Apng [oyovptlng — Zrabng Zayog

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

TNo a,b € Z 6o Mépe 611 0 “a dwnpei tov b”, copforid a | b, av
VILAPYEL ¢ € Z T€T010 OoTE b = ca.

Oa Aépe 0110 a dev dwpei Tov b, cuuPorkd a 1 b, av Ve € Z, b # ca.

[310TNTE]
lNokabe a,b,c € Z :

l.ala1|a,al0.

2
3.
4.
5.
6.
7.

. 0laea=0.

albAb|lc=alc.
albAbla=a=+b.
alb=albc.

albha|lc=a| (xb+yc)Vx,y € L.
a|lb=la| <|blxoara|bAb>0=a<bh.




H Swoupetdtnra etvan pa oxéon pepikng daraing oto N.

Opoioyia
> ayviooc owpstctov bia | bk 0 < a < |b).

> q ) terppEvoc owpéme tov bra | bkon 1 < a < |b|.

> p > 1 mpidrog aplduos: povadikoi dtapéteg Tov o 1 Kot o p.

> P, g OYETIKG TPMTOL (coprime): HoVadKOG KOvog dlonpétng o 1.




Oeopnua (Axéparag Aaipeonc)

Ta xébe a,b € 7 ue b > 0 vaapyovv povadika q (quotient, Tyiixo), r
(remainder, vwoloimo) (q,r € Z) t€10100 OOTE:

a=gb+r Ko 0<r<b
AmooeIln

‘Eotw 1o 6bvoro S = {a —xb | x € Z,a —xb > 0}.

> S£ 0 (ny a— (—|alb) € S) cvvendg éxel eldyioTo oToryeio
r < b (ywati;). Yrapyel emopéves g € Z této10 OoTe

a—gb=r=a=qgb+r, 0<r<b.




Oeopnua (Axéparag Aaipeonc)

o kaBe a, b € 7 ue b > 0 vmapyovv povadika q (quotient, Tylixo), r
(remainder, vwoloimo) (q,r € Z) t€10100 OOTE:
a=qgb+r Ko 0<r<b

AmooeIln
‘Eotw 1o 6bvoro S = {a —xb | x € Z,a —xb > 0}.
> S£ 0 (ny a— (—|alb) € S) cvvendg éxel eldyioTo oToryeio
r < b (ywri;). Yrdpyel enopévog g € Z 1£1010 OOTE
a—gb=r=a=qgb+r, 0<r<b.
» Eotw ¢/, 7 € Z 161010 hote
a=q¢gb+7r, 0</V <b,enopévag0 < |F/ —r| <b.
> gb+r=gb+r = (g-q)b= (" ~r)=>|g—qb="—1l.
Av g # ¢/ tote b < | — r|, Gromo. Zvvendg g = ¢’ ko r =¥,
L]




Oedpnua (MKA)

Eotw a,b € Z ka1 d = min {xa + yb | x,y € Z,xa + yb > 0}. Tote:
(i)d | axord|Db.
G)d |and |b=d <d
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Oedpnua (MKA)

Eotw a,b € Z ka1 d = min {xa + yb | x,y € Z,xa + yb > 0}. Tote:
(i)d | akord]|b.

(i)d |and |b=d <d.

AmooEIln
» (i) Eoto k,\ € Z1.0.d = ka+ A\b.®.3.0.d | a.




Oedpnua (MKA)

Eotw a,b € Z ka1 d = min {xa + yb | x,y € Z,xa + yb > 0}. Tote:
(i)d | akord]|b.
(i)d |and |b=d <d.

AmooEIln

» (i) Eoto k,\ € Z1.0.d = ka+ A\b.®.3.0.d | a.
‘Eoto d { a. Tote vadpyovv g, r € Z tétol0 doTE
a=qd+r, 0<r<d,
=r=a—qd=a—q(ka+ \b) = (1 —gr)a+ (—Aq)b
ondte r € {xa+yb | x,y € Z,xa+ yb > 0} ko r < d, Gromo.




Oedpnua (MKA)

Eotw a,b € Z ka1 d = min {xa + yb | x,y € Z,xa + yb > 0}. Tote:
(i)d | akord]|b.
(i)d |and |b=d <d.

AmooEIln

» (i) Eoto k,\ € Z1.0.d = ka+ A\b.®.3.0.d | a.
‘Eoto d { a. Tote vadpyovv g, r € Z tétol0 doTE
a=qd+r, 0<r<d,
=r=a—qd=a—q(ka+ \b) = (1 —gr)a+ (—Aq)b
ondte r € {xa+yb | x,y € Z,xa+ yb > 0} ko r < d, Gromo.
Oupota deiyvooue d | b.

M



Oedpnua (MKA)

Eotw a,b € Z ka1 d = min {xa + yb | x,y € Z,xa + yb > 0}. Tote:
(i)d | axord|Db.

(i)d |and |b=d <d.

AmooEIln

» (i) Eoto k,\ € Z1.0.d = ka+ A\b.®.3.0.d | a.

‘Eoto d { a. Tote vadpyovv g, r € Z tétol0 doTE
a=qd+r, 0<r<d,

=r=a—qd=a—q(ka+ \b) = (1 —gr)a+ (—Aq)b
ondte r € {xa+yb | x,y € Z,xa+ yb > 0} ko r < d, Gromo.
Oupota deiyvooue d | b.

» (ii) 'Boto d této10 dote d’ | a xon d' | b. Tote
a=cid ,b = cod . Enopévoc:

. d=rkcerd +Meod = d |d=d <d. !



Yov mopiopATe TOL TPOTYOVUEVOL HEMPTLLITOG TPOKVTITOVY TO
TOPOKAT®:

> 0 alyopifpoc tov Eukieion Bplokel tov MKA dvo axepaimv
apBuav (PA. TopAKATO).

» ged(a,b) =1= 3k, ANE€Z, ka+Ib=1
(xprion oe €0peon avriarpopov modulo b: ra mod b = 1).




Yov mopiopATe TOL TPOTYOVUEVOL HEMPTLLITOG TPOKVTITOVY TO
TOPOKAT®:

> 0 alyopifpoc tov Eukieion Bplokel tov MKA dvo axepaimv
apBuav (PA. TopAKATO).

» ged(a,b) =1= 3k, ANE€Z, ka+Ib=1
(xprion oe €0peon avriarpopov modulo b: ra mod b = 1).

» Avc | ab A ged(a,c) = 110t | b:

ged(a,c) =1= Ik, N€Z :ke+Xa=1= kecb+ Xab=b =
c|b.




Yov mopiopATe TOL TPOTYOVUEVOL HEMPTLLITOG TPOKVTITOVY TO
TOPOKAT®:

> 0 alyopifpoc tov Eukieion Bplokel tov MKA dvo axepaimv
apBuav (PA. TopAKATO).

» ged(a,b) =1= 3k, ANE€Z, ka+Ib=1
(xpnon oe bpeon avigrpopov modulo b: ka mod b = 1).

» Avc | ab A ged(a,c) = 110t | b:
ged(a,c) =1= 3k, ANE€Z:kc+da=1= kchb+ Xab=b =
c|b.

» Avp npodtog Ap | abtotep | a V p | b:

Av ged(p,a) = ptotep | a. Av ged(p,a) = 1, apov p | ab ba
npénerp | b.




KaOe oxépairog apiBuos n > 1 umopet va. ypoptel e Hovadiko tpomo
WG TETEPATUEVO YIVOUEVO TPOTWY op1Ouv.

> AmodeEn vmapénc: pe m néBodo g emaymyng.

> Am6oeiEn povadikdtnrag: otnpilerol oty WoTTa “Ov p
TpOTOG A p | abtotep | a V p | b” og cuvdvacud pe xprion
EMOYOYNGS.

AGKNGN: GUUTATPDCTE TIG AETTOUEPELEG.

Syokq HMMY EMIT



[Hopadelyparta
> 2,3,5,...,1997,...,6469, ...

> (3334 10793)10™1 + 1 (ue 1585 ynoia, marivépopog Ppédnke
10 1987 and tov H. Dubner)

» 21257787 _ 1 (ue 378632 ynoia Ppébnike 0 1996)

» 213466917 _ 1 (g 4053946 ymoio Bpédnke o 2001)
» 243112609 _ 1 (e 12978189 ymeio Bpédnie to 2008)
» 20788101 (g 17425170 ynoia Bpédnie to 2013)

Oedpnua (Evkieion)

O1 mpawrtor api1Buoi givar dmeipor oe TAROog.

Andoeitn. Eotw 611 o1 mpmTot eivor tenepacuévol o€ mANn0og,
GUYKEKPWEVOL Py, Py, - - -, Py TOTE O APONOS 5 .. p, + | O€
dapeitan omd Kovéva TpOTo Tapd Lovo oo o 1 Kot Tov 0vTod ToV,

apo glvar TPMOTOG, KATL TOL €ivol ATOTO. O
Syohi HMMY EMil



function gcd(a,b: integer);
if 5 = 0 then gcd < a else ged < ged(b, a mod b,)
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function gcd(a,b: integer);
if 5 = 0 then gcd < a else ged < ged(b, a mod b,)

Oedpnua (opfoTTO EVvicAeideion aryopiBuov)
0 akyoprBuog tov Evkleion Ppioket tov MKA dbo axepoiwv opiBudv.

Amooeiln
» Bpioket dtupém: ava,b > 0 € Z tote
ged(a, b) = ged(b,a mod b).
> O dwpétng mov Ppiokel wmopel va, YpapTel Gov YPOUIKOS
GLVOLAGUOG TOV a, b (Yati;).
» Enopéveg givar o MKA.




1742
494
260
234

ged(1742,494) = 26,

3-494 4260 132

1-260 + 234
1-234 + 26
9-26+4+0

35
27
8
3
2

N =N W~ W

ged(132,35) = 1.

<35+ 27
<27+ 8
-8+3
‘342
2+1
140
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3-494 4260 132

1742
494
260
234

ged(1742,494) = 26,

1-260 + 234
1-2344 26
9-26+4+0

35
27
8
3
2

N =N W~ W

ged(132,35) = 1.

<35+ 27
<27+ 8
-8+3
‘342
2+1
140

» Xpovog ektéheong: O(log o) Srnpéoetc, (1o’ o) bit operations
(vmoBétovtag a > b).




1742
494
260
234

ged(1742,494) = 26,

3-494 4260 132

1-260 + 234
1-2344 26
9-26+4+0

3
2

)

7
8
3
2

N =N W~ W

ged(132,35) = 1.

<35+ 27
<27+ 8
-8+3
‘342
241
140

» Xpovog extéheonc: Olog ) Swupéoeig, O(log” o) bit operations
(vmoBétovtag a > b).

» To k, A 1.0. d = ka + Ab pmopovv vo, VITOAOYIGTOVY GTOV 1010

XPOVO: emekTaTEREVOS aAYOP1O0g Eukeion.

> Xpnoeig: vroloyiopdg avtiotpdéewv modulo n, enthvon
YPOUUK®V IGOTIIOV, KPUTTOYpopio dnpociov kAo (RSA,

. El Gamal, «.4.). m



Opiouog
¢(n) givon to 000G TV 0pOpdV 0md to 1 péypt Kot 7 Tov givor
GYETIKA TPAOTOL LLE TOV A.
YrevOouon: m, n oyetikd tpdTol (coprime): HOvadKOg Kovog
Swpémg o 1.
[310Teg

» o(p) = p — 1 y0 p TpdTO.

> o(p") = p“(1— ) o p npdrro.

> O(mn) = o(m)o(n) y m, n GYeTIKE TPMOTOVG,
Aoknon: anodeitte To.




Yyéom 1ooTiog (congruence)

» Hapdén mod m, m € Z,m > 0, anewovilel 10 Z 610
Zm = A0, ..., m— 1}.

» Avo apBuoi a, b Aéyovtar iootiwor modulo m, copPohkd a = b
(mod m), av £xovv v id10 ameovion pe v npdén  mod m:

a=b (modm)gmodm:bmodmém | (a —b)
» Aot cvpPolopoi: a = b (mod m) N ko a = b (m).
» Eivai oyéon woodvvapioc. Kabe khaon Gy, 0 < k< m — 1,
TEPIEYEL TOVG AKEPAIOVG TTOV ALPTVOLV LITOAOITO k av dlopebovv
L€ TO m.

> Ty = {CQ,Cl,CQ,. . -,Cm—l}- ITo on\a: Z,, = {0,. Lo,m— 1}.




» TIpécOeon: Cp + C; = Clipy) mod m-

» ToMomhacioouog: Cy - C; = Cijmod m-

» H anewovion ( mod m) : Z +— Z,, givon opopopeiopog
(axpipéotepa: entuoppioudc).

» [T anhd:

(a+ b) mod m = (a mod m + b mod m) mod m ,
(a-b) mod m = ((a mod m) - (b mod m)) mod m .

» [lpoxtixy onpaocio: avti vo, KAVOLUE TIC TPAEELS GTO Z Kol GTO
TéAOG Vo fpiokovpe To VITOAOUTO TNG Slaipeomg Le m, UTOPOVE
V0L KAVOVUE TIG TPAEELG KATEVOEIY GTO Zjyy: GNUOVTIKY L1E100T)

YPOVOL EKTELECT|C O TOMAEG TEPITTACELS.




Enavolappavopevog Tetpayovionodg (Repeated Squaring)

Eicodog: a,n,m € Z,
"E€odog: a” mod m

X <—amod m;y < 1;

while n > 0 do
if n mod 2 # 0 then y < y - x mod m;
x < x> mod m
n<<n-+2

end while

output y




» Ouaoa (group): Cevyog (G, *) Tét010 MoTE:
Va,be G: axbe G

Va,b,c € G: ax(bxc)= (axb)xc

Jee G,Vae G:axe=a (10 e eivar povadikd)
VacG:Ja ' €G:axal=e

>
>
>
>

Avtipetabeticn (ARehovn) opdoo: emmiéovaxb =bxa.




» Ouaoa (group): Cevyog (G, *) Tét010 MoTE:

>
>
>
>

Avtipetabeticn (ARehovn) opdoo: emmiéovaxb =bxa.
To Cevyog (7. + ) eivar avTiueTofeTikn opdada.

Va,be G: axbe G

Va,b,c € G: ax(bxc)= (axb)xc

Jee G,Vae G:axe=a (10 e eivar povadikd)
VacG:Ja ' €G:axal=e




» Ouaoa (group): Cevyog (G, *) Tét010 MoTE:

Va,be G: axbe G

Va,b,c € G: ax(bxc)= (axb)xc

Jee G,Vae G:axe=a (10 e eivar povadikd)
VacG:Ja ' €G:axal=e

vvyVvyy

Avtipetabeticn (ARehovn) opdoo: emmiéovaxb =bxa.
To Cevyog (7. + ) eivar avTiueTofeTikn opdada.

» Ta&n (order) memepacpévng opddag: n TAnOoOTNTA TN,




» Ouaoa (group): Cevyog (G, *) Tét010 MoTE:

Va,be G: axbe G

Va,b,c € G: ax(bxc)= (axb)xc

Jee G,Vae G:axe=a (10 e eivar povadikd)
VacG:Ja ' €G:axal=e

vvyVvyy

Avtipetabeticn (ARehovn) opdoo: emmiéovaxb =bxa.
To Cevyog (7. + ) eivar avTiueTofeTikn opdada.

» Ta&n (order) memepacpévng opddag: n TAnOoOTNTA TN,
» Ymoopdda (subgroup):

(S, x) vroopdda g (G, *) Hscaon (S, %) opdda




» Ouaoa (group): Cevyog (G, *) Tét010 MoTE:
Va,be G: axbe G

Va,b,c € G: ax(bxc)= (axb)xc

Je e G,Va € G:axe=a (10 e sivar povadiko)
VacG:Ja ' €G:axal=e

vvyVvyy

Avtipetabeticn (ARehovn) opdoo: emmiéovaxb =bxa.
To Cevyog (7. + ) eivar avTiueTofeTikn opdada.

» Ta&n (order) memepacpévng opddag: n TAnOoOTNTA TN,
» Ymoopdda (subgroup):

(S, x) vroopdda g (G, *) Hscaon (S, %) opdda

» Tpotaon. (5 ) civor voopcoo s (G ovv S C Gran S
KAEIGTO G TTPOG *.




[potaon. ged(a,m) = 1 av kar uévo av 3c € Ly, téroio dote
a-c=1 (mod m).
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[potaon. ged(a,m) = 1 av kar uévo av 3c € Ly, téroio dote
a-c=1 (mod m).

Andoeitn. (1) EvBo: pe ypion Osmp. MKA.

(ii) Avtiotpogo: Ix € Z, ax =1 (mod m) = m | (ax — 1).
Av ged(a,m) =d > 116ted | m | (ax — 1) = d | 1, Gromo.
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[potaon. ged(a,m) = 1 av kar uévo av 3c € Ly, téroio dote
a-c=1 (mod m).

Amooein. (1) Evbo: pe ypnon Oewp. MKA.
(ii) Avtiotpogo: Ix € Z, ax =1 (mod m) = m | (ax — 1).
Av ged(a,m) =d > 116ted | m | (ax — 1) = d | 1, Gromo.

Opiopog

U(Zy) = {a € Zy, : ged(a,m) = 1} givor 10 GOVOAO T@V GYETIKE.
TPMDTOV UE TOV m, TOL AéyovTor Kot units tov 7, Tlepiéyel axpifmg
T 6TotKElD TOV Zpy oL €Youv avtiotpo@o modulo m.
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[potaon. ged(a,m) = 1 av kar uévo av 3c € Ly, téroio dote
a-c=1 (mod m).

Andoeitn. (1) EvBo: pe ypion Osmp. MKA.
(ii) Avtiotpogo: Ix € Z, ax =1 (mod m) = m | (ax — 1).
Av ged(a,m) =d > 116ted | m | (ax — 1) = d | 1, Gromo.

Opiopog

U(Zy) = {a € Zy, : ged(a,m) = 1} givor 10 GOVOAO T@V GYETIKE.
TPMDTOV UE TOV m, TOL AéyovTor Kot units tov 7, Tlepiéyel axpifmg
T 6TotKElD TOV Zpy oL €Youv avtiotpo@o modulo m.
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» Tda&n (order) otoryeiov

, def .

t6éna = min{y e N: @’ = e}
» Kukhikn opdda (cyclic group):
(G, ) xodcy L g € (G, %) :VxeG:JyeN:ix=g
» [evvitopog (generator)
a yevwntopag mg G & 16€n a = |G|
[potaon: e oo Eyet yevwntopo ovy etvor ko). H taén

g opddag wwobton pe v Taén tov yevvntopa. (Acknon:
amodei&te.)




AoktoMog (ring)

(R, +, -) doktOAL0G <y
(R, +) avtipetabetikn opdda
(R, -) HOVOEWES (TPOCETALPIOTIKT, OVETEPO)
v

a-
(b+c)-a=b-a+




Yopa (field)
(F.+,") oopa &

(F,+, ) avtyetabetikog SakTOAOG

(F\ {et},) avripetadetikn opddoa

To (7, +.-), p mpdTog, eivor cdpo (kat cvpPforiletar ko GF(p) 1
Fp).

Hpotaon. Kabe oaoua talng p eivor ioouoppixd ue to ).
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Oeopnua (ukpd Fermat)

Vprime p, Va € Z, p{ a: @' =1 (mod p)

Amdoeln.

Toa € Zpep [a, to otoyegio
a-l,a-2,...,a-(p—1)
elvar dpopeTid avé 5vo oto Zj:
ira=j-a (modp)=plali—j)=p|(i—j)=i=j (modp)
Enopévoca®(p— 1= (p—1)! = a1 =1 (mod p). O




Oeopnua (ukpd Fermat)

Vprime p, Ya € Z, pt a: 1'=1 (mod p)

Amdoeln.
Toa € Zpep [a, to otoyegio
a-l,a-2,....,a-(p—1)
elvar dpopeTid avé 5vo oto Zj:
i-an-a(rnodp):>p]a(i—]):>p|( j)=i=j (mod p)
Enopévoca®(p— 1= (p—1)! = a1 =1 (mod p). O

[Mopopote, amodEIKVIETOL TO MO YEVIKO:

Ocopnua (Euler)
Va € Z,ged(a,m) =1 = a®™ =1 (mod m).




» Xyumioko (coset)

Hxa ={h*a:h € H,a € G} & de&l ovumhoxo (coset) tng H ot G

v vrroopddo g (G, *).




» Xyumioko (coset)
Hxa ={h*a:h € H,a € G} & de&l ovumhoxo (coset) tng H ot G

v vrroopddo g (G, *).

» Opdda mniiko (Quotient group) G/H: 10 6OvoLo T®V
coumiokav g H oty G
To (G/H, ®) sivon opdda pe mpaén
(Hxa)® (Hxb) = Hx (axb).




Av H eivou vmoouado. g memepoouévig ouddos G tote
|G| = |G/H]| - |H]|

Amoderén. Zmpiletol 610 YEYovog 0Tl dVo GOUTAOKA TovTilovToL 1)
glvar E&va peta&y tovg.




Av H eivor vmoouadda ¢ memepoouévns ouddos G tote
|G| = [G/H] - |H]|

Amoderén. Zmpiletor 610 YEYovog 0Tl 300 cOUTAOKO TovTilovTot 1)
elvan E€va petald Toug,.

Hépropa (onpovtikd!): H taén evog otoryeiov piog memepacuévng
opadag dtapel Tv TaEN TG opLadag:
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Av H eivor vmoouadda ¢ memepoouévns ouddos G tote
|G| = [G/H] - |H]|

Amoderén. Zmpiletor 610 YEYovog 0Tl 300 cOUTAOKO TovTilovTot 1)
elvan E€va petald Toug,.

Hépropa (onpovtikd!): H taén evog otoryeiov piog memepacuévng
opadag dtapel Tv TaEN TG opLadag:

Mepartépw mopicpata: pikpd Ocdpnpa Fermat (opdda (Z;, -)),
Oehpnpo Euler (opdda (U(Zy,), -)). Ot amodei&elg toug yopis xprion
®. Lagrange mpoimpyov.

Kdabe opdda pe tdén npdto aptbpod etvor ko (dpa Exet
YEVVITOPQ).
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‘Eleyyoc Fermat
INo va dovue av £vag S0GUEVOC aKEPOLOG 11 EIVOL TPMTOG:

Enéyovpe toyoia a € Z,: ov a1 # 1 (mod n) t6te n cHhvdetog
(ue BeParotnTa), oAb Aépe 6TL T0 1 TEPVAEr To test (Iomg eivort
TPMOTOG). TNV SeVTEPT) MEPIMTMOT EXAVAAULPAVOLLLE.

[Ipotaon.

Av y10. s0vBeto n vmdpyer Evog 1LopTopas (witness) (onA.

a € Zy, a" ' #£1 (mod n)), 16t vdpyovy TovidyIGTOV N2
HOGPTVPEG.

Anooein. Xpfion ©. Lagrange otnv opdda tev 0V
U(Zy).

[Topropa: o éleyyog Fermat amavtdel cmotd [Le TOAD peydn

mOavOTNTA Y10 TOVG TEPLETOTEPOVG aplBpovg. E&apovvtan opmg ot

appol Carmichael: ovvBeTot Yo TOVG 0TTOTOVG eV VWAPYEL LAPTVPOAG
SRR At Tha vy a2 mMironilre il 0mToN - (1ovATEN)



[T6popa tov ®. Lagrange

Av (S, %) vmooudda g (merepaouévng) oudoog (G, *) kor S # G
078!

S| < [G]/2
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[IpéTaon
Lo kébe myn € N r.ow. ged(m,n) = 1, yia kaOe a, b € Z:

a=b (modm)ANa=b (modn)<a=>b (modmn).

Amooeln.
(1) Ev00: Ix,y € Z : a — b = xm = yn. An6 ®. MKA:

1=rm+ An=x=rxm+ \xn = ryn+ A\xn

=n|x=nm|xm=a—b.

(ii) Avtiotpogo: a = b (mod mn) = mn | (a —b) = m | (a — b),

oo Yo 7.




Aniadn,
KO OVTIGTPOQaL.

EmimAéov, o1 10010t evog axepaiov oto Z,, kor oto L, kobopilovv
HOVAOIKG TOV 100TIUO TOV 0TO Ly, KO aVTIoTpo@o. O TEAELTOI0G
VILAPYEL TAVTO Y10, 712, 71 OYETIKA TPMTOVE — OITOOEIKVVETAL LLE YPNION
tov 0. MKA:

AV 1 1010TNTA YEVIKEVETOL KO SIOTUTMVETOL IO QVGTNPE GTO
Tepipnpo



Ocopnua (Kwvéhiko Osopnpo Ynoroinwy)

Eotw évo adatnuo iootyudv
X =a; (mod m1)
x=as (mod ms)

x=a; (mod my)

wote ged(m;, m;) = 1 yiai # j. Tote 10 obotnua éxet (10vooi) /ho1)
otov oortilio Ly, M = myms ... my. looddvoua: to adotnue Exel
arepeg Avoeig ato 7 kai av s1, S92 000 Aboeig woyver s1 = so (mod M).




Amddeiln.

T kabe i € {1,..., k} opiloope M; = % Ioyvel ged(M;, m;) = 1.
Enopévag IN; € Zy, : N; - M; = 1 (mod m;) .

Emiong Vi #j : N; - M; = 0 (mod m;) .

Ondte pio Aon givor n Tapakdte (exaindevorte):

k
y:ZNi'Mi'ai
i—1

Av 51, 52 000 S10POPETIKEG AVOELS TOTE EYOVLE OTL Y10l KAOE 7,
51 = s2 (mod m;)

A6 TpOTAGT TPONYOVUEVIG LPAVELNG KOL EXOYMYT) TPOKVTTEL: 1
51 = s2 (mod M)



Avo 1copop@iopot:

®¢ TPog Tpdchean, apaipeot Kot TOAAATAUGIOGHO (01 TPAEEIS OTIG
k-6dgc opifovtan katd PEAN [E TOV TPOPAVY TPOTO: TO. GTOLYEID GTN
0¢om i aBpoilovrar / moAlamAactaloviol 6Tov SUKTOAMO Zy,.)

Syoki HMMY EMIT



AvYo weopopeiopol:

Zmlmg...mk = Zml X ng X.o.. X ka

¢ mpog tpocbec, apaipeon Kot ToALUTAAGLOGHO (O TPAEEIS OTIC
k-G0eg opilovron katd pHEAT e ToV TPOoPavh TPOTO: TO. GTOLYEID 6N
0¢om i aBpoilovtar / TOALATANGLALOVTOL GTOV SUKTOMO Zyy,.)

UZmyimg..m) = U(Zimy) X U(Zipy) % ... X U(Zp,)
®G TPOG TOAAATAAGLOGLO KOl OlaipEDT).
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H nodAanhaciootikn opdda Z,

» Bivor koxkhuen: my. Z3; = {1,2,...,10} = {21,22,...,210}
(mod 11).

» T kdBe d | (p — 1) mepréyel akpBadg pio kukAkn vroopddo
Téénc d (PA. kon Oepehddeg Oempnuo Kukhikov Opddwv).

» Tepiéyet akpiBig ¢(p — 1) yevvirtopeg (pio kukAkn opddo
TaENG r mepiEyet ¢ (r) yevvitopeg). T p = 2q + 1, q Tpdro,
VIAPYOLY ¢ — 1 YEVVITOPEG.
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H nolAanhaciootikn opdda Z,

» "Eleyyoc av a yevnropag: Vd | p — 1.d <p — 1 :
(mod p) . Tep =29+ 1,g npdro,ava # —1 Aa
(mod p), tdte a givar yevvitopac.

d
_1
2

#1
=-1

> Axpag T picd ototyeio eival teTparyviKd LITOLOTO
(quadratic residues) modulo p, dnA. gival teTpdy@va KaTo10V

apBpov modulo p. Ta ctotyeio avtd TavtilovTon pe TIc dptieg
SUVAELG EVOG YEVVITOPAL:




H nolAanhaciootikn opdda Z,

» "Eleyyoc av a yevnropag: Vd | p — 1.d <p — 1 :
(mod p) . Tep =29+ 1,g npdro,ava # —1 Aa
(mod p), tdte a givar yevvitopac.

d
_1
2

#1
=-1

> Axpag T picd ototyeio eival teTparyviKd LITOLOTO
(quadratic residues) modulo p, dnA. gival teTpdy@va KaTo10V

apBpov modulo p. Ta ctotyeio avtd TavtilovTon pe TIc dptieg
SUVAELG EVOG YEVVITOPAL:

OR(p) = (| 1<i< P00




H noihamhiacioctikh opdda U(Z,,), p, ¢ tpdTot

> Agv gtvon kukAkT): KaBe otoryelo €xet TaEN T0 TOAD

lem(p —1,q—1) | wz(%l) (BA. ko cuvapton Carmichael).
ILy. otv U(Z15) = {1,2,4,6,7,8,10,11, 13, 14} mpbypar,
KB otoyeio £xel ta&n to ToAv 4 = lem(3 — 1,5 — 1).

» Tlepiéyet vroopdda taéng lem(p — 1,4 — 1).

> Axppag o }1 TV oToYyElmV etvon TeTpaymViKa VITOAOTO
(quadratic residues) modulo 7, dnA. gival teTpdyva KdTo1ov
apBpov modulo #. Ta oToyeio avtd TpoKvHITTOVY GLUVOVLALOVTOG
pe CRT tetpayovikd vrorouro modulo p pe tetpaymvikd

vrdélouma modulo g.




Opiopog

"Evag aképarog k € Z,, Aéyetan zetpaywviko vmoloimo modulo m av
vrdpyet [ € Zy, 1.60. k= 12 (mod m). Tote o I Aéyeton zetpaycoviic
pila tov k modulo m.

z oz z z 7 1
[apatipnon: 6nwg idapie, To Lo oTolyEln TOL Z) KoL TO § TV

otorEl®V Tov Zyy (Y10 p, g TPOTOVG) EIvOL TETPOYWVIKG DITOAOUTOL
(modulo p kot pg avticToryw).

Syokq HMMY EMIT



Opiopog

"Evag aképarog k € Z,, Aéyetan zetpaywviko vmoloimo modulo m av
vrdpyet [ € Zy, 1.60. k= 12 (mod m). Tote o I Aéyeton zetpaycoviic
pila tov k modulo m.

z oz z z 7 1
[apatipnon: 6nwg idapie, To Lo oTolyEln TOL Z) KoL TO § TV
otorEl®V Tov Zyy (Y10 p, g TPOTOVG) EIvOL TETPOYWVIKG DITOAOUTOL
(modulo p kot pg avticToryw).

['o avtd ta otoyyeio Kot LOVO Ol IGOTIUIEG:

x*=a (modp) x“=a (mod pq)

£€yovv Aoom.

Syokq HMMY EMIT



Opiopog

"Evag aképarog k € Z,, Aéyetan zetpaywviko vmoloimo modulo m av
vrdpyet [ € Zy, 1.60. k= 12 (mod m). Tote o I Aéyeton zetpaycoviic
pila tov k modulo m.

g oz 7 , ; 1
[apatipnon: 6nwg idapie, To Lo oTolyEln TOL Z) KoL TO § TV
otorEl®V Tov Zyy (Y10 p, g TPOTOVG) EIvOL TETPOYWVIKG DITOAOUTOL
(modulo p kot pg avticToryw).

['o avtd ta otoyyeio Kot LOVO Ol IGOTIUIEG:

x*=a (modp) x“=a (mod pq)

£€yovv Aoom.

Hopazipnon: av xg elvon Abon toTe Ko —xg €ivort Adon. [loceg Moeig

VTAPYOLV;
Syohii HMMY EMIT



[Ipotaon

Eotw p, q mpwror. Tote:

I. Hiootio x*> = a (mod p) éyer eite 0 eite 2 Aboeig oto Zy,.

2. Hioorio x* = a (mod pq) éyer eite 0 eite 4 Aboeis ato U(Zyy).

AmooEl.
2

1. Av x1,x2 Moelg mg wotiiog tote x{ = x5 (mod p) dpa
Pl =x3)=p| (v —x)x +x2) =
pl(x1—x2) Vp| (x1 +x2) = x1 =x2 Vx; = —x2 (mod p)
2. H Adomn g weotipiog 16oduvopet pe T AVon TV dV0 1G0TIIMV
x*=a (mod p), x> =a (mod q).
Eoto 611 n mpdTn £xel MOGEIG TIG X)), —X), KoL 1) OEVTEPT TIC
Xg, —Xg. [0 kaOe £va and Tovg GLYELAGLOVG TOV AVCEWY AVTOV
(mov givan 4) wpoxvmel, pe xpnon CRT, pia dtopopetikn Avon
Yo TV ootipia oto U(Z), and 10 chotpa
S0l HMMY EMIT X = ixp (mOd p), X = ixq (mOd Q)-



» H mponyodpevn mpdtacn pnopel va yevikevtet yio
n = p{'ps? ... p omov n avtictoyn e&icwon éxet gite 0 gite ok
Acelc.

» Tetpupéveg TePITMOCEIS: 6T0 Zy, 10 a = 0 (mod p) €yt pia
TETPAyOVIKY pila, T0 110 Kot 6T0 Zpy. ZT0 Zyg, ov a = 0
(mod p), kora # 0 (mod q) tote 10 a éyet 2 pileg mov
npokvnTOVY 0mtd 10 svomuax = 0 (mod p), x = +x, (mod q)
pe xprion CRT.

Syokq HMMY EMIT



O apBudc 1 éyxel ovo teTpaywvikég pileg modulo p : +1.
Emniong éxet 4 tetpaymvikés pilec modulo pg: tig £1, xon dAleg d0o
(u # 1 (mod p)q) mov Aéyovtan

H dmapén pn tetpypévev pilov tov 1 modulo # cuvietd amddeién
0Tl 0 7 eivor chvOeTog, KAl GVYYPOVOS divel Auesa 6V0 TUPAYOVTEG
tov n: ged(n,u £ 1).

[Mopdpota mAnpopopia waipvovpe amd v vapén 2 un avtibetwv
TETPAYOVIKOV pLidv omolovdnmote apBuod a € Z,.

H 1816tta avt gpnoponoteital oty anodelén opfotnrag tov
Miller-Rabin primality test, kot og dtdpopeg GAleg amodei&elg
(xpvrrocvothpota RSA, Rabin, k.Am.).

Syokq HMMY EMIT



[Tpotaon (Kpimpro Euler)

T p mparto, i 1ootio. x*> = a (mod p) éyet Jdon av kot uévo av

a7 =1 (mod p) .
Amdoeln.

Oa deitéovpie 0Tt Kt 01 3o GLVONKES 1GYHLOVY OV Kot LOVO OV TO a
etvan Gptia SHvopm evoc yevwnropa. Eoto 6tia = g (mod p) Yo
yevwntopo g g Zy. Tote:

x> =a (mod p) < I :g¥ =gF (mod p) © 2=k (mod p — 1) < kmod 2 =

Eniong, and pikpd O. Fermat.:
p—1

az Egg(l’_l)zl (modp) & p—1]4(p—1)©kmod2=0
L]

Hopazijpnon. yo. xdbe a € Z, woydet 7T = +1 (mod p). H d16mta
VT oxeTICETAL AUESH LLE TN CLVAPTNGT TOV EIVOL YVOOTH MG
obvpporo Legendre kon tn yevikevon g, To ovpporo Jacobi. To

20 1ITENEVTOL0 YPNOILOTOIEITON GTO



Opiopog
. 1, ifdx:x*>=a (modp)
(—) =¢ —1, if Ax:x*=a (mod p)
p 0, ifp|a

») = 10TE TO @ aleton TeTpaywvio vroloiro modulo p.
Av (¢ 1 to1e 10 a ovopdleTan A dul Av

( g) = —1 101€ 10 a ovopdletal eTpaywVIKS un vrdéioiwo modulo p.




[IpéTaon

Amooel.

(1): dpeca amd Tov opioud.

(2): ava =0 (mod p) woydet.

AMudg a € 7%, ondte av a € QR(n) 101e and kprripro Euler woydet
p—1

a? =1=(3) (mod p). .

Ava & OR(n) tote enedna > = +1 (mod p), Ba égovpe
OVOYKOOTIKEL:
a2 =-1=(7) (modp)

. (3) amo6 WidtTa 2. [ m



[Ipotaon
1, ifp=1 (mod 4)
1, ifp=3 (mod 4)

mod 8) Vp =7 (mod 8)
mod 8) Vp =5 (mod 8)

W =
—~

H an6oeién Baciletal oto axdAovbo:
Afjppa

(Gauss) Av to wAnboc twv aroryeiwv tov oOVvoiov
a mod p,2a mod p, . .. 221 g mod P} mov etvor pueyatdtepa tov & 1o
p) 2
ovufolicovue e p 6t 10)HeL 01 ( g) = (=1~




Oedpnua (Nopog Terpaywvikng Avtiotpoen|g (Quadratic
Reciprocity Law))

(0)-{

Me ypnion Tov VOUOL TETPUYMVIKNG OVTIGTPOPNG, KOl TV
TPOTYOOUEVAOV 1O10THTMV £XOVLLE EVAV TTLO YPTYOPO VITOAOYIGIO TOV
cvpPorov Legendre: < 100

), avp=qg=3 (mod 4)
), aAdidg.

SIS S

Syoki HMMY EMIT



Optopog (Zopporo Jacobi)

T n = p{'p3? ... pi* opiovpe to copBodro Jacobi mg e&ng:

()-11(2)"

i=1
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Opioudg (ZopPoiro Jacobi)
T n = p{'p5? ... pi* opiovpe o chpBolro Jacobi wg e&ig:

() -T1(2)"

i=1

» To ovuPoro Jacobi givor yevikevon tov cupforov Legendre xon
IKOVOTIOLEL TIC 101€G 1010TNTESG

To yeyovac antd ¥pNOLLOTTOLEITOL GTOV EAEYYXO TPDOTOV aPLOUDY
Solovay-Strassen.

Syoki HMMY EMIT



Opioudg (ZopPoiro Jacobi)
T n = p{'p5? ... pi* opiovpe o chpBolro Jacobi wg e&ig:

0-11(;)"

» To ovuPoro Jacobi givor yevikevon tov cupforov Legendre xon
IKOVOTIOLEL TIC 101€G 1010TNTESG
To yeyovac antd ¥pNOLLOTTOLEITOL GTOV EAEYYXO TPDOTOV aPLOUDY
Solovay-Strassen.

» To cvuPolo Jacobi (£ ) dev yapaktnpilel TANpwg v VapEn
Mogwv g eotipiog x> = a (mod 7). TIpéypott, av 1 16oTiio;
ot éxel Moelg Tote (5) = 1 aALd dev 10)VEL TO AVTIGTPOPO

(. mon=pg, ()= (9) = 1= (4) = 1.

Syokq HMMY EMIT



1. 'Eoto n € Z Betikdc meprtdg aptipdc.
2. Eméyovpe toxaia b € [2,...,n— 1. Av /"' mod n /1, 101¢
To 1 Oev mepviel Tov Eheyyo (glvar aiyovpo civleToc).




1. 'Eoto n € Z Betikdc meprtdg aptipdc.

2. Eméyovpe toxaia b € [2,...,n— 1. Av /"' mod n /1, 101¢
To 1 Oev mepviel Tov Eheyyo (glvar aiyovpo civleToc).

3. AMaag, yphoovpe 7 — 1 = 2°1, pe ¢ meprato.




. 'Eotw n € 7Z Betikdg neprrtdg appoc.

. Enéyovpe toyaia b € [2,...,n— 1. Av /"' mod n /1, 101¢
To 1 Oev mepviel Tov Eheyyo (glvar aiyovpo civleToc).
. AMag, ypagovpe 7 — 1 = 2°1, ue t meprtod.

. Avh' mod n = +1 (mod n), t61€ 10 N MEPVAEL TOV ELEYXO
(mBovov TpdTOC).




. 'Eotw n € 7Z Betikdg neprrtdg appoc.

. Enéyovpe toyaia b € [2,...,n— 1. Av /"' mod n /1, 101¢
To 1 Oev mepviel Tov Eheyyo (glvar aiyovpo civleToc).

. AMag, ypagovpe 7 — 1 = 2°1, ue t meprtod.

. Avh' mod n = +1 (mod n), t61€ 10 N MEPVAEL TOV ELEYXO
(mBovov TpdTOC).

. AMde, vydvovpe to b mod n oto tetpdywvo: b mod n,
énerta Eavd oto TETPpAy®mVo modn K.0.K. €0¢ 0TOL Thpovpe 1
(to oAV s — 1 emOVAANYEL).
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1. 'Eotw n € Z 0etikdg meprtdg apOpoc.

2. Emiéyovpe toyaia b € [2,...,n— 1]. Av , TOTE
on Tov éAeyyo (givan ).

3. AMaag, ypagovpe n — 1 = 2°1, pe t meprrtd.

4. Avb" mod n = +1 (mod n), 101€ T0 N TEPVEEL TOV ENEYYO
(mBovov TpdTOC).

5. AMabg, vydvovps to b’ mod 1 610 tETpdyvo: b mod n,
énerta Eavd oto TETPpAy®mVo modn K.0.K. €0¢ 0TOL Thpovpe 1
(to oD s — 1 emavaAyELS).

6. Av mépovpe tpdto — 1 TOTE TO N1 TEPVAEL TOV EAEYYO (TOOVOV
TPMTOG), tov éAeyyo (oiyovpa chvOeTog).

Syoki HMMY EMIT



1. 'Eotw n € Z 0etikdg meprtdg apOpoc.

2. Emiéyovpe toyaia b € [2,...,n— 1]. Av , TOTE
on Tov éAeyyo (givan ).

3. AMaag, ypagovpe n — 1 = 2°1, pe t meprrtd.

4. Avb" mod n = +1 (mod n), 101€ T0 N TEPVEEL TOV ENEYYO
(mBovov TpdTOC).

5. AMabg, vydvovps to b’ mod 1 610 tETpdyvo: b mod n,
énerta Eavd oto TETPpAy®mVo modn K.0.K. €0¢ 0TOL Thpovpe 1
(to oAV s — 1 emavVaAYEL).

6. Av mépovpe tpdto — 1 TOTE TO N1 TEPVAEL TOV EAEYYO (TOOVOV
TPMTOG), tov éAeyyo (oiyovpa chvOeTog).

OpBomnta: Oa amodei&ovpe 611 N THavOTNTO AmoTL)iNG Etvor < %

Syokq HMMY EMIT



1. 'Eotw n € Z 0etikdg meprtdg apOpoc.

2. Emiéyovpe toyaia b € [2,...,n— 1]. Av , TOTE
on Tov éAeyyo (givan ).

3. AMaag, ypagovpe n — 1 = 2°1, pe t meprrtd.

4. Avb" mod n = +1 (mod n), 101€ T0 N TEPVEEL TOV ENEYYO
(mBovov TpdTOC).

5. AMabg, vydvovps to b’ mod 1 610 tETpdyvo: b mod n,
énerta Eavd oto TETPpAy®mVo modn K.0.K. €0¢ 0TOL Thpovpe 1
(to oAV s — 1 emavVaAYEL).

6. Av mépovpe tpdto — 1 TOTE TO N1 TEPVAEL TOV EAEYYO (TOOVOV
TPMTOG), tov éAeyyo (oiyovpa chvOeTog).

OpBomnta: Oa amodei&ovpe 611 N THavOTNTO AmoTL)iNG Etvor < %

Mmopet va yiver aueintéa (negligible) pe

Syokq HMMY EMIT



[Ipdtoon

Av n mpwtog, 10TE TMEPVAEL TOV EAEY)0 TAVTOTE (Y1 OAe Tau b). Av n
00VOeTOC TOTE TEPVAEL TOV EAEYYO VIO, A1yOTEPQL OO TOL 110G b.

Syoki HMMY EMIT



[Ipotaon

Av n mpwtog, 10TE TMEPVAEL TOV EAEY)0 TAVTOTE (Y1 OAe Tau b). Av n
00VOeTOC TOTE TEPVAEL TOV EAEYYO VIO, A1yOTEPQL OO TOL 110G b.

Amodeiln.

BasiCeton oty omewcdvion b — (b 6% b7 b7 (mod n).




[Ipotaon

Av n mpwtog, 10TE TMEPVAEL TOV EAEY)0 TAVTOTE (Y1 OAe Tau b). Av n
00VOeTOC TOTE TEPVAEL TOV EAEYYO VIO, A1yOTEPQL OO TOL 110G b.

Amooeln.

BasiCeton oty omewcdvion b — (b 6% b7 b7 (mod n).

Factoring sequence: (# +1,...,7 ~1. = |....=1) (mod n).




[Ipotaon
Av n mpwtog, 10TE TMEPVAEL TOV EAEY)0 TAVTOTE (Y1 OAe Tau b). Av n
00VOeTOC TOTE TEPVAEL TOV EAEYYO VIO, A1yOTEPQL OO TOL 110G b.

Amooeln.
BasiCeton oty omewcdvion b — (b 6% b7 b7 (mod n).
Factoring sequence: (# +1,...,7 ~1. = |....=1) (mod n).

Amodewvieton pe xprion tov O. Lagrange 6tt to ototyeio mov
anewovilovtol o€ non-factoring sequences givol To TOAD Ta PGAL.

Aentopépelec: oTov mivaka. O




Xapaktnpifovral and v Omapén amrodotikoy (TOAV®VLLULIKOD
%PGVov) adyopibuov, vieteppivioTikoy 1| THavoTIKoD.




Xapaktnpifovral and v Omapén amrodotikoy (TOAV®VLLULIKOD
%PGVov) adyopibuov, vieteppivioTikoy 1| THavoTIKoD.

» GCD(a,n): ebpeon MKA(a, n).




Xapaktnpifovral and v Omapén amrodotikoy (TOAV®VLLULIKOD
%PGVov) adyopibuov, vieteppivioTikoy 1| THavoTIKoD.

» GCD(a,n): ebpeon MKA(a, n).

» Inverse(a, n): vmoroyiopdg a~* mod n.




Xapaktnpifovral and v Omapén amrodotikoy (TOAV®VLLULIKOD
%PGVov) adyopibuov, vieteppivioTikoy 1| THavoTIKoD.

» GCD(a,n): ebpeon MKA(a, n).

» Inverse(a, n): vmoroyiopdg a~* mod n.

» Power(a, y, n): vmohoyiopog ¢ mod n.




Xapaktnpifovral and v Omapén amrodotikoy (TOAV®VLLULIKOD
%PGVov) adyopibuov, vieteppivioTikoy 1| THavoTIKoD.

» GCD(a,n): ebpeon MKA(a, n).
» Inverse(a, n): vmoroyiopdg a~* mod n.

» Power(a, y, n): vmohoyiopodg @@ mod 7.

» Primality(n): éleyyoc av o n givol TpdTog aplduog.




Xapaktnpifovral and v Omapén amrodotikoy (TOAV®VLLULIKOD
%PGVov) adyopibuov, vieteppivioTikoy 1| THavoTIKoD.

» GCD(a,n): ebpeon MKA(a, n).

Inverse(a, n): vmodoytopdg a~* mod n.

>

» Power(a, y, n): vmohoyiopodg @@ mod 7.

» Primality(n): éleyyoc av o n givol TpdTog aplduog.
| 4

Find-Prime(n): edpeon mpwtov > n.




Xapaktnpifovral and v Omapén amrodotikoy (TOAV®VLLULIKOD
%PGVov) adyopibuov, vieteppivioTikoy 1| THavoTIKoD.

» GCD(a,n): ebpeon MKA(a, n).

Inverse(a, n): vmodoytopdg a~* mod n.

>

» Power(a, y, n): vmohoyiopodg @@ mod 7.

» Primality(n): éleyyoc av o n givol TpdTog aplduog.
| 4

Find-Prime(n): edpeon mpwtov > n.

v

Quad-Res(a, n): é\eyyog av Ix : x? = a (mod n). To. n TpdTO, 1
GUVHETO LLE YVOOTH TOPOyOVIOTOinoM.




Xapaktnpifovral and v Omapén amrodotikoy (TOAV®VLLULIKOD
%PGVov) adyopibuov, vieteppivioTikoy 1| THavoTIKoD.

vV V. v v VY

v

GCD(a, n): ebpeon MKA(a, n).

Inverse(a, n): vmodoytopdg a~* mod n.

Power(a, y, n): vmoloyiopdc ¢ mod n.

Primality(n): éheyyog av o n glvar TpdTOG 0p1OUoG.
Find-Prime(n): edpeon mpwtov > n.

Quad-Res(a, n): é\eyyog av Ix : x? = a (mod n). To. n TpdTO, 1
oUVOETO e YVMOOTN ToparyovTonoino.

Square-Root(a, n): edpeon x : x> = a (mod n), av vrépyet. o n

TPMTO, 1 GUVOETO UE YVOOTN TOPOYOVTOTOiNGN.




Xapaktnpiovratl and v pun vapén (O¢ TOPL) 0Tod0TIKOD
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» Factor(n): mapayovtomoinon tov n.

» o-th-Root(c.n): edpgonm : m® = ¢ (mod n). I'vootod kot ©g
RSA-Decrypt(c, n). AdGKoAo Yo n GOVOETO LE AyvOoTN
TOPOYOVTOTOINoT).

» Discrete-Log(g. a.p): gdpeonx : g° = a (mod p). Abokoro yu
P TP®TO.

» Quad-Res(a,n): éheyyog av Ix : x2 = a (mod n). Abokoro 1o n
ouvheTo pe dyvmoTn TapayovTomoino.
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Xapaktnpiovratl and v pun vapén (O¢ TOPL) 0Tod0TIKOD
(ToAvvopKoD ¥pOVoV) 0AyopifLov, VTIETEPUIVIGTIKOD 1) TOUVOTIKOV.

> : TOPOYOVTOTOiNoT TOV 7.

> sevpegon m : m¢ = ¢ (mod n). I'vootd kot og
RSA-Decrypt(c, n). AdGKoAo Yo n GOVOETO LE AyvOoTN
TOPOYOVTOTOINGT).

> s evpeon x 1 g° = a (mod p). Avokolo Yo
P TP®TO.

> : édeyyoc av Ix : x2 = a (mod n). Abokodo yia n
GUVOETO e AYyVOOTN TOPOyOVTOTOiNno.

> : gbpeon x : x2 = a (mod n), av vidpyeL.
AVGKOLO Y10 1 GOVOETO pE GyvmGTN TOPOyOVTOTOiNGT).

Syoki HMMY EMIT



