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II. PROGRAMS FOR THE ANALYSIS OF STRUCTURAL MODELS 

by Tomasz Romanowicz 

In complex prob l ems which appear in many disciplines such as 

economics, sociology, informat ion sci ence , urban mode lling and 

c ybernetics the structural rather than the algeb raic aspects are 

consicie red. 1'/i th the growi ng recognition t hat c omplex problems 

cut across discipl ines, a nocd arises of enabl i n g people fr om 

c1ifferent disciplines to s h;ne a c o;uno n set of symbols,· re la ted 

to easily interpretable i n te l lectua l opera tions . The mos t i mpor

t ant purpose is to mak~ it possible t o ipply c ommon analytic met

hodol og y to the structures t hat are gene r a~ d as a step t oward 

achi evin9 \:,_•· :.e r c apability to d ea l with co;r.· lex p roblems,G~--. u1 and 

Solomati n 14) . 

Th e t ,_ . . "struc tL:ral i:-,.::;dcll ing" is u sed to descri be mo d e l

ling t echn.i ,: :.es which are c oncerned wi th th e relationships bet

ween t he va~·~ou s elements of th e problem. 

In thi s c ommunicat ion problems wh ich are modelled via tran

sitive, binary relations are con sidered. Pre~iminary steps of 

structural model ling such as i dentifying of problem elements and 

relations, and construction of the model will be omi tted here. 

Special attention wil l be devoted t o methods meant for the analy

sis of struc tural models. 

Problem el cmcnts in models considered are represente d by 

nodes, rela t i·::, : among them by directed edges. For example: when 

th e rela tio:· · -C?ends on" is t a-k en in to accoun t , direc ted edge 

from node i - t h to node j-th means that j-th problem eleme nt de 

pends on i- :n probl em element. These interrelations can al so be 

described via binary nonsymmetric square matrix, called adjacency 

matrix, which is associated with the digraph. Much is known about 

· properties of digraphs, see e.g. Barary, Norman and Cartwr ight 

(1965). From the point of view of the analysis of structural mo

dels howeve r, the most important ones are: reachability and strong 

connectivity. 

A reachability matrix is a square, binary, nonsymmetric (in 

generał case) matrix R[n x n). Such a matrix R satisfies the 

follo,wing c ondi tions: 
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R ·• 
R + I R 

Reachauility matrix· R may be 9btained from an adjaccncy matrix 

A by raising matrix A+I to some powe r k <n. A more ef ficient 

rnethods for obtaining reachability matrix R have been .proposed 

by Kevorkia n, Kcvorkian (1975), and by others, e .g. Dulrnage and 

Mende l soh n (1 963 ) or Warfield (1 976). 

Thcrc arc n:;any algorithms for partitioning of cligraphs into 

a number o f strongly connected components . Severa l partition ing 

algorithms here been formulated between 1962 and 1972, Dulmage 

and Mcndelsohn (1963), Norman (1 ~6 5), Steward (1962), Tar j an 

(1972). It is now accepted tha t the most efficient one is that 

of Tarjan , based on the depth-firs t search . 

Two Ćomputer programs for the analysis of structura l models 

have been deve l oped . 

Program REA creates reachability matrix R from ad j acency 

matrix A by boolean addition of rows. Th is program ·operates 

according to the algorithm o f Kev6rkian. 

Program STRONG determines the strongly c onnected cornponents 

of a digraph according to the algorithm of Tar j an. 
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APPENDIX. PROGRAM PRINTOUTS 
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, _lfHl 21 MA ! N 

CO •. ' ' O >1 I H ~ / ,, 7 ( 2 '' O , 2 9 O ) , A 1 ( i ' I O , 2 ° Cl l , I K $ < 3 O O l 
( ( , '' ,. O ' I H 4 /11 A I' < 2 '> I/ , 2 ) , . 

C t; , . ·.• <• ~ I r 5 / Y , Y E S 
CO ,.·.· 0 . l / E n I ;.: 0 ( 2 fJ O , 2 ) 

p , TL<, Er. r<>, ,; rr <2> 
J ~ TL GE P• Z AZ, A1, ll<S, Y(~ 00 1, YES (3 00 l 
J ~ T[G E~ CO L< ! l, E ~ ~A (2), ~ A~ 
r1 t r~ En •2 p) j( ~CC >. ~ AJ(3 00 ) 
rA T ł t h lA( 1 l/'E ~~A '/, E~ UA (2J/ ' T ~ '/ 
r,J.. TP ll X /'X XXX '/ 

n A T A IUL/' Ul 'I 
, · p ~ t. = C 

"P S. X =1 

~o l =-1 
~EA~(7,101JCOL,~O i 
I F< ( fi L ( 1) . E 1l • I L l I GOT O 

1( f 0R l , AT(]A4, 2X ,2 ~ 1, ) 

l=l•1 
JF<L.EO,Olf,L' T O c, 

\ ,~•' <L,1l=COL<2l 
r. AF (i.,2l=L0l C3) 

RO Cl. , 1 l : f! LI r· ( 1 l 

RO < L , 2 l = R c, 11 ( 2 l 
6 CO" f !NllE 

C 1\ L L C (>•H> <?, r, Ol, 1 , E Id> A , 1 , L Tl 

JFCLT . EU.1l GOT O 1 
•,= l -1 
:.f> J fE Cl„ 2ll, 

2 FOH'!A T(' ;1 : ' ,i 3l 
JF( u ~~X.EU.1lGOTO 80 
R t .~ ,> C 7 , 1 Q v l I< A ;, T 

JF( ~ ; _1T.E~.ILX> li Ul O 3 
1•11) F UP. ' l ,HCA 4 ) 
2 :J 2 F (l ~ · ; ~- T < ' RO • , 2 .:I 4 > 

Il I' r ·\ L L il A Z A ( N l 
<; ( J T tJ •l 

3 Cl1 ! 1T l IIUE 
DU 5 I: 1 , I, 

n t) s J = 1 , :.. 

A2(J,J):1J 
5 C 1.1 :-1 T I IW E 

t,.L= O 
7 R E ,\I• ( 7 , 11 O l ., A I, T , I , J 

JF< ~A~ T . E~. JL XJ GO T O 10 9 
I 10 FOR ~ A TC ~ 4, 214 l 

A 2 ( 1, Jl= 1 
Ll=LL+l 
r, u T U 7 

1 O~ COl, T I ' IU E 
Q CO'J fJ NU~ 

ou 30•) [:1, :,; 
;i 1\ I CI l = U 

l " O -r. r,J(l l = 0 

I= :J 
I TL= (l 

3 c' 5 I= l • 1 
JFC l, ul .N l GOTO 4 0 0 
L L X= •) 
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FPMlRA~ IV G LEV~t 2t 

O l·S ą 
Cl!bU 

(I Ob 1 

OC't: 2 
O C, b3 
lJ\.1t,4 

00b5 
Ov bt> 

U l •6 7 
C063 
006Q 
0 0 7 0 
0◊71 

C::0 7 2 
0 0 73 
u U 7<, 

0 0 75 
0070 
OG ~7 
.ou 7 8 
O.: 7 9 
O 0 110 
Ol' li 1 
0(' 11,t_ 

or. 113 

0 ~ f.4 
r) l · 8 > 
00110 
0087 
UC ~ !\ 
o f_\l, 'ł 

u () Q(J . 

l) () Q 1 
0 1_\9::! 

\) (; Q 3 

OvQ<+ 

l)f q~ 

uc r.in 

OCQ7 
OOQ8 
o-~) ()() 

O 1 JO 

U 1 : 1 

01C2 
(1 , , , 3 

00 3llb K:1,N 
If< A2CI,K> , EQ.O) GOTO 306 
LlX=LLXf'1 
4 I = I~ 

••J = ,c 
3 U b C O tlT I N UE 

IF<LLX.NE.1> GOTO 305 . 
R.Ą!PlJ):1 

P.11 J < •i J ) = 1 
LTL=L .TL•1 

GOTO 305 
4 (· () :;o = !·, 

,1:,1-L TL 
C CO" P RESS 

' 
I 1 = o 
DO .. , o .1=1,NO 
IFC~A!CI>.•-JE.O) 
I1= l'1 •1 

J1=0 
oo 410 J : 1 , tł O 

IF<~ ĄJ CJ) .riE.Ol 
J. 1 :.J 1 + 1. 

GOTO 

GOTO 

A1 CJ1,J1l=A2Cl,J> 
410 

4 1 1 

CO l-:TJ KUE 
oo 4 11 I: 1 , N 
DG 4 11 J = 1 , N 
A2(l ,Jl=A1 <l,J) 
DO 4 4 4 l = 1 , ri 

410 

410 

DO 444 J=1,N 
IF<.:.2<1,J> ;EO.O) GOlO 41,1, 

4 '• 4 CO tł T I tJU E 
4 4 5 FO P :-1,Ą l C ' 

CALL PARl(N) 
C ZAPI~ X,Y,YES · .• 

I=• , 13, ' 

llO 1 2 I= 1 , 3 O - ~ , 
.~" K=<l-1 >•10+1 

t.=1•10 
Mq!JE<7,11b) (lKSCJ),J=K,l) . 
WRITEC7,117)(Y(J),J:K,l) 
w P I T E < 7 , 1 1 8 l C Y E S C ·J > , J = ~ , L > 

12 CU"TI NUE 
116 FOR~ ATC'XOUT',1013> 
117 FOą~ATC'Y ',1013) 
1111 FO~,'.A TC'Y~S ',1013) . 

I O O O C O 'I rJ N'U f 
STOP 
I: tJO 

r 

I 
1 
I 
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l 
i 
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Ut• 4 3 

O(''• 4 
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,, ,) S 1 
Oil S ,' 

v rJ 5 l 
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u,_, s s 
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ou57 
0 u SI.' 

':U~~OUTJI!~ tsĄZ ~(N) 

CU :• " O 1./ ,3 .l / A 2 t 2 q f\ , 2 Q O l 

c1J'_ .. ·0·u :' 61 <l '.• czc;o. i, 
t •: T ;, (; E ·1 fl ,1 
! ', T f- 'i Eu E: . 11 ,'. ( .-! ) , K (I L d C .! > , W: GL l J > , l =1 1,..' < 2.) , 1 ~ U ,.i ( C > 
f1T ~~~ ~ •2 ~2,GU L<I S00,2l 

r~T EG~R 1~O·:ct >,l ~J 1 (2) 
P.E,\L VClS'lOl 
rA T \ Jw.li' 'I • 
n ~ T ., i L v , • x , X ~ • 1 

1 ~ T;. E ','.· A < 1 ) / ' F N O A ' I , (.~ fJ A C 2 1 I ' U , 
') ,\ T .\ JIJL/' ,i l ,, 

~ L: ,; 
no 3 o I= 1, >I 
1)0 3 O J: 1 , ,i 

3v ~2<i ,Jl= U 
L j : ,. 

l X: t' 
RE~·_: C 7, 1 1J 2 l IE :, , (O L R , l HO cl , V• l '' 

1 t,~ ~ F L! ,. · t A T ( ,Ą,, 4 • 2 i\ i:. # 2 ( , 2 .ł\ 4 , 2 ~ , F 1 2 • 5 > 
1 ,i R t t,;, <7, 1 1)2 > 1 E,, (l' LH . I r:otJ , ·,ft LU 

Jfl lE1.tC .l UL> ~U TU 1 C 

I Il = L 3 • 1 
!F(L~.GT.h> GOT ~ ~~9 

~,, 1~ c A~ c a ,,~ o , ~0L ,i Rt1,v ĄL,I 't01 , ~:AR 

• I 

1 o O ~ V H ' :A T C J .. , .• , Z'< , 2 At, , 2 x , F 1 2 . ~ , 11 , 2 .I.\.~. , 2 ,( , F 1 ~ • ~ > 
C ' -L L CO, . I> C 2 , E ' l t _A , 1 , KO L , 1 , L T > 
If(LT.E n . o)~ F4C(7,103)! RO 

1 1) ' F 'l 1, '' .~ T ( 1 4 X , ? A 1, l 
fF(LT.F •;. :) l G•JTU ' /<'l <; 

CALL CP~P(2,~0L G,1, ~U L,l,LT ) 
•F<LT.E U ,Ul ijL TU 25 

2 1 tF<LX.E fl . oH;o rc ·20 

LX= ,, 
nAr., Sl>ACE '3 
r,QT(', 1 O 

25 LX=1 
LPA,< :Q 
Lr -'Y =o 
[)(• 27 !=1, ll 
l F < l ą O < 1 ) • E ~ • Ił O ( l , 1 I • ~ i ; !) • I ~ ; < 2 ) • F ') • r, ll < I , 2 ) ) L PA X= l 
I F < I ą O 1 ( 1 l • t Q • PU C I , 1 l , A;, D • f ,, O 1 ( 2 ) • E <.. • ił O C I , 2 l I L P ,. Y: f 

:? 7 CO ~Il l t, l ' f 
iFC LPAX.E ~ . n ) GO TO 28 
~2<LP,,X,lbl=1 

L L=LL+1 
fl'l.<LL,1>=LPA 1 
C.lJL<LL, c >=L ll 
V<LL):VH 

'23 Tf(LD ftY ,E ~.U l~GTU 2 q 
Ą2CLPAY, Lo l=1 

tL:LL•1 
r, U L < L L , 1 l : L ,' A Y 

<, U LCLL, Z>= L ci 
VCLL>: '.J.•. R 

2'1 CO-~ Tl NlJE 
·GOTU 20 
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005? 
0060 

uot. 1 
0062 
()')oj 

ooott 
ou t,5 
()Ut t, 
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O(' 70 

0 0 71 
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IV G Lf:VEL 21 .BA ZA 

99ą COII I I •WE 
107 FORMAT<' Xs ' ,16F713) 

11RifEC7,112>IL)( 
f)O 75 'LP=1,LL 

t=G \J L(Ll',1) 
J=<illl(Li',2) 
·wh 1TE<j,111iI,J,V<iP> 

111 FOR:IAT(4X,2!4,f20.6) 
75 corn I rwE 

1.1i>.IlE<7,112>ILX 
112 f0q~AT(P4,Z3X) 

\.:RI l ~ Có, 700> LC' 
700 FOR MAT(' LICZBA N!~ZER,ELE MENTO~ VAC.s~z.=•,1~> 

Rl:TURN 
END 
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,,s co •.rr r,uc 
P -UT{T,O N ! l, G 
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LP U l=L~ C +J 
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r,')T () ,, 8 

47 CL". r l r. \J I: 
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l ,\ ·11, = O 
ri o 1, .., ~ = L ~ r) 1 ,. r, 
l F C ., 1 ( I , ~ ) • ,: (l • O) 
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YESCIY>=LANO 
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57 A1<!,J),;A2CI,Jl 
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uO 511 1=1,N 
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DO 59 1=1,N 
r.C:(CI) 

50 ZZC<Cl=l 
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IFC, OL(Jl .~ E .n) GUTu 2 
t;O T 'J •• 

.2 co·; rr:-,uc 
4 tCOL =J 
8 L:o • 

OJ S I= 1 , r, 
l F ( -\C I , 1 CO Ll • eJ E. I • Or. • RO ·,1 C I l • 1< E • 1Jl CO TO c; 
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Y = l 
GO Ttl 1 O 

.6 CUl<lCOl):1 
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110 :~ 6 J = 1 , li 
tF(C ULCJl .E ~.O l GUTJ 36 
D(l 3 7 I :1,1: 
I F ( ·\ ( I , J ) • 11 [ • 1 • iJ R • R 0 w < I l • Il E , t; l GO 1 C 3 7 

3 , ~ f(1 q· 1A r (' ------------------------- • l 
· GOT l i 4 0 

3 7 C O 'l T I ,.; LI ~ 
36 CO'l f I ,,u c 

11H ITEC6,F>5) 
H l , fOR ''.A TC' F[WtR Vi>'l J ~S LES T llA ,l EOUA T IOI ' <; - SO•! RY 'l 

oo 1, 5 o I= 1 , 3 O 
K=<l-1 ) • 1 0+ 1 
L=I•10 
~• q 11 Ę ( 6 , 4 5 5 ) ( c O l ( J > , J = K , l l 

•~ O ~~ I1E(6,45b)( R0~ (J),J: K, l) 
l!Cló ~l!E'• · PAl! 5E ' 

4 S ~ FU~ r-1 A T C ' 
4 5 t, f () P ••I A T ( ' 

Gl>Tl• 9'1 

P I< O ~ Z E V H Z E >, 1,; A C 

CO L ' 1014> 
Rl' .I ',ICJl4) 

4 O f' O •• 7. K: 1 , N 

JFC A(~, Jl.N(,-1> GOTO 42 
A( ~ ,J):1 
KO LCJ),c O 

?.O C'>= n 
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FU fi T kA ,l I V G l F V F. L 2 1 OUT SET 
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GO TO 4) 
42 CC.IN T I l<U~ 
43 Ą< l,Jl=-1 

J(OL=.J . 

.. ,. KU.LU en L ) -= 1 
~0(1)=1 i 

47 R0wil>=1 ' 
J RO =I 

.GO l O 1 2 
1 O C U N T I I. U E 

A<l,ICOU:-1 
K O I, C I C O L ) = 1 
>{0 <Il= 1 
CO L<ICDU=1 

P0 w(Il=1 
I ,!O: I 

1 2 (IP.IT! fJUc 
Ol• 1 4 J = 1 , N 

!FC A C! RU ,Jl.E C .-1 .A\O.J.NE.lC U LJ ~OTO 1 a 
1 4 CO r, l I 1, li E 

r.oro 2 0 
16 A(IP.O,Jl=1 

KOLCJ):u 

P. O I IR O > = •) 
IC OL:J 
GU TO 8 

2 o co Nr rr.u E' 
DO 21 I= 1 , '! 

!FC KO LCI>.E U.O l GOT O 7 
21 C ll ~Tl IW E 

'l O 2 5 I= 1 , IJ 

DO 25 J=l,N 
IFCACI,Jl. NE. -1> GOTO 25 
X(I):J 

A<l,J>=O 
2 5 CO liT I NU E 

110 470 12=1,3 0 
K=CI2-11•10+1 

L=l2 • 1CJ 
470 1,1qtTEC~,9v)C X(J),J:, , L> 

90 FDR<IA l(' XOUTS ET ', 201 4 ) 
DO 26 I=1, 11 

f)l) 26 J=1, "i 
K• = X (J) 

26 R(l,J):A(I, KK J 
'> '> RET UR !J 
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