
 

Computational complexity Lecture it

Agendag Promise problems towards understand
UniqueSAT the complexity of
Valiant Vazirani Lemma counting

Recapoo RP coRP EPP BPP
semanticdefinitions of classes

What are complete problems

Typical languages8 Promise Problem

p
doit
care

Togi team
Define A promise language is a pair yes Lno

sat Lyes two E Z and LyesAtwo 01

A machine M decides a premise language yes Lno

if a C Lyes M accepts a

KE Luo M rejects

prBPP Lyestwo s LEEFEET up343 req G is a setssettwo Macc hip d b I
g f everyedgehas

Examples Approx VC Lyes 1two i andput in S
where Lyes LG k there is a vertexcover

ofsize e k



two Gsk smallestvertexcover is of
size 2k

17 Fix an E O

CircuitAcceptanceProbe or CAPE Lyes Kno where

Lyes cop Pg Ccr 2 pie

two Csp Pg Ccr I Ep
f given in binary few bits

Claims 47 CAPE E pr BPP for any constant e sohard constant
G CAPE is pGBPP fete for every Eso

Pf co Ngo on input Xp
p Pick ma rt at random
D k Hi Ceres431
Accept if k ptg t

Chernoff will tellyou that this solves CAPE

w h p if t is appropriately chosen

LE BPP I Machine Mt
x EL Py Minor D 343
n 4L fr Muir I E Yz

k MK Yz EE Ys

D For a formula p on nvariables let
SAT 4 refer to lfnefo.IT peaks I



L Cq N 9 is a DNF and SAT 9 3N

MKE votary
Obs8 L is w NP hard
Pfoo TAUT t Cf I

Cte ApproxDNF

Lyes Cf N Cf is a DNFand SATHI Nate

two Cf N Cf is a DNF and SANG EN

Surprisingfact8 Lte ApproxDNF C prBPP forany
constant e o

D Unique SAT USAT

Lyes Cf Cf has aunique satisfying
assignment

two Cf 9 is unsatisfiable mayassume el
is a 3CNEhere

How hard is this problem
valiant Vazirari Probably hard

SAT UniqueSATRP

Randomised reductions8 IT T are promise problems

IT Epspp T if there is a randomised algo A s t

n E ITyes Pr Aca CPyes 3 43



a c Two Prl ALDE Pm 343

Them Valiant Vazirani SATErp USAT Thatis there is a

randomised algo A s t

9 CSAT Par ACq E USATyes Yen rags

9 I SAT Pas ALR E USATyngg 1B

Pf Cf I 9 A Y is to filter all but one
m such satisfying assignment

Suppose we knewa that I I SATIN E 2M

Ideaoo he 0,13 0,137 random function

Define 4lb 1 hln E

Cf SAT Accp 8 4 a y C USAIN

Q CSAT what is theprob that a unique
In I SATg EE s.at ass n satisfies her E

Po x qcas4 hens of D
h

Isang knife then fi9k
den in satay

Enemy
Prl has a H atfqjf.IE

Esaias Ahhhh ftp.zcggl
rLhcxkhcysoTJ



I

Zesarq F Im Imf SATHI 1

Im SAT19 I Em C SATCg l

In In
2

LI LI tf I

Algorithm A8
is pick a random ME 2 int
i Pick a random h o.IT aim
r Return theformula 91cm pen A hen 50

Obs 1 If Cf C SAT.ro then 4 C USATwo w p 1

Obs 28 If 9 E SATyes then HE USATyes wp Yon
Pf Algo right if we get lucky on m In

then on h 48

i Algo succeeds w p 3 48N D

Are we done Picking h requires I m random
bits

It heats a 3ns in



What did we really need from the way we chose h

P For any see fact Polhas a a Yam
A EfosBM h

i For any xtyefo.is Pg hln a hcytbf.fm
a b E foBm h

Defn St E h fo.Bn sfo.im is a pairwise
indef hash family if
Arty C 0,13 ol a be fo.im

nff hln a hey b Ism

An example of such a family DAD'D
It hasp A C fait pefo.IT
hap K Art p mode2

LemmasThe above is a pairwise indep hashfamily

Pfeo Fix at y a b

PrfAaup a R Aytp b
h
Pr Acey a b p a An
Ap

Im Im D

I




