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Eloaywyn



ATIOBEIEEIC OTO HOBNPATIKG

- 3TOX0G: N aAnBela pog TPoTAoNS
+ € evOIANECOUG OUAAOYIOHOUG
- ol oTtoiol &ivouv OUWG ETITIAEOV TIANPOWPOPIES

My. amodei§n pe Avti-Mapadeypa
0 15 bev eival TPWTOG

.ytlati dlaipeital oo 10 3 KAt T0 5

EpwTnuo: MTOPOUE VO TIEIGTOVUE Yo TNV aAnBeta xwpig dlappon
ETUTAEOV TIANPOWOPLWY (HETAPOPH YWWONG);
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- Shaffi Goldwasser, Silvio Micali kai Charles Rackoff, 1985
- AloAoyikd cuoTnpoTa amodeifewy
- YTIOAOYIOPOG WG dIAAOYOG
- Prover (P): O¢Ael va omoSeiel OTI piot oUPPBOAOCEIPG OVAKEL OF pia

YAwooa
- Verifier (V): ©¢hel va eAeyEel Tnv omodeidn

- Mia owoTh amodelgn melBel Tov V' e TTOAU peyaAn TBavoTnTa
- Mo AaBog amddelgn meibet Tov V' pe TOAU pikpn mbavotnTa

- AmodeIgn undevikng yvwong
- OV meiBetal wpig va pabaivel TIMOTE MEPIOCOTEPO

MnoevIKn yvwon: 1810TNTa TTou TIPOOTATEVEL TOV P

MOANEG BEWPNTIKEG KAl TIPOKTIKEG epappoyES (BpaBeio Turing 2013)
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Oded Goldreich

- 0OV &el axpwuatowia

- O P €xel HUO TOUTOONUEG PTIAAEG, OLAPOPETIKOU XPWHUOTOG

- MTopel va TIEIOTEL 0 V' Y1 TO OTL Ol UTIGAEG EXOUV SIOPOPETIKO XPWHO
(ool Sev pumopel va To pabel);

- Nat

- O P bivel TIg umdiAeg oTtov V (commit)

- OV KpUBEL TIG UTIGAEG THOW OO TNV TAATN Tou (1 ava XEpL)

- 3TNV TUXN, AToWacilel va Tig avTipeTabéaet (1) ox)

- OV TapOoUCIAdel TO XEPLA PE TIG UTIAAEG oTov P (challenge)

- O P omavTael av GAagav xepta (response)

- OV amodexetal n ox!

- AV Ol UTIGAEG HEV €XOUV SLAPOPETIKO XPWUO (KAkOBOUAOG P ):
MBavotnTa anatng 50%

- EmavaAnwn: Meiwon mBavotnTag andTng (MPETEL VO HOVTEWEL
OWOTA OAEG TIG POPEC)

Zero Knowledge Eloaywyn


http://mathoverflow.net/questions/22624/example-of-a-good-zero-knowledge-proof

AM\a TTopadeiypaTa

- Where's waldo

- H omnAik Tou Alladin How to explain zero-knowledge protocols
to your children

- Tvwon Auong sudoku

Zero Knowledge Eloaywyn


http://www.wisdom.weizmann.ac.il/~naor/PAPERS/waldo.pdf
http://pages.cs.wisc.edu/~mkowalcz/628.pdf
http://pages.cs.wisc.edu/~mkowalcz/628.pdf
http://blog.computationalcomplexity.org/2006/08/zero-knowledge-sudoku.html

EQOpUOYEG OTNV KPUTITOYPOWIX

- IxnuaTo aubevTtikomoinong avti yia passwords

- AVTE yla KwOLIKO: ATTOSEIEN OTL 0 XPrOTNG TOV YVWPICEL
- AmoelyeTal N UETGHOON Kal N €TECEPYQGia
- Secure Remote Password protocol (SRP - RFC 2945)

- ATTO6EIEN OTI TO KPUTITOKEIUEVO TIEPLEXEL UNVUUA CUYKEKPIUEVOU

TUTIOU

- Yn@IoKEG UTTOYPAPES
- Avti-malleability

- Tevikd: ATOSEIEN OTI TMAKTNG OKOAOUBEL KATIOI0 TIPWTOKOAAD

XWPIG amokaALWN I8IWTIKWY SESOUEVWY TOU

- METOTPOTI TMPWTOKOAAWY UE TTABNTIKI GOPAAEIQ OE EVEPYT)

Zero Knowledge

Q0 PAAELL

Eloaywyn



SuoTnuoaTa ATodei§ewy
Mndevikng ivwong



Alodoyika TuoTrpoTa ATtodeifewy

SUPBOAIGUOG
- NMwooa £ € NP
- MoAuwvUpIKA Mnxavr) Turing M
cx€Lewe {0, 1PN M(x,w) =1
- AUO unyavég Turing P, vV

- (P(x,w), V(x)) elval To transcript Tou TPWTOKOAAOU pETAEL P, V
pe kowvr) (bnuooia €i00d0) TO X Kot IBIWTIKY £i0060 TOU P TO W.

- outy (P(x,w), V(X)) n €6060¢ Tou V' 0TO TEAOG TOU TIPWTOKOAAOU

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



AloAoyika SuoTnpata Amodeiewv: Napadelyua

- £ 1 YAWooo Tou TPoRANHOTOS TOU SlakplTou AoyapiBuou
* X &val OTIYpLoTUTIO Tou TPoPANpaTos X = (p, g : (g) = Z;, b €r Zj)
- w o 'udptupag, onA. a: b =g

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



Alodoyika TuoTrpoTa ATtodeifewy

Mia amodelgn pndevikng yvwaong yia Ty £ ival pio aAnAemidpaon
(P(x,w), V(X)) HE TIG €ENG 1O1OTNTEG:

MAnpotnTa - Completeness
O Tiplog P, meiBet evav Tipto V pe BeBatdtnTa

Av x € L xat M(x,w) =1

Priouty (P(x,w),V(x)) =1] =1

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



Alodoyika TuoTtnpota Aodeifewv: OpdoTnTa

0pBoTNTa - Soundness
Kavevag kakoBouAog P (oup. pe P*), Sev pmopel va meioet tipio V,

TOPA e aUEANTEN THIBAVOTNTAL.
Av x ¢ L T0Te V(P*,w*):

Priouty, (P*(x, w*), V(x)) = 1] = negl(}\)
MopaTnpnoelg:
Proof: O P eivat unbounded

Argument of Knowledge: O P eivat PPT
ATodelkvUETAL N UTIOPEN TOU witness, Oxl 1 yvwaon Tou

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



Alodoyika SuoTtnpoTa ATodeifewv: Mndevikn M'vwon

AlaioBnaon
OV bev pabaivel TIMOTE EKTOG OO TO YEYOVOG OTL O IOXUPIOHOG TOU P

elval aAnéng.

Ol umopel va uTtoAoyicel 0 V' PETA TNV 0UdATNON UE ToV P, UTtopEl
VO TO UTIOAOYIGEL KAl IOVOG TOU

1 1oodlvapa pe pla oulnTnon Ue kamola PPT TM mou dev SlaBeéTel Tov
witness (mpooopoiwon oultnong pe simulator S)

(6nNAadN oUCIOOTIKA XWPIG TN CUTHTNON KE TOV TTPOYUATIKO P)

Apa: n oulTnon MPOCBETEL UNEEVIKN yVWan

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



Alodoyika SuoTtnpoTa ATodeifewv: Mndevikn M'vwon

Optopdg yia (TEAela) Mndevikn Mvwon:
Mo kaBe PPT V* umdpxel pio PPT S: Av x € £ kot M(x, w) = 1 ol

TUXOEG PETARANTES
outy- (P(x,w), V* (X)) xal
outy-(S(x), V*(x))

akoAouBoUV akplBwWE TNV dla kaTavoun.

KokoBouAog verifier mpoomaBel va HABEl KATIO0 KaTnyopnua yio To w
elTe TaBNTIKA €ite XwpPIg v akoAouBEel TO TTPWTOKOANO

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



Amodei€n 161otnTag ZK: O simulator

Aev 5100€Tel TOV witness oAAG SouAelel oty YAwaooa £

- NMpooopoiwon amnodelng otn Beon Tou P
- AMnAeTidpa e Tov V
- Ot oMnAeTidpacels (S,V) kal (P,V) elvatl pn dlaxpiolpeg
- Emutpémoupe Kal rewinds:
- AV KATIOl0 OTIYUN 0 V 'pWTHOEL KOTI TTOU SEV UTIOPEL VAL OTTOVTI OEL
0 S, TOTE stop - rewind
- Mn&evikn yvwaon av 0 V KATola oTiypr) amodexTel (¢0Tw kat pe rewinds)

- ToTi: Aev pmopei va Eexwpioel Tov P (ou S100€Tel witness) amd Tov
S (mou dev diabéTel)

- Apkel 0 Sva mapapeivel PPT
- JUYKeKplpéva: Evag YV mou e€dyel TAnpowopia amd Tov P Ba e§ayel TV
(1o MAnpoWopia Kal amo Tov S (0Tou Sev UTIAPXEL KATL va €0 Oet)

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



TUvOeon TTPWTOKOAAWY PNOEVIKNAG YVWONG

Telplaxn
Eival duvaTr) n eKTEAEON TTOAAWY TIPWTOKOAWY ZK TO €val HETA TO GANO
To amoTéAeopa AIAGETEI ZK

MoapaAANAn
Fevika dev gival duvaTh.

H mopAAANAN exTEAEON SUO TTPWTOKOAWY ZK Sev TIAPAYEL
TPWTOKOANO ZK. ArTia - 16¢a

- P1,P 2 (unbounded) zero knowledge provers
- V*: PPT 6ev amo povog Toug va e§ayayel yvwaon

- Je MOPAANAN EKTEAEDN: Mg BAGN TIG ATIAVTHOELG TOU P ¢
KATOOKEUACEL EpWTNOELG VIO TOV P 5 OTIO TIG OTIOIEG EEAVEL YVWON
yla 1o statement tou P4

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



NoapoaAdayeg Mndevikng Nivwong i

- Almost Perfect (Statistical) Zero Knowledge Ot kaTavouég Twv
OUNTNOEWY LE EXOUV QUEANTEN OTOTIOTIKI OTIOCTAON.

- Computational Zero Knowledge Ot koTavouég Twv oulnNTHOEWY
Sev pumopolV va dlaxwploTOLY OO KATIOIOV OVTITIAAO LIE
TIOAUWVUHIKH UTIOAOYIOTIKI) LOXU.

Zero Knowledge

SuoThpoTa AToSeiewy Mndevikig Nviong



NoapoaAAayeg Mndevikng N'vwong ii

Honest Verifier Zero Knowledge
- OV eival Tiplog onA:
- aKoAOUBEl TO TPWTOKOAAD
+ TO UNVUUOTA TOU TIPOEPXOVTAL OTIO TNV OUOLOUOP PN KOTAVOUN -
dev €€UPTWVTAL OTIO TA UNVUUATA TOU P
- POVTEAOTIOIEL KOl TTABNTIKO OvTITIOAO

MPaKTIKA: 0 STapAyEl GULNTIOELG Ol OTIOIEG EXOUV (D10 KOTAVOUT)
pE aUBEVTIKES (P (X, w), V(X))

- Witness hiding - Witness Indistinguishable proofs

Zero Knowledge

- WH - 6ev pmopel va yivel yvwoTog 0AOKANPOG 0 UAPTUPAG
- WI - dev pmopel va yivel S1aKkplon PETASY 100BUVALWY HOPTUPWY

loxUel TAPAAANAN GUVBEDN KOl EXOUV KAAUTEPN amtodoon

SuoThpoTa AToSeiewy Mndevikig Nviong




Alaopa ZK - HVZK

... €lvat otov V

- e HVZK:
- Ta pnvoupoTa Tou V' gival Tuxalia
- MTMopOoUV VA TIPOETOIUOOTOUY K TWV TIPOTEPWY ATO ToV P (Kot Tov
S)
- Apa oV Sev xpetddetal (non interactive)
- e ZK:
- O avtinmaAog eival omoloadnmoTe verifier
- MTopel va Unv oKoAouBnoEl TO TTPWTOKOAAO
- To pnvOpoTa TOU V' €60PTWVTAL OO TA UNVUHOTO Tou P

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



NoapoaAdayeg OpOOTNTOG

Eidikr) opBotnTa (special soundness)
Ymapyel evag PPT aAyopiBuog (Knowleldge Extractor), £ o omoiog av

dexBel MOAAG transcripts TOU TTPWTOKOAAOU HE TO {610 apXIKO Prvupa
amod TOV P aAAG SIOPOPETIKEG TIPOKANTELG OTTO TOV V. UTIOPEL VO
eChyel Tov witness.

Knowleldge Extractor
Av x € L xat M(x,w) = 1 10T umtdipxel PPT aAyoptBuog €

PriE((P(x,w),V(x))) = w] > 1 — negl(\)
Oewpnua

Eldkr) opBoTNTO = 0pBOTNTA e TIBavOTNTO false-positive ﬁ OTIoU:
C: To 0UVOAO TTPOEAELUONG TWV UNVUUATWY Tou V

Eld1kr) 0pBOTNTO = aMOSEIEN YVWONG OUYKEKPIUEVOU Witness

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong 19/ 67



Graph Isomorphism

Oplopog

Mpapnuata Go = (Vo, Eo) Kat Gy = (Vq, E1) pE [Vo| = |Vi|
loXUEL O LIOOHOPWYIoUOG Gy = Gy avv uTtdpYEl 7 : Vo — V4 WOTE
(Vi,vj) € Eo & (m(vi),m(v))) € Ex

€2 Cy

é €3 G s

€5 €y cs s

Zero Knowledge

SUoTAMATA ATOSEIEEWY MNGEVIKAG MVong



Gl ZKP

Anpoota 00606 Ta ypawhuata Go, Gy
Witness (P ):

1.
2.

SIS IR CO

Zero Knowledge

P epapuolel Tuxaia petdBeon mp 0To V4

MPOKUTITEL ypawnua F (G = F) To omoio dnuoactomoleital otov V
(6¢opcuon)

V: EmiAeyel eva Tuxaio bit b kat To oTéAvel oTOV P

Avb =10 P onuooclomnolel ¢y = : V4 — V¢

Avb =00 P dnuoclomolel ¢g = my.m: Vg — VF WOTE Gy = F
OV béxetal avw ¢p(Gp) = F

EmavaAnwn kR popég

SuoThpoTa AToSEeiewy Mndevikig Nviong



Gl ZKP: 1610TNTEG

MAnpoTnTa
Av P,V €vTidol Kol akoAouBoUv To TTPWTOKOAAD TOTE Giyoupn
amodoxn
©b=1:¢1(Gp) =m(G1)=F
* b=0:¢o(Gp) = m1.7(Go) = m1(G1) = F
OpBoOTNTQ
Av 31 WoTe Gy = G, TOTE 0€ KABE emavAaAnYn:
- 0V &éxetal pe mbavotnTa £ (b =1)
- ApoU o P * dev umopel va Bpel 7 dev UTopel va yvwpllel TV ¢q

Me emavaAnwn k wopéc: MBavoTnTa emruyiog 27

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



Gl ZKP: Mndevikn M'vwaon

Kataokeur) simulator S (V)
1. EmiAeyel opotopopwa b’ € {0,1} petabeon
2. YmoAoyiGel F' = 7} (Gp)
3. KAnon V*: b+ V*(F)
4. Av b = b’ ToTe KARON V *(F/, 7)) aAMWG eMavaAnwn

APou Gy, Gy glval loopop@IKa: 1 (Gp), 71 (G1) €XOUV (B1a KATAVOUN Yla
Tuxaio

KoTavopn tou F avefdptnTn Tou b’

Apa kot output Tou V' *

Apa: AVOUEVOUEVOS apIlBUOG ETAVOANWEWY YIa ETHITUX O W *:2
AvVaEVOEVOG XPOVOG EKTEAEONG TOU S :TIOAUWVUHLKOG

Katavour F,m i6la pe F, )

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



3-colorability

NP-Complete

Zero Knowledge

Oplopog
Mpawnua G = (V,E)

O P yvwpilel eva xpwuUaTIoPO
c:V—{1,23}

EYKUPOG XPWHOTIOUOG: TEITOVIKEG
KOPUPEG EXOUV OLAPOPETIKO
XpwHa (v, v)) € E= c(vj) # c(v))

SuoThpoTa AToSEeiewy Mndevikig Nviong



ZKP for 3-colorability

1. P emAéyel pla Tuxaia petabeon 7 tou {1, 2, 3}.

- MpoKUTITEL EVOANAKTIKOG €YKUPOG 3 -
XPWHOTIOUOG 7.¢ TOU G.

- Xpron oxfuaTog ECPEUONG yio TOV
EVAANGKTIKO XPWHATIOUO

- YmoAoyicet commit((w.c)(v;), r)Vv; € V

- ATIOOTOAN E0UEVTEWY OTOV V

2. V: emhéyel pla Tuxado okpn (vi,v)) € E kat Tnv
OTéAVEL OTOV P

3. P: avolyel TIG HEOUEVOEIG - ATIOKAAUTITEL TIG TIUES
m.c(V;), m.c(V;) Kal ri, 1

4o Vi ehéyxer av w.c(v;) # m.c(v)) Kol 0l HEOPEVOEIG
€IVOL EYKUPES

5. EmavaAnwn |E]? @opég

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



ZKP for 3-colorability: 1816TnTeg (MARpoOTNTO)

- NAnpoTnTa
Av 0 C €ival eyKUPOG XPWHOTIOUOG TOTE KAl O 7.C EIVAL £YKUPOG

XPWUOTIOPOG
To avolypo Twy deopebocwy Ba yivel amodekTo amod V

Zero Knowledge SuoThpoTa AToSeiewy Mndevikig Nviong



ZKP for 3-colorability: 1816TnTeg (OpBOTNTA)

- OpBotnTa
EOTW P* UE PN EYKUPO XPWHATIOUO Yo KATIO0 yp&@npa:
AnA. TOUAGXIOTOV 2 YEITOVIKEG KOPUPEG E TO (610 Xpwpat:
MBavoTnTa avixveuong e§omaTnong amo V = Mbavotnta
ETIIAOYNG 'KOKNG OKUNG = ﬁ
MBavoTNTA €TITUXOUG ECATIATNONG ATIO P* =1 — \%I
e |E|? emavaliWelg Kal OO0V
(1+7)"<e
MBavoTNTa €TITUXIOG TOU P*:
(1— \%I)W < e~ lEl queAnTéa We TPOC To PEYEBOC TOu
YpaprjHoTog

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



ZKP for 3-colorability: 1810TnTeg (Mndevikn M'vwaon)

- Kataokeur| simulator
- O SemAgyel Pla akpn e Kat XpwHoTiCel TIG KOPUWPEG PE
SIOPOPETIKO XPWHO
- 10 TIG UTTOAOITIEG OIKUEG XPWHOTIZEL TIC KOPUWPES HE TO 1510 XpWH
- AEOUEUCN OTOV XPWHOTIOUO
- KAnon e + V *(G, {commitf}li‘l)
- Av oV emAESEL 'GANN akpn, restart
- EmavaAnwn péxpl val ELQavIOTEL N e 1} To TIOAU |E|? popég

ATIO KOTOOKELT) 0 S €lval TIOAUWVUUIKOG

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong




ZKP for 3-colorability: 1810TnTeg (Mndevikn M'vwaon)

Opwg ot culnTnoelg Sev eivarl avopototuteg! (Martt;)
Ta commitments Tou P ival £ykupol XpwHATIOHOI, evw Tou S oxt!

suvémela [GMW91] . - _
Av uttéipyxouv computationally hiding bit commitment schemes ToTe

OM0 TO NP gxet amodeieig pndevikng yvwong (computational ZK)

Zero Knowledge SuoThpoTa AToSEeiewy Mndevikig Nviong



S-TIPWTOKOAAQ




XaAdpwon ZK pe Tipto verifier

Oplopog _ _
Eva TpwTOKOAAO 3 YUpwV pe honest verifier kot special soundness

1. Commit O P deoueVETAL OE Piat TIUN).

2. Challenge O V &ioAéyel pia Tuxaia TpokAnaon. E@ocov elvat
Tiplog Bewpolpe 6TL N TOAVOTNTA ETIAOYNG TIPOKANONG Elvail
OUOIOHOPMA KOTAVEUNHEV.

3. Response O P amavTAEl XpNOLOTIOIWVTAG TN HECUEVON, TO
HUOTIKO KO TNV TUXOHO TI.

Special Soundness . . 4 .
AUO EKTEAEDEIG TOU TIPWTOKOAAOU L€ TO 1610 commitment, 0dnyouv

OTNV aTTOKAALYWN TOU witness

Zero Knowledge S-TIPWTOKOANX




'vwon DLOG:To mpwTOkoAAo Tou Schnorr i

VwoTa ZTolxeln

- Anpoata: FevwnTopag g piog (Umd)ouadag TaEng g Tou Zj pe
buokoAo DLP kat oToxeio h € Z}

- IBwTika: O P éxel éva witness x € Z¢ wote h = g* (mod p)

3TOX0G
ATIOBEIEN KATOXNG TOU X XWPIC va aTtoKaAUpOEL.

SupBoAilopog Camenisch-Stadler
PokK{(x) : g* =h (mod p),h,g er Z}}

Zero Knowledge S-TIPWTOKOANX



Vvwon DLOG:To mpwToKoAAo Tou Schnorr i

- Commit(P = V):

- Tuxaia eTiAoyn t €r Z;

0 t
° YHO)\OYIOUOC Y=g mod p. Schnorr Protocol

- ATIOOTOAN y oToV V.

|

|

- Challenge (V — P): v=glle Z, i
Tuxalio ETTIIAOYT Kol OTIOOTOAN cenz, i
C €r ZS ________________________ 4

- Response (P — V): >

O P umoAoyiel To
s =t+ cxmod g Kol TO OTEAVEL

atov V g =k

e et

- OV amodéxetal av
g° =yh" (mod p)

Zero Knowledge S-TIPWTOKOANX



NpwToKoAAO Schnorr: MAnpoTNTA

- MAnpoOTNTO
gs — gt+cx — gtgcx — yhc (mod p)

Zero Knowledge S-TIPWTOKOANX



NpwTOKoAAO Schnorr: OpBoTnTa

- OpBoTNTa MiBavVOTNTA 0 P * var Seyeldoel Tipto verifier: % =

OUEANTEN - ETTAVAANWN VIO LEYAAUTEPN OlyOUPLK

- Special soundness

Zero Knowledge

EOTW 2 €MTUXEIG EKTEAEDEIG TOU TIPWTOKOAAOU (Y, C, S) KOl
(v,c',s)

g° =yhkaig® =yh® = g*h==g"h° =

g =0 " =>s—xc=5 —xc' =
cd—c
G

AoUL 0 P UTIOPEl VO QTIAVTIOEL 2 TETOLEG EPWTIOELG EEPEL TO
DLOG (opBoTtnTar Kait yvwan)

Z-TIPWTOKOM



NpwToKoAAO Schnorr: HVZK

- AloBétel Honest Verifier Zero Knowledge
FoTw STou dev yvwpilel To x Kol Tiplog V

- ApXIKG O S BEOEVETAL KAVOVIKA OTO Y = g',t €r Z;

- OV emAeyel € €r Z;

-+ Av 0 S umopel va amovthoel (apeAnTéa TBAVOTNTA) TO TPWTOKOAAD
OUVEXICEL KaVOVIKA

- AMuwg yivetat rewind o V

- 3TN 6eUTEPN £KTEAEON O S SeopeveTal oTo Y = g'h~°, t €r Z;;

- OV eméyel 1o ¢ €g Z; (1610 random tape)

- OSotéhvels =t

- OV Ba dextel apou
yh=g'h~h‘=g'=g¢°

AnAadn:

H ougitnon (t €gr Zq; gth~¢, € €g Zg, t) KU N (t,C Er Zqg; G', C, t + XC)
akoAouBoUv Tnv idla kaTavoun

Zero Knowledge S-TIPWTOKOANX




NpwToKoAAO Schnorr: ZK

Mndevikr 'vwaon: As 6l00ETEl

- ‘Evag cheating verifier 6¢ dlaAéyel Tuyaia
- BaoiCel kaBe challenge oTo Mponyoupevo commitment Tou S
- ¥tn simulated exteAeon Gev Ba emiAe€el To (610 challenge

-+ AueAnTéa BAVOTNTA Vo pTtopel va amavtnBel amd Tov S

Evioxuon yla undevikr yvwon:
- MpoaBnkn 6éopeuong amod Tov V' 0TV TUXALOTNTA TRIV TO TTIPWTO
PAVUPO TOU P 1
- Challenge space {0,1} (yiati;)
- OV €xel 6U0 €MAOYEG LOVO YIa ETIAOYT) TIPOKANGNG.
- Av oANGEEL, 0 S PTIOPEL var TIPOETOLUOIOTEL Kal yla TIg 6U0
TIEPITITWOELG.

Zero Knowledge S-TIPWTOKOANX



looTnTa DLOG:To mpwTOKoAAo Chaum Pedersen i

'VwoTA ZTolXEin

- Anpoata: MevwnNTOPEG g1, go HiaG (UTO)opdadag TaéNs g Tou Zj ue
duokoAo DLP kal 2 otoixela hy, hy € z;

- 181wTiKa: O P gxel eva witness X € Zq woTe hy = g% mod p,
hy = g5 mod p

3TOX0G
ATIOSELEN YVWONG TOU X XWPIG Vo ammoKaAUpOEi
ATIOSEIEN 100TNTAG SlaKPITWY AoyopiBpwy

PoK{(x) : hy = g1 (mod p) A hy = g5 (mod p),h1,g1,ha,g2 €r 2]}

Zero Knowledge S-TIPWTOKOANX



looTnTa DLOG:To mpwTOKoAAo Chaum Pedersen ii

- Commit:

Chaum Pedersen
- O P dlaAeyel t e Zg Protacol

- YmoAoyiel y; = g4 mod p
y2 = g5 mod p
- ATTOOTEAAEL V1, Yo OTOV V

(¥ :gll.‘.}.l :32‘):’: Er Z,

1
1
1
.
1
| € Z,
e .|
- Challenge: | |
OV OI0AEYEL KO OTTIOOTEAEL ! s=f+ex g
1
C Er Zyq ! !
1 |
- Response: ! g, =, vyhSand |
1 |
1 |
1 |

O P umoAoyilel s =t + cx mod g
KOl TO OTEAVEL OTOV V

0V &¢xetat av g; = y1h§ (mod p) kat g3 = yah§ (mod p)

Zero Knowledge S-TIPWTOKOANX



1610TNTEG Chaum-Pedersen i

- MAnpoOTNTO
Av hy = g% xat hy = g% TOTE:
g5 = gt =y1h§
g5 = g5 = yah§

- Special soundness

Zero Knowledge

EoTw dVO0 amodekTd transcripts pe 1o idlo commitment
((Y1,¥2),¢,s) kat ((V1,Y2),c’,s")
g = y1h§ ka1 g§ =y1h§ = gihT“ =gi i
g5 = yah$ ka1 g3 = yahS = gshy© = g5 hy©

s'—s

Omnwg o€ Schnorr x = %=

Z-TIPWTOKOA



1610TNTEG Chaum-Pedersen i

- Honest verifier zero knowledge

Zero Knowledge

MpaypaTIKO transcript e ¢ €g Zg:
(t €r Zq; (94,0%), CERZg, t+xcmodq)
Simulated transcript e ¢ €g Zg:
(t,C €r Zg; (91h1 % 9505 ), ¢, 1)
1816 KaTAVOPEG AV X = [0gg, h1 = l0gg, h2

Z-TIPWTOKOA



Epappoyeg

'EAeyx0G yla Tpladeg DH
H tp1ada (g%, g%, g°) eivan Tp1ada DH (8nA. g¢ = g»)

EktehoUpe CP(g1 = g, g2 = g°, h1 = g% ha = g% = ¢®°) pe witness a

EykupOTnTa KputToypawnaong El-Gamal
Aivetat eva (YOG OTOIXEIWY TOU Zj Ta (€1, C2).

Na 6elxBei 0TI amOTEAOUV £YKUPN KPUTITOYPAPNON €VOG UNVUHOTOG M.

Av glval ykupn TOTE TIPETEL
(C1762) = (gf, m- hr)
looduvapa:
C2
loggcs = logn(- )

SnA. 0TI 0 P elval yvwoTnG TNG TUXAOTNTOG

Zero Knowledge S-TIPWTOKOAMA



J0vOeon X TPWTOKOAWY i

Oéwpnua .
Ta X TPWTOKOAQ S1oTNPOUV TIG IBIOTNTEG TOUG GV OLVOUNCTOUV UE

TIG TIGPOKGTW OXECELG:

- AND
- O P yvwpilel 2 S1aPOPETIKA W YLt SIAPOPETIKEG OXETELG.
-+ ATIOSEIgN: 2 TAPAAANAEG EKTEAECELG TOU X TIPWTOKOAAOU Ue (610
challenge

Zero Knowledge S-TIPWTOKOANX



JUvOeon X TPWTOKOAWV

PROVER | schnorr Protocal | VERIFIER

il ! = g" 1
n=ghe Z, g |
| 1
i
Nn=gnhe, Z,, |
B q: R _:
i »
I 1
I 1
| |
' cex Z, !
e e e i
I 1
I 1
| |
I 1
s;=4h+ex | R PENE

sy =t +ex i 51,55 E
I 1
I |

I

I

I

Zero Knowledge S-TIPWTOKOANX



JUvOean ¥ MPWTOKOAAWY iii

- Batch-AND

Madikn emaAnBeuon TTIOAOTIAWY CXECEWY HE EVO TTPWTOKOANO. TMat
TapAdELyaL:

(g%, g, g%) KAl (g, g9, g%) eivat Tp16:deg DH

MTopw va ekTEAéOw To Chaum Pedersen yia (g9, gbd, gabed)

- EQ

- O P yvwpiCel Tov (610 w ylar S10POPETIKEG OXEOELG.
- Chaum Pedersen

- OR

Zero Knowledge

- O P yvwplilel KATTOI0 W YIO BIGPOPETIKEG OXEOELC.
- Epopuoyn: AOSeIEn 0TI 0 W OVIKEL OE €val OUVOAO

Z-TIPWTOKOA



[eviKeL

HEVN KOoTAoKELT) amodeifewv OR

- Eotw W = {wy, ..., W, } Ol eVOAAOKTIKOl HAPTUPES

- Tlot QUTOV TTIOU KaTeEXEl O P akOAOUBEL TO TTPWTOKOAAO
- Mo Toug UTtOAOITIOUG 0 P KaAel Tov S 0 0TIol0G UTTOAOYICEL TIG

deopevoelg ou Ba ekavay Tov V va bexBel o€ pla
TIPOCOUOIWUEVN culNTNoN

- MpoPAnua: O S bev &pet To challenge

- Abon: To emAgyel Tuxaia

- OAeg o1 Heopeloelg amooTEAAOVTOL OTOV V

- O TeheuTtaiog amavTdel pe pia Tuxaia TPOKANON

- O P €punvevel TNV TPOKANGON WG EVA LUOTIKO TIOU TIPETTEL VO

XWPIOTEI

- K&Be pepidlo Ba xpNnOIPOTIOLEITAL OTIC ATIAVTHOEI TOU P OTO

0TGd10 Response

- OV amodexeTal OV OAEG TIG OTIAVTHOEIG TIOU EAPBE OTO TEAEUTAIO

Zero Knowledge

Brjua eivail EyKUpEg.

Z-TIPWTOKOM




PoK{(x1,x2) : hy = g}* (mod p) V hy = g5* (mod p)} YoBEToupe OTL

0P EEPELTO Xy

Zero Knowledge

PROVER Schnorr Protocol VERIFIER
I
| x, |
n-ghheZ,) h=g !
| h, = g’“ |
I I
:S'h‘mf::&fzz;: Yi:V2 :
i *
| |
| |
| I
: (-9 Zu :
o —mmmmm -
|
| |
| | 5 1 G
€1 =€ —€y : Sl S:zcl:c" : g _?J’lkl
5 =0 +0X | 'i‘- g% = 1'-_?5"_
| | 1 Jy
5, =1 ! I
- = : : C =6+6
| |
| |
l I

Z-TIPWTOKOM



Mn SlaAoyikeG amrodeielg

Epwtnon
MmopoUE va KaTapynooupe Tov V ;

O P mapdyel TNV amodel§n Hovog Tou
H amodelén eival emaAnBeloIun amod OmoloverTToTE

Common Reference String
Mio opotopoppa mAsypevn akohouBia bits (amd Kamola EUToTn

OVTOTNTA) WG KOvA €i00d0¢ 0 P,V
XPNOIPEVEL IO TNV ETIAOYH TWV UNVUUATWY TIOU GVTAAAGCOOVTAl

MeTooxnuoTiopog Fiat Shamir
AVTIKOTOOTOON TNG TUXaiag TTPOKANONG E TO OTIOTEAECHA UIOG

pevdotuyaiag ocuvapTnNONg He 0060 TN 6€0HEUaN (TOUAGKIOTOV)

YUVHBWE cuvapTnon cuvowng - H (Tuxaio povTeio)

Zero Knowledge S-TIPWTOKOANX



Non-interactive Schnorr

'VwoTA ZToIXEin
- Anuooia: Mevwntopag g piag (umd)opadag TaENG g Tou Zj ue
buokoAo DLP kat oToeio h € Z}
- IduwTika: O P éxel éva witness x € Z; wote h = g* mod p

OP:

- Tuxaia emAoyn t €g Zqg,
+ YTIoAOYI0HOG Y = gt mod p

- YToAoylopog ¢ = H(y) omou H elval pla ouvapTnaon olvowng
TIOU BiVEL TIUEG OTO Zg

- YToAoylopoG s =t + cx mod g
- Anpoatomoinon Tou (c,s)

- EmoAnBeuon (amo omolovenmote) ¢ = H(g*h—°)

Zero Knowledge S-TIPWTOKOANX



Ynoypawég Schnorr

ATIOBEIEEIC UNBEVIKNG YVWONG KAEIBIOU UTIOYPAPNG TIOU AapBavouy
uTt OWIV KOl TO UAvupa O UTIOYpa@WY:

- Tuxaia emidoyn t eg Zg,

- YToAoyiouog y = gt mod p

- Ynohoylopog ¢ = H(y||m) omou H elval gla cuvapTnon cuvowng

TIoU iVEl TIHEG OTO Zg

- YTOAOYIOHOG S = t — cx mod g (yia va unv XPELaoTE avTIoTPOWos

PETA)

- Anpoatotmoinon Tou (¢, s)

- EmoAnBeuvon (omo omolovénmote) ¢ = H(g>he||m)

Zero Knowledge

Z-TIPWTOKOM



Epappoyn: NAEKTPOVIKEG
WYNYowopies




1610TNTEG NAEKTPOVIKWY WPNPOPOPIWY

AkepaloTNTA: TO OTIOTEAECHO TWYV

EKAOYWLV TIPETIEL VO VTAVOKAG TN MuoTikoTnTa: O YNPoPOPOG TPEEL
BOUANGN TWV YNPOYOPWY VO EKPPOACEL TNV TIPAYUOTIKI) TOU
ETTIAOYN

- Cast as intended
- Avwvupia - Aduvapio ouvdeong

Wn@ou - Ynpowopou
- Evavtiov:

- Recorded as cast
- Tallied as recorded

ETHTUYXAVETOL HECW:

- Twv KaTapeTpnTRY (privac
enaAnBevoipoTnTag petpntwy (privacy)

- AAWY Wneowopwv
- Atopikn (individual) (coercion)
- KaBoAiwkn) (universal) » Tou {610V TOU YNPOPOPOU

- AikaubpaToc wiigou (eligibility) (vote selling)

- To {610 TO ATIOTEAEOHO DlapPEEL

- AtayelptoTikn (administrative
XEiP fi( ) TANpowopia

SuvoAika: E2E (End To End) Verifiability

Zero Knowledge Eoppoyn: NAEKTPOVIKEG YNPOWYOpieg



EKAOYEG Kal YTIOAOYIOTEG

- Wnpowopia HECW QVTITTPOOWTIOU
-+ Mn €umoTou (KakOBOUAO AOYIGHIKO, TTPOYPOUUOTIOTIKG A&ON)
- AVOIXTO AOYIOUIKO, peBoOOAOYIEG TTIOTOTIOINONG BEV ETIAPKOUV

- AvayKaieg aAAG OXL IKAVEG OUVOT|KEG

Software/System Independence (Rivest)

- To OPOALOTO TOU CUOTHUOTOG SV TIPETIEL VO ETINPEATOUV TO
ATOTEAEGHOTA

- EmoAnBeuon: Kot auTr PHEPOG TOU CUOTAUATOS
- VVPAT (Voter Verifiable Paper Trail)
- Kpumtoypawio: ETaAnBevon pe pobnuatika

Kpumtoypapia kat EKAoyEG: MUOTIKOTNTA OGAAG KUPIWG EUTIIOTOCUVN

Zero Knowledge Epappoyn: NAEKTPOVIKES YNPOWOpieg 51/ 67



SUOTOTIKO - SUPUETEXOVTEG

Bulletin Board

- ATTOBETNPI0 OAWY TWYV HESOUEVWY TIOU TIAPAYOVTAL OE KABE paon

PG Wnwopopiag ylo emaAnBeuoiuotnTa

- MpooPaon amod OAOUG TOUG EUTTAEKOHEVOUG: Read / Append
- @ewpnTIKA: Broadcast channel with memory

OvVTOTNTEG - POAOL
- Wnpowpopol
- Registration authorities: KoTaxwpoOUV OTOIXED TWV PNPOWPOPWY

kal &ivouv Ta avTioTolxa tokens

- Talliers: E€ayouv pepikd 1) TTAN PN ATIOTEAEOUOTO

- Verifiers: EmaAnBguon g dtadikaoiag (0AOKANPENG A THNUOTIKA)

Zero Knowledge

Epappoyn: NAEKTPOVIKES YNPOWOpieg



OpOPOPYIKA SUCTHHOTA

- OLynpot:
+ KPUTITOYPOPOUVTAL UE TO SNpocio KAEIST Twy TA
- eloGyovTal 0To BB
- dloTnpouvTal puoTikol kaB' OAn Tn Sidpkela TNG dladikaaoiag

- To amOTEAECUO UTTOAOYICETON OTOL KPUTTITOKE EVD e BAon TIG
OUOUOPPIKEG IBIOTNTEG TOU KPUTITOGUOTAHHATOG

- Mo mapadelypa oto Lifted El Gamal:

Enc(vy) - Enc(vy) =

(g™, g™ -y")-(g"™,9" -y?) =
(gfﬁ‘fz,ng-i'Vz ) yfl-‘rfz)

+ ATTOKQUTITOYPOQEITOL HOVO TO OTIOTEAEC U

Zero Knowledge Eoppoyn: NAEKTPOVIKEG YNPOWYOpieg



OpOPOPYIKA SUCTHHOTA

- AKeEpOIOTNTA - EyKUPOTNTA TNG WHPOU:

NMw¢ emaAnBeVEIg Pl KPUTITOYPAWNUEVN WH PO

AUGN: AOSeIEn undevikng yvwaong (non interactive) yia tnv
EYKUPOTNTO

KatdBeon padi e Tnv Wwnwo

EmaAnBeuon amd 6Aoug

+ MuoTIkOTNTO / AlKaloouvn

Zero Knowledge

ATIOKPUTITOYPAPNON HEUOVWHEVWY WNPWY - EVOIAPECWY
OTIOTEAEOUATWY
Abon: Threshold cryptosystems

Epappoyn: NAEKTPOVIKES YNPOWOpieg 54 [ 67



Cramer, Genaro, Schoenmakers (CGS97)

- To BaoIKO TPWTOKOAAD VIO OLUOUOPPIKA CUOTHHOTO

- YAotmoleitat oto cvotnua Helios

- Kpumroypapnon wrewy pe ekBeTiko ElGamal

- ATIOKPUTITOYPG(PNON OTIOTEAECUATOG: YTIOAOYIGUOG HIKPOU

dlaxpltol AoyapiBuou

- 3 amodel§elg PNdEVIKNG YVWoNG:
-+ EykupotnTa wnwou
- Tvwon 181wTikoU KAEIS10U Tou avTioTolkel og dnuoato (Schnorr)
- Eykupn Amokputtoypdipnon (Chaum - Pedersen)

Zero Knowledge Eoppoyn: NAEKTPOVIKEG YNPOWYOpieg



Cramer, Genaro, Schoenmakers (CGS97):AemTopépELEG

- WRpog b € {1,—1} (yes-no)
* Kpurrroypdipnon: (g, G - y)
- AO6EIgN eyKLUPOTNTAG:
"b=1:(a,8) =(9,6-y) = logga = l0g,(5/6)
- b=-1:(,8)=(9",%) = logga = logy(5 - G)
- NapaAiayn OR mpwTtokoAou Chaum - Pedersen
- 3710 BB: wN@og pe un diaAoyikn amnoddelén
- Katoperpnon
- EmaAnBevon amodeifewy
- MOANATIAQGLAOUOG WNPOBEATIWY PE EYKUPEG OTTOSEISELS
* (A,B) = (Hle g", H?:1 gb'yr')
- Threshold Decryption divel To g
- Aodeign 0pBng amokputToypawnong (Goknon)
- EmiAuon pikpoU dlokpitol AoyapiBuou bivel To: (#yes — #no)

(#yes—#no)

Zero Knowledge Eoppoyn: NAEKTPOVIKEG YNPOWYOpieg



Cramer, Genaro, Schoenmakers (CGS97):H amddei§n pndevikng

yvwong

EOTW OTL 0 YNWYOWOPOg exel Wnwioel yes (amodelln yia no doknorn)

B

Pok{(1):(g" = aand y" Gor(g” =aandy” = pc)}

PROVER VERIFIER

7, =g"
. LI TaT,
Ty =g >
Ty =y*=(66)~
&
‘Ehsyyog
—c—c.
=a+
=t +oy atc
=Tyat:
=t g% =T
B\
-n(f)
»rehG
g =Tza™
¥ = T4(p6)"

STV MPAyUaTIKOTATA: non interactive ye Fiat-Shamir heuristic

Zero Knowledge

Epappoyn: NAEKTPOVIKES YNPOWOPieg




Epappoyn: diktua pi€ng




Wnpowopieg pe Aiktua Mi€ng

- TEVIKO BOUIKO OTOIXEID VIO EQPAPHOYEG OVWVUUING

- Mpotadnke amnd Tov David Chaum (1981)
+ ATIOTEAEITOL OTTO €val OUVOAO OO PiKTEG. KaBe évag:

- AapBavel éva cOVOAo amo pnvupata (BB)
- aAAGCEL TN popWN TOUG
-+ €POPPOCEL pla Tuxalo PeTaBeDN

- AVO POPWEG AslToupyiag

- Yeplokd (kaBe piktng og OAA ToL pNvUpOTO)
- MopaAANAa (K&Be PiKTNG Og £Va UTTOOVUVOAO ATTO TO PNVUHOTO)

- STIC WNWOWOPIES: TO HNVUHATO Eivat ot WrPot (avoKATERA TNE

KOATING)

- BB: mapéxel €l0odo kol Adappavel €060 amod kabe piktn

Zero Knowledge

Epappoyn: diktua pigng 58 [ 67



Fevikn Mopn) Aiktuou Mi§ng

@m 5 N I I_
o s I
i

!

Zero Knowledge Epappoyn: diktua pigng



Decryption Mixnets (RSA)

- K&Be piktng i exel éva elyog KAEWBIWY RSA (pR;, SR;)

- Wnpopopog: KpUTToypapnaon Wrwou Je dnpodacta KAEISIG Twv

UIKTWV 0€ avTioTpopn OsIpd.

Lo = {Encpi?l(EnCfoz(' o EnCDf?m(va I’,‘) T 7!'2), rl)}/nzl

+ MikTngG: ANayn Mopyng

- aQalpel eva emimedo KPUTITOYPAPNONG XPNOILOTIOIWVTAG HE TO
181WTIKO TOL KAELSH (epAovbiopa)

- QPALPEL TNV TUXOLOTNTO TIOU TIEPLEXEL

+ OAANGEL TNV pop ).

- MikTNnG: AvokaTeua

Zero Knowledge

- EmmAoyr) Tuxaiag peTaBeonc Kol EQApPUOYT) OTA UNVUUOTO
- To amoTéAeopa ypapeTal 6To BB
- Tlo TTOPAGEIY UG O TIPWTOG HIKTNG Ba ypaweL:
—1
Ly = {ENCpry (- - - ENCop, (Viy 17) -+, r2)}72 D)

i=r7 (1)

Epappoyn: diktua pigng




Decryption Mixnets (RSA)

- H dladikaoia emavaAapBaveTal.
- TeAikd otnv €6060 Tou SIKTUOU PIENG:

7'rk_10~-07r1_1(ﬂ)

be = Wikl rrtononr )
- AkoAoUBel n KaTapETpnon
- MapaTtnenoelg:
- Apkel évag Tiplog  pikTng amévavTt oe madnNTIKO avTITaAo
- O TeAeuTaiog kTG éxel TPOORaon aTto plaintext

- To MARB0G TWV KPUTITOYPOPNOEWY Kol TO HEYeEBOG TO
KQUTITOKEIEVOU EIVOL OVAAOYO TOU OpIBLOU TWV UIKTWY.

Zero Knowledge Epappoyn: Siktua pigng



Reencryption Mixnets (ElGamal)

I1610TNTa EL Gamal: Reencryption
Enc(v,ri) - Enc(1,ry) = Enc(v,ry + r2)

H popr Twv Unvupatwy aAAadel pe reencryption
AUO TIOPOANOYEG:
- (Decryption) Reencryption kot Permutation
- AapBavel amo 1o BB Tnv €icodo
Li—1 ={Enc(vi,ri—1,)}iz, = (@77, vi -yt L,
- Eloayel vea TuxalotnTa pe reencryption:
Ly = {Enc(vi,rj_1,) - Enc(1, 1)}, =
{(gﬁ—l,:-‘rf/,:’ Vi - yﬁ—l,r'&‘m)};”:l
- Epapuotel pia Tuxaia petabeon m;

- Tp&el Ta amoTeAéOpOTO 0TO BB

Zero Knowledge Epappoyn: Siktua pigng



Mixnets yla Yn@owopieg

ETTOANBEUCILOTNTA TWY EVEPYEIWY PNPOWPOPWY KAl UIKTWY

- Wnpopopod: ATOOEIEN yvwong TNG WYHPOU WOoTE
-+ VO PNV BAAEL ETIKETO GE KATIOIO WHQO
© VO PNV QVTIYPAWEL PLot PHQO
- ... OTIWG OTO OLOHOPPIKK CUOTHUOTO
- Mixtng Amodei€n petaBeong (proof of shuffle)
- H petdBeon eival éykupn
- Xwplg va aAGEEL kAol W (PO
-+ XWPIG Vo TTOpOAEIPEL KATIOL WPO

Zero Knowledge Epappoyn: Siktua pigng



Nopadetypa i

- Elooboc:

- Ci = Enc(mi, )
+ Co = Enc(ma, ra).

- Reencryption

- 'y = Reenc(Cy) =
Enc(my,ri +ry)
- (9 = Reenc(Cs) =
Enc(ma,ra +15)

- Tuxaia emiAoyr) bit

b eg {0, 1}

- Av b =0 €€060¢ (C'1,C'5)
- Av b =1 €€0b0g (C'5,C'1)

Zero Knowledge

Epappoyn: diktua pigng



Napadeypa ii

Bripa 1 Amodelln opBOTNTOG reencryption

AnAadn .

To kpumtoypapnua C' = (G',M") = (g¥, m’" - y*) eivat reencryption Tou
C=(G,M)=(g"m-y")

Baaotkn 16€a: To C’ eival reencryption Tou C avv Kot Ta S00
KQUTITOYPaOULY TO (610 pAvupa, SnA. m’ = m.

Alaipoupe Ta SUO LEPN KAl EXOUUE:

1u

G _g' _ u—t Mo omlyt _u—t
=L =gita i = =y

Apkei v6o 6Tt logg S = log, M-

Xpnon non interactive Chaum Pedersen

Zero Knowledge Epappoyn: Siktua pigng



Noapadetypa iii

Brjpa 2 Amodei§n opBoTnTag petabeong
Mpemet voo {C, Cy} eival reencryption pia petaBeong tou {Cy, G}

XWPIC VO TNV PAVEPWOOULE TNV OVTICTOIKIAL.

loobuvapa:

(C} = Reenc(Cy) A\ C, = Reenc(Cy)) \V(C) = Reenc(Cy) A Chy =
Reenc(Cy))

AUan: SUvOean 4 MPWTOKOAMWY Chaum-Pedersen

Zero Knowledge Epappoyn: Siktua pigng



Mnyeg




BiBAloypawia i

Zero Knowledge

Nayouptdrg, A, Zaxos, E., [, 2015. YroAoytoTikr| kputrroypaia. [nAektp. BIBA.] ABAVa:ZOVEEGHOG EAANVIKWY AKaSNHOIKWY
BiBAloBnKwy

Jonathan Katz and Yehuda Lindell. Introduction to Modern Cryptography. Chapman and Hall/CRC, 2007
Oded Goldreich, The Foundations of Cryptography - Volume 1, Cambridge University Press, 2001

Paar, Christof, and Jan Pelzl. Understanding cryptography: a textbook for students and practitioners. Springer Science-Business
Media, 2009.

Kiayias, Aggelos Cryptography primitives and protocols, UoA, 2015

Nigel Smart. Introduction to cryptography

Berry Schoenmakers. Cryptographic protocols, 2015.

D. Chaum and T. P. Pedersen. Wallet databases with observers. CRYPTO '92.

U. Feige and A. Shamir. 1990. Witness indistinguishable and witness hiding protocols. In STOC '90.

R. Cramer, I. Damgard, and B. Schoenmakers. Proofs of partial knowledge and simplified design of witness hiding protocols. In
CRYPTO '94.

A. Fiat and A. Shamir. How to prove yourself: practical solutions to identification and signature problems. CRYPTO '86.

0.Goldreich,S.Micali, and AWigderson. Proofs that yield nothing but their validity or all languages in np have zero-knowledge
proof systems. J. ACM, 38(3):690-728, July 1991. (link)

S Goldwasser, S Micali, and C Rackoff. The knowledge complexity of interactive proof-systems. STOC '85

Jean-Jacques Quisquater, Louis Guillou, Marie Annick, and Tom Berson. 1989. How to explain zero-knowledge protocols to your
children. CRYPTO '89

Mike Rosulek, Zero-Knoweldge Proofs, with applications to Sudoku and Where's Waldo

C.P. Schnorr. Efficient signature generation by smart cards. Journal of Cryptology, 4(3):161-174, 1991
Online Lectures by Susan Hohenberger, Rafael Pass

Matthew Green, Zero knowledge proofs: An illustrated primer

Jeremy Kuhn Zero Knowledge Proofs — A Primer

Mnyes


http://hdl.handle.net/11419/5439
http://hdl.handle.net/11419/5439
http://crypto.di.uoa.gr/class/Kryptographia/Semeioseis_files/Cryptograph_Primitives_and_Protocols.pdf
http://goo.gl/b75I29
http://www.win.tue.nl/~berry/2WC13/
http://users.softlab.ntua.gr/~dvitin/zk/GMW91.pdf
http://pages.cs.wisc.edu/~mkowalcz/628.pdf
http://pages.cs.wisc.edu/~mkowalcz/628.pdf
http://web.engr.oregonstate.edu/~rosulekm/pubs/zk-waldo-talk.pdf
http://www.cs.jhu.edu/~susan/600.641/
http://www.cs.cornell.edu/courses/cs6830/2014fa/
http://blog.cryptographyengineering.com/2014/11/zero-knowledge-proofs-illustrated-primer.html
https://jeremykun.com/2016/07/05/zero-knowledge-proofs-a-primer/

	Εισαγωγή
	Συστήματα Αποδείξεων Μηδενικής Γνώσης
	Παραλλαγές
	Αποδείξεις Μηδενικής Γνώσης για Γνωστά Προβλήματα

	Σ-πρωτόκολλα
	Schnorr
	Chaum-Pedersen
	Σύνθεση  πρωτοκόλλων
	Μη διαλογικές αποδείξεις

	Εφαρμογή: ηλεκτρονικές ψηφοφορίες
	Εφαρμογή: δίκτυα μίξης
	Πηγές

