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loTopIKA OTOIXEIO

- SKUTGAN (opxaio Tmeptn)

- MeBodog ‘Cuplopa-kat-xapaén’

- Kpumtoovotnua Katoopa

- Zimmermann note (1917)

- Enigma



KAQOOIKO KpUTITOOUOTHHOT




KAQlOOIKG KPUTITOCUOTHHOTO

- KpumroouoTrjpata AvTiKaTaoTaong (substitution ciphers):
K&Oe ypappa (1) opada ypopuaTwy) Tou apxXIKoU KEIPEVOU
QVTIKaBIOTOTAL PE EVO 1) TTIEPIOCOTEPO YPAUUOTOL.

- Kpumrroouotnpota Metdbeong / AvadlaTtagng
(transposition ciphers): Tot ypAUHOTO TOU OPXIKOU KEIUEVOU
avadiataooovTal (ouvABWS KATH OPASEQ).

SUVABWG aopoUlV O€ KPUTITOYPAPNON KEIUEVOU (PUOLKNG
YAWOoOoaG.



KpumToouoTNHOTO AVTIKATAOTOCNG

MovoaApaBnTikd: KAOBE ypauUa TOU apxXIKoU KEIUEVOU
KWSIKOTIOIEITO TTAVTOTE E TO 1810 ypappa (YevIKOTEPQ: PE
TOV (810 TPOTO).

KpumtoouaTtrpoTa: avTikatdoTtaong (substitution cipher),
oAioBnong (shift cipher: Ty. Kaioopa), mapaAiayn Kaioapo
ue xprion Aé€nc-kAetdi, ROT13, PLAYFAIR, affine cipher.



KpumToouoTNHOTO AVTIKATAOTOCNG

- MovoaApaBnTikd: KAOE YpAUUO TOU OpXIKOU KEIPEVOU
KWSIKOTIOIEITO TTAVTOTE E TO 1810 ypappa (YevIKOTEPQ: PE
TOV (810 TPOTO).

KpumtoouaTtrpoTa: avTikatdoTtaong (substitution cipher),
oAioBnong (shift cipher: Ty. Kaioopa), mapaAiayn Kaioapo
ue xpnon A&€ng-kAeldi, ROT13, PLAYFAIR, affine cipher.

- [oAuaApaBnTikd: KGO ypApua TOU apXIKOU KEIUEVOU
UTIOPEL VO KWOIKOTIOIEITAL PE BIAPOPETIKO TPOTIO OE
SLOPOPETIKA ONUEID TOU KEIPEVOU.

KoumtoouoTruoTa: Vigenere, AUTOCLAVE, Hill, rotor,

Enigma, Vernam (one-time pad), Base-64,

KpuTtoouoThpoTa TakeTou (alertblock ciphers: DES, AES),
KPUTITOGUOTHHOTO pong (stream ciphers),. 4



MovoOoAQOBNTIKA CUOTHHOTA




KpumtooUoTnua Kaicoapa

Caesar cipher: oAioBnon kata 3 (yevikotepa Kata k)
ApXIKO: ABCDEFGHIJKLMNOPQRSTUVWXY?Z

KpUT[T/VOI DEFGHIJKLMNOPQRSTUVWXYZABC

Ta Kelpeva Kol TO KAELSI amOTEAOUVTOL OTIO KEWPAAQ{IN YPOUUOTO
™G AYYAIKNG YAWOOOG (Xwpig Keva), Ta oTtoia avTioTolyioupe
0TOUG aplBUOUG oo 0 £WG 25.

Mapadeyua
CRYPTOGRAPHY — FUBSWRJUSKB



KpumtooUoTnua Kaicoapa

Caesar cipher: oAioBnon katd 3 (YevikoTtepa KOTA R)
ApXIKO: ABCDEFGHIJKLMNOPQRSTUVWXY?Z

KpUT[T/VOI DEFGHIJKLMNOPQRSTUVWXYZABC

Ta Kelpeva Kol TO KAELSI amOTEAOUVTOL OTIO KEWPAAQ{IN YPOUUOTO
™G AYYAIKNG YAWOOOG (Xwpig Keva), Ta oTtoia avTioTolyioupe
0TOUG aplBUOUG oo 0 £WG 25.

Mapabelyua
CRYPTOGRAPHY — FUBSWRJUSKB

KpurmrravaAvon
EUKOAN Qv TO apxIKO KEIPEVO AVAKEL OE (PUOLKA YAWOOQ:

SOKIEG, oUXVOTNTEG epaviong. (ASUvaTn yia TEASIWGS Tuxaio
APXIKO KEIPEVO.)



METPNGON CUXVOTHTWY
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KpumtooUotnua Kaiooapa pe KAELdI

Keyword-CAESAR cipher
KAeW&i: aképatog k € [0,25] (Tx. R = 7) kot Kwdikr) AN (.

TENFOUR)
ApXIKO: ABCDEFGHIJKLMNOPQRSTUVWXYZ
Kpumt/vo: @ SVWXYZTENFOURABCDGHIJKLMP



KpumtooUotnua Kaiooapa pe KAELdI

Keyword-CAESAR cipher
KAeW&i: aképatog k € [0,25] (Tx. R = 7) kot Kwdikr) AN (.

TENFOUR)
ApXIKO: ABCDEFGHIJKLMNOPQRSTUVWXYZ

KpUT[T/VOZ QSVWXYZTENFOURABCDGHIJKLMP

KpunravaAuon
To TANB0C TWV SOKIUWY AUERVETOL TTAPO TIOAU. AANAG E HETPNON

OUXVOTNTWYV Elval EQIKTN, Yl 0PXIKO KEIUEVO OE (PUOLKN YAWOOOQ.

Apuva: Pe xprion opopwvwy (homophones).

o TO TIO OUXVA YPAUUOTA, TIOPEXOUUE TIEPIOCOTEPES ETIIAOYEG
0TO KPUTITOOAWABNTO.



KpumtavaAuon povooA@opnTikou GUCTHHATOG

AlveTal TO KPUTITOKE{EVO:

Z YMVBRFAQ RJZR KZI ZWFBV ZR RJFB BRZUV FB EJZR FB RJV
BASMRFAQ, VFRJVW HAW ZQ FQCFDFCMZS MBVW AW HAW BANFVRI ZB
Z EJASV? RIVWV ZWV RVNJQFNZS BASMRFAQB -CVNVQRWZSFGVC
BVWDFNVB, VDVWILACI JABRFQU RJVFW AEQ CZRZ, VOQNWIPRVC CZRZ,
VDVWILACI RWMBRFQU PWADFCVWB NSABV RA RJVK RJZR JVSP RJVK
EFRJ VQNWIPRVC CZRz BVWDFNVB, ZQC BA AQ.
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AlveTal TO KPUTITOKE{EVO:
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MW Ba TO KPUTTTOVOAUOOU UE;



KpumtavaAuon povooA@opnTikou GUCTHHATOG

AlveTal TO KPUTITOKE{EVO:

Z YMVBRFAQ RJZR KZI ZWFBV ZR RJFB BRZUV FB EJZR FB RJV
BASMRFAQ, VFRJVW HAW ZQ FQCFDFCMZS MBVW AW HAW BANFVRI ZB
Z EJASV? RIVWV ZWV RVNJQFNZS BASMRFAQB -CVNVQRWZSFGVC
BVWDFNVB, VDVWILACI JABRFQU RJVFW AEQ CZRZ, VOQNWIPRVC CZRZ,
VDVWILACI RWMBRFQU PWADFCVWB NSABV RA RJVK RJZR JVSP RJVK
EFRJ VQNWIPRVC CZRz BVWDFNVB, ZQC BA AQ.

MW Ba TO KPUTTTOVOAUOOU UE;

-
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Affine Cipher

- Key: (a,R) Tw. gcd(a,26) =1
- Enc(x) = a-x+ kR mod 26
- Dec(y) = a~'(y — k) mod 26.

0pHOTNTA ATTOKPUTITOYPAPNONG:

y=ax+RkR=y—k=ax=a'(y—k) =x (mod 26). a ' € Zyy
(== {0,---,25}): TOAATA/KOG avTioTpoWog Tou a modulo 26,
&nA. a-a™!

mod 26 =1
Yapyel (kat eival povadikog) avy ged(a, 26) = 1.

kputtoypa@non “1-1: ax; + R = axs + kR (mod 26)
= a(x; —x2) =0 (mod 26) = 26 | a(x; — x2)
= 26 | X1 — X2 = X1 = X, €ME1dN ged(26,a) = 1.



NoAUOAWABNTIKO CUOTHUOTO



~

o
S
]
c
[
2

Kpumtoovotnua V

S0OTNUO PETAPRANTNG oAioBnong. H oAioBnon kaBopiletal amo

TO KA€16i, Kal emavaAauBaveTal TTEPIOSIKA.

CODE TABLE

ZKTBJXKTBJXKTBJMKTBJKK
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EEEEEE R EEE EEEEEEEEREE
G| o] =y | M| = <L = | N | <L = & N = L) =) &) N = <L
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ELEEERLEEEFREEEECEEEERL
EEFEEEEEFEEEEEEEEEEEEECEE

3L
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KpumtooUotnpa Vigenére

Oplouog

- K= (Ro,R1, ..., Rr—1): KAELBL, I XOAPOKTHPWYV

© X = (X0, X1, .-, Xn_1): APXIKO Keipevo (plaintext), n
XOPOKTpWY

- C=(Co,Cq, ..., Cn_1): KpUTITOKEipEVO (Ciphertext), n
XOPAKTHPWY

- ¢ = Enck(Xi) = (Xj + Rj moq r) mod 26,0 < <n—1:
KpuTtToyp&naon

- Xj = Deck(¢j) = (¢ — Rj moa r) mod 26,0 <1< n—1:
ATIOKPUTITOYP AN ON

n



Mapadelypo

Mnvupa
THE VIGENERE CIPHER IS A POLY-ALPHABETIC

SUBSTITUTION SYSTEM THAT USES A KEY AND A
DOUBLE-ENTRY TABLE.

KA&£16i
KEY

KpumTokeipevo
DLC FMEORCBI ASTFOV GC E NYPW-KPNREZOXGM

WSLWRSXSDMMX WWCXCW XFKX SCIQ K OCI ELN E
BYYZVI-CXXPI XYLPC.

12



KpumrtavaAuon Vigenére

KpumrtavaAuvon
H KpUTITAVGAUGK OLVIOTOTOL OTNV EVPECN TOU UNKOUG TOU

KAELOI0U TIPWTO KO KOTOTIV 0TV EUPEON TOU (610U TOU KAELB10U.
EOpeon pnkoug KAEIS10U: 2 TpOTION

- Kasiski test: elpeon patterns mou emavoAauBavovTal.

MOavn mepiodog: MKA TwY ATTOOTACEWY PETOEY
ETAVOAOUBOVOLEVWY patterns.

Baaoikn 16éa: i61e¢ AEEEIG TOU OPXIKOU KEILEVOU OE amOOTON
TOATAGGLO TOU 1 (A KOG KAEISI0U), KwSIKoTIoloUVTAL LE (510
TPOTIO.

- Index of Coincidence (Agiktn¢ TUPTTWONC): EKWYPATEL TNV
mOavOTNTA SUO TUXAHOL XAPAKTPEG EVOG KEIUEVOU VO
TaTidovTal.

H Tiun tou o€ KelUEVO UOIKNG YAWOOAG SINPEPEl ONUAVTIKA
QTO TNV TIUN) TOU OE TUXAlO KEILEVO.

13



KpumrtavaAuon Vigenére pe Kasiski test

ZHRULIXEFHCMTDRDKTESBFPIRSVQZXULVWPKYWVWOWATCUPVIICOLEKAY
WOEOTURBBCOENJWSMRUJIMCIGKVCZMBUHTOTLSSMGSHULEOTURBBIOAVJQ
KNPHLLACNWPWTWVWOWATPKHZGCGHYAIIRQIMCIGKVCZHHPPTOTLZVZYHV
SDQZHBXAAGCELMQIE

14



KpumrtavaAuon Vigenére pe Kasiski test

ZHRULIXEFHCMTDRDKTESBFPIRSVQZXULVWPKYWVWOWATCUPVIICOLEKAY
WOEOTURBBCOENJWSMRUJIMCIGKVCZMBUHTOTLSSMGSHULEOTURBBIOAVJQ
KNPHLLACNWPWTWVWOWATPKHZGCGHYAIIRQIMCIGKVCZHHPPTOTLZVZYHV
SDQZHBXAAGCELMQIE

ZHRULIXEFHCMTDRDKTESBFPIRSVQZXULVWPKYWVWOWATCUPVIICOLEKAY
WOEOTURBBCOENJWSMRUJIMCIGKVCZMBUHTOTLSSMGSHULEOTURBBIOAVIQ
KNPHLLACNWPWTWVWOWATPKHZGCGHYAIIRQIMCIGKVCZHHPPTOTLZVZYHV
SDQZHBXAAGCELMQIE
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KpumrtavaAuon Vigenére pe Kasiski test

ZHRULIXEFHCMTDRDKTESBFPIRSVQZXULVWPKYWVWOWATCUPVIICOLEKAY
WOEOTURBBCOENJWSMRUJIMCIGKVCZMBUHTOTLSSMGSHULEOTURBBIOAVJQ
KNPHLLACNWPWTWVWOWATPKHZGCGHYAIIRQIMCIGKVCZHHPPTOTLZVZYHV
SDQZHBXAAGCELMQIE

ZHRULIXEFHCMTDRDKTESBFPIRSVQZXULVWPKYWVWOWATCUPVIICOLEKAY
WOEOTURBBCOENJWSMRUJIMCIGKVCZMBUHTOTLSSMGSHULEOTURBBIOAVIQ
KNPHLLACNWPWTWVWOWATPKHZGCGHYAIIRQIMCIGKVCZHHPPTOTLZVZYHV
SDQZHBXAAGCELMQIE

BaoIKkr) 16€a: TO PIKOG TOU KAEIS10U Ba pemel va Slaipel To 42 (= andoTtaon HETagh Twv
800 eppavioewv Tou TURBB). Bpeite kat GAAeG emavarnelg. Molog eivat o MKA;

14



KpumrtavaAuon Vigenére

AglKTNG SUPTITWONG
Y€ KEIPEVO X, OTIOU f; TO TTANB0G EPPAVIOEWY TOU YPAUUOTOG -

25 (f,

fifi
=m0 Z

IC(X) =

INUOVTIKA 1810TNTA: 0VOAAOIWTOC 0€ OAIOBNON TOU KEIUEVOU
Kata R.

T AyVWOTO KEIPEVO aYYAIKNG X: E[IC(X)] = Z, o P? 2 0.065
(pj: N OTOTIOTIKI) OLXVOTNTO TOU YPAHUOTOG /)

Y€ EVTEAWG TUXOIO |<€iu€vo UE OYYAIKOUG XOPOKTHPEG:
EICO0] =2 35, (&)° = 5 = 0.038

MmopoU e e peyain mBavoTNTa Vo EEXWPICOUNE EVa TUXAIO KEILEVO
UE ayyAIKOUG XAPOKTAPES OTTO EVA KAVOVIKO aYYAIKO KEILIEVO. 15



KpumrtavaAuon Vigenére

M&Bobog yia evpeon r
Aokiph ylar=1,2,.... Xwpi{OUPE TO KPUTITOKEIUEVO OE r OTNAEG:

othAn G = {Cijr |0 <j < T8 -1}

YTIOAOYI0UOG IC(C;). Av £XOUUE BPEL OWOTO UNKOG, TIHEG KOVTA
0T0 0.065, 0AMWGS CUPTIEPLPOPG TUXAIOU KElPEVOU (OUVABWS
< 0.050 aKOUN KAl OE OXETIKA UIKPA KEIPEVQ).

EVOAAOKTIKOG TUTIOG

~ Ie"Q_/rand
N ——
/text_lmnd

OTIoU:

leng = 0.065, lgng = 0.038, ltext O OEIKTNG OLUTITWONG TOU
KEIPEVOU



KpumrtavaAuon Vigenére: eDpeon KAEIS10U

- 10G TPOTIOG: OTATIOTIKNA KPUTITAVAAUGN OTIG OTNAEG HE BAoN
TN CUXVOTNTO EUPAVIONG TWV YPOUUATWY, SIYPOUUATWY,
KATL TNG ayYAIKAG (1) YEVIKOTEPO TNG YAWOOOS TOU apXIKOU
KEIUEVOU).

- 20G TPOTIOG: BpiokoupE TO OXETIKO shift peTaly TG MPWTNG
OTHANG KOl TNG M-00THS 0THANG (Yia 2 < m < r). EXovTog To
OXETIKA shift TNG TPWTNG OTNANG UE TIG UTIOAOITIEG EILOOTE
OUOCIOOTIKA QVTIUETWTION PUE HOVOOAWARBNTIKO CUOTNUO.

- Aokipadoupe OAGONOELG TNG TTPWTNG OTAANG KOTA
j=1,2,...,25.

- Xpnon &eiktn apolBaiag cupmTwong petadh Tng
OAMOBNHEVNC TTIPWTNG OTAANG KOL TNG M-00THG OTAANG.



Agiktng ApoiBaiag SUPTTWONG

(Index of Mutual Coincidence - IMC)

fay(i): # elavioEwY XapaKTNPA i 0TNV OTAAN 1.

fasj () = fa)((i —j) mod 26): # eu@aviCEWV XAPAKTAPA | TNV OTHAN
1, UETG a6 0AloBNoN TNG OTHANG KATA J.

AvTioTOlXEl 0TV TIBAVOTNTA U0 TUXOHIOL XOPOKTAPES aTtd U0
kelpeva va TauTiovTal.

MopPOUOIEG 1BIOTNTEG He AEIKTN SUUTITWONG: N TIKT TOU
HETAEY OyYAIKWV KEIPEVWY (1) TIPOEPXOHEVWY ATIO
ayYAIKG KEfpeva, pe TNV it oAioBnon) kot Tuxaiwy Kelpevwy (1

. . _ ey 18
TIPOEPXOUEVWY OTIO OYYALKO KEIPEVO, LE SIOPOPETIKE OAioBnon).



MmopoUpe va BeATiIwoou e To Vigenere;

- Au€AvVOVTOG TO UNKOG TOU KAELBIOU;
- 18avIKa: KAEIdI [o0U PKOUG UE apXIKO KEipevo.

- AuTn €ival OUCIAOTIKA pla popwn Tou Tepipnuou One
Time Pad (Vernam, 1917).

19



TéAelo MuoTikotnTa (Perfect Secrecy)




TéAeta puoTikoTnTa (Shannon, 1949)

A¢ BeEwProoUPE TO OPXIKO KElpeEVO M, To KAELSI K Kal TO
KPUTITOKEIUEVO C 0OV TUXOIEG LETOBANTEG TIOU TIOHPVOUV TIUEG
QVTIOTOIXO OTTO T oUVOAQ M, K, C. Ot M Kait K givai
aveEapTNTEG, evw N C €€apTATAL ATIO TIG GAAEG SUO.

O oplopog Tou Shannon

weMyec MGM,rKeIC[ x| vl Me/r\/([ <

TO KPUTITOKEIUEVO HEV TIOPEXEL KaLlio TTANpOWpOpia yIok TO OpXIKO
Keipevo (a posteriori TANpowopia idla pe TV a priori).

20



Mapadelypo

EOTW TO TMAPAKATW KPUTITOGUOTNHO HE
M = {07 1}7C = {Aa B},]C = {Kh KQ}:

Ky | Ko
A B
11| B A

ue Priky] = 1, Priko] = 2

21



Mapadelypo

EOTW TO TMAPAKATW KPUTITOGUOTNHO HE
M = {07 1}7C = {Aa B},]C = {Kb KQ}:

Ky | Ko
A B
11| B A

ue Priky) =1, Priko] = 2

Exel TNV 1810TNTO TNG TEAEIOG HUOTIKOTNTAG;

21



Random SHIFT Cipher

Oplouog
- M=K=C=/{0,...,25}
- Kpurttoypapnon: C = Enc(M, K) =M + K mod 26
- Koravopr K € K: Pr[K =] = 55, 0 < i < 25.

1WeC: PriC=y] =3 cnPrM ] iK'=
y —xmod 26] = 5= > .\ PrM =x] =

1
26

22



Random SHIFT Cipher

Oplouog
- M=K=C=/{0,...,25}
- Kpurttoypapnon: C = Enc(M, K) =M + K mod 26

- Koatavopn K € K: Pr[K = 1] = 0<i<25.

267
1L VyecC: PrfC= y} S s Pr[M = x] - Pr(K =

y — X mod 26] = = er/vt Pr[M = } %

2. Pr[M = x| C = y] = PISAEd=A

22



Random SHIFT Cipher

Oplouog
- M=K=C=/{0,...,25}
- Kpurttoypapnon: C = Enc(M, K) =M + K mod 26

- Koravopr K € K: Pr[K =] = 55, 0 < i < 25.
1. VWeCl: Pr[C= y} > xem PriM =x] - Pr[K =
y —xmod 26] = 5= > .\ Pr[M = } = 5
2. Pr[M = x| C = y] = 2SI i
3. Ao (1) kau (2):
5= Pr[M=x]
VxeM,yeC:PriM=x|C=y] = 27— =Pr[M=x]

Telela puoTikoTnTa! (N amodel§n eMeKTEIVETAL YIO OTIOIOOATIOTE
LEYEBOC KEIPEVOU).

22



loodUvapeg SuvOnkeg TEAEIOG MUOTIKOTNTOG

1L.VxeM,yeC: Pr[C=y]=Pr[C=y | M=X]
dNnAadn, N MBavVOTNTA EUPAVIONG EVOG KPUTITOKEIUEVOU
elval avegapTnTn ATO TO QPXIKO KEIUEVO.

23



loodUvapeg SuvOnkeg TEAEIOG MUOTIKOTNTOG

1L.VxeM,yeC: Pr[C=y]=Pr[C=y | M=X]

dNnAadn, N MBavVOTNTA EUPAVIONG EVOG KPUTITOKEIUEVOU
elval avegapTnTn ATO TO QPXIKO KEIUEVO.

2. VX, X0 e My eC: PrilC=y | M=x1]=Pr[C=y | M= Xq]

(ouvBnkn xpnotpn ya avramosdein)

23



TEAEIOL HUOTIKOTNTO: PNKOG KAEISIOU > UNKOG KEIUEVOU

Avaykaia ouverKn yla TEAEL JUOTIKOTNTAL:

M| <[C <K

2%



TEAEIOL HUOTIKOTNTO: PNKOG KAEISIOU > UNKOG KEIUEVOU

Avaykaia ouverKn yla TEAEL JUOTIKOTNTAL:

M| <[C <K

- M| < |C|: Amo amaitnon yia kpumtoypapnon “1-1.

2%



TEAEIOL HUOTIKOTNTO: PNKOG KAEISIOU > UNKOG KEIUEVOU

Avaykaia ouverKn yla TEAEL JUOTIKOTNTAL:

M| <[C <K

- M| < |C|: Amo amaitnon yia kpumtoypapnon “1-1.
- |C] < K] AV |C| > |K|,
Vxe M,JyeC,Pr[C=y|M=x]=0%#Pr[C=y].

2%



TEAElQ puOTIKOTNTO OTAV | M| = |C| = |K]|

Oswpnua
Eotw kpumroovoTtnua e (M| = |C| = |K|. To abotnua gxet TéAsla

LUOTIKOTNTO aVV IOXUOUV TA EENG:
(1) yia kdBe x € M,y € C, umdpxel Hovadiko k € K, WwoTe Ency(x) =y
(2) kaBe kAe1bi emAEyeTal e TNV (61 TOAvVOTNTA, oUYKEKPIUEVa 1/|K]|

Ano6eifn (ouvvomTika):
‘=" NapaBiaon TngG (1) 0dnyel oe pndevikn deopeupévn mOavOTNTA

KATIOlOU Y e SOOHEVO X.
Ao T (1) Kot apxn MeploTepwva Kat 1616TNTa “1-1' TG Enck::

Yy € C,Ry, Ry € IC, 3X1,X2 € 1 ENCy, (X1) =Y, EnCp, (X2) =y

Me xpron tng 6e0TePNG looduVaUNG UVONKNG TTPOKUTITEL OTIL TA Ry, Ry
elval loomiBava.

‘<" dueon, pe xpnon delTepnc looduvapng TuvenKng.
25



One Time Pad (Vernam, 1917)

OplouoG
- Plaintext: x = (Xo,X1,-.-,Xn—1), X € {0,1}
- Key: R = (Ro,R1,...,Rn—1), ki €{0,1}
- Ciphertext:y = (yo,Y1,---,¥n-1), Vi €{0,1}
- Kpumtroypdwnon: y; = X; ® kR; = x; + k; mod 2
- ATIOKpUTITOYPA@NON: X; = V; & k;

AopaAeta: av yia kaBe bit k; Tou KAEIBI0U 1OXVEL

Pr[k; = 0] = Pr[k; = 1] = 1/2, TOTE TO KPUTTTOOUOTNUA EXEL
TEAEIO HUOTIKOTNTO (YIOTE:).

Aoknon: MNolo TPORANUO ACPAAEING ELPAVIETOL OV
XPNOLUOTIOOOUUE TO KAELDI Kal SeUTEPN POPQ;
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MpwTa SUPTEPATHOTA

- H TEAEIO HUOTIKOTNTO EIVOL EQIKTN.

- H mopaywyn Kot n avtoAAayn Tou KAEGI0U 0w Eival
TIPOKTIKG OOUPPOPES (TEPAOTIO PKOG, pia Xprhorn povo).

-+ EvOL0(pEPOUOOTE YO TTPAKTIKA EQIKTEG AUCELG.

27



Enineda ao@alelag

- TéAeta (MAnpowoploBewpnTikn, information theoretic):
QveEAPTNTN TNG 1OXVOG TOU QVTITTIAAOU, Kapia vea
TANpo@opia dev PUToOPEL va TPOKUWEL ATTO TNV
KPQUTITOVOAUON.

- JTOTIOTIKA: AVEEAPTATWS TNG LOXUOG TOU QVTITIAAOU, N
TOAVOTNTO OTOKPUTITOYPAPNGONG Eival TIOAD HIKPN
(opeAnTéQ).

- YTIOAOYIOTIKNA: OTIOI00&ATIOTE AVTITIOAOG pE “AoyiKn”
UTIOAOYLOTIKT 10XV (0UVABWE TTOAUWVUHIKOU XpOVOU) EXEL
QUEANTEN THIBAVOTNTO VO OTIGOEL TO KQUTTTOOUGTN AL

28



YTIOAOYIOTIKI) AOQAAELD

Semantic Security

- Elval To avtioTowo TnNG KoTa Shannon TEAELOG
HUOTIKOTNTOG, OTAV O AVTITIAAOG Eivail TTOAUWVUIKA
(PPAYHEVOG.

- O avTtimaAog dev umopel amodoTika Vo HaBEL TIMOTE XprOIUo
OTIO TO KPUTITOKEIPEVO TIOPG HOVO UE QUEANTED TIBAVOTNTO.

- Eav dloBeTel GUO apxIka Keipeva, Kot Tou 6WOooUV TO
KPUTITOKEIUEVO EVOG QMO QUTA, deV UTIOPEl AMOSOTIKA vVt
Bpel ToLo €ival Pe TIBAVOTNTA ONUOVTIKA PHEYOAUTEPT TOU
1/2.

- Mo kpumtoypawia dnpociov KAEIBIOU AUTO IOOOUVOEL PE
IND-CPA ao(OAELD — TIPOUTIOBETEL XprON TUXAOTNTAG.

29



AAAOL KPUTITOGUOTHHOTO




Permutation (Transposition) Cipher

To KA€1di, urjkoug m, eival pio petddeon (permutation) Tou
{1,...,m}. Xwpi¢oupe TO OPXIKO Keipevo o€ PTAOK peyeBoug m
Kol o€ KABE PTIAOK EQOPUOCOUE TNV HETABEDN.

YNUOVTIKO TTIPORBANUA: TO KPUTITOKEIPEVO TIEPIEXEL TOUG B10UG
XOPOAKTAPEG UE TO OPXIKO KEIUEVO. AVTILETWTIION: TTAPEUBOAN
OKOUTTIOIWV.

Kamoleg mMANpopopieg umopouy va BonBroouy GnUavTIKG OTNV
KpUTITOVOAUON. Mapadetypa:

ECSEEMDR IAERFRR RITSAAEM
ESCOBARA LACAILCD LESHYRCR

AOKNON: TOIEG I6EEC ATIO T Tponyouueva Ba umopovoape va
XPNOILOTIOINOOUE YIQ KOUTTTAVAAUGH TOU GUOTUATOSG AUTOU;
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KpunttoouoTtipota MNvopévou (Product Cryptosystems)

MPOKUTITOUV ATIO OUVOECN TWV CUVOPTICEWY KPUTITOYPAWNONG
dU0 1 TIEPIOOOTEPWY KPUTITOCUOTNHATWY:

Ence(X) = Encg, (ENCr, (X))

Yuxva Oev ETIITUYXAVETAL ALENON TNG AOPAAELQG.

ldempotent AeyovTol Ta KQUTTTOOUOTHUOTO TIOU TO YIVOUEVO UE
TOV £0UTO TOUG diveEL TO 1810 KPUTITOOLOTN WA, TLX. TO Shift
Cipher.

Aoknon: 6¢i€te oti To Affine Cipher eival idempotent.
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AGUPUETPN KpUTITOYPAWIQ

KpunrooUotnpa Zakidiov Merkle-Hellman

STnpieTal o€ pla 181k TEPIMTWON TOU TPORANUATOG TOU
Yakidiov (Knapsack), cuykekpiuéva oTo TpoRANUa ABpoiopaTog
YTIOGUVOAWY (SUBSET SUM).

NpOBANUA SUBSET SUM
- Eloodog: ouvoro A = {ay,...an} C N, kat k € N.
- E€060G: A’ C A TW. > aen Gi =R, €AV UTTAPXEL, OAALWG ‘NO'.

To mpoPRANnua eival NP-complete.

Mo A umepauénTiko(superincreasing) avrket oto P
TagvounpEvo oUVOAO OTIOU KABE OTOIXEIO Elval HEYOAUTEPO ATIO
TO GBPOICOUO OAWY TWV TIPONYOUUEVWY.

Nopadeypa: A ={1,2,4,8,16,32,64} .



Meptypa@r) Tou KPUTTOGUOTHHATOG SaKidiou (i)

Baotkr 16€a: TO KPUTITOYPA@NUA PLaG SVABIKNG akoAouBiag
X1,...,Xm HNKOUG |A[, TpOKUTITEL OTO TO GBpolopa . a; - X;.

My yiato A= {3,7,8,90,100,211,430}:
Enca(0100110) = 7+ 100 + 211 = 381.
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Meptypa@r) Tou KPUTTOGUOTHHATOG SaKidiou (i)

Baotkr 16€a: TO KPUTITOYPA@NUA PLaG SVABIKNG akoAouBiag
X1,...,Xm HNKOUG |A[, TpOKUTITEL OTO TO GBpolopa . a; - X;.

My yiato A= {3,7,8,90,100,211,430}:
Enca(0100110) = 7+ 100 + 211 = 381.

TUTIPOBANUO EXEL N TIOPOTIOVW 1OEQ;
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Meptypa@r) Tou KPUTTOGUOTHHATOG SaKidiou (i)

Baotkr 16€a: TO KPUTITOYPA@NUA PLaG SVABIKNG akoAouBiag
X1,...,Xm HNKOUG |A[, TpOKUTITEL OTO TO GBpolopa . a; - X;.

My yiato A= {3,7,8,90,100,211,430}:
Fnca(0100110) = 7 + 100 + 211 = 381.
TI TIPORANUO EXEL N TTOPATIAVW (OEQ;

BeATiwpEvn 16€a

O mopaAnTTNG (Bob) xpnotuomotel wg 1I81wTiKd KAEISI éva
UTIEPALENTIKO GUVOAO A, TO oTtoio “KapoupAapel” oe A’ WOTE va
(POIVETOL OTOV UTIOAOITIO KOGUO GOV TUXAH0, TIPOKEIUEVOU VO TO
XPNOIUOTIONCEl WG ONUOCIO KAELDI.

Mo TO OKOTIO AUTO eTAeyel m,t pe m > > a;,gcd(t,m) =1
Kot uttoAoyiGel: A" = {a} | ai =t - a; mod m}
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Mepypa@r) Tou KPUTTOGUOTHHATOG Zakidiou (ii)

- AnpOo10 KAEISI: A

- 181wTIKO KAESL: A,m, t=! (mod m)

- Encar(X) = Y0, ab - X

© Decy m-1(y) = Solves (t™1 -y mod m)

omou Solvea(R) evag aAyoplBpog mou AUVel TO TIPORBANUa SUBSET
SUM yla €i0060 (A, R).
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0pHOTNTA KPUTITOCUOTIHOTOG Z0KISioU

OpBoTNTO
O moAamAaoIoopog Tou y = Y7L, af - X pe t™1 mod m “Bydidel
TN paoka” amo Ta a;:

Decy m-1(Enca(x)) = Solve (t™ (3oL, alx;)) mod m) =

Solves (t71 (Y11, (t- aj mod m)x;) mod m) =
Solves (311, aixi)
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Meptypa@r) Tou KPUTTOOUOTHHATOS SaKidiou (iii)

Nopadetypa
A={1,3,511},m=23t="1.

I81wTIKO KAESE: A, m,t~! mod m = 10.
Anpooto kAeldi: A = 7- A mod 23 = {7,21,12,8}.
Enca(0110) = 33.

Deca 23,10(33) = Solvea(10 - 33 mod 23) = Solvey; 35113(8) =
0110
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Eni®eon Shamir

Baotkn 16¢éa
Av pTtopoU e va Bpoupe t*, m* Tw. 1o A” = (t*)~1 - A’ (mod m*)

VO Elval UTTEPOUENTIKO TOTE N ATIOKPUTITOYPAPNON
Decur me (+)-1 B0 BWOEL TO 1610 amoTEAEOUA UE TNV DECy my ¢—1!
Nopadelypa

Ma t* = 7, m* = 15, éxoupe (t*)~1 = 13 (mod 15), Ka

A" =13 - A mod 15 = {1, 3,6, 14} umepauv§nTIKO.
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Eni®eon Shamir

Baotkn 16¢éa
Av pTtopoU e va Bpoupe t*, m* Tw. 1o A” = (t*)~1 - A’ (mod m*)

VO Elval UTTEPOUENTIKO TOTE N ATIOKPUTITOYPAPNON
Decur me (+)-1 B0 BWOEL TO 1610 amoTEAEOUA UE TNV DECy my ¢—1!
Nopadelypa

Ma t* = 7, m* = 15, éxoupe (t*)~1 = 13 (mod 15), Ka

A" =13 - A mod 15 = {1, 3,6, 14} umepauv§nTIKO.

Decar 15,13(33) = Solvesr(13 - 33 mod 15) =

SO[VQ{1‘:3’6’14} (9) = 0110
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Eni®eon Shamir

Baotkn 16¢éa
Av pTtopoU e va Bpoupe t*, m* Tw. 1o A” = (t*)~1 - A’ (mod m*)

VO Elval UTTEPOUENTIKO TOTE N ATIOKPUTITOYPAPNON
Decur me (+)-1 B0 BWOEL TO 1610 amoTEAEOUA UE TNV DECy my ¢—1!
Nopadelypa

Ma t* = 7, m* = 15, éxoupe (t*)~1 = 13 (mod 15), Ka
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SO[VQ{1‘:3’6’14} (9) = 0110
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Eni®eon Shamir

O Shamir (1984) £6e1e 0TI auTn N €miBeon umMopEl va yivel
ypnyopa.

MAOALOTA, eV XPEIACETOL KAVEVO KPUTITOYPOAPNUEVO UNVUUO -
SOUAEVEL HOVO OTO dNUOGLo KAELSI!

Eva XpAOIUO CUUTIEPQCHQA: N XPNON EVOG UTTOAOYIOTIKA
bduakoAou mpoBAnuatos Sev apkel amo uovn Tng.
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Eni®eon Shamir

O Shamir (1984) £6e1e 0TI auTn N €miBeon umMopEl va yivel
ypnyopa.

MAOALOTA, eV XPEIACETOL KAVEVO KPUTITOYPOAPNUEVO UNVUUO -
SOUAEVEL HOVO OTO dNUOGLo KAELSI!

Eva XpAOIUO CUUTIEPQCHQA: N XPNON EVOG UTTOAOYIOTIKA

bduakoAou mpoBAnuatos Sev apkel amo uovn Tng.

Aoknon .
AouAevel n emtiBeon Tou Shamir yla omoladnmoTe t*, m* T.w. TO

A" = (t*)~L . A" (mod m*) va gival UTIEPAUENTIKO;
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AVOKEPOAXIWVOVTOG

- H mAnpo@oploBewpnTikn (TEAEIQ) HUOTIKOTNTO Eival PEV
EPIKTN OAAG TIPAIKTIKA aloUpOPN.

- ErumAgoy, apopa povo o€ emibeoelg Tumou Ciphertext Only
(CO).

- 2UyXpovn TAON: UTTOAOYIOTIKA AOWAAELQ, [OXUPT) QTIEVAVTL
Kal O€ TIlo TTponyueveg emBeoelg: KPA, CPA, CCA.

- AtapaiTnTn N HOBNUOTIKY TEKUNPiwon. EpyaAeia:
YPOUUIKT GAYERPQ, Bewpia TIBAVOTATWY, OTATIOTIKN,
apnpenuévn aiyeBpa (Bewpio opadwy), Bewpia apOpWY,
UTTOAOYIOTIKN TIOAUTIAOKOTNTO!.

- Kevtpikd poAo mailet n (ekTIuWUEVN) UTTOAOYIOTIKN
SUOKOALC apIBUOBEWPNTIKWY Kol GAYERPIKWY
TPOPANUATWY KOl HGAIOTO OTNV PEON TTEPITTWON.
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