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Aovppetpn Kpumrtoypagia



SUPMETPIKO KpuTtiToouoThnpata - To MelovekTn ol
Ataxeipton kot Alovopn KAEd1wy

> UYKEKPIUEVQL
- Nea KAe1o1a ava (ELyog

- [0 n xpnoTec xpetadovTal @ KAELOLQ

- Ol XPNOTEC TIPETIEL 'OLUVAVTNBOULY VIO VO
QVTOAAOGEOUV KAELOIO

- EUKOAO 0€ eEAeyxOpEVQ TTIEPIBAANOVTQ,
OUOKOAO O€ OVOIKTO

- AUOKOAIEC Blaxeiptong (Ty. evnuépwon
yia k600N VEWYV), amoBniKevoNng
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H apxn Tng ouyxpovng Kpumrtoypawiog

H Auon peTa amo 2500 XpOovIia TIPOOTIBEIWYV:

Whitfield Diffie, Martin Hellman
New Directions in Cryptography - (1976)

ue onuoavTikn Bonbdela amo: Ralph Merkle

lowc Kol vwpITeEpA (CUUPWVO PE ATIOXAPOKTNPIOUEVA
EYypapa):

- James H. Ellis (1970 - GHCQ) - no secret encryption
- Clifford Cocks (1973 - GHCQ) - RSA

- Malcolm J. Williamson (1974 - GHCQ) - Diffie Hellman Key
Exchange

A€V EPAPPOOTNKAY AOYW TNEC KAEIOTHC (PUONC TWV
OTPATIWTIKWY EQPOPUOYWY
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Baoikn avaloyio

KAEIOWUEVO YPOUPOTOKIBWTIO PE OXIOUN N KOATIN

+ OTTIOLIOOONTIOTE PUTIOPEL VO ELOAYEL EVA YPOUU MO
(kpumToypaNON - dNUOOLa AsITOUPYI)

- ylot Gvolypo (amokpumToypa@non) XpetadeTal
MPOOTIABEIN ATIO OTIOIOVONTIOTE...

+ EKTOC OTIO TOV KOTOXO TOU KAELOIOU
(amokpuTToyPA®NON - IBIWTIKN ASITOUPYIX)
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New Directions in Cryptography

3 KOVOTOMEC 1OEEC - T KOTOOKEUT)

1. AvtaAAdayn KAgi6iou Diffie - Hellman
ANUIOUPYIO KOIVOU KAEIOIOU TIAVW OTIO ONHUOOCIO - U AOPAAEC KOVOAL

(online)

2. Kpunitoypaia Anpoaciouv KAelbiou

- To KA€Idl KpuTITOYPOIPNONC ElVal ONUOOLO
- TOo KAELOI OTIOKPUTITOYPAPNONG EIVAL IOIWTIKO

-+ N XPNoTeg, n euyn KAEIBIWY - EUKOAN dlavour

3. Ynylokn Ymoypoayn

- Anuoupyla PE I0IWTIKO - EMaA|Bevon pe dnuoolo KAELSI

- AkepaloTnTa, AuBevtikotnTa, Mn ATOKNPUEN HE AOUPUETPO
TPOTIO

RSA Y)\OT[Oir]Or] H(')VO Yld TO (1) AoUpueTpn Kpumroypawia



Trapdoor Functions

RSA

SUVOPTNOELG HOVIG KaTELBUVONG
Miot ouvapTnon f AeyeTal POV C KATELBLYONC €AV EIVOL EUKOAO

VOl UTTOAOYIOTEL TO f(X) OEO0OUEVOU TOU X,

VW)

O QVTIOTPOPOG UTIOAOYIOUOG TOU X 6ES0OUEVOU TOU f(X) Elval
QTPOOITOC.

Trapdoor Functions - Oplopog
Miot ouvaPTNON POV KATEVLBUVONC f YIO TNV OTIolx O

uTTOAOYIoPOC NG 1 eival eUkoAoc ...

OTov SIVETAL plar HUOTIKY TTAnpowopia (secret trapdoor)
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KPITIKI 0CUUHPETPNG KPUTITOYPOWING

- EmiAuon mpoBANpATOC SlaVOUTC KAEIOIOL O€
auBevTikomonpeva (authenticated) kavaAlo

- Kpuppevn umoBeon: Avnkel To pk o€ auTtov o vopi{oupeE
OTl OV KEL

- MeTOTpoT TPOPANUATOC SIOVOUNC KAEIOIOU O€ TIPORANUA
QUBEVTIKOTNTOC KAEIOIOU

- AUON TIOAL LE QOVUPETPN KPUTITOYPOPLX

- YTIEPBOAIKG GpyT) - TIPORANUO VIOt HEYAAO OYKO HEOOUEVWY
O€ LN lOXUPEC OUOKEVEC

- Hybrid encryption
ALQVOUT OUPUETPIKOU KAEIDIOU PE LOVUHETPN
KQUTITOYPaPLO
KouTrtoypa@non PnNVUUOTWY PE OUUPETPIKN
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Oplopog RSA




RSA (1977)

- H mpwTn Kataokeur KPUTTTOOUOTHUOTOC SNUOOCIOU
KAELOIOU

- Ron Rivest, Adi Shamir, Leonard Adleman

- MoTevta pexpt To 2000
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To KpuTITOOULOTNUO

Anptouvpyia KAsidiwv (KGen(1?) = (pk, sk))

- EmAoyn TpWwTwv p,q 4 bits

- YmoAoylopoc n = p - g (X bits)

- EmiAoyn e: 1 < e < ¢(n) xat ged(e, p(n)) =1
- d=-e"! (mod ¢(n)) pye EGCD

- Emiotpown (pk, sk) = ((e,n), d)

7% ={x€Zy|gcd(x,n) =1}
Kputttoypa@non

- Enc: Z} — Z; pye Enc((e,n),m) = m® mod n
ATIOKPUTITOYPOPN O

- Dec: Z — 7 pe Dec(d, ¢) = ¢ mod n

Oa 60VUE OTL UTIOPEL M, C € Zn KOL OXL M, C € 7
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Noapadetypa

KGen

- (p,q) = (17,23) n = 391

+ ¢(n) = 352
-e=3
- d =235

Enc(3,158) = 158° mod 391 = 295
Dec(235,295) = 295%%° mod 391 = 158



OpBoTtnTa

Npemel: Dec(d, Enc((e,n),m)) = m,VYm € Z

Dec(d, Enc((e,n), m)) = m® =
mk¢(n)+1 — mqb(n)k - [ =

m  (mod n)

AOoyw ©.Euler kat awou m € 77

RSA Oplopog RSA



Napatnpnoelc RSA




Kwdikomoinon MnvopoTtog

Agv amauTelTal m € ZF ylo opfotnta. loxvel yia kabe m € Zy

ATtodeln
m € Zn = gcd(m,n) # 1 = gcd(m,n) € {p,q}

Av 6ei€oupe 0T mé9 =m (mod p) kot mé? =m (mod q)

omd CRT Ba exoupe: med = m (mod pq)

RSA MNapotnproelg RSA



Kwdikomoinon pnvopatog (ouvexela)

[Nepimtwon ged(m, n) = p

MNpaypott méd = m (mod p) ylarti:
me =m (mod p) < (kp)®? =0 (mod p)

Ertiong mé@ = m (mod q) ylari:
med =m.me9 1 =m. mke() — m . MrP-1(@-1) _

m-1 (mod q)

AOYyw Tou O. Fermat 1ou (0XUEl OTO Z,

Opolwg kat yla gcd(m,n) = q

RSA MapaTtnpnoeig RSA



NoapapeETPOGC AGWPAAELOG - TIHEG

>UOTOOEIC yIo xpnon modulus:

- 2048 bits: Bpayuxpovia acpaiela (~ 80 bit AES key)
- 3072bits: paxkpoxpovia ac@arela (~ 128 bit AES key)

RSA Factoring Challenge
Nopayovtomoinon Modulus 768bit (2009)

RSA_768 — 1230186 684 530 117 755 130 494 958 384 962 720 772 853 569 595 334 792 197 322 452 151 726 400
507 263 657 518 745 202 199 786 469 389 956 474 942 774 063 845 925 192 557 326 303 453 731 548 268 507 917 026 122
142 913 461 670 429 214 311 602 221 240 479 274 737 794 080 665 351 419 597 459 856 902 143 413 = 33 478 071 698 956
898 786 044 169 848 212 690 817 704 794 983 713 768 568 912 431 388 982 883 793 878 002 287 614 711 652 531 743 087

737 814 467 999 489 X 36 746 043 666 799 590 428 244 633 799 627 952 632 279 158 164 343 087 642 676 032 283 815 739

666 511 279 233 373 417 143 396 810 270 092 798 736 308 91/

RSA MapaTtnpnoeic RSA



NoapapeETPOGC AGWPAAELOG - TIHEG

MapayovTomonenke oTic 2/12/2009 petd amnd 1020
UTTOAOYIOTIKO BAUATO

ALGPKELO UTTOAOYIOUOU: 2+ NUEPOAOYIOKD XPOVIO
XPNOLUOTIOWVTAG TIOPAAANAN eTECEPYOIX

Ektipnon: 2000 xpovia o€ single core system (2.2 GHz AMD
Opteron pe 2GB RAM)

(Factorization of a 768-bit RSA modulus)

Emtionc €xouv mapayovtomoinBel moduli 795 (2019), 829 (2020)
bits

RSA MNapotnproelg RSA



ETiAoyn TTpwTwV

- EmiAoyn mepttTou X (3 bits)
- Epappoyn Primality test (Miller Rabin)
- EmavoAnwn pexpl va Bpebel

X

Pr[x mpwtog | ~ 2 - & ~ =

AnA. yia |p| = 1024: ln2%024 — 51211n2 — 3_é6

SUOTQOEIC:

-+ P, g 1010V PNKOUC aAAOL OXI TIOAU KOVTO

- p,g safe primes dnA. p — 1,g — 1 €XOUV PEYOAOUC TIPWTOUC
TTOPAYOVTEC

- AMNO Kot p + 1,9 + 1 exouv HEYOAOUC TIPWTOUC TTIAPAYOVTEC

- [1poO0OXN OTNV TUXOLOTNTO: ETIAOYN P, g OUOLOPOP PO KOl
AVECOPTNTO

RSA MNapotnproelg RSA



ETiAoyn €KOETN KPUTTTOYPAPNONG

OEAOUHE TOXUTOTN KPUTTTOYPAPNON

- EUKoOAOC YTtoAoylopoc¢ Auvapunc Me Repeated Squaring
(Square kot Multiply)

- AVOTIOPGOTOON € 0TO dUADIKO
- Tla KaBe 0 LYPWON OTO TETPAYWVO
- Tla KaBe T VYPWON OTO TETPAYWYVO KOl TTOAATIAQOIAOOC

- TepaoTia SLAPOPA TIX. UTIOAOYIOUOG X© yia |e| = 1024 bits
Xwpic repeated squaring: 21924 ~ 103% moAAamAaciaopol
Me repeated squaring mepimou 1.5 - 1024 = 1536
TTOAAQTIAQLOICO Ol

- EAaxiotormoinon MoAAamAaotaopwy: Low Hamming Weight

- MTopEl e va £lval TTPWTOC

- AveCapTnTn ETIAOYT ATO p, g - TTAVTO (O10C

- Nopadelypa: e € {3,17,65537 = 21 +1  (RFC4871)}

RSA MapaTtnpnoeic RSA



BeATIWON OTIOKPUTITOYPAPNONG

[TpOBANua: To KAEIDI ATTOKPUTITOYPOPTNONG OEV UTIOPEL VO Eival
UIKPO
- EmBeoelc brute force

- ECeldikevpevec etubeoelc
Cld> 5

ETIITOXUVOT OTTIOKPUTITOYPAPNONG PE 'ouvioTwoeg CRT
+ YTIOAOYIOUOG Cp = € mod p, Cq = € mod g
+ YToAoylopog dp = d mod (p — 1), dg = d mod (g — 1),
* YTTOAOYIOPOG My, = Cgp mod p, Mg = ng mod g

- 2UVOUVOOpOC ue CRT yia m

BEATIWON TOXUTNTAC:4 (POPEC

RSA MapaTtnpnoeic RSA



AopaAclo




>xeTilopeva (AVokoAa) MpoBARpOTA

To ipoBAnpa RSA (e- OOTeg pilec)
Alvovtal n = pq, e ue gcd(e,o(n)) =1 kot ¢ € Z:. Na Bpebel n

Ty ¢z =

To poBAnua RSA-KINV
AivovTtal n = pq, e pe ged(e, p(n)) = 1. Na Bpebel n tipr e~}

(mod ¢(n))(= d).

To mpoPBAnua FACTORING
AlveTtal n = pg pe p, g mpwtol. Na BpeBouv Ta p, g.

To tpoPAnua COMPUTE- -o(n)
ALVETAL N, p(N) PE N = pg OTIOU p, g TTPWTOL Na BpeBouv Ta p, q.
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>xeoelc MpoBAnpatwy (1)

RSAP < RSA-KINV
Av BpeBeil d = e~ umoAoyiletat eUkoAa ¢? mod n

RSA-KINV < FACTORING
Eotw OTI pmopoUv va Bpebouv p, g Yo n = pg (Avon

FACTORING)
YToAoyiopog ¢(n) = (p—1)-(q — 1)
Xpnon EGCD yta evpeon e~ (omw¢ KGen)
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Sxeo€lg MpoBAnpatwy (2)

COMPUTE-¢(n) = FACTORING
Mpopavwsg: COMPUTE-¢(n) < FACTORING

AMG kot FACTORING < COMPUTE-¢(n) emeton:
n=pqkate(n) =(p—1)(g—1)
¢(n)=n—-(p+q)+1=p+g=n-¢(n)+1

MpokUTTEL N e§lowon X2 — (N — ¢(n) + 1)x + n = 0 amod OToU
TAPVOUUE P, g
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FACTORING <" RSA-KINV

FACTORING <" RSA-KINV (RSA, 1977)
Av yvwpiloupe Tov d = e~ ! ummopoUlPE VO KATAOKEUGOOUE AYOPIOUO

TTAPAYOVTOTIOINONC Tou n pe Baon Tov Miller Rabin

- YmoAoyiloupe s = ed — 1 = Rep(n) = 2 pe [ povo

- EruAeyovpe a € {2,--- ,n — 1} pe gcd(a,n) =1

+ Ao O. Euler @®> =1 (mod n)

- Ymohoyiloupe ry = az. ToterP —1 = (r; —1)(r; +1) =0 (mod n)
+ Av ry # 41 (mod n) tote (p,q) = (gcd(ry — 1,n),gcd(ry +1,n))
- AMIWC ETTOVAAAPPBAVOUE ry = a1, r5 = ds, ...

- UEXPL VO BpoUE r; # £1 (mod n) (TTAPAyOVTOTIO|COUHE TO N) 1

© TO TOAU t WOpPEG (5 # 0 (mod 2)). TOTE eMOVOAAPBAVOUHE pE
GAAO @

+ Pr[successq] > 2

+ m eMaVOArWeLg Pr[success] > 1 — -
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FACTORING <" RSA-KINV (2)

[Tapadelypa:

n = 1441499, e =17, d = 507905
Ss=e-d—1=28634385,a = 2

n=as=2%792 _ 1 (mod n)

rp =qi = 22198596 — 1 (mod n)

rs = as = 2197929 — 119533  (mod n)

p=gcd(rs —1,n) = gcd (119532, 1441499) = 1423
qg=gcd(rs+1,n)=n/p =gcd(119534,1441499) = 1013
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>UVOAIKN Etkovo MpoBANHATWY OXETIKWY HE RSA

RSAP < RSA-KINV < COMPUTE-¢(N) = FACTORING <" RSA-KINV
ApyoTtepa (May, 2004) FACTORING < RSA-KINV

TeAIKQ:

RSAP < RSA-KINV = COMPUTE-¢(N) = FACTORING

To RSAP Aowmov dev eivail SuokoAoTePO atto To FACTORING

MOAAOV €lVOl EUKOAOTEPO OAAG OEV YWWPICOUPE QKPIBWCE TTOOO.
YrioBeon RSA: To RSAP €ivail UTTOAOYIOTIKG GTTPOOITO.
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Napayovtomoinon Fermat yia kovtiva p, g

- ETIAOYT KOVTIVWY P, g = /N ETITPETEL TNV
TIOPCYOVTOTIOINGON TOU N

- Jda,b:n=a*-b*=(a+b)a-b)=p-q

- Apa b? = a? — n (Epoupe n)

- ApxiCoupE VO HOVTEVOUHE @ aTiO a = v/n

- YToAoYI{OUPE b? KOl EAEYXOULE QV EIVOL TETPOYWVO
- EmavoAapuBavoupe pea=a+1

AVOTUXWC TIOAAEC UAOTIOINOEIC OIKOPO Kol TO 2022 eival
cUOAwWTEC (https://fermatattack.secvuln.info/)
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ETiOeon KoIvou YIVOPEVOU

16€a
XpNon KOwou N yia vo HElwBEl TO KOOTOC TIpacewv modulo

SEVOPILO
KDC diaBetel n = pg Kot potpadel 0Toug XpnoTeC A, B TOr KAEIOIG

(ea,dn) Kl (eg,dp).

FEowTepikn EmiBeon (amo yvwoTn Tou da)

- O A apoU yvwpllel TO dy PUTTOPEL VO TTOPAYOVTOTIOINOEL TO N
(avaywyn FACTORING <" RSA-KINV)

+ YTIOAOYIOUOG ¢(n)
- Eupeon dg = ez ' (mod ¢(n)) ue EGCD

- AloBaopa OAWV TwWV PNVUUOTWY Tou B
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ETiBeon KOvoU YIVOUEVOU - TTapOaAAay

ECwTepIkn EmiBeon

+0A Ypri{El (ﬂ, el)7 (n7 82)
- MTIOPEL VO OlVOIKTHOEL OTIOIOONTIOTE M KPUTITOYPOPNBEL KAl
UE T OUO dNUOOCLO KAELDIA

- AnA. 0 A dlaBeTel ¢q, Cy PE
- €1 = M mod n
* Co = M mod n

- Av gcd(eq, es) = 1 (oAl mbavo) ToTe pe Tov EGCD
UTTOPOUV VO BPEBOLV OTIOOOTIKA tq, to:

ety + eqts =1

R C§1Ct22 — meltl megtg — ml —m
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Ron was wrong, Whit is right (2012)

+ 2UAAOYN SNUOCIWY KAEdIWY (ej, N;)
- YmoAoylopog ged(N;, Nj)Y(i,))
- Av gcd(N;, N;) # 1 toTe (N;, N;) prmopouv va
AP AYOVTOTIOINBO LY
- 0.2% TIPOYUOTIKWY ONUOCIWY KAEIDIWY EXOUV KOIVO TIPWTO

- MaAAOV OWEIAETAL O TIPORANLO YEVVITPIOC TUXOHWYV
TPWTWY
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EmtiBeon pikpou dnuociou ekBeTn

Kokn 16€a
Xpnon € = 3 yla va HEIWBElI TO KOOTOC KPUTITOYPAPNONG

- Tpla dnuoata KAeoLa Ry = (3, n1), ke = (3, n2), k3 = (3, n3)
- O A yvwpldel 3 KPUTTTOYPOPTOEIC TOU UNVUUOTOG-0TOXOU
m
- ¢1 = Enc(ky,m) = m? mod n,
+ Co = Enc(Ry, m) = m? mod ny
- c3 = Enc(kz, m) = m? mod ns
- Xpnon CRT ylo UTTOAOYIOUO TOU M3 mod NiNyhs

- AAMG M3 < nNingns a@oU m < Ny KoL M < Ny KOl M < N3

3

- Eupeon pynvopotoc we m = vVms3

Mapatnpnon: H emiBeon YEVIKEVETOL KOl YIO @ > 3
(Coppersmith)
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ETtiOeon pikpoU 1I81WTIKOU €KOETN - Ocwpia

AvarmapaoTtoaon Me Suvexn KAaopoto
Eotw x € R. Tote Jag, ay, as, ds,---: X = Ag + .

H avamapaotaaon oupdBoAleTal we [ag, aq, - - |
UTTIOOUVOAO OPWYV - TIPOOEYYLON X

Av X € Q TOTE N AVOTIOPAOTOON EIVOL TIETEPUOUEV
Mmopei va utoAoyloTel pe EGCD.

Qewpnua
Av gcd(a,b) = 1 kat |x — £| < 535 TOTE TO KAGGHO £ eppavideTa

OTNV TIPOOEYYION PE OUVEXN KAAOUOTO TOU X.

Baoikn 16€a emiBeong 1
[0 pkpEC Tipeg Tou d (3d < nz) pmopoupe va BpoUpe To d
UEOW TNC AVATIOPOOTOONG PE OUVEXN KAQOopaTa av g < p < 2.
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EmiBeon pikpou 181wTikoU ekBETN - NMpooappoyr (1)

AQPOU N = pg > g% 1oXVEL g < /N

n—¢(n)=pqg—(p—-1)(q-1)=p+q—1<29+9g<3vn
(1)

O A yvwpldel To e kat OTL Ik : ed = 1 + Rep(n) EmioNg LoXVEl
e < ¢(n) = ke < kp(n) <1+ kp(n)=ed=hk<d (2)

Emtionc:

ed Rn 1 4+ Rop(n) —
= = =
|1_k(n_gb(n))’< 1+k<n_§b(n))
dn . an
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EmiBeon pikpou 181wTikoL €kBETN - NMpooappoyn (2)

ATIO TNV oxeon (1):

|g__‘ 3Rv/n 3R
n d dn  dy/n

ATIO TNV oxeon (2):
‘E _ B‘ < i
n d

Vvn

ATIO TNV uTt0BEON YIO TO peEyEBOC TOU d EXOUE:

vn VN 2vn _v/n

d<7:>d2<?:>2d2<—<—:>

g
75 <

RSA

1

C/2
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EmiBeon pikpoL 181wTikoL ekBETN - Mpooappoyn (3)

TeAIKQ:

Emteton ged(k, d) = 1 1o KAaopa R/d eppavidetal otnv
TPOCEYYLON TOU e/Nn Ue OUVEXT KAQOUOTO.

[TWC PTIOPEL VO TO EKUETAAAEUTEL O avVTITIOAOC A ;
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ETtiBeon Yikpou 1I51wTIKOU €KOETN

Aladikaoia
- ETUAOYN pnvupaTog m oro Tov A Kol KpUTITOYPO@non O€ €
- KOTaokeur) avamoapaoTaong TOU e/n Pe ouvex KAAopaTa
- Ypwon ¢ o€ KOBE evav OO TOUC TIAPOVOUNOTEC TNG

- O TTPOVOUOOTNC TIOU ETHTUYXAVEL OWOTN
QTTOKPUTITOYPOPNON Elval TO d
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ETtiOeon pikpoU 1IB1wTIKOL €KOETN - Mapadelypa

RSA

(e,n) = (207031, 242537)

[1pOOEYYIOEIC-OOKIPES VIO M = 8 KOl € = 46578 = 8297031 mod 242537

207031 1

242537 1 20

207031
1

0+ 35006
T+ 207031

1

0+

1
1 + Zo7osT
35006

1

1+ gm0
1

0+ | — ...

1+

1
54‘1+_35006
32280

1
[0;1]:0+I:1 Kl

46578 mod 242537 = 46578

1 D
0;1;5] =0+ =5 KOl

1+
46578°% mod 242537 = 175938
1 6
0;1:5;1] =0+ — = = Kal
1+ =g 7

46578" mod 242537 = 8

Apad =7
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Side Channel Attacks

DuOoIKN TTANPOWOPIN TTIOU OIOPPEEL

QIO TNV ETMECEPYAOI0 KPUTITOKEIUEVOU
- KAELOIOU

- KaTovaAwon peVpoToC

- AUEOPEIWOELC OUXVOTNTOC
ETIECEQYOOIOC

+ XpOVOC OTAvVTNONG
ATaUTEITOL TTPOOBOON OTN CUOKEUN
(oxt avTa)

MTopel vou aTToKaAUWBOEl OAOKANPO TO
KAELOL

Avon: Dummy TPOEELS

Square =0’
Square + Multiply
o
Square + Multiply
1
Square= "0’
Square + Multiply
1
Square + Multiply =
1

Square = 0’
Square + Multiply =
o
Square =0’
Square="0
Square =0
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MovTteAoTioinon




To (textbook) RSA dev S100€tel IND-CPA

k—Gen(l "",J '
+ m*
¢ *—Encrypt(k,m*)
ot -
b—g{0, 1} > Mo,
c—Encrypt(k,mg) c >

- T[0Tl EIVOIL VTETEPUIVIOTIKO
- O A UTIOPEL VO EEXWPIOEL KPUTITOYPOPTOEIC UNVUUATWY

+ TIC OTIOIEC PTTOPEL VO TTapAyEL 0 1610¢ (bNpoolo KAELSI)
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To RSA 6ev 61a0etel IND-CCA

ke—Gen(1”)

c*—Encrypt(k,m*)
m~—Decryptik,c’)

be—pz{0,1}
ce—Encrypt(k,mg)

c*—Encrypt(k,m*)
m'«—Decrypt(k.c’)

Aol dev SlaBeTel IND-CPA (Oev xpeladeTal To decryption
oracle)
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To RSA sivatl malleable

[MOAAOTIAOCIOOTIKOG OUOHOPPIOUOG
Enc((e,n),my) - Enc((e,n), my) = mj mod n - m3 mod n =

(M1 - m2)® mod n = Enc((e,n),my - ms)
>TO Ttaiyvio CCA:

© 2TOX0G: ATIOKPUTITOYPG(PNGN TOU Cp = M{ mod Nn

- MTTOPEL VO OTTOKPUTITOYPAPNOEL TO ¢’ = ¢} - X€ mod n OTIoU
TO X €lval OIKNC TOU ETIIAOYNC

m/

© AVOKTO TO My, = ==

- AV mp = Mg ETOTPEPEL b* = 0 0AAWC ETIOTPEWPEL b* =1
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Atappon MAnpowoplwy

RSA

Ti1 dlappeet (xwpic ouveMelEg)

Jacobi symbol (£) = (F) = (%5)(%) = (5)(§) = (F)

n

Ti1 Siappeet (ue ouveMELEQ)
EoTw ¢ = m® mod n
parity((e,n),c) = m mod 2 - TeAeuTaio bit (LSB) Tou plaintext

loc((e,n),c) =m > 3 - plaintext K&TW YOO / TAVW PLOO TOU Zp
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NapaAdayeg RSA pe IND-CPA




padded-RSA

Baotkn 16&a
- [MpooB1NKN YnWilwv TUXaLOTIOINOoNC r 0TO UNVUO.
- Kputttoypapnon f(m, r)
- ATIOKPUTITOYPG(PNON

- AvTioTpowr) f (TIpETEl Vo YivETal EUKOAQ)
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pkcs1v1.5

pkcs1v1.5
fim,r) = r|lm xat |m| = L.

- [Iplv TNV KPUTITOYPAPNON ONUIOUPYEITAL TO UNVULO:
m = r||m, OTIOU r EIVOL pla TUXALO CUPPBOAOCEIPQ ATIO A — |
bits.

-+ METATPOTIN TOU M OE AKEPALO
- H kpumToypa@non yivetat (Kavovikd) we: ¢ = m€ mod n
- H amokputtoypa@non yivetat (kavovikd) we ¢ mod n = m

- ATIO TO M KPATOPE POvo Ta [ bits xapnAoTtepnc TaENC.

ATIOOEIKVUETOL OTL OloBeTEL o aAelor IND-CPA, Oxt OpWC

IND-CCA (UTTOPOUPE VO EKUETAAEUTOUPE TNV SopuT) Tou padded
plaintext)
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