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Opopog RSA
» TTopaywyn KAEWBIHDY
1. Ebdpeon npdtov p, g peydrov pnrkovg (> 1000 ynein) — xpnon
eAéyyov mpawrwv apiBuwv (n.y. Miller-Rabin).
2. Ymohoywopdgn = p-gxovpo(n) = (p— 1) (g — 1).
3. Emdoyfe € U(Z,) : ged(e. o(n)) = 1.
4. Ynohoywopdgd : e-d =1 (mod p(n)) —ypnon Exextetouévon
Evideiderov alyopibuov.
Anuooio xkledi: e, n.
Io1wTiKo KAe1di: d.
» Kpvurtoypdonon
enc(m) =m*modn (m € Z,).
» Amokpumtoypdonon
dec(c) = ¢’ mod n .




> OpBotnta

dec(m® mod n) = (m)? = m<e+1




> OpBotnta

d keo(n)+1

dec(m® mod n) = (m°)* =m =m (mod n)

Anodetcvoetan edkora yuu m € U(Zy,), odAd 1o)0eL Ko Yo kabe
m € Zy \ U(Zy,) (doxnon).




> OpBotnta

dec(m® mod n) = (m®)? = m**"+ =m  (mod n)

Anodetcvoetan edkora yuu m € U(Zy,), odAd 1o)0eL Ko Yo kabe
m € Zy \ U(Zy,) (doxnon).

» Ko o1 tpeig dadikaoies (Topaymyn KAEWBIDV, KPUTTOYPAPN O,
QITOKPLTTOYPAPNGT) VAOTOL0VVTOL ATTOOOTIKGL.




Av kdmotlog pmopetl va fpel Ta p Kal ¢ UTopel E0KOAN VO, VTOAOYIGEL TO
©(n) Kot emopévag kot to d:

RSA-decrypt(c, e,n) <P FindSecrExp(e,n) <P

©(n) — Computation <? Factoring(n)
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Av kdmotlog pmopetl va fpel Ta p Kal ¢ UTopel E0KOAN VO, VTOAOYIGEL TO
©(n) Kot emopévag kot to d:

RSA-decrypt(c, e,n) <P FindSecrExp(e,n) <P

©(n) — Computation <? Factoring(n)
H ebpeon tov p(n) odnyei oe nopayovionoinon (Gpa givor Topdpotas

SVoKOALNG) ADVOVTOG MG TPOS P, g:
n=p-q
pn)=@p—-1)-(¢g—1)
Enopévac:

RSA-decrypt(c, e, n) <P FindSecrExp(e, n) <P

¢(n) — Computation =” Factoring(n)
Syohi HMMY EMIT



[Ipotaon
H evpeon tov 10iwtixod kleidiod d (exbétn amoxporroypdpnong) tov
RSA, odnyei otnv mopayoviomoinon tov n ue wodv ueyaln mbovoryzo.

Amooel.

Av yvopilovpe T0 d PTopodLE VO GYESIIIGOVLE TOV TOPUKAT®
mOavoTikd adydpibuo:

» Ymoioyilovpe u = ed — 1. Ioybet
on)|ed—1=Vaec UZ,) :a" =1 (modn).
> Xp1oYomolovpe TV id10 100 ToL E10AE GTNV ATOdEIEN TOV
Miller-Rabin:
Ipaeovpe u = 1 - 2° xon moipvovpe sequences
(b, b2 b2 b2 (mod n),
o Sla(popsg mxoda EMAEYUEVEG TILEG TOV b.

Onwg kot 6to Miller-Rabin, amodeikvietat 6Tt TOLAXIGTOV TO LIGA

b € U(Zy,) divovv factoring sequences. 0l
DYORTPELNVINY EMIT



RSA-decrypt(c, e,n) <P FindSecrExp(e,n) <P

(n) — Computation =P Factoring(n) <'? FindSecrExp(e, n)
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2evapio: o Eumorny Apyn (Trusted Third Party) dlovépet to id1o
Ywopevo n kot dtapopetikd Cevyn (e1, d) kot (ez, da) o€ 00
ypnotes. Ot mpadTol apBpoti p, g eivar yvootoi povo oty Epmot
Apyn. T poPinua vdpyet;
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2evapio: o Eumorny Apyn (Trusted Third Party) dlovépet to id1o
Ywopevo n kot dtapopetikd Cevyn (e1, d) kot (ez, da) o€ 00
ypnotes. Ot mpadTol apBpoti p, g eivar yvootoi povo oty Epmot
Apyn. T poPinua vdpyet;

(i) O yprotng 1 pmopei va vrohoyiocet (e - di — 1) kot va
TOPOYOVIOTOGEL TO 72 UE TOV THAVOTIKO aAydpiOpo.
(i1) Mmopei emiong va vtoloyicel Evav eKOET ATOKPLTTOYPAPNONG
XOPIC TAPOYOVTOTOINGT| TOV 7 G EENG:

» Tvopiletdtg, = e -di — 1 = k- @(n), yuokémowo k € N.

» Ano kataokevn woydet ged(ea, p(n)) = 1.

» Emopévag, dtopavtag S1adoyikd to g, e Toug Kovoig
TOPAYOVTEC TOV LLE TO eg Bpiokovpe

» Tod, = (e2)! (mod a) pmopei va ypnotponomoei mg exdETng
amokpumtoypdenong (yrazi,).
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YyeTikn évvolo.: , TO VTTOAOYIGTIKO OVAAOYO TG
Perfect Secrecy.
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YyeTikn évvolo.: , TO VTTOAOYIGTIKO OVAAOYO TG
Perfect Secrecy.

Evdwapéper N mocotnTa TANPOQOpiag Tov PTopEl vo SloppeNCEL OE
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Awoppon g TunS tov cupforov Jacobi
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YyeTikn évvolo.: , TO VTTOAOYIGTIKO OVAAOYO TG
Perfect Secrecy.

Evdwapéper N mocotnTa TANPOQOpiag Tov PTopEl vo SloppeNCEL OE
EPIKTO VITOAOYIOTIKO YPOVO.

Awoppon g TunS tov cupforov Jacobi
‘Eot® ¢ = m® mod n. Tote:

(=) () =) =0)-=04)

Avt 1 dlappon| dev Bewpeiton ametintikn yio Ty ac@dieio tov RSA.
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"Eotw ¢ = m® mod n.
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"Eotw ¢ = m® mod n.

Mmnopovpe ond ta (¢, e, n) va pdBovpe o tedevTaio bit Tov m;

Syoki HMMY EMIT



‘Ecto ¢ = m® mod n.
Mmnopovpe ond ta (¢, e, n) va pdBovpe o tedevTaio bit Tov m;

"H 70 bit’” mov pog Aéetav m > 5;
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‘Ecto ¢ = m® mod n.
Mmnopovpe ond ta (¢, e, n) va pdBovpe o tedevTaio bit Tov m;
"H 70 bit’” mov pog Aéetav m > 5;

®a dovue 0TL KEOe pio amd T 6V0 aVTEC TANPOoPOpieg ivat
16000VauN LE TO GIAGLLO TOV KPVTTOGLOTLOTOG.
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‘Eot® ¢ = m® mod n.
Mmnopovpe ond ta (¢, e, n) va pdBovpe o tedevTaio bit Tov m;
"H 70 bit’” mov pog Aéetav m > 5;

®a dovue 0TL KEOe pio amd T 6V0 aVTEC TANPOoPOpieg ivat
16000VauN LE TO GIAGLLO TOV KPVTTOGLOTLOTOG.

0, avm eivon dptiog

parity, ,(c) = , )
e 1, avm eivon Tep1TTog
0, avm <%
_ =2
locpe(c) = -
1, avm >3

OOV M TO LOVOSIKO m € Zy, : m® mod n = ¢
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[IpoTaon

Av umopodue vo, vwoloyioovue omoLadnToTE Ao TIS oVLVOPTHOoELS loc 1
parity (yio. 04&g Tig €160000g) TOTE UTOPODUE VaL fpoluE TO amAod
Keluevo (omooyo tov RSA.)

Amooel.

Ynpileton oty mollamiactiaotiky 1010THTO TG KPLTTOYPAPNONG
RSA:

encpe(my) - ency o(ma) = encye(my - ms)
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[Ipotaon

Av umopodue vo, vwoloyioovue omoLadnToTE Ao TIS oVLVOPTHOoELS loc 1
parity (yio. 04&g Tig €160000g) TOTE UTOPODUE VaL fpoluE TO amAod
Keluevo (omooyo tov RSA.)

Amooel.

Ympileton oty moldardaciooTiky 1010THTO TG KPUITOYPAPNOTS
RSA:

encyo(my) - encye(ma) = encyo(my - ma)

[Mopatnpiote Ot

> [oc, () = parity, lenc, (2 m)) = parity, ,(c - ency¢(2))

» parity, ,(c) = loc, .(enc, .(m - 271 (mod n))) =

=)

locye(c - ency (™5

Emopévemg o1 600 cuvaptioels eivat 16060VaIEG VTOAOYIGTIKA (G

. TPOG TOAVMVVUIKO YPOVO). 0J M



Am6oeién (ovv.)

Mével va epapudcovpe dvadiky avali)Tnor, ¥PNOUOTOIOVTC TV
loc, yio va. Bpodpie to m:

locye(enc(m)) =0 <= x € [0,5)

locy.e(enc(2m)) =0 <= x € [0,2) U [5, %)

K.0.K. Yo log n Prjuata.




Am6oeién (ovv.)

Mével va epapudcovpe dvadiky avali)Tnor, ¥PNOUOTOIOVTC TV
loc, yio va. Bpodpie to m:

locye(enc(m)) =0 <= x€[0,5)
locye(enc(2m)) =0 <= x € [0,5)U[5, %)
K.0.K. Yo log n Prjuata.

Emopévac, amrodotikdc vroroyiopog e loc (M ity) 0Onyel o€



‘Eoto to dnpdowa khewdid twv Bob, Charlie kou Diane pgy = (n1, 3),
pe = (n2,3), pp = (n3,3), £xovv Nhadn tov idto pkpd exdétn. H
Alice otélvel 6€ GAOVG TO 1010 pMvopLaL 7.
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‘Eoto to dnpdowa khewdid twv Bob, Charlie kou Diane pgy = (n1, 3),
pe = (n2,3), pp = (n3,3), £xovv Nhadn tov idto pkpd exdétn. H
Alice otéAvel o€ OAOVG TO 1010 PVLLLLL 7.

H Eve oynparilel to cvotua

c1 =m? (mod ny)

co = m? (mod ny)

c3 =m> (mod n3)

Epdtnon: 1t divel to cdotnua owtod pe yprion CRT;

3

Amdvtnon: v T Tov m° 6To Zningns, (ywati;).

Syokq HMMY EMIT



> |n| > 2048 (uéypt o 2030 mepinov, petd |n| > 3072).




> |n| > 2048 (uéypt o 2030 mepinov, petd |n| > 3072).

> p, g mepimov 16100 prKove.




> |n| > 2048 (uéypt o 2030 mepinov, petd |n| > 3072).

> p, g mepimov 16100 prKove.

> p—g> ol 100




> |n| > 2048 (uéypt o 2030 mepinov, petd |n| > 3072).

> p, g mepimov 16100 prKove.

> p—g> ol 100

> p— 1,9 — 1 &yovv kot ‘PeYEAOVS TPDOTOVE TAPAYOVTES
(amopuyn KukKliK®OV enbécemv).




> |n| > 2048 (uéypt o 2030 mepinov, petd |n| > 3072).

> p, g TEPITOV 1810V PKOVG.
> p—g> ol 100

> p— 1,9 — 1 &yovv kot ‘PeYEAOVS TPDOTOVE TAPAYOVTES
(amopuyn KukKliK®OV enbécemv).

» 66537 < e < 22°6, Em\éystan mp1v omd ta p, q.




> |n| > 2048 (uéypt o 2030 mepinov, petd |n| > 3072).

> p, g TEPITOV 1810V PKOVG.
> p—g> ol 100

> p— 1,9 — 1 &yovv kot ‘PeYEAOVS TPDOTOVE TAPAYOVTES
(amopuyn KukKliK®OV enbécemv).

» 66537 < e < 22°6, Em\éystan mp1v omd ta p, q.
» ed=1 (mod \(n) =lem(p — 1,4 — 1)).




> |n| > 2048 (uéypt o 2030 mepinov, petd |n| > 3072).

> p, g TEPITOV 1810V PKOVG.
> p—g> ol 100

> p— 1,9 — 1 &yovv kot ‘PeYEAOVS TPDOTOVE TAPAYOVTES
(amopuyn KukKliK®OV enbécemv).

» 66537 < e < 22°6, Em\éystan mp1v omd ta p, q.
» ed=1 (mod \(n) =lem(p — 1,4 — 1)).

> 2% <d<lem(p—1,q—1).




> |n| > 2048 (uéypt o 2030 mepinov, petd |n| > 3072).
> p, g TEPITOV 1810V PKOVG.
> p—g> ol 100

> p— 1,9 — 1 &yovv kot ‘PeYEAOVS TPDOTOVE TAPAYOVTES
(amopuyn KukKliK®OV enbécemv).

v

66537 < e < 22°6. Em\éyston mp1v omd ta p, q.
ed=1 (mod A(n) =lem(p — 1,9 — 1)).

\{

2% <d<lem(p—1,q—1).

\{

[leprocotepa: NIST.
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Anpodoro krewdi: n = pg, b < n. [iotikd kAewdi: p, q.




Opiouog

Anpodoro krewdi: n = pg, b < n. [iotikd kAewdi: p, q.

enc(x) = (x- (x+ b)) mod n




Opiouog
Anpodoro krewdi: n = pg, b < n. [iotikd kAewdi: p, q.

enc(x) = (x- (x+ b)) mod n

dec(y) =x' — 2 modn, ¥? =y + % (mod n)




Opiopog
Anpooio khedi: n = pg, b < n. Idiwtikd kiewdi: p, g.

enc(x) = (x- (x+ b)) mod n

dec(y) = — L mod n, ¥2 =y + ¥ (mod n)

H amoxpuntoypdenon cuvictatol 0VGLOGTIKE OTNV £0peoy
7 ’ 2
terpayovikady pilcv (mod n) tov )y =y + bT:
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Opiopog
Anpooio khedi: n = pg, b < n. Idiwtikd kiewdi: p, g.
enc(x) = (x- (x+ b)) mod n
dec(y) =x' — 2 modn, x? =y + % (mod n)
H amoxpuntoypdenon cuvictatol 0VGLOGTIKE OTNV £0peoy
2
terpayovikady pilcv (mod n) tov )y =y + bz:

+y/P+1D/4 (mod p), £y/@HD/4 (mod q), av yvopilovps p, g kar
p=g=3 (mod4).
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Opiopog
Anpooio khedi: n = pg, b < n. Idiwtikd kiewdi: p, g.

enc(x) = (x- (x+ b)) mod n

dec(y) =x' — 2 modn, x? =y + % (mod n)

H amoxpuntoypdenon cuvictatol 0VGLOGTIKE OTNV £0peoy
7 ’ 2
terpayovikady pilcv (mod n) tov )y =y + bT:

+y/P+1D/4 (mod p), £y/@HD/4 (mod q), av yvopilovps p, g kar
p=g=3 (mod4).

ZNUOVTIKO: M X0pig yvdon Tev p, g gival
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Opiopog
‘Eoto G pio tenepaopévn KOKAMK opado Taéng 7, v Evag YEVVATOPOS
mgGkau 8 € G.

O owakprtoc hoyapidpog (discrete logarithm) tov 5 ot Bdon «, mov
ocvpPoriletan log,, /7, elvon 0 pOVadIKOG OKEPULOG X € Z;, TETO0G DOTE

b= o,
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Opiopog

‘Eoto G pio tenepaopévn KOKAMK opado Taéng 7, v Evag YEVVATOPOS
mgGkau 8 € G.

O owakprtoc hoyapidpog (discrete logarithm) tov 5 ot Bdon «, mov
ocvpPoAriletan , €lVOL 0 LOVOSTIKOG OKEPULOG X € Z; TETO0G DOTE
b= o,

Hopaoserypo. T p = 97, n Z§; stvon korkhixn opddo taéng n = 96.
"Evag yevvntopog g Zg; efvoro a = 5.

Agov 532 = 35 (mod 97), éovpe 61t logs 35 = 32 o10 Z§);.
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Discrete Logarithm Problem (DLP)
Aivovrar: £vog TpOTOG APBpOG p, £Vag YEVWITOPAG ¢ TOV Z, Kot £va
otoyeio B € Z.

Znyretrar: Na Bpebet axépatogx, 0 < x < p — 2, 1€1010G OOTE

o= (mod p) @)
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Discrete Logarithm Problem (DLP)
Aivovrar: £vog TpOTOG APBpOG p, £Vag YEVWITOPAG ¢ TOV Z, Kot £va
otoyeio B € Z.

Znyretrar: Na Bpebet axépatogx, 0 < x < p — 2, 1€1010G OOTE

o= (mod p) @)

To mpdPinpa DLP (o70 Z;) Bewpeiton (vmo
Kamoleg TpodmobEcelg). Agv yvopilovpe Tolvmvoukd adyopifuo Tov
VoL TO EMAVEL.

Syokq HMMY EMIT



[IpéTaon

H dvorolio tov DLP givou ovelaptntn amo v emidoyi tov yevviTopo,
a 100 Z,,.

Amdoeln.

‘Ecto a ko 7y 800 yevwitopeg tov Z,, kou S € Z,,.

‘Eotw x = log,, 8,y = log, f xaiz = log,, 7.

Tote o = B =+ = (&) (mod p), hadn x = zy (mod p — 1).
AMG totey = xz71 (mod p — 1), nhady:

log., B = (log, 8)(log,7)~" (mod p—1)




[Ipotaon
H dvorolio tov DLP givou ovelaptntn amo v emidoyi tov yevviTopo,
Q 100 Zy,.

Amodeln.

'Eotw a kary 600 yevviitopeg tov Zy, kou 3 € Z,.

‘Eoto x =log, 8,y = log, B ko z = log, 7.

Tote o = B =+ = (o) (mod p), dnhadn x = zy (mod p — 1).
AMG totey = x2 1 (mod p — 1), dnhodn:

log., 8 = (log, B)(log,, 7)™t (mod p —1)
L]

Emouévag av umopolue vo, vtoloyicovue tov dlakpitd Aoyapifuo o
pio Bdon a tote PTOPOVLLE VO TOV VITOAOYICOVUE GE OTOLUONTOTE
e 7 7 *
... Bdon v, omov a,y yevvntopeg Tov Z,,.



Tpopaviic akyopidpoc: (/).

18/27



[Ipopavng aiyopBpoc:
AdyopiOuog pe tpoemetepyacio: vroroyilovpe Ora ta Levyn (x, of)

KoL TAEVOLOVLE (OC TPOG SEVTEPT] CLVTETAYUEVT. XPAVOG KO YDPOG
nmpoeneéepyaciog , YPOVOC OmavVTNONG EPOTNLLOTOG
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[Ipopavng aiyopBpoc:
AdyopiOuog pe tpoemetepyacio: vroroyilovpe Ora ta Levyn (x, of)
KoL TAEVOLOVLE (OC TPOG SEVTEPT] CLVTETAYUEVT. XPAVOG KO YDPOG

nmpoeneéepyaciog , YPOVOC OmavVTNONG EPOTNLLOTOG

Bektiopévn 10éa: aAyopifpog Shanks.
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Eigodog: mpdtog p, v yevwitopag tov Zy, € Z,.
Eéodog: x € Zy; : o = 8 (mod p).

cmi=[/p—1]

2. Yrnoldyoe & mod p,0 <j<m—1

—

3. Ta&wodpnoe o m Swretaypéva (evyn (7, o mod p) Paoet Tng
Sevtepnc cuvtetaypévng (Sniadh tov o mod p), oe pa Aicta
Ly

4. Yroldyoe Ba™ mod p,0 <i<m—1

5. Ta&woépmee o m Swretaypéva (evyn (i, Ba™" mod p) Paocet

g devtepng cvvietaypévng (nradh tov Sa~' mod p), og pa

AMota Lo

6. Avalnmoe Cevyog (7, ) € Ly této10 wote (i,y) € Loy
7. Eniotpeye mj +i mod (p — 1)




OpBétra alyopibuov Shanks:

i

(mod p) = o™t = Bpmodp

" =y=Ba”




OpBétra alyopibuov Shanks:

" =y=pa’ (modp)= a"t = Bpmodp

[MoAvmhokdTn oL 5(\/13) o€ Ypovo Kat 5(\/13) o€ YMPO.




[Tpwtoéxorro aviarrayng kiewdlov Diffie-Hellman




[Tpwtoéxorro aviarrayng kiewdlov Diffie-Hellman

1. Emhoym kowvod mpdrov p, kot yevwiTopo o 100 Z,,.




[Tpwtoéxorro aviarrayng kiewdlov Diffie-Hellman

1. Emhoym kowvod mpdrov p, kot yevwiTopo o 100 Z,,.

2. H Alikn eméyet évav Toyaio axépalo x mov 10 yvopilel povo
avt kot otéAvel 6tov Baoiin to piqvopa: o mod p




[IpowtdKoiro avtoriayng kAewov Diffie-Hellman
I Emdoyn kowod npdtov p, kou yevwitopa o Tov Z,,.

2. H AMikn emAéyel évav tuyaio aképato x mov 1o yvaopilel pdévo
o Kot otédvel otov Basiin to prvopa: o mod p

3. O Baoilng emAéyet évav tuyaio aképato y mov yvopilel povo
aVTOG Ko 6TéAvel oty AAiKn o pnvopa: o mod p
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[IpowtdKoiro avtoriayng kAewov Diffie-Hellman
I Emdoyn kowod npdtov p, kou yevwitopa o Tov Z,,.

2. H AMikn emAéyel évav tuyaio aképato x mov 1o yvaopilel pdévo
o Kot otédvel otov Basiin to prvopa: o mod p

3. O Baoilng emAéyet évav tuyaio aképato y mov yvopilel povo
aVTOG Ko 6TéAvel oty AAiKn o pnvopa: o mod p
4. Baoiing:
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[IpowtdKoiro avtoriayng kAewov Diffie-Hellman
I Emdoyn kowod npdtov p, kou yevwitopa o Tov Z,,.

2. H AMikn emAéyel évav tuyaio aképato x mov 1o yvaopilel pdévo
o Kot otédvel otov Basiin to prvopa: o mod p

3. O Baoilng emAéyet évav tuyaio aképato y mov yvopilel povo
aVTOG Ko 6TéAvel oty AAiKn o pnvopa: o mod p

4. Baoiing:
AMNIKN:
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[IpowtdKoiro avtoriayng kAewov Diffie-Hellman
I Emdoyn kowod npdtov p, kou yevwitopa o Tov Z,,.

2. H AMikn emAéyel évav tuyaio aképato x mov 1o yvaopilel pdévo
o Kot otédvel otov Basiin to prvopa: o mod p

3. O Baoilng emAéyet évav tuyaio aképato y mov yvopilel povo
aVTOG Ko 6TéAvel oty AAiKn o pnvopa: o mod p

4. Baoiing:
AMNIKN:

H ac@dieio Tov mpoTokéArov avtod eaivetor va Baciletar otnv
dvokoAia Tov DLP. Avtd dev eivon amdAvta axpipéc.
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[IpowtdKoiro avtoriayng kAewov Diffie-Hellman

I Emdoyn kowod npdtov p, kou yevwitopa o Tov Z,,.

2. H AMikn emAéyel évav tuyaio aképato x mov 1o yvaopilel pdévo
o Kot otédvel otov Basiin to prvopa: o mod p

3. O Baoilng emAéyet évav tuyaio aképato y mov yvopilel povo
aVTOG Ko 6TéAvel oty AAiKn o pnvopa: o mod p

4. Baoiing:
AMNIKN:

H ac@dieio Tov mpoTokéArov avtod eaivetor va Baciletar otnv
dvokoAia Tov DLP. Avtd dev eivon amdAvta axpipéc.

YTV TpoyRoTIKOTNTA, | 0oQAAELN TOL TPp®TOKOAAOL Diffie-Hellman
tavtileTan e TV VIOAOYIoTIKY duckoAia Tov [lpofinatog
Diffie-Hellman (DHP).

Syokq HMMY EMIT



Diffie-Hellman Problem (DHP)
> divovrar: Evog TpdTOG apipog p, Evag YEVWNTOPOS o TOV Zjy, Ko
ta otoyeio o mod p, o’ mod p € 7.




Diffie-Hellman Problem (DHP)

> divovrar: Evog TpdTOG apipog p, Evag YEVWNTOPOS o TOV Zjy, Ko
ta otoyeio o mod p, o’ mod p € 7.

ab

» Znteitor: No BpebBet o o?” mod p.

[Ipotaon
To DHP avayetai oe molvwvouixo ypovo oto DLP: DHP <P DLP




Diffie-Hellman Problem (DHP)
> divovrar: Evog TpdTOG apipog p, Evag YEVWNTOPOS o TOV Zjy, Ko
0 ototyelo o mod p, of mod p € L.

ab

> Znyteitar: Na Bpebei to a?” mod p.

[Ipdtoon
To DHP ovayetou o€ moAvwvouixo ypovo oto DLP: DHP <P DLP

Mpéypoty, ovx = a* mod p ko y = o’ mod p, 1618 @ = log,, x
kot b = log, y. Emopévag, Avovtag to DLP, propodpue va

vroloyicovpe ta a, b Gpo kon to o’ mod p.
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Diffie-Hellman Problem (DHP)
> divovrar: Evog TpdTOG apipog p, Evag YEVWNTOPOS o TOV Zjy, Ko
0 ototyelo o mod p, of mod p € L.

ab

> Znyteitar: Na Bpebei to a?” mod p.

[Ipdtoon
To DHP ovayetou o€ moAvwvouixo ypovo oto DLP: DHP <P DLP

Mpéypoty, ovx = a* mod p ko y = o’ mod p, 1618 @ = log,, x

kot b = log, y. Emopévag, Avovtag to DLP, propodpue va
vroloyicovpe ta a, b Gpo kon to o’ mod p.

Agv yvopilovue av woyvel kat to avtiotpoeo (DLP<? DHP).

Syokq HMMY EMIT



Decision Diffie-Hellman Problem (DDHP)
> Aivovrar: €vag TpOTOG apipog p, £vVag Yevwitopag o Tov Zy Ko
dvo tpradec (o, ol ), (o a’ o) (mod p).




Decision Diffie-Hellman Problem (DDHP)

> Aivovrar: €vag TpOTOG apipog p, £vVag Yevwitopag o Tov Zy Ko
300 Tp1adec (o, ol o), (o, o’ o) (mod p).

> Znteitor: No Bpebet (ue mBavotnrta ‘apketd’ peyodvtepn amnd
1/2) mo16, eivan n “cwoty” TpLéda, hadni n (o, a’, a®).

INo amo@uy” cvyyvong, o Kraoukd Tpofinue DHP avapépetot
GLYVE Kol ®G
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[pogavac woyvet:
DDHP <? CDHP <? DLP
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[Ipopavac woydet:

DDHP <? CDHP < DLP

Cryptographic assumptions

TNo kéOe TpoPAnua opiletar Ko 1 avtictoryn vwOHEGT VITOAOYIGTIKNG
dvokoAiag tov: DDH, CDH, DL,




[pogavac woyvet:
DDHP <? CDHP <? DLP
Cryptographic assumptions

[No kaBe TpoPAnpa opiletar Kot 1 avticTotyn VTOOBECT VITOAOYIGTIKNG
dvokoAiag tov: DDH, CDH, DL.

H oegpd 1oybog tav vrobécemv:
DDH = CDH =- DL

Syoki HMMY EMIT



[pogavac woyvet:
DDHP <? CDHP <? DLP
Cryptographic assumptions

INo ka0e TpoPAnua opiletar kot 1 avticTtolyn VTOOBECT VITOAOYIGTIKNG
dvuokoMag Tov:

H oegpd 1oybog tav vrobécemv:

21 UOVTIKN TOPOTHPNOoN: VIEPYOVY KUKALKEG opddeg dmov to DDHP
glvar e0koAo (Vrd TpovToBEcels), evd To CDHP Oewpeiton dvokolro.
Hoapdderypo: n opdda Z, (Aoye® g dvvardtyrag vrwoloyiouod tov
zedevtaiov bit Tov dloKPITOY AoYapPiBLOoD).
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[Mopaywyn Kredrmv

H Alice dwoAéyet €va TpdTo p, O6TOL 0 p — 1 €xEL TOVAY(IOTOV EVal
HeYGAO Tapayova, Ve YEVWATOPO g TNG Z,,, KoL TuXai0 a € Z;
Anuéoto klewoi g Alice: p, g, ¢ mod p.

1010710 KAE1d] T Alice: a.
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[Mopaywyn Kredrmv

H Alice dwoAéyet €va TpdTo p, O6TOL 0 p — 1 €xEL TOVAY(IOTOV EVal
HeYGAO Tapayova, Ve YEVWATOPO g TNG Z,,, KoL TuXai0 a € Z;
Anuéoto klewoi g Alice: p, g, ¢ mod p.

1010710 KAE1d] T Alice: a.

Kpuvntoypdonon
1. O Bob eméyet toyaio k € {2,3,...,p — 2}.
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[Mopaywyn Kredrmv

H Alice dwoAéyet €va TpdTo p, O6TOL 0 p — 1 €xEL TOVAY(IOTOV EVal
HeYGAO Tapayova, Ve YEVWATOPO g TNG Z,,, KoL TuXai0 a € Z;
Anuéoto klewoi g Alice: p, g, ¢ mod p.

1010710 KAE1d] T Alice: a.

Kpuvntoypdonon
1. O Bob eméyet toyaio k € {2,3,...,p — 2}.

2. O Bobvroloyilet vy = g¢ mod pxon § = m(g”)F mod p xon
otélvel 1o Levydpt (7, 0) omv Alice (1-to-2 message expansion).
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[Hopaywyn Kiediwv

H Alice dwoAéyet €va TpdTo p, O6TOL 0 p — 1 €xEL TOVAY(IOTOV EVal
HeYGAO Tapayova, Ve YEVWATOPO g TNG Z,,, KoL TuXai0 a € Z;
Anudaoio xklerdi g Alice: p, g, g mod p.

1010710 KAE1d] T Alice: a.

Kpuvntoypdonon
1. O Bob eméyet toyaio k € {2,3,...,p — 2}.

2. O Bobvroloyilet vy = g¢ mod pxon § = m(g”)F mod p xon
otélvel 1o Levydpt (7, 0) omv Alice (1-to-2 message expansion).

Amokpuntoypaenon

1. H Alice npdra vworoyilet: 7+ — o/ (mod p) xon petd
avtioTpépet os (o)L
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[Hopaywyn Kiediwv

H Alice dwoAéyet €va TpdTo p, O6TOL 0 p — 1 €xEL TOVAY(IOTOV EVal
HeYGAO Tapayova, Ve YEVWATOPO g TNG Z,,, KoL TuXai0 a € Z;
Anudaoio xklerdi g Alice: p, g, g mod p.

1010710 KAE1d] T Alice: a.

Kpvuntoypdonon
1. O Bob eméyet toyaio k € {2,3,...,p — 2}.

2. O Bobvroloyilet vy = g¢ mod pxon § = m(g”)F mod p xon
otélvel 1o Levydpt (7, 0) omv Alice (1-to-2 message expansion).

Amokpuntoypaenon
1. H Alice npdra vworoyilet: 7+ — o/ (mod p) xon petd
avtioTpépet os (o)L

2. Télog vroroyilet:

(gY=1. 6 mod p = (g1 (m(g)) = ()™ - m-g*=m
M HMMY EMIT . | ) ) ) )



Eme1dn to k givan tuyaio n kpurtoypdenon eivor mhovoTikn.
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Eme1dn to k givan tuyaio n kpurtoypdenon eivor mhovoTikn.

Epdtnon: og mowo mpofinpa otnpiletor n acpdieia tov ElGamal;
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Eme1dn to k givan tuyaio n kpurtoypdenon eivor mhovoTikn.
Epdtnon: og mowo mpofinpa otnpiletor n acpdieia tov ElGamal;

Amdvinon: oto (yozt;).
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Eme1dn to k givan tuyaio n kpurtoypdenon eivor mhovoTikn.
Epdtnon: og mowo mpofinpa otnpiletor n acpdieia tov ElGamal;
Amdvinon: oto (yozt;).

Kat pdMmora e icodvvapio!:
CDHP =” ElGamal-decrypt
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‘Eoto m1, my d00 anhd keipeva kot (7, d1), (7, d2) Ta avtiotoryo

KpurTokeipeva (Le ypnom tov ).
H Eve yvopilovtog ta v, d1, 2, kot m1 (KPA), vrohoyilel to my mg
edne:
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‘Eoto m1, my d00 anhd keipeva kot (7, d1), (7, d2) Ta avtiotoryo

KpurTokeipeva (Le ypnom tov ).
H Eve yvopilovtog ta v, d1, 2, kot m1 (KPA), vrohoyilel to my mg
edne:

61 = mig™ (mod p)} N { 67 mi =g~ (mod p)

J2 = mog™  (mod p) 52g * =my (mod p)
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‘Eoto m1, my d00 anhd keipeva kot (7, d1), (7, d2) Ta avtiotoryo

KpurTokeipeva (Le ypnom tov ).
H Eve yvopilovtog ta v, d1, 2, kot m1 (KPA), vrohoyilel to my mg
edne:

61 = mig™ (mod p)} N { 67 mi =g~ (mod p)

J2 = mog™  (mod p) 52g * =my (mod p)

Onote moy = 5251_1m1 (mod p).

Syokq HMMY EMIT



