ct al, The patient identification would have becn placed in the 

.. torage arca nllowed for'-each code. The output would have hecn 

ohtaincd hy translating the codes hack into text using a disk 

storcd nu.eric code to text dictionary. The hicrarchy built 

lnto the dictionary would have enahled the dcsircd hierarchical 

retri~val. The system could have heen rrogrammed in FORTRAN. 

4.7 Investigations of Narrative Tcxt Input ln PIS 

(luring the past IS years, many attempts were made to 

COIlllmlcate with the computer through both narrative text and 

.. pecially deslgned computer languages. Sorne of the so called 

h. J:h Icvl' 1 cOIIlputer languages were desiRncd for the spccifi c 

purposl' of casinl( tht" progranuning task and to climinate thc nl'cd 

to tmdcrstand the "anner workings" of the computer. Thcse 

co_puter lang\Jag~s were designcd to contain many ordinary words, 

45 • 
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such as SlIP. EDIT. WRllE and LIST. The design of such 

languages was .ade possible through studies o~ the organization 

of ordinary and artificial languages and the .anner in which , 
they c~unicate inforaation. Especially weil known is Chomsky's 

work (Chœsky. 1965 ) .. 

So.e of these nev coaputer languages, s~ch,as PL!I. 

resellble the spoken h..-an language. Current cOIIputer systelllS 

can easily translate these languages into aachJne language. Is 
• w 

- , 
it not reasonable then, to atte.pt to autoaate the translation 

of the huaan language as weil! The dictionaries of current 

hi gh level languages such as PL!I contain English words exclus i vely. 

Coapared to the huaan language. however, the size of these dictionaries 

is significantly s .. ller. the rules for expressing a thought are .uch 

stricter and the range of thoughts expressible is .uch .are limitcd. 

Therefore. the translator of the hUllan language is bound to be mre 

co.plex than any co~uter language translator. 

Before we answer the above question we IlUSt define a few 

concepts which will serve as cri teria for evaluating whether i t is 

possible to build a huaan language translator. A language enables 

inforaation to be ca..unicated in specifie increnents called state-

~nts (in written English language these are the sentences). A 

stateaent contains a nuaber of eleaents. each consisting of a word 

or a group of words. An eleaent has a function. It is thiS function 

that deteraines whcther an eleaent in the English language bcca.es 

• 
~, 
\ 
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a suhject, a predicate, a ~o-rJe.ent, etc. The eJe~nts and 

their functions occur within a state.ent according to specifie 

structural rules which are so.eti~s referred to as syntax. The 

tota Illy of these rules forllS the gra_ur of the language,. 

\ Syntactic analysis is the analysis which inquires into 

the structure of the stat~nt. The proces5 of finding a sequence 

of cle.ents wit~in a state.ent and identifying it as a role of the 

grammar is called parsing. Syntactic analysis of a correctIy 

written stateaent in a co.puter language always yields an equi-

valence hetween the string (a collection of a 1 ph an u.e ri cs) heing 

analysed and one. and only one, rule of the gra..ar. In such a 

case the parse is said to be successful. In the English language. 

often more than one rule can he found to be equivalent to the 

SiUPe string, giving rise to syntactic albiguity. Added to this. 

I.nglish gruaar contains a large nt.ber of co.plex rules. 

A stateMent can he ;malysed not only "yntacticaJ Iy. hut 

al50 se_antical1y. Se.antic analysis inquires into the aeaning of 

a word and if more than one .caning i5 found seaantic a.biguity 

arises. The infon.ation coaaunicated by a state~nt is detormined 

hy both the syntax of the state.ent and se.anties of the words. 

The abovè introduced concepts were essential in the analysis 

and synthesis of computer languages and the i.pleaentati~.of the 

respective translator. In teras of these ~oncepts our original 

question can now be rephr.sed to ask: Can wc find a set of roles 
~ 

for the English language. or a subsct of it, e~abling us to carry 

47 • 
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Il'1(',1 III fnl1nlllllt InK thr pAthlll()~V r«'llUrt, MI'." ",.1 IAnRuAJlr 

IlU" li IImlh,.1 tlll'ttnflllry AUet hA"! '1trnnJt tir" tn l.nUn word 

il II"II,,'\lnlot', SlId, wnrk hA~ hrrn \"I,rd .. ,1 , .... hy 1,"''1on Ilnd 

III rn-"llIlc' (II)M) II/HI Wcm" Rnd C;,.Ynoti (1"71). 

Whllc' wnrklntl cm h'" lAhnutnry IIrtlldnr '1y"toll 

('nt l'V of pntholoJ,tlnll !4tlltrmt'nt'l ln ,,,atufAl trxt ru.... Tu 

th'" ('ml Ill' Implrm .. tltt'd Il nlltuflll lnn.z""Jlr tnfo,:utlon rctrlC'vnl 

l')hh), ln thl .. Implt'mrntntlnn. hl' f(',hl"rtl thC' ,'oll.,l .. xlt)' nf , 

hl'l III'IJ.. hy l'rpllH tnll ttu~ Itt'lwrlll .. yntlh'tlr '1tructurc of tht' 

"11I~nll .. ti~ .'\tnlrmrnt'l wlth " "iimplrt onr. W"hln thl" "~plC' 

." flldUI"" tH' Il'\'\lImr,1 Ihll' 1 t WU'I not (''''1rntllll tu carry out lin 

thl' aJlprllrZUH'l' ,,,hl Idrnt 1 fll'Ilt Inn nf n'rhl" wonl" ~uch a!' thr 

• tllt'm. n,i~ Ilfllilh could .. 1'10 handle th«, ,~ynonyllO\l!' relation exhtin, 
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bctwecn certain te 

Input 

in an unedi tcd 

system consists of the pathology report 

of requcsts to .akc c~anRcs within the 

directcd graph structure or of scarch questions also in un-

edited prose form. A dictionary of 7000 ter.s was accu.ulatcd. 

This continually expanding dictionary was kept functional with 

the aid of a logic structure maintenance prog~aa. 

Searêh requests yielded copies of the original docu-

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

7\ of ail documents rctrieved were not relevant to the search 

request. 

'~e syste~ implementcd on an IBM 7040/7094 was 

cumbcr~omc. Significant complications in the .aintenance of the 

lugic structure re."sulted. Only questions involving NOT and ANIl 

operators could he." used in scarchcs. l.alltSon intended to expand 

th ... sy .. tem on an IBM 3bO for a dcfinitive evaluation of this 

method. The results of this expansion havc not yet been reportcd. 

A morc rccent expcriment to syntactical1y'analyse 

surgieal pathology diagnostic statements was attc8pted by Wong 

and Gayoon (Wong and Gayoon. 1971) at the University of Illinois. 

Rather than replace the complex structure of the diaenostic 

.. tatement. as Lamson did at the expcnse of a eOiiplex dictionary. 

Wong and Gayoon decided to acccpt its full cOliplexity and devhe 

.1 gra..,ur who .. C'. rule .. woul d en ah le par'\IOK any di aRnost i c "t .. tc~nt . 

' . 
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The gr...ar dcvi~~d i~ shown in FiR. 4,6. Th~ firsf 

step in the ~yntactic analysis prol'~ss is the s("~nninlt proc('~ ... 
1 

The first scan looks for the statelleRt d~li.itt"r. a pt"rtod (1.1). 

and isolates fra. the text the diagno~tic state.ent whtch will ~e 

analyzed structurally. Such a state.ent contains ele~nts vhich 

Carl ~e one of three types: site, diagnosis and IIOdifier. Th~ 

vord groups are separated into ele.ents ~y the identification 

of tlcli.iters existing betveen elclICRt types. The Il groups or 

dl-li.tters are shawn in Fig. 4.5. Altogether 62 de li .i te,rs are .. 
pn· .. ent in thcse 13 groups. Thesc ele.-ent deli.iters are s("arched 

for durlng the second scan of a .. tat~nt ( .. ce ("xa~le in Fig. 4.7). 

The ele.ent type is dete ... in~d by investigating the deli.iter pre· 

ceding and following the ele.-ent. Once the sequence of elt".ent 
1-

types and dell.iters is established. ca.parison vith the gra.~r 

rules can he carried out. If the sequence aatches one of tht" rules 

the parse is successful. If not, either the sequence reprcsents a 
( 

n("v rule not yet pres~nt in the gr~ar. or the stat~ent did not 

parse .. uccessfully ~~cause of syntacti c a.bigui ty. After the 

par .. ing i .. co~leted, the elc.ents are .. tored in their full text 

fon together with an ele.cnt identification "tag". 

Parsing test runs with this system rcsulted ln a 10\ error 

rate. The authors suggest that further i~prove.ents of the parsing 

routine can reduce this macceptably hig~ error râte. In addition, 

sa.e arrang~nt that would establish a hierarchical relationship 

a.ong the stored diagnostic state.ent ele.ents would also be needed. 

50. 
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Il .. TII"'I Da ....... ", 

lei .. ,.. ....... 

41Da ........ 

" IITI w.d! Oa ........ 
Sel C ..... , ...... w,u. Da 

01"" 
s.t Da ...... NOD 01 

IITI 

Noeto Da ............ 
NOD-...... 

P.plllery U.n.lllun.1 
tell tIdInoc.u._. u' 
urt_ry WMcIe ...... ply 
..... ' ..... Inlol ... 
• uecular leyer. 
horty ........ ' ... 111 
~.poI.'bl .. ....... 'Ic. IaYOlYlno ,kln 
of ........ 
............ ' ... 1 •• uac:.., .... ad 1('111' ............ 
"""1 of ,.,rly 
....... , .......... 'MO'd 
~1'C1IMIIM of Clrv'a . 
.... IIeUy ftOnMl 
, .............. , •• nd 

Je'---.-=-""1 ...... lu_ of "rot ......... . 
.... , .. yloldoel •• ........ 
u..tM COIa_1 wllh .. ,.. ........... . 
An" ...... 'dtl. wlah ,.... ..... 
u.. wlth ..... yoIM. 

c. ...... w!th HodtIIln·. 
....... ~I. 
NewtI ••• o •• wll" 
na'ral .... r,..... ... 
........ tnc.,a ....... .... ' .na. 

FiR. 4.6 - Typ~5 of diaRnosti~ St8tp~ts u,ed in ~ur~icftl 
patholo«y repoTts acceptable ~y th~ par5in~ Toutin~ 
(Wong and Caynon, 1971) 
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IIrl".ry !tl ..... ' , dt·,·"I, 
penetr."'" 'n'" .,'" ",,,Kul., . yy~, . ~ ,.,Md ".'.~'" , .. 
dtepolt. : 
peplll.,y I,.n.Ulun .. ' 
.d"o(lr("ftOIItI 
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url .. " bl .. ktrr 

nMNIl'''': 
....,., ,...." .. lInll In'o 
,he MUKU'.r '.y., 

1 
fi g. 4.7 - I:xampl" i llu~ trBttng the operation of th" parslng 

routine. 
The abDve statement i~ ~canned. first the deliMiter 
tI-Olla" h encollltered which ~iRnab th.t the precedlnR 
ele_nt h likely to be a "dillanosh". Then the next 
d"llllli ter "of" 15 foood indi catinR that the elellK'nt up 
to and inc1udinR "oma" h indeed a "diaRnosh". 
Following thh. deU.Uer ";" h encountered. suggestlnR 
the possihillty of a "stte" elclllent following the 
tldlagnosh". ~lillliter "-atinR" 15 found liter. i ts 
presence confirming that the elelllCnt up to the se.teolon 
h a It!\lte". The la~t delimiter. the end-of-uatelltmt 
symbol allows the parslng routine to conclude that the 
onU re string followt ng the seliltcolon h • "modi fler". 
(Wong and r .. ynon; 1971): 
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ln thel r conclusjon, Wong and' Gaynon elmorete,on thh aspect , 

by preseriting a list of charecteristics which a free text 

analyser .ust possesse This includes the ability to recoanit~ 

5ynonyllOus or hierarchical relatims I*)ng elewnts. interpret 

ncgcltive results and accept .. ltiple word search keys. A lator 

iMplc.-cntatlOn of a PfS by the "BIR authors (Gaynon and Wong. 

1972) did not Include this paning routine. It seeas that the 

above reco..endations cannot be readily put into prectiee in 

.1 "y5te. lI'anR thr parsing routine. 

4.8 Present llirections in the ".plo_ntation of PIS 

-
The predOitinant 15Sue in the system discusscd in the 

foregoing has heen the extraction of infonutlon fro. the 

pathology report entered in a narrative text for.. A totally 

satisfactory .cthod has not yet been lound and at this li.." wc 

l"annot t'ven '\peculate when a truly successful syste. wi 11 be 

des 1 gned. A possible future salut ion .ay consist of devi5ing a 

~dical I.nghsh language which would have a shlpler syntax than 

the me Clarrent Iy used (Martin. 1973). Thi s langUAge would be 

widely taught and used by physicians to converse with syste.s 

containtng .. dical data. StatClients ',expressed in lhis language 

would be si.ilar to natural lan~ge 5tat~nts. The liaitations 

would .ainly be ln the varicty of sentence structures .nd the site 

and the spcclficity of the .cdical vocabulary. The effort of 

l('aminR thls .. ore fo .... 1 I.nglish language would prohably be 

/ 
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aeeepted by elinicians if, in return, they would have the reward 

of effortless interaction vith large .edieal data bases. 
~ 

There are,however additional problellS to be solved befort" 

total .edical inforaation systeas serving the population of an entire 

rcgion beco.e funetional. These probleas and the relation between 

thcm are shawn in Fig. 4.8. The investigation of these problea 

areas can be carried out independently. Thus a saall .edical 

information .odule, such as the pathology IIOdule. un be iliple.ented 

cven bcfore the "physician-co.puter" conversation problellS are 

solved. Thcsc IH>dules ean be used on thei r own tmtil 'it beeOlles 
t 

feaslh le to incorporate thea into the larger .edieal infor.ation 

(Gras, 1971). 

Wc shall now proceed to investigate the various PIS 

modules that are either being "built" or eould be ''built'' at 

present. 

A new systea ",as recenpy reported by Gaynon and Wong 

(1972), the authors of the parsing routine diseussed in section 

4.7. Thelr current syste. w~~ designed for report retrievals, 

statistieal inquiries and linkage. In particular. the systea vas 

me an t to 1 ink s tate.ents fro. reports vi th the corresponding 

microscopie and photographie slides. The input to the systea. read 

ln as free text, consists of the tissue ek .. ination request fo~ 

and the surgical pathology report. After state.ents and vords are 

dcliaited. the identification of the disease entries 1s achieved • through a look-up procedure of the systea's dictionary. called 
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• NOILrM 
• 

r----------
1 .IIITIAL 
1ltlliMat AND 
1 IXPIlt IIIIIITAT 1 Olt 

-----------
, Ir 

.. 
DlYlLO' INDIVIDUAL 1 

1 .. IN'~TION l''T'" 
1 -. MODULII ,0It 'ATtQ.OI, ~ 
1 RAOIOLOIY~ ne. 
1 

r----------
1 INITIAL 

l!tflfARCH AND 

1 rx"IU"'N'A' ION L _________ _ 

1 r 
DfVfLM INTRA-HOS'ITAl 

~ IIfTWORK TO fITA.ILIIH 

-- COfIIlUIII CAT 1 ON AMOllI 
f -- TM( ''''ORMATION IYlTI" 
1 MOOULfS 

,..---------, 
1 INITIAL 

1 !tflfMCH AND 
• fX'IItIMl .. TATION L. _________ __ 

, ~ 
UMI" ALL WDI'ITAl 
DATA IA.,I IWTO A 
RfllOML MID 1 CAL 
DATA IAlf 

, r 

TMf .. DICAl 1.., .... ' 1 Olt 
IVlTr" Il ItIADY 'DI 
'ATlr"T TltfATMf"T 
AllI) ItIIlAle" 

Fi,. 4.8 - The sequen.çe of prQble_ that have to be 
solved for the:' i.pleaentation of a .edie.l 
info~ation .yste. for a ,Iven re,lon • 
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l..exicon. Hence. no structural analysis takes place and only 

the presence of certain words is investigated (context-free 

analysis). Lexicon changes some of the words into the systemes 

standard form. It also enables the recogni tion of negation 

within state.ents. the recognition of synonyms, and the im-

plication of certain diagnosti c terms. It does not recogni ze 

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 slmilar to IBM's ~IC process). These' 

resulting statements and the corresponding surgieal number are 

entered in one of the 3 eatalogs for elinical diagnosis, operative 

procedure~ and pathologieal diagnosls. These catalogs make 

possible the desired linkage operation and the retrieval of the 

original report. given any one of the statements 1t contains. 

The wording of a retrieved report is 7allY ~ifferent from the 

original, bt'cause of the word standardi zatlon changes performe,d. 

hy l.exicon. Due ta the same reason the report is also difficult to 

read. 

The system was progrlUlllled on an IBM 370/155 with a 

250K partition using the PL/I language. A geneul purpose 

information retrieval software package was aIso adapted fOT 

use in this syste.. Large amoœts of externlll ~toTage are used 

hy the vari ous flles. L~xi con Illas reported ta occupY 8. S .i Ilion 

bytes and i t Illas .. ti 11 accUllulating new words fro. the reports 

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-

latlon capability which is due to the lack of hierarchical 

organization" of the ~tored diagnostic terms. Of course a 

sy~tem with such a vast storage capacity and software package 

is expcnsive ('0 run. What is mo,>t discouraging though is that 

(''\l't'n such a large seale syc;tem as this cannot offer a working 

combui'ation of free text-tnput and satisfactory correlative 

~ retrievals. 

Al tematl ve automated pathology systems concent,rate 

on ~olutions in which the emphasis is on ,etrieval and cerrclation 

effectlvcness. rather than conversational effectiv(.'ness. There-

fOfe. emphasis is on a data hase in whith tha hi~rarchical relation-

"hlJl among the dIagnostic cntri('<; is recognlZed. In addition. 

extensive software 1<; avallahlc to enahle the answt'ring of a 

va Tl ct y 0 f 4 ue s t 1 on ~ . 

l11e pral'tlcal approach to hlerarchical retrieval 

capahillty Iles wlthin the use of coding schemes. Traditionally, 

pathology information systems based on coding schemes used e~ther 

tht' SNOP dictionary or sorne smaller dictionary developed in the 

ho:-pltai (for example. the Tcrmatrex dictionary us(.'d in the 

~ntreal Gt'nt' rai /foslli tal) The popularity of the SNOP dictionary 

15 not ~urpfl"lng hecausc It wa .. speciflcally dcslgned for pathology . 

• One of the carliest computer hascd systc.s using SNOP was impl~ 

-.entt"d by Pratt and Thomas (l<Jhh) for the 11.5. National Cancer 
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h,'''' t 1 t III C', 

t "1"'':' "l'ln; ,,,.,, ph" l ,,~, : ,."" 1",:'- ~""I f '"\1" 1"11. 'Il,e' 

",.1".1 "" th.' ",IIne' "",,1. l'I'wutl"I Inflll'mnllllll whld, ,,, ,,,,1 
f 

l'II tl .. , ""'.1 Whll., 1'1"11" /III" n,,,mll~ ,'llIln, thll' ''''"l',,lfll' I,,"~ , 
"1,.11 th ... 11. Il,,,,,,,-, \ .• Il,, .. ''hlr' \11 thr·I.' ·"'"I.'n, f" .. th .... ·llIflli'III1I 

tl,III .,,,.Ihl·' "'.""' l'nwl.lrJ "".1 Ihll~ "" l'vlalllllllnll fAn 1", m," Ir. , 

",lllte'lltc'"I •• t,I he' ,,"l''I't',1 111111 Iht' IIlnll'l\lrl' 111 "." fnnn wllhllllt 

IIII.le' 1 t'" 1 1 m:I l"", 

1'.lr-,\".: ",I"t 1111' (W"I\~ ,"''' lilwU"". "'71). un,1 "'1"1' ln th" Implc' 
~ 

me'1I111Iit'" ,,, fI",tl' "\'"',,m whit'h 1\ ..... ,1 ",lIt:llonury lon~ "l''' fol' 

, 
:-;"\'c'l'ul ''''''l',,I<<'I'I:t,,I "fI,.rrh"" III''' f'" .. "lhlC' with th" 

a,'(' ~·I,,·n·I,.t h", .. IlIv"I vi".: th" ANI'. ON IUhl !\Nil/NOT ul'C'f .. tnr,. 

rJ 
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Rt'tricval of n re.-rort yil'tdo; ont y 8 ~'oltcctioll of dtagno!\tic ~tntl'-

.. "t~ lll'penri "Il 1 n tht" en tl'r('d report, 

Within the l'llst 4-~ yellr~ f«-'W manuaJly codcd sy'Ht'ms wrr(' 

,lid ionarn.'" Il'' SN01' h tim(' ('on'H1mln~ und th(' hnndl in~ of nllmht'r 

nl(ll'" nm oftl'n r('''iult in t'Tror. Ncverthclc<;s, Il numher of sy<;trm .. 

('l(l'lnrinR the.- \l''l' of SNOl' wt'rt' reporte" in 1972 (Von der f:sdl, 1972). 

1'n.' rl'n.'nt IIppl'anmcl' of ncw dllta management "iof"twafc and 

thl' ,'ontinuou"i \ll'l'n'n"t' in hoth the éost pcr bit storal(c and tIlt' CO!\t 

of "OIIIJluh'r l'rocl'''sinK i"dh'utt' thllt a more sophhticatcd upprolld\ 

tuward .. l,atholoRY o;y .. tt'm imptcmcntation hU'\ed on lurge coding 

'H'hl'III("_ .ray prove frultful. In .thls npproach hoth the codin~ und 

\1l'l'odinR of pllthnlol(Y rl'port" would he Ilutomated. Current hi gh 

h'vl'I )anRU:lI(<''' ';Udl li'> 1'1./1 IIllow the pro,ltramming of such Il 

"Y" tl'II W i th rl';a .. onah Il' l'ffort. 

,.,,'" nl'W<,r IlpprUadl wo .. uSt.'d in thl' implcmentlltion of 

tlw Co.putcri ~~d Informllt ion Sy"itl'm for Puthology (CISP) Olt tlll' 

Montrl":11 (~'nl'r:ll Iklsl'it.ll. ICIlA WllS 'the dictionary chosen hy ttll' 

p~ttholoRi .. ts for thi .... y .. tcom. lhi ... dictionary allows co(Jlng not 
, 

onl)' of tht' l'Il hut a)so of thl' eN, cn and OP .. cetions of the 

rt'port. Thll~, 1 CIlA nllows a more complete coding of the rt'port 

than st«w wouÎd. 11\(' rl'o;ultinl( large data hase in conjunct\on 
, 

wlth ICBA' .. cOllplè.'l hil"r:archical1Jorg~nizlltion makcs the complex 
1 
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l'or"'lntinn~ of ~tort'd data ito.~ fea~jblc. 

The patholoRY no,lorU are entered III a pre-t'di tcd form . 

.. 1lh pf .. · .. d. UnR i" ncce"ulry to as",urc thnt diaRnostic !\tntl'mcnts 

l'urrl'!\I)Ond te} the mt'rh.~ hl the ICltA dh'ticJnury. OrthoRrltphil' 

rrrnl'~ in tht' rCllort arr ra~i Iy detcl'1oo, ri ther by the cO"'ltcri lcd 

dit-t àOf)"ry . df hy the.' "y"tt·. o~r.tor - when he co...,ares thl' rc:--

tric-ved r"l)of"t w'th the ufiRinal one. 

11u' Ilruh)r.", of inforaation alteration through the" prc'-

('(litilll( IInd codinK pfoce' .. ('cc ~cction :\.5) arc noLacutc in thi" 

Clf th(' wurtlinJt of lin orjginnl report and the wording of the somr 

n'lM,rt rl'Wri Urn ln terR\ of the U:nA dict ionary. The 5uitabi li ty 

uf ICHA fOf cisr could he furtht'r '.proved through change!> in thl' 

• 
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Dtapt&!' S 

DESIGN OONCEPTS OF TItE C<l4MrmRIZI!O INFORMATION 

SYSll:M FOR PAnlOl.oGY (crsr) (Iterez et al.. 1972) 

S. 1 rntroducti on 

n,l' fai lure of the Tl'l'1Iatrex ~yste. to sathfy the 

Montr~al r~neral lIospital provided the .otivation to lnve!;ti~ate 

a computC'rized systC'. (section 2.5). Review of the literature 
, 

~uggest('d Il nullher of poss ib le approaches to thi s prob lem 

(Chp. 4). At tht> current lC'vel of dl'velopMCnt of co.puter 

fl'l'hnoloRY, tht' utilization of large dicfionaries wHh cOllplex 

hil'rarl'h.nll .. trtlctllr('t; seC'm" hoth fC'3t;ihl(' and cost-effectivt'. 

'" Sinl'e th ... approach has the potentinl to providc the data pro-

tel m:lke i t the ha .. i .. of our "Y" t(,11 de .. i gn. 

ln this chapter the de .. ign concepts of the planned 

pllthologists of tht' MGt aTC' translated into Il '>crics of working 

"pel'lfil'.ltton .. , 111rs(7 "Ilel'tfil'ations wt're rt>considered in vi('w 

of tht' HJlllt:ltion .. of comput('r syste.!'i. storagt' devices. etc. 

1\ l'ompromi "l' pmct i l'a 1 approach for the 1 mplementàtlon of ClS!' 

..... ll('vclopt'd and, thus, the hasic co.ponent!> of the systt'm can 

ht' descrihell. Thi .. chapter .I~o dhcusses SOIIIC uscful system 

imph'mentallnn pTindplt's (t'.g. syste.lIOdularity princi,~lc) 

.111" thl' man-mad,"u' Inf('n.crinn in CISI' . 
./ 

-. 
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'Ille primary ohjel'tivr of thl' Montrl'al (;rneral lto"pital' .. 

l'athnlo)tY llepl\rtment ( the futurC' u"'l'r,,) hll" hl'tsn the crrRtion 

of Il l'umputeri zed '1yc;ttsm that would l'nahll' thl' storage and 
.r~ 

,'C'triC'vlll of plltholo~y rrportc; 'with J(ft'iUer ~JX'ed. ea!\e an\1 

dt' t ail t h li Il i" P l''t' "l'Il t 1 Y po"" 1 Il 1 (' with thrir Ter.atrex 

'\y ... tt'm. ll11'ir 'H'l'otillary ohjl'\:tlve ha .. heen tn illlfllellCnt a 
. 

o.;y.,t<,m that wO\lhl profit from thé cRpahilitll's of the cOltputl'r 

in l'xtel1dill~ thC' "l'Opl' of the anltly"i .. of l'atholpgy information, 

'111(' P:ltholollY lll'p:lrtRll'nt' .. ohjl'\,tivE'!' for the com- ~ 

'\Y"h'm. ,To thi .. ('nd, w(' cllrrll'd out 8 dt'tailt'd analysi" of tht' 

l'a thol UllY nl'pa rtment '.. i Il ro nno t i ono 1 rl'(tul rt'lI(m ts . Our fi ndi "Il" , 

on th(' information f10w l'Ilvironmt'nt w('rt' nlrtslldy .... lIorized·t~ 

... ' 
"q!. 2.1\, '111t' followinf.! workinll "pl'('ificRtion .. wc,rts dtsrÎvl'"d to 

hl' Il ... t'd in tlH' d('''I~n lmd proRrmnmlnR of thl' prototype sy .. tC'm: 

1) 111<' dntlt tu hl' l'nterell intp tht.' .. Y5tell con~ists of tht' 

pathololot)' Tl'port which Indudes thl' diniclllly gencratl'd data. 

Illl' data entC'Tl'd -;hould he kt'pt as nl'ur to i ts original frel'-

tl'xt form u" it i .. f('osihl('. nIe input mode should be "on-Ilnt' 

l'onvl'r"IHional" usin~ II kt'yboard tCl'llinal. Provhion should hl' 

made tn d('tN't. and wherl'vcr possible,to corrN't Any typing or , 
1 

l'ontl'xtual l'rror in thl' l'ntl'rcd text. It .;hould be rc.ellh('red 

'1 , 
1 
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kn,,,-,I\'\I!t\':\"I\' "hout comrut\'r dnh rrol'c!'"inR' nor will h\' h ... 

"impl(', ('mplnyl,,~ unly n Ilmit\'d mll!h\'r of l:n)!"~h.Ii"\' 

di" i 0"11 t)' , '11\(' l'udlnJl ,nf thc rrport t('xt ~hould h(', "tltomatN); 

lIumr Hl' lin i t numhrf (ho'lpl tn 1 lIumhrr), 11u'y wi Il 01"0 d ... "umd 

""nt \"\1\',, un Rny typ(' (lI' llnta 1 t('m ,pr\,,\('nt wlthin tht' datn ha'l('. 

1 

"ort't'Iation Inv(llvln~ thc~r d,Hn it('m~. or Il \'omllinAtion of huth, 

11U' \'nrt'('):nivr 1"'1l1Ir1f''' will h(' fo"",,13t('d ,~lnR a cOlibinAtiun 

nI' hnth \'ofllpllrl "'ln IInd houlran ()pcrator~; 

'11\(' output 'lf tht' "y .. tl'm wi Il l'onoil oqt. fi nt of Ail. of 
1 

." 
"\)pi('" nI' rt'pnrt~ ('nt('rl'lI. Qui do. A'HI \'R'\y prod\u:tion, of copl('" 

nf ll: ... t rt'porl'. will ('lIh"Ill'l' th«- commll1h'ation with çlinidl.ln .. 

llll,1 wlth "nth('f ho"pitnl d\'pn1'tmMtt'l, Th\' rl'''ult~ of im,uiril'~ 

"h\llild IH' avallahlt' III Hw f"1'm nI' t('xt. tahlt' Of graph; 
\ 
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S) The updating of the data ba~ ... ~hould be conven! ... nt 

and under the control of the opcrator. Thi~will i ne 1 ude uJ'-

dat ing of any ~('ètlon of tho 5tored rep()rt or of any cntry 

present in the stored di cU on. ry; 

t.) As thcse 5pecifications are for a prototype 5YSt.,_, 

it i .. IM) .. t likely that changeo; within thc 5yste. will bo 

ne(· ....... :.ry dt.rinf( the illf'l(,MeRtat,ion phue. The design of the 

"y,,«, • .. hnuld allow for these changes to he _ade at littte 

('''IlOn ... · llnd at Il ... all proRr~ing effort; and, 

7) The dc .. ign of the syste •• ust r('cognize the illlportancc 

of the .. yste.'s r('liabilitics. The storcd data should not he 

;aI terah le in any vay and th is data should be retriovablc. For 

(,·x311JlIo. c;i.ultaneous coding and decodi,ng of a particular data 

It .... ,should result in lin output equivalent to the input., "ho. 

no éu.'cidental crasure of stor~d data is allowahle ei ther by the -, 

.. y .. t ..... intemlilly or hy unintentiona 1 operator input. In 

ouJdition. no input hy the operator should affect the future 

op('ration of the sy5te •. 

Uue to the experillCntul nature of this syste. i t i s 
.r.u 

not possihl e to spcci fy à priori .ore stringent working speci fic:a-

tton!l such as the average 5yste. response ti.e. While wc 
J 

rec"oRnized the.' i.JJOrtance of such "pcci fications. it was aprar ... nt 

tlult thcsc c,'ould hc Rlven unly after an evaluatlon of the complcted 
\ 

, nsp prototype !ly .. h·" WIIS m,ule.' . 

1 
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,'on .. 1 d(lrra, Ion, ln tht"/nt\xt "edlon .. wt" will l"«lIl!'ldor th~!,,' 

n", .. trnint .. lUId further !!Iodlfy ollr wnrktnK "p"dflcot1on to 

nhtnin tht" he~t po!' .. ihlc l"C,mpromi"t" )tuld(\t int"" for thl' imph" 

1IK',ltnt Ion uf CISI', 

'Ote:' ,'holc.'(' of the l"Omputer ~y",tom for l:J5P h 

~nvcme,1 hy th .. "tRtt"d ohjcctlv-\''\ whteh d .. fln(l Il minimum 

~Cllli n-d cllprahi Il ty Md h( the livrai 1 Rh 1 .. r('~(}lIrcc", 

hml"" Indc.-I'c.-n(lent l'O"'lllltc, "y"tem mu"t he rlllt'd out 

An in-

henlU'H' nf 

,'u"t l'on",hll·rntion~. In 11Ilrtlclllnr. mil1i,'()mpllt('r~ whlrh mlly 

hl' withi" n reR~onRhle pUfl'hlise prlcl' or rt'fltnl rnnge' ( 'wy 

$~,(},n()() or $IClOO/lftOnth rc.-spCl'tivcly) do not hnve tht' rt'quirt'lI 

('urt' lIIC.ory. ('xt('rnRI "torllRe f"dlitles. Jlr(lKrammin~ In"gulIgl'" 

and da t R ",anRlte..,n t "\0 (tWll rc ('\l'(' Il l .. n "('l' t i nn 4, 2) . 

'01(' .rlmRe' of larRl'-"l'lIll' c:omputing flld 1 ities RVflllnhlc 

tu "" in l'rinnpl(' Indudl''' the '1t'Tvll'(' hurcllu'\. rt"l(lonlil "hl"'t'<.I 

1 ho~pitlll ,'u"putt'r" Md th" McGill Uni ver .. i t y C:omputinll Center 

(MUee). Otlr ded sion wns to ut II i le' tht' MUee "'t'rvi ct'S. 

Tht' r(' Il Tl' t wo "y'" t l'ms ava i lnh 1 (' on the C amplJ~w 1 de 

t(,T .. in:ll'nl.twor~. The fir~t .. ystcm. hllsed on an IBM 370/l!i5, 

Ilrovidl's on-tint' l'ollversational '\crviccs throlJt(h timc·~hllrlllg . 
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lInfortunately, this system is gClIrcd mostly to sdentific work 

und its rangc of languages docs not includ<' any which arc particularly 

suitablc for text processing application ... TIle 'ioftware avai lahle 

for data management was also judged to he too priJl)i li ve for our 
1 • 

purposcs. ln addition, It was estimated that the maximum effective 

u'iahlc core of 120K may be'" too small, and the maximum time slice 

(of thc order of a fcw seconds) alloted to cach user may he too 

"hort. Since "carches in our CISP would conceivably require scveral 

"u\'l, time sliccs, the resulting long system response time would 
1 

dC'itroy the advantage .. accrued from the on-lln1,c,onversationaJ 

c:lpuhi 1 i ty. 

-nle o;econd system, an IBM 360/75 and: i t5 Operating 
i 
1 

Sy'\tcm (OS), hus a large core of up to 800 ki llobytes and provides 

'ioftware which includes a large array of suhroutines, sophisticatcd" 

data management routînes and several languagei èompilcrs, inc1uding 

1'1./1. The only di fficulty with the adoption ~f this system for 
1 . 

CISP lit' ... In mct'ting the convcrsational rcqui:remcnts. In particular, 
1 

J 

the IBM Jh0/75 0 .. '-; system offers only a multiprogramming cnvironmcnt. 
! 

ln this enVlronment ail programs are placed into a queue according 
1 

to thel r priori ty and corc requi rement and ~xecuted in sequence 
1 
1 

(hntch proce'io;ing). It 15 not possible to 'tcommunicate" with the 

progrllm whi le it le; hClng cxecu~ed to estah~iSh a "conversational 

mode" . 

., It is possible, however. to enteir From a remote terminal 

a data set containing programs and data a~d also to obtain the 
i 

, 
1 
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output at the sa.e te~inal. This operational .ode is callcd the 

Conversaiionéll RellOte Job Entry (CRJE). CRJE allows the "interactivc" 

editing of the entered data set. Ouring such editing the data set 

can be updated, typing errors can be corrected, etc. These editing 

activities are carried out'in a conversational _anner vith response 

tilles cOIÎparable to that of ti.e shared system. 

ln CISP the CRJE edi tor can be used to enter and _anipulate 

the pathology report that is to be processed. The actual processing 

of the report is carried out in batdl lIOde, vi th a turn-aromd tiae 

of less than 10 ainutes. While vaiting for the processing of this 

report, the opcrator aay type-in th~ next ~eport, and so on. The~e

fore, batch .ode processing coupled with interactive report entering 

is acceptahle . 

A si_i lar approach is taken' in the progr~ng of the 

• querying routines., The retrieval. correlation and statistical pro-

grams will be tcstcd and operated in batch .ode. By that ti.e, 

advanccments in coaputer technology _ay allow the operation of these 

tcstcd programs in the desirable convcrsational .ode. If such a 

conversational aode will not be available. then CISP queries will 

have to be f~~atted according to stricter rules and entered using C~E. 
ti 

5.4 Datà Base Organization 

The data within a data base .ust he organized to _ake the_ 

suitable for the various analyses and retrieval operations s~cified 
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by the syste.'s objectives. This organization is1achieved 

~! arranging ,the records in a file for.ing suitable data structure~. 

l~dd (1969) has shown that no .atter how co.plex the data structu~ 

1"', it can be built up fro. three basic organiUltions: seoqucntial. 

random and list. In a sequential organization the records arc 

assembled according to a specific sequence. In randa. organization 

tht.' physical arrange.ent of the records is at randa. and every record 

may be accessed directly by knowing their location on the storage 

,device, ln a list organization the records are coupled through the 

use of pointers which indicate the location of the next record 

Irrespective of where that record resides physi.cally. 

lJnforhUlately, very little inf01"ll8tion is avai lable in 

the literaturc (Carville et al .• 1971) on how to choose a suitable 

data structure for an lnfonlation syste.. In particular. no rcachly 

aV:lllablc mies cxist which translate worldng specifications for an 

Information system into ~pccifications for an appropriate data hase 

~tructure, FurthenDOre,"although c~plex file systellS arc used ex-

tensively today,. only scant inforaation is available in the co.puter 

literature on the use of different languages for the i~le.ent3tion of 

file structures. The doc~ntation which can be foun(' .ainly dcs,'rihcs 

"11111'1(.' 'l"qul'ntlal organization. This Situation is si.ilar to tht.' 

1. 1"1',.1 lin' of l'l,mp"tt' ..... urtl")!, ln thl'" an.', ••• lIly ,'ullpuh'r d,'v,'lol" 

J..nowledgc a.ong progrm_er... Ncvertheless. not one article on sorting 
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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 one record 

and the other records in the data hase. The fOTm of this relation-

ship is govcrned by the various analyses and rctrieval requircments 

that the data base will have to fulfill. Tho scanning paths that 

have to exist to fulfill these requirements are shown in Fig. 5.1 

(sec also Fig. 2.5). It is essential to be able to retrieve any 

reQPrd directly ~o that a patient's report may be retrieved easily. 

For analyt ical J>urposes the abil i ty to scan the same type of data 

Item (e.g. name) in every report is essential. This scanning IS 

fcaslhle if the data items can be treated as a 115t. Aside From the 

ah III ty to scan' data items "among" many records. i t is often al so 

('",sential to he able to scan the data items "within" a record. 

A data organization that meets these criteria of data 

o;tructuring is the indexcd-sequential organlZation. In this data' 

organlzation a record can be looked up directly (a) using a key 

which is translated into a record loçation in the data set * random 

organization or (b) in the alphabetic sequence order of the keys 

(sequentulorganization). lIence a particular organization of a 

data set m~ allow several methods of access of the data within the 

. ~ 
1 , , 

* A collection of data items (e.g. a file) rcsiding on an cxtenlal 

s torage devi ce i s"rcférrcd to as a data set . 

", 
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Fil~ S.l - The scann!n. paths crossina • record in the 
data bue. Arrows indicate the direction of the 
scannina paths. Any path that follows a sequence 
of such arrows is a feasible Bcanning path. The 
parallel arrows connect the s .. e data 'ite. (e.l. 
aae) in ail records. ,The other arrows allow 
scann!na of i tellS "vi thin" the record • 
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dnta .~~ "-

. . rSI"< d ... h.<~ will .1<0 Includ. th. "dlcol 

nomenclature ,lictlollaries tu he u~t'd in \"mling nnd docodlnR 

-
operntton... In thcs<, dh .. ttonllric:'s only thl' IIhl lit y to look 

"l' Il rl'cord directly i" ('"cH·nti,,). On the computer 5ystcm 

SinC(' ~('Y" l':lnnot he of vllrinhlc It'ngth tn :Il ('onll11(ldutC' tll<' 

varinu" tt'xt l'ntril", ln Il dictionnry, we had to re",ort to Il 

comp rom hl' "il' t 101111 ry J onk uJl me thod. wh i ch wou 1 d Il J low. Whl'Il 

/' 

'Ill·\:t· .... ary. thl' l.·omhln.ntlon (If hoth dircct /lnd "t'qllcntial 1Ic.:(·l·~~. 

"R""' tlll' indt'xcd-"l'!jllential nr).tunizution WII~ f()\n\,~ fn he tht' 

nw ,>oftwilrt' for the impll'mcntntlon of the indl'xl.'01 

"C(IIH.'I1titt1 orguniz .. tion is IIvai lable Il'' part of the OS -sOf!WUrl' 

on the IBM 'hO/7S l'omputer. RC'C;lU'H' thi" o;oftwnrl' is widcly 

Il''l'd. It ha" the added ht'Ilt'flt of hC'ing thoroughly tc~tcd and 

r"fÏnl'll. Jlll' ... torll~(, .. i H' 'of dlltn o;t't .. uo;lnJ,t the indcxcd-,. 
·.('(l'I,'nt 1 CI 1 o rio: an 1 lat ion muy l'xtcnd IlVl'r '\cv<,ra 1 ·dhk pal'!. .. •• 

a .... uranK th .. t larRe dictionllrlc" .. uch a~ leUA l'an bc ~tort'd in 

~'omp 1 e tenl· ..... 

MIlÎntt'nance operation" that kccp Il data set functlOnlil 

dt'"'' 1 t l' tlll' mllpy cxtcn .. ions. doletlons and rt'placemento; of 

• 
n'cor,,,, ~'an hl.' rClldlly programmed for the indçxcd-"equentiul data 

tA disk pack con!'i .. ts of o;('verol lUskc; mOW1tcd on the ~BJ1IC verth'al 
, .. h{l ft. " lJsun Ily hoth surf:lce~ of the disk lire u5ed for recordin" . 

.. 

" 
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"" ... I('m \" 1110"111: .. ' if if 1., 1111"'r III"of Il ""m"('l' of nHlulC'o; whld. 

,'ClIII:/ill :1 'Wl t lem \If thr' -.,,·,t«,m'·\ l'rtjf.!l'nm, Il'IIIIIIly ln tho fUl'm 

o t :1 "u" ,'\III t 1 lU' , 

,I,lla ',(',f ,,' l'II 1 h'.tl l'lIrt 1 t "'I\rll Ilht'lId r'l, 'I1H"H' III ffrr from thl' 

tlU' 111·1ll'{·:. ... lug l'l·ol1nlm .. :U',.. .. tell't't! in tl\f'm. IVI'.J'y 11IIrtitllllwtl ,'1 .P, 

IllIran ha', a di l'pd or)' wllh tht' IlI4m("1 of tlH' l'''lJlrRm~ l'I'r'-\''1\1 

III the, IlIll'an 
y , 

Wh{'ll<'v(',' n'f('t'l'lll'{' 1'1 ml".I(' III :1 pl·o~r,.m tn :1 

k 

" .. hrnut i Ile' ... t o'T,I i" Il .,p('!'i fi l'II 1\ h ,'ur)'. th(' rnmputt'r "Y',f{,111 

irlll\ll11:tt 1 l'l' t'v look·, III" thl' Il i t ('dory 
. 

nI' tlt(' 1!lIrar}', 101' Ilt (''l 
'1 i', 

l'loJ~I':tm ,4htl 1'{'llth 'Ji t i n'Il ~ 0"(', 

1 fl(' 

thl' "A rli t 1"'0<1 t hr,,~ :l1t' 

Il,,'lIai Iv ~,,,, ill l'I,I\('t, ohit',·, ,II' In"dahlr \'\1\1(' fonn (o\l){'\' 1II01l,,·-Ir 
. , J 

.1111\ 10:hl lIIoll,,\t,. rr"Il('l'tiv\'ly}t.. If /1 mOI'HIl' h nnt (,XC'llltl"\ , 

• 1 

, .,r VI .. t:~· oftl'Il. if j.., IH't h'I' \1' ... tl'ft' ,t ,in Ilh I('l" ('od,' fu,'IlI to \"av(' 

o 
011 th~ 1»1'':('1' "torll~" (0'" th", wOllltl Il,, inrt\rrl\d hy thp -rlllllvrt1('lIt 

" 

1 

v 

• '111t' ~lf!llù latinn u( thl' "OIII'\'t' pro).trllm r«,,,"lt~ in the' ~1~lJ('~~t 
Ir. 1 

, Il,'q)!ram, TI\(' nlll('l't prnJotrnl11 i .. Illll.. -l'Iii t l'd t~l ohtal" thl' lont! 
# 
~ :!-I 

l . ""-Ill" l (' wh 1 rh '" 1 Il e' X(' Cil t IIh 1 (' flltm, 

, . ( , 
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hlèld !IIo.lult,. lIow('ver, if thl' IIKl,)tll(' i .. t'x<'l'uh'd often, tlll' 

moc.luh' $hou"l IH.' in roadnhl(' ('(kil' form lH'caus(' tlH' ('ompllt(·., t hw 

.. ave.·d in lin"-:rge.' ('\htin~ will mort' than comp('n\'lIte for tlH~ 

11H.· ,'a II i "lot 0 f ... tlh rout i n(·s. and tH'rH'\' lht' a ccp,> <; ïn~! 

of motlul(· .. , i'i pcrformt'd hy li sUjlervi<;ory Ilro~ram (or Il "driv('r"). 

prm .. (· ... "inJ.! nCfdt'd, l'lIli .. in the Ilppropriatc moùult", for CXl'l'II!!on 

;tnd monitor .. thelr l'crfomance. A "}ll'cific 1 J1uf;tration on how 

this ." pt'rfnrml·d in the' context of Clsr is secn in Fig. 5.2. 

" Ori~Irl.'1l1y it wu!> hOPl'd thnt .. orne ('omml'rcially 

.IV ... lahlt· .. odule .. couhl h(' re'adily adopted for r.ISP and thu", 

..horh'll thl' tim<.· rt'quire'd t'or imjllcmentlltion. Save for onl' 

(' xn'flt • (!Il. no .. tU.'h modn Il' was found. 

IIntll reC.'cnfly thl' impt-l'lIlI.'ntation of the gencrul softwan' 

for ('olllJlutt'r .. ystcm .. or u'il'r-ori'éntcù .. yst(·ms was cârrjcd out almost 

('xclusively hy \ls,"~ aS<;l'mhll'r language. 1hi" situation lS now 

.,. chan~tng and hi~hcr Il'vl'I 'language" are heing uscd incrcasin~dY for 

the .... ' purpo.;(' .. (Corhato, 19h9). ·l1tc main rcason for usin~ hi2h 

leV(.'1 l,m~lI:IRes i ... thilt thcy allow a "more dIrect trans)ntiontof thl' . ' 
~ , 

prohl('m into a program than IOW('f lcvel languages do. Alc;o .. to 

4110tc Corhato (1969). a htgh I('vcl language "forces one tu design, 

not to fï dd Il' w i th code". 
1 

f( 

, 

7:\ • 

" 



• 

• , 
'. -

'----------

r 

r .. :~:l~fOaAOt ~~C~ 
l '- ,~ i 

&.uAW.~"" 1 
j h 

~~ 1 
MOOUUS \: 1 

i 1 
.... __ ..... 1 

~'A FIUS 

• DIClIONAMn 

• su.GeCAU 

- AUfOPSfU 

1 
1 , 
1 , 
1 
1 
1 
1 
1 
1 

'- -- -- - -- --~ 

Fil. S.2 - hocessina vith • ~lar ;Jystell. 

" 

74 . 



• 

• -

R(,Clm~e.\ of thc.- C'oml'It"xity of CISI'. 1I1hl twnmst' t'h.-

progr'UllminR of thi ~ ~y<;t('m W/I" to hc.- Il one.'-m:m c.-ffort. th4' Il''(' 

thouJth thi .. mny ineur (,xl'l',Uion tillK' IInd storllJ.!e.' rt'quirellK'nt 

pe.'na 1 tics. i t ha.. hel'n hop cd tha t the U"l' of a hi Kh 1 ('v('l 

lan.:uuJ.!e.' wi 11 spe.'ed up progrOlllllinR and an olX'rntional prototypl' 

~y"fl\m l'ould he.' impll'mented within thl' tillK' limitations of thl .. 

prOJe.'l't. Once thl' "Y'a~m i .. ope':llhion:II. inc.-ffi ciC'nt modull'" 
~ 

l'roKr:lmminR langungt'/One.\ (1'1./1) wa .. th(' langUlIKl' 

dW"l'n for thl' l'ro)!rmnmi n)! of the.' CISI'. Pl./ 1 hns :1 nunihcr of 

advantaJ.!l''' dHit make.' it C'''pc.\cially attractiv(·. fir~t. thl' 

1:U1RIUI)!l' allow" for modularity in progra .. ing. Th us , suhrolltinc.' 

proRr:1I1lS l"IlIl he compi led wi thout having to l'omri le th(' main pro.-rllm 

.. ~ wl'll. 1'h(' rc.-sult ing ob jcct or IOlJd Utodulc may then' he .. ton'd i Il 

a p.lrt i tion('d 1 ihrary. Also !ht' tr:mc;fl'r of di ffert'nt dat .. typt'" 

(v.lryin'~ ll'n)!th .. tri~gs, dynàmic.·ally IIllo('ated variablt"s, filc 

namc.' .. , ('te) tlt'twl'('n programc;' is weil definc.-d in this ranglUlJ.!t', 

• • 
thouR" not alwny .... impie.' JO ael'olllpli~h. 

l'he "l'l'und important as"c.'t of thl' l:angu8gc i s i ts 

powl'rful faci lit y for text processinK. "Illaher of variable.' 

att rtbutl'''. uperlltors and funetions sui table for text mani-

1 

pu 1 a t 1 on UTe.' prcs('n tin th~ lanR~Re . 

.. 
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hlloth-ll'v('1 1III1/otIll'Iot{·'1 ln dBt/l mRflllKc>mc>i.t pru/llrd_InR ('Hutu'y, 1 !HIll) , 

tilt· ln ttw IlI'o)t.'nm, 11,(, l'urrC'''pulUlclll'(l hl'tWt'('lI tht' orll'lIl' lutlnn 

of Il Llatll ''l't und Ihat 1't'l'OUIl17t'l1 ln ttlt' l'ro~r .. m ... o",tllhlishNt 

throll).:h tht' ('J1vlnlllmc'nt "pndfil'iltinn uf tht' fllt· ln tht' prtlNrllm, 

'Ill<' dllta aen'''', 1110</1' Is "(lC'dflt·tl thfhuKh thf' IlttrihutM of tt", 
t' #' .. " 

.1 

wi th tlH' m:lII'plllal Ion of hillury vuriahlt",. hoult'un llnd l'omp,Il'i"tm 

,Hhlltioll to thi ... tht' Sl'i('ntllÏr Suhrllutill(' l'ul·ka)t(.l .. vuilnhll' 10 
" 

Th (.",(. 1II0"UI(· ... l'llIl Il(' i'Il'ol'J1oratc',1 Intn thll:'(" ('J~W J'ruRt'nlft. .. wh.ch 

/ 

l'lll'I'y 011 t " 1 Il t i ... t i l Il 1 Il r( )l'{''''d Il).: , 

Il .. Ihal of AI;~ol. for (·xumpll'. 1111" to~cthcr wlth 1'1./1'" l·olftpl .... "lt)'. 

. .. 
ilH'vltahly fl"H1lts in :1 .. Iow. InrKl' aJlll çtl"tly rnlnpilet' w'lh" tnU1s~ 

latc" intn Il' "i/otniflc."llIlt ~y .. tt'm tl('vclopmt'nt l'uH. Surprisingly. this 

'" Ilot {'qulvall'nt tll ""Yin,.: that imph'ml'ntat ion of Il sy<;tt'II such a'\ 

c.rs!' wourJ he.' dlCllp('r If Il IlInKu:IKt' likt· :1!'Isl'lIIhlt'r would bt' uscd 
, \ 

• 
,~ 
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hl'l'nu'\(' thl' ruphll ty of progrllmming in PI./I mllll,rn'$lItt'''' for 

tlll' ('xtra l'ost .. Involvl'lI «~orhnt(), 19h~», At l'n'',,'nt an 

optimi~l'(1 vc.'r .. ion of thl' PI./l ('ompHc.'r h av"ilnhlt' for IBM 

ohjc.'l't ItIlHhalc.',> WhO'>l' ('ffidl'Ill'y will Ilpprollch that of nssl'mhl(!r 

pr0lo:rllm .. (Anon" 197:\), 

Ily prottrammln~ CISP in" hi gh 1 t''''' 1 languagt' suetl 

Il'' 1'1./1 W(' ma)...(' it madlim' independcnt, 'nli .. II'Icuns that tht' 

CISP' .. )lr()~rmll'" l'lin hc.' ('a~i Iy rUIl <m lmntht'r l'Oltruter ,systt" .. 

, fi 

l , 
support .. ItlH' dllta organi zat ion 

l, . , 
Thb allows ris!' to hl' transfc.'rt'd 

tu otlwr hosllltai ... whi~'it muy wunt to usc.' If, 

ln thl' IBM 3hO/7r; OS cnvironl'llCnt, .Int. Control l.:lnJottiaRl' 

(.IC1.1 '" liS l'lI an l'On.Îlflction wl th 1'1./1 ir' progra_ing CISP ,JCI. 

"tatl'~ênts arc us('l! to çonncct tht' symholic filf' definf'd in tht' 

Pli J pi'ogrlun with the l1etunl dutlt set residing on an extcmal 

. "torage dl'vice, Maintenance of thcse data sets are'carricd out 
c' 

through stlltf'ments, or utility programs, writtcn in JeL. '''c 
cre'at ion, maintenance and management of parti tioncd 1 ibrari ('ct 

l'; :1150 don(' through .JCL. llnfortunately,.JCL has a very strict 

.. yntnx, has vc.'ry J,oor crror mcssagc~ and dcscri ptions of the 

langullgc arc comple", making progra_ing in .JCI. ta di fficult and 

ll'ngthy task . 

•• \ 
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S.7 The Basic Software CO.ponents of clsr 

The consideration of the working specifications 

detailed in section 5.1 together with the COMputer system 

(.~onstraints and faei lities described in this chapter enable 
, ' 

us at thi~ stage to specify the basic ca.ponents of the worklng 

syste.. Fig. S.3 i Ilustrate~ the two basic phases of proce%ing 

" within tilt.' CISP. l11e fi rst lS thl' Interactivc phase "in which 

a (,u(.'~tion 0t a rCJlort io; typed-ln lmd readled for the second 

pha.;;l' ln wh 1 ch the actua 1 process i ng resul ting in the storagc. 

rctrleval or correlation of records is carried out in batch mode. 

The operation in the interactive pha~e is faCllitated 

by the interactive editor o~ the' system. This cditor is imple

lDented using CRJE's librarf of data sets and through progrolll'\ 

whi ch conSJ st of CRJE cdi *or commands. 

1111.' ha t(:h pr~ce~~ ~rru!se uses-a....!arge number of (../ J 

proJ!réllftllll'd IDOdules and the system',> data hase. The text input 15\ 

flr"t inveo;tigated tn dctcrm;ne the exact llroces~lng operatIOn 

that has to he carried out. This information 15 relayed to the 

hatch text edi tor program th rough co.and keywords embeddcd in 

the text andwhich this cditorwill identify. The investigation 

15 carried out Q"lng the scanning method as shown in Fig. 5.40 

The co.and keywords identi fied by the batch t'eu 

edltor are transmitted to a supervisor program which calls in 

the IIOdul e seqOoence tha t wi Il carl")' out operation. 
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Fil. 5:3 .. 'The interactive and batch processinl phues 
in CISP. , . . 
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lIumlll' l' ln wh 1 dl th l.. \.. ,I(lnt' lu. "\ III rI' ,,,Iv h.,(,.. ..huwn ln Il' Je 't.~ , 

\'o,lIn)( :nul dN·cHlàn..: 0J",rutlnn .. :lIhl Il vlIrlc'ty of n'Ilort fllC'"s ",ud, 

,l', ,thc' .. "rj.!lc'lIl l"lthnln~y IIf!" autoll'Y n'Ilurt ... /' 'Otl" re lat lnh hl'tw('rn " 
Il 

" fltl"d:lta Il n ... e' 111,,1 the' pr«H·{· ... ·dng lIIOeI"I«', i .. ",hu.,11 in f,ilC. 5.2, 
/ 

'nU' III,,' rt'lIlIIt"inK l'n .. ' .. ,"'nt uf ("ISI','''' thl" .aintt,"Hmn' 

a ..... urt' ttl/.t rlSJ" .. fllnl'tlollin~ continur .. tv hc faultles5 and 

" 

!l. H 'OH' Mlln~Mnchinl' IntcrflJc~' uf crsr . , 
1 1 

n'l' oprrlltor u"lnR rlsr intcracts with an auto.ated 

"yo; h'm h:'''l'll on :1 l'O_'lUt cr. Th i ~ i nteract i on talles place. AcrOlll~ 

thl' m:m-m:,chint' Inh'rfacc of crs,'. The ease and ~onvcnioncl" of 
the.' l1!:m-machine inh'rnction dc.-to1'llincs to agnat, extent the 
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1111: DATA RASE STORAGI1 ANIl l'RO(;RAM'tING 01: CJSP 

fi. t Introduction 

ln this chaptdr thp HoraRe of th" di ct i onarios and 

the pruJtrrunmillJt of ClSI' Arc dC5crihl'd. It l~ n~!ilunf'd that tht' 

n'II<Jt'r 1 ... fnmilinr with t'ho PI.II proJtronvnlnJt InnRunge. 

l',art .. of thrco I1K'diclIl dlcti()narlt'~ werf' used to mnkr 

1If! CISI"s dictionary. In addi,ti<m to ICDA" "octinn~ of SNOP IUld 

tlll' Trrmntrex dlctionary werc employcd. If was fm.D\d that if i~ 

not very proctil'al to U!lC, tht' '!'\IUIIC dlctionory for hoth coding and 

decodillJt. tlence, two v('r~ion!l t'xi!>t: n coding dictionary and n 

d('cndlng dlctionory. To expf'ditc ch&ngc!\ in the dictio~arie!l 

'. 
i t wa~ prllcticnl to ko'ep !lcct! (ms of the!\e dictionaries scparatcd. 

TImo; therc te; n coding dicti(~nry fQr symptoms and diseasc!, (C~Dt:), 

(me-- for 'opcrut 1 vc procedurc~ (Orl::RC), onf' (or topography (CmpOG) 

aud ont' for,ncophtsm.. .. (CNJ:OP) [(Sef' Fig. (,.2): The correspondling 

four d("(.'oding dictionaric~ are DP. r.O 1>1: , OPERD, OTOPOG and DNEOP ... 

reSIlf'cti vcly. 

ln addition to' the dhcussion of these dictionaries in 

this chapter the batch proccssing modules and the inter.cU ve phase. 

of CISP are also described wi th the aid of fl~'Charts. The foni .. 
in which ft report is entcrcd for coding and storage. the organ! utlon 

'3 . 
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of the codl'd patholoR)' rC"port and the mnintenance procedures 

t'ml'loYl'd ln thh !\y~tem Bre nlso prMented. 

(1.2 The Storagt' and Accel'!'\ of'thc [lictionaril's in crsl' 

h. 2. 1 1I1~torieal Note on Oictionary Storage. As mentionl'd in 

Chp. S.J., the Indexed-sequt'ntial (lS) org8JllzAtlon WQ!\ cho~en 

for tht' storRRt' of the dh·tio~ri~!'\. At the tlme wh en wc ~tRrted 

" l'roRrAlMIinR ClSP. the computer sy!'tl'm !loftwort' on Iy enabll'd an 
\ , 

'IS orRnnizatlon wlth fixt'd length\r(;\COrdS. Tht" WIlS not sultohlc 

fOT the storaRt' of the vortablt' le~Rth entrlcs of tht' lCDA 

dh .. tlonary. Varl ah le lt'nRth record!'\ could on Iy be aecommodated 

in dota sets SNluentllltly organ! zcod or thosc wi th the REr.IONAI. 

( .') or,~an ha t i on. Th e necli for dl rel.' t oc ce!!" i ,"ml'lI i a t t' 1 Y Til 1 ('II ou t 

tht' "t"qut'ntinl orgAni zatlon, (Chp. 5.:n. ln the RFGIONAL (J) 

oTRRn i Hlt Ion ft'cords aft' S tored 1 n s tproRt' rt'Ri ons. 80th the numher 

uf Il "ncar-hy" .storoRt' region and the key of the record need to he 

"pcC,.' ifi t'd in order to ret ri evt' ft part i cular record. 1 f the regt on 

!'(lt'cifit'd 15 not "near" enough to the de!lired record, a signifieant 

amount of ,e-quenti nl .. earch has to be carried out and the record may 

not be found though it is in the data st't. Due to this rea~on. and 

to the difficulty of keeping track of the reRion number of updated 

record~, we decided to abandon this orRani:tation. Jnstead we 

decided.to use the IS organization with 8 record size of a few 

\ 
\ 
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'hnU!lllnd hy t t\'\ (1 hy t l' .. 1 d, ftTlU' t cr .. fi h t t!\ ) . Wl' do, t Kned 

n proRrnm thnt wouhl fllt avt'ry reH'ort! w' th n'\ '"/Illy VOT! hh le' 

ll'flKth dl<.'ttorlllry ontrt«,,, Il'1 nmlcJ hr flttre! in wlthout trlln~ 

l'ntlon. notn Tl'R,.r"lng the lIumht'T nf l'ntrll'!\ /lnd thalT 

Indlvlduol I«mgth wn~ "I~n '\tort'd in tht' flH'nrll tn ("d1Itllte 

l'r0ltrllmmlllil l'ffort n r('1\"hlt' Rn\\ t"ffldt"Ilt pruRrllm to !\torr, 

... 
n .. nn t'IUlmplr thut l'TogrAm,, whlch "hnuld hl' p"rt of the (,'()mput'~T 

~ 
'\yHt'ml' '1uftwnrc' l'nnnot ht" imfdl'mt'ntod cO!lt-t"ffN,tlvcly withln 

tht· Ilmitl"\1 !'l'OpC nf n projcct 'Hlch Il!! nSÎ', Fortunatoly, howttvl'r, 
~ .. 

IS d"tn "t"t orjl.mtzntlon with vnriohlc lt'ngth rt'cordl' did hcéo"mc . " , 
uv Il i 1 nh 1 (' on the 1 hM ,'\lIl) /7!i OS (,'omtlUtc r t; y!i t"m in tho But umn () f 

)1'7.', 

1 S Ua t ft St' t !' . The IUM 1:\14 type dhk pads wt'te \I!I~d for 

th(' "t(lrllllr""llf IS tlntn !lrt!'. The .. torBge ClJlladty pet dt!lk trllck 

, .. ~ • .'~" hyte... lllt'rt· liTt' 200 t Tlicks pt"r di ~k .. urfRt;C wi th 20 
, 0 • 

>;urfacc'\ in" puek f()rmln~ the N4uivlllc.'nt of 200 cyl1nder!l por 

JI"""'"' (An on.. 19t1C,h). 

A minlm.lIm of ortl" c>:11ndcr hB~ to h~ alloc"tcd to an 

'. 
IS datll "fOt with its ~'tlata storagc arcu: p'rime, index and 

'ovt'rfl<1W. The .rt'cord'l arc Hofcd ln the prime ares. The pointer,;' 

" th.,t lallnw lP TCct ncct's~ of tho records ore 'Itnnd ln the inde} 

o. 
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/ 
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area. Records that do not fit into the prime area are s tored in 
f 

the overflow area. The advantage of keeping a11 of these areas in 

the samc cyl inder is that access of data is very qui ck because no 

ti fil(' is wasted on the posi tioning of the access head. Uowcver, 

l if any of these areas need to- be large, they have to be kept on 

scparate cylinders. 

Records stored on disk are grouped ioto blocks in 

order to minimize the ntmber of elllpty gaps that would otherwise 

exi st between records. The specifi c fonn of a b lock in an 15 

organization with variable length records i5 shown in Fig. 6.1. 

ln this illustration the key of the record is eni>edded within the 

record. Wi th thi s type of record organi zation less storage space 

IS used and the record key is retrieved every time the record i5 

rt' t Tl eved. 

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

coding and decoding dictionaries. It is feasiblt'. however. to 

store only one dictionary which could be utilized for both coding 

and decoding purpose5. In particular, a Stt of pointers enbedded 

,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 i~ the increasing numeric 

... onkr fur den,dang Jlllrpo-'c", 11H' silving-; in .. toragc spacl' i" not 

..... 

, 
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Fig. 6.1 -

, 
,1 

The structure of III IS blod (An on , YJ972b; BrOwn, 1970) 
The dashed Une indicates data insert'éd by the systea 
software while the continuous Une indicates data 
ins erted br ~e progr~r. The fi 1"5 t i te. in the 
block i5 a copy of the Itey of the lut record in the 
block (ltey n in block 1 _d key • in bloc:k ,1+ 1). lbis 
i tell 15 followed by the blod lenlth count (aL). Each 
record start! wi th the record length coœt (RL) which 
15 usually followed by the ~ fie Id (0). 1bis 
field contains either (8)'I'B if the detawill be 
entered later in the record or (8)'0'. if the clata in 
the record is not valide The D field aay he vritten br 
ei ther the sys te. proar .. or the proar.-er. Sep.ratina 
the blocks is the Inter-Blod-Gap (laG). 
N\œbers indicate the field len_th in characters • 

l 
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the pointers nearly equals the space vacated by ODe dictiou.ry. 

ln aclcli tion. the sc ... ing proceS5 i.crease5 the acœss the of 

a particular record .. d COIIIplicates the proU--.' of me 

dictiona.,. look up .,.le. 'nIerefore we decicled on 'a "bIG" 

dictiona.,. illple.entation "hich consists of storing a cÔcling 

di ctiona.,. and a separate decoding dictionary. SiRee the 

coding dictiœary c .. be recreated fra. the equi valent de-. . 
coding dictiœary, and inversely. the reU_Ui ty of the data 

base i5 increased thlOUgh this approach. 

6.2.4 Decoding Dictiooaries. The structure of the Tecori in 

~e decoding dictionary 15 the fOllowin, (without the D-field -

see Fig. 6.1): 

I~ 1 nu. 85 ëiJ 

The record tey .st he of const .. t leJllth. A length of 6 

characters vas chose... correspondinl. to the lonaest clictionary 

entry code. 'nie data field c .. have IllY length .., to 85. It 

contains the text of the dictionary entry correspODdin, to the code 

in the ker field. Incluclina the D ... RL fields the ..xi_ 

"font len,th 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 tille needed 
,fi 

to read into core a block and the size of the buffer needed to , 

hold a block. A small block takes li ttle time to read in and 

needs only a slIall buffer to hold i t but i t incurs a great 

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

few block sizes and the respective percentages of the total 

track space effectively occupied were considered. ~eJe.6erlng 

that the storage capacity per disk track is 7294 byt'es. the 

following figures were obtained (Anon. 1966b): 

'- \ 
(30 rec./tr x 96 'bytes) -
\ 7294 bytes/tr 

_ (4 x 1640) 
7294 

39.7\ 1) 96 bytes 

2) 1640 bytes - ~O.5\ 

3470 bytes -
(

2 x 3470) 
7294 

3) 95.8\ 

EX8IIpies 2) and 3) are the maximUII block sizes for 4 and 2 blocks 

per track, respectively. While in example 1) (the unblocked 

case) more than half of the trad is wasted, in exuples 2) and, 

3) efficient use is lIade of the storage space. 

In coojmction wi th above storage efficiency calcula-

tians. the following table of data retrieval ti.es wu considered 

(Anon., 1966b): \ 
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Block size to Trans fer Rotational Total (1) Rotationa1 Tot al (2) 
be read-in Ti me Delay (1) Delay (2) , 
(bytes) (msec) (msec) (~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 Il. 12 12.5 17.6 
3200 10.24 12.5 2,2.75 12.S ~2. 5 

( 
- Transfer time: time to transfer one block from storage ilnto 

core; ca1culated 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 ta retrieve records sequentially 

- Rotational Delay (2): time for one-half of a full rotation; 
an average rotation time. 

- 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 O. 

It would be desirable to use a block size of 3470 bytes 

because it allows the efficient utilization of the storage space. 

However, as the above table indicates, by reducing the black si ze to 

1640 bytes, we reduce the direct-access retrieval time from about 

23 msec to 18 msec and the buffer stora}e requirement by near1y 2 

Kilobytes. Since this reductioh in b10ck size increases the storage 

waste by less than 6\, we decided ta adopt the block size of 1640 

bytes for the storage of the dictionaries. 

The data set that is to contain a decoding dictionary 

i5 created by de<:laring in the program a FILE of the form 
1 

Ill-CODE FILE REGORD KEYED ENVIRONMF.NT (INDEXf:D V(1640,96)) • 

90., 
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Dr:œDE 1s the' fi le n..,. V lndi cates vari ab le length records, and 

1640 and 96 are the block and record sizes, respectively. The file 

i s created in a sequenÜ al access .. kit" (OPEN FUI: (OECOOE) Sr:QUENTIAL 

OU",UT). The records to be vri ttm onto this fi le have to be 

suppli ed vi th their keys ln .scending (nu.eric or alphabeti c) order. 
, l-

Progru REC whic~ crea tes this fi le h shawn ln Appendix A. The 

decoding dict~onaries created are: DECOOF.. lWEOP, DTOPOG, OPERO 

(Hg. 6.2). 

A peculiari ty of PL/I prograllS interactin, "ith IS 

fi les 15 that character vari.b les of varying 1 ength cannot be used 

in SOIte record t:an!t1lfs\ion state.ents such as WRITE 

record on disk). llencelvery tille a variable length 

("ri tes a 

record 15 to be 

written on dhk. a fixed length variable equal to the length of the 

record, has to be used. In practice this is accoaplished by ~ng 

roNTROLLED variables and .lv.ys ALWCA1E-inl a fhed length variable 

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

1 REC CONTROUED. 
2 ~ BIT (8). 
2 NO OIAR (6), 
2 nXT OIAR (V). 

where V is the length of the text entry we wish to store next. As 500n 

as V Is known. REC can be dyna.lcally a1located. DlM4Y' contains the 

8 bi ts of the du.y field wh! le NO contains the n.-rie code of the 

entry. After the record 15 wri tten. the variable REC 15 freed (FREE REC) 

91. 
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tIlti 1 the next record to be stored becOlle, avaU.ble. 

The association between the fi le DECODE declared 
, 

in the progr ... and the data set on disk which Is created 

through tilts progrUl. is accollipUshe.d thl'Ough thne JeL 

stRtelllents: 

/ l(iO.llt COn!: 

/1 
/1 
1/ 

()Il lIN 1 T"'QNI.N ,Ill sr .. (NrW • (:ATU; .01: u:n:) 
Il\N"'R. Bt:l5 .IlECOlll:.SI'ACI:c (CYl., 1., ,(l)NTIGl, 
OCR'" (lliORGo: IS. KEYI.r:N,.~. RKP-S ,OPTCIl-I.Y , 
cv LOF!.: 1 • REel*' VB') 

1 
Rri efly. the followi ng is the lleaning of the para_ters. The 

1 

fi l~ IlECOOF. in t'" progra. (GO. DEmDE) i s aS50ciated .Il th a 

data set named B.8F.IS.OEOODE, existing on a device na.ed ONLN. 

After i ts creation thh NEW data set 15 to be cataloeued (CATLG) 

un less the progra. fails in whi ch case the data set h to be 

O[lf:TI:-d. One cylinder is requested for thh data set whose 
1 

t) 

organization (OOORC) h 15. keylength is 6~ re laU ve ltey post tion 

(RKr) in the record is S, overflow area is 1 track vithin the 

requcsted cylinder, and records are of variable lenlth and blocked 

(VB). The OPTCO par.llet~r ,L denotes that deletion of records is 

done throuah the D field and Y denotes that the overflow area ",i th
\ 

in the cy linder 15 to he ~ed. 

There are two ",ays of expmding an al ready created IS 

data set (Anon .• 1970b). If the recor-ds to be added have thei r 
, 

keys arranaed in increasing alpharn.-eric order. the data set 15 

7' ~~ 

" 92. ~i 



• 

• 

expanded by acccssinR i t in a SF.QUF.NTIAL OUTPUT .,de. Instead 

of speci fying DISP-OLO. as h usually done for data sets already .... 

cI'Cated. OISP· (Otll. MOO) is specl fi cd. Th 15 has the effect of 

removing the cnd-of- fi le (EOF) 1I8rk in the data set and allowlng 

records to be added in continuation at the end of the file rather 

than over wri.tinR already existing records. The danger ls that 

if the cOlllputër fai ls ("goes down") whi le this operatlon 1s in 

progrcss, the data can never be retrievcd fro. this data set. 

To prevent th i 5 frOll! happening a copy is .. de of the data set 

and then the copy is expanded. Several such copies •• y'enst, 

wi th copying-and-expansion being carried out in a "l'OlIld-robin" 

fashi on. 

In the second .,thod, records can be added even if 

thcir keys are not arrangcd in increasing order. The data set ts 

acccssed in the IHRECT t!PHAn: IIOde. However, since 11051 records 

added through this IIcthod end l4J in the ôverflow area, the nUlllber 

of rC'cords that can be added is liai ted by the si %e of this over-

flow arem. 

By speel fying the mDlerl c code of a dictionary enuy as 

a key. the record wi th the corresponding text entry ls retrieved. 

ln 15 data sets not only di rect access but sequential access i$ 

also feasible. Sequential reading can start fl'O. _ywhere in the 

data set by fi nt posi tioning the re.ding head throuah a dt rect 

9S . 
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access operation. 

The content of the data field in a record .ay be changed. 

The fi le is open in the DIRECT UPDATE .ode and the record _y be ~-

dated using REWRITE. The content of ~he key cannot be chaged. If 

this is desired, the record has to be deleted and a nev record vith 

the new-key and the old data field content IlUSt be written. , 
6.2.5 Coding Dictionaries. To create the coding dictionaries. the 

text entries have to be arranged in alphabetic order. Fi nt the 

records of the decoding dictimary are copied into a sequential 

dnta set (program SEQU, Appendix A). Then progr_ SORTA sorts 

the records of this n~ data set over thei l'tut enuy field. SORTA 1 

uses an IBM 360/Œ 50rt/llerge l16dule which can be called fro. vi thin 

n PL/I program ( CALL IHESTRA .•.•• ) (Anon., 1972b). The sorted 

records are place<j in a sequential data ~et called SORTOlTI'. 
\ 

Progru TOKA (Appendix A) creates the codin, dictionary 

by reading the' records frOli data set SORTOUT. Stnce the key of a 
. 

record in an 15 data set cannot vary.,in length. a key length equi-
\ 
1 

valent to the ~OJlg&s't text enuy could have b~n chosen. Ilowever. 

more than 50\ of the s torage space vi thin the key field vould have 

been ellpty and wasted. Therefore the key field of the coding diction.ries 

con tains on1y the fint IS characters of a text entry. The re_ining 

part of the text entry and i ts corresponding n~ric code are inserted in 

the data field. Since several'records aay exist·whose first IS 

char.cters are identical, the last 2 characteTS in the key fiel<lt contain 

> .: 
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a number (from Dl ta 99) distinguishing between these otherwise 

identical keys. This is essential because the keys of an IS 

data set mus t aIl be di fferent. The resulting record s trueture 

is the following: 

15 char. 2 6 Max. 71 

APPENDICITIS RE 01 540E TROCECAL 
" "- ,j 

KEY -DATA 

IS data sets a1low the aceess of records even if 

only a part of the key is specified. Thus it is not essential 

ta speci fy the numeric part of the key. The resul t is that the 

fi rst record i5 accessed in a clas! of entries which have in 

caDIllon the! r fi rs t lS characters. Of course. this c lass lIay 

contain as few as one record. If the first record accessed does 

not contain the desired full text entry then one of the records 

sequential1y following i t will. if the record is ta he found at 

aIl in this data set ($ee module PATSEK ) section 6.3). 

The Jet statements used in the creation of the de-

coding di ctionary can be aIso used hore w1 th the exceptim of the 

KEY LEN parameter whi ch in this case i 5 17. The coding 

dictionaries ereated are: roDE. CNEOP. croPOG and OPERC 

(Fi,. 6.2) . 

L 

, . 
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6.3 The Pre-edi ted Pathologieal Report 

Af"tcr CISP'o; dictionarics wcrC" crcated, the 

rTORrrunatng of the bateh procC'ssin)Z modules was startcd. 

Before these modules can be described, however. i t Is essential 

to describe the form in which reports are entered. 

The pre-edited report entered for coding and storage 
o 

closely reseni>les the original pathology report. Every report 

cntered starts wi th the word ID fol1owed by the text of the 

report (Tab le 6.1 - col. A). Emedded 'd thin the report text 

thcre are a number of keywords. The mas t important of sueh 

keywords are called comllands. At the head of each report 

section there is a cOllllland. The various report sections and 

thei r names have al ready been discussed in Olp. 2.3. Because 

they are easy to remellÔer, the abbreviated names of these sections 

were adopted as èommands (e.g. ID, CD, OP, etc). A seventh 

connand. denoted NT (note), was added (tables 6.1. - col. B, 6.2). 

This cOllllland enab1es a noo-codable observation to be ent:ered wi th 

the report for storage. 

Severa 1 keywords called headings follow the ID 

and PD cOllJlUU\ds. These headings denote the type of data entered 

wi th in these secti ons. In the ID section, they speci fy the type of 

demographi c data entered (Table 6.1 - col. C). The nsaes adopted~ 

for these headings are also taken frOli the pathology report (Table 6.3) . 
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lbe text following the heading is called the heading-text. A 

colon (:) is used to separate the. (e. g. AGE: 73). 

ln order to enhance the corre lat i ve retrieval 

/' 
capability of the syste., the pathologieal diagnosis is entered 

in a speci fic fora. Fi rst the topographie region of the body. 

then the actua 1 ·pathological diagnos is followed by the category 

of the di agnosis. if applicable, are indicated. Accordingly. 

threc Pll hcadings cxist: TOPOGRAPHY. DIAGNOSIS. CATEGORY 

(Tables 6.I-coI.C,6.4). Each of these headings lIlay be followed 

hy several heading-texts. This is necessary. for exa~le. when 

.ore than ooe topographie region of the hody must be speci ficd., 

To code the topography entries. the 4 digit SNOP-

Topography dictionary vas added to tlle ICllA dictionary ereating 

the UTOPOG and C"roPOG dictionary data sets. To code the eatcgory 
1 

entries, no.enclature froa tlle Teraatrex di cti~ary vas added to 

the Neopl'asa section of ICDA. A code starting wi th "IC" was 

assigned to each of these entries. 

eo-ands and headings aust be present in the entered 

telt so that tlle processing progra.s can deteraine the type of 

the data that are processed. 80th full-WON and abbreviated 

headings uy be used. An operator entering severa! reports a 

day vi Il ,probably opt to use the 

1 

J' 

~ ~I 
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abbrevia ~ed headings. 

A subco..and is usually present following the coDllland 

ID. The subco_and inforas the supervisory program about the 

type of processing requested for this report. There are 4 5ubcoRnnands 

al togcther (Table 6.5). They .ay spedfY that the report 

following i5 a NEW one or tha~ i t is ~o REPLACE, EXTEND or -DELETE 

an already stored report. If ~ere is no subco.and following 

ID, it is assUJied to be NEW. 

Very few ,restrictions exis~ in entering keywords and 
... 

text. Except for the co.and ID. nG restriction exists in the 
~" \ \ -' 

, r' 

numer and order .of co ... nds· used. including the ntllllber of times , , 
the saDIe ca.and is used. If a pArticular co..and (except ID) is 

used several tiaes, the section contents are fused ~ogether before 

the data is stored. The ID headings can be used in any order. If 

such a heading is used aore than ooce. only the last heading-text 15 

retained. Since pathology reports are accessed by surgical numbers. 

SURGICAL NO must be one of the ID headings entered. If another 

cOllllland is encounterèd"'1tlter ID but before the surgical nwnber was 

read-in ~hen the coti re report is skipped. \ 

The first 'PD heading aust 'be TOPOGRAPHY and the o~der 

of headings - TOPOGRAPHY, D1AGNOSIS, CATEOORY - MlSt be .aintained. 

. 
o 

o ' 

,. 
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ID ~ NEW 

,f -SURGICAL NO. 
-NAME 

6) -ROOM NO. 
-UNIT NO. .. , 1 -SEX 

" / -AGE 
-YEAR OF BIRTH 

{j , , -SERVICE DR. 
" -SPECIMEN DATE 

ID~ 'NEW 1 
CN 1 tN 

CD 1 CD 

( 'OP 
1 0 OP 

1 1 
, 1 SP 

~ 1 
SP , . 

ID ' 1 PD : PD 
1- p 

-TOPOGRAPHY 
f -DIAGNOSIS 

-CATEGORY 

NT NT 

" . 
A B C 

., 
'0 .,. 

table 6.1 
" 

\ , 

• 
, .• ! 

'. r:' 

.. , 
~ 

0' .. . , 
~ 

'.:j 
~ 

0, ~ ... \ t".o ," 
' ,~t 

A , .". ., . ~ .. -.. • ~ R"J. .... '~, .. -:,.-: hft' 
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Com.ands 

ID 

" CN '-' "" 

CD 

OP 

SP 

PD 

NT 

Table 6.2 

\ PD Headlngs 

Full-word Abbrev1ated 

TOPOGRAPHY TPG 

DIAGNOSIS DX 

CATEGORY CAT 

'. Table- 6.4 

ID Headlngs 

Full-word Abbrevlated 

SUR61CAL NO. SNO u 

NAME HM 

ROOM NO. RNO 
c 

UNIT NO. UNO 

SEX SEX 

AGE ; AGE 

YEAR OF BIRTH 
YB 

YR. OF BIRTH 

SERVICE DR. SRV 

SPECIMfN DkTE SPD 

Table 6.3 

Subco-ande 

Full-word Abbrev1ated 

NEW N 

REPLACE R 

EXTEND E 

DELETE D 

Table 6.5 

100. 
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Text and coaand _ay not be entend in the s .. line. 

Each text mus t follow the appropri ate coaand and i t has to be 

preceded and traited by the delilli ter tf/ft. E.g.: 

CN 

IExcessive sweating 1 hyperhidrosis/., 

The de limiter" /" is used so that entrles extendinl over several 

lines can be recognized as such. If the diagnostic entry coratains 
, 

entries corresponding to .ore than one level of the IODA diction.ry 

then these are separated by the sylllbol "It.. Entries are entend 

wi th the fi rst level ent'rie's (the IK)re general entry) fint. 

Entries may be acco.panied by c~ts whidh are stored 

without being coded. For e~le. the entry / head.che (daily) / 

i5 stored as "781 (dai ly)". The coa.ent field extencls the rage of 

information that can be stored by coding wi th ei ther the ICM or 

SNOP dictionary. It May be used to express negation. the side of 

the body involved. degree of an assess.ent (slightly. certainly), 

etc. Through the use of the co.-ent field. CISP oYer~'to 

sorne extent the rigidi ty of expression of the ICDA ..ad SfI)p 

dictionaries. Other uses of the co_ent field are clescribed in 

section 6.4 

Olp. 7.2 cantains two eX8llples of pre-edi ted pathololY 

reports (Figs. 7 .lb. 7. lb). 
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6." Description and Proar~n, of the aatch Processin, Modules 
of crsp 

ft. considerlble part of the effort in the ÏIIpleMfttation 

of CISP vent into p1'Ogr_ing of the batch pl'Ocessing __ les. " 

set of the se ~ules processes, codes ... d sto~s an eatered pa~olo&y 

report, whi le ... 0 th el' set perfol'll5 the requestecl retrievals. SoIIe 

lIOdules are shared by both sets. 

+ 

The lIOdules vi11 be describecl vith the aid of flow charts (App.I). 

Tvo types of charts are used: syste. charu and, nov dia~ 

(Olapin, 1970). Syste. charts represent the general I15pects o~ the 

.,dules. In particular they focus on the nature of input. the type 

of processing earried out and the output gellented. SpeciaUzed 

equipllent. such as disk or eore seetion. are ç,learly indicated. ~Iy 

general references are lIacIe to p1'Ogr.-5 and data structures. Flow 

diagrallS, on the other hand. are IIOre specific. They foeus on the 

specifie data tr ... sforaations that occur together vi th the- algori thllie 

processes involved. Indi vidual operations vi thin the progra .. d 

changes in variables are explicitly shown. No reference is lI8de to 

specifie equipllent used. Generally speaking. the flov di-ara tells 

"how" a proeess is carried out. while the systell ch_rts only specify 

''whatU is done . 

The ItOdules of the syste. consist of _in proJ1'811S .. d 

swroutines. Sœ1'Outines (or procedures) prolr~ in PLII c .. be ... 

ei ther internai or extema1. Modules can be foraed only fn. the 

" 
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aain prograas and the external procedures. InternaI procedures 

cannot be co~iled independently and, hence, they can only exist 

wi th in a aodule. 

First the modules involved in the processing of an 

entend report will be described. The general processing schelle 

is shawn in Fig. 6.3. The description of the modules (see Fig. 6.4) 

and their flow charts will illustrate in more detail the various 

processing steps shawn in Fig. 6.3. During the discussion of a' 

module. the reader aay find it helpful to refer back to Fig. 6.3. in 

order to relate the .adule to the overall processing schelle shown 
, 

in this figure. 

The batch edi tor and systea s~ervisor for the report 
-' 

entry operationqis contained in the main progra. PATREAD (Fig. 6.S, 

6.6. 6.7). The recognition of co.unds and subcouands is perfonned 

by thi s progrUl. Keywords such as the 1 D and PD headings are 

recogni zed in aodules invoked by PATREAD after co.and recognition. 
1 

Aline containing a co .. and .ey not elso contain text so 

that scanning can be quickly perforaed. In addition. this ensuresj 

that the entered report is neat in eppearance. Fie. 6.6a shows the 

batch editor section of PATREAD which is involved in the recognition 

of c~ands and sœco..-nds. Because of the iaportance of the ID 

co .. and. aore elaborate error detection and error correction- exists 

• for this co .. md than for the other co.ands. If the lin, nad in 

103 • 
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does not contain a command, execution continues in one of the 

supervisory blocks of PATREAD labelled CLAD ( •.• ). 

As shown in Fig. S.2. supervisors not only order the 

appropriate processing but also monitor it. Monitoring in CISP is npc-

essary to check on erroneous processing and to detect the 

occurrence (or non-occurrence) of events which may become 

significant later on in the process!ng. Binary variables (DECLARE 

MID DIT (1» are used as monitors in CISP. Such monitors yield 

fast exeeut10n wh en they are tested in IF statements: 

IF MID TIŒN •••• 

ELSE ..... 

If MID has the value binary 1 ('l'B) then the THEN clause is 

executed; if it is '0'8 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 
1 

thi5 is not 50, the function of the monitor i5 explained in table 6.6. 

Usually a .onitor is tested after a subroutine is invoked in order 

to find out the suceess of the subroutine execution. 

Not only monitor values are passed from one module to 
\ 

another but contents of variables as weIl. Care had to be taken in 

the design of the modules 50 that variable contents were not altcrcd 

while they werc bcing passed. Such errors, due to the internaI mal-

functioning of the system, can greatly reduce its reliabllity . 
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lbere .re two .et:hocls of passing v.riable contents 

between ~dules. The fint llethod consists of v.ri..,le passing 

through an arguaent-par .. eter relationship. For exa~le, in the 

progr8ll: 

CALL SUB (1) 

SUB: PROCEDURE (OOUNT); 

variable contents are passed between .rg ...... t le in the invoking 

procedure and par_ter CO(fiT in the invoked proCedure. The 

second llethod consists of using variables dec1ared with .the attribute 

EXTERNAL. Variables in different IIOdules which h.ve the sue na_. 

and are declared EXTERNAL, are recognized as being the Salle. In CISP 

these types of v.riables .re used as storage regbters for the ' 

coded sections of the report. Thus. it is not necess.ry to retum 

these code containing v.riables to the supervlsor progr&a (PATREAD) 

whi ch ori ginally invoked the coding operation. On ly the .ani tor 

need be retumed for cheding the suceess of cocling. Later on. 

when the report is ready for stor.,e, the appropriate variables are 

decl.red in the storina melule and thus th.ir content beca.es avai lable. 

Fig. 6.4 shows the _thod c:hosen for passing v.riable contents between 

various .odule~. 
) 

, ." 
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The .ost cClIIplex supervisor blod in PATREAD is CLAB (1) 

which is entered while co .. and ID is in effect (Fig. 6.6b). and 

occurs when a new Teport 1s encountered or during the processing of 

the ~.a~raPhic entries of a report. The,ca.plexity of this blO~k 
~. '\ 

is due partly to the large nUlllber of .onitors checked here. This 

is done, for eXallple. when a coded report 15 prepa~ for storage. 

If n .onitors have to be checked. 2n_1 IF state.ents have to exist 

to test all.onitor state cœlbinations. Thus." ___ itors need 15 

IF state-.ents to talte into ~onsideration ail po~sib le ca.binatÎons. 

Whenever block CLAS (l) is entend in the course of 
, l' 

" l' 

proce~sing ID he~dlngs • .,dule ID is invoked. :11,15 .,dul" 
J' (~. , • 

supervises the recognition of headings and iftvokes the 'heading-

text process1~g .adules. Fint ID (Fig. 6.8a) prepares 
1 
the string , 

which ought to contain the heading. Recognition of the heading is 

perfonaed by .adule ImED (Fig. 6.9) "hich is buically a t8ble 

loolt-up progr... As ~tioned in çhp. 6.2 it 15 .ast likely that 

the abbreviated ID headinas wi 11 be entered by the oPerato'l-. 

Therefore. UIfED was proar...ed to execute fastest ""en abbreviations 

are used. ImED looks up the table of fullvord headinas only after 

look up of the table of abbreviatioos fails. Certain headinas such 

as "SPECltEN DAlE" cantaln .ore th .. ane word (c0lllp051 te heading). ' 

The, Uble in IDIED usuaUy contains only the fint vQrd. The presence 

of the second word of the heacling is investipted by .octule NO (Flg. 6.10) • 

, .. ;t' 
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NO i5 a text ca.parator .adule. 80th the text and the text to 

be cOlllpared wi th (cOllParator) are passed to NO. NO carries 

out the cOliparisoo and issues erl'Or _ssate~ if necessary. 

Identification of a heading i5 followed by the 

proeessing of the heading-text. To process a heading-lext 

which contains the Surgical Nu.ber, the .adule MOSNO (Fig. 6.11) 

Is invoked by 10. If the processing of the Surgieal NUliber fails. 

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

this whenever it is possible, extensive error detection ànd 

cOTrection routines were built into MOSNO. Fro. a trpical surgical 
1 

nt_er such as S.72-9560 only the nUileric fields are retained (at 

.ost 7 charaeters) since the rest are redll'ldant. .clSNO will accept 

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

embedded between the dtlits. CISP's operator should not tale 

advant·age of these error c01Tection and det~ctiQl1 routines by intro-
<, 

dùcing laxi ty in the entered report because the process~ng .. y prove 

costly. 

The na.e text is processed by the .adule MONM (Fig. 6.12). 

An exuple of t"'~ accepted fora of a n8lle entry 15: IXII3K. MR. JOHN K. 

Entering nalles in this fom a110ws for the idenUfication o.f the .umâlle 

and christian n8lles. 1bus retrieval of a patient 's repoS't is possible 

even if only his last n .. is specified . 

107. 
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The -texts following the headings RNO. lINO. SEI. AGE.-

YB and SRV are processed wi thin .odule ID (fig. 6. Sc. 6.8cl). The 

texts of ~O. AGE and YB are accepted only if they are nUEric. 

The sex text is tested for the tvo conventional possibili ties. 

If the SRV text contains the na.e of the physician. his last n_e 

i5 recorded fir5t. As in ail nUleS, periods after initiais are 

redlD1dant and are left out. 

The specilllen date is transforad to a 6 character .. 

date code by module KlSPD (Fig. 6.13). The first 2 characters 

denote the 1IlOO th , the next 2 the day and the next 2 the year. 

The PATREAD supervisory blocks labelled CLAB(2). 

CLA8(3) and CLAB(4) are very sillilar vith respect to the nature of 

processing carried out within the. (See Fig. 6 .6c). CLAB(2) codes ~ 

the CN entries, CLAB(3) the CD entries and CLAD(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-
1 

pared, the dictionary to be looked up is chosen and PATSEK is ca lied. 

PATSEK (Fig. 6.14) is the aodule invoked whenever a diseue entry has 

to bè coded through the look up of one of the extel'llaUy stored 

dictionaries. After the entries are coded they are ASsellbted in the 

respective EXTERNAL variables which are used a,ain tater durin, the 

s torage of the report. 

, > 

'. 
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The file name associated with the dictionary that 

must be searched is passed as an argument to PATSEK. The 
Cl 

EXTERNAL variables containing the coded entries are also passed 
• 

to PATSEK as arglDl1ents 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 PLII source statements). 

Part of the program prepares the entry for look up. If the 

delimiter "II" is present in the text, the entries at different 

levels are separated. Also. 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 operation performed by thi! module is shawn 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 ent~ 

match character-by-character. Module SPLIT May al50 be used to , 

compress text through the elimination of unnecessary blanks .• 

The subroutine UOOKUP (Fig. 6.14d), an internaI sub-

routine to module PATSEK, perf011l5 the coding dictionary loolt-up 

.' 
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operatiOn. Using the PLII file environJDent GENKEY feature 
t 

(avai1able on1y with IS files) an appropriate dictionary 

entry can be direct1y retrieved by specifying only part 

of the record key. 1 f the full di c ti onary en try does not 

march the diagnostic entry. a few of the ''near by" dictionary 

records are sequentially retrieved mtil the entries .atch 

(see section 6.2 and Fig. 6. 14d). 

If the eniry consisted of Ilore than one level then 

the codes obtained have ta be matched (section 3.4). For 

example. if the Ievel 1 entry yielded codes 5031 and 460 and 

the Ieve1 2 entry yielded 5071, 4601, 231 then only the codes 

460 and 4601 fOrBI a .atched set. This mat ching i5 perfonaed by 

the internaI procedure '00 - for 2 entry levels -. and 11fREE -

for 3 entry 1evels. The more comp1ex a1gorithm of THREE is 

shawn in Fig. 6.14e. 

CLAR(S) (Fig. 6.6d) is th~b1ock 5upervising the 

reading in of the specimen description (SP entries). lhese 

entries are not coded and are on1y retained in the report while 

the patient i5 in the h05pi ta1. In arder ta collpress the uount 

of data stored, the trailing blanks are eut-off and a line skip 

delillli ter i 
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The PD headings ad tons are processed by .adul e 

PAT vhich is sim lar ~o .ooule ID. PAT edits the PD headings 

and s~rvises the cocling of the entries (Fig. 6.16). 

The SMlP di.ctionary is looked '4l to code the topo-

graplay entries and the ICDA dictionary to code the diagnosis 

and category entries. In spite of the different hierarchical 

organization of SNOP and ICDA (see Otp. 3). it was fO\.lld 

that wi th llinor .odifications the already' existing PATSEK 

could be used to look up both dictionaries. An entry that is 

to be coded using StCP consists of only a one level entry. 

Hence PATSEk skips the code _tching proeess which is only 

necessary to acea.odate IODAis hierardhical structuring. 

Sinee the three data ite115 - topography. diagnosis 

and category fora a oo.plete pathologieal diagnosis. they 

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

an error occurs in processing any of these i te... thè processing of th~ 

report is skipped till the next topography ite. or the next report section 

is encomtered. The eorrècted version of the PD section left 

out .ay he added to the already stored report using the ~collllUUld 

REPLACE or EXTEND. 

Solie eategory entries contain not on1y the entries 

codable through the stilndard dictiœary. but al50 a .,difier . 

entry. lbese lIOCIifiers are underlined in the following eXSllples: 

1 " 
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1 ~ lyaph node involveJlent/ 

1 _tastatic to liverl 

1 she 2 .al 

PAT searches these state.ents in an atteapt to find wi thin them 

such category entries as "si ze". n.tastatic to". "grade" ~ etc. 

(Fig 6.J6b. 6.16c. 6.16d). The adjoining IIOdifiers are inserte~ 

into an internà'lly created co..ent field which i5 attached to the 

code of the respective category entry. Thus Ino lyllph node 

involvement/ becoaes lC80(NO). The entry /_tastatic to liver/ 

contains the, topographie site mdifier "liver". PATSEK looks up 

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

The enti re catégory entry is coded as lC81 (5600). 

The coded pathology report is asse'" led and s tored by 

~ 

J ~ IIOdule STORE (Fig. 6.17) in data set PA1'REP. 1 f the report was 
" " 

.1 entered with subçoa ..... d EX'ŒND or REPLACE then the previously stored 

report is read first. If an entry in a section is to be replaced, 
i) . 

the enti re cO...frected section has to be entered bec.use indi vidual 

entries cannot be replaced in this prototype venion of ctsP. 

Printing of the report is carried out by IIOdule PRINT 

(Fig. 6.18). It was found that for checkina purposes 

it i5 enough to print just the coded version of the report, 

report. If a IIOre elaborate checkina of the entered report is 

nec8ssary. then the operator CUI print i t out in the decoded fOrll • 
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SUBS11lING. a PLiI buil t-in ftmction vas used in 

progr~ng IIOSt of these .adules. Great eare had ,to be exercised 

in using SUBSTRINC. If SUBSTRINC vas .ade to refer to a part of 

a string lying outside 'the boœctanes of the variable concerned. 

daaage could be ,caused to areas of the core vhere the program 

• • achine code instructions resicle. This _y result in aalfunction 

which can d_age the data base. 1herefore. in the prograaming of 

CISP IIOChiles., the use of SUBSllHNG vas preceded by a test of the , 
'. 

string length vithin the variable involved. 

Sinee the .adules of CISP will need to execute several 

tilles a clay. it"'is i..,ortant that execution cost be as low as • possible. Therefore. these .adules vere coIIPi led at the optimi zing 

lettel 2 (OPT-2) which yields IIOdules that execute fast at the expense 

of a larger s torage area needed to hold the.. 

The subl'Outine .adules described above are 1 ink edi ted to 

fon separate 'special purpose load aodule prograas. Th us , one load 

lIOdule prograa codes a .report. another retrieves a report in decoded 

text font a mird retrieves the coded version of the report, and 

so on: Several of these prograas .. y oontain copies of the sue CISP 

subrJutine lIOdules. For ex.ple. IIIIEO is used in the progr8ll which 

codes reports and J,n the retrieval pr0J1'8ll5 where i t recogni zes the 

ID heading by vhiet. a report, is to be retrieved . 

i 
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The execution of a load lIOdule progru 15 initiated through a 

JCL prograa of the f(lm: .., 

l/EXEC PGM=REPCOD 

I/STEPLIB DD DSN=B.BElS.PATLIB.llISP=SHR 

1 
In this exa..,Je, REPCOD is the progra which codes a report. 

It consists of the main progr811 IIOdule PATREAD and the sub-

routine modules it invokes. 

It would be feasible to si.ply have one progr .. 

module containing ail these special purpose progra lIOdules, 

together wi th a sll311 batch edi tor that would choose the 

appropriate processing to hé perfol'lled. However. this is not 

practical because of the large storage area needed hy such a 

module and the large core area needed for execution.· Therefore, 

)n CISP these progrUlS are lc.ept separately and the progru which 

/ is to be executed is selected during the interactive processing 

(-- phase of CISP. • 

6.5 The Organi zation of the Coded Pathology Reports ,~, 

) 
,(PATREP, the data set containing the coded pathology 

"'-, 
reports, is the- eq'ùi valent of the pathology report file in the 

f' '--- " 

p~thology de,partllel1t. 1\e data set organization adopted for 

PATREP is indexed-sequent~al wi th varhble length records. The 
- , ~ 
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creation of PATREP h sillilar to that of the dictionaries 

COlp. 6.2). J except that the bloclt si ze is 3470 and the 

record si ze 15 2800 bytes. The cyUncier overflow area 

extends to half the cylinder size (10 tracks) in order to 

accolIIIOdate the possible nu.erous updatings Crewri tinef) of 

the records. 

faro record in the data set contains one pathololY 

report in coded f01'll wi th the surgical n_er servin, as 
1 

the record key. The record structure is the followine: 

7 71 Max. 2722 

Suraieal Fixed Field Variable Lenath Fle14 
Nuaber , .... ", ...,. 

KEY DATA 

The fixed length field consists of 8 fixed Ienlth s\.i)fields 

-' 

which acco~.te the processed version of the texts fo11owiDI 

the ID heading!. The following are the subfields, includin, the 

record key J and their respective lenlth in characters: 

SNO 7 
HM 2S 
RNO S 
UNO 7 
SEX 1 
AGE 3 

YB .. 
SRV 20 
SPD 6 

Fi xed fié Ids were aélopted for these entries beca .. e they are present 
, 

in .ost ot the r~rts enter" ad thus verr llttle storqe space is 
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vasted. A desirecl i tea c .. be retrieyecl frœ this field by 

knowing i ts location. nUI5. for e~le.patient age 15 

fOWld starting wlth the 39th character and extendinc till the 

41st character of the field. 

A nUlliber of deliaiters are ellbedded in the variable 

length fie Id of the record in order to separate one code fro. 

another and the various report sections. 1hus. each section 

in the record fol'llS a smfield which starts vith a 4 character 

field of the fol'1l *11·. where Il 15 the co __ d of that section. 

As a resul t the leneral structure of the variable 1eD.th field 

is: 

·CN· ... ·CD· ... *OP· ... ·PD· ..• ·~ .•. *Sp· ••.•• • 

The codes in these sœfields are deliaited by the sytlbol 1. 

A CN subfield .. y have the fon: 

·eN· 79l(daily) '7843A 

The delildters T. D and C are used to delhdt the 

topography. diagnosis and category codes of the PD section. An 

eXUlple of a PD section Is: 

·PD·T<S84O>D<SS40lZ08O>C<lClO0ID1'IC81(6387) 

• 1 CIO>'J1CSSO 3>0<2 30 l'SO 3>C<1C82 (3111» 

Olapter 7.2 contaios eUlllples of coc:led pathololY 

reports (FiC. 7.le. '.2c) • 

. ' 

-'''' , , . , 
116. 
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6.6 The Prolra_na of the tnteràcU-ve Processina ""a,e 

The pro,r .. aina of the intencti ve processing phase 

of CISP was carried out by adapUna the CRJE edi tor to the needs 

of the CISP's operator. Several sequences of CRJE edit or co.ands 

were collected in CRJE data sets cilled CLIST (coa .. nd 115t) (Anon~ 

1970a). The sequence of coaaands ln a CLIST data set .ay be 

exec;uted by typlna in the co_and P.XEC (or X) followed by the data 

set na.e. For example. when: 

f.XEC CODEl 

is typed 
",. 

in then ~he followina cO_Md, wi Il' e:Jlbte: 

SUBNIT REPCOD. ONE. FINISH 
EDIT ~G 
LI ST. NONt114 
END 

The first co.and subait, a proar .. for execution. REPCOD contaln, 

the JeL progr .. wMdl cal h for the execution of the lo,d IIOdule 

progr .. which codes the pathololY report. The report to be processem 

i 5 to be found ln the CRJE data set ~E. FINISH contalnl the ,d-of-

" • 
After the prolr .. 15 stt».l tted. the lle55aae 

contalned in data set MiG is prlnted for the operator: 

REPORT (S) IN DATA SET -oNE-WERE SUBMI'M'ED FOR PROCESSINC • 
• 

Fla. 6.19 illustrates the various interactive processina 

activities which are at the disposa. of an operator Ulinl CISP. The 

operatlnl instructions do not have to be MIIOri zed by the operator 

" 

'. 

'. i~~ 

111. ' 

{ 
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'because on request they are printed at the terminal. (See Appendi x 

C for the operating instructions). 

6.7 Maintenance of the Data Base and Jlr08ram Library in CISP 

In the course of time. numerous alterations of CISP's 

program library and da ta base wi 11 occur. The effect of the!e 

al terations is to clutter the storage areas available for the!e 

data sets. Even the normal daily operations of CISP cons:J..,ting 

of the addition of new pathology reports wi 11 neces! itate the 

regtilar reorgani zation of the pathology report fi ~e. There arc a 

number of maintenance programs which are run for this purpose. 

Updatings of the dictionaries and of the stdred 

pathology reports quick ly fill the overflow ares of these IS 

data sets. Unless the overflow records are inserted into the 

prime area leaving the overflow area e..,ty. further, updatings of 

the data set may not be performed. This 15 accomplished by re-

copying the data sets. 

Programs TRANS and mTRANS (Appendix 0)· carry out 
1 ~ 

the recopying of the decoding and coding dictionaries. respectively. 

Wi th minor parame ter al tentions. TRANS is aIso used to recopy 

-AlI progrPlS mentloned by name in this section are shawn in 
Appendix D • 

{ -
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• the data set containing the coded reports (PATREP). Progr .. 

RENNE is used after recopying to change the nUie of the new 

data set back to that of the old one. " 
As the nlllli>er of stored pathology reports becolles 

large, it _ay becoae iapossible to keep a11 these reports on 

disk. aider reports IllY be stored on tape, off-Iine. There are 

IBM uti 1 i ty progr811S "hich copy the content of an IS data set 

onto tape (unloading), and. "hen needed. recreate the IS data 

set on disk fro. ~e infonation stored on tape (Iotding). Thus , 

old reports can easily beco.e "active" aga in and available for 

on-line retrieval. 

Often. i t 15 necessary to consul t the dictionarie.s 

used by the systea. Progr..s BU. and ':œUJf produce paper copies 

of CISP's dictionaries. Due to the buU of these dictionaries, 

thei r content i5 printed on the high speed printer of 'the cOlllputing 

centre. 

A different set of progruis is needed to .aintain and 

expand CISP's Iibrary of progr811S. Each new IIOdule i5 cOlipiled 

using progr_ JCOPT which produces .adules optillized for fast 

execution. Progra LIB creates a parti tioned library, LIN adds. 

nev IIOdules to the library and LlNREP replaces an existing aodule 

wi th i ts i..,roved version. The addition and replaceaent of -.odules 

is liaited by the size of the library's directory whidl is fixed 

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

• 
o 

,/ 
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15 full, the library can be rec:reated usina prol1'u LOADCôPY •. 

1bis pro,r_ .llows selective COprinl of the old library. 

Si,!ce replaced lIOdul es aft not overwri tten, progru >. 

CXM'RESS should be used to elhunate œused space,. Pl'Ogr .. , 

RELEASE llay also be used to rele.se storage space assl,ned to 

the library but not uti li zed. 

'I1\ose PL/I source prol1'IM whid\ are not USM are 

stored. in the source font on an extemat data set using l'ro
ta 

gr .. SAVE. Should the need arise to update an old lo.ad mdule,' 1 

the respective source progr_ 15 read back into the ClUE library 

where i t 15 altered and the load IIOdule produced is entend into 

the library as a replaceaent. 

.. 

" 

... 

) . 

...' 
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PATREAD 

œNS 

OP 

MID 
MER 

MFP 

MRUN 

FPR 

MY 

ID 

..oN 
CONS 

IDHED 

M1H 
COOS 

PATSEK 

~T 

Ml 

Ml 

M3 

M1HREE 

1. 

Table 6.6 

On signaIs that: a surgieal nUlliber has bem eneoun~ered 
in th is report 
an error in coding PD entrie~; i ~ ini tiates 
a search for the nex~ TPG he.ding or eo~d 

'" the line read in eontains c d ID 

Off signais that: 

On signaIs that: 

'-

sœCOllll8lld could not be iden ified; print 
last report and skip this on enti rely. 
ID "as not -.et at the head 0 the Ist report 
entered. 
error oecured in the analys i of the SNO text. 
or error occured in identify· g an ID heading 
befoTe St«) "as nad in. 1 

the PD e~d vas aIready enr0tntered but 
the PD codes vere not yet colleeted in the 
PD variable 
see MON (PATSEK) " 

1 

see MRUN (PATREAD) 
error occured in the identify{ng an ID 
heading before III Sr«) vas read in 
the ID heading text vas correctly anaIyzed. 
see CONS (PATREAD) 

see M'11i (ID) 
see CONS (PA1'READ) 

codin. error is due to incorrect use of 
entry cie Ibn ters. 
an entry was correctly loolted up in the 
dictionary. 
bath codin. and the .. tchin. of the different 
leve 1 entry codes was correctly perfol'lled 
the Ist level entry was correctly looked ..., 
in the dictionary 
the 2nd level entry vas correctly looked up 
in the di cti anary. . 
the 3rd level entry was correctly looked up 
in the dietionary. 
aatching of the eocles of. 3 level entry was 
correctly perfon.ed • 

121.~ 
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Table 6.6 contd 

PAT 

KlNP On signaIs 1 that: see toNP (PATREAD) 
NP see tON (PA1SEK) 
Nl sn Ml (pA'JSEK) 
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HOSPITAL 

1 
• INTERACTIVI • • 1 '. '. , . 

-- lIIIow of information 
no tr .. ........-on Ine 

--_ .. Low .cepeatty w ... ' 'e.I,," 
lIne I •• I.~' 

- High cepllClty. ~ 
,,~1Ine 

~ 
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Il 
,1 
,1 
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• • 

• 1 
1 

1 
1 

1 
1 

1 
1 

c"." ........ 

-==" - -"W 

S.TCH 

COMPUTINO 
CENT'" 

: 

cu/ros 
/lit.,., 

I.M 380 S .. __ "''''''' ur,.,.._ 
/kt/, /Ib~ 

~ ... -

Fia. 6.2 .. Diaar_ of the co-.mication betveen the hospital. 
the cOliputer 5yste. and CISP • 
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~ 1 MSET,I MOSNO MONM MOSPD 

1 1 ... 
1 

PATREAD ID IDHED 

PATSEK S-SPLIT 

-....oj.~ ArguMll t " parameter 

4---" External variables 

Fi,. 6.4 - Diagr .. of c~lcation between 
the .adules involved in proceuing 
an entend report. 

Fi,. 6.5 - CoaveDtlaa for the __ ln, of "nad nen 11n." 
la • syste. chart. -

NO 
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J-2,3, or 4. 
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Fia. 6.6e .. Module PATREAD 
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• Pl,. 6.6' - MOdule PATREAD 
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IUfllf1IIIIPn H TOP, DXO , CTO 

VPD • variable containing coded PD 
TOP. DXO. CTO • variables containlng 

'the TPG, DX and CAT 
codes, respectively 

~ig. 6.7 - Flow di_Ir .. of subroutine FORMPR, internaI to 
PATREAD. 
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IlVAI.lIATlON 01: 1111i rROnlrvrfi cisr ~YS"iM ANIl IMI'ROVIlMI!NT 
R!:_~~AftON~---,~----- - ~~-

7.1 Introduction 

·tlli~ ch.aptt'r i 11u~trAtt'~ cIsr'~ IlOrfo1'ftlMCl" ln l'odin${ 

plltholoJ{Y rcpo'rt" IInd ft'trlt'vinR the", ln do('od"d font. An oxample 
, 

nf lm 'n tc Tl_l'tl Vl' wOTk !\t''''~ l on whh C ISll h aho ~hown. Th~~e 

III lI"t rnt ions IIrt' fo Ilnwc" hy nn CYR IUAt ion of the dc!' 1 RTl And 

tht, pt'rforrruUl('c of CISP. 

R/I~cd on the trlal-r,.,", of thl~ prototYI'O ~y~tom, " 

1111mlll'r of rccolllllcndRtion!l can alrcady he made. Uowever. the finltl 

improvement .. of thh syste .. CIln only he mndl' ufter the ln-ho",pi tRI 

,...- ope rat 1 onA 1 t ri li h ft TC co.p let .. ". 
v 

7.2 ~XS~lt'S of PatholollY Report Proct'ssing and Retrloval wl th 
.1 1 

, 

FiICUfOS 7.1 (",J',c,d) Rnd 7.2 (ft,b.~.dl oach contain an 

t'xamp)(' of Il 1'9thology report. Tht' "a" figurt's contain the original 

document. The reports trPed~ ln nt the terminal are shown 1'n "b" 

(, 

J , 

u 
t51. 
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figures. The coded version of the report as it is stored on disl 

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 co~ared 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 th~n 

printed ?~t in decoded fonn. This figure mainly 

i 1 1 u ... t r 11 ft' ~ the warning messages and error messages issued by 
J 

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 i~le.ent a syste. 

which stores a large ICDA-type dictionary for the coding of pathology 

reports. The present system cont~ins ail dictionary sections related 

to the digestive system. Thus reports of any patients suffering fro. 

ai Iments of the digestive system can be coded and stored. The 

operational trials have indicated that the text of the decoded pathololY 

report is ac~ep~ble for clinical use. 

The design and implementation of CISP was carried out over 

a peribd of 3 years. About 65\ of this ti.e was spent on designing 

CISP and experimenting wi th various approaches. while the halancl' wa~ 

~pent &n creat!ng the dictionaries and progr ... ing the .adules. 

156 •. 
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Fil. 7.1. - The patholOlY report wlth Suraie •• 
No. S.73-11234 
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Fia. ?lb - The pre-edited pathololY report 
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T'fE "O'UE-L f)!.!R_L HOS'IUL '-
~[P_RT"I.T 0' '_TMOLOGT 

SUlt11tU 1tO.1 5.1.)-11234 UIIT 110.1 .U'~6 '100ft 10.1 '31 
"MIl S"ITM,"R. JOM' ~ $EXI "_LE ''lEI " 
stltVICE DR •• 50RtO " , 
SP!CI"EI l'T!. 10VENBER Ill1l 
t'I 1. SY"PT~ R"ER4aLE TO _aDONIt 410 LO~R ~STROI'TI5TIIAL TRACT -

- IlASTROJ IIrrsn"L TRACT HENORRNAtJ[ lOS 
CJ. 1. CARCI10~A(ST~ACM) 
OPI 1. OPER_ TI 0115 01 STC)IItACH -- COMPLETE OASTRECTOfty 
SPI SPEC I"EII J ST ONACif 

THE STO~CH "[ASURIS 22 '" .10 11 '" 011 TME f)R[ATER A.D LESSER 
CUqVATURE RESPECTIVELY. THE EXTE""4L SUR'ACE 15 S"OOTM .10 
IlLlSTUUG IIiTM S~E IIIDURAlIOI 4LOI .. TH! LESSER CURVATtIRE. 
_t TME "UCOS.L SUR'ACE 15 A 'AIRtY LARtJ[. I~REfJULAR. SU,,.,,rICI_L 
ULCER_TIOII ~ITM AI IR~EOULAR 4~O "RA'ULAR "UCOS, SURROUIIOII" 
TH~ ULC[R. TME ULCER "IASURIS 1. CN l' ITS f)RE.TEST OI"IIISION 
." 15 LOC_TtO "AilLY 01 'HI LESSI~ CURVATURI. IT IX'E'~S IIt4" 
THE "_R~I"S OF RESECTIOI. 01 StCTIOI , TNI LESIO •• 'PIA~S TO 
l''VADE TM! EI'IRE T'fIC~'ESS 0' THI ~_LL or TME LESSER CURV4TURE 
•• 0 AT TMIS R[f)IOI Tif' IMLL "'ASUII[S .... ON. 'Nf. '.'SSER O"'"TU" 
SHO~S , LY"'M 'OOES T~O or WHIC" 4~! '4RTLY ~'L'C[D ~Y TU"OR. 

REPRES!ITATIVE SICTIOIS -Rt SUBfltT'E? 
REPRES!ITATIVE SICTIOIS 'R~ UlCER Ain .[,~y ~STRIC MuenS4 

, SUB"ITTtD UBELUD 10.1 UO .0.2.3.4. '"0 , •• 'RlStIUT IVE 5ICT,10' 
FRO" THE PRO~I"_L 'ID DIST_L ~_RGI.S 0' ~S[CTIO' -litt 
SU~"ITTE) ~S .0.6 •• 0 110.1. 

P~t 1. LESS~1t eURY_TURE 0' STO,,_C" 
CA.Cl'OfIA -- .ltIOCARCI.a"_ 

POORLY DI"ERE_TIATtD 
r "VOL VlfIt! liT 0' .EIt~ 
"[T-statlc TO LY"-" _ODE. IIOS 
E~lE.Sl~1 TO SEROS. OR C_'SULE 
LY"'M IflOE IWOLVE"I_T 2 OU, 0' , 
~ESECTIO. "ARGIIS 'RI! 0' TU~OR 

'" t PltEvr OUS 0'. 'lASTROSCO" - 'EB 1 • l' U 
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r.:-: Vu.IUnll - ~r.tl_ n .. ,. 
Con.Upe' Ion 

~r.~I"'1 1 •• Il •• to-colle l ...... t 

"OlEN SECTIC*I 

!tell,Mnt .... l'co. • ,....... fl ....... r~ 

'1111 t "'.1 :M'SN 
h-rhll •• 1 S.71-'WIH 

Sp.~I.l .... 1' •• : Mo """'t'" 01 .. l~ of 'l''--ry; .... 1.1. ,..cr •• tlc 

~: ~ ~, n. .peel... .. 1 MU" .... 1 ... , of ... tro-coUc U.-t" ... c_.I.t. 0' Z 
plc~ •• 0' fi ... t ...... " .eh Whlt. t. col .. 1' ...... 1'1 .. 1.' .0.7 cl.' • O., ~ • 
Cllt •• ctl_ of tM .peet. • .... It to .. "'1'1 ... t". 

5 .... ltt ... " toto. 

HICIOSCOPY : 

n. U ••• c_ ••• t. of ..... 1'.1 dl'~d'" f.U, .... 1 ...... dI "re ~I.a~ 
hy _11 •• y ....... ba ... of flllrotIl •• tle tl ........ 1.1 ... 1 f.t c.U •• n .1 .... par.tH 
~y prol.f.r.tlve ftbr .. l •• t •. Then .1'. occ •• I ... l .It ........ t"lc.l c.l1 •• rocal 
f.t ....... r.Uon vith chr_k len-.tor, r .. tt_ ... 1 .. _t". " ... 1. _ ..... 1 
p.ttern IIut 1'-11 ... It to ..... ll .... t .... 1 .... lt ...... r .. tl .. procee. 
cnn not Il. rul •• out vith ~let. cert.lat,. 

DI Ar.KOSt5: Flbro •• rc ... 

Nt't .. : 5 •• Autop.y An-UI • ".. ........... 1' __ ...... to __ the1l_ la_ly' .. 
p.rU ..... 1 c.Ylt, ... r .... t pl_r.1 c .. lty. ''-l'.f .... thl. 1 •••• rl.t 
(.IIro •• rc ... t ........ thelt ... . 

flnt.: "0'9 24173 

Fig. 7.2. - The pathololY report • 



• ----

! 

• 

( 

1'l.N 
'fil, JO" .!;. 'f. ~"S. te. D 
~ .. O.14aU 
'1'\/,) • "., • .", 
::'~~ 1 F 
"~E 1 ,~ 

:iE"VI CE Dit. 1 DOItU'. IC. 
5~() 1 n-'.56, 
';0')1 "'A., 2l/U 
C~ 
l'.,USEA ua VO"UI.ClCI' OUS)I 
ICO.STI'ATIOI CI' DAYI)I 
C1 
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IE~LOItATO~ LAPAItOTOMY 0'1 CILlotOMYI 
°D 
T~" 100STltOCOLIC LIGA"EITI 
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1 f'l BROS UC OfIIAI 
'"ESOTMEL 1 aMI 

I~PECI"E •• BX. GASTlo-COLIC LIGA"'.T 
"onl SECTI 01. 

"'LI G.IT - SAItCOI'A. '''OIMIU ,.IIOSAIICOI'A 
'iPECUL R["AIt"S, 110 D"UITIVI Olt EVIDIIe[ 0' 'l.ffAItYI 

'OS5IBLY PAIeR[ATIC. 
'1"055 , 

TME SP!CI"'I IS UIELLID -"OHy 0' flASTIO-COLIC LlIJ~"'f.:IT • 
•• " CO.SISTS 0' 2 'IECE5 0' '1"" TISIUE • 'II~ISM WHITE .1 COLOU~ • 
":ASUltIlG 1.' ",." C 1.' " 1.' "'. SU .. ITtED Il TOTO_ 
IIIIICROSCO', • 

TM[ TISSUE COISIITS 0' IIVlI'L CIRCUNICRIIED 'ATTY 
""'ULES ,,"ICM Ait SUIDIVIDED h VELL !J!V[LOItID .... DS 0' 'IIIROBUSTIC 
TISSU[. l'DIVI~UAL 'AT CELLS AI! 'LlO SE'AIAIID .. ., PIOLlrERATIVI 
fIBRqSL'STS. TM'RE '!tE OCCAIIOIAL "ltOlES 'ID AtYPIC'L CELLS. 
~OC'L FAT D!O[I[lAtIOI VITH C"ltOIIC Il'LA""ATOIY lE.ctlOI 15 'LSO 
~TE'. THIS 15 " UIUSUAL .'11111 ~T 1 8[LIIVI IT 10 9E A "ALIOIAI' 
~~OPLAS" '~T"OUO" , REACTIVE '''OCESS CAl lOI .r RULED OUT VITH 
C,,'PLETE CERTAI,TV .1 . 
oH 
I~EE ~UTOPSY 473-3211 

FiJ. 7.lb - The pre-edited report 
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__ ~!~~!:!.'!,_!r!..!!~'!Y_~l.:l.!lr ..... "CI ... 1 IX. IMSTlo-COLIC 

L1OA"UT,nozrl Slenolt' NLlIUIT • IAICOfM. ,.OIASU FlIJI 

THE IPlCI"" Il LAIILLID -alo 

psy OF' OASTlo-COLlC LlOAMIIY -'AID COISIITS 0' 2 'IECEI 0' FI"" T 

ISSUE. '1IIlISH WH"t .. COLOUI .'''EASU''lIa 1.' 1( 1.7 CI.' 1( '.1 

C". SUB,,,nID Il TOTO.'''ICIOIeo,-y l' TH[ TISSUE COISISTI 0' 

SEV[RAL CIReQNSCRlalD 'ATTy'IODULEI ~ICN AIE SU8DIVIDED SY ~LL 

D~VELO'[D BAI3S 0' 'laIOlLASTle'TISSUE. IIDIVIDUAL 'AT CELLS ARE 

_LSO S['ARATED ay 'ROLIFIRATIVII'IIIOILASTS. THEl[ AIE OCCASIOIA 

L "ITOSIS' AID A"rlCAL CILU.I'OCAL 'AT or."IIATlOI VITN CNROIIC 

.. n.A .... rORY RUCIIOI Il AUOfIOTED. TMII Il AI U.IUAL 'A"EII 

BUT 1 BILIEV! Il TO Bt • MLialAITlitoruM AUNOUGH _ IIIACTIVE , 

ROCESS C~' 'OT BE RULED OUT VlfMlC ..... "1 CERUllYy • 
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TM~ ~ONTREAL OENE~AL HOI'ITAL 
DE~AftT~ENT 0' ~ATHOLOOY 

/j'J'HlI CAL NO.. S. 1). ,~" UllT NO.. ~17"'8t "OOM NO.. ," 
~fII~t JOH,.SAY! l'IRS. 1( D SIX, rEMALI AOI." 
SEIi'VlC[ DR., DORU , 1( 

~.~clI .. r" DAn. MAY U/U 
C', 1. Sy"~TO", Rl'IRAILE TO U"ER ~AITROINTIITINAL T~ACT .- NAUS'A AND 

VOMIT INOC U DAYI' 
?. 'UNCTIONAL nasORDER! 0' UnITI.I·· CO"STI~UIr)N(I, DAYS) 

Ct)t 1. IMUSTINAL OBSTRUCTION "'ITHOUT MINTION 0' HUN" •• OBSTRUCTION 
Dut TO UNS~ECI'I!D CAUSICIOVIL) 

,.,., 1. INCISION AND !:lCCISION 0' A8DOfIIIUL "ALL AN~ 'ERITON[IJ" .- EXPLOit 
ATORY LA'AROTOfIIY 0" CILIOTO"Y 

!'lP, SPECII'IU , It~. rJASTRO-COLIC LIOAMENT 
J'ROHN S'CTl ON, 

l'I.Llfl'A~T ~ SARCOI'tA PROI.BLE l''lB~OSARCO". 
~P[CIAL ~!I't.RKSt 10 DI'INITIVI OR IVIDt.CI 0' PRIMA"VI 

posstBLY PANCREATIC. 
"IROSS 1 

THE SPECI"EN 15 LABILLID -SIOPSY 0' OASTRo-COLIC LIOAMENT " 
.N~ CO'SlSTS 0'2 PIlets 0' 'IR" TISSUI • P1NlCIIH ~lTI IN COLOUR • 
"'ASURJtWO 1.' le'.7 CI.' left.1 CM. SU8"ITT[D lM TOTO. 
fIIIIC~OSCOPY • . . 

THE TISSUE COISISTS 0' S!VIR.L ClRCU"SCRlBEO 'ATTy 
~OULES 'IHICH .Rt SUBDIVIDID ~Y "ILL DIVILOPED BANDS 0' 'I~ROBLASTJC 
TISSU[. INDIVIDUAL 'AT CELLS ARI ALSO SIPARATID ~V P~DLI'ERATIVE 
FIBROALASTS. THERt ARE OCCASION.L "ITOSES AND ATYPICAL CELlS. 
FOCAL 'AT DEGIIERAllON VITH CHRO~IC 1.'LAM"ATORY ~IACTION 15 AL50 
~OTED. THIS 15 A. UNUSUAL P.TTER. RUT 1 !tLIEVE Il TO SE • MALlqNANT 
N[OPLASfill ALTHOUGH A RIACTIVE PROCISS CA. NOT BI RULID OUT ~ITH 
CO"'Lttt CERrAIMTY • 

PO, 1. OASTROCOLlC LI OA"UT 
SARCOfItA ... "BItOSUCOMA 
~[sOTH[L 1 OMA 

NT, 3E! AUTOP5Y A73-321 

Fig. 1.2d - The decoded report 
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To Il.ln _ aprredaUon of tht' (,"t'cut i on ('hanctC"Ti'" t t ('~ 

of cisr. tht' proCe'!ldnll of a .,8t"010gy rt'flOrt "'"V ht' ('on~td(,T<,d. 

1 
Th ... Joad -.odult' .,rogr .. vhich ,lCrfo ... ~ thi" f'Ull'tioll o\'ctlpif"~ ahOlIt .!~() Ki 10-

bytt'~ of COTt' ~torage. The.' el8rSt'd U .. , durin" wh ich thi ~ progrRm 
o 

n'~ldt'~ ln cort' undt'r the.' lIultirrogr_infl IIrrllngt'lI«'nt of thl' c.(lIIlputt'r 

syst~, vari ... ~ fr~ 30 ~c. to S IIlnute~. The co~t of an AV~Tng(' 

r('l,ort rroc('~s lnll h about $1. SO "hich can he <'qua 11y divtdt'd hetw('ct\ 

thl' ,:ru ('x('cution tlll<." (- :\ ~ec.) and th ... tnrut/Output co~t. One 

IIUst adJ to this an ov('rhoad of about $1.00 for ini tiatin$l tht' P(O-

~r_ (')t('cution, lbt-n'fon', hy enterin~ ~('vt'rlll rcport!' in tht! ~Am(' 

Th ... ahovt' co~ts "t'TC calculatt'd on the ha~h of proRram . 

cx('c,.~ion in Il JOOl CO~ partition mdt'r'prtortty 2 (th ... nom,,1 

l'riol'it)' us ... dl. 8y using ovt'r!!.t!.!!& 'in the reror~. proCC~!'I jn~' pro-
, ~ 

. ~rA •• th ... C01't' sl:(' requil't'llt'nt oould ht' reduced to 200K yielding 

,oo;,~r ,j ...... -in t i ... and I«~-~'I"'''IV~ "'~"""OI~ nvorl.ylng 1< " 

f(,Aturt' of tht' 1 inhge editor which mablc5 only thost' modules to 
1 

r('s id(' in COf'(" which are actually nC7cded at 4'ny th"e dt.lri.ng the 
1.~ 

llrocf~s in~. A. ... ide' fro. rATRI;A"', arJl , SPI.IT. one would only ftnd one 

• ' «':' 
.0 t t hcs c litotIul (' Se't~ in core: J 

0 
al Ill, IIIIEO, NO, ~NO. MlSI'D, Mlt-14 

", 

1 r hl ' rATSU , - . . ., 
~ cl rAT~ rATSEK, 

• .. 
dl smRt:. PRINl'. RI:SI:T '. 

t:' 
~ 
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'f< 
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J, 
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9~ ;)\, .. r , L "r 
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With overlaying execution h 5~ightly slowor due,to the time 

needcd to rend in the various modules. Only experiments uslng 

the over)ay feature can indicate whether the advantages ~8in('d 

nrc not canetlled out by the drawbacks. 

A rl'u1 i~tit- co"t c<;t imllh' shoul11 at\(1 the wcrk ly data 

<;l't .,tllr[l~l' C(l'it ($1.25/cylindt'rl. th(' ClUE l'OIlI1C('t timc ancl tlll' 

"\'Iltal of tilt' tl'minal to the ahov(' ('xp{'n"e.,. 

Sincc CISP is only a prototype system, only a limitcd 

numhCT of rctricval capabi Hties were pr<;>grammed. It is f('lIsihle 

to rctrievc r('port~ hy their surgicsl numer and print thern outo 

cithcr in the codcd or in the decodcd form. A lBrg,er collection 

of coded reports thon the present few must be accummulated befare 
1 

other rctricval and correlation programs can be tested thoroughly. 
\ 

Ncvcrthc]ess, n primary goal in the design of this sytem was to 

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

pulation procedures. With the presc~t dain base structure of 

CISIl. correlations involving demographic data or diagnostic 

statcmcnts may he carried out. When involving PO statements. the 

correlations may be very specifie by referring to the topography, 

djagnosis and catcgory terms and to modificrs in the coment field . ) 

of the category term. In conclusion. any data item that appears in 

4 

i 

a coded form in the stored report may be used to establisH correlations. 
. , 

The comp]exity and variety of these correlation!>, urc lllq.!t' hl'l'UIIS(, of 

the comp]exity of the dictionary used by CISP . 

\ 

'. 
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As dcscribcd oarlier the CISP progra.~ are ~u)8r 

and thoreforc replacement of module~ or expan~ion of the ~y~te. 

cnn be cn~ily cnrried out. The ~egmentatton of the syste. into 

modules was d,c by identi fying the ba~ ie tosh the ~yste. h8!'1 

to perform rcpc\'tedJ y. Thus a module exist~ to loc,k up 

d i'-ctionnri e5 for coding purpo!\es (PATSF.K), onother to reorRoni ze 

the' cntl'rcx1 tcxt (~PI,JT), nnd ~o on. This !\cgmentation approach 

hu~ 'lllcrl' ... ·;flllly ml'f the challenge of addln~ on additionol 

!li ct i olllJry (SNOP) to the system. Major al teratio~5 in ctSI"s 
- ' 

)lrocc5~inR ('lin olso ho handled wi th rC'asonable effbrt. The,e 

nltcr8tion~ mny occur if the fom of the entered report 15 

chnnged (redes flln PATREAD). if the di ct ionary of the systc. h 

changed (redes ign PATSEK). if the fotmn t of the report print-out 

I~ altcrcd (redesign PRtNT), if the nUMher and typ~ of dc~gr8phic 

dlltn i .. chan~C'd (rl'de~ign JO and IDIIEIl). etc. 

7." -'!llprovcmcnts, Expan!;ions_ and ,RocomJllE'ndotl~~ 

The single, most important dcvdopmontaJ ~nal of CISP 

i~ to make it opcrotional in the hespltalts pathology depart.ent. 

To f~nction within the hospital, CISP must allow the entering 

of uny pllthology report and the retrievaJ of the ,repor~5 stond. 

Therefore the fir~t step is astOTe the entire 'ICDA and the 

SNOP-Topography dictionarics. We estimatc that in the new IBM 
'" 
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• 
vi Il h(' n!'('tl('tl to !'torl' hoth. thl' mdinR And th" t"'codinl( dh.-tlonRd,,~. 

Whll!' th" """'l'nt dictionnry h ('xh',ull'd, 0;0 .. of thl' dlctionary 

"C't'! ion~ ""IY Il(' ,'{lftCltt l'na tC'l1 (r.lt. COll': and (:NI!OI'). Ry ",dudnll tht' 

f'xp('riN'U' vith Clsr in th€' hO"lpltnl will cntainly yl("ld 

,ndicatio,," nn ho ... to ",IApt th",o;yo;t(,,111 for hl'ttcr int"fRctinn vith 

~iI"l'1itï('tt hy Il,lttin~ to th!' n)(lin~ di,-tlonnry th" synony~ and 

Tn l'rofi t (rom thC' data ha .. C', a Jtr!'at varit'ty of (l'I;l'ryin~ 
, 

,,"ltlu 1 ('c" v i Il hl' l'ro~ra~~1. Convl'r,,"-t 1 onal (,uc~ t ion - .n~w(' ri nI( v i Il 

/Ilrt'lItly ht' fllcilitntl'd hy tht' TiMt' Shnrinl( Opti'on (T'SOl which at 

.lllovo; t .... c vritin~ of proJtr,..~ vhh'h convcr!'c durAng execution . 

• 
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Nith CRJE only miJlim:.1 l'onV('r~at ion' 1 .. 1'"""lhl«- cI"rln~ rrport 

t'ntry. The programming of R sy~tem to perform question-answer 

routines in Engl bh text would be ,extremely complex wl thout 

the availability of the features of T50. 

Many JlsycholoRicRl cons iderations mu!' t h(' 8l'conntNI for 

in dcvhinR the prope'r qucstion-answer, routines. Extensive 

t'xperillentation is needed to devise the proper series of 

questions which help tht' U!u~r to properly fomulate his qucry. 

Th(" t'ntt'red <lues t ion wi II bl' processed by the query processinK 

• 
MOdule and tht' rcply will he displayed at the user's terminal. 

The query processing IROdules wi Il be prograllllled 

fi rst. Whi le the conversational question-answer editor 15 sti 11 

in dcvelopment, queries may alrcady be answered by relaying 

th~", to the system' 5 operator who en ters them in a pre-cdi ted 

fOTm. Accessory modules that help questioning of CISP's data 

base wi Il also be developed. Among these we include those modules 

which display a small section of the stored dictionary to 8cquaint 

tht' u!'t'r wl th i ts terminology and structurinR. Also included are 

IIIOdules ",hich stort' the question replies 50 that they may he- used in 
/ 

a series of related exploratory questions. 

The large sto~agc capael ty of CISP and the ease of 

report entering wi Il undoubtedly encourage the extension of the ~ 

content and type of reports entered. There are already plans to 

, . 
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increase the number of demographlc data it~m5 entered by adding 

such items as place of birth, medicarc numb~r, etc. The or 

section may be expandeti to include the date of the operation and 

the name of the surgeon. New sections mlly he ndded, as fOT 

exnmple one that 1 ists the patient' s previous op·erati'ons. Di s-

charge reports drawn up on ail patients leaving the hospital. are 
c 

not coded nt pre,ent. These reports, whose onnuol number is '!t 

least twicc the number of pathology reports may also be processed 

and s tored us i ng CI sr. 

And finally. H is hQped that other hospital~ ~,ill 

81so make u~c of CISP, or an ad.pted version of it, to store 

thei r own reports. cisr is transp~rtab le to any computer system 

similar to the system shown in Fig. 6.2. 
j( 

.4 Summary-

~-~ A COIftPuterized Infionnation System for Pathology (CISP) 

",)t •• ";~Sig~êd. programmed and its data base created. In the course 
~.~ . 
of this work the following were achieved: 

1) The unique infonnation flow environment in which 
If} 

this sytem must"function in the hospital was analysed. The reJults 

of this analysis were ~ummarized.in an information flow diagram. In' 
1 

f 

addition. the retrieval and correlation capabilities ~equired for 

this ~ystem were specified. 

\ 
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2) The 1 i te rature on Pathology Infor.atlon Systeas was 

reviewed. This review indicated that at present it is not, feasible 
... "" ). 

to'build a syste. vith both narrative text input and high level 

correlative retrieval capability: Neither can one build a satis-

factory syste. whose"coding dictionary was asseabled from te~s 

fOWld in the text of the entered reports. ~e review suggested 

th~t the use of a large aedical diagnosiS diètionary is Most 

lik~y to yield a satisfactory syste. vith the desired correlation 

capabi li ty. 

3) ClSP was i.pleaented with the following features: 

a) The syste. dictionary, consisting primarily of 
t 

th~ ICDA dictionary and the SNOP-Topography dictionary. vas created 
1 

and tmed in the coding and decoding of pathology reports; 

~. 
bl The pathology report can be entered in a pre-

edited text fonn. The coding of the text i5 auto.ated using the 

system's dictionary; 

c) The coded reports are stored in a data set 
J 

allowing direct aeeess to any diagnostic ite. appearing in the 

coded fora in the report; 

~\ 
acceptable \or clini cal d) The deeoded report is 

use; / 

e) A c~ent field is present in bOth the ent.ered 

and the coded report. This field helps overco.e the rigidity of 

expression of the syste.'s dictionary and in cer'tain cases i t 

, . 
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f) The enter Sn" of .. report for storlRtt and th«" 

formulation of th .. retrlevnl rl'fluost h C'Arrlt'd out Intt"rActtv ... ly. 

Th ... Rctual proc .. ,,~inR of th('Antry/rl'trll'val t:eqtll"!'t 1 .. ('nrrlt'd 

out ln the hatch IIOde; 

l'xJlA,,~ion!l mny hfl t'lnrl .. d out wlth rl'uonabh· ('(fort: 

h) r:lSI' l!l oJl .. rnt i ona 1. l' 1". howt'ver. 1 n-

within thl' frnml.'Work of thl" project; and 

il TIlt" ~yHeII h portable And lt •• Y be 'nllor~d 

to th .. individual, requirellent!\ of,. pathology depart_nt. 

111e !IIucco5sful tllJl1t"ltt"f'Itatton of tht' Aboye "y!'tetll hA" 

~h()wn thAt: 

a) ft h cost -effective to ~to", an Il:ltA-1,VIU' tlh-t Î(,n-
'. 

.1 r)' 111 •• l ompu. ('r ond to U!IIl' il "for auto .. tt·d codin" and d('codlng 

pllrp(l~l'o; in a "IS; Rnd 

~ 

h) 1wo or IftOre !luch dictionaries •• Y be u5ed 

jointl" without ncco!,!Ol"l'fly Increasing ,lU' l'TOJtra .. inR nnd/(lT,ulwrlltionnl 

compll'xj ty of the !lys tOIl. In CJsr the 50 .. pTORr .. .octule h u~ed ' 
... 

to seorch both ICllA and SNOP dictionarie!ll . . ' 

( 

., \ 
_~c. 
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C~VI!NTrONS AND ABBREVI AllONS US(m IN FLOW mARrI N(; 
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input t output ~ 

\ 
\ 

\ 

CJ \ 
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rA TIIW 1 Jlroccs~ing with refercnce to ptogtam nome 

aM 3 set moni tors 
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'" 

~ 
nul Upie decision . ~ 

, 

----1 annotation 

lcou)· ~ on- 1 ine storage deviccs 
) OISk 

" 

.\ 7 •• manual off-linc operation -aS .' 

" 
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~pendix t::. 

CISP OPERATING INSTRUCTIONS 

" [ L CO" 1 TOC 1 S tt. .. -- • 

r 

" 

•••• COMPUTIItIZEO I.FO~TIOI STSTI" rOR "THOLOOy 

T~ [ITER , ~ATMOL08Y RE~ORT Fait CODI.' '"D STaR'" TY~ Il AIY or, 
x al' OR lC T W Olt "TMRII • IlC. 

"T[R YOUA RE~OItT 'S, TynO JI CHA'.S CU 'II "AOI "ITMU TME RE'ORT. 
E. 'le • 

CH"O[ 2 IOU"OUT orl 
·"Ill,. CMAIO! VOItD ·OUT- TO ·OUT or 1. LIli! 1 or TMI .'OIIT. _ID TMtl. 

, LIST 2 
"'ILL LIST LIlI 2 Ta CHECK TIC CMA,.S "'01 • 
.... u ALL C"A"O[S 'R! TtI"U'MTto • Tm 1" 

S'VE 
E" 

r 

'"D vou ur READY TO MAV[ TMt III~.T CO!)IO ,., .TOIIIO. FOR TMIS Ty,t Il 
) COOEl ' . 

•• • : •• 1' YOU USEO ·X air Cluell-.U. . 
IF' L'TER 01 YOU "ISM TO CHAlat IHII ",POlIT AIO RE'IITIR IT 'OR CODIIO 
"J STOR'OE • TYP' .1. 

X LlSTI • 
~IIJ U'TER CM'.OO ARI '''31 VITMII THI .POItT • TYPI .11. 

S",VE 

'''0 le COD!. 

"', '4'fE:tEVER YOt.I TYPE .Ia 
lC Olt! 

T"( ~R'VIO'JS R!PORT TYPID .11 IS IR'SID ,.a ,CISP Il READYTO' ACClr' 
'tOUR l'V REPOlIT • 

TO 08"11 YOUIt OUT .... T Si .... ' T"I III • 
OUT~UT 011[ 

TO "'TRIIVE , R[~OIIT Il CO)ID ro .. TYPI 1 •• 
x 'RIITC 

""",'OR TME DtCODI:» ro .. Tm l' • 
lC "tilT 

J'OLLO"'ED 8Y TME U'ORT 1I)IITt'ICUIOI. T. It!-QRT It PRI"lED 
0'1 TVP JIll) .. t 

, OUTPUT REPORT 

n' ,. ... ·\LU. Il IITWE' '" I .... T OPt.AT 1 o Ils l,' 'OU 'IOOLO. LIU TO 
R~C~IVE THESI ,-.sTRUCTIOIS "'1' • TYPI Il • 

l( STORY 

~, . 

ln addi tiô~ to "the AboYe. the !ly~te."s ope~ator IlUst have 
an awareness ()f the: fol'll in wh.>ch the pre-edi ted report h to be 
entered and the vari~ dell.lters that are to be u~~d (~ectjon'6.3) 

~. 
lit 

/ " 
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.. 
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TRANS: 
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Appendix D 

CISP MAINTENANCE PROGRAM; 

Crea tes and copies into B.BElS.DECODE2 the con~ent 
of B.BEIS.DECODE 

" . 12 
al 
&'14 
OS 

" n 
,,@ 

" If 
Il 
12 
13 
U 

" .6 
Il 
18 ., 
2. 
21 
22 
21 
2" 

2~ 
U 
Il 
21 
2!' 
li 
!I 
!2 
U 

TRAISI'ROCE)U.' O'TIOI$("_I.'. 
t)CL 
UA' CMAR<nll' ,VAIt. 
DEcODa 'IL[ RICOIt!) 1I11D UV( nonED vUC" •• ,6l 
Itcm! nu RECOIt') InED [Ive lIono " 
, REC CTL, ' 
2 DU,,"Y IIT(I'. 
, 10 CHAR< 1) • 
2 ,n, CHU( V). 

V F'I'(!D DECU', 

011 UDFllUD{COO!) GO TO E'lnn. 
O'!N 'ILt(otcml' S'~U['II'L .I-UTI 
OPU FlUCDtcOD!!' S!'IUt'tll'L OUT~TI 
CyCLE, RUI) F'lU(I)ECOO[) .IITOCLU", 

LI Y: LUIJT* SU!!T" LE","" 
AllOCU' ~t 
aulVrf: (1 ) '. 0 8, 
.0:SUISTItC LEA',I, 7)1 

, ," 

lE 'CT: SU'tSTII< UA',-' 1 ".l[ F1l[(DtCOO!Z) C'JtClln!C, Il!YfltOlfurc •• 6,. 
"'Et UC, 
GO 1., CYCLt, 

nOEal CLOS[ FlLt(DE:COO[).~ILt(D[CODQ,. 'UT Sil' ",)In°.!I.,.· 

UD TItA"'. 

RENAME: RenDes DECODE2 to DEœDE 

l 
Il. lIAIIAIIIr 1. ." ••• 1 
" UICATU ,. ... = ... ".DICO!)D 
.. CAJU ..,.",,.= .. "IS.DICO)!.VGL=IS,e= " .. , 
Il /-

, 
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TOTRANS: 

", 
02 
13 '4 es ., 
Dl 

" ., 
•• Il 
12 
U 
l4 ., 
16 
J7 
18 ., 
21 
21 

• 22 
2l 
24 
2' 
26 
27 
2e 
29 
s. 
JI 
J2 
33 
34 

1 OTltA.. l'ItOC ~'TI OIS( "_ n) 1 
)CL 
l.U, CHUUII) VAlt, 
eO:»12 'ILE UCOIID ,"EVE:) nVCI'DEUD VllMe."». 
CO:»! nu UCORlJ "!YED nve .1I0E1Cn ), 
1 ~ CYl., 
2 DIJttMY BITUS). 
2 1( CHUCU). 
2 t ,,,y CH~IK V) • 

AI( (lf"ItOU • v n~o !)[CC2)a 

0.. tllOFfLEe SYSIII) GO .JO unlO, 
OPn n LEe COOE) SEIlI. l ""'Ta 
oru FlLECCOn!2) UQL OUTPU1, 

CYCUI RE'" F'll.[eCODE) IIlTocu.n, 
v: LUGTHCSU1STIK l.!~'.I,». 
ALI.OC.\Tt '. )!IMY= CI)" Ir 
I(:SUBSTIK LE '.2,11), 
nu: SU!lSTIIC l EA' ,1') r 
""ITE ,.ueCO!)EZ) 1'1t0fK'Ir) UYnofI(Y.I). 
nEF: ~I 

GO 10 cYCLE, 
!:""EDt CLOSE F'!L[eco:n:'.f:lueCOO!2)1 

1:10 10T""1IS1 ,. 
N GO. SYSI'IU 1ft DO SlIOUT: Il 
/lGO.cooœ DD u.n:O .... DISP:e .. E'I.CULfJ.DEl[f[). 
" 0111:" BI.,. CODE2.S'ACI: (CYL •••• CCMTlIl). 
" DC~ C DSCIIO: IS.lItYlo!1: Il,ltl(ft:,. orrC!):LY. 
" CVLOn.: l, Itrc",= VI) 
1/ GO. CO;)E )!) OSII""[:!I. M:". CODE, !)JSP: 00_0 ,. ' 

8L~: Prints diction,ary DNEOP 

=, i~f~r ""fiA'''Uflc~::I'~lll, , "~IJ XCCll. , .. at.lle". 
III 'ECO" nI.! 'lECOII!) UYED n'ICI ."EIlI!),. 
14 O. [ID'ILlCDICO')!) GO TO tl'.)m. 
" GrEIl ,ILEe)!COI)E) S[qL nPUlI 
"~'!:X'I "EAO,. ue :JECOD~" l'TOC U_" • 
If l'UI SIC 1 pre 1), 
Il ",: SUiSTIIC UA' ,l,'" 
., LtA':SUlSTIKLE.',f), ~""!XC_".· .,-. 
11'1 l' '=3 TlltI DOl 
Il 'UT lOIT( "",L!:' '"l ("C, .1(")~ 'JI 
12 1101 
U 1,. '=4 Til" QG, 
U' 'UT nUU',i.pn (1(1), ~C) ,lln). 'JI 
., tCh 
., l'~' THtl DDt 
n ruT UIIU',l.I"'" ("((Il._,,) •• n,,'" 
li - 1.,· 
" ,. TO .:CT, 
1. 1.:J'Dt CLOSI 'IUCDECaol,. 
Il nD JUill 
Il ,. 

. h " f)O. lYS"" n DD lySOUT~' 
,. " •• D"OOI DD Dlllra. •• '.DII •• Dlsp:au 
U , • 

lIS •. 

, 

, . .,{~ 
4' ,''''' ~~ j"~~ 1. ~ rJr,~,JJ.~.!:" _ ___ .'lf~J1";; &II 
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TOBLOIf: Prints CNEOP -o 

.l 
• t 
Il 
14 

tOlLOVt ,~oc 0,rI0I,("411', 
DeL LU' CHAM ,",) vn, _1( CMUU) • 
CODt "LI "'COItO KlUD lIIye 1 ln 'CI") , 

" 01 UDP'lL!(CO!)l) GO TO IIDIO, 
" CPU 'IlE<CODE) SEQL ,,'UTa 
·Il Ih REA:) 'IU(COO[) nrO(u.", 
" If LE"lItM( LEU) Gr U TMU 1)0 1 
•• ,ur S~I'( 2), 
II PUT S~I' [DIT(SUaSTACLU'.2.U).SU'STRtUA'.17.2).suas 

T~CLI.'.I',')'SU.S 
Il n(UA",!~) 
12 EM~I 
Il ILSE DO , 
14 .. ur SlClre u, 
., PUT SU P [!)l T<SU!JST It( LEU, 2. as) ,SUaSTlte UA' ,17 ,2), SUBS 

TR(lU'.I".C" 

JOOPT 

" Il 
Il 

" l' 
Il 
22 
2l 

[11:), 

GO.TO R, . 
[1O[1h CLOSE rJL[CCOO[). !:"O TODlO", 
/. 
/1 GO, ~,"I'T DO Sysout:, 
/lGO,CO:>! DO OSl:B.IJEI',C"EOP,I)IS-=Ot.!) 
/e 

Il /' rx[C 'U L'CL. 'A,.... l'LI L: 'S1ItI CI •• ~I). IOL. GrTII. nt SIlEI"" .... 
OI".S", Il "'A"". LlEDz'''A'. LlST.\.U. IIC_V 

SI "",IL.sn''' .. T DO InOUT:A. 
41 "'UL. SYSU 00 e 

LIB: Crea tes partitione~ library 8.BElS.PATLIB. Adds IlOdule 
SPLIT to this library. 

" ,. 
.1 NLlP.SYSLfIOO 00 " .... II". ,-rLI"'~ln.'IIPzoLD 
Il'' D11PI( .'''.cuLa,DlLUE) ,.,.cl:( TIll. <1 ,1.1» '4 ,. 

LIN : Adds .adule PRT2 to 1 ibrary 

) 

/ 



• 

• 

"'. 

Q 

• 
>.' 

. 
• 

LINREP: 

RELEASE 

, 

Replaces aodule PRINT wi th a new version • 

Il /. 
e! lIum.1YSUIOO DO o.., .• .,. "tUI. 
U 'II DIIP=S .... IPACI: .4 IILID. lYS .. DD • 
., .", PlI. 11(11) 
H H " 

• 

1. "DIC C,OItPII"S.IMM:: • ... l'.PULI'·.O:It 
U Il 

.-/" 

Il Il [XIe "'ju:aSl.II:·" 81"." TLI" • SP~I::CYL 
12 /-

.\ 

LOADOOPV: Copies library B.BEIS.LlBLNK into a new 
B.BElS:PATLIB 

r 
.1 " EXEC rGlt: IEKO!'Y 
12 /l'$ySl',,nT DO SySOUT: ft 
Il 11- DO DSI:8.!lI,.LI ..... D.srzllflt . ... "8 aD DS-B.9EI'.'UU .. S'4CI:CT ••• ( ...... n • ., 

" PISP:( .~.CAT~'.HUTI).u.n:OII.I le /l'S'fSU 00 • 
Il C 1=_.0:. 
l' /-

r'" 

SAVE 

.1 U h1:c .""IL!. .... :· .... "."00'" .001.PaI.S:l .2 IIIYSUTI DD DATA 

LCTLG: Lists the milles of data sets in the cataloa ---
1. 1/ lUe LlST,D:" 

\ 

• " •• mu DD • 
18 LlltelLe _DlaL •• , .. H 

rf 

.> 

.. 

1" 

libnry 

, 

~ 

\, 

\ 



J 

.. 

• 

• 
• 

DELETE: Deletes a data set 

.1 /1 r~rc IIGR: IInlt14 

.2 /lMPlIUI DO STlOUhll • 
• l /1001 ÙD Dlh8. KI'. "UItlP2.IUSP:( ot.D. OIUl[) 

GPO: Executes the pro~~am .odule that pro~esses a patholo~y 
report . 

•• '/1 Exrc IILlLn; 
.2 IILIID.SYSLI8 DD 
." /1 l)l) 
•• Il DO ". _ 
., /1 DO 0111: .. ar.,. IIULI",i)J 1ft: OLO 
., /lUIO.IYIUTl on Dllh .... .,.CE=<CYl..CI •• 2» .7 IIL_EU.IYII' DO • 
• 1 IICLUDI ITSLI!C ,.ATIIUD) 
Ot ,ITlly IM'I'ltY 
.. • Il GO. S'tSIIIIIIT DO S,SOUT: Il 
Il /l1IO.PAIII,. DO DSIf:e. •• '.IIUltt",DISP:OU 

:: ~:::f:t'l:D '::=II,;~~;~=~!:r,~:"D 
14 /1 GO. CTOlloo DO DSIf:, •• .,. CIO,.Oo. D1IP: OLD 
., /110. CIII:OII DO DIli e. l'.,. C'ItOIl. J)l 1112 OLD 
., /100. S'SI" DO • 
., 1 

GPRT: Executes the pro gram module that Pfints out the 
pathol,ogy report in a decod~d forme 

•• Il urc ilL. Ln,. 
al IILIID.SYSLla DO 
." /1 DO 
8. /1 DO 
., /1 DD DIII:!. 81:1'. 'AlLIa. DISft: OLt) 
., !!LIEO.STIII DO • 
.7 IIICLUDI IlSLUC PlU 
.. !:1T1tY IM'''T., 
.t /1 fil. nl"ll' DO S'SOUT:" 
.. /lfIl."UIttP 00 Dlth,. .t".'Uttl ... DIIP: Ol.l) 
Il /110. ntto:»r DO Ollbl. ar.,. :>rC09!,:UIP: OlD 
12 1/00. OItUD DO !JIII' •• l.,. O.'ID. DIIP:OLD 
Il /100.0101100 D' D"sI.U.,.OTOftOIJ,DISPlOlD 
1. 1/00.DJ!OIl DD '0.111.11.,. DItO", DISPs OU 
., 1/ 80. STIll DO • 

" 

1 

<. 
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