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fn the sequel, rve denote:
r\ : flre vertices, numJter. of the digr.aph,MA : the acljacency rnatlix of flre cligr,aph,NOIIS : the slrecifiecl starting r.erúex of a path (or. cir,c¿it),Lr) : 

ll"ïîbîs,l"ng'tl', (> 2) oI Parh (or circuir), süa'Lirrg

NC : j0, if *,e fincl 1,he patìrs of lengtìr LD, sta'ting fi:orn NODS,
[ 1, if .,r,s find the circuit,s of lengt]r lI) , star.ting frorn NOD S.ffhe i'ea oÍ t'e arEo.ithm iu to 

"o, ì".ct ati ,rc pássiän ou.t e* sets p,of cardinalii;J, LD" s.crr trat 
'ru 

..o"t""s in -p repr.esent a pal,rr fromNoDs' rritiat'r', p consists ol xoos. rf ø is ,re À;_;;;;"cr r.ertcx from?' tlren a new*ertex y is atr.ecr ø ¿ ltr y s p ancr (n, y)eÆ. 1.u.o lrossi_:*iï*ï-;lil,ì:Jïh ;iä ;""".'o-""'"'.'u verrex bern* enrer.ecr inro p
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_ (b) the calclinality of p is LD.
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60 Dänuf Marcu

whose vertices ::eplesent l,he items and. where the exisl,ence of an ¿rrr;
(ptr l¡) implies th:ut, p¡ can follow the production oï itetn pi on the faciliby
'rvithout resetting, possesses a hamiltonian circuit or nol,.

Thus, a method for fintling rvhel,her a cligraph contains a harnilto-
nian circuil, (or not) has direct applications in problems of secluencing ol
scheduling of operat,ions. Equally important, horvever, is the use of such a
methocl as a basic step in algorithms for 1,he soh'Ltion of other, seemingl¡'
unrelated, graph theory problerns.

In l,his papel, r.e rvill be dealing rvith the follelyi¡1g problcm :

givon a gneral fligraph, fincl all 1,he elementary paths (or circuits) har'ing
a specifiecl lengt,h ancl a starl,ing vertex, if one ot: mote such pat,hs (ot'
circuits) exist and rve rvill give a general IìORI'RAN 77 prograrn for l,he
solution of l,hc above me,nl,ioned. ploblern.

Descri¡rtion of the rnethod. Int Ð : (V, -D) be a digr..aph. [1] (clirec-
tecl graph), having V(lV I : n) L}l:e set ol vertices (nocles), D tl¡ e set of
arcn (dgeo), ancl 1 : (au), 'i, j : L,2,,. . .,n,, ltlte adjaoency matrix, rvhe¡e

2

t
i

A, path in a clþaph is any sequence of arcs, rvhere the ffural vertex of
ons is tho initial vertex of the next one. Än elementary path is a path
which does not tse t-he same vertex more than once. Â-cii'cui1, is a path
in rvìrich the initial vertex coirrcides with the final vertex.

'Ì'he length of the path (or circuit) is the number of arcs appealing
in tlre path (or circuit). Àn elernentar¡' path of length n, - I is knorvn as
a harniltouian path. Sirnilarly, an elemeul,ary circuit lshich pa,sses l,hrouglr
a,ll the ç¿ vertices of a tligraph, i.e., of lengl,h ø, is a hamiltonian circuit
(of course, not all digraphs have a hamiltonian patli or circuit).

the algebra,ic rnethods rvhioh har-e appeared in 1,hc lil,erature t2-5llfor rlotormirring elemontary paths (or cirõuits), are theoreticallvidteresl-
ing bub arej too loose to be of r.alue for arbitr:ary dignaphs enóounterecl
in p¡actico, tlrey being unable to deal .with protrlerns óf more 1,han ¿ì, felr'
tens of vertices, because of the large arnounts of hoth cornputel meurory
¿¡ntt tiruo (r¡.g., sccthe progr¿ùmLATI.r*8, Trornf4l). r\ slight moclifictr,t,ion
of those met,horls fe.¡¡., see l3l) reduces both 1,he siorag. ancl time
leguirements by largo factors. Florl'ever (rven rvith thoso rnodiÏica-
bions, a computer progr,am i3l l'ritten in PI.,/I (to take aclr.anta,ge ol
botb the string rnanipulation and variable stolage allocal;iolr facilities
offered by this lzr,nguage) on an IBr\{ 360/65 cornputer lvith a memory of
120,000 bytes can be used. onl5r fst cligrapìrs rvith al, most 20 vertices
and an arvera,ge r¡ertex clegree of more than 4. .lVloreover, even for' l,he
abovo menl,ionecl siz¿ digraphs, the methocl used vjrtuall¡' ¿11 nremoly
locationn.

1,hi6 nsfg, lve givc a r/ery sirnple ]¡OIìî1ìÅN ?7 prograrn, fol
fintling (optiona,lly) all tìre elementar.'¡r paths (or circuits) oi a givcn
leng^th a,nc[ ìraving a specifiecl starting vertex.

&ii
1, if (o,, ,o¡) e Il
0, otherwise.
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5 Olr fiuding the clementary patlls ancì circuits
û:

DO12r:1.L
n(I4. N_D.'NCC (l)) co ro t2GO 1'0 13
COI{'IINUD
GO TO 14

Ilùr-_\J, 17, (NCC (l), r:1, Ì,)
IgR:)il'| (//, Lx , .ti,t1 -' ",
G() 1() 'ts
I'ND

tr-helo cl+(,r) dencitg,s iÌ¡ c¡f ilrc vcr,l,cx r:._ I¡rllresubr.orrtirreI ur

rl(,n()feN iiì_,.ri,,iij",,"f Circuits ofi ç¡.,,u,, Lelrstlr), j\(]l,t]
Ì,D anil i,:l.';iiö"xoos \?grrut'tt. 

(or circuits¡ ,î i¿üiil
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th.e nral,r'ix ll[B(1, J),I, J - L,2j...,À7 is clefinecl as follorvs:

.1

r,ts(r, J) -

suußou'I.lt{E pccl] (}T, Ì\rA, NIS, NCC, NODS,
N cIjD )
DIÛIIDNSION M;\ (N, N), I\,tS (N, t{), NCC (N)
DO I r:t,N
llO I J =: l: N
MS(r,J):0
DO 2 f : lr N
J{:0
DO 2 J :1, N
J1i' (Mr\(f, J), ItQ. O) cO TO 2I{:K*1
r,ts (I, I() : J
OONTTNUIì
It (NC. ItQ. 1) cO 'f'O g
r,1) __- LD + ,t

NOI.¡I) : 0
Jr:]
i\N:1
NCC(I]) : NODS
It¡ (L. DQ. IrD) GO TO 4
t{: I
NA: MS(NCC(L), K)rr (Na.DQ.o) co 10 5
I)O 6 J: ,1 lr
IT¡ (NA. NIì. r\CC (I)) cO To 6i{:r(+1
GO 1.O 7
OONîINIITì
Ir:L*l
NCO(rr) : N ¡\
GO 'lto 8
.It:l.t-l
I'Il (L. EQ. O) IIETUIìI{
JI¡ 0tr. NE. 1) GO TO I
,NNr: Nl{ + 1
t{:¡¡
GO llo ?
.K:L
NA : MS (NCC (L). K)
rrì (NÄ. DQ. O) GO TO 5
IIt (NÂ. L'I.. NCC (L + 1)) cO .1.O l3Iri (NA. tvtì. NCC (T,,+ 1)) co 1() 10r(:r(+1
GO TO 11

0, iÎ d+(a,) qJ,
K, í1 (n, cr:'r) eE
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