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FORTRAN IV PROGRAM FOR COMPUTATION OF GROUP TABLES OF FINITE 

GROUPS - PROGRAM FOR SECOND GENERATION MACHINES 

by Dav id  D. Evans a n d  Gabr ie l  A l l e n  

Lewis Research  C e n t e r  

S U M M A R Y  

A FORTRAN program suitable for  second generation machines has been written f o r  

machine computation of group tables of finite groups. The method depends on the fact 

that every finite group G, of o rde r  n, is isomorphic to some subgroup Tn of the sym-  

met r ic  group Sn. The procedure for  using the program is a s  follows: After finding the 

Tn which is isomorphic to G, the user  en ters  the elements of Tn into the program as 
input data. The group table for  Tn is computed and printed. Using the isomorphism 

between Tn and G, the use r  then t ranslates  back to the elements of G. The group A5, 
the even permutation subgroup of S5, is shown a s  an example. 

In the past decade, there has been a greatly expanded interest  in the application of 

group theory to physical problems. As a resul t ,  there  a rose  a need for  detailed infor- 

mation about fair ly  large finite groups. It was natural to  apply computing machines to  

this  problem and a large number of programs w e r e  written for  proving theorems and 

algorithms about finite groups whose group tables were  entered a s  input data (ref .  1). 
Recently a fur ther  s tep was taken in the direction of automating computations involv- 

ing finite groups when a FORTRAN program was written for  the machine computation of 

group tables of finite groups (ref.  2).  The method made use of the fact that every finite 

group of order  n is isomorphic to some subgroup of the symmetr ic  group Sn. In this 
program, it was only necessary to enter the elements of the group a s  input data and the 

group table was then computed and printed as output. The only knowledge of group theory 

required by the u s e r  was that which established the isomorphism between the group of 

interest  and the appropriate subgroup of Sn. This isomorphism was needed because 

both the input data and the output a r e  in the form of group elements of Sn. 



The program was machine-dependent and was written for  use on the NASA Lewis 
Research Center's IBM 360-67. In many laboratories, only second generation machines 
a r e  available. In order  to  enable people limited to such facilities to use this method, 
the program from reference 2 has been adapted to the language acceptable to the IBM 
7094. 

The adaptation to 7094 machines requires changes in the details of the program that 
a r e  not trivial. However, the overall procedure is the same.  Therefore, detailed de- 

scriptions of the listing a r e  still included in this report, but the reader is frequently re-  
f e r red  to  reference 2 for extensive explanations of the reasons for  the procedure. As 

shown in the example, the output is not quite a s  compact as in reference 2. 

DEFINITIONS AND CONVENTIONS 

The basic idea behind the method is explained in reference 2. The symbol Sn desig- 

nates the permutation group of n objects and is of order  n factorial. The even permu- 
tation group of n objects An is a proper subgroup of Sn. The group elements a r e  ex- 
pressed as cycles, each of which is broken down to a product of transpositions in exe- 
cuting the group operations. The numbers between commas in a cycle a r e  called units. 
The convention adopted herein for describing the effect of a cycle is that in which the 
units denote objects and each unit is moved to the location currently occupied by the unit 
to its left. 

The term standard configuration (SC) is used to describe an arrangement in which 
the ith object is in the ith location for i = 1 to N where N is the number of objects 
and/or locations. When N = 3, for  example, SC means 

Location 

Object 

The usefulness of class algebra tables for breaking up the group tables of large 
groups was explained sufficiently in reference 2 and will not be repeated here. 

It should be noted that the first row and column of the group tables will only appear 
a s  row or  column headings. 

PROGRAM DESCW IPTION 

General Description 

Before the input o r  the form of the sutput is selected, an isomorphism must be 



established b e b e e n  the group of interest G and a subgroup Tn of SIP. Often, an iso- 

morphism can be found between G and a subgroup 9' of some S., where j < n. It 
j ' J 

will clearly be advantageous to use a s  small  a permutation group a s  can he thought of for  

this purpose. The isomorphism between G and Ti should first be duly recorded. 

Then the program is used to compute the group tabfe for T;. Prom this table and the 
J 

recorded isomorphism between T and G, the group table for  6; is obtained. 
j 

The broad outlines of the program and even most of the details a r e  the same as in 

reference 2 .  Nevertheless, many minor changes still appear throughout the main list- 

ing, and rather extensive changes a r e  present in subroutine SQUEZ. Therefore, a de- 

tailed description of the program is included in this report. 

The program computes a group table for  elements of T. which a r e  read in a s  a 
J 

s e r i e s  of column and a ser ies  of row operations in cycle notation. The usual convention 

is adopted in which a row operation refers  to a group operation in the vertical heading to 

the left of a group table, whereas a column operation refers  to a group element in the 

horizontal heading a t  the top of a group table. The general procedure consists of the 

following steps: 

(1) A se t  of K column operations and L row operations is read into the program. 

(2) Each of these operations is broken down into its eq1livalelit sequence of t rans-  

positions. Let the group operation P .  . represent the (group) product of the ith row 
13 

operation Ri by the jth column operation Ci. Then Pii will be  stored a s  a long se -  

quenc e of transpositions. 

(3) The SC is rearranged in accordance with the sequence of transpositions that 

represent P . .  . 
13 

(4) The rearrangement is examined and a single group operation that effects the 

same rearrangement of the SC is identified a s  the product Ri * C 
j '  

(5) This single group operation is entered in the ith row and jth column of the 

group table ar ray .  

The entry in this location is to  be interpreted a s  being the result of the group oper- 

ation C. followed by the group operation Ri. 
J 

An outline of the program, broken down into sections which perform recognizable 

functions, follows. For more detailed descriptions, the listing in appendix A can be  

examined. 

Block 1 - se t  up constants. - The constants used in the program a r e  given l i teral  

names and a r e  declared either INTEGER or  LOGICAL in TYPE statements. All the 

subscripted variables a r e  dimensioned and allotted storage locations by the use of 

DIMENSION statements. A DATA statement is used to give l i teral  names to the vari- 

ables listed in the following table: 



( LP Left parenthesis 

) RP Right parenthesis 

7 CM Comma 
BLK Blank 

E IDNT Identity element of group 

Block 2 - read in DATA. - The data describing the group and the group operations 

a r e  read into the program. The labels to be assigned to the objects and to the locations 

a r e  read in from the list for DENT which is limited to one card. It is read in with 

FORM_AT(%OAl), right shifted, and stored in ENITAL(N) in the form bbbbbX, where b 

represents a 6-bit blank and X represents the 6-bit location in the 36-bit storage 

register (word) in which the integer from D E N T  is stored, 

In order  to put the "words1? in this form, use is made of four shift functions: 

IALS(N, W O R D )  and IARS(N, NWORD), which cause the integer variable NWOm to be 

shifted N bits to the left and to the right, respectively, and ALS(N, WORD) and 

ARS(N, WORD), which cause the r ea l  variable WORD to be shifted N bits to the left and 
to  the right, respectively. (The latter two functions a r e  in subroutine SQUEZ, which is 

called in block 2,  but which is described in a later  section. ) 
All of these functions a r e  standard on the fBM 7094. The machine at Lewis Re- 

search Center has these functions in i ts  function library, and they can be called directly. 

For  those users  who do not have direct access to these functions, a map listing for a l l  

four is provided in appendix B. 

Description of Input 

The input cards a r e  read in the following order: 

F i r s t  card TITLE one card with FORMAT(8QA1) 

Second card DENT one card  with FORmT(80AI)  

Note that the input for DENT must be long enough to include the maximum number of 

objects to be moved in any group operation. Thus, the list for  DENT must b e  of the 

form (A1, A2, . . . , A.) where j is the subscript of S. and Ai is any alphanumeric 
J J 

symbol. 

The next se t  of cards contains the ACROSS (column) operations. There can be as 
many a s  four cards with FORmT(80A1), and each operation is followed by a period. 



A blanJls card  follows the preceding set ,  It is needed to signal the end of the ACROSS 

input. 
The next se t  contains the DOWN (row) operations. There can be a s  many a s  four 

cards with F'ORMAT(80AI), and again each operation is followed by a period. 

A blank card  follows the preceding set,  signalling the end of the DOWN input. 

The input for  both ACMSS and DOWN operations is in cycle notation. 
Several e r r o r  checks a r e  run on DENT. These include checking the maximum 

number of nonblank units (which is six in this version of the program), the presence of 

blank spaces on the card, and the illegal use of parentheses. 

The group elements themselves a r e  read in from the list for  INPUT(J, K), which is 
also read in with FORUT(80A1).  The complete set  of column operations is read first. 
Then the complete se t  of row operations is read. Each of these se ts  is limited to four 

cards and is followed by a blank card. 
The example which follows is the class algebra block %*M4 of group AS. The 

symbol K4 represents the class of 20 group elements expressible a s  three unit cycles, 

while is the class of 15 group elements expressible a s  products of two independent 

transpositions. (See ref. 2 for  further details. ) 

K5 * K4 

(1729 35 495) 
( l , 2 , 3 ) .  (2,3,4).  (1,3,4).  0 ,29  4). (1,25 5). (l ,39 5). (29 3,5) .  (1,4,5) .  (25 49 5). (3,4,5).  
(3 ,2 , f ) .  (4,3,2). (4,3,1). (4,2,1).  (5,2,1) .  (59 3 , l ) .  (5,3,2) .  (5,49 1). (5 ,4 ,2) .  (594,3). 
Card 5 is blank 

(1,2)(39 4). (15 3)(2,4). ( f ,4) (2 ,3) .  (1,2)(39 5). (1,3)(29 5). (1, 5)(2,3). (1,2)(4,5). 
(1,4)(29 5). (1,5)(29 4). (1,3)(4,5). (19 4)(3,5). (19 5)(39 4) .  (29 3)(4,5). (2,4)(3,5). 

(2,5)(39 4). 
Card 9 is blank 

Cards 3 and 4 a r e  ACPlOSS (column) operations and cards 6, 7, and 8 a r e  DOWN 

(row) operations. 

Block 3 - s tore  each group operation a s  product of transpositions. - h this block, 

each group operation is decomposed into its equivalent product of transpositions and 

then stored in PAmS(19 NOP, K) (see appendix A). The third subscript K is  1 o r  2 

according to whether the operation is a column o r  row operation, respectively. Thus, 

an entry in PAIRS(I, NOP, K) is the Ith unit of the group element in the NOpth column 
(K=l) o r  N0pth row (K=2). Note that the four shift functions described in block 2 a r e  
used here, also. 

The example used herein is the group product of (1,3),  (2,4), and (5,2,1). This is 

an entry under (521) and to  the right of (1,3)(2,4) in the IS*$ class product of A5 (see 
ref. 2 and the last class product block in appendix C). The input for  this block (which 



was shown in the preceding section) shows that the element (521) was the 15th ACROSS 

(column) operation and therefore corresponds to K = I, NOP = 15. Before being s tored  
in a PAIRS a r r ay ,  the element is considered to be of the form (52)(21). Therefore the 
contents of { PAIF@(-, 15, I)} is [5221]. The element (1,3)(2,4)  is the 2nd DOWN (row) 
element; and it ,  therefore,  corresponds to M = 2, NOP = 2 .  The contents of the four 
reg is te rs  which constitute the complete { PAIRS(-, 2 ,2)}  a r r a y  a r e  [1324]. 

Block 4 - s e t  up a r r a y s  in  standard configuration, - In this block, a number of 
s tandard configurations a r e  s e t  up. Kf Nc and NR a r e  the total  number of column and 

row operations, respectively, then NC x NR SC's a r e  s e t  up. A given SC is s e t  up by 
storing the quantity bbbbbI in  location ANS(I, E l ,  12) ( see  listing in  appendix A). F o r  a 
fixed I% and 62, the complete s e t  of ANS(I, PI, 12) over the full  range of 1 takes on the 

f o r m  of an SC. (See example in block 5. ) Note that the second and third subscripts  of 

ANS refer  to column and row operations, respectively. On the other hand, a given 

PAIRS a r r a y  describes ei ther  a column o r  a row operation, but never mixes these types. 
Block 5 - perform group multiplication. - In this block, the detailed operations for  

all the group products, P12, II (operation I2 * operation 11) a r e  actually performed. The 
method used is t o  transpose, successively, units f rom the SC of AN§(-, I I , I2)  in  accord- 
ance with the indicated operation of PlhPm(-, I%, 1) followed by the operation of 

PAIRS(-, 12,2). The operations may b e  understood by following the procedure on a single 

complete A N ( - ,  11,I2) a r r ay .  

The s torage location ascr ibed to ANS(J, I I , I2)  is considered to be the J~~ location of 

the SC. The quantity s tored  in IWS(J, 11, 12) is considered t o  be the "thing" which 

moved t o  the J~~ location as a resul t  of the operation (operation I2 * operation 11) on the 

SC. Schematically, upon entering block 5, the {ANS(-, I1,12)} a r r a y  is in the SC. 

Thus, f o r  A5, {ANS(-, 11, 12)} = [12345]. 
Continuing with the example of (13)(24)(52 I), when K = 1, I% = 15, and when M = 2, 

I2 = 2. Therefore, {ANS(-, I1,IB) } = {ANS(-, 15,2) } . The f i r s t  rearrangement  of the 

SC of this  ANS a r r a y  is the one effected by { P A I B ( - ,  15, I)}. a f t e r  being operated on 

by {PAIRS(-, 15, 11, the {IWS(-, P5,2)} a r r a y  has the content [5 1342 1. Following this  
rearrangement  by { PAIRS(-, 15, I)},  the 12th row operation {PAIRS(-, 2,2)} is brought 

into play. The content of {&INS(-, I5,2]} upon leaving block 5 and entering block 6 is 
thus [53%24]. 

Block 6 - identification of the group product element. - In effect, the permuted 

s tored  values in each IWS a r r a y  leaving block 5 a r e  examined and a determination is 
made of the single group operation which would have permuted the SC to  this ANS a r r a y  

in  a single step. In block 6, this single operation is determined and s tored  in 

{OUT(-, 11,12)} . Thus, a n  a r r a y  {OUT(-, I1,12)} represents  the one group operation 
which has the same effect on the standard ANS a r r a y  (SC) as does the product of the two 
operations (operation I2 * operation 1%). 



In order  to understand how the identification is made, reference may be made to the 

content of {AMS(-, 45,2)} upon entering block 6. The content of a given register of m S  

is the same as the label of the location in the $6. Since, in the SC, the location and ob- 

ject have the same label, an examination of the content of a particular register in m S  

provides (partial) information about the rearrangement of two objects. Referring to the 

AP.TS(-, 1 5,2)  a r r a y  shows the content of register (1,%5,2) to be the integer 5. This is 
taken to mean that the object 5 now occupies the position originally held by object 1. In 

cycle notation, this fact is indicated by placing a 1 to the left of 5; thus: 1, 5. 

The next step is to examine the content of register 5, which is 4. Therefore, the 

next entry in the cycle has been found and the result is 1,5,  4. 

Since the content of register 5 was 4, the content of register 4 is examined next. 

This is found to be a 2, s o  that the cycle chain is now 1,5 ,4 ,2  and register  2 is exam- 

ined next. A 3 is found there and the chain is now complete: (1,5,4,2,3) .  The com- 

pletion of the chain is tantamount to concluding that the operation (521) followed by the 

operation (13)(24) is equivalent to the single operation (15423). This cycle is the same  

group operation a s  (54231) which is the actual entry at the intersection of the column 

headed by (521) and the row headed by (13)(24) in the class product block Kg * K4 (see 

appendix C). As explained in reference 2 a l l  equivalent cycles a r e  printed in a unique 

manner in which the smallest integer in the cycle is at the extreme right. 

Block 7 - output and e r r o r  messages. - The group table is listed in this block. The 

e r r o r  messages a r e  also contained here. 

Subroutine SQUEZ. - The usual manner of storing a single datum on the IBM 7094 

is in a word of 36 bits. All the data in this program a r e  integer type of such a s ize that 

only one byte in each word reserved for  a datum is utilized. This results in a very in- 

efficient use of storage. SQUEZ packs six pieces of data into one storage word. It also 

eliminates extraneous blanks. 

The three variables from the main program to which SQUEZ is applied are:  DENT, 

WPUT, and OUT. It should be noted that the stored entries in OUT a r e  of mixed form. 
At the time that SQUEZ i s  called, the punctuation marks in OUT a r e  stored in the usual 

form Xbbbbb; whereas the numbers a r e  stored in the right-shifted form bbbbbX. 

SQUEZ left-shifts either of such forms o r  any combination thereof until every byte in a 

given stored word contains useful information. 

An example of the effect of SQUEZ can be seen by examining the form of the group 

element (1, 2,3) before and after being "SQUEZed. ' ' If this element were part  of an OUT 

a r r a y  in the main program, then the seven words required to s tore  it would have the fol- 

lowing form: 

(bbbbbbbbbbf , bbbbbbbbbb2, bbbbbbbbbb3)bbbbb 



Each grouping of s ix typed symbols shows a single stored word. Upon leaving SQUEZ, 
the group element is stored in only two words of the following form: 

(1,2,3)bbbbb 

A flowchart for this subroutine is given in figure 1. 

SUMMARY OF PROCEDURE 

A FORTRAN program for  use on second generation ('9094) computing machines has 

been written for the computation of group tables for  finite groups. Use is made of the 
existence of an isomorphism between any finite group of order  n and some subgroup 'F, 
of the symmetric group S,. The elements of Tn a r e  entered a s  input data. The pro- 
gram then performs the group operations on these elements and identifies the products 
of these operations. 

Each element entered as input data is expressed as a product of transpositions. The 
indicated interchanges for  a group product of two such elements a r e  then applied to a 
standard configuration. The resulting configuration is then identified with that configu- 
ration which a single group element would cause if applied to the standard configuration. 
This group element is called the product of the first two and entered in the row and col- 
umn headed by the original two elements of T,. 

The complete table of A5, the group of even permutations of five objects, is shown 
a s  a worked out example in appendix C. 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, March 11, 1970, 
129-04. 



APPENDIX A 

PROGRAM LISTING 

Main Program 

C  B L C C L I 1 )  SETS UP CONSTANTS 

C l P E h S l C N  I N P U T f 4 4 0 ~ 2 ) r  I N I T A L ( 6 ) p  I D E N T ( 8 0 ) r  N P A I R ( 2 4 r 2 1 9  N O U T f 2 4  
l t 2 4 ) s  L I k E 1 2 1 1 9  N I N ( 2 4 ~ 2 ) r  N I N P U T ( 2 1 t  N O P A ( 2 ) e  K N ( 6 )  

ECLIVPLENCE [CHAR'CAR) 
IRTEGER R P I C M I T E M P I B L K ~ C H A R , P E R O P A I R S ~ ~ ~ * ~ ~ ~ ~ I ~ A N S ( ~ ~ ~ ~ , ~ ~ ) $ O U T ~ ~ ~  

L * 2 4 $ i 4 ) r T I T L E t 8 0 )  
LCE ICPL  COPPAPONE 
O I T P  L P I R P I C P ~ B L K ~ P E R ~ I D N T / I P ~ ~ ~ N ) ~ ~ H ~ ~ P H  r l H . r l H E /  

C  B L C C K ( 2 )  REPCS I N  DATA 

1 REPC ( 5 v C O )  T I T L E  

C  T I T L E  I S  NPPE OF GRObP OR PART OF GROUP 

REPC 1 5 p 6 6 )  IDENT 

C ICERT-  THE NUMBERS OR LETTERS USED I N  THE PERMUTATICN GROUP 

k R I T E L 6 r B O )  T I T L E  
W R I T E ( 6 v 8 1 )  IDENT 
I L F = C  
IRP=C 
N=C 
CHbR-ELK 

C BLK I S  STCREC I N  OCTAL FORM AS 6 C 6 0 6 0 6 0 6 0 6 C  
C A  hCK-BLPNK CHARPCTER HAS THE FORM X X 6 0 6 0 6 0 6 0 6 0  

C SEE CCMPENTS AND SYMBOL L f S T  SECTION FOLLOUING FORPAT STATEMENTS 

C EhTRIES I N  I h I T A L f N I  ARE STORED AS BBBBBX 
CkPRaPLK 

5 C G k T  % R U E  



I F  ( I L P e N E e l e O R ,  % R P * N E A )  GO TO 6 3  
r c = e c  
C A L L  S Q U E Z  t I D E N T v I D 1  
cC2 8 K - l e 2  
oe 7 I - I * %  
J S = (  1 -1  1*8C+l 
J E -  I*eO 
REbC ( 5 t t 6 )  f l N P U T ( J o K ) o J = J S v J E )  
b d R I T E ( 6 e 9 0 )  ( I N P L T ( J p K ) e J = J S p J E l  
CC C J = J S p J E  
I F  ( I h P L T t J o K l o N E e R L K )  GO TO 7 
CCKT I h U E  

N I h P L T t K )  I S  THE S L  I N  T Y P E  K  I N P U T ,  I T  I S  SET EC TO BO(NUMBER OF I N P U T  
CARCS O F  T Y P E  K 1  41, 

N I h F L T f  K ) = J S  
GC TC 8 
CChT I h U E  
CChT l h U E  

B L C C K ( 3 )  STCRES EACH O P E R A T I C N  I N  P A I R S  ARRAY AS A PRODUCT OF 
T R P K S P O S I T I O N S  

N P b I R ( I p K )  I S  T H E  T O T A L  NUMBER OF G N I T S  U S E D  T O  R E P R E S E N T  THE I T H  GROUP 
O P E R B T I O N  I h  T Y P E  K k H E N  THE O P E R A T I O N  I S  STORED AS A  PRODUCT OF 
T R P h S P O S I T  I C h S  



Ah E h T R Y  I h  PAIRS IS STORED IN FCRV EBPREX 

PPIR'(1 JpNCPgK)=CVAR 
IF (ChE GC TO 1 3  
R P P I R ( N C P p K ) = N P A I R ( N C P v K ) c l  
IJ=RFPIR(hCP,K) 
PhIPS (IJihCPpK)=CHAR 
CI-PR=PLK 
ChE=,FALSE* 
GC TC 15 
RICP=RCP+1 
IF (RCPeGT.24) G C  TO 60 
NPbIR(NCPpP)=O 
II=II+l 
IhFLT ( I I pK )=TEMP 
CCRT IhUE 

bERE hINPUT(K1 IS SET EQ 1 4 SL OF TYPE K 

NCPP(K) EC TkE TOTAL NUMBER CF GROUP OPERATIONS CF TYPE K 
T Y P E  K PEARS K=l FOR COLUPN CPERATIONS9 K=2 FOR RCC OPERATIONS 

NCFP (K)=hCP 
COhT IhUE 

@LCCFL4) SETS U P  ANS ARRAY Ih STANDARD FCRP OR CONFIGURATION 

Ah ERTRY Ih ANS IS STOREC AS BBBPBX 

BLCCK(51 PERFORMS THE PRODUCT OPERATIONS 

CC 2 7  I1=1vhCP1 
K1=RFPIR(I1,1) 
CC 27 I2=1,hCP2 
KZ=RFPIRLI2,2) 
CC 25 I=lrKlo2 
J=K I- I+ 1 
J1=C 
J 2 = C 
CC 22 L = l r N  
IF ( P R S ~ L ~ I 1 ~ 1 2 1 ~ N E e P A I R S ( J ~ I l ~ l ) )  GC TC 2 1  
Jl=L 
IF IPhS(L9Ilp 1 2 ) e N E ~ P A I R S f J ~ l 9 1 1 9 1 ~ )  GO TO 2 2  
J2-L 
CCRT IhUE 
IF (JleECeC,CR,JZeEQeO) GO TC 55 
ITPF=PNS(JlrIl~I2t 
BNS(Jlo Ilo 12)=AMS(J2sIIo I 2 j  
AhS(J2qIlpI2)=IYPP 
CChT IhUE 



CC 2 6  ! = l r K 2 * 2  
J - K Z -  I + l  
J I=C  
J2 -C  

2 5  b = 1 9 h  
I F  ~ P ~ S ~ L + I ~ , I ~ ) * N E , P A I R S ( J B I ~ ~ ~ I )  GO TO 2 4  
J 1 - L  
i F  ( P R S ( L ~ 1 1 ~ 1 2 ) e N E , P A I R S ( J - l ~ E 2 e 2 ~ 1  GO T O  2 5  
J 2 = L  
CChT l h U E  
I F  (JI,EC,C.CR,JZ.EQ,O) GO TC 5 5  
I T P P = b N S ( J 1 v I 1 p P Z I  
A h S ( J l o I l p 1 2 ) = A N S ( J 2 ~ 1 1 ~ 1 2 )  
& N S ( J 2 , I l , I Z ) = I T P P  
CChT I h U E  
CChT I A U E  

B L C C K 1 6 )  I C E k T I F i E S  THE S I N G L E  GROUP ELEPENT WHICH HAS THE SAME 
EFFECT PS B L O C K ( 5 )  

P4X I S  T P f  FAXIMCM NLMRER OF 3 6  B I T  hORDS NEEDED T C  CONTAIN  THE LONGEST 
GRCLF E L E P E h T  ( I N C L U C I N G  PUYCTUATION)  AFTER SQUEZ h A S  BEEN APPL IED.  

JRF I S  A TEPPORARY STORAGE FOR SL  I N  T k E  I l r I 2  CYCLE ( S E E  MAX).  I T S  
F I h P L  VALUE I S  STORED I N  N O U T ( I l p I 2 ) * ( S E E  STATEMENTS 3 6  AND 37) 

J R F = C  
J=  3 
K 1 - I  
cc  i e  KK-!,h 
Kh  ( K K  ) = K K  
Kh ( 1 ) = O  
C C  3 5  n = l , h  
CC 2 s  L = l * h  
K- L  
i F  ( C L T f J - t , l l ~ I Z I . E C ~ f N I T A L ( K ) I  GO TO 3C 
CChT l k U E  
I F  ( K a E C - K l )  GO TO 3 1  

K h ( K 1  E 6  0 WEANS THE CONTENT OF THE KTM LOCATION I h  THE ANS ARRAY 
hAS eEEN I h C E N T I F I E D ,  

K N l K  ) = O  
J = J + 1  
C L T ( J ~ I ~ ~ I ~ ) = A N S ( K ~ I A V I ~ ~  
J = J + l  
OLT ( J * I l , I Z I = C M  
GC TC 3 5  
K h ( K  )=O 
CC 3 2  K K = l r h  
K=Kh  (KK  ) 
I F  (K -NE.0  1  GO TC 3 3  
CChT I h U E  
KP-K 
I F  ( C L T ( J - Z , I l + I 2 1 . N E o L P )  GO TO 34 
I F  (K,EC.O) GO TC 3 6  
C U I ( J - 1 g I l r 1 2 ) = A h S I K ~ I l v 1 2 )  
GC T C  3 5  



C L T ( J s l l o I P ) = R P  
J R F = J  
I F  ( K , E C . C )  6 0  TC 36  
J = J + 1  
C L T t J e l l s I S I = L P  
J = J +  I 
C C T ( J p % l ~ I 2 ) = A N S ( K p f 1 ~ 1 2 t  
J = J t  1 
C L I ( J p I P v 1 2 ) = C M  
CChT %AUE 
J = J P F  
I F  (Je.ES.0) GO TC 3 7  
C b L L  SQUEZ ( C U T (  l p l l s I 2 1 v J )  

N C L P ( I l p l 2 k  I S  TPE NLMRER OF SYPBOLS I N  THE I l r I 2  CYCLE (SEE P A X )  
NCTE VHBT AFTER RETURN FROP SQVEZpJEG THE TOTAL NLPBER OF WORDS REQUIRED 
FCP CLT ( - p  1 1 . 1 2 )  ARRAY I N  SCUEEZEC FORP 

NCLT ( 1 1 9  I 2  ) = J  
I F  (J,LE.MAXD GO TO 3 8  
P P X = J  
C C h T l R U E  

P L C C K ( 7 )  SETS UP THE OUTPLT FORPAT ARC h R I T E S  ERRCR PESSAGES 

TI-E C C  4 1  LCCP DOES SOME L O G I S T I C A L  P R E L I P I N A R I E S  FTR THE ROW AND CCLUvN 
k E P C I h G S  CF THE GROLP TABLE 

N I h ( J ) r K )  € 6  YUMBER OF WCRCS RECLIREC TO TPE SL I N  THE REPRESENTATLCN OF 
TkE  J T H  GRCLP OPERATEON OF TYPE K 

P X - I - J 1 + 1  
C b L L  SQLEZ ( I N P U T ( J 1 , K ) v P X )  
I F  (FX.LE,CDX) GC TO 39 
PAX=FX 
J l = P X + J L  
J = J + l  
h I R  l J  * K  ) = P X  
CChT I h U E  
C c n T l n u E  

T I T L E  ANC %CENT ( S E E  SYMBOL L I S T )  ARE h R I T T E N  BETkEEN HERE AND 0 0  54  STATE 
CERT. 

k c - 2  1 
P+4X=CEX+l  
kLP=hC/b'PX- 1 
I F  ( h L M e L T - 2 )  GO TO 6 4  
h P = ( h C P l + N L P - L ) / N U M  
h R I T E  ( 6 9 6 7 )  ( I D E h T ( f ) t I = l p I C )  
kRYTE ( 6 ~ 6 8 1  T I T L E  

SET L F  FCR TI-E F I R S T  ROW (COLUMN HEACINGS)  OF G9CLF TAPLE 



PbKE F I R S T  2 1  k O R C S  BLANK, N C T E  THAT EACF SCUEEZEO kORD TAKES UP 6 SPACES 
TC P R I N T  C t T  

CC 4 2  L=1921 .  
L l h E ( L l = E L K  
L  1 = P  b X 
DC 4 4  J = l o h L P  
I t = (  I-l ) * h L P + J  
I F  ( I I - G T , h C P 1 1  CC TC 45  
K 2 = h l h (  I l * l t + K l - 1  
CC 4 3  K z K 1 e K 2  
L 1 = L 1 + 1  
L I h E  ( L 1  ) = I h P L T ( K p  1 )  
L l = ( J + l ) * P P X  
K 1 = K i r 1  
h R I T E  ( 6 9 6 5 )  L I N E  

STCTEFENT 4 5  HAS WRITTEN THE F I R S T  L I N E  CF THE TABLE (COLUPN H E A D I N G S )  

TI-E P P I N  BCCY OF THE TABLE I S  WRITTEN L I N E  B Y  L I N E  @ETWEEN THE STATEPENT 
K3  E L  1 ARE STATEMENT NUPBER 52, 

TI-E F I R S T  2 1  kORCS BLANKED OLT  (SEE COPPENT ON DO 4 2 )  

CC 4 6  L = l 9 2 l  
L I h E I L t = E ! L K  
K 4 = h I h (  1 2 9 2  1 + K 3 - 1  
CC 4 7  K = K 3 9 K 4  
L l = L 1 + 1  
L I h E  ( L l  ) = I h P U T ( K e 2 )  
K 3 = t ( 4 4  1 
L1=ECX 
CC 5 1  J = l * h L P  
I I ' = (  I - ~ ) * ~ L c + J  
I F  ( 1 1 - G T e h C P 1 )  GO TO 5 2  
K 5 = h C L T ( I l o l 2 )  
I F  ( K 5 e E G e C )  GO TO 4 9  
CC 4 E  K = l o K 5  
L l = L l + 1  
L I ~ E ( L ~ ) = C L T ( K , I ~ P I ~ )  
GC T C  5 C  
L 1 = L 1 4 1  
L I h E ( L 1  l = I C h T  
L 1 = (  J + 1  ) * P A X  
CChT I h U E  
k R I T E  ( 6 9 7 C )  L I N E  
CChT IROE 
C C h V  I h b E  

k R I T E  STATECENTS F O R  ERRCR MESSAGES 

k R I T E  ( 6 9 7 1 )  ( I D E N T ( I ) p I = 1 t I C )  
h R I T E ( 6 * 7 9 )  T I T L E  
G C  T C  1 
k R I T E  ( 6 8 7 2 )  
GC T C  1 
& R I T E  ( 6 9 7 ? 1  
G C  T C  1 



5 8 k R I T E  ( 6 9 9 4 )  
GC 9 6  E 

5 9 W R I I E  ( 6 , 7 5 1  
GC T C  Z  

6 0 h R I T E  ( 6 9 7 t )  
GC TC P 

6  1 W R I T E  ( 6 9 9 7 )  
GC TC 6 5  

6 2  k R I T E  ( 6 9 9 2 )  
GC 7 6  6 5  

6 3 W R I T E  ( 6 r 7 3 )  
GC 1 C  6 5  

6  4  k R I T E  ( 6 p 7 e )  
GC TC 1 

6 5 R E T L P h  

t6 F C R F P T  ( @ O h 1 1  
6 7  F C Q P P T ( 1 k J , l O X p 6 k G R O U P  , 1 1 8 6 )  
6 e  F C R F P T t  1 k J 9 5 C X 1 3 C A 1 )  
6 9  F C P P E T (  1 k L 9 2  1 A 6 )  
7 C  F C R P P T (  l k J o 2 1 A 6 )  

7 1  F C R P P T (  1 H J 9 4 4 H I L L E G A L  E L E P E N T  I N  G R O b P e  I D E N T I T Y  GRCUP I S  e l l A 6 1  
7 2  F C R t J 6 1 ( 1 k J o 2 9 H B L P N K  I S  N C T  4 V A L I D  E L E P E k T - 1  
7 3  F C R F E T 1  1 P J o 2 2 H I L L E G A L  U S E  O F  P A R k N S . 1  
7 4  F C R P b T (  1 P J o  1 4 H l L L E G A L  GROUP. ) 
7 5  F C R P P T ( L k J t 3 4 H T H E  P A I R S  ARRAY H A S  R E E N  E X C E E D E D . )  
7 6  F C P P P T ( 1 k J 9 3 4 H T O C  MARY O P E R A T I O N S -  L I P I T  I S  2 4 . )  
7 7  F C P P E T ( 1 1 ' J 9 3 9 H M O R E  T P A N  6  E L E M E N T S  I N  I D E N T I T Y  G R C L P I )  
7 e  F C R C b T ( 1 t ' J , 4 5 H N O T  ENCUGH ROOP ON P R I N T  L I N E  TO P R I K T  T A B L E , )  
7 9  F C R P b V ( l b J , 2 7 H C H E C K  I N P U T  C A R D S  IN GROUP c e O A 1 )  
8 0  F C P P P T (  l t - l , e C A l )  
8 1  F C P P P T (  1 F J g e O A 1 )  
9 C  F C R P E T (  1 P J  e 8 C A l )  

C  T k E  F C L L C k I h G  V A R I A B L E S  & R E  S Q E E Z E D  I D E h T g  I N P U T ,  AND OUT. 

STCRCGE FCR A  WORD ON T H E  7 0 9 4  I S  A L L O T T E D  3 6  B I T S ,  A  WORD C A N  B E  6  
P L P k b h U P E R I C  C H A R A C T E R S  L O N G *  E B C H  C H A R A C T E R  I S  R E P R E S E N T E D  BY ONE B Y T E  
( 6  e l T s  b c n c t ,  
A P Y l E  R E P R E S E N T I N G  A  B L A N K  I S  CODED I N  C C T A L  A S  6 C  
.A F L L L  B L A h K  WORE I S  COOED I N  O C T A L  A S  6 C b C 6 0 6 0 6 C 6 C  
A  S I h C L E  N C k - B L A N K  C h A R A C T E R  I S  STORED AS X X 6 0 6 0 6 C 6 0 6 0  
I A L S ( 6 v C k A R )  S H I F T S  T k E  C H A R A C T E R S  I N  THE k O R D  C H b R  6  B I T S  ( O R  ONE B Y T E )  
T C  T k E  L E F T .  THE L A S T  B Y T E  I S  T H E N  R E P L A C E D  B Y  Z E R C E S ( N 0 T  B L A N K S ) - A  B L A N K  
b C R C  C P E R P T E C  ON B Y  I A L S ( 6 , C k A R I  WOULD A S S L P E  T H E  FORM 6 0 h 0 6 0 6 0 6 0 6 0 r  
I P P S ( ? O I T E P P )  S H I F T S  T H E  C H A R A C T E R S  I N  T E P P  3 0  B I T S 1 5  B Y T E S )  T O  T H E  R I G H T  
P G P I h e  T k E  5 R Y T E S  ARE R E P L A C E D  R Y  Z E R O E S  THE F O R P  C F  A  N O N - B L A N K  WORD 
O P E R P T E C  C N  8 Y  I P R S  ( 3 0 q T E M P )  WOLLD B E  CCOCCOOOOOXX. 
T P E  L C G I C A L  OR B E T W E E N  TWO Q L A N T I T E S  A  AND R S T O R E S  1 I N  A  G I V E N  B I T  
L C C D T I O N  I F  E I T H E R  A  OR B H A S  1 I N  T H A T  L G C A T I G k  C  I S  S T O R E D  I N  A  
G I b E h  B I T  L C C A T I G N  O N L Y  I F  R C T H  A  AND 0  H A V E  0 I N  T H A T  L O C A T I O N  
T k E  E F F E C T  C F  O R ( I A L S 1 6 r C H A R )  I A R S ( 3 C s T E t ' P )  ON A  N C N - B L A N K  TEMP O F  T H E  
FCRC X X b C b C 6 0 6 0 6 C  I S  TO CHANGE I T  T O  T H E  F O R M  6 0 6 C 6 0 6 0 6 0 X X  

E h C  



Subroutine SQUEZ 

S L E R C L T  I K E  SCUEE ( O U T I N I  
C I P E h S I C h  C L T ( 8 0 )  
O P T P  P A S K , P L P N K p Z E R O g B L A N K l /  

* C 7 7 C C C O O C O C 0 O ~ U 6 C 0 O O C C O B C O O C O O ~ C O O O C C O O O C O O C ~ C 6 O 6 O 6 O 6 C 6 O 6 O  / 
I P = C  
~ e - c  
T E F P - Z E R C  
CC 1  I = l * k  
CC 1 J=1,6 
P A P T = B N C ( M P S K ~ A L S ( ~ * ( J - ~ ) , O U T ( I ) ) )  
I F ( P B R T e E G * P L A N K )  G O  TO 1  
Ib= I b 4 1  
T E C P = C R ( T E C P , A R S ( ~ * ( I A - ~ ) V P A R T ) I  
IF(IP.NE.6) G O  T C  1  
I @ = I E + L  
C U T  ( I @  ) = T E P P  
I P = C  
TEl"rP=ZERC 

1 C C ~ T  I ~ U E  
I F ( I b e E C * C )  E O  T C  2 
I e = i e + l  
C L T (  I E ) = T E P P  
I b = I b 4 1  
CC 3 J = I P w C  

3 O U T ( I ~ ) = C R ( C L T ( I B ) , A R S ( ~ * ( J - ~ ) ~ B L A N K ) )  
2 ~ = 1 @ 4 l  

I F ( P e C T e k )  C C  T O  4 
CC 5 J = P e N  

5 OUT ( J  )=@LAkK 1  
N= I @  

4 R E T L P h  
EhC 



MAP LISPING OF SHIFT ROUTINES 

E N T R Y  
E N T R Y  
C Y T R Y  
E N T R Y  
E N T R Y  
E N T R Y  
F N T R Y  
E N T R Y  
E N T R Y  
F N T R Y  
E N T R Y  
C N  TRY 
F N T R Y  
E N T R Y  
E N T R Y  
E N T R Y  
ErYTRY 
E N T R Y  
F N T R Y  
E N T R Y  
E N T R Y  
E N T R Y  
E N T R Y  
E N T K Y  
E N T R Y  
E N T K Y  
F N T K Y  

I A R S  N U L L  
A R S F  N U L L  
I A R S F  N U L L  

AR S  

I A L S  
l A L S F  
A L S F  
A L  S  

X L R S  
X L R S F  
L  R  S F  
L R S  

C L A *  
S  T A  
C  A L  4 

A R S  
X C L  
XC A  
T R A  
N I J L L  
N U L L  
N l ' L L  
C L A *  
S  T A  
C A L *  
A L S  
X C L  
XCA 
T l l A  
N U L L  
N U L L  
%ULL 
C L A *  
S  T A  
CALI 
LOCI 
L R  S 

A L S F  
A t  S  
A R S F  
AR S  
A L G R F  
A L G K  
A L G L F  
A L G L  
E X U R F  
E X O R  
I E X O R  
I A L S  
I A L S F  
I A R S  
I AR S F  
L R S  
L R S F  
L G K  
L G R F  
L L S F  
L L S  
L GL 
L G L F  
X L R S F  
X L R S  
X L L  Y F  
X L L S  

3 r 4  
* + 2  
494 
t + 

1 r 4  

3 9 4  . + 2 
4 ~ 4  
* * 

1 9 4  

3 9 4  
* + 3  
4 e 4  
T F M P  
+ t 





APPENDIX C 

EXAM PbE OF COM PUTER OUTPUT - GROU P A% 

CROUP ( 1 . 2 ~ 3 1 4 ~ 5 1  
L2*K2 





--  -- - - -- - - -  - d d -  4 -  a - d d  - 4  r( '-I*-- s l - - r j c (  m a  

A  r - N  r N  N N - -  V r  S. - r u f f  ~ m m  c r m m  
L s rC4M LN r e  m m  r -  N - r N N  a r - -  -?Ns;-:nL-;-U\ L L - m  C - .I.- C * m m - -  - m m  - C - - f f * -  

d d - N  d m m - d u - e - d - m m N - *  m m N ? . 4 m * - - d N  . Y - - m m d N - - m  
L * -  * C C LF- .r L P  -- O ^  b L r -  Y C *  - *a^ L - -.a- C C L L - a  r 

~ m d e  ~ ~ m d ~ m d ~ d ~ d ~ m u . - m  ~ m m m e m ~ ~ m m  m ~ d m * e e ~ ~ m  
. * L C  L C C L C L I L C L P - B - C C  C C r D C s P C L C  r C L r c C L P P P  

e e w m  e e u m m m e m m ~ * e f f m ~ m  m w m n w ~ m m u u  m v u u m m m m m u  
- - - - u - - - - - - - - - - - - uw- -  - - - - - - - - - - u - - - - - - - - - -  

a , . . .  O . * * . . . . O . * . . D . .  
- - - - - - - - - - - - - - - - - - . - - .a  

m u v ~ m m m m u - i m ~ ~ ~ ~ ~ ~ ~ - - ' ~ m  
L r r C r L L L " L C I L C " L L I P P L  

~ m m ~ ~ m m e e ~ ~ m m ~ ~ m m e - r b  
r e L r L e C " B r P r r , C C b r C -  

d N d d 4 d N d N O m Q V Q m ~ ~ m ~ m  . . . . . . . . . . . . . . . . . . . .  
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^ -  " 7 4  
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m m  r r -. N N  
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, *  e -  -- d m  
rn.. - -  -. . * 
N N  - -  
. L  m N  

d r n  - r -- N m  
0 s  - -  

^ ^  "7.. 
* d  * -  - -  * *  
N N  - * 
r r  d m  - 
d *  - -  "7 - -  . *  e . . - -  * -- Q m  . * -  r r  m  
d,' 7 5  ,' 
a r  u,- r 

d.7 * -  - -- t U N  - 
w .  * .  - -  A W  a 

* N  --  a 
r *  * .  O -",", - -  a 

U U '  -'I "la " 
L L N *  - - * " - -  r f N  
N ' . "  P' 

x m - -  m m  
r m r ,  0. - 

N - *  N *  
- N N  - - 
.-I -. d m  
- d m  - -  - - 

- - - - -  - -.- .-dd6-r,-  " * rr . r . m  '.N 
- m  N * N *  r u ,  r 



9 - -  - - 
- - d d  a adr l  a 

4 - m r -  rr\ N c r  RI 

G;2?-&-c:$2-;- 
- - m . $ m - m - m r n - + - +  - -  L C C - s  P C ,  m L L a ,  

m ~ u m u d m . - r n m ~ . - a m  
C ~ P C P C C L I C O I L P  

~ m n ~ m w e e ~ ~ m n ~  
------..-e----- 

- - 
ij. m - * 
m m -  - - '-4 - -  I 
IC\-Cr, 
P  - .  

N N N  
- w -  

- - 
d 4 
* - 

m  4- '. s -  

NLnd - - -  
u r n *  
C L L  

m N M  - - -  

e - -  - - .a - - ,.. - - - 
- 4 4 m -  ,-,.d-(a- - d - H a  a d a d  d 

.P r s m m  * - e m  m r  m - n -  e - 4 -  i n - e -  ru 
c ( n N s -  U *  r r  r N rul rM, r m  - Pm O M  r e  r N  

N r r *  * a -  L s,,-,n-LI N L - - M  * *  s - r m  P O  rn -0  , - a m  r m  * - a m  
- ~ m - - d d m m - - ~ ~  - s N - - ~ - ~ + N - N -  - ~ - ~ d d - r n - m + d -  
_D L O I - -  P r P s-- . - a L s a -  b -  s P L -  * -  - OI-  P C s -  s -  s s .- 
r n m m ~ ~ ~ m m ~ d ~ m u l  Q ~ Q ~ H V ~ N M ~ N ~ ~  4 m - 4 m m e 3 ~ 4 9 ~ m - -  
C L - - s s C L C L P M .  P L L L s I L C I B L C I  - P s - P m L - s e . L - m  

a e ~ n n n w ~ m ~ ~ m m  * m m m ~ * ~ ~ m r n ~ m m r n  ~ ~ ~ e 4 - r n r n m . x n m ~ u l  ------------- ------------- ---_---------  

@ . . . O  I . . .  . . .  
-- - - - - - - . -a , - - -  

m V F l u l N U \ " O N d . ? d  
P L C L L L C C P C L C  

* m N m * N N w r n u N m  
- s C C P P I L r L L .  

W l m O N U 7 V m d 4 N d U  
C P P I I s C s C - e L  

N N * 9 m m * N v m m N  
L a r a P C L P L P s - ,  

.-a.-ddd..IC\mmIC\mLn - ----------- 



m ...", 4 -  - m  . m m m  L N  
N  P l n  . - . I .  * -  
P a m  . . - m e * -  .e--. 

m N l m l - - - 4 V I - 3 Y  .. ..^I_ P 0 1 -  .. C 

* * + * N N d . . * N - * m  
P C - P C I ~ C L - C I *  
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-.. 
dln - - . * 
--. - 
5: 
N *  

C 

m  .-, * .  
m  m  - 
-4 .IuI - - 

m - - - -  . - -  - 9 

- - 7 -  - 4  - d  - 4  - -  + 4-- 4 - 4 -  
m c y *  m *  N -  3 -  ! n ~  - - m m  . ,N 
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