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Visual representation of graphs is not essential to graph theory. However, the ability 
to model relationships pictorially has led to the use of graph theoretic techniques in 
many different applications. While computers normally work with a numeric 
represe ntation of a graph such as its incidence matrix, drawing a picture from such a 
representation is a very tedious process. 

Previous graph processing systems have incorporated data structures designed to 
facilitate manipulation of graph theoretic entities. Even systems using a graphic display 
have simply replaced pen and paper by light pen and display scree n. The user must still 
draw pictures throug h a slow trial and error process. A graph processing system has 
heen developed which, through a comhination of heuristic techniques a nd se mi­
automatic procedures, actually ge nerates the visual representations. 

The display techniqucs discussed arc hased on symmetry in graphs as represented 
hy the autolllorphism gro up of a graph . The automorphism mappings indicate 
rcsem hlancc or symmetry hetween elements or thc graph. Interpreting these 
automorphisms, it is possihle to produce pic turcs or the g raph illustrating the same 
symmetries . 

REPRESENTATION VISUELLE AUTOMATISE DES GRAPHES L1NEAIRES 

Resume 

La reprcsentation visue lle des grap hes n 'est pas esse ntielle cl la theorie des graphes. 
To utefoi s, g r,ke a la poss ihilite de visualiser les relations, les tec hniques de la theorie 
des graphes so nt maintenant a ppliquees d ans de nombre ux domaines. Les o rdin ateurs 
trav a il lent normalement avec une representat ion numerique d 'un graphe comme sa 
matrice des incidences. mai s I'ohtentio n d'une image d'une telle represe nta tion es t un 
processus trcs cO ll1plc xe. 

Lcs SYStCIl1L'S de trai tcl11ent des g raphes incorpora ient jusqu 'il ll1ainte nant des 
structurL'S de dnlllll'L'S racilitant la manipulation dcs cntitcs de la thcorie dcs graphcs. 
Mcmc d:lI1s le cas dcs sys tclllcs utilisant Ull aflicha gc g raphiqllc, Ic crayon ct le papicr 
('taicllt silllplemcllt rcmplaces par un photosty le ct un ccran, dc sortc quc I 'utilisatclIr 
ctkctuait IOUjOUfS scs traccs par la Il1cthodc rastidicusc des cssais ct des erreUfS. On a 
ll1is au point un sys tcll1c de traitell1ent des graphes qui produit etfectivcll1ent des 
representations visllclles. ;1 I'a ide d'une cOll1h inaison de techniques hellristiques et de 
mcthodes se III i-a u tOll1a tiqlles. 

Lcs techniques d 'atfichage dont o n t raite so nt ha sces sur la sy metrie dans les 
g raphes, telle qlle represe ntee par le grou pe des automorph ismes d 'un graphe. Les 
:Il1tomorphislllcS indiquent line ressemblancc o u une sy metrie entre les ele ments du 
graphe, et il cst possible en les interprctant de produire des im ages du graphe illll stran t 
Ics Illcmes sYlllctries. 
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Faulkner catalo~ued the Sraphs accordins to the number 
Cl f Y' C~ ~.:.i ion ~;; :i. n t . h (.:.~ ~.:.l r' a F' h • F 0"(' E'~ V (';' I' ':1 Y' (.:.~ ~.:.i :i. C) n "i :i. :;~ E·' n >- ~:.:! y t h (.:., Y' (0 

ex:i. s t s cl map cons:i.st:i.n~ of two pol yg on s of n'-2 edges each 
s uch that each verte x :i.n one of the polysons :i.s adjacent to 
exactlY one verte x :i.n 'l he other polygon. These map s were 
dral.-Jn a~;; c u ncC"nt.T' ic F'OI~;I~.'ions. i'iC)r(:·~ cOITI F, l(c.' ;.: map~; ~~(·:r(·' 

h a ndl e d by a heur:i.st:i. c routine wh:i.ch searched the ~raph for 
a r :i. n '.:j ':; t rue t u r f..~ I .. : () n s :i. ~;; tin ~.;.i 0 f n .... ',1 0 n ~;; • I f ' a r :I. n !,j 0 -j-' -4 .... '.1 Cl n ';; 
w pr (.:.; n Cl t f nUI"I(i y 1,:3 l' <.:.i (0" T' pol ~:I!'.io n <" W('::' l' c·~ d 11 0 w(·:·~ din t Cl t hc~ Y':I. n '.:.i • 

Oncc·' a r :i. n<.:.i Wd,,; 'fClt..ln(.i, a n~:1 Y'PITI a :i. n :i. n!:l VP 1't :i. cc';; "J(':'~ r c-' d ... ·.iijC·~ij to 
t h (-:.! (.1 :i. ~ ;:. ,... .. :I d~:! :I. I", i'l noT' Ij p r :I ':: j f a ~; h i Cl n y 1.'.11..1 :i. I ij :i. n !.:.l t Cl "" a l' (j ' :; t ,') C~ 
C E' n t l' e Cl f the ,,; ere C-~ n. F i ~.:.i 1..1 r (' 1 s how <:; a l' (-? F' re,,:; p n t d t :I. () n D r d 

25 1'eS iCln map obta:i.ned :i.n thi s lTI a nner. 
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3 • G S -ni' ~:) Y ~;i T E i·vi ... ., , 
• '- • • ' ) \ • \ •• ~ \ '... ( ' ;'I " .,," 1.1 "') M y I C. 1 I.! r <:. , .. h ;:) Y 1'1 III (':. L ( .:1 )' I S :i. n -I:,r~ "I' a ct. :i. v (·:·~ 

~:; ~:I ' :; t E'ITI W h :i. c h a 1. 1 0 ~-J S a I.J ~: ; c:.~ Y' to d Y'i:l l.--l an (.i iT! a n :i. :::, I..f :I. a t (.:.~ <.'.I r' <::: F' h ~ : ; Cl n 
a r1 IBM 2 250 Gr a ph:i.c D:i. s play Un:i.t.[4J GSYM was des i ~ n e d as 
El <j r d F' h i c ':; too :I. f 0 I' I ' (.~ S c·,, a 'f' c h :i. n t 0 IJ ~:; :i. n ~.,t a C C) III F' 1..1 t (.,:, r t Ci 

'.:.If:: nc-:-' rate v :i. '::;I..f<:1:1. rC':'~F' "('(-'sc:,'nt <:i t :i. 01""1 <:; of ~j r a F·h ·;:; • I t (.io(,:":; r'lu t 
c omp a re w:i.th e x :i.st:i.n~ ~ r a ph p "('oc (-'ss :i.n~ :l. a n ~ l..f a~ (-' s [ 2 ? 3 J as :l.t 
:i. <:; n Cl t a F' r 0 <j (' a III III :i. n ~.:J :I. a n <:.I 1..1 a ~.:.l (? F' f'~ (' ~ : ; (0:' a :I. t h D I..f ~.:.l h :i. t fj 0 c·, ':; 1..1 ':; c' 

l"il dC f"O- '" 1 :i.k(·~ CCl ITIiT! ':l n r:.i<:; for ClF' C·:·' ·I'at :i.n '.:J on ~.:.! "j' dF' h ~:; :i.r·1 C('·~ ·f·· td :l.n 
~;; :i. t, 1..1 d t :i. Cl 11 ~; ; . I t ~:; F' r :i. rll a r ~ :I f 1..1 n e t :i. 0 n :I. ' :; t.o f d C :I. 1 :i. t d t (." the.:' 
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3 . :1 ~:; ~ :! .:: ; t (~ '" Cl :'" (.:., r 'a t:i. o n 
r; ~> Y i"i (j i. ':;; 1" :I. d '. ::: ~: ; t 1""1 p 

'.'.I :i. \I( .. ~ /" ' , h,f::' IfI(? /" 1 1:. d nr..i t ,hp 
[) r:, f'~ l' d t , :i. ( ) I , ~ : , a 1../ <;; (? l' Ifl d ':1 :I. /" ',:1. I:.. .i. at (-, d t d /" ', ~:i 

1..1 ';; i·:,' l' ~:; t·:,' :I. l :.' C t S d n Cl F' t :I. 0 n w :i. t 1') t h (-, 
:I i ':.i h t , ···· F'(:'I ·' , Th (-~ '.:) '::1':; t C-:-~II, :i. :.) ~:; d :i. (.I t . 0 i:) e :i. nth (.:.~ ,. I ' (.:., ' :; ( ., t ... ':; 'L d t , (:., 

:i. S (.1 :i. ~: ; F' :I. ;:; ' :1 e (.i. U n c (-~ a ~) d ':; :I. c­
':; U t.l 0 F' t :i. Cl n ~ ;;. d r ' f:' f:.i :i. ~ : ; F' :I. d ~ :I (-~ (.1 .) 
thf'~ ~;; ut:.l(]Ft:i.un <;; for th(··) nun 

ItJ h C'I " t h (.~ n r' t . .i. O/", :I. :i. ~:; l :i. n F:i. ~:.ll..l r C~ :? 
o F' t :i. Cl n :i. ~:; ';; (:' :I (.:.:, e tc·:·' (.i, a :1.:1. F' Cl ':; ';; .i. /:.1 :I. (~ 
F () l ' C' :-: d /"/1 F' :I. (.~ :' F :i. <j 1..1 l' ( ., 3 ~; ; how ,:> 
OF' (':" \',:: t. :i. on. Th(·:·' use r chC)()<:;(·:·~ <:; thf'~ 

~:.i )"' a F' h .: r:' Cl <:; :i. t :i. 0 n :i. n ~.:.l 0 'f p:I. (.:.~ III (.:.~ n t <;; 
e:l.PIlIPnt to bp added t ath e 
:i. <;; .... :i 0 n c:.~ (.J :i. t h the J:i. '.:J h t .... F' C-:-~ r'l " 

USE LIGHT- PEN TO SELECT OPTION : 

I~DD 

(,)1 ... lE F< 
Br.ICI<Uf' 

DECL()F< I~ T ION 
DEI ... FTE 
D I ~:; f' I ... I~ Y 
ENOU I F< E 

HA h: D cor:' y 
*** H(.~LT *** 

MI SCELLANEOUS FUNCTION S 
i-10UE 
MUVE 
POINT 

F< Cl T I~ T I 0 i-.! 
T r~ i~ N ::; L I~ T I () N 

FI GURE 2 : RE SET STA TE DI Sf'LAY 

u ~:; ELl IJ HT···· F' ENT Cl ~:; El ... Eel El ... F MEN T T Cl () DUi: 

(.)Fh:TE X 
EDGI·:: 

l)IF<ECTION 
l.IIF<ECTE D EDC'; E 

I...,~ B EL 

*** PFK 30 TO RES ET *** 
FIGURE 3 : ADD OPTION DISPLA Y 
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A similar process is followed for all operations.fhat 
1':;, c-J'::; YM al",a :i.t~:; a r(·,)spon~:;E) i:l·ftf:·)r (:i:i.':;pla-::I:i.n!.:.i th(·) c IJrr(':':I'I+, 
ITI (':':-1"11..1 v T h]. ':; for ITI ('1 t '.:.i 1..1 i cl (,~ s th ('~ I.J <=; (.) T' d 1"1 r-:j (.:.) :I. :i. III :i. n a t (.:.) ~:; t, ,"1 (,:.:-

F'oss :i. !.'.l :i.l :i. t':1 of ~:;-::I~:;t0)1T1 (·)rrCli" Dw:i.n!.:.! ·to j.n ... )al:i ..... .i :i.nF'l..It ,. I'u 
T' E) clue (.:~ t h () f r E·) C~U(·:·) nc ':J 0 f U~:;E~ T' t,) l' T'O 'I' ITI D~:> t. 0:::' t :1. on 1 :i. ~:; t ':; 
contain a brief instructive nO '~e def i nins the nature of the 
curr<-:-:-nt ()F'(·:·~ T'at :i.Cln a nd th(,·) l'(""'::;~:ou r'I<=;(-;\s alloI,.JP ..... l. Mor(O,-c)'J(,"'(' y an 
DF'<-:-)T'd tion ITl cl~:J bl',' canc(·:·)11pf.i :i.I"1 th(~' m i'-':ld le of '!:, h(·,) cDlTIllIancl 
,:; pnuencp a nd the·' T'Pspt ':; t dt(:' T'('~')dC hpd !:)~:I ~:; :i.IYlP 1 ~:! F'I..IShln!.:.i 01"1(':" 
of the Pl'u '.:.:r a rrllH(:'(.j functiDI"1 IC. I:'~":;~:;. Thu,,;y th(·) ':; ' :1<:; '\'.. (-,ITI ],'::; 
iJp:l.i (::OF' r d t ,.:.):1. ':I V E·) I'~:I fo r <:.l i v :i. n !:.i !l' Ill d k :i. n'.=.j :i. t f f·' d,,; it):I. e tu t,'.\(.:., c Cl ITI (.::-
Pl'ufic :i,P l'lt :i. I I it<:; o:::'<-:-'r;:l'i:, iol"l lhT'ClU'.:.i h actual ' j· .. l a ncL; .... on l 1 . .1':; (,:,'. 
T h(,:·'se 'f(':')d tu (,(.:.:-,:; d r(·:·' i ITIPO rt ;:I I-I'[, tl (·:·'Cdl..l~:;(·:·' ('1 (;; d r-(') S(~'d rch tu Cll y 

r; ~:; Yi"l i ~:; i nt,el'·I(.lc'rj fCl r <j r<'lph thF) Or :i, ,,; t <:i ani:.i Ifld thelTl a t:l. C:I. d 1"1'::; • 

Fi !.=.i uT'e 2 :i. :I.:l.u<:;trat.(·:·,<:; th(·:·' "dl"l :J(·:·) of dva:i.la!:.ll(·:·' ClF'(·:·'T'dt:i.ol"l<:;. 
Th(·::- ba':;:i.c Illan :i.pu:l.at:i.on of.-t :i.C)n ~::; ;:ll'Cl alj(.l:i.t:i.on~ d(·:·~let :i.ClI"1 d l"l ij 
d 1. t (.::. l' d t :i. 0 n Cl f ';J r d P h P n t . :i. t :i. E'~:; Q T h f' ';J T' a F'- 1'1 ~ ::. i:! r e C Dill ~:; U S ( .) d D f 
V (' . .' y'-I'..:i. cp ", y (,-,i:.l" .I(·:·'5 an ..... l a l' rows. A 1"'1 1 . .Il"1i:.!.i. T'PCt(·:·);:.i ('.~ij::'.i(·) 1':.1 (·:·) CUITI(.:.) ':; d 

cl :i. r(·:~ct(::, ... :i ('·~ri!:.\(·:·' b':1 the <;li:jd :i. t :i.OI"! of' an ay' Y' OI,.J ( i:.1 i r-<':~c t :i. ell"! ) . '}' he·' 
mu v f) y rot.a t :i. on ani:.! t . ral"!!:;]. at:i. un CClIYIITI<'Inds irl <:l n :i. F.-ul at. E~ t.he' 'f Cl rln 
u f the-:> ~.:.i 1'<:lF,h + Thp 1J':; f:~ l' i s ab :iI. (.> t Cl ITIDV (.:.) E')]' E"ITI(~)nts ai':.lCll.Jt t h(~ 
':;CT'ppn or r(·:·'lucate thE,) (·,~ r ·I U,ir'(-:·' !:.i·('<:lr-h IAI :i.th th(;:- tY'an';;ldt(·:·:-
U I:' t :i. Cl n. T h (-' r' 0 t d t :i. Cl n C Cl ITIIlI d n d ,:3 J 1 U to} ~:; t h (.;) !.:>i l' a r·" h t Cl 1:.1 ( .) Y' 0 t <:l t (.? ij 
a bout ~ n~ point in the 3-dilHensional cubp:i.n which it is 
rl C' f 'i liP i:.i • 

3.2 Proper~ ~ L. i s ts 
I.) (.:., r t , e ~< a n 1.1 (.:., 1:.1 <j (-' F-- T'OP(" {, 'f , :i. (.:., ,:; a I'E') ':; F' ("~c 1 'f :i. (.:.'i:.) 

flFel (~rU=d' 10N C)},·, t:i.un. Each vprtE-~~< d lH-.i (-~(.i(:.fp :i. I"1 t, h(~ 

h d V C d 1"1 d ,,;. <:; 0 cia t t ·) 1.1 F' l' 0 F-- (.:.) 'I' t ~:I J :1. st. 

U ':;:i.I"I!.:.i 
!.:.iraF,h 

:I:i. !:,t':i 

th(·:·) 

I..IC.f·:~rj to ()<;~: ; ,) c:i.d te d d t .. d ~:; lJch d~::; C-) I:.) '.=.i(-~ W(·:·):i.".lht':; ('J :i.th Inl:.! :I. Vl ,,:.l l..l d J 
vC I · ti(· (·:,~ ,:; ,:11"1(.\ P(.l <j(·:·'<:; . The U ~::;(·'r 'Jiv(-) ':; e a ch F'1'OF' c'rt ':!::I I'l d lTl (-) 
whetl ij (·:·)c] d r :i. I"I ';'! it. Th :i.':; I"I d lTl(~ car'l l a t(·:·)T' t)(·:·~ u ~:;c·'(.'.1 tD T'(·:·'fer(·:·) I"ICf) 
P d 1't :i. c u:I. d I' F' 1'01'-"(.';\ T't.~:I V d :l. 1..1(':",,; .rhe) F' rn ~·:·' p T't ':1 :I. :i. ,:; t <:; <:i (:.' T' 'J (.:., 

cl u a :I. f 1..1 n c -1" :i. Cl 1"1 a,,:· t h (.:., ~:I d re ,::l1 ':; U 1..1 <:i P ij b~:! d :I.:i. ~:; t F·' l' Cl C (:., ':; ':; 11"1 :::; 
sl..lb s ~stelH in GSYM to CT'edte li s t s of ~raph elempnts. lCl 

c r (.:, d t (} d J i ~:; t yd·" 1'1 ('.~ a (.'.1 0 f :I. :ii. ~:; t -.- F' 0 :i. 1"1 t C·) T' :i <:; ij (.:.) c I. arE·' i::i (,J h :I. C i) 
F' n :i. f d~ ,:; tot he fiT' ':> t ( .. ~ :I. (.:.) ITp:·:·) I'd', :i.I"'1 t 1'1 c·, J:i. <;; t, T h (.:., \I e f' t. C·) ::< 0 r (:., i:.L.:.l C) 
F' I' Cl r·' (.:., l" t ':1 t Cl 1:.1 (.:., U ';; (.:., .. ·.1 :i. 1"1 h U :i. :I. i.'.1 :i. I --I <J the 1 :i. ~:; '1', III U ~;; t . 1.'.1 (.:.~ <;; r:'- (.:.) C :I. 'I' :I. (., Ij 
d t t h :i. ~; t i 1111 ,) • t=~ U F C L A F< I~ T I CH"l ':; u 10l C) r .- t :i. 0 n i:i 11 Cl l4 ~:; t 1'1 (-) :i. 1"1 lL :i. d :I. 
:I i ~:} t t . Cl f.l() " :·' (·:·' c:i '1' j C) 1.'.1 • Th c~ F:-U IN 'r ():.-.- t :i. 01"1 a 11 Cl I,v':;. '1:, h (';' u ~:;e r t Cl 
III () i:1 :i. 'f ~:I 1 :i ~:; t <:; ,. T h :i ~:~ ';; :i. III F' 1 (,.. :I. :i. ~;; t. }:., l ' 0 C e ~:; ~:; i 1"1 ~.:.i s U tl~:; ~:l ~:; -1:, e III :i. <:; 
ade8uate for lHo s t a :l.~Drithm <;; . 

S :i.II C.'(·:' C-;~:;Y i"l :i. ~:; tool f Cl Y' t e ~:; t, i 1"1 ':.i 
('nl.lt:i.l"le<:; ~ :i. t 1lI1.J ':; t tl(:.) F,C)':;':; iblc·) to (·»;(-'cut.(·:·, 1j':; PY' F'-Y'O'.:::/'d lfl <:; 

1 .. 11"111(':) Y' (-}~:;Y M , }'hp I'll ~:;CF I .. I...ANEDU ~:; F·l.JNCT J ONS u::·,t :i.o l"l ij 1 ' ::F.- J 3':1<:; tll(:·:, 
d V d .i. :I. ;:; f.) .I. (.:, f I.J 1"1 C t .i. D 1"1 ~;; • Cu r' T'Pl"ltl 'I ," :i. l"!\lU!<.P 

('uuL :i . ne ~:; ~:; I .. lch as Ih:·'l.)I.J<.:.\ tl"dcil"I ':j o'f-' G~:;'Y i'1~ ijUIlIr-.- :i.'''I '.:.i -I-, I-1 C' .:iT ':;)'.''-.!.;:>,':! 

Lt 1 .. 11" f (l r y ~::. ITI Cl (J t 1'1 :i. 1"1 ~J :I. :i. <.:.1 h t .... ~'., (? I-I (':-.' "-.L.i (:.,,:; d l"poI T I1 F'-I .d .- t :1. 1'1 <:j ~j '(' d : .. , i1 

iJ I '" ' :; c r :i F·' t :i. 01"1 ,,;. U ~: ; F 1:( 1. .... 1.1 ~:;F h- () d 1"' (':'.' ¥' Co,,:; ( .. ~ I'V C' '':.) f ' 0 '1' 1.1 ,:: C' r' ~ :, r' u < ,:,~ r dill ':; • 
l.I~;;C:-I' routil"l(':"':; d T'(':" :i. nCOf}·,·o rati:·'d :i . l"lt,o th(·:·~ <::.':!':; t'("1Ti i.'.l':! r-c·'r:· J d cllI <j 
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dUffiffiY entries in a runtiffie libra ry, This feature allows the 
i ncCi r F'O r ,:1 t i on of rE'~p r(·:·~s(·:·~n·tat :i. 01", rout :i. n(·:·~ ':;; Cl r <.:.l(·~nf.·' 1'a 1 ~J raF,h 
t h f ' n r Pt i c a 1 <j 0 r i t h ITI ~:; • For' e >: "lIT, F' lp, a :::, r Cl <j l' a IT, t 0 '1" 1 n ,j 
Hare, i 1 ton i aI', p<:!ths CDl..Il r:.i ma ke I..I~:;['~ 0'1" thf:' GbYl1 1 :i. ~:; t. 
F' l' OCI::~<:; <:; :i. n::.! <:; Uf:.1 S '::I<:; tem • 

3.3 Display bcreen Layout 
Vc' rt:i. I.' E·" .; a nd pd !Jr~ ~:; d r(·:·~ ,:.I :i. ~:;:::, 1 a ~ :Iei:.l <:1<:; po 1 r ·,t ~:; ':l nr:.i 11 n(':'~< :; ? 

the i l' rl <:! tu r d 1 reF' re <:;c~ ntdt :i. Dr', • An a l' row 1T'<:l ~:I Ll(.:.:' f ' 0 <:; 1 t lon(-,ij 
dr'l ' :I I,..,lhc' rc·' a 1 or ,!.'.i d ij:i. r(-'ct(·~d (., (.1 <Jc' • T he F'O~:; :i . t 1 v(·~ a nij n(:·~ <J a t 1 v c:' 
(.: ~ 1"1 r:.i ~ : ; of t i", E'~ e I:.! ::.l(.:.~ d re' <:; F'(':" c: i t' i E·'i:.! b~: 1 d l' l' O W Cl r 1 C~ n t at :i. 01"1 " ~~:I. t (.) 
(7: i !J h t }-', (') ':; ':; i b 1 E~ 0 't. i p n t d t i Cl n ~:; cor' r e ~: ; F' 0 n cl :I. n ~J "1', 0 t h (:' C' 1 '.:.i h t . 
I'll ,Li D 'I' P Cl i n t <:; () 1"1 d COlT, F' a ~:;~:; • 

A displas sc:rC'en 15 lilTlitpd to two-dllTlPn S 1Clnal 
picturps. If GSYM were restricted to planar ~raphs with all 
l"C:F' T'(·:~<:;(:·~n ti:lt. :i. ons bp:i. n'.'.i F' 1 ana l' map ~:; y '!:,h :i.~:; WClU 1 d be C~Ul t(·:~ 
adeGuate. However, GSYM allows both planar and non-plan a r 
<j r d F' h <:; . T h i <:; (:j "i. i.'.l not F' r' E'~ c 11..1 d (-' t h (:., F' 0 ~:; ~:; i () :i. 1 :i. t ' :! 0 f ~J C~ n (.~ 'j' d t :i. 1"1 :.:.l 
F' :i. ct.u r'(·~<:; of 1"101"1 .... )"-·1 ana r 'J raF,h s w :i. th i nt(·~ r~:;E:ct, :i. n~j c·:(.l ~.:!('·:~:;? but, 
a lTIore sC'rious prob1C'm was how to di sp lay multi p1p (-'d~es 
between vertices. With a two-dilTlPnsional system it would 
not be pos s ible to s how a ~r aph as a thrpe-dimC'nsion a l 
ul:.-. -.i/::·'ct+ F ell' lhe~:; (·} r (':"d,,; on':; a ll G~;YM ':.ir;:~ :::'h~:; drf'~ (je'!'·:i.I"I(·'ij t..I ~:;in~J 
a th l'C~ ('::' "" ij i. n,(-?n ':; :i. 01", d Ie on l'l.'.i:i. nat..p <:; '::1<:; ten, j·Jot..ll"l('.i(·:·~(.i d~':' F' ro ;.: :l. ll'I ';1 tc·~:t '::! 

1..1',; the iI C1 1.J<:;:i 1"I '.:.i uf t.hp (.i i ,:;)"-· 1 d'::! ~:; c r(·:·'(~n • Thu~:; an Po:.i 'JE' :i. ~:; 
iJ :i. ~::. p :I. d ' :1 (:.~ d d <:; d :I. i n p ...i 0 :i. 1"1 i n ~.:.! t h (.~ ;< and ~:! C Cl 0 r' d :I. 1"1 d t (.:.~ ':; 0 f t h c·~ 
C <:~ r t (.:.: .. ::; i a 1"1 ( :< y '3 y ~~ ;. co Cl r cl :i. 1"1 <:! t (., ~:; Cl fit <;; end ve r tic e ~:; + 

T h(·~ re :i <:; one I.:·~ .:< CCF,t ion 'Lo the l'u:l. (.:.~ (]'f' th rc,(·:·~"" d llrl C~I"I~:; :i. Ol"ld 1 
<:.l r' d F,h Pl"lt :i. '1" i (.~<:; ? 'I:,he :I. :i. <.:.!ht""F'e n (·:'('.I~.:.i(·:·~. The u '::·c~ r lY, a~J ('.I r d W d 

fr eeh a nd repre s entation of ar) ed~e usin~ the :l. i~ ht-pel"l .l h C' 
e r:.i ~ .. I C~ ], ':; d :i. <:; F' 1 d ':1 (.~ d a <:; s 1'10 r t ':; t l' d :i. ~.'.I h '1:- 1 :i. 1"1 (.:., ':; e ':.i In r~ 1"1 -j', .::;:. 

Li~ht-pen ed~es solve onp display problem by dll owln ~ 
mlJltiple ed~es betwC'en d pair of vertices to bp drawn as 
C t..I r' v (.:.~ ... .1 1 :1. 1"1 e~:; • H Cl t,J c·~ V e r y :i. t <;; r p al 1..1 t :i. 1 :i. '1:, ':1 :i. ~ ::. t . h (:.~ f 1 <-:,' ;.; :i. b :i. 1 i t ~ : I 

:i. l", a 1 t(·, r :i. n~.:.\ :::, i et t..I r(·'~ :; • ~:;t rd :i. '.:.lh t ed ~.'.I("~<:; c an be rC" F' :I..3cc~(.i t ..... ~:1 
curved pd~es wh:i.ch improve (:i.n the user 's opinion) thp 
F' :i. c'l, 1..1 l' e • The ~: ; (.:., r~d~.:i(·:·' ~ :; ~:;h Cl 1..111.'.1 01"11 ~:I b(·:·~ 1..1 ~ :; (.:.~ (1 :i.1"I f i 1"1 a 1 
postpd:i.til"l~ as Lhey are not three - dimensional (-'ntiti es. As 
:i. L :i. <:; n Cl t )"- 0 ':; ~: ; :i. j'J 1 c·, to d r d W d cur v (.:.~ :i. 1"1 :-5"-~:; F·' d C (.:., w 1 t h t h C' 2:? ::5 0 

1 i ~:.i ht " .. F' (:·~n the user actuallY cl :i. <:, p 1 ,'1~ : 1 y 

r:.ll' <:I w<:; t .hp 
the C I .I(J (~ 

<J 1"<:11" 1'1 l.,l:i. t .h 

11"1 ,j raw : i . I"I ~:.l 

(.~i·.i ~.:.l(·~ as :i. t . 
:1. 1"1 wh.i.ch 

WOI..l]...-.i be ~:;(:'(~I ", 01"1 th(·:·~ ':;C rp(~1"I ~; llj(., of' 

Th(·: ~ 

th..:·' r :i. I"I !:.i 
<;; ':1 !TlIrI c~ t . r' ~ : ! + 

the ~.'.i r ;:; :':, h :i. ~:; ('.I P fin (": d • "I · h(·:~rc'f· ore!! 1T ,:1 

] :i ,:.ih t ····):· (:1"I ed~es is rotatC'd, all ITlU ~ :; t. 

!lit:! ':; t ),-,. ] e d~:; i 1"I <,:,i t h (.:.~ F' :i. C t . I.J r (:.~ ':; ~.:, r Cl ij I.J C <-:.~ ,j 

rc·')'·· rp '::;ent,d t :i. or, Wd ~:; th(~ freouent re pe tlL10I"I 
lhe p os s ibility of l':, 0 r t r a '::! :i. 1"1 ::.:.i 

<.'.I I'd F'h~:; ~:; U ':.i !:.i(-? ':; tt~d u ~:; i 1"1 <.:'; th(:·~ 

h ~ :: I:; :i. ~:; for L h (-.' F' :i. C t.1..I r (' ~:; • 
HI ;:>' F' F·' :i. I", <.:.i C d I", i·:.l (.:., :i. 1'1 '1', c',' F' r (.:.~ t (-~ d 

.:J l..ltOITlD rF,h i <:; IlI ~:; 

''1' h (-:-' C· ~ : I C :I. (-' ~:; 
V i <;; 1..1 d 1 :I. ~:I a'::; 

:i. r, d 1"1 d 1..1 t Cl HI Cl T' F' h ]. ~:; 11', 

IrI l rrl)r'-1IT1d~C a nd 
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rotationa l s ~ffiffietrie s . While calculation of the 
au tOffiO rph i. ~:; nl ~.:.i rOUF' 0 '['" a ~.:j r a F,h can t a kf~ 1 a r ~.:.\(:·' aITIC)Un·t~:; of 
cO ffiputer time, v a rious heuri st ics were iffiPleffiented to 
reduce this cOffiputation tiffie. The user interacts with the 
s ~ s teffi b ~ d~naffiic a ll~ initiatin~ h e uristic s a nd var~ing 
;::'a r a lTl c:~t c~ I '<;;. Thi ~:; aPf':'T'Oi:lCh ffi ad (:·~ :i. t PT'i3ct:i.caJ t o U';; \:-' 

a 1 .. 1 t OITIO l' F' h :i. <:;ffi s • 

4.1 Rep resent a tion Routines 
Two ffi a in repres e ntation routines have been develope d 

with GSYM. The first of these i s a ver~ general dis p l a~ 
F' l ' oc(·:~('.lu r r:' ",Ih i ch se':) r'./(':)s as a ~:; t a nela 1' ..... 1 a~~ia:l. ns t ~,Jh i ch othe r' 
routines can be ffieasured. This routine will a tteffipt to dr aw 
a n ~ g raph, independent of an~ inforffi a ti o n available about 
the s truc ture of the gra ph. 

Verti ces fi xedv that i s, ffi 2 Pped onto theffiselve s b ~ a n 
a UtOIflO l'I",h :i. ';:; IYI a r (-) (.1 i ~ :;F' l a~:led a <:; d).; e s of S':IIIIITI(.'-~t 'i":I a rClund ~'Jh 1 c h 
al' e p l aced ffiirrClr - ima~e vertex pairs, vertices Interchanged 
1:.1 ~:! the aut 0 ITI 0 r F' h :i. ~:; Ifl. C ~ :l C 1 e s Cl f Cl n f·) 0 l' two v c·:·, f ' tic l:') '" a I' C-' t h u s 
re F' r (:.~ ~:; ,::., 1"1 t 0(.1 a <" HI i r l' 0 r .... :i. ffi a ~.:.ic:·~ ~:; ~:I IIIIlIC~ t l' i (.:., ~:; . C ~:!c J e ':; of ITI 0 r(·~ t ha n 
two v (.:., r t, :i c C~ ~;; a r r:' t . l' c:.~ a t (.:.~ r..1 d ';; r Cl t a t I Cl n a 1 ~:; ~:I IIIITI e t Y' I e ~:; • I::: d C h 
rot D t ion 1 ~ ; ; :.:, lac e din <:; cl :i. f fer (.;:> n t :::, :I. a n (.:.~ • F :i. 'Oi I.J l' f~ -4 
illustrDte s a s ilTl p l e rotational s ~lTIlTIetry. The ~enoral:i.t~ o f 
th is app roach cau s e s rather cluttered picture s to appeal' as 
,.=.\ I' a:::' h ~:; be C 0 ITI f-' ITIO r c-:, c 0 ITI F' 1 (-~ >: • Po s '1', e' d i t :i. n ~.=.i 'f a c i 1 :i. t :i. (~ ':; ~'J (.:.) l' fe' 

added to a ll o w lTIodifi ca tion of th e' resultant Plcturos.l·h e 
r e pl'esenta ti Of) routine ffi ay be stopped at a n y po in t, the 
PiCtUT'0 change'dv a nd th e routine a ll o wed to contInue.l·he 
u s(::~ I' cont I'D 1. ,;; tht·~ p 1 a c(,:~nl(:'~l"d', a nij r'c::' 1 at :i. V('~ <;; :i. ~.~(:~ of t i')('-) 
r ota tiona l S~ llIlT1etrle s . Fina lly, s~ffilTletries lTI a~ be e d itted 
as a unit. For e'xaffiPlev lTIoving 2 vertex in a mirror-lffi Dge 
s~lTIlTIetry causes its co rrespondin~ verte x to lTIove so as to 
l' f ·; t d :i. n t . h (.:" ~:; ~:I ffi III e t r ~ :!. For' a ll i t ~:; lac k 0 'j-' 5 Cl p h :i. ~: ; tic ,:I t 1 0 n I' 

this se' mi -autom a ted process :l. S capable of pl' oduci n ~ 

representations of cO ITIP arable' Qualt:l.ty to those done 
lTI a nu Dlly . MOY'e'overy it doe'S so in a fr ac tion of the time 
1'1-:-'01..1 :i. 1'(" ;j to Ij l' dW th (·) <"d ITIP <.'1 Y' dPhs b ':l hdnd. 

On e (.i:i. ':;d ;j vdnt d~Jp of th :i. ~:; .::1::'F' roach :i. ,,; th d t th(·:·' F':I. ctUl'C' 

oUd J]t ~ :1 'v'd l ' I.C~:; w:i.t, /') th(·:·~ al.ltClnrol'F'h:i.~: ;1T1 ~:;c-~lpcte"".l. 'j'i"lC' 1..1 ' ;(;"/' 

<:; DOl"! 1,-.i(?V(·':I. UF' ';; a n :i. ntl..l :i. t:i. VP f[-'(·' :I.:i. n ~J fo Y' a u tonlo Y'~·:' h:i. ,,; III ,,; t, h 'J ·t 
w i :1.:1. ~J i. v () d :J Cl Cl 10.1 F' i c t 1..1 Y' c-~ • 1 n ':.I e n C) r d l, t h (.:., 1:.1 c·, ';; t ij 1 ' :; F' J d ':I <:;. 3 l' C' 

P ru(.lu c (-:·)(.11" rOlll dl..ltOlflO rF,h:i. ~;;III':; w:i. th '1' (·:·, 1 at:i. vc·~ 1 ':1 '1:' (.:., hi f ' 1 ~<(--!('i 

v (.:., rt. :i. c (.:.~ ':; • Wh :i. :I. (.:.~ t .h PI:' roc (·:·'d 1..1 re:' rc-:·) v (~, <:~ :I. ~:; c J (:., d r :I ':1 I.. ,') c·::' 
;:; ':1 11111'1(':" t Y':i. (.~ ';; :I. n tht·) <J r d F,h , :i. t i:.iPF,pn(.I ~:; on thf' I..I~:; (.:.~ r t , U <,.! ,(,D UI":' 
t h(·:·'<; ;(·:·~ s ':1 III iYl C' t 1" :i. (.) <;; d Y'o l.lni.'.1 a F' :I. Pd ';; :i. n~.=1 v :i. ,,;1..1 a :I. 'f r a lll(:'~ W Cl I' k <. r f') C' 

b:i. ~.:.I<.:.I (·:·'<:;t af.'.iv a nt a <Je of th :i. 5 dF'F' rOd ch :i. ~:; :i. t~:; li'Io(:ie Y'a t,(·:·, ·::; I . .lcc r' ~:;~:; 

with ffi a n s c l asses of graphs, How p ve '('v it does no t allow f or 
t h r) f ac t t h a t ~ :i. n ITI d n ~ : l cas (~~:; ~ 1..1 ~:; e r';; ~,, :i . :I. :I i:.l(:~ w <:)1+. i n <.:.1 () n 
applicat ions where the 
1'" l' OF' P T' t :i. ( :.~ ':; a n ij ';; t. I' U C t.UI' (.:., ~:; 

F' :I. r~ a ~;; :i. n <:.i }:., :i. c t 1.1 r (-:-) ':; .• 

~ r aphs invCll ve d 
t h a t co uld a id 

~:; h d I' (.:.) co 111111 D 1"1 
:i. n p ·i'od l..l c :l.n ~.=.! 
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I n c 01"'1 t r d'''; t tot h :i. ~ :; a F' F' r 0 a c h y a r C:~ F' r (:;' ~:; (.~ 1"'1 t a t :i. 01""1 r Ci 1..1 t I 1"1 e 
wa s developed fo r trees. Trees are a c ommon c l ass of ~raphs 
f our I i:.\ i n I"iI a n '::1 a F' :::, 1 i c ,:I t :i. 0 n ~:; • Sty, 1..1 c t 1..1 Y' d 1 1 ,~ ¥ t h (.:., \:1 a "f' (.:.~ ~"c·:·' 1 .I. 
d efi ned irl that the verte x set cal""l be p a rtItioned U S 1n~ 

vertex di s t a n c e fro m the centre or bi - centre of the tree . 
SY mm e t rY informa ti o n was combined with this f act to produce 
p ictu res s uch as the one in Fi~ure 5 . The result was a 
ro ut:i. n(·? thdt ':.! c:'np r a t(·:·~,:; C-:·' ;'( CC:~ ll,:.·'nt F' :i. c t,1..I rp':; of -1:, r C·:·~i::~~:; I,..) :i. th 
littl e or no postediting. 

~.:j . C UNCLU ~:;I(]N~:; 

The ob,j(·' ct, iv (·:·~ of 1..I ~:;il'"t'j a CO ITt F' l..Iter "(",Cl d O.l tU lTl i]t1 caJ l ~:; 

F'I' O(ju c e F' i c t. l..Il' (·:·~ ~:; of '.:.~rdF' h ' : ; Wd':; o n1':I ~·:'drt1d1.1.':1 Ht c·:·~t , ,·hc:·! 
I ' f' r ' Y' (.:.~ <:;(·~nt, :'It :i. on Ilo(-:~tho (:.l~:; I..I secl r(?G I..I1 ,(,p(.i F'() ~;; t (~ (j:l. t . :t. n 'J of t h(·:·~ 

F' 1 C tu T't·~~:;, HO'N c~ -./(·:·, I' v F' O,,; t t':·~ i:.l :i. t :i. n 'J :i. ,,; rei:.luce ..... 1 co n ,,; i (:.ic·~ r d ~.'.i :l. ':1 L)~:I 

:i. n c Cl 1'F'O l' "it :i. n'j mo re i nf o Y' llI a t :i. on <:1 1 .. )01..1 t ' .=.i I' dF, h "; t r u c t o . .l 1'C~ :I. n tl'lC~ 
d :i. ~:; l ', 1 a~:; F' r DC (.:., r iu r (.:.~ • T h :i. ':; IN 0 1..11 rj ~:; u ~.=.I~:.i(·~ ,,; t . a F' a r d 11 (.:., :I. tot ,'1 f·' 
i:.l (0' -. ./ t·, 1 OF' Ilo e n t u f ':; :::, t·, c i a l PU Y'P 0 ':; (.:.~ F' r 0 '.=.I r a IYllYo :i . I""I ~:.i 1 a 1"0 ''.l u a '.:.i(;' ':; p t h at 
1 S, t hp c re a tiun o f spec i a 1 izpd techniGues s uitable to 
s ~ecific c l asses of g r ap h s or app lication s. 

C-J :3Y~'i :i. ':; i.'.l(·:·' :i. n '.'.i co n vp rter:.i to i:l l""l I i'iL (~ C/ PUP :I. 1 ~:; \:lS tC-:-!l1 • 
P:I. a I"Ir· I (:·~(i :i. lYo F' '1'0'/ p m E~l""It ~:; :i. n e 11..1 rj(.:~ T'(·:·' (:.i (;~ s :i. '.:.i n 0 '1" t h (:~ :I. :i .. ,,; t .. 
p Y'o cessin~ sys telTt a nd t he a ddition of rj ata tablet and 
,.i D ' :1 ~ : ; t :i. C k ';:,.1..1 F' F" Cl r ' t f () r F' Cl s :i. t :i. Cl n :i. n ~.:.l Cl n d (:.1 r a 1;,0 1 I", '.:.! • l>J 1"0 :I. :I. (O~ d 

C' Olfo }'."' l..It a t :i. o n a 1 as':; :i. <=; t w :i. 11 E~vpnt l..l a 11-::1 1.)(·~ I"IPC E'~':; ~:;a r\:1 y t j·l:l. ':; 
w:i.ll I,) <:I:i. t . unto :i. 1 1T0D rp ',..)0 rk. :I. ' :; ('.ID n<:~ on t.h(·:·~ ij 1 ~:;F' J ">":1 

PY'ocerju rpso One pos s ibi lity 1S to further a u tOlTtdte the 
~,. :i. C L 1..1 T' E' ~.:J e 1"0 (.:., ." a t :i. 0'''' b ':1 1'1 a v i n '.'.i t , h <:-:- c Cl If I F' 1..1 t pr,,; F- :I. e c t t i"l (.:.~ 

d 1..1 t . 0 III Cl r F' 1"0 :i. <;; Ilo <:; Co '(' I.) ' :1 C Cl If,/:,I i n in''='; ~;; ':1 1'11 IYI P t T'~:I :i. 1"1 '1" 0 T' 1lI a t :I. on '\" r c. Ii'I 
~:; c-:-v \':~ rd :l. d 0 .. ' t . DITID rF,h :i. ';; IY! ~:; 0 F' :i. c to.l rp f Cl T' 1T0 d t t :i. n '.:.i couJ i:.i be·' :i. Il, F' rov(·:·:· .... i 
1..1 ~ : ; co n ':; :i. d l.:~ 'f ' d t i o r o ':; s u c h d~;; IJ <:l :l. d n c:i. n 'j th (.:.~ a 'j'<:.~ a bDuni:.lc~i:.l b~:1 

r:' Cl :I. 'I . ,i 0 '''0 ':; • 

h F F F F ~ [ NCF ~:; 

:I • F d 1..1 .I. k n c·~ r y G a I' ~:I E< T' IJ CP. I:;: Q cur s :i. 'v' (.:., Ci p n C' rat, :t. Cl r'o n ,\,. 

Cyc: li cal l Y K-Connected Cubi c Plan a r U raF' h ~:; • Ph . :1.I • 

The s i s. Department of Co lTtbinatorics and OF" t :i. 1T0 i ~:: a t :I. 0 1"0 ? 

Un :i. v(·:·~ 1"<:) i. t':! of l...r a t e·:·' r 1 DD (:I (// 1) • 

F' r' :i. c.' (j Il'o "ll"l y It d n :i. (:.~ 1 F'. y I) :i. c k P n son \. It a v :i. de. Y I·:' Y' a s Co Y' \. J Cl 1"0 I"i 

J., a nrj Pr 2 tt , ferrence W. URASPF 1 .5: A Graph 
Procpssor a n d its Ap p lications. Departll'opnt of Co lTt Puter 
Sc:i.ence , UnivP Y's ity of Houston (1969). 
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FIGURE 4: ROTATIONAL SYMMETRY 

FIGURE 5: TREE WI1H SYM METR Y 


