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...-. !'lrFODUCTION 

This paper provides a users guide to the use of the pr~gram 

~OVAt/7 v~rsion tAQ. In addition a description of Y~O's contribution 

to th~ AOVAL/~ alqoritnm and a comparison with the other versions of 

AOV'l/~ is qiven. YlQ is a program that infers a quasi-optimal 

1is;unctive sirple for~ula of the variable valued logic system Vll. 

!n +his version a formula iistinquishes classes of events and 

qeneralizes over unspecified events. ~he formulas are formed from 

.'} descriPt ion of the e'lent space (number of variables and their d.omains, 

an~ a set of trair.inq events. rhe degree of generalization can be 

controlled by a "morie" parameter. 

. .,..-. !N'PUT 

~here ~re eiqnt (8) input parameters which maT be specified 

in a st:>mi-order free format. :'be general format for a parameter is: 

KFliOR D=VA lUE 

where KEYwORD is the parameter being specified 

= spp.cifies that the keyword valae follows 

anii VAtU:: is one of the allowable values the ke,word may 

take. 

Keywords are seperatei by one or more blanks. 

In ~ddition the following symbols are used in the eIplanation 

of the keywords and their values as follows: 
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1~1 is a one to th~ee diqit numbe~ 

a is a one to eiqht character alohameric st~inq 

heqinninq vitb a alphabetic characte~ 

? ~eans that there is no default an~ a value ~UAt hp 

~pecified 

-h0 inout thit is read is assumed to be sr character card i~aqes with 

C0l'lmns '~:q. iqnore1. ~e,vords and values may cross car~ boun~aries. 

7he k0v~ords, their allowable values, and thei~ ~eanin~s follov: 

the tyP! of covU.r to 1ene~ate (degree of qeneralizati~n) 

intersecting covers. In unspecified event may be in 

~ore th~n one class. Specified events a~e covered by 

~d~e dB 	 ~ hut with the covering compl~xpq mini~iz8d. 

rlisioint covers. So events, specifiert or not, is in 

moce thdn one class. 

~~ 	 Same is ~ hut with the cQverinq complexes miniftiz~d. 

v 	 VL. VL E~r~11las ~r~ qenecatert such that the class 

c~v~r~ ~r? ~rip[ 1ependent ani an event, specified or 

rot is in the fir~t class that covers it. ~he last 

cl~ss d~~s not have a cove~ fo~mula hut is the iefault 

if th~ ~vent is not c~vec~d by ~ p~e9ious class. 



V~ Sam~ as V bot with the coverinq cOMplexes mini~ized. 

~ Reverse YL. 9L mode with the classes covered in revers~ 

order. 

R~ Sdm~ as R but with the covering complexes mini~ized. 

PI. : !'lODE :: r 

""'1',. - The ~A~I~a" number of classes TO !E CO'E~ED. AS THE 

D!~IOLT rs LA~GE THIS PARlSET!R JE!D NOT BE SPECIFIED 

EY.C~PT IN THE P~RE CISE THAT I STILL LARGFP NU~BER ~p 

CLASSES IS PReSr.N~. 

ddd an inteqer in the ranqe of 1:255. DEP'\I'lL'l' :: 5' 

NCt = 1CI'I 

:he maxi~um si~e an intemediate star rna, take before 

trimming is done. Since trimminq contributes a 

siqnificant amount of the computation done there may be 

some advantage in using a maxstar siqnificantlr larqer 

t.han cutstar. 

ddd an integer in the range of 1:999. DEPAUL!' :: 999 

FX.: "AXSTAR = 16 

The size to which an intemediate star is trimmed to. 

ddd an integer in tbe range of 1:999. DElI'AULT = 1 

EX.: CUTSTAR = 2 

PR":~ODF The amount of output desired. this is used primarily 

for debugqinq purposes. 

1 print all events and covers 



:; prints covers only. 	 DEFAULT = 5 

FX.: PRT~ODE = 1 

!!TL! a The value of title is printed on the top of every page 

of OQtput after the one it appears on. 

E!.: TITLE = ANYTHING 

the numbp.r 3f variables (dimensions) of the ev~nt space. 

ddri an inte~er in the range of 1:255. DEPAULT = 1 

EV.: NOVAR = 4 

V'!'SZ 	 ~his is a set of NOVAR numbers each optionally followed 

by one ~r two modifiers enclosed within a set ~f 

parenthesis. Each !-th number is the range that the 

:-th variable may take. If the variable range value is 

followed by a number within parenthesis, then that 

number is the weight of the selector. An "!" or a "pit 

is taicen to mean either an interval variable or facto[' 

variabl~ respectively. Neither, either, 0[' both weight 

and type may be specified fo[, each variable range. 

~lanks are used to separate the variable specifications~ 

There is a necessary set of parenthesis enclosing the 

entire varsz specification. 

(DDD (DDDn!) ••• bOOO () ) DEPAUlT = 1 

ZX. : n.~SZ=(1 4) no modifications. 

Ex.2: VA. FSZ= (3 (5) 42(!» singly modifit"1 

Fx.3: VAFSZ= (5 (1 P') 7(! 2) 6) doubl, modified 

NO~~: ~~VAR must preceed Vl!SZ. 



~his is 	the most complicated parameter. EYents is the 

means of specifying the training eYents to be used. The 

format is an alphabetic 1 to 8 character classname 

followed by ~ or more eyents. Each eyent may optionally 

be followed by a wei~bt enclosed in parenthesis. An 

evp.nt is specified either by a gaMma notation enclosed 

in angle brackets or by a set of NOYAR numbers, each 

within the range specified in YAPSZ with bl~nks Qsed as 

seperators. ~ weight is a number between ~ and 255 

p.nclosed in parenthesis. It follows the last yariable 

specification of the event it is modifying. ~f a class 

name is 	repeated tho.n the events following that class 

name are appended to the events in the first occurence 

of the class. ~hus training eYents in a sinqle class 

nep.d not be contiguoQs. Classes are coyered in the 

order in which the classnames are originally spp.cifie~. 

SO!!: 90th '!~SZ and NOVA? must preceed ~VEM!S. 

classname event (weight) ••• eYent (weight) classname event ••• 

where: 	 classname is a one to eight character string beginning 

with an alphabetic character. 

event is a set of NOV1R digits each within the range 

specified in yarsz or an ayent specified in gamma 

notation and enclosed in angle brackets -"(>" • 

, number in gamma notation ranges between 0 and 1 

less than the product of ~he ranges specified in 
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"psz. 

(weiqht) is a number between 0 and 21)5 enclosei in" ()" 

V1\':03"Z=(2 ~ U) EYEr:TS=C1 1. 2 ,(1) 1 2 2 (2) C2 " n ') f' ~ 1 (4' C1 1 2 1 

C1 has three events : (1 _2 3) (1 2 2) and (1 2 1) 

their weiqhts are 1,2 and 1 respectively. 

C2 nas two events: (0 C 0) and (0 C 1) 

their w~iqhts are 1 and 4 respectively. 

:x.2: same ~s Ex.1 except using gamma notation 

V11.::SZ= (:: 1 4) EVENTS=::1 <23> (1) <22> (2) C2 (I"> (1) (4) C1<21> 

Ex.2: using mixed notation this time. 

n?sz=(2 ~ 4) EY"P.?41'S=':1 <23>(1) 1 2 2(2) C2'" ':' r (1) (4):1 <21> 

~nv car~ that bp.qins with an asteric ('.f) in colu_n one is taken 

~~ a comment card. ~ comment card is echoed on the output but otherwise 

iqnor€'o. 

JCL USED: 

~he simplest wav to use tAO is to use the proc tAO as follows: 

II;obname JOB 

I*ID PS=psnumber 

I·!D CODE=code 

: 

addition id cards if necessary 
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· · 

·
· 

//procstepname E!EC TlQ 

I/AQ.STSIN DD 8 

control caris as described aboge 

1* 

~h~ proc also allows one to specify an optional ~aximUM 

r~qion size for the aq step. the keyword is fr' and should be placed 

~ft~r th~ procname ~s shown in the following example. 

EX~C TAQ, '1'=9(1 PC 

~he n~fault for? is 1~~k which should he more than ample for 

most apolications as can be shown in the testing data below. 

~he proqram Y\Q may also be called as a subroutine of either 

a 'L/: oroqram or a 3~O/assemhly languaqe program as follows: 

From PL/:: 

:~LL 900T; /*calls the bootstrappinq proceedure 

that follows */ 

!NCL'JD~ CAt LAO; 

/* callaq loads, calls, and unloads each of the 

tvo modules comprising YJQ ~/ 

From 3~C/assembler: 

LINK EP=AQ~OD load and execute program to 

« generate C0gers 



LOAD EP=YPRT load print prograR 

CALL PL 1.Ulfl execute print program 

OELE!E EP=YPRT unload print prograa 

~ij~:HE~ fXA~PLES OP INPUT CONTROL P1RlftET!RS 

EYEC TAQ 


DO 
 * 

RTAMPLE OF M:NI~U~ A~OUNT OF CONTROL PARAK!TERS NECESSARY. 

V!.'3:SZ = 4 ) 

("T.lI.SSO~IF 

1 

"FC'U.5S 2 1 

I­

I j1'POCN-2 


IIAO.SYS!N DO * 


* ~YAMPtE TWO 

~!XST\R = 2 'ODE = ! V!!SZ = ( 3 2 

EV?NT3 = CL1 !) 1 CL2 1 I') 

1* 

ABOVE EXAMPLES WITH EXPLANATORY CO~"ENTS INTEPSPERSED 
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* ~Ya~PLE OV MIM:~U" A~OUNT OF CONTROL PAPlftETERS NECESS1~Y. 

• ~~~!: !HIS A~J PPEVIOU5 LINE APE COftM!MT CARDS. 

l'!0DE -- -. 
.. ~SE :~71~S~CT!NG COVE~S 

... !ACn PV!N~ ~0NS!S!S OF JUS~ ONE VA~IABLE 

v PSZ = ( U 

* ~~E 5P~::F:Cl::ON OF CLASSKAMES AND EVFITS FOLLOW 

* ~H~ N~~S ~F THF F:PST :LA5S !S ":LASSONE" 

., 

... :,!n: EVEN: ~\S ITS V7\RTABL:!:: EQUAL 1'0 3 

S t:'CL ~ss 2 1 

* ~~E 5!CCHD CI~SS HlS l CLASS NA~E OF "S!CLASS" AMD TWO EVPNTS. WHOSE 

* V~lUFS A~F 2 ~ND 1 ~ESPECTI'ELJ 

,. 

/* 

* TP~ L.S~ CllSS HAS 05£ EV!'T ~ROSF VALU! IS nAND WHOSf :L1SS Nl~E IS 

* ~~D OF EXAMPLE 

~ODE = T ~A~STAF = 2 cn~STAR = 2 

... :N THIS ~!A~PLE ~~7.STAB AGO CUTSTAR ARS 80TH SPECIFI~D. WHER AN 



• r~~E~~FDIA~F STAR EICEEDS ?IO CO!PLEJ!S IN SIZE IT WILL BE TRIS!ED 

* 9ACK !O :WO COMPLEX!S. IN THE PR!VIOUS F.XAKPL! !A1STAR WAS ALLOWED 

* ~~ DEFAULT !O A VALUE JF 999 AND CUTST1R TO A VALUE OP 1. IN EPPECT 

• ~~!S ~~~N~ He T~I~~!!G (EICEPT IN THE UNLIKELY E'ENT AN IN!IR!BDI1T~ 

* S~~~ D!D !V~FED 9q9 CO~PLETES IN WHICR CASE IT WOULD BE"TP!!RBD BA:K 

• ~~ ORE :~~?LFI). NOTE THA~ ~OFE THAN ON! PARA~ETRB !AY SP SPBCIFIED 

VAPSZ = ( 3 1 

* ~R!S ~!A~S ~Fl~ r~E ~'FNT SPACE IS TAK~R TO BF A 3 X 2 ~~TRI1. 

* v~e:~~LF a~! ~AKES O~ 'ALUES BETW3FN C AND 2, 'ARIABLE ?WO BETWEEN 

, , ~V!N!~ = CL1 Cl2 1 ~ 

* ~p:~ ~v~rpL~ CONS!S~S JF TiO CLASSES EICB ~ONTAINING TWO EVEITS. 

* ~HE CL~S~ 3AMES APE "CL1" AND "CL2". CL' CONSISTS OF !HE TWO EVENTS 

* WHOSE FIFS~ V\PIA8L~ IS nAND aHOSE SECOND VAP.IABLE !S 0 AN~ 1 

* ?ES?FC~!vrLY. cLi CJ~SISTS O? THE T.O EVE ITS WHOSE PI~S~ V~PIABLF I5 

* :~ 1 ~t~ WH~SE SEC~!D VARIABLE IS n AND ~ !ESP!CT!VELY. NO!E rHA! 

• ~HF F0~M~T :5 PPEE. ALSO lOT! THAT THE CLISS N!~ES DELI~IT THE 

* EVEN~S :N~O !HE VAFtous CL~SS~S. 

DFFAUtT 

~~nE ;,D,V,R I 

50 
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999 

1 

5 

~7-tf. =9A? S~PI~G !lOLL STPn.G 

'1nv~1:) (L:ST CF !NTEGEPS NO DE!'IUL~ 

·V~N7S L~ST OF CHI1 S~RINGS AND IJTEGEPS ~!c: D~JI'AIJLT 

iH:-GH:' (1): (2';5) follows an event or 9ar range ., 

follows a var ranqe 1 

AO INPUT 

= I..£. VA P 5'l = 1+ II. 4 Ll 

.. ~HIS :5 AN pVAMPL~ OF A CO!~ENT C~RD 

CU7S'!'AR = 8 ~:DE = V 

.. ~H!S E!J.~PL? :S '!'AK~N FRJ~ A PAP!9 BY B.S.MICHALSKI 

• F9?LA!S!JG G~N!~~L!ZrD LOGIC DIAG9A~5 

.. oE:"(1) - ?EP0?'!' tU63 UG: pub • 

..... L""SS1 

"'3"(". "'; 3 2 1 1 2 3 1'1 1 ~ 3 1 

I'" 2 3 .. 1 1 2 ., 1 2 2 C 1 2 3 1 

""'1" 2 , " J 2 'j 1 2 3 1 1 2 

~ ., 1 2 3 , f) 3 20" 2 3 , 1 2 

r:'DSS2 

, " , 2 , 2 o 2 C 1 1 1 1 t) 



12 

3 , 3 ? 	 2 3 3 2 2 3 3 C 3 323 


2 1 3 1 () 3 1 3 o 2 0 3 


2 ('I 3 2 C 111 
 1 1 " 1 


("1..\5 S:? 


~ A 1 3 2 ~ 2 3 


-n::R:' A?~ rc'1:?u EVENTS 15 BI! LONG COI!!PL!X~S. 


~U':) T="'~r 27 	 !,u X' 1ST! R ': 96 CUR STAR 11 LGST STAR 25'" = 

I'IA't: S'!'AP = 24 


D-=:LT~ . TRI"! CNT 1
'" 	 '" 

"'!.\PSED ::~E IS 1'\1'\".418 

::::,up I:i'!'AF 45 MAX !STAR 76 C!JR STA~ = 14 LGST STAR = 22'" 
~AT S'!'A? 24'" 

, ~ 9ELT~ 	 TR:C1 :'NT ')'" 	 '" 

CLASS;: 

:1: (V"=~: 1) (13=1':') 

-:'7: fY:'=2: 3) (13=2:3) 

~~JP Nn~B~R rC2 - COVRR FOR ~LA5S - CLASS) 


- QUEU!' IS F"PTY 


:'~: (~2="I:2) CO=',3) P:4=3) 

l' n 
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-v. PROGRA~ !~PLE!E.T1TI~1 

AO~CD is run in tvo staqes. The first being a pair of load 

mo~ules: one that. reads and interprets the users inpot and the other 

~hat generates the appropriate class covers. !his load .odole is 

~1~r lines of 3~~/assembler code consisting of ten modoles and an 

a1~itional 4(' linp.s of macro statements and copy-code. The second 

staqe is a ~0n line P~/I load module, YPPT, the print modole and is 

co~posed of ~ proceedures. 

DA~A s-~nC:UR!S. 

~ach event and complex is represented as a bianary string as 

in [ ". ~ll these (event and complex) bionary strings are farther 

orqaniz~d into doubly linked lists. The header of each list is a 

nummy string and the hi-order bit of its pointers are flagged. There 

is d seperate list for each of the folloving: variables, events in 

aach class, events in fn, events in f1, extension complexes, 

in~emeoiate star, S~dr compl~xes, cover complexes, events covered by 

pr~vious stars, events covered by the current cover chain. 

~oproximately a dozen macros vere coded to aid in the 

i~olementation of AO~OD. !h~ most i~portant of these is the :OVER 

macro. A complex, \, covers a complex or event, B, if A intersect B 

Put another vay COYER(A,B) is true if A~=A. !he actual 

co~e follovs: 



.. vc 	 rE~,A tem=A 


TFM,B tem=A§ 


~LC test if covered. 

~th~r often used macros are described briefly as follows: 

S~~UP used for linkag~ 

~~:H~ moves an event or complex from one chain to another. 

(~oes a delete and add) 

~oves a group of events or complexes from one chain to 

another. 

deletes a group of events or cOMplexes fr~m active use. 

!he function of the individual modules is as follOws: 

AO:~: ~his module r~~ds and interlrets the user in!ut, initializes 

many variables, and gets core for the events and some of the 

~nce the input has been completely read in AOC~V is called 

~osys!a ~his module does the actual reading in of input, echoing of 

ou+out, and also writes out all error messages. 

~Q~~P ~his module does some minimal initialization ~nd calls AQIRI 

~n1 ~QCJV to initialize and cover the training set. 

to generate a cover for each class. 

~o~ov After each cover has been generated, AQPRT1 is tben called to 

put the cover in a temporary dataset for later printing. ~ls~ a 

messaqe containinq statistical information is printed. 

\QSY :his module generates the covers for each class (the 
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uncovered queue) passed to it. It does this by calling STARGN to 

g~nerate a star for an uncovered event from the class beinq c~vered. 

~v@nts cover~~ by the star just generated are moved from the 

un\,,;overed quelle to thl'! star-covered queue. The best complel is then 

chosen from th~ star and the events it covers are nov moved to the 

covered qqeue. ~his hest complex is added to the cover. Should the 

un\,,;overed queue be emptied while the star-covered queue is not, then 

pvents are taken from the star covered queue and a star is qeRerated. 

~s each star is generated DELTA, a measure of the distance of the 

cover fro. the optimal passible, is incremented. N~It the best 

comDI~x from the star is added to the coyer and the events it covers 

'tre ~)11t in the covered queue. when both the uncovered queue and tbe 

st~r-covered queue are empty a cover for the class has been generated 

and AO~Y returns. 

~his module qenerates a star for a given event. !t does this 

by ordering the events in EK (fry - the events against which the cover 

is to be qenerated) in ascen~ing distances from the event to wbich a 

st~r is to be generated. Then it generates the extension of tbe star 

eVDnt against the closest event from EX which is outside the 

qenerated int.ermediate star. (note: the intermediate star is 

initially null.) ~his ~xtension is then intersected with the 

in~erme~iate star tnus far generated to form a nev intermediate star. 

Tf the inter~ediate star gen~rated at this point has more than 

m~xst~r complexes in it. it is trimmed to cutstar elements ac=or~inq 

to the ~lqoritbm described in the T?:~ module. When tharp are no 



lonqe~ an, el@ment~ from EK outside the corrent interaediate star, 

A?ST sets tne star equal to the current interllediate star and 

~j3t:urns. 

This ~odule trims tae current intermediate star dovn t~ the 

best. cutstar elements. It does this by calling EVALS'r to evaluate 

e~ch complex and then ordering all the elements in ascending 

q~~uence. ~he entire star is then freed and the best cotstar 

elements a~e put back into the star. lOT! then returns. 

~Q~VST ~his module creates an array of evalu4tion blocks ased by 

'OT? and ~OEY to evaluate complexes in the current star or 

in·ermediate st~~. Each of these blocks consists of a last element 

flaq, ~ count of events covered, a count of sellectors (varri~bles) 

us~d in the compleI, a pointer to the complex being covered, and a 

v~lue of the complex computed as follovs: 

VH!J~ = 'eventscovereri + NOVAR "'selectors in complex 

wh~re ~CVA?' is the total number of variables in the event space. 

!t the point vhe~e VALU~ is computed, optionally a user specified 

routine may be called to return a value in a non~standard va,. 

,onpT' This ~odule t~kes the contents of the queues specified in the 

c~llinq ~outine and writes them to a temporary dataset for later 

processinq and printing. Althouqh used primarily for debuqgiBg 

purposes when dumping all or several event and complex queues, 

whenever a cover for a class is found, lQPR'r1 is called t~ save the 

cover for later printing and evaluation. 

~Q"'VCIi ~his module is called for movinq a chain of events fran one 
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queue to another. :t does this by inserting the first eleMent of the 

chain to bo moved before the tarqet buffer of the queue to which the 

chain is to he moved. !he last element of the chain is li~~ vise 

ch air-H'i tot he element th at vas oriqinally before the target buffer. 

"'he hlJffer h~fore the first elP.ment of the chain moved is then linked 

~o the tuffer after this chain. AO~VCH then returns. 

~O~:H~ :hi~ module deletes a buffer from the chain it is currently 

in ~n1 r~chains it after the tarqet buffer pointed to by the callinq 

r,r)~B~:D ;-his modulp is called whenever any of the lIlodules above 

di;,covers an internal logic error. (This is usually a bad chain of 

some sort.) When callpd ~Q~BND vill call AQP~T1 to print out all the 

chains (i.M. f(-events, uncovered events, star-covered events, 

covered events, intermediate star, incomplete coyer, etc., as well as 

a short [T\e~saqe descrihing tbe error. ~ll open files are closed and 

an ahen~ Hxit witn 3 core im~qp. dump is taken. 

y?Q'!' PRC':'FEDllRFS 

p~~,~ This is the m~in proceedure vhich acts as a caller or ~onitor 

for the proceedures describei belovo Its secondary function is to 

open and close all ~atasets. 

;!~LE This proc reads in a title card and prints out the card 

image. In ad1ition, if a nev class name is discovered it notes it 

for D~ssible later use hy EVALCQV. 

V~D !bis proc reads in the varsz array. 
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YC!TEY ~his oroc reads and write events from a particular queue. 

w?:~PLY This proc rea~s aRd writes complexes fro. a particular queue. 

:n addition if thp. complexes are part of a class cover it saves them 

and reformats them accordi~q to whet~er they vill later be usad by 

~V'LCOV or CO~FUS. 

~V~LC0' This proc evaluates the cover cbains saved by WRIrPLX against 

p.v~nts in a rEST dataset on the basis of percent correct descisi3ns, 

false posi~ive descisions, false negative descisions, percent of 

~vqnts undescisive , that is not covered by any class cover and 

percent of events ambiguous, that is covered by mor9 than one class. 

""C'''F'TTS ':his proc (written by James Larson,) evaluates the covers 

s~ved by wFITPLT against events in a TES! dataset on the basis of 

percent correct descisions, count of events covered by each class 

cover and each complex within that cover, count of events ambiquous, 

ann count of ~vents undescisive. 

v. C~~?AP!~ON OP ~ V!RSIONS ~p AOVAL/7 

Ease of use - ~his is a subip.ctive evaluation taking into 

account the number of oarameters that must be specified, tbe ease of 

up~atinq training events, the amount of control has over the covering 

orocess, the amount of control one has over core usage and CPU usage, 

and the amount of JCt necessary. 

Clist - This is a parameter that allovs the user to specify 

~ covering order other than that in vhich the training events aRE 
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presented. 

~Teqative events - To specify an event as an negative event 

mo.ans that it is known that this event does not belong to a 

particular class but it is unknown ~bat class tbis event truly 

belonqs to. 

~elector r~strictions - This is a means of specifyinq a 

tieoenciency of a subset of variables upon another subset of variables. 

~or example if it is impossible for variable 12 to take on any value 

~.h~r than one when variable X~ has value one then any complex 

c")ntaininq (:r2=1lfX3=1 1 is not allowed to occur in thecover f:>r that 

class cortaining the restriction. 

?ormula updating - Sometime it happens that one alread, has 

cover~ for a set of classes but an addition has been made to the 

traininq set. ~pll, !TCN3 allows one to specify these covers and 

~hen a~iu5+s the cov~rs to conform to tbe new training set. rhis 

~llows ~ considerdble 5aving of computation time althouqh thp new 

covers are so~ewhat turther from optimal than would otherwise have 

he!':'n produced. 

~nglish output - rhis is a feature that allows one to specify 

a translation of the variables and variable values into mearingful 

enqlish mnemonics. :h~ result of this process is that coV~rs are 

orinted something like "[FLCWER=ROSE]fCOLOR=RED1" instead of 

!If X 1 =2 lf ., 2""'1 1". 

~ar3metor echoing - This feature allows the user to se9 how 

he typed ir. his control parameters. It is printed on the out.put as 



it apDeared in the input. Not~ that all versions will let the user 

know what values are used for tbe parameters he specifies. 

Event echoing - tbis feature allows the user to see what 

ev~nts he has specified in the training set. ~he format ~f this 

differs amonst the four versions. TAQ siaply echoes the users input 

oLinting a Dotentially compact representation of the events. ITCM) 

~~f()rmats the events so that there is a maximum of one event per line 

~n1 prints only the values for each variable. AQSa and 10' in 

ad~ition to reformatinq the variables in a fashion similar to I~CM3, 

numbers each of the events and prints a header between each class. 

Prints delt~ - Delta is a measure of the minimal distance 

from the cover found to the optimal cover possible. Were it not for 

trim~inq delta would be an exact measure of this distance. 

Prir.ts trim count· This is the number of times that 

intermediate stars had to be trimmed in the process of star 

~ener~tion. ~he su~ of this and delta is an approximate measure of 

the maximum distance of tae found cover front the optimal one. 

Complex evaluation - This is a means of evaluating ~he 

qo01ness of the covers found by testing how veIl the, cover a set of 

testinq events. Yarious statistics are printed b, the various 

evaluation roqtines to aid the user tD determine if he should attempt 

·0 find a Detter cov~r vith more training events. 

Frror handling • ~his is a sub;ective evaluation of how vell 

the various versions handle mistakes in specifying events or control 

~arameters. ~ne of the things that weighed heavily was that if an 
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event was incorrectly specified (such as by leaving out a variable 

value or specifying an out of range value,) both lQ7 and ITCN3 would 

qiv~ no indi~ation of this and attempt to process with invalid events 

which in my t~sting pr~ved to be somewhat expensive. Incorrect 

~p~cificatio~ of the control parameters also caused unpridi 4 table 

re~ults in these two v~rsions. (i.e. if NGE were smaller than wbat 

vas ne~d~d, selectors with no values were generated in the covers and 

·h~ c?verinq time was unduly long.) 

Since this is Qn~ of the maior differences between the 

various versions of AQVAL/1 it will be handled seperately. 

y~O -~ valu~ is co~pute1 for eacb complex according to the 

following formula: V~LUE = SUMFVW + TOTSi - SU~SV 

?U(tI-C:VW = sum of the weights of the events covered by the complex. 

~~~sw = .otal of all selector weights. 

::HMSff = sum of the complements of tbe weiqhts not used in the 

complex. ~he complement is relative to tbe largest weight of any 

selector. 

~his value is computed for each complex each time a trimming 

operation is done, be it for intermediate stars or the final 

. st"lr. 

!TCN3 - The user may orde up to four criteria to be used one at 

~ time as necessary each time either a star or an intermediate 

st~r needs to te trimmed. !f only one criteria is necessary to 
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brinq tbe (intermediate) star to cutstar complexes then onl, 

one is us~d. Othervise those compleKes left viII be eyaluated 

by the next criteria. 

AO~A - :ntermediate stars are evaluated onl, according to 

number of events covered. If further itrimainq is necessary it 

is done in an arbitrary fashion. !he final star is eyaluated 

according to the number of sellectors used in a complex if 

the event ~valuation does not bring its size ~ovn to one event. 

~O~ - ~he user may order up to seven criteria to be used 

for picking the best complex from the final star. For intermediate 

star trimming only the first of these criteria is used. ,.rther 

trimming is done in an arbitrary fashion if necessary. 

7ABLE OF FE~TOR~ DI'F~PENCES 

'!;o'CT:'U?E YAQ I':'CS3 AQSA AQ7 

Author E YALOW LAP-SON TA RASKI .l!ICHALSKI 

!.~nquaqe 360/ASM PL/! PL/I PL/I 

Pt'·::>qram size 10K 26K 18K 2UI{ 

":asp of use V GQC'D POr'? GOOD FATR 

('list yes ~o MO YES 

':'riteria yes SJ~E NO YES 

LOCiT yes yes yes yes 

'Ieqative events YES NO 80 NO 

S~lector restrictions N::> YES NO NO 
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~ormula uo1ating NO Y!S NO Ne 

~nqlish output NO YES N0 NO 

?arameter echoing YES .1 NO NO 

~vent ~choinq YES YES YFS YES 

~omDactness of output V GOe, FAI~ POOR POOP. 

Drints ~elta YES NO YES YES 

~rints trim-count YES NO YES YES 

~omplcx evalu3tion GOOD V GO~D POO~ POOP 

~rror handlinq GJOD POOR Y GOOD FI!R 

~o. of J~L c~rds nee1el 3 6 5 5 

VL no y'!s no yes 

values yes yesy~s y~s 

T'lFCR~: qamma yes no no res 

~he principle advantaqes of each of !he four aqyal/7 programs are as 

follows: 

y~o -~his version is the fastest and least expensiye. ~he input 

sp~cifications are the simplest. The output has the most compact 

format. Also the class covers produced are the simplest both in the 

number of complexes per cover and the number of selectors per complex. 

VAO and AQ'1 are the only versions to have an eyaluation procedure. 

Y~Q is the only version to suppDort neqatiYe events. (a negative event 

is one whose class exclusion is known but who class Membersbip is 

unlc'nown. ) Y~Q is the nnly version to do any internal eyant reordering, 

~ feature th~t contributes largely to its speed. YAQ has fairly good 
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error ch~cki~g and is the only version to completely echo osee input. 

in summary though, lAQ's principle advantage is its low cost and its 

speed. 

~01' -~wo thir~s the cost of 105A and one third the cost of 107, 

~011 is the second most inexpensive version of aqval/7. It offers the 

vid~st variety of featores, many of which are not foond in other 

versions. ~he three most noteworthy of these are: the inputing of 

complexes to be updated by further training events, the specification 

of selector interdependencies, and the translation of output complexes 

into an ~nglish language equivalent. 10" also has the best cover 

~valu~tion rootine. 

-~hp p.xcellent error diaqnostics are AQ5A's principle advantage. 

also the covers prodocel by !O~A are slightly hetter than those Qf AQ1 

ann 10'1. 

~0~ -~Q7 allows a wide variety of user criteria specifications. It 

is 3150 tbe only version that allows the user to specify an alternate 

order of class covering. 

~. PFPFC?!AYCE 

: conducted eight comparison test of the above four versions 

of agval/1 using six event spaces. Four of the event spaces consisted 

of dPproximat~ly ten thousand events. Each of these had aboot sn 

training events and the number of dimensions varried from 3 to 12. ! 

fif~h event space of apprOXimately one million events had five 



2S 


dimensions and 10n training events. The final event space, donated 


by iim larson, had about 1~••25 events, 50 dimensions, and 286 


events. ~ach event space bad either three or four classes. 


inters~ctinq covers vere used throughout. rver, event space vas 


tested with a maxst.ar of one. Cutstar vas set equal to maEstar in 


every test. The first event space and the last event space vere also 


t~sted with maxstar=3. Witb a time limitation of 18~ seconds neither 


!O~~ nor ~07 wer~ able to complete the last test. The results of the 


tests are tabulated below: 


~:'Y ~O TE~~S !N FOLLOWING ~ABL!. 


~P~G -P?GGRAM NAME Q~ lQVAL/7 'E!SION BEING TFSTED. 


-~~~ ~M~UNT 0F 3YT!S ~F ~EMO!Y USED IN THR TEST. 

·~HF JMCryN~ OF :PO TIME CONSUMED ~!ASURED IN SECONDS. 

c:: II ··HE ~D!B!R ~~ SER'IC! UNITS CHARgED BY CSO POR THE TEST. 

-7HE 70!AL :OUS~ OF CO~PLErES I' lLL !H! COV!P!. 

tS~! -TH! snr ~~~AL 0F S~L!C~ORS IN ALL THE COMPL!XES !N ~LL THE 

-!~E SE7~!~~ DP !A~STAR OSEO. (COTS~A? iAS ALWAYS SET EQUAL :0 

~~XSTAF.) • 

~v ·~Hf ~ryMB!R OF VAPIASLES :N 7Hl E'ENT SPACE. 

N:t -THE ~ryMBfP nF CL1SSFS REISG TESTED. 


~~V~ ··H~ NU~BER O? fVE~~S IN THE TRA!NI!G SE~. 


V~~3~ -~HE SIZE OF E~CH DIM!NS!ON !~ :H! EV!NT SPACE 


http:maxst.ar
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\IV' NCL NEfF !UXSTAF SPACE 

; ':I 52 1 1~1 

.., 1 52 3 10K 


1 U 54 
 , 
'~K 

"2 U 40 1 1 'Ht 

~ . u 46 1 11)k 


7 3 1('(1 , HI 


,C:" 2S:l6 1 10**25 

C::!'I ~ 286 :3 10** 25 

-.., ........" '-':..' OF EVEN':' SPACE IN ALL CASES IS APPROX 10K EVENTS 

'"'his first test was to show thE" relative performances for a Medium 

nUT.her of variables of medium sizp with an average of 17 traillinq 

ev.::?nts per cl;)s5. 

'!)"'I)G CCFE 7!M2 C:)ST (C) ICPt tS2L 

no Uj • 5" 2 1 17 

:--':N3 17:- 2.2 16 HI 39 

~Q'5A 139 5.84 34 8 27 

~O7 142 11.54 1i4 13 28 

""he first test is repeat~rt with a maxstar set equal to :3 in order that 

the tradeoffs between Simplicity of covers and cost of fincHn; them 

may be irvestiqated. As can bE" seen the amount of improYement varried 

considerahly at d fairly constant additional cost of 50 • 

COR~ '!'IME COST (C) 'CPt 'SEL 



Y~O 4" 1.02 4 7 16 

;:-r:'N3 ,"', 3.71) 26 7 25 

!I. 0 t;! 139 8.59 48 6 15 

1\0"' 1142 '8.22 97 10 3(' 

?his te5t: was designed t:> see wbat effec_t a small nUMber :>f l!rge 

variablE>5 would have. Since I-eN3 allows a maximum variable domain 

nf P it could not included in tbis test. The results show tbatb"" 

Y~')'s relative performance is at its worst h"!re. Also its cost. per 

cover is douhle that of the averaqe for all other tests of this size 

9vAnt sp~ce. ~he re~son for this drop in performance aa, be that the 

maximum cartesian distance betwe~n events is so small as to be 

neqliqible, thus c~using thp reorderinq of events to be Rare :>f a 

hindrence than an aii. 

tn= 3 , N: L=b, ~3V"P= 514 ,'.II_X S'T A?= 1 , VA P SZ = (16,16 , 1?) , S Pi CE= 11'1!( 

0":) ,.,.~ --.oM':" 
.' .':1 ~ ;,,uC':!?f ... C:)Sl' (e) .::p:{ IS!L 

nQ 1+: ,. 12 I) 16 )4 

ltOC:~ nq 7. , U 24 11 21 


110"' ~42 13.12 71 12 'II' 


';:n a test of a large number of small variables and an average of 10 


ev.::>nt.s oer class YAt,lts reordering is shown to maximum advanta:je. 


Y!.l)ts COV'i!rs were by far the simolp.st ann its cost per cover was the 


cheepp.st of any of the tests. 


~v='2,~eL=u,5FVE=40,~AIS!\R=1,V~RSZ=(3.2,2,2,2,2,2,2,2,2,2,~" 

SPAC E='H~ K 

COST (C) tcPx -SEL 

http:cheepp.st
http:simolp.st
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gO ur, .52 2 13 21 

I"''''~~ 161.\ 2.6-} 26 11 lIa 


a?~A 1J8 15.94 314 11 3" 


~Oi 142 8. r. J 45 11 51 


li'S're is another test of a medium number of variilbles of lfted iam size. 


NY=5,NCL=q,NEVE=1I6.~A!S!A~="VAP.SZ=(3,8,8,8,8),SPACE=''K 

:) "'HiG C'O~t !Hl! C~S'1'(C) .cPt tSRL 

ya') q'" .7r; 3 10 23 

'!'!'~N3 1Sg 2.97 22 12 113 

~.Q:;A ~39 6.e" 35 32" 
II. ')i '42 14.~7 81 14 31" 

.!.VEP.~GE' t)P' THF' \BOV~ PIV! TESTS 

'V=~.g,N:L=3.5,NEVE=U8.p,~lxsrAR='.4 

no 4'; .78 3.2 9.6 22.2 


., ,. r.
r .... C'13 1f:5 2.:F~ 22.5 , .. 3t:3.7 

AOI:A, 118 6.70 35.0 9.4 32.2 

~o'" 102 13. 17 72. 8 12.0 35.1'\ 

ABOV!': N'JIUUL I'Z!D R!LTlrIYE TO YIQ 

::'-CN3 4.12 11.12 7 1.t:'4 1.74 

1101:)~ 1.4:- 8. '39 11 .98 1.115 

AOi 3.55 16.119 23 1.25 1.65 

Here tbe event space vas increased 1iJ times and the number of traininq 

events doubled. Tvo thinqs should be noted. 1) Ylll a.nd lO~l produced 

virtually identical covers. 2) The performance of lQ7 bas de~raded 

to ~2 times the cost. of JAQ. 
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NV=7,NC1=3,'FYE=,~o,~ArSTIB=1,V1RSZ~(8,8,8,8,8,3,9"SPICE=10K 

5~'CF=1P! 

T'l1?0G C'J'RE TIME c:)sr (C) tcpx .SEL 

YH} U'" .74 3 5 7 

:...,(:~:? 16'i 4.87 13 8 27 

'OC:A '2u 6.17 Hi 5 7 

to? 1112 3'5.Q2 197 6 1~ 

-n the following four tests the average variable domain is 2.5 and 

~hp traininq set is 2~6 events. The event space is man, times larqer 

th"lr any oteviOllsly used. with a CPU time limit. of 29~ sp.conis only 

:~~~? and YlO were able to completely cover all three classes. rhe 

traininq .e+ was donated b, Jim Larson and vas originall, use1 to 

find d 1escriPtion of some rarte forns of cancer. .s can be seen 

~qain y~o produces a better coY~r for less cost. Also increasing 

'TldlCstar produced only fl\ildly hetter complexes at siqnificantl,.more 

cost. 

nv=c~,!CL=3,NEV!=286,SPICE=1'**25,MAXSTAF=1 

p '!) (' :; ("CP!:. CJSr (C) 'SEL!'H'! 'CPr. 

no UA 13.;:r: 5" 19 154 

1..,r:::'!'':'!-i3 59.~t 2763" 31 

56.0C 165 19 124 

1,,, 25 248 

yal) 113.C·('\ 464 18 93 



~V=5(#'CL.3,N!'E=286#SPACE.1~·.25#"lXST1B=16 

Y~Q au f1C.~ry 2145 17 85 

VI. CON':!H'9U:r!ON OF nQ 

TAO is the fastest, smallest version of aqyal/7 currently 

~vailable. It also usually produces the best coyers. Its speed and 

$~all size is principly attributed t~ its bein coded in assembly 

lanquage. ~he finenes of the covers is the result of event 

reorderinq. 

_ssembly language allows for efficient subroutine mana;ement, 

~fficient variable control, and error checking onl, in potantial 

t:rouhle spots. 

~vent reorderinq is TAQ's most important contribution to 

aqv'il/7. ~eorde ring minimizes the nllmber of intermediate stars 

nroduced in the course of star generation and also minimizes the 

number of selectors used in each complex generated. cartesian 

1istance is the unit of measurement used in event reordering. The 

cartesian distance betv~en two events is the number of variables in 

which the two events have different values. Each time an event is 

chosen from ~1 to generate a star around, the events from pr are 

~rdered relative to their cartesian d~stance from this event. Events 

from F~ are further grouped into those which are covered by tbe 

current in~ermediate star and those which are not. (the initi8 1 

intermediate star is the entire event space.) then an eItensi3n of 

the chosen P1 event is made against the closest event from p~ still 
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covered by the current intermediate star. there are three maior 

effects of this. One is that the extension is as s ••ll as possible 

since the tvo e.ents differ in tbe minimal number of e.ents. The 

~econd is that A.ents from pn cast a skadov. The closer the a.ent 

tro~ F~ thp greater its sh~dov and the greater the likelihood that a 

maximal nu~ber of events from F~ will be excluded fro. the nert 

inter~ediate star. (see diagram) this keeps the nu~ber of 

intermpdiate stars generated to a minimum. Since the resultiBg star 

is more qener~lized than that qenerated by the arbitrary processes 

used by the other versions of aqval/7 , it is more likely that a greater 

number of events from ?1 will be covered by the best complex which is 

wh~t ~llows Y~O's covers to contain fever complexes. 

U"!"'t" 
Y ~ • AF!AS FOR IMPBOVE~E~T OF YAQ 

,. Adj a weighted selector and evpnt parameter so that 

particular ev~nts o~ variables will be covered or used first in 

stlr qeneration. This approximates some of the criteria Qsed by 

~eorder the events in F1, the class being covered, so 

that the next star event is the one furthest from the last complex 

in the cover thus far generated. If the cover is null then use 

thA even~ closest to ~n, event in F~. 
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