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INTRODUCTION

Confronted by a system of elements, some linked to ome
another, others not linked, the most natural question to ask
about the system is: "What are its subsystems®”.

The question 1s by no means a simple one; first of all,
it all depends on what you mean by "subsystem". Each of the
four programs described in this report is based on a different
conception or definition of a "subsystem®.

These programs, each on the basis of a different definition
of 'subsystem', determine the decomposition of any system into
its subsystems. In every case the system is taken to be
defined by a set of elements, M, and a set of two-element
links, L. The system is therefore completely described by a
graph G(M,L); and is represented in the computer by a binary

matrix.,

The input, machine representation, and output, for all
four programs are the same as in the program HIDECS 2,
described in a previous report in this series. All the
supporting subprograms like GENER, COUNT, CNVRT, etc, are
also the same as in HIDECS 2. Each of the programs to be
desoribed in this report, namely BLDUP, STABL, SIMPX, EQCIA,
is a core subprogram, under the control of MAIN thus similar
in content and function to LGRMN, the core subprogram of

HIDECS 2.
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The actual system decompositions defined by these

care
is however quite different; each one i1s intended to take

of certain weaknesses in HIDECS 2. So that this revort may

be selfcontained, we begin with a brief summary of HIDECS 2.

In HIDECS 2 each element of Il is assumed to be a blnary
stochastic variable. The decomposition of the system into
subsystems is specified by a tree of subsets of M. At the top
level of the tree is the set M. 4t the second level there

are two disjoint subsets of M, whose union is M. At each

pew level in the tree, every subset is broken into two further
dis joint subsets. The problem is to find that tree which is
most aporopriate in view of the linkages defined by L, and
which thus succeeds in isolating what we should most want to
call the subsystems of the system.

It has been shown (Alexander, 1963a) that one way of
doing this is to define the information trznsfer between sets
of variables. At each level of the tree, a set of variables
is broken into those two of its subsete with minimum informa—
tion transfer between them. Let m be the number of variables
in #, £ the number of links in L, 83 and s, the numbers of
variables in the two subsets (si+ 8, = m), and r the Hunbes
of 1inks between the two subsets. The information t!‘ansfep_

corrected for bias toward special partitions, is:

programs
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The program HIDECS 2 uses this function, INFO, as the
criterion for a steepest-ascent hill-climbing procedure. The
program begins by generating a random pair of complementary -
subsets of M. It then tests all pairs of subsets which can
be derived from this pair by shifting a single element from
one subset to the other. The best pair of subsets replaces
the starting pair. The program repeats this process of,
testing and replacement until 1t finds a pair of subsets which
cannot be improved by shifting a single element. Experiments
show that the number of independent hill-climbs required to

reach absolute optimum is small.

HIDECS 2 has three important weaknesses:

1., The fact that the decomposition is made in a serles of
binary steps leads to certain 'mistakes', since the
holistic relatedness of system and subsystems 1s not
properly taken into account.

2. The fact that the decomposition criterion INFO is based
on very stringent assumptions about the nature of the

system G(M,L). Namely, that the elements of M are binary



variables, that the two variable correlations are very

small, and that the many variable correlations vanish

These assumptions make it hard to find
1ism of HIDECS 2

altogether.

systems in the real world which the forma

can adequately represent.

3. The fact that the subsets of elements which make the most
patural subsystems of a system are not always dis joint,
but often overlap.

In the four programs to be described, these weaknesses
are overcome as follows:

In BLDUP, the decomposition criterion, though still
essentially the same as that used in HIDECS 2, has been
extended so that not only 2-way, but 3-way, 4-way, etc.
partitions can all be compared with one another., This means
that the decomposition into subsystems need not be defined
steowise, but can be defined all at once, and the holistic
nature of the system thereby better preserved.

In STABL, SIMPX, and EQCLA the elements of the system
are no longer assumed to be binary variables, or indeed
variables at all. The elements of M may be elements of any
kind, and the links between elements, though st111 only
permissible between two elements at a time, may be of any
sort whatever. In all three cases, as in BLDUP, the ——
are defined simultaneously, not sequentially,

Finally, in SIMPX and EQCLA, the Subsystems are defined

in such a way that they overlap instead of Bslng &t 3
8 joint,

In fact, in these two cases the decomposition, instead of
being a tree, is a lattice.

In the following four sections we shall examine the four
subprograms BLDUP, STABL, SIMPX, EQCLA, in detail.

So that the content of each of the four programs may
become intuitively clear, each section will close with

decomposition of the following graph:

The deoomposition which HIDECS 2 gives of this graph, 1s as follows:
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BLDUP

Before describing an n-way partition of M, let us explore

the theory of achieving multiple decomposition by successive
binary partitions. The purpose of partitioning the set M 1is
to obtain as complete a description of the system's structure
as we can. If we make a practice of partitioning into n
subsystems at each step, we should, in general, introduce
spurious regularities into our description. This 1s because
the best n-way partition will not, in general, be entirely
regular, some of the partitioned sets will be more strongly
related to one another than others. Thus, for example, take

the following simple case:

o~ FO

It might be argued that this is best described by a 3-way

partition. Thus:
| ]

But the left-hand subsystem is less strongly connected to
the center than the right hand one. If we described this by
means of a 3-way partition we should be ignoring this assymetry

or inequality. We shall have a more accurate picture of the

structure if we describe it by means of two 2-way partiti
ons.
Thus :

This kind of description fails oﬁly in that case where the

linkages are exactly equal, as in:

00

In this case we must write

because we have no grounds for introducing any assymetry.
But in this case, as is easy to see, there will be two 2-way
rartitions of equal strength, which together divide the set

into 3 subsets. Thus:

ot(O0 = o(Ofo
Indeed, it is not hard to convince oneself that in every case
where an n-way partition is the best way to describe a decom-
position, there are just the right number of equal best 2-way
partitions to give that n-way partition in concert.
However, the defect of any algorithm which partitions M

into two subsets at a time, is that it does not pay sufficient

attention to the gestalt, or overall pattern of the subsystems,




y any reasomable

and therefore introduces a bias which b,
intuition is a 'mistake’'.

Consider an exanple. Suppose we have & system which,

at the first level of decomposition, is to be divided into

two subsystems, as shown below, leaving a situation which

further partitioning will then split further into the four

subsystems on the left, and four subsystems on the right.

Sl
3
0|

O

Suppose now that there is one element x which we are in

0000

€ it s

doubt about how to place in this first rartition. Let us
say that 1t 1s connected by 1 1link to each of the four
subsystems on the right; and that 1t is connected by 3 links
to Just one of the subsystems on the left, and to none of

the others on the left.

Other things being equal, a two-way partition algorithm
will, at this level of decomposition, assign this point to
the right hand subsystems rather than to the left hand -
because it 1s linked to the right by a total of 4 links and
by a total of only 3 links to the left. Yet the outcome of
this decision, when the decomposition proceeds to lower
levels of decomposition, is that this element will be
assoclated to one of the subsystems on the right, to which
it has but 1 1link.

The most appropriate subsystem for this element to
belong to 1s of course the subsystem, S, to which it is
connected by 3 links. But the two-way vartition algorithm
is unable to assign the element x intelligently because, as
it were, it has no way of seeing into the future lower levels
of decomposition not yet carried out. This has actually
happened, in real analysis under HIDECS 2, and has led to
irritating anomalies. To avoid it, we must mke use of an
algorithm which surveys the entire decomposition all at

once.

For any decomposition of M into disjolnt sets S,, 82""’
define %
INFO = S . S W 1 P
mm=-1) ot
Zss (R - Tss)
) 2 w0
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nsi’ and g is 1l or 3

where 5y is the number of elements 1
The tasyk

according as the bracket 1s positive or negative.

of BLDUP is to find that decomposition of M into disjoint

sets, which has the minimum value of INFO.

The program is a hill-climbing program. The basio
overational unit of the hill climb is the contraction of a
decomposition, in which two sets of the decomposition S4 and
SJ, are joined to form a single set siusj, thus giving another
decomposition. The hill climb begins by placing the M one-
element sets, in numerical order, in SETS. This defines the
unit decomposition of M into its individual vertex sets.
The program examines each possible contraction of the unit
decomposition, computing INFO for each contraction, and then
forms that contraction whose value of INFO 1s least. It then
continues the same process, computing INFO for all the
contractions of this new decomposition, and again forming
whichever contraction is the best; the process of contraction
is repeated until the program reaches a decomposition which
has a lower value of INFO than any of its contractions; at
this point no improvement is possible Hy contraction: The
hill climb terminates, and the program prints out the contents
of SETS.

Although 1t is possible that there might be decompositions’
not reachable by this process of contraction, with even 1ower
values of INFO, experiments have shown that this 1s not

USNSLLY the Gase; the reason seems to be that the function
C (o)

INFO varies only very slowly with changes in decompogitioB
pPOs =

BLDUP

LLLL

L

PP

xx

BLDUP

ENTRY PI MIN

Preliminaries.
Compute NSQl, TUTAL, LUM, etc.

Put one element sets in rand.
order in SETS, and put ORDER ey
PROW .

Pat TPROW in IRl

J[Put contents or IR1, less 1, in uﬁ

Pat SETS,1 in SETA wnd
SETS,4 in SED

Compute new INPO for SETS whea
d SETB are comtructed.

Compare INFO with CINPO
{

1mro<cinro § 1nroScINPO

Put INPO in CINPO
wnd store contents
of IRl and IR4 in
Cl and C4, to record
best contraction so
far.

Take next pair of sets from SETS,
b7 reducing IR4, or, if IR4 is dom

When all pairs of sets from !lr! nv-
been tried h BENPO.

CINFO BRNPO CINFO BENPO

‘T

Iolll SETS b,

of contractions
on new

Since 00 further improvement ies possib.
by contraction, primt out SETS.

END OF PROGRAM
RETURN TO MAIN

| SE—

sy i L




i 4 FAP 00052 0601 CO 0 CCC63 STO CIFSP
€0053 0774 00 I CCCO1 AXT 1,1
ENTRY  BLDUP 00054 0500 €O 1 Cl474 CLA SETS,1
cocos £0055 0402 00 O CCC63 SUB DIFSP
€0056 1 00001 1 CCC57 TXI #41,1,1
00057 0602 CO I 01474 SLW SETS,1
TRARAEER YBCISE COUNT 00060 =3 00000 T CCC55 LOC  TXL #=3,1,%#
46008 ., 23R0AAADS S PTLVL C0061 €020 00 O CCC64 TRA #+3
00001 "“32;;;““ PTSFT 00062 0C0000247616 MXM1 VFD 18/0,03/2,15/MACRO
8c002 4763 €C063 0 CCCCO O CCCOO DIFSP PZE
00064 0761 CO O CCCOC NOP
T D S ocors 0065 0500 00 O 77461 CLA ORCER
00004 224324644760 €0066 0622 00 0 CCCT7 STD TXL1
SR s NOW BEGINS SECTION TO GENERATE NOS
L 4 C0452 BLDUP SXD ’ 00067 €074 00 4 CCOO1 GG CALL PTLVL
8GR0 %00 * PRELIMINARIES €0070 1 CCO00 G CCCT2
€0006 0500 CO G 77455 CLA LATIS 60071 0 00505 0 €CCO3
©C00T 0622 CO O CC4S5 STD NDXX €0072 0774 00 1 CCCO1 AXT 1,1
€C010 -0534 00 I 77457  AA LXD CAT,1 00073 0500 00 0 77444 CLA CNED
00011 -0500 CO 1 76236 CAL CROWS,1 00074 0622 00 1 C2134 STD TABLE,1
00012 0602 00 I 72252 SLW MROWS.1 00075 0400 00 O 77444 ACC CNED
00013 2 €000l 1 CCCl1 TIX #=2,1,1 00076 1 €0001 1 CCC77 TXI #+1,1,1
. COMPUTE NSQ1 00077 =3 00000 I CCCT74  TXLL TXL #=3,1,%%
00014 0500 CO O 77461 BB CLA ORCER 00100 0020 00 0 €C101 TRA HH
€0015 0402 00 G 77444 SUB CNED * GENERATE RANDOM ORDER
€0016 -0765 00 O CCC44 LGR, 36 00101 -0534 CO 4 77461  HH LXD ORDER,4
€0017 0200 00 0 77461 MEY OROER 00102 -0534 00 1 77461  START LXD CORDER,1
00020 0767 CO 0 0CC20 ALl S 00103 =~0500 00 0 77404 GEN  CAL RANDM
8002140622 00,0,87450 WL Mg 60104 0361 00 0 77372 ACL CIFF
-
€0022 -0534 00 1 77457 CC LXD CAT,1 gg:g: gggg gg g ]’;:2'; ét: 2;32:
00023 0600 00 G Cz135 STZ TOTAL !
00024 0500 00 G C2135 CLA TOTAL 00107 -=0220 00 O 77404 ANA RANDM
00025 0560 CO 1 72252 LOQ MROWS,1 €0110 0622 00 0 CCl11 STD TIX
00026 0522 60 0 CCCOO XEC#* $COUNT ¢0111 2 000CO 1 CO1l13 TIX TIX #42,1y%e
00027 0622 00 G C2135 STD TOTAL 00112 0020 00 O C0102 TRA START
0030 2 00001 I CCC24 TIN e=6sd.1 60113 0500 CO 1 C2134 CLA TABLE,1
00031 0500 CO 0 C2135 CLA TOTAL 00114 -0100 00 0 CC120 TNZ MOVE
€0032 0771 €O 0 CCOO1 ARS 1 00115 2 0C001 I CCI13 TIX #=2,1,1
60033 0622 00 0 C2135 STO TOTAL 00116 -0534 00 I 77461 LXD ORDER,1
*«  COMPUTE LUM 60117 0020 00 0 CC113 TRA #-4
00034 0560 CO 0 Czl4l1  OC LCQ =0 00120 0622 00 4 C1C62 MOVE STD NOS,4
ggg;: g;:g gg g zgggg CVH NSQ1 C0121 0600 00 1 C2134 STZ TABLE,1
: CLM 00122 2 00001 4 CO111 TIX TIXe4yl
00037 ~0765 00 O 0CC21 LGR 17 00123 0020 00 O CC124 TRA JJX
€0040 -0600 CO 0 CC453 STQ LUM = MOVE SETS INTO RANDOM PLACES
*  PREPARE TO START 00124 -0534 CO I 77457  JJ LXC CAT,1
< NE:; SECTION GENERATES INDIRECT 00125 0600 00 I 47€16 STZ MACRO,1
oot IS 80 s s Dzs:smc BEHIND SETS 00126 2 00001 1 CC125 TIX #=1,1,1
€0042 0622 CO O CO0241 sTo gzggk 00127 ~0534 00 1 77461 LXD ORDER,1
00043 0500 00 O CCC62 FF LA Wumi 80130 0500 CO I 01062 LOAD CLA NOS,1
C0044 0602 CO O 01473 SLN SETS-i 00131 -0734 00 4 CC0O0 PDX C,4
00045 0500 CO O 77461 LA DROER 00132 0774 00 2 CCCO1 AXT 1,2
00046 0622 00 0 CCC60 STD Loc CO133 2 00044 4 OC140 DOWN TIX STEP,4,36
00047 0500 00 0 77460 CLA NWOR €0134 -0500 CO 4 17170 CAL UNIT,4
00050 0400 00 O 77444 ACD CNED. 00135 0602 60 I 01474 SLWe SETS,1
€0051 0771 00 0 CCC22 At dn " 00136 2 €000l 1 0C130 TIX LOAD,1,1




00137
60140
col4l
col42
00143
00144
€0145
€0146
00147
col50
0151
00152
00153
00154
co155
€o156
00157
00160
00161
60162
00163
00164
o813

€0166

00167
€o170
eo171
00172
00173
00174
00175
00176
00177
eo2co
€0201
00202
00203
00204
00206
00206
00207
co0210
€o0211
00212
00213
00214
60215
00216
00217
00220
00221
00222
00223
00224
€0226

0020

00

1 cocol

cceo
05C0
c622
0500
0622
0500
0601
0601
~0534
-0634
-0754
0402
-0734
-0534
-0500
c602

co
00
co
co
co
co
00
co
co
co
co
co
co
co
€0
co

2 00001

-0534
-0500
€602

00
60
co

2 8801 2

0020

-0634
-0634
0£00
-0534
0500
05¢0
0522
0622

co

00
00
co
00
co
co
60
00

2 C0001

0600
-0534
0500
05¢€0
0522
0622

co
co
00
co
60
00

2 00001

0500
-0765
0200
0767
0622
0600
0774
0774
0560
-0634
0174
0162
-0600
-0534
-0500

00
00
00
00
00
co
co
00
00
co
co
00
co
00
co

[~ReNeN-NoNeNoNNNa]

OPONENNN=ND O~
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cC142
co133
cccco
77450
c1c67
c2135
c1ceéé
c2142
CC443
CC424
77461
c1527
cccoo
17444
cccceo
77460
Cl474
01507
cC157
77460
Cl4a74
c1522

0162

Co167

C2137
c214C
c1523
7746C
c1523
01507
cccco
c1523
cc173
C1524
77460
C1524
c1522
cccoc
C1524
c0202
Cl1523
CCC44
01524
cceo21
C1525
CC423
cccol
cccol
C1507
Cl526
cccol
C0236
Cz136
17460
c1522

STEP

KK

LLEE
LL

PP

TIX

« NEXT
XX

LOTST

QPP

AROW

TRA
TXI
HTR
CLA
STOD
CLA
STC RR

CLA =,3777777777I7
STO CINFO

STO BFENFO

LXD ORDER,1

SXD TPROW,1

PXC Col

SUB CNED

POX C,4

LXD NWORD,2

CAL#® SETS,1

SLW SETA,2

TIX #=2,2,1

LXD NWORC,2

CAL* SETS,4

SLW SETB,2

#=27 ,1

TRA XX

SECTION COMPUTES
SX0 XY1l,1

SXC XY4,4

STZ SA

LXD NWORC,2

CLA SA

LCQ
XECe
STD SA

TIX #—4,2,1
STZ S8

LXD NWORC,2
CLA S8

LCQ SETB,2
XEC* $COUNT
STN SB

TIX #=4,2,1
CLA SA

LGR 136

MPY SB

ALS 17

STC SASB
STZ ARB

AXT 1,4

AXT 1,1

LCQ SETA,4
SXD SXRD,4
AXT 1,4

TQP sSKk|p
STQ WAIT
Lxe NWORD, 2
CaL SETR,2

KK
COWNs 21
NSQ1

SSSUM
TCTAL

INFC

00226
60227
00230
00231
00232
cc233
00234
00235
00236
02137
00240
00241
00242
00243
00244
€0245

00246
00247
00250
0251
€0252
00253
00254
60255
00256
00257
00260
00261
00262
00263
00264
€0265
€0266
00267
00270
00271
00272
00273
00274
00275
00276
00277
00300
00301
00302
00303
00304
€0305

00306
00307
co310
00311
00312

-0220
0160
-0765
0500
0522
0622

60
co
00
co
60
co

2 00001

0560
-0713

co
ce

1 00001
1 000C1
3 occoo
-3 C0044

-0534

co

1 C0001

c020

05C0
0402
0622
0500
04C2
0622
0500
04C2
0765
0200
0771
cs01
-01C0
0600
0020
0500
0765
0200
07¢3
04C2
0760
0601
0120
0760
0765
0200
07&5
0220
-0600
-0534
-0534
co20

0500
0340
0020
0020
0020

00

co
00
00
co
co
00
00
co
co
00
co
)
00
co
co
co
00
00
00
co
co
00
co
00
00
00
oo
co
co
00
co
co

00
co
00
00
00
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1€742
C0234
CCO44
CC423
cccco
c0423
c0225
c2136
cccol
coz4cC
C0241
CC245
ccz22
01526
co217
CQ246

Cl1066
C0423
c1C63
clc67
C1525
Cl1Cé64
7745C
Cl1C64
CCCa3
Cl1C64
cccol
CC425
CC265
C0451
c0203
ClCé64
CCo43
C0453
cccal
ClCé63
ccco2
C0454
co276
cccoz
CCO043
C0454
cccol
CCc425
C0451
cz137
c214cC
C0306

CC451
CC443
c0230
c023C
00213

SKIP

$902

RRRR

# YY ACTUALLY DOES THE CLIVISION

Y Y

SAC

TAGET

# END OF SECTION WHICH COMPUTES INFO
SECTION COMPARES INFO WITH CINFO

# NEXT
MMM

ANA® MATAX,1
TZE =45

LGR 36

CLA ARB

XEC# $COUNT
STD ARB

TIX AROW+1,2,1
LCQ WAIT

RQL 1

TXI #+1,1,1
TXT #+1,4,1
TXH RRRRyl,#»
TXL TQPP,4,36
LXD SXRDy4
TXI LDTSTy4, 1
TRA YY

CLA RR
SUB ARB
STC NRR
CLA SSSUM
SUB SASB
STC NSSUM
CLA NSQ1
SUB NSSUM
LRS 135
MPY NSSUM
ARS 1

STO ROTT
TNZ =43
STZ INFO
TRA TAGET
CLA NSSUM
LRS 135
MPY LUM
LS 17
SUB NRR
CHS
STO
TPL
CHS
LRS 135
MPY MULT
LRS 1

CVH BOTT
STQ INFO
LXD XYl,1
LXD XY4,4
TRA MMM

MULT
42

INFO

CINFO
NOSTO
NOSTO
STORF

CLA
CAS
TRA
TRA
TRA




60313
00314
60316
00316
00317
€03260
60321
00322
00323
00324
60326
60326
00327
€0330
00331
00332
00333
00334
60335
00336
00337
00340
00341

00342
00343
0034%
003456
00346
00347
00350
00351

00352

00353
00354
60356
00356
00357
©0360
00361

00362

00363
00364

€0366

00356
00367
60370
€0371

00372

00373
00374

00376

00378
00377
0400
00401

00%02

~0634
~0634
~053%
-0500
-0501

0602

€0
co
co
00
00
00

2 00001

0500
0601
0500
08601
0500
08601

00
00
co
00
00
00

2 00001
-3 00002
2 00001

0500
0340
0020
€020
0020
-0534
~-0534
-0534
-0500
0602

00
00
co
00
00
00
co
00
00
60

2 ¢o001

0500
0601
0500
0601
0500
0801
-0594
~0534
=0500
0602
0800

00
00
00
co
00
00
00
o0
60
60
60

2 00001

-053%

00

-3 00002
2 00001

0020
0500
08622
~0534
~0500
0602

00
00
00
00
co
00

2 0001

-053%
-0594

00
00

=0500 00
0502 00
2 00001
2 00001
0500 00

c0426
c0427
17460
01507
c1522
00442
co31é
01064
CC444
clce3
C0445
C0451
C0443
co156
c0333
00153
C0443
C0424
C0366
€0366
c0240
C0426
co427
717460
00442
01474
C0343
C0444
c1067
00445
01066
00443
C0424
01527
77460
01474
CI474
01474
€0356
01527
€0365
€0152
C0420
77460
CO446
77457
478616
66166
00371
C0446
17460
66166
17416
00401
Co037e
00446

STORE SXD
$XD Cl,l

NOSTO

LESS

PRINT

FRESH

LXD
CAL
ORA
SLW
TIX
CLA
STO
CLA
STO
CLA
STO
TIX
TXL

TIX
CLA

CAS

TRA

TRA

TRA

LXD
LXD

LXD
CAL

Cé4s4

NWORD» 2
SETA,2
SETB,2
CET,2
#-3,2,1
NSSUM
CSSUM
NRR

CRR
INFO
CINFO
PPabyl
#42,1,2
LLy1ls1l
CINFO
BENFO
PRINT
PRINT
LESS
Cas4
Cl,1
NWORD,2
CET,2

SLWs SETS,4

TIX
CLA
STO
CLA
STO
CLA
STO
LXD
LXD

#=-2,2,1
CSSUM
SSSUM
CRR

RR
CINFO
BENFO
TPROW, 4
NWORD, 2

CAL®» SETS,4
SLW® SETS,1
STZ= SETS,4

TIX
LXD
TXL
TIX
TRA
CLA
STD
LXD
CaL
SLw
TIX
LXD
LX0
CAL
SLw
TIX
TIXx
cLA

*=3,2,1
TPROW, 1
*+251,2
LLLL,1,1
our
NWORD
HOLD
DAT,2
MACRO, 2
INMAT, 2
=2+291
HOLD, 4
NWORD, 2
INMAT 4
SET,2
.’1.6'1
*~3,2,1
HOLD

€0403 04€0 00
00404 0400 00
00405 0622 00
00406 ~0534 00
00407 0760 00
004106 ~0501 00
60411 2 00001
00412 0100 CO
60413 0074 CO
60414 1 00000
00415 0 20607
00416 0020 0O
00417 CO020 00
00420 -0534 00
00421 0020 CO
00422 0 cgocCoO
00423 0 €CCOO
00424 0 00000
00425 0 00C00
60426 0 cCCOO
00427 0 o©CcCceoO
00442

00442 0 0C000
00443 0 ©CoCO
00444 0 0©CcCCO
00445 0 00000
00446 0 00C00
00447 0 cocco
60450 0 €0000
00451 0 00000
00452 0 00CCO
00453 0 000CO
c0454 0 ccCcCoO
00455 0 00000
01062

01062 0 000CO
01063 0 C0000
01064 0 00000
01066 0 c00CO
01066 0 Cocco
01067 0 cCCoO
01474

01474 0 000CO
Q1507

01507 0 00000
01522

01522 0 00C00
01523 0 0o0CCO
01524 0 00000
01525 0 00000
01526 0 00000
01527 0 o0o0o0CO
02134

02134 0 000CO
02135 0 00CCO
02136 0 000CO

o000 oOOoOMPOOOOLPONNONODOO

0DO0OOO0O0O0OODOOO

o o [=N-N-N-NoN-]

[~ N~ Ne) [eX-N~N-NeN-]

17460
17444
CC446
77460
cocoo
77416
co410
CC4l17
ccco2
cec4l6
ccco3
C0374
C0420
CC452
cccol
cccoo
cccoo
cccoo
cccoo
cocoo
cocoo

cccoe
cccoo
cccco
cococ
cccoo
cccoo
cccoo
coeoo
cccoo
cccoo
cccoo
cccoo

cccco
cccoo
ceccoo
cccoo
cccee
cccoo

cccoo
ccecoo

ccooo
cccoo
cccoo
ccoco
ceocoo
cccoo

cocoo
cccoo
cccoo

ENDPT
ouT

ARB
BENFO
BOTT
C4

c1

CET
CINFO
CSSUM
CRR
HOLD
INOPN
INBEN
INFO
IR4
LUM
MULT
NDXX

NOS
NRR
NSSUM
OPNFO
RR
SSSUM

SETS
SETA

SETB
SA

S8
SASB
SXRC
TPRCW

TABLE
TOTAL
WAIT

ACD NWORD
ADD CNED
STD HOLD
LXC NWORD,2
CLM

ORA SET,2
TIX #=1,2,1
TZE ENDPT
CALL PTSET

TRA FRESH
TRA OUT
LXD IR4,4
TRA 1,4
PZE

BES 260

BES 260
BES fo

BES 10

BES 260




02137 0 00C00 C €CCO0
02140 0 00CCO 0 CCOOC

77462
77462
17461
77460
17457
77456
77455
77454
77453
77452
77451
77450
17447
17446
77445
77444
77443
17442
77430
77416
77404
77372
7736C
77310
71724C
7717C
77120
77C50
77C24
16742
16236
72252
E€166
$353¢
47€16

LITVERALS
02141 o0o000cCCCOCOCO
02142 3717777777717

The decomposition

XYl
XY4

-

COMMCN BLOCK FROM HIDECS 2
COMMCN -1

INDIC COMMCN
ORDER COMMCN
NWORD COMMCN
DAT COMMCN
LGTH COMMCN
LATIS COMMCN
NBITH COMMCN
NBITL COMMCN
NBIT1 COMMCN
NBIT COMMCN
NSQ1 COMMCN
OPRMN COMMCN
ATOMO COMMCN
ATOM COMMCN
ONED COMMCN
D36 COMMCN
ATCOX COMMCN
ATCX COMMON
SET COMMCN
RANCM COMMCN
DIFF COMMCN
CONVT COMMON
DATA COMMCN
MATA COMMCN
UNIT COMMCN
COMUN COMMCN
EQLS COMMCN
SECTS COMMCN
MATAX COMMCN 260
DROWS COMMCN 2100
MROWS COMMCN 2100
INMAT COMMCN 5400
ATMS COMMCN 2C00
MACRO COMMCN 7000
END

Pt ettt ot ot ot b ot ot ot ot

VI D DD DD rt et s ot s
O0OO0OO0OO0OO0O0OOOOOO

of the sample 8raph follows:

=13~

STABL

This program 1is very similar to BLDUP, For any decom-
position of M into disjoint sets Sl,Sz,..., define the

function EXP as:

. '_‘\_‘M—') - So(Sc=0) ¥+
EXP = §i%; [e°‘ 20 _l;;_l-

-

ZC:(&:}*I) P Wﬁti :#:;, ~
= hegahve

The task of STABL is to find that decomposition of M 1lnto
disjoint sets, for which EXP is maximum. It has been shown
elsewhere that the decomposition so obtained is maximally
stable under the addition of new and unknown elements to the
system M.*

This function EXP varies sharply even over slight
variation in the decomposition. The crude hill-climb by
successive contractions, used in BLDUP, is therefore unsuit-
able for STABL. 1In fact, in experience, even for small and
simple systems, a hill-climb based on contraction failed to
find the decomposition with the best value of EXP, Instead
STABL is based on the following procedure.

Start with the unit decomposition in SETS, as before.
The basic operation consists of moving one element, out of
the set it happens to be in, and adding it to each of the
other sets in turn, computing EXP for each new decomposition

so obtained. This is done for each element. The best of

*Actually EXP differs slightly from the criterion function given
in (1963 b); the changes make 1t more continuous in the search
space; the original function had such severe discontinuities
that the hill climb would not work at all. <€; « 7he by 7

banks o Te Sk Py Slans, Sz '




STABL -15=

—14-

ENTRY PROM MAIN

s so obtained is thus the best decom-

all the decomposition
The

1 block, LUM

d by moving a single element.

position to be obtaine
nuserical order|

le again, one slement s
and then begins the cyc o S E:a SErs. g pr-lh:? Pt wppropriste

vulues into AA, LA, 7O

program makes this change;

The program terminates when 1t finds a decomposition whose y
HILL Put ORDER into IR1
value of EXP is higher than that for any decomposition
z '
UNE jearch through SETS until finding the
which tal
obtainable from it by moving a single element. o"of ThL (RLAN): Place currenc
in S
VALO ompute vulues of BOT, TOP, for thll set
when elesent IR]l is removed from i
POUR wdding element IRl t0 u new set SETS.4
$ified by IR4 =3IN.set stored in SETS.
VALL ompute vilues of , T0P, for set SETS,4,)
when element IRl is ua-a to it
CoMPy
0
lu Cl. 00. Cl
uexe r'qzrﬁﬂrﬁ?iahnnewu--n;l-i
values of BUT and o
Reduce IR4 ‘_‘f
SKIP 1f IR4 oannot be any further naucct. put
SOUT in IR4; Mow repla BTS0 1,
.na corresponding veluw
BOT,4 and TOP, 4
I.duel IRl.
1f IRl camnot be way further reduced, sach
element has been tried in each possidle
position, s0 now compare CEXP with BEXP to
see whether any improvement has shown itsel
CEXP BEXP CRIP BEXP
|
REPLA Put CEXP in BEXP.
SETS by tuking e
derined by CE, ou
defined by CO, and puut
1% in set defined by CI.
PHINT nce no further lmprovesent is possible,

S

by moving single elements from set to set,
nill clisb is co-plcn. s0 call PISET .
print out SET

END OF PROGRAM
RETURN TO MAIN




AP

00005

TRANSFER VECTOR
00000 476343654360
00001 234664456360
00002 476362256360

LINKAGE DIRECTOR
00003 000000000000
00004 626321224360

00027 -0634 00 05301

00005 -0634 00 4 02626
00006 0074 00 4 00000
00007 1 00000 O 00011
00010 © 00006 O 00003
00011 0500 00 O 77461
00012 0622 00 O 00030
00013 0774 00 1 00001
00014 0774 00 2 00001
00015 -0634 00 2 05301
00016 0774 00 4 00001
00017 -0500 00 4 77170
00020 0602 00 1 04673
00021 0500 00 O 05301
00022 0622 00 1 05300
00023 1 00001 1 00024
00024 1 00001 4 00025
00025 -3 00044 4 00017
00026 1 00001 2 00027
2
00030 -3 00000 1 00016
00031 -0534 00 1 77457
00032 -0500 00 1 76336
00033 0602 00 1 72252
00034 2 00001 1 00032
00035 0500 00 O 05306
00036 0601 00 0 02613
00037 0601 00 0 02177
00040 -0534 00 1 77461
00041 0760 00 O 00000
00042 -0754 00 1 00000
00043 0601 00 0 05302
00044 0402 00 O 7T444
00045 -0765 00 O 00044
00046 0500 00 O 05302
00047 0767 00 O 00012
00050 0601 00 O 03652
00051 0500 00 0 05303
00052 0200 00 0 05302
00053 0767 00 0 0002}
00054 0400 00 0 77444
00055 0771 00 0 00001

PTLVL
COUNT
PTSET

ENTRY

STABL

STABL SXD [R&,4
CALL PTLVL

«THIS IS THE UNI GENERATOR

CALU

TXLL

CLA
$TD
AXT
AXT
SXD
AXT
CAL
SLW
CLA
STD
I
TXI
XL
X1
$X0
TXL

ORDER
TXLL

1.1

142

X242

lLe4
UNIT,4
UNI,1

X2

UNI2,1
selyl,l
s+lqeé,l
CALU, 4,36
*+le2,1
X242
CALU=1,1, e

*END OF UNI GENERATOR
PRELIMINARIES

®NEXT SECTION COMPUTES ASQA BLOCKS

STa

LXo
CAL
SLwW
TiX
CLA
sTO
sTO

LX0
CLm
PXD
STO
sus
LGR
CLa
ALS
sTO
cLa
MPY
ALS
ADD
ARS

DAT,1

DRONWS,1
MROWS, 1
*=2,1,1
=0T777TITIIITIY
CEXP

BEXP

ORDER,1

0,1
XX
ONED
36
XX
10
sus
=0
XX
17
ONED
1

00056
00057
00060
00061
00062
00063
00064
00065
00066
00067
00070

00071
00072
00073
00074
00075
00076
00077
00100
oo101
00102
00103
00104
00105
00106
00107
ooilo
00111
00112

00113
00114
00118
00116
00117

00120
ool21
00122
00123
00124
00125
00126
00127
00130
00131
00132
00133
00134
00135
00136
00137
00140
00141
00142

0601 00 O 02617
-0625 00 0 00542
0020 00 O 00512
0500 00 0 02623
0601 00 1 01571
0402 00 0 03652
0120 00 0 00067
0600 00 1 02176
0020 00 O 00070
0601 00 1 0217e
2 00001 1 000sl
-0534 00 1 T7457
0600 00 0 04266
0500 00 O 04266
0560 00 1 72252
0522 60 0 00001
0622 00 O 04266
2 00001 1 00073
0500 00 O 04266
0771 00 O 00001
0622 00 O 04266
0601 00 O D2617
-0625 00 O 00542
0020 00 0 00512
0500 00 0 D2623
-0534 00 1 77461
0560 00 O 05303
0240 00 1 01571
-0800 00 0 02622
0500 00 0 02175
0601 00 0 02611
0500 00 0 01870
~0760 00 0 00003
0601 00 O 04264
0500 00 0 77461
0622 00 O 03240
0500 00 0 00141
0602 00 O 03644
0500 00 O 77461
0622 00 0 00137
0300 00 O 77460
0400 00 O 77444
0771 00 O 00022
0801 00 O 00142
0774 00 1 00001
0500 00 1 03645
0402 00 O 00142
1 00001 1 00136
0602 00 1 03645
-3 00000 1 00134
0020 00 0 00143
000000247616

0 00000 0 00000

$TO
STL
TRA
CLA
$T0
sus
TPL
$TZ
TRA
$T0
TIXS TIXx

DTOFP
TRAP
FPG

FP
ASQA,1
sus

2k )
ASQA2,1
TIXS
ASQA2,1
STAs 1,1

COMPUTE LUM

cc LXD
sTL
CLA
LoQ

DAT,1
TOTAL
TOTAL
MROWS,1

XECe» SCOUNT

$70
FIX
CLA
ARS
$TD
$70
STL
TRA
CLA
X0
LoQ
FOH
$TQ

TOTAL
e=4qe1ly1
TOTAL
1
TOTAL
OTOFP
TRAP
FPG
FP
ORDER, 1
=0
ASQA,1
FLUM

NEXT SECTION COMPUTES 2ERD VALUES
FOR TOP AND BOTY

CLA
$TO
CLA
SSM
$70

ASQA2-1
8070
ASQA~-1

ToPO

NEXT SECTION GENERATES INDIRECT
ADDRESSING BEMIND SETS AS IN GENER

CLA
$TD
FF CLA
SLw
CLA
§T0
CLA
ADD
4RS
§T0
AXT
CLA
sus
TXI
SLw
LocC 1248
TRA
MXM1 VFD
DIFSP PILE

ORDER
§902
MXML
SETS-1
ORDER
Loc
NWORD
ONED

18

DIFSP
11
SETS, 1
OIFSP
e+lyl,l
SETS, 1
e=3,1y08
*e3
18/0,03/2,15/MACRD




Flogm = 057

»

00143 0761

00144
00145
00146
00147
00150
00151
00152
00153
00154
00155
00156
00157
00160
00161
00162
00163
00164
00165
00166

00167
00170
00171
00172
00173
00174
00175
00176
00177
00200
00201
00202
00203
00204
00205
00206
00207
00210
00211

00212
00213
00214
00215
00216
00217
00220

00221
00222
00223

-0534

0500
~-0734
-0500

00 0 00000

00 1 77461
00 1 05300
00 2 00000
00 1 04673
60 1 03645

NOP
e NEXT SECTION PUTS ONE ELEMENT SETS

MER ICAL ORDER BEWIND SETS

. ::Dugifs ONE ELEMENT VALUES FOR
- BOT, TOP, AA AND LA
START LXD ORDER,1

CLA UNI2,1

POX 0,2

CAL UNI,1

SLWe SETS,1

0602
2 00001 1 00145
-0534 00 1 77461
0500 00 0 77444
0622 00 1 01164
0600 00 1 03233
2 00001 1 00154
-0534 00 1 77461
0500 00 0 04264
0601 00 1 04263
2 00001 1 00161
-0534 00 1 77461
0500 00 0 02611
0601 00 1 02610
2 00001 1 00165

TIx
LXD
CLA
§$TD
sTZ
TIX
LXD
CLA
sTO
TiX
LXD
CLA
STO
TiXx

#NOW START

.-‘.l.l
ORDER,1
ONED
AAyl
LA, 1
e=241,1
ORDER,1
TOPO
TOP, 1
e=1lyl,l
ORDER, 1
8070
BOT, 1
e=lel,yl
HILL CLINMNB

-0534
-0534

0500
-0734
~0500
-0320
-0100

00 1 77461
00 4 77461
00 1 05300
00 2 00000
00 1 04673
60 4 03645
00 0 00200

® NEXT SECTION PICKS OUT SET WHICH

2 00001 4 CcO173
0000 00 0 00000
0560 60 & 03645
=0600 00 0 03647

- HAS NEXT ELEMENT IN IT

HILL
ONE

LXD
LXD
CcLA
PDX
CAL

ORDER,1
ORDER, 4
UNI2,1
0,2
UNI,1

ANA® SETS,4
TNZ e+3

TIX o=3,4,1
HTR

LDQe SETS,4
$TQ SETSO

-0634
0322
0602
0500
0601
0500
0601

-08634

0500
0402
-0734
0601
0500
-0534
0601

-0534
0600
-0500

00 1 02621
60 4 03645
60 4 03645
00 4 02610
00 0 02203
00 4 04263
00 0 03656
00 4 03651

00 4 Olles
00 0 77444
00 4 00000
00 0 03652
00 4 02176
00 4 0385)
00 & 02610

00 2 77460
00 0 03237
60 1 76742

SXD ELMNT,1
ERAe SETS,s
SLwWe SETS,s
CLA BOT,4
S$T0 BsouTt
CLA TOP,4
:YD Tour
XD SOUT,4
*NEXT SECTION
YALO: ECx .‘.serlnes NE W
$UB ONED
PDX 0,4
2'0 sus
LA AsSQA2,s
LXD sout.z

STO soT,s
SNEXT SECTION aEFINE

LXD NwWOR
i

CALe MATAX, )

OCNT

80T FOR Ssour

S NEW TOP FOR souT

00224
00225
00226
00227
00230
00231
00232
00233
00234
00235
00236
00237
00240
00241
00242
00243
00244
00245
00246

00247
00250
00251
00252
00253
00254
00255
00256
00257
00260
00261
00262

00263
00264
00265
00266
00267
00270
00271

00272
00273
00274
00275
00276
00277
00300
00301
00302
00303
00304
00305
00306
00307
00310
00311

-0320
-0765
0500
0522
0622
2 00001

0500
~0634
-0534

0402

0601
-0625

0020

0500

0240

0131

0302
-0534

0601

-0534
-0634
0500
0340
0020
0020
0020
0500
0601
0500
0601
-0634

0500
0400
-0734
0601
0500
-0534
0601

-0534
0600
-0500
-0320
-0765
0500
0522
0622

60
00
00
60
00

00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
0o

00
00
00
00
00
00
00

00
00
60
60
00
00
60
00

2 00001

0500
-0634
-0534

0400

0601
-0625

0020

00
00
00
00
00
00
00

SLHLPO00OCOO0QQLrPSINOOOO S

LSO0POSPOQOQCQOOLS

S 2r0r00

CO00O0ILr++rNOOCOOS,~ON

03645
00044
03237
00001
03237
00223
03233
03651
03652
03237
02617
00542
00512
02623
02622
00000
01571
03651
04263

77461
03650
03651
03650
00256
00406
00256
02610
02201
04263
03654
03650

01164
TT444
00000
03652
02176
03650
02610

77460
03237
T6742
03645
00044
03237
00001
03237
00274
03233
03650
03652
03237
02617
00542
00512

« NEXT SECTION

ANA® SETS,4%
LGR 36

CLA RL

XECes SCOUNT
STD RL

TIX OCNT42,1
CLA LA,&

SXD SOUT,4
LXD SUB,4&
SUB RL

STO OTOFP
STL TRAP

TRA FPG

CLA FP

FOH FLUM

XCA
FS8
LXD
STO

ASQA, 4
SOuUT, 4
TOP &
TRIES ADDING CHDSEN

. ELEMENT TO VARIOUS NEW SETS

FOUR

eNEXT
VALI

aNEXT

ICNT

LXD
$XD
CLA
CAS
TRA
TRA
TRA
CLA
STD
CLA

ORDER 4 4
SINy&
sourt

SIN

ee3

SKIP

es]l
BOT, 4
BIN
TOP, 4
STO TIN

SXD SINy4
SECTION DEFINES NEW BOT FOR SIN
CLA AA,S

ADD ONED

PDX 044

$TO Sus

CLA ASQA2,4
LXD SIN,4&
STO BOT, 4
SECTION DEFINES NEW TOP FOR SIN
LXD NWORD,2
$TZ RL

CAL® MATAX,1
ANA® SETS,4
LGR 36

CLA RL

XECe SCOUNT
$TD RL

TIX ICNT,2,1
CLA LAy
$XD SINy&
LXD SuB,&
ADD RL

STO DTOFP
STL TRAP

TRA FPG




00377 -0534 00 4 03650  NEXT LXD SINe4
CLA FP 00400 -0500 00 O 03646 CAL SETSI
00312 0300 00 0 92677 FOH FLUM 00401 0602 60 4 03645 SLWe SETS,4
o 02;1 00 O 00000 XCA 00402 0500 00 O 03654 CLA TIN
ke 0;02 00 4 01571 FSB ASQA,4 00403 0601 00 4 06263 STO TOP,4
9OAL3 D302 90 4 03650 LXD SINs& 00404 0500 00 0 02201 CLA BIN
gg;:: 0601 00 4 04263 STO rOP-"l 00405 0601 00 4 02610 STO 80T, 4
00320 0500 00 1 05300 CLA UNI2, 00406 2 00001 4 00250 SKIP TIX FOURyéyl
00321 -0734 00 2 00000 POX 0-2’5 % 00407 -0534 00 & 03651 LXD SOUT,4
00322 0560 60 4 03645 LDQe SETS, 00410 -0500 00 O 03647 CAL SETSO
00323 -0600 00 0 03646 STO SETSI 00411 0602 60 4 03645 SLWe SETS 4
00324 -0500 00 1 04673 g:;”:é;; A | gg::; gzg(: gg 2 32356 CLA TOUT
d 60 4 03645 ’ 63 STO TOP,4
i NEXT SECTION COMPUTES VALUE OF EXP § 40414 0500 00 0 02203 CLA BOUT
00326 -0534 00 1 77461  COMPU LXD ORDER,1 ‘ 00415 0601 00 & 02610 STO BOT,4
00327 0600 00 O 04265 sTz TOPP 00416 2 00001 1 00170 TIX ONEglgl
00330 0600 00 0 02612 STZ BU'; ® NEXT SECTION TESTS TO SEE WHETHER
00331 0500 00 0 04265 CLA 'U‘; ®  THE LAST CYCLE OF THE HILL CLIMB
00332 0300 00 L 04263 FAD 'Op;‘ | ®  HAS IMPROVED THE DECOMPOSITION,
00333 0601 00 O 04265 STO Tg” l =  AND REPLACES IF THE ANSWER IS YES
00334 0500 00 0 02612 CLA 20, . | 00417 0500 00 O 02177 CLA BEXP
00335 0300 00 1 02610 EAD DO | 00420 0340 00 O 02613 CAS CEXP
00336 0601 00 O gg‘;;i ?;2 “”l‘l . 00421 0000 00 O 00000 HTR
00337 2 00001 1 Soovse 00422 0020 00 O 00543 TRA PRINT
00340 -0534 00 1 02621 LXD ELMNT,1 00423 0500 00 O 02613 CLA CEXP
00341 0500 00 O 04265 CLA TOPP
e D120 00 © DOAAs Shy wsd 00424 0601 00 O 02177 STO BEXP
00343 0760 00 O 00002 CHS 00425 -0534 00 1 02614 LXD CEyl
B634s 5131 00 O 00000 XCA 00426 -0534 00 & 02616 LXD CO.4
50345 10260 00 O D428S CHP TOPD 00427 0500 00 1 05300 CLA UNI2,1
00345 0560 00 O 05303 LDO =0 00430 -0734 00 2 00000 PDX 0,2
00347 0240 00 O 02612 FOH BOTT 00431 -0500 00 1 04673 CAL UNI,1
00350 -0600 00 0 02620 STQ EXP 00432 0322 60 & 03645 ERA® SETS,4
e NEXT SECTIUN COMPARES EXP WITH CEXP 00433 0602 60 4 03645 SLWe SETS,4
AND REPLACES IT IF BETTER 00434 0500 00 4 01164 CLA AA,4
00351 0500 00 O 02620 MMM  CLA EXP 00435 0402 00 O 77444 SUB ONED
00352 0340 00 0 02613 CAS CEXP 00436 0601 00 & Ol164 STO AA,4
00353 0020 00 O 00356 TRA we3 00437 -0534 00 2 77460 LXD NWORD,2
00354 0020 00 0 00377 TRA NEXT 00440 0600 00 O 03237 STZ RL
00355 0020 00 G 00377 TRA NEXT 00441 -0500 60 1 76742 CALe MATAX,1
00356 0601 00 0 02613 STO CEXP 00442 -0320 60 4 03645 ANA® SETS,4
gg:z; g:gg gg 0 02621 CLA ELMNT 00443 -0765 00 O 00044 LGR 36
PESAL - OBGE DO g g‘;’:;& STO CE 00444 0500 00 O 03237 CLA RL
6383 540t Do © 0261; CLA sour 00445 0522 60 0 00001 XECe SCOUNT
e ol B o xss STo co 00446 0622 00 0 03237 STD RL
00364 0601 00 O 02615 CLA SIN 00447 2 00001 2 00441 TIX #6421
00365 -0534 00 4 03650 STO C1 00450 0500 00 & 03233 CLA LA,
50366 DE00.00 4 odzes txo SIN, 4 00451 0402 00 O 03237 SUB RL
00367 0601 00 0 03653 S';‘ TOP, 4 00452 0601 00 4 03233 STO LA,%
00370 0500 00 4 02610 cLS 1. 00453 0500 00 0 03655 CLA TO
00371 0601 00 0 02200 et 80T, 4 00456 0601 00 4 04263 STO TOP,4
00372 -0534 00 4 03651 LXD 5 00455 0500 00 0 02202 CLA BO
00373 0500 00 4 04263 cLa SOUT, 4 00456 0601 00 & 02610 $TO BOT,4
00374 0601 00 0 03655 $To ;0""' 00457 -0534 00 4 02615 LXD Cl,&
00375 0500 00 4 02610 CLA 4 00460 0500 00 1 05300 CLA UNIZ,1
00376 0601 00 O 02202 STO 38"" 00461 -0734 00 2 00000 POX 0,2
* NEXT SECTION puT ) ] 00462 -0500 00 1 04673 CAL UNI,1
TO TRY NEXT R,S SETS BACK TO NORMAL 00463 -0602 60 4 03645 ORSe SETS,4
ELOCATION CF ELEMERT 00464 0S00 00 4 01164 CLA AA,&




00465
00466
00667
00470
00471
00472
00473
00474
00475
00476
00477
00500
00501
00502
00503
00504
00505
00506
00507
00510
00511

00512
00513
00514
00515
00516
00517
00520
00521
00522
00523
00524
00525
00526
00527
00530
00531
00532
00533
00534
00535
00536
00537
00540
00541
00542

00543
00544
00545
00546
00547
00550
00551
00552

0400
0601
-0534

00
00
00

0600 00
-0500 60
-0320 60
-0765 00

0500 00

0522 60

0622 00

2 00001

0500 00

0400 00

0601 00

0500 00

0601 00

0500 00

0601 00

0020 00
-0534 00

0020 00

-0500 00
0400 00
0602 00

-0634 00
0774 00
0500 00

-0100 00
0600 00
0020 00
0767 00

-0760 00
1 00001
0771 00
0601 00
0754 00
0402 00
0767 00
0760 00
0400 00
0601 00
0760 00
0300 00
0601 00

-0534 00
0020 00

-0534 00
-0534 00
-0500 60
0602 00
2 00001
-0634 00
0074 00
1 00000

2P0 20Q0Pr0LPO0OSPNOOOCOSIr~ONSIO

ONOQOOOOCOONOONDOOOOOONNDOOO

COP NN N~

TT444
01164
77460
03237
76742
03645
00044
03237
00001
03237
00471
03233
03237
03233
03653
04263
02200
02610
00167
02626
00001

00542
05304
00542
03236
00001
02617
00523
02623
00541
00001
00001
00523
00011
02623
00000
05305
00033
00003
02623
02623
00000
02623
02623
03236
00000

77461
77460
03645
77416
00545
02625
00002
00554

ONED
AA, 4

ADD
sTO
LXD
STZ RL

NWORD 2

CAL® MATAX,1
ANAe SETS,4
LGR 36

CLA RL

XECe $COUNT
STD RL

TIX #=64241
CLA LA,4
ADD RL
STO LA, 4
CLA TI
STO TOP,4
CLA B1I
STO BOT,4
TRA HILL
LXD IR&,4
TRA 1,4

® SUBROUTINE FOR
e POINT VERSION

our

GENERAT ING FLOATING
OF DECREMENT INTEGERS

FPG  CAL TRAP
ADD =]
SLW TRAP
SXD R2,2
AXT 1.2
CLA DTOFP
TNZ ALS
S$TZ FP
TRA TRAP-1

ALS ALS 1
PBT
™I ALS,2,1
ARS 9
$TO FP
PXA 0,2
sus =146
ALS 27
s$SP
ADD Fp
$T0 Fp
CLM
FAD Fp
STO Fp
LXD

TRAP TRA 53.2

® NEXT SECTION PRINTS OUT COMPLETE

. DECOMPOSITION AT
PRINT LxD ORDER,} Y

LXD NWORD,2
CALe SETS,)
SLW SET,2
TIX =2,2,1
$XD IR1,1
CALL PTSET

00553
00554
00555
00556
00557
01164
0ll64
01571
01571
02176
02176
02177
02200
02201
02202
02203
02610
0261¢C
02611
02612
02613
02614
02615
02616
02617
02620
02621
02622
02623
02624
02625
02626
03233
03233
03234
03235
03236
03237
03240
03645
03645
03646
03647
03650
03651
03652
03653
03654
03655
03656
04263
04263
04264
04265
04266
04673
04673
05300

0 01047
-0534 00
2 00001
0020 00

0
]

o

cooco0oo©0Co

(=N NeNe Rl CO0O0OO0CO0O0O00O0O0ODO0O00O

o (=N~ N N-] OCO0O0OO0CO0OO0O0OO0O0O0

00000
00000
00000

00000
00000
000GC0O
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000

00000

coooo00

o ooo0o [~N-N-N-N-NeN-NoNe N} 000000 0O0O0OVLOCOO0OO0OO0OOO0OO0OOO

00003
02625
00544
00510
00000

00000
00000

00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
oooo0
00000
00000
00000

00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000

00000

AA
ASQA

ASQA2
BEXP
BI
BIN
80
80UT

80T
80OTO
80OTT
CEXP
CE

cl

co
DTOFP
EXP
ELMNT
FLUM
FP
HOLD
IR
IR4

LA
LUM
RI
R2
RL
$902

SETS
SETSI
SETSO
SIN
SouT
sus
T1
TIN
T0
TOUT

TOoP
TOPO
ToPP
TOTAL

UNI

LXD IR1,1

TIX PRINT+1,1,1
TRA OuUT

PlE

BES 260

BES 260

BES 260

BES 260

BES 260

BES 260

BES 260

BES 260

BES 260




05300 O 00000 O 00000
05301 O 00000 O 00000
05302 0 00000 O 00000

77462
77462
77461
77460
77457
77456
77455
TT7454
77453
77452
77451
77450
TT447
TT7446
77445
T74644
77443
TT7442
T7430
T7416
77404
77372
77360
77310
77240
77170
77120
77050
77024
T6742
76336
72252
66166
53536
47616

LITERALS
05303 000000000000
05304 000000000001
05305 000000000222
05306 TITTTITINIIIT

05307 1S THE FIRST LOCAVION NOT USED BY THIS PROGRAM

UNI2
X2
XX

COMMON
INDIC COMMON
ORDER COMMON
NWORD CUMMON
DAT COMMON
LGTH COMMON
LATIS COMMON
NBITH COMMON
NBITL COMMON
NB1T1 COMMON
NBIT COUMMON
NSQl COMMON
OPRMN COMMON
ATOMO COMMON
ATOM COMMON
ONED COMMON
D36 COMMON
ATOOX COMMON
ATOX COMMON
SET COMMON
RANOM COMMON
DIFF COMMON
CONVT COMMON
DATA COMMON
MATA COMMON
UNIT COMMON
COMUN COMMON
EQLS COMMON
SECTS COMMON
MATAX COMMON
DROWS COMMON
MROWS COMMON
INMAT COMMON
ATMS COMMON
MACRO COMMON

END

NO ERROR IN ABOVE ASSEMBLY
32/67 5498.1

« DATE AND TIME NOW

COMMON BLOCK AS IN HIDECS 2

-1

P e e e e e e e e et e e

VIND PP D re oo e
OS00O0O0OOOQCOOODOOC

260

2100
2100
5400
2000
7000

The decomposition of the sample graph by STABL, follows:

0
14 15 16 17

0

0

0

4]

11 12 13

o

6 7 &8 910
0

o

0

0o

1 2 3 & 5
0

0

o




SIHMPX

lize SIMPX 1is as follows.

The best way to visua
¢ vertices (elements)

A graph, since it consists only ©

and edges (1inks), is of course a topological l-complex.

However, we may Vvery easily represent any graph as a many-

dimensional complex as follows. A set of vertices has the

property that each two vertices in the set are connected by an

edge of G, 1is often called a complete subgraph. Replace each
complete subgraph of G by the simplex generated by 1ts
vertices. This means that for three points all connected to
one another, replace them by a triangle, for four such points,
replace with a tetrahedron. Clearly the vertices of the
resulting topological complex are precisely the elements of G,
and i1ts edges are the links of G,

A most natural decomposition of G, into subsystems, once
we have abandoned the idea of trying to decompose 1t into
discrete subsystems, is the decomposition in which each
maximal simplex of our topological complex defines a subsystenm -
namely the set of 1ts vertices.

In this case the decomposition Presents no intuitive

difficulty - in fact, the simplices of G can easily be picked

out from the graph by inspection, However, since the task of

enumerating all the simplices 1ig rather laborious, i1t is useful
to have 1 ’

e 1t done mechanically, The brogram SIMPX 4s based o

n

an algorithm given by Harary ang Ross (1957)

This algorithm

7=

uses a theorem,which gives a necessary and sufficient condition
on the graph matrix, for a vertex to belong to just one simplex.
This theorem is only applicable when every simplex has at least
3 vertices. The program therefore begins by removing the
isolated links of G.

The algorithm then tests one element at a time, until it
finds one which satisfies the condition; when it finds such
an element, the vrogram removes it from G, at the same time
orinting out the unique simplex this vertex defines. Then the
program starts again avplying the same algorithm to the reduced
G,

If no vertex of G is in just one simplex, the graph G is
split into two simplex-dis joint subgraphs, and the algorithm

applied to these subgraphs in turn.




SIMPX -18-

. FAP
ENTHRY PRUNM MAIN
00004 ENTRY  SIMPX
SIMPX E::-;T—_-J
rom  [Remove il thons Lioke reer siapiices TRANSFER VECTCR
smd rere b R erercace) in TN 00000 234664456360 COUNT
< 00001 476362256360 PTSET
B - — LINKAGE DIRECTOR
e be stris eives b7 MATALL. 00002 000000000000
= and’con Seibis rov, 00003 62314447676C
15 Coupare NSUN and RSUM(ESUM-L) 00004 =0634 00 4 00352  SIMPX SXD IR4y4
Ty TV | S #THIS IS THE UNI GENERATOR
. i 00005 0500 00 O 77461 CLA ORDER
1 Set consisting of 21l . 00006 0622 00 0 00C24 STD TXLL
sforsd in ST Elielode MTALL e 00007 0774 00 1 00CO1 AXT 1,1
fon 125 Bt T 00010 0774 00 2 00001 AXT 1,2
* whetner this simplex or ome comteining 00011 -0634 00 2 02404 SXD XZ;Z
: 00012 0774 00 4 00301 AXT 1,4
00013 -0500 00 4 77170 CALU CAL UNIT,4
PRINT [?:r:o::':n:: MCRO. then call PTSET to -—‘ 00014 0602 00 1 011776 SLW UNI,1
- _ 00015 0500 00 0 02404 CLA X2
Py > 00016 0622 00 1 02403 STD UNI2,1
12 l?:;z.gfu:l:g;x:::"-:;‘s;:. and if it 1 less 00017 1 00001 1 Co0020 TXI #=+1,1,1
3 cemvente of ThL ol Mt B NRG: AN 00020 1 C0901 4 00021 TXI #+1y4,41
¥ = 00021 -3 00044 4 C0013 TXL CALU,4,36
n [reduce m 1 00022 1 00001 2 CCC23 TXI #+1,2,1
T 00023 -0634 00 2 C2404 SXD X242
i e — 00024 -3 00000 1 00012  TXLL TXL CALU-1,1,%»
1 R RS #= NEXT SECTION ERADICATES ALL PAIRS
T »  FROM MATAX
— 00025 -0534 00 1 77461 LXD ORDER,1
- e 00026 -0534 00 4 77461 LXD ORDER,4
Maxed 1o tna” 00027 -0534 00 2 77460 FOUR LXD NWORD,2
Leetines. 1a Grus. 00030 0600 00 0 C12371 STZ RINC
00031 -0500 60 1 76742 CIRC CAL®* MATAX,1
SRt J Tivas ta owme;eey 00032 -0320 60 4 76742 ANA® MATAX,4
sre linked +5 element 00033 -0765 00 O 0C044 LGR 36
00034 0500 00 0 C1371 CLA RINC
stons [fStore ons eren orer) 00035 0522 60 0 COCOO XEC* $COUNT
GREG'e in ATES. 00036 0622 00 0 01371 STD RINC
e 5 00037 2 00001 2 00031 TIX CIRC,2,1
fare nert owre Tron 00040 0500 00 0 01371 CLA RINC
R A ey 0004F -0100 00 O 0C047 TNZ NEX
there Lre'no nora Bhis" 00042 0500 00 4 02403 CLA UNI2,4
Chion oame’ rmerit ... 00043 -073%4 00 2 00000 PDX 02
a6 Yoo 00044 -0500 00 4 C1776 CAL UNI,4
R8T na o tTAT, o0 the SlementaTn 00045 0760 00 O 00006 COM
; To RRstaTt A1 over aguin, by retiaXing 00046 0320 60 1 76742 ANS® MATAX,1
¥ 00047 2 00001 4 00027 NEX  TIX FOUR,4,1
] —_—J 00050 2 00001 1 00026 TIX FOUR-1,1,1

= NEXT SECTION PUTS PERMANENT REFERENCE
- MATRIX, WITHOUT PAIRS) IN INMAT
ZXD OF PROGRAN 0005F -0534 00 2 77457 LXD DAT,2
2ot 00052 -0500 00 2 72252 CAL MROWS,2
00053 0602 00 2 66166 SLW INMAT,2




00054

00055
00056
00057
00060
00061
00062
00063
00064
00065
00066
00067
00070
00071
00072
00073
00074
00075
€0076
00077
00100
00101
00102
00103
00104
00105
00106
00107
00110
001112
oo112
00113
00114
00115
00116
00117
00120

00121
00122
00123
00124
00125
00126
00127
00130
00131
00132
00133
00134
001385
00136
00137

2 00001 2 0CG52

-0534 00 1 77461
0500 00 O C2405
0601 00 C CC353
0760 00 0 CGC0OO

~0534 00 2 77460

-0501 60 1 76742
2 00001 2 cC362

-0100 00 © C0066
2 0001 1 CCC60

-0534 00 4 77461
0600 00 1 CC762
0600 00 1 01370
0570 00 4 C2403

-0734 00 2 cccoo

-05C0 00 4 01776

-0320 60 1 761742
0100 00 0 0C112

-0534 00 2 77460
0600 00 C 01371

-0500 60 1 76742

=0220 60 4 7€742

=0765 C0 C COC44

0500 00 0 C1371
0522 60 0 0C0O0O
0622 0G 0 C1371
2 00001 2 co1l100
0500 00 C 01371
0400 00 1 01370
0601 00 1 C1370
2 00001 4 oCC71

-0534 00 2 77460
0560 60 1 76742
0500 00 1 cC762
0522 60 ¢ 00CO0O
0622 00 1 ce762
2 00001 2 00114

0500 00 1 C0762
0100 00 © 00210
0560 00 1 ¢C762
0200 00 1 00762
0767 00 € c0021
0402 00 1 cC762
0340 00 1 01370
0C20 00 C 00202
0020 00 © cc133
0000 00 0 00000
=0534 00 2 77460
=0500 60 1 76742
0602 00 2 77416

0600 60 1 76742
2 00001 2 ccl3g

TIX #=2,2,1

e NEXT SECTION TAKES NEXT NON-ZERC

# ROW

BEGIN LXD

GS

G4

TIXG4

G2

* NEXT

AND COMPUTES ITS RSUM AND NSUM

ORPER, 1
=0377777TIITII Y
MINSM

CLA
STO
cL™
LXD
ORA=

NWORD, 2
MATAX,1
TIX #=1,2,1
TNZ =+2
TIX GSe1,1
LXC ORDER,4
STZ NSUM,1
STZ RSUM, 1L
CLA UNI2,4
PCX 0,2
CAL UNI,4
ANA®s MATAX,1
TZE TIXG4
LXD NWCROD,2
STZ RINC
CAL= MATAX,1
ANAe MATAX,4
LGR 36
CLA RINC
XECe sCOUMT
STC RINC
TIX #-6,2,1
CLA RINC
ADD RSUM, 1
STHO RSUM, 1
TIX G4,4,1
LXD NwWORD,2

LDQ+= MATAX,1

CLA NSUM,1
XECe $COUNT

STU NSUM, 1
TIX G2,2,1

SECTICN TESTS NSUM AND RSUM

o INEQUALTITY

IS

I3

CLA NSuM,1
TZE 11

LDO NSuMm,
MPY NSUM,1
ALS 17

sus NSUM, 1
CAS RSuUM,]
TRA 12

TRA |3

HTR

LXD NWORD, 2
CAL = MATAX,1
SLW SET,2
STZ= MATAX,1
TIX *~3,2.1

00140 0500 00 1 02403
60141 <0734 00 2 C000O
00142 -0500 00 1 01776
00143 -0602 00 2 77416
00144 0760 00 0 00006
00145 ~0534 00 4 77461
00146 0320 60 4 76742
00147 2 00001 4 00146

00150 ~-0534 00 4 00763
00151 0600 00 O 00323
00152 ~0534 00 2 77460
00153 <0500 00 4 47616
00154 -0501 00 2 77416
00155 0322 00 4 47616
00156 -0602 00 0 00323
00157 2 00001 4 00160
00160 2 00001 2 00153
00161 -0500 00 0 00323

00162 0100 00 0 00055
00163 2 00001 4 00151
00164 0500 00 0 00763
00185 0400 00 0 77460
00166 0400 00 O 77444
00167 06822 00 © 00763

00170 -0534 00 4 00763
00171 -0534 00 2 77460
00172 <0500 00 2 77416

00173 0802 00 4 47816
00174 2 00001 4 00175
60175 2 00001 2 00172
00176 O 07«00 & 00001
0017Y 1 00000 O 00201
00200 0 10208 0 00002
00202 0020 ©0 O 00055
00202 0500 00 1 01370
00203 0340 00 0 00353
00204 0020 00 0 00210
00205 0020 00 0 00210
00206 04801 00 0 00353

00207 <0634 00 1 00354
00210 2 00001 1 00060
00211 <0534 00 2 77457
00212 0760 00 0 00000
00213 -0501 00 2 72252
00214 2 00001 2 00213
00215 0100 00 O 0C261
00216 0020 00 0 00217

00217 <0534 00 1 00354
00220 40534 00 2 77460

CLA UNI2,1
PDX 0,2

CAL UNI,1
ORS SET,2
COM

LXD ORDER,4
ANS®* MATAX,4
TIX #=1,4,1

NEXT SECTION TESTS TO SEE WHETHER
ANY SIMPLEX ALREADY STORED IN MACRO
CONTAINS SET AS A SUBSET OF ITSELF

IF SO, NO PRINT TAKES PLACE
LXD OUTIN,4
STZ CHEK

LXD NWORD,2
CAL MACRO,4
ORA SET,2

ERA MACRO,4
ORS CHEK

TIX #+41,4,1
TIX LXN+142,1
CAL CHEK

TZE BEGIN

TIX LXN=1y4,1
CLA OUTIN

ADD NWORD
ADD ONED

STD OUTIN
LXD OUTIN,4
LXD NWORD,2
CAL SET,2
SLW MACRO,4
TIX #+#1,4,1
TIX #-3,2,1
CALL PTSET

LXN

PRINT

TRA BEGIN
12 CLA RSUM,1
CAS MINSM
TRA =44
TRA =43
STO MINSM
SXD MINRO,1
Il TIX GSelsl
EMPYY LXD DAT,2
CLM
ORA MROWS,2
TIX #=1,2,1
TZE NESTO
TRA J4
® NEXT SECTION SEPARATES SET OF

L ELEMENTS IN MINRO FROM THE REST

- OF THE MATRIX
J4 LXD MINRO,s1
LXD NWORD,2




00221
00222
00223
00224
00225
00226
00227

00230
00231
00232
00233
00234
00235
00236
00237
00240
00241
00242
00243
00244
00245

00246
00247
00250
00251
00252
00253
00254
00255
00256
00257
00260

00261
00262
00263
00264
00265
00266
00267
00270
00271
00272

00273
00274
00275
00276

-0500 60
0602 00
2 00001
0500 00

-0734 00

-0500 00

-0602 00

-0534 00
-0534 00
0600 00
2 00001
0500 00
-0734 00
-0500 00
-0320 00
-0100 00
-0534 00
-0500 60
-0602 00
2 00001
2 00001

0500 00
0400 0V
0400 00
0622 00
-0534 00
-0534 00
-0500 00
0602 00
2 00001
2 00001
0020 00

-0534 00
=3 00001
-0534 00
-0500 00
0602 00
2 00001
2 00001
2 00001
-0634 00
0020 00

-0534 00
-0500 00

0602 00
2 00001

ONSI2NND2O0O0O00 AN NO NN NNN~

CEENSINEIND S

NNNN

T€742
00336
cc221
02403
coceo
01776
cc336

77461
77460
00351
cec232
02403
00C00
00336
01776
0C245
77460
76742
cC351
c0242
00234

00355
77460
17414
00355
00355
77460
00351
53536
0cas7
0Cc254
00273

0C355
00320
77460
53536
0C336
00267
00264
00271
00355
00273

17457
66166
72252
00274

CAL* MATAX,1
SLW GPOS+2
TIX #-25241
CLA UNI2,1
PUX Cs2
CAt UNI,1
ORS GPnS'ZF]N
ON OE
Nfé; gﬁCI:L ROWS OF THE MATRIX
WHOSE ELEMENTS DO NOT APPEAR IN

GPOS
NEGDF LXD
LXxXn
STZ
TIX
CLA
PDX
CAL
ANA

LI B A

ORCER,1
NWNRD,s 2
GNEG,2
#—=1452+1
UNI2,1
0.2
GP0S,2
UNI,1

TNZ COWNO

LXD NWORD,2

CAL#® MATAX,1

ORS GNEG,2

TIX #=2,2,1
DUWNO TIX ONER,1,1
#NEXT SECTION STURES GNEG
STORE CLA NEGIN

ADD NWORD

ADD ONED

STD NEGIN

LXD NEGIN,4

LXD NWORC,2

CAL GNEG,2

SLW ATMS,4

TIX =+1,4,1

TIX #-3,2,1

TRA JJ6
# NEXT SECTION TAKES MOST RECENT
» ADDITION TO ATMS BLOCK AND PUTS
- IT IN GPOS
NESTO LXD NEGIN,4

TXL OUT,4,1

LXD NWORD,2

CAL ATMS,4

SLW GPOS,2

TIX =41,4,1

TIX »-3,2,1

TIX *+1l,4,1

SXD NEGIN, &

TRA JJ6
: NE:;O:Eg;égn CREATES NEW MATRIX

AND

o Y0 Davos TRANSFERS

CAL INMAT,?2

SLW MROWS,?2

TIX #-2,2,1

ONER

IN ATMS

€S GNEG AS LOGICAL

TO BEGIN

00277
00300
00301
00302
00303
00304
003058
00306
00307
00310
00311
00312
00313
00314
00315
00316
00317
00320
00321
00322
00323
00336
00336
00351
00351
00352
00353
00354
00355
00762
00762
00763
01370
01370
01371
01776
01776
02403
02403
02404

-0534 00
-0534 00
-0500 00
0320 60
2 00001
2 00001
-0534 00
0500 00
-0734 00
-0500 00
-0320 00
-0100 00
-053% 00
0600 60
2 00001
2 00001
0020 00
-0534 00
0020 00
0 00000
0 00000

o

00000

00000
00000
00000
00000
00000

00000
00000

00000
00000

oo oo [-N-N-N-No]

00000

00000
00000

oo o

oo o oo oo [-N-N-N-Ne-) o CQOPLOMNFENOMNNM NN NN

77460
T7461
00336
76742
0C302
00300
17461
02403
00000
0C336
01776
00316
T7460
76742
00314
0Cc306
00055
0C352
00001
0co00
€Cco0

00000

0C000
00000
00000
00000
00000

€0000
00000

00000
00000

00000

00000
00000

17462
77462
77461
77460
77457
174566
T7455
17454
77453
77452
77451
77450
T7447
17446
77445

LXD NWORD,2
LXD ORDER,1

CAL GPOS,2
ANS® MATAX,1
TIX #=1,1,1
TIX #-4,2,1
LXD ORDER,1
cLu CLA UNI2,1
PDX 0,2
CAL GP0S,2
ANA UNI,1
TNZ SKIP
LXD NWORD,2
STZ= MATAX,1
TIX #-1,2,1
SKIP TIX CLUy1,1
TRA BEGIN
ouy LXD IR4,4
TRA 1,4
PLZE
CHEK PZE
BES 10
GPOS
BES 10
GNEG
IR4
MINSM
MINRO
NEGIN
BES 260
NSUM
OUTIN PZE
BES 260
RSUM
RINC
BES 260
UNI
BES 260
UNI2
X2
COMMON BLOCK FROM HIDECS 2
COMMON ~1
INDIC COMMON 1
ORDER COMMON 1
NWORD COMMON 1
DAT COMMON 1
LGTH COMMON 1
LATIS COMMON 1
NBITH COMMON 1
NBITL COMMON 1
NBIT1 COMMON 1
NBIT COMMON 1
NSQl COMMON 1
OPRMN COMMON 1
ATOMO COMMON 1
ATOM COMMON 1




17444
77443
17442
77430
77416
77404
77372
77360
77310
77240
77170
77120
77050
77024
16742
76336
72252
66166
53536
47616

LITERALS

02405

371r7TITNINTNT

The decomposition of the sample graph follows:

ONED
D36
ATOOX
ATOX
SET
RANDM
DIFF
CONVT
DATA
MATA
UNIT
COMUN
EQLS
SECTS
MATAX
DROWS
MROWS
INMAT
ATMS
MACRO

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
END

1

1

10
10
10
10
10
40
40
40
40
40
20
50
260
2100
2100
5400
2000
7000

For many purposes the definition of subsystems used in
SIMPX 1s rather restrictive. Thus for instance, suppose we
have a set of five elements, connected to one another by 9
links, with just one pair of elements not linked directly.
Clearly we should like to consider this set of five elements
as a subsystem if it occurs in a larger more diffuse system.
But SIMPX will define instead two four element subsystems,
and not define the five element system at all.,

A second example of a case where SIMPX 1s too rigild a
criterion, i1s that where the links in the system are very
sparse, so that perhaps there are not even any triangles;
yet still some elements belong together more tightly than
others; we need a weaker definition of subsystem than that
used in SIMPX, One way of generalising SIMFX to make it
more widely applicable, is given by Luce (1950). In EQCIA,

we use another idea.

If we call two vertices x, y of G connected, whenever
there exists a sequence of links (xa)(ab)(be)...(dy), then
it is a well known result of graph theory that connectedness
is an equivalence relation, and hence that the elements of M
fall into disjoint equivalence classes under this relation,
These classes are usually called the components of the graph.

Now, this 1s a very weak decomposition criterion; in other




words, a completely connected gravh has only one component,
so the criterion offers us no way of telling anything about

what its subsystems might be. It is therefore natural to

try to generalise this notion of connectedness.

"Connectedness" is a relation between points, which we
might call link-comnectedness. Let us introduce a relation
between links called triangle-connectedness, a relation
between triangles called tetrahedron-connectedness, and so on,
where these are defined as follows.

Two links are triangle-connected if there is a sequence
of triangles, each overlapping the next in the sequence by
two vertices. Similarly two triangles are tetrahedron-
connected 1f there exists a sequence of tetrahedral skeletons,
each overlapping the next in the sequence by three vertices.
And in general 2 (n-1) simplices are n-connected if there
exists a sequence of n-simolices, each overlapping the next
in (n-1) vertices.

It is easy to see that Just as link-connectedness is an
equivalence relation between vertices, so triangle Connectednegs
is an equivalence relation between links, tetmhedron-connected_
ness is an equivalence relation between triangles, and so on,

Each equivalence class of links, under triangle—connected_
ness defines a set of vertices. wWe define these sets ag the

subsystems of triangle-connected elements. Flainly, these

subsystems are not necessarily disjoint., Again each

under tetrahedron-connectedness,

equivalence class of triangles,

defines a set of vertices; we define these sets as the sub-

systems of tetrahedron-connected elements. These subsystems

are again not dis joint; however, each of these subsystems 1is

a subset of some triangle-comnected subsystem. (This follows
from the fact that two elements cannot be tetrahedron
connected, uniess they are triangle-connected).

The program EQCLA obtains all the triangle and tetrahedron

connected subsystems of G.
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words, a completely connected graph has only one component,

so the criterion offers us no way of telling anything about

what its subsystems might be. It is therefore natural to
try to generalise this notion of connectedness.
ch we

n"Connectedness" is a relation between points, whi

might call link-connectedness. Let us introduce a relation

between links called triangle-connectedness, a relation
between triangles called tetrahedron-connectedness, and so on,
where these are defined as follows.

Two links are triangle-connected if there is a sequence
of triangles, each overlapping the next in the sequence by
two vertices. Similarly two triangles are tetrahedron-
connected if there exists a sequence of tetrahedral skeletons,
each overlapping the next in the sequence by three vertices.

And in general 2 (n-1) simplices are n-conmected if there
exists a sequence of n-simplices, each overlapping the next
in (n-1) vertices.

It is easy to see that just as link-connectedness 1is an
equivalence relation between vertices, so triangle connectedness
is an equivalence relation between links, tetrahedron-connected-
ness 1s an equivalence relation between triangles, and so on.

Each equivalence class of links, under triangle-connected-
ness defines a set of vertices. We define these sets as the

subsystems of triangle-comnected elements. Flainly, these
’

subsystems are not necessarily disjoint. Again each
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equivalence class of tp
f 1angles, under tetrahedron-connectedness
2c ss,

defines a set of vertices; we define these sets as th b
¥ s E e sub-

systems of tetrahedron-connected elements. These subsystems

are again not disjoint; however, each of these subsystems 1is
a subset of some triangle-comnected subsystem. (This follows
from the fact that two elements cannot be tetrahedron
conmnected, unless they are triangle-connected).

The program EQCLA obtains all the triangle and tetrahedron

connected subsystems of G.



EQCLA

ENTRY FROM MAIN

PXDD Obtain all linke in MATAX, and list :n--!
in MACRO.

INMAT.
lace first link in MACRO, into
If there are no links left :: MAC!

decomposition is finished

ehi-elements of first link in
S INMAT, and place in X1 and Xé. Then
place in TEST ail elements linked to
both X1 and X4, and so forming triangles
with X1 wnd X4.

e——tlf

Put ORDER in IRM.

t from TEST, and place two
'ake next elemen _aad place two
4 100

L00KL or LOOK4 is still in MACRO,
out of MACRO and place them in

wor If both LOOK1 and LOOK4 were in MACRO, place tne
triangle they define, in of triangles

in ATES - (this procedure assures getting each
oS

ne TEST
TEST still bas elements in it} TEST is empty

Fyia

817 elements from TEST have been examined,
procesd to take mext link from INMAT to comstruct
mew TEST, and comtinue.

t link from INNAT has be
expained , without this adding eny further
links to INMAT, the contents of INMAT foram
a8 equivalence class of 1

Take uaion of all elements whioh appear in
any links in INNA?, aad place this union
Then Sall FISET to primt out SET, under
heading EQUIVALEMCE CLASS OF LINKS

TRTET Now follows a section amalogous to section
TRY-TRIAN-UTEST-eto,which places triangles
in INMAT instead of links, and comstructs
tetrahedra with next element from TEST,
and moves resaining triangles in egch of
thess tetrahedra, into INNAT, thus forming
tireies ta ThEAT e
les in I .
Bach Such class is primted out under
heading BQUIVALENCE CLASS 07 TRIANGLES.
Bach time ATMS (list of triangles) is
empty, go back to TRY.

END OF PROGRAN
RETURN TO MAIN

. FAP
00005

TRANSFER VECTOR
0C000 635131476360
0CCO1 632563476360
0C002 476362256360

LINKAGE DIRECTOR

cC003 000000000000
0C004 255023432160

0CCO5 -0634 00 4 00523

00C06 05C0 00 0 77461
00007 0622 00 0 00025
00010 0774 00 1 00001
00011 0774 00 2 00001
00012 -0634 00 2 01547
00013 0774 00 4 00001
00014 -0500 00 4 77170
00015 0602 00 1 01134
00016 05C0 00 O 01547
00017 0622 00 1 01541
00020 1 00001 1 00021
0C021 1 00001 4 00022
00022 -3 C0044 4 00014
00023 1 00001 2 00024
00024 -0634 00 2 01547
00025 -3 00000 1 00013
00026 -0534 00 1 77461
00027 -0754 00 1 00000
00030 -0734 00 4 00000
00031 0500 00 4 01541
00032 -0734 00 2 00000
00033 -0500 60 1 76742
00034 -0320 00 4 01134
00035 0100 00 O 00045
00036 -0534 00 2 01542
00037 0634 00 4 01543
00040 -0634 00 1 01543
00041 0500 00 O 01543
00042 0601 00 2 47616
00043 1 00001 2 00044
00044 -0634 00 2 01542
00045 2 00001 4 00031
00046 2 00001 1 00027
00047 0020 00 O 00050

00050 -0534 00
00051 0600 00
00052 2 00001

ENTRY EQCLA

TRIPT
TETPT
PTSET

EQCLA SXD [R4,4
#«THIS IS THE UNI GENERATCR
CLA ORDER
STD TXLL
AXT 1,1
AXT 1,2
SXD X2,2
AXT 1,4
CALU CAL UNIT,4
SLW UNI,1
CLA X2
STD UNI2,1
TXI #+1,1,1
TXI =+41,4,1
TXL CALU,4,36
TXI #+1,2,1
SXD X2,2
TXLL TXL CALU=1,1, %=
# NEXT SECTION LISTS ALL LINKS,
L4 WORD PER LINK, IN MACRO
LXD ORDER,1
PXDD PXD 0,1
PDX 0,4
CLAA CLA UNI2,4
PDX 042
CAL= MATAX,1
ANA UNI,4
TZE SKIP
LXD EDIR,2
SXA EDGE,4
SXD EDGE,1
CLA EDGE
STO MACRO,2
TXI =+41,2,1
SXD EDIR,2
SKIP TIX CLAA,4,1
TIX PXDDy1l,1
TRA TRY

ONE

#END OF SECTION LISTING LINKS IN MACRO
#«TRY TAKES NEXT NONZERO LINK FROM
» MACRO TO START A NEW EQUIVALENCE

* CLASS IN INMAT
TRY LXD EDIR,2
STZ [INMAT,2
TIX #=1,2,1




00053 -0534 00 2 01542 CLA MACRO 2 00145 0340 00 O 01564

00054 0500 00 2 47616 Bt vas Hoiae ‘Doz0 no & B0 CAS LOOK1
= 0 00060 50 TRA 55
e g‘ggog(: 2 00054 TIx C’);f'z" SoLar .00r0.00. 0 ot e e (i
00057 0020 00 0 00520 MACRO s 2 00151 0020 0 ZHANS TIX #-442,1
00060 0600 00 2 47616 STZ AT Fois: ‘osio 0 0 00157 TRA REP
0c061 0601 00 O 66165 5;? 3.0 el 80 2 47616 STZ MACRO,2
00062 0774 00 2 00002 RS SCLIRs2 15 gtaron 5 LXD SCLIR,2
00063 -0634 00 2 0TOCT SET 157 b0155 1 00BO1 3 001se STO INMAT,2
0C064 0774 ECLIR,2 15 coiat T wat ek
00065 -0634 00 2 01544 SXD 5 00 2 01545 SXD SCLIR
-0634 00 2 00525 SxD TRAR 00157 -0534 00 2 01542 28
38323 -ggah 00 2 01544 TRIAN LXD ECLIRv:’; 00160 0500 00 2 47616 REF (_L"‘D EDIR,2
00070 0500 00 2 66166 CLA INMAT,2 00161 0340 00 O 01565 LA MACRO,2
00071 1 00001 2 00072 TXI =+1,2,1 00162 0020 00 O 00164 CAS LOOK4
00072 -0634 00 2 01544 $XD ECLIR:2 00163 0020 00 O 00166 :zA "+2
00073 0734 00 4 00000 PAX 04 00164 2 00001 2 00160 A =43
00074 -0634 00 4 01550 SXD X4y 00165 0020 00 O 00173 TIX #-4,2,1
00075 -0734 00 1 00000 PDX Osl 00166 0600 00 2 47616 TRA NOT
00076 -0634 00 1 01546 SXD X1l»1 00167 -0534 00 2 01 STZ MACRO,2
00077 -0534 00 2 77460 LXD NWORD»2 o e 545 LXD SCLIR,2
CAL® MATAX,1 1 00 2 66166 ST
00100 -0500 60 1 76742 00171 1 00001 2 0 INMAT,2
00101 -0320 60 4 76742 ANA® MATAX,4 00172 -0634 00 00172 TXI #41,2,1
00102 0602 00 2 01563 SLW TEST,2 2 01545 SXD SCLIR,2
00103 2 00001 2 00100 TIX --3.5.1 * NEXT SECTION PUTS TRIANGLES, IF NEW
00104 0020 00 0 00103 TRA UTES * INTO ATMS ( VERTICES OF TRIANGLES
00105 -0534 00 & TTASEGMEEST LXD ORDER .4 00173 -075 *  APPEAR IN DESCENDING ORDER FR
00106 05C0 00 4 01541 CLAX CLA UNI2,4 il 4 00 4 00000 NOT PXD 0,4 OM LEFT
00107 -0734 00 2 00000 PDX 042 o o8 2, 00a5s STL ST
00110 0500 00 2 01563 CLA TEST,2 o0175 0020 00 O 00410 TRA X14
00111 -0320 00 & 0113% ANA UNI,4 176 -0534 00 2 00525 LXD TRIR,2
00112 0100 00 0 00211 TZE NO 00177 0500 00 O 00524 CLA TRIWD
00113 -0754 00 4 00000 PXD 0,4 00200 0340 20 2 53536 CAST CAS ATMS,2
00114 0340 00 0 01546 CAS X1 00201 0020 00 0 00203 TRA ws> .
00115 0020 00 O 00123 TRA LOK1 00202 0020 00 0 00211 TRA NO
00116 0000 00 0 00000 HTR 00203 0020 00 O 00204 Lol
00117 0500 00 0 01546 CLA X1 00204 2 00001 2 00200 i
00120 0622 00 0 01564 STD LOOK1 ; 0030520538 0b 3 00 TIX CASTs2,1
00121 0634 00 4 0156% ;:: tggxx.« 50204 "0801 00 3 53252 ;#g I$l§.z
20 00 0 00127 00 MS, 2
o123 _0020 00-4 08 SUREEIENE K0 L 00K 104 il s 0oL 2 S TXI 41,251
00124 0500 00 0 01546 2:2 {; 2 00525 S OstD TRIR,2
5 0771 00 O 00022 SECTION FOR
ggige 0621 00 O 01564 STA LOOK1 ggg{; goooool 4 00106 NO TIX CLAXp4yl SYRING MO TAUMMBLES
00127 -0754 00 4 00000 L04 PXD 044 e e 20 00 0 00213 TRA NEWEC
00130 0340 00 O 01550 CAS X4 20514 500 00 O 01544 NEWEC CLA ECLIR,
00131 0020 00 0 00137 TRA LOK4 00215 0340 00 0 01545 CAS SCLIR
00132 0000 00 0 00000 IR 4 0020 00 0 00220 TRA =43
00133 0500 00 0 01550 CLA x00K6 e 6 0020 00 0 00221 TRA COMMT
00134 0622 00 0 01565 SO0k gaeliyyeiea; 00 b 00220 TRA =+l
) 00135 0634 00 4 01565 ?:: thUP- 08220 0020 00 0 00067 TRA TRIAN
% 00136 0020 00 0 00143 XD LOOK&s4 221 0074 00 4 00000 COMMT CALL TRIPT
Wi 00137 -0634 00 & 01565 LOK4 SXD ’ biiz i anbob © 60324
‘ CLA X4 00223
00140 0500 00 O 01550 AR 0 00335 0 00003
prd e gl;i gg g gggig STA LOOK4 00224 0020 00 0 00454 TRA PRINT-3
3812% _0534 00 2 01542 . LOKUP ttg igéiéfz s ‘R;§;"?:¥:S NEXT NONZERO TRIANGLE
00144 0500 00 2 47616 o 4 S TO START A NEW EQUIVALENCE

CLASS OF TRIANGLES
TRTET LXD TRIR,2
STZ INMAT,2
TIX ®=1,2,1

00225 -0534 00 2 00525
00226 0600 00 2 66166
00227 2 00001 2 00226




3l

R

00230
00231
00232
00233

00234
00235
00236
00237
00240
00241
00242
00243
00244
00245
00246
00247
00250
00251
00252
00253
00254
00255
00256
00257
00260
00261
00262
00263
00264
00265
00266
092267
00270
00271
00272
00273
00274
00275
00276
00277
00300
00301
00302
00303
00304
00305
00306
00307
00310
00311
00312
00313
00314
00315
00316
00317

-0534
0500
-0100

00 2 00525
00 2 53536
00 0 00235

2 00001 2 00231

0020
0600
0601
0774
-0634
0774
-0634
-0534
0500

00 0 00050
00 2 53536
00 0 66165
00 2 00002
00 2 01545
00 2 00001
00 2 01544
00 2 01544
00 2 66166

1 00001 2 00246

-0634
0601
-0320
0734
-0734
-0534
-0500
-0320
0602

00 2 01544
00 0 00526
00 0 01570
00 4 00000
00 1 00000
00 2 77460
60 1 76742
60 4 76742
00 2 01563

2 00001 2 00254

0500
0771
-0320
0734
-0534
-0500
-0320
0602

00 0 00526
00 0 00011
00 0 01570
00 4 00000
00 2 77460
00 2 01563
60 4 76742
00 2 01563

2 00001 2 00265

0020
-0534
0500
-0734
0500
-0320
0100
05C0
-0320
0622
0767
0622
-0754
-0625
0020
-0534
0500
0340
0020
0020

00 0 00272
00 4 77461
00 4 01541
00 2 00000
00 2 01563
00 4 01134
00 0 00375
00 0 00526
00 0 01571
00 0 01546
00 0 00011
00 0 01550
00 4 00000
00 0 00453
00 0 00410
00 2 00S2s
00 2 53536
00 0 00524
00 0 00315
00 0 00317

2 00001 2 0031}

0020
0600

00 0 00324
00 2 53534

TRIR,2
ATMS, 2
w+3

#-2,2,1

s TRIANGLES EXHAUSTED,
NEXT EQUIVALENCE CLASS OF LINKS

LXD
CLA
INZ
TIX

»
TRY

ATMS, 2
INMAT-1
242

SCLIR,2
1,2

ECLIR,2
ECLIR,2
INMAT, 2
=+1,2,1
ECLIR,2
HOLD

TRA
STZ
STO
AXT
SX0
AXT
SXD
LXD
CLA
TXI
SXD
STO
ANA
PAX
PDX 0,1
LXD NWORD,2
CAL® MATAX,1
ANA® MATAX,4
SLW TEST,2
TIX 8=345251
CLA HOLD
ARS 9
ANA
PAX 0,4
LXD NWORD,2
CAL TEST,2
ANA® MATAX,4
SLW TEST,2
TIX «=3,2,1
TRA UT
urt LXD ORDER,4

CLA UNI2,4

PDX 0,2

CLA TEST,2

ANA UNI, 4

TZE NOL

CLA HOLD

TETRA

0,4

SC GO BACK TO

=00007770C0777

=0000777000777

ANA =0000777777000

STD x1
ALS 9
STD X4
PXD 0,4
STL ST
TRA X14
LXD TRIR, 2
cLa ATMS, 2
CAS TRIWD
TRA w42

TRA =43

TIX w-g

A Repy "
STZ ATmMs,>

0600
0340
0020
0000
0340
0020
0000
0020
-0602
0500
0771
-0602
0500
0771
-0602
0020
0771
-0602
0500
-0602
0500
0771
-0602
0020
0771
-0602
0500
-0602
0500
0771
-0602
0020
050C
0400
0601
0020

00 0 00524
00 0 01546
00 0 00420
00 0 00000
00 0 01550
00 0 00430
00 0 00000
00 0 00440
00 0 00524
00 0 01546
00 0 00011
00 0 00524
00 0 01550
00 0 00022
00 0 00524
00 0 00450
00 0 00011
00 0 00524
00 0 01546
00 0 00524
00 0 01550
00 0 00022
00 O 00524
00 0 00450
00 0 00022
00 0 00524
00 0 01546
00 0 00524
00 0 01550
00 0 00011
00 0 00524
00 0 00450
00 0 00453
00 0 01566
00 0 00453
00 0 00000

00410
06411
00412
00413
00414
00415
00416
00417
00420
00421
00422
00423
00424
00425
00426
00427
00430
00431
00432
00433
00434
00435
00436
00437
00440
00441
00442
00443
00444
00445
00446
00447
00450
00451
00452
00453

-0534 00 2 77460
0600 00 2 77416
2 C0001 2 00455

-0534 00 2 01544
0500 00 2 66166
-0320 00 0 01570
0734 00 4 00000
0500 00 4 01541
-0734 00 2 00000
-0500 00 4 01134
-0602 00 2 77416
-0534 00 2 01544
0500 00 2 66166
077) 00 O 00011
-0320 00 0 01570
0734 00 4 00000
0500 00 4 01541
-0734 00 2 00000
-0500 00 4 Ol134

00454
00455
06456
00457
00460
00461
00462
00463
00464
00465
00466
00467
00470
00471
00472
00473
00474
00475
00476

ORDER

X1l4

AA

B8

cc

#= THE PRINTING

STP

ST

STZ
CAS
TRA
HTR
CAS
TRA
HTR
TRA
ORS
CLA
ARS
ORS
CLA
ARS
ORS
TRA
ARS
ORS
CLA
ORS
CLA
ARS
ORS
TRA
ARS
ORS
CLA
ORS
cLA
ARS
ORS
TRA
CLA
ADD
STO
TRA

TRIWD
X1
AA

X4
88

cc
TRIWD
X1
9
TRIWD
X4
18
TRIWD
STP
9
TRIWD
X1
TRIWD
X4
18
TRIWD
STP
18
TRIWD
X1
TRIWD
X4
9
TRIWD
sTP
ST
=1
ST

SECTION FOLLOWS,

PRINTING ENTIRE EQUIVALENCE CLASS

PRINT

LXD
STZ
TIX
LXD
CLA
ANA
PAX
cLA
PDX
CAL
ORS
LXD
CcLA
ARS
ANA
PAX
CLA
PDX
CAL

NWORD,2

SET,2

€=1,y2,1
ECLIR,2
INMAT,2
=0000777000777
0,4

UNI2,4

0,2

UNI, 4

SET,2

ECLIR,2

INMAT ,2

9
=00007770C0777
0,4

UNI2,4

0,2

UNI, 4




T

00320 -0534 00 2 01545 LXD SCLIR,2 :oo;;; ~0602 00 2 77414
00321 0601 00 2 66166 STO INMAT,2 =0534 00 2 0)5,4 ORS §
00322 1 00001 2 00323 TXI #+41,2,1 00501 0500 00 2 6 6¢ LXD EEY'Z
00323 -0634 00 2 01545 SXD SCLIR,2 00502 -0734 00 4 0opay Cia oLt
00324 0500 00 O 00526  REPL CLA HOLD 00503 0500 00 4 61930 s (I)NZAI,Q
e gmo mpolmy | RO Botos Tousy 09 3ok b bl
00506 - 4 01134 0X 0,2
Mias0 itk 60 0 O13%0 STo x4 09507 0300 00 o arolé g T
00331 -0754 00 4 00000 PXD 0,4 00510 0402 0 0 01544 G sl
00332 -0625 00 O 00453 STL ST 00511 0100 00 0 77444 su Gty
00333 0020 00 O 00410 TRA X 00512 o = 0 nain 5
00334 -0534 00 2 00525 " B Saze o 2 O1nes o
00335 0500 00 2 53536 N s B oo o o nossy e o1
00336 034 ELS Bl e 0074 00 4 00002 CcaLLP CaLL RINT
00337 0020 00 0 00361 TR esz 80515 1 00000 0 00517 RLE AL Frars
-+ 0 010
00340 0020 00 O 00343 TRA *+3 00517 0020 gé 8 88003
00341 2 00001 2 00335 TIX o=43201 00520 -0534 ¢ 245 TRA TRTET
’ 00 4 00523
00342 0020 00 O 00350 TRA REP2 00521 0020 9 OUT  LXD IR4,4
00343 0600 00 2 53536 STZ ATMS,2 00522 0 00000 0 00000 TRA. 1448
00344 -0534 00 2 01545 LXD SCLIR,2 00523 0 00000 0 00000 IR P
L 601 00 2 66166 STO INMAT,2 00524 0 00 ’ 55
00346 1 00001 2 00347 IXI s4ly2, 0052 000 0 00000  TRIWD
00347 = 1241 5 0 00000 O 00000
i 2k 00 £ Duses SXD SCLIR,2 00526 © 00000 O 00000  HOLD
0500 00 O 00526 REP2 CLA HO 005 i
00351 -0320 00 0 01567 LD 27 0 00000 O 00000 NEWT
50453 0767 60 O BOPIE :NA =0000000777777 01134 BES 260
00353 0622 00 0 01546 s%g e Ry 0.CU0GO 0 sooda Ui
00354 0767 00 O 00011 : X1 01541 BES 260
00355 0622 00 0 01550 LS 9 01541 0 00000 O 00000  UNI2
00356 -0754 00 4 00000 270 X4 01542 0 00000 O 00000 EDIR
00357 -0625 00 O 00453 XD 0,4 01543 0 00000 O 00000 EDGE
0036C 0020 00 O 00410 ?TL ST 01544 0O 000U0 O 00000 ECLIR
00361 -0534 00 2 00525 RA X14 01545 0 00000 O 00000 SCLIR
00362 0500 00 2 53536 I(EXD TRIR,2 01546 0 CCCOO O 00000 X1
00363 0340 00 0 00524 LA ATMS,2 01547 O 00000 O 00000 X2
00364 0020 00 0 00366 i o 01550 O 00000 O 00000 X4
0020 00 0 0037 01563 BES 10
00366 2 00001 2 00365 e 01563 © 00000 O 00000  TEST
00367 0020 00 0 00375 n{" 8=4492,1 01564 0 00000 O 00000 LOOK1
00370 0600 00 2 53536 oo 01265 © 00000 O 00000  LOOK4
ggg?’; -0534 00 2 01545 f;é ggns,z «  COMMON BLOCK FROM HIDECS 2
0601 00 2 LIR,2 77462 COMMON -1
00373 1 00001 2 83;;’2 STO INMAT,?2 77462  INDIC COMMON 1
00374 -0634 00 2 01545 TXI ®+1,2,1 77461  ORDER COMMON 1
33375 2 00001 4 00273  NOL ?"D SCLIR,2 77460  NWORD COMMON 1
oo;;‘; 0500 00 0 01544 c:: UT+1,4,1 77457  DAT  COMMON 1
gl 0340 00 0 01545 4 ECLIR 77456 LGTH COMMON 1
Bl L D D 00403 ey SELIR 77455  LATIS COMMON 1
e din D0 0 00404 s 77454  NBITH COMMON 1
0020 00 0 00403 TRA COMT 77453 NBITL COMMON 1
00403 0020 00 0 00243 TRA =+1 77452 NRIT1 COMMON 1
00404 0074 00 & TRA TET 51 NBIT COMMON 1
00405 00001 COM RA 774
o 1 00000 0 00407 T CALL TETPT 77450  NSQL COMMON 1
0023'7’ 0 00624 0 00003 77447  OPRMN COMMON 1
0020 00 0 00454 77446  ATOMO COMMON 1
shs TRA PRINT-3 77445 ATOM COMMON 1
' U:RSSJINE FOR GETTING VER TrASe O 23::33 :
D IN D TICES W 77443 D36
ESCENDING NUMERTCAL 0"




L

MATH
HDECS 3. ooy o, JA264. A4

i

77442  ATOOX COMMON 10
77430  ATCX COMMON 10
77416  SET  COMMON 10 -23-
77404  RANDM COMMON 10

77372  DIFF COMMON 10

7360  CONVT COMMON 40

;7310 DATA COMMON 40 CONCLUSTON ‘
77240 MATA COMMON 40
77170  UNIT COMMON 40
77120  COMUN COMMON 40

5!

OREGON

nder the control

77050  EQLS COMMON 20 "
77024  SECTS COMMON 50 the program MAIN, which fo13
76742  MATAX COMMON 260 S¢ OWS. There alge follow
76336  DROWS COMMON 2100 8tings of the two Subsidiary gyp
72252  MROWS COMMON 2100 " Programs, TETPP, apq PSEY
66166 INMAT COMMON 5400 ¥hich these Programs require All ¢ i
53536 ATMS COMMON 2000 . _ : he other programs ca11eq
47616  MACRO COMMON 7000 v MAIN, BIDUP, srapp, SIMPX, EQCIA, o
END P > Are desoribeq, 3y, deta1l,
IDECS 2 report., They are: INPAR, g
LITERALS SYMET, P » GENER, INDAT, cnpyr,
01566 000000000001 » PTMAT, COUNT-CNVET, PTLVL, The machip
01567 000000777777 % & © 8Pecification
01570 000777000777 © 8ame as for HIDECS 2; Iy 7090, 32K oore gt
01571 000777777000 NIT-PHS o ) Storage
system; each of the four Programs cap ha
01572 IS THE FIRST LOCATION NOT USED BY THIS PROGRAM o ) ndle systems
up to 250 elements. Finally, note that 14
EQUIVALENCE CLASS OF LINKS 1s not possiple
12 3 2605 6 o run more than one of these programe on th
EQUIVALENCE CLASS OF TRIANGLES because there 1a gil © Same calling
The decomposition of the S14o 6 sequence, be °nly room in core for gt
sample graph follows: EleV;LEfCE CLASS OF TRIANGLES R oring one
EQUIVALENCE CLASS OF TRIANGLES
20848 5
EQUIVALENCE CLASS OF TRIANGLES
13328 3
EQUIVALENCE CLASS OF TRIANGLES
1205

EQUIVALENCE CLASS OF LINKS
6 _ST=U01R9:10 11

EQUIVALENCE CLASS OF TRIANGLES
63500, 87 19310 11

EQUIVALENCE CLASS OF LINKS
411

EQUIVALENCE CLASS OF LINKS
g B8 )

EQUIVALENCE CLASS OF LINKS
1271314 15,16 17

EQUIVALENCE CLASS OF TRIANGLES
14 15 16 17

EQUIVALENCE CLASS OF TRIANGLES
13 14 15

EQUIVALENCE CLASS OF TRIANGLES
123513315

EQUIVALENCE CLASS OF LINKS
4 16

EQUIVALENCE CLASS OF LINKS
LT




77442 ATOOX COMMON 10
77430 ATCX COMMON 10
77416 SET COMMON 10
77404 RANDM COMMON 10
77372 DIFF COMMON 10
7;?60 CONVT COMMON 40 QQEQLE§IQ§
77310 DATA COMMON 40
77240 MATA COMMON 40

-23-

77170 UNIT COMMON 40 A1 th
77120 COMUN COMMON 40 e four subprograms desoribed are under the control
77050 EQLS COMMON 20 of the program MAIN
77024  SECTS COMMON 50 & » Which follows. There also follow
76742  MATAX COMMON 260 listings of the t a
76336  DROWS COMMON 2100 e Wo subsidlary subprograms, TETPT, and PTSET,
72252  MROWS COMMON 2100 Which theas oo
66166 INMAT COMMON 5400 programs require. All the other programs called
53536  ATMS COMMON 2000 by MAIN, BIDUP, STABL
47616  MACRO COMMON 7000 v ’ ’ » SIMPX, EQCLA, are described, in detail,
END in the HIDECS 2 report. They are: INPAR, GENER, INDAT, CNDAT,
LITERALS SYMET, PTMAT, COUNT-CNVRT, PTLVL. The machine specification
01566 000000000001
01567 000000777777 is the same as for HIDECS 2; IBM 7090, 32K core storage,
01570 000777000777
01571 000777777000 MIT-FMS system; each of the four programs can handle systems
01572 IS THE FIRST LOCATION NOT USED BY THIS PROGRAM of up to 250 elements. Fimally, note that it is not possible
EQUIVALENCE CLASS OF LINKS

4 to run more than one of these programs on the same calling

EQUIVALENCE CLASS OF TRIANGLES
EQ;lV:LE:CE CLASS OF TRIANGLES
EQﬁlV:LE:CE CLASS OF TRIANGLES
EQﬁlV:LE:CE CLASS OF TRIANGLES

The decomposition of the sequence, because there 1s only room in core for storing one
sample graph follows:

at a time.

EQUIVALENCE CLASS OF TRIANGLES

1312005

EQUIVALENCE CLASS OF LINKS

6 7 8 9 10 11

EQUIVALENCE CLASS OF TRIANGLES
6 7 8 9 10 11

EQUIVALENCE CLASS OF LINKS
4

EQUIVALENCE CLASS OF LINKS
112

EQUIVALENCE CLASS OF LINKS
12 13 14 15 16 17

EQUIVALENCE CLASS OF TRIANGLES
14 15 16 17

EQUIVALENCE CLASS OF TR
e IANGLES

EQUIVALENCE CLASS
e OF TRIANGLES

EQ:[Y:LENCE CLASS OF LINKS

EQ?IY:LENCE CLASS OF LINKS
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uter rograms for the
THIS IS MAIN PROGRAM ,'M,mm J'
%, FAP 270 3755
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OF OREGON

THIS IS MAIN PROGRAM
TRANSFER VECTOR

225636447 «SETUP 77456  LGTH COMMON 1}
ggggg :::"6‘§2l‘7 STOMAP TT455 LATIS COMMON 1}
00002 314547215160 INPAR T74564  NBITH COMMON 1
00003 272545255160 GENER 77453  NBITL COMMON 1
00004 314524216360 INDAT T7452  NBITL COMMON 1
00005 234524216360 CNDAT 77451 NBIT COMMON 1
00006 627044256360 SYMET TT7450 NSQl COMMON 1
00007 476344216360 PTMAT TT447  OPRMN COMMON )
00010 626321224360 STABL TT446  ATOMO COMMON 1
00011 256731636060 EXIT 17445 ATOM COMMON 1
77444  ONED COMMON 1
77443 D36 COMMON 1
00012 0074 00 & 00000 TSX $.SETUP,4 TT44Z  ATOOX co::g: :g
00013 0074 00 4 000Q1 CALL STOMAP ;;::2 ;;gx gg""ou 18
00015 0 00015 O 00000 77406  RANOM COMON 10
00016 0074 00 4 00002 CALL INPAR 77372 OIFF con:g: :g
00017 1 00000 O 00021 77360  CONVT COM
00020 0 00020 0 00000 77310 ::;: Eg::g: :g
00021 0074 00 4 00003 CALL GENER 77240

77170 UNIY COMMON 40 |
77120 COMUN COMMON 40
77050 EQLS COMMON 20

00022 1 00000 O 00024
00023 0 00025 0 00000

000253 00000 o' S00TT it AT 770264 SECTS COMMON 50

srors & soums & duoa? ez I Comn 2
6336

00027 0074 00 4 00005 CALL CNDAT ;2252 MROWS COMMON 2100

00030 1 00000 O 00032 66166  INMAT COMMON ;;gg
00031 0 00033 O 00000 3536 ATMS COMMON
00032 0074 00 4 00006 CALL SYMET :,.;4 MACRO gu:non 7000
00033 1 00000 O 00035 N
00034 0 00040 O 00000
00035 0074 00 4 00007 CALL PTMAT THE FIRST LOCATION NOT USED BY THIS PROGRAM
00036 1 00000 O 00040 00046 13
00037 0 00043 O 00000 G
MBL

20041 3 canio s i gl Lo NO ERROR 1N AROw® “°°32767 sese.1
00042 0 00050 O 00000 e« DATE AND TINE
THE PREVIOUS CARD MAY BE REPLACED

BY CALL BLDUP, CALL SIMPX, OR

CALL EQCLA, WHICHEVER IS REQUIRED
IT IS NOT POSSIBLE TO CALL MORE THAN

ONE OF THEM IN THE SAME CALL ING

SEQUENCE, SINCE THERE IS NOT

ENOUGH ROOM IN CORE TO STORE THE

PROGRAMS THEMSELVES MORE THAN

ONE AT A TIME
00043 0074 00 4 00011 CALL EXIT
00044 1 00000 O 00046
00045 0 00053 0 00000

- COMMON BLOCK FROM MIDECS 2
17462 COMMON -1
717462 INDIC COMMON 1
77461 ORDER COMMON 1 :
77460 NWORD COMMON 1
1

17457 DAT COMMON




FAP
L 17457 DAT COMMON

1
TETPT 77456  LGT
o011 ENTRY H COMMON 1}
33006 ENTRY _TRIPT ;;:;2 LATIS COMMON 1
NBITH COMMON 1
+ COMMENTS IN THE PROGRAM EQCLA 77453 NBITL COMMON 1
77452  NBIT1 COMMON 1
77451  NBIT COMMON 1
‘R VECTCR
oo;gsN5552263303460 (STH) 77450 NSQL COMMON 1
e s TFTL) 77447  OPRMN COMMON 1
77446  ATOMO COMMON 1
77445  ATOM COMMON 1
LINKAGE DIRECTOR
s o
00003 632563476360 77442  ATOOX COMMON 10
77430  ATOX COMMON 10
, 000 pzE
TR b Y I e
Goos " 50 0d o obeEs Y YRIPT CLA a1 77404  RANDM COMMON 10
Sedhi L nta0 00 o oB0TT TRA START 77372  DIFF COMMON 10
e R e T PZE FOUR 77360  CONVT COMMON 40
00011 0500 00 0 0CC10  TETPT CLA +-1 Tiesb Nth chemin
00012 0020 00 C COC27 : oiedb
6y EQUIVALENCE CLASS OF LINKS 77170 UNIT COM
e MIEE BGE & 77120  COMUN COMMON 40
00014 21;343216262 77050 EQLS COMMON 20
00015 60 sy 77024  SECTS COMMON 50
00016 60:;:2606060 76742  MATAX COMMON 260
ggg;; :gsoeoeoooeo 16336 DRGNS WuNRON o
00021 62550643165 FOUR BCI 6, EQUIVALENCE CLASS OF TRIANGLES Zifii ?:2:3 Eg::gz g:go
00024 604626606351 el iR
00025 312145274325
00026 626060606060
00027 0621 00 O CO037 START STA LST1
00030 -0634 00 4 00051 SXD IR4,4
00031 -C500 00 O CCOC46 CAL TAPE2
00032 0074 00 4 00C00 TSX $(STH), 4
00033 0 00000 0 00047 PZE LELFT
00034 -0500 00 O 0C050 CAL NUM
00035 0622 00 0 0CO042 STD TXH1
00036 0774 00 1 00000 AXT 0,1
00037 0560 00 1 00000 LSTL LDQ eay1
00040 -1 00000 0 00000 STR
00041 1 77777 1 C0042 TXI s4141,-1
00042 3 00000 1 00037  TXH1 TXH LST1,1.me
00043 0074 00 4 00001 TSX $(FIL),4
00044 -0534 00 4 00051 LXD IR4,4
00045 0020 00 4 COCO1 TRA 1,4
00046 0 00002 0 00000 TAPEZ2 PZE 0u0,2
00047 740621063460 LELFT BCI 1,(6A6)

00050 0 77772 0 00000 NUM PZE 0,0,-
0005Fr 0 00000 0 00000 IR4 i

- COMMON BLOCK FROM
77462 COMMON -1 R
17462 INDIC COMMON 1
17461 ORDER COMMON 1}
17460 NWORD COMMON




ﬁ ﬁ}

tl‘lot('-
00055 -1 00000 0 GCCOO STR M," |
00056 1 00001 1 NCC57 TXI #+1,1,1 L
. FAP 00057 -3 00000 1 0CCS54 TXL2 TXL LST2,1l,%# oA
00060 0074 00 4 GNCO1 T:X :i::g)'4
00061 0020 0C 0 CCC62 TRA
COUOl s -l ogoez ~0534 00 4 CC710  FINIS LXC IR4,4
00063 0020 00 4 CCCO1 TRA 1,4
00064 O 00002 0 0CCOO NN PZE 0,0,2
TRANSFER VECTOR 00065 CE310334606C 8CI 1,613)
00000 7462633034€0 il 00066 740130607303 FMT  BCI 1,(1H 3
00001 742631433460 (FIL) 00707 BES 400
00707 0 CO000 O CCCOO  TABLE
e 00710 0 0000 0 0CCO0  IR4
000 [ +1s]0)
88385 22:222256360 00711 0 00000 C OCG . cankth BLDC? FROM HIDECS 2
77462 COMMON -
Réys4
SSRGS i L SR TS otk comon |
00005 050C €O 0 77461 CLA ﬂRDfR S95e0 - IIORB COMNOR. 1
00006 0622 00 O CCC17 STD TXL 77457 DAT  COMMON 1
00007 0622 CC O CCC43 STD NOK 27456 LGTH COMMON 1
C0010 0500 CO 0 77460 g#g ?:ego 77455  LATIS co::gx i
.0 .
Rk AR O » GENERATE TABLE OF NUMBERS ;?’:2; :g{;r 20“0" i
00012 0774 0C 1 CCCO1 AXT 1,1 77452 NBIT1 COMMON 1
00013 0500 CO O 77444 CLA ONED 27451  NBIT COMMON 1
00014 0622 00 1 CC707 STD TABLE,1 77450 NSQ1 COMMON 1
00015 0400 00 O 77444 ADC ONED 77487  OPRNN COMMON 1
00016 1 00001 1 CCC17 ;;: -*;r}-:. 17446  ATOMO °°":g: :
- X ®=391y M
b S S 1 ¥ i .T i MODIFY TABLE TO INDICATE SET ;;:22 S;gg ggnnon 1
00020 0774 00 2 CCOO1 AXT 1,2 77443 D36 COMMON 1
00021 0774 00 4 CCCO1 AXT 1,4 27442  ATOOX COMMON 10
00022 0774 00 1 0C001  AXT1 AXT 1,1 77430  ATOX COMMON 10
00023 0560 00 2 77416 LDC SET,2 27416 SET  COMMON 10
00024 0162 00 0 00026 TQP #+2 77404 RANDM COMMON 10
00025 0020 00 0 CCC27 TRA =42 77372 DIFF COMMON 10
00026 0600 00 4 CO707 STORE STZ TABLE,4 77360 CONVT COMMON 40
00027 -0773 00 0 CCGC1 RQL 1 77310 DATA COMMON 40
00030 1 00001 1 €CO31 TXI #41,1,1 77240 MATA COMMON 40
00031 1 00701 4 CCC32 TXI #41,4,1 77170 UNIT COMMON 40
00032 -3 00044 1 CC024 TXL STORE~2,1,36 77120 COMUN COMMON 40
00033 1 00001 2 0CO34 TXI #+41,2,1 77650 EQLS COMMON ‘20
00034 -3 00000 2 0C022 TXL3 TXL AXT1,2,sw 77024  SECTS COMMON 50
00035 0774 00 4 GCCO1 AXT 1,4 76742  MATAX COMMON zsoo
00036 0774 00 1 0COOL AXT 1,1 76336  DROWS COMMON zlgo
00037 0500 00 1 00707 CLAT CLA TABLE,1 72252 MROWS COMNON zxoo
C0040 0100 00 0 COC43 TZE NOK 66166  INMAT COMMON 54 .
00041 0€22 00 4 0C707 STD TABLE,4 3536 ATMS COMMON zooo
00042 1 COCO1 4 0CC43 TXI =41,4,1 27.16 MACRO COMMON 700
00043 3 00000 1 00045 NOK  TXH FORM,1,es END
00044 1 00001 1 CCO37 TXI CLAT,1,1
00045 2 00001 4 CCC46  FORM TIX #+1,4,1
00046 ~0634 00 4 0CCS7 SXD TXL2,4
00047 0020 00 0 CCO50 TRA OUT
. PRINT OUT MODIFIED TABLE.
00050 -0500 00 © CCC64 OUT  CAL NN
00051 0074 00 4 CCCOG TSX ${STH),4
C0052 0 00000 0 0CC66 PZE FMT
00053 0774 00 1 0CCO1 AXT 1,1
00054 0560 00 1 €C707 LST2 ipo TABLE, 1

- — -
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