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» Kpvurrocvotmipoto Avtikotdotaong (substitution ciphers): ka0e
Ypaupo (1 opddd YPOUUAT®V) TOV apyLkKoD KEWEVOD
avtikaBiotatal pe éva 1| TePocdTEPA YPALLLATO.

» Kpvurrocvotmjpota MetdBeong / Avadidtaéng (transposition
ciphers): To ypAUUOTO TOL 0PYLKOD KEWWEVOL AVAIIATACTOVTOL
(ovvi g Kotd OpadES).

Yuvn0wg apopolV Gg KPLTTOYPAPNCT KEWWEVOD PLGIKNG YADGGOGC.
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» Movooldpafntira: KGO ypappo Tov apyikod KEWEVOD
KOJIKOTOLEITOL TAVTOTE WE TO 1010 YPAppLo (YEVIKOTEPA: LLE TOV
id10 TpoMO).

Kpvrroovotmpata: avtikatdotaong (substitution cipher),
oAioOnong (shift cipher: m.y. Kaicapa), tapariiayn Kaicopa pe
xpnon Aéénc-kiedi, ROT13, PLAYFAIR, affine cipher.




» Movooldpafntira: KGO ypappo Tov apyikod KEWEVOD
KOJIKOTOLEITOL TAVTOTE WE TO 1010 YPAppLo (YEVIKOTEPA: LLE TOV
010 TpOMO).

Kpuvntoovotiuarta: aviikatdotaong (substitution cipher),
oAioOnong (shift cipher: m.y. Kaicapa), tapariiayn Kaicopa pe
xpnon Aéénc-kiedi, ROT13, PLAYFAIR, affine cipher.

> [lolvodpofntird: K4Oe ypapLa TOV apyIKoy KEWEVOL UTOPEL VO
KOJOIKOTOEITOL e SLOPOPETIKO TPOTTO GE SLPOPETIKA N UEiD
TOV KEWEVOU.

Kpvrrocvomuata: Vigenére, AUTOCLAVE, Hill, rotor,
Enigma, Vernam (one-time pad), Base-64, kpurtocuotipoza
naxétov (block ciphers: DES, AES), kpurtocuetipote pong
(stream ciphers),.
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Caesar cipher: oAicOnon katd 3 (yevikdtepa Katd k)

Apyikd: ABCDEFGHIJKLMNOPOQRSTTU
KpDTE’E/VO: DEFGHIJKLMNOPOQRSTUVWX
Ta keipeva kot To KAEWT AmoTEAOVVTOL OO KEQUANLO YPAUUOTO TNG
AyyAkng YADoGag (opig keva), Ta omoia avtiotoyilovpe 6Toug
ap1Bpovg amd 0 éwg 25.

THopaoeryua
CRYPTOGRAPHY — FUBSWRJUSKV
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Caesar cipher: olicOnon xatd 3 (yevikotepa Katd k)

Apyikd: ABCDEFGHIJKLMNOPOQRSTU
Kpvmtvo: DEF GH I JKLMNOPQRSTUVWX
Ta keipeva kot To KAEWT AmoTEAOVVTOL OO KEQUANLO YPAUUOTO TNG
AyyAkng YADoGag (opig keva), Ta omoia avtiotoyilovpe 6Toug
apOpovc amo 0 émg 25.

THapdooeryuo
CRYPTOGRAPHY — FUBSWRJUSKV

Kporravaloon

EbdkoAn av to apyikod keipevo avikel 6€ QUGIKN YADGOH: SOKIUEG,
GLYVOTNTEG EPPAVIONG. (AdVUVaTN Yo TEAEIDC TVYOIO apPyIKd KEIUEVO.)
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Keyword-CAESAR cipher

KAedi: axéparog k € [0, 25] (m.y. k = 7) kou kodkn AEEN (..

TENFOUR)

Apyuco: ABCDEFGHTIJKLM
U

OPQRSTU
Kpvit/ivo: P S VW XY Z TENTFE O ABCDGHTI
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Keyword-CAESAR cipher

KXrewdi: axéporog k € [0, 25] (m.y. k = 7) kou kwdkn AEEN (m.y.

TENFOUR)

Apykd: ABCDEFGHIJKLMN
U R

OPQRSTU
KpDnT/VO:PSVWXYZTENFO A BCDGHTI
Kporravdioon
To mAnBog tv dokipudv av&dvetar mépa moAd. AALG pe pétpnon
GLYVOTNTOV EIVOL EPIKTN, Y10 APYIKO KEILEVO GE PVOIKT YADCGO.

Auvva: pe yphon opopdvev (homophones).




AIVETOL TO KPUTTOKEILLEVO:

Z YMVBRFAQ RJZR KZI ZWFBV ZR RJFB BRZUV FB EJZR FB RJV
BASMRFAQ, VFRIVW HAW ZQ FQCFDFCMZS MBVW AW HAW
BANFVRI ZB Z EJASV? RIVWV ZWV RVNJQFNZS BASMRFAQB
-CVNVQRWZSFGVC BVWDFNVB, VDVWILACI JABRFQU RIVFW
AEQ CZRZ, VQNWIPRVC CZRZ, VDVWILACI RWMBRFQU
PWADFCVWB NSABV RA RJVK RJZR JVSP RIVK EFRJ
VONWIPRVC CZRZ BVWDFNVB, ZQC BA AQ.
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AIVETOL TO KPUTTOKEILLEVO:

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

[og Ba 0 KpLTTAVOADGOVE;
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AIVETOL TO KPUTTOKEILLEVO:

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

[og Ba 0 KpLTTAVOADGOVE;
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» Key: (a,k) 1.0. ged(a,26) =1
» Enc(x) =a-x+ kmod 26
» Dec(y) = a=1(y — k) mod 26.

OpOoTNTO ATOKPVTTTOYPAPNONG:
y=ax+k=y—k=ax=al(y — k) =x (mod 26).

== {0, -, 25}): TOAOmA/KOG AVTIGTPOPOS TOL @
modulo 26, onA.

Yrpyet (kon givan povadikdg) avv ged(a, 26) = 1.

taxy + k = axg + k (mod 26)
= a(x; —x2) =0 (mod 26) = 26 | a(x; — x2)
= 26 | x; — x2 = X1 = X9, enedn ged(26,a) = 1.

MovoaApafnTikod GOGTNLA, KPUTTAVAAVOT| LE HETPNCT GLYVOTHTOV

o iAo GoKIUEC.



Kpuntocvompua Vigenere

CODE TABLE
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2HoTnpo
KAE101, Ko ETavaAauPAveToL TEPLOOIKA.

. H oAicbnon kaBopiletor and T0



Opiopog
» K = (ko, k1, ..., kr—1): KheWi, rx yopakmmpov
> X = (x0,X1, ..., Xy—1): 0pyK6 Keipevo (plaintext), n yoapaktpov

» C = (co,c1,-..,Cn—1): Kpumrokeipevo (ciphertext), n

AOPAKTH POV
» ¢; = Ex(x;) = (xi + ki mod ) mod 26,0 < i <n—1:
KPLTTOYPAPTON
» x; = Dk(c;) = (¢;i — kimod ) mod 26,0 <i<n—1:
OTOKPLTITOYPAPNON
Kpvntavéivon

H kpvurtavdivon cuvictatol oty €0pES TOV UNKOVG TOV KAEOLOD
TPMTO. KL KATOTLY GTIV €0PECT] TOV 1610V TOL KAEL10V.




Evpeon unrkovg kA18100: 2 tpdmot

» Kasiski test: ebpeon patterns mov erxovaiapfivovat.

[TBav mepiodog: MKA twv amoctdoemv PHeETaED
enovaiappavopevov patterns.

Boaown 10éa: id1eg AEEEIC TOL aPyIKOD KEWEVOL GE ATOGTOOT
TOALATAGGIO, TOV # (UAKOG KAED0D), KOOIKOTO0UVTAL LE 1010
TpOTO.

» Index of Coincidence (Aeixtne Zoumrwong): ekppalel mv
mBavoTTa dVO TVYOIOL YUPOUKTAPES EVOG KELLEVOD VL
tavtilovtat.

H t1] To0 0€ KELWEVO YUOIKIG YADOTOS OLAPEPEL THUOVTIKG, OO
TNV TYWI] TOV G TOYOLO KEWUEVO.




ZHRULIXEFHCMTDRDKTESBFPIRSVQZXULVWPKYWVWOWATCUPVIICOLEKAY
WOEOTURBBCOENJWSMRUJMCIGKVCZMBUHTOTLSSMGSHULEOTURBBIOAVJQ
KNPHLLACNWPWTWVWOWATPKHZGCGHYAIIRQJIJMCIGKVCZHHPPTOTLZVZYHV

SDOQZHBXAAGCELMQIE

S0y HMMY EMIT



ZHRULIXEFHCMTDRDKTESBFPIRSVQZXULVWPKYWVWOWATCUPVIICOLEKAY
WOEOTURBBCOENJWSMRUJMCIGKVCZMBUHTOTLSSMGSHULEOTURBBIOAVJQ
KNPHLLACNWPWTWVWOWATPKHZGCGHYAIIRQJIJMCIGKVCZHHPPTOTLZVZYHV

SDQZHBXAAGCELMQIE

Baokn 10éa: 1o pukog tov kA10100 Oo Tpémet va dtoupei o 4 (=
andcToom UETAEL TV 800 eppavicewv tov TURBR). Bpeite kon
dAreg emavainyels. [lolog eivar 0 MKA;
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Agiktng Xountmong

Ye keipevo X, 6mov f; to TAnbog peavicemv Tov YPAUUOTOG i:
225 (f" fith
IC(X) = Z n(n — 1

ZNUOVTIKN 1010TNTO: o€ ohicOnon tov KeWévov KoTa k.

Ye Gyvooto keipevo ayylkng X: E[IC(X)] = Z?io p?

(pi: M oTOTIOTIKN GLYVATNTA TOV YPAUULOTOG )
Y€ EVIEAMG n)xaio KEIEVO e oy yAKOVG YOpaKTNPES:
1\2 _ 1 ~
E[IC(X)] = Z (26) 26
Mropodue e peyoin mbovornta vo Cexwpioovus Eva ToYoio KEIUEVO
LE OYYAIKODS YOPOKTHPES OO EVAL KOAVOVIKO QYYALKO KELEVO.

Il
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MéBodog yua ebpeon » pe ypnon IC
» log tpomoc:
Aoy yuur = 1,2, .. .. Xopilovpe T0 KPUTTOKEIUEVO OE 7
OTNAEC:
o C; = {ciyyr | 0 <j < [2] = 1}




MéBodog yua ebpeon » pe ypnon IC
» log tpomoc:
Aoy yuur = 1,2, .. .. Xopilovpe T0 KPUTTOKEIUEVO OE 7
OTNAEC:
o C; = {ciyyr | 0 <j < [2] = 1}
Ymohoyiopog IC(C;). Av éxovpe Bpet 6wGTd PAKOG,
, OAMOG GLUTTEPLPOPA TEIVEL TTPOG TVY OO KEIEVO
(ovvnBog < 0.050 axouN Kot 68 GYETIKA LKPA KEILEVA).

> 20¢ TPOTOG: XPNON TOL TOTOL

. Ieng - Irand

1 text — I rand

OOV ¢pg = 0.065, Igng = 0.038 w0 Jeys 0 deikTNg cOUTTOONG
TOV KPUTTOKEWEVOL.




> 10¢ TPOTOG: GTATIGTIKT KPUATOVAALGT GTIG OTNAEG Ue Baom T
GUYVOTNTO ELPAVIONG TOV YPOUUAT®V, STYPOUUATOVY, KAT. TNG
ayyAKNG (M YEVIKOTEPQ TNG YADGGOG TOVL aP)IKOD KEWEVOD).




> 10¢ TPOTOG: GTATIGTIKY KPUTTAVAAVGN oTIC GTHAES e Pdon
GLYVOTNTO ELPAVIOTG TOV YPUUUATOV, SUYPALUATOV, KAT. TNG
ayyAkng (1] YEVIKOTEPQ TNG YADGGOG TOV 0PYLIKOD KEWEVOD).

> 20¢ tpomog: Ppickovpe 10 oyeTkd shift petadd g TpdTNG
OTAANG Ko TG m-00tNG otYANG (Yia 2 < m < 7). Exovrtag ta
oyetikd shift g Tpd ™G 6TANG [E TIG VTOAOITES ElHOOTE
OVLGLOGTIKA AVTIHETMTOL LUE LOVOOAPAPNTIKO GVGTN LA,

Syohf) HMMY EMIT



> 10¢ TPOTOG: GTATIGTIKY KPUTTAVAAVGN oTIC GTHAES e Pdon
GLYVOTNTO ELPAVIOTG TOV YPUUUATOV, SUYPALUATOV, KAT. TNG
ayyAKNG (M YEVIKOTEPQ TNG YADGGOG TOVL aP)IKOD KEWEVOD).
> 20¢ tpomog: Ppickovpe 10 oyeTkd shift petadd g TpdTNG
OTAANG Ko TG m-00tNG otYANG (Yia 2 < m < 7). Exovrtag ta
oyetikd shift g Tpd ™G 6TANG [E TIG VTOAOITES ElHOOTE
OVLGLOGTIKA AVTIHETMTOL LUE LOVOOAPAPNTIKO GVGTN LA,
» Aokydlovpe oMoONGELS TG TPMTNG OTHANG KOTA
j=1,2,...,25.
» Xpnron peta&d g olodnpévng
TPMTNG OTHANG KO TNG M-00THG GTHANG.

Syohf) HMMY EMIT



2 S O oy ()

IMC(Cr5j,Cn) =

2 [C|Ca)

S 1) # epoaviceov yopaxmpo i otV 6THAN 1.

i) = fry((F —j) mod 26): # eppaviceny yapoxtipa i 6TV
omAn 1, petd amd olicOnom g oTHANG KATA /.




2 S O oy ()

IMC(Crsj, Cp) =
( 1> m) ; |C1||Cm|
Ji1) 1)z # epoavicewv yapaktipa i ot omin 1.
S ) = fy((i = j) mod 26): # eppavicenv yapoktipa i oty
omAn 1, petd amd olicOnom g oTHANG KATA /.

» Avtictoyel oty mBavotnTo 600 TVYAIOoL XOPAKTNPES 0o SV
keipeva va tavtilovtat.

» Tlopdpoteg 1010tNTeG e Agiktn ZOURTOONG: 1) TN TOL O10EPEL
onuovTict HETaEd ayyMKdV KeEvov (1] TPOEPYOLEV®V OO
ayyYAKG kelpeva, pe v idta odicOnon) kot toyaiov kelpévav (1
TPOEPYOUEVAOV OO OYYAIKO KEIUEVO, LE SLopOpETIKT OAicONnoN).




> AvEAVOVTOG TO PKOG TOV KAEOL0V;
> [davikd: KAedi {cov PNKOVG PE apyIKO KEIUEVO.

» Avtr givor ovolaoTikd po popen tov tepipnuov One Time Pad
(Vernam, 1917).

Syohf) HMMY EMIT



Acg Bempnoovpie To apytkd Keipevo M, 1o KAl K Kot 10
kpuntokeipevo C cav Tuyoieg LeTAPANTEG TOL TOIPVOLV TUHEG
avtiotorya amd o cvvora M, K, C. Ouv M xar K givan aveEdpnreg,
evo N C e&optdran omd Tic GAAeG dVo.

O optopdc tov Shannon

VxeM,yecC: Pr [M=x|C=y]= Pr [M=x]
MeM . Kek MeM

Syohf) HMMY EMIT



Acg Bempnoovpie To apytkd Keipevo M, 1o KAl K Kot 10
kpuntokeipevo C cav Tuyoieg LeTAPANTEG TOL TOIPVOLV TUHEG
avtiotorya amd o cvvora M, K, C. Ouv M xar K givan aveEdpnreg,
evo N C e&optdran omd Tic GAAeG dVo.

O optopdc tov Shannon

VxeM,yecC: Pr [M=x|C=y]= Pr [M=x]
MeM,KeK MeM
To kpumToKEipEVO OEV TOPEYEL Y0 TO aPyIKO

keipevo (a posteriori mAnpogopio 1010 pe v a priori).

Syohf) HMMY EMIT



"Eocto 10 mopoakdtom Kpumtoc et LE
M ={0,1},C ={4,B},K = {K1, K> }:

Ky | K
0|l 4| B
1| B | 4
uaPr[Kl]zé, Pr[K]=§
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"Eocto 10 mopoakdtom Kpumtoc et LE
M ={0,1},C ={4,B},K = {K1, K> }:

Ky | K
0|l 4| B
1| B | 4
uaPr[Kl]zé, Pr[K]=§

Syohf) HMMY EMIT



Opiopog

» M=K=C=/{0,...,25}

» Kpurroypaenon: C = enc( K) = M + K mod 26
» Katavop K € K: PrlK =i] = 5, 0 < i < 25.

Syohf) HMMY EMIT



Opiopog

» M=K=C=/{0,...,25}

» Kpurroypaenon: C = enc( K) = M + K mod 26
» Katavop K € K: PrlK =i] = 5, 0 < i < 25.

1.VyeC: Pr[C=y|=> crPt]M=x]
PriK =y —xmod 26] = 55 >, v Pr[M = x] =

Syohf) HMMY EMIT



Opiopog

» M=K=C=/{0,...,25}

» Kpurroypaenon: C = enc( K) = M + K mod 26
» Katavop K € K: PrlK =i] = 5, 0 < i < 25.

I.WyeC: PrlC=y|=>_, MPY[M x]-
Pr[K =y —x mod 26] = 5 erM PriM =x] =

2. Prfh = x| € = ] = MCoel b

Zyomy HMMY EMIT



Opiopog

» M=K=C=/{0,...,25}

» Kpurroypaenon: C = enc( K) = M + K mod 26
» Katavop K € K: PrlK =i] = 5, 0 < i < 25.

I.WyeC: PrlC=y|=>_, MPr[M x|
Pr[K = y — x mod 26] = 55 =S em PrM =x] =
Pr[C=y|M=x] Pr[M=x]

2. PI'[M: X | C :y] = Pr[C=y]
3. Amo (1) ko (2):
= Pr[M=x]
Vxe M,yeC:PriM=x|C=y] = 28— =PrlM = x]

Syohf) HMMY EMIT



Opiopog
» M=K=C=/{0,...,25}
» Kpurroypaenon: C = enc( K) = M + K mod 26
» Katavop K € K: PrlK =i] = 5, 0 < i < 25.

I.WyeC: PrlC=y|=>_, MPr[M x|

Pr[K =y —x mod 26] = 5 erM PriM =x] = %
2. Prfh— x| € — 5] = MCoel b
3. Amo (1) ko (2):
L PriM=x]
VxeEM,yeC:PriM=x|C=y] = 26— = Pr[M = x]

(n amode1én emekTEivETAL Y100 OTOLOONTOTE
péyebog Kepévov).

Syohf) HMMY EMIT



l.VxeM,yeC: Pr[C=y|=Pr[C=y| M= x]
dnAadn, N TOAVOTNTO EUEAVIONG EVOG KPUTTTOKEWEVOL Eivat
aveaptntn amd 1o apyIKd Keipevo.

Syohf) HMMY EMIT



l.VxeM,yeC: Pr[C=y|=Pr[C=y| M= x]

dnAadn, N TOAVOTNTO EUEAVIONG EVOG KPUTTTOKEWEVOL Eivat
aveaptntn amd 1o apyIKd Keipevo.

2. Vx1,x0 € M,y eC: PriC=y | M=x1] =Pr[C=y| M= x9]

(cvvBnKn xpNown Yo avrarodeiln)

Syohf) HMMY EMIT



Avaykoio cuvOnkn yio télelo puoTIKOTTO!

M| <[Cl < K|

Syohf) HMMY EMIT



Avaykoio cuvOnkn yio télelo puoTIKOTTO!

M| <[Cl < K|

» M| < |C]|: A omaitnon yo kpurroypagnon ‘1-17.

Syohf) HMMY EMIT



Avaykoio cuvOnkn yio télelo puoTIKOTTO!

M| <[Cl < K|

» M| < |C]|: A omaitnon yo kpurroypagnon ‘1-17.
> 0] < IKI: Av[e] > [K],
Vxe M,FyeC,Pr[lC=y | M=x] =0# Pr[C=y]

Syohf) HMMY EMIT



Osopnua

Eotw xporroctotiua ue (M| = |C| = |K|. To abotnua éyer téleia
HOOTIKOTHTO OVY 1GYD0DY TO. ECHG:

(1) yia kébe x € M,y € C, vrdpyer uovoowxo k € K, tote encr(x) =y
(2) k&b KAe1di emAéyetar ue v oo mbavotnra, ovykekpyéva 1/|K]|

Syohf) HMMY EMIT



Oedpnua

Eotw kpvrroovotnua pe |(M| = |C| = |K|. To obotnua éxer téheia
LOOTIKOTHTO, QVY 16X D0VVY 10, €CHG:

(1) yia kébe x € M,y € C, vrdpyer uovoowxo k € K, tote encr(x) =y
(2) k&b KAe1di emAéyetar ue v oo mbavotnra, ovykekpyéva 1/|K]|

AmdoeEn (cuvomTiKd.):

‘=": lapaPiacn g (1) odnyei oe undevikn deopevpévn mbavotnta
KAmO10V ) e SOGUEVO X.

Amo v (1) ko apyn Heprotepdva kot Wdta ‘1-17 g encg;:

Yy € C ki, ko € KC, Ix1.x0 € Mt ency, (x1) =y, ency, (x2) = v




Oedpnua

Eotw kpvrroovotnua pe |(M| = |C| = |K|. To obotnua éxer téheia
HOOTIKOTNTO OVY LoYDOVY T €ETIG:

(1) yia kébe x € M,y € C, vrdpyer uovoowxo k € K, tote encr(x) =y
(2) k&b KAe1di emAéyetar ue v oo mbavotnra, ovykekpyéva 1/|K]|

AmdoeEn (cuvomTiKd.):

‘=": HapaPiaon g (1) odnyel oe undevikn deopevpévn Thovotnto
KAmO10V ) e SOGUEVO X.

Amo v (1) ko apyn Heprotepdva kot Wdta ‘1-17 g encg;:

Yy € C ki, ko € KC, Ix1.x0 € Mt ency, (x1) =y, ency, (x2) = v

Me ypnion g 6evtepng loodvvaung XvvOnkng tpoxdmtel 0TL T k1, ko
glvat woomiBava.



Osopnua

Eotw kpvrroovotnua pe |(M| = |C| = |K|. To obotnua éxer téheia
HOOTIKOTHTO OVY 1GYD0DY TO. ECHG:

(1) yia kébe x € M,y € C, vrdpyer uovoowxo k € K, tote encr(x) =y
(2) k&b KAe1di emAéyetar ue v oo mbavotnra, ovykekpyéva 1/|K]|

Amooe1En (GVVOnTIKA):

‘=": HapaPiaon g (1) odnyel oe undevikn deopevpévn Thovotnto
KAmOov ¥ pue S0oUEVO X.

Amo v (1) ko apyn Heprotepdva kot Wdta ‘1-17 g encg;:

Yy € C ki, ko € KC, Ix1,x0 € Mt ency, (x1) =y, ency,(x2) =y

Me ypnion g 6evtepng loodvvaung XvvOnkng tpoxdmtel 0TL T k1, ko
etvan woomniBava.

‘<=1 queon, pe xpnon devtepng loodvvaunc Xvvinknc.

Syohf) HMMY EMIT



Opiopog

» Plaintext: x = (xg,x1,...,%-1), X € {0,1}
» Key: k= (ko,k1,...,ko1), ki €{0,1}

» Ciphertext: y = (yo,¥1,---,Vn-1), i € {0,1}
» Kpvntoypdomon: v, — x; 0k — x; + kp mod 2
» Amokpumrtoypbonon: v, — 1 ok

26/42



Opiopog
» Plaintext: x = (xg,X1,...,%—1), X € {0,1}
» Key: k= (ko,k1,...,ko1), ki €{0,1}
» Ciphertext: y = (o, V1, --,Vn-1), Vi€ {0,1}
» Kpvurtoypdenon:
» Amokpumrtoypdonon:

Acpdleta: av yuo Kabe bit k; Tov KAEWL0D 1GYvEL
Prlk; = 0] = Prk; = 1] = 1/2, t61€ 10 KpLATOGVOTNHA EYEL TENELL
pootikétTTa (Y1oTi;).
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Opiopog
» Plaintext: x = (xg,X1,...,%—1), X € {0,1}
» Key: k= (ko,k1,...,ko1), ki €{0,1}
» Ciphertext: y = (o, V1, --,Vn-1), Vi€ {0,1}
» Kpvurtoypdenon:
» Amokpumrtoypdonon:

Acpdleta: av yuo Kabe bit k; Tov KAEWL0D 1GYvEL

Prlk; = 0] = Prk; = 1] = 1/2, t61€ 10 KpLATOGVOTNHA EYEL TENELL
pootikétTTa (Y1oTi;).

Aoxnon: T1od TpofAnua aocpdrelog epeaviCeTon av
YPTOUYLOTOMGOVUE TO KAEWDL KO OEVTEPT POPAL;

Syohf) HMMY EMIT



» H télela pootikdtnTo €ivor QK.

» H mopayoyn kot n avioddoyn Tov KAEWD100 OUMG EVOL TPAKTIKA
AoV UPOPES (TEPAOTIO PNKOG, LLio ¥prion LOVO).

> EvOl0QepOLOCTE Y10 TPAKTIKG EPIKTES MOCELG.

Syohf) HMMY EMIT



» Eivat epikto va £yovpe €va eminedo TANPOQOPLode®@PNTIKNG
AGPAAELONG, KON KOl e PIKPOTEPO KAEWI, 0V TO KAEWL gival
“OPKETA LEYAAO” GE GYECT LE TO KPUTTOKEILEVO. ZVYKEKPLUEVL:

Syohf) HMMY EMIT



» Eivat epikto va £yovpe €va eminedo TANPOQOPLode®@PNTIKNG
AGPAAELONG, KON KOl e PIKPOTEPO KAEWI, 0V TO KAEWL gival
“OPKETA LEYAAO” GE GYECT LE TO KPUTTOKEILEVO. ZVYKEKPLUEVL:

> Y& évo KPUTTOKEIIEVO ¢ ITOPETL VO OVTIGTOLYOVV TOVAAYLGTOV
dvo apykd kelpeva (apa kot avtiotorya kAewdd). O
KPUITOVOALTAG Ypelaletar emmAéov vTobéoelc.

» To pn yviowo KAEWG Aéyovtarl kiffidnlo. (spurious).
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» Eivat epikto va £yovpe €va eminedo TANPOQOPLode®@PNTIKNG
AGPAAELONG, KON KOl e PIKPOTEPO KAEWI, 0V TO KAEWL gival
“OPKETA LEYAAO” GE GYECT LE TO KPUTTOKEILEVO. ZVYKEKPLUEVL:

> Y& évo KPUTTOKEIIEVO ¢ ITOPETL VO OVTIGTOLYOVV TOVAAYLGTOV
dvo apykd kelpeva (apa kot avtiotorya kAewdd). O
KPUITOVOALTAG Ypelaletar emmAéov vTobéoelc.

» To pn yviowo KAEWG Aéyovtarl kiffidnlo. (spurious).

> : TO WNKOG KEWWEVOL TTEPA 0O TO 0010
“eEapaviovron” ta KiPonAa KA1,
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» Eivat epikto va £yovpe €va eminedo TANPOQOPLode®@PNTIKNG
AGPAAELOG, KON KOl PLE LIKPOTEPO KAEWDT, oV TO KAWL givart
“OPKETA LEYAAO” GE GYECT LE TO KPUTTOKEILEVO. ZVYKEKPLUEVL:

> Y& évo KPUTTOKEIIEVO ¢ ITOPETL VO OVTIGTOLYOVV TOVAAYLGTOV
dvo apykd kelpeva (apa kot avtiotorya kAewdd). O
KPUITOVOALTAG Ypelaletar emmAéov vTobéoelc.

» To pn yviowo KAEWG Aéyovtarl kiffidnlo. (spurious).

> : TO WNKOG KEWWEVOL TTEPA 0O TO 0010
“eEapaviovron” ta KiPonAa KA1,

» [lapdaderypa: oto (amAd) Shift Cipher, to 1610 KpvITOKEILEVO

avtiotowyel ota apykd keipeva ARENA kor RIVER pe
dropopeTikd KAedi (shift number). Av avénicovue o

Kpurtokeipevo, mbavotata povo Eva and To 600 KAEWLA Oa
“empProoel”.

Syohf) HMMY EMIT



» H avapevopevn Ty g pmopet va vroroyiotet pe faon v
TOV KAELG10V Kol TOV mg
(PLGIKNG YADGGOG:

H(K) _ log(IK))
D D

U=

(ywo ioomifavo KAL)
D: 0 TAeOVOGLOG TNG PLGIKNG YADGGOGS, .Y, Y1oL AYYAlKd
D ~ 3.2 bits/character.

Syohf) HMMY EMIT



» H avapevopevn Tiun g uropel va vtoloylotel pe Bdon v
TOV KAELG10V Kol TOV mg
(PLGIKNG YADGGOG:

H(K) _ log(IK])

U=
D D

(ywo ioomifavo KAL)
D: 0 TAeOVOGLOG TNG PLGIKNG YADGGOGS, .Y, Y1oL AYYAlKd
D = 3.2 bits/character.

» 'Etot, yio AyyAuca ko Shift Cipher, égovpe U ~ 2 yopaktipeg,
vy Vigenere U =~ 1.47 - m yopoKTNPES, L€ M TO KOG TOL
KAE10100.

Syohf) HMMY EMIT



» H avapevopevn Tiun g uropel va vtoloylotel pe Bdon v
TOV KAELG10V Kol TOV mg
(PLGIKNG YADGGOG:

;_ HUO) _ log(IK)
D D
(ywo ioomifavo KAL)

D: 0 TAeOVOGLOG TNG PLGIKNG YADGGOGS, .Y, Y1oL AYYAlKd
D = 3.2 bits/character.

» 'Etot, yio AyyAuca ko Shift Cipher, égovpe U ~ 2 yopaktipeg,
vy Vigenere U =~ 1.47 - m yopoKTNPES, L€ M TO KOG TOL
KAELO10V.

» o (povooreafntikd) Subsitution Cipher (kAedid etvor o 26!
petabécelg Tov odpafnTov), Exovpe U ~ 28: tpdypatt, Evag
EUTELPOG KPLITOYPAPOG UTopel va omdoet To Subsitution Cipher
av o100£TeL TEPimov 28 YaPaKTNPES KPVITOKEUEVOV.

Syohf) HMMY EMIT



> Télewn (mAnpogoprobempnrikn, information theoretic):
ave&aptnTn ™G 1)1OG TOL AVTITAAOL, KO VEX TANPOPOPia
dev pumopel va TPoKOYEL amd TV KPLUTTOVAALGT).




> Télewn (mAnpogoprobempnrikn, information theoretic):
ave&aptnTn ™G 1)1OG TOL AVTITAAOL, KO VEX TANPOPOPia
dev pumopel va TPoKOYEL amd TV KPLUTTOVAALGT).

> ZTaTIoTIKY: aveEopTNT®MG TNG 1oYVOG TOL AVTIUTAAOD, 1|
mOAVOTNTO ATOKPLTTOYPAPNONG ElvaL TOAD KPR (GUEANTER).




» Téhewo (mAnpopoproBewpnrikn, information theoretic):
ave&aptnTn ™G 16)}1OG TOV AVTITAAOV, KOO VEX TANPOPOpia
dgv UTOpEL VoL TPOKVYEL OO TNV KPUTTAVAALGT).

> ZTaTIoTIKY: aveEopTNT®MG TNG 1oYVOG TOL AVTIUTAAOD, 1|
mOAVOTNTO ATOKPLTTOYPAPNONG ElvaL TOAD KPR (GUEANTER).

> YZTOAOYIOTIKY: OTTO10GONTOTE OVTITOAOG [E “AOYIKN”
VTOAOYIGTIKY 1Y (GVVABW®E TOAVOVLUIKOD ¥POVOD) EXEL
apeAntéa mhovoTNnTa Vo GTAGEL TO KPUTTOGVGTN L.

Syohf) HMMY EMIT



Semantic Security

» Eivon to avtiotoryo tng xatd Shannon télelog puotikoTnTOC,
OTaV 0 aVTITOAOG ival TOAVOVVLIKE PPOYILEVOG,.




Semantic Security

» Eivon to avtiotoryo tng xatd Shannon télelog puotikoTnTOC,
OTaV 0 aVTITOAOG ival TOAVOVVLIKE PPOYILEVOG,.

» O avrtitahog dev puropel amodotind va pabet Timote YpNoUO Ao
TO KPLTTOKEIUEVO AP LOVO Le apeAnTER TOUVOTNTAL.




Semantic Security

» Eivon to avtiotoryo tng xatd Shannon télelog puotikoTnTOC,
OTaV 0 aVTITOAOG ival TOAVOVVLIKE PPOYILEVOG,.

» O avrtitahog dev puropel amodotind va pabet Timote YpNoUO Ao
TO KPLTTOKEIUEVO AP LOVO Le apeAnTER TOUVOTNTAL.

» Edv d1a0étel 600 apyikd Keipeva, Kot Tov OGOV TO
KPUTTOKEILEVO EVOG amO QVTA, eV PTOpEl amodoTiKd vo. fpet
7010 €ival e mOavOTNTA GNUAVTIKG peyaAdtepn tov 1/2.




Semantic Security

» Eivoi to avtiotolyo g kotd Shannon télelog pooTiKOTNTOC,
OTaV 0 aVTITOAOG ival TOAVOVVLIKE PPOYILEVOG,.

» O avrtitahog dev puropel amodotind va pabet Timote YpNoUO Ao
TO KPLTTOKEIUEVO AP LOVO Le apeAnTER TOUVOTNTAL.

» Edv dtaBétet 500 apyikd Keipeva, Kot Tov dOGOLV TO
KPUTTOKEILEVO £VOG ol AT, OgV UTOPEL AMOdOTIKA VoL Ppet
7010 €ival e mOavOTNTA GNUAVTIKG peyaAdtepn tov 1/2.

» Ta kpurtoypaeio Onpociov kKAEW100 0vTd 1IG0dVVaEL e
IND-CPA aoc@dieia — mpodmobéTel xpromn TuxodTnToS GTNV
KPUTTOYPAQPN o).

Syohf) HMMY EMIT



[Topaymyn akoiovBiog KAEWOIOV pE fAoT KATOWO apytkd KA, Kal
(mBovd) To plaintext.
Opiopog

» Plaintext: xg,x1, ..., Xs—1

» Ciphertext: yo,¥1,-.-,Vn—1

> Apykod Khedi: k

» BonOntikég cuvaptioeic: f;,0 < i < m

» Key stream: z; = f; mod m(k, X0, « -, Xi—1,20, - - - Zi—1)

> Kpuntoypaonon: y; = enc,(x;)

» Amokpurtoyphonon: x; = dec;, (y;)

ILy. vy dvaodicég axorovdies:

enc;(x) =x @z =x+zmod 2
dec;(y) =y ®z=y+zmod 2

Syohf) HMMY EMIT



Awokpivovion o synchronous (to kA€l dev e&aptdTon amd 10
plaintext), ko asynchronous (Aéyovton ko self-synchronizing).

Emiong oe (Vi : zi1q = z;, 6TOL d M TEPLOGOC) KoL

[Mopdderypa: To Vigenere givon synchronous kot periodic.

Syohf) HMMY EMIT



Apykd dtbvuopo KAEWBIOV: (2,21, - -« Zm—1)-
Ta vrorowma K W16 vVoAoYilovTol oG e&Ng:

m—1

Zigm = Z Cj* Zitj (rnod 2), v/, Cj € {0, 1}
=0

Ed&v 1o moAvdvopo ¢ + c1x + cox? 4+ ...+ cp1 X"+ X" givan

, TOTE TO KPVTTOGLOTN O EYEL TEPiodo d = 27 — 1.
ILy. co = c1 = 1,co = c3 = 0 opilovv To moAvdvopo x* + x + 1, kot
pe SSOUEVO apyIKO KAEWL Zg, . . . , 23 EYOVUE Z4y; = Z; + zj+1 mod 2.

To kpvrTocHoTNUA 0VTO EXEL TEPTOdO 15.

YAomoinon pe

Syohf) HMMY EMIT



To kAe1di, unKovg m, glval pio petdbeon (permutation) Tov
{1,...,m}. XopiCovue 0 apykod Keipevo og pmhok peyébovg m kot
o€ k@Be pumhok epappuolovpe v petddeon.

Enpovtikd TpOPANLLOL: TO KPUTTOKEILEVO TEPLEXEL TOVG 1010VG
YOPOKTPESG LLE TO OPYIKO KEIUEVO. AVIIUETOTION: TaPEUSOLn
OKOVTTLOLDV.

Kdmoteg minpogopieg pmopovv vo, fondicovy onpuoviikd otny
Kkpvrtavaivon. [apdaderypo:

Aoknon: moleg 10¢eg amo T0 IPonyovueva Bo umwopodooue vo.
XPNOYLOTOIOOVUE YLO, KPUTTAVAAVGH TOV GUGTHILOTOS ADTOD,

Syohf) HMMY EMIT



[IpoxdmTouy amd GVVOEST TV GLVOPTNCEWYV KPVTTOYPAPNoNG dV0 1
TEPLOGOTEPMOV KPUTTOGLGTNLATMOV:

ex(x) = ex, (ex, (%))

Yvyva dev emruyydvetor adENON TNG ACPAAELOGS.

AEYOVTOL TOL KPUTITOGLGTHLOTO TTOV TO YIVOUEVO LE TOV
£0VTO TOVG diveL To 1010 KpurTocvoTA, TT.). To Shift Cipher.

Aoknon: ociéte oni to Affine Cipher eivai idempotent.

Syohf) HMMY EMIT



YnpileTon o€ o E101KN TEPITTMOGT TOL TPOPANUATOG TOL ZaKIdi0V
(Knapsack), cuykekpipéva oto Tpopinua Abpoicuatog Ynocuvormv
(Subset Sum).

[Tp6PAnua Subset Sum
» Eicodog: covoro 4 = {ay,...an} C N, ko k € N.
» 'Eodog: A’ C A 1.0. , €0V VIapyEL, aAlMmg ‘No’.

To mpdPAnua sivar NP-complete.

Avnkel Opwg oty kKAdon P, av to 4 givan omepavlnrino
(superincreasing): ta&vounuévo chvoro 6mov kdbe oTotyeio givan
HEYOAVTEPO OO TO AOPOICL OA®V T®V Tponyovuevmy. TLy.,

A= {3,7,12,25,100, 211, 430}

Syohf) HMMY EMIT



Boown 10€a: to kpumroypden o pog dvadikng akoAovding
X1y .-y X WAKOVG |4, mpokbrtet omd to dOpowopa > ai - x;.

ILy. v T0 TOPOTAV®D GUVOLO,
Enc4(0100110) = 7+ 100 + 211 = 381.

Syohf) HMMY EMIT



Boown 10€a: to kpumroypden o pog dvadikng akoAovding
X1y .-y X WAKOVG |4, mpokbrtet omd to dOpowopa > ai - x;.

ILy. v T0 TOPOTAV®D GUVOLO,
Enc4(0100110) = 7+ 100 + 211 = 381.

T mpoPANUa ExEl N TOPATAVD 10€0,;
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Boown 10€a: to kpumroypden o pog dvadikng akoAovding
X1y .-y X WAKOVG |4, mpokbrtet omd to dOpowopa > ai - x;.

ILy. v T0 TOPOTAV®D GUVOLO,
Enc4(0100110) = 7+ 100 + 211 = 381.
T mpoPANUa ExEl N TOPATAVD 10€0,;

Bektiopévn 10éa: O mapainming Bob ypnoiponotei og 1d1wtikd kAdi
éva VTEPOVENTIKO GUVOLO A, T0 omoio “kapoveraper” oe A dote va
(POIVETOL GTOV VTOAOITO KOGILO GOV TVY0H0, TPOKEEVOD VO, TO
APNOLOTOMGEL MG ONPOG1o KAEWL. ['a To oKkomd awtd emhéyet m, ¢
tétol0 dote m > Y a;, ged(t,m) = 1:

A ={d | d =t a; mod m}

Syohf) HMMY EMIT



» Anpéoro kherdi: 4’

> ISt kKhewdw: 4, m, ! mod m

> Ency(x) => 0 d;-x;

» Decy ,~1(y) = Solvey (t71-y mod m)
omov Solve (k) évag akyopiBpog mov Abvet o mpdfinuo Subset
Sum Y10 gicodo (4, k).

OpBoNTOa amokpLTTOYPAPNONG

O moAAamAoclaopHog Tov y = Y ¢, d} - x; pe ¢~ 1 mod m “Bydler
péoko” omd to al:

Decy -1 (Ency(x)) = Solve (™ (Y1, alx;) mod m) =
Solvey (7 (37, (t-a; mod m)x;) mod m) = Solvey (37 aix;)




[Mopaderypo

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

[S1Tikd KAedi: 4, m, ¢~ mod m = 10.

Anudoto krhedi: 4 = 7 - 4 mod 23 = {7,21, 12, 8}.

Ency(0110) = 33.

Decy 23,10(33) = Solve,(10-33 mod 23) = Solve(; 35 11}(8) = 0110




» Boowr] ¥éa:Av pmopodpe vo Bpovpue £*, m* 1.0. t0
A" = ()71 - 4’ mod m* va givar vIepavEnTIKd TOTE 1)
OMOKPVITOYPAPNON Dec 1y (1+)—1 B dGEL TO (610
amotédeopa pe v Decy 1!

» Tlapaderypa: yuo tx = 7,m* = 15, épovpe ()~ = 13
(mod 1)5, kou
A" =13-4" mod 15 = {1,3,6,14} : vrepavENTIKO.
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» Boowr] ¥éa:Av pmopodpe vo Bpovpue £*, m* 1.0. t0
A" = ()71 - 4’ mod m* va givar vIepavEnTIKd TOTE 1)
OMOKPVITOYPAPNON Dec 1y (1+)—1 B dGEL TO (610
amotédeopa pe v Decy 1!

» Tlapaderypa: yuo tx = 7,m* = 15, épovpe ()~ = 13
(mod 1)5, kou
A" =13-4" mod 15 = {1,3,6,14} : vrepavENTIKO.

Decyn 15.13(33) = Solve,(13 - 33 mod 15) =
SOZV€{17376714} (9) = 0110

Syohf) HMMY EMIT



» Boowr] ¥éa:Av pmopodpe vo Bpovpue £*, m* 1.0. t0
A" = ()71 - 4’ mod m* va givar vIepavEnTIKd TOTE 1)
OMOKPVITOYPAPNON Dec 1y (1+)—1 B dGEL TO (610
amotédeopa pe v Decy 1!

» Tlapaderypa: yuo tx = 7,m* = 15, épovpe ()~ = 13
(mod 1)5, kou
A" =13-4" mod 15 = {1,3,6,14} : vrepavENTIKO.
Decyn 15.13(33) = Solve,(13 - 33 mod 15) =
Solvey; 36143(9) = 0110

» O Shamir (1984) £de1&e emmAéov O6TL avtn 1 eniBeon umopei va
yivel ypryopa.

> 'Eva yp1|oll0 GUUTEPAGUAL: 1 YpHoH EVOS DTOAOYIOTIKG 0DOKOAOD
TPOPANUOTOS IEV QPKEL ATO UOVH THG.
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» Boowr] ¥éa:Av pmopodpe vo Bpovpue £*, m* 1.0. t0
A" = ()71 - 4’ mod m* va givar vIepavEnTIKd TOTE 1)
OMOKPVITOYPAPNON Dec 1y (1+)—1 B dGEL TO (610
amotédeopa pe v Decy 1!

» Tlapaderypa: yuo tx = 7,m* = 15, épovpe ()~ = 13
(mod 1)5, kou
A" =13-4" mod 15 = {1,3,6,14} : vrepavENTIKO.

Decyn 15.13(33) = Solve,(13 - 33 mod 15) =
Solvey; 36143(9) = 0110
» O Shamir (1984) £de1&e emmAéov O6TL avtn 1 eniBeon umopei va
yiver ypriyopo.
> 'Eva yp1|oll0 GUUTEPAGUAL: 1 YpHoH EVOS DTOAOYIOTIKG 0DOKOAOD
TPOPANUOTOS IEV QPKEL ATO UOVH THG.
» Aocknon: dovievel 1) exiBeon Tov Shamir yio oroladnmorte £, m*
1.0. 10 A" = (t+)71 - 4 mod m* va givar vepavENTIKS;
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» H minpopoproBewmpntikn (TEAEWD) HUCTIKOTNTO EIVOL LLEV EPIKTN
0ALG TTPOKTIKG QGOUPOPT).

» Emimiéov, apopd povo oe embéceig tomov Ciphertext Only (CO).

> ZOyypovr TAGCT: VITOAOYIOTIKY ACOAAELL, IGYVPY ATEVOVTL KOl GE
mo wponyuéveg embéoeis: KPA, CPA, CCA.

» Amopaitnn n podnpotikny tekunpioon. Epyoieio: ypoppkn
alyeppa, Bempia mbavotiToV, 6TATIOTIKY, 0ENPNUEVN dAyeEBpa
(Bempia opadmv), Bempio aplOUOY, VTOAOYIGTIKY
TOAVTAOKOTI T

> Kevipuco poro mailel n (extipudpevn)
appofempnTIKOV Kot oAyeRpKdV TPofANUATOV Kol LOAGTO
oV

Syohf) HMMY EMIT
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