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Lecture 13: HTx‘mZ time
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It turns out  that thete are the D“lj obstndey , that QVU% Usane cbed V\W»\o\\gmﬁkz &w\?\\ hae a vm‘\%\g

Qicp\ﬁono\ré dickeibution, and L wall be Teached WL&a_mUz&S cr{ tle Jatial distibution .

Moge &@V\e(a\b\é, JNMA Connected Egmy\\ ( euen ‘o‘\?mrﬁ%e &mv\\s\ ol o w\\ztul Sﬁﬁmng ATLE b om
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Rewn ’EVM lask time that o210, Gl Wt G s conmeted |, Xnd -l fF q i hon«\a\?a(fﬁm (Hwg ),
1{ Tums out thall &, <L and ol > -\ 1 o V\auzgsov\a ande Qu—fﬁdgnt condition —Far un\%u& [\\M‘.{n‘ng o(?d\(‘»l%\}mj
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S‘*VP"S‘L o matix M has o ovEhonovmal Hogic e‘& Qigemedu& Vi,V with Qo(ras\yow\d@,\& l\.&?,vw(x\u& /\_..;,>\V\,

We can then wWoite any vackor X =C Vit ACWW., , Ond MtX: Mtkc\\iun.ﬂ CuVy) = Q\)\T\/\&“w C“XX\/,,\

QO,T{ A=l oand I>A20 J{w T>1, then Ml Qonerge  to GVi L ond thws M has o Sﬁxﬁuhmrg
dactribubion  and the Comvergence Yote oka?and\s on +he ?\A? b stween X\ and A, .
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Uwn quengss
\

t = N
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)
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Than W= pR (5T LRIV = pF 3 ( Lawd) eivi = p% 3 edbup = e B3 e,
where Wi uced the abour notatiow that >\‘\: \’1&\*‘*0 Ank e %ovdt <\l >\\:\_
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L ! ;?
. , X
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= %\/ =\, ﬂ?/
Recall fhax  d™ 35 an C\&QV\UQLJWF @J\ SQV with Q\\gewa\mt one, and W@ V, = d\L/\\ d\/l\\ = d\I/Em .

&3 \ -LoPL A T2 -
Note tlet c= (D \>o,\f> = o pfb N T un%a\o:mxg Ars DA bution .
L \ L J?v/x ~ “J? R t
”Vl\arﬁymm) ¢ DV, = EMDIQ@“\} = = U, ond Thes \;\)PD 2 T as t>30

This P\'o\/u “hot +he \mb\g condom  walk Converpes to W in o Connected &m\)\“ for m\% initval Aisteibutivn .
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+ - L £ _ t A
Recall that Pe=Wpe® T+ D73 GAVE €T (-a) D> 3 GV
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£ eaexy, JALD

_
Note that | D ?D\\ < Wﬁ” T’ ond <o “\)t"T\\\E -2) m}

TRQN{*ML,\N\\M ﬁtg(tb&“\), \\\Zt’“\\ Ve invesse Foljr\om‘\c\ NN

gb, When There ¢ o Cownstaat aa? loetwean }\\ and Ay, e vondomn  wolk Wil fm\vm(&l v T In QQKOEV\} S;JYQ?S-

Ea Qkugu/s Ihu%mh\‘gl tle vondom walk will converpe to T in O( [Ogh/q;(léo) S‘ﬁ?g whete q)(@ s the Condwtance .

For @mm?\a, N on expander 3rc\k>h‘ we Su\sf need  tv move O(Loin\ Sﬁ%s o reach o u\n‘\{orw ¥ ondo mn

Vertex . o Qublinear Time a\ibrlﬂm <o ganamm o Tandom SL‘\M?{Q!

Random Sampling
d

One_ QJY the  mest \H'V\‘FO(‘J{O\V\T a?\a\\@ﬁm\g ef condom walks ¢ T do  Candem Sa\m?\\‘l\&—

Conaider tla cocd Skv\%‘i\iv\& \D(o\o\em %« QKQVV\RLQ. Wa wowe o deck off §3 cacds ond oue &om\ s fo
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”\)\/K * o oon the ﬁ)? 9& e dede WL we et oo Candom Pumm\’ﬂcﬁ\ﬁv\ \’§ (W75 (rz?@oﬁ s Q\‘Q?
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Cond o Fumv&\\v\ﬁm\z Thece arce mmd‘\\% tle Pt two  basic %«Lsf\w& above ™ thig SFL(,\\G\/\

case: Lo gma et aswvwbm, one \Nma s to sm\% the omu?mdm\& &MT\A whee we have

1& so, \how W\mwés S)Cn/\ag ove enoweh ‘o &mMmTu o clmoesl

one vectex {m’ 2o ?uuv&?’dﬁm/ ond thare ¢ o Q,a\&m %Wv\ o, Vufex w H s velex v

T& wi an obton the ?umm%m\im wms\fom}m\& o v \0\/6 Vv\o\/‘m& e cach. to the top {rm

e F@(mm—mﬁm\ Cﬂ(g,g'?b\'\dfmg to W (NGT@ Tl ™ thie an‘W\E\L we  have o dicected &m?\,\J we

Coan W\ed\f\m Hoto on wadiceded &(o\y\ﬂ bul we wont  bother o Ao it.v T this &Q%‘m\&, tle

{VSt Guestion  con be  answered i we show tlat tha Sh‘ﬁmcrvd detbuwbon 1 ta bw\\q(wm

dV\S&Y\\\OV\X‘\D\/\‘ T\(\SL Q2 Covd C%\,ULS‘GDV\ Can \DQ_ anSworLd \3\6 50\/\&@\"\\'\% tha N\\\\L\\v\g Nwe 6‘& *t\,\,vv

Yondom walk . One can then Swé the ?U%‘/MML OJR d\TJﬁumt S\;\wﬁ\\\m& ules | &\( Uamky\&

W was vaen Thak Qoven sjwfs BJX “ﬁﬁ\g_o s\m&&kmg (XS U\wﬁ\'\'

\<\:m wxma wondher 00 Candow \)Mvv\w‘vevﬁm\ T¢ ot d\?&&\m\t fo &Qwua\"o, O\V\\%\,JO»\%, bt T\ veal power af this

FOV ZXO\W\?LQ/ Can N

wethod. 1< 4o do  Condem &ovw\\y\m& oﬁ Come c/sw\\?hoﬁu\ At bution -
&evxzmﬂv oo (ondom ?uﬁ!&& W\mﬁ\/ﬁx n A %r&?\\ }Lﬁ@\\zv&\/azn To do o ., one Can Jtr% o

Asfne Soma QM‘Y\L vondom walk C\W\W\& e w\okd:\‘m&g QJY The &(D\?\/\ KQ.& oddk. on U&L
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delete an adge {mdx A w&meﬂﬁv\& poth QJY \u&w me) o Chow Hlat tlew e a vm\%uw %T»\ﬁunmé
distebution, ond. ol ?M&Q(X mah\ﬂmﬁs oce @%M“Z’ Lxu% n the %Av’ﬁ\\mouwd AlctApwi ;e . Thie glmr
T venally easy The dffieall stip i to chow That the Yondom walk Converes  quickly. We
Con am\&m K by The Coenlfe Bt we have ‘Jm discuseed. \7% glmxn\mg the gecond Llpavalue o
tle conductane of the &m@,\ ;o by Some othec %egkv\;%m Such a5 Lowpling - This te alee where tle

C"\u&m’s w\awﬁt\a Te Ve wseful \o\a u\ming the <Second Q)\Sm\ux\m ok the  conductonce .

Tt s mmemg to note that how cmgu's m%mma C o Wsed

Tn Situations where we wont 1o bound the  condactance (gmﬂ in vQ"?hCTJr constyuctions ef constant dhepr e
oxpandec qraphs) o wi cant  bound the conducanc  ditetkly  and Tnsteak  we  bound the Setond
ngcwa(\m (gince the Constructions ore tSually o\gn\amtc) andk  uSe CMQRU o bound The Gnductance.

In Qituations  wheve  we want v bounde the w\mg Fime, we want to bound the sewnd elgenvalue  but
Somehow we Cont  bound the Second Q‘\&znwﬂm d\(uﬂa ande nstead wr  bound the  conductonce ( stnce

+tho ?Y‘DL.)LQW\S e Qovvxb\m»dv&a[) and.  uge O\ugl( to  establish  the m}x‘mg Hima .

R&j_zru\ggs Cource  notec o—Q “gguﬂqk 3rm?k Jt‘mma’/ \Dud Dan g?\xq\w\a,h
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