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/pdlef'/[/éﬂ 7%@ zé //er//'céJ‘ /n/a' .4 /4/)—':' ;z/// ,u;}/
fl{z'Vz'}) .= = {ka’%}. 7t ¢ 42 a// an eaiqe
belween  2u; and v for Lach 2= /-, A
Thes will 5/ “us comnecled v - g ranls

f 144 A et 7/
G’ w/t/% a// Vf/[//'ce’r aré a/ CVer: dé’jft’él
5/ Theoreom &./1./ , 7 Hllows  fial G bas an
EFuler crvenil & . Now ;/ weE - /eéé A 2405
/ha/‘lwe adled e w///jaf £ opes Fra/r
m &,
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Hhal
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50 S“Wa.re & s #am///dﬁ/—dﬂ [7A/k /MI/ vl 115
HAl & hac a Hami /o .57&;"5:..") . Tl o€
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ol 1 He Hami/fon f/c/e.
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7%_% we can Wrt—é S = 54’ 1 7

i 4 "ty 5 D‘:;dr}
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IS4 <iy <. <z, sp
Now // weé rluwtove 2/;/

The 7/2704 yy/4 /4
éc. (‘0%/12/(/ (éecdz/t.re /_/ (om/d/ﬂe/ & /‘;/lﬁn;ff. yz/é
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7l p AoV E z/z-z /'/ 2 /'//
have < z

| zam/anéﬂfs (éecau.re all He verlices
of fo)-fuj/} were /'a'me/ é/ o pal — ja/gﬁ7
Ve, éan 5/7/// 7he's /ﬂf/ b 44474/ w10l s
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. yeaove 1/;

, we will j&f < 3 (onya‘ﬂf’n/sv)
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Th'u.c & - S w;// have al wos? L= [S/

/0”/0)12»4{5 .
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S G cannol le Hoamre [Fonian )
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517 Wé w'/// show 7%4/ i O /s wof //am///on/;wv) Tt

g < (/2-3/0+£)/z, From™thss f folbws [bal  F
z > sz_glo-/-é)/z 5 Then & /s #am///on/}rﬁ_

Sof/o:é G rs a0l Havsonian. Now 7 arf
verlices have /e;reé z fz | hew & will be
Hoamn i lton jan é/ .[07&//4/)/ 5.2,/ . So G swsl
have a ver/%’) vy say w//ft/ d‘ey’(ﬁ;) < p/z,
Lel 4= %7(”7) We clam hal G amusl a/co
have 4 verlex v, wilh ﬂ[ij 2) < (p-i) - k|
There are 2 Two cases:

Caseli) . vV, /s The on%z v/er/% o/ Aoy ree < Hz.

In This case we sdle Thal i Al He ofier vevlieer
were a/ &éjréé =z /-—é J 72{&4 & wom/a/ b ave 7
/-/dmf/zén f/c/é ,é/ Hgorem S 2.1. So & mvuasl

a verlw v wilh  deg(h) < pok . Thas we
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In This pase we wnusl have gnoller weviex Y
of a{f/ree <pl2. So xz/ (V,) =k < (p-D/z
and a’ef(l/z) < (p-0/z. 7lu s

deg () < (- e < (p0) -k

So 11 ez/j‘{l/ cAse pe 7ef A Ver/@x v, W//j[
a&/ (U;) < gp—/)—k_ /l/pa) lel us fook ol The 1V ) ymLtsn
/ass/é/e mumber of e?e: o & (onsider
4,—;/ V2 A4S pne /arz‘ andd u;).../y/; AS e ofes
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At wmost (p-1) -k e/jm

Y, has k e?e.: pcidented T 4/7/ 25 bhac < gp-/)_,é
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most  (p-2)(p-3)/2 eAges avmong §v5,..,% 3 . So
9 § (p-a)(p/z + £k + Qa—/)—-k -
S GOpe P

< pospee 4+ P )
= 22— sp +tb + ,ZZ—P_ = P - 3FP+65 .
=2 2

7T hus g < @2—3//-4)/2, and we are dere

5/8 The /rao/ /s Ver/ S/'m//dr 7 %n/ of 8./7
Use [aro//dr/ 532 4;4/ Theoréent 5.3,1 . 6.?.
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2 2
= pPe-zpr2 , &
4 2: - "‘2'
2
= /’BZ”“ = LR 4
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@
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! Show Zzﬂ/ /./ & s A/nm.-—wunf‘zé’/ an/ /JZ %)
/%&A & /s 3’(&%”64/!/,” (com/ﬂff wﬂJ/ s, //>

§t7>/;o:e G /s nol 3 - dommfz/e/, 7hen ' (5) < 2.
Since & has alt leasl 4 verlies , we caminl
vednce if T K, by /e/e///7 2 wvertices | Bul
wWe can terfd/'néx Aisconnec? 7 é/ v 1o vin
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2 ) 77

A
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CHAPTER &

6.1 Zel‘ é;).--)ék be The & _/;nyvnmzls of G and 7
be e ypmnber of raj/'ons mts  which e /’/ﬂ.’ﬂ'-e
15 Atvided by &

7Then é)’ Euler's Fovrmula
= 2it2
So Z 7 o= % (2& "'Z'fz'>
o= I P
= 7 + 2k — P
Bul zk 7y, we covnled e intinile —ye/»/én
-k //mes'l:/(/;zsfeaa/ o/ onre.) : So ”
r = (Z ;2) —(k-/) = 5+2é'/’ - [k-])
e = Z#K#/—/“
[hus pFgrr o= 4k

s We tave a wax/}vm//p/anar jm/,A i

/¥ 4/..";4 /(4

N = ﬁ(G) gnd /3-: 20, of verlices of Adrgree

(ll=/,2)---)'”). We glso kuow ﬁ'al‘ G bas aZ[
/-eﬂsk 4 Z/€VZ{/C£S') So [acA V.efyf&x ar/ G 4/14;”[4

be of degree >3 (éecauﬂ-’ G e wa/x/lmzz//l?””’,).
7ZMAS‘ /01 =/z= 0, /Vou)

Stncée & /;‘

/)/dWar )34 has 3/— G g;/;?.r. A/So
sum of 4[7/6&' of G

3t P TS b
”

wNAX 1 K /

-
—

2 (140. of €{765> _

S+ g = 2.(3p-6)
Z"'/’i = 6p-/2
2=3n n . »
P AR A ) - 12 bee. > o=
,‘=Zs ‘P ( 2§f> L=/
So i(z‘-g},ﬁ: -2 .



6.5 Thus G-8)p + 4/—4)/7 - (5_-4)/05 e (77-4)/;” = /2
So
(7-4)/7 + (g’é>f8 & ---f-(ﬂ—é)ﬁ? +12
= _(3—4)/’3 - (4—4)/?, - Cé'-é)/’; -(5-é>/’4

frt2fe tBfy t (77—5)/?,7 +12 = 3/73—%»2-/;,_ + Py

as rezw're/ _

6.7 The /ba;a/c/ra/jmyﬂ Shoont belovd /s a /’/anﬂ/
7,7/  which a0 verZlex js of dy/,’ge Joss Jhan 5

/I/&a/ 7%4!‘ /am /zm/e seer one Mﬁhf%’) ;44/ . w%&_

6. Mothod T Forst we add ea/jes o G wunl] we je,f
a /wm/x/Mﬂ//;/anﬂr ﬁr&yé G". Since &G bad al
[easl « Ver//'cerJ all fhe verlices of G will have
/ejree 2 3. We w/// show Thal G has  Sour

VerL/r'ceS' welh Zafrefs <5 . Swmece G was 74;%?6/
é/ ﬂa{%/\zj edges 7 & these four vertices il
also  fave rees < 5 &,

Now Su/:/are G Ad ol have Jowr verficés
@ weTh a‘éi,ree: ss. Then &' has af wmosl Three



6.9 Ver//':fs of 4/277‘26 < 5 So we w}// bave

sum of de’jrg’f: YA~ 3.7.‘3 + (/’—3).6
o | 7

A 8

(/’ fye//e:!n]ff The .S‘mm//f.r/ /os.r/'é/z 5{;7 ree - £
The Three verlices of Hegree < 5

, anrof

B re//é’.re’nf The <wna //e.er /a:.r/é/c Lo re e

2 e 7’em4m'/;47 P -3 Vfrél'ée_f>
Se

sum of ééjrf&r 0/5/7/. 7 ¢ 6/._/‘3__. 5/_7

Bul G fas 3p-é edges (bec. Vs swaniial plonar)

So 2.(3/—5) - sam of 4&7;'”; o/ &7
Z ép - 7
ép-rz2 =z Ep - 7  — a (ﬂﬂ/‘f.ﬂﬁ’i.o?é'a/? ,

Hevice G amus? bave a/ @4«2‘ Sour »/é‘rd'j/é,e.r

ﬂ/ &jfé’e s 5

Method 7 . e /’/rs/ adA /?f_r /é/e/ e 1-1’/':'&1’}/)%&/
//amm’ 7/&// .6./ as above. Now Frion prob 6,5
Bt Eft Ps = fr T Bt (7-6). pp +12
3/§ # z/?,, + - = /2 .
From This —ejma/;bﬂ i’ /a//ow: /Aﬂ/
fz t Py * Ps z 4.
So &7 sust bave al loasl Sour verlice o

wﬁ/'cﬁ are o/ 4&;7&? 3, ¢ or 5 7 loees oUr

G w/// /In&? af Qﬂ:f %MV -"/er"_//'ces @/
ﬂfree < 5.



69 Llel & be He swéjmyé o £ The &/fersen;m/’/i
06/4/@4 é/ /e/gz‘mj W and e ,g%é: awjéchn/
how. Ther & s Aameamo7é/c /o Ks s and
so, é/ A/ura/m/s;é/ ‘s Thoovew P 7%& Felersen

' 7;%/% /s 7on- //drmr.
b

S a
—>
Vo

b ,'/ AN
A \D\\ﬁ ©
. B .
: +
c
G0 éws//f/ P /a/?an eMée/p///:i/ o/ & Since 20
%4 C/fS wm & /taye /€M % > £ 644/1 Pea s
© 7 4 ) 7
/n 7%6 //ﬂ”ﬂ"‘ C’W‘éﬁﬁ//ﬂy %//M:/ be bowunded éy

A.f /Zﬂ.rf V4 61 €S . Since eﬂc/z edoe ca é@{,’(nﬂ/
af fwzoSZz 2 —r-e//'ans we jéf

/i

S, +S; +- +S, s 2. /]

[ ere S; /s The sumber of ei’/j“ vn The éoe"naf‘,,/

a'/.f/;e i1 regson . Since k& s each 5, , we bhave
ket k4 k< 2 E
k.r < 2/

But 7= /E/+2—/; by Ewnlers formela
k.(Elt2-p) ¢ 2(E]
So k. [E] + 2k—/;és z [E]
. k -2) /E'/ < Kk(p-2)
A s /E/ < k.gp-z)/(é-2> .

G



6. /12 (a) §by/>pfe /'S 36//" ﬁ/nd/ Tt G = 5*
But V(G’*) sel oF 7’7/.'9;4: of & fers o

Vic¥)) = r.
/1LV!/ Stncé V(G )/ /Z/(G') <é£€ﬂu5‘f b= >
we j.ef V)= V@&G)]= Nosw

r= [E/ - v/ +ez é/v Eler’s Forwinla

So [V]= [g]-/v/+2 |
Z/V/: [E/+ 2 as 7/{;uzre/-

AT

G——

/,/

%

lo &, Wl= 5 and fe)= 2 So 2= f/s2
Bul & = G because G thas Averdizes of 4{71
while 6% 270 z/e’r/fczs oL 047 %« S e ”;
z/v/ = £/ +2 , A Aoes ol Alow Hhal & P

be sell-dunl,

6.4 Lot f= /V(G)/. Now S'M.//?O.Ye />=H. Then
E@1+(£@)] = e = 55
So [E@G)] > 27 or /E(G_)/ 5 2
(E@E)) > 31-6 or /E(&)} > 3./ - 6
So é/ CZra//ﬂr/ .l , G /s won—//dndr a7 & /s
Pron '/’/4”47'. (/?fmeméer; e 9 > 3/—4 , G s )"vﬂ/-/J/anar)

@ Now soy:/w:e /c = /2. Tl /5@)/+ /5/5)/ - /..,(//.,_5)/2 '



él4  So [E&)] = /0//'/)/;4 or /E'(,G_')/? /D//'P-)/';,z_
Bul i P22, Then '
f(f—/)/// = /2.{}’-/)/9&
=z afp—/) = 3p-3> 3p-¢
So /5(5)/ > 3p-6  or (EE&)) > 3p-6 . Aence
é/ (ﬁd//d?’// g././) & /5 zrmn/érnar P
G s an—/;/andr\

&./5. 577&;6 G /s a f’/aﬂxzr jmfé. J bt

7 < 3/— G .
Now Averaje a(eiree i G

/
= Sum_of all e Zeq/e’es b

Fotal no. ofvérlices m G

\< * ( >
3 7 , /
r— & _e 2 - é - /2 é AS 1€ L VE
—3 < s // ol 7 )

/

6.l Bolh of fthe jmfér are //anm“, ﬂs/nj The 2P

4

a&anﬁ/m ‘ e can jef /Ze 7;2/0 /—’/A’ﬂﬂ)’ émé(;‘;./ﬂﬁj:

(a) /ﬁ ::\\
)

54060" ée/ﬂa).
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CHAPTER &

8.4 K/U“')fn '/'_s‘ 7%2 77—/47’///6 (am/)/eé jr‘a/A . Via
consisls of » frdlxyf of wverlices a/ Ss/zes /‘7/3-",/’»7-

/l/a .e/je: are€ A//am)e/ Af/ween : Ver}{c'g,r /nl

e Sawme 7:’074 — bul 2l T /a::///e edoes are
o llowed K we  coler fhe 5 verlices will color /
The /e verlices wilk  color z2, - and iz y2 |
Ver{/kff qd/ﬁ co lov M} we wz'//jaf & /fja/
(a/ﬂf/V’/ a /(ﬁ,"'//’ﬂ . So -X(Kf’/;"'//’n> < 7.
Bul because we have xll He oer /a:.r/'é/a
-e/je.r wmenlson , "7’/,---,/‘,«; cwmmiad b 1574/?
colored wz,é[ less  Than w  colors. g

x(kfn//)ﬂ) = A .

8.5 /4//14[/ . Tesl color oach /df/ wéiz a ///4/(»4-[/
colov Tt is M//// w 7/2/&1‘ “uS =~ /'?/ﬂ/@/dl’/l‘?f
of & lbecanse G i ,é-/.aa////Le. Hence

X &) < k

g.10 ///'utf: [f/ V’ = S‘e/ 0/ z/erlé('er rece/wnj (a/or 7
[/;/)...J/c)_ T2t V,)..-} II/Q Asv'//j/'l/e US & éfa//;é
| @ jra//t becaanse  po eéae_r can be belween veriice s



DR

g.10 a/ﬂ”w Sawe group [ because 72{2/ vecesved e
Same ca/a‘f). Wow we can adA 4/@ 0721.‘@/
/)o::/'é-/e a owable e;/je_s /o 7&/ =3 Conf/e/é
,é—/arzf'fejmy/ &7 Since &7 was érmez{é/
ﬂd/m/ e//e.r /6 G, & 5 o« :m%xy% o &7
and So we 7&/ /Zfe fre;u/re/ res (7.

A - N
N S
r ]

K3

2

S PR, DY) = Py + 3Pl Plk., ))

AA-0(3-2)(-3) +32(2-)(02) ¢ A(3-1)
= A-N[ALshecsrog+] = a0

No. of 5-(&/0//)475 = Plhs,s) = s/sN - 320

n

(&) | Plky-2,3) = Pl ) + ks, ))
<DO A(A">[A'Z>(A‘3> + 3(3-/)[2-5)
< (-0 (A-2)*

@ ¢ D fo of 5-colorings

Ks %
Ky = P//(4-f}5) = s(s-)(5-2) = /50
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