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QUESTION 1. ( l) (6 points ) decompose K4 into copies of A . 

K"' c.c..11\ \:::)e., oJ..-ec.:oM-.po.s@c:\ iV\\-o 2.. c.op,e.s ~ t\ 

p"l •. l - -z.. - ~ - '--\ 

P..., •. 2 - l,t - l - 3 

(2) (6 points) Let G\V. E) be a finite graph such that the de.~ree of at least 11 vertices is an odd intej?er. hov: 
that G can not be decomposed into 5 path~. 

it'\ o. \'°'fl.,\ 1 we. l,-\DV t ~exa.cJtt.t 2 \Jevtic-el W{ odd d.er,f"-~ o.M _irlt&'r~ 
7 I \)eAt" €.-e..'::> 

\-l-u, ce 1V\ S ~,
1 
~ VtaVe.. 10 vv-tic.e~ wl t:dd. de.,-rt.e... _ eve..V\.de..~re..e,. 

, - ~ :. ~~ :rr~ph.. & r1.el:ts · tu~ 10 vm,c.'b W/ oJ.d ~f'(_e 

but 
1 

5 i "-l.e. (:;- \t'\c,.. s ':> lo \le, t' h-c..e ~ """l ~ ct cR.. d. ~<'e.<!. , 
1 r ca.."' V\. u + k> ~ 

de C..OYV\Jf' 0s~ \V\ro s f'C-l-t\As . 

, J 1 (6 points ) Let G be a 4-regular finite a b (i.e .. de ee(each vertex)= 4) with girth not equal to 3. Prove 
rhat G must have at least 8 vertices. oastruct such graph with 8 veruces. M \\) \ ~ ( 'N (X) \ -+ \ t-.::ll~ J \ 

e,\- ')( ,1 l V Sin.c.e. , ·,1-n,,._ -=t ~ I -t'v\eV\ ·1 f )<. - ~ E E -
.K - 1.p-

Nl>c) /\ NC.~) • ::: 4 -;, ~ I' 

\ N ()C) \I\\ ~ C {f ) l ~ l\ -+ ~ ::.- f 
- L;_siV\~ ~C~v-w..A-exJ ::....y__ . 

. ·. G l'\M.)J-t h0t. \,-€_ o.A- \ e...a-.J-r- g- \Jet -h c~. 

atn·r~Jitb..-. 

\-{ ' ~ K4 , 11. . 
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,/ I,/""' d.:>Mif\O.'°'V\«:) s,e~ 1./"' 
<51 <10 ooints ·1 Is o3 a bioanice 2raohJ{onsrruct me 1afi!esc cvc1e in Ch Give me a nummum 0011111,m•".'7 

of Q,. ive me a maximum matchine: set. Give me a maximum indepefl9$:nl set? What is the chromatic numoer 

•) ,~:::; ~'~::•:••::=::numb::':'~ ~ C~ ,!•If;}~ 
o o o - o O l _ lo\ \ o o - l \ o - \ \. \ - o \ \ - o \ 0 'rt <3> 

V 
-i.) fV\i i'\. dOMi rttil.1 I 12_j J-tf 1 ~ :: l 

L; • [ Ooo, ll\ ~ V 
3) f'(IO.)l , l'V\afut-'\;"-jJe..t:: f OOo-\oo, c:,O\ -to\/.. 010 -llO/ ~\n- Oll\ . 

✓ c_;_; ~ V\_(,<,VVPUfeu f\l\ectW(V\.J Jf:J' Vlel'e. @ 
4)VWJ.!t. iN/ef . 5-e,f-:: lo oo, lo\ , ll o, o, \ ~ . 

5' LlAfo'M.a-ti c vto •. 2- L---'/ V 
0)ecl~e, lN\fOvWA.hL- rvo •. ~ (/ 

{) \5 Q 3 b·1pt<,t1+t 1. ~ e ~. we coin sp\1 +- ~Vle. vet1-jce4 ;V\ & 3Yl),.)YJJ ~-~ . 

, /7 A-=- { \/eY\i c.e..s "'-l oA-.J... fa-)\-~~ J\V\ c:L "'-->e. \.Wli:JW 

V ~~t ~-n'--e.i uJl ~~Gt,"71... ~ ..... l,,...,.e_, 
~ ~ Ct:. V\. Oy\ ~ 1,w.,ve_, 

ooQ-e-V~-odd-~ 

~ (,-~ 
C=- 'I\¼'\. I::)~ b,..Q_ ~ j ClC eJ'1l4-I 

Ci v'l_ vl '2.. ad J.. ve.,f,i ~ 

Ca.,<-\-~ r.... tJ j Ct l--evl--t') 
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0113 points) Given Cm is an induced subgraph of K 11 . Find all possible values of m. 

(7) {3 points ) For what values of m is Ks.m a Hamiltonian path'! 

~ nt)-:: ~ I ~ OY Cf 
I 

(8) {3 points) Prove that K3.3 is not a planar. 

"-1 ,~ ~ Y\o c3 Gl{ile 

IV\ ~ Co 

\ E-( -:: 1(0) -::q 
2 

IE\L. 2\\J\-L\ 

, ~ 1('1)-'1 

q ~ g ~ LO Y\tvadi"a-iov--

j 

uomts I Let G oe a connectea eraoh such that at ieast one venex is of deeree 3. Prove that the line eraoh 
1 L(G)) is never a bipartite graph. • - - • 

e, 

l~.6,, 
r;.. f do1i Mf)- c5} G- t -tft..V°' we_ OJ1Lt 

e,Jw~~ e-...cl. uF ~rt-i- o... C3 .\K. 

~ \,~ c:::;<:.-\.(i)l-__~(5 . . 
rt-a o d--&-. ~c:t.e..s .: . at,. L[ 6-) iJ n~ lo1 'f):flhl-l • 

( 10) (3 points ) give me an example of two graphs G1. G7 such that L( G, l is graph-isomorphic to LI G, 1. ou1 

GI is not graph-isomorphic cu u . -e , 

~,/\eJ L(,b-,)~ b 
~ ez- e1 

2. ~ 3 
l.. 
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I 1 l l) (3 points) Consider the graph K3.3 . If it has a vertex-cut. then name all of them. 

I z.. '3 

\c},"3 doeJ t'\O t have, v. ve,viek wr 
~ tv\10 v~~ fA V eA fe;',t I j Ct ~ vev rl-,~ l L V\ c. } W(.t XJ • d ~ j 
l,\j,'-\ Y'e ~ \ - ~ • l - s , ( -4, loo\- ~ ~<:.\..{>'-.. 

0:- Sti \\ c.ovw\ e.~ . .\"ltu., > /.< V\1\-.e C<.Yf1', i e J hJ ~I l o~ e,r 

~t-ej . 

·ve me an example of a connected graph that has an edge-cut but not a vertex cut. · 

( 13) (3 points) Give me a minimum vertex-cover set of K4 .4 and a minimum vertex-cover set of K7. 
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