Apng [oyovptlng — Zrabng Zayog

EBvikd Metodfio [Tolvteyveio
Yyoh Hiextpordyov Mnyavikev kot Mnyovikev Y ToAoylotdv
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Amontoeig

» Message authentication (yvnoldtnta): To HNVOLLO TPOEPYETOL
07t TO COGOTO UTOGTOAEC.
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» Message authentication (yvnoldtnta): To HNVOLLO TPOEPYETOL
amd T0 GOOTO UTOCTOAEN.
» Non-repudiation (un amokpvén): dev UTopel KATO10¢ VoL
“amoxnpv&el” N S1K1 TOV VILOYPUPT.
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» Non-repudiation (un amokpvén): dev UTopel KATO10¢ VoL
“amoxnpv&el” N S1K1 TOV VILOYPUPT.
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Amontoeig

» Message authentication (yvnoldtnta): To HNVOLLO TPOEPYETOL
amd T0 GOOTO UTOCTOAEN.

» Non-repudiation (un amokpvén): dev UTopel KATO10¢ VoL
“amoxnpv&el” N S1K1 TOV VILOYPUPT.

» Integrity (akepandTNTO): GLVNOMG TPOKVTTEL GOV TAPATAEVPO
OTOTEAEG LA

> YTOAOYIOTIKN EQIKTOTNTOL OTOS0TIKOL OAYOp1OpoL dnpovpyiog
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Amontoeig

» Message authentication (yvnoldtnta): To HNVOLLO TPOEPYETOL
07t TO COGOTO UTOGTOAEC.

» Non-repudiation (un amokpvén): dev UTopel KATO10¢ VoL
“amoxnpv&el” N S1K1 TOV VILOYPUPT.

» Integrity (akepandTNTO): GLVNOMG TPOKVTTEL GOV TAPATAEVPO
OTOTEAEG LA

> YTOAOYIOTIKN EQIKTOTNTOL OTOS0TIKOL OAYOp1OpoL dnpovpyiog
VIOYPAPNG (Y10 TO VOO ATOCTOAED, LLOVO) Kol ETAANOEVONG
(Yo 6hovg).

» Existential unforgeability: dev pumopel va mapaydet amd Cevyn
KEWEVOD - LITOYPUPNG TAAGT LITOYPOPY] Y10 OTOL0ONTOTE GALO
Keipevo.
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Amoutnoelg

» Message authentication (yvnoldtnta): To HNVOLLO TPOEPYETOL
07t TO COGOTO UTOGTOAEC.

» Non-repudiation (un amokpvén): dev UTopel KATO10¢ VoL
“amoxnpv&el” N S1K1 TOV VILOYPUPT.

» I[ntegrity (axepotdTNTA): CLVNOMG TPOKVTTEL GOV TOPATAEVPO
OTOTEAEG LA

> YTOAOYIOTIKN EQIKTOTNTOL OTOS0TIKOL OAYOp1OpoL dnpovpyiog
VIOYPAPNG (Y10 TO VOO ATOCTOAED, LLOVO) Kol ETAANOEVONG
(Yo 6hovg).

» Existential unforgeability: dev pumopel va mapaydet amd Cevyn
KEWEVOD - LITOYPUPNG TAAGT LITOYPOPY] Y10 OTOL0ONTOTE GALO
Keipevo.

» Selective unforgeability: dev umopei va mopaydet amd Levyn

Ly KEWEVOU - VTTOYpagiiS TAOOTH VITOYPOPT Y10l ETAEYUEVO GALO

-
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Me ocoppetpikn Kpumtoypopio
» H xportoypdenon divel kat £yyomeon yvnotottag (ov To omAd
KeIUEVO EYEL YVMOTN 1| GUUPOVNLLEVT SOUR).




Me ocoppetpikn Kpumtoypopio
» H xportoypdenon divel kat £yyomeon yvnotottag (ov To omAd
KeIUEVO EYEL YVMOTN 1| GUUPOVNLLEVT SOUR).
> Zav Egymploti Aettovpyio: ¥p1on WIOTIKOD KAEW10D Yo
dnuovpyia Kot EToAN0gLGT VITOYPAPNS.




Me coppetpikn kpumtoypopio

» H xportoypdenon divel kat £yyomeon yvnotottag (ov To omAd
KEILEVO EYEL YVOGTH 1| COLEOVNUEVT] doUR).

> Zov Eexymploth Asttovpyio: ¥p1ion WOIMTIKOL KAEWL0D Yo
dnuovpyia kot eroAnBevomn VITOYPAPNS.

> Zuv0og Ve GE ATOTOTMUA, OTLLLOVPYNUEVO UE GOVAPTHON
ovvoyns (hash function): message authentication code (MAC).
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Me coppetpikn kpumtoypopio

» H xportoypdenon divel kat £yyomeon yvnotottag (ov To omAd
KEILEVO EYEL YVOGTH 1| COLEOVNUEVT] doUR).

> Zov Eexymploth Asttovpyio: ¥p1ion WOIMTIKOL KAEWL0D Yo
dnuovpyia kot eroAnBevomn VITOYPAPNS.

> Zuv0og Ve GE ATOTOTMUA, OTLLLOVPYNUEVO UE GOVAPTHON
ovvoyns (hash function): message authentication code (MAC).

> Tlopepuepepnc TpomOg: 0AVGIOMTH KPUTTOYPAPNCT Kot Ay
teAevTaiov kpumrokeévoo (CBC-MAC).,
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Me kpumtoypo@io Onpociov KAEWO100

» H xpvrroypagnon dev elaopolilel yvnoiotya.




Me kpvrtoypagio dSNHociov KAEW0D

» H xpvrroypagnon dev eCaopolilel yvnoiotna.
> [Suwtikd KAedi: dnuovpyio vToypaENg
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Me kpvrtoypagio dSNHociov KAEW0D

» H xpvrroypagnon dev eCaopolilel yvnoiotna.
> [Suwtikd KAedi: dnuovpyio vToypaENg
> Anuocto kAeWi: emaAinfegvon vroypaEncg

> XuvBwg mévo og arotdnmpa, pe ypnon hash function.

Syoki HMMY EMIT



> AAyopiBuog mapaywyng kiewdimv (KeyGen): cuvifmg 6nwg oto
avTioTOLYO YN KPLTOYPAPNONG / OTOKPLTTOYPAPNONG.




> AAyopiBuog mapaywyng kiewdimv (KeyGen): cuvifmg 6nwg oto
avTioTOLYO YN KPLTOYPAPNONG / OTOKPLTTOYPAPNONG.

» vvaptnon (aAyopdpog) vroypapnc sig: M x SK — S,
omov M egivar ta pnvopata, SK eivat to boTiKa KAEW8 Kot S
glval oL voypaPEC.

o cvykekpévo kKhewi sigy, : M — S, 6nov s4 € SK eivar o
WIOTIKO kAW ToV Yprom 4.




> AAyopiBuog mapaywyng kiewdimv (KeyGen): cuvifmg 6nwg oto
avTioTOLYO YN KPLTOYPAPNONG / OTOKPLTTOYPAPNONG.

» vvaptnon (aAyopdpog) vroypapnc sig: M x SK — S,
omov M givar o pmvopata, SKC eivor ta 1310TIKd KAEWOL Kot S
glval oL voypaPEC.

o cvykexpévo khewdt sigy, : M — S, 6mov s4 € SK givai 1o
W1oTIKd KAWL TOoL ¥prio 4.

> Xvvaptnon (aAyopBpoc) emainbevong
ver : M x 8§ x PK — {true, false}, 6mov PK to dnpdoia
KAEO14.

I'a cvykekpyévo khewi ver, : M x S — {true, false},
omov p, € PK givar To dnpdcio kredi tov xpriiotn 4.
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> AAyopiBuog mapaywyng kiewdimv (KeyGen): cuvifmg 6nwg oto
avTioTOLYO YN KPLTOYPAPNONG / OTOKPLTTOYPAPNONG.

» vvaptnon (aAyopdpog) vroypapnc sig: M x SK — S,
omov M givar o pmvopata, SKC eivor ta 1310TIKd KAEWOL Kot S
glval oL voypaPEC.

o cvykexpévo khewdt sigy, : M — S, 6mov s4 € SK givai 1o
W1oTIKd KAWL TOoL ¥prio 4.

> Xvvaptnon (aAyopBpoc) emainbevong
ver : M x 8§ x PK — {true, false}, 6mov PK to dnpdoia
KAEO14.

I'a cvykekpyévo khewi ver, : M x S — {true, false},
omov p, € PK givar To dnpdcio kredi tov xpriiotn 4.

A:m, sy
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> AAyopiBuog mapaywyng kiewdimv (KeyGen): cuvifmg 6nwg oto
avTioTOLYO YN KPLTOYPAPNONG / OTOKPLTTOYPAPNONG.

» vvaptnon (aAyopdpog) vroypapnc sig: M x SK — S,
omov M givar o pmvopata, SKC eivor ta 1310TIKd KAEWOL Kot S
glval oL voypaPEC.

o cvykexpévo khewdt sigy, : M — S, 6mov s4 € SK givai 1o
W1oTIKd KAWL TOoL ¥prio 4.

> Xvvaptnon (aAyopBpoc) emainbevong
ver : M x 8§ x PK — {true, false}, 6mov PK to dnpdoia
KAELO4.

I'a cvykekpyévo khewi ver, : M x S — {true, false},
omov p, € PK givar To dnpdcio kredi tov xpriiotn 4.

(m,s)=(msig,, (m))
A:m, sy > B :
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> AAyopiBuog mapaywyng kiewdimv (KeyGen): cuvifmg 6nwg oto
avTioTOLYO YN KPLTOYPAPNONG / OTOKPLTTOYPAPNONG.

» vvaptnon (aAyopdpog) vroypapnc sig: M x SK — S,
omov M givar o pmvopata, SKC eivor ta 1310TIKd KAEWOL Kot S
glval oL voypaPEC.

o cvykexpévo khewdt sigy, : M — S, 6mov s4 € SK givai 1o
W1oTIKd KAWL TOoL ¥prio 4.

> Xvvaptnon (aAyopBpoc) emainbevong
ver : M x 8§ x PK — {true, false}, 6mov PK to dnpdoia
KAELO4.

I'a cvykekpyévo khewi ver, : M x S — {true, false},
omov p, € PK givar To dnpdcio kredi tov xpriiotn 4.

(m,s):(m,sigSA (m)) .
A:m,sy » B : ver, (m,s) = true

Syokq HMMY EMIT



1. Zynpata Pneroxng Ymoypaeng pe mapdptnpo (with appendix).
Edd® avikouv Ta oyfuato 6ta 0moin To apyikd pnvopa givat
ATOPOITNTO YO TNV MGTOTOINGT YVNGOTNTAS TG AVTIGTOLNG
vroypaeng (0nmg eivarl to ElGamal kot to DSS).

Emiong 6Aa ta oyfpota Tov xpnotponotovy hash function.




1. EZynuata Pnelokng Yroypaeng pe mopaptnue (with appendix).
Edd® avikouv Ta oyfuato 6ta 0moin To apyikd pnvopa givat
OTOPAITNTO Y10 TNV WGTONOINGT YVNGLOTNTAG TNG AVTIOTOYNG
vroypaeng (6nwg gival to KOl TO ).

Eniong 6Aa ta oynuato TOU XPNCLLOTOIONV

2. Zyfuota Yneaxkng Ymoypaenig Le tkKovOoTTo ovAKToTG TOV
LUMVOLOTOG (message recovery), 6T OToio TO apy ko LAV
umopel va Topaydel and v id10 v vroypaen. (7. T0 ).
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Onwg 10 oyfua KpuIToyplenong, 1e
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Onwg 10 oyfua KpuIToyplenong, 1e

Kiewa: s4 = (d,p,q),py = (e,n) 6mov (e,d) € Z, xou
ed =1 mod ¢(n)

sig:Vm € M:s=sig,(m)=mimodn

ver : ver, (m,s) = true < m = s°modn
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Onwg 10 oyfua KpuIToyplenong, 1e

Kiewa: s4 = (d,p,q),py = (e,n) 6mov (e,d) € Z, xou
ed =1 mod ¢(n)

sig:Vm € M:s=sig,(m)=mimodn

ver : ver, (m,s) = true < m = s°modn

Inuovtiko TpdPAnua acedielag: existential forgery: kabévag pmopet
VOl KOTOUOKEVOAOEL TTOALG (margs).

Syokq HMMY EMIT



Onwg 10 oyfua KpuIToyplenong, 1e

Kiewa: s4 = (d,p,q),py = (e,n) 6mov (e,d) € Z, xou

ed =1 mod ¢(n)

sig:Vm € M:s=sig,(m)=mimodn

ver : ver, (m,s) = true < m = s°modn

Inuovtiko TpdPAnua acedielag: existential forgery: kabévag pmopet
VOl KOTOUOKEVOAOEL TTOALG (margs).

Avceig: ypnon hash function, ypfon redundancy.

Syokq HMMY EMIT



ATOITOOLE CUYKEKPLLEVT] LOPOT TOV 0PYLKOD UNVOLOTOC, E1GGYOVTOG
mieovalovoa TAnpopopio. I1.y.:

flm) = m||01101
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ATOITOOLE CUYKEKPLLEVT] LOPOT TOV 0PYLKOD UNVOLOTOC, E1GGYOVTOG
mieovalovoa TAnpopopio. I1.y.:

flm) = m||01101

[Ipocoyn: xpnon cvvaptnongs f Tov va uny Eyel moAlomiocioctiky
1010ty (OV 1 GLVAPTNOT VITOYPAPNG TNV EXEL):

I'o To oyfua RSA:
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ATOITOOLE CUYKEKPLLEVT] LOPOT TOV 0PYLKOD UNVOLOTOC, E1GGYOVTOG
mieovalovoa TAnpopopio. I1.y.:

flm) = m||01101

[Ipocoyn: xpnon cvvaptnongs f Tov va uny Eyel moAlomiocioctiky
1010ty (OV 1 GLVAPTNOT VITOYPAPNG TNV EXEL):

I'o To oyfua RSA:

AAMGDG TO YIVOLEVO TOV LTTOYPUE®V EIVOL 1] LTOYPOAPT] TOV YIVOUEVOD!

Syokq HMMY EMIT



Encrypt-then-Sign

» O B hapPavet: (ency,(m), sig, (encp,(m))), emadnbedet ko
ATOKPVLATOYPAPEL.

> [Ipopinpa: MitM attack - aAlayn oamocToréa.
‘Eotm 6110 O Bpioketar avdpeoa otovg 4, B.
O O maipvet 1o mapandve Cevydpt, Balet tn dtkn Tov voypaEn
Kot 6TEAVEL, oav 51Kd TOV, avTd oL Bo EoTEAvE M 4, T.Y.

“Yrethe pov niektpovikn emitayn 100K evpd. Kmdikog
emoAn0evong: JVxulS3wb%”.

Téhver, Snhadw, (enc,, (). sig, (enc, (m))).




Sign-then-Encrypt

» O B hopPavet: ency, (m, sigg (m)), omoxpontoypaget kot €xet:
(m, sigg, (m).

> TIpoPAnpa (LikpdTePo): oAy TOPOAT TN
O B éyelr v vroypaen e 4 6T0 m KoL UTopEl va.
KpunToypapNcet o Levyog (m, sigg (m)) e pe Kot vo 1o oteihel
otov C (o0 va. To GTEAVELT] ), Y.

“Xouvodeye adplo 61o aepodpopto tov Atevbuvt”.

Koy mpaxtixy:
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> Kiewdud:
Anudocio: TpdTog p, yevvitopag g g Z:, g%, a & [2,...,p — 2]
[Suwtko: a.

> Ymoypagn: emthoyn tuxaiov k € U(Z,—1).

v =g mod p
§ = (m—ay)k ! mod (p — 1)

sig(m) = (7,9)

» Emainbevon:
ver(m,7y,0) = true <

2nueiwon: Mn VIETEPUIVIGTIKO GYNLLOL, VITAPYOVY TOAAEG EYKVPEG
VIOYPOPES Y10 TO 1.
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2T0%0G: *)

1. Enidéym m ko mpoomodm vo, Bpd v, § dote va toydel (F).
» Enidéyom v, yayve § tétoro dote va woyvet (*): Oo mpénet
70 =g" g% (mod p) (emilvon DLP).
» Emiéyo J, yhyvo v tétolo dote va woybdet (x). To TpdBinua
eniluong g (¥) g mpog v eivan avorytd (ovte yvopilovpe
Kamolo Gy£oT TOL e TO GAAA TPOPAN AT dLoKPLToD
AoyapiBuov).
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2T0%0G: *)

1. Enidéym m ko mpoomodm vo, Bpd v, § dote va toydel (F).
» Enidéyom v, yayve § tétoro dote va woyvet (*): Oo mpénet
70 =g" g% (mod p) (emilvon DLP).
» Emiéyo J, yhyvo v tétolo dote va woybdet (x). To TpdBinua
eniluong g (¥) g mpog v eivan avorytd (ovte yvopilovpe
Kamolo Gy£oT TOL e TO GAAA TPOPAN AT dLoKPLToD
AoyapiBuov).
2. Emiéyo v xon 0, yayvo m: DLP &ava.
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2T0%0G: *)

1. Enidéym m ko mpoomodm vo, Bpd v, § dote va toydel (F).
» Enidéyom v, yayve § tétoro dote va woyvet (*): Oo mpénet
70 =g" g% (mod p) (emilvon DLP).
» Emiéyo J, yhyvo v tétolo dote va woybdet (x). To TpdBinua
eniluong g (¥) g mpog v eivan avorytd (ovte yvopilovpe
Kamolo Gy£oT TOL e TO GAAA TPOPAN AT dLoKPLToD
AoyapiBuov).
2. Emiéyo v xon 0, yayvo m: DLP &ava.
3. Koataokeun v, §, m towtdypova.
Enéym i,7,0 <i,j <p—2, ged(j,p—1) =1 «o 0éto:
7 =g -(g") modp
§=—y-j 'modp—1
m=—y-i-j 'modp—1
Eopkto cevapio, divel vmoypaen yio Toyaio mi:
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2T0%0G: *)

1. Enidéym m ko mpoomodm vo, Bpd v, § dote va toydel (F).
» Eniéym v, yayve § 1é€to1o dote va oydet (¥): Oa mpénet
70 =g" g% (mod p) (emilvon DLP).
» Emiéyo J, yhyvo v tétolo dote va woybdet (x). To TpdBinua
eniluong g (¥) g mpog v eivan avorytd (ovte yvopilovpe
Kamolo Gy£oT TOL e TO GAAA TPOPAN AT dLoKPLToD
AoyapiBuov).
2. Emiéyo v xon 0, yayvo m: DLP &ava.
3. Koataokeun v, §, m towtdypova.
Enéym i,7,0 <i,j <p—2, ged(j,p—1) =1 «o 0éto:
7 =g -(g") modp
§=—y-j 'modp—1
m=—y-i-j 'modp—1
Eo@kto cevapio, divel vmoypaen yio Toxoio 71: AVTILETOTION e
redundancy function 1 ka1 pe hash function.

Syokq HMMY EMIT



[Tpopurd&elg yia to Tuyaio k: &yt yvootomoinon, Oyt
EMOVAAN YT

» To tuyaio emAeypévo k mpénet vo LEVEL KPUPO — 1] YVDGT| TOV

799

divel otov “0ToKoVoTH” TN SVVATOTNTA VO VTOAOYIGEL TO
WIOTIKO KAWL a.




[Tpopurd&elg yia to Tuyaio k: &yt yvootomoinon, Oyt
ETOVAANYT
» To tuyaio emAeypévo k mpénet vo LEVEL KPUPO — 1] YVDGT| TOV

799

divel otov “0ToKoVoTH” TN SVVATOTNTA VO VTOAOYIGEL TO
WIOTIKO KAWL a.

» H emavéAnym g xpnong tov 8100 k EXITPENEL GTOV MTAKOVGTN
V0L TO OVOKTHOEL KOl ETOUEVMS VAL VTOAOYIGEL KO TO 4.
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» NIST, 1991.
» TTopariayn tov ElGamal, pikpotepo péyebog vroypapmng.
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» NIST, 1991.
» TTopariayn tov ElGamal, pikpotepo péyebog vroypapmng.

> 1580 Asrtovpyia og por vroopdoo e 7 tacns 21

14/43



v

NIST, 1991.
Hoaporriayn tov ElGamal, pikpdtepo péyebog voypapng.

v

v

I8£a: Aerwovpyia o€ puo vroopdoo e 7 tiing 210,

v

Ta 7y, & eivon ekBETEG SLVALEDY TOV YEVWNTOPX TNG VITOOUAAC.
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v

NIST, 1991.
Hoaporriayn tov ElGamal, pikpdtepo péyebog voypapng.

60

v

v

I8¢ Aertovpyia 6€ o v7ooao0 e 7L TOCNS 2!

v

Ta 7y, & eivon ekBETEG SLVALEDY TOV YEVWNTOPX TNG VITOOUAAC.

v

[Ipocoyn: to v ypnoonoleital kot cav féon Kot cov exfETng
oty gnaAnfevon!

Syoki HMMY EMIT



1. Emoyn mpatov g peyébovg 160-bit kai p peyéboug n-bit,
n=64r,r=8,9,10,...,16,peq | (p — 1).
p=1
2. Ebpeon g tdEnc q: g = g," , gy Yevwnropag me Z,,.
3. Emihoy biotikov kAed100 a € Z,.

4. Ymoloywoudg g mod p.




1. Emoyn mpatov g peyébovg 160-bit kai p peyéboug n-bit,
n=64r,r=8,9,10,...,16,peq | (p — 1).
p=1
2. Ebpeon g tdEnc q: g = g," , gy Yevwnropag me Z,,.
3. Emihoy biotikov kAed100 a € Z,.

4. Ymoloywoudg g mod p.

Anpooio khewi: (p,q,g,5), 8 = g* mod p.
Id1wTIKd KAEWDI: a.




1. H emtéyet évav toyoio aképao k, 1 <k < (g —1).

2. H vmoroyilel ta

v = (¢ mod p)modgq

§ = (m+ay)k ! modg.

3. Ymoypoon: sig(m, k) = (v, 9).




1. O B vnoloyilet:

-1

e1 = md mod ¢

1

e = Y0~ modgq.

2. ver(m,~,d) = true < (g°(5)°2 mod p) mod g =~y




1. Av opilape:

y=g‘modg «m
§ = (m+ ay)k~! mod ¢

dev Oa elyape opboTTO (Y1atis).




1. Av opilape:

v=g"'modgqg K
§ = (m+ ay)k~! mod ¢

dev Oa elyape opboTTO (Y1atis).
2. AvooupBei d =0 (mod g) n dwdikocio eravarapfaverar.

3. H aogddeia tov DSS ompiletar oy eikacio 6t1 1 exiivon tov
DLP &ivat vmoroyiotiké Svokodn oe opdda taéng 2190, Avto
T éov appicpnteital.

4. Ymoypagn ypnyopotepn and emainevon.




Lamport Signature Scheme

» Xpron one-way covapmongf: Y — Z.

> AmAO pvopa: m = (x1,x2, ..., x), pe x; € {0, 1}.




Lamport Signature Scheme

» Xpron one-way covapmongf: Y — Z.

> AmAO pvopa: m = (x1,x2, ..., x), pe x; € {0, 1}.
> [d1wtucd Khewi: emhoyy 1 & 1<i<k,je{0,1}:

()’1,00/2,0» ~-~>)’k,0)
()’1,17)’2,1: -~-a)/k,1)




Lamport Signature Scheme
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Lamport Signature Scheme

» Xpron one-way covapmongf: Y — Z.
> AmAO pvopa: m = (x1,x2, ..., x), pe x; € {0, 1}.
> [d1wtucd Khewi: emhoyy 1 & 1<i<k,je{0,1}:

(h,oayz,o» ~-~>)’k,0)
()’1,17)’2,1: -~-:yk,1)

> Anpooto krewl: vroroyopog z;; = /(v ):

(21,0, 22,05 -+, Zk,0)
(Z1,1,22,1, ---»Zk,l)

> Yroypagi: s = sig(m) = (V1 Vo s Vi)




Lamport Signature Scheme
» Xpron one-way covapmongf: Y — Z.
> A6 pivopo: m = (x1,x2, ..., X¢), pex; € {0, 1}.
[S1otwcd khewi: emhoyy 1 & 1<i<k,je{0,1}:
()’1,0&2,0» ~~~»y1<,0)
(y1,17)’2,1: -~-»)’k,1)
Anpdoto kAewdi: vrohoyopog z;; = /1y ):

v

\{

(21,0,22,05 ---» Zk0)
(Z1,1,22,1, ---»Zk,l)

Yroypogh: s = sig(m) = (Vi Vo 0y s Vi)
Enaln0evon: ver(m,s) = True < Vi, 1 <i<k: fls;) =z,

>




[Mopatnpnoeig:

- K\edud pog ypriong. Erovaypnoipomoinon kAedion emrpénet
VIOYPAPT] VEDV UNVOLATOV.

- AvENEVT ao@aAelo: TO cOOTNIO PTopel va ‘emlnoel’ Kot otV
EMOYN TO®V KPAVIIKOV DTOAOYIGTOV (UE KATAAANAN ETAOYT TNG
LOVOSPOUNG GUVAPTNGNG).

- To oyfiua Lamport eivon “omdroro”™ () ~ % = () > 2k,

- Bektioon Bos-Chaum: apkobvv mepimov ta o KAEOA.

Syokq HMMY EMIT



> Zevaplo avavoung yneogopiag: n Alice otéhvel oty Epmiom
Apyf pa yneo katdAinia “poackapeuévn”. H apyn v
vroypapet kot v otéivel otnv Alice. H Alice tnv petotpénet
G€ KOVOVIKT YNPo, vtoyeypapupévn amd v Epmot Apyn.

> ZUVOPTAGELG TVPAMGNG KOl ATOTOPAWDCTG:
ffM—>M g:S—=S




> Zevaplo avavoung yneogopiag: n Alice otéhvel oty Epmiom
Apyf pa yneo katdAinia “poackapeuévn”. H apyn v
vroypapet kot v otéivel otnv Alice. H Alice tnv petotpénet
G€ KOVOVIKT YNPo, vtoyeypapupévn amd v Epmot Apyn.

> ZUVOPTAGELG TVPAMGNG KOl ATOTOPAWDCTG:
ffM—>M g:S—=S

m*=/(m)

> A

TP




> Zevaplo avavoung yneogopiag: n Alice otéhvel oty Epmiom
Apyf pa yneo katdAinia “poackapeuévn”. H apyn v
vroypapet kot v otéivel otnv Alice. H Alice tnv petotpénet
G€ KOVOVIKT YNPo, vtoyeypapupévn amd v Epmot Apyn.

> ZUVOPTAGELG TVPAMGNG KOl ATOTOPAWDCTG:
ffM—>M g:S—=S

m*=/(m)

> A TP

> 4 S8 rrp




> Zevaplo avavoung yneogopiag: n Alice otéhvel oty Epmiom
Apyf pa yneo katdAinia “poackapeuévn”. H apyn v
vroypapet kot v otéivel otnv Alice. H Alice tnv petotpénet
G€ KOVOVIKT YNPo, vtoyeypapupévn amd v Epmot Apyn.

> ZUVOPTAGELG TVPAMGNG KOl ATOTOPAWDCTG:
ffM—>M g:S—=S

m*=f(m)

> A TP

> 4 S8 rrp

> A: g(sig(m*)) = sig(m) .




‘Ectm 611 0 Bob éyet ta Levyn (pg, n) (dnuooio kledi) xou (s, p, q)
(1010116 rAeroi). H Alice {ntd tnv voypaomn tov Bob.

(i) H Alice em\éyet Toyaio k < Z;, ko vroAoyilet 10
m* =m- ks,

kot 10 otéAvel atov Bob (blinding).

- I



‘Ectm 611 0 Bob éyet ta Levyn (pg, n) (dnuooio kledi) xou (s, p, q)
(1010116 rAeroi). H Alice {ntd tnv voypaomn tov Bob.

(i) H Alice em\éyet Toyaio k < Z;, ko vroAoyilet 10
m* =m- ks,
kot 10 otéAvel atov Bob (blinding).

(ii) O Bob vroypaeet to m* g e&ng:
s* =sig(m*) = (m*)*® mod n = (m - kP)*s =
(m*® - k) = sig,, (m) - k (mod n)

kot oTédvel To s* oty Alice.

. B



‘Ectm 611 0 Bob éyet ta Levyn (pg, n) (dnuooio kledi) xou (s, p, q)
(1010116 rAeroi). H Alice {ntd tnv voypaomn tov Bob.

(i) H Alice em\éyet Toyaio k < Z;, ko vroAoyilet 10

m* =m- ks,
kot 10 otéAvel atov Bob (blinding).

(ii) O Bob vroypaeet to m* g e&ng:
s* =sig(m*) = (m*)*® mod n = (m - kP)*s =
(m*® - k) = sig,, (m) - k (mod n)
kot oTédvel To s* oty Alice.

(iii) H Alice 6&yetan 1o s* and Tov Bob kot vroAoyilet:
s ="kt mod n = siglm) - k-kTl = sigg, (m)
(mod n) = sig,, (m) .
H Alice amoktd 0 5, OnAadn TNV £yKLpTn LILOYPAPT TOL
Bob ndvm oto m (unblinding), ywpig o Bob va pdbet to



> Adwpeiofrnreg vroypagég (undeniable signatures)

- ATa1tovv TNV GLVEPYACia TOL VIOYPAPOVTAL.

- Agv pmopet Opmg va Tig amononet.

- Ext6c¢ av etvan mhaotéc, omoTe TO amodekvoet!




> Adwpeiofrnreg vroypagég (undeniable signatures)

- ATa1tovv TNV GLVEPYACia TOL VIOYPAPOVTAL.
- Agv pmopet Opmg va Tig amononet.

- Ext6c¢ av etvan mhaotéc, omoTe TO amodekvoet!

» Fail-stop signatures

- Av mhactoypapndobdv, o vroypapov puropei va omodeiel Tnv
mAooToyphonon (Léocw ‘Eumiotng Apyng) Kot vo S1okoyet T

xprion TovG.
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Yynuo Chaum - van Antwerpen

» KeyGen: mpdtol p, ¢, p = 2q + 1, yevvntopag g TG Vmwoouddog

. R 4
OR(p) (x4&ng q), a < Zy, B = g mod p.
Public key: p, g, 5.  Secret key: a.

» Signing:
A

(m.s),  s=sig(m)=m" mod p

> B




Yynuo Chaum - van Antwerpen
» KeyGen: mpdtol p, ¢, p = 2q + 1, yevvntopag g TG Vmwoouddog

p R 4
OR(p) (16&ng q), a < Zg, f = g* mod p.
Public key: p, g, 3. Secret key: a.

» Signing:

m.s),  s=sig(m)=m* mod
y (m,s) g(m) LN

» Verification:
¢=s°13°2 mod )2 e1,e2 (52;

A< B (challenge)




Yynuo Chaum - van Antwerpen
» KeyGen: mpdtol p, ¢, p = 2q + 1, yevvntopag g TG Vmwoouddog

p R 4
OR(p) (16&ng q), a < Zg, f = g* mod p.
Public key: p, g, 3. Secret key: a.

» Signing:
4 (m.s),  s=sig(m)=m" mod p

» Verification:
¢=s°13°2 mod )2 e1,e2 (52;

A< B (challenge)

> B

af:c“_1 (mod 4) mod p

A » B (response)




Yynuo Chaum - van Antwerpen
» KeyGen: npdtot p, g, p = 2q + 1, yevwntopag g TG VTOOUASOG
OR(p) (x6&nG 9), a ¢ Z;, B = g" mod p.
Public key: p, g, 5.  Secret key: a.
» Signing:

m.s),  s=sig(m)=m* mod
y (m,s) g(m) LN

» Verification:
¢=s°13°2 mod )2 e1,e2 (52;
ya

A< B (challenge)

af:c“_1 (mod 4) mod p

A » B (response)
B :ver(m,s,d) = true & d=mg? (mod p)




Ac vmoBécovpe 0Tt évog avtitahog Tov TapeUPAALETAL GTO KOVAAL
nmpooradel va Kavel Tov B va dgy0el o ThaeT vIToypapn @G yviola
vroypaen g 4. [ mapddetypa, otédvel (m, s) T.d. s Z m* (mod p)
kot Tpoomafel va Bpet katdAinio d dote va Yivel cooth enainfsvon
and tov B, dnhadn va woyvel d = m° g (mod p), yio ta eq, e TV
emAéyet o B.

Syokq HMMY EMIT



Ac vmoBécovpe 0Tt évog avtitahog Tov TapeUPAALETAL GTO KOVAAL
nmpooradel va Kavel Tov B va dgy0el o ThaeT vIToypapn @G yviola
vroypaen g 4. [ mapddetypa, otédvel (m, s) T.d. s Z m* (mod p)
kot Tpoomafel va Bpet katdAinio d dote va Yivel cooth enainfsvon
and tov B, dnhadn va woyvel d = m° g (mod p), yio ta eq, e TV
emAéyet o B.

Hopatipnon: o emtiBéuevog umopei vo eivor ko 1 ida 1 Alice, Tov
npoonafel va emaAnfevoet o TAAGTH TNG VIOYPAPT], TV OTOiC OTN|
GULVEYELD. VO ooTotnOe.
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Ac vmoBécovpe 0Tt évog avtitahog Tov TapeUPAALETAL GTO KOVAAL
nmpooradel va Kavel Tov B va dgy0el o ThaeT vIToypapn @G yviola
vroypaen g 4. [ mapddetypa, otédvel (m, s) T.d. s Z m* (mod p)
kot Tpoomafel va Bpet katdAinio d dote va Yivel cooth enainfsvon
and tov B, dnhadn va woyvel d = m° g (mod p), yio ta eq, e TV
emAéyet o B.

Hopatipnon: o emtiBéuevog umopei vo eivor ko 1 ida 1 Alice, Tov
npoonadel va emaAnBevoEl Lo TAAGTT TG VITOYPAPT], TNV OTOI0 TN
GULVEYELD. VO ooTotnOe.

Osopnua

270 aynuo. Chaum - van Antwerpen, uio ooty vroypopn s  m*
(mod p) aroppinterar ue mbavornra 1 — %, oveoptiTmg TS
DTOAOYVIOTIKNG 1GYDOG TOV OVTITAAOD.

Syokq HMMY EMIT



Amdoeln.

Yrdpyovv g dtapopetika Cevyapra (e, el) mov divovv 1o 810 ¢. O
emtifépevog dev givan og Béom va yvaopilel oo ypnoyomomonke.




Amodeln.

Yrdpyovv g drapopetiko Cevydpua (e, e5) mov divovv to idto c. O
emTifépevog dev givar o Béom va yvopilel Tolo ypnoiponoonke.
EmimAéov, kabéva amd avtd to g (e0yn emainbedetat pe S1opopeTikd
d*, 31011 6tav s Z m? (mod p) 10 GHGTNUO W6OTHUDV:

c=s18%  (mod p)
d* =mg® (mod p)

et povadikn Aen g Tpog (e, €5). AVTO aTOSEVOETAL OV TAPOVLE
T0 QVTIGTOL(O GLOTNUO UE TIG L0TIHiEG TV ekBetdv (mod ¢):
opilovoa givar un punoevikr.

Syoki HMMY EMIT



Amodeln.

Yrdpyovv g drapopetiko Cevydpua (e, e5) mov divovv to idto c. O
emTifépevog dev givar o Béom va yvopilel Tolo ypnoiponoonke.
EmimAéov, kabéva amd avtd to g (e0yn emainbedetat pe S1opopeTikd
d*, 31011 6tav s Z m? (mod p) 10 GHGTNUO W6OTHUDV:

c=s18%  (mod p)
d* =mg® (mod p)

et povadikn Aen g Tpog (e, €5). AVTO aTOSEVOETAL OV TAPOVLE
T0 QVTIGTOL(O GLOTNUO UE TIG L0TIHiEG TV ekBetdv (mod ¢):
opilovoa givar un punoevikr.

"Etot, N mbavotnto tov emtifépevon va Bpet 1o cmoto dF givat é. O

Syokq HMMY EMIT



Onwg eimape, yperaletot n dSvvotdTTe

. AVTd eMITLYYGVOVTOL LIE TO TOPAKAT®:

[Ipwtoxorro amoknpvéng (disavowal protocol)

Amoteleitor amd 2 dtadoyIKEC EKTEAETELS TOV TPOTOKOAAOL
gmoAn0gvong, éotw €, ey, ', d’ oL mapapetpol g devTEpNg
extéreons. 'Eotm 01l To TpmTOKOALO AmOTLYYXAVEL KOt TIG OU0 POPEG:
gite 1 voypaen etvon mhaoty, gite n 4 divel havBucpéveg omovinoelg
d,d . 1o téhog yivetan o Eleyyoc:

(dg=2)¢'! = (d'g~*2)°'! mod p
Av oybdetl 1ootio onpuaivel (Le ToAD peydn mbavotnta) 0t
VIOYPAPT EIVOL TAAGTY, OV O)L 1 VITOYPOEY| Elval YVioLo.

Topatnpnon: amodekvHETOL OTL AV 1 VITOYPOEN EIvaL OVIMG TAACTN

t6te M 4 B pmopéacel pe PefordtnTa vo amodeiEel, v av gival

yviolo, N ThavotnTa TG A Vo ELPAVIGEL TV VTOYPUPT] MG TAAGTNH
oM HﬁIWﬂﬂMjlj avelapTNTO OO TV DITOAOYIGTIKY THS 1OYD.



» KeyGen:
‘Epumiom apyn (TTP): exthoyn mpdtov p,q,p = 2q + 1,
yevviitopa g TG voopddog O (1) (Tdéng q), a & 7z,
8 = g% mod p.
TTP M A . Tvooto pévo oty TTP: a.
A: a17a23b17b2 & an
71 = g" % mod p
vo = g 372 mod p.

Publickey: p, = (71,72.0,4.2. ).
Secret key: s = (ay.as, b1, b2).

- e



» KeyGen:
‘Epumiom apyn (TTP): exthoyn mpdtov p,q,p = 2q + 1,
yevviitopa g TG voopddog O (1) (Tdéng q), a & 7z,
8 = g% mod p.

TTP M A .Tvwotd udévo oty TTP: a.

A :ai,az, by, by & Ly,
71 = g" % mod p
2 = " 7 mod p.
Publickey: p, = (71.72.p.4, 2. 5).
Secret key: s = (ay.as, b1, b2).
» Signing:
A:meZy

<III.S] s59),  s1=ai1+mb1 mod ¢, sa=az+mby mod q\
7

B

... =



» KeyGen:
‘Epumiom apyn (TTP): exthoyn mpdtov p,q,p = 2q + 1,
yevviitopa g TG voopddog O (1) (Tdéng q), a & 7z,
8 = g% mod p.

TTP M A .Tvwotd udévo oty TTP: a.

A :ai,az, by, by & Ly,
71 = g" % mod p
2 = " 7 mod p.
Publickey: p, = (71.72.p.4, 2. 5).
Secret key: s = (ay.as, b1, b2).
» Signing:
A:meZy

<III.S] s59),  s1=ai1+mb1 mod ¢, sa=az+mby mod q\
7

B

» Verification:
ver(m,s1,s2) = true & y17y = g1 32 (mod p)

... e



> Zynuo pog xpnong (one-time): ov 600 UNVOLLATO VTOYPAPOVY LUE
70 1010 1W1wTIKO KA, umopel va Ppedei To KAedI.

Syokq HMMY EMIT



> Zynuo pog xpnong (one-time): ov 600 UNVOLLATO VTOYPAPOVY LUE
70 1010 1W1wTIKO KA, umopel va Ppedei To KAedI.

> Yrdapyovv ¢ Wrotikd khewdid (a1, az, b1, by) mov ivovv 10 1510
(717 ’72)
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> Zynuo pog xpnong (one-time): ov 600 UNVOLLATO VTOYPAPOVY LUE
70 1010 1W1wTIKO KA, umopel va Ppedei To KAedI.

> Yrdapyovv ¢ Wrotikd khewdid (a1, az, b1, by) mov ivovv 10 1510
(71,72)-

> Ano avtd, akplBag g divovy v id10 LITOYPAPT S1, S2 Yo £VaL
pvopa m. Emopévec, ta g2 mové 1810tikd KAE1818 mapdyovy
aKPBAOC g SLUPOPETIKEG VITOYPAPEG Y10 TO 712,

Syokq HMMY EMIT



> Zynuo pog xpnong (one-time): ov 600 UNVOLLATO VTOYPAPOVY LUE
70 1010 1W1wTIKO KA, umopel va Ppedei To KAedI.

> Yrdapyovv ¢ Wrotikd khewdid (a1, az, b1, by) mov ivovv 10 1510
(71,72)-

> Ano avtd, akplBag g divovy v id10 LITOYPAPT S1, S2 Yo £VaL
pvopa m. Emopévec, ta g2 mové 1810tikd KAE1818 mapdyovy
aKPBAOC g SLUPOPETIKEG VITOYPAPEG Y10 TO 712,

» T §00 Srapopetikd pnvopota m, m’, o g kKAed1d mov divovv
v “ocmoTN” LTOYPPN Yio TO M SIVOLV g SLUPOPETIKEG
VIOYPOPES Y1 TO 1.

Syokq HMMY EMIT



» AvckoAia TANGTOYPAPNONG:
- 'Evag mhaotoypdpog mov yvopilel poévo to dnpocto KAEWL €xet
mOavoOTN T q% = % VO KOTOOKEVAGEL ‘00T VITOYPOEN Y1 £VOL
unvopa m’ TG EMAOYNG TOV, AVEENPTHTOGS VITOAOYIGTIKNG 1GYVOG.
- "Evog mAaotoypaeog mov amoktd po £ykopn tpidda (m, s1, 52)
€xel mBovotnTo % VO KATOOKEVAGEL COGTY) VITOYPOLOT] Y10l EVOL
unvopa m’ g emhoyfg Tov, aveEaptiTOg VTOAOYIGTIKAS 100G
(axoun Kot av pumopet va vToA0YIcEL Ta ¢ KAEWOLA TTOL divovy TV
“ocmoTn” VTOYPAPT] Y10 TO /71).

Syokq HMMY EMIT



> Am6oeién TAacToypaeNoNgG:
To oyfua Tapéyet emmpdsdetn ac@AAELN (YOPIG VITOAOYIGTIKEG
TPOVTODESELS) EVAVTL TAACTOYPAPTONG. ZVYKEKPLEVO, O
VOULLOG VTTOYPAP@V pmopel vo, amodei&et OTL o VTOYPOEN ival
TAGTOYPOUPTLEVT, YPNOLOTOIDVTOS TV Y10, VO, ATOKOADWYEL TOV
— YVOOoTO HOVO GtV EUTIeT apyn — ek0étn a. Emeidn n edpeon
Tov €KBETN Elvar VTOAOYIOTIKA AmpdotTn, 1| TopaTdve HEB0S0G
GLVIGTA ATOOEIET TAUGTOYPAPTOTG.

Syokq HMMY EMIT



Osopnua

2o oynua van Heyst - Pedersen pio kotaokevaouevn omo tov
OVTITOAO DTOYPOPH TOD TEPVAEL TO TPWTOKOALO emOANBevons umopel
(ue moAD ueydAn mbavotyta) va ypnoiuoroinlet yio v awoxdloyn
100 exbétn a, avelopTNTMS TS DTOAOYIOTIKNS 1YDOS TOV AVTITAAOD.

Syokq HMMY EMIT



Osopnua

2o oynuo van Heyst - Pedersen uia kotookevaouevy amo tov
OVTITOAO DTOYPOPH TOD TEPVAEL TO TPWTOKOALO emOANBevons umopel
(ue moAD ueydAn mbavotyta) va ypnoiuoroinlet yio v awoxdloyn
100 exbétn a, avelopTNTMS TS DTOAOYIOTIKNS 1YDOS TOV AVTITAAOD.

Amooel.

INo kaOe voypaEn mov emaAnBedeToL VILAPYOLY Kol AAAEG g — 1

VIOYPOPEG TTOL emaAnBevovTan Yo To 1010 uivopa. H mbavoémra va

&xet Bpet o avtimalog pio amd Tig vOAoTES val 1 — é

Av 1oy0€1 KTl TETO10, TOTE O VITOAOYIGHOG

a= (s —s7) - (s2— .s-”_),)*l mod ¢

OTOKOAVTTEL TOV €KBETN a. O

Syoki HMMY EMIT



> I'vooTég KO MG GLVAPTNGELS KOTOKEPHLOTIGHLOV.
> ENUOVTIKEG 1O10TNTES:
» Svumieon: h: X — Y, |Y] < |X].
SovAbog X = X*, Y = X", nhadn n A(x) £xel cuykekpluévo
WAKOG Y10 070100 TOTE EIGOJ0 X.
» Evkolio Yroloyiopo. O vroloyiopdg g twng A(x) yio kdmoo
x yivetan “gdoda”. Anladn vapyet adydplBpog 4 ToA@VOHKOD
xPOVOVL, éT01 DOoTE Yo KGOE X va 1oyveL A(x) = A(x).

» Opilovv oyéon 1oodvvapiog:
x ~x s h(x) = h(x)

Avo ctoyeia oty id1a KAAoT 1codvvapiog AEE OTL TPOKOAOVY

Syokq HMMY EMIT



‘Ectw hash function # : X — Y. H & éyeu

1. Avtictoon TpmTov opicpatog (preimage resistance), av yio
y € Y eivan vmohoyiotikd dvokodo va Bpebei x T.0. A(x) = y.

2. Avrtioctoon dgvtepov opiopartog (2nd preimage resistance), av av
yiox € X givor vroloyiotikd Suokoro vo. Bpedet X' T.6. x # x/
kot A(x) = h(x').

3. AvokoAia ebpeong cvykpovcemv (collision resistance / freeness),
av eivar vrohoyiotikd duokodo va Ppedodv x, X' € X éto1 dote

h(x) = h(xX').
Al ovopata: yuo To (2) weak collision freeness, yio to (1)
non-invertibility.
Zepd woy0oc: (3) = (2) = (1) (b mpoimobéces).

One-way hash functions (OWHFs): (1) & (2).
sy in@lgfon-resistant hash functions (CRHFs): (1) & (2) & (3).



I. flx) = (x* — ¢) mod p: dev eivon povng katevBvveng apod 1
EVPECT| TETPAYOVIKOV PLLdV TNG HovAdag 6To Zy, efvon duvarh oe
TOAV®VOUIKO XPOVO.

2. g(x) = x> mod n, n = pg: avtictacn TPGOTOL OPIGHATOG, AAAG
oYL avTioTooT 6gVTEPOV OPIGUATOG (Y1oTi;), ETOUEVAMG OEV gival
CRHF.

3.0 h: g = 7, h(x1,x2) = o 2 mod p, p, g Tp@ron,

P =2q + 1. a, B yevwnropeg tov Z,,.
Eivat yvoom og ka1 etvor CRHF av
woyvel n Yrobeon Awaxpirov Aoyapifuov.

Syokq HMMY EMIT



Merkle-Damgérd Hash Function Extention

Aiveton /r : {0, 1}"" — {0, 1}"

Kataokevaletan 2% : {0,1}* — {0,1}", m >+ 1

T x € {0, 1}* ypapovpe: x = x1x2..x5x511, |xi| =711 <i<k—1,
x; padded pe 07, x;1 eivon 1o d o¢ binary.

‘Eoto owoyévela cuvoptioeov H; : {0,1}* — {0, 1}" mov opiletan
OVOOPOLIKA OC:

HO (x) =1V

Hilx) = h(Hi-1 () ).
Opiovpe /1" (x) — i (x)




Osopnua

Av n ovvéptnon couricong h eivau collision resistant, tote kor 1 h™ mov
kozaokxevaletor ue ™ uéBodo Merkle-Damgdrd eivai emiong collsion
resistant.

Amdoeln.

Eotox = x1’,x0 x| #x: B (x) = h*(x).

Tote

Hy1(x) = Hy (1 (X') = h(H(x)|Poe1) = h(Hp () [[x,,) -

Omnote gite Egovpe ovyKpovon oty A (4Tomo), eite xpp1 = x;{, 4 Ko
Hi(x) = Hy (X)), ondte enayoyikd KaTaAyoupe o€ 4tomo Aoy®
G0YKPOLGNG ) 160TNTAG TV X, X' L




> X& GLUVOVAGUO LE OAYOPLOLLO VTTOYPAPNG, VIO EXLTAYVVOT) TG
Swdwcaoiag. [Mapadeiypata: MDS5, tov ypnciponoteiton pe RSA
o010 PGP, SHA-1 (topa SHA-2), mov ypnowonoteitan oo DSS
(Digital Signature Standard), «.d.

» ‘EAeyyog yvnoidtnrog pnvopotog — avbeviucomoinon (pe
ovppetpcd kAewi): keyed hash functions, m.x. HMAC.

> AkepardtnTa dedopEVeV (Ue 1) Yopig KAEWT).
» [evvnTpieg wevdotuyaiov apBudv (e random seed + counter).

» Stream ciphers, m.y. SEAL, HC-128, HC-256, aAAd kot block
ciphers (SHACAL).

> Xg . Xpnopomnoteiton Kémoto
dnuodela TAnpoeopia, Tov dgv gival duvatov vo, TpoPArepdet (..
UETEMPOAOYIKA ESOUEVAL).

Syokq HMMY EMIT



» O mo didonpeg cuvaptioels, MDS5 kot SHA-1 otpilovion o
Tpa&elg mov upilovv cuppeTpikn Kpurtoypagio (rotation,
XOR, mpdcOson mod232, Svadicéc TpaLeic).

> Ynéomoav eviotikég embéoclc (exibean yevebliowy k.4.). H
MDS5 dev Bewpeitor TAéov acpalnc, 1 SHA-1 avtikotaotadnke
amd v (owoyéveln) SHA-2, evd éxel avamtuydel ko n SHA-3.

» MovtéAlo tuyaiov poavteiov (Random Oracle): mpotdBnke amd
Bellare-Rogaway (1993) kot peAetdet 1010tnteg alyopifuwv kot
TPMOTOKOAM WOV KAT® oo Ty vodHecn VTapENG oG 100G
oLVAPTNONG GVUVOYTS. Agv gival amdAvTA PEOMGTIKT VTTOBEDT,
aALG Exel amoderyDel oTNV amdOEEn
OTOTEAEGLAT®V, KOL )L LOVO CLPVITIK®V.

Syokq HMMY EMIT



» Tavtomoinong / avayvaopiong (identification). ATAég
VAOTOMCELS: HEGM KPUTTOGLGTNUATOV 1] GYNUATOV VITOYPAPNC.
Baciouéva atov dtakpitd Aoydpduo: oynuata Schnorr,
Okamoto.

Mndevikng yvaong: Fiat-Shamir, Feige-Fiat-Shamir.
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» Tavtomoinong / avayvaopiong (identification). ATAég
VAOTOMCELS: HEGM KPUTTOGLGTNUATOV 1] GYNUATOV VITOYPAPNC.
Baciouéva atov dtakpitd Aoydpduo: oynuata Schnorr,
Okamoto.

Mndevikng yvaong: Fiat-Shamir, Feige-Fiat-Shamir.

> Alopolpacpod puotikob (secret sharing). IpmtoékoAio Shamir.
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» Tavtomoinong / avayvaopiong (identification). ATAég
VAOTOMCELS: HEGM KPUTTOGLGTNUATOV 1] GYNUATOV VITOYPAPNC.
Baciouéva atov dtakpitd Aoydpduo: oynuata Schnorr,
Okamoto.

Mndevikng yvaong: Fiat-Shamir, Feige-Fiat-Shamir.
> Alopolpacpod pootikov (secret sharing). [potokoiio Shamir.

» [ToAAd dAAa: coin flip, oblivious transder, mental poker,
broadcast, secure function evaluation, secure multi-party
computation, e-voting.
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» KeyGen: (an6 TA) npdtoip,q,q | p — 1, yevwnropag g g
VIoopadac TaéENg ¢ TG Z%, mapapuetpog £, 2 < q.
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» KeyGen: (an6 TA) npdtoip,q,q | p — 1, yevwnropag g g
VIoopadac TaéENg ¢ TG Z%, mapapuetpog £, 2 < q.

A:  Secret:a & Zq
Sends to TA: v = g~¢ (mod p).

» TAsigns: s = sigp,(ID(4),v) .
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» KeyGen: (an6 TA) npdtoip,q,q | p — 1, yevwnropag g g
VIoopadac TaéENg ¢ TG Z%, mapapuetpog £, 2 < q.

A:  Secret:a & Zq
Sends to TA: v = g~¢ (mod p).
» TAsigns: s = sigp,(ID(4),v) .
» A’s certificate: C(4) = (ID(A),v,s) .
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Identification protocol:

A <C(A)77>7 ’Y=gk mOdp, k(R—Zq

> B(commitment)




Identification protocol:

A <C(A)77>7 ’Y=gk mOdp, k(R—Zq

> B(commitment)

B : verpy(C(4)) =?true, av va:




Identification protocol:

(1)), ~v=gtmodp, K&z,

A > B(commitment)
B : verpy(C(4)) =?true, av va:
R
A« relt 2] B (challenge)




Identification protocol:

(1)), ~v=gtmodp, K&z,

A > B(commitment)
B : verpy(C(4)) =?true, av va:
R
A« relt 2] B (challenge)
A4 < =kiianeld) B (response)




Identification protocol:

(1)), ~v=gtmodp, K&z,

A > B(commitment)
B : verpy(C(4)) =?true, av va:
R
A« relt 2] B (challenge)
A4 < =kiianeld) B (response)




> Teyvikég COUUETPIKNG KOl AGVUUETPNG KPLITOYPAPIOG.
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> Teyvikég COUUETPIKNG KOl AGVUUETPNG KPLITOYPAPIOG.
> Oesopntikn Bepeiioon: Bewpia apBumv, diyefpa, adydpiBuoL,
VTOAOYLOTIKT) TOAVTAOKOTTO.
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> Teyvikég COUUETPIKNG KOl AGVUUETPNG KPLITOYPAPIOG.

> Oesopntikn Bepeiioon: Bewpia apBumv, diyefpa, adydpiBuoL,
VTOAOYLOTIKT] TOAVTAOKOTITCL..

> Acpdlela pe amddelln (1 €0t 1oyvpn EVOEEn):
KPUTTOYPOUPIKEG VALY OYES.
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\4

Teyvikéc GUUUETPIKNG KOl OCVUUETPNG KPVTTOYPAPIOC.
Bewpnrikn Beperioon: Bewpio apBumv, drhyeppa, arydpiBpot,
VTOAOYLOTIKT] TOAVTAOKOTITCL..

\4

\{

Acopdlela pe amdoelln (1 €0t 1oyvpn EvOeEn):
KPUTTOYPOUPIKEG VALY OYES.

v

Avaykn yio TpokTikég ADGELG e ATOOEOEIYIEVT] ACOAAELQ:
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\4

Teyvikéc GUUUETPIKNG KOl OCVUUETPNG KPVTTOYPAPIOC.
Bewpnrikn Beperioon: Bewpio apBumv, drhyeppa, arydpiBpot,
VTOAOYLOTIKT] TOAVTAOKOTITCL..

\4

\{

Acopdlela pe amdoelln (1 €0t 1oyvpn EvOeEn):
KPUTTOYPOUPIKEG VALY OYES.

v

Avaykn yio TpokTikég ADGELG e ATOOEOEIYIEVT] ACOAAELQ:

\{

Evyopiorodue yio tn ovpuetoyn cog!
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