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— Las Vegns 1 Always Pind He wrrect amwer
but  Hre mnnig Ame 5 a vandom Lunchon
Hat G vary, We mpute fha expecte]
hwne.
¢.9. randomized QuickSect e;cg)e@cé e

X3 Q(v\\o) n) but wort case 6 ().

—Monte Carlo: These a\30r1M5 Moy hot 2ind
He et  answer alwajs 5 we Show Hhat
’Hﬂj find He et answer wit Sone
onba\oil'\’j b P\
Note s We an alwajs ncrease  Ale PVobab;\\«a
oy runin multple  independont  Copies.
Tle  running fime might  also he bounded

n o ex Pﬁ(fr‘a\ hon.

Some Pamchsmﬁ 19‘0r QavdomiZCcﬁ A’(gord’(/\mb

-A\fo)&‘mﬁ advevrsarial \w?w*‘: mnéom(j teordex.
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— Random Sam?\mﬂz Used In appreXimaie Conntiny
& lvye  sexs, median fim\/ivj) e,
— Onlire alyerithms / load \oq\amg : Spread tue \oad
amons) PesOWrces |, reduie- ok [Hime
— Symmerry loveakinsy s profocols in nefwork,, avo{c{b
deadlode in distributed  Systems,
— Probabylishic metood ¢ Very pouder&\\ +e<y{/\v\i0\\/\)(,
v mbinatorics. To showw  He exstone & om
dbject one Shows He Probabiliy of o
Cwe&u\\&) hosen  one V\o\viv\\s Ho desired property
5 o (e9. Loz lowd Lemme)
There ore methods o 4um Fhese  into A(jor'rf(r\m
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&
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karger’s Randomized Min-ut

Detinihions Given an undicecitd  graph G= (V&)
o ank 15 a partiion & V jmo feo nonfempt)
Set S and S oV-S. Sie & He GAT,
%(6;5); # o edges between S o S
(it the graph s weigwied | we consider €dge
weiqhts ).
Min_cut  Pesblam s Find a ot (S,5) wiHa
Smallest  size.
MG = min $(SS) 5@0%
SGV S 3T =v-s
—one an Ay to use  Max-How-min-Cuf
we can  A4ry eadr paic & vehus <A as
Sonrce—Sinke and  Fnd . min s GAY
N Flmn) 1S fhe time complaxity & M Ao
i gaaplhs Wikt V]=n, [E[=m Fhis takes
On* F(mw).
_ This can be ms\\ﬁ impmvd do O(Y\-?(W\;V‘))

(yust  ilemde over nodes as  Sink, how ?)
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— Time comploxity foc mur—Haw o improved

over o. \O line Joil vesearchh 1o a\most

o0
linear +ime O (m. \)

[Chen, Kyng, Liu, Yang, Peng, Gutenberg, Sachdeva 2023]
—We preseat an 5@\1) randomized m\Dor\%wa

(due o D. karger & C Siein 43).
Contractons Recall +hat contrachon & eAjg e="uUV
n G=Ee) g o mm\’r\'ﬂmy‘/\ &= Gle where we
contmit podes uv - info A Single node in G
delere  all ecléas betuten  u,v

_To represent e mulﬁﬁka])(/\ We can leep e
vnulh'p\{cllj & 8(15-6} bewseen quo  nodes.

Lemma 1y For any edge eeG, ony cut in G/e
Corresponds to o ant & Same Size in Q.
proct: Considor any  edse eauveE G and Suppac

L CoV\’J“Y‘o\c/d'(cL inte o in G./‘ A’f\:j At (S/)’S‘/)



in G lhas V' oin ere side ) wLoa 5o Ve<
nsider  cut (S5 T) in G where
S=(S“v)uual . Iris eayy fo See tHhat
6(5,5)= 6(5,5)). (A =
(,orol\mji:iff e min_cur & G has size ke Hen
min-ur & Gle has Size at least k.
_These Swgese e Qallowlg algoritumn 2
Simple- min_cut (&)
—Goe— G and (-0
_while G; has >2 verfiws do
Pick o vandom edae e &G «un
Gy Gile

(e (x|
—retum e,c\ﬂej éﬁ Q(
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Time wmp\ex'ﬂ\a : Cleary we have n-2 Iterohions
He contraClion Sif/)’) con be dorne in On)
as Here e dt wost  6(n) ecl:je) +rat
d\awge, > joted time O(nl)

—1te albove  lemmas opplied in&v\cﬁvdﬁ omd e

wfoltau@ imply 3

Coro\kowszz\v‘ wt in &) (e(gn~) @rgponds 4o
o wt & Same Size in G . Also Ae,: = A,
Fact 2 ¥ groph G, i A=k Hon mzka

prosd- e EasY J\% desd 2 k.
Cotollary 33 [£(6) | 2 (n-k
2=

_suppose C B Is o fixed min-cut 4 G,
Cearsy  +e probabilidy  rhat  fle abori%m %
vetams C 1S He Same Prblaa\o;l\‘d:) Hat hone o
& edges s ¢ are controeted. et |¢|=k,

e £ be He event Hhat we didat pick



oy edac L C in ifecation (. Then ®

Since (5, has 2% edoes

Pe LS’ } n)</2,~ d%
Plefig ] s -2

Since  Hre events (ikmﬁms} e W\AQ,PGV\@H—/%L\Q,
be\ga)oi lfD 5’{' ewont 8 (no eq\ée zfﬁ C  ever Se\edc@

(-~

RIEY- TT piec|(ig)]

=)
n-&
T (- —=
N —(-\
)= - G)3)
2_

nm-\)

So He Pfobc\‘OllD s ?ﬁa luve s &\ —

nn- l)

it we repeat the akjom(/xm t Himes and P
e  Smallest Q/ﬁ' He Pfélaab ]Hj & ’f—a\v\m

. <
\5 at mo§+ <l B n(nzz,)> <Q
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Sine (l-(—%)ige/c/ Wit = N n He
PYO\OO\\O"“D & g’“\lw”t (S at moSt €,/ 2 O(Y;?_)

—
—

———//517‘,@ time for Huis akgor\?(km o O(nL(QMQ.
kﬂ;; is ot e mast icicat but quike Simpka.

Deviation Pound S

E’Xamp\e_z C,ompovx Collector’s Preb lem
— A deck 4 n ards, eadr hme rondimly Pick
ore (ard , nete the Valre ; and  put back N the

San-<e p\oxu
— Expeu\cl Number £ rounds  before ol Card

s drwn gt least  onw? <’3’(/\M\4 & (/ou)oonb)
— X ! # & Yound \ocgart all Cou)Don djg)*d Co\\ﬁcd‘d

— X # A romds il e roxt new lonpon

when  ( Coupons colleuted.

n-\

e

ELX)- 2 BELx
——Pvg\oa\\o'\\ig 6£'CJQ\rc/uwwD A NnNew CO%POV\ VJ{’\»@V\ ¢
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__on\oa\\o'\\ig 4— A,‘(‘(‘AU}\\D A New CO%PO}’\ U\A’\—U/\ ¢
O\lv*cwiﬁ Seen & Pt /f—
So ELXc}— -

E[X] = Z

—>
ZV\Z—‘\"“S’\HV\SHQ}«V\—FQ’(VD
(=1

— Usiny Marleov's: Py [ X >2E LX]} - Pr Lx >n Hn}gﬁz
— USivj C\r\e\oﬁdnev/&i
A Yo 3\/\@0 Q\‘ij ciow:) ) > Vo EX ]5 P‘

nt ?z
Var X} = ?/ Vas E ”lz lz < it nzrr
i
Nav
(X=- B >N H, < O(V\?‘)/ — o .
P L ) j\/B N Lo n (,&fﬂ>

D e
)\2,

C_L\CYV\JO’%- HOQ:MCL\%/S %ovwxé
— On &{' e S’\*(onﬁ&ﬁ’ (a/v\A PQ(MF5 mast UU‘C&»«D
fal  bounds & "fm]zpevxée/m*b Jar's.

CL\(\mrno‘#ﬁL Hbdid/wﬂ % Asswame )(\---)(V\ Na< W\Aepevdevd’

vondom  variables take valwes i [o,7). Them
n

for Xz 2%, MsECSD .
L=\

Lecture 6 Page 12



For X= z,x; , MsBL4S “

\) for any 0LS Prxy Geom] < (U i)w>>
2 dor Yy oS\ Prixs Qg « oH° /2
3) for any TR 6 1 Pr[X > Y} < 2

Prod 2 For  how swppose. K, Bernouli random
variable  Koe oy wit ELK)- M

Fox all 50!
Py [)& > (\x 87/@ Py Lt?ﬁ £\ 8)/@
— P”Le S eJc(w,S)//\

USIV\,D Markov's:
P“L {-X {—(\+3)/4)\ E )’_@ ] C(_T’e“}

UM LM
% e
_ e le ™)
€\ +8) M
€ ‘ ]
X (e . X
Note: o = / and  14xge
I M
., €
£X; + + Hi(e 1)
So  Ele ]: € Mo+ Q=) = 1+ Mile ) e

’ﬂ" }4{(e+-\)
Privsosopm) e Le ,

]
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