Protocol |
A sends D((Elm k), 6,), kyy)ite B
O sends E(m, /\',’A) to A

C can mfercepf and send I3

O(E (m, k k) ) Gk, )i
13 would :enaf E (m

/&'C

Then ) 1"0 ‘..

Pmmm/ Q
A sends D(E//m, () /rw), /(4,, )k te O
B Jena/é' E(M, I‘t,;‘)

Secure!




Coin -[/i/o/uinﬂ into a well
(Goldwasser - Micali)

-~ . y r: ' ﬁ

A\
proz‘o tol

A ). 9ener¢fe /arye random primes P = 9!3 (rod ’D
2.5et /V"‘pz and /auH:'ci!e N
3. Picl’ x with Jacobi Jyméa/ +] (molﬂf) at
random and send x to O

8 I Quess w‘et‘er X 1S a res:'c\/at or not
2, 53”0/ 30053 to A > a sgadfe-

/‘4 "/rnow: o‘f f‘% jues:ec/ carrec_t/)/ or not
~ can later prove 0 ¢ 5), reveafinj f’ and 9

C an A ”/rove“ it without revea/inj
an'y?‘hinj about /9 or 2?




Z@fO'M)OW /&C/ € p)im[ 5){31&}»75
( Goldwasser "}Mica/l' - Rackotf )

Claim: x® L

Verifier

Verifier is convinced

Véf‘l.f}f@?’” /e arns naﬂvinj more,




Proof of Quadratic Resic/aosif)/
(Goldwascer - Micali- Rac&aff)

y, V
pf“cav&“r' (y=x‘) Veri'/ief

'F/ip:

a coIn

l?efeaf //V/"'L"A/ times
(Wich different random a's.)




Can 1‘/)& Frover Cheat 7

Su,a,oo:e y s not a Spuare ...

Case l: z /s a Square.

I V asks for form 2= 5:/ (med A/)/
P can't /orae/«ee b,

Case 2 2 is not a square,

I V asks for form z2=a* (mod /V)/
F can't produce a.

Eoch time ' has an/y a §07, chance of
c})eafin]. So P@ can c‘eat Q‘IM af Me time,

Q&'F An interactive fmaf ﬁyé’f&m /S aq
protocol in which (f \" Hollows' its  pragram

LIf y €/ ond if ¥ follows its program, _eﬂen
V' will accept with ,praéa[i/if)/ 1 ]'/)1/

for every constent ¢,

2. If y ¢L, “ehere is e program F coulol
ran w‘ic would cause -tﬂ{ veci-/ier to
ace.epf with pra&a‘:‘/a't‘y 7/)// for any

constant c.




W/'mf 6/08.5 th& Verifier /earn?

Prover's V@fl' {l'é rs Vé?f‘f"(iﬁ rs

Froverk

Transcripts | bits | bits |private bits| bits [*°°
Z [Form? JQord jaor

pméa}’//i.s‘fic
Can a polytime Simu/aéar pradace tronscropts with
same distribution as with true transcn',ol.‘.:?

Simalotor _{/"- coin to guess Form and chosse a.
if O z< a' (mod )
if 1, ze a’y (maJ/V)
.S'enc/ Z to pra,ram "(or Verifier

l.f V dmse.s jae:see/ /:Erm/ OK
atlwerwite, back up faﬂe and re,aeaa‘

Ex/aedation - A tries per round
. s 55ma/a\fa'an /S fo/)/ﬁime.

£ 4 Tln'.s Prao/ :y-xt‘em )$ f&&’!@(f i'Efa'A'HOW/E%qu.-

que e”g_o ~ could have done 1t omn Jts own.




Oy T prove it,

Ha Ha. It

can be solved




The Proof
Input © Cube, unsolved

Pf‘c;avw" | Vari'fier |

random
permatation

Repeat n times.
Use different permutation each time,




Can tAe. pf'eﬁw:i.ﬁ“‘ Cheat 7

5uﬁpose, it can't be Ja/vec/.

F;om any Position eit‘er’
1) It s im,oos.sib/e 0, fet bad(' to t‘e

On:yina/ /Mifion witA /ra/er moves

or 2) It is impossié/e to get to "t/»e
solved position with proper moves,

Verifier }ms a S0-850 chance ot
caf'c‘inj t/le Frover each time

o After N re;fefl'tian.s
éj c‘ance ” Qn M( c‘eafily.




W;)m‘, Joe,s t/le \:f%r:'fim“ /earn.?

Wanserfpé S

oec®

'?aﬁa/om cmée JS rana/am \ . ) pd.{! t‘mn/ Or:'yma/ 6 r

e S B L B4 msmenee s

ff)c:,g.{ tion bits regu&gf SO[U@J Cgéj@ ‘

= eSS A e e et

Coa/J th@ %r; 7‘{:@& /rave /araa’wec/ a

simi/ar transcrfﬁf on 1ts own v

C pr-oéab//f_s‘ tic |
an Q ,oa/y time. g /rf"i ter prac/ac €

‘t‘r‘anscr{pfs with the same a/isfriéafian

transcrip ¢s?

\

{4 \
as with true




%1

\Sirna/,j tor

'F_/ip coins to juess Final /M.S/'fr'an

ane/ to c’roose. raM/am mov e S.

-If O, start with aFl'jina/ cube
If 1, start with solved cabe

'Da moves, J‘ena/ caée Yo E,/:f;ri/;'é*f’.“

I‘f \/ clvooses 9065&'66/ ﬁasitian, undlo.
Ot'/wrwise bac/(tracié ana/ re/aeaf.

Expecfafianz 2 €Cries /aer rwme/.
S Simulation s eXfect‘eJ /Mé/t‘f’me,

. T/u's /pro to co/ 'S /06-’%‘ ¥e ct

EE‘F’&Z’E“&%@W /ié/yé,




+(375)
1@ “";3
#,1)

L

f(3r2) | f(ar)

FPreaver (. Choose random 6‘55_;, Recolor the yra/oé.
2, Using a proéabiliﬂ‘k ener/pfim fanction 4
encryp t the color for each verl‘ex..refamt‘eﬁ/.
Send the encryptions o Vi

y@wf&ﬁ“:l l?ana/am/y select an eJye (a,v). Send lyv) to 1%
Frover 1 Decode the colors on u and v

Verifiere . Cheol‘ t/‘e Jewa//nﬁ,
2. Check thet the colirs are different.

Ref’eat /E/:L times,
(W;th a/ffw[ere,né c's and encr/ptians.)




Gra /’) 3"‘ Ca/oraé // )/
Goldreich -Mical-W, fje/moh )




Zero - Knaw/ea/je :

Simula tor:

\ Fli,o cons 1o quess which e@be V will choose,

2.F/o',a coms to jivc A ditferent colors to
those vertices.
J.A::i]n” the color | to all other vertices. a
Y. Use + o encryp ¢t. Send enaypt‘ion.r to V
S If VY chooses aue::erl ea;/}e, OK.
Of/verwise éw’: 0/0 tape ana/ refeaf.

Ex/aec.tafian"lEl tries per roand.
S Simalation is /po/)/f/'me,

The disteibation 1s not identical

It s Po//f'ime; ina/z':finjazs}m‘/e.

S This proof system is zé-“;m*kmw/edfej
but not perfect zero-l'nw/ec//e,‘




} é)éﬁ@ rems

l, (Go’c/reiolt, Mica /:, M’jdem‘ah) Euery
Le VP has a O-kma«//ecéae /araa*
system, under a cryp tographic
OSSUM/ t/ion, (Gra/o/) 3- colora ér//l‘)/)

2. (3ras$am/, Cédum, Cré‘/veaa ) E very
LeENP has a a'hwu/eqye pPre toco!

,woo)f under a crypto ra/aéz‘c
assump tion. (5/4 T/; /

= Sl_ww.ﬁ a circurt  has a
satis 9/ fnj é’?&ﬁlfﬁm ent,

e L R e R Sl b




/-Oraa 7[5 ot /ﬂ”“//e‘;ae’

CF:sij& — Fiat - SAaM/'V‘)
/0/’0//@/’ and Vf;r‘//r'er" areé /ﬁ}/g/() L] f'ﬂ‘ﬂ/él.'

/i?”g ver //d.i 4 A’/’)M/ /6: J/a&, fcyﬂ &,
Jt Proves Z‘Aaf/ 7:’1/6/1 in/at _Z_/
a W satis %}/Mj the. pre 6/('(a ‘e

/

& AR
It kenours

PlIw)

tx_ ”/(ngu/iﬂj\‘ a 5Zf »rt gz[ /y med .

Comp/efeﬁﬁsj - ¥,4dc 'VL/I/?' &
/'7[ ﬁ /m.;s M/ on 115 /mm//er{ye faf)&
such that PLIW)
and K /1453 f;{g, emply String on it fé’ﬁﬂte/@érﬁ Y
then o /./,4/ z) gcaef; £s _]“7 = J-d9r]

Souma/ﬂe-isﬁ' 3 a /oraé. /Mé/t‘fmﬁ T/M /M
,u//'fﬁ! controf orer /} st "7;4 ‘Virzf-fz‘a/
contents KA o Al /mauz/eqj?e,, Zap €. and KA
a‘?[ /?3 f'@ﬁééf’” Z‘dz/ﬂﬁ., and Smé[fcf'eﬁf/)r /a/yé,/ﬁ
it [14//3_) on )ﬁ/at A accepts with | |
nohﬂejfzyf'é/e_ /Wmé/ Z‘éeni/f/‘”/f/f@t'j KA, K4, J)
56.’1‘;'.57[/;65 F/J;W} wifé M'j!irw/lf,./rwz'nj raé’atéi/i‘g
Vo AMY b YA Je ¥lZl=c VKA ¥EA

pf’///q’, R) accepts 7)> Ly® ==
/of’“ﬂwf/ﬂaf oF MU, KA KA )an I satistes P)
| >/ -1/r0t




/I/onrwic/aasz'z‘/ (GM/?.)

y € f;/ a LYy f‘ééf'C/aé.

\/‘: - 6400555 Fﬂﬁd/dﬁ’! ff € ZV* and é/‘f é)
- sends X = )/ /mac/ﬂ// I A

pro ves 7%4?‘ it Fnows Y and b

P! =sends 1 £ X is a nonresidue
- o " residu€

repeat Wl times

/7/0W o 540&(/ v 445 correct 75//»7 Y

Sa A/ﬁroz‘aco {- (Bena bk )

i '

V - céoaﬁaj rana’zm rs, Z ancl éit .é,/
- sends (ij 0= [r )/ lrmod ) 5"yl
o

/0 - ¢ hooses f‘arm/m bit e \/
a /% L * 0 recrea/ V2
-if ¢ l reveal /X, X, (mm’ﬂ/)af W@ﬁ‘{’%

repeat M times
A 6/0 we 11660/ %& saé/@ro'faco/

“aiéarmse l/ caa/O/ /ec//‘ﬁ? u/éez‘%er’
or not }'é’ZW was a residue.




Is t‘/e- ;aé/mfaca/ Qa /roa/ a7£ z(’mk//ea//a& 5

Com,p/efeness : .54:.//9456_ [/‘__zéﬁﬂ&/é: r;, £
__Z-jﬁ.jsé=é;/ For c*’-z/ /KXy = G5y /mao//’/,,)
JfO“‘b ’é/ for er/ J,\;,@_ R moc.////.').
T 1b 06", 5% = 1y (md #)
H Ob L6, v x5 =K1 (mascd W)
Soanc/ﬂéss )

duppose (V/”) 45. p7s X
/w/{ z‘4 nen e yy{;{é/ e /;‘ﬁéa é/'/f'c.;i -
! run.s

v, Tr )4 /A ﬁ 7 g€ £ an anSWEr
4 éﬁ.;} c=0 and « -1 for the same.
(Xz/ '(3 )

L7 e”fr':‘(.r:mfs /4 C?A/f/?éﬁfﬁf/
plytiome. Fram 5,5, 4 and the

square root, & an Find 7,

g znﬁ.’ zé /
Can f%& saé/a

/ai‘aca/ Ae//a FPF //é/ It
/er‘fect o-K.

4

Simulator: quess w_éer‘éer =0 or &= 1
I quess = O/ torm [X;,..}f:j)/(afreéf/)/,
I ques s ‘[, Fhp in o get 2
of b 0/ Formm /@_Z/@M/MZ, gg)fl (mod Y/,
If b'<l, dorm (5, y lusd W) 175 Cmod ),

OEJ Tr}'é)uz‘fﬁnj ? |
E.x/b-gc.fécz Time ?




js tég entire pro tocol
/Oerfect Z_em'kﬂaa//ec}’/e. ?

\ I
/cs. The Simalator uses the Veri Lrerss
oo £ of bknowle c{ae t learn the hit b,

W/e,w; /’:?'avf/“ (5 425;4";::5( AHro a é;‘c‘_‘ P
- /44—';“66/4155 ApE f‘arza/amﬁ/
- gel vesalt
= write 1€ on  tran SCrip 7 ( View )
— JF  resalt (s incorrect, fmf

— Otherws S €_{ édcf. up s /ﬁ{‘y/ﬂﬁ?

amc/ gr’zx‘e. f%.cz other ;év'zf

o &

~Tf V' ever answers hoth geeslions,

5 can 74‘%. :f/ é?

"I% [/ never gnsSwWers AV'Z%Z z%@f-é_

wWas OH/I-}/ one set af‘{" ?ad&f/‘aﬂﬁ
V' could answer ouf o
Sets, _Zn this Case, ren Qq

ﬁzm"af‘mﬁ @‘/fofr'z%m to determiné

iF x is a residug.

- \ WAy N

E)f/?éc_fec/ trmé - :‘2'!77\// . 2 -+/j ~2flp,>( ‘ )
Wéfcfri /S fa{}/nam’/‘a,/. ‘

Distribution T

9 4



