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PCP for NTIME

We have constructed PCPs for NP and NEXP :
NP & PP [ E=o, =15, Z={on}, L=expn), q=00), r=poly(n) ]
NP < PCP [ =0, &=y T ={oa}, £=polyi), q=polyliogn) , "=0('°3")] A
NEXP < PCP [ gm0, &=1 Z={on} L=exp(n), q=poly(n), r=poly(n ] °

Today we construct o PCP for NTIME:

theorem: For every time function T:N->N with T(h)=|SL(V\)/
=0, 2={o} | £=poly(T), pt=poly(T) ]

NTIME (T) < PCP [ |
€=7, q=polyllogT) , r=0(logT), vi=pely(n,logT)

Checking Computations in Polylogarithmic Time

I{ we set T=poly(n) then we get A . N

P 9 Lidszld Babaia Lance Formowx; Leonid A, Lem'nH Mario Szegedy ﬂ@i
v of Chicasn 8 . ‘o ol O : : '
I-‘: we SQ+ T= exP(n) +hQn we 92.“' o i Univ. of Chicago ® and Dept. Comp. Sci. Dept. Comp. Sci. Dept. Comp. Sci.

Eétvds Univ., Budapest Univ. of Chicago® Boston University * Univ. of Chicago®

More generally: the time complexities of the PCP prover ond PCP verifier

"scale 3mce¥ully“ with the (non-deterministic) time complexity of the longuage .

This is o seminol result : DELEQ/\TiON OrF ComPuTATION Via PCPs .




Recycle the PCP for OSAT?

We con redvce from NTIME(T) to OSAT:

3
I}mgm -{0)} boolean formvla

mne N, 0:{o,
dLQ: OSAT := (m,n/ ‘?) n m n
A {0} =101} ¥welo)l” ¥vvwme{ont @ (ww e, AW Alw) Alv))=0

claim: ¥ Le NTIME(T) Hpoly(lxs,\ogT)-ﬁme. reduction R from L to OSAT (xeL < R(x)€ osaT)
st R(x) outputs an OSAT instance (m,n,@) with n=0(logT), m= poly(logT) || = poly(ixi, logT).
The proof is by Keeping track of x and T in the proof of NEXP hardness {for OSAT.

P((m0),A) V((mn, ) ProsLem: PCP is too long

. Computz $:=T(F,(mng). |. Compute P:=T(F (mng).
For soundness O(1), we need

2.For every cef™: 2. Sample ceF" and run sumcheck for
fout sumcheck w > A‘(q)-(ﬁ(a)-n)-,"ﬂ‘ §i(ai)=o0 . e
ov pyv S:)M QA Proor- TFSi (o] ‘FOI' _"_(,)[o_] aefs} €n] lE‘ 2 (m+3n)|¢l (a'l' MU\IMUN ).
a:‘{:mn A(Q)-(A(a)—l)--l[.n Gi(ai)=o . Sc . Vsc(f/ foi,n,o, 33)
T~ W domain - varS sum degree
3. For every 0°€ FF'MS“: ym’t&) = T ' ) Her\CQ
o qwr)’ Ta O P 9n
ovtput sumcheck proof T [o-] for « for every ic[nl: eval &(x) ot g
i e Y] e IT| = (Wl 41T |+ e |
2 Qw5 A, A, Re))- T Gilai)=o0 )| "se 3. Somple e and run sumcheck for
Q} ("’iv',"l,vs) i€[m+3n) 2 e an-m\ n n '\ M'l'3 n m+ 3 n
€{op}mran D AW Atv,) AlVa)- G V)= . . .
4 Ovtput AF™+F os Th. _ma;(%m%%(w,v-,Va,V;,A(v.),A(VJ,A(Vs)) I §la)=o =|||=| .|.“F| O("Fl 1).|.||ﬂ O("ﬂ I‘PI)
| . ; Ta =3 S m+h mih m+h
(The mitinar edusion o Afa{0b) - LT el fod mesn o, 1) 2F 2 ((men)i@l) > ((mn)-ix1)
' ) T
(8 Gun) 2> oly(leqT)
P T (fon) > (Ixl-logT)P?7 3
PCP for OSAT /‘ e eiey et i
. mi3n]: eval 6 ot ¢ :
«eval 3 at (g|,~,gm3,.,ans.,onslins,) S V) PE R_ POL)[N OMIAL !
from previovs. lecture LNt (F,n, inds 1)



An NTIME-Complete Problem [1/3]

We consider o variant of +he OSAT problem :

[ me N , heN , D {O,l}3"f6+m—>{°/'} boolean {ormula ]

3nt3

such that JA: {o, 1 = {oat, B:{o} = o} s, |

def: TOSAT:=4 (mn,¢,z2)
. Al osllogRl, op-leghl = 2

\ « ¥y wvefol Ve fo}’ q)(Vl,Vz,VglclA(Vu),A(Vz),A(Vs),B(Vl,V).,V;,C))=0 )

We can reduce from NTIME(T) to IOSAT:
claim: ¥ Le NTIME(T) 3 poly(ix),logT)-time reduction R From L to TOSAT (xeL <> R(x)eTosAT)
st R(x) outputs an TOSAT instance (m,n,0,x) with h=0(logT) and in,|9|= 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() to  2+2"m = 229 poly(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]

claim: ¥ Le NTIMECT) 3 poly(ix),logT)-time reduction R Crom L to TOSAT (xelL <> R(x)eTosaT)
st RG) outputs an IOSAT instance (m,n,g,x) with n=0(logT) and m, @< poly(logT).

Proo{: Suppose that LeENTIME(T) and let M be an NTIME(T) machine decidins L .
Let x be an inPU'l' o M,

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

* © hoas Ny=poly(T) variables (and Nec=poly(T) clavses)

¢ MX)=1 & FA:IN]I-{o} Allz.xil)=x and @(A)=1.

Set n=logM =0ClogT), and relabel [M] as fo}" and [xi] as fo11"™om "™

no polynomial dependence on x|

Moreover , 3 poly (logT)-size circuit D: {o "

—’{O,I} thot sPeciﬁes §'S clavses
D(V:,V1,V3,C.,Cz,c3)=! < ® contoins clause V;i. (X\,i ®C)

Hence B(A)=l & ¥y, elol” ¥aa,c, <ol D(Vl,Vz,V3/C|,Cz,C3)/\(i\:/‘ A(Vi)& ci)= 0.

Therefore, M(x)=l < FA: {0,}'= {00} st
A’I{q'}loﬂlxlx on-logixt = X and ¥ Vi, Vo,V G{O,l}” V C,C2 Cs € {O,I} D(V‘fvl,VLC',Cz,Cs)/\(.'\Z Alvi)e ¢ )= o,




An NTIME-Complete Problem [3/3]

claim: ¥ Le NTIME(T) 3 poly(ix,logT)-time reduction R Crom L to TOSAT (xelL <> R(x)eTosaT)
st RG) outputs an IOSAT instance (m,n,g,x) with n=0(logT) and m, @< poly(logT).

Proof: [ continved ]

Tkere?ore/ M(x)=] & JA: {o,)}“—> o)} st
Al{o,|}'°3|x'xo"'l°slx| =X and Y Vi, Vo,V G.{O,I}“ \ C,C2 Cs € {O,I} D(V|’V,_’V3/C|ICZICS)/\<i\j/‘ AVi)e ¢ >= 0.

Reduce the boolean circvit D +o o boolean formola V:{o "™ 0,1 with
m= 0D =poly(logT) and 1¥|=0(IDI)= poly(logT) s.E.

¥veyeloll ¥ ¢acef{o Dy 6,aa)=1 & Aweion)” Yvvyc,eow)=l

Define Qv vevs €,C2,65,Q,82,05,W ) = Y Vs, G € C5, W ) A ( ,\3/, 0;®¢ ),
In sum, M&=1 < FA:{o}">{01} st
¢ Alp e e =X M efold’ Yaccelol 3 welo)”

O (VN2 v3,C,,C, €, AW, A(V), AlV3), W) =0 .

3n 7 A\
Define B:{oal x{ea¥={o} as B(vivz,v;,c.00,¢;) = witness w for D(vywy, ¢,co,c;) . B



Part 1: Arithmetization of IOSAT [1/3]

claim: There is a transformation T s+ L

n:=
|03|H|

® T(F,H,(mn®)) ovtputs in poly (191, 1Hl, logIFl ) -time o circvit C: ML

of size and fotal degree POI)'(lq)I,lHI)

@ (mng.2)e ToSAT i#f 3 A:F-F B:F™5F" of individual degree <IHl st
¢ A IS booleom on HR ° ’é is boolean on H37\+3

A |oglzl = |og\a:

e A €<fua\s z on H®"X O 5" o ¥ ViVe, Vi € Ha YeeH C(V\,Vz,Vg,C,A(Vu),A(V:.),A(Vg),g(vn,Vz,Vs,C)) =0

We Proved a similar stotement when ar'\’rhme'l"lzina OSAT :

N

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

N

+ we used C:=® where @ :=arithmetiea (F,9) [xnymxy, xvy o 1-0-x)(-y), X > 1-x]
* no input consistency (2 was “hardcoded’ in @ )
The set H provides crucial §lexibility (by allowing us to choose IHI>2):
n D log|FF] laglfFl A ~
[F]" = [F]=s™ = (27) 8™ = JAIR™ «— 3f |F|=poly(IH) then |I‘\|=P0|y(|A|)! (Ditto for B vs B.)
PrOBLEM: @) works on boolean inputs but C . receives tuples of elements from H,

IpeA: convert from H to boolean via additional circvits .



Part 1: Arithmetization of IOSAT [2/3]

cloim: There is a transformation T s+ A= D

log|HI
® T(FH,(mn,e)) ovtputs in poly(l@l,lHl,loglﬂ’l) -time a circvit C: |F3M6+m i )

of size and fotal degree poly(l@l IHI)
@ (mn,2) e TOSAT iff I A:F'-F B:F"SF" of individual degree <IHl st

343
. A Is boolean on H" . B is boolean on H

logiz! lo = I A A A
C A\ €Qua\s Z on H'%'H'XO L VV-,Vz,VaeH“ YeeH C(V\,Vz,Vg,C,A(Vn),A(Vz),A(Vg),B(Vl,Vz,Vs,C))=°

YOOt

Let bin: H-{o,1
Define: ¢ projection function: Pu,i H-40l} is the i-th bit function Pi(0) = bin(a),

loglH|
e an efficiently computable bijection .

* projection POlynOMiol: ﬁH’i:ﬂrqﬂ: is the low-degree extension of Pui
A
PHll (X) = ZQGH FH'|(Q) LH'Q(X)
Note +hat dea(ﬁH,i)<|H| and ﬁH,i can be evalvated in poly(IHI) field operofions

We can convert Fl’Om Hr\ ‘l'o {O,|}h Ve ﬁ"/ (V[\\])) zl,.. /loglﬂl .

J"/ ,h



Part 1: Arithmetization of IOSAT [3/3]

cloim: There is a transformation T s+ A= D

= logHI
® T(F,H,(mn®)) ovtputs in poly (191, 1Hl, logIFl ) -time o circvit C:F S F )

of size and fotal degree poly(|<P|/|H|)

3n+3

@ (m,n,0,2) e IOSAT iff 13 /”\:ﬂ?ﬁ—sfF,'B\:fF >F" of individual degree <[Hl st

A ~ ) 3n+3
e A is boolean on H" * B is boolean on H

A I—"@% i logiel n 3 ~ N A 2
e A equals 2 on H="X0O ™" e ¥vv,vaeH ¥ceH C(V\,Vl,vg,c,A(Vl),A(Vz),A(Vg),B(Vl,Vz,Vs,C))':°

proof: [ continved ] Dﬁ\u Dﬁ\u m
?

The circuit we vse is

l)\“-SJgF VK
~ (/A , a A
C. (Vl,V?.,V3,C, a.,azlds'\;\/) = CP <((PH,i (VK[“]))E\"W"gQ\HI )K-| 23 / ( PHzi(CK))Kz 123 / G.,Qz,az,w )
N Iy A T

— fotal degree of C: de3+o+(€’)’(“'||") < |‘P|'|H|:P°')'(|q)|/IHI)°
— size of C: lol+ (30-logll+3)- poly(1u) = poly (91, IH1).

Completeness and soundness are established similarly  to the case of

the arithmetization of OSAT in the prior lecture | |



Part 2: Zero-on-Subcube Test

We solved this problem in the previous lecture : §- close o feﬁ:Sd[ ]

51 |
P(F,H,n.f) e=o ey
For every @,.amelF: ( \ Sownp\e gi,..,0 € .
output eval toble Tic[6i,.6) of Run  sumcheck for the claim:
TP prover for sumcheck claim { T $ = fa..a) Ta5i@) =o.

On oo ,Qae H

Z 'C(Qu....,an)°;g;\] 67\ (ai) =0 " B
0\/-'7006“ \ \J ve E VSC(E, H/ n / o/ d)
$idd domain Vars sum degree
) ’ p !
proof length: [Tl = [IF[™ O(IFI™ (HI+d)) = IFI°™* (IHI+d)  (g,.,g) => (s),.,5)-T &is)
quety comPlexify: |. Query £ ot (8,-,9).
* n queries o T (each retrieving IHl+d elts) 2. for every ieln]: evalate § of ¢

* 1 random query to f

verifier time: Poly(h,lHl,d) for Vs + h-POIy(|H|) to evaluate {03}

teCnl

CoMPLETENESS: if ‘;5?/\ ?'ano then ,{:or ‘Il'::F(IF,H,n,N, fr[VF'F(W,H,n,d)ﬂ]‘—‘ I,

SOUNDNESS: if A(;ﬁ)gg,\ﬂmm then N7 Er[VP’ﬁ(iF,H,“,d)""]s n-(lH-1+d) . §S.

|

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)

()

Z .

HKX OV\‘K
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

Setting |FF|= poly(IHl,kpl), IH|= poly (I@l) makes the protocol sound and efficient,
Recall that, reducing from NTIME(T), th(logT) and M, || = poly(logT)

° Pt—oo{z lengHﬁ (in field e\e.mer\'\’s)

P((m,n,9,2) (A8)
. COMP\,{-Q C ::T(]]:,H’(m,n,q))_ 1T = M|+ |l + T + |T|'s‘?| ¥ |Ts(<3:)| + | Tee|
2. ¥sefF" output sumchecK proof Tls] = “FIR'I' lﬂaﬁﬁ‘ m
A(a)-(A0)-1)-TC__ 6 (a; TI_(')[G‘]} )
for anH"' Ala)-(Alo)-1)-TC_Gi(a)=o { adulel S + 1™ oI HI)

+ IEP™ ORI HI) - m
Tl;f:’url} v AT OURT " M lgl)
+ |F*-OUIF™HI)

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

for = B(a)(8-1). T §i(ai)=0o"
ae Hinfi ie[3re3]

@3)

4. ¥ge H:3i+3ou+pu1' sumchecK proof Tselo]
2 e P® e o(lonw)
{O\’ (Z C()a.,ﬂ(v.),ﬁ(v‘)’k(vs)'§(Q)).ipui’§(q..)=o { 1];?[0‘] }re“:;m = lﬂ: IHl |(P| —hlﬂ:l 8 .|H|.|q)|
of
50 +€\:L AF-F os T = poly (H9I) (rgri)
VTP AT 08 T o ,0(n)
= 2
(The (FH.7)-ectension of A-dodm{oit) L . - oflegT)
B =2 = poly(T).

G,O\H'p\r\' B:F "~ os ;.

(ThQ (ﬂ:,HIBWt’a)— extension of B:{o,l}mi{o,l}m.) T

[1/2]

14



PCP for IOSAT: Analysis [2/2]

Setting |FF|= poly(IHl,kpl), IH|= poly (I@l) makes the protocol sound and efficient,
Recall that, reducing from NTIME(T), th(logT) and M, || = poly(logT)

e soundness error: V((W\,V\,Q,Z))
m {E ( ) g POl\/(m n, IRl ‘Q\) }: O(l) l' COW\PV{'E C::'T.F‘F,H,(M,V\,?)).
B | 2. Somple ceF" and run sumcheck

— ($),..8%)
— T(s)-(Ma(s)-1)- T Gi(si)

0)
{ e [ }re“: Vse(F.H ,/, 0, 3(n1-))

o query complexity ;

3. Sample e F™ and run sumcheck

— (.? ',~--,23i+s)

— Tyls) (Wele)-1)- T &i(si)

5+ (m+1)+ 9 + - O(HI) + (35+3)- O(IH) - m {
+ (3n43)- O(I9l-IHI)
= O(R-IHllg1) = O (g HI-l91)

@
Tis: [+ }mfw Vs (F, H,37+3,673-(Hi-1)

4. SO\W\P‘Q ce ™ and run sumcheck for

()
= POlY(\‘Pl) = POly(‘°ﬂT) { L }relf"“ a(vvv, e C o R Al Rt 8(a)- T *ao';( SUaS
K Vsc(fF H,aR+2 o (191+1)-(IHI-1))
o VQ\'i‘FiQ\' time: (]n {-\iejd 0 Q"Q‘Hons) «—1
P Tr;\ ::4 (? +$3% +3)=> quer)/ Ta at (31, ,gh) (gﬁ.ﬂ ,gzﬁ\ (g'u\*\ ,g;,\)
poly (R, IHL,191) + poly (121) + (m+1)- £ yr T-Ts. va Te at (8., Caxea)
. «—3. * Jor every je[3n+3]: eval & ot g
= PO')' (l‘PI, lil) = PO')’ (\Xl, logT) Ty — «eval C at (g,,.,9,z,,,ans, ons, ang, 00, )
T-Te
e rondomness COmFlex\'l"y: 5. VA (F, n inds IHI-)
T, _ :
O(K \oalﬂ"'l) + I’,,.,-.- = O(_‘Ogml |03||Fl) = O( |08T) 6'vl_D1E ( H:;3h+3/ L / Ihd$||‘||-l)

15



More on Proof Length

The proof IenS‘H\ for the PCP for NTIME(T) described ‘|‘od0~y is at least TGZ

3n+3 3

1T = 1Tl # 1l + 1T+ 1T | #1762 + [T |

PR m o+ (F O™ M) + 1E 2 OCR™ JH1) -+ JFE T O (R IHI-I91) + IFI™ OCIFI™ HI)
- logqT

> IFIF 2 & am o

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

to prove thod glﬂnso the prover includes ¥ qe fF"/ o sumcheck proof T [o] o} size 2 |FI"

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

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

Fundamental question : How SHorT Cav A PCP Be ¢

16



Trading Shorter Proof for More Queries

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

theorem: For every time function T:N-N with T(n)=uL(n), ¥e»o,
&:-0, 2.=1{o1} , [=T”°(£), pt = poly(T) ]

| -

&s=1%, q=(logT)

NTIME(T) ¢ FCF[
F= P°l7'e(|°3—r)/ vi= Poly‘_(n,\oaT)

The blowups in the prior slide can be avoided.

@ Alternative reduction {Il'Om 2ero-on - Subcvbe Combinatorial Nullstellensatz

ThQ VAN'SH.\NG POLYNOMlAL O'c H |S ZH (X) = TF;GH (X-Q) . [ Noga Alon @

lemma: Lot § ¢ F[X,. Xa] have individval degree <d.

Then 8l =0 © 3§,.,3,€ FLX,..Xa] of individual degree <d st £x,,.. %) = Ly 2406)-Gi(X,., X)

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

¥ ve (o)} B(v, Algv), Alg,() Algs(v), B(v))=0  for n= logT + O(loglogT)

17



Best Possible Proof Length for PCPs?

Different fechn\ques lead To PCPs with QuasiuiveAr Froo(r' leng'H\:

theorem: For every time function T:N-N with T(V\)‘-"-(L(“),
&=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"

EL1 DEN-SASSON! AND MADIIU SUDAN! On the Cenerete Efficieney of

Probabilistically-Checkable Proofs”

Short PCPs Verifiable in Polylogarithmic Time* | EL Bea Sageon’  Akesandio Chiesal  Danlel Genkln®

pki Gea tozhnion. wc.id phexck Ol mitadu danie g lkcs tecacaon we.il traones ontau. . il
| lechnzon Ml lecknion lel Aviv University |

Eran Toome:

Eli Ben-Sesson | Oded Goldreich * Prahlach Harsha ¥ Madhu Sudan ¢

Sall Vadhar

Achieving LineAr proot length remains o MATOR open problem.

For Qxam\Ple :

7 [eqzo, > ={o1} , £=0(Icl) }
cSAT € PCP
&= q:Poly(loalCl) ,F=loglC|+00))

At the time of Wl‘i‘l’ir\S/ the state of +the art is: Joase Y50 ¥nvo
3 PCP verifier V {for CSAT on circuits of size n with A= 27 ond q= ht.
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