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ON T'INDING THE EIJEMENT¿\RY PATFIS oF A DIGRAPE
DÄNUT }IARCU

(Bncurcçti)

abstraer. rn this pap.eJ we suggest a tr'oRTRAN program for fincl-ing all the elementary -pãths 
betwään any two specifiãà nodes of a c1i_graph.

Introduction. One of the mosú i

very delicate (one could decide on t
teria rvhich are either difficult to i

4, 9] for. cletermining elementary
are to loose to be of value for ar
they
tices
(e.g.,

:i1:: Tgl1 1".*rage nocl degree_ of mo'e tnan +. Moreover, even tor thea,'.ve-mentroned size graphs, the method used virtuarly alr -;;;";locations.
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More successful aro the enumerative techniques (e.g., see 11, s])which clo not ha'e large computer storiì,ge requirements but whose timsrequirement still increases eiponentially" witli tne num¡er of nodes inthe graph.

^,-_ IÎ this note, wc give a tr'oRTRAN program which generates ail ilroerementary pal,hs bcrween any.rwo specified nodes of a" digrapn, usingthe nodes' number and the ad;acencf matrix.
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Qtl : 1, if (on, a,) e E,
0, otherwise.

DRIVER PROGRA]V{

), MS(6,6), IK(6), NS(6), NSI_,(6)

),J:1,N)
I\IENTAR,Y PATITS T,RON{ NOD1

CALL PAîI{(N.MA.MD)
CArlrr pt\{S (N,i4A,itnD,ítrS,IK,NODI,NoD2)

D : (Y, -D) be l1l (di-
n arc whose init ai noäes
.sct of nodes (v the setI, 2, ,. ., rt, i,hc møttiø,

ELEMEIVTARÍ PA'THS O¡' DIC¡RAPH

9+lI: GEP(N,IUS,NS,NSr.,,NOD1,NOD2 
)

STOP
END

suBRouTrNE PAîH (N,Md.,MD)
DTMENSTON lvrA(N,W¡,inn1N,ñ¡
DO 1 f:l,N
DO 1 J:l,N

1 MD(r,J) MA(r,J)
DO2J 1,N
DO 2 I:1,N
rI'(MD(I,J).N8.1) cO TO 2
DO 3 K:1,N
rF(MD(r,K).8Q.1) GO TO 4
rF(MD(J,K).DQ.1) GO TO 4
MD(r,K):0

:3 CONTINUE,2 CONTINUT]
IìETURN

4 ivID(I,K).:1
GOTO3
END

suBBouTrNE pMs 
( N,l\,ra,}ID,MS,IK,NODI,NOD2 )DIMENSION MA(N,N),MD(N,N¡,liSiñ,N¡,IK(N)

DO 1 L:lrN
.r IK(r,):0

DO 2 L:1,N
DO 2 K:1,N

2 MS(rr,K):o
K:O
DO 3 L:1,N
rr'(t[a(L,NOD2).N8.1) cO TO 3
r_F(ivlD(NoD1,L).ND.1) cO TO 4

5 K-K*1
MS(NODz,K)-r_,/
GOTO3

4 rF(NOD1.EQ.r,) GO TO 5
3 CONTTNUE
I DO 6 I_]:1,¡¡

rF(rK(L).8Q.1) GO TO 6
rF(MS(r,,,1).EQ.O) GO TO 6K:1

12 IF(MS(I_,,K).ND.O) cO TO ?
rK(rr):1
GOTOs

7 rr:o
DO 9 NJK:I,N
IF(MA(NJK,MS(rj,K)).N8.1) cO TO e
rF(MD(NOD1,NJK).N8.1) GO TO 10

,
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of arcs where the final node of one is
etementary path is a pâth *Li"fãã"õ
once.
øth,matriu p : (p,)r,i, j : I,2,, ...

pr, : II, 
if lhere exists a path from a, to ts,.

[0, otherwise
and let or,,ui L\yo clistinct, nodes of n such Lhal, ltro ¡ 0.obviously, (bo, a,)is the las¿;"c ãt lpa¿, from ø, io a, *a'ct only if(1) p,¡ d,r1 : L
Thus, if which (18-:-1,2 st arcs of Dì,
of these +1.^ -,.^^- one
ro"- (,, frt: #f rhe

roleo1 a" ând so on' 
i,, j, thenthe arc (ai,o¡)is the single

atfs {rgrn !,_r 
to_1:., can be generated

arlze(J in thc FORTRÁN-program

C
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4 5 ELEMEÌ TAAY FATHS OF DIGR'APH 12Í

11 rî:rT+1
lvfs(MS(L,K),IT):¡¡6
GOTOg

10 rT(NOD1.EQ.NJK) co 'I.0 119 CONTINUE
I{:K*1
GO TO 12

6 CONTINUE
}ìIìTUIìN
]ìND

Conelusions. Considelable expelimcnts (on an IBM 360/40 and a
FDL,fX C-512 computers) $'ele conductecl to investigate the efficiency
(1,he efficiency of the program can tro rneasured in terms of the computa-
l,ional times required to obtain the solutions) of the proposecl rnethod.
Rascd on this computational cxpericnce, it ma¡r þs saicl that the abor.e
IORTRAN prograñr can be sucìessfull¡' used ior large-sizecl cliagraphs,
generating all thc elernenl,ary paths in a reasonably cornputel rncmory
and computational time (e.9., in the complete cìigraph -I1f;, betweetì errery
pair of notles thele exist 65 elementary paths, ancl our proglam has gene-
rated ancl listed l,hese paths in 14 seconds on a n'IìLfX C-572 cornputer).

The l,echnique used in the above program is similar 1;o that one usecl
in 16l for finding a'll the elemenl,arS' circuits of a cligraph.

FinaIIy, we menl,ion that for the calculus of elemontary paths' nunr-
ber betu'cen t\¡'o specified nocles of a cligraph,lthe result of [5'l can bc
used. to t'rite a compute,r' prog'ram.

suBR,ouTlN p_ ^qp{ N_,Ivr s,N s,N slr,N ODl,DrnmNsroN t\fs(N,N¡,lvs,1ñ¡¡sL(ñ) - -'
I'I:1
NS(1):$Q¡2

13 NNS:2
IJK_:_lvrs(NoD2,I1)4 N].:=NNS-]
DO 1 I.,:1, Nl
IE(.ryS(L).ÐQ.N,TK) cO ro 21 CONîINUE
NS(NNS):NJK
K:1

-? _rIlqs(NJK,K).DQ.o) Go ro 3
10 NJIC-n[s(NJK,K)

NNS:NNS*1
GOTO4

IF(NNS.EQ.l) cO TO ?
NJK:NS(NNS)
Ir:1

11 rI,(MS(NJK,I.,).NE.NS(NNS+1)) co 1.O 8K:Ir+1
IF(n,rs(NJK,K).EQ.O) GO TO 3
GO 10 10

8 L:¡ aL1
GO TO 11

2 NNS:NI
NJK:NS(NNS)
K:K-l-1
GO TO 12

7 IT:1a-ir1
l{uÊ(NoD2,tr).NE.o) co ro 13RETURN
END

NOD2)
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