MOdu\}( _IIIA

CoNNecTIVITY Anp PLarar Grapis

¥ \/C 1len (pr)nedi\/}{-g'
X Edac Cnnncdaui'ij

X Col- Seb  and cok Verh(

x Fund amental  cigcnila

« Planas Graphs
K uratpooski’s theosum CND prvoof )

¥

x Diffevent 'YayYeéen‘hLHon of plc‘mav
510.Plf>5

* Eulers Theorem

«  Geomertic Dual




Modwlc v

D

CONNECT\UFT"] Anp Pranae Graris

¥ \egken Connediu‘r(g_
X Edac GonntcBuFIj
X Col- §e  cod cob Verh (&

x  Fundamental cigcails
« Planay Graphs

¥y Kurakhyewsk)'s theosm CNO prvoof )

x  Diffevent epresentakion of plana
Gv6phs
g Eulers Theorem

x  Geomelrtic Dual.



.

N~

Cub-seks

cukb —sel- s a  sek of ecla¢5 K
~emoval {77:1") G Leaves

p~foufded ’{Qmov«f of no proper

cuk-sek  aleoays cabs A qraph

(& ¢, d f} d o Cmt—5¢ cohu b

”’\Z J'Ta_fb L'{\-to 'wa-

‘C.GIOV)CI(.L'CC’ 3143!"" G. \
{a,b‘,agl' [‘q,b,f"c} ," fd(L),JC_f
ék} Com some uksli of G

n & Connecked AT Crmininiall 502D
awhos e

G dusconne cked

s5ubscks

of these edges disconnecks G A
cnko fwo .

O[,L}Lomcd.?

Thege QY man‘d cuk-seks H



FESGIRQET A Bt e TR = e
- d ol G Cubg

"Bl {a,chd3

because oa. of

Iff\cf PfQPC}\ S(Abs(b

Sa,c,h} ¢ o ¢l geb
-»N*O(Li“

‘ O‘ The 7"c.m0\/€J OF et[(j oA
[he vank Of (hC 97aph

vn ke

(ks veduw
by e
Foc aA | STC‘PI’ AG)I qank = N -KK
0 Ihe  &bave c)mnp];h yank of ©=6-)z5
fvank of . G =6-2:- 4 '

"").' Fvoy eda,a of ‘O."‘h.eé d o ks

N ,Q(,_N)OWJ of and Cola.e [TNCJQ
(e dvee ab oo U:cn_]mnml,,e_

g s e A4 h
Propakia of 4 "ol

TTheoverp 4 - |

E:UU-J CCU.'-SUl: L\/.1 a CDf)h(dCf"l

gqa})'o G musk  edain ok lecuﬂk
0 bTMd’) OJ‘ e\fud SPQDD]/Z] fuﬁ
of O




Y
" e ——

’PTOOF ; :
hak G he G wnnoded f]'mj"')

Yy T bk a SPcmma Tree OoF Q.
bl S be 6o G\g_}')}f’xc\;_g col st in G
We have 4o Prove bed- & Musl
Cnnhzjo‘. ol &eaxt an. brondy of T
.90 | Asume |he  baVELSe -
Hssume  Thal cujrfgd‘ s 4 5}’“”(’“}\
Aree T ‘loo‘tg ne edge ia eomon.
T Temoval aj_C' (he ecléz,; Ca
Cuk- sd- wouldn't  diconneds 1R

a'mflo : |’ﬂ\($ 3 a conbyadl chor o
| “a cuk-sek

[ha

ke asm}gpb“o‘n thel S u
Wena  INE [hepeon |

Thesvem A:Q -
ln a oenneded g’me) 6 &1




k

?’Joa{ , (,Ll’—l (j Y afb ;”'

N % B 2 £ . AT

(onh
B be A >
- 6 0 i o2k of @Jﬂes
> Q
£ Q be. g AL lor Goch o)(_
co(\J‘c;fAif(\) <} 4 a
oy ree of
eve ,LJ 5Pann a

) b bthet |
[ G-a4 he M 5@8{0‘? y %?

e eddesf.
yemains  ofbey qanoowa f

(v @ fry G f
The G-9 » (leasl e CQ
nnedid  GTaph Becaus Gr- @ o f

ho épmmf’a M-eg of G.
Gaw QA & Che minimal seb of
@clad wilh - he pm?cda Go C“%jé ‘

¢

e' from L Tdumw H G-Q O]

L= S

cveods 0\ Rop)e df_d 8 «qufr)
T G0 4e il be « cmneM



sl 4 5 n example ;

(onncJIc\ Smj)h (h Onw gpann(a freeT

b Qg e h] minimal  sd of 645“
Co/\l'a]f\i(a ol- leaft  one  bTOh (©)
of ‘5”“”“‘6" 1 eee .

G-q o dienne Jid ronedid  groph

K”\C’JOTUY) »‘-'3 )

Ve dacnt has an @Ve0
hamha GJE)@ ca Gomoea aifs
Cm& colm sebr .



- 6 be &
Then ba defraihion
Temoyd of & Park o

of g o Ao subsdd Vif. ¥ Y.
Ghicidie a0 cirenll € fa O
J7 Al vub e of ¢ & @"HM%
willen sekr U;,(og&/g) dne nday bk
of e_cl(c}u Goomen v 5 4 C AL Tam
Cdem.ar wm)

1f oq [T olhit hard  s00as

vabh'cee a C o v odl  Sadse




e ——————
——

NI frave]
o sdy

bacl { ~Aforth bdweosn
Vi ¢ vz b got @ kel
Becawse of ke cloged  patise of

& acewl
&

e Prag veise blwasy v £Vg muit be
eVes ,

Slaw 5 G a4 s ew
€<\de in S has one ead 1 V, cal
\he ok end ™ Vi, aad ao OlhGe

N “numbu of edgy
|

Qc\jﬂ_, ta G hag fhis pﬂpcz,(a,_
T numba of -e«lzfjd =mmoen

8 § ¢ G ewn,

Fandam ental cub-sds -

D(’J'f) . A CL\L’—S‘gk Ou/\k"af.f\iy eﬂ&d‘«%{,
of- A (3/\06 ‘\2 C&u't(l

hyat

ona ’OTW)‘J?

o fundamen

teee . b O olso  called &

cel-Seks, e gt

bas;L C(*J:/.SLQ,—G.







b
Fundam enlal  Cub sely O l‘ir}

i@/(,d]
sdoe, f3

Cenneds Y Cfox Gappe e ﬂ"“PhS 04ly )
§ < U
!Zc[;\c unthﬁvﬁ

The Nuambe Of‘ edﬂd e

4



(—:d‘aa (.or)r)c’cbv;‘lc“'] - |

Adalelson 0f  onm C’dﬁ/: I<
Ay cooneds (hi 8mf)b

E% oned viky -8

diesson of 2 @4%@
drscnancd @ 84%)95

0__4/\/‘7 Tee =, Eege @"Mvg
| @ oOne

Ves ben Gnnedvity ( Conneds v;‘;}q—) }’1(@
. d U"’

. The  verdem c,oor)ed{uigt of o

cennedid 8’rayb G &G  dehaed as
dhe miaimum numbey ot veaddces
e hose yemoval from G leaves

s 'ruoa'aial 3%?1, dws onedi’d-



i s a—
X

b,
b ¢

H ) 0

oG 1 quber Gonedivit e

Liee a ON¢

S———(—M“Z
S ML

Noe & Veels@n oonn(gbw'g e o

ndfnl 0 d forr (CJ»r'apb

have & on Mok ok @8 @nd

YN Oorv)J'QJ)—
Ea:




i

—_'—_.__
-4 |

4

3@}]7¢ﬂ&bl¢\‘M § }Il:
. opid |

A Connccked gfrth g SA | §

be.. Stj?ih-«bb ks veshn an@edo"lflgt '
& one- Al ollhi  conneded (‘j"a_P"j
osw. callad hooéﬁ)cﬂa_bh. | ' g

Cod., VGK(“L (Cuk - hocla) (An oshculaon
‘ ' Fow\l)

o @ Safemble %m};’o a vaker
whose TU‘OOWCJ clxstonhcclts Ihe 8Tap‘)
G edled o calld a4 cot veske .

U & o (ub-vuwta

:{;]_q(_oTerY)

&) ke V & a wnnedcd jmf;b
o a b vk ff thear enlslh o
vehes N {4 1 G sud fhat
euc&a paly hdoeen o and 4 passy

m{OLLaJ’) V.
PR etestyy p oty

Al S be o ANEVEIS SN bf G



PR ——TT

i

Y
\ e —— - T ——

'G‘V ¢ dae connedred - bl Gry. b Qq‘

>
?‘",-
®

S

0f (K Componen; of G4V |
N Vi be IKe Vedten  Sed=iof Q’
Gad Vo he A Verben Sl of (ke
olhck Companent . |
T | 4 he hoo  vakice sy,
Phal: o g in Uy and g & in '
Considey ana A-g pelb 0 G
JFIhe cub-veatey 'V doa ‘nab Ao
ol path s fhis paw U dlso |
(n G-V, : , .
This & 6 oadradicde, I fat |
hat o ?@ ast  (n cUFfeM- Cuwpofmﬁ
of G-V
Hoa vedin v dig i emﬂ  pots
Sufficlent Ppast -
S‘-l)?])os{ V ¢ aj QVUJ f,\J PG‘H" .
ren A vads
Lonnedced (a G-y

G~J 9 mf Cnnntd:eld. Hepu 5
de fyratioa ) L




\
| 'Tf_)_do T

|

The 6(%( Cof)n(d')‘vil-& of a 8TQph
EG Cannel  emceed IhD ctcawu of (h

| Vetbex  wilk S5m Qlle sk d‘?}“‘ in G

——

Nel- v ¢ be (K

: Treof

Vedlben il lK
| smallest dcanc n Q. "M* d(ve)
Lobe olhe dca'rc( of V¢ can
L be S evdd Froe g by Temoy oy 1K

|

i

| |
i CVeleen vy
3

|

\E

s

|

|

Q0 veLEen V-

The orTem

The veten Conoecb'uf% OF Cma— |

37@911 can  heves  enceed the edge
COnnccHUHa 0-}’ Q.

’\)roof

!_ [-ﬁcn')oval of & veden c‘nqjaféu thal-

e

LI Yemovdl of al I <Claoj enay dond-

on fthal verbex - Removal  of an edﬂe
;mpu’ thak  fhn  ead vehca arc
el ﬂuu}




. : = D Y o - — S
S i R o R DA DA M ——

Mt o denoles (hi edag Connedo‘v,'g\
LOF -G" Hoence | theee ensly  a calm sds
1 S owilh o edges
| het s ) aLh bone (A
G ko g Ul gl v, 6 Y.

Remove  al rmﬁsb o Uaha  from
VUloc ) on ohib e edge in S
M taddub . This & same os A
dalhoq : of o edgu i S P G

’T}\L ma%\\rY')UnQ VL,\(':C'Y( ' (;Of)r)@cb‘\ffg

t).'F a Sﬂ;PB il
B TR e )
Peok

E\fe.ﬂa eclée R R = vy Y
| dearecs. Tty fofed Cae) de ve A
i e am'ona‘ b Uuhces. Thasfo

e s b b deagt oag vean

¢ A q OJMS{ CLLGTQQ

vl

G le Han .t

I —



e

(iIN |
QC‘MOJ +U 9(/}'). (‘l’\{ Vet e Oo/)n@d;)\v’)’a\
af @ Cannot emceed this oum be¢$ ID&_, |

Ik 'PfCV(“OUJ Tawarem s.

[ e('ld'( "Uor)cd)v: Cannol CMCLQ«{
Chawe of ULLL\'V\ N 5N)c~1|aél~ d‘(j’ite.

V‘LLk"(.m Oﬁﬂnm‘\/flg _C_‘ Q(J% wnoneb Vfg .

(< _»agnnachcl 3mybj

A grop h & soid Yo be
kK~cConnedid & he  weakea aof)r)acb"tfl’fy.
of @ 4 k.

w, 4 I- canne i 8’“’9’% 6 |k& Sam< :

al ) oeq S&Pu\aloa.-\ ?}TO\?}‘)-‘




——————————

Pablem
P i _#
G wha O ke e dge (,of;r)edﬁw'-Pd of
D vash',
ed)
Loogpllle gqapy, ko 7 (0D TG
- &CU(‘) ~n-1
- €64e C’mr)ec"f\”? ok Onmj)aLU: Wl}
= 'r'):i_
Ej __Iﬁ_g) Ky
S +w0r delason of
ec\ﬁnf) ds ¢eeaneds 3 elges
= g7y b djoaneds Kk "
A, 877 ko edtr)¢ Uhf)oc{cb'vf‘}a and wvesken

Cor)occ}ﬁvf‘lzj of Ihe ocnllooo}né( avaylo o
eody, equdl ko WTE

¢

0ol Edge, CQGDCOBU;‘.Iy\ 43
h=§ e gten Oonr)ub"\irfz’s
GAgc ooar)acb"vi'g

- Man . value of volen

3 CﬁmeQb'UHH = [_Q_ﬁ,e‘] = Eéﬁ - 9/

& “ ’t./. = o |
DL Vedam Connetb V! 3/ QO\ac Cmmw’ovd\( =3A }.

?\'t-‘

B e oG R AT TS

e s Dl B sl 1

S———

B N T




W,

e T
B
-

\.‘

Planan and. DuffJ Grephs

e ——

colled P)dn q;;- 0
(he o plan,

e i i

A 3fmpb s
b can be A an &

e tho wls an(LJ 'C’Clg—é CT0 55;"151 "5(4(}) a

d_j acd”’)a (_:3 Ca_UJ.C( O ?’5\04}; &Pfcyﬁ‘

Nabon of Ihe 87@6

Embeddmol |

A dﬂawmg oqc a 3@3(0@1?716‘01
Tqﬂuankabt?a of a 34(4}7‘0 0n a'\ét
cugfaw (9D o4 3[)) ach Ehak no
ecL(jc intessect | o called uogea OUUJ :

A ﬁ'fﬂtpb fhalo ' e anne b be A8 &A1
00  a plane oithout cross ovel

hdcwearn (G eAau o Caled nangplanat

1S KLt plaga e ?

iy b |
In  thes ?rcP v &3 enkaho

ed{)@" GRL CYQSSin
» g




T TS o « v

Planar 'W-P?fes-er\-\‘ﬁb'vf) of Kt,u
‘f‘ 1
R, R Ry
d R; C

Bel, aap same

qu - Q P‘Qoa&~ = can be ds axan

caitb ook Cfross€n3 :
kq_ hm L} T&&foo S .

s [IhC \’)apax cabe Qg Pfamaa ?
@3 - H(‘-Ipu_cubcj

V, o

X N




R _.__,_..,.._w.__.\ E

B
=

Pegions  (iadows, Faces L mas@

mﬁamhb‘ﬂﬂ of a

3"“15’[7 devides ke ?lanc Cnk o /

P 1)|cmc.

ng(‘ons chﬂ.udjfgl an aaboundad
q¢84‘00~ ( ernkceator/ onker J cndy' s AT T‘ﬂ;{"ﬂ

EGUOAQL_g of « Ylqcon.
|V

t

The bouadlagg of & TC&I\OO
(o a P‘M 8”‘}9’7 6 (N s of
Vedhc es Coc Ih sub= of 'eddu ) thal
ouvktline L.

Theorem . Euler's Formula

R eonedd  planas graph co
o edges  and o vestices has
f= e- pra TEHONS, |
= £ - faus
fF-e-n+4gq or Y=o y ¢ - ¢
(o)

n-vudbud
) “\b'l Tq)-"qc'\ka}{m




Proof

FVTS" ae 5,)4(_{,{8 O ?'0\00&1 TcLP?fCJ’C’

\eabon  of G Coe  oill prove | Ao
Inee recy Bd c&\c.:hacﬁrg_ a gequnt of
subgrephs Gy Gy -+ Ge=G successivelt |

Ths & done LLsza ™ fo [[owi/g_

cndudsve  defingtlon,

x—ﬁ’rb(txwﬂa P\"ck orne edde of  Gi

4p Obbain @ |

G.y,' Frono' Gri-) 53»
ado\#‘na an edaz. Fhal~
A \egten aJnaclac\

« Oobktan
mb?txmy
4 incdent @it

adch‘ra IC okt welex

) GH—;
A

(:f\a'dﬂ\-l' CU‘IR | R edd@.
Ci-lﬂ-’-ﬂu]j". () G -

& Possflo le  because

no b
This coask Tudio
(eanedhed. G o Obtaned

G 9
afrenine, eqg4 - O ad ded,




T

Bt ———————— i “""""""’: u
hek, fﬁ- nam oef of “{J

€x - numba of € (‘(jd
Rk - numbses o4 veshoas  of
e planas 31(.};}7 G

Noos Qpp!a en ({Md’jon o0 nUmbe )

of ed ge-
Lak e  numbe of cdﬂ el K =l
ts ":a‘: . ﬂung e Q,‘ 1 c’a{'en - ,
"'\, _4_1 reo a‘_ 0“.’&5 -

ne of vy - 2
“;}f!s t",,n':b

i« e, -

S |y‘ﬂf-1:-_-i‘_§'2:a'
}!l VRS N 81 fﬂ"i h &) 0‘;\3 I 9 | (E"O‘)
The 12 swll U 4Lus &5‘5. k-

¥

1ha

g [YA) Gisume b al (o rTeadb d
*,\M o7y k., n.uﬂ}b.‘,l Ql Edaﬂ

q 1 - - ~ '
Lo | th= &y -, 4 o ( a!’ﬂl”ﬁ"’”’)

Moo e enll b Bk 0.
S A LJ& e &"Iw r!"‘ t. . k"

é fkh = Cru M t2)




BE——T

| s
f )

e Ak, bi ') be Ihe edge L ii,!.
v Fo Added |5 G, ko obfal”

Ciictr - Now  Ihike  ane fao possibiliTe
e ConSrder.
Flagl case ' Vil - i\ Gps)! & biegy & |
Ol‘e'aadﬁ tn V1 Gy
T At e o f S this: newd e

sjol»('ts R o two ‘D’,&%}om (ffﬁo’-ﬁ)

C“D'Mui J"H‘a'r | . Qlekl
' k
T §|£+\": Pt | R
L\
4= et Ty
L‘!L‘H
Ve = Vi

- N e
feg =" Cky Vertt

—_—

. = - N+
Q, ’Fk‘H = Gt l<

¢ ’gk = €k - n,‘-—.'-&’
lob on of [RE mRo

vaabces  of T new edge |

Second cove -

@dge W0

maall om0 e - L!.




———

v R
d V]O\’ G.\’t)"ff'»f!a 4
O d (n G and
So ppose Il et s ,
| . 3 i A Tho
by, O wof 1 Gk ol
A few)
0 eny ecl(jc d.ouOO} /j;a’ucluLL ’g
“‘”&8‘?0 0 be et
by, mwb  be fa o 7egoa il
h &g Aty O v bOU/\AMg_
O te gants
9 ‘3(
jQIC—H = fi
Clyr = €kt
."\L{q, = Vi +)
‘Flc = e 4 P@‘L“)‘I’&r
;IL _ = ek“”Li—Q,
Hena  Ihe Frvmdas o sl
A Lo+ .
Hena ’f‘: e-—-h_'_%
T
Yo

e — —

€~V+&r//




Sappest thak | & a c,oonedr.dmﬁt'
8“‘4’19 haos 3o pda@‘g. i a },lao:i
Tgpresent@on of e graph Ve
plane b as Ta.aﬁom Low MANY
verhcey  doey, ki ﬂw‘}’;’ have T

L=

Q-’/BQ, ’_F: a0

B.& Euler‘s fouocJ Q,

’F: G-—n+&/
n—- e—f+2
- 30-30+%

:[Q

—

e ——

a4 (onnecked g;laoa;u

ade . 1 al”

e apl,  hos  &° cubces  ead
gl'fOP“ g7y faces
of. cegree Jofbo o roc\na

J of K flqo&l




—

= 30-3d0 e

— | &

L —
g
—

Suppose tha- @ Connetked  planat

Sfmph has £ veshces. eadb o5 G{-@jm
Ihe

Af- ‘[va ‘oaw- M GO 'zrag(‘or)s s

l iV ded
planc ba, | i

Thak  a Cof)DedTéc' P,ar)C’vL

e it
&«“3!1"% \renb'ces eqcb of

8frc:.j;b has
OLLO'IYGQ J . 1 )f\{‘o [—)ooo‘ nf)oma c{e_afof)ﬁ
i Ike plane Cdivided by e pla®

’Yeiy"f&5m;'ﬂb'0() of “"\1': ‘3yqf}) ()



s e S WA S

——’——\\; - . -'_-_-‘A.-.
i JC’IC"TCT\L‘ jfpvgéeﬂk ahon ot J’) la/) ({1}_.

qraph s
L M@Hl' Lirye ?apveserf‘aﬁo_?

& i m——

COAH Ao x gfnopla Planat 5«1}:1'19

]

F)oa sSipple  Pplanar f)'mp‘v

can  be emflalcdded tn a plpne
gu o 'E")&L‘: evua e.clde O A awan
as o ghaaght  Lne  Sggment.
This ’D’¢P?’¢5U\L'61150f1 G Oﬂ\é} for
cimple graphs  because self loops

and PM@”@J edaaj cannot be

7\.0.J7/\85@kh:d ba (shqmakc— Lines .




e e S ﬁ‘\

-6 01)

T Plage Ryrsenl®®
C Representadion tith ¢

(U’L‘C’ Q l‘r)q)

A ?0_8:'00 Cs cbauct'cﬁad'l 190" Sel—

of cdg s Cuedj(m)

KURATOWSKI's GRAPHS (Ks S’K:m)

——————————

Kuyaty caski ’g_s_n_ﬁ‘qf;t _. gya}a’) K-,;

I8 [he Corp}lel,‘ 87(;},’7 il
5 uveshcey § [0 ec{deg

v,

T e L Tt A T i P AT =

- Tamrears




—

S,
g

B

Compleke graph  oith 5 vehcd

TesEE s S
s hoo-planas- Kagavwski's Hrsl me’|n
r\,on—El(«f)ax. Kg (3 'j°,° Fléﬂcv’z_ |
Sfdp 1 SEI g} (JU ) \&-‘fg) S’hllf’ 3 (\’!om cfa_\!.)) I
Uy s

Vg |
. G (vi-ve _ |
Ghep U (join U)o Step 5 (ein u(t,u,) stey Cfassu)
) |
\ t— '
¢
Y
J X
W 5 AT

}\:}ﬁ‘?’?jf*”k" 's  Second GMSDL) C KSJBD

b 6 a4 vgulet (onned-ed

a"'&?{" il 6 uehc  aad C[g{des.

C(M,PL.J: EI};&B(L 3'mph 5313)

P ——




TR o

—,Bao’rm A

Kusshoeaoski’s  gocond 9raph ¢
al go

)oq) ]ﬁlé‘ofu' ( o«

k3’3 o )\L‘ﬂ}?l:fm_')




T RN L RSB S RS

proibichics of 1
PiojeTNes  of  Kyyapcoshsils " Giraghs,

- .
e . "

——— —
‘._._..,_--__,__..—

Bath A Tegulat graphs

Both e - planaa

Q"?‘”“‘ 0'{' 0ae ecida or a vaken
makes eady g plaoas graph-
Ruratowski's  firgle graph Chg) ¢ M¢
non —plaac  Gragp il Ihe Sl
humbel of  vadbcud.

c| kurabvwskils  Secand graph (Kg,3) U
RS non-planax graph ilh  smallast
nambe o} edges.

Dol & Ihe Simplesl: hoa-planas amﬁﬂs




“Cuder’s Armule T

Covoll Ma‘z;;';;i‘ T Ealer!s  Aom
In amfzj Sl'rY)J?|e conne ke d
1)|6{0a,( 3#&})%5 eoilh f 7¢9 fons

nh veab'ced and e eol@fzﬁ [€>a?)

he Ao llocof?j c'n(ec{uéb"lf(’! v U =
hold. |

(U €>/3/D?JC

(k) e< an-6
?'Mo}f.

(D) Consides o connedd glanoe
aveph - D1 a @uma ed,(je bc,toa?,s ‘,
o ew aoHa fuo facy  lhe mombes
sue of 53dﬁ4 of i dawy ta (he
grogh G B2 (e-re-of ec%@
Flso  Slow - fagion [ aw 4
]oour)(hlzc‘ bd & Qearle 3 edges I

4

M"f\imaf”) Value of Sum L siduy U

o f (F U m od facss)




e B

Henw  Ihe mcﬂu&b{a f gabsded.

%) de > af
& e 3/(‘;)4{
©) dine e 3,F :

. chowve
Sb\b(})‘h&bla .,g.'_: e-N-+a, L1 ’11\-‘—— )

c\f\ectuoif&a’ )
. e 3, Ce_—wa) )
Y >, Be—=3n+

¢ —e >y -30+6
/

'ﬂia L‘%eqb\m} e 3, t G often

'u'se'cJ (o Iacinld ock  Wlanther gfqbé’

w9 7]&00‘*'

N /){ o )
lhe Chowt t\{\Cc(ULCJL\Fj |

AL YRS 5 He  rbove

’l') tn
g o gL
c‘nequaliJrCGJ age Sehdhed need caks
p‘f e pfaﬁﬁ)-.-

ﬂ-o'a,j)]’) 9 rplanag._ gy ol ‘56\55{3

—




Jf a connéded ylanai 3ffpp|e_

giaph has ¢ e,clae,s g d N3

vesces  and ' no 'Cj,(_c,u,[tv of Qa»(n,hg
CEF-CGJJ@CL cba_@f)‘ then

e £an-4

Froof

Thete S no dacwilt of

longth 3. Cno])hful e
e  closed  acgcon 5@1— ks, Boamdud
lgc«} ol least 4 edyes.
Hena . ¢f  he gragh o ab[a\r)a‘f\
ey 4f

| ‘t’, > N (’C—-h-}—a)

de > fe— Aneg

L —— e — A g e



T2 > — 4048
.4 0 - 4
Henc lhe PTOO{.
S s il S

YT K uavah collki's  Liysk 8’645’5 4
neo ?laoax 'Uih‘%L .6'/161&&:’8’
Kur\ai'vm&k.‘ s Kivgl- gvaph g Ko

V):'ﬁ_' ‘ ©
(oosidan_ |
e & 3n-6

3An —6 = 15'._’(—,‘.? Cif/
hete Q-$ 30-6
Henc  §Tapd ik

o hg()'PIQfJQL

) s saps fadzer| o (N€] =

e planandy of

doant oot
\ o gragh

Considin Kusapeskis 2™ greph

3,3




WA
|

e
_—— ——‘-—_—“\

3)

AJ

e e el e

>0~ 6 - 3xX[ -1

v [chl::q
r\vcuﬁL’/{j q 9%(56‘@

Pok kg 2 o ho7 ?)aﬂaﬂ

P fl, al- Ku—raﬁ:@oﬁs}if’! Se wad 5141)5
Toue

s 'th_]alavmﬁn Lbb:'ng C0T0[W”302

\/) k3,3 esﬂ
a T
Qn’[{\ = ,Q/LP :?

e £ o0k




€ S In_-6 /
‘N-u— e-35; hn=l9 y
2 4 y (f’
3'0-—6 = (3;( (O —6 = 3(9’6
€ .% 3n-6
oS
Hena Th 6{5@\0 does  rob= ?‘
[C L,M-c]uual»f—g Hence Mn-(jﬁ“/)‘ﬁ -

Y | l’)
<448 SWN'S“’M

J
= r“ﬁﬂd"' gm}ib" ob Eaind ba ferr*oumgﬂ

an éid.(je (a.NV) and .
9 {708@11')@,1 wilb eclae_s‘

Jeale
Lu, o) £ fw V] fyom O gmybaff’
colled homéOMOfv’;Wc foiiGre s
Sudo 00 oFamBoo g Codla A
slapertasy  subdvision nsersion | of
ubceyd df_gfcc':}j |
pse  smd Ao ke

b'! Awo opap")ﬁ .
; Cjﬁ one STG.PL') Con bt ob’{omeq’

IhC  ¢9e6Bym of ed%u )
@Jeﬂr)fl‘l’m“ 50&)(‘)).\/1_5100)




S

m——

Hnmcﬂm?fﬂ""
i > LIS

09 - el of dLJrc¢ ﬁ Qs

)

F)” ’I‘T\Ll 3 84&?55- GAx P).omeomo’er}ah?c_

to eady ofher.

Kuratecsske's  Ahearem ‘__CS’rainey\'L“ Gn\JjL)

W

(AIM 6{1‘-’ uav

- Finilz 8~raph

A kb F)CLS,, ho pub(c);mp'o fhat

[0} '\nbmeom@ﬁphfc £y

AR

Kg or K3}3

G 7] -Plcums

Y




b 9oyl ¢
P Q
nL o p\c‘ma& C‘F-‘F\ A hos

oo 6019
4Taph thar ¢ home hic
Kg 04 Ka 2: e

g Wse Kk ' | |
Uredocosts th ecorems Ao 5600&

T"’a't The ‘F‘)‘“O A 1 |
a SYC\]?‘O f OQO?‘GJJG\A.

To g 6 subg vogb
cemove edges. Bl <o
ond e Ik edaq § vebe
va |htse veakicd.
T gl o ﬂ“"“)’l" hemea marphic

[a)

R 2 Lot Vuhce o5 dlqu ®

ol duck kb B qragh 4 pleeas
0 il ‘f‘f\d 1"” Glf\LdL o hthes Ty G QQJ i |
L 5{_\;73/00\?1) i ¢, «kdr o Mmeeme’?%kh F\_o,(ﬂ J

|

6. Ko




f

{

RS

T
[0 |hc obow fj’f&i’b LR T
and dearcc of e,.\ﬂ'-w vul o “ 3.
o g Llﬁujm. C Kg,; IR | Le_JMcu_/
§ ¢ Cenmst  add

funu ale

ke o A TYegola
(A A‘Lﬂ’ac’e of Uwsb
hgj +  Ffiad e 81&;7/9 Ao
4 Kzz  wheds v wifp 6 Uub'%‘&

> Ledulm)
hal” 7% Venpovn. fnC écbe DB hiy
) Gk du_a'reg" of N bl b gB/‘&’J
2. T sobgraph oblciad @
.\ B ¢ sk GRratH

¢ —a— 4+

Vep N9 Tphfg




B

] PH
HOHE;omOE‘PHIC LRA
i
(o (AL chrwyb
- '_..r’ ” : | ) Q’

= 0 \ bt b = \

F G H dygree oF Dl

. jee 9

. o 'm_" ’6
NODJ “\I: ab Ve 31&?‘9 U h men {}}ﬂ

o ks 3.

| NYDS o | Lo
Honcy o The @(vw 5@\17)’) :
chich U hom@morfhlc

Sub g Toph | V
8 ! curaockyls Theeyem

Kg,a. Hene lod g
5 Li & neaZPlanat
\hCe  HVP Q7 G

Kaycherski's Therem  shoed

U—si(&

ol I = C5o[[awf2f ?fm]’h o

Ma?lmmg

s iR

"



=

& vebca 5 vuho) 4 of

E%j‘!ﬁﬁ o~ gubcey C, F

cl!-‘ﬁf::e
v 4 Gu




N

/-—-7 —“\h—_—_&

ek

LI e heck  Hox
o bz 3

Nelee  Cenkem ‘o

24 FDolloes 4

Wse Kq"“‘k"aﬂﬁlﬁ}'.‘a thesrens HO shots

Pd:ub”oﬂ's 'afrqyfo 4 hen FMO

IO UL}H(J’Q'

3 N«ES“J“ ‘flm?b'

subgraph honeem e

e T

w

Si-BG RAP‘H

|



Ay

HeESIRQRNG GRAp,

d i

The  abow so\ba’mj).z’l % 3’“@"‘9‘“}“
w it 6 uvubw (rwro@o@o’f}’l’)"c o 53'3.

Hena 5& Rurahp coski’s theoron

s ‘3#*5 Pekescoon s -"8%{?,’)‘&-‘5 I\.D0~f7l@‘“.




Geomekyic Dual
C——

Consid e

- -
i N-&:MM

WS plane vepresenteh®

of & graph G, CEENS

1(55 'fﬁai()()\g

Jeomekmic dual’ ‘of Of  Can .'bc

o4 Chaces.

loa '(:Dllowfra Procedure .

Diplaas &
Hace F-“('

:9. JF hao

F II.FJ, .+ Fn be

“They A

A

._PO\(.(\at- PL. , 00 € a d’)

£ N - A
Faces ‘thi aodl _FJ

adﬂ“w‘t ( have cez\pmoo“:e&ae) ds aw

7.8 O-A‘N- C!e &ad) JO (\.f'u“'/a .

Hood- L“M—ors ed~  lhe”

Lepwen

$ :
Pe aad P,

a@“’)oﬂ @OLJQ

& rJ CWL'KC(‘L&' ~*6a(e.,

2) I»P “r»efe ¢ more than oae 80(34.

Common b

oA - 2%

‘ng CLQIG‘\_LD ons

g Bewen Pe b et cach of

ﬂ,f Oonémo'r\ edg ¢
Lp A *r- " QN Cdﬂ—e
s Adanl VO-QP)\)
@ Pw on L secH.

(47 mJ c.\-h're((j U one Tegioen

QVO C QﬂOP ok e
D | 6&3‘ f'uc‘dl‘] Q.

Conshradd

e r—a—




Dym) @Aaa) /)Qa:a’ P‘\O(’(‘\L?‘. 5 \'CLQT'DTQPG(\M/&
_(5¢w" o aog At o




@

e — oy S 5 - L" . .::‘/

Y
-~

"




g

I




Resulls :

— Dual of f‘Sonomp’";C 31(&})%; o

No n FSOn’)orj:‘?"C

. dud of & places greph
& Plaoav

- Jg nje oo nuehe  of

veskhic ey, eclau and dbaceg 0f <«

,Cpnned&l /quoff’&. 5"0’64‘7)9 G 004

n* e*é L ¥ coe IND s of Auﬂo 0)*

e, n* = f
Cx;:—e
'F"Gtr)

 ped of Ihe due) of « gt
o M 0;.1"0?/\44 aTaj;}).
C foa onedi Ovl-mm gffcj’"‘")




