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e INTSODUCTION

This paper provides a users guide to the use of the program
AQVAL/7 version YAQ, In addition a description of YrQ's contribution
to the AQVAL/7 algorithm and a comparison with the othet:versions of
AQOVAL/? is given. YAQ is a program that infers a guasi-optimal
1isjunctive simrple formula of the variable valmed logic system VL1,
Tn this version a formula distingquishes classes of events and
generalizes over unspecified events. The formulas are formed from
a description of the event space (number of variables and their domains)
and a set of trairing events, The degree of generalization can be

controlled by a "mode” parameter,

I INPUT

There are eight (8) input parameters wvhich may be specified

in a semi-order free format. The general format for a patrameter is:
KFYRORD=VALUZ

where KEYWDRD is the parameter being specified
= specifies that the keyword value follows
and VRALUZ is one of the allowable values the keyvord may
take,
Keyvords are seperatedi by one or more blanks,
In addition the following symbols are used in the explanation

of the keywords and their values as follows:



A4 is a4 one to three digit number

is a one to eigqht character alphameric string
heginning with a alphabetic character
maans that there is no default and a value must he

specified

“ha inout that is read is assumed to be A character card images with

cnlumnsg 73:8°7

¥EVSn D
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igrored, Kaywords and values may cross card boundaries.

keywords, their allowable valunes, and their meanings follow:

values meaning

the typ2 of covar to jenerate {degree of generalization)
intersecting covers. &nr unspecified event may be in
more than one class. Specified swents are covered by
nne cover only.

same as T hut with the covering complexes mininized,
disjoint covers. No avents, spacified or not, is in
more than one class, ‘

Same 1s 3 but with the covering complexes mininiz=d.
VL. VL fhrrmulas are generated such that the class
covars arz arier dependent ani an event, specified or
rot i35 in rhe first class that covers it, The last

class d2es not have a cover formula bhut is the 1efault

if the 2vent is not covered Ly a previous class.
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JOTSTAR

PRTODF

LA

dadd

ddd

ddd

Same as V baut with the covering complexes minimized.
Reverse ¥L, VL mode with the classes covered in reverse
order.
Same as R but with the covering complexes minimized,
FZ.: MODE = T
The MAYIMOM number of classes TO RE COVERED, AS THE
DEPAJLT IS LARGE THIS PARAMETER BERD NOT BE SPECIPIED
EYC®PT IN THE PARE CASE THAT A STILL LARGER NUMBER 9F
CLASSES IS PRESENT.
an integer in the range of 1:25%5, DEPANLT = S0
KCL = 1¢n

The maximum size an intemediate star may take before
trimming is done. Since trimming contributes a
significant amount of the computation done there may be
some advantaqe in using a maxstar significantly larger
than cutstar.
an integer in the range of 1:999, DEFAULT = 299
EX.: MAXSTAR = 1€

The size to which an intemediate star is trimmed to.
an integer in the range of 1:999, DEPAULT = 1
£Z.: CUTSTAR = 2

The amount of output desired. this is used primarily
for debugging purposes.

print all events and covers
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prints covers only.

FXet

DEFAULT = 5

PRTMODE = 1

The value of title is printed on the top of every page

of output after the one it appears on.

E¥a: TITLE
the number of
an intejer in
EVes NOVAR
This is a set
by one or two
parenthesis,

I-th variable

followed by a

number is the

= ANYTHING -

variables (dimensions) of the event space,
the range of 1:255. DEPAULT = 2
=

of NOVAR numbers each optionally followed
modifiers enclosed within a set of

Each T-th number is the range that the
may take, 7Tf the variable range value is
number within parenthesis, then that

weight of the selector. An "*I* or a “p»

is taken to mean either an interval variable or factor

variable respectively,

Neither, either, or both weiqght

and type may be specified for each variable range.

Tlanks are used to seperate the variable specifications,

There is a necessary set of parenthesis enclosing the

entire varsz specification,.

(DDD(DDDDBT) & . BDDD())

EXed
EXe2: VARSZ=
Fxe3: VARSZ=
KOT®:

VARSZ= (3 4)

DEPAULT = ?
no modifications.
{3 (5)

4 2(1)) singly modifie?d

(5{1 Py 7(T 2) 6) doubly modified

MOVAR must preceed VARSZ.



EYeNTS This is the most complicated parameter , Events is the
means of specifying the training events to be used., The
format is an alphabetic 1 to 8 character classname
followed by 27 or more events. PEach =2vent may optionally
be followed by a weight enclosed in parenthesis. An
event is specified either by a gamma notation enclosed
in angle brackets or by a set of NXOVAR numbers, each
within the range specified in VAPSZ with blanks used as
seperators. A veight is a number between ™ and 255
rnclosed in parenthesis. It follows the last variable
specification of the event it is modifying. If a class
name is repeated then the events following that class
name are appended to the events in the first occurence
of the class, Thus training events in a singl2 class
neaed not be cantigquous. Classes are covered in the
order in which the classnames are originally specified,
NOTE: Both VARISZ and NOVAP must preceed BVENTS,

classname event (weight) ...event (weight) classname event ...
vhere: classname is a one to eight character stfinq beginning
with an alphabetic character,
event is a set of NOVAR digits each within the range
specified in varsz or an event specified in gamma
notation and enclosed in angle bracksts =-"<{>" ,

! number in gamma notation ranges hetween 3 and 1

less than the product of the ranges specified in



VAFRSZ.
{(veight) is a number between 0 and 255 enclosei in" ()"
Fxe?l:
VEO3Z=(2 3 4) EVERTS=CT 1 2 3(1) 12 2 (2) C2 17N 92 021 (4 C1 121
C1 has three events : (1 2 3) (1 2 2)and (1 2 1)
their weights are 1,2 and 1 respectively.
C2 has two events: (3 ¢ 0) and (0 0 1)
their waights are 1 and 4 respectively.
TXe2: same as Ex. 1 except using gamma notation
VASSZ=(2 3 4) EVENTS=C1 <23>(1) <22>(2) C2 <> <1>(4) C1<2>
Exe2: using mixed notation this time,
VA2SZ=(2 3 4) EVERTS=CT <23>(1) 1 2 2(2) €C2 9 0 £ <1> (8)T1 21>
iny card that begins with an asteric ('*') in column one is taken
as a comment card. A comment card is echoed on the output but otherwise

ignored,

JCL USED:

The simplest way to use YAQ is to use the proc YAQ as follovs:
//jobname Jos
/*ID PS=psnumber

/*TD CODE=code

.
"

* »
» -

addition id cards if necessary
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//procstepname EYEC YAQ
//AQ. SYSIN DD 8

control cards as described above

/*

The proc also allovs one to specify an optional maximam
region size for the aq step. the keyword is *'r* and should be placed
after the procname as shown in the following example.

CTSTFRPNAMT EX®C YAQ,R=90K

e}

//°
The default for ? is 10"k wvwhich should bhe more than ample for
most apolications as can be shown in the testing data below.
T"he program YAQ may also be called as a subroutine of either

a "L/T program or a 36%/assemhly lanquage program as follovs:

From PL/I:

TALL BONT:; /*calls the bootstrapping proceedure

that follovws */
INCLIDE CALLAQ;
/* callag loads, calls, and unloads each of the
two modules comprising Y*Q 3/

From 3f{/assembler:

LINK EP=AQMOD 1load and erxecute program to

* generate covers



LOAD EP=YPRT load print program
CALL PLINALE execute print program

DELETE EP=YPRT unload print program

PRTHER EXAMPLES OF INPUT CONTROL PARAMETERS

//PROCNYME ZYIEC YAQ
//89. SYSTIN DD =
. ' RYAMPLE OF MINIMUM AMOUNT OF CONTROL PARAMETERS NECESSARY.
*NDF = I
NAYAR = 1
VEISZ = (4 )
TYTAIS =
CTASSCYUF
3
SFILASS 2 1
T3 °
/*
//2F0OCH"? TATT YAQ
//80.S1STY DD =
* FYAMPLE TWO
FOTSTA® = 2 MATSTAR = 2 MODE = I vARSZ = ( 3 2)
EVANTS = CLY PR cL2 19 11
J=

ABOVE GEXAMPLES WITH EXPLANATORY COMMENTS INTERSPERSED



* TYAMPLE O© MINIMUM AMOUNT OF CONTROL PAPAMETERS NECESSARY,
. NATT: THIS AND PREVIOUS LINE ARE COMMENT CARDS.
MODE = I
* MSE TFTIRSECTING COVERS
NOVAR = 1 )
* TACH PVTNT TONSISTS OP JUST ONE VARTABLE
VAnSZ = (4 )
« THF ONF VARIABLE MY TAKE ANY OF THE POUR VAUES 0,1,2, 0% 3
TYENTS =
« THT SPTCIFICZIION OP CLASSNAMES AND EVERTS FOLLOW
CLASSCYE
* THT ¥AFE AP THE PIFST CLASS IS “CLASSONE®
2
* THE EVENT YAS ITS VARTABLE EQUAL T0 3
SFCLASS 2 1
« THE SECCND CIASS HAS A CLASS NAME OF "SECLASS" AND TWO EVFNTS WHOST
* VALUES AEF 2 AND 1 RESPECTIVELY
c1r f
/‘

* TET LAST CILASS HAS ONE EVEFT WHOSF VALUE IS N AND WHOSF CLASS NAME IS

x weopan
« TND OF FYAMPLZE
= SYRXPLE TwWD

MODE = T MATSTAPR = 2 COTSTAR = 2

* TN THETS TYAMPLE “AYSTAR AKD CUTSTAR ARE ROTH SPRCIFIPD., WHEN AN
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INTEPMEDIATE STAR EXCEEDS TWO COMPLEXES IN SIZE IT WILL BE TRIANED
3ACK TQ TWO COMPLEIPS. 1IN THE PREVIOUS EXAMPLE MAYSTAR WAS ALLOWED
™3 DEFAULT TO A VALUE OF 999 AND CUTSTAR TO A VALUE OFP 1. IN BFFECT

THIS MWANT NC TRIMNING (EXCEPT IN THE UNLIKELY EVENT AN INTERMEDIAT®

STAT DID ¥WYTEFFED 999 COMPLEYES IN WHICH CASE IT WOULD BE TRIMMED BACK
m7 OWE COCXPLFZ). NOTE THA™ MORE THAN ONP PARAMETER MAY BF SPECIPFIED
N CNF LINE,
VAESZ = ( 3 2 )

* THIS MEANS THAT THE ZVENT SPACE IS TAKZN TD BE A 3 X 2 MATRIY.

VARIASLF QOUT TAKES ON VALUES BETWEFN ¢ AND 2, VARIABLE TWO BETWEEN
T AND 1,

TYETNTS = CLA1 rn

[ ]
b

crz 119 11

THIE TYAVPL®W CONSISTS JF TWO CLASSES EACH TONTAINING TQO EVENTS.

THE CLASS NAMES APE "CLI" AND "CL2", CLY CONSISTS OF THE TWO EVENTS
WHOSE FIFST VAPIABLY® IS N AND WHOSE SECOND VARIABLF TS O AND 1
2TSPFCTIVELY. CL2 C2NSISTS OP THE TWO EVENTS WHOSFE FPI®ST VARIABLF IS
TS 1 AYD WHNSE SECSND VARIABLZ IS O AND ¥ RESPFCTIVELY. NOTE THAT
THF FORMLT IS FPEE, ALSO NOTE THAT THE CLASS MAMES DELINIT THE

EVINTS INTO THE VAETIOUS CLASSES,

STYMARY TABLE OF KRYWORDS

KTYF0OED VALUTS DEFAODLT

MADET  T,D,V,R T

h{shd Mi2E€C -1



“LYSTAF 1:999 gaa
CMTSTAR 1:009 1
P9TMADE 1,€ 5
TTTLE  CHAR STRING NULL STPING
yOyR®  ( LIST CF INTEGEPS ) NO DEFAULT
TVENTS ITST OF CHAY STRINGS AND INTEGEPS ¥O DRFPAOLT

WETGHT (1) s (25%) follows an event or var range 9

TYP® T.F follows a var range 1

IT2. ~TITPUT™ OF THE PROGRAN:

AQ INPUT

¥nyaD =4 VARSZ = ( 4 444 )
. "HIS TS AN FYAMPL® OF A COMMENT CRRD

¥3175T® = 284 CUTSTAR = 8 MCDE = ¥
. 4TS EYAEPL? IS TAKEN FROM A PADER BY R,S,MICHALSKT
. FYPLATSING GINI2BLIZED LOGIC DIAGRANS

* °TP (1) - TEPLIT #463 UCI pub.

eyryTe =

~TL1I581

~ 310 5321 122 1329
F2a 1321 1220 1231
1m0 2173 2112 2112
2412 319 3 2602 3312
~11532
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33 37 23 32 233 ¢ 3323

T30 21 21 ¢ 313 c203

T3 2" 32 c 111 1101
CIASS3

AR 21723

“HERP ARER CCN34 EVENTS 15 BIT LONG COMPLEXES.

7TU® TETAF 27 MAXY ISTAR = 96 CUR STAR = 11 LGST STRR = 25

MAY STRP = 24

DELTA = 7 TRIY CNT = 1

PLAPSED TIRE IS NANM9,418

CUR ISTAF 45 MAY ISTAR = 76 COR STAR = 14 1GST STAR = 22

MAY STAP = 24

DELTA = T TRIY CNT = 7

TLAPSED TTYE IS J07,664

"WLp NOgM3ER (71 - TOVER FOR CLASS = CLASS2
TOVEE

Tt (v1=7:1) (x3=ﬂ:1i

T?: {T1=2:3) {X3=2:3)

SMEP NUMBER C€C2 « COVFR POR ZLASS - CLASS)
TR - QUEOF¥ IS FMPTY

cAyTo
ST: (¥2=7:2) (T1=1,3) (Y4=3)

YZLASS2''T1CA1111110 2119108406 11111100111119 9 BICLASS 3 111111100101090

1en



V. PROGRAN IMPLEMENTATIOR

AQOMCD is run in tvwo stages., The first being a pair of load
moAules: one that reads and interprets the asers input and the other
that generates the appropriate class covers. This load module is
7177 lines of 34" /assembler code consisting of ten modales and an
adlditional 4€" lines of macro statements and copy-code., The second
stage 1is a 80" line PL/T load module, YPRT, the print module and is

composed of S5 proceedures.

DATA STRUCTURES,

Tach event and complex is represented as a biunary string as
in [1]. 211 these (event and complex) bianary strings are further
organized into doubly linked lists. The header of each list is a
dummy string and the hi-order bit of its pointers are flagged. There
is a seperate list for each of the following: variables, events in
sach class, events in f", events in £1, extension complexes,
intemediate star, star complaxes, cover complexes, events covered by

previous stars, events coverad by the current cover chain,

MATEOS,

Ltoproximately a dozen macros wvere coded to aid in the
implementation of AQOMOD. Th2 most important of these is the COVER
macro. & complex, %, covers a complex or event, B, if A intersect B
equals %, Put another vay COVER(A,B) is true if AB=A. The actual

code follows:

13



L4 fo TENM,A tem=A
his TFM,B tem=AB
ZLC TEM,B test i1f covered.

Yther often used macros are described briefly as follows:

ST*TUP used for linkage )

*TIZHN moves an event or complex from one chain to another.
{loes a delete and add)

MOVZCHN moves a group of events or complexes from one chain to
another.

PP RFCHNM deletes a group of events or complexes from active use,

AQMOD MNDTLES,

The function of the individual modules is as follows:
ADINI This module r2ads and interlrets the user inTut, initializes
many variables, and gets core for the events and some of the
complexes. Once the input has heen completely read in AQCOV is called
1QSYSIO This module does the actual reading in of input, echoing of
outout, and also writes out all error messages.
A0T%P This module does some minimal initialization and calls AQINTI
and AQZOV to initialize and cover the training set.
to generate a cover for each class,
AQ07av  After each cover has been qenérated, AQPRTY is then called to
put the cover in a temporary dataset for later printing. Also a
messaqe containing statistical information is printed.

AQRY This module generates the covers for each class (the

14
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uncovered queue) passed to it. It does this by calling STARGN to
generate a star for an uncovered event from the class being covered,
“vents covered by the star just generated are moved from the
uncovered queue to the star-covered queue. ™he best complex is then
chosen from the star and the events it covers are now moved to the
coveraed queue. This best complex is added to the cover. Should the
uncovared queue he emptied while the star~covered queue is not, then
events are taken from the star covered queue and a star is generated.
*s each star is generated DELTA, a measure of the distance of the
cover frow the optimal nossible, is incremented. Next the best
compl2x from the star is added to the cover and the events it covers
are put in the covered queue, #hen both the uncovered gueue and the
star-covaered gqueue are empty a cover for the class has been generated
and AQFY returns,

LEs Jchnd “his module generates a star for a given event. It does this
by ordering the events in EK (£7 ~ the events against wvhich the cover
iz *o be generated) in ascending distances from the event to wvhich a
star is to be generated. Then it generates the extension of the star
event against the closest event from 2K which is outside the
genarated intermediate star, {note: the intermediate star is
initially null.,) This extension is then intersected vith the
intermediate star thus far generated to form a newv intermediate star.
If the intermediate star genaerated at this point has more than
maxstar complexes in it, it is trimmed to cutstar elements aczording

to the algorithm described in the T274 module, When thare are no
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longer any elements from BK outside the current intermediate star,
ADST sets the star squal to the current intermediate star and
returns.,
A0TR This module trims the current intermediate star dovn to the
best cutstar elements, It does this by calling EVALST to evaluate
each complex and then ordering all the elements in ascending
sequence, The entire star is then freed and the best cuatstar
elements are put back into the star., AQTR then returns,
ﬁQ?VST This module creates an array of evaluation blocks uased by
2072 and AQEY to evaluate complexes in the current star or
intermediate star, Each of these blocks consists of a last element
flaq, a count of events rcovered, a count of sellectors (varriables)
used in the complex, a pointer to the complex being covereﬁ, and a
value of the complex computed as follows:

VALH?® = seventscovered + NOVAR =-#selectors in complex
where %CVRE is the total number of variables in the event space,
*t the point where VALU¥ is computed, optionally a user specified
routine may be called to return a value in a non-standard way.
10PET1 This module takes the contents of the queues specified in the
calling routine and writes them to a temporary dataset for later
processing and printing., Although used primarily for debugging
nurposes when dumping all or several event and complex queunes,
vhenever a cover for a class is found, AQPRTY is called to save the
cover for later printing and evaluation,

3Q¥VCH This module is called for moving a chain of events fron one



queue to another. -t does this by inserting the first element of the
chain to be moved before the target buffer of the queue to which the
chain is to be moved. The last element of the chain is like wise
chainred to the element that was originally before the target buffer.
"he bnffer before the first element of the chain moved is then linked
to the buffer after this chain. AQMVCH éhen returns.

10FPCEY This module deletes a buffer from the chain it is currently

in and rechains it after the target buffer pointed to by the calling
rontine,

EDABND This module is called whenever any of the modules above
discovers an internal logic error. (This is usually a bad chain of
some sort.) %hen called 2QABND will call AQPRT1 to print out all the
chains (i.e, fC-events, uncovered events, star-co§ered events,
covered events, intermediate star, incomplete cover, etc.,) as well as
a short messaqge describing the error., 11l open files are closed and

an abend exit with a core image dump is taken,

YoeT PHCTFTEDWURES

PITYT This is the main proceedure which acts as a caller or nonitor‘
for the proceedures described below. Its secondary function is to
open and close all datasets,

TITLE This proc reads in a title card and prints out the card

image. In addition, if a new class name is discovered it notes it
for omssible later use hy EVALCOV,

yre This proc reads in the varsz arrav.

17
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YETTEV This proc reads and write events from a particular gueue.
WPTTPLY This proc reads and writes complexes from a particular queue.
“n addition if the complexes are part of a class cover it saves them
and reformats them according to whether they will later be’used by
TVILCOV or COYFUS,

"YiLCNY This proc evaluates the cover chains saved by WRITPLY against
evants in a TES5T dataset on the basis of percent correct descisians,
false positive descisions, false negative descisions, percent of
avents undescisive , that is not covered by any class cover and
nercent of events ambiguous, that is covered by more than one class.
~ovens This proc (¥written by James Larson,) evaluates the covers
saved by WFITPLY against events in a TEST dataset on the basis of
percent correct descisions, count of events covered ty each class
cover and each complex within that cover, couant of events ambiguous,

and count of events undescisive,

V. COMPAPISON OF 4 VERSIONS OF AQVAL/?
A; PEATHRTS

Ease of use - This is a subjective evaluafion taking into
account the number of parameters that must be specified, the ease of
updating training events, the amount of control has over the covering
process, the amount of control one has over core usage and CPU usage,
and the amount of JCL necessary.

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

A covering order other than that in which the training events aRE
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presented.

Negative events =~ To specify an event as an negative event
means that it is known that this event does not belong to a
particular class but it is'unknoun what class this event truly
helongs to.

®eglector restrictions - This is a means of specifying a
denendency of a subset of variables upon another subset of variables,
*or example if it is impossible for variable ¥2 to take on any value
othar than one when variable X? has value one then any complex
comntaining {¥2=1}[¥2=1) is not allowed to occur in thecover for that
class conrtaining the rastriction.

"ermula updating - Somgtime it happens that one already has
covers for a set of classés but an addition has been made ﬁo the
training set. Well, ITCH3 allows one to specify these covers and
then addusts the covers to conform to the new training set. This
allovws a considerable saving of computation time although the new
covers are somewhat turther from optimal than would otherwvise have
heen produced.

*nglish output - This is a feature that ailows one to specify
a2 translation of the variables and variable values into mearingful
enqglish mnemonics. The result of this process is that covers are
orinted something like "[ PLCWER=ROSE ][ COLOR=RED J" instead of
"rE1=2) ¥2=11".

Parametor echoing = This feature allows the user to sez how

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



it appeared in the input., Note that all versions will let the user
know what values are used for the parameters he specifies,

Event echoing - This feature allows the user to see wvhat
events he has specified in the training set, The format of this
differs amonst the four versions. YAQ simply echoes the hsers input
orinting a potentially compact representation of the events, ITCN3
raformats the events so that there is a maximum of one event per line
and prints only the values for each variable. AQ5a and Q7 in
addition to reformating the variables in a fashion similar to ITCN3,
numbers each of the events and prints a header between each class,

Prints delta - Delta is a measure of the minimal distance
from the cover found to the optimal cover possible, Were it not for
trimming delta would be an exact measure of this distance.

Prints trim count = This is the number of times that
intermediate stars had to be trimmed in the process of star
deneration. The sum of this and delta is an approximate mesasure of
the maximum distance of the found cover from the optimal one.

Complex evaluation - This is a means of evaluating the
gqoodness of the covers found by testing how well they cover a set of
tasting events. Various statistics are printed by the various
avaluation routines to aid the user to determine if he should attempt
*o find a petter covar with more training events,

Frror handling = This is a subjective evaluation of how wvell
the various versions handle mistakes iﬁ specifying events or control

narameters. Jne of the things that weighed heavily was that if an
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avent was incorrectly specified (such as by leaving out a variable
value or specifying an out of range value,} both AQ7 and ITCN3 would
qive no indication of this and attempt to process with invalid events
which in my testing proved to be somewhat expensive. Incorrect
speacification of the control parameters also caused unpridictable
rasults in these two versions., (i.e. if NGE were smaller than what
vas nea2ded, selectors with no values vere generated in the covers and

*he coavering time was unduly long.)

TOTAMING TFITERIA
Since this is one of the major differences between the
various versions of AQVAL/7 it will be handled seperately.
Y20 -3 value is computed for each complex according to the
follbwing formula: VALUE = SUMPVW + TOTSW -~ SUMSW
SU®TVH = sum of the weights of the events covered by the complex.
m7TTSW = total of all selector weights.

sum of the complements of the weights not used in‘the

SUMSH
complex, "he complement is relative to the largest weight of any
selector,

This value is computed for each complex each time a trimming
operation is done, be it for intermediate stars or the final
jstar.

ITCH3 =~ The user may orde up to four criteria to be used one at
A time as necessary each time either a star or an intermediate

star needs to te trimmed. ¥f only one criteria is necessary to



bring the (intermediate) star to cutstar complexes then only
one is used, Otherwise those complexes left will be evaluated
by the next criteria.

AQRR - Intermediate stars are evaluated only according to
number of events covered, If further itrimming is necessary it
is done in an arbitrary fashion, The final star is evaluated
according to the number of sellectors used in a complex if

the event evaluation does not bring its size down to one event,

L (o - The 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., ¥arther

tvimming is done in an arbitrary fashion if necessarvye.

TABLE OF FEATUORF DIFFRPENCES

PEATUZRFE YAQ I7CN3 AQ5A AQ7
Author E YALOW LARSON TARASKY MICRALSKI

T anquage 3s0/72SM PL/Y PL/T PL/T
Program size 10K 26K 18K 24K

“ase of use ¥ GaCD POCR2 GOOD FRIR

Olist ves NO NO YES
~riteria ves SIXE  NO YES

LOST yes vyes yes yes
egative events YES N0 NO NO

Selector restrictions NO YES NOC ~ NO

22
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"ormula updating NO YES NO NC
*nglish output NO YES NO NO
Parameter echoing YES . §a] NO NO

“vent echoing YES YES YES YES
Tompactness of output V¥V GOCD PRID POOR POOR
brints delta YES NO €S YES
>rints trim-count YES NO YES YES
Tomplex evaluation G00D Vv GCOD PNOR POOFR
“rror handling GJ0D POOR Y GOND PAIR

Mo. of J7L cards neeied 3 & 5 5
MR RO B VL. no yes no yes

TYRL Y, values yes y2s yes yes
IMNFCRM: qgamma vyes no no yes

The principle advantages of each of The four agval/7 programs are as
fnllows:

YA D -This version is the fastest and least expensive, The input
sprcifications 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.
YL0 and AQ11 are the only versions to have an evaluation procedure.

¥*Q is the only version to suppport negative events, {a negative event
is one whose class exclusion is known but who class membership is
unknown.) YAO is the only version to do any internal event reordering,

1 feature that contributes largely to its speed. YAQ has fairly good



errvor checking and is the only version to completely echo user input,
ir summary though, YAQ's principle advantage is its low cost and its
speed. .

3011 ~Two thirds the cost of AQ5A and one third the cost of AQ7,

10*" is the second most inexpensive version of agqval/7. It offers the
videst variety of features, many of which are not found in other
versions. The 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 english language equivalent., AQ11 also has the btest cover
avaluation routine,

A0S5S4 -"he excellent error Jiagnostics are AQSA's principle advantage.
also the covers producel by AQ5A are slightly hetter than those of AQ7
and RO*1,

197 -307 allows a wide variety of user criteria specifications. It
is also the only version that allows the user to specify an alternate

order of class covering.

n, PEFRFORMANCE
TT. TFSTING PROCZEDORE
I conducted eight comparison test of the above four versions
of agval/7 using six event spaces. Four of the event spaces consisted
of approximately ten thousand events. Pach of these had about 57

training events and the number of dimensions varried from 3 to 12, 1

fif+th event space of approximately one million events had five
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dimensions and 100 training events,

The final event space, donated

by jim larsom, had about 17%%*25 events, 50 dimensions, and 286

events,

Fach event space had either three or four classes,

intersecting covers were used throughout. Pvery event space vas

tested with a maxstar of one.

every ¢t

tasted with maxstar=3,

est,

Cutstar was set equal to maxstar in

The first event space and the last event space were also

¥§ith a time limitation of 187 seconds neither

20%3% nor 207 were able to complete the last test, The results of the

tests are tabulatéed below:

KFY 7O TERX*S IN FOLLOWING TABL=.

R T B
M B

sY

 Takch¢

MrYsTAP

2

vi337

~DPCGHEAM NAME 27 AQVAL/7 VEESION BEING TFSTED.

- T

-"HE

-THE

~THZ

~-THF

-

AMAUNT 2F BYTES OF MEMORY

USED IN THE TEST.

EMOUNT OF TPO TIME CONSUMED MEASURED IN SECONDS,

TOMBER T% SERVIC®Z UNITS CHARGED BY CSC POR THE TEST.

TOTAL COUNT OF COMPLEYES IN ALL THE COVFPPS,

S5 TATAL OF SPLECTORS IN

FOVERS,

MLXSTAR).

-THF

-THE

-Tqr

-THE

ALL THE COMPLEXES IN ALL THE

-THE SETTINS OF MAYSTAR USED. {COTSTA® WARS ALWAYS SET EQUAL

NUIMBFR OF VAPIABLES IN THE EVENT SPACE,

XJMBER OF CLASSES BEING TESTED.

HUKBER OP FVEWTS IN THZ TRATINING SET.

SIZE OF EACH DIMZNSION IN

STW¥ARY NP TRSTS

THY EVENT SPACE

25

=0


http:maxst.ar

Ny NCL NEVE MAXSTAFR SPACE
7 2 52 1 10K
7 3 52 3 15K
3 4 54 1 10K
12 4 40 1 1%
. 8 46 1 1k
7 3 100 1 1
2 > 296 1 10%%25
en 2 286 3 10*x25

3TZE OF EVENT SPACE IN ALL CASFES IS APPROYX 10K EVENTS

“his first test was to shovw the relative performances for a medium
nurhber of variables of medium size with an average of 17 training
eveants per class. |

NV=7,NCL=3,NEVE=52,MAXS5TAR=1,VARSZ=(4,4,4,4,4,5,2) ,SPACE=19K

2m0G  CCRE TIME COST (C) #CPIX #SZL
YAD 43 .57 2 7 17
TRTN3 170 242 16 1 39
1052 138 S.84 34 8 27
AQ7 142 11,54  fu 13 28

"he first test is repeatad with a maxstar set equal to 3 in order that
the tradeoffs betvween simplicity of covers and cost of finding them
may be investiqated, As can be seen the amount of improvement varried
considerably at a fairly constant additional cost of 50 .,
NVy=7,%C1=3,NEVE=52,MAY STAR=3,VARSZ=(4,4,6,4,8,5,2),SPAZE=10K

PECS CORF TIME COST (C) #CPX #SEL



YAD yn 1.02 4 7 16
ITCNT 1) 3.75 26 7 25
AQB: 123 8.59 LY ] 6 15
407 1z 18.22 97 12 3¢

T"his test was designed to see what effect a small number >f large
variables would have, Since ITCN3 allo;s a maximum variable domain
nf 2 it could not be included in this test, The results show that
Y20*s relative performance is at its worst here, Also its cost per
cover is doubhle that of the average for all other tests of this size
event space, The reason for this drop in performance may be that the
maximum cartesian distance between events is so small as to be
negliqgible, thus causing the reordering of events to be more of a
hindrence than an aii, |

NV=31,N7L=86,NZVR=54,9AXSTAR=1,VAPSZ=(16,16,19) ,SPACEB=1"K

PR3 CnEY TIME CAST (C) #TPY #SZL
YAQ 42 112 5 16 34
LoS: 129 7.4 24 iR 27
7 1482 13,12 71 12 an

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

events per class YAQ'!s reordering is shown to maximam advantagje.

Yi0's covers vere by far the simplest and its cost per cover was the

cheepest of any of the tests,
N¥=12,3NCL=4,EFVE=40,MAXSTAR=1,VRRS2=(3,2,2,2,2,2,2,2,2,2,2.,%),
SPACE=1CK

pRCG CORE TINE COST (C) #CPX #SEL

27


http:cheepp.st
http:simolp.st

Yo un 52 2 3 21

IT™™%2 164 2463 26 1 48
ANch 138 S, 94 3y 1" 31

A7 142 8,04 45 11 51
Yere is another test of a medium number of variables of mediam size.

N¥=5,NCL=4,NEVE=U46,9AYSTAR=1,VARSZ=(3,8,8,8,8) ,SPACE=13K

27545 CORE TIME COST (C) *CPY $SPL
va9) e .75 3 10 23
TTON3 158 2.37 22 12 43
rQAA 133 e LN 35 " 2
A7 1472 14,97 81 14 3

AVERAGE QP THF 1BOVE PIVE TESTS

YO 47 .78 3.2 € 22.2
ImCNI kRS 2437 22.5 1”0 18,7
ADSA 138 €.76 315.0 9.4 32,2
AQ7 142 13,17 72.8 12.2 35.0

ABOVE NORMALIZEDR RFLATIVE TO Y&Q

TTINI  d.12 4,12 7 1.74% 1,74
o).} .48 B.59 11 .98 1,45
AD7 3. 5% 164 A3 23 1.25 = 1,65

Rere the event space was increased 12) times and the number of training
events doubled, Two things should he noted. 1) YAQ and AQFik produced

virtually identical covers. 2) The performance of AQ7 has dejraded

to £2 times the cost of YAQ.
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NV=7,NCL=3,¥EVE=100, MAYSTAR=1,VARSZ=(8,8,8,8,8,3,8),SPACE=10K

SDACE=1HM
DROCG TORE TINE CIST (C) #CPX $SEL
Yo un « 74 3 5 7
TTIN? 168 4,87 33 8 27
ADSA 124 6,17 3¢ 5 7
RO7 142 35,82 137 ) 1r

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

. the training set is 296 events, The event space is many times larder
thar any oreviously used, With a CPU time limit of 290 seconis only
ITTu? and YRQ were able to completely cover all three classes. The
training set was donated by Jim Larson and was originally usel to
find a description of some rarte forms of cancer., As can be seen
again Y20 produces a bztter cover for less cost., Also increasing

maxstar produced only mildly better complexes at significantly more

cost.
NV=57 ,4CL=3,NEV%=286 ,SPACE=1)*#2E MBRYSTAF=1
pees rfCRY TIrE CIST({C) #CPX $SFL
YAD 43 13,010 5n 13 154
TTONI 4on 59,0 337 31 276

NV=8F NCL=3,%FE¥P=286,SPICE=170%*25,8AYSTAP=3
Yo &2 56400 145 19 124
TToNl ATn 283,07 1428 25 248

NV=E57 ,NCL=3,NFVE=286 ,SPACE=1N*%25 MAXSTAP=8

Ya0 £2 113.67 46l 18 93



¥y=5C,8CL=3,NEVE=286,SPACE=10*%25,MAXSTAR=16

Yo 8u F1C. 7N 2145 17 85

vi. CONTRISUTION OF YAQ

Y20 is the fastest, smallest version of agqval/7 currently
available. It also usually produces the best covers. Its speed and
small size is principly attributed to its bein coded in assembly
language. The finenes of the covers is the result of event
reordeﬁinq.

issembly language allows for efficient subroutine manajement,
efficient variable control, and error checking only in potantial
trouble spots.

*vent reordering is YAQ's most important contribution to
agval/7. Peordering minimizes the namber of intermediate stars
oroduced in the course of star generation and also minimizes the
number of selectors used in each complex generated., Cartesian
distance is the unit of measurement used in event reordering. The
cartesian distance between two events is the number of variables in
which the two events have different values. Pach time an event is

chosen from ?1 to generate a star around, the events from Pl are

nrdered relative to their cartesian distance from this event., Events

from 7% are further grouped into those which are covered hy the
current intermediate star and those which are not. {the initial
intermediate star is the entire event space.) then an extensian of

the chosen F1 event is made against the closest event from FC still
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covered by the current intermediate star., There are three mafjor
effects of this, One is that the extension is as small as possible
since the two events differ in the minimal number of events. The
second is that events from P® cast a shadow., The closer the 2vent
from F* the greater its shadowv and the greater the 1ikeliﬁoo& that a
maximal namber of events from F” will be excluded from the next
intermediate star. {see diagram) this keeps the number of
intermpdiate stars generated to a minimum, Since the resulting star
is more generalized than that generated by the arbitrary processes
used by the other versions of agval/7, it is more likely that a Jreatecr
number of events from P1 will be covered by the best complex which is

vhat allows YAQ!s covers to contain fewer complexes.

Vyi7Te ARZAS FPCR IMPROVEMERT CF YAQ

1. Adl a weighted selector and event parameter so that
particular events or. variables «will be covered or used first iﬁ
star generation., This approximates some of the criteria used by
107,

Te Reorder the events in F1, the class being covered, so
that the next star eavent is the one furthest from the last complex
in the cover thus far generated., 1If the cover is null then use
the event closest to any event in PO,
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