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P(QVU‘D w¢xl“°xk '(?0&\3 ‘ko 'oo.a.{' X,...Xk\ = ("_‘_) // inJePe.nJen W's

ZK
size k (‘;‘()

P(Some. sul)se'\' c\oczs\n"\' onse. 'l'OJCowwnov\ of‘::onu-‘) = P( \/ [Su!»‘d'(i) Joesn"l' fom.])
= P io K~pPara ox)
(Z@ ek (Foeall k30 1°% Eneun: |
£ 2 Plsubsett) doeswit fose)= () (1-3%) <4 Joc w3 9.122¥ // )

] no \(- Pa('wlox'. c,o.‘
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HOLJ VV\OM:') Hami\l\'on{am Por“ns COO\A we 39,"' .M (i 8 ‘{'ournaw\e,v& (SfaPL)?

Cons'ule( any Fe(mu{'a&ion n of verdices
P(n S o H-POAL) = ?




HOLJ VV\OM:') Hami\l\'on{am POL‘“\S COO\A we 39,"' .M (i 8 ‘{'ournaw\e,v& (SfaPL)?

Cons'ule( any Fe(mu{'a&ion n of verdices
P(T’l S o H‘PW‘L) - (_12_:)\"—[

i 'ﬂQ nis a H'Po»’n«-
X" - {O otherwise




HOLJ VV\OM:') Hami\l\'on{am POL‘“\S COO\A we 39,"' .M (i 8 ‘{'ournaw\e,v& (SfaPL)?

Cons'ule( any Fe(mu{'a&ion n of verdices
P(T’l S o H‘PW‘L) - (li)v\-l

i 'ﬂQ nis a H'Po»’n«-
X" - {O otherwise

x: #H-poA\\s = ZX,—,

all n




HOLJ VV\OM:') Hami\l\'on{am POL‘“\S COO\A we 39,"' .M (i 8 ‘(’ournaw\e,v& (SfaPL)?

Conlee( any Fe(mu{'a&ion n of verdices
P(T’l S o H-POAL) - (li)v‘vl

i '12 nis a H'Po»’n«-
X" - {O otherwise

X: ‘H"H"po\-‘\\s = ZX,—,

all n

E[X] = E[SX,] = ZE[X.]




HOLJ VV\OM:') Hami\l\'on{am POL‘“\S COO\A we 39,"' .M (i 8 ‘{'ournaw\e,v& (SfaPL)?

Cons'ule( any Fe(mu{'a&ion n of verdices
P(T’l S o H‘PW‘L) - (li)v‘-l

i 'ﬂQ nis a H'Po»’n«-
X" - {O otherwise

X: ‘H"H"po\n\s = ZX,—,

all n

E[X]=E[SXq] = ZE[X] = n!- (&)




HOLJ VV\OM:') Hami\l\'on{am POL‘“\S COO\A we 39,"' .M (i 8 ‘{'ournaw\e,v& (SfaPL)?

Cons'ule( any Fe(mu{'a&ion n of verdices
P(T’l S o H‘PW‘L) - (li)v\-l

_ 1 dnisa H'Pocns-
X" - {O otherwise

Xz H-paths = X,

all n

E[X]=E[SXq] = ZE[X] = n!- (&)
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|E| = 22







IV|=16
|E|= 22

1% e,olﬂe,s CYoss
'H\\s cot




C\o.imf every G'={V,E'S (V=2\r\) a..JW\;-ls ac.wl'

svuch “'\'\a—‘{' 'H\?- cu‘\' Po«'-\-'\-‘—"ons V °M‘\‘o “-wo
A4
2

Su):so;‘s 010 Size 2( ccosses -E— e.clﬂe,s

V=16
|E| = 22

1 edﬂes CCoss
‘H\?s cut




C\o.imf every G'={V,E'S (V=2\r\) a..J\M;st ac.wl'
f such “'\'\a—‘l' '\"\9- cu‘\' ‘:o«'-\-'\-‘—"ons V °M‘\‘o “-wo
‘é’ Su):so;‘s 010 Size yZ-

E\Ie.ﬁﬁ acap‘\ Covr"a'ms (/N Qarge. ‘D'\pqc*‘-ﬂe sv,osroxpk

2( ccosses -E- e.clje,s

V=16
|E| = 22

1 edges CCoss
‘Hr\'ts cut




X= #e,tlses ‘l’l'\o.'l' cfoss & \‘omJoW\ cu‘l'
xe_:{; 14 &43? e crosses cot

O‘l'l\&fw\ se

X - ZXQ




X= #dses ‘Hw:} cCoss @ row\JoW\ cu‘l’

e.clge e cCcfTosses OO'k

XQ— = {(19 Efl'l\e.rm se

EIX] = E[ZXe] =S ELX.]




X= #dses ‘Hw:} cfoss & row\JoW\ cu‘l’
Xe={o dusne =t T el %

E[X] = E[ZXe] =3SE[X.] -_-‘_g_‘




X= #dses ‘Hw:} cCoss @ row\JoW\ cu‘l’
1 e e crosses cot
Xe={o i LN

o-l'l\e.rw\ se

ELx] = E[ZXe] =3E[X.] =E!
Max{odl possiL\eX} > ELX]




X= #dses ‘Hw:} cfoss & row\JoW\ cu‘l’
Xe={o dusne =t T el %

E[X] = E[ZXe] =3SE[X.] -_-‘_g_‘

Max{odl possiL\eX} > EIlx] = 1 cot cCossing
a:l' fensjr l’\a\e




X:" #‘Q—JSGS 'H'\a‘l’ cCfoss & row\o‘owx cu"’ \/—BA,B

x _¢1 12 e.clge e crosses cot
e o o‘l'l\e.rwise.




#ways to cut e.ve.n\n : (20"‘)

X ’H"QilseS +l'\o~'|' cCoss O \‘owul W Co"' V"*A,B
x {1 14 e.clse e crosses cot

(0] -l-e.rw se




#ways to cot e,ven\j : (20"‘)

X- #‘QASQS +l'\o.'|' cfoss & “owulom Co"' V"*A,B
x {1 14 e.clge e crosses cot

o‘l' ecTw\se

\-e e= XS, xeA’ber -I—Lq,n (2"1 2) qus ‘I‘D c.oW\f:\Q:l'e. .

c.oun‘l"W\ a..” u-l-s
s+, xeA yeB




'-\'-‘:woxﬂs ‘o co} e.ve.n\n : (20"‘)

X: #‘QASQS +l'\o~'|' cfoss & “owulom Co"' V"*A,B
x _C1 14 e.clse e crosses cot
o .

-] 0 o‘l'l\e.rw\se.
14 e=xy, xeA Y€B, then 3 (2,,,“_]2) Ways to °°W‘f’\°’l"2‘ A
Sawme it XEB, ‘36’9‘7 So : C%oun'kn‘ra.l( cwl's)
s+, ;eA,geB
(Zn-?.)
P(Xe,'-“)‘—‘:l i

)




'-\'-‘:woxﬂs ‘o co} e.ve.n\n : (20"‘)

X- #‘QASQS +l'\o~'|' cfoss & “owulom Co"' V"*A,B
x {1 14 e.clse e crosses cot

o‘l' ecTw\se

\-e e= Xg, X€A,‘3€B, -l—\,.q,n (2\“ 2) qus ‘I‘D c.oW\f:\Q:\'e. .

SQW\Q '.-? XGB' ‘3667 So : C.oun'l'»n ol GU"I'S
s.t. xeA yeB

(2“-2.) (ZV\-Z.)l
P(Xe=)= 2L = g (i)

|
2n 2n!
) ninl




'-\'-‘:woxﬂs ‘o co} e.ve.n\n : (20"‘)

X- ’H"QﬂlseS +l'\o~'|' cfoss & “owulom Co"' V"*A,B
x {1 14 e.clse e crosses cot

o‘l' ecTw\se

\-e e= X“j, xeA’UéB' 'I'Lgn (2\0 2) qus 'I'D c.owxr\e:l'e. .

SQW\Q— ."? XGB' ‘36&7 So : C.oun'l'nr\ ol cU"I'S
s.t. xeA yeB

(Zn-?.) (2n-2)! l R
-1\ = N - (=) (n-1). (2n-2)! w!l.n!
=\) = — —
P(Xe ) 2 (Q_v)) l 2n! =4 (V\—-l)‘.(\n-l)‘. 2wl

v) ninl




:\#waﬁs +o C,U'l' e.ve.n‘n : (Q.nn)
X: ’H"QﬂlseS +l'\o~'|' cfoss & “owulom Co"' V"*A,B

1 4 e.clse e crosses cot

xQ: o o‘l'l\e.rw\se.
2n-2

\-e e= X“j, XeA’béB, 'Hnen = (Vl—l ) 80«35 'I'D c.owxr\e:l'e.é

c.oun'l';\r\g aJ( GU"I'S

Same ¥ xeB, YyEA, so 2
s.+. xeA,yeB

(Zn-%) (2n-2)!

r— Al
N7l g ite-nt L2n-2)!- w0 n”
l

P(Xe=)=2

2\ 2n! (n=3i0a-00! 20! 7T 2. (20
" nlnl —




ﬂwaﬂs to cot e.ven\n : (Znn)

X: ’H"e,clses +l’\°~"’ cfoss & "'OW\JOW\ co"' V-%A,B
x - 1 |£ e.Jse e cvosses c,o'\'
e

o‘l'l\e.rw\se.
1 e=xy, xeh,yeB, then 3 (2077 nge o compleke A
SQW\Q ."e XéB,‘jeP\, So : C.oun'l'nr\ ol cuts
s.t. xeA yeB
) oot (el onbd
n- - (n—-l)‘(\n ! 2n-2).  n! N
=\ =
(Xe ) 2 ( ) l l(“-')‘(n ‘)| 2\n 2.2".(2“-')
- "‘ s L
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#uays +o cot evenly - (9-:)

X: ’H"e,tlses +l'\°~'|' Clfoss & romclom co"' \/-%A,B
x _{1 |£ e.clge e cvosses c,o'\'
o~

o‘l-l\e.rw\se.
14 e=xy, xeA,UeB, then 3 (Zn 2) "*’“35',"’ °°‘Mf’\¢l'e' :
St T S
(2 2) (2n-2)! L] )
n- (\n—-l)‘(\n 0! o (2n-2)! - Wl n
P(Xe,-\) L ( ) = =2 oY 2al 2.2".(2“_')
S
| E|

ELXT =E[ZXe]= ZE[X] >







A we.ou\c TU(‘E-V\ '\'\ne.ore,vv\
Fov G- {V\ & g
‘H\e.n "'\«o_ Ro\fﬂe.s{ inJQFenJe,n—" se.*- Las a——l' gws" f;‘- ver*\'c.es

've *H\e, owerage elo.ﬁro.e. cl = ’27)'6" >,i

)



A weok Turan theorem
2
For G"’{”,Q—g , 4 "“\e oweroge ole.sre.e. d ='—v)e"‘ >1
'H\e.n ‘\'\/\e, Rarﬂes{ inJQFeV\JeJ\“‘ se_'[' L\as a:l' KQOLS“' —ivlcl" VQr'l'\'c.eS

(@)




A weok Turan theorem
2
For G"’{”,Q—g , 4 "“\e oweroge ole.sre.e. d ='—v)e"‘ >1
'H\e.n ‘\'\/\e, Rarﬂes{ inJQFeV\JeJ\“‘ se_'[' L\as a:l' KQOLS“' —ivlcl" VQr'l'\'c.eS
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A ww\< Touran theorem
Foc G- {” Qg : "“\e oweroge ole.sre.e. d = >1
‘H\e.n ‘\"\/\e, Rafﬂe.s{ lV\JQFQV\JeJ\ se_'[' L\as a-‘l' 2%5"’ - . VQr'l'\c.es

o<(G) \ o
4-e
438
o
%22 i
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A weok Turan theorem
Fov G""{”,Q—g ) :-Q "“\e owerage ole.sre.e. d :___2@_ >1
R

'H\e_n '\’\qe, &M‘%es{ iv\o‘crenc‘e,n‘" se.'[' Lms a:l' RQMS"' =
< 2l vo.r-l{c.es

< (G) N
4-e
d-3%
T
lo
oL > &
| , ERTRE

lo
7 *S 72

(&c“\la.o) Tura'm '\'\'\a.ofe.w\ Sive.s Vs A : v '? c“ |
d+ L grapl\s W\Nlclr\'w\g ‘I‘L'\g




BT then (G) > O
k Tocén: ¥ov G—={v1,e§,‘2 d = ” >/1 2
Weo OWN .

S




w%\c TU(‘&-V\: Fof G—-‘-{V\'eg : "_Q J =.%?_ >/1 '\'l\e.n X(G) > _9_2_‘_

P(‘oo'Q: ° \CQQ? qu\/\ VQ(‘“Q.X w;'“/\ PfoLoJD'\‘.\“j P
°eclses SuUCVIvVe |-HL Lo'\'\\ emlpo'm“-s Jo.

(&)




U S then (G) > 2%
k Tocén: Foc G"‘”{V\,e} , 2 d = " >1 2
eo OWN

(&)




| "2?'— 'H\e.n O(.(G') >/"ﬂ"
weok Turan: Fov G'={V\,€§ , \-Q d = “ >1

QJ

Elx]= 7 Elv]=7

(&)




| "2?'— 'H\e.n O(.(G') >/"ﬂ"
weok Turan: Fov G'={V\,€§ , \-Q d = “ >1

QJ

E[X]: n.p E[_\{]: e_.Pz

(&)




| "2?'— 'H\e.n O(.(G') >/"ﬂ"
weok Turan: Fov G'={V\,€§ , \-Q d = “ >1

QJ

ELX]=w-p ElMl=e-p" =

(&)




weok Turan: Foc G—={V\,e§ ) 2 ::-%?’— >4 then x(G) > =

ad
Pcoo'Q: ° \ce.e.P Qoxc.\/\ vec‘\e.x w;-“n PfoLoJa'\l.l“j P X" #—'SU\‘\I\.\Iiv\g ve.r-\-ic_e,s
°eclse.s socvive 44 Loth ev\clpo'\v\‘(-s do. \{‘—' +# surviving e,clge,s

ELx]=wp ElMI=e-p® =Lnd g

Elx-v]= ¢

(&)




weok Turan: Foc G—={V\,e§ ) 2 ::-%?’— >4 then x(G) > =

ad
Pcoo'Q: ° \ce.e.P Qoxc.\/\ vec‘\e.x w;-“n PfoLoJa'\l.l“j P X" #—'SU\‘\I\.\Iiv\g ve.r-\-ic_e,s
°eclse.s socvive 44 Loth ev\clpo'\v\‘(-s do. \{‘—' +# surviving e,clge,s

ELx]=wp ElMI=e-p® =Lnd g

ELX-v] = vn-F( \—-—%‘-Jp) //Qi«\. 02 exp.

(&)




weok luron: Fov G“"{V\,QE ) '\-Q d = 2“ 4. Hhen O((G)

o|
Pcoo'Q: ° \ce.e.P Qoxc.\/\ vec‘\e.x w;-“n PfoLoJa'\l.l“j P X" #—'SU\‘\I\.\Iiv\g ve.r-\-ic_e,s
°eclse.s socvive 44 Loth ev\clpo'\v\‘(-s do. \{‘—' +# surviving e,clge,s

ELx]=wp ElMI=e-p® =Lnd g

EEXY]—VIF( 4)—)3 romJows SEG st )('Y>/VIF( cl)
(MJOCQA SULam\P\\ a\ccordmg ‘&o ouf co|e.s)

(&)




weok luron: Fov G“’{V\,QE ) "2 d = 4. Hhen O(.(G') °|

PfooQ: ° \ce.e.P qu\/\ VQ(‘“Q.X w;'“/\ PfoLoJD'\l.l“j P:-ﬁ- X'-"' #L'SUV\I\.\Iing VQf-"icQ,S
°eclse.s socvive 44 Loth ev\clpo'\v\‘(-s do. \{‘—' +# surviving e,clge,s

ELx]=wp ElMI=e-p® =Lnd g

EEXY]—VIF( 4)—)3 romJows SEG st X'Y>/VIF( cl)
(MJOCQA SULa\'o\P\‘\ a\ccordmg ‘&o ouf co|e.s)

(&)




we,a.\c Torcan: Fov G""{V\,QE)'\-Q J >/4. -H\e.n O(.(G) °|

PfooQ: ° \ce.e.P qu\/\ VQ(‘“Q.X w;'“/\ PfoLoJD'\l.l“j P:-ﬁ- X'-"' #L'SUV\I\.\Iing VQf-"icQ,S
°eclse.s socvive 44 Loth ev\clpo'\v\‘(-s do. \{‘—' +# surviving e,clge,s

ELx]=wp ElMI=e-p® =Lnd g

EEX Y]—WF( 4)—)3 fondom S CG st )(..\{>/V,F( J):n--\—L
("\JUCQA SUL&\'O\P\\ QCCOI‘AIV\S 4o our co|e.s) ‘z

(&)




we,a.\c Torcan: Fov G""{V\,QE)'\-Q J >/4. -H\e.n O(.(G) °|

PfooQ: ° \ce.e.P qu\/\ VQ(‘“Q.X w;'“/\ PfoLoJD'\l.l“j P:-ﬁ- X'-"' #L'SUV\I\.\Iing VQf-"icQ,S
°eclse.s socvive 44 Loth ev\clpo'\v\‘(-s do. \{‘—' +# surviving e,clge,s

ELx]=wp ElMI=e-p® =Lnd g

ELX- V]—VIF( 4)—)3 fondom S CG st X"Y>/VIF( J)znﬁ.Lz
(MJOCQA SULam\P\\ a\ccordmg ‘&o ouf co|e.s)

Fof Q‘lerj e,elso. (1) S/ cliscmwl one Ver“ex,
Why?
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weok Tocsm:  For Gofnel W d=2% 54 e (6) >
k J
Pcoogz . \ce.e.9 qu\/\ \IQ(‘“Q.X with Pro\m\ail\"j P‘—"ﬁ‘ X" #"SUW‘.“V\g vectices
°eclse.s socvive 44 Loth ev\clpo'\v\‘(-s do. \{‘—' +# surviving e,clge,s

ELx]=wp ElMI=e-p® =Lnd g

ELX- V]—VIF( 4)—)3 fondom S CG st X"Y>/VIF( J)znﬁ.Lz
(MJOCQA SULam\P\\ accordmg ‘&o ouf co|e.s)

Fof Q‘lerj e,elso. (1) S/ cliscmwl one Ver“ex,
discacd < Y veckices = X-Y remain,

T“\e:) ‘eorwx AW 'w\a‘e,fe,mle,nj\' S?—'\', 0

(&)







DoMINATING SET
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DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Tl«ev\ g Jowﬁv\a—";n se." O'e size £ V) - H"Q‘A(H-S)
] [+




DoMINATING SET Scv: every VeV is edherin S o ,,J'N_ewlr 4o S
|V\‘-‘-Vl . SUPFose W\iv\—o\esree. =S>i

Then 3 dowinoding seb o size ¢ v.LE2n(45)
’ I+

Proo‘e-% 22,“' eve.c:j «ec'{'e.x survive w'rl'L. ProLaL'n\i-l-S P...




DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Proo£: Re,l' eve.c5 «Qt‘('e.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'w'\lj set , YeV-X : viot neﬁkkoriﬁx




DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Proo£: Re,l' eve.c5 «Qt‘('e.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'w'\lj set , YeV-X : viot neﬁkkoriﬁx

Elx] =




DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Pro«»@: Re,l' eve.c5 «Qt‘('c.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'w'\lj set , YeV-X : viot neﬁkkoriﬁx

EZX] =n.p. P(VGY) = P(\/ & ne\SLLors no‘(‘ n )() = ?




DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Pro«»@: Re,l' eve.c5 «Qt‘('c.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'w'\lj set , YeV-X : viot neﬁkkoriﬁx

\+cl(v)

EZx] =n.p. P(VGY) = P(\/ & ne\SLLors no‘(‘ n )() = (\-P)



DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Pro«»@: Re,l' eve.c5 «Qt‘('c.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'w'\lj set , YeV-X : viot neﬁkkoriﬁx

\+cl(v)

EZX] = v\.P . P(VG‘/) = P(\/ g< ne\SLLors no-(- " X) = <l_P)'+s
< (1-p)



DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Pro«»@: Re,l' eve.c5 «Qt‘('c.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'w'\lj set , YeV-X : viot neﬁkkoriﬁx

\+cl(v)

EZx] =n.p. P(VGY) = P(\/ & ne\SLLors no‘(‘ n )() = (\-P)

1+
i < (1-p)
Iv:{ci) oik:f“\;{se = E[1v] ... 7



DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Pro«»@: Re,l' eve.c5 «Qt‘('c.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'wiigil' , YeV-X : vot \r\e‘ua\\Lor'ms X
\+cl(v)

EZx] =n.p. P(VGY) = P(\/ & ne\SLLors no‘(‘ n )() = (\-P) S
' : < (1-p) "
Iy= {é & vey = E[1,] < (l-P)' d P)

o‘H\Qrwise




DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Pro«»@: Re,l' eve.c5 «Qt‘('c.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'wiigil' , YeV-X : vot \r\e‘ua\\Lor'ms X
\+cl(v)

EZx] =n.p. P(VGY) = P(\/ & ne\SLLors no‘(‘ n )() = (\-P) S
' : < (1-p) "
Iy= {é & vey = E[1,] < (l-P)' d P)

o‘H\Qrwise

Y=2T1, = # vectices 4o add o X, +o ge}r o alow\iv\oc‘-iv\g set

allv



DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Proo£: Re,l' eve.c5 «Qt‘('c.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'wiigil' , YeV-X : vot \r\e‘ua\\Lor'ms X
\-(-cl(v)

EZX] =n.p. P(VGY) = P(\/ % ne\SLLors not in X) = <‘-P)l S
: + < (l- i
Iv: {é i veY = E[Iv__l < (l"[")' ] P)

o‘H\Qrw'\Se

Y=2T1, = # vectices 4o add o X, +o ge}r o alow\iv\oc‘-iv\g set

allv

E[x+Y]= ELx]+ELY]= n_-f_>+w-(l-p)'+s



DOMINATING SET SEV: every veV is edhecin S of adjncent 4o S
IV\':-VI . SUPPOSQ \M.m—o\e.sre.e. =g>i

Then

Pro«»@: Re,l' eve.c5 «Qt‘('c.x survive. wi'l'L ProLaL‘a\i-‘-g P
X= Suvv'wiigil' , YeV-X : vot \r\e‘ua\\Lor'ms X
\+cl(v)

EZx] =n.p. P(VGY) = P(\/ & ne\SLLors no‘(‘ n )() = (\-P) S
' : < (1-p) "
Iy= {é & vey = E[1,] < (l-P)' d P)

o‘H\Qrwise

Y=2T1, = # vectices 4o add o X, +o ge}r o alow\iv\oc‘-iv\g set

allv

E[X‘l’\f]: ELx]+ Elv]= n.P+\n‘(l-P)l+s } = clow«'moc"ina set ot most +his size



5
DominaTiIng SET & wm-p+ne(i-p)’



5
DominATING SET £ w-f>+\n-(l-;a)'+



5
DominATING SET £ “-P+W'(l-[->)'+

—P(H-B)
-p < n.p+ ne
- p e’ = Co
cokesue: winiming whon pe 20 ulin) Ao




]—P \<Q—P >

c:auch‘us: Winim12e WL\Q"\ p=

145
DoMinATING SET & wm-p+we(i-p)

—P(H-B)
L n.ptne
c—Q—
QV\("‘I‘X) —.QV\(I"‘S)
143 n. QV\(l‘]'S) rne
B2
- fn(l-}ﬂ \
PR
- \+..QV\<\+S) E

1+9



5
DoMINATING SET & wp4ne(i-p)

-p(1+3)
-P L npt ne
I*F £e =
. . QV\(H-X)
CACU\US'- Whinimi12e when p= '+5 " fn(l-l-b'\ +ne—.ﬂw(l+8)
EX)
— QV\(""S) +h~‘:—_§.
Q.q. §=‘I #Jowina‘hns st é*g +e
| 1+92.3 - \+,0n(\+g) n

1+9

A~
A |0






HypercrAPHS
B {05 Vor ek -l el
AV\ ee‘se s o SuLse‘I' owe V.



HYPERGRAPHS ‘\’ E: eclae,s ~ theferes
: e e
Hz {VI E} : Vec‘l- a AV\ chse, 1s o SuLse:l' oe \{

’ ©
A7 F,
L e




HyPercrAPHS
H= {\/I E} V: vectex set E: edges ~ thexec‘ges
AV\ chse, s o SuLse:|' o‘e \{

In c\ass'\c 3{'0\?\\5 each such subset has size L “_Un;gofw\ \'“(]PQ(S"“P\"'
C" Q“UV\; oW L'jPe—fj\’APL- Q\IQ(‘S Q'Ase L\""s M VQ‘"‘-"&'S

X K o




2‘ Coloratue, L\jPexﬂvaPL : \le.('-\-'\ces cown Le. co\ore.cl ve;l oC L\oe,,

S."'. Vo QJQQ \s Moﬂoc.LfoMa.-hC



2‘ ColOfaLUe, L\jPexﬂraFL : Ve.('-\-'tces can Le, C,o\ore.tl re,cl oC L\oe.,

S.'\'. Vo eclaé— \s !Mowoc.LfoMa.-".\c

‘ V=5
0“9} . o ComP\e:l'e, 3 - uvi forma
o ’d/ Not 2-colorable



2‘ Coloraue, L\jPexﬂvaFL : VQ('-\-'tces can [oe, co\ore.cl re,cl oC L\oe.,

S.'\'. Vo QJQQ \s \Mowoc.LfoMa.-".\c

‘ V=5
0“9} . o ComP\e:l'e, 3 - uvi forma
o ’d’ Not 2-colorable

Cloim: '\2 n-—un%-eorw\ w]-l—L < st-l e,clﬁes , —\Lev\ Q—Co\amL\e_



2‘ Co‘oraue, L\jPexﬂraFL : VQ('-\-'tces can L)e, co\ore.cl re,cl oC L\oe.,

S.'\'. Vo QJQQ \s Mowoc.LfoMa.-".\c

‘ V=5
”J o o Comp\e,'l'e, 3 - o form
T Not 2-colocall

Cloim: \2 n-—uni-eorw\ w]-l—L < QVH e,clﬂes , —\Lev\ Q—Co\amL\e_

T‘,\is 'S o \ouer l')ouncl o ﬁ:ulges rec‘o'\r&l
‘to Se:l o von-2 "co'ofa“Q. n—uvn'{ofw \nnpergra])k



C\o\;\m: \2 V\-UV\;'eorw\ W|‘|'L < :Zv‘-l Q,Jges p "‘LQV\ Q-Co\araL\e



‘ - ‘
u
A Q-



Cloiw: i n-onidorm with < 27" edges , dhen 2-eolorable
Proof:  Soppose #elges < 2"
Coloe V' candowly.
For every edge e, Ple ie wonochcomadic) = 2[4} = (&)



C\o\;\m: \2 V\-UV\;‘eorw\ lm-“« £ 2""" 9,(1325 , "\LQV\ Q‘Co\oraL\Q.
Prowe= Su\)?ose %elges < D.nvl
Co\or V (‘anolowl‘j.

Fof ever:] e,clﬂe. e,, P(Q, 18 WOV\oc,\hroma:\'\c) = 2-(—5—)“ = (_;:)“"l
:ﬂfdaes
P(>/i eclﬂe, IS Mowoc,Lromocl'ic) < Z P<6436 L 1S W'ovuoanf'oma:l';c)
iz



C\o\;\m: \2 V\-UV\;‘eorw\ lm-“« £ 2""" e«lges , "\LQV\ Q‘Co\oraL\e.
Prowe= Su\)?ose %elges < D.nvl
Co\or V (‘anolowl‘j.

Fof ever:] e,clﬂe. e,, P(Q, 18 W\oV\oc,\Woma:\'\c) = 2-(—5—)“ = (_;:)“"l
:ﬂfdaes
P(>/i etlﬂe, IS Mowoc,Lromocl'ic) < Z P<6436 L 1S W'ovuoanf'oma:l';c)
iz

< ,,2""-(-‘—2-)““l =1



C\o\;\m: \2 V\-UV\;‘eorw\ lm-“« £ 2""" 9,(1325 , "\LQV\ Q‘Co\oraL\Q.
Prowe= SU\)?ose. %elges < D.nvl
Co\or V (‘anolowl‘j.

Fof ever:] e,clﬂe. e,, P(Q, 18 WOV\oc,\hroma:\'\c) = 2-(—5—)“ = (_;:)“"l
:ﬂfdaes
P(>/i eclﬂe, IS Mowoc,Lromocl'ic) < Z P<6436 L 1S W'ovuoanf'oma:l';c)
iz

e V-l
<27-(5) =1
C), P(\no e,cise. Is MOV\OCL""V"“’“‘L;‘) > O



C\o\;\m: \2 V\-UV\;‘eorw\ lm-“« £ 2""" e«lges , "‘LQV\ Q"Co\oraL\Q.
Prowe= Su\)?ose %elges < D_nvl
Co\or V (‘anolowl‘j.

Fof everﬁ e,Jﬂe. e,, P(Q, [ WOV\OL\MVOMN\"\C,) = 2-(—5—)“ = (—\?-_-)n-l
#@Jaes
P(>/i eclﬂe, IS Mowoc,Lromocl'ic) < Z P<6436 L 1S W'ovuoanf'oma:l';c)
iz

e V-l
<27-(5) =1
C), P(\no e,clse. Is MOV\OC-L""V"“’"L;‘) > O

SQQ AQOM—SPeV\CQ(', p? ‘eO( UPpe,r Lou\MJ Z< worce ('ee'mecl Qower Low\c‘






