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PCP for NTIME

We have constructed PCfe for NP and NEXP :

NP c PCP [ Ec,:ol E$=%./ Z:{O[\} ,£=QX?(VI) , q:O(l) , r'—"POI)’(")]
NP < PCP [ &.=0, &=V, 2= {o,1} / £=poly(n) , q= polyllogn) |, \’=O(|03")] A
NEXP & PCP[ €e=0, &=l Z={op}  L=exp(n), g=poly(n) /r=Po|y(n)] ®

TOday we construct a PCP for NTIME:

Theorem: For every time function T:N-N with T(n)=8u(n),
&:0, 2-=101} , L=poy(T),  pt=poly(T) J
€5=Y%, q=polyliogT), r=0Ulogl), vt= poly(n,logT)

NTIME (T) ¢ FCF[

I we set T=poly(n) then we qet A

IF we set T=exp(n) then we get @,

More genetally: the time complexities of the PCP prover and PCP  veritier
"Scale gmcd?u"y“ wWith the (non-deterministic) +ime COMPIQXH')/ of the lw\guage.

This is @& seminal result: DeLegaTion Of CompuTATion Via PCPs .



Recycle the PCP for OSAT?

We can reduce from NTIME(T) 1o OSAT:
mneN, @: o1
3A: (0= 1o} ¥welod” ¥vpawelot @(wwve,u AW Av), A)=0
claim: ¥ | e NTIME(T) 3 PO'y(lX\,losT)-ﬁme reduction R from L to OSAT (xe L R(x)€0sAT)

-{01} boolean formula

def: OgAT := {(m,n,q>)

st R(x) outputs on OSAT instance (m,n,¢) With n=0(logT), m=poly(ioqT), Ipl= poly(lxi,logT).
The proof is by keeping track of x and T in the proof of NEXP hardness for OSAT.

P((mn o), A) V((mn, o)) ProsLem: PCP is too long
I Compv’rz $2=T(IF,(m,n,q>)). |. Compv’rz $==T(|F,(n,n,q)).
2.For every cef™: 2. Sample ceF" and run sumcheck for

ovtput sumcheek preof T[] for { } QE%,!}“ A\(Q)-(A(a)-l).llgﬂﬁ(a;)=o. l“:‘ > (m+3n)lcp' (a.l. minimom )

For soundness O(1), we need

A(a) (A)-1)-T & (a)= )5
a?{:o,}“ A(a)-(Afe)-1) I Gi(ai)=o. se (5] Vscgf\f,go,l],ar{ o’fﬂ)

n 1 o.e“:’\ W domai ree
3.For every TeE™: k/mis.) =, HQY\CQ

b t * query Ta ot (9),.-,9n) )
ovtput sumcheck proot Tigt' (o] for « for every ic[n]: eval €0 of &
P o 1T = 1Al 4178 | + 1T
& ,\ A Y4 LYd
S @ (wwVas, A A AG) - T &lai)=0
T lFMﬂh

" )
, i Toe ] 3. Soample ce F"*" and run sumcheck Yor
G=(W Vv, V3) i€Lmi3v)

1

e ¢ 3 i R fla)e LT n m+3n m+3n
Z{évﬂ)u’r AF=F os Ta _m“}(ﬁu%(w’v"v""i,A(V-),A(VJ,A(Vs))';I:rmsﬁ—'(q')'o =||H '|'“FI O("F l 1)+I|ﬂ O("ﬂ IQI)
. . €{o}m+3n
(The multilinear extension of A:foif™{os}.) = : m+h AR m+n
¢ mvitlinear Sion ) g U 8 T VSQ(;E’{;,,‘,’;'A}"'CI'Z‘“ISQI‘?JQZ') 2> “Fl b (("‘fh)‘?l) > ((m+n)‘)(l)
J T
/‘ R L > (Ix]: IosT)Po‘y(lbaT)
mtnt, s Smaan ®
( M, -, S md 30
PCP -For OS AT . {?or every ie[msn]: eval g(ﬁ :+)g, S . l
. « eval $ at (g‘/—-/gmq-smm‘s', ons, ,ansy) U PE R_ POLYNO M ‘ AL .
From previous lecture L Ngr (F,n, inds 1)



An NTIME-Complete Problem [1/3]

We consider a variant of +he OSAT problem:
[ meN,nelN, ¢: {O,'}SM“M_’{‘)/'} boolean formula |

3n+3

such thot FA: {oa]™= {0}, B: o} = {0/} such +hat

¢ Al{olqloﬂlilx On—|03lil = =

—

i’iﬁ IOSAT ::ﬁ (Vn,H/CP/ i)

\ o« ¥ Vi Vo,V € {0, '}n ¥ Ce {Q'}g ¢ (Vl,Vz,V3,C, Alv), A(Vz), A(Vs), B (Vu,Vi,V;,C))= o J

We can reduce from NTIME(T) to TOSAT:
claim: Y/ | e NTIME(T) 3 poly(ixi, logT)-time reduction R from L to TOSAT (xeL <> R(x)eTosar)
s+ R(x) outputs an IOSAT instance (m,n,0,%) with n=0(logT) and in,|19]= poly(legT) .

Differences with OSAT:

* The explicit input enables reducing 191 from poly(ixi, logT) to  poly(logT),
* The additional witness B enobles reducing the number of constraints
poly(T) ot the cost of

3

=poly() o 2+2"m = 225 pely(logT) = poly(T).

oly(logT) loqT)
{:rom AR s/ 04 o 23n+3= O(log _

Y : : . O(loqT )
increasing  withess Size Crom 2" = 200

The redvction from NTIME(T) to IOSAT is similar to the reduction from NTIME(T) +o OSAT.



An NTIME-Complete Problem [2/3]

caim: £ | e NTIME(T) 3 Poly(lxl,losT)-‘l'im reduction R from L to TOSAT (xeL < R(x)eTosaT)
st R(x) outputs an TOSAT instance (m,n,cp,X) With V\=O(loaT) and m,|(P|=Poly(logT).

prook: Syppose that LeNTIME(T) and let M be an NTIME(T) machine deciding L.
Let x be an input to M,

By the Cook-Levin Theorem, can reduce (M,x,T) to o 3NF & s+

* ® hos M =poly(T) varibles (and Ne=poly(T) clavses),

+ M=t e FA:IMN]={od Allz.,al)=x and B(A)=1.

Set n= \ost-O(logT) and relabel [M] as {01}" and [Ix1] as {o, 1 “-'OW.

no polynomial dependence on Ix|
d 7 3n+3

Moreover, 3 poly(logT)-size circvit D:{o1}" = {o,) that specifies 3s clavses:
D (Vi V5,0,C, ) =1 > & contains clavse Vi, (X, ©Ci)

2 A 4

Hence  ®(A)=1 & ¥v,nyuelol Yoo, 6elol}l D v|,vz,v3,c‘,cz,c3)/\(i\:/‘ A(v;)eci)=

Therefore, MG)=I < FA:{o)} =101} st
AI{O,I}MNX On-loglxl =X th V V\,Vz,V3 e{O,I}n V C'/c"/ c3 ¢ {0,'} D(V‘/v’va/ C':Cz,cs ) /\(I\Z A (Vi)@ Ci ) -




An NTIME-Complete Problem [3/3]

caim: £ | e NTIME(T) 3 Poly(lxl,losT)-‘l'im reduction R from L to TOSAT (xeL < R(x)eTosaT)
s+ R(x) outputs an ZOSAT instonce (m,n,@,x) with n=0(logT) and in,|P|= poly(legT) .

Ekoo&: [conﬁnved]
Therefore, Mx)=l « A {0} => {01} 54

Alg, g, op-ogt =X and ¥ Vi, Va, Vg efol" Yo, Gelol} Divivaws e, G G) ,\<|\f’/‘ AV C >= o

Reduce the boolean circvit D to o boolean formola V:{o, ¥ 5{0,} with
m=O(ID) = poly(logT) and I¥1=0(IDI) = poly (logT)  s.t.

¥veyelol ¥ ¢ acef{o Dy 6,aa)=1 & Aweion)” Y(vyc,aow)=l

3
DQQ‘“Q CP(V\,V-,,,V;,C.,Q,C;, a.,(lz,03,W ) = \iJ(Vl,Vz,V3/C|,C1,C3/W ) N\ (}'-/l Q& Ci) .
In sum, M)=1 < FA:{o)}=1{o sk

¢ Alp e e =X+ My efol! ¥, 6, Gelo} I welo)”
@ (Vi,V2,v3,C,, C, €y, AV, A(V), AlV3), W)= 0.

3n 7 |\
DQQ."\Q B:{O/‘} x{o,|}3—>{0,l} as B(Vl,vz,V3,C|,Cz/C3) ;= witness w ‘For D(Vl,V2,V3/C|,CL,C3) . .



Part 1: Arithmetization of IOSAT [1/3]

claim: There is a transformation T ot - = 5
© T(FH,(mn@)) outputs in poly(igl,Hl,leglffl) -time o circuit CETT L
OQ size and total degree. Poly(lq)l,'HD

~ 3n+3

@ (m,n,9,2) e TosaT f 3 A:ﬂ:ﬁ-’ﬁ:,&ﬂ: S>F" of individua degree <IHI s+

3n+3

N . n A,
» A is boolean on H" e B is boolean on H

A logial - logizl

* A equals 2 on H™" X0 Ve vseH" Yeel® C(v‘,vz,vg,c:,i\(v.),,?\(vz),A(vg),@(v.,vz,vs,c))=o

We proved a similar statement when arithmetizing OSAT :

N

« we used H={0,} (so A has Ti=n variobles and is multilinear)

N

+ we used C:=® where @ :=arithmetiea (F,9) [xnyrx.y, xvy s 1-0-x)(-y), X > 1-x]
* no inpvt consistency (2 was “hardcoded” in @)
The set H provides crucial flexibility (by allowing us to choose Hl>2):
n D loglfFl loglFFl ~ A
1™ = (™™ = ()™ = |Alg™ e if |F|=poly(IH1) then |Al=poly(1A1)] ~ (Ditto for B vs B.)
ProBLEM : © worKs on boolean inputs but C . receives typles of elements from H.

ToeA: convert {lrom H 4o boolean via odditional circuits.



Part 1: Arithmetization of IOSAT [2/3]

. . n = n
claim: There is a transformation T o N \ogIHI

0 T(H:,H,(W\,Y\:‘P)) ovtputs In Poly(l‘Pl,lHl,loglﬂ’l)—ﬁmQ o. Circuit C:H:3V-l+6+m_>“:
OQ size and total degree. Poly(l@l,h’”)

N 3n+3

@ (m,n,9,2) e TosaT f 3 A:fFK-’ﬁ:,B SF" of individval dagree <IHl st

A n gy an+3
» A is boolean on H" e B is boolean on H

A I 12l |3\al

* A equals 2 on HSW x o'WW o VV-,Vz,VaéHK Yeel C(V‘,Vz,vs,C,A(V-),A(Vz),A(Vs),@(Vn,Vz,Vs,c))=0

YOOy :

et bin:H - {o,}
Define: o projection function: Py, : H->1ol} is the i-th bit function Pu;(a):= bin(a)

logIH|
d be an eﬁ:icien’rly compvtable bi;\ec1'ion

* projection PO‘)”\OM\O\‘- PH,;.W-’ﬂ: IS the low-degree extension of Pu i
P\H’i (X) = ZQGH FH;I(Q). LH'Q(X)
Note +Hhat an(ﬁH,i)dHl and  Dy; con be evalvated in poly(IH1) Field operations.

We can convert from H' 4o fo3°: v (FH, (V[\\]) =) logl

J"/ /n



Part 1: Arithmetization of IOSAT [3/3]

' . . Q 5 F\.:. n
Claim: There is a transformation T ¢t logIH|

0, T(H:,H,(W\,Y\:‘P)) ovtputs In Poly(l‘Pl,lHl,loglﬂ’l)—ﬁmQ o. Circuit C:H:3V-l+6+m_>“:
OQ size and total degree. Poly(l@l,“’”)

A Y A 3043
@ (m,n,9,2) e TOSAT ﬂ 31 A: fF"-»ﬁ:, B: M—’ﬂ:m of individual degree <Hl st
e A is booleon on H° o B is booleon on H™?

A logial - logizl

* A equals 2 on HSW x o'WW o Ve vseH" Yeel® C(V‘,Vz,V;,C,A(V-),A(Vz),A(Vs),@(Vn,Vz,Vs,C))=0

proof: [ continved gin iy -y ood [I| [l
?

The circuit we vse i

l)\“-SJgF VK

R

NN ’ A
C (Vl,Vz,Vg, C/ a':al/qs,w) = CP <((PH,i (VK[.\]))E‘\,-:Igg\Hl )K=| 23/ ( PH,i (CK))K: 23/ a"az’a3'w )

J

— totol degree of C : degm(@))'(,Hl-l) < |‘P|'|H|=P0')'(|‘P|/|H|).
— size of C: Iol+ (3n-loglHl+3)- poly(IHI) = Poly(lq’b“‘”)'

Completeness and soundness are similar to the anolysis of the arithmetization for OSAT



Part 2: Zero-on-Subcube Test

2 solved this problem in the previovs lecture: R
\A/ Y P P d-close to {-’eﬁ:“[)(»...,x,.]

52 |
_Y, n= O :“:"_’ ﬂ:
P(ﬂ:/H/“l ) |H V¥ (ﬂ:/H/h/d)
For every @,.amelF: ( \ Samp\e gi,., 0 € [F.
output eval toble Tic[6i,.6) of & $ Run sumcheck for the claim:
Tl ls P ~
TP prover for sumcheck claim { > Q‘%eﬁ(o“r"'“") 311:,]“7(“‘) =0.
> {a.,a,) ]I & lad)=0 i o
A, Ga€H X \J ve Vse(F.H,n, 0,d)
$idd domain Vars sum degree
) ! 1
prook length:  |Tee | = [FF[™ O(FI" (IHl+d) = |F *"(IHl+d) (g, g) = {1850 &its)
quety CO'“FIQX.""}” l. Query £ at (s,..,90).
* N queries fo Tisc (each retrieving  |H|+d elts) 2. for every ie[n]: evaluate & ot ¢;.

+ 1 random query to §
verifier time: poly (n,IHl,d) for Vee + n-poly(HD) to evalvate {&7}

teCnl

Comprereness: if §=fn 8| nz0 then , for T=P(FHnD, BLVFT(FHad=]=1.

Sounpress: if A({?)d/\ﬂm;o Hen ¥ fr[VP'ﬁ(f\:,H,n,d)=‘]$ n.(IH-1+d) ,§.

|

10



Part 3: Input Consistency Test [1/2]

ine_n: e oracle access to $:F-=F +hot is d-close to f of individual degree d
* input 2 H>F with o<kg¢n

A

check that ‘?

[ FSF

V(z)

()

L =2,

HKX On

arbitrary element in 'H

Tdea #1: query f af every point in H*%0"* and compare To 2

Problem: if even 4 corruption is in H xo"™

“ —> test is not sound
'H\QY\ test may QCCQP"' even l“: ‘?IHKXO“* *Z‘

Ldea #2:  |ocally correct the valve of § of every point in H% 0" (and compare fo 2)

This leads to H" g, queries and error H €. where

4 . .\ . \
C]LC== /qVQl'y comPle_xH'y of local correction and ELe= “error of local COl'l’Cd'th\.

Minor Problem: query complexity grows with l2|

RecALL: local correction of £ - §-close tor LD(fF,n,ind¢d) - hos ql_c:o(d) and E,_C=O(d.5)/

and by repeating £ Cimes. ond taking plurality. we get qL'C_=O(l:d) ond . &c=expl-t:(1-d-§)).
11



Part 3: Input Consistency Test [2/2]

inen: e oracle access to $:F-=F +hot is d-close to f of individual degree d

[ FHF

A

check that ‘?

o input z:H">F with o<k¢n ‘
_ Zlve
Hkxom-|< =z,

IT _/
r\o.\—l>'\’r|'oa—y element in 'H

Ldea #3: reduce to 2ero-on-subevbe problem

\

Lot 3:F°->F be the low-degree  extension of 2:H>F.
Add n-K dummy variables 2,01, Xn) = é\(x\/,,,,xk),
Note that 2. can be evalvated at any peint in F" in poly(IH|*)= pely(i21) time.

Rewrite os zero-on-Subcvbe: 2 A )
4

J}lH"xo"“‘E 2 «> (I-

Crucially, the sumcheck opproach +o 2ero-on—cubcube directly extends
from domains of the form H' to domains of the form Hix-xH, .

N>

=0 .

Hkxon-K

—> * proot length IF1°" (1HI+d ) - soundness error "‘(";“‘F’\‘*d) +2

+ query complexity poly(n,IHI,d) < verifier time poly(n,IHI,d) + poly (l2I)

12



PCP for IOSAT: Putting the Parts Together

P((mn,e,2), (AB))
I. Compvte. C=T(F,H,(mng).
2. ¥eeF" output sumchecK proof Trsclo]

for = Aw(R@-)T_ &ai=o

acH"

3. YoeF ™ output sumcheck proof Tiscls]

for =_ B(a)(8@-1):T i(a)=0o"
acH 1c[3r+3)

3n+3

4. MgeF ™ output sumchecK proof Tsels]

or > Cla,Aw Au)AW),B@)-TT Gla)=o0
.F Q‘-'(VI'Vl,VQ,C() ( l) ( ¥ ) el3ie]
eHiﬁf!

5. Output AF-F os T

(The (FFH n)- extension of A:fo¥{o})
¢ Ovtput B:F*™ +F os T.

(The (FH 37+3) - extension of B: {0} >{o,Y"

p S

ﬂ:’ﬁ*’

V((mn,9,2))
|. Compute C=T(FH,(mne).

2. Somple ceF" and run sumcheck

— (g v "'/g'_\)

Vse(F.H R, 0, 3-(1Hi-)

— Tals)-(Mals)-1)-TT__ & (s3)

iefdl

3. Sample €€ P and tun sumcheck

— (g L "‘lg37\+3)

Vs (F, H,37+3,073-(11-i)

4. Sample ce ™ and run

Cla,Av), A, Al), B(a):

G= (Vl,V;,Vs ,C) eH,i*a

e Th(s)m6-1) T (s

sumcheck Yor

G(a;)=
ilTlsi*a'l(Q) 0

Vsc(F, H,3R+2 o (191+1)-(HI-))

T

¥
iR quety T af 81, 85), (S5, -, €27, Barn, -, Gar)

or every ie[3n+3]:

- Every Tg ot (€., 543)

eval €: at Si

e Q\’Q\ C Q"' (g‘l.../gs'-\*zia'\$|,N\Sz'Q'\ss ,QnS‘.)

5. Vor (F, A, ind< IHI-1)

é:.V,_-:;E ( fF,3n+3, m indsll-ll-l)

13



PCP for IOSAT: Analysis [1/2]

SQH’inS IFF|= POV(“’”,“P”, H|= poly (1@]) makes the protocol sound and efficient.
Recall that, l'edeinS Lrom NTIME(T), n= O(|09T) and m|0]= poly(logT),

P((m,n,9,2) (AB) o proof length: (in fied elements)
. Compute C=T(F,H,(mng). 1T = 1)+ 1) + 1T 14 1Tl |+ 1T + e
2. ¥eef output sumchecK proof Tlsl] - IIFIR«l-lﬂ?jﬁ' m
R . Al -"-(l)[c_] } _
for MZH..‘ Ala)-(Alo)-1)-TC_Gi(a)=o { adulel S + 15" oCF™ 1HI)

+ IEE O0F™ - 1HI) - m
Tl;f-f’ﬂrl} o HIECTOURT M 1g1)
+|FF-OUE’ IHI)
P 1 1gl = 1F1CF) o)
O(-h_)
poly“l’ll,)(Pl) IngIH|

3. V‘ceﬁmzou’rpuf sumchecK proof Tise[] {

for = _ B(a)(B@-1):T &(ai)=0"
acH™ ie(3ned)

@3)

4. Mo eﬂzﬁﬁouﬂ)uf sumchecK proof Tselo] {

The [s] }
3he3

for = C (oA Aw, A0, Blw)- T &la)=0

a=(ivp vy, €) ceff

<L <
5 Ouvtput A:F=F os T, ; 0
(The (FH.7)-ectension of A-dodm{oit) L ; olog )
¢ Output B:F™ - 0s T, =2 = poly(T).
(The (F.H,3543) - extension of B:4o™3(oi¥) [ @



PCP for IOSAT: Analysis [2/2]

SQH’inﬁ IFF|= PO|7(|H|,\<P|), H|= poly (1@]) makes the protocol sound and efficient.
Recall that, l'eduCinS Lrom NTIME(T), n= O(IOQT) and m|0]= poly(logT),

e Soundness error: V((W‘/“/Q,Z))
H |. Compvh C==T(IF,H,(m,v\,q>)).
Max {EwT( ), 48 + poly (.7, 1, \q) }= o) R
| 2. Somple ce " and Fun sumcheck
. { T[] } . [VelFH 7 — (5,,85)
+query complexity: N e RO om0 T s
5+ (m+1)e Quor + n-O(HD) + (37+3)- O(IH1) * m { 3. Sample s P and run sumcheck
_ ﬂ'(l)[d } — —> ($),,85%43)
+ (3“"'3)' O(l‘?l’“‘”) o'elF i VS((fF,H,3N+3,0,3'(|H|"))(_Tr;(?)‘(m(?) 1)- Jn“"?’
= O(r-|HIl¢l) = O( o m"ll—ll'ltpl) 4. Sample s F" and run symcheck for
@)
= poly(19l) = poly (logT) { bl }m e e C (2R R A, B)- T S 0)=0
. . K Vsc(fF H,aR+2 o (191+1)-(IHI-1))
. VQI’I{:IQI‘ Tlmq: (]n fie|d OPQl’QTionS) m :—.2' “ )
_ | 4—4' g +$3rta => qugr)/ TI'A at (gl, ,gh) (gﬁ.ﬂ gzﬁ‘ (g'u\*\ ggi()
POly (n, IH',I‘PI)"‘ P0|)l (l?-l) + ("H")' tLDT TT > zvel’y Tg at (gl/ ,g3h+3)
° 3 * Yor every ie[3n+3]: eval G at ¢
= PO’)’("PI, lil) = PO')’ (\Xl, lOgT) Te — «eval C at (g\,,.,gs,-;,glal\s.,ms,jns,,oms,,)

, T-Te
+ rondomness complexity: 5. Vo ( F, 7, ind IHI-1)

O(w. \03||F|) + Hor = O(@ log|FFl) = o(|oa‘|‘) 6. Vo8 (3743 m  inds IHI-1)

15



More on Proof Length

The Proog \Qngjrl\ for +he PCP for NTIME(T) described so far is ot least TG:

3n+3 3

1T = 1T\ 1) + 1T 14 1T | 4+ 1T + (e )
S IFPH R m o+ IET 0T 1) + I 00 ™ 1H) - m + E - O R 1K1 1g1) + 1™ OCIF™ 1l
6n ¢-leal_

WHY?

@ Quabratic Blowup in the reduction from zero-on-subcube o SumchecK:

to prove that glﬂnso the prover includes ¥ ¢e B, o sumcheck proof Telol of size 2 |F|"

@ Cusic Browv? in the redvetion from NTIME(T) +o IOSAT :
There are QL(T) variobles in the computation trace of the machine

and the reduction considers all possible 3cNF  clavses formed by these
Redvcin% Proo? len%H» maKes o. PCP harder to construct,

Fundamental question : How SHorT Cav A PCP Be 7

16



Trading Shorter Proof for More Queries

With additional ideas , today's blueprint leads to this theorem:

theorem: For every time function T:N-N with T(n)=uL(n), ¥e»o,
&= 0, 2_={o1} | [=T”°(£), P‘\’:poly,_(T) ]

| -

&s= 1, q= (|03T)

NTIME(T) ¢ FCF[
, F= Polye(loa—r), V“": Poly‘_(l\,‘oa—r)

The blowups in the prior slide can be avoided.

@ Alternative reduction 'F"o"‘ 2ero-on - Subcube | Combinatorial Nullstellensatz

The Vawisnivg Poyvomiar of H is  2Zu(x)=Toey (X-0),

Jemma: Lot £ ¢ F[X,. Xl have individval degree <d.
Then 8l =0 © 3§,.,3,€ FLX,..Xa] of individual degree <d st £x,,.. %) = Ly 2406)-Gi(X,., X)

® Roufing ’rechniquc,s to reduce from NTIME(T) to a smaller 2ero-on-subcube problem:

¥velol  B(v, Alg), AlB,M) Algv) B(V))=o0

17



Best Possible Proof Length for PCPs?

Different techniques lead to PCPs with  QuasiiveAr  proof length:

theorem: For every time function T:N-N with T(“)-_-._(L(h)/
&=0, L={o}  £=T polyliogT) P*=T°P°'Y('°3T)}
=Y, cl:Poly(loaT), = logT+OoglogT), vt= poly (n,logT)

NTIME (T) ¢ FCF[

SHORT PCPS WITH POLYLOG QUERY COMPLEXITY*

ELI BEN-SASSONT AND MADHU SUDANH#

Short PCPs Verifiable in Polylogarithmic Time* | Eli Ben-Sassont  Alessandro Chiesal Daniel Genkin' . Eran ’I‘romerfc i

eli@cs.technion.ac.il alexch@csail.mit.edu danielg3@cs.technion.ac.il tromer@cs.tau.ac.il

| Technion MIT Technion Tel Aviv University |

On the Concrete Efficiency of
Probabilistically-Checkable Proofs*

Eli Ben-Sasson f Oded Goldreich * Prahladh Harsha § Madhu Sudan ¥
Salil Vadhan

Achieving LineAr proot length remains o MATOR open problem.

For Qxcm\P\e:

cSAT € PCP

7 [&:o, > ={o1} , £=0(Icl) }
&= q:,mly(loald) ,F=loglC|+00))

At the time of Wri+in3/ the state of +the art is: Joase Y50 ¥nvo
3 PCP verifier V ¥or CSAT on circuits of size n with 4= 27t ond q= ht.
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