CS 4667666 Algorithm Design and Pmo\lﬂsis . Spf:ng 2020

Lecture 1: Tntroduction

\We lDQS\!V\ with  the course ovevview ancl Tn‘fome\’EMY\J and Then we thdé KQ(SUIS minimum  Cut a{SDJIf%m.

overv.e

In o et algorithms couste Ce.g. C2341), we learned different Combinatovial  fechnigues  ( divide and Conguer,

%Fu,ak\é akgw?tlmg, dynannic Fregmmm:mg . ocal cearch, etd) and  date  ghructures U\m?f, balanced quﬁ)

+o (M,S?gn and av\c\\nga Q—E—GTQTLV\*\" Qlforﬁ’:%ms ‘)Cw VAfiouc Fru\;(gmg ( Shortect Paﬂxs, Maximu im %/au)_

Thase tul«n‘\%us e augm\% and \r\%?&l«\t‘g\,\&‘

\Wwhen ﬂ\l\g wm\g,‘d\aub are  dotermin shc and O\LWO\\AS vetinen oEﬁma\ Solutions .

HD\,JU-USLFA As wae c\\So \ea(nld\ N o ~F}(S€ a\gsrrdtlnm& Courte Ynost Cmb\‘(\o\—{v\(?a\ Prnbuw\g ave N Cmy\r(ﬁfw,

ond wa  dont know  Cand Pu‘m\vg wae don xzx\wd) &{\C:chv& a\gof(t%ms to Qlve these Frob\zms oﬁ‘wa({j.

Co . wi naed  naw #Lchm%uszs +o cope with MPﬂcmFlva FYDHQW\L

Ales, mony o«§ tha «Fastag% hetarmntsts ¢ o\[goriﬁxms "%o\( Pu\\ahom\m\ +time olvable prnbbms are CMFH@X@&\

nd OLFH\‘C\A(J( to ba \\M’rlgmén‘t‘{(}\ C shortect PoprS L mMinimum SPQM‘MS a0l poximem f(ow >

Tt would be \/Q(\;B nee o hoave STmFlQ ond \Qast o\lgcr}t%ms that can ba TMP\zmxzv\vajx A pm(_ﬁcg

Trn this Course . wa will (2arn wwore miodern Tgc%n‘\%mes

' okesi r\\r\S O\‘Scht%ms ) ms(v\(,g toolg {(cm

Prubmkik‘\{v& ‘tL\QO(‘LA, Nncar Q(ge‘o(a, and  Contipuous ‘OFJ\TRM\SG\,HAV\\

Thote *b;clnh\%ues will NLLT we OULg\\&h fms‘fe{ and, S‘\r\/\?\l( Q\gor‘\tlf\w\g %of bagic Prbb\emg

aPFrw\w\aﬂon Q\jnv{thms Lor NP- hor o Prnbumc, and  <ometimes achieve Sow&ﬂq}mg ]MFDSQHQ Jgaf

Aetarministhe a\gm‘ﬁclﬂms (Q»S\ Qublacar qlgbr\xﬂnm,ss,

® R&ﬂokomgad\ A\gor}t}'\m&

Acﬁwx\l&, thefe are woce than ﬂ\?ftg yeals a‘f ackive  YeSearch YO\V\dm‘\gu\ Q\&mtt\nmg and

Frcbm\nmsﬁc Tdeas are  ndispensable  n e desiga ownd, amkﬁg;g af algorrﬂms.

Tn the {‘,qf h&\% v‘ﬁ the couwrse , we will  Introduce basic tole Such  ag  concenttation

'[ﬂz%ma{itieg (g;g‘ Cl\arv\uH bound. ), ?mbq)o‘\hsﬁa methods  random Wwallks Sc\marfz»zw\n\ {2mma,
and  gee applicatisns n %ro\\;k anf&‘qﬁrmﬁm L—f{,\d &\goﬂ%"\w&}‘ dota Stf@aming C eublinenc

akgbr?c\mms) . Markoy choin Monte Cacdo mmethed i Samyliw& ondk C/Ouw\*{hg LOhlé known Po((»]timq

O\\gor‘\t%ms) . Network cod\‘mi (i sbributad oomthkn%\, pacalll W\zﬁd{xnj Cparallel o\(gar\%hms)_

@ L‘H’\QO\W A\Qﬁb}fn\ / SPLQ{\/M {\r\o\k\s\\j
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In the Second port of the course . we will lLarn how * wse coneepts  from  linzac a\gab\'o\
Such as a‘xgav\vo&mg ond Q?SZV\\/@_LTOVS +o &xz%?jm and am\%%g algcrtﬁms,

Tradt%or\aﬂ%‘ Q?gu\/o&ms o eijenvo_pﬁorg oare  wseful in anqlg)b?ng Coandsem Wwalks and in du‘lfh?n(f
algw‘ﬂm o~ S”“?l‘ pactitioning

—\\f\(o\,\gﬁ\ “la am%g\g D,% candhown  talks . we Wil see tle Intug,dw‘ng ?usFam‘vL ufy Ssmnj a ngl\
as  oan oladkvical netwswk  and uwse CDV\CQVJB tuch &g ;Lﬁuﬁwu reistances %or ngl\ Pmblﬂmg.

Recantly - this perspective has  Aound Sur?vishg opplications  in jro\PL\ spocsification  and. go\u’mé@

[inear Qoguaﬁsvxs‘ that leadk o %o\sfzr G\Lgovﬁhmg %o(‘ maﬂj Compiaatorial P(BlO[ﬂW\S.

@ Linear PYZ}EY&MMMS ond  Contnuvuc O;ﬁm‘goﬁo\m\

In the Ahird Pact u% the course | we Wwill see thal a [arik clocs o{ Combinotoial Fm\nlnmg Can

be mudeled as o Uineac x\y(ograv\nm‘mg PYDLDLEW\‘ L,L;“mg theo Qonchf 9}( extyome Pa]r\T Solutvons .
U@MS lineas Y{Ogvamw\\mﬁ owe will Sen QXQW\?\LS of d\szs?fh?wi app (0% mation QIgDYT"‘cMS fm NP-ha rd {?YBHJM\L
Eum\ﬂg, +his VYoo “JV Sc\v]n& Combinatovial oPﬁstaﬁw Problzm; ms?ng Cont nuowg c\gb\m‘gm{m Jvfzdrmi%us

have (ad o gowe \o(u\dﬂ«omg%s, and. e Wil tfu(\ to gee ome of tham .

[i{gs@ﬂmcbl Fach of his hPC can Take the entire  eemester . Tostead, wWe will toke a breder View
on +the mamn tdedss and ank tfﬂ to e &% many awkicdw\w\s ag ?msg\b\& of Qo Yk T mest
d\‘x%%cml{ Ceswlts 1o thece "h\?\gg. I ’w% to cover basic and %g,v\a(n\\ Yheas mgz%q\ ‘o o

beonder audience - T will alw ey to \nw‘\dg powters  and \’zqﬁa(uus for {uct?\er remlnj,

Mosimum  Flow ™ Mintmum  Cut = A Hoﬁ\mﬁnf\ Peoblem
We are SC\/M an mnwa?gk‘v&& undirecto d Ero\Fl\ CT: (U, E) and  two gred{—\\u}\ vertees ¢ and T
The Minimum ¢t cut P(OHEM e e Yemovae O Minimum hmw\Mr af P.DLS?_& to  ckigconnect s and T.

71’\& Moimum -t ‘Q\O\«) \D\’OHQW\ is fo TC;"\J\ o moximupm Set D‘li Q&&L~0‘QSJD\M‘C PQJCM Jg’lfom S e T .

— —— —
P Y
graph i ot c;t P2 edges mox st Lot 2 paths
It 1S vot difficult 4+ see 4that  tle mex et flow velws 78 at mest e min st val.
Tha —Emmuu Mox - flow min-cwt  Theorem peoves thot  the OP{%MD\[ voalles o D\[wmjs +le  Some.
One \\)méS +o Prove this st wie +la OxMKMRV\T\‘V\S Pwtk O\‘S)o{v‘"(‘lqm (Stmilar 4o the owa ﬁw gq?ad:h ma_qu‘mg)/

and  4Ahus provides  an O(\\JUEO time Q\gm‘l{-hm P Swlve  boeth P\’obbm&

LO1 Page 2



With  odditional  ombinatovial  Tdeas ( b\o(t‘mi {[m, \OKV\o\V\é \av\&ﬂ\ {mmﬁm) and advanced  data Structureg

&S S
(dxﬁy\nw\\\g fveas) ; é(uld\bugﬁiom &o\\/q Q O(m\\ng\E\ , WJN\;S) Time, A\S«:dﬂw\ o owhith s detamanistic

and  Can be  grxfended v tle w;ﬁgb&d Cale  and  Hcectad gmpks.

Thew |, %v Jck‘\rtuk\ LA&mrg, nD one  knows how o \mFrD\/L +hye  rtaswlE .

Tn this CowrSe ., ‘\ua whill \abk et Ahis P(BUILW\ M‘mg C)ﬁfﬁq(m\t TL[HV\:%LA‘QK R

Groph Sp\arsi{‘\:cqﬁw :

US‘MS Yondom Sam?\h\g e QFadwal method ,  we will see thet m\é SMPL Can bz

QVF((}XTMD\TQd b\a o spacse iqul\ Swch that all tle ent volues arve &J;Proximﬁ—ué tle  sama .

Y danSe.

This \W\?l?u a 'ffu’ur R?Frux\\w\gh‘sv\ Mﬁor?%%m -ﬁ’g\( the min ¢t ocut Prob\zw\ when ~lo BVQPM

The maxdimum §low problem can be formulated o< a linear Programmlng ?ruklmm»

Lineor proeromming
TS 5

=
o 2€6°%¢s) ‘ga
me’quf +t+o O < ’gg < 1 // CQ\?D\LH\Z (GV\S’t\/ZA‘mTi
yzg'”m%& = Qfgmt(u)’EL 9 Vi{&f% // jﬁ(m Con Sevvatidn  Constvaits

Hese, we fovmulate  the modmenm ¢t Llow ‘Proh(zm in dcacted KYa?‘ms, Whore %) denctas +le

<ot b\( ‘\f\Csw\‘\,\& deﬁag 4o v and SB%L\J} denotee  the Set D\L Du&ga?n& Qd\fzs 'ﬁ/w V.

The Pmbum on  wndiredtrd gﬁkas Qan  be veducd 4o Mirectad SVQFM (execrcise)
(e, Teelon] o)

We Wil leaen Jvukr\?%uu to prove that +lere ¢ o\\wa\jg an  optimal \\nngro,( olution
to the above (noac program . ond to decwe tle mox-flow min-cut theorem  Lrom (ineac F(ogmmmir\é ck\mxﬁ%

Moveover, we will learn the recont A\Kaﬁ{hm t Yvound ’ an sptimal Practional  Solufion €0 o optimal ‘mmgm\
Colution 1n Y\-Qi)\r“\\a Tnear Hma . ms?ng Yondom walks (

QPQC{JQ igLLn‘\g”g omd_ continuous n?b\m\lg@\m: RQ&J}.V\JCLU) Cj(AFL\ SPo\rs‘,Jﬁ‘mﬁon Jrachnl%ms and Combinatorial

7

Tdeos ofe  Combingd o S?VJL a mmr\n linear Time aljmﬁw\ Lor cOmymni “olectrical  Rlow
IY\U(UJ\RWSM, quIV\S tleo mu\ﬁpnco&\vg b\?r/\qhz, method | 4his electvical  flog  solvar  Con be  pced  fo gx\\m
a Fast approximation O\tjor\l“flwv\ for cvam‘ng maximum oW
This s the Afirst broakthongh  that  lads 4o an Lxciting [ine o} achve regearch that 2ventually imProves

the [chg K#o\mﬁv\j Qro\okkuS%iAO coswlt .

We hope to e many o\ﬁ thete  vaculfs (o at least 4 man Ydaos ) In this Coucse O\.(or\g

with  the awli(’,aﬁ‘\or\s of \ﬂo\wbihﬁ‘\c and  \ineog Q\&z‘orrx‘\g _i‘ldwn\\%mo.g to  other Pvcbumsu

Course | n‘fbrmaﬁw
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The course outline. s Pnshdx v the Course ‘/\mzymgz, Detoile & 1n7fwmm‘m con be Found thece .

The %o[\cw‘mg oo List o{ batkgrouh¢ Kv\m\l&&e that s ‘(SLQSV&VL‘)\ ’FU\/ +h1f  Course .

o Lirst course in discrete math Cinduchion . Covcvadchom |, cﬂjmh*ﬁcs, SVnPl\s )

: ‘F'\(S)Y CourCe Tn o\\XDthL\m;

(Eime cwuﬁwl recursion . Yeduweens , basic dato Structures and a[jor?tumgj

st Couse 3n Probmb:mwg ( yondom varigbles . CGrowssians | 2xpectation . Vowiance Y.

fiest Course n linear algebre. Crank, linear indepndence .+ determinast - 2ipenvalias . Ovthonovmal basis ).

s @v\cwmgz 4ou te tma out the ?(acﬂca ?robums m p(obabsmg in the Course hanszSQ to test

\Aomr skills  Ta  basic \;\'oba‘oilﬁ’b

You can also toke o look ot +the ceurse poge of s Gh6 1666 i QP(’W& 201&  to %et o Qod

idea  about  the pace ond  the ahfﬁ(cwfa f)JY the

Coufte.

R&%\Aﬂmi Romework S0% (s DLSS-I\&(\W\Q(\TS . e

course outline for tentative dead lines )

Course Proyect S0’

( No exame ! )

Course project - The owm s to Qequire o dlw?e( w\da(smm{mg ﬁ a Probkzm ny Yyout TntTerect

The project +oPm chouwld be celevant - e 3t s about d\Lg"\iﬂ o o\«\mL\As“\s uwﬁ c\\goﬁﬂ'\ms,

ond  the ’Qoms < m{,\%hamaﬂcalt\& oriented with P(oo\ts oand  theorams Qe this 1¢  +the

PE\"SPQ(W\/IL that we toake In  this cousse

The boadie “(Z%(ANUV\QV\T «  to (Cead <2ome Popers ok wete o &uwz%

Youw will be asked To  ubmit o ?ro\leat popocal \O% around  midterm  @xoam chiod\ Cand T oWl

%T\/Q Commenls and Su ggestions

Then wow will Cubmit o praiu‘( Veport b\é the ond OJV the  assessmant prmuz}\ (4.& (\u& 14),

Uﬂdxz(imdum\‘e studantc  afe allowed to Work in o &fO\L{D &g two Students . While gmduoﬁcz

Srudents  yust  work on  theiww pwn.

We can oiscwst  wmpre  ahout the p(qm (equitement in the Coufse

Pl‘o\gsﬂ Paiz

Randomiged minvmum cut [ MU 1.4, MR 10.2]

Problam : T the minimum  cut wo\glzm we  Qre %\ver\ O w\wﬁgkta{x undifected  graph G=(,8) , and

the ObSZLﬂ\ML i« to {»%r\&‘k o0 MminTmum Ca(dx‘\f\m[?f\(lﬁ subset FC| % that CT*F s disconnected . 2d .

Simole  deag : A Timole shcorastinn i #hat o wiatmum  eud T Tc alan o

mn ST cut £ae Some .t .
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ce e

Mf A Simple. dloseryetion  ic that o minimum edt  is also a0 win ST et for Some gt
o, one  Con Compufe mn =t et Lor all g ond  take 4 Winimum  one, and this natve A\BD(T{'\/\W\ Coqgices
n Calls ejy minimum 2t cat (which can be Solved  in R)ohér\om‘\a( time ).

Then, one  obeecves +hat ¢ 1S szmwsk to “)MS& fix an rx\”h‘\ﬁula vertax  ag 2 and BMSf Compute

min -t k. For ol ?ossibke, T . and Thic &}\/eg an m\&oc\"ﬁm non man g-f cut  time

Detorministic Q\&D{\H«\m: Tov o while , this &Ko\ood Win~ ot \nb\akaw\ seams My diddrenlt  than min -t ond

Then, Matulo QNST) e o \/u\é nice m\&or‘m‘w\m +lat compulies  mwm-cwt  in o (NVIED tima .

Hig naw Sdaa Is to do a gwa?\n Caarch  awd ‘\duw{qﬁ% an Ld\%l that can  be Contracdted. and (epeat.

Romd\owﬁgto\ o\\gwiﬁn\ms : ko\rgzr came up with the Tdea 5& “fondom Contraction  omd improved the (untime
to 6(\\1\1),\&?@\ RS ’gmstu than ComPuﬁv\% min st ol - Euzv\t\m\\ﬂ/ he qove & neal- lneac time (SUEO
Q\%w(ﬂnw\‘ Aor the mintmum ot ?fobkgw\, wWhich s very ‘mwruﬁr\& ande SMP{‘\S‘M&

Hoew . 4the O notetion hides Some PDKALOS foctor in the funtime eq - OCn lbgn\) = BnY.

We will - plesent  an O(l\/m— Time zx\jo(‘\fhm am\  mention  how it can ba mprove d +o 6(1\]\1>

K@(gqrg qlgmﬂw is vu% g‘lmF(Q‘

Wil tlace  ase more.  than —twe vertieces  n e gt’af!r\

Yick o wﬁ&brm\% ¢ andom ed\ge ondk  Contract the Htwo QV\&\Po‘mTS

O\ﬁ?xﬁ o ,zo\gm botween the Ww\q\m}v\% vestices

AL /
B\% QWJV(AL*W\Y\&/ an Q{}\%Q, Wwa mean ‘k‘@ ‘ld.u,w‘vt‘F\% fLQ “two Qna\?omﬁ Qs Q S;V\SKQ\ AVZS [TQKA ?\,\("H\'\g 100&\/\ on the same side.

See ~tle ?\QJ(\A(O_ Yo lrw ‘F(b\m tle book b% Mitzenmacher  and \)Pfa\\,

1
34 134 1,234
2 2

(ah A suecesstul run ol min-cut

34 345
2345
2 2

b An unsuccesstul run of min-cut

Observation * Fach wverfex n an "intecmedinte g\(ov?\,\ is o Subget ofy varies In the Dri&"ma\ 3(@%.
o, aach et n an  dntetmediate gw«?\\ Q,SY‘(ILQEMS T o ot o tle or"\g‘mo\\ 43ra?lm

Howle , & min-—tat  n an  “intocmediate %“"?\'\ v ot least Qs \mg@ ot o min-ecut Tn tha
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073 ginal %m?\(\.

Thewrem Tha ‘F\’Db(ﬂo\\ﬁ\“\% tThat  the o.\gof\ﬂw\ outpwls & mMintmum b d¢ at leact 1/r\(\n»\),

whete  h 1S the  humber c«{ vertices  in tha ‘m?\& 3mFL

Prood Lt F be oo minmum wl and et k= [FL be tle number of 2dpes e F

1% WL never  contlad an edgs in T usthil Y &\&m‘\t\nm ends , then the fxl&b(‘\ﬂ\m Qalceed S
2

Whatt s Al Pru&;q\ym&\% thot an MSL Ta b3S contracked  n tke -tk tecation

B\é tle obsorvalion | Fle win-axt valwe in tle Toth Ttecatiow 3o still ot \east k.

Nete thot & Tmplies that 2uery vertex T ef o‘\ag(u at leest k| ac otlicwise we can discownact
o STV\S\Q veetew %'Om +le gm?k \0\6 (LMW\/‘\V\% le¢s +han &k QASU;
Thevafove , 4l humbac eJV uxgu n the th et Tt et et (n-ie)- k /1.

Uine we pick o Coandom szo\ge to  contract . tle ?mbab‘\\ﬁ\a Aot wo p?d@ an eo\S;L "

Ts af  moot \</<KV\;‘*OK/L> = Y\>:7Jv\'

So, the \;w\w\\a}\“\{\a tlat T oSuedves  wetil thlee and 1S ot loask
2 2 2N o ME oA et 2L
K\HTB’(L"?: (\/?\) h n =1 2 T BT ale) o

Kv»«mv?w& Quceess P(oba‘eﬂit\ié A Shwple wovy 1$ *o repeat  the wheole Pracsdure. Moy Hmes.

+
>
%m&)?e&& wae (‘L\Du% 'gb{ +  timec - Tlan +the {*oﬁ\w(t '\)w\oo\\ﬁ\ﬁa V¢ ot raesh L\‘ V\U"D)

X _ .
Recanl  that —-x €L 2 which can oo desived ’Q{cm Tmé\w expansion
7
—X C e sd €0 Cavied Some bogic caloulns | 24 Q%\‘vm&s ﬂw(mc\)

t >t
2 —_— -
TLQ(O,#V(Q, , (\, \r\Lv\f\J\) < 0 we . Qo , T—{ we et k= \0 ‘nkn—\) L tlew —pr\\m(g P(o\oa\a\\ \H\a < Q0 c.

One  Lygoatism Can b "\m\?bzmavﬁ\‘uk ™ QU\I) e (Coan exgcelse n data g{rmdfwu))

RULV\Y\\\‘V\S T\\M N

ond thue the total fime tomplaxity s On®)

jM\;mV‘mg mw‘w\% Tima ©  Tha observation i¢ +hat the %m‘\\m(t ?xo\gk\;\mn Y bhkn lacge  neac tle ond ef

e executatioa . while Tt s veriy small in the ‘ongtnw?»\é_ Lo, the Yoo s that we or\lé

{sz.?aqt o loder Ttoralions  but  not the mvk\a e ations PTCTD(‘\CMK\%, the OU\Q) Q\&b(\rﬂnm

\ R kzx(?v\
s \ike > i o bett * < g“ ) ;
El % %L } N eont (actions e e e S \\ fwaa
a Y te ol n g
|
ol ! Do

K/‘\K\/

w ?«\MPU\M‘& \’a?n‘b\*ﬁws fopeat L“S(") Fimes

Cee  pove  detonls in THMR o).  This s called +ha Ka(gar~§+z‘m o\\garit\am (18%2).
MM An Mhz(mﬁng cwouam% D}L thae theorem ¢ that there ace ot o St
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OQ(\1> wn~—cuts  3n an undicected S\M\PL\ . bocause  gach  minewnt Curvives  wath PYDEA\O\\ U%
| ~ -«
A\(FB and.  the 2uents that twe d\‘wﬁu et mincots Survive  afe OLISJ sanll - This s o

hoy\~t(]\/\\m\ Ut atement B Prove v\S:v\g othoc Q(‘&wW\ILV\tS.

€3
Mintmum  E—ount “the a\&oqif‘ﬂm Can  be oxtonded o &\‘V‘L a Y\D) a(gmiﬂxm for {‘vang

on Pt mum k-cut . wWhich 18 hewbivial Yo do \c\% a  dotberministic a\&oﬁt\nm‘

Netice thot  the minimum Koot P{O\D\Km e NP-har o Tqﬁ kg g\x\/u\ as  an \LV\FW(,

QLAZQJ(\HFV\ s C,O\n UDM Yv\nd\\]c\a ‘tkﬁ, (}‘\for‘ftL\W\ 4{\%’ Jtl\L \N\\yh\\mmm S—t (’_Ufb F(()L;u,m?,
QEQY\ %uvzsf\mi Con o d\aﬂgw a ‘\:R%\‘ Q\gbfiﬁw ’{‘wx( W’Yuﬁ\\hg X\D\om\ ve Lax C,Sv\r\a.(_'t;\f\‘h%?

Ramor k o A]Cﬂr wa  studied taph  pacsifcaton . we moy discuss  kar et nzoac inzar Bme min-wat alesdthm.
E— g 2P g \ J

Quick bogic probabi(itw Yeview L Mo, chopter 1 ond 7—]
\ g

Somple space D)+ @l of ol poscible outcomes , each with a“P(omb:m& assoCialeh  \ith T
Tuent © ¢ gubset e,% oul comes Pe(e)= Sum of the probabilities of TtC outuomas

Avome > O 0<Pr® <t B Pel)=1 @ PelUED = T PR for dispnt Ey
Union bound, > P (UESY £ T Pr ")

\/]

Tnclsion = exdmsion _pemaple - PO(Ug) = 2 PclE) - = DNEQES\*?}KVV(E‘J\%AEU‘~-
241

L)) bl Pr ( (% *\E;Y)

\‘<|>_( ..<\,‘L =t

Conditional probai Thy_ Pelel®) = Pel(®aD) / Pe(®)
Tndopendena * Pl 0%y )= T Pel®)

Totwl P‘(‘obq‘o?\?hg! et Ty o= o\\‘g‘\m\\“ ard UTT= ).

Then Py (B) = 2 Pe(BRNE;) = 3\ Pe(B1E) o (D).
mfj\ﬁ—wf let By be Awemt awd U Ry: O

Thon  PelE(B) = _PrC@IE1) Pe(Ey)
S Pe(RIEY) Pc(®

Roandove v aiable X s o fusam %w N R Tr(Y=a) = = Ve (o

SeQl X&) =

MM %ok X e Sndependent T,% REN wka TJY e (¥=% 0 \/:% N2 P bEx)- Pv(\\/:a)

Txpecntim Tix) = ?\ Ve (»(:7} .

Linuﬂha o‘(" Qx?ufaﬁm T STK‘\ 1= ? TIx:).

Tt M\mfmﬁ o wole tlot 4lae hold¢ 2uen Lor ohz?em&mk Vo able s g EEX;]+E{X?12EEX;+>(U.

L01 Page 7



Conditimal _ sxpe dtatim TlY|2:27] = % 4 Pyl 222)
Ei\’\ Z] ¢ o Yondom  vafiable c%’ Z  tlot twkes onthe valwe EY_\Y\Z:ZK TWC Z=2.

Pleate  v2ieW  Come baste vandsm variabls  Such at  binomal and Surv\m’cﬂc Comdom  Voriables MU 22240

Homework ¢ () Ty owt Tha  prackice exercises.

@ Read  chogtec 1 and 2 of  Mitatnmachec and U?{a\ Yo (eview the ‘omk&ro\md\
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