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- II. PROGRAMS FOR THE ANALYSIS OF STRUCTURAL MODELS

by Tomasz Romanowicz

In complex problems which appear in many disciplines such as
economics, sociology, information science, urban modelling and
-cybernetics the structural rather than the algebraic aspects are
considered. With the growing recognition that complex problems

cut across disciplines, a n<ed arises of enabling people from
different disciplines to share a common set of symbols, related
to easily interpretable intellectual operations. The most impor-

tant purpose is to make it possible to apply common analytic met-

- hodology to the structures that are generated as a step toward
achieving botter capability to deal with complex problems, Ginin and
Solomatin 34) .

The tv.v "structural modelling” is used to describe model-
ling technirues which are concerned with the relationships bet-

ween the various elements of the problem.

In this communication problems which are modelled via tran-
sitive, binary relations are considered. Prg%iminary steps of
structural modelling such as identifying of problem elements and
relations, and construction of the model will be omitted here.
Special attention will. be devoted to methods meant for the analy-
sis of structural models.

Problem elements in models considered are represented by
nodes, relaticn: among them by directed edges. For example: when
the relation “"lcpends on" is taken into account, directed edge
from node i-th to node j-th means that j-th problem element de-
pends on i-th problem element. These interrelations can also be
described bia binary nonsymmetric square matrix, called adjacency
matrix, which is associated with the digraph. Much is known about‘

-properties of digraphs, see e.g. Earary, Norman and Cartwright
(1965) . From the point of view of the analysis of structural mo-
dels however, the most important ones are: reachability and strong
connectivity.

A A reachability matrix is a square, binary, nonsymmetric (in
general case) matrix R[n)cn]. Such a matrix R satisfies the
following conditions:
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R = R -~t

R+ 1I

R

Reachability matrix- R may be obtained from an adjacency matrix
A by raising matrix A+I to some power k <n. A more efficient
methods for obtaining reachability matrix R have been proposed
by Kevorkian, Kevorkian (1975), and by others, e.g. Dulmage and
Mendelsohn (1963) or Warfield (1976).

There are many algorithms for partitioning of digraphs into
a number of strongly connected components. Several partitioning
algorithms here been formulated between 1962 and 1972, Dulmage
and Mendelsohn (1963), Norman (1?65), Steward (1962), Tarjan
(1972). It is now accepted that the most efficient one is that
of Tarjan, based on the depth-first search.

‘Two computer programs for the analysis of structural models
have been developed. .

Program REA creates reachability matrix R from adjacency

matrix A by boolean addition of rows. This program operates

- according to the algorithm of Kevorkian. -

Program STRONG determines the strongly ccnnected components

" of a digraph according to the algorithm of Tarjan.
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APPENDIX. PROGRAM PRINTOUTS




= 30 -~
LEver 21 MAIN - DATE = 83264

COMMON /BX/A2(290,290),A1(290,2°0),1KS$(¢300)
COMMONIHLINAMN(290,2)
CON™MONIES/Y, YES
CONYQN/ESs RO(290,2
INTEGER RO,RCE(2)
INTLGER*2 A2, A1,1KS,Y(300),YES(300)
INTEGER COLC(2),ERDA(2), hAM
JATFGER#*2 PATIC(3IGC),RAJ(300)
PATS ENLCACI)/PELDA’/Z,ENMDACRY/'TE 'y
RETE LILX/*XXXX'/
pPATA IUL/® UL */
rpSx=C
vpsx=1
<0 L==1
1 REAL(7,101)C0OL,FON =
©OTFCCOLCT) JERLILL) GOTO 1
1(1 FORNAT(3AL,2X,246)
L=L+1 ‘
IFCLLEO,0)GLTO o 1
NAM(L,1)=C0LC2)
KAM(L,2)=C0L(3)
ROCL, 1)=ROMCT)
ROCL,2)=RCM(2)
6 CONTINUE
CALL COMP(2,C0L,1,ELDA,1,LT)
IFCLT.EG.1)CGOTO 1
v=L-1
WPITEC6E,2)N
2 FORUAT(’ = ', 13)
1FC(MP5X,EG.1)G0TO 80
READCZ,100)KART
IFCRAJT.EL, ILXY GOTO 3
160 FORMAT(AL)
. 2492 FORUATC(' RO ',2A4)
T80 CALL BAZAC(N)
GOTY 9
3 CONTINUE
PO 5 I=1,h
nO S J=1,N
A(I,Jd)=0
5 CONTINUE )
LL=0 -
7 REAGC(Z,110)KANT, 1,
TFC(RANT EQ . ILX) GCGTC 109
110 FORMAT(AGL,214)
A2C1,Jd)=1
LL=LL+1
GOTO 7
106 CONTINUE
9 CONTINUE
nO 300 I=1,n
RATCI) =0
300 RAJ(IN=C
1=0
LTL=0
305 1=1+1
TFCIL,GT.N) GOTO 6400
LLX=')_
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FORTRAN

0ese
cuov
0oce1l
LiReX-Yd
0063
Wuo6s
0065
0vbo
vLe?
ce638
0069
0e?¢
0C71

co?2
an73
0074
007S
0070
1677
ours8
0L?9
0080
0ean
o8¢
0083
ovle
nu8s
0080
0087
i 83
ou&Y
UnN9L -

0091
00e2
ve93
0u94
0C9s
26
0coe?
0098
0999
010
011
01¢2
01¢3

IV G- LEVEL

L0

2t prae o MM

D0 306 K=1,N
IF(A2(T1,X)EQ,0) GOTO 306
LLX=LLXp

“Is=1-

MJ=K

CONTINUE

IFCLLX.NE. 1) GOTO 305
RAT(MI)=1

RAJ (M) =1

LTL=LTL+1

cOTO 305

NO=N

=N-LTL

COMPRESS

¥

Lhy
445

11=0
DO 410 I=1,NO

IFC(RAICI)  NE,.O) GOTO 410
11=11+1 °

J1=0

DO 410 J=1,N0
IF(RAS(J) . NE.O) GOTO 410
Jizd1+1

A1(I1,J1)= AZ(I,J)
CONTINUE

DO 411 I=1,N

DG 411 J=1,N ;
A2(1,J)=A1(1,d)
N0 444 1=1,N

DO 4&& J=1,N

IFCA2CI,J)EQ.0) GOTO &4é

CONTINUE

FOPMAT ('’ I=°,13,' 4=',13)

CALL PART(N) -

ZAPIS X,Y,YES

12
116
117
118

10c0

DO 12 1=1,30

T KE(1=1)%104+1

1=1+10

WRITEC(?7,116) (IKS(J),J=K, L)
WRITE(7,117)CYCJ), J=K, L)
WRITE(7,118)C(YES(J) ,J=K,L)
CONTINUE .
FORMATC’X0QUT*,1013)
FORMATC'Y $,1013)
FOIMATC'YES *,101I3).
CONTINUE ™ Sohtes
sTopP

END

il e e s i s <
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FORTRAN IV G LEVEL 21 BAZA DATE 2 83264
vl QUEROUTINE BAZA(N)

Veag CUMMON/33/A2(290,290)

UK COV DN Z6/RD(250,2)

1ir vy I%TEGER RU :
TIOTS TN INTEGEY ELDAC2) o KOLE(L) e XGLE3) L0 C2),1%uR(2)
LLAYE TUTEGER«2 A2,G5ULC1500,2)

vea - INTEGER 1R20%€2),1R91(2)

20458 REAL v(1500)

[N PATY Qwirz:® s

wIr) SOATA ILY/Z°XAXK'/

Yo IATA ELCACYI)/Z*ENDAY/.CENDAC2)/°TA *y

U Tk 4 NATA TULZ® UL '/

vl REW{ND 7

vile LL=2

0c1s no 30 I=1,H 5

gile D9 33 J=1,14

nez 3u A2(1,J)=0

P13 LY=¢

oere Lx=0

0ulv REA2(7.102)IEN,XOLB, IROB, VALY

ou2 1G2 FUPIAT(AL,2A4,2%,284,2X,F12,5)

we22 13 REAG(7,102)Y1EAN,KOLR,INOB,vALU

ca23 IFCLEY.EC,TUL) GOTO 1¢C

D24 1B=L3+1

yec?2s IF(LA,GT.N) GOTY 999

Dulo 20 REALC3,160)A0CL,LRU, VAL, IRCT, VAR

0e2? V100 FURMAT(3A4,2X,2A0,2X,F12.5,3%,244,24,F12,5)
ey CALL CO"P(2,ENCA,1,KOL,1,LT)

ne2y IFCLT (EG.O)YRFACC(7,103)IR0

ui30 103 FORMAT(ILX,2A4)

RS . IF(LT.Fu.0) 6OTO 999

0e3s : CALL COMP(2,KOLB, 1, 0OL,2,LT)

0033 TFCLT.EU.0) GCTO 25

DECREA 21 IFC(LX,ER.0IGOTC 20

w3y LX=u

0030 RACKSPACE 3

Ce3? GOTC 10

0u3s 25 Lx=1

039 LPAX=0

600Gy LPAY=0

o6l pC 27 I=1,N

0oL . IFCIROCT) ,FC.ROCT 1), ALD.TIRCK2) (FO,ROCT,2))LPAX=]
0ce3 IFCIRO1(1) ,EQ,ROCI,1) AND,IR01C2) EL.ROCTI,2))LPAY=T
GlhY 27 CONTINUL ’

C(hsS TFCLPAX,EL.N) GOTO 28

(ubso A2CLPAX,Lb) =1

[XeR LL=LL+1

eQhy CULCLL,1)=LPAX s

[ GuLCLL,2)=L8

ousy veLL)=VAL

0951 ‘23 TFCLOAY,EW,C)GOTU 29

0use A2CLPAY,L3)=1

v0sS s LL=LL+1

00S4 GULCLL,1)=LPAY

unsSs : GULCLL,2)=L3d

cuvsSe viLL)Y=WER

ous? 29 CONTINUE |

cusé +60Tu 20
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SN N

FORTRAN

0059
0060
0voe
0662
0nNo3
[VRSRXY)

0065

aee
0667
0068
006y
0070
0e71
0072
0073

IV 6 LEVEL

999
107

111
S,

700

21  BA2A nate

CONTINUE S

FORMATC' X= *,16F733)
WRITECZ,112)ILX

PO 75 LP=1,LL )
1=6UL(LP, 1) 8
JEGULILP,2) _

WRITECZ, 111100, V(LP)
FORMAT(4X,214,F20,6)

CONTINUE .
WRITE(?,112)ILX

FORMAT (AL, 23X)

WRITE(6,7¢0)LC

FORMATC® LICZBA NIEZER,ELEHWENTOW MAC,52Z,=
RETURN
END :

Vs,

A}

S w o fled

~_" N

>

= 8326
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v

L=vie

B0

X
43

45

21 PART

SURROUTINE PARTCN)
COMNHMQNIBIZAZ AT, X
COMION /8471310290, 2)
[RTA H;)“['—S/'\{'YES

NTLGER®2 A1€290,290),A2(e29¢,

[ITLGEP*2 27(30CG),YcS(300)
DO AY0eY I=1,3¢C0

x(I)=90

YESCI)=C

Yy =o

1 ¥=G

CALL QUTIZETCL)

CuMTINUE

UKZEJTE MACIERZY OSTAGALNOSCI

pu 42 X=1,N
a1(¢,X)=1

WU a3 J=1,N

no 43 1=1,N B
TECA1C¢I,J).E2,0) GOTC 43
TFCLLECLI) GOTO 63

DO 46 K=1,N
IFCAICI.K) . NELO) GOTO 44
IF(N1(J,K), EQ,.0) 5010 44
A1CT,K)=

CONTINIUE

CONTINIE

70 45 I=1,N

ZE€rY=9

YCI) =0

YES(I)=0

N0 45 J=1,N

TFCATCILI) NELOYATCI,J) =1
CONTINUE

[ PARTITIONING

39
41"

47

4G

LPu=9

PO 37 I=1,N

KC=X(CL1)

ZZ(KC)=1

YYC[D)=X(D)

CONTINUE

LPQI=LPGHT

DU 48 I=LPQI1.N

DU 47 J=sLPat,N :
IFCATICILNIY) . EQ,0) GOTO 47
IFCATICI, 1) NELO) GOTO 47
GOTO 48

CONTINUE

Lu=LPy

1Y=1Y+1

LtANL=0

DO 47 K=LPRT,N
TFCAT1CTWK) EQ,0) ¢OTO 49
L=+

YELDM) =YY ()

LHADZYY (X)

ZCLIAD) =1

LAND=LAND+

CUNTINUE

DaTE = 3264 ca

290),%XC300),Y€30N0n),ZCXID0),YYCTu¢

pe

et g i Ay et




FORTRAN 1V G LEVEL

0usS?
0058
0659
acevu
0oe
ocel
0063
V064
0uv6S
eCeo
CC6?
ovel
0069
0u7o
0071

o7
0073
ur?ﬁ
(g
oc7e
our?
cere
0079
0080
0cR1
QuB2
VLR3
0084
00RS
w086
0087

DORR

0GR
oL9o
0no1
0092
0093
0094
0095
00%
0497
neoR

56

00
606

21

YESCIY)=LAND
LPC=LQ

GOT0 S§5°]
CONTINUE

LZ=0

N0 52 I=1,N
KUX=YY (1)
IFCZ(KUX) _NELO)
LZ2s9: -
LO=LQ+1

YLLEe =YY L)
CONTINUE

DU 53 1=1.N
KC=YY(I)
ZZCKEN =S
MUTACJA RZEDOW I
PO 56 I=LPA1,N
Mi=Y (D)
KL=2Z(MI)

DO S6 J=1,N
rd=Y (J)
KK=22Z(MJ)

35.. -

PART

60TO - 52

KOLJUMN MACIERZY

.

A2(1,J)=A1(KL,KK)

DO 57 I=1,N
DO S7 J=1,N
ATGE 8 VSR AT o4
IF(LZ.EG,0)
O 58 I=1,N
YYCI)=YCI)
GOTO 41 -
CONTINUE

pC SS9 I=1,N
KC=XC1)
22(KCI=)

DO 60 I=1,N
HlI=Yie1)
KL=2Z(MI)
D0 60 J=1,N
KK=Y(J)
COMNTIWNUE
CONTINUE
RETURN

END

GOTO 99




FRAL IV G LENEE 1 219 e QUTSET. - DATE = 383264 ‘-
i SURKVUTINE QUTSET(N) 2

2 COMMOL/ZHI/A, T, X ¥

'3 INTEGER+2 R(290,2%0),C0LCS0G),RUW(30G),xC300),A(2790,290;
4 TUTEFGER*2 "KULC300),KOCR00) Y
5 20 3 I=1,N

it (1) =2

'? FROLCI =0

K. LU s09 - 1=,

v TFCACT, i) . FG.0) GUTO 609

Py AT L y==1

11 YoL(f)=1

& POCII=1

13 69 CONTINUE

b 7 CONTILNUEL

' S nY o1 T =1,0

o ROUCIYI=

' 7 F CUoLCL)=y 3 s
& RO 2 3 SN

19 IFCLOLCJ)  NE,N) GOTU 2

6 GOTO 4

23 2 CONTINUE

ird & 1COL=J

>3 . B YR

. 0o 5 I=1,K

5 TFCACTLICOL)Y. . HE. 1. OR.ROWLL) (NE.OY GGTC §

4 L=I

7 TFCRDCI) LNELO) L0TO S

2 3 6010 10

29 S CONTINUE

FO TF(L.EN,0) GLOTC 6

$ 1 1=L

3 2 G0TL 10

33 .6 coLcICcoL)=1

3 35 COMTIRNUL

3 PO 36 4=1,N

o0 IFCCOLCJ) ,EL,0) GUTU 36

7 po 37 I =1,HN

Ve SECACT Y NE 1 OR RN GL) , NESE) 2G0T 0 3w

E 373 FUORIAT(! mmmmmmmmemc e e e e m o L)

' 0 GUTY 40

.1 37 CONTINUL

02 36 CONTINUE .

4 WRITE(6,105) ;

ol 10% FORMAT(’ FEWER VARIABLES THAX EQUATIONS - SORRY')

) PO 450 I=1,30

' & K=(I=1)*10+1

8 L=I+10 i
3 WRITECE,455) (LOLCI) , J=K, L) :
9 459 WRITE(6H,656) CROWCJ) ,J=K, L) 3

5 0 PAUSE ' PKOSZE PRZERWAC LICZENIE'

51 455 FORMAT(’ COL *,1014) %

5 2 456 FORPMAT(® ROW ',1014)

53 GUTL 997

b a0 PO 42 K=1,N

5 5 1FCACK, V). NL,=1) GOTO 42

5 G ACK ,J)=1

> 7 XOL(¢J)=0

8 RO(K)=0



FORTRAN

00s5Y
0L60
006l
no62
QU3
0066
065
QU6
vue?
0063
0u6Y
0670
0071
0072
0073
0074
0075
[VACra)
077
073
Qoze
0080
Qud1
0nse
OL&3
Q084
0u8S
00806
P ex-rd
0css
QOSY
0090
0091
Juge
0093
0e9s
0Cc?s
0U9s
ocov7
009
0r99
(AR RPN}
WRIDN]
Q102
01e3
0104
0105

IV 6

LEVEL

42
43

47

10

2

14

20

21

470
90

26
a0

21

GOTO 43
CONTINUE
ACL,d4)==1
1C0L=J
KOLCICOLY=1
ROCID=1 4
ROWTII=1
IRO=1 L

GOTO 12

CONTINUE
ACTI,ICOL)==-1
KOLCICOL) =1
ROCI) =1
coLcIcoLy=1
RPOW(I)=1
IR0=1
CONMTIKRUE

DG 14 J=1,N

TFCACIRO,J) JEQ.=T,AND.J.NELICUL)

CONTINUE

GOTO 20
ACIRO,J)=1
KOLCJY=0
POCIRO) =1

1C0OL=J

GuUTO 8

CONTINUE

po 21 =1.N
1F(KOLCI) EQ,0Q)
CONTINUE

nO 25 I=1,N

DO 25 J=1.N
TFCACI,J)  NE.-1)
X(I)=y -
ACT,J)=0
CONTINUE

PO 470 I12=1,30
K=(I2=1)*10+1
L=12#*10
WRITECO,90) (XCJ)
FORMAT (' XOUTSET
DO 26 I=1.,N

no 26 J=1,N
Kk=X(J)
RCT,JI=ACT,KK)
RETURN

END

£ 7 -

OUTSET

GOTO 7

GOTO 25

rJd=R, L)
',2014)

5079 19
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