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1. INTRODUCTION 

This paper contains a descript10n of an algorithm 

that detects symmetry among var1ables of a VL1 funct1on, 

nnd a users guide for the program SYM4 which is the PL/t 

1mp11mentation of the algorithm. If symmetry exists, the 

program creates a symmetric selector using the sy~~etric 

variables. This paper also contains a list of cr1teria 

for the selection of symmetric selector~ as opposed to non-

symmetric selectors, when there is symmetry among the 

variables of a VL1 funct10n. 

A definition of the concept of selectors is given in 

pB.ucrl. To raal{e this paper self-conts1ned. however, a br1ef 

reviet.,. of the definition of a VL1 selector is necessary. 

A Jelector is defined as the following form 

Thp. lill. ~ L or referee is a sequence of literals, i.-e •• 

var1ables, xi' or their compliments, xi. 
~ 

If the sequence 

has more than one literal, then they are separated by the 

symbol f+' which denotes normal aritl~metic sum. The value 
,. . 

of Xi 1.s ai-Xi' where fs the maximUT!l domain element fora i 
the 'ith domain and ~i is the value of Xi. The selector 

relation (,¥) is one of the following relations =,;J,~,~. 

The right ~ R or reference is a sequence of one or more 

non-negative integers in increasing orner. They are sepa­

rated by f ' or f:f. The form 0 1 :02 is a compressed wayt 

to represent a sequence of oonseoutl~Te inte,:::ers from c to
1 

c2 inclusive. A selector is said to be satisfied if the 

left part L is 1n relation,¥ l'lith the right part R. The 
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following is an example of a selector: 

[Xl~1 ,3, 5 ~ 71 
'fhiS selector 1s satisfled if the value of xl does not 

equal 1,3,5.6 or 7. 

A sY!l."letric selector is a selector ln t'rhlch there is 

l''lore than or..e literal in the referee (L). The following 

i:::; an e:~ar.1,')le of a symmetrlc selector: 

Domlns of Input '/ariable:::; 

Di = [0, 1 , 2 , '3 , l~_( 

1=1,2,5 

The abov.~ for!':lula ls satisfled if the varlables xl t x 2 

and ::c:; arithmetlcally S'tt.'11 to 0 or 5 or 7. The functlon 

expressed by the above formula ls symmetrlc with regard to 

varia"::lles [:':::1 tX2':~5_~ since the value of these variables can 

b~ e=:cl"",.9.!\,,-:ed one for ::lnother without changing the value of 

tr..e function, i. e., N'hether lt ls satlsfied or not. 

The folloldng det inition of terms is helpful ln the 

understandin~ of the algor1thm presented ln the next sectlon. 

A D_Grow} is deflned as a group of variables l'11th the same 

nUllber of levels. If a set of variables is symmetrlc, the 

values of partlcular syr:un.etric varlables can be exchan,~ed 

for the value of another symmetric variabl~. The sum of the 

syrr.metrlc variables \'!ould ot111 be the same. If the sYTIllJetrlc 

variables dld not ~~ve the same number of levels, exchange 

of \'['.lues of two sym.."!letric varlables mlght r.est;lt in one 

variable hnYing a ',alue outuide its donaln. There would be 

no syunetry ln that cas~. 3yti1r!lctr1c varlables, therefore, have 

the same nunber of levels and are me'lbers of the sarne D_Group. 



A completely speclfled sy~etry ls deflned as a sym­

metry ln which the event class contains all possible ways for 

the symmetrlc variables to sum to a particular number. If 

this condition is not met, the symmetry is incompletely 

specifled. 

The Column_Sum for a variable Xl ls deflned as the sum 

of the 1th conponent of events in one event class. 'rhe cOr.lpli­

ment of a Col~Sum is def1ned as the sum of the comp11ments 

or ith components of events in one class. The compliment of 

a Colunm_3Ur.l 1~ also calculated by subtracting the g1ven 

ColUDn_Sum fron tha product of ' the number of events in the 

class ar.d the largest doma1n element, (i.e., ¥ events wai ­

Col-3Vr1i =Com1? Col-:3umi ). A CS_Group 1s defined as a group 

of variables i-lith the saI!le Colu.':I1l_.:3urn. 

If sYl:l1netry is completely spec1fied, the symro.etric 

var1ablas t-rill have the sane COluI!lIl_Sum. unless a sYI!lIlletric 

var1able 1s complimentary. If the symmetric variable is 

compli:nentary, the coop11ment of its Column_Sum wlll equal 

the ColUmn_Sum of the other symmetric variables. If the 

symmetry is incompletely spec1f1ed, nothing can be sald 

about the relatlonship bet't-reen the Column_Sums of the sym­

metric variables. 

The Row_Sum for a set of variables ls defined as the 

sum of values of the variables. If the variable Xl 1s COM­

plimepted, its value is the complimentary value of the vari­

able III - Xl· 

For a group of var1ables with the same domain, total 
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syr1:Jr·try is def1ned as sY,ll'1etry with ra~ard to all variables 

of tl-:s t ~::rolJ':~ • "":art isl symrL3t ry is de fined as synrnctry :';i tl": 

r:~~3.rd tv :.JO"'9, but rot all variables of t'-je e:roup. A mlr.l­

:nal sy·-.r~tric s·;lector is a syrunetric selector whic!'1 co',rers 

the ~i "c:n '3'1 ~l1t set but has a m1n irnum nUMber of referercr-'s t 

al'!d t,;l:!'efore a l'!linlrnal symnetr1c covering. 

'1'1r-' (~lass Compact Rat10 1s def1ned as th(~ ratio of tl:.e 

!:ll."ter of C7r>nts in a give!'! class to the total number of 

e'!·"'nts cov:::r'ed ~y the selector( s) in the formula for the 

g1v~,' c las.:;. The i·inirnuP1 D Graul.) ;:tatio is def1ned on an- . 
~u~rt S'1ac~ of reduced dimension. The dinenslon of this re­

duc.:;d "",··~t snace 1:3 equal to the numoe::- of' ve.riables in tl:t.;! 

-;'0 ~o;~~'ute the number of Nays i: variables- 'Ili th the sa:'Je 

:ne.xirrur.l .calue (!!) t~arl sum to '1 (ROW_..:)ur.1 ) the follol'11ng is1 
CO!!,l)1Jt.:·(,. '71rst choooe the m1n1mum of the ROl-l_3um ori 
. a'" mu'~ ~O'I 'n'" '::low ·.... '1'" wh1ch will be d t d ~ ,'*, "".1.. ,I· " "_J. ,. - [1 -,.,) ...·''''i' . e~o e :l.ovl_uUIIl. 

;)etermirH~ ho;.; many times ROl/_3um* 1s 1ntep;rally divis1ble by 

* the nWH(·pr oT l~\"'els of tr..e var1&bl~R (1 . Row Jura J)L·• e., : ,= I of Levels • 

':'he nur. '::'1'.1' ()f '-lAyS r trariables SUlU to R is then 

') ts i,· tt.ially the ":alue of 30w_~)um* atJd is decreased by 

http:r:~~3.rd
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2. 	 THEALGOBITHM 

The followlng ls a descrlptlon of the algor1thm used 

to detect 	symmetry ln Varlable-cTalued Log1c Functlons. 

The algorlthm operates on user-speclfled disjoint event 

classes. 

1. 	 Check for dlsJoint event classes. 
Intersectlng event classes are not considered 
ln thls algorithm. 

2. 	 Partltlon all varlables lnto D Groups.
(l.e., variables wlth the-same cardlnallty). 
If the user specifies a partlcular subset of 
the given varlables, (::lPECLIJT), only thos'e 
variables specifled wlll be partltloned 
lnto :::>_Groups. 

For each Event Class: 

J. 	 Ignore D_Groups contalnlng only one variable. 

4. 	 Compllment appropriate varlables ln each D_Group 
uslng one of the two compllment routines. 

A. 	 Default Routlne: If symmetry is com­
pletely speclfied, the Column Sums of 
two Compllmentary symmetric variables 
wlll be compllmentary. A check of the 
Column Sums determines which variables 
should-be compllmer-ted. 

B. 	 Optlonal Eeurlstlc Routine: If the 
symmetry is lncompletely speclfied, there 
ls no relation between Column Sums to 
lndicate whlch varlables should be com­
plimented. The Heuristl0 Routine oompll­
ments different variables, then collects 
and counts the number of Row_Sums genera­
ted by thls partlcular compliment vector. 
Dlfferent vectors are tried untll a slngle
Row_$um ls generated or all ways of oompli­
menting the varlables are exhausted. In 
the latter case, the comp11ment vector 
uroduclng the mln1mum number of Row Sums 
1s used. ­
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Check 	all variables in each D Group for5. 
total synmetry. (~C~ symmetry test below) 
If the test succeeda, the vaTtables 1n the 
D GrOU1) are linl,ed to the outuut list of 
symmetric variables. . 

/' For each D GrotH) that Stell 5 fails t furtherI' • 	

Dart1tion I!"lto CS Groups and ~ort the C:"> GrOU1)S
in descendinp; order based on the number of . 
variables in the pariticular CJ_Group. 

7. 	 Ignore CS_Grou~)s containing only one variable. 

8. 	 Checl.;: all variables in each CS Grouu for total 
symmetry \,11 th respect to this groul)'~ If the 
test succeeds, liru~ variables in the CJ Grouus 
to thp. output list of symmetr1c variabl~s. . 

.~ , . 	 For each C3 Group that SteD 8 fails t fi nd 
partial ~ymI:letry of variabies in each CJ Grot~1J 
using pairvlisc symmetry tE"<lt. Tf' the tl"~t 
succeeds. link l~irs of variables to the out­
put list of variables. 

10. 	 If the data redllction sldtch is cpeclf1ed by 
the user. colJ ect lists of symmetric var1~.bles 
common to this class and all ).>revious classen. 

11. 	 If rerun is specified and no ~ynu1etric vari~ble8 
'VIere found 1n any of the classes, the al~ori thm 
is restarted at Jtep 2 using all the variables. 'The 
aleorithm is rerun only once. 

12. 	 If the data reduction switch is specif1ed, the sym­
~etric variables common to all classes are displayed
in a table showing the reduction. 

~l:.d of Al~ori thm 

The total symmetry test and the pairwise sy:r.unetry test 

are the same symmetry test app11ed to different sets of vari ­

ables. The total symmetry for a D_Group or C.3_Croup is the 

S;:rit~et.ry test applied to all the variables of th£' respective 

grou~). ?air!'rise sym.metry is defined as the symmetry test ap­

plled 	to e::actly tHO variables. 

http:S;:rit~et.ry
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The symmetry test is satisfied: 

1. 	 If the events 1n other event classes do not sum 
to the same number as the events 1n the g1ven 
event class. 

!E.Q 

2a. 	 If all possible ways for the symmetr1c variables 
to sum to a particular number are conta1ned in 
the event class. 

OR 

2b. 	 If the ratio of number of events 1n this event class 
to the tota.l number of events sat1sfying condition 
/!2a 1s greater than a user specified compact rat10 
(i.e., the selector is compact). 

The follol1ing is an example of the symmetry 	test. 

If one event in an event class has the property X +X2+X =3,1 3
then 	to specify the s~~etric selector (X +X2+X =3) requiresl 3
that e~,ents 1n all other event classes do not satisfy the 
cond1tion Xl +:c2+x =3. and all other poss1ble ways to sun to3
3. ~Tith these variables, must be present 1n 	this event class. 

:Ievents in th1s event class that sum to :3 l. 	User specified 
compact ratioJof possible ways for these 3 variables = 

to sum to 3 (typically 1.0 
or 0.5) 

~ 

Events, 1n all other event classes do not satisfy the cond1tion 
x1+X2+X3=J· 
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3. USER I S GUIDE FOR .J Yj;L~ 

J.1 If1put Parameters 

The use of th'1 pro~ram r~quirGs the prC'l.',er 

specification of th~ input narametnrs. The fol­

lm"ing is a description of the i!1.nut parameters 

and t;heir formats. 'l'he :iescript ion of E"-8.ch ~-.a:r9-

meter is as follows: 

L 	 r:ame of '.:>aramct er and an e::.:a:ntle of 
suecificat l"n. T'-"e v'llue i1:" the exar-lJ.;ll? 
vd.ll be the (lefa1l1t valll~ for }.ara~t~t.:;rs 
t"lith default s!)€'C'lfications. 

it. A list of po::.~;ibl~ "alues of t.h~ re.r:::.rnet€'r. 

3tcra~e 3uecificotio!'l Parameters (Jpeclfied 
in FLit list for'nat) l'lhlch provide tlec'essary 
information about array sizes in the prccram. 
These paral!teter~ have no d.efault value...,; and 
must be presente(~ in the order sp"!cified. 

3. 	 Optional i-al'ameter:::: (.)pecified in FL/1 tiata 
forL~t) which specify the options that 
should b,,1 U[~ed durin,! program executio~. 
Since these rarampters are specified in 
PL/1 data forant. the last l~rameter must 
be followed by a seT1icolor.. All optional 
param~ters have ncfault v:alues and if a 
parameter is not specified by the user in 
his in1l11t data, the default is assUI:lcd. 

,...... 	 Data ~)araI1etors (;3pC'cif1cd in FL/1 list for­
mat) which :>peclfy the ~rL1 functions t""~ich 
are checked for 3YI!!JOetry. J ince these para­
,unter:; arc also in ..:'L/l Ii -;t format, they 
b.ave no dp.fault valUeS and ~ust be presented 
in the order spec1fied. 
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Poss1ble Values: 

3.2 Spec1f1cat1on of Storage Parameters 

• 	 NV 

Example: 

Any pos1t1ve 1nteger (smaller than 215) 

Th1s parameter spec1f1es the number of var1ables 
used 1n the descr1pt1on of the 1nput evenGs. 

• 	 tmOW 


E::::ample: 


Possible Values: Any pos1t1ve 1nteger 

~his parameter spec1f1es the total nucber of events 
1n all the event classes. Th1s parameter together 111th 
(:~v) g1ves the size of the event array. 

• 	 LAXCL 

2xal'1ple: ....[_1_-4 
Fossible Values: Any pos1t1ve 1nteger , r-mow 

Th1s -parameter spec1f1es the number of the lEl.st 
'class of events~ The program automat1cally ass1gn5 the 
,number 0 to the f1rst class of events, 1 to the second 
class and HAXCL to the last class of events. The number 
of classes of events 1s YAXCL + 1. Th1s parameter'1s
used in spec1fy1ng arrays conta1n1ng elass boundary 1nfor­
1':'lat1on. 

• 	 f.:AXD 

Foss1ble Values: Any poss1ble 1nteger. 

This parameter spec1f1es the largest doma1n eleuent 
frOM the doma1ns of all the variables. It 1s used 1n the 
spec1f1cation of arrays conta1n1ng the number of occurances 
of particular Row_Sums. Th1s parameter w1th NV gives a 
ceiling on the max1mum Row Sum. (1. e., KV~}i'IAXD) 
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31,ec1ficat10n of Optional ?ara:Jeters3.3 - ­

IiAX?AT=500 

:(")351'01e Ttalues: Any pos1tive 1ntel!er 

'.:';1 is l"lt'lrarrteter sl)ec if i es the maxiMum 31ze 0 f thr] 
uytn.1"Jetr: ,attern (1. e. t ::u::n.:irnu_"T1 number of events So 

partic'J~_:'~1:' f;elector can cover) • . '"' -',:" 
.~­

Il·;-··_t fl ."T ,""'~ - _ 1.,) 

~'~::;::;-::rlr3t a heuri::;'tic routine i3 used to de:cidc whlc!: 
v".r 1a ~)J..,,"";3 should 'be c0[1uli!1f'r:t ed. rl'he hf}ur1st 1c 1J:;ed 
}'1 ?~~ f'olJom;: the v,\. r i.a bles 1n th e D Grouu ~hoilld 
... ', '.!1..1~ :·:J.in:~l"'"Cef.1 to €I chieve a :-lin1mum nUl~ber of c! -, fferent 
r ' , ;;) -; ;,. .-' (i' : (.n '1 1', one ) 

.~ _ ,.~.J ..... 'J,. '*-*_ t. • 

:":1' r;::::i-::·()t3, a '!artable 1s compllme:1ted 1f :i.t;; 
C',)'·':lt'e:!t:..rry ·~olurm :3UY'l is I;qua.l to the Colwii.1'\ Sl)lil of 
c ··,~,i~:,:;!, 7;'lrtab1.~(s) In the D Group. ­

.;.'~ '::)urlstic Routine is 1)sed when some of th1 
C ,,';' ,~:: ir th0. ~~?m.r:1:;try are not sl?ectfted. In thlB caGe 
t' ... C... '1y 1~:_:31.lln of a. variable n""ed not equal tbt') 00I'1~)11­
1~;;;t."r:.-::olwm_Su:n of anotr,er var1able even thou,:::!"! the: 
f .~ ,':1 t, ·,',~:!."iD.ble and the second var1able are sYmMetric. 

U.J t~a::irEC=O 

, ~ b' . 1 A . t 1 1 t L .~.,,03;';J. _.'1 ,a ues: ny 1'OS1.. ve n ~ger = " I 

'i:'hi~ ~)8.ra!:\(~ter alloW's the US'Jr to spec1fy hm' many 
c·;' tr' '.",·;'lrlables should be checked for symmetry. If CO. 
(:.,'.,,,: ,,:,"ault) is :;pee1f1r:d, the program checl~s all the 
'\' ,rl.t1.h:.c:3 for syrm:letry. 
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This parameter is used in conjunction with the 
USESPEC parameter. If the program fails to find sym­
metry between the user specified variables and RES.UK='l'S. 
then the ~rogram will rerun the problem checking for 
symmetry between all the variableS • 

• !Jl'R~D 

Emmple: IDrnED=' 0' 3 

rossible ~ralues: 	 '0'.0, '1'.0 

If DTR~D='l'.o, the selectors which have identical 
referees and are all common to all classes are saved. 
A table is then printed containing the old variables plus
nAW var~ables defined bv the saved selectors. The value 
of the new variable for a part1cular event is the value 
of the reference of its defining selector for that event. 

3.3.1 Type Semi-colon (;) 

Specification of Optional Parameters should be fol­
lowed by a se~i-colon Since FLl1 Data Fornat is used. 
rrtIe seui-colon should be typed even if no options are 
s ~) e c if i ed • 

3.4 3pecification of Data Parameters 

• C3ITERIAl 

2xample: 


::oss i ble ~lalues: Any positivereal number IE 1.00 


The parameter is the minimum D_Group compact ratio 
specified by the user. Compact ratio is defined as the 
ratio of the number of events per class to the number of 
events covered by a set of symmetric variables. If the 
compact ratio for a set of symmetric variables is less 
than CRITERIA1. the set of variables. is not used as a 
selector • 

• DLI3T (t\'\r) 

4,4,4,),) ] 

:-'ossible 'falues: 	 A list of Nil positive integers with 
each value ~ r-Am + 1 
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'i'>1:; 'Cara;nei;er sl)eclfl~s thE' ~'Jtll:Jber of levels (or 
'.~os:Jl1.11..: yaluAs) O~,:31'(i) for r;ach i"l:!.riatl~. ··~lrcc th0 
;,i,l!irm~ '.'al'Je of :l variable 1s zp.ro, tr!~ mWlhe!' of levels 
for a ,rar1.-:1.:):'e :..:; 1s:ql'al to one le,r~er than thp. 1~'?,:.:iinl1i' 
"!r'.11':~ 01' that -rat'1able. In t:'1e abo~r('! e::al1!)l,'!, tht-~ first 
t::r~e vari.ables r:ave four possible VA-lues 0,1,2,3, ':lh1le 
th? last t~'10 1Tariables have tr~rcp. l)OSG i bl~ ,'g,J.iJ es n,1,2 
(i. C!., f01.;.r le~lels and thret: levels re:':~1r;ctt'l!el:r). 

"lE (("'. -!~ )• l\ ,I: ! ;,d....~.. ,...,;IL 

10,6 

l:oss ible 'Falues: 	 A. list of :::A.XCL + 1 pos i tive l~t~gers 
uhiC!l SUIT. to the .....alue of : ~RL:·l. 

This ~rar.et=r syeclfies the nUMber of evet~ts in 
each class. In this exar-.ple, Class 0 has ten events ard 
Class 1 ~as si~ eve~ts • 

1 ",' , j .I " 

,-' 0 3 1 
.. 1 '. .; ..: i) 

,! 
., 

.J 
1 1 1 J ..~ 1 
1 l l '! 

2 " 

, ,) 1 0 0 1 .., , 
...' 1 :.:! 

-! ,'!., 0 ;3 0~ .­
"3 1 l 0 ~: 0 

.;) :: v I) 0 1"" 

. 1 

, .0 () J 0'~ -,., ,~ 

0 1 .. '" 0 
.~1 1 J :5 :'! 1 

1 :? 0 0 0 .5 0 
2 2 1 :5 0 0 1 ,.,
2 2 2 0 2 "- 2 

Possible '.falues: 	 A set of nor..-negat1ve integers which 
represent ~IB.O\1 events of Nil variables. 

~ is a. list of events def1ning the given 'IL function. 
Ther9 arc no defl'iult ':aluo.s and each valur: corr~~l',o::1din,q: 
to t:l13 value of variable'~ Must be less than DLIJ'!' (1) • ­"''''i 

'T'} f' 11 0".1' "c:' ,,~ ... ,,'" t '.,.. s',)~clflerl, if t T. ·'::'2?'~; :-::.c..Ln..• It._ 1e _ 0 __ ".. : .., ~.J"iU.,....!'1e er 1..::>" 	 "' __ '" _ F. 

is suecifled i~ FLll list for~t. 

http:os:Jl1.11
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• 	 3PSCILIST (US:::R~)?3C) 


Example: I l, 3. 4 I 

Possible 	Values: A list of USERdPEC, positive integers

wi th unique values = [;/. 

This parameter is specified if USER~PEC ~ o. 
US2a3P~C specifies how many variables should be checked 
for symmetry. 3PECLI3T is the list of variable subscript 
numbers used to specify which var1ables sh"tlld be checked. 
No duplication of variables is allowed in SPECLIST. 

This is the end of the input parameters for o~e problem. 

8everal problems may be run at one t1ne by specifying all the 

par3rneters in succession. The default value of the Optional 

?ara!lleters are the only param~ters carried over from one pro­

blem to another. 

3.5 output Parameters 

Ihe initial portion of the output is a repetition of the 

input ~)ararueter~ The followin.:r paraneters are program genera­

ted. The description forMat of the input parameters is 'the 

same as the format of the input parameters. The actual printed 

output is in tabular form \,Ii th one class per line, but the fol­

lowing examples show only the column head and the value of the 

particular parameter • 

• 	 ?C'RHULAS 

~{ample: f- ------------------------1 
CLlS~ FO.~OlI 	 I 

FC 	 11 l~ (X2>X)>lh,., (. IXltX4+XStX6-0.ll.11' 

I 	 It.... 	 - .- _ _ _________________ .J 

This ~arameter specifies the symmetric selectors that 
cover the events of a clas3. 3electors are separated by an 

http:IXltX4+XStX6-0.ll.11


, 


II!;II s1.sn indicating logical conjunction. A quote rnarl~ 
followinp: a variable specification is taKen to r.1can t:-:e 
cOii'plirnent o~~ a variable • 

• CLA33 :C:::2ACT RATIO 

2xample: 
r cuss-' 
I CO"P4C r: 

I ItATlO , 


I I 
I 0.100 I 

I 0.107 : 

.. --_1. 

This paraneter s!)ecifies the ratio of t'(.e nunber ,'")f 
e,re..,ts of a p:iven class to total nUMber of eve!1tr: coverf"d 
by the selector(s) of the given class. 

,- - ;,;-1 
I 0 GRt'JUPI 

uno 	I 

I 


1.000 	 I 

1.000 	 : 

...... -----, 

·.:..':~e COllp9.Ct ratio, N'hich is the r$ll.i:10 of nUl.l1pr nf 
~'\t,:;nts 31)ecified to :t:llr..ber of events coverp.d, i~ ':jcncra­
t€·d for all D Grotu')s (selector variables in Otlt~)\'t). 
Tc- o? Ic.iniuurl of these values ov~r all D GrOl1 1)S is the ve.l1)e 
sl.)'O!cified by this parameter. - ­

,- ~-~: -0; i 
I SVM VAlIS I 

I PElt ClASSI 

I I 

7 

7 I 
I1... ___ ",,_ 

':f~is nara'11eter s11ec ified th~ number of variables j n 
the sY:Jl'1p.trtc selector( s) for a particular class. 

http:COllp9.Ct
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• THE DATA REDUCTIOK TABLE 

Example: 

r--- ------ -.~.~.~A~;~~O:C~f~N-T~8~::.~ ----- -1 
I 	 I 

II V~ArA~lE X8 IS THE SUM OF VARIABLE! X2,X3,X7 
IVARtARlE Xq IS fH! SU~ OF VARIABLES Xl,X4,X5,X6I I 

I I 
Xl X2 X3 Xit X5 X6 X7 X8 Xq II CLASS Fe 0 JI eVENT NO. 1- 1 0 1 3 3 1 2 1 10 

I 
I

FVFNT ~o. 2- l 0 2 1 3 3 1 1 10I 
EVENT ~:l. 3- 3 1 0 3 1 3 2 3 10 I 

I EVE~T ~.,. "'a 3 1 1 3 3 1 1 3 10 I 
fVFNT ~O. 5- 2 1 2 2 3 3 0 '3 10 II 
EvrNT ~('\. 6- 2 Z 0 3 2 3 1 1 10 II EvENT "'Il. 1- 2 2 1 3 1 2 0 1 10 I
Ev!:",T ~O. e- 1 1 Z 2 2 1 2 5 10
I F.vr NT ~lll. qa 3 2 1 2 3 2 2 5 10 I
I EVENT 11:0. 10. 3 2 2 1 2 2 1 5 10 I 

CL~C;!\ Fe 11I 

) 	
I 

EVEt.jT 1110. 1- 2 0 Z 3 l Z It 11I 	 IFVf!NT NO. la 3 1 1 Z 3 1 Z 4 11 

I ;:VF:NT NO. 1- 1 1 2 3 2 3 1 4 11 I 

I F.VE NT "''1. 4a 3 Z 0 3 3 2 2 It 11 I 


EVE",T ~O. 5- 1 1 3 3 3 1 1Z II EvF.NT NO. b- 0 

., 
'1 Z 0 0 0 0 " 4 () IIL.... ______________________________ J 

This table illustrates how a group of symmetric 
variables, COIlll!lon to all classes, can be used to define 
a new variable! The new variable is used to describe the 
classes in a more compact way, and reduces the number 

·of variables that need inspection for determining olass 
membership. 
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4. CRITERIA FOR THE CHOICE OF THE SYMk.""'TRIC SELECTOR 

Currently, there ex1sts a powerful program* AQVAL/l 

version AQ7 which synthesizes quas1-optimal formulas for 

variable-valued logic functions us1ng non-symmetric s"!lectors. 

'n'hat are the advantages of the symmetric selectors eenerated 

by the SYM4 program as compared with the non-symmetric 

selectors generated by the AQVAL/1 (AQ7) program? 

If the given variable-valued logic function contains 

symmetr1c variables, the advantages are two-fold. 

1 A reduction of the time needed to evaluate 
the selectors to determine class membershi~. 

2 A reduction of the space needed to store 
the formula. 

The following two examples (Fig. 1-4) illustrate 

ttese advantages. The control parameters ·for thE! AQVAL 

portion of the examples were chosen to closely parallel. 

the type of covers the SYM4 program generates. (i.e •• dis­

joint covers w1th no restrict10ns on the selector references.) 

Tte data parameters were the same for both programs. The 

formulas in the boxes are the output of the respective 

progra~s. 

To evaluate the selector generated by the AQVAL ~rograrnt 

each referee must be compared with each reference. This 

requires the execution of a coml~re instruction and branch 

instruction. To evaluate a symmetric selector. the vari ­

ables must first be sumMed, then the sum is compared with 

each reference. Thls again requires the compare and branch 

*A prolSI'am descrip~ion and userls guide for AQVA.L/l (AQ7)
is found in Daner 
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instructions. Furthermore, if a variable is complimented, 

a subtraction is required to obtain the complimented value 

of the variable. 

The formulas generated by the AQVAL program consist 

of the logical disjunction of complexes of selectors. All 

the selectors of a complex must be satisfied for the com­

plex to be satisfied, but only one complex need be satis­

fied for the formula to be satisfied. To be conservative, 

an event can satisfy a class formula if it satisfies the 

first complex of the formula, but if an event does not 

satisfy a class formula, all the complexes must be evalu­

ated. It will be assumed, therefore, that on the average, 

one half of the complexes must be evaluated for each class. 

. i The formulas generated by the SYM4 program use logical 
I 

I 


conjunction and therefore, all the selectors must be evalu­

ated to determine if the class formula is satisfied. 

The evaluation times in the following table were 

computed using the instruction times for an l.B.M. 360 

Model 75 1,3 found in reference3, and using the above 

assumptions on the evaluation of formulas. The instruction 

times used are as follows: 

Add time = 0.68 }A-Sec.
Subtract time = 0.68 It 

Compare time = 0.68 It 

Branch time = 1.01 t 



, 
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Time Required to Evaluate Formulas 
(All times in microseconds) 

::xample 1 AQVAL 
;3YN4 

Class 0 

13.52 
5.42 

Class 1 

28.73 
3.73 

Class 2 

27.04 
3.73 

Class 3 

15.21 
3.73 

Bxample 2 AQVAL
SYH4­

Class 0 

18.59 
8.47 

Class 1 

27.04 
10.76 

The evaluation of the SYM4 formulas for these examples is 

clearly faster. 

The AQVAL program stores complexes as b1t strings. * 

The length of the b1t string is equal to the total number 

of levels of all the var1ables. S1nce the bit strings are 

aligned, the stora~e required is NOD8(Total 'I Levels) bytes. 

The Syr.;4 program stores its formulas as a list of variable 

subscripts. a list of references and a comp11ment vector 

for all the variables. Each 1tem 1n the lists requ1res 

one byte per term. These storage assumptions give the 

following table of storage requirements. 

Storage Required
(1n bytes) 

Class 0 Class 1 Class 2 Class 3 Total 

Example 1 AQVAL 
3YII.4 

6 
8 

20 
7 

16 
7 

12 
7 

54 
29 

Class 0 Class 1 Total 

Example 2 AQYAL 
SYHL~ 

16 
17 

20 
16 

36 
35 

In most cases. the SYH4 formulas required less storage. 

* For further information--see paper2 
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Another advantage of the symmetr1c selectors 1s 

1n the area of learning by induct1ve 1nferences. The 

formulas generated by AQVAL wh1ch descr1be the event 

classes, are based upon the spec1f1c value of part1cular 

var1able. The formulas generated by SYH4 wh1ch descr1be 

the event classes, are based upon the relat1onsh1p (ar1th­

mat1c sum) between part1cular var1ables. If the g1ven 

1nput 1nformat1on cona1ns an 1ncompletely spec1f1ed 

symmetry, the symmetr1c selector cover1ng 1t represents 

a general1zat1on of that 1nformat1on. Th1s genera11za­
4t10n 1s cons1dered mach1ne lear1ng 1n paper. Both pro­

grams 'generate these genera11zed cover1ngs of events. In 

a system wh1ch represents knowledge as these genera11zat1ons, 

both programs could be employed: one to represent class 

d1s't1nct1ons based on values of the character1st1cs 

(var1ables) of a class, and the other to represent class 

d1st1nct1ons based on the relat1onsh1p between the charac­

ter1st1cs. 

If a var1able-valued 1051c funct10n contains symmetr1c 

var1ables, it is advantageous to represent these variables 

w1th symmetr1c selectors generated by the, SYN4 program 

as opposed to non-symmetric selectors generated by AQVAL. 
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f) 
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) 

'2 

1 
0 
a 

3YH4 Output for 
Sxample 1 Sect10n IJ. 

~ Vr ~lT 
CL4SS 

1.J(1. 

FI I) 
6= 0 1 0 

F1g. 1 
"'/F"lT '111. t" 3 ') I) 

'''''''''IT ':.1. Z=­ 2 t 0 
"V" iH '1'1. 3'" ' 1 0 0 
r:1f"~IT N'l. 4'" 3 ) 1 
~''f: ~IT',C'. 5-= 2 2 1 
c ".- 'I'" '11'1. 6= 1 1 1 
:. 'I ,.. NT ~;~;. 7-= 0 Q t 
"":.\/:;'IT '1'1. >\= 2 .3 2 
rV:alT ';1. 9= 1 ') Z 
~v" 'J~ 
c;'1t: "'~T 
I:V'~ ",T 

'no 
,,!,~.

"0. 
1,) '" 
ll= 
t2'" 

(l 

1 
0 

1 
) 

1 

2 
3 
3 

n\SC:FI:!' 
c: v:: NT'I'1. t,. 3 1 0 
"'/"'H 
"'V"'~IT 

~n. 
'In. 

:?= 
): 

1 
3 

0 
2 

0 
1 

r Vf"; '4T 'I". f.: 2 1 1 
SV= 'n '<0. '): J ) 7. 
C V:: NT '1(1. 6:: Z 2 2 
"'VF"IT ~'Cl. 7,. 1 1 2 
c"QH '111. s ­ o 0 ? 
C\'~!liT • '10. q= 2 J 3 
"'V":~:T 'It::. 1('" 1 1 .3 
rVI'NT ...n. U'" 0 1 1 
(I,A<;<; 
,·"r.:'1T 

FI ) I 
'10. 1" ., 0 f) 

~"r:"'T -.ill • 2­ 3 1 1 
"''I''''-iT 
r-""'NT<:",. !liT 

"VfNT 

'If"'- ..,it' .. 
N:I. 

""1. 

1" 
4= 
5= 
6= 

" 
<. 

7. 
t 
0 

0 
Z 
1 
\} 

1 
1 
J 
3 

CL \SS 
C'l'o\o"'CT 0 

''IN 
~IlOUP 

"').... ot=: 
SY'4 VARS CI "SS 

~UfO RATlI') P!:~ CLhSS 

H 0) := (X1+x:!'tX'\"1.Z) 

FI 1) : " (XltX2'''X)=4' 

1:( 2 , := 1Xl+X2' +x3=5 I 

0: ( 3) :: ().1~'(2'''X1:6) 

0."61 O.'lOJ 3 0 

1.0VO 1.000 3 

O.'1t 1 0.911 3 Z 

0.60,) 0.600 ) ., 
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, I" J I" .:' (I~\I" D ~ 

75 

lS) T... ···, IT ·~ILI ~~ CUT T"J ~o "uf,E. DC 

",.1""(1) 	 ...,~ r'/':'IT~ 5 o "'rYFIr:" F"':~ ~"':'f rL'~~: 
(L~~~ '<Y<';T~ 

o ., 

I IZ 

, \I 
) 6 

O~ •• 

flLl sr- Z" 
NCq IT" 1 
CI 1ST- ZlOJTLiSh :l.0,' 

LQ-STA" ~PT\ I''t LOST­ '1'- ­
1',ClAH 01 

fVF,<r ... n. I- I 1 0 
~v~ ~T 'Ill. 2- 0 , 0 
rYE ", ~;1. 1- 1 
~ .~". .. - " 1 1 fl 

I 
AQVAL/1 (AQ7) Output forv~"~ r 


F '/r '< r I\!I). 5- 1 l 0
:V: .. ,. ",. ~ 1 a 	 Example 1 Section 4c,­

(LASS <I II 
F Y~ 'IT "10. I- ) 2 0 Fig. 2 

I'Y~ "IT Z- 0
..,0. I 

EY~ 'jT "It-. 1- I 0 0 

FY~ 'or "",'ll 4- 1 1 1 

F.Y. 'lr "0. 5- t 2 1 
l'y\:,,1 ·'0. 6· I 1 I 

EYf"r 'jOe 7- 0 0 1 

~'/~ 'I' '<no 8- Z 1 2 

~Y' "T .. n. q- 1 Z Z 

rye ':T -,n. IO- n 1 2 

F. YF:';T .~l". II- I 1 1 

.,~.EYFN' \2- :'I 2 ) 

ClASS FI ~ I 
EVe", ".;. I- ) 1 
fV1'''' 2- Z :] 0"". 	

0 

FVr ,!, 'tll. 3- 2 I 

FV"'" :- I 1
"". ,... ­FVe:,T '-!l'. 1 1 

Fv:" ~ .. /0- 2 :! 2
"". 	

~ 

FYONT ":'. 7- I 1 2 

FY' "IT "'1. A_ ('I n I 

f Y· "IT ~~n. q. ~ 1 1 

fYr"T 'In. In- 1
'­
FY' "T '~l' • 11· <l I 1 

rLHS 1'1 11 
F'If'n 1 • \ 0 0":". 	 Note: Figure 2 isfyr"l' 'Il", 7- I I 

FYf'lT to". 1- l .) 

1 
1 continued on 


F." "T ..n. ",. Z ] 


r v': 'I" ~l·. 
 the following..-	 I 1 -',FY' 'II N'l. 6- J II two pages. 
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.. 
C /.1" j I 
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':-~"'OlcX: 

': C"~l ~~: 

r: ::'~PL ~.'(: 

'"'1'''ll!:',(; 

f'Gt'PLE~: 

(/I, 

(q 

(.0 ' 

t ., • 

I Xl ~ 

'I I 

, I 

1 , 
, I 

~ 

(Xl­ , 

IAl· I 

I th I) 

IX?­ I 

(X2­ Z 

I 

I 

1 

I 

I 

I 

I X J. 0 

D1s I) 

I~l-

I xl' 

I X3­

, 
I 

0 1 , 

I 

~ " 
~ 

10 

C,)·~t'lf l: 

cri,~PLEX: 

C1·.... lfX: 

r;":')l~X: 

(J)'<PLt x: 

DIs 0 

Ill' \l 

Ol' I 

~ .,. 1 :> 1 

(H' 0 

I 

2 

I 

I 

I 

I 

1l2­ 0 

(.Xl-

IXZ­ I. 

I ~:!, 

(Xl­ 2 

I 

I 

I 

j 

()( 1­ I I 

I ( ..1­

I Xla 2 I 

Ill' j 

In .. 3 

2 I 2 2 2 ? 

LO 

LI 

L2 

..... PEl u f'~~ r.."s SET 

THE LH(;(ST $TA~ HAO 

IS 0 .ua 

S cLi~~~T~; TH( lARv(Sr IkTE~~EOIATE STA~ HAu 

CUy ~Eft I~O TeT 

IX!« .I I 

I ~:. ~ " I 1\)" C 2 I 

01- I } I U2= I ) I 

It).. 1 

«Jt). 1 I 

•••• I'fI.T'\ lin f'1I~ Slf IS 1 •••• 
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(!JOIPlf ,: 11.1 I Xl' 'I I A ,. J 

:"~i'l ... '(: I'L- Pl' IJ ,. l 

'. j~Plt I: IXI' l Ill· 'J '''' .... 
CO,"PlE I: (lL- 2 I I' 2 I ( , J~ I 

('101PlE x: ( xl - 1.2- (ll­

CC"lol EXI Dl- 0 I Xl­

•••• OELTA FC~ TtllS SET IS 0 •••• 

••• NQ~M'l TF~~I~lTIO~ ••• 

AQVAL/l (AQ7) Output for 
Example 1 Section 4 
Fig. 2 (continued) 
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Example 2 Section 4 
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5 • EXAMPLES OF PROGRAM INPUT AND OUTPUT 

Several examples of the input and output for the 

program SYM4 are presented below. They illustrate the 

modification of the output due to the specifieation of 

the various optional routine parameters.' In addition, 

the first example is illustrated with GLD representations 

of the formulas generated by the program and the input 

example is in tabular form with the value of the variable. 

name of the variable. and brief description of the variable 

on each line. 

The execution of the 3YM4 program requires the speci­

fication of the ID parameters and JCL parameters before 

the specification of the input parameters. The ID para­

meters contain time an4 region estimates. The value of 

these two parameters is related to the size of the event 

set used in the problem and the specificat10n of the 'GEN' 

parameter. Samples of var10us problem sizes and the amount 

of time and region needed for successful execution of the 

program are given in figure 5. The program cons1sts of 

580 PL/t source statements and the objeot' module is lOOk bytes 

long. including the PL/l library routines. In general. a 

small problem of several variables requires a region of 116k 

and a time estimate of 10 seconds or less. For a very 

large problem, a region of 200k and a time estimate of 

ten minutes should be sufficient. The heuristiC routine 

selected with the specifieation of the optional parameter 
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REGlm' AND Tn:S F.STIJ.:AT&l 

No. of 
Variables 

3 

3 

7 

13 

35 

35 

50 

Total !!o. 
of :0:cnto 

35 

35 

16 

16 

260 

260 

287 

1-:0. of 
r.l/'1sses 

4 

4 

2 

2 

15 

15 

3 

Total No. 
of levels 

12 

12 

21 

48 

100 

100 

130 

tGENt 

No 

Yes 

No 

No 

No 

Yes 

No 

T1me 

(0,0.60) 

(0,0.62) 

(0,0.42) 

(0,0.75) 

(04,00) 

(JO,OO) 

(24,00) 

Region 

1161<: 

1161<: 

116k 

u6k 

200k 

200k 

250k 

F1gure 5 
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'GEN' requires considerably more t1me 1n problems with 

large numbers of variables. Th1s effect should be noted 

in the spec1fication of a ttme estimate for problems of 

this type. 

The JCL parameters follow the IO parameters. These 

parameters are required to gain access to the program. 

Following the JCL parameters are the input parameters for 

each problem. 

The first example demonstrates the effect of specifying 

the optional parameter 'GEN'. Generalized logical diagrams 

(figures 6 and 7) are used to illustrate the formulas genera­

ted by the program. Note that the two Latter classes are not 

covered when 'GEN' is not specified. 

The GLD is a graphical model of the event space and 

complexes covering specific events. A complete description 

of GLOs can be found in paperS. Each cell of a GLD represents 

an event in the event space. The area(s) enclosed by curved 

lines represent events covered by selectors. In these parti­

cular GLOs, the variable Xl specifies the row in which an event 

is placed, and variable x2 and x) specify, the column. 

The numbered cells represent the given input events des­

cribing the VL1 function. The particular number(i) in the 

cell indicates that the event was a member of the ith input 

class. The variable %2 is complimented and therefore the 

complimented value of that variable, shown below the non-

complimented value, is used to determine if an event is 

covered by a selector. 
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NROW 
MAXCT.. 
t!AXD 

l-tAXPAT 

CRITEf-'iIAl 

DLIST(NV) 


NE(O:HAXCL) 


Number of var1ables 
Total number of events 
Number of the last class 
Largest doma1n element 
~ax. ~o. of events satisfying 
a given selector (Unspec1fied
Paratteters take default value 

User-spec1f1ed compact rat10 
Doma1n s1zes of the var1ables 
Number of events per class 

JCL 

Storage 

Parameters 


Optional

Parameters 


· :) () 1"""1 
.,
(.\ .. 

0 ., <.'. ... 
.' ~~ (I 

"i "- 0 
v 1 " I 

·7 
.J ..., :> 
:! 1 () 

J \ ~ :.' 
" 

.. 
., 
, · .',) 

t 
o- L 

f. t l 

· 
~ 

· ·, ,., 
.1 

,. .•.." 

1 .;; ..;. 
i': 1 2 .,
1 .- :.~

,',;j '!Mo'•• 

.~ t 0 
~,! (' I••i ,r q 
.. ... 
~l 1 1 

.. :! 

,'J..•. , , ..'-~ ,., ·\ 

· 1 .\ .....· ., ,~il .'. .:' ~ ~ ... 
.1. .. 

.. , 
~':~ 

i,) 1 ..; 

.5 \) 0 
'1 .I. 1 -, 
'.J 

0 1 ,., 
0-
·, ., 

~. -1 1 :~ 
0 0 :s I ...... 

'Paraneter Value 

E( NROI.,. NV) 
 Event array 
Class 0 has 6 events 
Class 1 has 12 events 
Class 2 has 11 events 
Class J has 6 events 

Data 

Parameters 


Parameter Name 
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Example 1A Sectlon 5 
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~.• _.1. .; 4" 

" 
-*' ( 1 1.":;' 6 

t 
" 
~ 

:.: 
1 
0 

3 
.: 
:~ 

..l -, 
~. 

1 

0 
0 
1 
(') 

(' 

C' 

ll!J.ta 
Parameters 

j 2 ,') 

:~ 1­
1 () 

:\ :~ .., -, 
1 1 
0 0 , 

..;,'. 

:::, 
'. 

:5 
0 ::' 

0 
() 

1 
1 
1 
1 . 
" ,., 

" <, 

'.' 

d 

-., 
'" ... 
.. 
~ 

" 
.) 

:: 
1 
'.:' 
o. 

t 
(\ 

1 
0 
:2 
l 
J 
2 
t 
0 
3 
' )
a, 

l' 

0 
(I 

::. 

" 

::: 
" <. 

:~ 

:; 
3 
~~ 

., 
:! 

,? 
I 

;" 

0 
1 
V 
"').. 
1 
,) 

\) 

t 
1 
J 
3 
:; 

Parameter Value Parameter Type 

Input for 

Example 18 Sect10n S 




t 


• I 


r,F'lfQ~Ll U [ 15 n'~ 
') <;;:;, <;I'rr IS I')H 
p e 1!1N 1<; "FF 
1'''1 T A Il f"111rT 10'1 [<; (IFF 

"~XI "1)'4 t>/,rTFt>N 'ill" .. tOO 
iO"~\CT _II"" In (·If l' E'l fA :: 0.2') 
"'lI~'fP rr­ vt~! .\tJL"S," 1 
';(1 "If!. IE!) }l' 1"'1'.:', r<; H 
',III .. Q fll "F c. 4'\15"<; .. 4 
"l)(I"tJ'~ leVI: L 
',!IJ"~!,R " c: LeVEL ~ 

.. 
rlJQ nrH 

3 
V~~14I\LC: It it It 

":lI'II"FO 
Cl.hSS 

i'lF =V~~T C;p((t"leo 
HV Io7 "1T( 

F-I"R f "Cli (L ASS 

(I 6 
1 12 
2 11 
'3 6 

fl ~') ~ F( OJ 
Eve/IT I-I~. 1= 1 1 0 
'::Vf"H 
FvPH 

"·:fJ. 
'In. 

Z..,,, 0 

" 
Z 
3 

0 
l 

<:ve.\jT 
1='11; "IT 

NO. 
,'no 

4: 
5= 

Z 
1 

3 
2 

Q 
0 

evr:~H 

Cl4SS 
F. '.It" I-IT 
"v"''1r 

Nt1. 
F( 1J 
'In. 
'il') • 

6" 

t" 
2= 

0 

) 

Z 

1 

7. 
t 

Q 

I) 

0 

Output for 
Example 1B Section 5 

r::vc: i~T ',I'}. 3= t 0 0 
I=V:"f'lT 
':V'7/<1T 

NO. 
~;c • 

4= 
5" 

) 

2 
] 

7. 
1 
1 

<:'.11"'11' 'Ie. 6" 1 1 1 
::V':NT 
"V" 'IT 
;; V'" NT 
':VO:: 'jT 

":c.\I,., . 
"''1. 
""'1. 

7,. 
A= 
t) .. 

10: 

(') 

2 
1 
0 

0 
:) 

'1 
1 

1 
2 
l 
2 

eve: NT 1-1:1. 11: 1 3 3 
"'V~'H 'to. 12" 0 2 3 
CU,<;" F( 21 
':Vr:NT Nfl. 1= ] 1 0 
I; v'" 'IT NIJ. 2= Z 0 0 
€VJ: NT 'If' • 3" 3 2 1 
eVE'lr 'It''l. 4= 2 1 1 
~V"="IT 
"V':NT 

VJ. 
',n. 

S· 
6= 

3 
Z 

] 

2 
2 
2 

~VE"lT /\10. 7,. 1 1 Z 
eV"NT ~!O. 8= 0 e 7. 
eVt.~T 'Ii) • ..... 7. 3 ] 

"'vF."lT '.!('. tth. 1 2 3 
FVFNT 1110. 11­ e 1 1 
CU'iS F( )J 
~VC:~H 'In. 1: 1 0 0 
EVr;"IT o\lt) • z· 1 1 1 
~VC:'lT "I!: • ],. 2 0 1 
EV~NT '1;1). '." 7. 2 J 
r'lF' ..,T "Ill. S,. 1 1 J 
O:V!;~H WJ. 6= (1 0 1 

CUSS "lIN '4U '4. Of: 
CLA'iS F(ll~ I-'UL t C.)M!)", T D G~OUP SY'" VARS CLASS 

:t~Ttn RU In PER CLhSS 

F I 01 := IXltXZ'tX'hl.2J 0.~61 0.501} :3 0 

F( 1) : ,. (X 1 tXZ' "X3:~1 1.00;) 1.000 3 1 

~f 21 .­ IXIHZ'+X):SJ o.'n? 0.917 1 2 

F! 31 : :­ fXltX2'tXl=6J 0.60) 0.600 1 ':l 



l" I I, i, .Ii rJ.' t ;., ' ... ," I, . I.; I ' I 1,·. ­ 35".1, I I:: (Irl va·, I:; f;.I'~:L'L.11 1",; II '.'"flr!'!' '11 l! JCL';'('.: d:1I I'll ~;),.I,U, " 
" ) ,; ','I [I t, ~ 

;' Storage 
Parameters 

Optional 
Parameters 

I .,; 1 1 1 J 

t (' 1 .1 ~ .5 v Input for 
)) (l .,, J 1-' , Example 2A 

.3 t 0 0 Data-' - Seotion 5t 1 t 1 
, ,J 1 Parameters 

1 L " 0 1 " -
-"" " 0 1 0 V t 

" ".., 
1 V 1 2 
'j \). 1 

, J 0 
.3 ;:: t J V 2 0 

".3 " () 0 0 1 

I' 0 " ,J :! ::1 0 
0 1 1. 1 220 
t 1 ...: "5 J :'! 1 
1 " () 0 0 ~5· 0 

-" :'} 1 300 1 
") :~ '.? \) 

SP~CLIdT(1:U3ERSP~D) 

L. .. ','. I i,(,-'.) ,N~.":'l ,:.. "LUll,;'!,' L ,')1\ 

;:';";"1'1.. !:"".. JiU l.l~~n ~!J:',F!'\.f··.~l:"!3~Jb:~:~~:~i'/~;D.r~::P I1LD 
.':' j '.". " ~.' ~ i 1,1';'1 ~,( ~ lJU I .~: A: JCL 
'.:, ~':'~ ~ 1'1 c' n :~ 

16 Storage 
1 Parameters 
3 

Optionaltl;~[W:WEC"3 
::;l::i .. UN ~ , 1 '[!; Parameters 

'1.534443 
10 b 

;.) Input fort 1 :5 J ~ 0 
\) \) .', ~.~ >; :1 1 Data ~xample 2B 
.3 1 IJ J .? 0 Parameters Seot1on 5-, "'" 

') 

1. .l 1 1. :3 t 
" t 1 ,', () L () 2 

" :! v 1 () I) t.'
" :; l 2 0 .1 :; 

.! 1 ,} 2 0 J 0 

.3 2 t t () :" \) 


3 :"! 2 0 0 0 1 


-,0 () " ~~ ~. 0'"" 
0 1 1 1 2 \)'. 

1 1 ,) ;~ J :! 1 

t :" 0 \) () ) 0 

::1 2 t J {) 


" 

..,') " 1 
2 .! 0 2 2 ... 

SPECLIST(l:USERSPEC)4 5 .'­

Parameter Parameter Hame Parameter TypeValue 

http:f;.I'~:L'L.11


; 
L 

36 


Ii" 'IV' n I /I: r <; ,. Fr 
'J't;,~p{,.r 1~, ,}'t 

t.JS ro ~.,l,..I":::Tf.'Tf~"t ltC;T: ~ 6 
!:'t:.0u~ I~ (Fr 

t"> '" r l\ .... f 0 \ ; \~ r I I"" t s. CFr 

\4~Xr"'l}'" ~)tf'Trt'l ";'l~ 5r}0 
Cn.... "t; T_0 ~ 11 'J C' I T~'l1 ~ ().5\) 

~u~3fR 'F ~"I~~l~S • 1 
~~"Mf\r~ 1,'( f V;\IT"':, • 16 
"U"tQ'·u ['F ":1,\1)'),:-; Z 
~ ,\ l( I :,'U v L f "f L 
-..IJ"4 h 'Q' "C I r ... <l S FC~ ;' .".r,.. 
"llJ"3r I) nl'o ry, ';' ~""C(l·IF'l 

1 
'nl'! Ml" 
F Jr UCH "rt hSS 

3 4 " ,. 'J 

CL \<;~ 1r'h'.T~ 

0 10 
1 6 

C'l\"S 
EVOlT 
cV~!,jT 

E V" ~,T 
EV< 'IT 
E'/f:'H 

r! CI 
#lotiO. 

",)' 
>;0. 
I\r.. 
f.!,J. 

1 • 
Z·,.
'. " 
5~ 

() 

') 

1 
1 

() 

I) 

I 
I 
1 

I 

" () 

1 
;) 

l 
') 

I 

" 

j 

I. 

" I 

1 
j 

2 
:5 
0 

0 
1 
0 
1 
Z 

Output for 
Example 2A 3ect1o""" 5 

~ '/<: .. T 
'Vr.'H 

-!I"') ..
,." .. 

f,. 

1. 
? 7. 

? 
" 
1 

1 
Z 

1 
') 

0 
1 

1 
l 

rVE'IT 1,1') • ~. 2 I l Z rJ :5 rJ 
=,,~ ~T 

"\I'!NT 
;\jl'l. 

~:n • 
<)" 

ll)' 
1 
3 

? 
7 

I I 
i') 

<.I 
(J 

'I 
0 

0 
1 

Cl ~SS FI 1 , 
FV"",T /0.,0. \­ 0 0 l 1 l ? 0 
('V~'IT 

rvr':r 
'n. 
-,<1. 

~. 

3~ 

'l 
1 

1 
I 

I 
l 

I 
) 

Z 
1 

Z 
Z 

rJ 
l 

,:. \J~ ". r t ,I ..• I) = 1 l (t ,) 0 3 () 

FVE~'r ~(~ .. ',). l J. I 1 ,). 0 l 
EVe "IT >,10 • ",. Z ~ Z 0 1 l l 

ClAS'; '~I N \U". OF 
r.1 \SS n~luLl (U ..... "':T Q GQ t1LJP W"I _VA~S Cl.\SS 

~ U if) 1I.\f hi Pe'l CLASS 

() o o 

o 



t 
i 


37 


r.''';~ "AI. 11F I S ~r- F 
1IC,'~~i>~" I ~ ','4 
1I <,"' ~ p ,; r I (' I r: ~ T ! '}" ~ 1<' T : ,. ; 6 
"F~ml IS t 'j 

PIIT A F F ')!I\" rI'1'1 I ~ ')" F 

"P~.( f ....p ... ",.T1.,'I 511" ')..,0 
1;'''''','=T_,,\11-1 COIlE"" • 0.';0 
"nl ....'''J:;;f liF \I \R ! I'll E S 2 1 
"':11 .. ",t=' .... .l" [V~ 'iTS 1(,,'\;V"'lf Q (ll' rl ~~SC:S 
"'At n"IJ~ L£ V. L 3 
"to""r'F" '1'; L~VEL'; • V,:. ftr" \I,\Q!-\'~l:= 3 t,. It It l 
'4V'~·r ~ "F ;~ .. ,. 1 '\I"EC I F I 1:,,) ",r;R I':L ASS" ">'CIt 
CU~~ ,f\lftT5 

0 It) 

I 
CU<:S "I 01 '" 

~ vE~, T ltt) • I = I 0 I 1 3 1 0 output for 

(VE'.T hl~ • 1.. 0 0 Z 2 1 3 1 Example 2B Section 5
f"'VF. '~T 'Ill, I)
"I- 3 I 3 2 2 tl 
r; \1< ~j 1 ~~,' . 4- 1 I I I l 3 I ..,'''\If ';T ~q .. ;- I I I 0 2"­
ev", 'IT "I'J • ,:,= Z Z 0 I 1.1 0 I 
£'J,,'H 'l;1l • 1= 1. 2 I ~ 0 t 2 
SV~~~l" "Il • II' 2 I 2 2 0 3 0 
C 'It: 'f'!' ~!O • ')'S 2 I 1 0 2 0, 
EVt::'H "11"1. 11)= 3 2 1. 0 0 0 1 
iL\5S 1'1 I 1 .,
t v" 'I 1 'r1. t" 0 0 :! 3 2 2' 
tV~ .. 1 ~:n • >. 0 t I I 1. 0'­
!';V"IlT 'to, 1- I I 2 1 1 2 1 
{-v:: 'IT ,.',i .. I 2 0 :l 3 0'. = " .,"v""T "I") .. ~" I 1- L "\ 0 I 
F 1/" "T ~""'! ;I 2 l Z 2 l." 

~[III ~ IJ 1(1. (iFCLASS 
CIl"t>ACT o t,,"'OUI> SY'< v.\PS CL-\ ,S 
RUI:) ,UTlIl PE",Cl4~S 

THE~E API' \0 C,'r'<"ETI'IC VA~ 1~l\leS _NO T.t{;kH'JIlf. 'lO SY"~ET"IC FOA"IUl6 ri.:~ CLAS$ 0 o o 
TIIE',r "'~C~I' ~Y"'4!T"IC v~ol·,r·l.es ~Im 'HfPFF:"I~e ~a SY""'fT~IC F~:VIUl4 Fe" CLASS o
r'tlS Ji"\ 1~?cQ'JI'I ... tTl'! l~F '\.&."1" "VniTS A:-II') ~lJr'J HllUICf' nO' 0 C'l.OuPS. 

cuss '1nl ~'U", OFCLASS F')R"ULI 
C~:lI'lr: r 0 CO()UP SY;.I VlllS CUSS 
I"TlU A.\ 1'10 PEl.! CUSS 

F( 01 : . (X,~+{ HX1' ~).Sl 
o.OO~ l.OOO 1 0 


f' ( L I : , IX2>;(;l1-)(1··'\I 
 a.oo,> l.OOO 1 

http:v~ol�,r�l.es
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JCL 

I /~~y ;,' l.N DO :~ 

, 
0 3tora.:z:e1 -,

I" Parametersr) ,. 

4 

Optional
"nTr-~:::: [l \:;' I. ~.:: y Parameters 

I!.:~0 :...J 
'.,. t=­...., 4 ,~ 	 :.; "~I '1 
6 <\ 7 

... ,f0 J I) ..L 0 0 
t 1 1 0 4 .1. 

"() .'. 0 0 ::5 1 
0 
J 

J. ,') () J r, " 
',. 

0 1 0 1 .'.:" 

Data0 ...'", 1 	 1 "'--
'I 0 

Parameters 
,~ ...," 

" 
A. 


'1 .
.." 0 0 	 1 A'. 

" 

,';" A'.:l 0 .J .:> ..,) 1 t 1 () 0 
:L 0 .1 ...r) l .l 

() 3 .:. 	 ...'I 4 0 
'1 .) r) .') 

.:.. .;.. 0 	 4 ..."" ' 1 1 I.", 	1 :') 3 
.').'.J '1 	 ., A_... 3 ... 	 .:.. J. 

,") '),'. ,,} 1 	 0 .1 ''o. 

".
r)0 1 3 1 2 


t 0 3 1 0 3 


ParameterParameter ralue 'Iype 

Input for 

Example 3 Section 5 
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r. L ,.; .. ~ Al I 1r IS':" F 

:'f~r'J"d)r"r re; H F 

"r .. 1,'10 r<: "1'1' 

I L~ r.'\ !, ~ nfJ( l' t,.....".. I S n"~ 


~\I!WI~ ~ArT~'~ ~flr 'lo,) 

(nU ~ 'C T _ ~ ,. t" t 1 ,. ~ f T ... 1 I " • 1).'.In 


r.II····~. 'IF lI~or"'L:( • 

-;" '4" t ~ ''J F F II ~ ''I ; " 
• 11 
~l/'" ,r'l !'F (l l~~~S 1 
·',HI·YII'. l~'JH_ I, 

',I) '" E' p ~F L' 111.1 ~ r·/"'-: I \C'l '1\" I \"L: ) ~ It 
~,·~I'A:.lrq 1.'F :vf fl. r o;",r; !f.1f:.l F"W M'" I.LASS '. '. 
i.lAS~ 'rIlPlTS 

0 6 
4 


2 I 

t 

c: l·~ (S i'( 01 
rll~'r "f} • l~ 0 1 :) 1 n Il 
~ II~', r "in. ;'" 1 1 1 '. Output for') 1 
r::1I: 'Ir ...,. Js 0 ;> 0 ') 3 1

,,0. z 8xample 3 Section 5el" 'iT ',s 0 1 0 0 j 

"1Ir:'a ~'JiJ .. ~s 1 0 I 0 1 2 
~II'_ '<T ,\JC. "S 0 7. I 1 Z 0 
1.1.'<;0; Ft II 
LV; '.T ""U. I: 2 \) 0 1 l. 

l 
2 


l'VFNT ~,Itl. 2 • I 7. 0 Z 0 

r:VI:;"" ..~O • 3= l 1 I 1 0 a 

F VI' I.T "·1. ','" 1 0 I 7- 1 I 


nn·'~~ H 
!,'j".o,T ~n. 1" 0 3 Z '. 0 

File ,; T ~!O • 2= 7. 2 7. It 1. 

"'Vi,.;T 3s 1 t Z 1 1 3
"". 

,) 

1rVr..NT 'It}. " ': l 1 1. 2 2 

(1/ 'iT ~!!j. ;= 2 , 1 Il I 2' 

E" ',T '11') • 0, .. 0 1 I 2 t Z
,
r'J -:T ~,o. 7~ 0 1 I) 3 

C L.\S'I .'41 PI NU .... CF 
CUM:>AC T 0 r.,,'uUP $Y'<4 IIV, CLlSS 

ill rr ) JUT I'] Pfl) CU'>S 
Cl~S, r )0 <\lL 1 

rl 01 ::.: (~Z.'~.X,,~ .II & (Xl>X<t'Otll 0.01,0 l).bOO S 0 

,
FI 11 '! ;; (tl';l.HXI>=21 r, IX1·X4 .. lI 0.1)61 0.661 

1"1 Z, ::: ·[X7H3>X;,~t.1 IXPX4=.'."I a.on 0.100 .. 2 

•• ~ •• ""Tt "!: 'l'JC r 1'11'1 fAliL!'·.··• 
V~~I~RLc x'l IS rl!~ <:U'i \.1;; V~!" I .. 'ur S X2,0.)(~ 


VA" L'·1LE )(8 t~ rll~ 'ill" IjF V·\"U'1.C'l X 1,x~ 


,(8Xl XZ Xl :c, XS ;(0 Xl 
CL'\S~ f( 1)1 

fvr~T 'IC. 1- 0 3 1
() I) 0 'l 1 


1 ) 1 

liv<::H -10. lio U .! 0 "1 I l 0 

':V"'ll ft.;lj. 2" 1 1 I B 

I) 

,) !' I) ) 2 1 0F'/' ". ~!O • " " I 
e:V:-: ~:f' ,.0. 5- 1 0 \) 1 Z 1 1 

(!VF'lr "'11,). !o- Il 2 1 Z 0 1 1 

CI ,-;<; q I) 


FI/I' .,r ~rl • I" ;> (j () 1 2 2 1. 1
, )>'II:':r NfJ. ;>" 1 l 1'1 l 0 r 

rl/et.r 'J:) • j= ;0 I 1 I il () 2 1 

~'1!,IH NO. 4~ I 0 1 I 1 I l 1 

i.lA'\S FI " , 
I::I/~'H :1',.1 • 1s II ; J Z .. 0 0 Z .. 2 2:'11 'IT "0. l'" Z 2 ? 0 

J. t I , 1 ) 1 "6 2 
fVI' "IT ~II) • 4· 2 1 1. ? I. 1 6 '+ 

evr'u q1t. '.I" Z 3 I (I 1 ') 6 2 

~VFI;T o· t 


~V.~ "~" 'VI. 

!) 1 i' I l 6 1."'1. ,) , .) 6 ZrllUIT Nt' • T~ 1 1 1 
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6. CCNCtrl~ICN 

There are different types of symmetry depend1ne upon 

the value of the reference. The closer the reference 1s to 

the minimun or :naxirnum value of the Row_SuJ'l'l, the less flexi­

bility allot-ted in the value of the individual variabll1s. 

At either the minimum or l""...a:ximum value, the variables are 

co~stra1ne1 to specific values (i.e., zero or 'i*1 of vars.). 

lf none of the variables are complim~nted and the 

referenc e is in the middle of the :.1o~T_duro range, the sym­

metric selector can represent the property of 'conservation' 

bet'lleen the ~T1lriables. If one "rariable is increased, another 

variable must decrease. 

The present application of the 3Y~~ urogram is in the 

area of I~chi~e learning. T~e. ~ro~ram is ~iven object de­

scriptions ..rtth known class Me-bership, and it generates. 

for!TIulas describing the ob.1ect classes based upon the syn­

metries of each class. These for!!lulas represent certain 

~enera11zations of the given input information. 

DeSirable further extensions of this 'l.)ro~ra!" "ire 

1. 	 Allowing the user to specify more than one 
group of variables which are to be checked 
for symmetry. This would eliminate the need 
to rerun the entire prog;ram for multiple 
groups of user-specified variables, 

2. 	 Determining ?artial 3y~etry in the incom­
pletely specified case. ?artial $yrnmetry 
is defined as symmetry between some, but 
not all variables of the ~ Group. The 
I)resent version determ.ines-Partial Symmetry 
o~ly in completely specified cases. 
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Allowing the 1~equality relat10n 1n the sym­
metric selector. The present version allows 
only the equa11ty relation 1n the symmetr1c . 
selector. 

4. 	 Allowing the program to generate 1L1 formulas 
contain1ng both symmetric and non-symmetr1c
selectors. The present version generates 
symmetric selectors only. 
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AFFE!"DIX A 

SCURCE LISTrJG OF 3Yi·:4 

PROC OPTluNS'~A1NI RtORDEK; 

OCl (NV,NRCW,MA~Cl,~IXUI FIXED ~IN: I 
uN E~iOrII.EISYSH,1 I.iLJTll ElC[f; I 
OPEN FllF.(SYSP~INTI P~GESll~(b6J; I 
GET' FIl.EISVSINI LIST(I\Y,· .. «(J'.""'JXCl,;~AXOI; I 
~EGIN; I 
OClII,IV1,IY,lZ,13,14,J,J2,Jl,I(, I 
~IE ( ;): "l AxC II ,RI.)9. Cl ! 0: '" A '( CL. ) , EI ~::ta\j ,t\'J I • ICI. , In, I ROW , ~()',j l , ~u A 2. I 
COlSUM,N,O,lv,lV2,tRDA~,~O,TCP.TOPZ,I~Uf,I~S,PT1,pr2,\Cl. I 
OlISTINVI.DlINKI'VJ,OTOPINVI,OTOP"NVI.STOP.'.CUlS.~llSTI~VI. I 
"'AXTQP.MA:..,I1AXL.I"'IC.INVI,"REPETITIC,·;S.uSU'JruPf(~VI,j!l:i.Cl.OL. I 
SDuAXLINIC.INVI,SDSU8TOPI~~I,snSU8TOP.'NVI,540SU6r~p.SLC.~IN. I 
EVIN;l.OW,~vl PllflINR'J .... "WI Qt:lI,OVINR<.J"I,SPF.CLISrINV"IC.JLZ, I 
DMAXLINKIHVI,OSU3T0PI~V"'OSU~TCP.~~~X'.QCSI~V,,NAXPAT,'OU~T, I 
USERSPEC,.C5,CS_TGPI~VI.CS'INVI,CSI'VI,CS_LINK(NVI) FIXED 81~,1 

(Ca~IPL"'jVJ, SCDI'PL INV',I\COMPl (OI:HMAXu"~,'1·' ,NOTC.O~'>.\CHI,CE"', J 
RERUN,orRED' 6tT(1',4lIGNEO. I 
(CRlrERIA1,RS~!O~:~AlO·~V.,~CC~P,RATIO,MlNRATlO) I 
FlOAr Jill( 53 •• ~HLOC. LAdEl. I 
NOt' CHA~1101 ALlGr.EIl INITt'NU"Ii3ER OF ,), I 
CH,IZ(lOSI CHA~Il. At.lG~.EO INITt ' '.',' I, I 
IISAVE.C~SIN. flxEIl ~INljlJ; I 

MAXPAT"'5JO; I. DEFAULT VALUE *1 

GEN'" O'!H 1* OEFAULT VALue ., 

USF.'lSPF.C=08; '* DEfAULT VALue ./

RER\JN='O'6; ,. DEFAuLT V.\LUE ./ 

OUEO"'O'8; 

GET F ILE( SYSINI OATAIMAXPAT,CEN.USERSPEC,RERUN,OTRcO) ; 


14 z· 0 I GET FILElSYSIN) LIST(C~lrE~IAl.OL1ST.NE.EI; I 
15 z 0 I IF USERSPEC=oe THEN RERUN:'O'8; I 
16 2 0 I ELse GET FIlEISYSIN) LIST C(SPECLIST([) I 

I OU t-1S TO USERSPECI.; I 
11 

18 

Z 

Z 

0 

Q 

I 
II. 
I 

PUT 
~CL"MAXCL"'lB; 

ROW_OISPLACEMENT 
AOWClIOBJ-08: 

OF EACH EVENT_CLASS (NrO ROWCL 
I 

*'1
I 

19 Z 0 I 00 ICL=OS TO HAXCl-1B; I 
20 
2t 

z 
z 

1 
1 

I 
I 

ROwCLlI CL+ l 13) d.OwClI1CL J +NE I ICL); 
END; 

I 
I 

Z7. 
23 

Z 
Z 

0 
0 

1/*
I 
I 
I 

ECHO THE' I NPU T 0 AT A ¥ I 
IF uEN THEN PUT PACE FILE(SVSPRtNT) EDIT ('GE~eRALlZE IS ON'I 

(A); ELSE PUT PAGE FllE{SVSPRlNTI ~JIT ('GENERALIZE'. 
, 150FF'IU,A'; 

, 
I 
I 
I 

2 0 , 
I 

.'F USERSPEC.,=OA rHEN PUT Sl(iP FllEISYSPRINTJ EDIT {'USER-SPEC',I 
I IS cr.','USta SPECIFICATluN LIST:',{SPECLISTlll I 

I 00 131~ Te USE~SPEC)J(A.A,SKIP.A,(USeRSPECI I 

http:At.lG~.EO
http:AXTQP.MA:..,I1AXL.I"'IC.INVI,"REPETITIC,�;S.uSU'JruPf(~VI,j!l:i.Cl.OL
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PL/I OPTI~lll~G CO~PILER "4AINP: PROC OPTIC~S'~AINI REORDeR; 

sr"'T lev NT 

25 2 0 	 I IF'llll; ELSE PUT SKIP FlleISYSP~I~TI EDIT 
I I'USEI'SPEC ISOFF'IIAI; I 

20 2 0 I IF RERUN THE.'~ i>UT SII.IP FILeISVSPRItITI EelT "RE~UN IS ON'I I 
21 2 0 I (AI; ELSE PUT SKIP FllEISYSPRI~TI eUIT "RERUN', I 

I , IS OFF'IIA,AI. I 
28 2 0 I If QTRED THEN ~uT SKIP FllEISVSPRINTI EDIT I'OATA RE', I 
2q 2 0 I 'OUCTICN IS ON'I(.1,AI: ELSE PUT SKIP r:ll.EISYSP~I~lT) I 

I EDIT I'OATA RECUCTION IS OFF')IAI. 	 I 
30 2 0 	 I PUT SKIP FllEtSVSPRINTI EDIT I 

I t'MAxl~U~ PATTERN SIZE :',MAXPAT, I 
I 'CO~PACT_~ATIO CRITERIA :',CRITERIA1. I 
I NOF,'VA~IA8LES :',NV. I 
I NOF,'EVENTS .',NROW, I 
I r..OF,'ClAsses =',NCL, I 
I 'MAXI~U~ LEVEL -',MAXO, I 
I NOF,'LEVELS FOR EACH VA~IA6le :'.OLIST. I 
I NQf-,'EveNT SPECIFIED FOR CACM CLASS :','CLASS ~EveNTS'. I 
I IICL.r..EIICL) 00 ICL~08 TO MAXCl', I 
I (tCLASS FI'oICl,'t', I 
I . ('EVENT NO.',IRCW-ROWCLIICLI,'=',EIIROW,.) I 
I 00 I~OW=lOWCl(ICL)+18 TO RCWCLIICLI+Nf(ICLI' I 
I 00 ICL-08 TC HAXCLI) I 
I ISKIP,A.Flbl, I 
I SKIP.A.F(5,l',3 (SKIP,2 A.FI6JI.SKIP.A,F(61.SKI~,2 A. I 
I INVI(FC31',SI(IP.2 A,SKIP,;.\,11.CL,ISKIP,I'IS,.FI101,. , 
I I r-.C L11 SKI P ,A. F 12 J ,A, I fotE I ICli I I SK 1", A, F151 ,A, ( 'IV 1 I F I 5 I ) I II. I 

II. New CHECK FOR OISJOINT EVENT CLASSES. */1 

31 ·2 C I 00 12=08 TO MAXCL-l8. 

32 2 1 I ROW1=R1wCLlllI+18; 

33 2 1 I ROW2=ROW1+NEIIZJ-l8; 

34 2 1 I 00 13=RGW\ TO ROW2; 

3S 2 2 I 00 Jl=(RCWZ+l) TO NROw; 

30 2 3 I 00 H a 1S TO NV; 

37 2 4 I IF E(13,JJ) ,~ EIJ2.J31 TH~N GO TO QK; 

39 2 4 I END. 

3q 2 3 I 00 14a 112+181 TO MAXCL;

40 2 ." I IF ROWCLI14~ )- J2 THEN GOTOaUT;

41 2 It I ENO; 

4Z 2 3 lOUT: 14=14-18;

43 2 3 I PUT SKIP FllEISVSPRINTI eDIT 


I (lTt-IE PROG'U)/\ I)PERATES ON UISJOINT EVE~T CI.4SSES.'. 

I 'eVENT NO. ',111-RuwClIllII,' IN CLASS NO. ',IZ.

I • IS THE SAME AS (VENT ~O. ',IJl-ROWCl(141',

I IN CLASS NO. ',14,'YGUR EVENT CLASSES ARE NOT I,
I 

I ·OISJOINT.'.'THIS DATA WILL NCT BE RUN.'I 

I (S~IP,A,SKIP,A.F(21.A,F(21.A.F(21.AfFC2I,SKIP,A.A, 

I SKIP.A,; 
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PL/I OPT ("'(like COIolPILER' 	 PRec OPfIONS(MAINI RECROER; 

STMT LEV NT 

2 3 	 I ' COTo hEXT; 
Z 3 10)(: END; 

2 2 I !;NO; 

Z 1 I END; 
 .­

/* 	 IF THE U~ER DOES NCT SPECIFY A SPECIFIC SET OF VARIABLES 
THE P~OG~~M GROUPS ALL THE VARIAuLeS ACCLKOIN~ TO THE 
NU"'BER OF LEVELS OF TtiE PARf(CULAiI. VARIABLE. IF THE 
USER DOES SPECIFY A SET CF VARlA8LE~. Of'olY HIQSES 
SPECIFIED wiLL BE CONSla~REO rOR SYMMEfR1 _/ 

48 Z D 	 I IF USER$PE(.::Ofl meN GOfO L1NI(ER; I4q 2 a 	 I ND=Ja; OLl~K.OTOP.DTCp~=Oe; I
51 2 0 	 I 00 IV=USERSPEC TO 18 GY -18; I52 21 I OU I 0·.. l!! fl.J /1;0; 

53 2 2 I IF OLISTISPECLIST(IVII=OLISfIOToPIIOII TH;:N GOTO ilUSHol;1 

I 


51t 2 2 I END: 
 I
55 2 1 	 INEWDl: NO"ND t1 B; I56 Z 1 	 IPUSH01: GTOP~(lij)=OTOP'(IOltlBi I57 2 1 	 I DLlNK(lVI"OTGP( ID); I
58 Z 1 	 I DTOP'IOI~SPECLIST(lVI: I
59 2 1 	 I END; I6D Z 0 	 I 00 IO"lA TO NO, I
01 2 1 	 I IF DrOp,(10)=16 THEN 00. Pljf SKIP FILE($YS.Hu~rl EOlT II ('YOU H~Vc SPECIFIEO A SlN~LE'. I

I • VAIU~e.Lc.'"V.· AS SY~"'ETRIC.'. II • THAT IS ERRONEOUS. CHECK USER " I
I ·SPECLIST.tIIA,A,FI3I,A.A,A'; I63 2 Z 	 I GOTu hOi I

6't 2 2 	 I ENO; I
6S 2 1 	 ITWol END; I
66 2 a 	 I GOTO START; I 

1/* SINCE THERE IS NO USER SPEC1F1CATION OF VARIA~LESt ./ I 
1/* PARTITION ALL VARIAoLES I~TO to_GROUPS' W1TH SA~E .LEVELS */1
1/* & LINK THE 'O_GROUpS' SY OLI~K '/167 2 '0 	 ILINKERI N02De; OL1~~,OTOP.DTOP,sOB; RERUN~'O'8; I

70 Z 0 	 I 00 1V:~V TO 18 8Y -18; I
7l 2 1 	 I 00 10=lD TO ~O: I
72 l l 	 I IF ULlSTIIV'=OLlSHOTQpClOti THEN GGTO PUSHO; I
73 Z l 	 I ENO; I
74 2 1 	 INFWO: NO=NDtlS; I
75 Z 1 	 !PUSIiO: OTOP",IO' .. CTOP."IO'H8; I
76 1. 1 	 I OLINK(IV';OTQPIIOI; !77 2 1 	 ! OTuPI10'=IV; t
18 Z 1 	 I E'-IO; I
19 2 a 	 ISTART: OL1ST=OL1ST-18; I 



Pl'! oprl~IZl~C COH~(lER "'Al~P: PRoe OPT IO:<-lSI"IA'('H REO~;)cR; 

STMT lEV 'iT 

80 2 0 
1'* 
I 

~INO SYM~~TRY cr VARIABLES 
00 lCl:Ou TO MAXCl; 

Il EACH CLASS .'1 
I 

1'* FOR EACH eVENT_CLASS: 
IRE_INITIALIZE LISTS.COUNTS G 
I CCllECT 'COlU.'IN_SUMS' OF EACtl VAR(Al!lE .. 
INOTE-­ ALL VARIIRLES A~E REAO IN 'UNCO~PLEMENTED' FORM, 
ITHEN APPrtCPRIATE VA~IABLES wiLL a, CO~PLe~ENTEO 
IWITH RESPECT TO TIfEIK ."'AXI~U" lEVEL­ 'O_SLASH' 
ITO SHOW THF. 'ACTUAL' FORM vF SYMMefRY OF ThE VARIABLES. 
ITHEV WilL BE Re_CCNVE~TEO TO 'U~COMPlEMENTeo' FOR" 
IBEFORE THE NEXT EVENT_CLASS IS PReCESS EO. 

I 
I 
I 
I 
I 
I 
I 
I 

*/1 

S1 
SS 
04 

2 
2 
2 

1 
1 
1 

'OSU~TOP,O"'AX¥·06; 0~AXll~K.OSU8Tap,OSUOTOP'=OB;
RCWl=RQW(L(ICLJ+1S: 
IRC'""S-'NE II ClI; 

135 1. 1 ROW2=~Owl~'RC"'S-lB; 
S6 
S7 
SO 

2 
2 
2 

1 
1 
2 

CO/olPl""0'6; 
01] [V= 1 TO NV; 
COlSUM=Otl; 

89 2 2 00 IRCW~ROWl TO ROW2; 
90 2 3 COlSUM=COlSUM+ECIROW,IVt, 
91 
92 
91 

2 
2 
2 

3 
2 
2 

END; 
O(SI (V) =(OLSUI4;
ENO; 

1'* FINO SY~MET~Y 	OF VARIABLES IN EACH 'O_GROUP' . I 

ALL SY."''''ETRIC V,\RIA3LES HAVE THE SAME ~'UMtlER OF LeVELS WHEATHER 
COMPLETELY SPECIfIED OR NOT 	 _, 

2 1 	 00 to,.18 TO NO; 
,- IGNORE 'O_GROUP' WITH ONLY 1 VARIABLE '*' 

<;15 2 Z IF OTOPlCID':lB THEN GOTO NEXTO: 
96 2 2 N"OTOPII (10';
97 Z 2 0=OLIST(OT9P(10»); 

1,- FI~O 'TQTAL SVM~ETRY' OF ALL VARIABLES IN T~E to_GROUP' 

I CO~PL~MF.NT APPROPRIATE VARI4SLES. 

I THE V~LUE OF THE SWITCH GEN DETER~[NES ~HICH (C~PLI~ENT ROUTINE 

I IS USED. THE FIRST ROUTINE (5 HEURISTIC IN NATURE AND (S DESIGNED 

I F~~ INCC~PLETELV SPECIFIED SYPMETRIES. IT ~C~PlEMENTS THE V~RS 

I IN OIFFERENT WAYS UNTIL A HI~I~UM NUMBER OF ROw su~S IS PROOUCtO .. 

I ( IOEALl V r;NE RGW SUH I _, 


98 2 2 ITOTALSORT: 

I tF GEN-'O'S THEN GOTO OTMRN; 


http:CO~PL~MF.NT


.................______________~t__________ 


47 


PL/I OPTIMIZING CO~PIL~R IUII-;P: PROC oprIU~S'~4IN' RECRDER: 

STIolT LEV NT 

qq 2 2 IF N>L11110 T~EN DC: PUT SKIP FtLE(SYSPM1NTI EDIT 
(IT~E GENERALIZArlON RCUT1~E 'LLC~S A MAX'. 
I I~U'1 OF 3l VA~IAULES IN ANY I) G~OUP.'. 

THIS J08 IS NOT GENERALIlE~." 
U,A,AI: 

101 
102 

2 
2 

3 
3 

Gem 
END. 

OTHRN; 

103 
lOft 
10, 

2 
2 
2 

2 
2 
Z 

CPBIN"Oi3;
JiI, tis N:; II CL ) : 
IF NE(lCl'=18 THEN GOTO OTHRN; 

II. GENE~ATE AND COU~T ROW SUMS -, I 
106 Z Z tHERE: ~S'=OEOB; I 
101 
108 
110 

2 
2 
2 

2 I 00 lRGw=RO)il hi ROw2: 
3 I tV,=OTOPIIDI: IRs=oa; 
liDO \O/H ILE (tV>OBI; 

I 
I 
I 

111 
llZ 
113 

2 
2 
2 

4 
4 
4 

I 
I 
I 

IF COHPlIIVI THHI 
ELSe 

[V=OLlNK( IVI; 

IKS;[~S"D-EIIROW,IVI; 
IRS=IRS+Et IROW.!'!): 

I 
I 
I 

11 .. 
115 
tlo 
111 
1113 

Z 
2 
2 
2 
2 

4 
3 
3 
2 
2 

I 
I 
I 
I 
I 

ENO; 
~S1(IRSI=RS.(tRS)"1EOOi 

END; 
'Rs"oe; 
00 IRS,.O" TO O-I\; 

I 
I 
I 
I 
I 

119 
1~0 

121 

2 
2 
2 

3 
3 
3 

I 
I 
I AGA IN: 

IF RS.(IRSI=OB 
'~i':iRS+le; 

HID: 

THE~ GeTO AGAIN; I 
I 
I 

122 2 2 

1It. 
I 
I 

CHECK FOR MINII1U14 NUMBER Of I(OW suns. [F ~;U'l8E~ OF 
IS EQUAL,) ONE THEN STep Af\O CO,"lPlE~er-.r EVENTS. 

IF tRS"18 THEN GOTll aUll; 

'l.0" SUNS 
_I 

I 
I 
I 

123 
124 

2 
2 

Z 
3 

I 
I 

IF' ~IN).qS THEN DC; 
111N...RS; 

1 
I 

125 
126 

2 
2 

3 
3 

1 
I 

ISAve=c.P8IN; 
eND; 

I 
I 

1Z1 Z z 
I'. 
I 

GENERATE A NEW CO~PLE~ENT veCTOR 
CPJIN-CP8IN.18; 

., I 
I 

128 2 Z I IF CPiHN>CCZn CN-18J J-1B' TI1Ef'I GeTO OUT2; I 
129 
130 

2 
2 

2 
2 

I 
I 

IV"OTOP(JO); 
00 IY::18 Te N-18; 

I 
I 

131 
132 
133 

2 
Z 
2 

3' 
3 
:3 

I 
I 
I 

CO~PU IVI ~SUOSTR( UNSPEC IlPBI NI .33-1Y, 18); 
IV:OllNKltV); 

END: 

I 
I 
I 

IJit Z Z 1 GOTO HER.E; t 
II- H~VING GONE TH~OUGH ALL THE OIFfE~E~T Ca~PlE~ENT VeCTORS~ CHOOSE I 

135 2 2 
I THE 
IOUT2: 

ONe GIVt.'tG ThE MINIl'4UM 
CPdlt... tSAVE; 

t.U~9ER Of R.UIoI SUMS ., I 
I 

130 
131 
lld 

Z 
2 
2 

Z 
2 
) 

I 
I 
I 

IVzOTOPllOI; 
00 IY=18 TO N-16; 

CO~Pl'IV):SU~STRCUNSP£CCCPdINI.J3-IY,lel; 

I 
I 
I 



, 
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PL/( OPTI~llING CO~PILER MA(NP: PROC rpTICNS'~Al~1 REORDER; 

STMT LEV NT 

139 2 3 t V-OLI ~l(llv I;

14\) . 2 3 END; 


,,- CCI'PLE"E'iT EIIE~TS US'~G THE PMOPER CO~PLEMENT vEC TOR -I
141 2 Z loun: I V=OT.1PII 0'; 
142 2 Z I 00 IoiIo1ILE II V>OA , ; 
lit) 2 3 I IF COMPL(IVI='O'S THEN GeTO NEXT'll. 
1"~ l ] I 00 IrtUioI"R( .... l TO PlOW2. 

145 2 I E I I R Ow. I v 1= o-e ( I RCw .1 V ) ; 

146 2 "4 I END. 

141 l 3 I DC Sil V';O-'ROWS-OCS' IV';

148 2 3 I NEXTV]: IV=OLI'-K(I'lI;

149 2 ) I END; 

150 2 2 I GOTU TESTPT; 


II- IN THIS SEto~o RCUTINE, THE FACT THAT THE SY~METRY IS COMPLETELY I 
I SPECIFIEO. IS UTILIZ(D. IF THE SVM~ETRY IS CO~PLETELY SPECIFIEO. I 
I THE 'lARS wiLL ALSO HAVE THE P~OPERTV OF T~E SA~E COLU~N SU~ IN I 
I Th5 EVENT CLASS. THEREFORE THE 'lARS ARE PA~TITIUNEn INTO 'o_GROUPS'1 
I "IF NECeSS.1RY FURTHER PARTITlGNEO INTO ·CS_GROUPS'. I 
I IN FORMING 'CS_GROUPS': I 
I 1. LINK IIARIABLES wiTH SAME 'COLUMN_SUM' IN THE E'l~NT_ClASS. I 
I 2. IF VARIA3LE '1112' HAS 'COLUMN_SUM' CO~PlEMENTARY TJ THAT OF '1'1'1 
I THEN CO"PlEMENT 1'12 C. LINK IT TG tv'S 'eS_GROUP·. */1 

L51 2 2 IOTHRN: tV:DTOPIIO,; I 
l52 2 Z I 00 ,mILEIIV>OBI; I1:j] Z ] I If' C(,!"PlI1V I THEN COTa NEXT'l; I154 2 3 I IVZ:Oll/IiKClVI; I
155 2 ] I 00 ~HILE(IV2>061;
156 2 it I IF COMPUIV2' THEN GOTO NEXTVZ; •I
157 Z 10 I IF DCS(IVJ ,. O.'RO~S-OCSIIV21 THEN GOTO NEXTVZ: I158 2 4 I IF oeSllv, • OC511v21 THEN GOTO NEXT'lZ; I
159 2. 4 I COMPLI(V2'·'l'S: I
160 Z I DO IROW'ROW1 TO ROW2: I161 2 "5 I e t t ~Ow,I '12.1 ",u.- E I I II. OW, I V l to I162 2 5 I ENO: I163 2. It I OCSI[V21-0CSIIVI; I 
16" Z 4 INEXTV2: lVZ=OLINk(IVlI; END; I166 Z ] I NE XlV: 1'l=OlINkIIV); E~O; I

II- TEST ENTIRE O_GROUP Fell. rOTAl 5V"''''E TRY -/I168, 2 2 I TESTPT: IF SUFIOTOPltD'.OLl~k.N) THf~ GOTO ~ER; I169 2 2. I (F NOTcn~PACT8 THEN GOTC SQ~TeS; , I
170 2 2. IVER: IF 'lERIFYIDTOP'IOI,OLINK.~1 THEN GOTO TCTALSY!1; I171 2. 2 GOTO SO~TtS; I 

II- All VAAI~ALES IN 'O_GROUP' ARE SYMMETR Ie 

172 Z Z I TOT AL $YM: MAXTO~=OTOPIID'; 
 IIH 2 Z I ,.AX.::,.: *" 

I 
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Pl/[ OPTI~IZl~G CO~PtLEK ""INP: Pl-.QC CJPTICJ'.St~AI"4) I(EOROER; 

STMT lEV ~T 

2 2 "'AXLIII.K=OLIII.K. 

2 2 RETLOC=NEXTO; GUTO LINK; 


1/* FURTHER PARTITION V.K[AtlLES CF 'D_GRCU?' HHO 'CS_C,KQUPS' */1 
II· WI HI S.UlE CGl Ulol't SIJ~ */1 
II. $C~T 'CS_GROUPS' IN CESCENUIIliG ORDER CF THEIA SIZES. I 
I I. E. TUE ~UM6EM OF VAK I ABLES THEY CC,...T AIN ./1 

171 2 2 ISORTCS: 'CS=08; CS_TO~.CS ••CS_LINK208: CS=-18; Ilao 2 2 I IV=DTCPClOJ; IlSI 2 2 I 00 WHILEtlV)OS): I182 2 3 ILINKes: 00 TJP=l8 TO -CSt 
183 2 4 I IF CStTOP) = DCStIV) TkEN GeTO UPOATE: 

I 
I184 2 It I END: I18, 2 3 INEWCS: .CS=-CS+IB; I186 2 3 I CSt .. e S I sOC S t IV I ; I181 2 3 IUPD~Te: CS"CTQP)=CS'ITOP)tlB: I188 2 3 I CS_Ll"KtIV)=CS_TCPtTOPJ; Ilaq 2 3 I CLTOP(TQP)=IV; I1'10 2 3 I IVaDL I~KC IV I; I

191 2 3 I END; I191 2 2 I IF IICS>l'l THEN IITOPSURT: 00 TOP=lB TO .CS-l0; I
1~3 2 3 I 011 TI1PZ'"WP+ lB TO "CS: 

l1.J4 2. 4 I IF CSt(T0P»=CSIICTCP2.) TH~N r,OTJ ~~XT_Tapz: 

I 

Il'i:i 2 4 I I~UF=CSCTOPI; CS(TOP'-CS(TCP21: CSCTQ?21~'UUF; I1'18 2 4 I 18Uf=CS_tTOP,; CS-tTCP)=CS1lTCPlJ; CSliITOPZ)=16UF. I20\ 2 4 I IBUf-CS_TOPCTep,; CS_TUPtTOP'aCS_TQPtTOPZJ; . I

2.03 2 4 I CS_TQPITQP2';IBUF; I204 2 4 I~Exr_TOP2: END; I20S 2. 3 I END TCPSORT; I 

II. FINO 'TOTll OR PARTIALtSYM~ETRY Of All 'CS_GROUPS', 

I ICNOAE T~ose wITH ONLY 1 VARIABLE 

I I; GeTO paac(;SS hEU 'O_GROUPt. 


206 22 I TOP"08: 

207 Z Z INEXTlCS; TQP:TCP+l B; 

208 2. Z I IF CSllt TOP h> 18 TtIEN GOTO NEXTO; 

2':)<} 2. 2 I IF SUFtCS_TOPtTOP),CS_lINK,CS.CTOP'1 THEN GOTO VERZ;

2\0 2. .2 I IF NflTCO"'PACTB TlIEN COTO PSY:!;

211 Z. 2. IVE~2; IF VF~IFYICS_TCPITGPJ,CS_ll~K.CS.CTOP)' rHE~ GOTO TSY~;

212 2. 2 IPSYM: STOP=CS_TCPCTOP); lllST=CS_ll~K; $.COLS~CS.CTOPI;

Zl5 2. 2 I NEXT J: MAXTCP,HAA'=OS; M~XlINK~OS; 

117 ? 2 I J.K~sTOP; PTl~$LlSr(J'; G~TO AODJ; 

220 2. 2 IC0010~RE: PTZ=SlISHKI; 

211 l. 2. I If ~SUF2tJ,K) THEN PT1~K; ELse 


http:CS_TO~.CS
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Pl/l OPTIMIZING C0~PllER "'41I\jP: PROC "PTIUNS(~AI~I REORDER; 

SHIT lEV Nf 

222 2 2 IAIJOJ: CO; 

223 2 ] I S.CClS·S'C~lS-lB; 


224 2 ] I IF $TC~·K THEN STOP=PTZ: 

225 2 3 ,I ELSE SlIST(PTlJwPT2; 

226 2 l .'4'\ X... "AU +1B; 

221 Z 3 I MlXl(~~(~):"AXTOP: 

228 2 ] ,I ~I\XrOPlIK; 


229 Z 3 ENO; 

230 2 Z I )(=PTZ; IF K>~O THEN GOTC COMPARE; 

232 2 2 I IF ~AX.=lB THEN GOTO TEST; 

23] 2 2 I IF SUF(MA~TCP,MAXlI~K,MAX.J THEN GOTO VER3; 

234 Z 2 I IF NCTCOMPACTa THEN GOTO TEST; 

2JS 2 2 IVER3: IF VeRIFY(M~XTQP,MAXlINK.HAX_1 THEN GOTO PSYMl; 

236 Z Z I GOTQ TEST i 


1/* SC~E Bur NOT All VARIABLES IN ·CS_GROUP' ARE SVMMETR IC ./1,237 2 2 IPSYMt: RETlOC=TEST; GOTD LII\jK; 
239 2 Z I TEST: IF S_COlS>lD THEN GOTD NEXTJ; I
240 2 2 4 GOTO NEXTtCS: I 

1/* ALL VARIAalES IN 'r.S_GRQUP' ARE SYMMETRIC */1
241 2 2 ITSYM: MAXTOPaCS_rC?(TOP,; I 
242 2 2 , MAX'=CS'(TCPI; I
24) Z 2 I MAXLINK·CS_lI~K; 
244 2 2 , RETlGC~~~XTICS; 

1/* MERGE & LINK SVM~ETRIC VARIAelES IN O~AXLI~K• ." 
I 
I 

I245 2 2 'LINK: 'OSUPTOP=iOSUuTCP.l8; 

240 2 2 I ~T1fDSU8TOP(1nSU8TOPI.MAXTOP; 

241 2 2 , OSUBTOP~(.OSUOTCP).MAX~; ,I 

248 2 2 I 00 WHILE(PT1>OBI; 
 I
249 2 3 I PT2=PT1, 

250 2 3 I PT1=MAXlINKtPTl'; ,I 

25l 2 3 I DMAXlINKIPTZ'.PT1; 
 I252 2 3 I END; I
253 2 2 I O~AX'&OMAX.+M~X'; I
254 2 2 I Gora RETlOC; I 

1/* 'VERtFY'VERIFI~S TH~r OTHER CLASSES 

1/$ DO Nor HAVE THE SAM~ SY'4~ETRY AS THE tU~RENT CLASS. 

II. I.E. THE CURRENT SVM~ETRIC SElECTCR IS ACCEPTED 
1/* IF IT OOES NaT APPLY Tu OTHER CLASSES. 

255 2 2 IVEP1FY: PACC(~OOElpr.L1STf.COLSI R~TUR~S'81Tlll'; 
256 3 2 I DCl 'NOOE1PT.LIST' ••••CCLS.ICl2.K~S.KROWJ FIXED BIN; 

I 
257 3 2 I DO ICLZ=OB TO ICL-1A. tCL+l8 TO'MAXCL;
259 3 3 I 00 IRO_=lB TO NE( IeUI; 

http:OSUPTOP=iOSUuTCP.l8
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Pl/l OPTI~Ill~G Co~PtleR II!AINP: PROC O~TIChS(~AIN) ~EOROER; 

sr,.T leV NT 

25q 3 4 I KIIS.Oil; II.RCw'"IROW+ROWClI1Cl2);

2&1 3 4 I I V"/lCD(i1 PT; 

2bl 3 I DO "kilEl IV>08'. 

2bl 3 "5 I IF CLlMPUIV, TI-IEt~ KPSaKIl.S ..o-ElKROw,IV);

204 3 5 I ELSE K~S=KRS .. ElKRUw,1V';

205 1 5 I IV=l.tSH1V,; 

lob 3 OS I E11;0; 

Zbl 1 4 I IF INCO~Pll)(RS' THE~ RETU~N(tv'e);

268 3 ". I IF ~S.(KRS)~=08 THEN RETUR~I'O'B);
,.269 3 I ENO; 

270 3 3 I END; 

27l 3 Z I INCO"Pl='O'B; ReTURN"l'B,;

273 3 2 	 lEND VERIFY; 

1/* 'SUFZ' F(~OS PAl~~ISE SYH~ETRY OF 2 VARIADlES J , I<. -/I214 2 2 ISUf2: PROC(J.K, 	 RETURNS(~IT(l»; I
275 3 2 	 I KS'~OEOi; I
27u 3 2 	 I 00 lROw2~OWl TO ROW2; I277 3 3 	 I lRS-EllRCw,J)+E(IRCW,K'; I
218 3 3 	 I RS'II~S)~RS.(IRS)"I~OB; I 
219 3 1 	 I ENO; I 

II. CHECK All '~Ow_SU~S' FOR SUFFltIENT OCCURRENCES ., 

Z80 3 2 DO IRS=OB TLl 0*100; 

281 3 3 IF RS'IIRS' • DEOa TkEM GOTO NEXT_RS;

282 1 3 'CC~~=CQ~Pll0e,tRS,D);

283 3 1 IF -RCWS/iCC~P < CRITE~IAl 


I. 	NO NEED TO CHECK ThIS CRCuP Of VARI46lES 
SINce COM~ACT_~MIO CRITERiAl IS NOT SHISflED --I 

THEN RETURN('O'S); 
284 1 3 IF IC OIP>MAXPAT 

THE~ I. PATTERN S(l~ eXCEEDS MAXPAT *1 
00; 

285 3 4 	 PUT FIlEISYSP"INTI eDIT 
('PATTeRN Sll.E~·,~CDMP.· EXCEEDS ~AxPAr='.MAXPAT) 
(SKIP.2 IA.flll)", 

286 1 ~ , RETURNI'O'SJ; 

l87 1 It I END; 

26d 1 3 1 BeGH..; 

2B9 	 It 1 I Del 1l1ST~S'.COMP,loal.lEvEltlva).lCOMr.ICOl) 


1 F [ Xl: 0 DI"'; 

II. CALL 'RSllSf' TC GENERATE All POSSISLE P4TTFRN5. *1 

290 It ) , CAll RSllsrtlvB.I~S.C.lISTRS,lEVel); 
2q 1 It 3 I 00 lCO~P~18 TO .CU~~; 
lq2 it It I 00 IRO_=RC~l TU ~CW2; 
2'11] It S I ou lCOlz1A TO laD: 



, 


52 


Pl/l OPTl~[ll~G CO~P[LER P~OC OPT[CNSt~AINI RECkOfR: 

STMr LEv NT 

291t 4 0 I IF ICCL=lB T"EN IV=J: ELSE III =1( ; 


290 4 6 I IF EIIRi.J,</, I Vh~L I SHSC ICO~P, ICOU 

I THE~ COTO ~€XT_~Ch; 


291 4 6 I \:"'0; 

298 I. S I I' MATCH THIS PATTERN '1 GOTO NEXT_PATTERN; 
29'1 4 S INEXT_RO"': E~(\; 

I I' ,..OT ~ATCH THI S PATTERN *1 

300 It 4 I RETURNI ' O'8'; 

301 4 4 I NE X T_PA TTERN: END; 


I I' MATCH ALL PATTERNS '1,.302 3 I ENe: 

303 ) 3 INEXT_RS: END; 

304 3 2 I RETURN( '1* 8) ; 

30' ) 2 IENe SUF2; 


II' 'SUF' TESTS 'TOTAL SV:.41o!ETRV* CF A LIST OF VARIABLES J 
I 1. ;OCCURRENCeS OF EXISTIN~ 'ROW_SUMS' ARE COllECTED I 
I 2. T~E VA~IAeLES ARE *TCTALlY SYM~ETRIC' I 
I IF THE eXIsrlNG 'ROW_SUMS' ARE CCKPLETE-- I 
I I.E. THEY OCCUR 'SUFFICI£~TLV' IN ALL POSSIf:llE WhYS. I 
I ELSE 1. T~E INCCMPLETE 'PO",_SUMS* ARE CHEC~EC FOR CLOSENESS TO I 
I CO~PLETENESS UNDER A 'CO~PACT_RATIC' CRITEalA SUPPLIED BY USER I 
I I FSO THE SVIoIME.TR IC SELECTOR WIlk T~ESE 'RO"'_SUMS' I 
I wILL eE 'CO~PACT' AND TMEREFORe tCCE~rAeLE I 
I NOTE_ THIS SYMMETRIC S!:LECTC" STILL ~'6.S Te IlE 'VE'lIFIEO' I 
I T~AT IT DOES Nor APPLY TO OrHER EV~NT_CLASSES. *II 

300 2 2 ISUf: PAOC (NCDEIPT,LIST,IICOlSI ReTUR"ISltJlTUt); I 
301 3 2 I DCl c~nD~lPTtlIST(~),.CCLS) FlxeC olN, I 

I SUFolT AITI1) 4LlGNEO 1~IT('l'el; I 
308 3· 2 I NOTCO~PACT8='0'e; INCCMPL='O' B; RS.oj=OE08; I 
311 3 2 I 00 IROW=PUR1 TO ROWZ; I 
312 3 3 I IVaNCDE 1PT: IRS=Oe; I 
314 3 3 I 00 WHllEUV>OB); I 
315 3 It I IRS=IRS+E(IROWtlVJ; I 
3lb 1 It I IV"L1STlIVJ; I 
317 1 It I END; I 
318 ) 3 I RS'IIRSJ*RSt(IRS)+lEOe; I 
319 3 3 I END; I 

II' CHECK ALL 'ROf4_SUMS' FOR SUfFICIENT OCCURRENCES '1 

320 1 Z I SUFRS: 00 (RS=OR TO O'.eeLS; 
321 .3 3 I IF RSljCIRSJ .. OEO~ THEN GOrC NEXT_RS; 

322 3 1 I tCO~P~CC~PC·COLS,IRS.O); 


323 ) 3 I IF .RO~~/'CCMP < CRITERIA1 

I THEN 
I I. ~U N~EO TO CHECK THIS GRGUP OF VARlhBlES 

http:SVIoIME.TR
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Plil OPTI~IZI~G i.O~PILER to'AINP: PQQC CPTtO~51~At~1 REORDER; 

STMT lEV NT 

I 
I 00: 

SI~CE C~~PACT_~ATI~ CRITERIAl IS NOT SATISFIED */1
I 

324 
l2b 
321 

) 
3 
3 

4 
it 
3 

I 
I 
I IF 

NOTCOMPAcrJ~'l'S; 
EfIIO; 

~CC~P>~~XPAr 

RETURNI'O'SI; I 
I 
I 

328 3 4 

I 
I 
I 

rHE~ 1* PATTe~N SIZE EXCE[~S MAXPAT 
DO; 

NaTCu~PACTew'1'8~ 

*1 I 
I 
I 

329 

330 
331 
332 
333 

3 

3 
3
3 
4 

4 

" 
" 
3 
3 

I 
I 
I 
I 
I 
I 
I 
I 

PuT FILEISYSPRINT) eDIT I 
I'PA'T~R~ SIZE=' ••COMP.· eXCEEDS ~AXPAT='.MAxPATa I 
tS~IP,Z IA.FIII'); I 
RETua~t'O'81; I 

END; I 
~eGIN; I 
i)C L Il f S TR S I .C 0'1 P , 'COL S I .LE 'IE L( .C OL S ) , I C OMP t I COL. r.OT LlC CUR H I 
FfX~D SIN; \ 

))4 

335 
33u 
331 

" 

4 
4 
it 

3 

3 
3 
4 

I 
1/* 
I 
1 
I 

CALL 
NJTyCCUR~:OS; 

'RSLfST' TO yENERATe ALL POSSIOLE PATTERNS. 
C~LL ~SLIST"CCLS,IRS,O,LIST~S.LtVEL'i 
00 IC0HP=l8 TO 'COMP; 1* CHECK ~LL PATrER~S *1 

00 IROW:RCWI T~ RUWZ: 1* AGAlhST ALL EVE~TS IN 

I 
*/1 

I 
\ 
J 

I CLASS. *1 I 
338 
339 
HI) 
3'.\ 
HZ 
3Jt3 
Hit 

345 
3ltb 
347 
3'.8 
349 
350 
352 

353 
354 

4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
it 
it 

4 
4 

,. 
l 

5 
5 
6 
0 
6 
5 
5 

4 
4 
4 
4 
,. 

" 
" 

3 
3 

I 
\ 
I 
I 
I 
I 

NEXT_ROW: 

I V:~jCDE I PT; 
on [COl&18 ru teOlS; 

IF E(I~Ow,IVI'.LISTRSIICQMP,ICOL) THEN GnTO 
. I V=U 5 r II.VIi 

END; 
1* MATCH T~IS PATTERN .1 G~TO NExT_PATTeRN: 
ENO, 
1* ~OT ~ATCH THIS PATTeRN *' 
SUF8IT:a'O'8, 
INCOMPLIIRS)·'l'S;
NOTOCCURfaNOToeCUR_+1B; 
RATlo=t.eCMP-~oTCCeUR~)/.COMP; 
IF RATIO>-CRtrERIAl THEN Goro NEXT_PATTe~N; 
NOTCCMPAcrS:'l'6; RErURN('O'SJ;

NEXT_PATTERN: 
END; 
I. MATCH 
ENO; 

NEXT_RS: END; 

All ;'ATTERhS *1 

I 
I 

NEXT_RO.;\ 
I 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

355 3 2 I ReTU~N(SUF8ITJ; 
356 3 2 I END SUF; 

1/* 
I'RSLlsr' GENER~Tes ALL POSSI8Lt PATTERNS 
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Pl/l OPTl~llING COMPILER PROC OPTIO~S(~AI~' REOROER; 

STMT lEV PItT 

(FOR N YARIABLES, WITH SAME ~AXI~~~ LEYtl -- 0, 

(TU SU"I T~ IRS - 'RI.1W_SUM' (; PUT fHEM IN LlSTRSC*,.' • 


357 2 2 (RSLlST: PROC(N,IRS,O,LlSTRS,LEVEl'; 
358 3 2 ( Oel (LISfRSC·,·J,LEVEL(*'. FIXEO 81N: 
359 3 2 I OCL ( (RO".~.N.IRS,O,Nv,R.IV) FIXED Al N:
360 3 2 ( lROW,NV=lB: 
30t 3 2 INExTV: IF N=NV fHEN 00; R"lRS;
363 J 1 I 00 IV=tS TO N-1S;
364 3 4 I R=R-LEYELtIVJ;
305 1 I END; 

.)366 " 3 I IF roo I R<Oe THEN GOTU POp,
307 3 3 I lEVEUI\I=R;
J08 3 3 I lISTRStIROW,*)alEVEl;
369 3 1 ( 1Rel'li'" , RI.)\oj+1 B;
371.) J 3 I GOTO PCP;
371 3 3 I ENO;
312 3 Z I U:Vf:U NV. =OB; 
373 3 2 (PUSH: NV=~V+1B; 
31'. 3 2 I GOTO NEXTV; 
375 3 2 IPOP: ~V=NV-le: 
316 3 2 ( IF NV-OB THEN RETUR~; 
317 3 2 I IF LEVEUNV'=O THEN COTO POP;
378 3 2 I LEVEllNV'=lEVEl!NV)+1B;
379 3 2 I GOTO PUSH; 
380 3 2 I EhO R SLl S T ; 

1/* 'COMP' C~LCULATES THE I\UMeE~ OF WAYS fOR N VARIABLES */1
II· ,WITH .SAME MAXl"lU)4 LEVEL-D. TO SUM TO R--'RmcSUM' *'1381 2 2 leQ~p: PROCIN,R,U) RETURNSIFlOAT SIN,s3,,; I382 3 2 I Del II\,R,O.M",M4X.IU.~ZIFlXEO 8INI1S'. II ISUM,SIGNI FLOAT 811\(531; I383 3 2 I SIGN=-lE081 SUH=OE08; I385 3 2 I Rl=R; R2=O*N-R1; I387 3 2 I IF Rl)R2 THEN RlaR2; I388 3 Z I MAX=R1/'O+lBI; I389 3 2 I 00 M=Oe TO HAX; I390 3 3 I I=Rl-M.'O+18': IJ?l 3 3 1 SIGNs-SIGN; I392 3 3 I SU~:$UM~SIG~.COMB,~,MI*CJ~e'N~I-1B,l'; I39) 3 3 I ENO; . I394 1 2 I RETURN(SUH,; I 

I/.. • COM8' CALCULATES THE ~UM8ER OF WAYS TO CHoose ~ OUT OF N OBJECTS*/I 
3'i5 2 ICOM9: p~OCfN.M) RETURNS CFLOAT ~1~"lJ I. 
396 2 I OCl (N.~.TI~ES,Nl,N2' FIXEO 8~Nl15'. 

( 

II (TOTAL,FAC~' FleAT 8INt53,; I 

http:RO".~.N.IRS,O,Nv,R.IV


2 2 
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PL/IOPflMIlIN\I Ctll4P I LE R ""INP: PROC OPTILNStMAINJ ~cCRDeR; 

STMT LEV NT 

397 4 2 I IF"!=0 B THE'" R ETU R 1'1 tl Eil81 : 
398 2 I IF N=Ld TrlEh RETU~~I~J;" 
399 4 2 I IF ~'loe THEN RETUR~I IN*'~-leIJ/I08 I. 
400 4 2 I TOT AL ,FAC .... 1EOS; 
40l 4 2 I Nl:::NHB-"l; "2-104; 
'tOl 't 2 I I F ,~-~ >- .. THEN GeTO CALC; 
't04 4 2 I N1"' .... It:!I N2 2 N-M; 
40b 4 2 ICALC: DC TI~es=~ TO Nl BY -lB; 
401 4 3 I TCTAL=TOTAL*TIMES; 
408 4 3 I END: 
40<) 4 2 I OC r(~ES:N2 TO l~ BY -lB: 
410 4 3 I FAC M=FAC~* T' ME S; 
4tl 4 3 , END; 
412 4 2 , ~ETUqNITOTAL/FACMI; 

413 4 2 I END COMS; 
414 3 2 I E~O COMP: 
4t5 2 2· INcxro: et-lO; 

1/* PRINT FOR E~CH CLASS EITHER THE SYM~~T~IC ScLECTO~ISI COVE~ING Ir 
I OR A M~SSAGE INOICATING THAT NO SY~METRIC VARIABLES wEPE FCUNO .1 

41b 2 IPRINT; IF ICl=08 THEN PUT SKIP FILEISYSPRI .... TI EOIT "ClASS·,·~t~I·. I 
I 
I 

'iliUM. OF','CLA'SS F(J,{!IoIvll','Cu)lPA;:T','O c,"CUj:I', 
'SY"I VA~S'.'CLASS·.'~;\T10·,'RATlJ",peR CL;\SS'I 

I 
I 

411 2 

I 
I 
I 
I 

IF 

I X I 85 I • A • X 101 ,;\. X I£.I , A • SKI P • X';j) , A. X I 0 J) • ;\ , X I 3) • I 
11. X I J I • A • X I 31 • A , SI( I tI, X I g '" • A. X I '.i l • ~ .,( ( 4 1 , II ; I 

O~AX.·OB THEN O~iPUT SKIP FILEISVSPRINrl EJIT "THERE ARE",I 
I NU SY~METRIC VARIA~lF.S A~O THERe'. I 

I "FO~E NO SY~METRIC fJR~ULA FOR CLASS ',I 

41q 
421 
422 

2 
2 
Z 

2 
1 
1 

I 
I 
I 
I 
I 

IC L,OM AX·, • ICl ) I SK' P ,.\. '\ • A • F, 31 • X ( C: .. I. 
f()l,XI5I,fIJII; GCTO ~~PRIME; END; 

'4INRATtO==lE08; 
OCl CHQ(41 CHh/HlI ALlGt.EO INITI "1"'.'.'''',",' I, 

SIGN! CHARIZI ALIGNED. 

I 
I 
I 
I 
I 

I ISELCHR.COlSI FIXED 8lN,SYHVARINVI snlll ALIGNED. I 

423 2 1 
I 
I 

I,OCOIIB,"COll81 FllL\T BINI5),: 
SYHV4R:'O'S; 'DCO~S=IEO~; 

I 
I 

425 2 1· I 
I 

pur FfLEISVSPRINTI EOIT 
I 'F I' , I Cl ,., :.. 'JI SI( I P , S II. I P • , ,F I 2 , ,AI ; 

I 
I 

42b 2 1 I COUNT==10: I 
427 
47.8 

2 
2 

1 
2 

I 
I 

00 TOP=10 TO .OSUBTOP; 
SELCHR=lB: 

I 
I 

42q 
43l 

2 
2 

2 
] 

I 
I 

IF TOP>l8 THEN 00: PUT FILEISY5PRINT) EDITI t 

CCUNr=C~UNT"J; ENO; 
t 'IIAI; I 

I 
433 
435 

2 
2 

2 
:) 

I 
I 

IF COUNT>70 THEN 00; PUT 
,. 

SKIP FILEISYSPRINr, EDIT 
'lIA,: CuUNr-lO: END; 

I 
I 

431 Z 2 I I V=OSUB TOP ITOPI ; I 
"J~ l Z I OU WHILE' IV>OtU; I 



, 
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Pl/l OPTIMlll~G CO~PIlER I1AINP: PRoe OPTI~NStMAI~' Rec~oeR; 

STMT lEV NT 

of)q Z 3 SYMVARIIV'all'S; I 
440 
442 

Z 
2 

3 
1 

eaU=18; IF 
IF Cjj"'PLlIV, 

1'1>10\)18 
THEN DO; 

THE~ CulS"10~. 
pur FIlEISVSPRINTt EDlf 

I 
I 

«CHR t S El CHIU • 'x.' • IV. ' • • • I I 
IA.A.ftCQlS),AI; I 

444 2 4 COUNT=CiJUNH3"COlS; END; I 
446 2 3 ELSE 00: PUT FILEISVSPI'IINTt EOIr I 

CCH~ISELCHR'.·X.·.lVJ I 
IA.A.FCCOlS"; I 

44d 2 4 CC-oNT=COUNr+2+COLS: EIIIO: I 
HO 2 3 IF SElCHR=18 THEN SELCHR-=10tH I 
451 2 3 IF CCUNr>10 THEN DO; PUT SKIP FILEISVSPRtNT' eOIT I 
453 
455 
456 

2 4 
23 
2 3 

IV"OIo4AXllNK('VI; 
E"40; 

C' ')lAI. COUNT"lO; END; I 
I 
I 

457 2 2 Rs.=oeos: I 
458 2 2 SHCHR=1l3; I 
45q 2 2 00 IRC4 :ROwL TO AOW2' 
4uO Z 3 IV:OSU6TOPITOP); IRS=OS: 
462 Z 3 00 \\HilEtIV>08); 
463 2,. IRS=IRS+EClROW,lVI; 
464 2 ,. IV"O~'\AXlINKII'I'; 
4~5 2 4 END: 
_66 2 3 ~S~IIR1).~S¥tIRS)+lEOS; 
407 2 l E"lO; 
408 2 2 N=OSU6TGP~ITOP)1 OaOLISTCOSUSTCP(TOP'I; 
470 2 2 _CC!MIl=oe08; 
471 
472 

2 
2 

2 
3 

00 (AS"08 TO O*N; 
IF RS-CIRS):OE08 THEN GOTO NEXTRS; I 

473 2 3 COlS-L8; IF IAS>lOOU THEN COtS-lOS; I 
475 2 3 PUT flLEISVSPRINTJ EDIT I 

476 2 3 
ICHR(SElCHR).lRS"A,FCCOLS)): 
CQUNraccur-H1B+CCLS; 

I 
I 

477 2 3 IF SELCHA:116 THEN SELCHR 2 100a; I 

478 2 3 

/*
I 
I 

CALCULATE CLASS CO~PACT RATIO ANO 
CO"'ACT RATIO 

_C(lMP-CO>4PCN,tA.S,Ot; 

T~e O_CROUP COq SELECTOR) 
./ 

I 
I 
I 

47q 
480 

2 
2 

3 
3' 

I 
1 

'C0I'4S='C0146+ cCO"': 
UHETITICNS-RS'IIRSIIIICCHP: 

I 
I 

481 2 3 I IF HCOlR$IllIRSJ ,tCOMPJ ,: 0 THE.. I 

482 
483 

2 
2 

,3 
3 

I 
I· 
1 

UEP:;Tl TlONS=~AePE TIr lONS+liU 
RArIO·RS-CIRS)/('REPETITIONS~.COHP); 
lF RATlO<I"It.RATlO TtiEN I1INRAT10:oiUTlO; 

I 
I 
I 

Its'+ 2 3 iNE::CTRS: END; . I 
485 2 2 I _OCOHa='DCOHa*.CO~S; I 
486 2 2 I PUT FtI.. EISVSPRINr) ECITP)t"AJ; I 
4~7 2 2 I CaUNT=COUNT+1S; I 
488 2 2 I END; I 
489 2 1 I DO IV~16 TO NY; I 
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PL/I CPTIMIZINC COMPILER '1AIt;P: PRCC OPTI~N5(~AI~1 ~EO~OfA: 

SPH LEV NT 

z Z 1 IF .,SVl'VAR II vi THEN 
I <lOCO'" S" ,ccu~~ B. lOll S T I IV I t 1 E aD I ; 

491 l Z 	 I END;
II. PRINT \(/lTlCS .,492 l 	 I PUT F [lelSYV"'1NTI eOlT 

I 
 (jRO"S/~PCO~J.Io!INIUTIO.O,"IA'U,ICU (x(SS-CaUNT) .fllldl,
I X(4I,Flo.3I,X(7I,f(3I,XI6J,F(ZII; 

II· RE_CONVERT THE VARIASLES Ih THIS EVENT_CLASS 
I TO 'UNCU~PLE~ENT~D' FOR~ 

I NCTE-- THIS IS REQUIREC WHEN FCRMULAE FOR LATER CLASSES 

I ARE VERIFIED ACII(NST THIS EVE~T_CLASS. 


493 2 1 I UNPIH ,,=: DO IO=lA TG NO;
494 2 2 I IV2,IV=OTiJPCIDI;
49S 2 2 	 I Dfr WHIlE(IV)081;
496 2 3 	 I IF CU~PL(IVI THEN

I 00 IROW-ROWl TO ROW2;497 2 4 	 I E(IRUW,IV)=uLISTIIV21-EIIROW,IVI;491:1 2 4 I E~O;
499 2 3 	 I IV ..OLHKUV' ;
500 2 3 I END: 
501 2 2 I END;
S02 1 1 I IF OMAX.~=08 THEN RERUNs'O'S. 

II. GcNE~ATE LIST Cfi SY:-tMETRIC VA~IA!\LeS CCMI<ICN TO ALL CLASSES WHICH II IS USED IN THE DATA REDUCTION TAulE 
S03 	 ·/12 1 I IF .,DT~eo THEN GOTD NEWCLASS;
504 2 1 	 II IF lCL.,=oa THEN GOTO CHECK;
SOS 2 1 	 I. I SCO~PL=CO~Pl; SD~AXlI~~=O~~XlINK;
507 2 1 	 II SOSU8TUP~OSU~TOP; SDSUdTCP_=CSUOTOP.;
509 2 1 	 I IS'OSUBTOP"-OSUBTOP; GOTO NEWCLASS;
511 	 I2 1 ICHECK: IF S¥DSU8TUP=OB THEN GOTa NEwClASS;
512 2 1 	 I I00 l=lB TO S~OSlaTOP;
513 2 2 I 00 J~lB TO -OSU8TOP; I 
514 2 J 	 II IF SDSUaTGP-(II~=OSURTOP'IJJ THEN GOTa A3; I515 2 3 ,I IV1=SOSu6TOPII); IVZ=DSU3TCP(JJ;
!Hl 2 3 	 i00 WHILE (IV1)081;
519 2 4· , 	 IIF IVh=llf2 THEN GOTO A3:
519 2 It 	 I IIF SCO~~L(IV1J~:CGM~l(IV?) THEN GOTO A3.
520 2 4 	 I IIV1=SDMAXlINK(IV11; tV2=OMAXLINK(IV2'.5Zl 	 I2 4 I 	 END;
523 2 l 	 I IGoro A,.;
524 Z ) 	 143: END; I 
52; 2 2 , 	 IS.DSU~TOP=s.osueTUP-18;
526 	 I2 2 I SOSUIHQP( I J -OR;
527 2 2 	 I A4: END; I 

I 



, 
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PllI OPTIMlllNG CCJ:~PhER PROC OPTIONSI~AINI RECKOER; 

STMT LEV NT 

528 2 1 INEwCLASS= E">O; 

II. IF T~E S~ITCH RERUN IS SPECIFIED A~O ~O SV~uETRIC VARIASLES WERE 

I FCUNC USING T~E use~ SPECIFIED SU~SET OF vaRIAaLES. THEN THE 

I PROGPAM w(LL AUTC~AT(CAllY ~ERUN (TSELF USING ALL THE VAR(AeLE~ 


I AND ATTE~PT TO OETER~INE IF SY~METRIC VARIAblES EXIST. ., 


529 2 0 IF RERUN THEN 00; DLIST:DLIST+le: 
511 2 1 pur SKIP FILEISYSP~I~TI EotTI'THIS 

'RUN wiTH THE SA~E EVENTS AND AUTO 
JOB IS RE', 
SELECTION'. 

532 2 1 
, OF 
GOTC 

0 GIt cu PS. ' I ( A , A , A I ; 
LINKER; 

533 2 1 END; 

II. 
I 

IF THERe IS A SYMM~TRY COVEqlNG ALL 
wITH IDENflCAL REFEREE AND CIFFERENT 

CLASSES II.E. 
REFERENCE FOR 

A SELECTOR 
EACH CLASSI. 

I 
I 

I THE A NEW VARIABLE CAN SE DEFINED WHOSE VALUE IS THE SU~ OF THE I 
I 
I 

VALUES OF THE 
THE FOLLOWING 

VARIABLES IN THE REFEqEE. 
ROUTI~E TAKES SELECTCRS OF 

THIS 
THIS 

IS DATA REDUCTION. I 
TYPE AND DIS?lAYS THEI 

5H 
535 

2 
2 

0 
0 

I 
I 
I 
I 
I 
I 

IF 
IF 

REDUCTION I~ TAeULAR PORM. 
.. DTRED THEN GOTC NE'lieHA; 
S_DSUOTOP=oa THEN DO; PUT SKIP F[LECSYSPil.IU' EDIT 

C*THERE ARE ~u SETS Cf SYl"f04eTR[C V.\,R [. • 
'ARLES CJ'I,V[Aj TC ALL CL,~SSES. THEJ:E [5'. 
' NO Or.TA Rr:CUCTlON A~D THE~EFORE', 

./1 
I 
I 
I 
1 
I 

,37 2 1 
I 
I 

'Nil 
GOTO 

DATA HECUCTWN 
NEWOATA; 

TABLE.'IIA,.t,A.AI; I 
I 

538 
539 

2 
2 

1 
0 

I 
I 
I 

PUT SKIP 
END; 

~ILEtSVSPR[NT' EO[T (' •• * •• CATA REDUCTIC~ TABLE ••••• '.··, 
ISKIP,SKIP.X(1U .A,SKIP,SKIP ••U; 

I 
I 
I 

540 2 0 I J .. oe; I 
541 2 a I DO 1-18 TO NV; I 
542 
543 

2 
2 

1 
1 

I 
I 

IF SDSUBTOP( I )=08 
J=J+1B; 

THEN GOTO A5; I 
I 

544 2 1 I IF CNV+J'<lOloe THEN CL=IB: ELSE CL~10e; I 
546 

541 
549 

2 1 

21· 
2 1 

I 
I 
I 
I 

PUT SKIP FILECSYSPRINT) EDIT ('V~RIAaLE X',NVtJ,' 
• OF VAkIAelES"IA.FICLI.A,AI; 

IV1=SOSU~TOPIl); SLC=18; 
DO wHILE ctVl>OBI; 

IS THE SUM', I 
I 
I 
I 

550 
551 
553 

555 

2 
2 
2 

2 

2 I 
2' 
2 I 

I 
3 I 

OV 2 0LISTIIV11; 
IF IVL<10LOO THEN DL=lS; ELSE OL=lOS; 
IF SCOMPl([VlJ THE~ 00; PUT FILECS'fSPR[NTI EDIT 

CCHRlISLCI.·X'.IV1.···t'C~.A.F[OLI.A'; 
EVC •• JI=EVC*.JltCOV-EC.,IVlll: 

I 
I 
I 
I 
I 

5~6 
St;l 

2 
2 

J 
2 

I 
I 
I 

ElSE 
END; 
DO: pur flLECSYSPRINTI EDlT 

ICrlRZCSLCI.t~'.lvlIIA.A,FCDLJI; 

I 
I 
I 

559 2 1 I EVC*,JI=EVI.,J).E( •• lvll; I 
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PL/I oprl~lllNG CO~PILeR .~AlNP: P~QC OPTIONSIMAI~I KEC~OER: 

SP1T LEIt Nr 

560 
561 
56Z 
561 
564 
565 
566 
567 
5e»9 
570 
571 
512 
51l 
575 
516 
511 

Z 
2 
2 
Z 
2 
2 
2 
2 
2 
Z 
2 
2 
2 
Z 
2 
2 

3 
2 
2 
Z 
1 
0 
0 
1 
1 
1 
0 
0 
1 
1 
1 
a 

END; 
IF SLC~le THEN SLC:I08; 
IVl:SJ~AXLI~KIIVll; 

e110: 
A5:END;

PUT SKIP FILEISYSPRINT' EDIT I' 'I(SKIP,SKIP.X(141,~); 
00 l=lS TO Nit; 

IF 1)10019 T~EN CL=loe; ELSE CL~lBi 
pur FILEISYSPIUNTI eOlr ('X',I1lxIIOOB-CU,A,FlCU'i 

END; 
PUT FILElSVSPRINTJ WIT P ")(Al; 
00 l~NVtlB TO hVtJi 

IF 1)10016 THEN CLelOS; ELSE CL=18: 
pur FlLElSVSP,UII4T) EDlf l'X',IIIXIlOOd-CLI,A,FlCLI); 

E1I40; 
pur FIlEISVSPRINTI EDIT 
("CLASS F(',lCl,"', 

I' EvENT NO.' dF..O;ol-RO'.lCU ICLI ,':' ,EIIRG~,,,,,' ", 
IEVlIROW,lCOLl' 00 ICeL2=IS TO JI 00 1~~~=RJWCLltCLltIB 

Ta I<OwCLIlCUtNEIlCLlI 00 ICL-=Oe TO MAXCLl) 
( I ~iC L II SI( I P , A, f C2 I , A r ll'fE, leLl It SK. 1 P • A. F (51 , .l. I NV I ( F I 5 I I ,.\, 
IJIIF(5'))U; . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

518 2 C INEWDAT.\; eNO; 
57'> 1 0 I COTO NeXT; 
580 1 0 IEXlT: ENO MAINP; 


