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CHAPTER 1 

IntroductloD 

Tbis tbesis describes a computer program caBed QUIN ( QUery aad IMerence) wbicb i. a 

tool tor database management ud analY!lis. It represent. a marriale between rel::t.tional datab3!e 

aad inductive inference tecbnololies. Its purpose is tbe maaa,ement of data aad lnter:sction witb 

programs tbat UM iIIductive iIIference to derive knowledge from examples. It haa potential 

applicability in the JOlic-based analY!lis of data a.ad ill tbe creation of knowled,e bues for expert 

!lY!ltems. It ca.a serve eitber as an independent data analysis system or as a module of the meta­

expert !lY!ltem ADVISE [11. 

1.1. 	MotlvatloD 

Tbtre are three problem. wbicb bave motivated tbe con.truction of QUlN: 

(1) 	 Many !CientiSc SeJd. encounter problems witb conceptu41 data an4lJ/N, lIDding pattern. in 

data. and providinl conceptual or 10lical descriptions of such patterns. Con~eptual data 

analysis is particularly -applicable wben data is discrete, unordered, nominal aad incomplete, 

or wben sueb data must be analyzed tolether witb ordered continuous data.. Altbougb 

re!lurcb data is usuaU,. anal,.zed usinl statistical technique., inductive interence using 

100ie-based formalisms can .upplement traditional statistical metbods in the analysis of 

databues. The leld of medicine. for example, i. ODe wbere tbere appear to be many 

problems tbat could be investilated with the help of a tool like QUIN. 

(2) 	 The traditional method ot obtain in, knowledge bases tor expert problem-solvinl sY!ltems bas 

been the diflicult and time-coDSuminl task of interviewinl human experts and attempting to 

get them to codify tbeir problem-!lolving knowledge and stratelies. Inductive interence from 

examples C3.n provide a mechanism for automatic generation ot rules for such !lystems. Such 

1 



2 

lie mated howledle eapaeerial sbould make tbe creatioa or expert systems raster aad 

euier. It sbould abo belp to make tbe howledle bases more cODsisteat aad complete. 

(3) 	 Maaually maaipulatinl larle files or dMs aad iuput paramet.ers ror sevenl dilerent 

induct.ive inrerence prolr:uns becomes a time-coasumial aad dUlicult tuk ror users or sucb 

prOlrams, particularly tbose users witbout exteasive familiarity witb computers. A 

cOllvellieDt mecb:laism ror mangiDI data :usd for prep:uinl tbe input to iarerence progr:uns 

is Ileeded. Tbe Deed is more ~pareat. wbea it it re:IJized tbat t.be output of some programs 

is used as iaput t.o otbers, enatually le:adinl to a. feedback cycle iavolvial several 

iavocat.ioDs of dilereat. prognms. 

1.2. 	Context 

Receatly, a r",arcb elort. bas belua to create aa iat.ecrat.ed syst.em of sortware tools, 

kaowa as ADVISE, for buHdini aDd experimeatial witb expert systems. QUIN it aD iatecr:IJ part 

or tbis system, altboulb it may 3lso be run iudependently. Tbis sect.ion briefly describes ADVISE 

aad tbe positioa of QUIN withia it.. 

ADVISE ill aa expert syst.em aad also a tool for buildinl expert systems. It provides expert 

problem solvinl aad advice in cbosea domains, sucb as plaat patholoIY [21. lD additioD, it creates 

a "workbencb" eaviroameat ror the kaowled,e ealiaeer. fa this ea"firoameat he caa create aad 

modify tbe rormal taowledle representations Decessary to provide mechanized :advice. 

Tbe rol1ow1nl brier ove"iew or tbe ADVISE system describes some or its unique features. 

Maay expert systems bave been :usd are beinl developed, some or wbicb bave succeeded ill 

performial as well as :usy experts. Bec3use tbere 3re so many expert systems it Stems expedient 

to try to explain wby ADVISE is Ilot "just anotber expert system". It dilers rrom most 

traditional expert systems in tbree import.aat. fUact.ioDs: howledle represeatation. howledge 

acquisitioD. aDd reasoaing cODtrot. 

http:iat.ecrat.ed
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(1) 	 ADVISE provides three dilerut rorms 01 howledge represeatatioa. allowiag dilereDt 

howledce to take dilereat rorms depeDdial oa what is mOlt Dataral to the expert aDd tbe 

problem area. CODdition-actioD rules are represeDted iD a variable-yalued 100ic rule 

formalism. Ex3.mples or tabul:t.r dat.a are represeat.ed iD a torm aataral to them. the 

relatioaal table. CoastraiDts or structural howledge caa be represeat.ed iD a semantic 

Detwork. 

(2) 	 KDowledge acquisitioD caa take tbe torm ot traditioa:.tJ howledge eagiDeeriDI practice 

wbicb lavolves eacodiag aad debulliag howledIe lormalat.ed by a dom:t.ia expert. 1D 

addltioD. ADVISE iDc:1udes tecbaiques ror iDductive iatereace which CaD be applied to 

gnerate kaowledge rrom examples. 

(3) 	 Tbere are multiple reuoaiag cODtrol mechaaisms. each sep:t.rat.ed explicitly rrom the domaiD 

howledge such tbat auy available re3aOaiDi mecbaaism may be ased to experiment and 

rC350a witb a givea kaowledge base. 

Figure 1 sbows a diagr:un ot tbe ADVISE progr:un divisioDS aad tbe poIitioa or QUIN 

within tbe system. QUIN provides tbe system with tbe meaas ror relatioaal representatioD or 

kaowledge aad with tbe mechaaisms ror iDvocatioa ot inrereace prOirama tor howledge 

acquisitioD. The progr3IDS ror iaductive iarereace bave beea developed oyer the past rew years at 

tbe University of IIUDOis UDder tbe supe"isioa or proressor R. S. Micbalski (31· 

1.3. 	Related Work 

Many computer scieace researcbers bave recolaized tbat iayesticatotJ iD maay scieatific 

fields Deed coayeaieat mecbaaized tools ror tbe ma.ugemeat aad aDalysis or data. The 6eld or 

medicine b3.1 prompted m3.ay dilereat systems that 3.ttempt to give cliDici3.DS ready access both 

to tbeir data aad to progr:uns (usually statistical packages) tbat aaalyu tbe data. A rew 

examples are CLI:'>.'FO 141. RX (51. and MEDUS/A 161. Ualike QUIN. tbese systems do Dot 

attempt to provide tools ror the automated geDeration or rule-bases ror expert systems. 

http:cliDici3.DS
http:sep:t.rat.ed
http:dom:t.ia
http:lormalat.ed
http:traditioa:.tJ
http:represeat.ed
http:represeat.ed
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Filure 1. ADVlSE Proaram DivisioDl 

Tbere bas heeD work dODe to automate the proctSl of rule acquisitioD from experts. The 

approach most otteD tUeD is to provide a cODveDieDt rule-editiDI meeha.Dism tha.t caD be i.Dvoked 

at. a point in tbe cODsultatioD where tbe expert IlDds tbe reasoDiDI iDCoffeet or tbe kDowled,e 

iDadequate. ODe attempt at a salutioD to this problem Wal TEIREStAS [71. 

Tbe acquisitioD of ruIn trom aD expert may be caUed "learDin, by beiDa told," while 

inductioa of ruin trom exampln may be called "leamiD, trom exampln." The ruin tbus 

obtaiDed are otteD called expert rules aDd macbiDe rules, respectively. The relative pertormaDce 

of tbe t.wo kinds of ruin has been compared. 3.Dd macbiDe ruin have beeD sbowD to perform 3.S 

well or better thn t'xpt'rt. rules iD one study (rom tbe lIeld or plaDt. pat.bolou 18l. 



CHAPTER 2 

Quel'7 and Interenee 

QUIN can be tboulbt of as ~ tool ror botb t.lae maaaaement aDd aa3lysis or data. 

M:t.D:t.gemeDt bere refers to tbe orl3llization. retrieval aDd modilc:gioD or tbe data. wbile aDalysis 

rerers to activities that attempt to dilc:over more about 1) interrelationsbips witbin tbe data ud 

2) tbe pbeDomena that produced tbose iDterrelationsbips. Filure 2 illustrates the concept 01 

Qt:IN as a disp:t.tcber 01 a wide variety of operatioDS that tue relational tables as input aDd may 

retUrD tables. rules or networks as output. Tbese operatioDs cu be eitber data maDalemeDt 

(relational) operatioDs or macbine induction (inlerential) operations. The databases tbat 31e ased 

as iDput to inrereDce pro,rams cu be convenieDtly bandied witb database maDa,emeat 

tecbDiques that store, modiry aad restracture tbe data. Tbe relatioaal operations ror this purpose 

are elaborated in cbapter 3. The iarereaet prosrams witb wbicb QUlN iateracts rorm a set or 

ia'ereDtial operations tbat are userul ia sequence or ia cycles witb eacb otber aDd tbe buman 

critic. Details OD tbe use or tbese operations are provided in cbapter 5. 

Tbus, tbe tools provided by QUIN are: 

(1) 	 a conveaieat database mualement tool ror reviewia, and preparin, examples for iaput to 

tbe iD'erence proarams ud 

(2) a anirorm aad user·rriendly meus ror iDvocation or tbose prolrams. 


A brier description or tbe implementation details or tbe procram QUIN is contained in appeDdix 


A. Tht' rt'mailldt'r or tbis chapter lives an oVll'!rview or tbe concepts or d:gabase mana,ement 

(qut'ry) :lnd analysis (iDrerence) wbich are tbe rundamentals ot tbe desi,. or tbe system. 

5 




Figure 2. QUlN Operations 

2.1. 	Databu. Maaacem.at (QU• ..,.) 

A dat~base manalement syst.em can be tbougbt or simply as :ua electronic record· keeping 

system. Some purposes or dat~base management are to f~ilitate tbe storage and ret.rieval of d~ta 

by electronic me:ms, to provide increased reliabilit.y, ease of access, decreased mainteDance, 

reduct. of redundancy and inconsistency. and maintenance of standards and int.e,rity. The 

principin of tbis field :ue relat.ively new but bave wide applicability. Database query operations 

provide decision·m~ers wit.b convenient. mecbanisms to org::t.nize, select.. formal, :uad modify large 

:unouats of inform:uion. 

QUIN uses 1) a relational database model ror maal1gemeat. of data, combiaed with ~) :1 

powerful query language based on tbe syst.em of I/liritJble-IJlllued lf,ic 191. 

http:Maaacem.at
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• 	 TIM rebtioDlJ model or dMa 6Dds its oriliu iD a p3per b,. Codd 110! ill tbe earl,. 70's aDd is 

DOW eo.sidered ODe or three staadard models ror tbe orlaaizatioD or databases (tbe otber 

two beiDI bierarcbieal aDd Detwork orluiJat.ioD). See Date !U! ror rutber discuuioD or 

tbese models. Tbe iDterpretatioD ud use or tbe reladoDal model ill QUlN is di.aculled ia 

cbpter 3. 

• 	 Variable-v:?iued 100ie is a rormalism ror expreuiD, lo,ical statemeDt!. Because or its 

similarity to pr~icate caJculus it. CaD be used as a relatioa:LI e:LIeulus ror queries. The VL 

relatioaal data sublaD,u3ge 112! was desilDed ror t.his purpose aDd h.. similarities to Codd's 

ALPHA 1131. The S)'at.ax is also similar t.o the variable-valued logic s,.at&l or the ADVISE 

rule base aad the variable-valued JOlie: s1Dtax or the iIItt'reDce pro&rama. {t provides a 

suceiDct aDd e35ily learDed IUluaie or iaterac:tioD with QUINts database. Tbe det:t.ils or 

the laDlUaae are provided iD chapter f, aad a lrammar is iDduded ill appeDdix B. 

2.2. 	Oaiabue Analy." (INference) 

As stated previously, QtJIN uses iDrereDce progr:uDS to perrorm cODceptual data aDalysis. 

DescribiDg data io terms or JOlinl, rUDctioaal aad causal relatioDships is the loal or such aulysis. 

It is accomplish~ by automated geDt'ralizatioo or maD), examples to aDd common reatures or 

similar objects aad dilCind reatures or dissimilar objects. DescriptioDs or croups or objects aDd 

the import:ult ditfereDces bet.weeD them are also produced. Other objectives or cODceptual data 

aaalysis iDchade: 

• 	 IDdia, tbe most. elideDt meaDS or distiDluishiDI betweeD oae &roup or objects aad aaother, 

• 	 determiDiai which attributes :t.re most relevaat iD desc:ribiDI or ditfereatistiDI croups, 

• 	 determiDing which objects are most. represeDtat.ive or a group (typical or elauieal cases), aad 

• 	 determiniug how attributes caD be combiD~ to provide Dew attributes which describe or 

dilrereatiate better (sucb 35 ratios or dill'ereDces). 

http:S)'at.ax
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OD~ratioll AbbreviatioD Prouam rllvohd 
c:lusterin, cluster CLUSTER/oarTI4! 
differentiatioll di! GEM !ISl 
variable sel~tioD Y&nel PROMISE 1161 
eveDt sel~tioD esel ESEL/21171 
variable c:onstruc:tioD yarc:oll NEWVAR 1181 
vari~ble c:onstruc:tion. time-orieDted varC:ODt CONYART 1191 
aDDIic:~tion or rules to test. c:aaes apply AQlll201 
decision tr~ c:on!truc:tioll treecon OPTREE (211 

Table 1. IDterentiai OperatioDS 

Table 1 sbows tbe me~nings or ~he iDfereDtiai operators ad tbe Dames 0' the progr:uns 

which they invoke. The output of one iDrerence program m~y be used as input to others, 

permitting sequenc:es 0' inferenc:e instructions to be issued roUowed by the naluation or the 

results, possibly prompting rurther inferenc:e on t.be prnious resulu. Cyc:lic proc:essing or the d~ta 

in this maDner may nentually result in wbat may be c:alIed knowled,e refinement, as illustrated in 

figure 3. 

inducedraw 
'" knowledge 

.", 


inrerence rules 8i. , 
programs descriptions 

/ 

human 

critic 

Figure 3. Knowledge Re6nemeDt. Cyc:le 



CHAPTER a 

The Relational Model 

Tbis cbapter lives a brier ove"iew of tbe relatioDai model of database oraaDizatioD aDd 

describes tbe iDterpret3tioD or tbe model by QUIN. The cODcept or a table or data IDd tbe "sy it 

represeDts tbe matbematical DotioD or a ,.e/alio" is rUDdameDtal to tbe relauoDal model ot d3ta 

used by QU1N, The model 3Iso iDeludes the cODcepts or bfll, "o,.maiizaliora, ad ,.elalion41 

ope,.alion,. eacb ot wbich will be discussed ill turD. 

3.1. 	Relat.lonal Tabl.. 

A relat.lonal table is simply a table that represeDu a relatioD. Tables are ramiliar as a 

rorm3t ror represeDtiDI data. CODsider table 2, aa example or a table or clillicallaboratory values 

obtaiDed rrom blood specimeDs. 

labvals 

spec * H,b MCV RBC .,morph 
1024 10.3 78 microcytosis 
891 13.1 90 Dormal 
555 14.2 88 poikilocytosis 
423 16,5 85 aaisocytosis 
425 ·11.1 78 microcytosis 
455 10.4 77 microcvtosis 

Table 2. CIiDic31 Laboratory Values 

1D t3ble 2 eacb columD correspoDds to aD attribute aad ncb row represeDts :uI iDdividuai 

d3t3 object. The v3lues witbiD ncb row ot tbe table represeDt tbe descriptioD ot 3D object with 

respect to eacb of tbe attributes. Thus "eef. refers to tbe specimeD Dumber, wbile Hgb, MCV 

and RBC_morph reter to the bemoilobiD, melD corpuscular volume aDd red cell morphology or 

tbe specimeD, Tbese tour Dames (spec*. H,b. MCV and RBC_morpb) comprise the attribute li,t 

9 
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or the table. The values obtaiDed rrom each specime1l occupy a sill&le row iD the table. 

A relat.lon is a set or ordered rows each or len,th n, (called "-tuple.), where the value or the 

i'li column i1l a tuple (V) is drawn rrom a domai1l D _ The relation baa domain fCl. D , D .... D 
• I 2. • .' 

wbere " is the degree or the relati01l. Table 2 is or degree rour. Its domaill sets illc:lude the set or 

all possible specimeD Dumbers. the set or all possible H,b values, the set of aU possible MeV 

values aDd the set or aU RBe morpboloeies. Tbese domaiD sets Deed Dot be explicitly deliDea.ted 

ill a database. but are importaDt ill tbe mathematical de8Dit.ioD ot tbe cOllcept or a relatioD. For 

rurther readiDe see (111. 

Relat.ioDs are illt.uitively well represeDted u tables. but relatioaa.l tables iD QUIN ditler iD 

some ways from tbe strict iDt.erpretation or a mathematical relatioll. First, tbe attributes 

(columns) are named. aDd tbererore two tables iD wbicb tbe oDly ditlereDce is altered columD order 

are cODsidered to be equivaleDt.. SecoDd. ill relatioDs tbe rows are Dot cODsidered to be ordered. 

but QlJIN allows rows to be ordered accordiD, to tbe values of attributes. e.e. iD iDcreasiDg order 

by index Dumber (value-eoDtrolled orderiD,). Third, the "zero'~" row or a table iD QtrIN is 

occupied by tbe attribute list, aDd data theD rollows be,iDDin& with tbe Dext row. 

3.:. Key. 

A key is aD attribute or combiDatioD or attributes tbat bave unique values (or eacb tuple in 

the rel:ltion. ID otber words. DO t.wo tuples in a relation may bave ideDticai values or tbe key 

attributes. Tbis constr:unt eDsures against duplication or data records. Some examples or keys 

iDclude aD ideDtifieation number (sucb as specimen Dumber iD table 2), a uDique name. or a 

unique combiDatioD or two more attributes, sucb as Dame aDd date. To allow purposerul 

duplication or d:>.ta tor use iD tbe inrereDce progDms, a table may opti01l311y bave DO key dtfiDed. 

3.3. Normaillation 

A table is said to be normtJiizcd (iD tlrst norm:>.l lorm) it each eDtry iD the table is DOD­

decompos:>.ble, i.e. a table or set or v:!.Iues cannot constitute aD eDtry i1l a Dorm:>.lized table. 
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-
Senna ..... 01 Dorm:tJizatioD bave beu deIDed (Ist, 2Dd, 3rd, Boyce/Codd. 4tb, 

ProjectioD/Joill - see [111) bllt. tbe at&aiDmeDt aad maDacemeDt 01 DormalizatioD beyoDd Int 

Dorm:u rorm iD QUIN is len eDt"'ely &0 tbe dbcretioD aad e'ol1 or tbe uler. 

3.4. RelatIonal OperatloDa 

Tbe relationl model iDcludes operatioDs tbat tate relatioDS as iDput operuds aDd give a 

relatioD as output. Tbese operatioDs caa be classi8ed .. tradition' set operatioDs (uDion, 

iDtenection. dill'ereDce and cartesi:m. product) aad special relatioul operatioDs (project. select aDd 

joiD). These relatioDai operatioDs are iDcorpora.ted witbill tbe query laDlGale provided iD QUIN. 

Tbey are briefly iDtroduced bere aDd examples 01 tbeir impiemeDtatioD are liveD iD tbe Dext 

chapter. 

UDioD 

The UDioD 01 two relatioDs is tbe set or aU tuples CODtaiDed iD botb relat.ioDS (without. 

duplicatioD). To perrorm tbe UDioD 01 two relationl tables iD QUIN, tbe,. must be union 

eoml'lJtible. wbicb mUDS tbey must bave ideDt.ica1 attribute lists. Tbe same cODstraiDt. 

applies to tbe operatioDs 01 iDtenectioa aDd dilereDce. 

InterseclioD 

IntersectioD comprisH tbe set. 01 tuples commOD to botb reladoD!. 

Dill'erence 

The differeDce 01 two relatioDs is tbe set 01 tuples cODtaiDed iD tbe first relatioD but Dot in 

t'e HCoDd. 

Product 

The cartesi:m. product 01 two relatioDs i. tbe set made up 01 tbe cODcateDatioD or each 01 

the tuples iD the first reiatiOD with eacb 01 tbe tuples iD tbe secoDd. 

Selection 

SelectioD provides a subset or tuples (rom a relation that meet certaiD selecting criteria. It 
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pndaces a ro.-wise or horizontaisubtet or the relation. For example, a .Iection requirinl 

the specimen number to be less thaa SOO rrom table 2 .ould live the result (ouad ia table 3. 

labvals 
soee'll' H,b MCV RBC .month 

423 
425 
455 

16.5 
11.1 
lOA 

85 
18 
11 

aD isocytosis 
mierocytosis 
microcytosis 

Table 3. Results or Selection Op.ratioa 

ProjectioD 

ProjectioD, on the otber band. provides a column-wise or vertical subset or tbe relation. 

ReduDd:ult tuples are eliminated trom the resultant relation. For example a projection 01 

the RBC..morph columa would yield table 4. 

labuls 
RBC morpb 
microcytosis 
Donnal 
poikilocy tosis 
aDisocytosis 

Table 4. Results or Projection Op.ratioa 

Join 

Join it sUlhtly more complicated tbaa selection aDd projection. It produces a combination 

or t.o (or more) tables b3.!lt'd on all attributes they have iD common. There are really 

sever:d different kinds or join, the one rererred to here beinl the n,'ur,l join. The resultant 

table will bave a tuple ror e:t.Ch pair 01 tuples in the orilin:u tables tbt share ideDtic3l 

attribute-values ror every attribute the tables share. Ir the original tables bve DO attribute!! 

in common then the resultant table is the eartesian product 01 tbe two table!!. II no pairs 01 

tuples have identic:r.l. attribute-values (3.!IsumiDg a common attribute) then the join results ill 
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• nU Yble. For examples, see seetioD ....2.1. aad tables 8 aDd O. 


The operatioDs above C3D be iDcorporated iato a powerful retrieval laa&uaae called a 


relatioDal calculus. The toUowia& chapter describes tbe rudameDtai CODstructs or tbe laa&uale 

QUIN uses as sucb a calculus aad retrieval laa&ua&e. 



CHAPTER" 

Data L&Illuale VL 

This cbpter describes the capabilities and UH or the VL data lanluaee Ilsed by QUIN. VL 

instructions pro\'ide the cap:..bilities lor relational table cre:ltion, retrieval and moditicat.ion. The 

(aneuaee is easily le:uned and requires a minimum or procedural sp~iScation 10 th:!.t it. is 

re3l!l0D:J.ble to expect. that. usen with minimal computer background could quickly learn and use it. 

4.1. 	Table ereatloD 

The in!ltructions Cor creation or tables are deeD. and add. DeeD. creates an empty table 

aDd sets up the !lpecifications ror the attribute list aDd the key, while add places new tuples iDto 

a table. 

4.1.1. 	DeeDe 

This instruction speciSes a oew table, its Dame, t.he aames or the attributes, and (optionally) 

the name(s) or the key(s). Tbe oames or tables aad attributes must be,in with a letter and can 

contain any combination or letten. numerall. aad the char:scters "f" and ...,:.. No two tables 

may bave the same n:lme. nor CaD a table-eame be the same as aay attribute-name or reserved 

word. A table ma)' Dot have two identical attribute-aames, but two dUrerent tables ma)' (and 

olten do) !lhare a common attribute-name. Keys are optioaal but il declared the)' !lhould be the 

lint (i.e. Idtmo!lt) attribute{s) in the table. 

Coo!lider a5 an enmple the definition or a cb.tabase that keeps track or results or blood te!lt!l 

OD patients. 31!1 in the enmple in tbe previous cbpter. t:..ble~. The t:lble, c:llied "1:lbv:U!I", !ltores 

the inrormation Oft !lpecimens and the values me3l!lured. The unique attribute (key) or e:lcb record 

would be the specimen number. The way to create this table using the deftn. instruction w"uId 

be: 



IS 

debe labvals (spec'l. H,b. MCV, RBC.,J1lorpb) key:- spec'I 

We could also debe a table called "spee" to keep track of tbe dates of individual blood 

specimens: 

deflce spec (spec'l, 10'1. day, mODtb, 1ear) key:- spec'l 

ADotber table called "ptrc:" would store a patieDt's ideDti6catioD cumber. bis Dame. and bis 

admittiDI dialaosis: 

de6ne ptrc (ID*. name. dx) key :- 10'1 

f.l.%. Deflne Event 

AD event is a table witb only oce row. Its purpose il to specify a complete single data 

object witb attributes tbat may be fOUDd ill several direrent tables. so tbat addin, the event to 

e3Cb of those tables is easier and more reliable. Events are delned by tbe define event 

iDstruction followed by the evect name aDd tbeD a pllentbesiled list 01 attribute-value p3in. 

Continuing tbe previoul-example, we could debe aD enDt tbat CODtaiDS all tbe attribut.es of tbe 

three tables (ptrc. spec: ud labvals): 

de6De enDt El 
(ID'I:- 988, 
name :- JODes. 
dx :- iron_deficiency, 
spec'l :- 1024. 
day :- 2S. 
montb :- 6. 
yur :- 1982. 
Hgb :- 10.3. 
Mev:- 78. 
RBC_morpb :- microcytosis) 

Event "E1" records tbat a blood test was done OD patient number 988 wboM! Dame is JODes 

and wbose diagDosis was iroD_de6c:ieDcy. The blood. specimeD number 1024, w3.S drawn OD 25 

JUDe 1082 aDd the results tho wed a hemosJobiD 0110.3. a meaD corpuscular volume of 78, aDd red 

http:attribut.es
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ceU ....0100' was microcytosis. Tbe a&tribute-value pairs iD tbe neDt deflDitiOD caD be 

arnll,ed ia Dr order. 

Tbe add iastructioa places tuples (rows) iato a t:lble. There are fODr forms of the 

iastrucLioD: ODe for sialle row additioD, aDother fOl multiple rows, ODe for addiDI aD eyeDt to a 

table. aad ODe ror addiDI aa exterDa! &Ie of tuples to a table. 

(1) 	 A sinde row may be added as follows: 

add (365, Smitb. aplastic_3Demia) to ptrc 

(2) 	 Multiple rows are added iD similar fasbioD: 

add to ptrc 
(398. Clark. folate_deBeieDey) (404. Blake. iroD_deBdeDey) 
(425, Smitb. bemolytic_3Demia) (241. Joaes, iroD_deficieDcy) 
eDd 

(3) AddiDI aD ennt to several tables is simple: 

add El to pt.rc 
add E1 to spec 
add E1 t.o (abvalt 

(4) AddiDI aD ex terDal lie Damed "vis" to tbe "Iabvals" table would be done 31 follows: 

add v Is to labuls 

Tbe extemal lile must. be set up iD tabular form. For example, tbe &Ie "vis" mipt 3ppnr 

as iD fllure 4. 

891 13.1 90 Normal 
555 14.2 88 Poik i1ocytosis 
423 15.5 86 ADisocytosis 

Filure 4. Format of File "vis" 
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~iUOD ot tuples may be dODe at tbe bepDDiDI ot tbe table, the elld, or berore or after ally 

specified row ill tbe table by usilll a roUJ t:ondilion. All rour rorms or add mar be ased witb a row 

conditioD. Ir no row cOlldition is specified tben tbe additioll is dOlle arter tbe last row or tbe 

table. For example. tbe roUowiDI places a Ilew tuple at tbe Ont row: 

add (425,404.26,6,1982) to specs : Iro.< 1\ 

The coloD is to be read "sucb that" aDd tbe row cODditioD is or the same rorm as retrieval 

conditions (see !t'etion ...2.2). The reserved word 14.' may be used to iDsert. berore tbe last row: 

add datafile to specs: [row<lastl 

The condition "[row>l3.5tl" would be reduDdant b~3use that is tbe derault. It tbere are not as 

many rows in the table 3.5 specified iD tbe row cODditioD, tbe new tuples will be added at tbe eDd 

or tbe table. 

4.2. 	Table Retrieval 

The retrieY3.\ commands 3.J'e let and lei. Simple retrieval or aD t'Dtire table requires only 

listins the ta.ble name artt'r tbe keyword pi. Se~ted portioDs or tbe table CaD be retrieved and 

displayed .llso (see sections ".2.1. and 4.2.2.). A. DeW table CaD be created witb the keyword lei 

rollowl'd by tbe name or the Dew table. ":-", aIld tbe descriptiOD or the Dew table. For example, 

tbt' rollowing command creates a new t:t.ble called "tests" wbicb is tbe same as tbe "I:t.bvals" 

table: 

let tests :- labv ats 

Tbe nl'W tablt' would be created but not displayed. Tbe command to display the t:t.ble is: 

Table 5 would then be displayed. It would be identical to tbe "Iabvals" table except ror its 
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aame. 

t~ts 

spec'" Hgb MCV RBC morph 
1024 10.3 78 microcyt.osis 
891 13.1 90 normal 
55S 14.2 88 poikilocytosis 
423 16.5 as aaisocytosis 
425 11.1 78 microcytosis 
455 10.4 77 microcytosis 

Table 5. Result or Retrieval 

The com biDed eft'ect or the get aDd let could have beeD accomplisbed by simply s:toyiDS: 

let tests : .... labvab 

The let comm3Dd is used to create t.emporary tables that caD be used as workins copies or 

C:ll1 be saved as Dew perm:toDeot tables. It Dever displays the results or its work. The .et 

commaDd always displ:toys its results. and .ca8 abo be used to create temporary tables. A wide 

variety 01 more complicated retrieval instructions C3.D be specified by appeDdini tbe appropriate 

modifyiDI expressions to these two commaDds. Tbese additioDai expressioDs are specified by 3. 

relational tdle e%'pre"ion (see section 4.2.1.) optioDally followed by a VL condition (see sectioD 

4.2.Z.). 

4.1.1. 	Relational Tabl. Expr••lona 

The table expressioD specifies tbe table or t:tobles aDd the attribute or attributes to be 

retrieved. All open,tioDS described iD sectioD 3.~ except selectioD caD be specitled with a table 

expression. WheD more thaD ODe table is listed iD aD expr~sioD. tabl~ must. be sepa1'3ted by aD 

oper:Uor. The operator symbols aDd their me3.DiDSS are liveD by table 6. 
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Symbol Mucial 

• 
y 

~ . 
+ 

Jom 
UDioD 
IatenectioD 
DiI'ereDce 
Apl)ead 

Table 6. Relatioaa1 Table Expressioa Operators 

These operators tab precedeace over aU others ia tbe retrieval iastructioa. AU tables listed 

toget.her with the logical operat.ors (uaioa. iDterseetioa. dill'ereace) aDd the appeDd operator must 

be union compatible, which meaDS that they must have ideo tical lists or attributes. iD t.he same 

order. aDd 01 the ,ame t.ype (e.g. il at.tribut.e N is ua iateler ia oae table, it mun also be aD 

iauger iD the other t.able(s) iD t.he iDstructioD). 

To illustrate the use oloperat.ors ia table expressioDS. let us 3SSume we have a t.able Darned 

"spec" as showa ia table 7. 

5Dee 
5J)t'C* ID* day moatb Yl'ar 
1024 
425 
850 
455 

988 
404 
400 
406 

25 
26 
21 
21 

6 
6 
6 
6 

1982 
1982 
1982 
1982 

Table 1. The "spec" Table 

The roliowiDI iastructioa would create :s t3.ble called "TI" which is It joiD or the "spec" aDd 

"tabu"" tables (t.he commoa descriptor beiag the speeimeD Dumber): 

let. Tl :- spec • labvals 

The joia or t:l.bles "spec" aDd "bbv:.ls" would :sppear as ia t:sble 8. 
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1'1 
!S1)f'C~ 10. day moatb Year Hlb MCV RBC moroa 

1024 988 25 e 1982 10.3 78 microcytosis 
425 404 20 e 1982 11.1 78 microcytosis 
4S5 406 27 e 1982 10." 71 microcytosis 

Table 8. Joila of "spf'C" aad "labvals" 

It no attributes are tisted io the retrieval commaad (as ill the example above) theo the Cull 

set 01 attributes ror all tables is retrieved. U a subset of attributes is sPf'Cifled tbeo the 

proJeciloD or those attributes 00 the table is retrieved. For example: 

get spec • labvals (to*. Hgb) 

will retrieve a table witb two columlls. It will be the projf'Ctioa of to* aad Hgb oa the joio or 

spec aDd labva.ls. Table 9 shows tbe result. 

to. Htb 
988 10.3 
404 11.1 
406 10.4 

Table 9. Result or Projf'CtioD aad Joill 

For the purposes or the iaterellce algorithms it is sometimes not desit:lble to elimiaate 

reduodaaey when doio, projf'Ctioo. so QUIN provides two other methods or specirying projection. 

One metbod. usilll &:, simply does a "column self'Ction" aad retrieves all rows even it reduodaat. 

The otber method. using *. eliminates redundancy but provides 3.0 :t.dditioul column tbt sbows 

the number or times that 3. particular row occurs. All three Corms or projectioo iostruction 3.re 

illustr;)ted in figures 5, 6, ;)Dd 7. 

http:labva.ls
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,.t labvals(RBC.,Jllorpb) 

labyal. 
RBC ..morpD 
microcytosis 
Dormal 
poikilocytosis 
3Disoeytosis 

Filur.5. OrdiDary ProjectioD 

let labvals(RBC.,Jllorpb.') 

labvals 
RBC ..mof1)b *microcytosis 3 
Dormal 1 
poikilocytosis 1 
aai!OCytosis 1 

Figure 6. ProjectioD with COUDt 

eet labV3ls(RBC-",orph.&) 

labY3ls 
RBC ..morpb 
mic:roeyr.osis 
Dormal 
poikilocy tosi, 
aDisoey tosis 
microcytosis 
microcytosis 

Figure 7. ProjectioD with ReduDd3DCY 
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M attribute may be replaced by a rUDdioD or u attribute iD t.lae retrieval expressioD. 

Available tUDctioD! iDc:lude 111m, DIU, 'UIII, COWlI and dOlllaba. Filore 8 ,ives u example or 

the use or the 111m (UDdiOD. 

let labvals( miD(Hlb) ) 

10.3 

Filure 8. Use or "miD" 

4.2.2. VI. Condition. 

A VL condition is the part or a retrieval commaDd which s~ci6es ..laetioD. The ColiowiDI 

example illustrates the major features or a VL cODditioD. The cODditioa becias with a coloa 

which should be re:ld "such that." 

get labvals : [Hgb - 14.. 161IRBCJDorph <> Dormall v [Hgb < 141 

The commud would retrieve all rows trom table "Iabvals" iD which either a) tbe Hgb is ia tbe 

rUle 14 to 16 ud the RBC.,JDorpb is DOt. Dormal, or b) tbe Hgb is las tbu 14. 

A VL coadit.ioa tbus cODsists ot a disjuactioD ot ODe or more c,m,lc:c,. Complexes cODsist 

or a coajunctioa or ODe or more ,elcclorll. ID tbe iDstructioD above, "IHlb - 14 .. 16\" is a 

select.or. Selecton may be separated by t.be cODjUDctioD operator &, or simply listed ODe arter tbe 

otber, 31 io tbe complex "!Hlb - 14..161 [RBC.,JDorpb <> Dormal\" above. Selectors or groups 

or selecton (complexes) m:ly be separated by tbe disjuactioD o~rator v. Thus a coaditioD is 30 

"sum of products" of logical (VL) selectors. 

VL selectors 30re used to specify tbe body ot tbe coaditioD. They CaD be ot two types, row-

oriented selectors ("tuple calculus") aDd set.-orieated selectors ("domaiD calculus"). The enmple 

above uses row-oriented selectors. 

http:select.or
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A raw-orieDted selector cOlsists of a left !qUilt bracket. aD attribute Dame (tbe referee), a 

eomplIUsoD operator ( -. <>, <. >. <-. >- ). a comparUoD value (tbe refereDce). aDd a 

rigbt square bracket. Tbe comparisoD value may be a silde ulue (e.,. "Dormal"). aD lIitbmetic 

ruge or values (e.,. "14 .. 16"), aD aritbmetic expressioD (e.,. "H,b + 2.5",. or a list or values, 

raages, or expressioDs separated by tbe "or" operator (e.,. "3..5 v 7 v Hgb/IO",. 

A domain"i:alculus selector cOlsists of a referee set. a set comparisoD operator ud a 

reference set. Tbe referee set is called aa imAge Itl of tbe attributes being retrieved. An image 

set is tbe set of values or tbe image attribute (or or uDique combinations of values of tbe image 

attributes) corresponding to eacb retrieval value (or unique combilation of retrieval values). The 

comparison operator is tbe same as tbose in tbe tuple-calculus selector (usin, -, <>, <. >, 

<..... >- ) but tbe me3Dings are set comparisoDs inste3d. Tbus "-" testa set equality aDd "<" 

tests to see ir tbe But set is a proper subset 01 tbe secoDd. Tbe reference set bas tbe ame 

attribute list as tbe reteree !let but may contain a VI.. condition witbiD it. as iD tbis example: 

get!f. {ID#): {day.month,year} .. {day,montb,yur:!m# - 3651} 

Day, mODtb. ~nd year are tbe image attributes. {day ,montb,ye3l'} specUles tbe referee set. It 

may :Uso be written {day,montb.year : m#}, wbicb reads "tbe set 01 day-montb-yell triples 

corre!lpondinl to eacb ID#." It is calculated aaew lor each unique value or ID#. tbe retrieval 

a.ttribute. 11D#-365! is tbe VI.. cODdition witbin tbe relerence set. Tbe mUling is tbt tbe user 

wuts to retrieve tbe ID# or aJl patients wbo bad specimens done OD precisely tbe same days :loS 

patieDt Bumber 365. The same tbinl could be accomplisbed using tbe tuple-oriented calculus only 

by repestedly doing tbe (ollowing for every value 01 It: 

get !lpe('(d:ly.mootb.ye~r):[ID# = oj 

Tbe results would then b3.ve to be compared witb tbe result 0(; 

get spec(day,montb,ye3.r):!ID#=365! 
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uad l .... ¥alues ot mil ror which the resulu matcbed tbal ot 36& would be tbe lui result. 

4.2.3. Ol'del'LD. of Row. 

All retrievals may optionally bave aD orderinl condition. Tbe pbrases "order up 011" aDd 

"order down 00" are appeDded to tbe retrieval instructioD, alonl witb tbe Dame or tbe attribute 

to be ordered 00. For example, tbe instructiOD 

let ptrc order up 00 mil 

will retrieve tbe table "ptrc" iD ucendiDI order ot mnumbers. 

4.3. Table Modlfteatloa 

The table modi6c3tioll instructioDS are ehaa.., delete, aDd Ave. 

4.3.1. ChaD,_ 

The ehao•• instruction is used to assign Dew values to exiltiDI rows iD a t3ble or to change 

the n3me or type ot aD 3ttribute. Wben tbe user types: 

chuale tableDame 

he enters a "Sub-iDstruction" mode iD wbicb all commaDds rerer to the table beinl cbnled. A 

working copy or tbe origiDai table is made ror security in c:sse or error, and tbe user's prompt ill 

.. > > It. To leave tbe cbaDge mode the UHr types abort or exit, witb oDly the latter exit 

resulliDI iD 3du31 modification or tbe origi031 table. 

Tbere are several commands avail3ble iD tbe cbnge mode. The user may use ordinary 

3.1Isignment st3temt'nts to ch3.Dge the ·values or t'acb 3ttribute. Some examples are giVt'n below. 

The 3.Ssignments may be followed by a VL condition tbt restricts tbe assignment or ulues to 

speci6c rows or tbe table. Attribute names m3Y be changed by speciryinl tbe condition 

"!row-OJ". Tbe dlaplay sub·instruction displays the working table; tbe .et sub-instruction 

displ3ys the origin31 tabl. berore any ch3.Dles. A simple ehaas. instruction sequence m3Y be 
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eDtertd "'".ow. below witb table 10: 

> cbaDIe labvals eDter cbule sub-mode •*, 
ok system responH *, 
> > let. 

,*,*,* look at. ori,iDai table *, 
labvals 

spee* Ht:b MeV RBe morDb 
1024 10.3 78 microcytosis 
891 13.1 90 Donnal 
5';'; 14.2 88 poikilocytosis 
423 16.5 85 aaLsocytosis 
425 11.1 78 microcytosis 
4';'; 10.4 77 microcytosis 

Table 10. Ori,iDai Table to be Chaa,ed 

Tbe commands below witb table 11 illustrate bow tbe table mi,bt be modiBed witbiD tbe cbu,e 

mode. 

> > Hgb :- bi,b :!H,b> 161 

> > Hgb :- low ;IHgb< 141 

> > H,b:- normal :!Hlb-14:161 

> > display ,* look at. cbaaled table *, 


cb3D1.dtable 
!~1f Hr.b MeV RBe -",orDb 
1024 low 78 microcytosis 
891 normal 90 Dormal 
5.;.; Dormai 88 poikilocytosis 
423 bip 85 aaisoeytollis 
425 low 18 microcytosis 
455 low 77 microcytosis 

> > eDd ,* exit. makin, tbe cbaD,es permaDeDt *,

cbanle completed ,* system response *, 


Table 11. Table with Modified H,b ColumD 

4.3.2. Delete 

D.lete is used to remove rows or columns rrom a table. or to remove a t:lble rrom the 

datab3.Se. Eacb or tbese tbree runctions is accomplisbed by a diB'erent rorm or tbe instruction. 

http:datab3.Se
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(1) 	 DIMi.1 rows is accomplisbed by specilyial a VL cODditioD: 

delete ptrc : [10* - 250 .. SOCI 

Tbis will delete all rows iD table "ptrc" wbere tbe ID Dumber is iD tbe ranle 250 to 500 

iDclusive. 

(2) 	 D~letiDI columDs is accomplisbed by specityiDI a projectioD: 

delete spec(day,moDtb) 

Tbis will delete tbe day and mODtb columDS from table "spec". 

(3) 	 DeletiDI au eDtire table or eveDt is dODe by simply liviDI tbe table Dame: 

delete TI 

Tbis will remove tbe table Damed "TI" from tbe database. 

4.3.3. 	Save 

ADY tables created witb tbe pt or let iDstructioDs will be liveD tempor:ny status; ..ve is 

tbe iDstructioD tb:a& cbanles temporary to permaneDt status. Tables witb perm:uleDt status will 

st3Y iD tbe d3t3base alter a sessioD is completed, wbere3S tables witb temporary st3tUS will be 

deleted at tbe eDd of a sessioD. 

4.4. 	Help 

The system bas oD-IiDe belp avail3ble to describe tbe use or ncb command. Help C3D be 

obtaiDed by typinl help or by !limply typiDI a q~estioD mark at a prompt. It specific iDformatioD 

i!l de!ired 3bout a p3l'ticulsr comm3Dd. tbe comm3Dd D3me !lbould be eDtered rollowiDg the word 

"help," followed by 3 c3niale returD. 



CHAPTER 6 

Inferential Operations 

This chapter describes the iDrereDtiai operatioDs OD aa iDrormal cODceptual level. 

Rderences are provided ror more detailed explau.tioDs or the allorithms aDd the tbeories 

supportinl them. ID the curreDt. implementat.ioD, oDly cluster aDd dil are operational. However, 

the same methods or iDteractiOD CaD, iD principle, be used witb all tbe inrereDce prolr:uns 

mentioned bere. 

5.1. 	Cluater 

Tbe purpose or the cluater operatioD is to divide a collection or objects iDto smaller Iroups 

or simil31 objects based UPOD some criterion or measure or similarity. Clusteri.I is the process or 

developinl a tuoDomy or classificatioD scheme ror the objects or a study. 

Tbe prolram iDvoked by the duster command iD QUIN is called CLUSTER/pa/{Hj. The 

reader is urled to CODSU)t tbe rerereDces cited ror more complete explaaatioDs or tbe det3ils or the 

program's opera.tioD and tbeoretic3l backlround. Unlike most. Dumeric3l taxoDomic techDiques, 

tbis prolram uses a "coDcept-based It method or clustering that produces descriptions or the 

dusters (categories) that it derives. It also permita the user to speciry the criteria. which are to be 

used to evaluate dusters. ODe or several criteria C3.D be m:.ximized simultaDeously to produce the 

opt.imal dusters. Some or the criteri3. available to characterize clusters iDclude: 

• 	 tbe 6t betWfeD tbe clusterinl aDd tbe data (sparseness). 

• 	 the tot3l iDteN:luster dillerences (degree or iDtersectioD), 

• 	 the number or attributes wbicb sinlly distinguisb betweeD all the dusters (esseDt.i3l 

dimension3.lity), 3.Dd 

27 
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• ,1M limplicity or duster descriptions (num~r or selectors). 

Tbe names aad num~rs or criteria curreDtly available appear iD table 12. 

criterion 
num~r 

brier 
description 

1 
2 
3 
.. 
5 
6 
7 
8 

sparseness 
delree or iD tersection 
num~r or events occurrinl in more tban ODe complex 
sbare or events (eveDness or cluster size) 
number or selectors (simplicity or cluster descriptions) 
essential dimensionality (dimension:ality or dilferences) 
relevant-variable sparseness 
relevant-variable-set !panenHS 

Table 12. Clusterinl Criteria. 

Tbe cluster operation is invoked by tbe foHowin, instruction, 

cluster (events.par:l.meten.results) 

wbere "events" aad "parameters" represent the names or rela.tion:l.1 tables witbin QUIN, and 

"results" is the name or a table wbicb mayor may not already exist (ir not. it will be cre:l.ted). 

Any legal table names may be used in tbe command. The events table must contain the 

descriptions of the objects to ~ clustered witb eacb object occupyio, one row in tbe table. Each 

column rf'prp!eDts an attribute or the objects in tbe table. Tbe parameters table is used to 

indicate K (t.be number or c1usten to be formed), the criteria to be used and otber optional 

parameters. The optional results t:l.ble is tbe table in the database to wbicb the results or tbe 

clURerin& will ~ returned. It no results table is specified. tbe output of cluster can be found in a 

file in the user's working directory. 

A simple eX:l.mple of clustering rollows. using d:l.t:l. simibr to tbe previous e:t:l.mples in 

ch:lpter rour, In 3ddition to the "events" t:loble. a "p:lorameters" table and :lot least one "criterion" 

table must be prepared before issuing tbe cluster command, Table 13 illustrates a parameters 

t:lble :lnd table 14 illustrates a criterion table. 



Darameten 
k criterioD 
3 crl 
2 cr1 

Table 13. Parameters Table 

cri criterion. 
criterioa t.oIerance 

1 0.0 

Table 14. CriterioD Table 

The pl1rameters table (table 13) bas two tuples (rows). The cluster al,oritbm will tbererore 

be run twice, oace tor eacb row iD tbe parameters table. The Irst. ume it. will split. tbe eveDts 

into thrH croups (11:-3) aDd the secoDd time it will create oaly t.wo "oups (11:-2). Criterion 

"cr1" (round in table 13) is de6ned in tbe criterion table called "crl.sriterion" (table 14). 

Criterioa "1" is ,porlent.., (see table 12). It. is tbe only criterioD wbicb will be used by tbe 

program in tbis example. The tolerance is a measure or tbe de"H of error 3Jlowed in 6ttinl the 

dusters to the criterion. 

The events table for this example is sbown in table 15. 

event!l 
mcv bIb mche 

0 1 0 
2 2 0 
1 1 1 
3 4 3 
3 4. 3 
4 1 4 
5 2 4 .. 1 4 

Table 15. E, ;5 to be Clustered 
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'nil nlua iD tbe eveDts table must all be iDteler.!. Auributes, sucb 31 tbose represeated 

bere, which ordinrily bave coatiauous liDear values mast be made diterete berore cluster CaD deal 

witb them. Tbe me:lDiDp 01 tbe values iD the eYeD" table are liveD iD Illure 9, with the values 

trom the eVeD" table in the "tI" columD rollowed by tbe raDle or real values which h:lve beeD 

usigDed to eacb nlue.

* mcv o <60 

160t069 

2 70 to 79 


5 >104 


380t094 (mcv aorm::LI - 80 to 94 cu mieroDs) 

.. 9S to 104 


tI hlb 
o <8 =- 0 

1 9 to 10 


.. 15 to 16 (hlb Dormal .. 14 to 18) 


7 >20 


2 11 to 12 

3 13 to 14 


5 17 to 18 

6 19 to 20 


.... mchc 
o <').7 

1 27 to 32 

2 33 to 38 (mcbc Dormal - 33 to 38 %) 


4 >43 

Filure 9. Meaoiags or ValU" iD EVeDts Table 


3 39 to 44 


WheD this sample is rUD, cluster splits tbe eveDts iato tbree groups as ia figure 10. 

Group oae : events l.Z.3 

Group two : events 4.5 

Group three: events 6,7.8 


Group one is described as: 

mcv<80 :lad hgb-9.. 1Z :load mcbc<33 


Group two is: 

mcv=-gO..~4 :load hab-I5.. 10 :load mcbc=33..38 


Group three is: 

mcv>94 aad hgb ..~ .. l~ aDd mcbc=39..44. 


Figure 10. Results or Clustering 
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'nil. a particularly simple example, bat it Iins the layor or the clusterinc operation. Ia 

tbis Cale, duster bas disCovered tbree P'Oap' which CIA be iraterpreted as beiraC cues or 

microcytic anemia (croup one). normal blood cagnu (poup two), ad macroc1tic aemia (croup 

tbree). For rurtber exampl~ or the use or cluster see (221. 

s.:. 	Dur 

Dilf (dilferentiate) takes a number or classes or evenb tbat bye alre3dy been catecorized, 

and attempts to Bnd tbe conceptuaUy simplest rules tbat wiD predict tbe catelory or each event, 

i.e. discriminate between the catecories. Tbe alcorithm inyoked by the command is called A.q and 

is incorporated in the procram called GE.M !lSI. 

The rollowing is aD example or the use or the ditr instruction to create rules ror 

dilferentiating tbe groups or objects represented ira three tables named crpl, Irp2 aDd Irp3. 

Tbere are a number or dilferenc~ rrom the cluster operation: 

(1) 	 No criterion t3.bles are needed. 

(2) 	 The par3.meters table, aD eumple or which is shown in table 16, bas a difelnt rorm3.t rrom 

the cluster p3.r3.meters table wbicb was iUustrated in table 13. 

echo maxstar 
pcve 10 

Table 16. GEM Parameten Table 

(3) 	 The V3.1ues in the events t:lobles need Dot be inte,er only. Discrete nominal values are 

allowed in 3ddition to intelers. QUIN automatically CeDentes tbe otber input tables 

required by GEM. An eumple or tbe way aD events table micht appear is given in table 

17. 
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unl 
day rainfaU bOQrs -,alli,bt 

Monday U,h, e 
Satarday none 12 
Wednesday beavY' 2 

Table 11. GEM Events Table 

:-lote that there still mllst tlot be reaJ.valued attributn ( e.,. 50,2 ) but nominaJ attributes :ue 

allowed. In addition, the type and domain 01 aD attribute CaD be declared tor the use or "dill," In 

the table above, the "day" attribute clearly CaD take oa lena yailles wbicb are ordered and 

cyelic. Only three ot thne appear in the table aDd the,. are DO& iD order. To define the dom:UD 

ot tbi, :l.ttribute one must first prepare a relatioDal table with ODe columD cODtaiDiDI all possible 

values wbich the attribute may have. The valun should be listed in order, 3.S iD table 18. 

weekdavs 
lamn 

SUlday 
MOlday 
Tunday 

Wednesday 
Thuma,. 

Friday 
S:Lturdav 

Table 18. Domain Values ror Days or the Week 

Given such a table. the toHowini command will se& up a ~rmanent domain ror the attribute 

"day" wbicb will automatically be reterred to wbeDever the system DeedS to prepare "day" as 3D 

:Lttribute tor the "dill" opentioD: 

domain (day) :- weekdays 

The "diff" operatioD recolniles tbree types or :Lttributes : 
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• 'oaWa~ (discrete unordered) 

• linear (discrete ordered, sucla u "rainlall" ia table 11). aDd 

• cyclic (discret.e wit.h cyclical orderinl. sach .. days 01 the week). 

Tbe system assumes tbat inte,er yalues are liaear aDd tbat aJplaabetic yalues are nominal. 

WbeD the opposite is true or wben the attribute is cyclic, tbe roUowin, iut.nact.ion CaD be used to 

define the type or the attribute ror use by "dill':" 

ty pe (day) :- cyc 

The abbreviations ror nominal, linear and cyclic are DOID, IIA aDd c)-c. respect.ively. 

Tbe instruction rormat ror invokin, "difl"" is as rollows: 

d iff(grp 1. grp2, ,rp3; params, ralt.s) 

The "p:lJ'ams" and "rslts" tables are option:U. Tbe system provides derault parameters t.o GE~f 

if a p:sr:ll1leters table is omitttd. tr tbe "nits" table is included, tbe discrimination rules produced 

by GE~t will be pl3Ced in it. A variable number 01 groups (event tables) may be submitted. A 

semicolon indic:!tes tbe end 01 tbe list or eYent tables, as alter ,rp3 above. 

The operation .Iel· invokes Esel [111, a pro&!,am tbt takes a 1:lJ'le number of examples 

aDd selects a small subset or eX:ll1lples tbat is most representative or tbe 13I'ler group. Tbe 

sm:uler sample will require less execution time in inference propams sucb :II CLUSTER/par or 

GEM. Very large Dumbers of examples (more than :!OO) would probably require inordinate 

amounts or proce,sing time. making it userul aDd ell'icient to cboose a represent.ative subset. 

5.4. Vanel 

The va..I.I· instruction invokes a pro,r:un called PROMISE 1161 wbicb selects tbe most 

"promi,iD," attributes ror dilfereDtiatinl between classes or eveDts. Its output is tbererore 
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iDteDded lor UJe witb GEM. The elimiaatioD of irreleVaDl attributes is a boriloDtai reductioD or 

the dat.abase somewbat comparabl. to the vertical reductioD accomplished by es.1. The reductioD 

results in reduced execut.ion time in GEM but also mults in tbe elimination of at.t.ributes from 

consideration by tbe iDrerence proem. 

5.5. 	V .... eoD aDd V .... eoDt 

The V ....COD· instruction (vari3ble construction) invokes a program called J.\'E\VVAR 118! 

which attempts to use matbematical operatioD.S (multiplication, :additioD) to create Dew attributes 

trom combinat.iou of existing attributes. The use of ratios or differences of existiDg attributes 

sometimes provides simpler :t.Ild more accurat.e rules ror distinguisbiDi ODe class rrom aDother. 

The comm:t.lld V ....CODt· is used to access a prolnm Gamed CONVART [19\. a system ror 

inducing timHependent iDrormation trom data. Multiple measurements of 3n attribute over 

time C3D. be chnled into a single attribute bued upon its time-<iependent characteristics. The 

induced description ot tbe time-<iependent attribute can then b. used in data ror input to otber 

inference routines. 

5.8. 	Othel' Opel'atlolUl 

The apply· operation tests tbe performance or induced rules on new eventl. It currently a 

part. ot tbe AQll [20\ program. The output is a cOGtusion matrix tbat gives tbe percentage or 

faise positive and (:Use negative decisions for e:t.Ch decision category. 

Anot.ber interence oper3tion. tl'eecoD· uses program OPTREE [211 to produce optimal 

decisioD trees trom extended entry decision t3bles [231. It performs tbe cODversion ot VL rules to 

decision trees (branchiDg logic) tor tbe conVlnience of the user. 

There :lfe three low-level interence operations th3t :lole used in CLUSTER/p3( tbat 3150 

could be invoked sep3rately. 
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(1) 	 SIa· (simil:t.rity) t:tokes u)' two enata ad calculates a s1atactic simib.rity measure. The 

similarity ot two enata it the ianne 01 di• .,.Dtactic dittace measure used ia 

CLUSTER/pal. 

(2) 	 a.full· (refereDce uDioD) takes tlte values of attributes ad "collapses" several eveDts into 

ODe eveDt with multiple-valued attribates. For example, tile eveDts 

(12, medium) 
(13, large) 


could uDdergo rerereDce uDioD to become 


(12 v 13, medium v larle). 

(3) 	 QeD· (,eaer:llile) goes ODe step rurther to take the eveDts that result rrom rerereDce uaioD 

aDd ,eDer:l.liles tbe results iDto more iDtuitinly SU(CiDct values. Tbus 

(12 v 13 v 14 v 15. medium v larae v verylarae) 

wou Id become 

(I~L15, >small). 

Tbere 3.le other iDCereace progr:lIDS that may be userul toots ror the geDer:ltioD or howled,e 

(rom eumples, aDd the)' too han the poteDtiai to b. iate&rated iato the s)'stem. 

• pl:ulDed operatioa aol curreaU)' implemeDted 



CHAPTER I 

CODclusioD 

Tbis cbapter provides a brier subjec:tive eYahlat.ioD ot QUIN 18 a tool tor macalement and 

analysis ot data. includiDI some or its streDltbs, weaknesses, aDd ideu tor turtber work. 

e.l. 	Strenstba 

Tbe strealtbs or a database aDalysis s1stem bave heeD rerened to ia previous cbapters. The 

automated storase and retrieval ot data rat:iUtate tbe raearcber's shiHt1 to prepare iaput to 

iaference prolrams; the iDtereDce prolrams provide tools ucavailable ia staad:u-d statistic:u 

packages ror tbe conceptual ual),sis or data. Tbe iDtelratioa ot several iDference operators witb 

tbe database appears to oler opportuDities ror cODceptuai data aaal),sis DOt previously (easible. 

The VI. data lanluale is euily le:U-Ded sad provides a less wordy query laDluage tbaa most 

reolatioaal 3.llebru. It compares favorably witls maay relatioaal calculus lanluales, aad appe!U'l 

to provide a reuoashle mesal ot queryial witlsout tlse Deed tor a complicated natural laaluage 

iaurrace. The lanluace is iDtelided to be euy eaoulls to make the iafereDce operatioas available 

to a wider raale or people who do ao' haYe extensive experieace ill computer scieace. 

QUIN bu several weakaesses as a database nlanagemeDt system. Some or tbese wuknes,es 

stem trom tbe adoptioa or tbe relatiocal model ot data. For example, medical records are oCtea 

very sparse aDd ma)' not coataiD recorded values ror larle numbers or disease attributes. The 

recordiDg or some values oCtea depeDds oa the preseDce or otbers. resultiDI ia a structure tbat is 

more naturally hierarchical. Otber weaknesses stem oDly (rom tbe limited scope or tbe current 

implementation that could euily be uteDded aDd revised: 

36 
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• 	 QUIN is a prOlr3JD, not a proarammia, product. The ,oal of its construetiOD to tbis point 

bas been to create a researcb tool tba& worb; the eveutual loal is to have a system tba& is 

rree of bup and convenient to use. 

• 	 Data eDtry bas not been optimized for Daive user input. ADy typial mistues made durin, 

command entry wiD resul& iD rejection of tbe command, and tbere is no facility ror 

structured or prompted relationl table entry or edit. 

• 	 The time requi~ ror retrieval commands to complete caa exceed tbe accept30ble time ror 

interactive use ot tbe system for larle tables ( ,reater tbaa 100 rows). QUIN wu not 

written witb elJieiency as a m3ojor desi,D criterioD; tbis me3DS tbat tbere are likely Mver::u 

places in tbe code ia wbicb optimiz3otion ot tbe procedures mar produce more rapid 

execution. 

• 	 Muy database mangement systems bave mecbanisms tor laaadUD, backup, seeurity, 

variable user 30CcesS privileges, report Ineration' 30Dd otber userul facilities which were 

~yond tbe scope or this work. 

0.3. Id... tor Future Work 

The wide variety or inference proaranuJ induded :aa pluDeci operatiolll ia QUIN sUllests 

that there is much yet to be learDeci about s&rategies for usiDI tbtH operatioDs aDd about tbe 

W3yS in which tbey interact. It is now possible to beciD to explore the application or QUIN to 

practic::u problems. 

There are a tew descriptive statistic31 functions in tbe query 130nluge aDd tbese could be 

exteDded to iDelude more statistiul tests. Q1.nN could also ~ integr30ted witb st3Dd3ofd 

statistic31 packages tbat take data input in tabular rorm. This could ~ done in 3 mUDer simibr 

to tbe inference program interf3oce. 

As 3 d:1t3ba.se QUIN would become more friendly, u!3ble 30Dd sopbisticated it tbe user could 

specify sem:mtic constraint! OD the data aDd it tbe system had a convenieDt metbod rOf 

http:d:1t3ba.se
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iDteracUYe dat~ eDtry. sucla u a frame-based screeD editor. 

tD summary. QUlN is relarded as a '1lDilcaot Irst step iD providiDI a cODveaieDt iDterf~e 

to ma.ny iDductive inference techDiques tbat operate on lar,e numbers or examples. The use of 

this tool is expected to provide useful iasi,llts iato tile procel' of mac biDe inference aDd tbe 

euluatioD of interred kDowledge. 



APPENDIX A 

ProlraID Description 

QUlN is writteD iD Berkeley PASCAL tor tbe UNIX opentiDI s7,cem. Tbe 'qq' prdx is 

attacbed to every proeedure iD QUlN to avoid Dame coalicts with otber ADVISE modules. There 

are tbree major 61es or PASCAL code (Damed qqmaiD.p, qqpanr.p aDd qqex.p) :.ad :. 61e or C 

code ror operatiDg system call. (qqduDC.C). QqmaiD.p cODtains tbe iDitiaUz::l.tioa rou tiDes , tbe 

session bandliDg routines, and utility routine.. Qqpanr.p cODtalDS the command paner, aDd 

qqex.p contains tbe commaDd executor. Tbere are also otber small pieces ot code (qqproes.b aDd 

qqconst.b), cODtaiDini tbe external declaratioD' ot proeedures wbicb are sccnted by more thaa 

oDe segment, aad the coostant, type, aad variable declaratioDs :IS weU as tbe ddDitioD ot the 

qqst::l.tic ares (see d~ription or ADVISE III tor more OD static areas). 

Flow or control throulh tbe code rollows tbe patterD or 


1) start io tbe sessioo routioe and initialize tbe d3.taba.se, 


2) pane a command iDto PT (tbe pane table· tee appeDdix C), 


3) 10 to tbe executor and execute tbe commaDd, 


4) cycle back to Dumber 2. 


WheD iDrereDce commaad. are liven, tbere are two optioD. ror tbe iDvoeation or tbe 

iDtereaCt program. It tbe session is batcb mode or ir the uter ,pedSes a "results" t:toble, tben tbe 

iDterface program is torked and QUL"f waits tor it to 80isb berore cODtiDuiDg. 10 other 

circumstances, (interactive 3nd no result. table ~peci6ed) QUlN does not. wait ror tbe iDrerence 

progr3m to complete. In any circumstance, tbe output. or tbe iDrereDce prograMS caD be round in 

a 61e in t he user's workiDg directory. 

39 
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N.t-.rae.k Data Strudur. 

The relationl table data structures are bodied b, the ADVISE memory maDa,emeDt 

routiDes. The rollowiDI details or the Detwork rorm or tables are iD the ADVISE Detwork text 

rormat Ill. A Detwork: stores a tuple with the iaterDal Dame or every table iD the utwork UDder a 

Dode called QQDEF AULT with aD arCDame called QQTABLES. All attributes are also stored iD 

a tuple UDder the same Dode with aD arCDame called QQDES (tor "descriptors." aDother Dame (or 

attributes). ID the ruture. other iatormatioD about tbe relatioDal tables iD a Detwork: could also be 

stored UDder the QQDEF AULT Dode. AD iUustr:atioD or the rormat ot the Dode rollows: 

(QQDEFAULT ( 

(QQDES PI pnme color wei,bt S* SDame status city qty ) 

(QQTABLES Parts Supplien SP ) ) ) 


Tables iD the Detwork: are stored UDder the Dode correspoDdiD, to tbe Dame or tbe table. 

Tbe rollowin, is aD example or a table Damed "Parts" as it would appe:u iD the network:: 

(P3J'ts ( 
(QQWIDTH 2 6 56 ) 
(QQT'YPE 3 3 3 I ) 
(QQKEY 1 ) 
(QQDES PI pD3.me color weight) 
(-EOF- ) 
(MKVALTtJPLE PI Dut red 12 ) 
(MKVALTUPLE P2 bolt greeD 17 ) 
(MKVALTUPLE P3 sereeD blue 17 ) 
fMKVALTtJPL E Pot serew red 14 ) 
(MKVALTUPLE PS cam blue 12 ) ) ) 

The first (our slots UDder the Dode cODtaiD iatormatioD about column priDt widths, attribute 

types. keys aDd descripton. The afCDames ror these tuples are QQWIDnI. QQT'YPE. QQKEY 

and QQDES respectively. These rour tuples may be iD :my order. They are sep3.rated trom the 

"real" tuples ot the table by a tuple with arCDame .. -EOF-... This separatioD is importaat 

bei:3.use QUIN calculates row Dumben usiD, tbe slot Dumber or -EOF- as a rdereDce. It the 

table maiD node is to haye other tuples attached to it, they sbould be added berore the -EOF- ; 

QUIN can theD dynamically :adjust its calculatioD or tbe correspoDdeDce betweeD slot number aDd 

row Dumber. Tuples containing values haye 31'Cl13me MKVALTUPLE. 



APPENDIX B 

Grammar tor Data Language VL 

This is the Ir3mm:ll' or the QUIN sublanluale Irammar 3S it currently is detlned. The VL 

grammar was orillnally written by Richard Schubert. and revised by Albert. Chen I. I have made 

rurther revisioDs at well. but. the oature or the lrammar has remained ltS_atiaDy the same. The 

parser ror the [usuase is a bard-coded determiDistie P:lI'Ief. n. actual implement.atio. is 

therefore oDly a subset (nearly complete) 01 the lUlUale specified ia this appendix. The 

rollowing cODventions are used ror the speeificatioa 01 t.he crammar: 

{ } means optional 

{ }' me3l1s zero or more 

{ } + means ODe or more 

.. "surrounds speci3l ch:ll'3Cters 

separates alteru:1t.ives 

SESSION ::- {COMMAND}· "exit" 

CO:"iMAl'.'O ::- CREATE I RETRIEVE I MODIFY I SAVE I COMMENT I HELP I INFER 

CREATE ::- DEFINE I ADO 

DEFINE ::- "debe" DEF·LIST 

DEF.LIST ::- {"rt."} RTNAME "(" ATTR·LIST ")" {"key :-" ATTR.LIST} 

I "eveat" EVENT 

EVENT ::_ EVENTNAME U:_" "(" ATTR ":-" VALUE {"." ATTR ":-" VALUE}' ")" 

ADD ::- "3dd to" RTNA.ME {":" ROW.CONO} {VAL1.rE-LIST}+ "ead" 


I "add" EVENTNAME "to" RTNAME {":" ROW.CONO} 


I "add" VALUE-LIST "to" RTNAME {":" ROW.CONO} 
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l"adel" Fn..E-NAME "to" RTNAME {":" ROW.COND} 

VALlJE.LIST ::- "(" VALUE {"," VALUE}· U}" 

ROW.COND ::- "frow>" ROW.VAL ")" 

'''!row<'' ROW.VAL "I" 

ROW.V.U ::- VALUE I "last" 

RETRIEVE ::- "cet" {LABEL ":-"} RT-COND {ORDER} 

I "let" LABEL ":-" RT·COND {ORDER} 

LABEL ::- RTNAME 

RT·COND ::- RT·EXPR {CSYM CONDITION} 

I ATTR·LIST {CSYM CONDITION} 

CSY~t ::=- ":" I "where" 

RT·E~R ::- TABLE-EXPR "(" ATTR-LIST ")" I JOINoEXPR I ATTR·LIST 

TABLE-EXPR ::- RTNAME {TABLE-OP RTNAME}· 

TABLE-OP ::= "+ .. I "0" I "." I "1:" I ., 'Y " 

JOIN·EXPR ::- "(" DOT·EXPR {"," DOT·EXPR}· ")" 

I RT·PROJECT {"," RT.PROJECT}· 

DOT·EXPR ::- RTNAME "." ATTR 

RT·PROJECT ::- RTNAME {"(" ATTR·LIST ")"} 

CO:--''DITION ::- VL·COMPLEX {" 'Y .. VL.COMPLEX}· 


VL·COMPLEX ::- SELECTOR {{" I:"} SELECTOR}· 


SELECTOR ::- TUPLE-SELECTOR I DOMAL.'l·SELECTOR 


TUPLE-SELECTOR ::- "I" ATTR RELOP VALUES {" y "VALUES}· "I" 


DO~lo\I:-.I-SELECTOR ::_ "{" DOMAIN.VAR "}" RELOP "{It RT.COND "}" 


DO~tAIN·VAR ::- ATTR·LIST CSYM ATTR·LIST 


VALUES ::- VALUE { ...... VALUE} 


VALeE ::- AEXPR I NAME I UNKNOWN 
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UNKNOWN ::- ..?.. , ..... I"'" 


AEXPR ::- {AEXPR "+"} ATERM I AEXPR ..... ATERM 


ATER~1 ::- {ATERM "."} AFACTOR I ATERM "/" AFACTOR 


AFACTOR ::- CONSTANT I "(" AEXPR ")" I "." AFACTOR 


ORDER ::- "order up OD" ATTR I "order dOWD OD" ATTR 


ATTR·LIST ::- ATTR {"," ATTR}· 


ATTR ::- ATTRmUTE-NA.ME I DOT.EXPR FUNCNAME "(" ATTR ")" 


FUNCNAME ::- "miD" , "max" , "sum" I "couDt" ,"domaia" I "aye" 


MODIFY ::- "ebaD&e" RTNAME "er" {CHANOE-STMT}· END-CHANOE 


CH.-\:;CE-STMT ::- ASSIGNME!'lT I NEW·ATTR I "Cet" I "display" 


E~"·CHANGE ::- "eDd" I "abort" 


ASSIC!'lMENT ::- ATTR ":-" VALUE {CSYM CONDITION} 


NEW.ATTR ::- ATTRmUTE-NAME ":-" LABEL ":(ro ... -Ol" 


DELETE ::- "delete" RTNA.ME , "delete" RTNAME "(" ATTR·LIST ")" 


I "delete" RTNAME CS)'M CONDITION 

SAVE ::- "!lave" RTNAME {"," RTNA.ME}· 


CO~t\1ENT ::- "eommeDt" {ANYTHINO} "ead" 


HELP ::- "?" I "help" I "belp" INSTRUCTION 


INSTRt;CTION ::- "ddae" I "add" I "get" I "let" , "ebule" 


I "delet.e" I "exi&" I "commeDt." I "help" I INF·OP 

INFER ::- INF·OP "(" EVENTS {"," EVENTS}- "," PARA.METERS {"," RESULTS} ")" 

EVENTS ::- RTNAME 

PARAMETERS ::- RTNAME 

RESCL TS ::= LABEL 

I!\"F.OP :: - "cluster" I "dilf" I "esel" , "varsel" I "vareOD" 
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APPENDIX C 

Parse Table Layout 

The Pane Table (PT) is ao array or iotelers wbicb is used ror .communication between 

the VL data lanluale parser and the commaod executor. The iotelers·may represent pointe" to 

au array or character striols (symtable). to aa array or re:tJ numbers (realn). to a tuple 

or rel3.tioul U,ble ioternal Dames (qqspu' ,'bl) or to a tuple containing :tJ1 attributes i11 

the d:t.tab3Se (qqsptr' .des). The rollowinl describes the semantics or the PT arr:t.y positions ror 

ncb or the commands and conditions in the language, 

COMMAND ARRAY POSITION 

DEFINE 
1 
2 
3 

" 
ror nch table de60ed: 

x 
x + 1 
x + 2 
x + 3 

x + " 
x + 5 
x + 6 

x + ,,+ u 
x+"+oa+l 
x+4+oa+2 

x + <1 + oa+ nk 

ror e3Ch event de6ned: 
x 
x + 1 

MEANING 

Length or PT 
1 (DEFINE) 
Lengtb or PT used 
Number or tables or eveDts defined 

LeDgth or PT used ror this t3.ble 
1 lDEFINE TABLE) 
Index &11 symtable or table 11:une 
Number or attribut.6 (03) 
Number or keys l11k) 
ist attribute 
2Dd :t.ttribute 

Lase. attribute 

lat key 

20d key 


Last key 

Lengtb or PT used ror this event 
2 (DEFINE EVENT) 



, 

• 


ADD 


x + 2 
x+3 
x + 4 
X + 5 
x+6 
x + 7 
x + 8 
x+9 

. 
x + 3(0.) + 1 
x + 3(oa) + 2 
x + 3(na) + 3 

1 
2 
3 
4 

5 
6 

7 

tor add types 1 allef 3: 
8 

-0 
10 
11 

9 + na 
9+na+1 
9+na+2 
9 + na + 3 
9 + na + 4 

9+ na+ 2(na)(ne) 
.. + 1 
"+ 2 
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Iadex iD ,ymtable 01 eyeDt Dame 
Number of attributes (Da) 
Ist attribute 
Ist Yalue 
Ist type 
2nd attribute 
2nd Yalue 
2nd type 

Last. attribute 
Last. v:a1ue 
Last type 

Lenltb 01 PT 
2 (ADD) 
Lea&tb 01 PT used 
Type ot add: 

1: add to 
2: add eveat 
3: add (value, yalue, ... ) t.o 
4: add lile to 

Table number to be added to 
Row cODdition : 

0: aone 
I: < (berore) 
2: > (alter) 

Row number H it nODe liven) 

Number or row, to be added (De) 

Number or column, in the rows (aa) 

Ist. columa', type 

2nd column', type 


Last column', type 

1st v:uue 

1st value', type 

2ad value 

2nd value', type 


Last value', type 
1st column', maximum print width 
2nd columa', maximum print width 



9+ 2(1I&)(lIe+ 1) 

tor 3dd type 2 (eveDt add): 
8 

tor 3dd type .. (8le 3dd): 
8 

CHA..'lGE 
1 
2 
3 .. 

wbile witbill tbe cbaage !t~temellt: 
S 

lor assignmeDt: 
IS 
7 
8 

8 + pt!7! 
8 + pt[71 + 1 

lor new ~ttribute Dame: 

"7 
8 
9 
10 

DELETE 
1 

3 
Table t'~pre,sioa (see below) 

Last colama', maximum prillt widtb 

EveDt to be added 

ladex iD ,ymtable 0' file's D&me 

LeDgtb 0' PT 
3 (CHANGE) 
LeDltb 01 PT used 
Table Dumber 0' table to be chDged 

ChDge comm~Dd!: 
1 : AssigDmeDt 
2 : Displ:.\)' (chaDge t:.\ble) 
3 : Get (origiDal table) 

.. : EDd 

S: Abort 

IS: New attribute Dame 


Descriptor Dumber 
LeD&tb 0' PT used lor value expreJJiOD 
V:.\lue expressioD 

LeDltb 01 PT used 'or selectioD expressiOD 
Selectioa expressioa 

Descriptor Dumber 

3 (leDltb 0' tbis exprtSlion) 

2 (aUribute) 

o (DO meaDiDI) 

New attribute Dumber 


LeDltb 0' PT 
.. (DELETE) 

LeDgtb 0' PT used 




I 
• 


HELP 
1 
2 
3 

GET aDd LET 
1 
2 
3 
4 
S 

Table uprf!lSioD (see below) 
x 

x + 1 

SAVE 

1 

2 
3 
4 
S 
6 

4 + DS 

TABLE EXPRESSION 
x 
x + 1 
x + 2 
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LeD&tb ot PT 
5 (HELP) 
Type ot belp: 

1 : commaDd 
2 : DODtermiau 

ladex iD symtable ot commaad or aOD·termiDal 

LeDctb ot PT 

6 (GET) or i (LET) 

LUltb 01 PT used 

Index iD symt3.ble lor label (0 it DODe) 

OperatioD type: 


o : DODe (siDlle t3.ble) 
1 : joiD 
2: UDioD 
3 : iDtel'5tctioD 
4 : dill'ereDce 
S: append 

Order oper3.tor 
0: DODe 
1 : up 
2: do.wD 

Descriptor Dumber to order OD 

LeDltb or PT 
8 (SAVE) 
LeDgtb ot PT used 

Number ot bbles to be saved (DS) 

lit Table 

2Dd Table 


Last table 

Number or tables 

1st table 

2nd table 


x + Dt Last table 
x + Dt + No. attributes (D3.) 
x + Dt + 2 1st attribute 
x + nt + 3 2nd auribute 
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VL CODditioD (OpdODai) 

VL CO!'IDITIONS 
parsed a.t posttlx codes, each code takiDC three places iD PT: 

x 

x + 1 
x + 2 
x + 3 

LeDcth or this expressioD 
(3D. D - Dumber or eodes) 

First eode triple 

x+ 3r-2 
x+ 3r-1 
x+ 3r 

Opel'3tor 
0 

opcode 
*operands 

Attribute 
2 

RT* 
DES* 

Row 
- OperaDd 

3 
0 
0 

CODSt:uat .. 
Type 

Value 

x + 3D· 2 
x. + 3D· 1 
x + 3D 

Last code triple 

Some examples 01 parsing 01 VL conditioDS: 

:!row> 101 or IPI-Pl!; 
parsed 3.5: 

21 3 0 0 .. 1 10 0 2 2 
row 10 > 

2 0 3 
PI 

.. 3 1 
P 1 

0 5 2 
-

0 11 Z 
OR 

:Istatus < Z-qty]; 
parsed 3.5: 
15 2 0 9 .. 1 2 

status 2 
2 0 8 
qty 

092 013 

- < 



, • 
'" 
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