i‘xi?cmw (A E_%}?om Sron )
— \/Je Nnow M /ljc ’ﬁwt 'to/;a In Ol gﬂf 53(
fM éswbtuu ions . ﬂ
—p \,JQ o «VLL_ To CWIR. ucl a 3}'-6\ /)A gv\l’“l ) (j-! i’gw/__ﬁ |
A \/\%7 wﬂfﬂ ’“(ahn&ia! , Cﬁg dfsTance OC&:}/ Wi ) )

-~ Aphicadiond: Sfve the problers b undiieced
jM’a% &oknecﬂ*v?"'y AN éog; )c>qce Q_I__ oA RL ) .
S—derandomige
,.i@-‘;"f'b} paTh = Z(Ca, 2:;{7) I 3 pat, r~pT in The
D Upath € P. ndieded grafl G 3.




M( A&auhqb, k"ﬁf? , Lt)?'t@’)/ lovas3. | tackoff “79)
Ul}wdi. ¢ KL (ham{omfzeol-—&j5%«?_siéo>

Drock: Ve Compdor. adjacncy roiin A & simulids
randor_usal nahix pusering

Al




Now 6)1/ ASSUMeE C) 'éb ﬂQ 0\( 3)-—-)16.74«(&)0.
Oa T we do )Lahclor—. walk bi‘m’ﬁybﬂ jc/uh

o = U
> /\ Ub ymmc—b\ag/ wtd\ &buei th ;Q ’/O(Z

e

| P h S Jwuw/-Aum, L €& Curn- 5% W 1.



> AL an o e of e \alk: ..nz/of = 1.
Y, =1
( 3’{,’&4@/ h:—i ffa’L =52 1& O &amque- )

> 57\ me-—-—%l’i,l, o{ ﬂé )mm{om- m\{,é the }v’uJ vu‘lfe’\.
thanfs a3 b > g= Ap
(fg_i - Bj hc)le&%'h‘j Tiov L S 51, E walk 1 &t VEJ\:&"X 1 ]
= Z; A (walk ot < | previos was j)xBlprev=1)
=T Ry Xb = = ki p = (A‘F)«f ‘



A
= 7 = A

At Ue
Lk & e the efahehtvy ecter AU 1

) euu g (& sthens 0), Iy /LMA
&'ﬂ; - : af ﬁc )thclom"wa\lé 4 €

é”}.




/‘i:ZSi”.LO&C: SYpry Due stochastic A —=>
efennlues Dy, N, are el &
Il < Py ) €< 2] =1 .
~ Rewdle he unifam- probovecdon (G, 1) =T
> AT =T . [Jhws, 1is an efgenval & T 4 eigervec
1= ern| @10 =0 § ipasulshace . 4]
" Vecters ﬂ’ﬂn_ejmaﬁ To 1

e A =] E 15 The Yecond

e h 1,0, {hgﬁj R st
by & @ %@M qu te N: Vaeln)




= 2%)’? ? (’2/ Einy & ; Iﬁ*ﬂé@
= Ah) vec'tc’b ve Tt can e wmillen ad: »= Z a4,

=  Ar = Zx(Al;) = 2-&; Q)0 72

12 122

= LI = = Il _ =45 2
| Ax| = A T e < A

i AbO) A{r == A '{;,L e ”A{’?.”/IML”
= NA) := max IAv]) , oveA WUnil veclons




> NAY) < AW N
ﬂ: . By deff'h Of M) - A1) < VAl CVvet
"Mbo, Av, 1) = <’lf) AT>:<7J/T>: O, = F]ye—'f"'.
= A Maf:ab TL 1o ,(;Ee_ﬂf y P”Iwhfmkfwf cady vecten
477 N ffa\cftb’“l, < %[A) )
=) ||A'0'v | € )(A){" i Vye T,




= WWGDI < AA)WFl < ag F)
- RNeljpe P = F—T. = Ip = | }wl/ +IT I

= I <}l = ?,l% S -?.,"“"‘J—'
= n/all<i |
= |IAF-71) < zm) Kl < a@* []

> Jhe Lunlher Xﬂ) A f/wm 1, le faslen 6 Ze
Cblf\\/%ﬁ&hce C"f A f: ‘t’o .
&c_.lﬁﬂ: 1 ')\(A) 1- 2(4q) ) AZ called e __ib/vecaa( 7__4/7




Iemma L \7/ A—-)Uj’ M&J'L y Cﬂnneﬂzo{, Yl*-vw‘f&x 9/‘°mf°¢) (.,./,dA
&ﬁf f—’eoo;’b) . = 1/ 8611’!3. {\ﬁ hvetse — B
P&’i: 97166\ s UAC aie., heim -Lhrl;/‘l,I?)Le—tc?\_ﬁd)‘; h f’wt » }e[
of NG) :vhere A aboq T
o Lol ue T fe a unit o 2 v:= Au
— \/Je’@- )ﬂ»bw - 1— ”VI/L = 1/‘1"0(:43 .
Jhat, Nl € 1= Yug? .
=2 vl < (1- I/A',dn3)[/ PG 1/&;!“3 |

> "'-/lvll = 2. A,,;Jr (U, —-VJ’)L [?‘ﬁzzﬁe%cmqwl%

y3€Lln)
F£: RHs= 2 Aoy ulc — R 2 A ;0 - S A Vi




= 2Zu; —2Puw) + i"/jL - ““"Z‘_ S +(’UHL
— iL"— v~ =LRs. I

Sf T, -y ) 2 Y4p®  then we are done .

50 ASS ML - bﬂ‘v ,U{-V{ ’ < (/zy,"g S

Serl —l;t\{, COO)wLmazib of u: u>u 22U,
p 2u=0 & Z5=-1. =°

> eilien , 2 Yo ea w, <70 .







a(ef""‘wt .o 16(: ﬁ::. /0({,{"@” - 30h3 n . SS‘ /B/ZL are_ Comeded
i G, Then By [ oud, wallk neades T al e

L1

W«Iv] > on.

Thool: - 2L b le e prodvecton &t The €-th-8lc)

. fer‘lr‘m)) 2 21 :> jl}@ﬂ é"&_ 1 ” < (4""" ngn?’)ﬁ
h"fh

< 0‘" '/&vln?) 10

& e'5fjn/1.,=< {/2”4-5 |

’ %j CAMCLj-—- SC&WM} ’E“ﬂi““&{'ﬁ ;
AT Il < AT - SR < Von
= }(A{ E}'—T)t [ < 1/Zh 2 (Aﬂfib)t > 1/*)"""’/2,;,1

=) Vf"«[ MﬂoL?V!{ L at

-4, ’&hi’] >VYaon, (A



é’j CS{';IM{I/L?V\j’ ﬂne nnd . W«[k fgei 2 &*15’{’)2 Mom'é
F)\-o{; ~dsve 3/4
L e < 7/4,, ,
. 12'ovff€an mokes exner < Vi

o jln')) And. wwﬂk A5 i __’é@j__,b/ff_é_@_ ()Lh':l)) aAD we ’1€€6(
‘to bte)lt The éuMenT verlex &éeé i WLTJ. has O\né
Olln) s .
= Up«th & L.
(4&0 Dlﬁ—t/mdl 2 ,éa'ZZ\ [)

[



"’"62 . Can At ’6’2 AE’/’LCU’V{O’H{I }EL’L ?
%{b woad &N Inmgu?vy ?qé’/ﬂidﬁ {9’1 #)\FE’
AQ Uw‘@} : To 2)0&/6 {'{: b?-vf)\.o\€ 'étb’(b Wexe Olevaéo;?el )
- S‘de«: Cbhmt 4 1 é,/ — A 7/1@\}7/, uiﬂ @Mt‘qnt

T T e g

bl?ed;,o\ﬁ 347 y Do ﬂ,oft ‘£ = O(éan) dDu /f;c&%t  712>“
Then, e can exhaustively ok fon all

/

O[va\)'&ryﬁ okﬁmé fAm L, th ) . [ d4=3)

- 6)/ ho’EJwCDA ,;E_K/Z’anclvw ; dﬂ/fjifl ic&heﬁfm
jf""#l’\/b . \/\je/& HE ’ﬁfua de.]LM; M2 .



(aﬁfdfmia) o We aall a jfw+l, & an @,o{, D) -
gm 4 G b nvelex, dorepulan £ X(5) < )
© A @Y)-expander family (6,1, u» Mt

n, &, ¥ (h,d, )~ ex frander.,

- Aem "BOHMUM\ )8( S&&fﬂal #)Af 2(4) 2 25(?1/6( .
Exerone: Show 2G6) > V@ C[y using I (Aﬂ]
D G’M\é]w W/u:ﬂ, % — Qm/o( aLe @%J ké\mﬁ’thLJﬁM-
_G__hf\_l)_\’@ : 39\6&\, EX H@t codhuctins are Enowhn due
To (Lu/lrofgky —~ P})EWS- SeanaR /33) LN
d= }:k-/—’l ) Prine 13




' Jn The afge,{;ufc,.—-cl E,f-v\ e wWanl N s le

= YT

‘Aj\'ﬁ p&, Lh The &M{»{ h g‘fa\jﬂé-g[eﬁ\, e ant (, %{5 Ze
damse = o . (Why f})

“Next, we shys the Feivalence of Uese Two defms.




Jesrer [: G D an ("La(/ ») —CX/"M‘{QL :>
P 4y 2 @d/ "2— __eljﬁ—e)(#dtht{m_ :

’)Wh L: C) v an (hd f’) c.cife ex/éanc/o)t =)
v v (nd, |-F}) —txpanden .

C‘lﬂﬁjf’/xé Jixeiu«&é N A“) £p6) € 2 (1-)(s)) .
Clearures botllenecks in o gMIPh )

P The # ul of S eslumeled
f jﬂb_—;.ﬁz_ng Z e-l(% o@(mg}c){ )Z—?\/&Lal fac::h ‘Zuoubmtc

v JGL'"'J

J




D +

= (S A"
J T _, ?
> 2= 25 sl

1<g, 5> € Nyl h=l). )



= H#EG3) (W) = Z = 2 I-(1-))
= 20-3)- (15l 15F+15)-15°)
> H#EGS) 2 (L) AW 19051 n =N yg5)

>/ CI')):"(;_ % 'SI — 1%_)-‘,'6"15/

4§ of Thml: <Assune G 1 e on b, d, p)-ﬂc{fe'ex/)a.nd{eh,
- e Aga,f,n uﬁmdi Z, st = G/Cjé’/h\/@cta’h @JC )z(A).






P ok i | - Recal w7 Y22 2Y 20 &
V,

=0 ,Vipnl,

L= 2. A (1/ v}
I =Ny Z(
, r{éj J'Lfkéj
A=

— /( = #E(fkj [ k.. n’))




. -2 & 21 dAe. Suno(&men’é(% )LeéﬂEO(

v) = LIl






> 2 < J200) - -
=, j/mb/ Thesror A /%ovwl-

ﬁ.ﬁ~

ﬂ/v// /7///

in
o -bt-)

=

}t oS M»ggkm»ﬂmq bt € z(gz/‘) «:@ __jmwf—cut (




- Kemeﬁ ﬁ;af A F)ufrﬂam Léﬁf’f’ W{H\ ah 440)1/5@1««
M) of ener- f»)w{o\i—{&’@ <15, wing s Aandom
‘{;{-E ) [ AN aeﬁo 'Lf; /36&/&( W/Lﬁ; A muc,l. Sn, c\é/e)j,

eAheL = .Z’k ..

0 We'll Dﬂnow that {Jy tewa\&(h,f N An CX/éam(m '
we con seduwce rnd. ils %, 1 Olk).
R addde toie



Hea: + Stat vilh an (R5,d,0)- expander. graph
G, Sor costanl 4. Asume that The nej"dftéo»
0’f Ary VAEX Jn & ahe {atadle O f'oé @)é‘}ni :

’ Cl\oope A \/'M/t'ix Y, € 74 4) al )Lar\c(om AQ O(a A
Aadom-walk [N R- Mep ; 901 Lo Vj,—Y ¢ V(q).
* e Smngﬁ VU, , Y-y YU € [O) 1™ a ”Mom”fb?ings

Lo Nhun M( 7() (;é—l—l) _{L‘iﬂ,e/s / f/afeudo)uxnolom Z
+ m\ﬂﬂ.} ; oulpul [he hne ﬂjg‘w_«_{:y_.- Vole af the (k+]) ou#ufﬁ-
o We'tl phss That Wet-kﬁaﬁ < 27K L& we used
&’l@ (Lt kfjo() = A+ Olk) sandom bils /

<< (’lk)




- %h/bt/ W€ 66buxo{ ’ﬁe )z,o{, ﬂﬂc Mg Wc&&
{r&.v\g confined o {w/(b wd}i@ B (. V's & hich
/ M) 15 wrong )
he orem (4){@‘,/ komé%, Sgemenedi /34) - Lol & fe
("\,d, %)’QXIAQV\JI&L £ B< V() 3 (B = ENn . Jhen
fe fk_’__ge [o.k) vieB] < (pﬂ)k. ’
M4 /ég I {[ Re)(é-fho\él/
Ve ! , Le Ll.?M-— d,(hg( ﬁe )-w4
(?1/1) 0’5 574,-7?//<§ Cwa m B. /’ "f
fh__q_o} ;‘_95‘5 _g’_ﬁ_rj__: . i&t P( ‘{A‘l ’alt ha&mq&;d atfgqce hﬁ hqa:bvl(x




"' Sﬂﬂ@_ 1‘7‘}?»&}5 ﬁtﬁ }7/"1,., 64\61 é/j/ ad o Q_”‘:{L‘ZZS ;. Ay
(g the Sulrdnx A ,3)(5) L e ww&j ze Mﬂ"f
_§I7€ Ihad -noms OJL A AL (3],
. Lek _f_:'—f-% e the nxn )Jeh’tt{] m«t«}( W T lhe
Mowh s pmding 1o Ln)\B sel t O
> 'PL""?? 4 P-AF-’-A@X;} . |
Cloim I P [ Vi, ver) =@nfrt )
%: Walk Mm@
o Jhe };-/th ef v, e B i3 P71 I/, ,
- Yal aj 4&&‘5 n B aflen (-Aep i \\PAPT“, ,..
] S“\Au(:t to K , ]




> (PAY.£T = PATA-PT = 7AP.PAP.T = PAR)- T
D (PAS.PT = @ApR.T

- /\/bw, we Ul z&twc{y Mﬂ ___)}ﬁ&:aar[ 414 a0 Of PA'?/ /e.
ﬁ,e, /fox,cfth Ly WLch i’t )’v‘%{hkb A \I'Cota’\- .

Clwrn2; Yverl, |IPArw Il < (o) 9]
f;ff o Apdume that T 45 }_ng/p/:mfu{ sn_ 1. ({&6/
Mkla(,e v ’Ly ?17 A the /C"\ef(/lﬁ(&j@r j"AA (mhnat
AN AL ADE KHS)

5":"";&1‘4/ aASlume. Y t ’6{ N on - _@Eg_e & H;’_”,j




+ On 1he 0’516’)\, ‘ﬂ&'\ﬂl I;éz = <Q13/7 6“55“ 107
1< Jgn W] "—'? 1PTh < p-lI¥1]- I



PL o Sae 3T, e have AT < DB
= |IPAsI < Az ) < XI5l
. v=T+3 D BlE = U7+ )5

= 1Z0< vl =20PAz0 < )il 0
= | PAR T < (B+X)-Iwll. D (claim?)
. Since we npw Know thal The z[,ecﬁaé nerr) of PAP
» < @F)) , we Zan el e Uhe mﬂﬁ.{xp)v\a(mi :'
VA pT ), < S lieew*. Pl = G lpa?)< T )

< SN IITI = (XS N



: 3'1& afove ﬁolmi’zvﬁ ) M G,HWA 1o @’étmazz
the brol, of Mnf L B ot dpeccfied Heps (in e
No~ndpm Wa\&() .

‘Yy I'-:—-)O,Z/—r@ -U, ﬁ:/> yau Wanl ILa{Q m B

The WF?I(' [ V., 1/,,565] = ’/PH'A'PA'A'F-T /(J_ ,

Corollarny : T T < o,,k), -

&A?Pmﬁ [(VieT, v < D) < ()3—)-)\), = ..

Wa il In G‘

(E %ercine )




- Sa\j/ qéfo/\;mr—\ M(fﬂ) WHES _12,_ AAN{DM J—i:E &
ﬁ;@ SVLen S_Q_, ; L

N:i= 27,
Aefsne 155 < f0,1§’1 fe The _ﬂ_;_“i bﬁinf;, > /B[é/’g,/\/

- ﬂﬂf’&y an (N, d,2) -—e,x/ﬁamfm G 1t walk
Via)= fO,l?"' r BCVG) are Cad verlices,
- J(Q/t ‘])a) 1f,)r-—7 ‘l/k "/‘e ’ﬂ;é Wﬂ{k .
- Ve l"?ﬁﬁo"\{"l:y ~Wple ?M(oc_, V«-.f,) l e bk]{ 8 Wﬁmg
J/H-[} = @,,.k]/ (T 2 !'5__;.7:_'. 3t. YieT, v; G,—B]
> wn'«%’ [—2 < "Zk'(?h\}kﬂh' , '



