







































































































Today CSS 203.7

Interactive proofs Computatonal
Parti Complexity

p Pe Ip Lecture 24
IP _PSPACE Instructor CKMay21

Prahlad Harsha

Recap SA Ccf k 9 in scarf form
SAT g G J

Want to prove SATs C IP

What does it mean to say LEIP
XEL

Efficiency
CNext message.fm

are message
I come.EEnmE9

i Completeness

qi VCxiR Ri KEL 7 Prover P
ai ae

pafcr p x aaJ
R

Soundness
x Etc F Proven Pt

pfnfcvaspgcxiRI aage.gs










































































































Arithmefgation
Low degreepdynomial representation

of a Boolean functors

4
Scarf formula Pg

polynomial

be b CEo In
pcb 4 PPG bn

Notice for a he En s o B
9cg an not defined

however Pga Ln well defined

Definchong Pg
Inductively

g constant

pg constant 0 2

Variables

q xi

pg sq

Negations
9 74 Pg

I py










































































































Conjure tons

9 4 rye Pg Pg Py

Disjunctions
of 4 Vik

Teaney 113
e Eeg

of 3CNF formula
m clauses

9 9 AG rcm

where each G Kyrie Voces

Pop deg g
d Ce x versts
degCR 3

dog Pg
a 3ns

By constructors Pg q agree on

Boolean values
Want to give

an IP protocol

Eea Ea EgoGG
4 E










































































































Suffces to

Eea Ea Ee 4

Work of some Goitably large knife
held F

Notation f Cx

sik ftp.E.ee 9 s

61 is equivalent to so K

We will give
an IP protocol

for f G ke for any
e C In
A q C IF

ki EE

ef

checks 5Ga PG L G ae
t ee CA 4 D



























L

me
Sfa pCr G EG o

RE RED
TEA i

a Sleeps

AG 1207124

GERE Sfa ad Rod

Efficiency
At the last round
knee

Eachoffhe

mil Jag a

most 3ns
Venter does not Hence all
employ the poorer transcripts

are ofpoly
k E SA length

Completeness There is an honestprover P
s f

pen qKK P k R aag 1



Soundness Cgk SATS

P any prover

77 a KHA k R aaj
E ftp.EI EFI

d max degof all poly
g eye of held

GET a 1 zoe
ooo

f 93 100rad
COO D 3M
00mm

So far DX

p
P
E Ip PSPACE

Land Forfnow Karloff Asan ShamirTheorem

IP PSPACE

ie TQBF C IP



If 4 is an instanceof TQBF

Y T x.FI s.Ixq VxcfGce x

Scarf formula

TQBF frae guanffed Boolean
formulae

Fog fog Joan 969 xn

farathmetge

Pga xn

Extend anathmetyakon
to Cparkally guanffed Boolean

formulae
Induchon
y

Y no quanffers
Py obtained as before

4 foe 964
Py Pgco Pyle

48,4 fxgcx.ge
Pycy4 Pgcoiy4 ECyz



4 Tx ga

Py I G Pgco G Pga

Input 4 Qpe Qes Qnxn969 Xn

where E e EF Ff
Want to check

Py
n r

Py l

a fChecks Rea
f p.co G Pga

GERE
pg PCa

Completeness

Soundness

Efficiency do y Q qC



degCpg
e 3m

Each applicationofquankfee fromoughtdoubles degree
Final polynomial can have degree

as large as 2hr3m

prob b fret large

Idea Modify the profood so that
the degrees do not blow up

Arithmefgan polynomial et on
Boolean rakes matches of

original FI

p Univariate poly possibly
large degree

964
i

x p t a a pco

c deg a I

G 96 pG qGl pG

pea xp Co pco



Linearying Operator
pay 964

Input 4 Qx Qnxn 96g xD
I

p p p Pgce xDQx i Qaikat Qnx

Paix s E x 4,67 4 Gents Peck 41

individual degree on

each ran c I
Hence total deg En

Polynomial Operators Ntl

f Cn e t l
t Cn 2 I Off

Cn n t 1

Degreeof any
intermediatepoly

a max 3m 2n
M

Py Q.x ax
OQm.cm

where each Lose linear.mg
Joe exrsferskal
Koa Universal



gGee be any such intermediate
poly on Vans 4 Xs

Claim ftCar as C IFS CEE

there is an IP protocol s 1
efficient

Case gsca as C Protocolaccepts
of prob I

Case i1gsCar.as IC Protocol accepts
of prob

Ecm

Ecm MI
9

So far
IP new modelof proof

reacfeaton

CNI IP protocol Provate Coins

PSPACE IP protocol Public Corns
perm
p

Pobla Coins Interactive Proofs
Arthur Meek's Proof Systems
verify CProver



AMIKED LIL has apobla coin

IP protocol of af most
EG rounds

INEGI
GNI C IPSF
PSPACE AM poly C IPLpoly

Properties

PSPACE C AMfpoly E IPEpoly
E PSPACE

Public Coins vs PrivateCoin corollary
IPL KGB E AMfkG tf GNI

private coins pubic coins
C IPAD

protocol
C AM If

Fconstants k
Anais E AMES EI c and

AM

AMEECH perfect
completeness

i in class a Psefs


