(15)

(13)

.(16)

(24) 4(2) Find P¢()) for the graph G on the right by
using the Chromatic Polynomial Algorithm.

(b) Define what is a legal-coloring of a graph G;
& prove that if G has ro odd cycles then x(G) <2.

MAD 3301 - GRAPH THEORY
TEST #2 —FALL 2024

FLORIDA INTL UNIV.
TIME: 75 min.

Answer all 6 questions. No calculators, notes, or on-line data are allowed. An unjustified answer
will receive little or no credit. Draw a line to separate each of the 6 solutions to the 6 questions.

1. Find a maximalflow f* in the network on
the right by using the Ford-Fulkerson
Algorithm. Also find the source-separating
set of vertices S* corresponding to f*.

2. Find a minimum postman walk of the
graph on the right by using the Postman
Algorithm;and find the total length of your
minimum postman walk?

3. Determine whetherornot the graphon
the right is planar by using the DMP
Planarity Algorithm. [Show the embed-
dings for each step of the algorithm.]

076,?{?6

(15) 5(a) Define what is a minimum postman walk and define what is a minimum salesman

walk in a weighted multi-graph G.

(b) Write down Ore’s theorem & use it to prove that a

ny graph G with deg(x)+deg(y)

> [V(G)| - 1 for all pairs of non-adjacent vertices x & y, has a Hamilton path.

(15) 6(a) Define what is the dual of G with respect to a planar embedding & of a planar

graph G and define what is a self-dual graph.
(b) Let £ be a planar embedding of a connected p

lanar-graph G which each

region is bounded by at least 8 edges. Prove that 3q < 4(p —2).
[You may use any theorem that was proved in class for Qu.#6, if needed.] END



P A N o - i T o F 7 LS r 7 T
MAD  EB0) - @ti?f—?_ff’f___&é_ﬁ_&:f.y:: _ Flovida Inl/ Llnsy.

e /.gvf;_o_ﬂgg_z; Tes] #2 - Faf/ ZLEgE
cemise ; ﬂ/ﬁ/ ; S,g. . .

5/ st ALiig. ¢ :

e (g}~ ,(0:3) 4
it S R e _
Slacks 7 4 3 @
2nd aug Sttt Ak 5 NN (307 ~ o
A 4 3 =y ‘0w .(’I' . " ,

g D) &) (42D LY T3 _
o - - - \_,\ (¢ 4) .~
P R

Slacks 9 7z JHTD 4 . T _‘ ~
L o 5’9‘: fué- VE): o can be seat foowm 57 a:aj '
SEmi- 74?7% —

Y. Semi-pal | = §s,a,bcl  @T)= T3y
e @7?’1’ ‘?’@e@;@ Vil = melflow intp 1
Slacks 7 5 R 4 @ = SEz+2 =[0v |
S | fascl+ief] {cg,_.e}ﬁc:,ﬁ? (af{ +fc,e?

344=7 z #+~1 =3/ 5 FF=g

#2 da ¢
"

e A

; 3 2 2
201
N

Mininimen pﬁsfmm walk W is:

;|

athl gt e lble 2 J2olf

I o

S _ﬁjme,nfs _mf Gr a@/@%{};’fné f/f‘

v gk e g £ PF
ié! \ea! e./é, 3 : é/e

s,z) §ne23y snzd 28§23
Tz (o a F 7 b

R
fiizd 23 12} inzy

- Tr

-
o
e

oé\a e..’ jb
TR

e e b s i, -



L i d @ / |
G.00= POV F 2 B (N + By () = 2-00-2)03( d-i) + ZA(32)A3)
A = AN DD )« 20-D) 4] =R -0
45 5;/ deleting He edgs fom the cycles n & EAEQJ"U
R AN 7 e S, ~
@ne’g af {'rh/?f’)) we. ’wg// -_Q,Vg‘af rlj/7 wilh e Sygéznﬁ):ajf ;évf&f - =
Tiohu-—uTy ot 7. Now cheose a vertex Ui m Tz & lef il
be Wo oot of T; (for =165 kY. Then color fho even levels ot
each T, wilh color #1 & ta odd levels of T wilh color #2. F
we. ,ﬂ,cizf’ back e .%_Z?’é’f we ool ﬂwf) we  w i cer Bl eaih
&ij@ pr NS a o /}zr #fl 215 a ca‘;/éﬁ* #2 W/L/’fi//c (é%@fwisz’j wWe w‘du/z/ jf/f |
an acz%ﬂ Cycé_{tﬂ é—) f;fﬁ{'?c'fi_ This 7s a legal éo/;?'r ;;f G. Se XE)<z,
%f}{ ;4 /-gfﬁ/(@/cﬂrzﬁ?j of G is a fanction £: WG) = Z* sudh Hhat
ﬁ(ui) :;é F@‘) é«u’éﬁ/’)é’ ver & VT are d%/'k’z:’é‘nf i;f &,
*#F @) A i fanmum f,#é_{s?i?ﬁafu wealk of -5 /s .aif’}"} Y .ﬁ’;{,@f_j walk of &
N!H{A /mc/&{dé{iS’ .eczcﬁl f__.ofé#_g wé é~ (ﬁf [Eds_t ar'?d:e) £ .?5 c‘;zf'/qz sm:z//e!f
P ossible +total [erjﬁ‘ A minimum salesman walk of &G s an y < losed
v alt".cfof r wii,';z.é} in z;fu;t’g;- @ach pf@f‘ff’/g el & (a@i‘ Zeas*fg:4:a> & s
o the smallest possible Folal /'62-4:774 | |
5@”) (:77’?_':5‘ 77:&"4’1’&4’1 : zﬂ ,::m/v ?Q’yh i~ .,’m’g‘gg 11/@)]:/2 2_§j f;ZWf: /L;:Zl/ﬁ
é{”ﬂ? (X) + dfﬁf(f) ?—f'«’ f%r ﬁ!r/ipaz;fg Jf ﬁam_ﬂ_{f; Ve e, Fhew G has a 255&::}7; /{%ﬁ o
_a | o _ ‘ _ Cyrle .
J'msf%mg oF ;_:}V@)}:;‘ij M, The emply /:wfé VY iS5 a f%’_fgﬂ?z/z%'ﬁ
(:7&[&: Cs,f G. So suppose ;;:iv’@-‘)/zz, .Zaf t be -the graph sbtained

Pl ; g £ “ . .- . .



#51b) Since 4%6)%4%&) 7 p=i_foY ary pa at _ﬂ@fﬁ_-cffﬁfwwf
el X&y in Gy i1 A lows Thal deg, (0O + deg (1) Z@-Dkit
4 - 7 7
= pH, dor all pairs of ron-ad; vefices mt. swce ptiE 3,

i o o f_ w Ore's %g(gem %ng H Aas a #ﬁ}ﬂf/ﬁ}i ._{;/c—/'_/(_? o
Now it we TENL HE e vﬁfgy Vpei Frzom f) we w:f/f;ef‘ o
5—.—-‘{"&2;&’; Hon /941’72 th & . | o | | |
# G fa) The M&f G wilh res el 5 & s e mz,«,ir‘al_fmj/ﬂfj_
G = QEE)  E(6R)y shue VG = fhe set 2t reguns infe wihicd
& divides Tha plane & A cash edge Thal fuws rEgionS K] &R, Share
WafJ Gl &‘gj‘e.,‘}f"fﬂ""% & &Kz 1o E(G;;)L A P‘fazmzr ﬁfzzfﬁé &
(S _S"fi-/fh dual (Q:; G every /'ozi;mm' eméeﬁ:ﬁs‘ij E oF &,

Q@J)M A, Ay, -- -, Ar e The f%ﬁbﬂE s Wﬂucé_ E divides
the plane. Then e(A;) 28 for each £=l,-0,r [/%Af e#;)
15 The numbty ot {iz%&_v ol Hu 9"/@%4‘:&% %?Lj . So :
gr< 6(A;)+é5f43)-%~~+é@$ = 2.9 |

| ée,auasa cach edze s counted twice. Thus 4T<g.
Since (G is a connected /:z;mm- 7'@94{) ff_y%//:;?ﬂs S
__ f&t/;%: _ﬁfmmrﬁ’i Y Thoexesn Y%af fr“:; g+ 2 - /7 Se
4 (qr2-p) S 9.
Vo - _ g £ -4p sy . 3g S
Thus 29< 4(p-2z).

< d4p-g = %’(f)*—z)‘
ENDS

This /¢ net d/:)a?'r’f ot Hae Sofutien |
Tt is fust an exanple & show G =
Z«J/;_L.g;ai‘ AT /Q d/_?/?ffmi ,L/ea’*e we rzm‘ule,

- a _Jéﬁm/;c;g?"’eff /g/zzmd’? ﬁ;fﬂ}?é ’W?Z% 2= z

an:{ z;’— i3 . Lot us check Thal e(ﬁ,) - 377 € @’?«) = ‘7:‘5@‘3)

59 = a(3) = a(p-d) = 4@y Yesl  zis4c.
: 4O Is 9rsqg ¢ Ves !

249 |
_ 12 %13



