RANDOI
GRAPHS




RBasiec Modole

G = (00, By
Vecten seb Lnl < 8h %> n3

Gooh graph with M adges
\hes  Sawe P oo ok LV by

I Ny
0 Ns (2)




Gan :,( C”l g"‘uf)

\/@2 b e < ok ET‘—]

| & (6] N ~ |1&(6)]
R ( Gup=G)=P  (-F)

) .e Q;&o'\\ e&@. 0o wYS ﬂﬂdbf)ﬂ»‘f\d,%ﬂ\’lé
v ?(o'\:cf\o\\\hé P-



G_(q.\o!'\ PYOP@(L\O /\&)‘

S N

[ ( 6\6‘7) ZP( Gryp ¥

£ pl74) >
F (1€, I/J

N
= Z P/( Gn ébo) P\l lEv\_,p "/")
o= f
>

> PGy m <) B, 12m)



g ( ‘Ew“*“) = Q\/) " (149\‘\,”"\

N /v " " - P) "
m (N- m) wlm(N MJ N-m—> o2




P ( anm e?P) clom™= P/(Gnape]fj)’



\ﬂ'e§
Ao\’M ‘O{OEC‘(

‘V\o 19@(% AW me\Ol'W
A pro

[ Y (' F

if
de creacing 4
obona

Mon

P = G-ecec
G:.S ]O\O‘f‘ﬂn.k'b



Swppoce Pic . p = “‘:T
(60p6 ) = 2, Gy, ) (1B o
N

> P«(Gmeﬂ > (J/(IEJ y )
b ~
Cevbral Limib Xhea cem=> \ > L oW

P GumeT) < 30 (6, T)



GYO\.P‘N P{o cegg
Go - ( ’:“1‘ 5{)) G’e 629% ’6"‘\) GN :]{W

qu,] = Gm ,olsz Coand oem @dl%g

Gm and G"ﬂ_,m: hove S ane

o3 Sbi"tl)w]ﬂ U‘y\



\\/\O\X\QO\} T‘V\Gc”w%
y > O 1§ & Cond oo~ Vav vable
Wik Ruib e mean //\

AN =t) ¢ &

oo

L %) = E(XIX< E) PAX<H
v E(X|IX=E) ﬁ(Xzb)

>¥ Pr<>< éﬂb




C l’\eJL\»] S\\e\/ iﬂeq)\bwl’ilﬂl’

’ G (omrl. om VaY LCAI'QLu bﬂH\d_z
y ) ond  VaYl o -
gff\; \'e. Lo /\A

P IXpl 2 B) < &

Mw- | = 50) = -'/0
Co( 1 X~p < —A
) 5=
> %‘2




F\:( S\T Mbﬂ\zmk Mgu\d—J | |
L L \( e a conddm vwm% wibh tﬁbnih’
e

Y € AL L}'fhkltﬂﬁ \/@h"/\h@-{ wn %OQ‘QQ\)'-" g

P(X*e) £ E(X)
e(ocs%




Second Momont M efod

Leb Y he & non- neao,lwva Cand o

Vol alole ud’dfk BCLnV\\"Q,N\O/aM\: wv\,a(.
N &Y\ omce, °<}n.o/«\

ID(( >(>D) > ELX)
5(X?*)




Y
Co.w')wbv Sokw’a”’% bn@(bu,aul,v]:] Lﬂ‘al\.é«

(XY)™ ¢

E(X +tY)?) = ELX)+2ﬂqA))+fEQ”)
= (E(X?*)"

G(%?)

G (YY)

E(X7) 7(X>e),

ol

—+— ﬂE() ) ) _ 2{(1}2(1\/2)l,"'2]E(},.—2)l,x’2 - IE()()""))

= (0 for all .

Put t = —E(X?)Y2/E(Y?)Y?2 to obtain E(X?)/2E(Y?2)!/2

* ConsuLN W {:((X*L’Y))

§““0L|6W O?

— E(z‘&,)’) = 0.

Q



Evclwl'\a-\;\ aat o '(ar\(lM Qfa/'ops,

\,\/g LOO]Q 0!17' lf\aw G"{)GL-" ij,__

Q,VoLVes .



L3 = u3(n) denobes Come S]mf@
&YM -\Quﬁc]r\arv\ 2.q. W= Lagf\.

N me N/ w
ij s O rY\oolT(llM"“Q L"Yl"P

ik }»m\c‘l\ ‘oro]oalo l Mb

wkp:
Ve, with P”b“l‘”t‘l’t} i"’"(-)

0 N —> o0,



Le =
bfu%-an@l. L,L—\(;,We£

A

bQﬂb"\s of \MQU\QW 6_

—— ﬂd'o'
1:;F<5<2> = % (2) ,ol
¢ nxn
NZVLJ{'

P/(é‘nf) Coml'o.mc P«H‘ oc‘ LM\BH*/Z-) =0[1)

mon o bone ro
b=

F/(Gnm con boums aﬁaﬁ\: 09’1—2/'0‘% Q) =0,






Lek (ZE he Hu seb of el ‘oaﬂn% Lenglh
Lo i
Leb

n

W
\? _ 3 of 'solabed pa,uvs o IMSU“Q

» \mv G’n_,f) /\
N\
><;z. - Z d“P g'.' G":P |

Pe??l

O 2 3(7""3)
E(X,)= 3(5)p (1-p)
o (o) DI (1)

* nt {m,sofﬂ)

\
— 0, wp 7ol






Da _
__(><,“)'F§5 %%ﬂ(@d ; n,,.ﬂg
d n,p?P)

Ex]oress o—;u S 1de %i 1S Some 'p'a\' aM P_

E(R) (1L MeniR[6 )

$123%

% 3neé)
() (1 (96" - )

Cefn we) gt

2' edge k5 152,33




S o " o
™ E(X_)
f’/(Y #5)>, 2 S
) E)(1+ () £ (X))
|
= — - ~ -1
(-p)° + ELX) T
— 1

1 s

(G o isolabed 2-pt) 1







1/3/2006 |

‘ Note Title

Smoll TreeS

Fix R= 3

-2
ﬂ

O

m«< -

= G- Conk'aw\s no
bree wikh k

\/e,(]:ice 3.



,,—L"——-
Mmoo

'o R/(k-1)
— ‘\)

ok
Let !:o:p brees wri

. Gn

k-2 42\
E (X)) =<R>h




Pr‘( Gn ComTains bree with R VQA‘U,'(,E’)..)O
o mMmono Gone

0
P(( G'm. Cont evng o Uf ee with kw&k@o)?o,




mswm%'_‘ .

=7 G, combans a Copy of every

m = o(n)

5¢ ee, w‘lﬂ\s }Q VQY(‘J\-CQS~



D ()Y
e K

Fix & occe (’JMnT wikh h \/eflﬂ’oeg.

Y

X‘T = of 150l alred Coples of

w Onp.
1 f\)? R! k- (l )k(nle)
E(X,) = (k) omy® F
PR (2w “:‘
— awt (T)
—> U,

,*ow.b(\\}: 0. of O\\Ak’omorp\v\\Sms op =
% — (1+o0()) kwmeS -----



Leb 1" be Uhe cob of copies of T

w K, -

) S RIT.EG,ITE6) >

T 2 (T,€ Gp)

= (X, ) (4 + T PTG R<6p))

T eV pived cop
V(Ta)nEIQ] 5% of T on (k.

eeix,) (1 + <’“P)~kE(XT)>,

(l

P



Pr(XT#O)Z ~ E(YTBI o ‘.
E’(X_Q( [.\_(,-p)“k E\X\,ﬂ

—= 4.

fo/(Gan, Cof\.]'o.\'ﬂs lSola\'e,& Copy QQ'_T) %\
U

£ ( G'ﬂ.sf Co 0 Faines Cop Yy of T)~—>l

NJ%
f/ ( Gm Contarinsg Copy OY‘T) "%4_,







_om, 2
P S Tn

Y = # of N cles wn ", P
n
2(x) = (0) B2 "
k=3

gl ,k 'k
n"". 3 _
N Z 2k wrkn®
e =3
= O (w—'g)

—> 0.









l nc L\A»S\W- Exclms 1oL

L emm e,
Supposr A\..,Y-\z,-",ﬂe MW/Y\»\'S m SO
P“’\“\M\“cb Spm&ﬂ.
Suyppoase T\ wb g‘ég%_..,ﬁs e

Fun ot 0f A‘op“za"" ,0‘5 -{f
S“'FPUC—Q. O(\bd‘zo""‘ol_s ore v eq\s. p(W\. \

io«; fr (£ (R, R, -, ﬂ«)) >0 ch
S e P10z 0wd Hen (D
Walds wy Q.Q,i\.Q,(al.

bvolean



Wl e

f—-'U.(ﬂM (( )

SF: l(,\\c»\. a
(&) <> Rl (
SeT; ( \Qn \ Qﬂb\>

ornd Ynon LHUSA) becomes
= fsPUDRIAL1A,
g—w o Tw gs uk\s >>

\
5’\\621 J\\no\c\,s bhen B5720, ¥S sune
(2 beg A, ¢ &S, o
B




Foo X € Cv) Let F\ nﬂv
LCX

S,= 2> _R(A,)

1 X1V

- % none o A L Q. Ooow/}

[ 2mmQ

Fe (€ ) Z(D§ <O:M

|5 ?'OM









Rauok B rondom 6(«,1)4«3
Lel T’JTza""TM L. Uhe Liek og CO18S

of come fixed R verlex Utz T
ﬂ;‘ 2 3 7: 0G6 uYs 6K & q.omptmev\\’ n szx
guhoosz X € (M1 with b“’éb’ , b 'C;X%(.

C (A X\z o f 2 UG>< S uoh

b T T*“ chore & Vertex.



§uﬂoose T;:; e X owe ve,r]wx o{is'Qo%vJ’.

f\ihlf)
e ( AX) = m&(:]@);l

Nunerakor s X Wy ot ol\ovsm"o M ﬂ,c%«c&

Lo bhep AX 66culS






ConS‘toksw

(n;bk> _

(r\ hlf)

m-R-)b



. m- (k-
( k)s =(4_+o(\)) L(N(“O(kfk)_))_-
m - O?~)b 0“'lkﬂn5)l
m- (e-0b

- ([+0(|)) N (1- O("‘kl"/"n
(m-le=VE)!

Mo (k -1}

= (l-\-o(\}) _ -
(m - (k-2p) |










Fine Lavg,o.
(& compnt oo T)

C b
E (._ D S + e‘_, theta_r is non-positive if r
is even
t 5 l; agg non-negative if r is
= 0
’ )\" é
= — 's
> ) (1+ o) el
t=0



P compomenk copy of T)

I'd b >\l:
< Gwood D €0 7
E=zo

Lettiyy T—> <

DN
(g compomnt o b T)



|{ t’l«w%‘\co,c% o8 T ek e ned
O\COMPW H\W\r\ Q/;H\_Q/(

0) = ot)d‘e' _ 19(@3) = o(1)

M T e Po.f\; oF — L) =0l
o Lree of S\

> Je

Se

DY
P(Fepy ol T)DI-C




SbEeuokluw of 6"“10‘\ when,

m = X cn
2 __,(')<C»<:i Q,ovxgl\';&m'\'),

We will work wn G':np






S o ‘\\(: Y:? 2\(3»1}\(“»--- 2 nyy\
> .Q,J%Qn o c:)o\es
e

= (X)) g = k-
*=3

b o
ﬂe < 1-c

(—\pp\:@\hs he MM%" V"“\/V‘% \o)wm
(X > logn) < ugptia © o,



(;la,\,m‘ : w!\.f \& P .
\\ Jz (/0 G\ g\? tl 'eUb
wnre n Gha Soame Com]omg/,\)c







\.fg K A% S/{—\a*w /H'\mb 1»)‘!'\.10
_g\-:_z.o:@ Luf\(;;(’,&:l“ ComPGY\Qx\.\i

S O(IF’E}“).



Le & Yh&ﬁwmm\&rof omwm&%mak
Lhhab avre WUNi Y olhve

& (X, )
ny , kea .y k) + (8) - &
< R>R (E)f’ ('-F)kn )+
ko ele-) k Ck(k-;)/zn+ck Jan
n - an k b _ckT
< g . k %le &
]\f« fo-\ oA
nN_ 1 L -x £C
(K)" o | uo(l ) ¢ 17






'ISOW Feoo .

xX= c-1- 4mC

1 Neoremn

O Whe Teso basd Leze Y S

syl Sdaigd v 0






P\n\r\\'\ng, b - R

E(x ) fre) N -y
& \YZ-;K’ }QS/:L <C€ ‘)
= QUrow) n a”a':)%edw
Sow KR N
oW
> he™ .

\We Con(?iw Vi S%M MM
nebhil |



E(XD sE(X%) (4. (l-P)"kE(XQ>

[ Sume O»f‘(\wmt oo tor Pired B T ot
SV 2e DZ-]

4 s
W —%i

(><3 s L

IRE

ECXB

omd W L(we (1).



Fov &ii.) \/J‘C@O batk £

= (Y
) (R) )Qh-’.!. P@a-\ k(ﬂ»k) E

A ey -py

s " n hk"l (5 k-t ck l‘iz/

> C__ + C AYL
¢ Dr N
N ks/’a. (681 >k
omd.  Shen
N
ke




0: So kk-] ‘_C-ee
0¢c<d umphio _ZZ’—T (ce™ ) =1
ke, R
P\—u-og’

Lek U=WOFM%G“,PW e

o wn Cg 01\ ¢ Compoﬂen\'xﬁ.

= ka o
2= T\R

Mw%mk



S

n = Zkﬁb{k\ v ko

S (o) € /l,ogm n

2
W STREX) ¢ che'“"> . o1),
K=k, ks/,z.

K\\\) | f 'k<k+ B

_ k- 9e k(n-k) +(&)-ks
IE(X%) (R) )Q ) 1 (]-—P) N ) ) .|

h-l _
= (+om) % %,— (ce” )k;







SbEeucluw éﬁ 6"”‘)01‘\ when,

m = ‘5‘ cn,. C> ] c,ovxg'b&m\)),

We will work G"T{,P
c. A~ m

P "o N



fuPpr& MW Ghals >(
o - W Y twmbor
ko ) BQ <_thens "

'—' h
( ) 2 Ve \ (- (n-k)

< £ (r;:) _ k/an k-—’l (n>k\€ ck+ ok

ﬁ_@. ( “ C -\-Ck/ﬂ
kS/’l- )

<






Owe cabeulalone fo¢ c<4d  con L.
peulzd B show Shob P

XY= C~1-— ‘e’d_ﬁc

1 Neorem
Suf‘pm W —= b

© \m«f Fuso boliad Leae Y S22 o

L (dogn = S lalqr) —w -
(0 Whp X on tsoldid frae § a2 E
>\/(L08f\_,jjmgloof\)+b)/ -
= ]
provided 1w = OClogn),




We Can S0y, & LW ble nmore. ek ok
Com‘b(ﬁ‘\-@v\to % M2e R, o< O('L‘Wﬂ

¥ we M MHe Q(NLQWL(NL\UY\S ‘F’of
c<1l DPon W Lund thakb 1§ y\%



E(YS) < E0Y) + EOY (o™

So i 2
Vac (Y, ) ¢ EO) + E0,)(€-7) -‘)

SEM )+ 2E(Y,) ck/n.
So

(1Y, - EDD]=<E00,))

2

L, ek (%)
7\

/\

o

N
m
=~
xg./

)

N



We nog eghimob tha Eobah numbe,
of wlicse on Smalh  Fr<e (’WM
-8 S\e. gelaﬁ/\,

() V'skcs ko='{‘°‘,“§/"'
Re ko k-1 Je
E( 2 kY) = a5 kK (e
kX ’E‘Z T (ce )
R =) '
o k-1 Je
A n R "€
8y T (ce )
be-| e
S\,Y;C,e B/<€QR ond. C_e1~c<‘i









New comuder k< kg Kolog/x.

E( %kyk) \

d=l x|
g k
% §m & (Ce\uc_ -\-Ck/ﬂ)
Ef\ed\-\ ke/z
)
= 0 (ﬂ /Uaﬁ%)ah).
S, "‘1‘3 bum(ue&a/ MMX‘%; Wﬂ‘ﬁ.)
80103(\

Z:\g\/k = o(n),

tc:ko-\-\



Now cons dor bhe naumber %vu&;(,&ozkm
non.,lﬂ\e.e, COMponen\ZS wh k \AQA‘QI;QA) isk\<6’°lo¢r\,
8,\oan 8.} qgn k ke (n-le)

z(;zk) : hZ (MEOE) (-5
n k
s 6? (Cei__u-k/v\)
k=1




Ss For: w&,f,
- e

Nc xNe = C8

WW“Q.‘P,——

C

werbices o compowgmﬁ; o@ S172L k,
As k¢ R, Logn.



’H«z am}nb GW\POWM\‘I.

P

= 6'(\:]01 v an

S e ?(o\ou\m\,\\} 0 noﬁ

(' B F’)( l "fz’) ®
Nete, that | oyt

0% e

u:m N



1f oce™
2o ‘ =ce™ N Hon
\o | O?’l:/)?(. (M\J
(;—-ﬂﬁi J\an "o CU”' J )
O‘heﬂl‘o eif‘ S12= VN

OMps E.@JJO?('\ 1@”3

S vepdae
S e o e
C,l>R,n. ,{Mﬁ s

N o
we odd s
e odgte § @w'



R34 2 no Gnp edye qao & G,
R

a,
g;*’- (A 93 n)

= 0(1),

Gn o ha & W CWM
e W'A',O Y\af‘ ”‘ 8 .eadﬂ. ondd \.bbo
Qg S\?;g Q@at@? aM o) Jd

Qg‘ S1 22 (i_..a/c)ﬂ

G






G\t’ G N CLIY\Q— p(b CéSce S

& p=/n ond V) w tha a{esm

of  wertew v Hom
fr( div) =k) = (") .o}“ (1 «]o)"m

k-
= (eomd) &5
kl

k

1.2, thae oLD/&Y\u. dick rbuhien i€
M@“@’o\‘wa\\a_ \Omsso[\ with, mgant C,




Swmee Hw-a ovre ac&d ”Sm&” ! c\\jcleg)
loca“b) Gn-’f SL o\,.l&{ |O‘0k /leh<

U-§<A<
\

and Ehig \nos led &k a compunisom WikA

@(M\c\\w{«%} Proceces,
\\I \$ Ml: rea\\a SO V\.Ge{lul A rﬂQH\OJ

Po U, &ub i C o he Tha m@m

o\e\gfo oo\ Lov ot her models 0% Q f%?{?ﬂ\’\‘



ln @ Sxm\o\g \o(ombkmi() plocess Glere is
on (.\f\:\.l;’\‘a,l) individuwel u—c\_o “GVVES \owm\b
1‘0 >(4 cL«\oQ C e~ oamnd Llon oheq_ EW.J\, oﬁ

—-—

Vluz, xi \ﬁe\.\'.\/\cq'ww\..s S\V‘C &‘\.(U\ o.v\,( ’(';Q;

XI\
Ve TENA NP og L\\\&.MX‘)(G&MM 0»3 o

{x\*\'\;\/\ c)-u.al is & Y andem \/MMLL_

Lno\%\%ﬂo\ev\k of Hhe numbes P(UM
sﬁ/g_, h Ny GWQ

Dvrsﬂ\ S a~ .



Lelb
Io_‘e = P/(X 3%\ _) g - OyL2, - -«

e

G(=) < Z f’_'e Z‘ee
4 =0

¢ Yha Qfo\ou\a\\,\ka anwm\‘m% ‘\?M“C/l"ld'\
(-6 of X,

Lot . E(X)



Let Yl: e o twvber 0 wndi Vi duolS
\/:f\) %,Q,Y\ e{m\'\oé.\. \5.. KMS

X, = 1
S 06D 2 ECLINRRDG

- > kuPX k)
dezo0

s pEIX,)

E(X,) =

ow\&\ So



Leb T den.te bhe bobal sine of
Lhe set ~F wndividuc ‘D(OJ'WQV’('

T=00 45 ollowed ond F((Tzoo)
ic one of Cha U\\POTC'OWJG’ Pﬁfa«wt%o

OJ: Uhe Pfocecs.

“Theocem |
P((T<c>0) =Q— w{\,uv 3, 39 u%

smallesh r\mr\ane\c)o.l“i\m codk o
Y = G‘Cb\‘

\NQM\VRQV&M] \8/3/1_’ Y /\45{1.




Refove proving Mua , Leb ws consider W
Core w‘f’\m >{ A oa Pe\S&cm. o(f5(7rzlowl‘lvw;\.






f)(“’? of '(\r\eoruv‘l
Let G't doe Uhe f.g.?. £or Xb' A s

G—ll)s %S{Q‘ P((Xruﬁ'k’ X];:x>ﬁ(>(p:[) Z.)k

" ke 270
2 L
PRECHONAP Y
= G—(Gr(z))

¥ XY de M’-F-\s g un X2V
oo Py ¥ L 0 -

% ¥




Lé‘b \JI;SP/(X[;:O) <o t’LJJJ

4= G = 6l6,.0) = Gly, ),

N rw l4 1§ mono bove vae/aomé [/ F((TOO)
omd SO CI’\L COY\l:\ W‘;\) o} 6:, m\,’ol\e\(’

Tt E oy 10 %e.l‘fm mr(;% Z:6h)
D y = Gld < G(%) =%

et 4 ¥ >y =613)¢G0E) 3



G s shricklyemeron (1] — Gl 3 Rike)p 2%
k=2

£ ZC—-(oJD_

k

/ [y

f~siz
G(2)>60)- 61 0-7)
2] - m(1-2)
Gy 2 7
*&}w 0\<Z<i_
4 /\A?i‘.
Gl2) -2 ¢O I:l-e
20 130
% F =2<1-¢ el

Glz)-% =o,



T s .
3 = P/( T<°Q) - A Q(Tir)

b=>o
and we Con W‘ﬂh
P((TS b) = Y - OB
whore T and un TG =0,

lr>oq



Rock b Gﬂ,p’ P=Cn c>1.

Suppose we chote @ velin A ond
do o BES from A unbil oithe

Lok Ty e B (packhial) RFS bree
P‘KO Aw C8 0Qo



v I i
Now for o Lree M with < (J:ﬂ,a(lo—gm] verkiees

tnd ™M adimum &QQW @%n)l.




<0

= Pe( Hio hranchuns \’“’W*ﬁu)“‘ (4 +o0)

T hwia

(G ke w)s o o
Pr(lC | < w AA>QW)

P (1, 1<onl2linyY)

-(/ﬂﬂ _C::{e“‘)@o( ‘%))



= o) +> (Lr,,\ H) A(R\C,) < a”ﬂh) ))

e e .
: ob)e > (% To(H] Pr(A Q\CQ)S (l"w)

H: alcw

ety S P T 2B

MWW
) S Pl by pron )

f(.)-r(\.\.o(,\)\'Pr(E( oY) ) }&‘\ lg’ ’




1w i

X=gv: | Cyl<w, w=

Yom
E(X) = ny (1-0(w)) - o)

N ol show, vie Urslyychel | thek
X ’\'Q cdn Q%ﬂ:(«m c\‘(ohy\J "]'S Moo .

()



\n consh‘fuo\‘ms
@ Cy we d0 net lodr ok
2dpgs IR b, e, oA

Q-:m bm\e,n\ﬂ O:\tiﬂ

Wt claum bhek fv 0 T4
P«(\C_.\o'\< ™) lICm]< WJ )

N

P ™

P

Lol roed) F(1C 1< tayn )



v ﬁonws qu-ow\ @ mpre\/wws
Pxge  Thek

E(X]) <

E( \ (X ")x W (1401 5 CXD

(%, )2 E(X,) + 0 ﬁ-(xo);L
w&»&j—% 0.



(] ¥-E60%)] »8n)
QEX) pE(X)
6°n* S

s




Oue e "W 1S 5 Show Hhak
RESY o connedled | wibh gub v»(mﬁ,

p(e_,xf\@‘uq OxV\Oe\,&S\S.
Suppoce 1 Cy| = n* “”3/“)3 and e
STop owb OFS Qo 7 whon e

ot AV {iagnl’, )

S = n, (,1% V\)3

M






<

N

k L - k- - |Q“~0M
ne " k-2 o1 -CRU-0h)
%) ()& e

o K
\(ce'"<.altw ) Qéé&?ﬁf

£ (

5




Tws showg thal vedices QA | g
¥ ] L o Conneo
lCa\B 4 Cla‘gﬁ) N\

Gom‘:»ﬁ'r\ew\b.



Co rme,cl:'; \/1‘]'3 O\c r’mm(qu'oks‘

logn* S e prove

| el P = -

o0 G ~%®

fun \Df(Gn,r“ °W ‘g€ ey c

i I v






v Suffices b f\f'dv: Pht

P((Gﬂ p.vo COY\K\&(X!:J)ﬁ/? e..
when ':;- iogn +C ~

Y\

-C

N w

()r(GnPN nob conﬂec).w{)
‘Or ( U T a Com‘oov\eﬂﬂ‘ 01[ 1 2e L)



So W howe

Pr(a—'t&ol,w]'w( V‘U'&;")
£ (Gypie 10l comestod) <

n)a

frlF1seloted \/w]rw) ng’cm‘omwd‘,’)
=3

Q12 R






So
n)n-

‘ A S R]
;_ ‘ Q-rO
'?ﬂ - g

- 0(n

el
)

o) ‘-“(1
).



\t follows Dhek

P(( Gﬂ)P‘u Conne/o\’@&) =
2 F\ an, 1 solatod Ve/re&) y o),



Then
=(%,) = 0P)

_ 1 op{fne) gl
4
nopfiriz &

-—(10@1\4«4) +0((L:?ﬂ )S>

n -\

oo

)
(d



¥ we Leb |
0. Lo tha onenh 3 verlix Vi 1 ofakid §

ant* | S - > el Ax)

X <]
1% 128

rom b‘(ﬂvb)*‘m
Sb-’ (Q) (PF)
o e /b b =00

Adwe W Mwu,m m mxf@kw(aco\g ml«[;],()%)
A
W LW\‘ P/(ng(a :8 0



Hitbing Tema Vercim . Gofh Roese

LQ}G(Y\«mM\%IY\ S16 |}

s mxm{UY\: Gm " cm\ujﬂjj
We, <how

m'::' mt “’l"f‘

C



Leks
M, o inlogn 3 Enhen

Iz

owreal m bogn & hoghegm

v
W

e ™ N

We forsh chow that  whp
(v) G. (,oV\s\dsa:( ‘WJT ¢

<o loan
Componanli  ple o 5?/6 \/ o V
el
("9 (- s coywedid .

"




Resume € omd 6.

6 Follows Uhab

Whp






mbbf:(l\—'—{,: IV\»!Q 14

N N
od Lok X] «.:H:\solalb? W&/&W Gy\oﬂ'
‘vaf'\ﬁﬂ\ n -1
& (%)= 7 0-)
_np-\-o(ﬂrﬁ
= Ne

A Qo\vp’\



(X - E(X) + n(a-) op)

REDG)+ B4 Y 0-6)

So

Vac (X)) ¢ EOX)+ HE(X )'p
P X, > ke = PellY- 50| o) GLX))

4+a
12 EY

2 ol



\l"\wv\mﬂg ?,Q/(,U'?V\ ‘\gow Wet;tﬂo W o
ﬂ\(ﬂ\m QW‘)_OA&% M g0 Wﬂ\'ﬁ
G‘“- hee < 2 Q,o'?{'\ w0 blid V\U’&/E@a

To chow Lhat ﬂ“m%é’" o
< il ¢ oponoak  we Lok Xk,ous!es’%_,
.. M. W/’Y\M% Cwmﬂkvﬁﬂ‘k

M@%@.



wag bhe Cokcaledin on p6
o) — fL)
E(Zx,)= Ol

Lot S. § Fanuoank G122 A<k < Eng

f(6.c€) < O (G, p ¢ &

= 0()

ond Mia  Complels pit of (i)



(W) G—m w6 Coyuucdidf U'Ic\'f)

T e Follms cprmv\ Gn_,ra IS .
oommn @6V ed W&f Fov ﬂ)O-’l"%"‘“‘} ]
or Yoy W\l Geliien (G comnacled  whp

N - [_“\\7 - ﬂ«r@r\ - o
am n (4 lgn *16“\”0\"\')“1
N N

lgn + M{)\G\’)V‘ :



k = ¢onn 60\71' Vw\’b~
Hore WA ‘OT‘J\J‘Q Aol i 4%30(0

. m = %ﬁn(idaf\ *(k'\JA(’i‘)\{’OV\q’Cn>

0 CpB %
g:_c
Loy P((Gnm\'ﬂk'('"‘““"m): e " crse

1 =

n



v M o Swople mobbec L5 verify bhak

G'C

ﬁ( 3(6'\,\2%) ?e"(ﬂ‘.



[N

(
< 1

(5) ¢ o™
on. N, (L"B'l)b, -

P

E . n" n (ldﬁ n‘\)k"]

ond N and W ollo] vmmeds cﬂ’ela.



We nrw shae thok,
PLF S 1S] <k ond T, kISHICITI Xi-s)
T e o Cowponemk ‘Q\Gmr\g) = o (1),

—v\\;n m\\o\\es wa' .\g gCé’A,T)\ ?' ze H\M
X e ,k_, CW\W w'cﬁo

<k Vvices

)

va\.
5““‘“’ (T) =5




S-—\,\( d,' Y\M)memb 2







ConeZ s k-gsl ¢b €341

k-1 S+1

S S (D) o™

S=0 bz
b2 k-s+) B-1+S

ke -1 s+t sk [po™

e t ‘ la—Oi
iz > N & (* ” @) Y
S0 4 n

z 0o(1),

&

Wi 2 6| + 9



Pecf ect Matchings 1n Rondom Graphs
Léb K".,“JPL& M\z rU/V\OlOTY\. Lo;}oadl,‘{l‘g
%rwf).\ wihh verton \o;Ym(L*]'rdﬂ Hﬁﬁt.[”]
i W san %sz, ﬂzlooss»uy\%ﬂw apppaeci

ndopandontly, it prbebilk P,

/Km [
Leb p < =
0O Ci—>-3
Lo (-)I(Kn Inoe flﬁ)f-@xm“kb‘“”a 3
DR e ) ée * a>c
1 =



Lek y@" Fisolabod verticen,

E('Xa) = :2.7’\. “"f’)f\
A Qe“c.
%3 previow Glg, wsed, bcckmrl/we W

-C
\O(CXO:\ 2, 8~Q'8 .



We with now vae Holls  con dibron.
G =Ky, contwime o prfock mudohagy ¥
¥S< A N = 181, (%)
b io comenent K veploce ) oy

¥ B sl edn, MRz §]
VT cg, Wl edn, INIIZIT]




P( ( Fe Ve OLPA"M)

< Pc(ﬁ N Pﬂgbfk mob c)nmg) <

(e (Fve Vs OLOJ'M) 4

p(Fk scATsE, 18] k32, T | =% -1

NS ond dg:T)?Qng\i
'&S!T-e.&\«)es



7\, e(£:7) % 2k-2 7

To.]a_g o~ PW S,T w—-ﬂ\ ]gl*\T\ ; Va

SvrodA e ?ass\w.

M W 181 >1T1+L venpee 1812111 -4

(W) 'Su.ﬁ:—m F W ¢V sud B W heo <9
Mot v K. Romaeve 0 ond ks (WW]/AQ’J nhr
— S

Nepeak wabh () L(5) gy ok Adbed [ Sl

Sy o \eash LY QA4









2: nt<k < ﬂ//Q_
Cose 2 1/
“’@1 )
Nz

- 43
$ N

So )

Sly
% <n



So

ﬁ(g o padt & b mwa)

[ Drcolated VQ,(C;,() + oll),

9



\I\fﬁ N ow COT\S.';M Gﬂaf .
We conld ka P wp]w Hall's Ah vorem,

L’ﬁ Tu.};\ue\s bheov e ; }61,4&' 3" 1<
e Fo wee Halle heocen

/Km !!:n-bc,\
Lfb '0‘ N .
) L (5
h,i\;) P((GnJP "\‘N“ Wm ? e'e cw/éc
>
n s\ on i Cnf_écé

: b ()‘(g(G*‘m)Zl).

n3°e



Cvrsk of ol f
X - 3 of solated verkices

1

E(XO\ = "N (1-,o)n-’

~-C

- &

%8 (0“\"0“313, wsed bcckmc[/% W

-C

P((Xd:\agbe .



Suppee TL=AM amd H L2 m3$
s § M- - TV

%
\de wlh choosa A <A B 56 A7=18"] =s
oo € 06 Sl Qual bhak whp Gy

ka'w o Q,o.%mﬁ W\M }“J:’V‘W
I{\\ m\ﬂ*) R’
o R . (B\G) vA"



Lel

VRGN lggn ¢
\g0
(—\ S“)veﬁm\/(, . INWw)nA] > \NM/\B\E
- JweBnVo: INMAE) > IN(DAA) ]
§ eA\A JN(M)(\BI E
wéﬁ\\@ IN‘“’)“A] @dvg






\;zﬁ:\\m U-wl:', Conolt\'\cm-!. o §>4
A 0 %\H«f 0 me L;mm

A emd









Lomie,
W, v e Ao = Niw)aNiw)= &

ok
Pr(Fvuw .

: N(v)aN(v) * 7)






L.Q.mnt\q |
\P\/k\;s < A\N(ALVA,) vaples
N
NG 2 35-1<] for 1STS ()

Ryt _
/;J-m §wk SL"‘" Bhek w*VP






Lemma. e s e

\,\[J,.13 Sf}-\roe Uy U, Vs

u; eN(AWVe) n N (W) Lo U273
f. Aegr/100 ' -k
%)sﬂ(”) P (np (o)’ )

<0

R



Ton Rk Condihion

\ "—{'\/

S:So\)g\\) gz
r

Sh 60 gﬂe\




() L <1s1¢ %

AT
Lerma \
Whp F SEAL | sud e INSO[ISh L

(o complilie provt Theb Balls condthon

Lolde Whe-
Nals) 7 Ny (S\AR) =4 > 19144 +9€.]

Ut

T 0 e ng CW SSA,
\S\é% omd of owble WW@Ef




S
: Ni<)
S 0(6 L
INIS)] = k-1 \ G\Siwwzjom)v@"‘”e'
Y Provn G Con | TAG]M

f’«\oLala\l.\\':) <
S () () e

h-
o)
k k R+2l 20
<9.Z net 1A e*" [ke(lognd) N
_ ol 0| —
\ runt 2* kR 2%1“?*1‘)\2 "







Homi L Faw Cy cle¢ tn Random Grophs

]ke,ofeﬂ\
Lok M= *f‘(’”@“" lo\r]r\+c o{f\lm

0 C,— —od
| e ‘O, (Gmm'w ”o\m\“?ommJ = éele-c . > <

nN-=>%
1 o—>w

b P (8(6,,)22)

N> o)






We Fuck show Chab Why 6'.4_ :6”, 4w
n Hoami | Fow p Ak - )

Leb N(G) donete tha longth of o longtoh

ek in G-



G, not  Nomr LEon owa

INNNNINN

kmw IQ"M‘ =
Ve

E'\)‘ ocCur g,

We shpw now bk
p(UE,) ¢ nfi(€) = ott),



NN YYD

WJ(S o\o\'uli\t&\a{,’ o f‘obal:‘nh:s w\M\ o0 oS \(:OXMUW




New W END denols WW?V
cuk rab T Lol path £ from b b >
Quch Baab ) % olstamod Qmp%
QQQW%W&MW o ‘IQM.




\g f'\J’éP\ENB ond ’U"\nﬂw{—“m%







o< N
AN,
N ow {O(/Fz :ix)ﬂi LQ,CM‘tg

o\,(olfa,%'low:\ o‘QXdML (Ogﬂ)) 80{19 )U\QI\,
00 ov U ke conde an exf\d/,owv(?.

Rk Bom B € GND,

]



L\_,Q,NVM
Whp  S& 03] €l B =>

IN(S) | = 215
%7‘51,\%'\3

IR R
N -1 A7 7o kin ‘3><
Z (23(2#&) QI'QL- N
k=l

~ C_.kg/q—

2 % ._ )
“’Z“’(ne,f_@.n”s];(‘)(n) <ﬂ5k
P

0 \
e
e =




b Sollwe that Wf P A Longeeb pafh < G\
omd END w dufined w.rb. P Hgn

f(1eng]| ¢ Nl¥) = oln™l.
by G\E wd (22 %)

£, > Jup o "

MWWGY\«LW

L ENO.

<. "
Ple) s 0wy~ bp) = O )

-2
e 6(61 dots nok jswm a“aﬂ\\“’m’odj‘ 3 O/ﬂ/]



N ow
s B Gn’rLQJUL’-
L_prjo.e.o\ Ham\l,l'mloaﬂ\v‘;q Och LQ/(',’

END Joe M{FM w.r Vs R
63 Qrgpeiny the &~ G,\éﬂ\} we, Ser Haak ‘ENbIZ%

ohp.
Lot 6 ke D oQMqufmAb% P

{ he~

Gf‘,P not H am&.”’omam @ X&w Sn'ﬂ,dﬂ‘ Q,o—m
n k END,

Ao
P/(G'{,‘ok’ f\aé Ham\.uomam) = 0(1)4 (1*)01\)"/* z D/,)b



Lfk U now 60 L: G‘-:Gn)ma m=‘%“('0‘t«ﬂ+‘.«ﬂ‘dﬂf\+¢)
oo G"Lp’f” <

Lk o wej’,x%GLv. Ldr“-« \A w cbgwllb
o Rack >‘=4/‘:;7%) ond smal otherwis.

L 2 mens IMALL = OthVJw)ZS

Wep D, W€

Cank ; “ 2
“ei< (0 Wi )( k% (2 )¢ 0-p*)
“04 X o’e —¢ 2
A i’”(’”?f")(g(%ﬁ?)' f’@")






Lﬂmme\

\’\/"\f | AL < n,‘/"’.
f oot
N [lSMﬂLL\>ﬂ )
/lc)-o
n -) n-d -4k Uk,/u
N ) e
r Z )f’ (! p) R
k =+ I
! > 50,
< n (ﬁeplm)% .
100 ri

V)5 | |
) N:o’ ;fv‘n)’\wfkw and mmo\'mw% i g b 5,00,“,0



LQ,mm(&

\A“r\f é? . oy s C’-k conjrmmﬂa_ 4

Smo.“ \J ey \"W .

n-\-t
f,fgays'zn“r;‘g; (%) Fo-g
¢ UW\L‘ﬂAM
Soe b 2 ;'3]
P.(-) ¢ O(m™ n ) com)



LZM\/N\A

\"“ﬂ'\’,AVLlSlSQ‘T’%Tp 3 e(g)g 9“13‘

Porof

- N A8 s
S lSIs(@sw e(s) ~

S (2) () ¢
S=U4 .
(s (22 )

E . Sl Y .
:;,3()7‘ ;o ﬁ‘mgq)’(?(m&n )jom)‘
z O(n



éﬁi\ﬁ GE, ISISip 2 NS~ 22 151,

{\ur(&&\l"CQQE
Ay T
i 1< s <1 S| .
ISl =
o \\W b 171 @ \
T = NL3) o "™
{
PESSIC o)) e b= UEs
gt 2 OORET ace
S"JT\ £ =0 ‘%S ,17) “U/ WS
- < _
«(1-P) otb2 20



¢ Z(ﬂ—i S(Y\/€>b Q'S_H:)Le (107) . (B(,nf‘pj%"/w

& v QS&OO’V\ n

‘| S(1- V(vgﬂf)

S,b

P\d; L= ‘_tﬁc?ﬂ_d_o-s MHM\»%V‘%

> S 1000 N
6 Y| L ‘ﬂfbs
e (4 S Log?
o (e









Supprre now thak XCE(G] and
() 1X1 = Ao

B X'Wamm“ '
o X b neb mndeat  with o gmall \W(‘W‘

(V) Y avords bthe ?J@%%SM QM%M Pcod\

ol G,
Vo gy bk Y v dololable.



L,emm.é M
T Cuppose bhat 516172

(')gtftre SMALL = distlvw) = 5,44 vk\ any Cz,.
W §< LARGG, ISl {%’;;_-»_, \th)\—al%%%].

(W X delelabl,

cclnd, 1gle 10 >IN ()] >2)s]

Aen
’( R-nl»rs wh 8‘)( .

{8
“leb S=Sn ML end S As,

< IN(S)[*IN(S)- IN[S)a S, | = INSaS
e /'ngl)nlN(Sl)\S

2 INGSY 4 INCS,) - QIN(SIAS, | - 1S 1
> IVIS) +IM(s,)-31S, ] |

1 N



IN(E))] = 21S, ] d

N =Z AlS, )
0) lsml<\"%(r—5 IN(S)) = —(ﬂ%ls\

and

n

(1) I§11>%°TJ& S_LQS ls"‘lrrb-r\

IN(S | = Vs - 18,1

>, — 15|
unr-o

> als |,




Se W) 3 2181+ blS, |

w
N ()] = IN(S)] - 1S, |

o F avords SMALL

2 A8 1518, ]

Y Lo & mh\"bk\hs

=z &gl



SUMmva
Q) L P((%(Gnom)?;’l) -.:6‘8

N>R
(“:) G"om 1;0 conn & CA"Q@Q
(v | smawils /L"‘f, '\J,WC—SNHLL-bothvdw)z S,
j C,* : angmﬂl'\_z}:_g’ .

W) 16 §(6) 22 e X in dololoble Gron Why

[V (9 1< Usl = 181= 0 1.

Sz%ﬂwmm With mwoeo§
qﬁsgc;c-gz Q)2 end () — V) fwf/f

-~ C

Qf 3 Gééos G i nd Harmlbommg



Couloryng, A(bu,me,\/g
gv\ﬂoog.QG‘egiW XJQJLWL’(Q
Leb P he o domypeb poth Gy

M\
(¢
Than (&dl SuLscr\p\? X & EN{))

-4
S"M‘l’ Wit % e oo

Nowr Fn/ QM'L _Q—)eENO)
Qh\'\ ()OSQJQN r’al‘.'ﬁhm.sj 637&14’"/'\5 Ugr‘mélo.) élvé

B b o s fined andpovh Lol EA/zg/&)LJ/w
S!}Scfgl,d,fd-\k\fé PM




We do o bt of - namins
EN"OX« ENDX\)%}
ENOJA) < SN,/ $98
Now we tan sy theb v be6N) we howe

Eno/Blz 5



Now o GeG ame XS EG) X W= lan

choose some PFixed longestk peolbh Px "o Gy -
Fudhermere U‘\MSOU\«L’ X, GG‘CQ eond

G = G, Yan P &c akh ,,{OWGXM
x f;wi”"‘f&.

0 G€ G,

/j_: (k) X AN E(P,():¢
(@ X w dele fable

G(QX\ =
A = oblawas



Note bhab o(6X) =1 inplies
\tue END, (V)  Hun “&Vﬂix

5
CM (0 5 >
\

> G Ham lFonian
G conneched |oniper ,0449\



\\\0\:0 o double oouﬂkw\% Q,Glfw\,ali 2,, ii o.l,Q,X')
G % ‘
) Fuw Ge g ‘

' W

%a(G)X) > (T)'> (l __ﬂ:rﬂy“li*ﬁa—w)
? w)/l@ (| “i:

Randew UNote wdg& e e, ---
Pe(a(6X)=4) > l/\ﬂ(e oNole B, SMALL, € e |6 2.)

Se 3

1§\ 3) B >




(l‘) N ows ?w ow{)rwr( H wlh m-w-wa;,.
Leb S = > ol6Y)
R GX):Gy=H

Nk ED b e large. Ao

" e 3 [(!/I/(ﬁﬂ) W N,mtw)e..(w'fom)u)
%w(Nf})(’" £ o[ .

g N ‘QWL¢% Jhek & mmlm% iRy W{) W
sy ontds yomry © EEN!)HlaJ by asENG, .

TW(N)WTRW”—%)*



owa.Sb

< 108"[“0(‘,}1).



. AN
\ \ggice%: 5(0)7173

P( ( G. in neb B e &-Q(G]Za): R(Ge (Sz\go) V %') 30")0

e G in Wom 3 5(0\2’2) = e-e—fO(‘D.




gaf»o\r m\’\cm 65)- Laf\eseg{: degr@?zg)
waFL < omorphigm ol
¢ doa cole Cng,



Lﬂmmlx,e\ 3
Lok k= n-p rf0-0pl P eonstol g21-p

R AP ocs([a.a/,\')a” ( fo Coriments )






¢l

bl
WT’%"" X






Lomme,

Lok € =35 wd p ke comabort

| S (-) 4 g
4(:]:,___ Qn—'\_)rn{-( :‘:C)JQ' n ‘)P% ’3"‘

Tonan Whe
o AlG,p) < *,

) \}\ uk g S wd That o{(u))d(’v)?k_,
ond | dW-d)| <10






() L& X b ”‘“W%\urﬂ', %"L"‘O“”"-'{e

p3
E (X = (4«00 AR 744 i"l’ (& Cﬂ-OIO:
k) ) .znrwl/ P 2 {0 Y

“M“MQ Uk k< kL: In-0p+ (X‘a’“)QJIn—\)Pq/‘ .

()WJT'A 4€>32,_.an

E(Xky < B (Xk ) _ ool AN ev‘g"(;?m%
AN EXP{L-’_(Z(CIT)L')j

= Cﬁ(.ﬁ.\~










\/\/}’Wf\ k”k__) %f—'(,lv&).rg\“a/,\
Chrve : (1-€)

= (Y,) = Q(n*"%) =0,
\fe wse Hha secomd manenk mebhed %

chow  concardrlion. .
y (y \» n(n- 1)2 P( dd)< DQ A d(3) k)
ks kR,
> o (Q0=kot ~ o) o)
=n-)| FRs

L+ (- p)P(et (= e, Ad.(a.) oy )]
whaon § T Habrs {34 .- nf,



PP (8= le-)P(ole) Ae-1)
e, -t (t—fJ}P(Q\(ns le\)P(a\lﬁ)sk‘J]

= N U\"\')

&

P(Qﬂ) =k\~\) <4:°:) (IJP) k (1-¢)
Pldar-k) (") P Ry

- 1+ 0"

o .)Z o ety - k) PlRa,) 15611




=n(n-1) Z [P(ow d(’l) f )(’1+O \h)l

Pac=k) (%7
Platish) ()

=N (r-1) Z [P( A1) = k) Pl <k )(PO(n'h)ﬂ

(l-— p)bi;—; 1+ 57({1‘4')

= EOY(E,-)(]4 5 m‘-lk))



Se,vitn kzk |
P((y_ozs "\igk\.}%\.)

o EOY ) +E0,) - E0R)
E(V,) /g

l
OJ
< D
Al
s
-

- o (1)

Thnie Corflan bhe. MQ\H@WM



Ky
P( (7 (,l\ﬂ)soﬁ)»(g) Z _2_ Pf (0': ‘1) Sk‘ A d(’l.) skz)
,e/c‘sk_' \k;*\k‘b

. [
= 0(1) "'(ﬂ) Pp(&\(ﬂ = k’-\)P(&\(QJ sfei\)

2

der, -t (I—QP(Q\(Q; k")P(gl\(z):k,_JJ

§

N ow
PR =k -1)P (L) k)

§ s m™) b o :k’..x)l
*,

Ounef






':O(H

9 -1 -90-6)°

= o (1),



ﬁEdg—a Co\auf\ﬂ%

Twe Chy omatic Tndex )QIC@] of
G et G % btha mnimum Wv\IsQ/Oj
Cilove Ghot Com bhe wsed K ciloe T

Qa\an-%G- e Uhek 2 Qnﬂak S;\m«\f‘@f&/&)
W:] Ioorts & &”’M th{m\

Alge 1§ Yhore T & wingre w&x% et d‘?f“‘
bun X(6)-A(6).
S WIE )G, who



w ISOmOT'ok\g'T
) rohicen W oo bl aprSCbJAw
| Thao

e & Groph ©
o arderuig Aha etices §

W oad Hun E 1w possﬂy& ]
) W;V:% Wk f G2 H e omy H.
\s




.f\\i\rﬁ‘.\»fw\
\W“t G, Powo»me;l'ul_..

Sl
Rao-lebdd vediino so £hal dogess Saliofy

JG(V\)?, Agw'z)é - - 3 ol (Zf.l}]

B Bl sudk bhat dgWd %) PO
Slp2
Eor l>L M

iseim A3 Loy G






() aim
et p - Fagr  amd Ls’a’iaa,/,o“-
Thon Whp Ghw alyelln Suceeds ov O Gyt
Poorot
e owe alneads, proved that Spd
Sunceads athp
We mul nw $how bhik KAX, Vi he
oub Buwe i Olight poblom becau. ofgs
(¥ 20)) wwe comdilimed e &  bnrinng
o o Sugh lognen



A

Fuss 'bo'q omd Lk G‘of G\%"di
N ow '\'g i'Q ot el %WW&M
Yon e L dupt i vecbi = 6,6
witd cowmads LH\T

W o V200Tuey Mo o hp, a MS
> 1 LMWW&“WMG
T

pr(g(avo’la’:oulo}

ol e 2 (1 hove Same nlon ‘W’(\L Lapyist
'eicaEn W»M&M o Gigy 5



(1



Y\wl’omoqolﬂsmg

It Follows Lroen Lhe P
uJ"v’o, Gn’f’ hde N NONT™
"FN’A o (nd—> "] W o

W.WW
W QMIO"MTP‘\&M,
Mla’»momkm’ﬂ%
() Flv,) =9 | 1538l

e 52w B vt uith Bha 11k ol

Lo

(3) oWz v b VX $0, Wy AL,
A o Wt oM Q) Yoo nek X, are
dick wwdh.



—X’amsrm\& Iﬂ%ﬁm%

S\Appm M OS Py ¢ ‘L 6-»./ (;‘\,Q,-";M,
Lek X be o WSM %‘:Ml "‘4""‘(

PelveX) = L
e dagandartly b em]
Let S8, - Sﬁ - EM} ond, let
g 4 S. <X
R

2.

L



Let 7242022,
Cou,nb' Jo 2 ﬂ\b"‘w"{ §\; Mwb Tur

ek :
aELZ) c Z P

f ”
o _
A- 5 2 ElZZ)
Sin QS*SJ
Lhrowes _t/ap







S= - Q"l"’@(l“/%)

0 dos
Q%ﬂ(zspva\(-ﬁ(’;*(/"b T






To RE SHOWN




Fu sadk 16 (M) we uls

7 = X. = Y,
e -
Xu - E - ZQ .
S:SSHSL*%
’Y!}M _uX; _ch
“*y-pE(€ '

gKGme%\m\\“g > 6 E(e"]2a) B -(G“uy“"Z»")

_ ¢ EleX1Z) (&™)









[



Vo Lk

)

A- £ o El4Z)

Sk S;
Theotwnm
_paaS
@ F(2=0 < & 4
d

e
W P.(2=0) $C pr

(1) Roll ows directly $rom Puvst Cheor )
om.









S - Z o E("' ":(X“'Z‘:)) z;=1>
— AN

|




Thae di oameb e o Rondom G‘WH"O




(0) \,\/J,\,r o‘(m((})?/a(.
Fuv ’\)’&\/ o Lk
N, ()« § s dheb () A §

We show Lhoh WI‘T‘» ko o\(ﬂa<d)
%
IN, )| ¢ (@np

= 6(n),



We dsbserve Hhak 6W«u N lv) L2 0,1, - ,kl

Besk N, (W] & disheslouwbed oo
*‘"' IN,,_ W)

n« Z'N('v)] | - (1-P) . )

ﬂ/ At

N _‘lfv)



Leb €2 ) IN; )| ¢ (aﬂﬂ‘;g |

CondiWon o~ E, € ... &,

Noes nak condibh on edgr Prom N%q (v) K
ARSAAE)

IN, ()] i dichedbudid o Bun() 9)
o Y ond
OL.'-" | _ (l-—f))l‘\,h‘\(m)\

fe-)

T @n
<4_.( pop



RYNTA

E(IN, ) [ €€ E,. )

nool
J
<

e [N, D]

Chemdl Lownd  given

e (TN ™ ?(Q“F){q ]6%2‘0---,8,64)

<G ( Rin( N lNk_‘lv),/J) z ffmn){e J@«J
e mn, (ol )% @)



1 4o
¥ e (B, (an)% P)z(éznﬂ )

te~
— (an) NP /3

N

<< N
So

B( UN; - () <
d-) - -
Zﬁ(gk]g gde|>:
k=)



(1) \ by hiam (G) < o+,

font

Cop w6 [n ]l TThen Por 15k < ok,
n &
Leb Vg,'q:i“\’h"‘”l?(a‘g) 3

e (F les, - 6.08.) -

| i k
Pr <\%v¥\<ﬂ"2“‘h‘“’” , 1= "‘HWML ! ) < (r:f) )

)¢ ~
- 0ln) z fr”(a-)h P

_.JZ((%G)“) oY,

< C









Foo 29w 6[n) do&
ﬂvw ;6'\9”,0 e ndE \‘WMJ ﬂ,,}q Pa‘ﬂ
Y gtk 4

'Fol xbyzw'":xol__‘ M
B,

:%(‘}:7"“23"”%.!«1’“)) o o
LT XJ ) N

3 ux,, 3 "y PQU\ (M GYJJP§.




weElZ) = @dto-) P4
A A (1] <)
Lels —
A:: 3 Pf((gxnrzg\g,)

3:5,J \02 .- \3“”\

AW ond Vg showe an odys
X% 9



wl

)

oln



pplaig #1229 € €% e g

P(Z =0« (e 2= |
On fha other dhomd Xhe FXG ""“1/‘”’{‘5()

, y ) n-3) - (n-d4)
8(2'50) 2 (].—p )

):: F((Z,—;) - (u—om_') %2. )



S
0
=
( Foou ”61
vw,occ,wls) N
A
£,

QmA
u:(skmlu QNF.QAJI
"y Aok
wooowf's
\i[ 1A )ng/a ()
. l

\Y\
o!ngJ "8
W
QL\M
19 1)
z‘)
z) .o
)
<’
{e°

kcovxst'ﬁ"\\;)w*ﬁ tF'
F{(ﬂ ond Mk
n 1
e
we)

V,,
w,
v, ,W
2



FW (13 WAR, d,e-gm
Z'-Z —Z}‘\--sz-—o-a- jk
Z‘::ﬂ'—'P“M‘“%W d QWV\@J&U?;.

We need 5 show Bhek D (ontapoingy 55 00
nd Hon we nesd S5 Show hab 1er2scde

Pf(@;nrzga s 0]

—d

Xzy‘o)‘z‘"'xe&-\
9, 2, 4

V_yx, W, amd Vi Y, W, Shuw an W
<+




Auwk
2 9(d-0- C ad-c

Dys2 1N p

C =1
= (9(‘\)
oM LG?P’M..



lnd,érgno(@nCe o Ckrommhc Nl,,ml..ef

/Y)\eom |
gm‘opm o<p<| N CM}'W\A’- el b"l’:}:'

Ko whr
o ( Gn o) © Adog e

J

OQ(G") = 124 0{3 J“’@'e"b M%M\M Ak m C‘



P(a'og
L ek sz o (nelm,a@ndev\t Ado% 14 e,

N Leb Jeziljd’s,of\]
RN
B(%,) () o-p)

e . ()_P)k/z)
§ Y
e (+-p) 7

4
< (E;
& (1-p) %

= 0(1),






- (1)
2 - (%) ).
=22 us .\‘j’_‘
ke (-p7 -
) -

VO A









(W)
Leb V= -l en frowm (%)

(Logn)
o~ oS ARk

f(3FS:! 1S] 20 and S:%Wiqw\,lmk sJ(ﬁem
2k 2 2gn- 3 Jug Jog N

< (3) "”‘f’i"—(z(gms)i

- o(l),

So msswm%qL~ mlm\,)m/( Q S1ne 5 )

¢ onb armg o V\Wlm{' ok of S 7,,@(%







A
orfo
ot
Cr
resdl
A
Yo
bt

A
\
qocit
bhee
o
. ( GRE
<6
7))

k
o
Cc
w
¢
| g
ent
<
o)
o
\V e

A
uYM\t
S
&
o} \,Wu-o
L
ok
it
ek







AN 30"%‘_\\
n

GREE &
\/\vaf) DY uees hog,n
( abouk Ainee o0 Mamg w0 Tl " chauld 7).




CO\'OL \.\"e/\rev:\'\o'v\, (/Lu-o'a.u o, mWst Lhe(l»rM\M
Cob frow Bhe Wmuching wacebored veriz,

(S ISle dogn lemmr\ and S ek
m&yf\m\o(mﬂ beo
f-S

Z( ) g™ (1-0p7)

"z * in-s)0-p)
<[
S =i
ko S § -1\ S
+07r) =\ _-n-p)
¢ E- (ﬂ@ (1-p) )e

S < |






k< Logn v eyl
Lonsidsw o= r'wmﬁ Lek U U and Suppo
U U, - gk ot fC amd U U\({\ﬁuﬁ““\)_

v % Lh

hen E([UW\] U‘;)s lU;\(l‘P)

and S )
e(1U.l) € no-p .

No l

P oy vedicn eoirredl wis o rvund) € oy )
Pr (2 werstr, velowred oo mund )| ¢ A



Ml ¢k, coloun uaed v Rownd s
S;<3 ,

L

We 82 Ak
Bl L] 5.5.-5.) «4-0(1/1agr))
o daduce 0t ko Q) (1/[log ) Jrrunds ol more
s - J«e\w&,,,,, and o roumd  Celoun Mm-uumﬁwal
wedics
]



Concank ¢ ab1 om

1\\ e o2\

R (1x(6,,) - ELR(G,) zb)s o

feaof
\,\/\r\b )C Z(yb‘)’z )\'/’\l) "’M

}/ <5 (1.3) € ELG, ) LQE-

YY) - 20y ) <

oadk tha bheotm s from a maxbingals
Gﬂe(\)\mhﬂ _ N



ConCQ n,(? ral'lﬁ 1Q1~0w\ Maf‘,‘xv\q ovl s

\q Secbw o{l favxo'M V&'f\.a’:ﬁo& X%X‘o - Xﬁ. .-

where X = XK (Ao --0R )
s Colled & marbingale web Ao fly--

& Aé (G) = ﬂ-J(\»))

. »
0y €












E(e
) < o (ol 8

A

A R, A

J

(2)



‘f)rrog o (2)

y,\ b 0«'71<\F1‘ el
W E(Y.) - ond () @, A by,

[ BN (E(x Mo A A B 70 )
S

NOM W O SY’\S%

XVYa  Y,-0, xtan ba-Ya hog
e © oG oo ©

PN
(M) ¢ bre ML B oMb

bn’ P 4L - b

w



PR
E(eky“) < b e _ M gwaf\

b e bt

)
= C

where W p=ee, Jik, 00, \9-'=0°“-a“\)>‘)
ply)= -py-+inli-p rpe’)

= AR
0 pli-r) e y l [_/ <
(b = — ., § TR
{2 ) (r+(7"l°)e—3)m t (@9
owwd Se
3’2.
§ly) < %

@(Q\)w\%‘ (g).






gomek\m oW Slﬂp\m ® & Swhmavbin
G SMPx_/mo.(\r‘m\e)aL_, \ 3‘0&

E(X )€ X EDXGL]) 9%
o bownd Pl XX 21 we used

>\b{\ " bv\. "\v/r\ >a\f\‘
R o ©

2L
E(Y)Vs0 Po o suflzrmwfh"@aﬂn

So ew asbimds fov 7 (XX, 23] i Veld F
S\*P!(fmev\'h\\o)uﬂ.oo, For Pr(X;XDS'l‘J,"“"VM& Cub-



\l\fe N ow PW 0. s\mﬂ,a,/) 'ouk Sh@\k% dalloronk
WD ¢
Ao
%\A\o}om /H’\Wb XO‘)X.."‘JX.N 1S G Ma(a’\'noo.&_)
w.r.lr ]\,)[\\.,_.JAV\ oond

fov 0sG; <1 VAT 1,

bs ><l;i‘l~ X" < 1‘»6&' ) b:’l\)’l)~--)-,’\'

v

L ek a=%(ﬂ\+---+&n) amh O = 14, T hon

Pr( | X=X 2 f\l:) (<o,+b >Q+t (E’%> )

L t<0,

— O



We wl forsk obsene thok

Y- 8).()'“».)
E(e*'") ¢ -ae - »a,

Sa  Yhekb )

_\nk L e_,kak e e),(a-qk]]
X X >ﬂ173<3 H [ ) k

-M(M) H - oy r 10 )

k =1

-

A"
o N o+ l:)( X)

uk N (axb)(1-0)
s C = all-o-k)




Qofall O'J‘jL'
Undee ha cond 1 F1ons above ;

2 ~av/
P (1Y -X] =b) ¢ 28 h

. W€ - N
W Pr( X, ~X,= ecam)s((l’re)1 e )

_ €70
§ @ atwels)

.
WY (7 ( Y,;’Xos-éo\n) ¢ 8_,6 G/,




(1)
Lek

fn) = Ln ((m) (

ANE L»(

B - - ((ar))(B-8)

0+b

(ain?) oL:) )

Plo) = P19 =0 omd so
P(R) ¢ - Qb



nd now Uae
(1+9 Inl1+€) - € = {vas

1= gﬁssemﬁ vmv\mlﬂ% (i),







Doob Marbin ol
g€ o ‘QzﬁlA,_,A%-,.JAQ}
Leb 2= "Z(A, R H)L’bqr‘ow\o(avw

JZJ

Voridole wth E(2) = 0,
OGKFUM' rand on vart able. | Xo:o amd

X;s E(Zln‘aﬂz,"')ﬂi) AR

Xo Xy Ky & mafo\@o\lszu.r,b»

ﬂ\o "\‘., ---)/’LWUU\ )(o: E{Z):O andd
Xp= L



Pt
E(Xow [P0 R RS

(/(c(zm Ao Pin) )I\A A

Uneen
{‘\“Qxf-\ W ol
(S Ui O ﬂ




Casel
7=2, L, ~"

WZ“Z L, e U“M““‘“L‘
by (7 E)

Q7

><-44~><' "’7 "E( 1.*'\)

b

% v

E<X;-n]>(h>(t_h---><,) ~ X,’,
ka all Uu. J.eré\/w( ;ﬂeﬂ’wwltl‘\'ef q'opl?




I 'n Pwl‘icmlw Vi 0521;51 ond ELZ{)“M’
PBan we %}“ Jay rumés o

F(1Z-2a) %)
L‘a» CO’G\Q‘\M

%\i: Z; —a: ef-ai’oi-“;] .



Case

Z:=2(A
\)""J/-\Y\B O"M! n°~>ﬂ" A

f(ham&\s
\f

0, < 21/\ :
LBy A - ZIA - A

Lo ol AR AL A
2,77 2, b ﬂ\ﬂ/(\

2(1Z - E(DI3r) ¢ 9¢™

R ¢b;

,e"'/ Z(b o)



\I\/C Cemn OASS Wi\, W.Lo\e]. E ok E(Z) 20
Now dofwa ><1;=5(2] A1) ao hefore

Ky =%, =

v+l

2 A@ 2(A, Ao AR, -2, - AL @:ﬂ

H;’H‘Ny ) P{(ﬁ"‘)ﬂ ﬂ(ﬁb*z) Yoo ﬁlia\n:)

.




|ﬂ Gn‘f we Cem t'QLu.
G) ﬁ,quz,. S 'q(?J 0o (mo(.uru\o(wb 0-1

Cando® \/O\Y\;}ye,.s o[,gf'u\.w\é G.

(::) Qbsi (‘\\Ji) : '051’. und C\‘loi) <q E(Gn’r)g



CosaS

tov G‘nfr\ we resd o slri\skﬁ mw(‘d(cﬂ[,’,h

Z -"2( U, U, ooy U )

Uy Vg ----, u’\) o & r(a"\o‘d'ﬂ\ P.‘Ql‘h\“b/tfl\«

v
(‘\ 8L2,- -, N ¢
ey vhan

042ty g ) 2l ] ¢y



— A A N w
) (ZLU\J" ui’“cn,“"s% B MJH T U,N ) - N
TR N v
- N Z V u1o uu Ui, o= s a"'” ) ] uﬂ ) ) /;

o

1 z

v, . wa

(V=1 :

-









frock
Hn ¢ ook awmn <;‘H> a, diskingt eopu.

QH, where 0, o tha rwumber §) Gopado Q)
K Kvﬂ. o

E(X,)= (5 ) onp”

wd lh we need b show o Thab

Oy blH) = )



G p,ozfmm(ral'\of\; o ol [‘\’H’k dofines
O C OPAy o$ H as foll o

R copy of H GWNAA&'QAJ?QQH
w\%k Q ]-(VH. The copyy HJCMM"‘Q)’&:
O he 2 {(Oca,m,‘gm;)’) g ¢ €y E
whee 3(0%,5;3:'1.5356}%3 W Sone fued
e ) B n \(q)“.

bk H o< Ho 0 0 swk b
(OC'TO'LC)’ 5~rau)\ ’ (Ocﬂi)’ 30’&‘«)) e T

o Ok arvweh o f |, I



/T\r\e,o(&m
S wppRe p=o(n /PH) Thon Whp > Onp
Conk o o Lepito Q\H,
froet 5
Qum% Rhaks P w
J M0, X hun
Yy - % o 4/ py
E(X,)én v

= W

ﬂ"//"n \A)L,Q/M

— 0.



< - wn M
M e wheee W —> .

ofM ;eg.l S orce CdM+Mb CH> 0
V.

N €n -0/ H
EL){H) > eqn oo
= ¢y o

> oo

(}“P Conk e o o Q) H.

J









Broel
(o) Follows &w«\os Je carae m ik Cans

Heome - w‘vvf‘ o H}S."H SUh Mob XH;"@-
W' We uee Ha second momenb muthel -

%70 5 ED)
E(X3)




Ny TRV

P/(H;AH‘Q) M: 0\7\. oo'olOS

E(Y

@)

So
E(¥,)
E(XHY‘

N\"\ ¢ W ap ¥ .

E ﬂ Uy =V}, eH e’

W sH
SRR

OOY\S\. om.h Cu >0

ety 0™

\4’+l-\
euw/'>0















Cxpecked Lenoth of Minsmum Sommng ot

Let XQ, e e E(K,)) Lo @ colle gk 1em
vi (,noke‘oemcLOht 'um\ao{m CO,,'I—,] fMWtO'W\
Vvt o\es

Cons}otu Xe g L&*U”w W%W e .

e B Lengh o} bhe muavmum

gpw\mﬂg L\\UL 0£ \‘{y\n




Prore}

J

Suppoae «Uw«t T‘T({Xei) %H“' rwmLm,
ﬂQ ““"W WA Prﬁtaloh’lnjfa‘ N .

Spommf\s bota s






So we esk—cm& E(\Q(’G_f;))
: | |
(I) L= é—%.(r’s = E(RCGY)) =4 4 o).

E(n(6,) ¢ L « (G, i nk connacled)

i k2 k- kn-k)
Sia, nkZ@‘)k P ‘(lvf’)

n ®
G (ne- P 3

51















u

ol)) ¥ (i-\-olt')) % ‘1—3
{e =1

oD
\
0(1) + (14060 E ~
+ + 31 ke’

—

' (k(n-k*‘Dl



R”dm (rophe wibh o Fusied Degrea Sequonca.

Leb o =(d,dy -, o)
W 0/44—4-1--——-44 :Qm \:b-QN\-Uﬂ.,

Lk 9{] d* %G»m\o\z 3fmﬁ\swzﬂw~<r&o< sk (]
twoh &Rt dm{\m dii) < o 'y ""HE

G—”JE', W Chosen ranc}m\b ﬁmm gﬂJ.

\Je&ssw\eﬂ\«ko(,( oo 34 and Hhok
2_d;(d,] 5 _(2 (n),



’COI\\Q\S\»FW‘I’IOQ\ mbel«'i(_
Lok \,J\o\,\/.%-.-J\,J,\ Le,o\‘ooﬂlr\\rw'\ of \\/’M

Wols d; & 1sb €N,

For oo s\ J-‘drw %(’”3 X% oce\n/ﬁﬁ(w)‘
Lebk & Jeo e\PmL\{"m\ of \/\/ m\k M Pauo

KO\ Cow\g\su(m\‘\o:c\\_
G’V\\Gw‘(f ™ C‘—%‘M tha (’m'w]“mw XCC)
X(.Fbﬁ (Eﬂt\Q i (¢(%)J¢(b)) ; (ng] ¢ F;










G\, 65 & gﬂd Hoa
R(¥ (=64 T (WA 6]
o we tan hime & rmdon £ ond

swees X(FA) VBE Mo ame Mhﬂ@b



°<
he rost g iont Whab o

\O(( XLQ ® va‘&n)

| (2) = ‘ Q

T'\kl. ol{, ”d\‘dys‘not Y MQ\: €~4 6.“04.":{\‘ a"’""(
bdee o pernuladioa § e WM Simhela M% =
put by P |

Coh dbwmet £ ocson m' " wH°*
N e i) o Uo .
\\3"‘““ L Low Iola h gﬂ\,g‘ ,




Y*\“’e,(nal'{m Con sb rwo{'loia of g

Begin
-w F=d ;
Fov b=z, ,m de
.B_Q'%fw o~ (M\mbf-a\,v‘\‘\\/) Qrﬂm \)J
J"mml)\mj

G[\m éb (M\d,
F;:‘. S:‘V i(%‘é))z)
U:=U\ {29
Cond
Eoch F M\% WAL ,ov-qu,L 1&.&

I

(am. ) lam-3) .

°"|,.(Z] ¢



Let N\ . mor § o dy e, R

Viksheont £ & = FwoLMmM
Hrom (2,

L.Q/N\M P"b‘f‘i

ﬂggum Hhek A <'TL ('A/MI [ é: _Q‘ W w{.r

(o) ¥IF) oo e o(m\uk Lrvf“

(0) () e <

(6) ¥IF) b no Ly(n P/ﬂ'@ﬂ“-

(2 YLE) how &n\QM o, ool 0/45-%.







[0)
Lel: ,ﬁ? =A lra”\.

B (F hu = 4, lw\oa)s o)+

> ) (@)

oc+ --;)c k» L =1

g ol + (57“-) } ‘T 0‘:1‘

QCJ-DC-.. *g(n'? L"'\

A\ (A df"‘ /Aek]
0‘1}-1'(7’)’“\/ . \k'l. 4\‘0"}1—(}';) >




(<)
PF conboun o Lnpls 2dge]

S (N2 (am
\ £4v< A
23

¢ D (Z4) n




(4)
f’(
Cont
arvie A
ONK) acet double -D,JGQ)

(4) o -
) =4
H\ch" 2:‘;8

EA o, " Sowe

@'m@lpi

. o(d)

v

°






§w\t0k‘ﬂﬁ,§

Leb aewr

Jf% Eé-Q:

Lp‘a},am.l M&deW
gl 1y ani o

verkex \nci domb Wk

2. dowele (”JQYQ“S



L (S ) Lels f"\‘:Qm bnd M&C‘ze(;(o(‘»\)
Co i;sle) ond N S lesy

E_QO,'A-I][ LfM\L /‘45) Aﬁ
o (4:0(%),






)
MQMW bhok

Wb Follows Frow
{,592\ aMJ'Qéxza W
2, '
J/_ - \+o(\}) >\
\—(zoJO\ |

Terckoe
- M N
4 ot\ﬂ l,.(Z\ * M’"om)l—(z-o e] Z y -

L0 J=9 AR

> (iq.om)]_(z_oo]ek(.kﬂ)

B









NARDL, —
i P
b chotoes t § b7 M,
, 2 AT
> 1 M ~0(6M\A)
& P

e ootces € MM /2
. M\{V\:]Q/ 5«“#"@&)



FG—SZ 3 Féﬂb\‘
¢ M1 g V50
> »M:“l—(za;{\ 2aM M 1R,
v(.."'('AmIM\\ Y 3*3
1- O ( ) (l o(l%‘ W‘a))

So




N Zya Lo muby = 6 L2551
unless iV crealin new lwywm' M'V&

aﬁk\












S
| F € 2

R (S (F) i s
K W%)ﬁ 6_>s(>\"'1)
\ o S dild,-)
25 Ay

g © 4 oy 3
‘(( (’)/\3) (mulbs f) ' P | %

%S&Wm%
Oan’® [ bt
R s
J



26,y <) <bue ™ fVOF)



jlrxeove&\

Leb Gy ¢ dends o rmdome (= Pegular
\""\JL 3 T =3 Cov\.s‘l'os\A, \p((ew ok [:‘n')\

XN o \A"{vr GﬂoY W - CG“FQG\'M.

COVO\\&»Y&_
& N s aaem Then whyp Gy I a
‘a.g(ge, ojwr n ok oLw\D,

[_ A (ee&ax, (,ovmec"&JJ W»Ve\gwlw W)

4. V\WA LMQW mwt‘,lwﬂaﬂ










-k
KvL Cont avne
@ @ "”‘ A A
Pf(,jfg s\g\\ (=143 Cm\x'(m;\r@ S\ lu'ﬁ&)
8+]
<ZC )(sg{\a '—'

ra—l

gvl _S-)
$3n - gl &g

S =y

= o(M),




kA o b
% { wi-a P (n-k-L)+6
<C, Z (Dﬁ ('Dﬁ) (Reel=9)  (clnk-Lhea
e 4,0 K ¢ ('J':\) r’\/\ -
r(n»/e)






P{g&ff—ﬂ\'\w\ Eq)\f. 1w Melﬂ»m{

Coﬂsxlu ,U-v«neo“dw@% S\Mpl!b P(OCGSS‘;
\We ghavt with IL \solaked verh ces

\30'0"'.) N,

Ab o general Slie, we chovrse o (skill)
icolated vecten VU ond odd on ady

B e Condonly choaom wr

Q ueshion s aw \ow{\ bbore Mo o 10 i olabed

Verhices?



p -

Lek

X (k) = ¥ solabed Verli ces
ofber B sbeps

X(0) =71

S (XN -X(®] X)) =
X

N

(%)



Now pub kefn . 0<f ¢f
owd A ()= X (F),

(%) on P2 Su\c,(\e&l? bhat

X (T)= -1 - o(F)
%b\/?m

o (T) = Qé’fﬂ:'\

\*\me wouwd WPMM
WQMM Whon T a1 WA,



We now con sidey Uhe Foll owrun
%\g)ohb'%m thN oemo(mg Q/v\mr:\\}i,’o?,ﬂm

‘oegw\
A «V;

Whd, Azg slo
Choone V6 A; | fond o Ckoice:]

 T-Tosws Qe AL v3oNw)

E/(—LAOWP ‘o\*& I



G'%'LQ‘ 9{04*40& an V\JJ/FMMATM
Me g by shudyony B Lkl

Si2e o} Tha M‘P\‘\k, A G w o € amd o
(-(Q.&h.lcb? 6\*&192\'

\Je, WS § M Gonpw\r:)urq,\wm {V\OM
of U< regular grophe it We W v-~oWa
whee  \y/: < L=V, 00 ]



\/(a w;\l %xpogg H\e‘ Cond o Po,'\t'\f\c{)
0?' \/\/ vg Uha aQe)fwb%m P(o%fess Ny
ve, ot bwelove.

\ & \IQ.JEQM ’b " e\a.c,ea lm d‘-@ 1“"-?10-21\&9'1\11’

L G v NP | @,\LQH\QMJ ol2 We, QR pos=,
e ?m C«\Io\‘hﬂb \l\/.;,

Lel Y C)'Q@“QQ_ of o VQ,‘(}’?JX :\ ot o
%u\uu\, s’m() a‘&'ﬁw. &\%ov\\:km he P nunle,
o F LY posed  pau lmfolvms \/\/\\s



/1\'\‘\/\& a ‘5‘“\9qu> §UT ot 6‘2661)\] ﬁ\le'\/&\y

() Onooga @ veitex b of 0(.04ree, %oy o,
(1 G‘xfoc—( U’u ‘00\:\;”“ {“V0\V1ﬂ6 \/\/v\

Letr b =l1] A Uhe ntwmbec af Sb/PA
Eoken <0 $ar emd Leb wagul;m

cuvyenk sgb of wPosw P axts.

Let X)) oo the mumber of vertices of

J%(rfeew w b | where (k) = 0,



|
o / bs (% -4

We uxpoge pof\,« stocxo\‘w wth A9,
coo Buck o bhare oee stall TE ) pounks
ChESo cm\*e,& wih verkices of O(I&O(e,(. ‘20,
(WGl\Ad’W‘Q '\)')\'rkw,m Vﬂ-&vf Po\,n\‘s W\P&\.lfegq

ul:\Iora,Qﬂ«w, So Hhe P(oLaLnl,\,Jc:J o{' pawm.%,
w8 varline§ doge 20w D X,

rmewrk-1 n-2F

@&(mk P kundo o ptb (%),




Pw\?\f\v\:\ £ ="?V’1 ol X(b) > ﬂx(,ﬂ) U’M
gmmesh Ehdi we golve

oc/(ﬁ’) = -1 - riocl‘f’)A
| - 7
ILO-\ = i' r/’l
V(- - (1-2
S olwhky o 2 og(P) = (r-)(1-27) ( V)J
e

e Smolest ‘)os;lf\‘m AR OC(T)':O 9
) 3/(r‘-2]
=50 -H" )

St by XD 1o WP, A AT,






\Jc @wﬂ\u A< WA
(D IX(B)] sCn,  ¥reTyube C

A onobow .

(D IX () - X0 ¢ @ = gzl ¥ <,

i) | E( X -X@)B,) — P X[ o,

YT,

Kl\/\) ﬁ(kJOC:) o GOND U QS ond Souti&fpf&s
0\ LQPSGL'\\H condihen om Dn§(&f,"‘\’l’>,0}

ve. #(x) - FOxD| L I-%T1



;EYamao 17';

= Liia), Uiy 5a) - . |
X ), Ly QJ "(“zv-\‘th NI

(1)

X, ) < = [40, 0, s §]

)~
C, =
{lLme)S“]UX >‘o=rlr/-—l
L =1






/ﬂmcyoﬂ’m\

Sw‘opos.a >\>>\ o C i § SMW\C\gn\’l\\"W OI\A
Q'-vv»@%;r(f 217) X 0,52 €D« 47
dshence of (\ ,2) B \oo«n\J,o.vb o D = C>\ \(S

lslore 2(k) 0SS T < U be fhe unrgpe
gQ\.\n\ﬁd\r L;

2(,0) _ ?iof:l/o]

Witk gkl thy 4~0(~@w(-”f))
XY = nafE) + oin)
W Ol v el s o



fmo?»

Lk -{“*1 .
We caom ocsues Buab B, =
ore bo niathana £ prive.

We ghudy the conconk b N\ b+ w) - XD,
Co assuma bhab (B, Nk €D, .

£or 6t ¢ &’ WK }\cM*Q

Nols Whek \,((;,,,a,) \ J)e}< 2L\

.,\]3 Jen




S (X (b eka) Xlbok) | Hy0) =

PEE ) - 8 ) = 15 1¢N

£( X)) + Wt = "Pk]":f‘ﬁ

LA

% X) - p
wha 1ol ¢ LA,



NN) &W l"ll.;-' '{lw

Z, = Rb+k) =X(b) ~ ke £ X) C2kL),

e 2,2, 2, A supwmm%m\e)ah,

Rlso
lzk,zk”\ < (3 -l-)vl-)(b%’@)l +Q'L>\
N
skoﬁ O(\) ”‘3»
Whing 1€,200). Gonk

\bounded Ness 6§ Q.



Qo, C;O‘V\O{Al" lO‘Y\OvL o, [._']);)
P X(p+w) =Y [B) - w b (0 Xk & 2L A+KGR 2009

& "
Svmilad\y,
Pe( X(b+w) =X ) - w H(Yas XUk <-ALwA 'koF uw)
e’

Vot W Qw—&wu. Gn Su‘a.e,/morln‘ﬁsulq N
%o\wn\m\'\\g conandue — X ()



s o

— 3
Pe((X(p)-X ) - X | LA+ KR [2a)
e
\W e wib Ohooec .
N
R

Lo Hhek WX ond (3Jzozur’ o

s o @(n)z/(s) Wi
K 0N

T €
N



Nm Q-d:) ‘kl; ..:.i) W ‘Q’N l, :0010---)7;°=)_0'ﬂ/w\]~
We wilh Shoe hy imduclaa Shek

fo (33 ¢t 2 [ XUky) -2k o) n]zl‘30~)< 26"
whhere.

U S
663 % <(l+ LW) ~])%

and hee B onithe comtamt

Klo)
o wluclion baguia i 20= 5,

Vb Bt g _0(%) =00,



Now b

IXCk,) =2l ) 0 | 1A AP Ry
A = XCk;) = 2 lkga) N
A, = Wrw )= X(k;) = whlifo, X0\

AL = wa (k) + 2 (ki) =2k )0

O _ ol ln X&) - LJZ/(’?{,/W)

L|..



ﬂ >< “"\.q-\)
b X(k;) v wr J"(“I";X“';)]")
X ()




A] :X(kﬂ- 'Z.(k.;/f\) "\
1Al = BS.






A, = o bl X)) = W2 (ki)

Ll,::’
1AL < ‘*’LQ_\ , wlge

n noT
X dws | For som“g>OJ
R <L \A‘\q-\ﬂm\;\f\g\& VR )

>\'Z
S (Jv2E)g; + Brie

Fan m\\.é, COY\S'lM kasb’< OQ{,.\.]-‘
e Loes k;l%rJ M(/\MWW“XOWW(
Az n ob seh WE 2 OfnN),



A)
\Q Prdﬂ‘P W X “;)
) M/),{/Q |
Tha abo %19, %,
() X(b) w (::‘o o N
] ‘ A
whaee -
Condibrom, (
G1) e

-7,
b lat, i
]Qf'aJa o

okl
fhe o

" O[niécj;m [H']) a,l,wwr
1 Wi -

W SM

TN



E—léﬁ/v\/\/qug Ra,m{om M\O
”\:)we-reﬂ\ < .
Suppoe (,Q,“.r\) g np S n- (nv)”.
Leb A doncle the odf)rery mf«&/’x%
Gn)p. Lek WWWSA J
>\‘7’>‘2>«""Z3\,\,. Thm WK'}O

|

) 11 g,a(i)?m LUEN.,

24 0d)
\n/\'t)'\mm uJ‘O'fk’ Can ot w]o\ovcue ’ZQ N 0



X(\MLW

Lek T be She wu'i\s m by amd
M = PT*A, <hen W

1M < 2 Uey) Yrptp

Il = mes [Mx] = 12 (M)

1%124




We Firdt chow Mok he Loromne W\pl/«-ﬂo B
® \
Leb € dinds Lhe olt Ls vedat

() IAS'—npS] = 'MSI
<Ml - el

(N Suppose Huak Bl antfle, Then J E20 ond
\WWE\ = WS\ ¢ Ml 20 Vrpa-p)



NNMI 1|24 amd Wb XzouafRY
T 9y e ad 1y, Thea

[Ax| < |Aul] » \ﬁllH?,\

We howe
”/_\\N\ 3 (“,ﬁ\ﬂgl $ \‘:Lﬁ(npls\ %‘\M\\o\SD
< p + 2lhogn] rptp

]Aa‘\ < a“”‘@”‘)zfnpm-pj

1A ¢ mnp+2(|oa+1/e\)u,wz‘/?u..p)
s op +3Uegnlp0-p]

T




Th VWP\W’ Yk >\1$(\+om’)np

Rl
JAYY | (A+M u] - 1Ml

- \PT\"‘J - Mwul
=z NP “3“0\*)“)2\] nph-—?}”
wplyeny N 2 (4o np.




o |AE
>\g, y O*E.L) €1
¢ max IAE]
o Ele 1F]
< 2 (log) Vnpliop)” TN
A= M EAE » e FArpY IS
~ /EH &4

il

e -EME w5 -IMY 5 -2l Yaph-p)

\V¥\:A



_P(M{l“ ot MM;\. L,mm
Pu‘ﬁlﬁw\s \</\\:: MVPI“ ( zorovss G(MQM)

we See Lheb A
WML < WG+ e TN < IMD + p
ond so we Lk ound ”/\//l\n‘

A
L@,hhn& My denote (3.3) enbry d M we

M(D E(ﬁ’lw] =0
Q.\\) VOV((mi,-Q]Q' P("’P) «— O";E
G Mgy oMy, ane indpondind  uor

(i’,'s’) = (3),',) Y



We oshimuk

/\ ™4,

Ml ¢ Trace (M )
RN )
k = Ho()v‘) ®



E('frw.( \ ZZ ZE i, ", M m )

0! Y= ok_: ka'k W b
S R4\

ZEnk

where. |
5ok, Z? Z IE Hm" )

{lv b, l;k ‘3)‘/0



Cﬂd\ GQD | - ' .' .b “

k-l
E(J[:, mi)‘;i\)\—\) = 0
W Mo walle W (1) conb o on g
bhab o crovred exactly owce

%J% Crossed kunde

¢ vassed
J NGQ



On Be 0%t fand, 1M 1S4 and €o

k-

E ( m mi,_ im) < O,Q'(f)"‘)

Jso J j
0 each odpe a{( W (1) is crossed ob
Luast hunia and ‘(1 H]’o\ﬂo 37’Ie]§”‘/0~

k,
/O
U?!c) walk s.



Wiak glimalie o
Frs

e U~ £ Wbﬂa

S

We w

2 ®
- Q’QJ .
>B¢] W/p(wo /0
0 p>z "
ﬁ-»i vaWA
(n) - ﬂﬁ pige

ol e
0
R < \““;“Lffﬁgmw
k,f 7 .

¢ hoone

ﬂt‘\t\b"f

<
- ce
J"\

ve



We howe
‘\ ~ Ze |

< 2k
ﬂ. Q(-—'\
r* ko—ﬁ)






L

N 7 (2 & o i)k

- (et

- (,_‘— 40(\9
P

_ o (4),



Preforanbrak Abbachmewh ]

Cug m> 0 consbanb.

ou‘grmﬁw

P "o Pm_.\) G‘g) ’:\n‘ﬁnu ro‘,m\) ) /-‘);, GL’ N

1y 2

ix S KA, -,
{‘(,(‘\"Db"'\r' CM' -\ GF hare VQM L Y2, 7
= Frm- \1
. ol J°5£:"1 r) V¥
- 24 +1
=V -
v, Ple9=) 77
af+ b+t
L )

r'ﬂ»l



E*PWP%‘ Negree Seymmte.
Oh(.b] < ¥ of WM%JW e w G'w

msk: 0 (E?),
0, = &(0,m),
£(0,0:06,) = 0,00 + L0 € (k,b)
tm ((M Ou fpaﬁj)

amt aomY

o ncevunt vor mulbipl, odgte omd AR
donomn atoy L\!M\Q AME ¥ (M),



Under the asxwhm D |5 v Al
e led L tha WW

(Qk:{lkm-\- [(k“)‘ﬂw-n — kdkl/l

ol
OQ "EL]- Oole-d + 142 M xQ
* fevd. fo+

([

N

@]
y
N
3






_ k »h -2
Ak(tﬂ) ~ %Ak_,(ﬂ*("‘ E)Ak(w ,O(t _),

Nod s Wms iY\u(MAIﬁ:/v(’g o B Ihat
8,0 ¢ At Ugt)®  ¥h=o

A Ja Q’,v%vi%lt‘bu?w gmall (nnakcA ,w'g‘)
wd Je<.




So
H} (b+1) [ < k-
Al )| %’Ak_, (F)

—'.

() - g%)[kk(t:) '_th*‘}z [loot)F

ko g 1 : ‘
¢k gt i 1) A0 vt ™ 1)




Co-n oar\l?f o\,l'\ o:r\

R(] Dk (k) - ﬁhébﬂ? M)SIWP{“Q%E
st

L-'d; yw\'z.l"') ym‘t: ]3"‘ % Q.Q/%\M/’V"* 0£
Soncre Mads U b OM%W% Gb"

L)

AR NRERLD
: 5 (0, 0| %Yay oY)

Ruoulk €oll g Frove
]Zb’zi,"\\ \< LF.



Fue VoY oY e 9 F Y We ddess
Mug

ywy'z,,"' > y Y \}/H ) - '}/
yl ;y'zd"' 5 yn.-. ) yi. 3 yn ) - ) ymlr

D{Q C}\w 159 of  moch l{g



In ‘P(Q,f-@*(%];'\;l, &Mmk W Conn '\M-%J
woding Ch oea oo dam,{,esofamo\m&j







U, o NEW £0¢¢
XA

&
I (3})!2/5“8]'3 else




M e urewsen Dzo\\\u
Fuw kgt amd ws Xy = dﬁ@u%“’ w
L &romay

P X, >F\(k/k) loﬁt)) O(E
el

~

- H/z)

Xop € JM















Lo»((b&d' C,om]oov\ey\,Lv'n G"JP nar F"/ﬂc

nesronm
o P"}*Hx?'e whee IN] = O11)

Lets CoCa,- . denote {he connecled GWM
6\ Gy whee 1G1 31612 - - Fhon

)3

. N 3 A
(a) E( Z'C()\ ) ¢ iq,qn“l? <|°'A\< \re

v 251N NVe

W el IC1z Anc) € B (4s50x1),

W P (1C) <gn?) < (332N s
\'g %V\ su”;c\eml“b.smquamj N 6‘4“‘6)9”}[& /Ma{



fw wslx V. = RFS from v we conihond
QW %S-ﬁk

- A= 4
rrn}
+<
L
N
T



Nc\ll . L i C('V) (< U\*Ca‘mfmu\m/c’
Co-nbo»'mins v Shen

C] = ma§ B Y=ok
T,

ST



It Lollow s thab
Sb?’yb ﬁu b:OJLQ‘*-wV{)



E(,Cbﬂvgb\ gb') HF'/L.
Leb
S, = S,-F vl

E(é\bwlé\c): (ﬁp—9 B ,"f"l, $0
wad § o (/S'\b.) o Q& sw.mwc;a-lu



Nmfww\m‘f&%u H>0 ond et

T - mm\éﬂi' 21 gb?-H o/ SBZO}
Nele Mk
SX}\-\% yb'{g'}f

Lk L= um§{bzo: Y =0\f
T+k

[ SK:OZ> P58 j



ECT) < E0v) + E(T,1 Sy= W)P(SH

\(JQ. ‘)W
(\) p(gx> H) g i+EC‘6){ﬂp~ll
H
H +2
— owwn ofo?
(N E() S - gplp] nshin®

(i) & (T, Sy2H) ¢ (w-)-f‘



So

2

C(T) <

I +(Q(M-\»np2_>§_ (npop- 3nln,o-4]_).l\q

2 H+ 1P
oo~ kewjopa] L P P hlop-l

We vhoose H l;o (,0\)‘3(&4'\«\&12!15) MO8 Ps RS

”" x.—:b

E(.T) < H+2 +\la,f\(H-t-l\)
n-1 N

Pk Hn® = E(T)¢ ’myf



£ 021N ¢ 75 Hanm

€ (T) ¢ 2w st « 7
) 6H
Pv.bk\ﬂaé H= n,3 %\N\-ﬁo

E(-P)s 4N

/a3
1IN = 4 owe pd BTN

(7)< aH - B

—

6 H

< rL'/S[Q.pSl}J&]‘






Mo Lol [OP TVONAL <70 pPING)
Leb 2o, 2,,-- 2,5 <-- be o row\damprowm,

T o clopping Limne | Mo wrenk LT<bE dopends
ody o \ZOJZ]Q \_2 Mnﬁﬁmﬂ\e‘gwm

OPBIOT\GL Sbopp‘mq;
%“‘W‘N’TW mst‘o]opm\c) bime

2.5 E(2Z))
D (Z,) w o mackingsle % El2,)s

(1) (Z)  ~ supemainglle 5 E(Z) <E12,),

GI’\) (‘ZQ oo SMLH\M“L ‘>’>E(Zr)7/ E(2
Ve muet also ogsums fzc) e hownded.




{ = E(é\a\ z E( /S\x) - E(SQ”ECX)("P’S’
> HP(Sy=H) — 6801 (mo-0*

So

1+ Ehs)[ﬂp“lj
P(S,2H) ¢

H




Pt
Eeg(n‘p) = 11*-[2""' ’-I'l\

Guren E3€, B-¢ ¢ Blnp).”
%Surpm = g_'_-_:;‘ so Ml c-¢ how J'itl':n)ou"\h

d 3 =)
< B(n-T,p),

Contibromed o $¥ 430§, - M-r§n 3S42HY
Sy-H 2 E ¢ < B,

N ow W o 1,(‘,
[J

“ATR b PO PRI, e



Wb,
Sy = W au(gyW) + (5 -H)

XM, A'emm,a M plo M
N 2
E(Sx\gvyn)g ]ﬁ QHnp + "PY =(p)
§ H+3M,



Nef
lsb\\S > m"“at.)\GE

ownd
A, = g;‘“ - B ()
where

R=nps - A |1-np]

We olawm ot
(QJ i< o gulgamu(t"\'ﬂ@ol—&



pl

(S, °gll Sp) =

&E( g 0) Cgbn )z)

= Q%B(ﬂfﬂ) + NP, +1~n'>

ZCT\P‘\,- QHlnp-\]J, 4 <SS
=

c( K2 -BU8) -[S;- 8y S, ) €0 bex.




A« E(A,)
T4 E(ST) - BEW

LoRE( < E(S) = ElSyT S RS

< (H+3) {4+ E) -1 )

Se : ) H -PQ H*_‘L
B- 0 ip-1]  apy k0P

We enowe Lh W ponl'{ve




Now consle Ao M§b3°=ym=°§

baTs
Zb s y?ﬂb"‘fo +AZ_AP

2 <1, Hom Oz (,I;-H”)/\.“{’b
£(2,,-2, 12,) - E(9, _+ 0P

sl (0, e = (600T) <O )=



H TP 2 E(gxl gv?'H> Lemme on p10

2 E (2, §5>,H) Sy N

Y E(2, 15320 e O

> E(T 1<, 2n)p/ fobe, Sum ol
R Cosch- S chome

S =W < E(T)]<S,2H)

< <i‘_”9/"—’i)—>';

= (T,




Feoaf of (1D
Cw h=Anp"3 \ R=0() J Ao doltrmned,

'8&!« oThew
It v, .,>0 S,



B Y, 20 T E(Y:.» Y, o) = E(n?) 2

Undy htee G8SUWnphDNS,

2
v

J

A .
Se yw - f—i(kAﬁ) > o sw]omo,ﬂ'\ﬂge«l”

3

Tu
o > s
4 = E(y‘r«) z EC(’\?*
o n 32K
(1= q) € = o



S nﬁ.l’s othuw i<

Mb.-. h "m%« ﬁ\>y“?£'v§.
e o<M <A Bea

M: - M\":‘ " <9’74,\4-1: g\) *Q’(] ] Q}YAW)MU“I

omel S 0 51/3
C(M M“\ )z npol,+iu\( n )P)
4 Q(l-&—A])\])‘

% o § TSNS Vo oY < set 1 tapk



\& yb,‘ZL Haon M, 20 and MES{L

So 2,=M g —~X4:AN) (52 T)) W o

SURL m QKQ;WLQ

Now tee JQ lonle WM on {Y?QB’I\'E,
2, =0 evml €
0> ( Z ., ) a( ‘H'*N) (T,)

> Q\Mn) - ) 80,

So 2 3
= )
£ (<51 < AN C‘“(Mﬂg)sw

\lmPl\es /‘ : h* "




Se
o, st e P12 ) + BTl

¢ U A g3

or T
oo (Ur < %Y\;h)< '8D,ﬁ\3 ¥ (1= 2]‘:‘0 &

P\w\)'ku\s A - glls pr c [ E )W%Q#

p(T<Sn) ¢ (33+UN) S

3ls



\We gvmué nete b
1< an = 1Ch< 4"

= P <P
= T, <§p?



Pacfect Mabchimgs w %ipm'ﬁe 2% 0T

Gudk E}G\/ hoveis k ok O

A hearom

@g:o“k Lo & {wfwt meWf\g u/lfo,




Q bff; q\km {)M‘OE

R, ok y
X o,
) .9,
%
93
[ ]
S \oq
%y )
OCS )
'Y
a0, .







o N

Cs >

LK)






Ste,p'l: oy veol ded ,qu%, \3\1 Conlauma

o marked weldn s Foung  Perescy
MAST VNG,

86‘)2: Ohoone u.umw(kd \SO](A!U ‘Q;‘LQ_T_}
- Ohuvee 0t ¢ Po T
Moutz 2¢.










i

FRIL

E QC
v casen W € (1) ol M/@Q
NP\\O'W\) H4 o

Rpodt Fomm Sl



(\\) che cked verticee =

kodpsQ

Gachvound ane dea one velon ond adds ora edys EH@‘




-~

eyeliis  TWMr v 0, & Miv-- ¥, =7\
-4 QJ&,OQ (.(\\"3)-\'('“{'\3{-..--\- ‘ﬂP-IB ¥ (Bﬂl\) y-- *(3 m‘(’] = nvk

= (3 )-(n) we wrcyde
v vph \/%; gwe & mat«ingimﬂz % sr2e -k

continy all unmaited oc’s ,
Vel 4 cpunds — # ol boct 5,42



H  cont oo -k *”’Jﬁj’“y also U‘QM t«‘%

e (muMmH) M e B

2C .
Tde % Leonnned %‘ CO’V‘Q;QM
M. doeo i€ over ¢, bub Mgg )

M dots b cover Y.

Mhat

F S wpptaa

wmﬁs g, «MWMMMW
W, WWGN%H and
> w 0

M
«QWNJ@\% ook wmig YoV, s 17



So oy fus Jwe @ naded el ol
Ngo Hhm slipsaa §oon us 7% J‘“ffm‘



meo«L\Lx\zé o ‘F&i]v«“—o‘

Clawm (proved kllag)
\J\rv() M(‘. ConSYeTS ahlj o Eess amel
%a,,;, conp rneald Sodfore . UAM rruned,

A < suma olaum : H:z\ consists of LB

¢ andom Julak omd & w&r m%Cm\ﬁ»ﬂo
DZon. oud unnobo comprvenk and S
Qm(i\'\)% g‘@\ob\’ oo et ,ﬂmﬁw\,



g(_@_g og C](’Lwi

N T G Q W, Com 5
. h\i wnchedeed \/\U’Uf—%%
uAMI—J p@*

e

oy




S22 o GORE

Supp=e 'ch"?( = Q.C“Q' , 0<%,
2z

Ntem CORE Hae n (1-%) n Ut

PTRIR < .4’1.

63 < (1-5) |
| & 2= #MMH‘Q. MWJL"‘"O%W% a"é\/

whese  adge n M Ldems K CORE ML

El2)g o+ e -
2 . (‘*"'wk (@) ()-8

T ue K n-tg))}
{dn]f.éllmhz ( 6 ) o] ™-)



b= =)
(1 +ouws) (.éLl*)ﬂ( %g(.i *Bﬂz* L@ﬂ’.t_‘f)
/’ (Ilf ! "
| - oark
o M et
-kss

3 m . o
o, oblie 4 ernds, € G (10

l"l(f'\ ¢ y

H,u]%m ,Lo,JleQOQE 5 R

5 4 s



Rub J,M:mb 220 Coke's vha will whp
leare yurt Bresa ond syl comp onomb ¢
Chome N romdoe edpe.

Ruld CORE&

Delake sl oF ody?-
by ok o sl § QORE ot LU
§) Goph hon B0 sk ook S0 hie Y

resa ol umwﬂvb« crvp ook -
\N\,’Q CN\.QO\(U?}\N\WPWM befowe, . 48N,

O\m&g WA G MMWW\MV%_



Q av d e M U)o \f\(ﬁS

| b £ Le chesen m@mv% ok rendom
brlnl>[n)




E’X: ot 2 3 Y d { 7 8 9 1%
Py Q. 10 S % L S ¥ 9 VS



Thel

P( Gy s R ) \E’/T,—m

fook

» T k) M&Wo{ frobo

G w@x M E'n—]-) ﬂ? Iasey WM 1000-3’,?
RN AT W, shmo laleo Bhek

n-f-

1 (QM = 1




P((G W LOYW\Q/O(Z,J) =

-nZ (1) -l T (n,k)

[ Sumch off mappued

c\\m Q’{')

o W‘e'

N

ﬂ (]“" w)
e o |
U ]
- < e
L ky S Hen Ue }

3]$

® k2N Lhom u«@"ﬁ "2)}






Forule fo T [N R):
Tind) < 0" Conlye Formal.

n-le
T e tz,% (n,eJ ) U*‘)“ T(n-t-1,%1)

Fn
YRR AL e
w 4+
n-k
- = n-kod-1
> (7)) ke bty
Pep n el
Eoe.l\s'ﬁ*“"‘di‘-
= (o et o™ oo™
& =o 0) (ocx 1) yrm-l) 2 (g ooy +h)

Toka Mok w21, yohel
3



N\AMLM o"‘ (:')Clao.
Lot 2, = #Q sycled Lot k.

3~

~1

ECZ%\ = (}':)(h-l)[ f\-% s ‘g (1- %)

AR

Qe

\?‘ Zg_Z-,“'"'* -Z.,\ *h\ﬂn

N

- _
E(z) - > [ 10-%)
fe =1 L

oo

v K‘/ o wlr ol

h

A logen |



\\!\m\\o.wo-g werlTige on CUCLA
n n fe- .
((£47,)- £ P10y
fe k=1 431\

v [¥wn
= -



QS\\odes\; PNHE
Loy the aros of the compledd
2

v dependad Luneflhe X+ e [n)

How  Xo ' oxponenkicl with moen 4

o N
(X, =% = e

g‘g\(‘ o\ L = o,



j\r\q,o(v,r;:\
L.QJJ" Y';“ = Okisl’ow\c,g "zﬁs—m {) QS\\. ‘("V’V\

(.H) Cov owy QC\M&J i)
'Of(lalzt%ﬂ/; "l)?,é.)g% V¢ 5o

Mo Z. s mat X}

\




P(oo?

(PDRl X > arg] X&) =P (X>F).

QPD W beza‘”gxm ovee \'nol.ufuv(%\k w‘oommbmlo
hom ﬂu}v\iybxzo—“ﬁdmi [ w‘f)

\N}w\*ﬂ\ﬂewx.mm.



Fux b=d end Comaudyf O‘;\]hﬁtf‘e«)\( chorlst
\Om %ﬁ\ﬂ””“* Thie (X‘OM o e
0y

Q;\Q.m W § WA 0"(7&.9,/ ’6\3'\).23"":49% GMW
ki (9, ) __,y\.), .



b Lollows From PL[3) Mk

\/-kﬂf’ ,',,,Tk [\Zi+ X@u%‘x
v =V

oA .
= yk + E"PG\‘M

S
Gy CY"Ek wawlommﬁﬂ/

+| k
Wk meon k(n'k)

ond s sndponlink & Vi .



fe =1
23 o L
- ,—YT “k
fe=
v 2 Jgﬂ&“ .
2 A nel\ l L
A\So - o S Z ‘—-'))
M(X\) _ *Z;V (E) = fe [nk

n
o)
N
T\
g |-
r ]
E __
P
N W\
2
S
SN
Ay
\
O
-
>
(L

1

nd o o vos (Pebgolat & prove (11,



Now v Q’VM\{bhw/L@

Nl =1 =1
’ Nne.\ ‘eq
_ L Z n-wr_
T Nt k (n-4e)
k=
Zy 1 6{\ )



For VananG we hoe

a3 Y
Xyn: SYa v 8% )

1
f0g sy Saed s P\’(g\."i:):n/—v
g;)& AR N " ‘

Vor (X, 4) = Z‘vw(s;y;)

P > Cover (85 50V

< iVu (S: Vu)

YA
Covou ( 86\/‘; g“}'é) z [ ( Y, Q-\\/-J - E/S:,y\.) E(go n_) €0
oV 1\0






Dig(q\oL\E
ln Chis cl\qp\*ex wQSEuo(:J bhe. randem
(*-‘\0)(0?1\ an_ '(k\g l\c\s VQJ“%‘. S?l? {ﬂj

and e,ac,L og the Y\(ﬂu\) POSSLU.Q. QGQQ)Q'S
DCC uig 'unekepav\otenﬂb WA 9(010“5‘1'\']'3\0‘

We will QHS\T S‘cm«lﬂt’\s Si2e o the

g\:(on& Co«\rQOV\evx\’S OF D“JP’




Case 4 P':% , <<

\«!e, w'\\\ S\mcrw‘ U\ahu\ UW COrae

Theovea @

W vy .
() Al SEﬂm\o) Cbm\xonev\\‘s of 0,\)\0 o €lﬂ«a?

Cyoles o Swgle veibices.

M) Ave nuwndey oF Veithices om cycles i

oF wmosk W Lo Qnn w:w('\)%oé



Pt

e 2vpecked nuomber of cy s s
N n /3 11\ '

Z () eNE) « 2 & < 0w

* =2
Pe,.\\*, N 1\0‘\0"?5\\6'\)& '&M J(ﬁ\.a. Mcwkov

L“W



To Ladl, () we 04 eyne bhak 8 Chewe 15 4
Compomenk Ehok s not o crgle ov Single
\I@N"QN M\Q/V\ U\Q,M‘\Q e. C&C]e C cmo'

\m‘hces O}’GC end o po,kﬂ\‘ P Qro'm qt é
Onok 1 .\“\“UM\\& oliS\oiu\r fom .



\xomw) \U\n W‘)ec‘rg& 1\,““\\59_1 o(- Qucj\ KU)M&WP&Q
w  oou nded \Ms

N -k 4]
Z 2 Qe @uR)
< i i fe 42 )3 _ O(JY:)

Ve £ 1 Tha numbar of Verbices on the paLA ’?

Wxeluding 0 b




\JQ \ &W c,ons\(l_qj U\, Cops P:: % ue\p,.q <>,

\\le \Jl\\ Qrove kjm QO“MS E\\eorem tl\af,'
S & dicegted mdaa,u of bl Qy,\sl'(’mu- of

" - .
3\“"“1' Cm\om\\b () an\o‘
— —2
).QJ:OCLMML:) oc<] ond ALE = C8€

—C

Then  whe O"P Containe & unigques Frong
C omponent of Dz m(l-%’)zn, All

Gﬂ,\u S(‘;rong Cou\\ooneﬁko Ol oe [aaan\M

S172a |



GGMMJ, S,Q‘m%g Co o WA‘QFA& N
O"‘(v) =~ {W: Jpath v W U&D‘Lp)

D-('v)-:. iw:&‘mu\ s h VU . Q\M

Lj\;:a:im\,,ﬁ conatands R ( dependonlt
ooy om €)  Sudd Bhak whe

53:\1 Suh thab \Oilw)\ G[D(!{r)éf\)/@h/l'




|

an o v Suk Hhat 107 0)] =S
[ Dﬂaf Conk aum & ,QM;TQ Sine S, ool
b T s Bk ) ol are ove ovualed awny
Lrore v and (1) Hee o W 0o

mroalid €rome VIT) & CAI\VIT,

e oxpech.d Wt\m,&m n
W cumded b owe Ly



We Corn \odumd cehc*slm by Sowre
Conshok ¥4 (¥ diponds ouly on ).
\1\ \AY\M/J\ Coaene

AL SR (R N Lo
¢ 3? 087y ]




Cou o wedin Ve ln] and conside, Q diraglyd
\osceadh st Seardl. vorewx .

Not SurPﬁS\nb\\g, we Ceam skm U\ab Ut\ﬁ
5.\»«\0-%(%?““ \_;Q onduced \944 ’T; IS clogs
n diskahubion to tu Urey defiged Sy



'('X\g ?w.s\: k*\ }.Mb O'@ & &Qlltah~\l\/o,(7‘8m\

\B(G\d\m\ PVO’UUA WU Po(,c) Qs U«n d.\'%e(\lqh\'wv;
of U.\.« Atk og GQQCP(in% ?ran\o., 811{0(,_
Pofenl .

Loy L

—

N ~
T+ JQ\OJ%\) /S\’k ond T, ane
hef {ned uidth, W L Be ‘ofo.i\M procesl

and 1} ko< k, = Login amd sos Sy
Y Qofz?m Hon




f’((\g)‘:\—.s;,oscsje) (4-0(; )ﬁ(|g( ;, 0s0sh)
o

/

% s.
N\ i e
L S.! ’

¥ ML Sb S N I\m
P((\S’\ S., 0 <Je) ﬂ(gg(’.‘ ))()g(,})s (n-B:) Sy

omd Fhe Q\W\M& -poh ows LQU S’uv\fc eaénmaﬁono. G



AP (1< slazf\’ IS l<g) s no°.
) P ( Ig’\L] Z Sldam %\M\f,s) SIL"O,

Peoe P

(?}r(lgzlg s Logn \lg':_,\:s)s <l
P8 £) 5 edop ) <)l T

(o)™
(57
(53 fe SW\NLW,



Newl L
.4 01T > Login

_ﬁﬁ/mmex‘(*

()((?X = |“%+0(1)
ot
(L) = ﬁ(\ﬁ)_} 0
et

iiﬁ g Fi1< lo&g‘f\ : IT:IJ...J I’r:\l<h€;\€l‘(:l \§
/f»\m ~pol\mg vem“ l 3‘



ﬂgm Lorme, & (0w plQ) e Seo Aot

P((‘?‘) z P((%\-l- 0 ()
4 " w.cb. e b '
hore L diunad b o bmachir

obnmub.

Now U € Ao b ortek Lhak bho
RWM@WWM

We
N\

p@ G EREE) B(F 1€) g



Vo Wbimeds ) we ¥ird de € voe

N
/‘~> = P((é")
=0 ut a
Thio 0] b g of Bho prociss b K
hhdon  Thor s of the Procoal SPW
Vo, Bome ek docoa oxkind o € & ottor.
= S
/J =
S“\os\-;mkm p-:% ghN f/fwf

CH—-C
e e



Rl Q) < \% E et e
amd So & =,
A Lo, will Pl Lrem 1) [o1l]
il Hie and POF1E) < 100
(See Lemma I [plﬂ) and

Fe( /\8) = 0 (1), [2)



Lok we break She ﬁq%&‘twg‘ngmwﬁwo%%
o andhivyy process uh  doyn rounck N Jong®

bogn

a NoNn~ 2erDd qu‘

Clavmd

@ mw\l-n.lﬂ/@l\h Prpkﬁ«ﬁm Lo q Pro@a&-u\l)
d ot Reat €30 %M«{:%lf\ dwoondunks

of  degth i“'r\. Hee €0 Wmlﬂewc
ond So

~

> 1
(s -9 T ¢ o).




S’ld S owa Canptank X0 P‘O'\ruLaJ S> \00, g“(y

\Qow Lhore o a ‘)c.,sl'\'n:e ‘)WQ&Q@L{) e) S'C':) —Q'/\a)-'
Qo smg(a o@dM Spaove of Doak 100 daeendank
amd S0 g = q Pm\wui\z) %q‘: Qpank

é, (I _ “Ze-ocS)

ST10



hat~ & S wngle oieck  Sponore
%:,,_1)1094\ s, Q%‘lﬂ'
deo condanks ab &TU\ .e,ag/\. ,
e pocke Clam 4 ([f\‘ﬂ) and Conplel
h\a er‘(ﬁs‘e o‘r) L,QINW Z\a
(]

e slali Ror Pullie oo, Pk Bhe abore
wrument Sugpots tha Follouring Clasm.
oo 2




F(Fe: <] 2 dogn oat [T])



We muob now Comde Bhe P"&Ooa% A
b otk 'D+(w) anl Dd(,w) ml%{‘

(10 )] 2 degn | 10GAIS logn] -2 0t
R P
Expose Sy, S) wilil ol § <

ov we See L ]T;]zlo{/\.

New Lb Q) duts thend ) ot Jredice. dene
L, Sﬁﬁf,»-ﬁ, we See Bhat (2% Loawa Q) Cfﬂ?:()




Lol C L. e owenls Phat b are no

Uan oo T ki Sy whoe Ty i ead ()
mew gy AFSW@’\?,MTQ
Lo poiak whoce w Fuob dond Dok lOle)\<JL€r\ o

=i oo
e(C) =1~ n\/l.,u.)

eand

f’r( \ s{\ SS.. 0si <k ’6) :.’il (sb_,s(r;'.k;)) ( ’%)S'.-(,-%)Sw(n’.&;) -Se

wheet o e |77,

Ooven Uhas M%PWG\QWWM%
WQMWMM%»‘QQQ@«_ Dq,



\Je Ao now shown Bhek

= %’\5’ :\O+(“")\) ld.("’]l>°1 lﬂ

E(1s]) = @ee) (1-2) 0.
We%%ﬂ%#%mwﬁw
’\9(,0’CS] @M(JF/ veg)ﬂ(we@

and Jd\mﬁm O Chhyshor inspully gl

!
lglﬁ'@”‘ﬂ( -Z)'n.



Ruk: (3) P’o“ous o & Stnder momne 4
Ve proo f Q Lewna 5 ().

AN bBhel mem%bwpmo{%”(ml
i h how Bhet

t«ﬂv‘ogk O‘MW' (L’)
(Ann’\)*\ﬁg'w%essz‘"s C"“W‘)W«ﬂ?%
MS&LT}.



We prove k) "3 arywiny Bhak
F(Fvwe W (Y(f\ﬂ) =0y (9

Fov e We expoe. gé) - Jg‘e Mb)(
we Fud Bhak IT(V)’>IL"‘C¢\¢)

‘ -

At ﬁu Same (,mg, we @,gf,ao_c go_)g“.--.,g
\M\u IT(\O)\7 ﬂmloﬂf\

0 WX Dty Mun i enponment il
hoe Grod b feot (Widom) ™ Lo L Jind
on oﬁv Paw Oy K D () and ‘%WM\QO/&;M









ford?
We Lum'\kaowmuuéo&wm f
| G>-w

Doms P((\&- v Swl o(’«(rv) =0 o otv(fu):o) -_—zl_c_%.c

N3

e
0 C “.% o3

Gunse Yhin, oro oy Foo K Show Bhab-f G -
o LJVF o dowe nds ik o veox
Sueh. Phek A < IO*W)IS",ZL a’

A< 10 ()]s k.



Rul- | aee Wh S31 210 )|

)

B (3 < Qﬂz s,,,) (/) ,_ I§ +1) (N-1-5)

= o). (Ewmm]



Vnaorea

C, ( D“Jf 1 “m\uomwm) > ﬁ(émf ioll aa f’m«m\}

Rewck
Rumole: Thin shows thol | p - Sl

Bae 0,0t Romilbonen whe i 1oult ba

wMﬁwoﬁ bk My & MWW
W, « Ja .Qd&bam eom oo olumnad )







. ' (9w)
A Vo'\n Juet G‘,,J Wl Lok g,,%,
W(‘\MLQQ Qw}% gwuea%‘ D) 1 v)
and r“d" 0;\4‘,\ Thootm & Folle QL"“
QLT v Momdne) 2 (1 Romullonon

V=)
v



E(/U\QJ C'qso,(j\/d\a/ﬁ
@ C g U o Romlln Gqbs withouk ona aoial

o € o '
- v ﬂmbmhmtbm%dzwﬂkc&
e\;)eb OCow-

O T i Swok Bhob

(%) = o Namulbon %dc A ok Qady o %’G?JEE




