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A set of functions dealing with graph theory is presented: graph description,
aodifications, k—-connectivity analysis, and search for paths with given properties. 3raph coding
coherence and the modularity of APL functions enable one to link these different procedures at
will and to us2 them in such differeat problems as digital circuit implementation, fault
detection, and I. C. mask layout.

The APL functions are givan in Appendix 1 and detailed axamples in Appendix 2.

1 - Lntroduction

Graph theory is encountered in many fields of application. Graphs are very useful for
modeling ard describing processes and systems. Thus there is a constant need for algorithams
dealing with graphs and leading to efficient computer programs.

puring the development of several projects concerning simulation of digital circuits,
generation of fault detection and location sequences, and layout of printed and/or integrated
circuits, we had ar opportunity to experiment with many graph theoretical algorithms. This led
us to write a collection of APL functions which we intend to describe in this paper.

The main data structures and general functions for handling them are first described. Then
a collection of APL functions lealing with many aspects of graph theory are detailed.

The choice of a good dsscription for graphs is not a trivial task. Two main constraints,
usnally conflicting, prevail:

- keeping memory occupation to a minimum,
- providing efficient execution.

Several coding schemes are generally used. 0On the one hand, there are list structures
vhich meet the first requirement but have the drawback of being uanwieldy to handle; on the other
hand there is the connection matrix in which the Ith row contains the pumbers of the vertices
counacted {next neighpors, prelecessors or successors as the case may be) to vertex numbered I.
This coding scheme mnmeets tie second requirement but has the objectionable feature of wasting
memory umnecessarily. '

This state of affairs m2ins that one should not have a single coding scheme but rather the
capability of several schemes with the appropriate routines for switching easily from one to the
other. )

In what follows we use mainly tvo coding schemes:

* Ia the first method, akin to list processing, graphs are described by means of a
single vector whose components are either zero or integer indices. The indices for
the vertices conn2cted to vertex 1labeled I (adjacent vertices predecessors or
successors accordinjly) are the components of this vector comprised between the Ith
and the I-1th z2ro. This way of describing graphs is convenient for APL for it
keeps memory occupation to a minimum while it is well suited to APL operators. The
only disadvantage im certain applications such as graph reduction, is the requiraent
that vertices be nuabered from 1 to N, with N the total number of vertices in the
graph under consideration.

* In the second metaod, graphs are described by means of the so-called arc matrix (or
edge matrix in the case of unoriented graphs). This matrix has tvo coluans and as
many lines as th2re are arcs (or edges) im the graph. This scheme leads to memory
occupation usually larger than that in the first scheme but it is better fitted to
the array capabilities of APL operators.
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eneral Functions
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groups of indices included between two separators, namely zeros.

Vv PR N

Exaample:

Vv PP N

Y SN H

V SR N

VY MODIFY ¥
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N PERL V

Example:

N PEBB V

Example:

extracts the Nth group from vector V.

230130124030 pR

gives the compoments stored in a given vVector V between
the zero whose index im V is ¥, and the preceding zero.

2301301240300 pp 10

indicat2s which groups contain a component of value HN.

230 130124030 L3
1 2 y

gives tae indices of each 0 immediately following the
components of value ¥ in a given vector V

230130124030 SR 3
3 6 12

replaces in the vector V the group of number ¥[1] by the
group formed by W[ 2], «..XXXXX

230130121403 C NODIFY 25 € 7

2 3 0 5 6 7 0 1 2 4 0 3 0

excharg2s in vector V components whose values are N and ¥[2]

3 & PERB 2 3 0

O
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Three special functions for sorting and deletion are constantly
used. These ares:

TTRIC V: s>rts a given vector V in ascending order with
dzletion of multiple occurences.

GOH V: dzletes multiple occurrences in a given vector V.

TRI V= z2rges groups from a describing vector having comnron
components, into a single group.

CODE DECODE Vv da2codes the vector V according to the code provided by the matrix

CIDE where the first row corresponds to the nev numbering and the
szcond one to the first numbering.

4 - Graph-Describing Functions

This =aniladic function simply builds up, in a conversational mode, the graph describing
vector for both oriented and unoriented graphs.

Input: for each vertex the list of its successors (or of the adjacent vertices)
Output: the resalting describing vector.

In the case of unoriented graphs the description is checked for inConsisteacies and ill
described vertices are printed out.

An example is given in Appendix 2 and will be used throughout this paper for illustrating
the different APL functions.

Fuanctions OBTPRE and OBISUC:

S oy e 5 S B2 RE S i e T e o S S e

These two complementary nonadic functions allow, in the case of oriented graphs, omne to
obtain the predecessor vector PREDEC from the successor vector SUCCES and vice-versa.

Exapple:
. SUCCES
3 G 370 4 6 5 C € ¢ 4 7 €C T E O S C 7 10 0 €& 11 © 12
C 13 0 14 15 0 12 o 4 17 0 14 18 C 0 0 20 0 22 ¢ 2z ¢
11 0

L«PREDEC«OBIPRE LUCCES
¢ o 1 2 ¢ 3 L U &% 7 ¢ 5 ¢ 6 9 0 7 1 6 & 0 9 0

¢ 11 1w 0 12 0 13 16~ o 13 © 15 0 - B O 16

L«UBY5UC PREDEC
0 3 0 & 0 5 0 &6 0 & 7 C

I3
b ©
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Punction OBTAJ:

This is for deriving the anoriented graph associated with an oriented graph.
Example:
LvADJAC«0QBIADI SUCCES
3 ¢ 3 0 1 2z % ¢ 3 S5 C 0 4 & 7 0 5
c 7 9 1c & 7 € 10 0 & 911 0 10 12 22
5 16 0 13 1€ 17 © 1L 15

oy
[N
s
£
=
o
[}
A
N
>

Fuactions ARETE apd VECT:

fhe arc matrix ABCHMAT or the edge matrix EDGEAT are derived from the corresponding
describing vectors SUCCES or ADJAC by means of the function ARETE (French for "edge™):

ARCHMAT @ ARETE SUCCES
EDGMAT @~ ARETE ADJAC
In fact two

_.____In fact two different functions are used: one, ARETE, if multiple edges are not conmsidered;
the other, ARET, when amultiple edges are present.

Conversely, the describing vectors SUCCES

and ADJAC are derived from the corresponding
matrices:
SUCCES =~ VECT ARCHAT
ADJAC e VECT EDGHAT

Hheels

Function ROUE (French for "wheel®) builds up the describing vector ADJAC for a wheel of
given order. The "hub® is the vertex labeled 1 and the otehr ones are on the rim.

ADJAC < ROUE N
Example:

aQUE 5 -
2 54 6 & 0 1 €3 0 1 4% 2 0 1 5 3 ¢ 1 €6 4 C
1 5 2 ¢
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idjacent Yertices
yertices adjaceat to a given vertex labeled N are provided by the dyadic fuaction ADJA:

ADJA e~ SUCCES ADJA -]
Example:

SUCCES ADJA 11
10 12 22

DUCCIL ADJA 1

adacestors of a Given ¥Yertex

Function ASCEED gives the set of vertices from which a given vertex ilabeled N may be
reached.

ANC =~ SUCCES ASCEND N
BExample:

LUCCES ASCERD 22
26 2«1 19

LUCCES ALCEND 3

Degcendants of a Given Vertex

Conversely the function DESCEN gives the set of vertices which may be reached from vertex
labeled N.

DES <« SUCCES DESCEN N

SUCCEE DELCEN 12
13 14 15 12z 16 17 18

SUCCEL DBLCEll 8
g 7 10 % ¢ i1 ¢ 12 & 13 1y 15 18 17 18
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Function COHCO derives the weakly-connected component %o vwhich the vertex labeled ¥
belongs:
C5C =~ ADJAC COHCO B
Exaaple:
s
1o 3 Y € 2

]
‘—K——‘ io ;
ATY € Y 19 ro )
1)
a

ALJAC COMCO 12
12 11 9 10 g

2

ADJIAC COKCO 20
20

Function COFCO im a similar way gives the strongly-connected componeat to which the vertex
labeled N belongs.
CFC =« SUCCES COFCO N
Example:
SUCCES COFCO 3
SUCCES CCOFCO 7
6 9 uw 7 10

SUCCEL COFCO 10
& ¢ 7 10 v 6 &

(&)
feoo
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Here are gathered several functions used for modifying graphs by removal, additioam or
duplication of arcs and/or vertices. The functions given below in this paper concerm unoriented
graphs only. Similar functions exist for oriented graphs.

Adiition of a Yertex

-

The added vertex is labeled with an index equal to the highest vertex index im the graph
plus one. It is sufficient to indicate by the vector N which of the vertices should be adjacemt
to the new vertex.

Example:

CERAF?2
2 0 1 38 & 0 2 5 0 2 5 ¢ 2 & ¢ 0 5 0
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7 z ¢ 1 3 & 0.2 5 0 7 2 5 0 3 04 6 0 7 5

peletion of a Vertex

several vertices may be removed froa a graph by
to be removed are givem in vector HN. Vertices are relabeled.

4

- - "~ 3
.
4
®---~---9 . e e
~ . &

-~

Addition of Edge

g
i

the addition of an edge is performed through the dyadic fuaction AJOUTAZ’

ADJAC @ ¥ AJOUTA ADJAC

Here ¥ is a two-component vectltT indicating the two vertices incideat to the added edge.

Exasple:

3 4 AJOUTA GRAF2
2 0 1 3 4% 0 2 5 4% o0 2 5 3 0 3 4 6 O 5 0
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Deletion of an Edge
Similarly an edge is deleted with the function E¥LEVA:

Exapple:

2 4 FNLEVA GEAF2
3 © 2 & 0 5 O 3 4 & C 5 O

nNY
<)
-

derging of Iso Yertices

On merging two vertices, the resulting vertex is incident to all the edges incide?t to the
two initial vertices. Edges which mway 1link these two vertices are deleted. Vertices are
relabeled.

ADJAC =~ N CONTRA ADJAC

N is a two-component vector giving indices of vertices to be merged.

Exanmpies

3 % CONThn CRAFZ
1 3 & 06 2 4 5 0 2 3 0 3 0

yertex Splitting

A given vertex may be split so as to generate two vertices. One of these vertices keeps the
imitial index, the other is labeled with index ¥ + 1 where X is the total number of vertices in
the initial graph.

Rdges imitially incideat to the considered vertex are assigned to two resulting vertices
according to the user*s choica. The way the splitting is performed is fixed in the left
artyusent of the corresponding function dubbed MITOSE for obvious reasons. This left argument is
a vector # whose first compoment has for its value the index for the vertex to be split. The
other components are the iadices for the vertices which should be kept adjacent to the first
resulting vertex.

ADJAC o W MITOSE ADJAC

Example:
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Hazimal Subgraph Extraction

Bzxtractiag a maximal subgraph from a graph {vhich meams simply keepiag ia the graph a set
of ¥ vertices along with all the associated edges in the given graph) is performed with the
function SSGHAX. VYertices of the subgraph obtained im this vay are thenm relabeled with indices
ranging from 1 to § in correspindence with the initial order.

GRAPH == SG SSGHAX GRAPH
Example:
8. _
a - a3 4
’. ...... ~
2
24 5 6 SSGEAX GRAF?2
2 0 3 0 2 4.0 3 0

6 - 3raph Amalyziag Functioms

In this section we give a non-exhaustive set of functions for the determination of the
characteristic components of, or the reductioa of, graphs.

Detecaination of In-Degrees aml Qut-Degrees

The function DEMDEG det2rmines the in- and out-degrees of a subset, SET, of vertices in a
given graph.

D e~ SUCCESS DEMDEG SET

D is a two-compoment vector where D[ 1] and D[2]) are the in-degree and the out-degree of SET.

SUCCES DEMDEG 12 13 14 15 16

Checking for Cycles

Cycles im a graph (assumed to be connected) are detected vwith the function CYCLE. The
procedure used here coasists ia deleting pendent vertices from the graph. Then pemndent vertices
are deleted from the resulting graph and the procedure is iterated until no more vertices can be
leleted. If all vertices have been considered, no cycle is preseat.

Example:
3
4 5
“ Q
‘ i
L]

CYCLE 20 13 4025 025030U460G50
LE GRAPHE POSSEDE AU MCINS UN CYCLE.

CiCLE 2 01 4 € 04 0 23504027806 060
LE GRAPHE EST SANS CYCLE.
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Checking Whether a Graph is a dheel
The nonadic function YHEEL returas zero if the tested graph is not a vheel, and ¥ if it is

a wheel of order N.
N <« WHEEL GRAPH

Example:

5€ 013¢8 0436 0523290

4

6
WVHFEL 2 3 4 0.13 6 01 245601305 04%360532090

«

6 A

WHEEL 3 4 03 € 01 2456 0135043605320
C

Detecajnation of a Spamming Ir2e

This is a classical algorithm implemented by function ARBCOV. The result is simply a
describing vector for the spanaing tree. GRAPH must be renumbered by the faunctioa NEWNOT:

spT «OLTADJ CCODE DLCODE ARECOV WIWLOT GRAPH

Example: A a

OBTADJ COLE DECODE ARBCOV EEWKOI ROUE 5
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Determination of Elementary Cicguits

S o s i s T

jon CIRELM implemeats an algeritham devised by J. C. Terman{9]-

Fuact
ELCIR @ CIRELH GRAPH
Example: CIRELM SUCCES
L 5§
5 6 7
7 8 9
g 9 10
12 14
12 15 16 14
s s & 0 5 & 7 0 7 & 8 © 8 ¢ 16 0 12 13
Q 12 13 15 1€ 14 0

Number of Spamming Irees In A dheel

Function NSTH returns the number of spanning t

rees in a vheel of order WN.

NUMBER <~ NSTH N

The algorithm is describel by B. R. HMyers[5].

In fact, two different
Example:
- KSTH
1€
ASTH &
45
WSTL
121

[(3]

Reduction

decived and

graph.

RCCOMP < DGCSC

of graphs int> their veakl
DGCSC which nses a classical procedure. The set of vertices

fuactions are used, one is recurrent (§STH), the other

WSTH 3
16

WSTH 4
45

WSTE L
121

raph Decomposition Into Connezted Components

connected to

GRAPH
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HCZOMP is a vector formed by tie sets of indices of the different components delimited by zeros.

Example:

DGCLC ADJAC
13 2 4 5 6 7 o0 8 9 10 11 12 ©

i3 1 16 17 18 15 19 0 20 O 21 22 O

1

Eaph Decomposition Imto Stromjly Commected Components

Graphs are reduced in th2ir strongly connected components by the function DGCPC which uses
a procedure similar to that described above:

Example:

DGCFC SUCCES
ozoaoscu7891oo11o131u15121c
17 0 18 0 19 o

Determination of Pendent Verti:es

Indices for pendent vertices appear only once in the describing vector
PENVER &~ SOMPEN GRAPH

PENVER is a vector whose components are the indices of pendent vertices.

Determinatjon of Rooted Trees
Vertices belonging to rooted trees are deterained by considering first pendent vertices and
then determining paths from them to the roots. For convenience, roots are not included in their

corresponding trees but are coasidered as articulation points. Their detersiaation in performed
by the function REARBO:

input arguaent: describing vector

result: a vector contaiaing the sets of indices of the different
rooted trees.
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In the following, graphs are assumed to be comnected.

Detecrsmination of Cicles

Indepeadent cycles are istermined while building a spanning tree. Rooted trees are first
detected and deleted from the graph:

input data: vectors describing respectively the graph and its
possible rooted trees.

result: a describing vector for independent cycles whose nuaber
is egual to the graph cyclomatic nuaber.

Determination of Lobes

A lobe [2~comnected component} is a set of cycles im which two cycles share a common edge.
Lobes are determined with the function RELOBE whose imnput argumeat is the cycle-describing
vector and wvhose output is the lobe-describing vector.

Determination of Cut-Edges

Cut~edges (bridges) are edges which belong neither to a lobe nor to a rooted tree. Cut-
edges sharing a commoa vertex are considered as a single one.

Determination of Cut-Vertices

This section is concerned with the determimation of cut-vertices betveen two lobes, one
lobe and one rooted tree, or one rooted tree and one cut-edge. Cut-vertices within a rooted tree
or a cut-edge are not considerad here. Function REPOAR is used for this purpose.

For each cut-vertex three sets of data are provided as follows:

a. cut-vertex between Lwo lobes:

1. index of the Cut-vertex
2. & 3. ranks of the tvo lobes in the lobe describiag vector.

b. cut~vertex between a lobe and a rooted tree:
1. index for the cut-vertex
24 rank of the lobe in the lobe-describing vector.
3. negative of the rank of the corresponding rooted
tree in the rooted-tree-describing vector.
Ce Cut-vertex between 2 rooted tree and a cut-edge:
1. index of the cut-vertex
2. negative of the rank of the correspondiag cut-edge in
the cut-edge-lescribing vector
3. rank of the corresponding rooted tree in the

rooted-tree-dascribing vector.

This way of representiag cut-vertices {or articulation points) is coavenient for finding
the components they connect.

Several of the above fumctions are gathered in a single function, DECONP, for the reductioa
and the determination of characteristic eleaents in a graph. '

An example is detailed in Appendix 2.
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Eulerian Circuits

Eulerian circuits are 131etermimed through a “minirecoil® procedure [7,8]) implemented by
function EULER.

In the case where the graph under coansideration is not Eulerian it is modified by
Juplicating a minimum number of edges in the graph. Punction ACHEM performs this operation.

data input foxr EULER: graph describing vector

a message indicating whether the givem graph is Eulerian
or not.

result:

the 1list Of the paths to be duplicated is primted out. The Euleriam circuit is

If not,
given im the order they are

described by a vector formed by the indices of the vertices,
encountered aloag the circuit.

Exanmple:

EULER [#V
2 2 0 4% 3 0O 5 66 o0 7 8 0O 1 2 0 3 3 0 5 & 0 7 7 O

LE GRAPIE N'EST PAS EULERIEN; CHEMINS AJOUTES

W
w

1
7 5 2 4% 8

CIRCUIT EULERIEN
1 2 4 8 7 S 2 4 8 7 S5 2 4% 7 6 3.6 3 5 1 2 3 5 1

Decoaposition L[ato 2-_and 3-Coanect Components

takes advantage of results, established by Kleitman[ 4 ]; for minimizing
vertex disjoint paths are sought.

This decomposition
the number of pairs of vertices for which either two- or three-

connected) if these two (or three) disjoimt paths are found.

The graph is 2-connected {or 3-
cut-vertex (or cut-set) liaking two sets of 2-

In the case that no such paths exist, the
coanected (or 3-connected) components is provided.
This procedure is then iterated on the two resulting sets.

A special labeling procedare is performed to find the vertex disjoint paths[3].
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CODE DEC3C [i+A1
4+ 5 6 0 3 8 9 0 2 4 7 0 1 3 5 & 7 0 1 4 6 8 O

1 % 5 0 3 4 9 0 2 5 9 0 2 7 8 o0
COMPOSANIE $-CONVEXE: 1 u 5 g

COMPOSANTE 3-CONNEXE: 2 3 4 7 g o
ELEMENT NON 3-CONNEXE: 4 5 g

7 - Conglusion

The use of this set of fuactions, which is comstantly undergoing improvement and extension,
is illustrated in Appendix 1,

It has beem proved to be very useful due to modularity, eztemsibility and interaction
capabilities provided by the APL systenm.

Interaction is desirabls for vproblems which caanot reasomsably be solved in a fully
automatic manner. This is the case for problems encountered in graph theory.

Until now, however, in this study APL has been considered more as a tool for establishing
rapidly and economically the marits of different algorithms dealing vwith graphs.

As soon as an algorithm or a set of algorithms are declared suitable‘_ﬂ,~ they are turned over
to professional programmers for transiation 1ato another lamguage (mainly FORTEAN) in order to
produce a more efficient program vwhich is of easier access to the whoie engineering conmmunity.

At the present time this system is intendczd for development purposes; but with the spread
of APL and the imminent availability of computing systems built around APL this situation may be
reversed. In this case the use of such design automation tools could be contemplated at any
stage in the design process.

The tramsfer of algoritass from the designer to the engineering program developer usually
rejuires mo flowcharting. The APL listing itself is considered here as a reference document.

e feel also that the use of APL language could be extended as a convenient vehicle for
coamunication. ¥e suggest generalizing its use to the formal description of algorithms dealiag
#ith graphs.
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APPENDIX ¥
APL Punctions

Statistics showing the freguencies of occuremce for the differemt APL operators is given
below. It has been used for a gquantitative comparison between APL and FORTRAN programss

performing the same operation.

OPERATOR NUMBER OF TIMES FREQUENCY
OPERATOR OCCURS

OPERATEUR NOMBKE D'OCCURREKCES FREGUENCE
« 528 20.5527
, 293 11 .4052
/ 241 9,2810¢
[ 233 0.06968
+ 181 7.0455L
P 177 €.868984
> 167 6.50058
= 128 4,982u8
v 116 4.,51538
1 68 2.64694
- €3 2.45232
x 58 2.25769
€ 53 2.06306
~ 37 1.,4%025
: 35 1.3624
< 33 1,28u55
> 31 1.2067
= 31 1.20€7
[ 15 C.583885
> 14 0.544959
A 12 c.u4671C8
[ 12 0.467108
- 11 0.428182

7 0.27248

v 5 0.19u4€2¢

L 5 0.194626

¢ 3 0.116777

) 3 0.11€777

\ 2 €.0778513
] 2 0.0778513
3 1 0.0389257
< 1 0,0389257
Y] 1 0.0389257
° 1 0.0389257
/ 1 0.0389257
* 0 0

@ ¢ 0

! 0 0

N 0 0

<] o] 0

1 0 0

- 0 ]
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VACEEM 3D 3DN 3V 3H 3 I 3d
[11 D+1I+0
(21 >(2+I=T/M0311),0«0 , (/ML ;2]=T)-+/ ML ;1 )=T~T+1
[31 S(A/D=EC)/ DN
[u] (1 5)p' '"3;'LE GREAPHE N''EST PAS EULERIFHN ; CHEMINS AJCUTES !
[s1] DN<{(D<0)/ 10D
[6] V«(H«(D>0)/1pD) ,J <0
[71 >(v/DNeH+TTRIC(ML ;1 1eH )/ M ;21)/9
{81 >7 JV<H ,0,V
(sl H«I«((DNeH)/DN)[1]
[10] ~(10+J=4/V=0) ,F+(I«((TeV PR JJ+1)/I«(T=K[321)/K;11)0(11) A
11y DULHLL,pH]]«(DLALL]I]-1) ,00H{cHI]+T+1 _ 7
[12] »(L2+(I«I+1)=pH ), i« ( (14 (ot )02 1),2)p (G MIT 31) 0L T 0, ELI+1 ], , 0T+ (p2) L~ 1+l 32 Wi rd; ]
[13] +(5x~A/0=D),7T«T,( 1+pl+H)pO
(141 (1 S)p' '";'LE GRAPHE EST EULERIEN.'
[151 ©

Vi<V ADJA N
(1] Z<TTRIC(V PR H),Y SN K
(23 v

Vi<l AJOUTA VA ;B

(11 +(2x~0elN),2+V _

(23 2«((V[BI-1)pZ),A,({T1+VIBEI)DROP(VIA1-1)p2), (B«L/U), ( 14(V+(2=0) /10 Z)[4«T/W]I)DEOP £
v

VieN AJOUTS V3I;:;K
{11 K«l++/V=I+0
[23 >((I«I+1)>ph) /b
[33 *2,V<«V MODIFY K[IJ,K,V PR N[I]
[u] Z«V N ,0
[51] v

VZ<«ARBCOV W;I;A
[11] T«1+42+0
[21] Z2«Z,([/(A<I)/A«W PR I<«I+1),0
(3] >2xI<+/HW=0
(s v

VM<ARET V3A;I;F
[13] Fet/V=I+pliv10"
(23 >(Z+I2F) Mell,(I*xA=0)+A+((2%pA)p 0,1 )\A+V PR I«I+1
[3] Me((-F=pV),2)pM
[4] v

VM«ARETE V;A;B;I;F
(13 Fet/V=T+pk+«10
[z >(2+I2F) MM, (IxB=0)+B+«((2xpA )p 0,1 WNA-LTRIC V PR I+I+1
{31l M«((-F-pV),2)pl
[u] v

Vi«V ASCEND N;I;A
(113 +>(0=pZ«V SN N)/I+«0
[2] >2xIzpZ«2 (~AeZ)/A+V SN Z[I«I+1]
(3l v
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VE«NC CHEMIN Vi3d 30377 38ME ;5HES VOIS 3T 3L

[11] (NC2+/V=0)/pZ«L<10

[21] TeT L /T«e+FM0 3100 o= [/ (M<ARETE V)[ ;1401
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APPENDIX 2

EXAMPLES
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*DESCRIPTIUN DU GRAPHE*

khkhkkhkhkkhkkhhkdbh ki hkxikAXk

LE GRAPHE 751-IL ORIENTE ? (REPONDRE OUI CU NON)
our

dok ok kk Kk kK okhkA koo kR ok

*DESCRIPTION DU GRAPHZ ORIENTE*

Kk A KKKKK KKK IR AN KRR L L S hkhhok kA Kk KKk
LISTE DES SUCCESSEUKS

INSTRUCTIONS
EN CAS D'ERREUR DE DESCRUPTION POYK LE SOMMET I ,TAPER: SOMMET ,I A LA PLACE
DE LA DESCRIPTION D'UN SOMMET ULTERIEUR.
POUR TERVINER LA DWSCHINTON TAPEK: FIN

SOMMET 1
(B

3
SOMMET 2
BE
SOMEEL 3
O

y
SOUMET b
iz

5
SCMMET 5
[.; :

6
SOMMET 6
0:

4 7
SOMMET 7
0

5 8
SOMMET 8
d:

9
SOMMET 8
Us

7 10
SOMMETL 10
G:

8 11
SOMMET 11
(FE

12
SOMMET 12

13
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SOMMET 13

G:

14 15
SOMMET 14
G

12
SOMKET 15
L

16 17
égMME” 16

14 18
SOMMET 17
L:

10
SCMEET 18
G

10
SOMMET 19
L

20
SOMMKET 20
L’!

22
SOMMET 21
0:

22
SOMMET 22
L

11
SOMMET 23
G

FIN
NOMBKE DE SQM¥%TS DU GRAPHE + 22

SUCCES
3 0 8 0 ¥ 0 5 0 © 0 4 7- 0 5 ¢ 0 9 0 7 10 0 8 11 o0 12
17 0 1% 18 0 O 2 2

0 13 0 14 15 ©0 12 0 16

~PREDEC«UBTPRE SUCCES
o ¢ 1 2 ¢ 3 6 0 4 7 0 5 0 €€ 8 0 7 10 O 8 0 9 0 1C 27
13 ¢ 15 ©0 15 0 16 ¢ ©0 1Yy O © 20 21 O

C«0BrsSUC PREDEC
3 0 3 0 4 0 5 0
17 0 i4 18 0

[e2]
N F
~
o
o
w
N O
©
f=)
~
-
o
<
o
[
(=N
<

[«
C

12 6 13 0 14 15 0 12 © 1€
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[l«ADJAC+CBTADJ SUCCEL

3 0 3 0 1 2 4% 0o 3 5 B 0 4 & 7 0 4 5 7 0 3> €& 8 ¢ ¢ 7 g9 10C
11 0 10 12 22 0 11 13 14 0 12 14 1 P L5
ie 0 20 O 19 22 o© 22 O 11 20 21 O

SUCCES ADJA 11
10 12 22

SUCCES ADJA 1

SUCCEs ASCEND 22
20 21 19

SUCCES ASCEND 3

SUCCES DESCEN 12
13 14 15 12 e 17 I8

SUCCES DESCEN 8
9 7 10 5 & 11 6 12 4 13 14 15 16 17 18

SUCCEL COFCO 3

SUCCES COFCO 7
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DECOK? ADJAC

Kk kA KA KK KK KR Ay Ty v AL R A F o FERKARKFK KK
# PLOIENTS REMARCUABLES DU GRAPHE  *

AKX KAAXKERAATAA R L AN AAAKRAAA AR AR AR A A ARk h &k

ARBCRESCENCE : 1 3 2
ARBORESCENCE + 17
ARBORESCENCE : 18

ARBO#E CENCE +019 20 22 21

CYCLE
CYCLE
CYCLE
CICLE
CYCLE
CYCLE
LOEBE
LOBE
LORE

5 5 6

5 6 7

7 8 9

g 9 10
12 13 14

13 14 16 15

L 5 & 7

7 8 9 10
12 13 14 1¢ 15

LR AR RS S A SRS RER SRS RS EEREEEAEEEEREREREESEEEEEEEEEESEY

* ENCHAINEMENT DES FLEMENTS KEMARQUABLES DU GRAPHE *

EA AT A AT A AR A AR AT AA IR AKAE A AAKRAARA A AAA AL A ARARAR A A AR A AR AKX

LE POINT D'AETICULAYION 7 RELIE LE LOBE 4% 5 6 7 AU LOBE 7 8 9 10

LE POINT D'ARTICULATION 4 EELIE LE LOBE % 5 & 7 A L'ARBORESCENCE 1 3 2

LE POINT D'ARTICULATION 15 RELJE LE LOBE 12 13 14 16 15 A L'ARBORESCENCE ‘17
LE POINT D'ARTICULATTON 1€ RELIE LE LORE 12 13 14 16 15 A L'ARBCRESCENCE 18
LE POINT D'ARTICULATION 11 RELIE LE PONT 10 11 12 A L'ARBORESCENCE 19 20 22
LFE PONT 10 11 12 RELIE LE LOBE 7 8 9 10 AU LOBE 12 13 14 16 15
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