(S355 fache #12

gNAKC]s 100
‘wj/\omi«/ couprhvants B
Inderactive Omdl P{bo{:s (IO P s)




[agt time

"Sﬂﬁﬂfs -fm (?Ces
* oMnomiaf  Commd tuents :
| Pn{m/ Ld\vw\ @ > Vv

u,\l\b‘

Shug (d) — 00— Cpier
T/l/dea,a eof:\’d

Comt (pp,f) —= ¢ <™
il P,gmwﬁte;: 31\
Open (ff,f, 7‘) — T
Chacdk (f(, “% ,Tf) — 3 T i
\/
For today @ [1r| € O(444)
c| e 0(1)




Todouy.

E, f\rl‘l'\r\mjc\"- (A€ cvs & a“g\m‘;‘;};

m From Fo\\dmmlr& commrtvants &
S NAM ¢ via Irkachve Ondy frok

13 Fun itk polypomiads :
- ?ij«m-\ ol C{udfy ‘fesl')%
— proving @ polynownial, Janishes
on & Swjmu.@ of I
— “unVarinke  swe—chade' [BOI ]

E_\ " Maghin—Aote" TOP [comaviiza]
@ P“’u"ﬂ? it ol 'Z’ojei’lW‘.



m An*\o\m;hi cirewits & conStrambs

ﬁ boofeay citewit 15 o DG where:
— nodys ave “Sd'es" — Nor &

= mdu (e u\'ﬂlam, Z
— QAtse,s afe "wifes' /abe'd O or .

. \Na Sang ek C lsrﬁ;hsf)d
€ all wees ae laboled sudh Hhat

x,

X :®"'J =%A Xy
¥+ e =A0%
"LL:O" ‘j 1 -

]Lfow e\ we atnen/lzz tiu}o?




ﬁvﬁhmhi Circwidt
—g‘d'e’ aré XOr-l-WlLF—
— wires Toke valwah from [

Aetmehe cirewt @ 5
Satishied # all wwes are

| abeled such et
X, )
x,_j@a' j -')b‘x')cp € ":
%

x:G)"' y =%+k Ef-

>A  Boolean ciredd is an 4.c.
Wave = IF

¢XIW,E,$A
+;hi-F;_i< [a 2



fiuger v\t@vr, as constramic

W1 = X tX%
Wy = Wy X %
Wo= 7> %y
j"z W, % Wy

But : these can
be t+ or X
Cag W (eweite
Using ong
Kind of
cons-framf



Ronk—1 constramts :
‘D—Qé Z = (;/ 3' 3/ ") € tr“
7 \ oo
or a,b e £

‘-—’t/

a rank=1 constraint s

(a/2> *<b,%>= <¢ 2>
<> is Aot (mer pndwf)
=S, <a,2>= Jalj1* 2]

aljd s \',*—\‘- Jml—wy of a
20 G & enbry { z.

= constramts on Lnar
Combinatimse of  wire vaduss







P for eachh canstrwnt, red
oLt 6, b, 2 vectors

c‘f = (ozd)°/°)°}4) 0)0) NL
t =(11,0,00,0,9,0) | Xth
1 ;(0/0/410,01010)0)

——————

c'z.:' (0/0} 0, , 0/0) 1/ 0)
Atz(a/o,o/ o/ojp/o/'}) “?'
bL:(°/°/0/4)o/ 010/0) %41

Ry

’_—

¢3=(99,9041 0,0 0) | Y
A3= (0,0,00,010 o) We

b — 7)) ) W
3 (O,e,olojojo/ 1 o) 3



N Lank-A construint system (k1 cs)
S o\Ven b
mk?' 4 three mxn
@ A B C e .
) \gr

a - b3
A a ] a [Sé[ b:_"

A .\
£ r/t;%
A (4 n e warl
C/=’ ‘:'1 u.éb\ o~ s
e S B
wns%mwf

For ze " RICS 9
Az o Rz = (=

1\,4,' lement-—wise WW{'




for R{4(,S A,&,C e ™"
awd Mptl‘/ow(?wl' wechrs XY,
We 5441 Ha an instana 5

. ECam )
Az o© Bz =C2

Thoorem : PACS-SAT % NP conplte.
= We Saw AC-SAT — RS- SA
Lromsormat o above.
(HAcs=SAT 4 - ACSHT 5
dilawist demé/ )
ACSAT 15 WP complete 7 ACS-SAT is o
S whey RICS-SATT
—> Good  Structwrt for ,w/ammh;/ ks,
> gud ampileti targd (e ..)



Foom wd Commitmds B
. SVA‘%SP)Iy‘:M Iri’mo{')ﬂ ﬂha& {mg

-

Hla'k—lwd 1,
complaxity —thoreh,

ST

() s
Cr a‘aﬁja,olvr /

‘Mar/ " “Lite’ T 0P>

+ .
fﬂ‘\\’vwmu wwf}nﬂ'




Trtecactve Ovacle fm#‘ [Iaﬁ)

TOR [RRR'Ab, BCS'lb]
?M,J.{e IPs & PCPs.

Iwﬁrm«ﬂ?’ in ech MJ,

Q 3»!86 T ofacle aCCedd-
{b ks W

=2l 1‘“’“"“; R‘s Messastas

7:;_;_"\49,: owr ‘)ccu- Is mﬁgt:gf

Mwﬁ?@f 5 fwikd, b :Mmﬁ

ﬂm;a lMlelS JF hN“M A’d")
prver o9 |
wach Y quante..

= Spoiler - /mflemfd “'/ i”la‘“’m,‘,l, twewts -




iﬁ '
J ‘)O‘fo_‘_

ﬂ'&m Mkwg
Then: moee Mwﬂm

- POL?MM, acceff‘/(@"@d’
o Mf\(L“ ‘H\M ToP &
a SNARG .
— & wmwts ® ‘aolawmml:
Ofm\f at VJ /O_l)uer\\, fol'\"l’-f
B ‘v. CW * S lﬂmg P«n&
T nnieterachivity e Figt-Shaw
= hirst some P‘lﬁ“‘”"“ o G- ,mlwlr




@ Fun with Polﬂmimﬂﬁ

= Swb-prtecdls We nud fr
/ua{‘/m "’leff :

Polammiaf Pwlzswl 444 | pray/
Po‘jvsom'd cgul/y Tof.

FL’@_{_-_#V Two diskinct Po(nmmihﬁ?

of abj{etfd agree on <d ‘oo'mfs

— Unvenee casa: Tor @) R cada
ot digre ot wesl d, S‘Q‘R
IS & denomfal of Msd
By findenats] Haoren. & algtbrn,

S hos 2d rools > RRR asre
Nk Mest o points,

= Mu”-:hh«*@‘ gc‘\woxé-ZlM «&J\\M




PeoTocoL -

WP sends o R omeles T
@) V selects («-ilF' and
guenes QL) R(Y)

Complienudd /'mmdzm

SMMIW érvor < "ﬁ l)a fau ¥y
JE—

i lwpomiad Vans&» M &
P'o P:Az“' f‘ cahve S“bjﬁ’“f HEFF




R 2 dy=d plyon
3()() yonskes on & set ft
s Thert WSt e )0"/3'“’“‘")
R of e < of—[H] st

q(X)=Z,0)R(X)
ProTocoL -

D € Sonds g.K oracla © TV

(2) T sylecks X< I quena
90N & R(Y), evaluatur 2,09

(3 90= 2 RW <>heerr |
Complttenaas by fodd2 (.,
Soundnead o g5 PP )




FP:H'S  umvariaR SqucM"

[BCRSVW'14]
C,oaf : fw HEl o mlhflmh«

subalou@ O.MA PD‘J:’\OMi d G’L of
d‘afel. 0() ? conviNcs ’V ﬂ“i—

Ep1) 2 H(W=0

X el
ot & Chapman 1599 ]

Fack 43 [P(g%,, 1) hlds ™ fue cost

, R of dajm < d-n
PolvhaMlap,Y és m[ th“"( y\—A
such that

0 (x) = 2 (RGO XY




PROTOCoL
M @ sends @, 45 onde bV
(B V geluts ¥ quaciess
AY), R(Y) % S(¥), aad (“”7’)
ofuiter  2,(%) <V
3) (V)= 2,)e(®)+ ¥5(8)

<< AccefT
Complitins 19? fact £3
Sﬁouna‘mi- © Qs ﬂo““

— /\;w we e rul»j/ to
bald an Tof for RISY




4] "Maclw —Lite" : an ToP ¢
RACS —SKT  [cHmmvw'zo]

Fe ABCEFT

Shfl‘f‘“*\m
oil : prove HzeiF": leoRiG

U ol 2, ke Be, Gt
o Polamw\ulﬁ of dlﬂret .

As befive, RS 5 o madbpluh
&3&‘1’ of H  wt )=,

Fix  genarctor o p=5h ity




Define 2(X) b be the (antn)
%%M\AQ w/dtjmf n Suoh 3@

é(([\”>é —2[51 / e 2‘1) n?
Likewise | 4(\\ ) (A—2> [LJ

2, (W)= (B2)[i]
2 (W) ? (w)[d
leryf\« n Vector

éﬁbiemls 14 i,éﬁ)ﬁ)% ovaclea
Then
Azo Bz=(z <f >

é-\k(‘“i) | é\ﬂ (W)= z(h 26{4 n3

l\\\)




A?; B’t C% ifF
2,(X) 2(X) - 2.(X) & 4
pp/\}noma/ M \/‘«MSL\IA on ‘H
= use |Préz Y

(1) & sends T £ s st
£4,0904,(%)- 2= £(X)2(Y

(DT picks Y@F chueks Thal
2.0 20— 5.0 = 2[R (V)

=2 Soundnsd geror =

Tﬁ



gl}j’.' L‘m 610 WY, btou ‘H\d' -?:* s
consistent WP geckr A, ¢

Tde *2 Guoodt fc
a0 loi-vanake  phuod
s bafore umgw, A

A st
A(‘\L‘, M = Au;; m

How Ao we chack thas ?



o shact 4fP/\7 PP |

>V s ﬁ(‘ ks + @
Now )‘F

Ep3) 2 (A)= Z ACB, ‘\)z(h
then (Ef” 2) h/ds Oyt w/fmb-hal}ﬁ \FI
o To chade (5p3) fiest difine

( X) ( A8 X) (X) _ %«(PA)

H
Now (E%n 3) holds FF | ‘%
Z&A(“)‘ 0
Pré3 | T

-> Uuse



@) P sends K4 Sp oracles,
@) V' solects b?,‘— [F evalushes

A(?A,X) Z(?&) Qamw
2(8),2(%), K% (%),

and chudes Bt
((‘1 W) 2(h)- = i ;‘
/z(q‘)z (AREA S(ﬁ)

tF So, 2, 1 Coved wp b Somdnoa.
= reput for z}}‘g &é\c}C,



El f’uﬂmj it all 7Lj6ﬂlef
'P kwows withas W st -p(x,)v)ﬂ)eﬂf“
Az oBr= G
Gr RACS makies ABCEH™
.Y knows A BC ¥ Y.
SChuding for RUS-SAT v/ 3, %, £,
(13@ %\ds 33,,’1\,3,,/ R mdl.g_
DY sawples CEF dudes
4,0)%50)-£.(1)= R(a)@(b)
> Chedeing EA i—s) h VS 45(
@\ Sﬂmfllb- %A,ﬁe
(DR sendr Ra, f» A’s,f @{
) V wvauae & dmiu per P'WW



Z = (‘)(,/ j) W 4)
‘:v\fws o Hasa | v
IS ole? —> use Poljammf
kpwmwe\k\sw W\

2) Dow an f oast 7
= pe wfefunj) fo.&
noboa “d si2e



(3) eabany AC) 5
IPENSIVE fx v
oR: ¢ " Compubaon
T Mk wialuatry AC)
Chng
_O_K . ‘outsoure” Walugiww

Tdee : "V commb 1o A’

—Eu\ < evaluau. , comvmees
V B cdawd evd] & ot

=250p 59 of Justm Thalers bk

https://people.cs.georgetown.edu/jthaler/ProofsArgsAndZK.pdf



