




Three special functions for sorting and deletion ~re constantly 
used. These are: 

T T R I C  V :  s)rts a given vector V in ascending order with 
d~letion of multiple occure~ces. 

GOM V: d~letes multiple occurrences in a given vector V. 

TfRI 7: m~ges groups from a describing vector havi~g common 
c~mponents~ into a single group. 

CODE DECODE V d~codes the vector V according to the code provided by the matrix 
C3DE where the first row corresponds to the new numbering and the 
s~cond one to the first numDering. 

0 1 2 3 4 
0 3 2 4 ! 

A DECCDE 2 3 0 1 3 0 1 2 4 0 3 O 

2 i 0 4 I 0 4 2 3 0 I 0 

- G[aph-Describin~ Functions 

This ni!adic function ~imply 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 resulting describing vector. 

In the case of unoriemted grap'hs the description is checked for inconsistencies and ill 
described vertices are printed out. 

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

Functions 08TPRE and OBTSUC: 

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

SUCCE~ 
3 0 ~ 0 4 O 5 O 6 0 ~ 7" C 5 8 0 5 0 7 i/0 0 £ 11 C 12 

O .113 0 14 15 0 12 0 16 17 0 14 18 C 0 0 20 0 2= C 22 C 

!1  0 

[i+PREDEC+'OBTPRE LUCCES 

C 0 i ~ 0 3 0 0 L~ 7 0 5 0 6 9 0 7 ~ 0 0 g 0 9 0 .I 0 2 2 

0 11 14 0 12 0 ~3 16 0 13 O 15 0 , ~5 0 16 0 0 19. C O 

20 21 0 

b~-OBZb'UC PRL'DEC !! 
3 0 3 0 4 0 5 0 6 0 ~ 7 C 5 g 0 9 ¢ 7 !C O C 

! 7 u 1 4  i [ ,  0 £ ,l: 2 0 £ 
C 12 CO !3 0 ! 4 ff 5 0 12 0 ff 6 

.... ',: '. C " " I  C 
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Fnctiq! O_BTAJ: 

This is for deriving the saoriented graph associated with an oriented graph® 

E__x_u~!_e: 
L÷A DJAC÷OB i 'ADJ  SUCCEL' 

3 0 3 0 1 2 4 O 3 5 C 0 4 6, 7 0 ~ 5 7 0 5 6 8 9 

0 7 9 I0 0 7 ~ ~0 0 $ 9 ii 0 10 12 22 0 ii 13 14 0 

12 I~ 15 0 ~.2 13 ~6 0 13 1£ 17 0 14 15 ~ 0 15 C 

10 O, 20 0 19 .22 C 22 0 11 20 21 0 

!!ac_~.~.o_L~ A_!tT._! !P.! !~._q!: 

The arc matrix &ECLAT or t h e  edge matrix EDGIAT are derived from the corresponding 
describing vectors SUCCES or ~DJ&C by means of the function ARETE (French for hedge ~): 

&RCMAT ~- AEETE SUCCES 

EDG~AT ~- AHETE ADJAC 

In fact tmo different fun=tions-are used: one,__ARETEr if mult_iP_!e edges_a_re not_cgns!dered;_ 
t-lie- ot~e-r, AR ET, w-~e-l--multi-pl-e--e~ges are present. 

Conversely, the describing vectsrs SUCCES and &DJAC are derived from the corresponding 
matrices: 

SUCCES ~ VECT ARC~A~ 

ADJ&C o- VECT EDG~AT 

F u n c t i o n  ROUE ( F r e n c h  f o r  " w h e e l " )  b u i l d s  u p  t h e  d e s c r i b i n g  v e c t o r  ADJAC for a w h e e l  o f  
g i v e n  o r d e r .  T h e  " h u b "  i s  t h e  w e r t e x  l a b e l e d  1 a n d  t h e  o t e h r  o n e s  a r e  o n  t h e  r i m .  

ADJAC ~ -  ROUE N 

'3 

AOUE 5 

2 5 . 4  5 6 0 1 6 3 0 1 4 2 0 1 5 3 0 1 6 4 O 

1 5 2 0 " 
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Vertices adjacent to a gizen vertex labeled N are provided b£ the dyadic function ADJ&: 

ADJA ~- S~CCES ADJA 

E= a___~2!.e: 

bUCCE~5 ~ ADJA II 

! 0 12 2 2 

JUCCSC ADJA I 

~a~est~_s of a siren vertex 

Function ASCEND gives the set of vertices from which a given vertex tabeled ~ may be 

r each ed. 

&NC 4 -  SUCCES ASCEND 

LUCCE,5 J LCEND 22 
20 21 19 

LUCCE$ ALCEHD 3 
1 2 

De~ce~d...a t~ o_f a_ Give R E_ertex 

ConTerselx the function DESCEN gives the set of verti=es which may be reached froa vertex 

labeled N. 

DES 4- SUCCES DESCE~ N 

bUCCE£ DE~SCEN 12 
13 14 15 12 16 17 18 

~UZCE~ DE~CJ2J 8 
9 7 10 5 C 11 0 12 4 13 14 15 16 17 1~ 
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Comnected C om~nents: 

Function COMCO derives the weakly-connected component to ~hich the ~er%ex labeled N 
belongs: ,~ 

CSC ~ -  ~%DJAC CO,CO ~I 

-2 

.~g • 

a~ 

ATJAC CCA'CO 12 
12 11 9 i0 8 

2O 
ADJAC CO/rICO 20 

Function COFCO in a similar way gives the strongly-connected component to which the vertex 
labeled N belomgs. 

CFC 4- S UCCES COFCO N 

L'UCCEL COFCO 3 

3 
LOCCEZ COFCO 7 

5 5 6 9 L} 7 I 0 
SUCCEL COFCO I0 

8 5 7 i0 5 O 4 

Here are gathered several functions used for modifying graphs by removal, addition or 
duplication of arcs and/or vertices. The functions given below in this paper concern unoriente~ 
graphs only. Similar functions exist ~ for oriented graphs. 

A~ition of a Vertex 

The added vertex is la~eled with an index equal to the highest verteI indei in the graph 
plus one. It is sufficient to indicate by the vector N which of the vertices should be adjacent 
to the new vertex. 

z..Ka...!I~l_e: 

::t C" 
- v  

G~'.A F2 
2 0 1 3 u 0 2 5 0 2 5 C 3 4 8 0 S 0 
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3 

Y 

1 4 6 A J O U C 3  GRAF2 
7 2 0 1 3 4 0 . 2 5 0 7 2 5 0 3 4 6 0 7 5 

o 11 4 6 0 

Deletisn of a vertex 

several vertices may be cemoved from a graph by means of the function ENLEVS. The vertices 

to be removed are given in vector N° Vertices are relabeled+ 

E/~m_-~le_: 

® . . . . . .  B~,\" . . . .  

I 2 6 Et/LEVS GRAF2 

3 0 3 0 1 2 0 

The additio~ of an edge is performed through the dyadic fumction AJOUT&:- 

ADJAC ~ ~ &JOOTA &DJAC 

Sere N .is a two-component vector indicating the two werZices incident to the added edge. 

3 4 AJOUTA GRAF2 
2 0 1 3 4 0 2 5 4 0 2 5 3 0 3 4 6 0 5 0 
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Similarly an edge is deleted with t h e  function E~LE~a: 

:t 

3 

q 

2 ~ EA:LEVA G~qAF2 

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

On merging two vertices, the resulting vertex is incident to all the edges incident to the 
t~ initial vertices. Edges which may link these two vertices are deleted. Vertices are 

rela~eled. 

~PJ&C ~- S CONT'& ADJAC 

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

x~i~: 

3 

3 t~ COEI"z~,, CRAF2 
2 0 1 3 4 0 2 4 5 0 2 3 0 3 0 

A g i v e n  v e r t e x  may h e  s p i l t  s o  a s  t o  g e n e r a t e  two  v e r t i c e s .  One o f  t h e s e  v e r t i c e s  k e e F s  t h e  
i n i t i a l  i n d e x ,  t h e  o t h e r  i s  L a b e l e d  w i t h  i n d e x  ~ + 1 w h e r e  ~ i s  t h e  t o t a l  n u m b e r  o f  v e r t i c e s  i n  
t h e  initial ~ r a p h .  

E d g e s  i m i t i a i l T  i n c i d e n t  to t h e  c o n s i d e r e d  v e r t e x  a r e  a s s i g n e d  t o  t v o  r e s u l t i n g  v e r t i c e s  
a c c o r d i n g  t o  t h e  u s e r ' s  c h o i c a .  The way t h e  s p l i t t i n g  i s  p e r f o r m e d  i s  f i x e d  i n  t h e  L e f t  
a r g u m e n t  o f  t h e  c o r r e s F o n d i n g  f u n c t i o n  d u b b e d  NITOSE f o r  o b v i o u s  r e a s o n s .  T h i s  l e f t  a r g u m e n t  i s  
a r e = t o t  W whose  f i r s t  c o m p o n e n t  h a s  f o r  i t s  v a l u e  t h e  i n d e x  f o r  t h e  v e r t e x  t o  b e  s p l i t .  The 
o t h e r  c o m p o n e m t s  a r e  t h e  i n d i c e s  f o r  t h e  v e r t i c e s  w h i c h  s h o u l d  be k e p t  a d j a c e n t  t o  t h e  f i r s t  
r e s u l t i n g  v e r t e x .  ADJaC 4 -  ~ MITOSE ADJAC 

7 

5 3 6 EITO£E GP.AI"2 
2 0 1 3 4. 0 2 5 0 7 2 0 3 6 7 0 5 0 ~ 5 0 
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~aximal S ub~a~h Extraction 

E~t~ac~ing a ~axi~al su~g~aph fro~ a graph {which deans simply keeping in the graph a Set 
of ~ ~e~tices along ~ith all t~ associated edges in the given ~raph} is performed with the 
f~nc~i~n SSG~. Yertices of the subgraph obtained i~ this way are then relabeled with k~dices 
~a~ing fEom ~ ~o ~ in correspondence with the initial order. 

GR&PH ~ SG SSGM&X GRAPH 

~ l ~ :  

.D. 

2 4 5 6 SSG~X G~AF2 

2 0 1 3 0 2 4 0 3 0 

In t h i s  s e c t i o n  we g i v e  a n o n - e x h a u s t i v e  s e t  o f  f u n c t i o n s  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  
characteristic components of, ~r the reduction of, graphs. 

D e t e _ ~ m i ~ a t i o n  o f  I nz_~e_~ees  an~ O u ~ _ D e g E e ~  

The  f u n c t i o n  DEMDEG d e t e r m i n e s  t h e  i n -  and  o u t - d e g r e e s  o f  a s u b s e t ,  SET,  o f  v e r t i c e s  i n  a 
giTen graph. 

D ~- SUCCESS DEEDEG SET 

D is a two-component vector where D[ I] and D[2] are the in-degree and the out-degree of SET. 

SUCCES DE~:DEG 12 13 14 15 16 
1 2 

C y c l e s  i n  a g r a p h  ( a s s u m e d  t o  be c o n n e c t e d )  a r e  d e t e c t e d  w i t h  t h e  f u n c t i o n  CYCLE. The 
p r o c e d u r e  u s e d  h e r e  c o n s i s t s  i n  d e l e t i n g  p e n d e n t  v e r t i c e s  f r o m  t h e  g r a p h o  T h e n  p e n d e n t i  v e r t i c e s  
a r e  d e l e t e d  f r o m  t h e  r e s u l t i n g  g r a p h  and  t h e  p r o c e d u r e  i s  i t e r a t e d  u n t i l  no more  w e r t i c e s  c a n  be  
~eleted. If all vertices hawe been consideredr no cycle is present. 

_Bx am ~! e : 

CYCLE 2 0 1 3 4 0 2 5 0 2 5 0 3 4 6 0 5 0 
LE GRAPHE PO&SEDE A U MOI~iE ~1¢ CYCLE, 

CYCLE ~ 0 I 4 £ 0 4 0 2 3 5 0 4 0 2 "7 8 0 6 0 6 0 

LE GRAPHE EST SANS CYCLE. 
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Checkinq whether a 6r~ph is a ~hee ! 

The monadic function ~HEE5 returns zero if %he ~ested ~raph is ~o~ a wheels asd N if it is 
a wheel of order N. 

N 4- ~HEEL GRAPH 

1 

9. 

WHEEL 2 4 0 : 1  3 6 0 2 4 5 6 0 i 3 S 0 4 3 6 0 5 3 2 0 

.i. 

6 

;,,~ICEL 2 3 4 O, I 3 6. 0 $ 2 4 5 6 0 I 3 b 0 4 3 6 0 5 3 2 0 

WHEEL 3 4 0 3 6 0 1 2 4 5 6 0 1 3 5 0 4 3 6 0 5 3 2 0 
0 

This is a classical algoritha i~pleaented bf function ARBCOV. The reselt is simply a 
describing vector for the span.ling tree. GR&PH must be renumbered by the fQmctio~ ~E~OT: 

SPT÷O[.,/ADd CODE DECODE A.RSCOV t~EL~f,OT GRAPI-; 

S 

OBTADJ CODE DECODE ARBCOV :;'EWNOT ROUE 5 

2 0 1 3 0 2 4 0 3 5 O 4 6 0 5 0 
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Detecmination of El ementar~ Circuits 

Fuaction CIREL~ implemeat~ an algs[ithm devised by J. C. Terman[9]. 

ELCIR ~-- CIREL~ GRAPH 

~sal~: CIRELN SUCCES 

4 5 6 
5 6 7 
7 8 9 

8 9 10 
12 13 14 
12 13 15 16 14 

4 5 6 0 5 ,6 7 0 7 8 9 0 8 9 1 ¢ 0 12 13 14 

0 12 13 15 1£ 14 0 

N_L~b_e_=_ o~_ S_~an_in_~ ~_r_ees_ Z n A ~_h_e_et_ 

Function NST~ returns the number of spanning trees in a wheel of order M. 

NUMBER 4-- NSTW N 

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

I~ fact, two different functions are used, one is recurrent {NSTW), the other not {WSTN}: 

s_~a_m~!e_: 

16 

45 

121 

i,,.~$fN 3 

WST;~ 3 
16 

WSTN 4 ;~STN 4 

45 
WST[; t 

;~ST[~ 5 121 

~E~2~ ~c-2~- °siti°n !~!~ ~ ~  ~2~29nents 

Reduction of graphs £nt~ their weakly-connected components is performed with the function 
DGCSZ which ~ses a classical procedure. The set of vertices connected to vertex I is first 

decived and extracted from the initial graph, then the procedure is iterated on the remaining 

graph. 

WCCOMP 4- DGCSC GRAPH 

83 



~C:OSP is a vector formed by the sets of indices of the different components delimited by zeros. 

g 

A ,9 J,4 C 
3 0 3 0 1 2 q- 0 3 5 6 0 ~ 8 0 ~ 5 7 0 6 0 9 0 

8 10 11 0 9 11 0 9 10 12 0 11 0 1~ 0 !3  16 17 18 

0 16 0 1~ 15 18 0 1~ 0 14 16 19 0 18 0 0 22 0 21 0 

DCCLC ADJAC 
1 3 2 ~; 5 6 7 0 8 9 I0 II 12 0 

13 14 16 17 18 15 19 0 20 0 21 22 0 

~ £ ~  ~ ~ 9 ~ i t . i o . _ ~  ~ ~ r . _ q ~ !  Z C o H n e c t e d  Com~.gng.nts 

Graphs are reduced in their strongly connected components by the function DGCFC ~hich uses 
a procedure similar to that described above: 

~~: 

DGCFC SUCCES 

I 0 k 0 3 0 5 6 L; 7 8 O I0 0 11 0 13 14 ~5 ~2 1C 

0 ~7 0 IB 0 ~.9 0 20 0 21 O 22 0 

D_st_e_c__,i_~ti_o. ~£  _ P e _ . j e a t  !e~ti~s 

Indices for pendent verti=es appear only once in the describing vector 

PENVE@ 4- SOMPEN GR&PH 

PENVER is a vector whose components are t h e  indices of p e n d e n t  vertices. 

~ e _ ~ a _ ~ 9 ~  ~ R ~ e d  T/tees 

V e r t i c e s  b e l o n g i n g  t o  r o o t e d  t r e e s  a r e  d e t e r m i n e d  by  c o n s i d e r i n g  f i r s t  p e n d e n t  v e r t i c e s  a n d  
t h e n  d e t e r m i n i n g  p a t h s  f rom t h e e  t o  t h e  r o o t s .  FoE c o n v e n i e n c e ,  r o o t s  a r e  n o t  i n c l u d e d  i n  t h e i r  
c o r r e s p o n d i n g  t r e e s  b u t  a r e  c o n s i d e r e d  a s  a r t i c u l a t i o n  p o i n t s .  T h e i r  d e t e r m i n a t i o n  i n  p e r e o r m e d  
b F t h e  f u n c t i o n  RE&a/30: 

i n p u t  a r g u m e n t :  

r e s u l t :  

d e s c r i b i n ~  v e c t o r  

a v e c t o r  c o n t a i n i n g  t k e  s e t s  o f  i n d i c e s  o f  t h e  d i f f e r e n t  
r o o t e d  t r e e s .  
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In the followingr graphs ire assumed to be connected. 

Determination of C xc!es - 

Independent cycles are determined while building a spanning tree. R o o t e d  trees are first 
detected and deleted from £he grap~: 

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

resu it : a describing vector for independent cycles whose number 
is equal to the graph cyclomatic number. 

Determination of Lobes 

A lobe (2-connected component) is a set of c~cles in which two cycles share a common edge. 
Lobes are determined with the function RELOBE whose input argument is the cycle-describing 
vector and whose output is the tobe~describing vector. 

Determination of Cut-rallies 

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

Determinat£om of Cut-Vertices 

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

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

a. cut-vertex between two lobes: 

I. index of the :ut-vertex 
2. & 3. ranks of t~e two lobes in the lobe describing vector. 

b.  c u t - v e r t e x  b e t w e e n  t l o b e  amd a r o o t e d  t r e e :  

la 
2. 
J. 

i n d e x  f o r  t h e  c u t - v e r t e x  
r a n k  o£ t h e  l o b e  i n  t h e  l o b e - d e s c r i b i n g  v e c t o r .  
n e g a t i v e  o f  t h e  r a n k  o f  t h e  c o r r e s p o n d i n g  r o o t e d  
tree in the rooted-tree-describing vector. 

c .  C u t - v e r t e x  b e t w e e n  a r o o t e d  t r e e  a n d  a c u t - e d g e :  

1. i n d e x  o f  t h e  = u t - v e r t e x  
2. n e g a t i v e  o f  t h e  r a n k  o f  t h e  c o r r e s p o n d i n g  c u t - e d g e  i a  

t h e  c u t - e d g e - ~ e s c r i b i n g  v e c t o r  
3.  r a n k  o f  t h e  c ~ r r e s p o n d i n g  r o o t e d  t r e e  i n  t h e  

r o o t e d - t r e e - d e s c r i b i n g  v e c t o r .  

T h i s  way o f  r e p r e s e n t i n g  c u t - v e r t i c e s  (o r  a r t i c u l a t i o n  p o i n t s )  i s  c o n v e n i e n t  f o r  f i n d i n g  
t h e  c o n p o n e n t s  t h e y  c o n n e c t .  

S e v e r a l  o f  t h e  a b o v e  f u m c ~ i o n s  a r e  g a t h e r e d  i n  a s i n g l e  f u n c t i o n ,  DECOBP, f o r  t h e  r e d u c t L o n  
• nd t h e  d e t e r n i n a t i o m  o f  c h a r a = t e r i s t i c  e l e m e n t s  i n  a g r a p h .  

Am e x a m p l e  i s  d e t a i l e d  i i  A p p e n d i x  20 
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Eulecian circuits are ~etermiae~ through a Nainirecoil" procedure [7~8] implemented by 

function EULER. 

In the case where the graph under consideration is not Eulerian it is modified by 
~uplicating a minimum number of edges in the graph. Functien ACaEM performs this operation. 

data input for EULER: graph describing vector 

result: a message indizatlag whether the given graph is Eulerian 
or not° 

If not, the list of the paths to be duplicated is printed out. The Eulerian cirzuit is 
described by a vector formed by the indices of the vertices, given An the order they are 
encountered along the circuit. 

Z_E_am_21e_: 

I 

EULER L÷V 
2 2 0 4 3 0 5 6 0 7 8 0 1 2 0 3 3 0 5 6 0 7 7 0 

LE GRAPH~' N'EST PAS EULE/~IL'?J; CHE?,;INS AJOUTES : 

2 4 
3 5 I 

7 5 2 4 8 

CIECUIT EULERIEN : 
1 2 4 8 7 5 2 4 8 7 5 2 4 7 6 3. 6 3 5 1 2 3 5 I 

~e=_o!~_ositi_oa i n t o  2 -_~ .~ .3 -co*aec t  c oa_Rg..~.t_s_ 

This decomposition takes advantage of results, established by Kleitaan[~]~ for minimizing 
the number of pairs of vertices for which either two- or three-vertex disjoint paths are sought. 

The graph is 2-connected (or 3-connected) if these two {or three} disjoimt parrs are found. 
In the case that no such paths exist, the cut-vertex (or cut-set} liakiag two sets of 2- 
connected {or ]-connected) coagonents is provided. 

This procedure is then iterated on the two resulting sets. 

A special labeling procedure is performed to find the vertex disjoint paths[3]° 
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m 3 

CODE DEC3C ~÷AI 

4 5 6 0 3 8 9 0 2 4 7 0 1 3 5 6 7 0 1 4 6 8 0 

I 4 5 0 3 4 9 0 2 5 9 0 2 7 8 0 

uOMPOSANiE J-CONIE~E: I 4 5 8 

COMPOSANTE 3-CONNEXE: 2 3 4 7 8 9 
ELEMENT NON 3-CONNEXE: 4 5 8 

7 - Conclusion 

The use of this set of fu~ctionsq which is constantly undergoing i m p r o v e m e n t  and extension, 
is illustrated in Appendix I. 

It has been prove~ to be very useful due to modularity, e=tensibility and interaction 
capabilities provided by the AFL system. 

Interaction is desirabl~ for problems which cannot reasonably be solved in a fully 
automatic manner° This is the =use for problems encountered in graph theory. 

Until nowa however, in this study APL ~as been considered more as a tool for establishing 
rapidly and economically the merits of different algorithms dealing with graphs. 

As soon as an algorithm ~r a se~ of algorithms are declared suitable, they are turned over 
to p~ofess~onai pLogr~mmers for translation l~to another language (mainly FORTRA-~} in order to 
produce a more efficient program which is of easier access to the whole engineering community. 

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

The transfer of algorithms from the designer to the engineering program developer usually 
requires no flowchart in g. The APL listing itself is considered here as a reference document. 

We feel also that the use of APL language could be extended as a convenient vehicle for 
communication. We suggest generalizing its use to the formal description of algorithms dealing 
with graphs° 
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Statistics showing the 
belo~ It has been used for 
performing the sane operations 

A PPENDKX | 

APL Functions 

frequencies of occurence for the different APL operators is given 
a quantitative comparison between APL and FORTRAN programs 

OPERATOR NL~4HER OF TIMES 
OPERATOR OCCURS 

~REqT~CY 

OPE RA TE UR 

[ 
+ 

P 

V 
t 

X 

E 

< 

> 

[ 

A 
E 

V 

k 

\ 

I 
÷ 

5 
@ 

@ 
! 

G 

1 
T 

NCMBiiE D ' OC C URREI~CES F£E Q UENCE 

528 20 .5527 
293 11 . 4 0 5 2  
241 9 , 3 8 1  08 
233 9 . 0 6 9 6 8  
181 7. 04554 
177 6.88984 
1£7 6.50058 
1 2 8  4 . 9 8 2 4 8  
116 14.51538 
68 2 , 6 4 6 9 4  
63 2 . 4 5 2 3 2  
58 2 , 2 5 7 6 9  
53 2 . 0 6 3 0 6  
37 1 . ~ 4 0 2 5  
35 1 . 3 6 2 4  
33 1 . 2 8 4 5 5  
31 1.2067 
31 1 . 2 0 £ 7  
15 0 . 5 8 3 8 8 5  
14 0 . 5 4 4 9 5 9  
12 C.467108 
12 0.467108 
11 0.428182 
7 O, 2 7 2 4 8  
5 O. 1 9462 8 
5 O. 1 9462 8 
3 0 . 1 1 6 7 7 7  
3 0.116777 
2 0 . 0 7 7 8 5 1 3  
2 0 . 0 7 7 8 5 1 3  
1 0 . 0 3 8 9 2 5 7  
1 0 . 0 3 8 9 2 5 7  
1 0 . 0 3 8 9 2 5 7  
1 0 . 0 3 8 9 2 5 7  
1 0 . 0 3 8 9 2 5 7  
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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[i] 
[2] 
[3] 
[4] 
[S] 
[6] 
[7] 
[8] 
[9] 
[I0] 
[ii] 
[12] 
[13] 
[1#] 
[ 1 5 ]  

[ 1 ]  
[ 2 ]  

[1] 
[2] 
[3] 

[ 1 ]  
[ 2 ]  
[ 3 ]  
[ # ] 
[ 5 ]  

[I] 
[2] 
[3] 
[4] 

[i ] 
[2] 
[3] 
[4] 

[1] 
[~] 
[3] 
[4] 

[ 1 ]  
[ 2 ]  
[ 3 ]  

VACHEM;D;DN ;V ;H ;I ;J 
D÷ I I÷O 
-~( 2+/: [/t~'[ ;1 ] ), [)÷~0, ( +/~i[ ;2]:I)-+/M[ ;! ]=.'<~'!+1 
+( ,',/2): o ) / i  4 
(i 5)p' ' ;'LE G£APHE I;'''EST PAL" EULE~'!IET'} ; CIIE~ICS AJOUTES :' 
DN÷(D<0)/tpD 
V÷(H÷(D>O )/tpD) ,J"-0 
+(v lDNcH÷TTRIC(M[ ;I ]~H )/M[ ;2])/9 
+7 ,V÷H ,0 ,V 
~l÷I÷ ( (DtJ(H)/D;J )[1 ] 
+(iO+J:+/V:O),H÷(I+((I~V PR J+J+L)/I÷(I=E[ ;2])/E[ ;1])[! ]),H 
D[H[L  ,oil ] ]÷.(D[H [ i  ] ] - I  ) ,D[A'[~H ] ] + / + i  
+(12+(I÷I+1 )=Of/),,?J÷((L+(PE)[L ]),2 )p( ,PI[ tJ ;]) ~[7[i],/~[I+1]~ ~[<[J+1 (p,",~)[i ]-J+.-I+H[ ;1]~i{[ [] ;] 
-~(S X~A/0=D ) ,T+T, (-1+ p[j÷H)p0 
(1 5)p' ' ;'LE GRAPHE EST EULERIEN. ' 
V 

VZ÷V ADJA N 
Z÷TTRIC(V PR N),V SN ~J 
V 

VZ÷N AJOUTA V ;A ;B 
• + (2x~O(N)  ,Z÷V 
Z+((V[B]-i)pZ),A ,((-i+V[B])DROP(V[A ]-L)#Z),(B÷L/2~)),(-L+(V÷(Z:O)/ipZ)[A÷r/fJ])DROP Z 
V 

V Z+fi AJ OUTS V ;I ;K 
K÷l ++/V= I÷O 
-~( (I÷I+l )> pN) 14 
+2,V÷V MODIFY /~'[I],K,V PI{ ¢/[I] 
Z÷V , N , 0 
V 

VZ÷AI{BCOV W;I ;A 
I÷1 + Z÷O 
Z÷Z,(rI(A<I)IA+W PR I÷I+l),O 
-~2 xl<+l W:O 
V 

VM÷ARET V;A ;I;F 
F÷+/V = I+pM÷ t 0 ' 
÷( 2+I>-F) ,M÷M,(IxA=O )+A÷( (2×pA )pO ,i )\A÷V PR I÷I+l 
t~+( ( - F - p W ) , 2 ) p ~  
v 

VM÷ARETE V;A ;B;I;F 
F÷+ / V= I+pM÷ t 0 
+(2+I>_F),M÷M,(IxB:O)+B÷((2xpA)pO,1)\A+TTRIC V PR It-I+1 
k1÷( (-F-~V) ,2 )~ 
V 

VZ÷V ASCEND N ;I ;A 
+(O=oZ÷V SN N)/I+O 
-~2xI~oZ÷Z°(~AEZ)/A+V SN Z[I÷I+i ] 
V 
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I 

[ 1 ]  
[ 2 ]  
[ 3 ]  
[ 4 ]  
I S ]  
[ 6 ]  
[ 7 ]  
[ e ]  
[ 9 ]  
[ 1 o ]  
[ I t ]  
[ 1 2 ]  
[ 1 3 ]  
[ 1 4 ]  
[is] 
[i~] 

[I] 
[2 1 
[3 ] 
[~] 
[S] 
[61 
[7] 
[S] 
[9] 
[I0] 
[!I] 
[12] 

. [ 1 3 ]  

[ 1 ]  
[ 2 ]  

[~] 
[2] 
[3] 

VZ+NC CHEMIN V;J;T;TT;SME;Sf.JS;VOIL ;I;L 
-~(i~'C>-+/V= 0 ) / p Z+L+ ~ O 
I÷II[/I÷+}M[ ;11 ° ,=~[/(M~ARETE V)[ ;!+J÷O] 
~fARX÷( (0 SFLOT ) , 2 )pAFLOT÷(pM) [i ]p,b'FLOT÷( [/M[ ; ! ] ) pT÷TT÷O 
~( (J>pSFLOT),I=J÷J+i )/9 4 
MARQUE I,J 
-~(C:TT)/Ii 
TT÷T 
-+( ( N C : T T ) , i  ) / 3  5 
+10 x O~WC ÷NC" 1 
"+2,(L÷L,I++/L-<I),V+I EHLEVS V 
SME+(MARK[ ; I  ]~0 )7 ~ (p?,~4 £/~) [1 ] 
SWS÷ (~,;A 2K [ ; 2 ]m0 )/~ (p ~ARX) [ i  1 
Z~TT RIC ( (~SME~ DM& ) I G'ME ) , (~V OIG~ SEE ) iVOIL:÷( M[ ; i ]~ LT/S ) I M[ ;2] 
-+( O= pL ) /0  
Z * - 2 p L , Z ÷ ( ( i ~ p L ) x Z 2 [ / L ) + Z ÷ Z + Z ~ [  /L 
V 

,7 Z÷CIi~ELM G ;P ;H ;I ;J ;£ ;GP/!K 
P+Np (K~-i) ,H+(j÷+/G=O )pJ~p Z+ ~ 0 
- ~ ( ( a p k z [ j ] > ~ l ] ) A ( ~ O P s ~ x [ J ] ~ r ) ^ ~ < a r ~ x ~ - ( a  P~ s [ z ] ) , o ) [ J ÷ J + l ] ~ {  PR P [ ~ ] ) / 1 o  
-~(g< pGP~'K) /2 
-+(~P[1]EGPRK)/O 
Z ÷ Z , ( ~ ( P ~ O  ) / P )  ,o 
-*( K= I  ) /12  
H+H MODIFY,PIE] 
H÷H MODIFY(P[K-1]),(H PR P[X-i]),P[K] 
-~2 ,K÷K-I +J ÷P[X]÷O 
K÷K+I 
+2,(J÷O),P[£]÷(G PR P[K-I])[J] 
+ ( r [ 1 ] : N  ) /o  
+2, (P[i ]÷P[! ]+K÷I ),H÷NpJ÷O 
V 

VZ÷V COFCO N 
Z÷( (~N£Z)/N),Z÷(Z£V ASCE.,TD N)/Z~/ DSSCEN N 
V 

VZ÷V COMCO I;K;A 
Z÷, I+K÷O 
-~(K<pZ÷Z,(~A£Z)/A÷V PR Z[K+K+i ])/2 
V 

[I] 
[2] 
[3] 

[ z ]  
[ 2 ]  
[3 ]  
[4 ]  
[ 5 ]  

[I] 
[2] 

V Z ÷N CONT RA V ;A 
V÷V MODIFY E[I],((A~[2])/A÷V PB ?;[I]),(A~N[i])/A÷Z÷V rE N[2] 
Z÷( (A-i+pZ)pY),(A÷( (V=O )I~pV)[t¢'[2]])D£'OP V÷(VxV~N[2 ])+(N[I ]×V=N[2 ])-V>N[2 ] 
V 

VCYCLE V ;T ;W 
W[Wi~÷i f/W÷V]÷O 
-~3 +0= oT÷(~T~ ~ )/T 
-~I+3×!_>pV÷T ENLEVS V 
(25×O=pi')DROP(25+36xO=pT)p'LE G£'APHE EST SANS CYCLE,LE GRAPHE POL'SEDE AU MOINS UN CYCLE ' 
V 

VZ+M DECODE V 
Z÷M[I ;M[2 ;]IV] 
V 
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[I] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[s] 
[9] 
[io] 
[11 ] 
[12 ] 
[13] 
[14] 
[15] 
[16 ] 

[i] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[lO] 
[11] 
[12] 
[13] 
[14] 
[15] 
[16] 
[17] 

[i] 

[2] 
[3] 
[4] 
[5] 
[6] 

[i] 
[2] 
[3] 
[4] 
[5] 
[6] 

[I] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[93 
~Io] 
[11 ] 
[12] 
[13] 
[14] 
[15] 

VDECOMP V 

' ************************************** , 
' * ELEMENTS REMAI~QbABLES DU GRAPHE *' 
' * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ,  
fl , 

ARBO÷REARBO V 
LOBES÷RELOBE RECYCL V 
PONTS÷REPONT V 
POA I~÷REPOA I~ V 

, * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  , 

' * ENCHAINEMENT DES ELEMENTS REMARQbABLES DU GRAPHE *' 
, ******************************************************* , 
! l 

DECRIB 
V 

VDECRIR ;/ ;A ;V ;WI ;W2 
I÷0 
El :-~( (I÷I+l )>+IPOAR=O ) IE2 
+( (A[2]<O ),(A÷POAR PR I)[3 ]<0)/EB,E3 
~I÷' AU LOBE ' 
÷E4,W2÷LOBES PR A[3] 

E3:Wi÷' A L''ARBORESCENCE ';W2÷ABBO PR-A[3] 
E4:÷Ei,[]÷'LE POINT D''Aii'TICULATiCN ';A[i];' f~iCLIZ LE LOBE ';LOBES PE A[2];WI;W2 
E9:+EI,L]÷'LE POIT/T D''AA'TICULATIOL~ ';A[l] ;' PL~L.IY LL ~ Z~ONT ' ;)?¢)/~TZ PP-/ [2J;' A L 
E2 : I ÷ O  
E5 :-+( ( I ÷ I + l ) > - r / P O N T S = O  ) /pW.!.~l  V÷0 
A÷PONTS PR I 

E6 :'*( (V÷V+I)>pA )/E7 
-~E6,WI÷WI ,(~W2~WI ) /W2+LOB~L: L;N A [ V ] 
E7 : V÷I 
E 8 : ÷ (  (V÷V+I )>pW1 ) /E5  
÷ES,[~÷'LE PONT ';A;' I~ELIE LE LOBE ';LOBES PR Wi[i];' AU LOBE ';LOBES PR El[V] 
V 

''A[~7ORf~CENCE ' ;ARBO PR A [3 ] 

VCK DEC2C V;I;A;K;C1 
-~( (I~O )=o.A÷2 CHEMIA' V)/5 
Ci÷Ci+(CI~-DGC6C A ENLEVS V)->A 
CK[K]DEC2C(K÷TTRIC A,CI Pi! I÷I+I )SSGMAX V 
-~3xI<+ / C1=0 
(22x2~.pCK)DROP(22+23×2mpCK)p'COMPOSANTE 2-CONNEXE: ELE~<ENT A*ON 2-CONNEXE: 
V 

' ;CK 

VCK DEC3C V;I;A ;K;C1 
÷((I÷O)=o,A÷3 CHEMIN V)/5 
CI÷(CI~[/A)+CI÷Ci+(Ci÷DGCSC A ENLEVb' k )->[/A 
CK[K]DEC3C(K÷TTRIC A , C I  PR I~ I+i )CSG:~A. f (Ax , . .A[ i  ]£V PR A[2] )AJOOTA V 
• +3 x I <  +/C1 =0 
( 2 2 x 3 ~ p C K ) D R O P ( 2 2 + 2 3 x 3 Z p C K ) p ' C O M P O S A N T E  3 - C O . V H E X E :  E L E M E N T  NON 3 - C O N N E X E :  
V 

' ;CK 

V Z÷DEGRA F ; ORIENT ; I ;SOM ;FIN ;J ;SOMMET ;A 
20p' ';23p'.' 
20p' ' ; '*DESCRIPTION DU GRAPHE* ' 
20p' ';23p'.' 
! ! 

'LE GRAPHE EST-IL ORIENTE ? (REPONDRE OUI OU NON)' 
DON1 : ORIENT÷3 p~] 
÷ ( ( A / ORIENT = ' 0 U I ' ) v A / ORIENT = ' N OI/' ) / SUITE 1 
COR1 : ÷DONI ,L÷ ' MA UVA IS'E REPONSE , RECOMMENCER ' 
SUITEI : ORIENT÷A~ ORIENT= ' OUI ' 
! , 

20p' 
20p' 
20p '  
! , 

';230'*';(4xI-ORIENT)p'*' ;80'*' 
';'*DESCRIPTION DU GRAPHE ' ;(4xI-ORIENT)p'NON ' ;'ORIENTE*' 
' ;23p '* ' ;( 4xI-ORIENT)p '~ ' ;Sp '* ' 

'LISTE DES ';(12xORIENT)p'SUCCESSEUR$ ' ;(18x1-O£IENT)p'SOMMETS ADJACENTS ' 
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[16 
[17 
[18 
[19 
[20 
[21 
[22 
[23 
[24 
[25 
[26 
[27 
[28 
[29 
[30 
[31 
[32 
[33 
[34 
[35 
[36 
[37 
[38 
[39 
[40 
[41 
[42 
[43 
[44 
[45 
[46 
[47 
[48 
[49 
[50 

[ i ]  
[ 2 ]  
[ 3 ]  

[ i ]  
[ 2 ]  
I s ]  

[ i ]  
[ 2 ]  
I s ]  
[42 

[12 
[23 
[33 
[43 

Ill 
[23 

[i] 
[23 

[ i ]  
[ 2 ]  

2 , , 

] ~ INSTRUCTIONS ' 

] 'EN CAS D' 'ERREUR DE DESCRIPTION POUR LE SOMNET I,YAPER: 
] 'DE LA DESCRIPTION D''UN SOMMET ULTERIEUR.' 
] 'POUR TEREINER LA DESCRIPTION TAPER: FIN' 

] ,' 

] Z+ i FIN+SOMMET+I+J÷O 
] SUITE2: 'SOMMET ';!÷I+I 
] S OM+, [~ 
] +( 0 ~pSOM) ~TEST! 
] -~MODI}~'x IJ 
] "~SUITE 2 , Z+o. " 0 
] TEST1 :-~( (I=pSOM)*.SOM[i ]=O)/TESTF 
] ÷(SOM[i ]=O')/SUITE3 
] -~MODIP× I J 
] -~SUITE2,Z+Z,SON,O 
] $UITE3 :J+1 
] I+SOX[2 2-1 
] +SUITE2 
] MODIF:Z+Z MODIFY,I.SOM 
] J+O 
] I÷+/Z: 0 
] ÷S UI~;E 2 
] '' 

] TED TF: 'NOMBRE L E SOMMETS DU G~APHE : ' ;I-I 
] +(ORIENT=I)/O 
] TESTCO:A+VERIFY Z 
] +(0:pA )II+O 
] SUITE5 : 'SOMMET ' ;A[I+I+I2 
] z+z MODIFY A[I],D 
] +(I<pA )~SUITE5 
] ÷TS STC 0 
] V 

SOMMET , I A LA PLACE' 

?Z+V .DEMDEG A ;I 
Z+2 pI+O 
÷(2xl<pA ) ,(Z[2]÷Z[2]++/~(V PI? A[I])cA) ,Z[1 ]+Z[I]++/~(V SN A[I+I+I ])cA 
? 

VZ÷V DESCEN N;I;A 
"~(O=pZ+V PR N)/I+O 
+2xI~pZ÷Z.(~AEZ)/A+V PR Z[I+I+l] 
V 

V Z~-DGCFC V ;I 
Z+iI+O 
+( (I>+/V=O ),(I+I+i )¢Z)/O 2 
÷2,Z+Z.(V COFCO I),O 
V 

V Z+DGC$C V ;I 
Z+ l I+O 
÷( (I>+/V=O ),(I+I+I )eZ)/O 2 
-~2,Z+Z,(V COMCO I),O 
V 

V Z÷N DROP V 
z+( (~ '~o) , (  ( ( p V ) - ~ ' ) p l ) ) / v  
v 

VZ÷N ENLEVA V ;A 
Z+(V MODIFY N[! ],(A~A[A ~N[2]]+O ) /A+V PR E[1])I4ODIFY N[2 ],(A~A [A ~N[I ]]+O )/A+V PR N[2 ] 
V 

VZ÷N ENLEVS V;I 
Z+ (~V~N+TTRIC ,N )/V+I÷O 
-~(2xI~pN÷N-1),Z÷( CV-I+pZ PR ~I[I])oZ),(V+( (Z=O )/~PZ)[N[I]])DROP Z+Z-N[I+I+I ]<Z 
V 
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[ 1 ]  
[ 2 ]  
[ 3 ]  
[ 4 ]  
[ 5 ]  
[ 6 ]  
[ 7 ]  
[ 8 ]  
[ 9 ]  
[10 ]  

[ 1 ]  
[ 2 ]  
[ 3 ]  

[1] 
[2] 

[ 1 ]  
[ 2 ]  
[ 3 ]  
[ 4 ]  
[ 5 ]  

[ 1 ]  
[ 2 ]  
[ 3 ]  
[ 4 ]  
[ 5 ]  
[ 6 ]  

[ 7 ]  
[ 8 ]  
[ 9 ]  
[ 1 0 ]  
[ 1 1 ]  
[ 12 ]  
[13] 
[14] 
[ 15 ]  
[16] 
[ 17 ]  
[ 1 8 ]  
[191 

[ 1 ]  
[ 2 ]  
[ 3 ]  
[ 4 ]  ' 

[1] 
[2] 

[ 1 ]  
[ 2 ]  
[ 3 ]  
[ 4 ]  
[ 5 ]  
[ 6 ]  

VZ÷EULER V;I;T;M;L 
T÷(pM÷ARET V)[L+Z÷ ,i ]pO 
A CHEM 
~ ( ~ 0 c T [ I ÷ ( Z [ 1 ] = M [ ; 2 ] ) / i ( p M ) [ 1 ] ] ) / 5  
- . 3 , ( Z [ 2 ] ÷ - Z [ 2 ] ) , ( T [ i ] ÷ l  ) ,L÷L ,  ( Z ÷ H [ I ÷ ( ( O = T [ i ] ) / i ) [ 1 ] ; ! ] , Z ) [ 1  ] 
+( 1 = pL )/8 
Z÷L[I÷-i +p L ], Z 
-~3 ,L÷IpL 
(i 5)p' ' ; 'CIifCUIT EULERIEN : 
Z+~(Z>0)/Z 
V 

Z÷GOM V ; K 
+(0= pV÷ ,V)/pZ÷tX+O 
+(2xK<pV),Z÷Z, (~V[K]eZ)/V[K÷K+I ] 
V 

VZ+M INDIC V 
Z÷(M^. =V)/  t ( pM) [1 ]  
? 

V Z÷LS N 
+(A~=I 2)/3 4 
+O,Z÷(LS 2V-1)+LS N-2 
÷0 , Z÷i 
Z÷3 
V 

VMABQUE V ;SM;f4T ;R;I~T ;P ;I 
MA IR.K [SM ; 2 ]÷SM÷V [, I+1 ] 
M T + ~ ( 7 , o R ) o ( , ~ M [ R ; ] ) , (  ,~MARK[M[R;2] ; ] ) ,SFLOT[M[R;2 ] ] ,AFLOT[ (R+(M[  ; 1 ] = S M [ ! ] ) / t  ( p M ) [ 1 ] )  
+( (P÷MARK[SM[I ] ;]m0)[2]=0)15 
÷ ( 5 + e [ l  ]=0) ,MT[  ;3]÷MT[ ;3]+z~{T[ ; I  ]XA/MT[ ;3 ~i]=0 . R T + ( M [ ; 2 ] = S M [ I ] ) / t ( O M ) [ I ] ]  
MT[ ;4]÷MT/;4]+MT[ ;1]x</MT[ ;4 7]~0 
÷7, (SM÷SM,MT[((v/MARK[M[R;2]  ;]~-I,.!T[;3 4 ] ) / i  ( p M T ) [ I ] )  ; 2 ] )  ()iT[ ;3 ]÷MT[ ;3 ]+MT[ ; 2 ] x 2 = - / M T [  ; 
3 5 ]=0 
.+(8+v/IdARK[V[2]; ]mO ),,MARZ[HL2:7;2 ] ; ] +MT[  ;3 4] 
+(2+Tx(oSM)<I÷I+i ) 
P÷I÷V [ 2 ] 
÷( O=pI÷(~MA~K[I ; ]~ 0 ,I ) /MARK[I ; ] )/0 
-~( lO+ 2xI=V[1] ) ,p÷p ,I÷I[l ] 
T+T +I÷I, 0 p SFL OT [ I ] ÷~SFL OT [ I÷ (~P E V )/P÷{P ] 
-~(AFLOT[I{÷M INDIC V÷P[I,I+11]=1)/16 
÷(AFLOT[RT÷M INDIC~V]=O )/16 
-~17 ,AFLOT[i2 ,RT ]÷ SFLOT[V ]÷O 
AFL OT [R ]÷~AFLOT[ R ] 
+( (oP)>I÷I+! )/13 
~4 RK÷ ( pMA RK ) p 0 
v 

q 3 5]~0 ),MT[ ;4]÷MT[ ;4]+MT[ ; 21x2=- /  

VZ+W MITOSE V;W1 ;U;N;I 
Z÷(V MODIFY W1,W,N÷I++/V=I~-O),(U+(~U~W+L,[ I+t - I+¢UT)/U+V PR W1) (WI÷W[I]),O 
-~((I÷I+I)>oU)/0 "' ' 
"+2,Z+Z'MODIEY U[I],N,(W~W1)/W÷V PR U[I] 
? 

VZ+W MODIFY NV ;M 

Z÷((M-I+pW PR N V [ 1 ] ) p W ) , ( 1  DROP NV),O,(..~f÷( (W=O)/tpW)[NVE1]])DBOP W 
V 

VZ÷NEWNOT W;I;J 
Z÷CODE÷, W ;I÷1 
Z÷(I,J)PERL(I,J÷((Z~I÷I+i )/Z)[1])PERB Z 
CODE+(I,J )PERB CODE 
~( I<  +/ Z=O ) /2  
CODE÷( 2,1+pCODE )p0, (CODE÷GOM(CODE~O ) /CODE ) ,O ,GOM( Z~O )/Z 
V 

VZ÷NSTW N 
[1] Z÷( (LS I~ ) *2 )+4x- l+21N 
[21 V 
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[ 2 ]  
[ 3 ]  

[ 2 ]  
[ 3 ]  

[ 1 ]  
[ 2 ]  
[ 3 ]  

E l i  
[ 2 ]  
[ 3 ]  
[ 4 ]  

[ 1 ]  
[ 2 ]  
[31 
[ 4 ]  

[ 1 ]  
[ 2 ]  
E3] 

[ 2 ]  
[ 3 ]  
[ 4 ]  

E l i  
[ 2 ]  
[33 
[ 4 ]  
[51 
[ ¢ ]  
[ 7 ]  
[ s ]  
[ 9 ]  
[ l o ]  

[ 1 ]  
[ 2 ]  
[ 3 ]  
[ 4 ]  
[ 5 ]  
[ 6 ]  
[ 7 ]  
[83 

V Z~-OBTADJ V ;I 
Z÷ ~ I÷O 
+(2xI<+/V:O),Z÷Z,(CTRIC(V PR I),V SN I÷I+l),O 
V 

VZ+OBTPRE V;I 
Z÷~I~O 
÷(2×I<+/V:O),Z÷Z,(V SN l+l+i),0 
V 

V Z+OBTSUC V ;I 
Z÷ ~ I+O 
÷(2xI<+/V:O ),Z÷Z,.(V Sfl i÷I+i ),O 
V 

VZ+?J PERB ;~ ;V 
V+( W:O )/I p Z÷W 
+( ~:p;v+rr~ic N ) /O 
Z ÷ ( Y [ ~ l [ 1 ] - i ] p ~ ) , ( W  PR ~ . / [ 2 ] ) . O , ( ( Y [ Y [ 2 ] - I ] - V [ N f l ] ] ) p V [ i V [ 1 ] ]  DHOP W).(W PR t / E l i )  
V , 0 , V [ N [ 2 ] ]  DROP 

VZ÷ ~ PERL W 
Z+W 
+ ( ~ [ i  3 : i ~ [ 2 ] ) / o  
z÷( ~' [ 2 Ix ;~: 1,7 [ i ] )+ (~;' [ i ]x ;,.':fi' [ 2 ] )+ ;,~x~W(,V 
v 

VW÷V PP ~f ;Z 
÷( ((z+(v:o)/~pV ) ~7),i )/3 
+0 , W ÷ ( a ! - l ) p V  
W+Z [ ( Z tN )- k ]DROP([]-i )p V 
v 

VW+V PR ZT;Z 
+(N$1)/3 
÷ o ,  ~ , ÷ ( ( ( v : o )  l ~ p V )  [~. ] -  ~.) r~I: 
W+Z[N-I ]DROP( (Z+(V:0)I tp?')[?/]-l)pW 
V 

VZ÷£,EARBO ? ;W;I;A;B;K 
W+SOMPEfI V" , f~+ i !+K÷O 
-*( (;<+K+i)> p ~,)I o 

+ ( i < p ( ~ A ~ ; , ) / A + V  PR B ) / 2  
-~2, W+~, ,B 
-~( (I÷I+l )>pV)/K+O 
~( (S÷,W[/])4 S )/e 
-~(8+K:pB),B÷B,(-A(B)/A+(AeW)/A÷V PA" B[K÷K+i ] 
~6,(Z÷Z~B,O),[]÷'ARBORESCENCE : ' ;B 
q 

VZ+RECYCL Y;K;I;A ;N ;NC;F;ARB;AA;TEEE 
-~( O=NC÷I +( (+/V~O ) ÷ 2 )-+/V:O )/pZ÷TREE÷ ~N÷I÷K÷O 
A÷(~A£ARBO)/A÷V PR ARB÷ ,( (~A(F÷(ARBO~O )/ARBO)/A+t+/V:O )[i ] 
-~(A [I÷I+ ! ]cARP )/5 
-~3 ,(I÷O ) ,(A÷(~A~F,ARB[-!+pARB])/A÷V PI? A[I]) ,AR.q÷ARB,A[I] 
-~((NC>N÷N+i)x6-3xI<pA),(Z~-Z,AA,O),[~i÷'CYCLE : ' ;AA-.-(-S+ARBiA[I])DROP ARB 
-~(O=pA÷(~AcARB.F,TREE)/A+V PR ARb'[(pARB)-K÷K+I ])/6 
-~3 , ( I÷K÷O ), (ARB~-( ( pARR ) - K )pARB ), 2"REEd-TREE ,Kpd~Ai~B 
v 
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[i] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[~] 
[9] 
[IO] 
[11] 
[12] 
[13] 

[1] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[lO] 
[11] 
[12] 
[13] 
[/4] 
[15] 
[1G] 

[1] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[lO] 

[1] 
[2] 
[3] 
[4] 

[1] 
[2] 
[3] 
[4] 
[5] 

[1] 
[2] 
[3] 

[1] 
[2] 
[3] 

YZ÷RELOBE V;K;J ;U;W 
K÷O 
K÷K + 1 
÷( (J÷K)>+/V=O )/I  0 
W÷V PR I~ 
.*( (J÷J +l )>, / V=O )/2 
+(2>+/W~÷V PlY J)/5 
÷8+K=I 
.*3,V÷(Z[K-I]pV),(Z[K]DROP Z[J-1]gV),(GOM W,U),((Z÷(V=O)/~V)[J]-I)DROP V 
-.3,V÷(Z[I ]DBOP Z[J-I]~V),(GOM W,U),( (Z÷(V=O)/ipV)[J]-I)DROP V 
Z÷V+K÷O 
'-.((K÷K+i )>+/Z=O )/O 
÷Ii ,[]÷'LOBE : ' ;Z PR K 
V 

VZ÷REPOAR V;A;I;K;B;C;J 
Z÷ I I÷K÷O 
-*( (I÷I+l )=,/LOBES:O )/7 
A÷LOBES' PR £÷I 
.*( (K÷K+I )>+/LOBES=O )/2 
÷(I~pB÷(A£C÷LOBES PR K)/A)/4 
.*4 ,Z÷ Z ,B ,I ,K , 0 
I÷O 
.*( (I÷I+l )>+/ARBO=O )/K÷0 
A÷ARBO 2R I 
.*( (K÷K+I )>pA )/8 
.*(O=oB÷(~B(ARBO)/B÷V PR A[K])/iO 
.*((J÷O)=pC÷LOBES SN B)/15 
÷( (J÷J+l )>pC" )/,8 
+13, Z÷Z ,B ,C,-I,O 
÷8,Z÷Z,B,(-PONTS SN B),I,O 
V 

VZ÷REPONT V;I;A;B;K;U 
Z÷ I I÷O 
÷( (I÷I+l )>+/V:O )/9 
÷(I~ABBO) /2 
÷(O:pB÷LOBE$ SN I)/2 
U÷ I K÷O 
÷( 6+K=ob'),J÷U,LOSES P£ 2[K÷X+I  ] 
÷(O=pA÷(~AEARBO,U)/,4÷V PR I ) / 2  
.*2 ,Z÷ Z ,I ,A ,O 
Z÷TRI Z 
v 

VZ÷ROUE N ;I 
Z+( I +~N ) ,0,1 ,(N+I ), ( I +I~-2 ) ,0 
÷( 2+I=N ) ,Z÷Z ,I ,( I +I÷I+i ) ,! ,O 
Z÷Z,1 ,I,2,0 
V 

VH+SL I~;Z;I 
Z÷I ,3 ;I÷2 
Z÷Z,Z[I- 2 ]+Z[-I+I÷I+I ] 
-~2 x ~ I<N 

H÷Z[N] 
V 

VZ÷V 5N I,~;I;A 
-*(0: oA ÷( V:N ) / i pV ) / p Z÷ ~I÷O 
-*( 2xI<pA ) ,Z÷Z ,i ++/ O:V[ iA [I+I+l ]] 
V 

VZ÷SOMPEN V 
V[¢I i[/V]÷G 
Z + ( ~ (  ~ r l V ) ~ 7 ) l  ~ I t V  
v 
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[!] 
[2] 
[3] 

VZ÷V SR N;U;A 
-~( O= pA ÷( V=f~ ) / i pV ) / p Z÷10 
-~( 2x 0spA ÷(~At U) IA ), Z÷Z ,U÷( O=V[A ] )/A÷A +I 
v 

[I] 
[2] 
[3] 
[4] 
IS] 

[ i ]  
[~ ]  
[ 3 ]  
[ 4 ]  
I s ]  
[ 6 ]  
[ 7 ]  
[ 8 ]  
[9] 
[I0 

VZ÷G SSG~4X V ;I 
V÷(VEG ,0 )/V,Z÷~I÷O 
+( (I÷!+!)cG)/4 
+(2×I< F / G ) , ( V÷V-V> + / Z=O ) , Z÷Z- Z>+ / Z=O 
-~(2×I<[/.g),Z÷Z.,(V PR I),O 
V 

VY÷TRI V;K;J;Z;W;U ~ 
Y÷V+K÷O 
£÷K+l 
-~( (J÷K)>+IY=O ) /0  
W÷Y PR X 
~( (J÷J+i )>+/Y=O )/2 
~(O=v/WEU+Y PR J)/5 
-~( K=1) / 9 
-~3 ,Y÷( Z[K-I ]pY) ,( Z[K]DRO2 Z[J-1]pY ), (OOM W,U),((Z÷(L'=0)I~pY)EJ]-I)DROP Y 
-~3 ,Y÷( Z[L ]DiYOP Z[J-L ]pY) ,(GOf{ W,U),((Z÷(Y=0)/~pY)[J]-I)DROP Y 
V 

VZ÷TRIC W;K 
[I] ÷( O:pZ÷W÷ ,W) /z÷o 
[23 -~(2xK<pW),Z+((Z<W[K])IZ),((Z=~,[K])IZ),(Z>W[K÷K+i])/Z 
[3] 4 ~IHo 
CHARACTER ERROR 

4 ~ IHo 
^ 

[ 3 ] ) CLEAR 
) CARD 

v Z÷TRIC W ;K 
-~( 0= p Z÷ W÷ ,W )/X+O 
-~(2xX<pW),Z÷((Z<~[K])IZ) ,( (Z:W[K])I Z), (Z>W[X÷K+I])IZ 
V 

. [ 1 ]  
[ 2 ]  
[ 3 ]  

[i] 
[2] 
[S] 

VZ÷TTRIC W;K 
÷( O=pZ÷W÷ ,W) /K÷O 
+(2 ×K<O W), Z÷( ( Z<W[K] )/Z) ,W[K], ( Z>W[K÷K+I ] )/Z 
V 

[I] 
[2] 
Is] 

VZ+VECT M;I;A 
A ÷F I( ,M) ,Z÷~I÷O 
-~( 2×I<A ) ,Z÷Z,( (M[ ;1]=I÷I+I )/M[ ;2]),0 
V 

[i] 
[2] 
IS] 
[4] 
[s] 
[6] 
IV] 
[8] 
[9] 
[1o] 

TZ÷VERIFY W;I;V1 ;V2 
Z+iI÷O 
AO:÷(AI(VI÷W PR I)EV2÷W SN I~-I+i )IA1 
Z÷Z,I , (~VIeV2 ) IV1 
Ai :÷( A /V2¢V1)/A2 
Z÷Z,I, (~V2E V1 )/V2 
A2:+(I<+/W=O )/AO 
+(O=pZ÷TTRIC Z)/A3 
÷0 ,L÷ 'LA DESCRIPTION DES SOMMETS ADJACENTS AUX SOMMETS 
A3:'LA DESCRIPTION DU GRAPHE EST COHERENTE.' 
V 

' ;Z; ' EST INEXACTE' 

[i] 
[23 
[33 
[4] 
[5] 
[6] 

V Z÷WHZEL V ;I ;N 
N÷+/V= I~-Z÷O 
-~((N<I),(3=+/V=I÷i+I),Z~O)/5 2 4 
÷2x0~Z÷(N-I )x(N-I)=+/V=I 
-~Z÷0 
Z÷(3 x (N=4)xZ=0)+(Z~0 )xN-I 
v 

[I ] 
[2] 

V Z÷WSTN N 
Z÷((SL N)*2)+4x-l+2 IN 
V 
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APPENDIX 2 

EXAMPLES 

SU CCE S÷DEGRA F 
*********************** 

*DESCRIPTIOH DO GRAPHE* 
************************** 

LE GiIAPHE k~:iT-IL OBIENTE ? (REPONDRE OUI OU NO,I]) 
0 UI 

*DESCRTPTTON DU GRAPH3' Oi~IENTE* 

LISTE DEb SUCCESSEU£S 

IN STRUCT IO{v S 

EN CAS DtERREU~ DE DESCRFWTIOA' POUh LE SOMMET I,TAPER: S02~EET,I A LA PLACE 
DE LA DESCBIPTTON D'UN SOMi~ET ULTERIEUR. 
POUR TER[4INEII {JA ~)7!'L;Ck#CT l~V,f 'L'APg'Pf : JIN 

. . . . . . . . . . . . . . . . . . . . .  

SOMMET i 
C: 

3 
$OMMET 2 
LJ: 

3 
$OMEEI' 3 
ri: 

4 
SOMMET 4 

5 
$OMMET 5 
L: 

6 
SOMMET 6 

4 7 
SOMMET 7 

E: 
5 8 

SOMMET 8 
L]: 

9 
$OMMET 9 
L: 

7 10 
$ OMMET 10 
g: 

8 11 

SOMMET 11 
[J: 

12 
SOMMET 12 

13 
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SOM]~]ET 13 

14 15 
SOMMET 1 4 
L: 

12 

SO?,~MET 15 

L: 

16 17 

• OMMET 16 

14 18 

SOMMET 17 
C: 

lO 
SOMA:ET ! 8 

tO 
SOMMET 1 9 

L: 
20 

5'OM/~ET 20 
[~ : 

22 
SOMMET 21 

L J: 
22 

SOMMET 22 

L: 
II 

SOMMET 23 

L: 
FIN 

NOMBRE DE b'O?4?<:)WTS I)U GRAPHE : 22 

SUCCES 
3 0 3 0 4 0 5 0 6 0 4 7 • 0 5 8 0 9 0 7 10 0 8 11 0 12 

17 0 14 18 0 0 0 20 0 22 0 22 0 11 0 

0 13 0 1~ 15 0 12 0 16  

[a~-PiiEDEC÷OBTPRE SUCCES 
0 0 1 2 0 3 6 0 4 7 0 5 0 6 9 0 7 10 0 8 0 9 0 10 22 

13 0 15 0 15 0 16 C 0 19 0 0 20 21 0 

0 11 l q  0 12 0 13 16 0 

C~-OBTSUC PBEDEC 
3 0 3 0 4 0 5 0 6 0 4 7 0 5 ~ 0 9 0 7 10 0 8 11 0 

17 0 14  18 0 0 3 20 0 22 0 22 0 11 0 

12 0 13 0 14  ! 5  0 12 0 1C 
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