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Abqasl
This pr!€. pr6eDr . MAtfIUL-PLAN,{Rrzr etgornhm usitrs
rQU^.EIA\r CRAPH prtr,dUr th. xtsorirhfl nro.sd. bt.mbedd,ogonp
orkr.d36dBchstrtr.trirroul r! .ngoorptrnrnD of rheriukrn,sr&ph.
,0d to cotrnrucia hrnnllplrnrrlubsmnh c, otc diF(ty.
rhe pft\{r imrhm.'rldon rhos. 'b Fiii bo pt,n.;urion rls i,hn! i,uieaqS rum. oI rhdr connt.{r,.\. tr ruB in h&rr rim. ro give,
hrrio.l plrtrlr )ubArrph,trd,ddr rb. hr\imun numb.r orsdsF d\bresirfiourkrrioBnobplrtrrriry.usrugoDtJomrimpt.rtrdemci.nrslgorirhn.
K., *ord!. Nonplutu -!€ph tt3m LLoi 

"n 
. ru

efe6 to rhe p,oces ol adding a
rnrxi'nrl sei of edcs bG *irhour

Maii,al plan. z otr olanonplanm
gBph h an impona ptublen)
en.ounE(d itr rh! auroinrtion des gn or'
pnited .ircun bo&ds. tf s el.colnic
ciEuitcamor b! wird on a5i0glclalcr
ofi prjitd ciruit bosrd. rhen we n*d
rc detemi,,e rhe ninimufr nunber ol
k)t6 neesary io $ne re cnuLn.
Since only a p ararciruir can bc wned
d. a singLe l.yer bmrd, we would like
b decompor. rhs donpLaE cncui!if,b
a nininun nuhb.r ofmr\imal planm

tr*.d,] c,&!r! !r.$ 6Jr.'.r Jj
EF e:-rJ.r .J-E\ i/r dJ! J--r= .J&!' j,--.I +-,Jl .! .1:f;
rrr rlir lj- 4d A!r!' J* : !n t*i Jl J .5--! .j+!.r !:+ ;ll:y

. ,;rur, !!i-!c, &)i rj;r vErr irrirvli I &Yr r jir.rn UJl Ja.:.rr JjrjrJr JL& J r:l i,!., i.rE r
]rd .tl-r.! jr' r5 Jr _,ra!.# a: j E .#,rrrr jju ra +is,r +j. r.!u-4 r r-..! Er-! cp Elr rr--1J, 'jr 

t!!! _+':r J&
,r+rrijr t{r!14 }! u3r .Lii

l.INTRODUCTION
A CRAPH is plooar, if n cun be

dEh dn a plane *i no 1wo edg.s
co$inE each orher ercepr ai rh.ir end
veni.es A subgEph Ge of a nonFlaM
graph O is a rnaxin'll ptoar sub!.aph
of G il C r h pland, and addins rny
edge ro G , resdlt in a nonplDar
subgraph of G. This proc*s of
rehovi.c a ser of .dses nom c ro
oblsr . huinEl D1an0 subgraph is
known d i,ximrl plmaazrrion of lhe

On rhe other hmd, hdirol
ploariarion ol a plbar subgnph C
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ciElis. In e.neral, aor ! nonplanar
8raph. .eilher rhe ss! ol edles ro b€
rehored ro mdimaltY plaBiue t! ndr
rhe Dunb.r ofil$e edgEs is uiiquc.
D.rcmining rhe hinnnun nunht!

of cde6 *hose renov,i iom s
nonplaMr srsph wiLl yietd a maximal
prmar subsdph G sn Np (orDoLcrc

robhm I ',-r
One ot ihe ca ien .tg.rnlms wrs

pdposed bJ Demo(rcn d ,ts! cired
b\ refFrFunh$

Recenlly, ,ayakuhar et al. rrr havr
pr0p05ed two plmrialion allor]lhn.
rh*e Lso : Bofrhis ft q! k
i {csi&hecas. er.h{er.r'hre

Cofihns ,s msy edges a; posible
ee adGd. The dBwback i! rh.
complexlts of such phndialion
aleorithm md rh.n rcqunemenl ot

This papq adopb MAXIMAL
PLANARIZE slgodrhh b6ed oD
Demoucei planariry lc*i4, the
prcsentd algoirhm is an eficienr.
simple orc. It is rouid nee$ary ro
csnsEre and duruE only a tew
.{.rior.omponenL r *ch n,g..

plM subsrapb O!whi.h codattu rhe
m&ximum numbn of cdg.s posible
trirhout cftating ionplananly ot
esultmr EBph. h nns in li.ed lim..
requifts l.$ coopurarjon rinr and
ii.luds a]!er nu[h,r ot edg$ rhM
rhc,$o 1!o rhm! orernkd mrrr

2,DEMOUCRONI AI-CRAIiGT'
AND PtrRTUlSI PLANARITY
TESTING ALCORITHM

CoEider a siDple comeicd FaphCn! Elri'h n=V vcdice, sd n= F
edss The arEohrhm besi. rirh :

dmPle circun G,ii rhe c.aph c whsE
G=1v,E) ddds one palh al a ride ro
build a mesh nru6m.  d exErio.
componenr of G in G is a ruxinDL
comecled sub8hph G -(v",I ) ofc
hen* rhe endpoinh df $ exredor
conponent G'i of G' c rhe venices

rhe)l norc,l rh.r d each *a8e rha!: t)
some orrhe exkiorcomponeiB.m be
enbedded in my ol No or no.e
n*hes! 2) oihe6 cai be embedded i.
only one olthe meshesi iflhe gftph is
.onplamr, l)sohe cannoi 6e .mb€dded
in ary nesh. consequeni r. ilrhclancr
case o.cun. $e graph nay ihmediarely
bc judted as nonpla^m. If tie s{ond
6. ecui such i .onrpdneni my be
ssiSned to dEr iBh immediarely.
Burifereq compone hd l*o or morc
Po$ible mesh.s, then an aibihry
dhoic. m.l be madc lor an), one oi

h fig.l ca.h of rhe e(ertor
componens (G) t5,t2l7 atrd 123139
may be embedded inslde or our'de or
the cleun (c) 121456. Componeni t5
is l.depsndent ol thc orhes, bui r

biLary choi.e lor l217 or 123439*ill
rorce rhe odB b fic oppsile s de ot

No{ ir needs io be noiiced thar jn rhe
Demoucmn ct rl. algoriin, noi atl rhe
enuior compo.enls are enbedded in
ihe pnper mesh because .. arbitBry
choic. is mad. ,or sohe ol rhe.r. he&e
rhh ,lEoridm ir s@d tbr decidin!
sherher a eived gnph ls Dt0m o. nor
bur it laih lor obbi.rng the ,ndimaL



2. Type Rr An cdee is satd to be iweR ir n s nor obEin.d iiom i;e
EQUMI1INT-Cn {pH Drocedure aid
ir $ill be cw'neLi rtur cMnns al
rh.cdssofryo. s.

In rhis $nion a iew and eficienr
procedurc is pre* ed h oblaj0 nre
equilrlmlghph which .orlai$ rhe
md nol srbgaph C. 016 rhcerim nesBphc.

Conider , 
'mnle 

coniected nraoh
C=ivF)r rhn= \, \edrcs d;='F
.ds.. "r, rh. 6-.uio.rh..;;
Yene\ 

'n 
c \hourd r,a,; a des,d irrl

lean firte
Tic preedu.e 6uld b€ obiaiied by

Pe om'ne cenajn oDsdjons on ih.
eraph. 

-rhes 
operarroas @:

(1) Dcremine rh. decree tor each
\!ne1of rh. qrdph ! chuose ar \\ene\ ol m nrn,u,n diErce ro he(ateJ \.ed lhoo\e s ncPhblr
venex lor xr Nhich has 6e
md mun degr.. lonsponrjink b
'he 

oiher nrilhbin \enilB oi\ Ths\rne\w, b€(rlled\,
12, se cd m edse ro,nrd! hro dishncr

feii.es x,aid rLft! n) n,c6 rh, \
and & de,ore r]t inriat .n;
km nal end ]lohts otrhe m.^imal

(l) Exanine rhe .eishbour of e
vener x rcording o $e to|oeins

d If r \nen\l :pp€x, virh
degt. one, rltrr lns i nouri.n
Ihat rhe vedex xi is nol conlajned ijl
G" (& cc,). rhen x" *iu mresenr

b. Now erm n iS rhe ftmln nr
nechbom \.nn6 ,u! rhn ,h \
new venex lr- ) wi hrv. the

The .enrar c6n(!p, or lhetouJv{LENT.UFAPH D@.cduE i!
nren n ge roloqhr def;,roE

DcfiDirmo rr f,quqktrr gnnh
ri repres.rc rhe equreknr s4h ot,r !n(hconhins a lihcedes otc h.

\en ces ar. kbelrd 6 rhflr;ou,r.men!
in c. bur rhe) ac Lepr spJmEi r.e('cE ma) b. Y\*a r.dtr6 

"rth 
rhe

oeltnnrcb :r M,{hrtsubcEpi c,
the 

'nari'4r 
.j. c or J emoh a

\MD f,'nBrhe ns ml\edice;o; 16\.n.r or c n orher rod5 c wi[
repFknr I rkmitron 4 (\cle rfc tr aHm ronfneraptl

Definiiiotr l: E\.bining gBph (c.)
,ne gnph c. mr) renefd a

subchph u c, or: (r oi edP$ onh\n.re s edges ETC.FE(6rEiC.r
A (hord of C. s I N$ h C w,,,
e,dporn6 in G. bu srLh so orhrr\.rn.$ in c. tf fic Lho.d hr. !
o eedC. rt'M L h alM \i,hpk, herc!tr0. rep(lenb Hsmithnanc\. e,hei
the e.umin nS eruph (O.).oma/ns o.rv
simpe (ho'd The ,mole .hord'(
(:dcen or c. me d/s Red ecord ,E brietr pnonrs in rh( lLn or rh.
.urhined .dees $ tbtiows:
l. TyDeS: A(dF ise Ll ro be JF. 5i, r obk ned br u,n|h.
TQUIVALENT.CRAf H PrD(d;E. hrhe pD!ss or jmo.menliq ,F"
MA\iMAL.?LANARizE aI;Iho,
rhese c\lsr\ ofnpe s tuq priorr* ru
be e\arnlncd fitsr, befoE 6e ie soe



nin'mun degee a.codi(! ro ,hs
orhe' ne 3hb.u6 ro f(dlr. Plr
Keeprnc in mr rd rh, a Lhl r;dkxr is one ol de vc c.s
neighbouring x, is.hoscD itn jslhe
orly choice. Thsi dop.
c. ll drr exkr moto th3n on.
venex sirh rhe sams mninum
detue, chm* dDy one. The vener
or lenlces which .re nor chose,
\rill repEse rho end veftic$ of
lpe S edges, which *ill be
obr,ined by onneclincevel ven*

(a) Delere elt ihe edE6 incidenl ro r to
eet rhe sub3aph 6, *irh v*x sel
v(c, I,q, hen e ihe desEe ror each
vefrex vhich b a nei8hbou ro
vencx x, wilT decrease by one.

(s) lr $c venex & does noi q.esen! a
fei8hbour venq b \ then Co io

(6) Dcr(L rfrhe degfte orvend \F
.qurl roone (d(\|Ft) Th.n.hoo,(
irs neighbou b tne new rr
\ene\(\6) x.epn3 ii mnd rh{
he .dge .et*red ,n !.p ) , I be

joinins a .q e&e wirh end
venices (xLxH). rf xL. q r then

l7l Delde rhe edge hUden ovsnri.r
(8) Iktec! lhe neichb.lr veni.s or fie

a ifrheyhavsdegEe larsq rhai tko

b. il a verex (^.r aoDea,. snh
decc. cqcl nvo ,hc; choose dr
o&er neiEhb.ur b be fie nel {
venex(xb) Keepins in nji,l rhar
Il,e ldges seteted jn jep: eit be
joining rwo ncw edces snh end
v.nices (xr&) ard (x.,xb). rfxb

c Ifmom rhM one !.flcr appems
qirh desE( rquJ qo, rho (hoose
any one 6 in srep b Theo rhe
rcmaliirg vcni.es *ill repdrnl
the erlerior venices. delere rh.
.dEes in.idenl to rhen.

(9). Delde th..dges inci.lcDr ro vetux
xi and rL. and r.place xb by x! If
ihe degfte ol $ h equal ro onlhen
go b nep 6.If the deeiee ot iE
nejghbouE vsder is .quat ro rwo

(10). Replacex. by xi and Eo ro srcp 3

In rhe lollowiry it is dsuDed rhar a0
ihe wni@s of rhe maxir cncuil
are rcprcsenred by ho zonht
ssmelr: yilh rhe vedces
nunbercd in rn sceDdtre ord.r
nanina wi$ rhe venex \yhich h

the abovc defi nitions and prooedurc
miJ be ludher ( tr leLl by.n e hp.
The \rnph ! ph 6 (4ijkE oT o
venl6. dd rho conncdioos bdseen
Pai$ ofvedices ecas ir 6btc No l
rabl. No.2 itlunnrs the
EQUIVELEM-CRAPH ProceduE. lr

A- vdex 3 hs ihe ntiimum degrec.
vetur I is a iei8hbou. vrder ot
vens\ I *ith 

'naxirum 
degree.

B- ihe disind venicer 3 dnd 9 @
joinirc rhe s.recrod odge

c- rhe scries ofsmph G,(i=1.2,....7)
repEsent rhe subgraph after
del..ing ihe edges *hosc iniial
veex is x wh&e x o

D- Ihe ve,ri@s asigncd 6y s!&
rcpresenr rhe neiChbour ot rhe
v.ndr ssi8Ded by doubte sE6



reprs.iN rhe chosen verrr x'
Tne veni.es a$igned bv sb. and
len$ S rcprcseit the vod(s phnh
have desEe eqmt o rh. decrcc ot,r chossn venex r, i. Anv vehex
or$ese veniles *nh lh3 v;der r l

will rcpEenr rhd eod v.djcs otan

E. ioly, hbol rhd ventcss ottr0rimaL
.ircuh G . in ad a{endiry order.
thus renumhring rhe vdices
3,4,5.3,10,t.2,6,7,9 by $e numb{s

ln Fig.2a The Daximat cncuir h j-
4 5-&.10-1,2-7.6-9 3, the bold
edges rcpre.nr the ed8es otrrpe S.
The brolei .dss Eprernr rhe

Nos, .c.ording ro nortotr ! rhe
obtaided equival.nr saph js

s!o! belo,e semhing on lhe orhcr

A,gortrhD l: Irr C b! r simpte
.lmecred cBph rhen rhe
LQUTVALENT CRAPH ptoredre*il
be a3 follows. T6t rhc eraph. it it is
Hm konian, rhen ir coNirucr a
Hamirroniai cntur lt nor rhei n
connrucb a narnnal cncuir in a

L€i 6" be a maximal circuil ota Eraph
G of order n : 3 and rhar e i sn cd8e of
C" , qhere O. xL,x,,xr, ..,!.x Tk ! nl
ard e= YL \ j *hef xr denors rhs
vcdea vnh ft. mniDum desree *nh
Esped 10 rhe other v.ni..s ,and xr
dcnoles lhe ieiglbour \dexoax wirh

Let {r dcnore th3 verrex }irh rhe
minimum d.sree Id(r:J:21 *irh rspecr
r0 nihn h!lhbom r \, (reepng r

'n 
nd rrsL rhe !rrc\ \L 5.ro'e! on 1 i

it s ihe only choi.O.ihen in rhe
subsiapb s.n$aled b, c(r ftx,l
exmlie il fie deSre ot venex & is
cqual ro one ihei choose tu neigibour
to the new xr (r:,). Hen.c rhe setcden
edge k) is noqjoi'riis a iew edce (r,,

Fig.3a illBlrares rhe b6is rb. rhi
decision Suppose, io rhe conrar], tha.
lhk decisioi k mr defined rhe,
ac.ordiB b rhe pro.edm, \is chos.i,
so is xr \ill be chorn ,rhen rhc

c(x") 1x,,xr.Ll sirr ncver .onraiD
rhe venex \,.Dd a Hamihonan (or
,naxifral) circuitcolld nor be obtlined.
Hence to overcone rht probl.m ihh
dqkion md be inctuded tn rbe
pr.edurc Also, r tr iriAhbor is
'mesd !m|\ \l m! l breum md.

The tuflowinc tu r dis.trsi.D or
tire .omplexio orio,re s6Ees or rhc
prc(du,e de'red tutrhc' 5-, Fl€lanr
6sures.
I If.\en.rrppu6in,sp( f.drons ( yep tr a) 

'hn r rc iotron
rh*fie gBph is nor Himjronhn: li n?p 13.c!he edlesorrtpt s \,1
Pl) 3n impora rok in rhe
algorirhm b.qus ,rv one otlhen
could be conhtied i'r rhe muimal
subshDh. Hcnce rhev wjlt hav. ih.
prid y 10 be exooin;d tusrI ln nco b , &r+iior ot dr Je!re.
ol ,.6 (r) rmporu beose;rn
htr a dcgee equ.l ore, rhen il has
onl) o,e n.ighbour v.nex md if
ihie deiCl trour v.ner h c hoei rhen
r ri h,ve on) one pmbrbl{l
\hclr a& thfl rh.prcicdurc$,it



wheE ila venex oldesft No n lou0d
thei ns orhs neignbour venex xill

rE.3b lllunrae !h. ssenliaL use ol
this dechion Ac.orCihg io rhe
pmccdu!., ve&r ri'ru, be chdetr,so
wiLi x!, rrd because ir h oI d.8re No
then xr is chosen bec,use il is the only
cholce Bu! & i! nor thc ltrsl choice
Nop to okrome lhis probLem, rhe
xbove dEision mun be includ.d inlhe
prccedure ehere a.cordrnPry x,, Lvitl
become nE xbi rhen rtur xr is.hokn
so wi I xr and ihe seledetl edge e lill
be jdining rhe n.q palh (ri:{.,x,).
rhm, lbr k-n [x,x:,xr,...,xk,rL] is fte
HamihonilD cncun while for k<n the
D,qimal circui! h ld rhe HafriLtonian
subgaph (C-v); such thar the removal
of a nu'hbo ol venices cEar6 o gmph

Nert, an eruule i lu$ratln8 al8orithm
I is presenleLl. Fn$ oE needs 10
delcmine *h{her rhe EBph o ol Fig 4

A sequeoce OL,6:,,,.(which is not
uniqm) is sho$r. Sirc. ven.x (10) dr
de venios (6 andT) musb€removed,
lraph O is nol Hamilronhh Gctually G

lithotrt iffc.tiG rhc planarny of rhe

Belore sirinE ihe fiml form ol rhe
also dm, a losical squence ot neps
ne.ds ro be by denniliotr .nd

Delinilion .l: The I (Inlcrior) 
'nd 

O

Lel G" be i nniie subgaph of G.
thcn dr infinire pl.ne n divided into
lvo lac6 The ldeior h called rhe I

f..e of ihe naximal clrcuil, and ihe
ex@rior k called lhe o lirc ol rlie

On.e the maxim3l cituh has beei
lenerared, eve.y ed8. nay be
embedded i. eith lacs Then the
iniiid edee is thar which conecls
venex I ro A . Wher. A 

' 
represe8 one

ol the ici8hboua (A,, A: ,...,Alol
vencx l su.hthar AL<Ar <Al.

Dcfinitio, 6: Ficl, Sccod,-.- !s.

rd lhe v.fi!6 be comected 10

venex x b] our*ard edges (rype S or
rype R ) of x be r,,\r,\j,....\,{ch rhd
x' <xr<xf .<x'then$e ffd edge ol
\ *hich wlllb€ emired nN is (&r ).
rhe se.ond ls rhc ed8. connqtinB rr ro

Ddfidition 7: TheOtre, rndOnlJ On€

lf luo efues A aid B whose e.d
vdi@s are nDfrbered A.A) lor B,Bl
for B such thar these v.ni.cs
a!,l\:.B,,B, ev(o.)md A <B'<ar<B,
or A<81<A) $etr if edge A k
e0be(Bed in I facc rh.n.dEe B will be
embedded h O tlcc and vioe and ve6s
,lencc, if only rhG c.sc o.cu6, rhe

PLANARIA{TION ALCORIT'HM
l( iftse.tion an emcie alsorilnm

i: prc* ed ro deerfrine a naximlL
planlr subgraphola nonplmrCraphc,
b.sed on rhe obove proc.dN
EQUMLENT4IAPH Th. locus of
ndimal plarerialion is hoy o
muimize $e numbq of edees i. rhe

On drh basis r(ehp6 wee made ro
add O. 3s maiy edgs as po$ibLe



pdsiblc cirbedding of dr ermnicd

Definirloi 3: Tesliq Th. Exrmiribg

The cho'ds }hi.h are onty edg* aE
.\rmifuJ fiRi LJ :ddin!oneedc. ar a
rime ru btrld a m6h sru ur h k

i . Some ol rhe edges couLd be
mbedded ln any olrhe ryo litces.
in oiher {oids, P(E,c )=2. *her P
rcp..senh rhe number of posibk
embeddii8 lor fie eximined edee
E in rhe plane subgraph O , whcre
G is a settuercss G,,G,, .,c, of
pl&e snbgDplE ol G such .hat c,

2. Oder ell8es could tre .mbed{ied
ony i oi. ol lle lc!\,.cord ng
ro d.frnirion 7 rr m.rns rhar ih.
number ol po$ible embedding is
one lor rhe eshi.dd edge. hen.e
P(t,G)=liand if rhe graph is

3. Sohe csrnoi be enbcdded n an!

Coisequentlr, if lhe $nd ce
im'ned r.lJ judged a! nonptsE
Tf lhe 5elond .ac mutr. ,+ ii
edse will be 6s*nod b ihe lacc
ifrmeddcl), Bur il ths tirsr c6e
oc.u6, rhis .dge rnN be rc
examined diEsly ,fter exminins
n,e nexr cdBe in rhe lji of edles,
urtil ihe sccdnd cas. occu6, ro
embed rhe .dge in dE onty dne

If 6. do$ not repie:eft a
Hamilroniai circun rhen .nt
exErior vefrer (vi)\here \ rc.
will 6e ie$ed accodin! 1o jts
n.iEhbouu and tr *iD be emkdd.d

io rhe mesh whi.h conrains the
mdiinum numb( ol ir\
neiehbous. Or colse, thk c e
uely ccur ii a conncd.d
nooplass ernph yherc ihere Ie
hu 'sh edse\ b hrrm a

Aner prs.inB ihe maximal crrcuir
veniues oblained fidm Esmph l. rhe
aleesol$.exaniied gliph O. wittbr
erami'ed in a s)6cmdic *a, $ning
wi$ rhc innial venex I and nrvioe
rowards rhe end vener The p.ocedud

A,lisl rhe examined .decs ac6rdi's
10defitrition6 k*piiC ln niid rhd rhs
edgs olrype S md be exarin.n t61

B. .dd fie lntriai edse E , rhen by
definirion 5 the Iniiialedse is (1,7) lo

c. rc lhen ftove ro c*c 0,.
Ac@ding to definition 3 p,( I lhh
edee could not be 3nbedded be.ause
ryE.O)-2.rhen mo\cro edCe Ej wh*.

Nos 
'nove 

io edge Ea. Acco.ding ro
dcfinition 3 pan 2 ihi! cdse witl be
enrbedded in iace O hecause
P(E,G)-1. Add rhl edge io obriin r

E. ho{, E esmlic the e4cs Er and
Dr of ep c we iok [r P(E:.o:ts]
also, bu P(Er,Ci)=r, hcDcc cnb.d rhis
edse in rhe prop* face *hich ls de I
f&e lo obbin ihe phn. subgraph cr

Sii,ihr oaideBtion ro ihe nen
edEes will apply d Ire r$r cids when
rlL such edges are consid*ed. Fig.6
LllEtares ali ther {cps aid dcrerhi|es
E,=(2.6) and E.0=1l.3lare$e ontv se6
ol cdges ro he rcndkd flom C ro



maxinEl plailia ir ad rhe spanniic
pLafarsubgr+h C o hshotrn ln Fig.5

Norv rhe na\lnaL-plmaizlion
algoithn k pBenr.d which uses the
proccdur. dscnbed so fir.

1. Ld C" be a maximat cycLe ot 6,
such n\d G. is efrbcnded in rhe

2 Lisr ihe edEs! ndirE w:th the
inidaledgc, rhe ed8es ofqpc S, the

3. Emhid lh. I.irial edce irside rhe I

4. Te, rhc next edgc lir posibte
embeddings. llrhets are no edses

s. lf P(E,C F.{, Lhen c is .or Flanar,
rcasiSd dn edge ro he removc'l

6. IIP(r,G)=t, eo b SreP 3.
7 lf P(EOj)-2. rhn this edec lyi be

r*e@ired afrer obriining th.
plane subguphc,.j,goto sep 4

3. Enbed E in rhe pnpe.lsc., Eplace
i by i+ I and 30 lo nep 4.

9 Ifcc is Hamihonian. rhensop.
lo.Lht llE exrerioi vonic.s, and

eramin. ihem, il sone of lhe
outsaid edCes lould nor b.
embedded, @$lgn rhem 6 to be

Algorirhh 2 derchines a Doxifial
pllmr subszph Cp ol C, tl otrLy Ine
edgss ol ryp€ S de .oNider.d fo.
t siing b.fore lhe edges of iypc R.

Norc ftir lne edls or nTe S serc
obbined fton rhc EQUTVATENI.
GPIAPH pro.edue. So ir fbllors ihar

any one of rhose edses may b.
contained rn lhe naxlmal nLbE..ph C.
rherc ln rhh cas. rhey cotrld nor be
delerd Th6 m.aB rhal they musr havc
priorirlcs !o be re{.d belore the other
edses. Ler c be !i equivalenr saph ot
rhc ion plana glaph. I! is ffiumed thrt
G, k c'exrendable (i > l)and shown
rhal c.; G6-e{endrbk, siice Recan
extend Ihc srbeddifg olc roapade
embcddidg ofc. Selecr E and P, as in
eep No.6rl P(E, CJ=i, rhcn E n
ombedded in lhe prcper Lce (r or o)

c-exrendable. oth.Nhq P{E.o)=2,
rhcn there @No po$iblc emh.ddings
lf E is emh.dded ln I f.ce, rhen, one

Suppose, ro lhe conra'-l, rhat E is
drawn O fce, tuher, slme rhd Ex h
m edg.ofciiD G rha. h emb€dd.d in I
&e whose venices oacibelongiorhe
.o6mon bouod!ry olE ind Ex.Then E
and Ex mun be inrerchanecd i.r6r lhis
.ofmon bomdary pb@duE- a ncw
lhbeddine olc in rhc Dlane io which E
is edbdded in Ihe I h.e Hcice .o
overcome nris p€murarion p.ocedurc
mNr nd be emb€ddcd by maki',8 an
tubiftry choicc in lace r or O, unil i6
resliig lor the posible cmbcdding
bcomes one. Then E n cmbeddsd i,

6, SUMMARY AND CONCLUSION
This paper Eesents ihe MAXIMAL

PLANARIZE atgo rhn which
..i$ruds a nlximll p aiar subsraph
O,ofinonpL&ner gmph G This
,lgo,iihn is 66ed or the D€Doucror,
cl. al planariry reninE alqorilhm as cired
by relor od on dr nev
EQUIVAIENTGRAPH PGCdUTE
vhich is pEscnled ii rhh pap .



rrocedure EQU IVALENT€R{PH is
6ed ro connrud a plan subBraph cr
and deremine iheupcofrhe eMinins
edser qhirh pky a. imponini rcte tD
roi{ru.lidsrhenrxihal pLan gEph

a eoriihm is inpl.meDtd ir B^stc aid
kred oi sssrr onp r'Br qrclh\. tn
I:6h No.l fte nu trher d .dis ,h,
ne.ds to be Emoved is showd hv rhls
rrcori'hn co,noared q Lrr rhe ;sutr
nornrr ln add on. fie r*o,l,or;rhms
I 'Jo ior*eh b knd d,<m;.\,{ h

e6t frodincar on resulting id such

We .xp.cr rhis algorirhft rorqutrc
on rh3 averrge, te$ cohpuhrion rims
sinceody one algonthm is neded add
le$ nunber of €moving edg.s, ro
coEtruc! a s0anniig pl..ar sub3nph of
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MN.S"G.!phs, NeNlork. and
Als.rirhmr', wILLY InreBcience,

6 aang,Jeisci, J rnd 6uiti. O
"DiE trphs: TheorL A gonlh,ns ard
Applicaiion '' Springer v*tiE,

7. (oze!, C. lhe Design and
Adilysh df AlBorithms", Sp.ingd



Tsble-l, E\amp c t,a sqmpte emph c.oosis6 oa t0 renics

l0l

Tdl.-2. Illujrdles rhe EeLTIVALENT CtrAPH pEcedur

)

3-2l4 I s-1 6_t l-

4-3 5oi6i r.r0l3r0

)q.



rM^!.fLAN^RrzL a s. rm md rhe

l0 22 3

43

tl
21

3l



Fig.2. RetEsfrt the equjviJenr s.eph
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