Randomized Algorithms

Randomized Aboriﬂ\w\‘. ollw decisions besed on coin Fh‘Ps

for s
ZP lavl‘f'::\" ‘:‘:o

Algori‘va A cles X with one—sidad ewor f  XGD=YES = A= YES with pab p >C
X6) = ND —> A(x) = NO with pola'= 1

two-sided e X(>="ES = Alxd= YES wilh pab

P>z
X)) = ND = A(x) = NO with pobo p >%
Bpp

ZPP: decision Froblcms with selvhiong with (tolynom'o.l GKPec‘ka(. running e

F Possilpl7 wnboumded woret case )

PcZPPenN?
N 7
don} “now if Hrece

are P/orcf

Randomized Algorithms Page 1



Median
FIND-MEDIAN : Otven owrey A of dishiact integers, rebom Hu median
EinD-MEDIAN — SORT (AD

n < len (A)
ME%E-SOK’I:‘( A) 9(*\ |05 v\) lower bovad ! Zn COMPo.h'sons
cevin A[S Comparisons

J}vi&-nul-wnbvcr < S:"‘Lfv\ COmPO\HSOV\S

Dor ond Bwick : £2.95w CoMth'sons

Randomized Algorithms Page 2



Select k=0 ~ min
ez n-l => meax
k=3 <= melian

SELECT: [tven oy A of dishack Mi’egefs and Kk, refon  the element of remk k

LEcr A ; PARTITION (A lahma )
relvin “ALp A—F v____ ¢
Pﬁzrlrwu(A, P,z> pivot e—ALP] PoST ¢ L ) <pivet 3] >pvet ||
lmsfSM'-” &«

re-lvm ALPN'] :- g

ehe i€ ker AL]‘ .m— n-l element
retven SELECT(A,P P+r-|,|c> (as{'SMnr Q"’las,’SMn” +| cme..n‘sons

eke swop (A, i, lastSmall)

rehm GELECT(A,PH‘«'I,%,F- r-1) swap (A, ,lqs{-gmnll)
re'lvm lasfSwm\l -p

¥ 50/50 9,7'-'}'- T(v\>= T(2)+ O — Tl is Q(n)
worst case (sor{!l.): T(n): r(«/\*l\ rOlny ~ T~ s 9(n">

Randomized Algorithms Page 3



Select k=0 ~ min
ez n-l = meax

k=2 = melinn

SELECT: Owen owrey A of dishact integers and Kk, refon tHhe element of remk k
Mwm\tw
LECT (A ; Raspem12edPARTI TION (A N loihoun
y if =g rebvm “AL Swap( A, p, condowr(p,e) A—_¢
’Ps’ eTITIN(A, ';,35 ‘::,P « [_P] b posr L | <t >pvet ||
if k - lonstomal] &«
e Apor] £l
eke i€ ker f ALi]< .Voi’ n-l element
relvin SELECT(A,P)P-o-r-I,kB (o.s{-SM»r & lastSmall +) Comparisens
eke swop (A, i, lastSmall)

cedurn GELECI’(A,PW'-I,b,Ir— -r-1) swap (A, ,lo.s‘rém.ll)
ru‘vm 'As'l'Sww-\l -p
£ 50/50 sphit: Tla)= T(LD+ 0> —> Tl is Ola)
worst cage (sorkd) @ Tl = Tla-1) +O( ~— Tl is OY)

RANDOMIT ED -%ELECTY * worst case 5|n'|\ B(n"'b expedu@ wmrw.‘san; < Yn

worst e (D

- (VI : -
RANDOMIZED - RVILKSORT : vses RANDDMIZED —PARTITION expectal 6 (n log w

Randomized Algorithms Page 4



MAX-3-SAT exacHy 2 ferms Jelanse , o varisble cppears wore than ome per Cluse

MAX-3-SAT ' 5}./;1\ 2-CNF (P) End nss.'jume-n*‘ Hot maximizes & of trve clavses

decision rfololew\ is NP ‘COmPleﬁ (= # of clavses
v
R NDOMI - 'MA- “$- fdvms o thf’an‘l" Sﬁ"'t'sfyMj 2 ‘%IL clauus
(e,Fe?: H f"!fua\"ns W\Bovvnkol) [ ] E[.‘kru#n;lz F.‘rnomb.' (av\ % "hPPfOXl'Mnl'fdl\)
rizl bbown
if rondom() ¢ T FkE max ¢ cahichied clavses ¢k
xeT poly

(&
X; &F )
resolt & counb-T-clauvses (¢, Kiyeesy xn)
k| result 2 Z L Cxpfdl'l Fc)\vam'hl Fme

rfr‘}\""\ X.)... ) Xn

Randomized Algorithms Page 5



RANDOMIZED-APPROX-MAX-3-SAT

RANDOMIZED - ~-MAX-3-
(e,?en\'
assign K.y, %a Uniformly randowl
resolt & count-T-claues (@) Xy %)
unh| rewlt 2 F
revin X,y o) xa

Ie-l' P = P(rmbw\ uss.‘anm ot 541‘5(‘(5 2 %]; d‘wstS) H\ev\ P 2 .%t
E [endows )= E i* Plstopped affer exacty j ifeombisas)

- ?. §* Pldidet shop ofir [+ -D- Plshpped afor
=Z jlp) ' p

Randomized Algorithms Page 6



RANDOMIZED-APPROX-MAX-3-SAT

RRANDOMI -

-MA. -2~
reFem\'

0!551'3’\ Kl.\o —-)Xn w“g’w\\ fﬁV\loml

resolt & count-T-clauvses (¢, x7.,---, xn)
wh| rewlt 2 Fp

revin X,y o) x4

let p= P(rmbm n$sigam at sabsbies 2 Z d«ses)

. P (sabskedd

- [ i cla i sobished . -_-é\ = 1- Pln 3

let 2 # chses sbsbed Zi% 30 sthenise Elzl"g = 'n-';(tg::f;fd)
- ) —=f4+) = 2

Z-‘-Z.'c ““'Zk S0 E[Zl': E[Z«)"""'E[znj:?k ' (D ¢

eko E [2] =j§ J',P( _Lf-l"“its soh Ge.(_)_, call Fhis Pi

. —Z -
< ,E%Sf%fl—t)-rg f_!zﬂk.h. (jeBElA brjet b ek i)
)¢ J

=((_z_ﬂ_;> Z“p\i rk- Z,‘PJ (fackr ost cons bats Fom Z)
Jet 927
:((_;.Q_O. (I-P)+ LP
£ [Ze-1 + bp

( p= Probo(23 clawes sat) =};—_;kPj >

(l"’P & D)
k<30 rbp (E(z1:2)Y
]'.Pz i’-k"—%k‘] v| (Iu.lhm‘l’e)

2 ¥ (3x-Fd 2-3)
> L
P 2%

Randomized Algorithms Page 7



