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2. Kpuntoypa@ikd cvotnuata
Ewoaywyr
MovOoOpouESC CLVAPTIOELC
Kpumtoovotnuata povaolaiag KAe10ag
(oCVHUETPIKT) KpLTTTOYPAPTON))
Kpumtoovotnuata Onuootag KAE100¢
(aovppetpn kpumTOoYpaAPNON)
YBp1Owka ocvotnuata
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2TOXOL TNC KPUIITOYPAPIAC

B (Handbook of Applied Cryptography): “Cryptography is the
study of mathematical techniques related to aspects of
information security such as confidentiality, data
integrity, authentication and non-repudiation»

(data integrity)

(data origin authentication)

AYXOPAAEIA
AEAOMENQN
EMIIIXTEYTIKOTHTA AKEPAIOTHTA ATAGEXIMOTHTA
AKEPAIOTHTA AYOENTIKOTHTA ITHI'HY / MH AIIOITIOIHXH
AEAOMENQN HIPOOPIZMOY EYOYNHX

(non-repudiation)
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Baoixol opot

B Kpvntoypagia: Kpvatov & Ipagetv

Yxkomoc: H emxowvavia 6vo ovrotntwyv (7.y. Alice ka1 Bob)
O10LECOV EVOC UT] ACPAAOVC KAVAALOD, L€ AOMAAT] TPOTO.

B A\yopiBuoc kpumttoypdgnong (encryption algorithm):

OEYETAL WG 10000 £va apyko unvoua (plaintext) ko divel oty
£€000 eva Tpomomomnuevo unvoua (ciphertext)

B A\yopiBuoc amokpuntoypdenong (decryption algorithm):

OEYETAL WC €10000 £va KpLITTOYpaAPNUEVO unvoua (ciphertext) kot
otvel otnv £€000 10 apyiko unvoua (plaintext)



KAaooikol xpvmtoypa@ikol aAyopiOuot

1. AAyopiOuol Avtikataotaong (Substitution ciphers)

KaBe yapaxtnpag (1] opada Yapaktnpwy) Tov apyikov
UNVOUATOC avTiKaBloTatal amo eva AAAO CUYKEKPIUEVO
Yapaktnpag (1 ouada Yapaktnpwy)

2. AAyop1Ouot AvtipetaBeonc (Transposition ciphers)

KaBe yapaktnpag Tov apyxikov Keluevov Aaufavet pia
AAAN B€01 OTO KPLITTOYPAPTUEVO U VLU
(avaypauUaTIoONOS TOV APYIKOU UNVOLOTOC)
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AAyoptBuot Avtikataotaoncg
(Substitution)

&
B O aryopBuog tov Kaioapa (Ceasar cipher) a\ ;y
Avtikatdotaon oAioOnong ° i iy
o

B A\yop1Ouog Kpuvmtoypagnong

AEBICIDIE|F|GIH|T|T|E|L|MMNOPEE[ST|UVI W XY Z
DVE|F| G HII|JT|E|L|MMN OP|QE|ST|TV W XY Z|AEB|C
B A\yopiBpoc Amokpumttoypaenong

A|B[CID[E[F[GIH[I[I[R[LIM N[ O[P[E[R[S[T[U] V[ W] x| Y] Z
X| vzl alB[ ClDlE[F[G[H[I|[TIE|L|M N[ O|P[Q|R[S[T|U[V]W

B Jlapadewyua:
Apyko pnvoua: I CAME ISAWI CONQUERED
Kpvuntoypagnuevo unpvopa: L FDPH LVDZ L FRQTXHUHG



O aAyopiBuoc oAioOnonc :i "
(The shift cipher) \ J/

B 1 yevikOtepn nepimtmon tov aiyopiBuov Ceasar
Kpumntoypagpnon: E.(x) = x + Kmod 26

Amoxkpuntoypagnon: D, (x) = x - Kmod 26

B TTivakac avtiotolynong ypaupatov oe aplopoie otnv
ouaoa 0-25 (Z,,)

Al |C|DE|F |G (H[ |J [k L MM [OJP QR [ |T [U[Y WX [Y |Z
1 12 |3 (4 |2 |d6 [F [& |9 |10 (11 |12 |13 (14 (15 |16 |17 (18 |19 |20 |21 [22 |23 |24 | 25

=

B Fotww on
K = 11 xan M= we will meet at midnight
M=2242281111124419019128 313813 ...



Mal

The Shift cipher
Alb (C|DIE[F |G|IH I |J [K|IL |M{N|C|P[Q|R|S [T |U]Y
o (1 |2 |3 (4 |2 [é6 |7 (8 |9 [10[11 (12 (13 |14 (15|16 [17 |1& (19 |20 |21

B TTpooBétovpue 1o 11 (modulo 26) og kAOe ap1OUO

M = 2204 22 s 11 11 12 4 4 1%
o 1% 12 v 5 13 & & 7 1%

C= o1 F dA¥ dd 22 23 I AT 4
11 4 23 1% 14 24 1% 17 15 4

B Metatpemovue og aAPaPfnTikove YAPAKTIPES
HPHTWWXPPELEXTOYTRSE

B AvtioTowa yia TNV amokpuItoypa@non
( - 11 (modulo 26)




Al
The Shift cipher

B O alyopiOuog shift Sev etvar acpainc
Ap1Ouoc mbavwv kAediwv: 26 kAe151a

O «exBpoc» pmmopel eVkoAA va SOKIUAOCEL OAA TA KAE101A
Kpuntoypagpnua (ciphertext) — mjaiamwlxsvitpegipixxiv
Aoxuni: lizhzlvkwruhsodfhohwwhu (amokpuvmtoypdagnon pue K=1)
Aoxun2: khygykujvotgrncegngvvet (amokpumtoypagnon ue K=2)
Aoxiung: jgxtxjtiupsfombdfmfuufs (amokpumtoypapnon pe K=3)

Mnvoua: ifwewishtoreplaceletter (amokpumtoypagnon ue K=4)
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®™0 aAyopiBuoc avtikataotaonc
(The substitution cipher)

B KaBe ypaupa avrikabiotatan pe Eva Ao povadiko ypauua (1-1

AVTIKATAOTAOT))
albleld]lelflolbhliljlk]|l]|m
X | N|Y|A[H[PIO[GCIZ|Q|WI|B|T
Kpurttoypagnon nlolplolr]ls|t|ulv]|iw]|ely!lz
S|F|L|R|C|V|M|U|E|K|J|D|I
A|/B|C|D|E|F|G|H|I|T|E|L|M
d1 |r|v|v|e|h|e|lz|z|w|p]|T
ATIOKpUTITOYPAPNON
W@ o|RlsPT |3 2| 3|2
ble |flilaln|m|uls|k [a|c |1

B TTA\00¢ mbavav kAediwv: 'Ooeg o1 avadiatdéerc 26 otoyeiwv 26!
= (4 X 10%) 10
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B O106¢0e1¢ TwV YPAUUATOV TOV unvopatog, aAAadovv pe faon v

AAyopiBuot AvtiuetaBeonc (Transposition)
The Permutation cipher

avadlataln mov opidel eva KAe101

"Eotw 1o kAe1di K gival n akorovOn avadiatagén (ueyéboug 6)
1|2]3]|4]35]6
SRR

'E0Tm 0Tl TO apy1ko unvoua eival shesellsseashellsbytheseashore

Xwpldovue TO UNVUUA O OUAOES £E1 XYAPAKTT PWV

Epapuodovtag nv avadiatan, To KpUIToypa@nua yivetat:
EESLSH SALSES LSHBLE HSYEET HRAEOS

ATokpunToypa@non: Ypnon tng avriotpoong avaotatadng K
e 3‘1 4| 5|6
zle|1]|5|2]4

11



20YXpovn KpuaToypapia

B Baoiletan otnv apyn tov Kerckhoff
O1 aAyop1Ouot etvar ONUoo1a Yvwotol

H povn stAnpogopia stov Tapapevel HUoTIKT
EVAL EVA «KAELOI» KPLTTTOYPAPNONC 1)/ Kal
QUITOKPULITTOY PAPTIOTC

B AstokdAUYT KAS18100 = «OTTACIUO» ACPAAELAG

B To unkog tov kAe1d100 kaBopilel To eminedo
AOPAAELAG

12



Kpvrtoovotnua (Cryptosystem)

1. AAyop1Buoc Kpvmtoypagnong
(encryption algorithm)

2. AAyop1Ouoc ATtokpumtoypa@nong
(decryption algorithm)

3. AAyop1Ouocg mapaywync KAe1010V
kpvntoypagnonc (key generation)

4. Kiedi(a) kpumtoypagnong (To Hovo HuoTiko)
(encryption /decryption key)

13



Baoixoi opot

B Kpuntoypagiko kAedi: ovpuorooelpd memepacuevov
H1KOUG

[Tapauetpog oTovg aAyop1Ouove KpLTTOYPAPNONC KAl
QITOKPLITTOYPAPTONG

B A\yopiBuoc kpumtoypagnong E:

Agyetal wg e10060 eva unvoua M (plaintext) kal eva kA1
K, xa1 6iver oty €€000 £va kpumtoypagpnuevo unvoua C

(ciphertext)

C=Ex (M)

A

14



Baoixol opot

B A\vop1Buoc amtokputoypagnong D:

AexeTal ¢ 10000 £VA KPLITTOYPAPTILEVO UNVULAL
C (ciphertext) ka1 10 kAe161 Ky, ka1 Olvel 0Tnv
££000 TO apyko unvoua M (plaintext)

M=Dy (C)

15



Movtera aopaleiac

B Avev Opwv acpdiela (Unconditional security)

B Yrioloywotikn aopaieta (Computational
security)

B AnoSei&iun aocpdaieia (Provable security)
B Fypeotikn aopaieia (Heuristic security)

16



Avev opwv aopalela
(Unconditional security)

B 'Eva kpurttooLoTnua etvat Avev 0pwv ac@aieg, EAV:

O avtimaiog (adversary) eyel amepioptom
VITOAOYILOTIKT) LOYV 0T 01001 Tov (oLVVENTHE N
aopaAela etval aveEapntn TV OLVATOTHTWYV TOV).

To kpumtoypagpnua dev TapeEYEL Kauia TApopopia
OYETIKA LLE TO APYIKO KEIUEVO.

B (3yedov) advvaro.
[Tapaderyua aiyopibuov: one-time pad.
ITpakTikeg OVOKOAIEC OTNV EPAPLLOYT) TOV.

17



O AAyoptBuoc one-time pad

B O 800 yprjoteg £xovv avtaAaEel Eva oOVOAO aIto
TUYAL KA1 e TI¢ e€ng 1010TNTEC:
KaBe kAe161 etvan piag ypnong
Av K. etvat 10 i-070 kAe161 kat M, i-0T0 apy1ko punvoua
(plaintext) tote | K| = | M|
B AAyopBpog kputoypa@nong
C, =M.XOR K,

B A\yopBpoc astokpumtoypa@nong
M, =C,XOR K,

18



YnoAoyiotikn aoparela
(Computational security)

B 'Eva kpusttoootnua £Xel VITOAOYIOTIKT)
ao@AAELQ, EQV:

H ene€epyaotikn 1oyvg tov Oa yperadotav o
AVTUTAAOC Y1a va TO tapafPilaoel, eival onuavtika
UEYAAVTEPT) QITO TNV EKTIUMDUEVT] VITOAOYIOTIKT) LOYV
JT0V £xel 011 01abeon Tov.

B AwyOtepo A0PAAEC AAAA TTPAKTIKO KAl
VAOTTON OO,

19



Amoodeiiun aopalrela
(Provable security)

B Eniéktaon tov mponyovUeEVoL HOVTEAOU.

H SvokoAia ¢ mapaPiaong pmopetl va avayBel oe
KAITTO10 YVWOTO OVOKOAO TTPOANLAL.
H mapafiaon e aogaieiag tov aryopiBuov etval
(TOLAQY1OTOV) TOOO OVOKOAT, OGO 1] ETTIAVOT] TOV
Tpo AT LATOC.

B YuvnOwg ypnowomolovvtat mpoAnuata Oswpiag

aplOuwv.

ITapayovtomoinon akepaimy.
Evpeon d1akpitov AoyapiOuov.

20



Evpeotikn aocpaieia
(Heuristic security)

B Asv vtapyel koot atode€n e ac@aielag
TOV KPUITTOYPAPIKOV AAYOP1OLOV/TTPOTOKOAAOV.

B Yrtdpyel povo kol £voeifn tne ac@aielag
TOV aAyoplOuov evavtt oe yvwoteg emeoerg.

B Apxketd ao0eveg povteAo, aAAA KAADTEPO ATTO TO
TUTOTA.

21



Kpvrtavaivon

B Kpvntoloyia (Cryptology) = Kpumttoypagia +
Kpuntavaivon

Kpvntavaivon (Cryptanalysis): MeAetn ueBodwv yia v
AVAKTNOT TOL apylkoL unvouatog M, ywpic tpoofaon oto
KAe1dl kpusrroypagnong K.

B Kpvmtavdhvon povo-aA@afntikev aiyopilOpwmv
STATIOTIKI] AVAAVOT] TNE YAWOOAC TOV APYIKOU KEUEVOU

Ala@opetikeg mBbavotnteg eupaviong yia kabe ypauua g
aAgpafrtov

22



2vyvomta Eugpavionc (EAnvika)

| pappa

Yuyvomyte Epngdaviens

| pappa

Yuyvimyte Epgpaviens

(%) (%)
A 12 A 3.3
0O 9.8 H 2.9
[ 9.1 I 2
E 8 A 1,7
N 7.9 L) |6
| 7.8 X 1.4
[1 5.024 - 1.3
P 50049 P 1,2
1 4.9 B (.8
M 4.4 = (0.6
Y 4.3 Z 0.5
k 4.2 ' 0.2

23




| letter prohahility | letter probability

n N
b o8 | o oo

E 0.127 R 0.0a80

1 4 14 F o022 5 00463
Jvyvomnta (AyyAika) g =i

I o007 v 0.010

, , ; J 0.00z W 003

B TTi0avotnteg ep@aviong ypappatwy P G (| i

M 0024 Z 0.001

E, - ue mOavotmta ~ 0.120
T,A, O, I,N, S, H, R - ue mBavotnta (0.06-0.09)
D, L. — pe mBavotnta ~ 0.04
C,U M, W,F G,Y, P, B - ue mBavotmnta (0.015 — 0.028)
V, K, J, X, Q, Z — ue mBavotnta < 0.01
B AutAV YOpakKTr)pwVv
TH ,HE, IN, ER, AN, RE, ED, ON, ES, ST, EN, AT, TO, NT, HA, ND,
OU, EA, NG, AS, OR, TL, IS, ET, IT, AR, TE, SE, HI, OF
B Touth@v Yapaxktnpwv
THE, ING, AND, HER, ERE, END,
THA NTH, WAS, ETH, FOR, DTH

24



Kpvsrtavaivon tov aAyoptBuov kpumatoypa@nongc
“Substitution Cipher”

B Orudyvovue &vav mivaka CUYVOTNTOV EUPAVIONC

B O mo «ovyvoc» yapakthpac: Z
YnoBetovue ot D(Z) = e

B O auéowg o «ouyvol» YapakTnpeg
{M,C,D,F,J,R, Y, N}

B Yyvéyewa e€etalovpe ta Stynea mov epgavidovral o ouxva
ZW, DZ (4 popeg)

B To ZW sugpaviletan ovyvd, 10 WZ kaborov, ever 1o W omtavia
Apa, «iowe» D(W)=d

NZ, ZU (3 popeg)
0

25



| I
Kpvrtavaivon tov aAyoptBuov

kpvatoypapnonc “Substitution Cipher”

end
YIFQOF MAEWD FYVEC
h
ACDDUT MJNDI FEFMD
en e h eh
CSZREE XCHZU NMXZN
-~ ~ ne nd
DYVZV YREZEUM CEW
ed
JMX JZWIE

CMEFQC

onc” D(C)=A

=
FMDZE
=
A CDMO
I
AUCDER
he e
NZDZT

JYUCE

ne dh e
CVMEZ WHMDZ
=
AECEY BFCIMY

1
JEYYS MRTME

ed I
JX WS CHSME
d he I

WDJNZ DIE

VEJET
nh d
EICWT
ed
YIFZW
b I
MIMDHI

26
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Kpvsrtavalvon ue xpnon mponyovuUeV@Y YVOOTOV
unvouatwv (Known-plaintext attack)

B 'Eotw 6T 0 aAyopBuog

04 v \ . 1 — 1
KPUITTOYPAPNOTC Elval «aATPAATG» Emnifeon «Known-Plaintext»
1. H Eve StaB¢ter eva 1 meproocotepa
AlelclD Ele SEEA R KPLIITOYPAPNUEVA UNVOUATA, KAL
QIRIZIVIE NIix|ITlolB TA AVTIOTOLYA APYIKA unvouata !
MmINlolr|a st wlx Ty |z 2. X1 ovveyewa n Eve Soxipadel oAa
Yicl|all LIALJ MW FIS|K ta mBava kAedia (brute force)
B Aggpdela Tov KPLITTOCVOTILATOC ¥ TloAdvmhokotta g enifeong;
Ll Ztdyoc: O povoe tpdmog yia va L1 Avéoyn Le To UfKoc Tov KAEWS100

mapafraotel, etvar n Sokiur OAwv

L1 128 bit: Tpéyov standard yia
TV MOAVOV KAEIO1DV

CUUUETPIKT) KPLUTOYPAPTON|
B Yitohoyiotikn Aopdaieia



AAyop1001 HUOTIKOV KAE1010V

Aopaieta AAyopiBuwv

Schneier, Bruce. Applied
Cryptography. John Wiley &
Sons, Inc., 2nd edition, 1996.

Average Time Estimates for a Hardware Brute-Force Attack in 1995

Length of Key in Bits

Cost 40 56 64 80 112 128

$100 K 2 seconds 35 hours | year 70,000 years 1014 years 101 years
51 M .2 seconds 3.5 hours 37 days 7000 years 10" years 10'8 years
$10 M .02 seconds 21 minutes 4 days 700 years 10 12 years 1017 vears
$100 M 2 milliseconds 2 minutes 9 hours 70 years 1ol years 1010 years
$1 G .2 milliseconds 13 seconds | hour 7 years 10" years 1013 years
$10 G .02 milliseconds | second 5S4 minutes 245 days 10" years 104 years
$100 G 2 microseconds .1 second 32 seconds 24 days 10" years 103 vears
S1T .2 microseconds .01 second 3 seconds 2.4 days 10 years 1012 years
$10T 02 microseconds 1 millisecond .3 second 6 hours 10° years 10! years
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AES Cryptanalysis

“... Actually you have 2*27*(time for AES operation) time, the 127 is in
place of the 128 because on average you will only need to work through
half the key space. So assuming you can perform 2256 AES operations
per second (and this itself an exceedingly fast rate) it would take
2M27/2756 seconds, this works out to 75,000,000,000,000 years. | do
not consider the project to have an achievable timeframe for success.
This is the best cryptoanalysts know how to do with AES right now; for

security this is a good thing, for your project it is a bad thing.. “

Joe Ashwood



2. Kpumtoypagika cvotruota

Ewoaywyn

MovoOpoueg CUVAPTINOELG
Kpumtoovotnuata povaolaiag KAe10ag
(OCVHUETPIKT) KpLTTTOYPAPTNOT))
Kpumtoovotnuata Onuootag KAE100¢
(aobupetpn kpumTOoYpPAPNON)
YPBp1Oowa cvotnuata

30
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Movobpouec Xvvaptnoeic X flx)

(One-way functions) W

B E)koloc 0 vtoAoylopog, SUOKOAN 1| AVTIOTPOE)

B TTowa Oa pmopovioe va eivar n xpron twv povodpouwv
oLVVAPTIOEWV?
Kpuntoypagnon;
... Kavelig 6ev Ba pmmopovoe va amoKpLITTOYPAPT|OEL TO UM VUL !
B Xpe10lOpaote HovoSpoUES CVVAPTIIOEIC KPVPTIC
£10000v (trapdoor one way functions)

Avtiotpo@n: AVCKOAN, EKTOC KAl €AV KATTO10¢ YVWPLLEL TN LVOTIKT)
nAnpo@opia (trapdoor information)

O1 aAyop1Buot kpumttoypagiag faocilovtal otny LITAPEN TOVG
B H pvotikr) mAnpogopia eival To KpuaTtoypa@iko kAe1di

31
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™ Kpumtoypa@Ikec ovvapTIOELC

kataxkepuatiouov (hash functions)

B MovoSpoun ovvaptnon H pe Tig €&ng 1810 teg:

Svugtieon etoodov: T'a eicodo pnvopa m petafAntol unkovg,
emotpepel ££060 h = H(m) otaBepov unkouc.

I'a kaBe m etvatl evVkoAo va vtoloyilotel N iun h= H(m)
AvOextikn oe ovykpovoelg (collision-resistant):

B Ta pia ovykekpipevn tipn h eivar virodoylotikd SvokoAo va PBpebdet
Tiun m tetola wote H(m) = h

B Eivar Svokoro va BpeBovv §vo tiuég e1006o0v m#m ™ 1€to1eC woTe
H(m) =H(m’)

Apyce Keipevo  Tvvdprem Tovoym
Kataxspuaneuet 32
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™ S UVAPTHOEIC CUUITTIEOTIC

B Brjuata Svuvaptnoswv Zuumeonc:
To apyko unvoua M (0To10VONTTOTE UNKOLC) XWPILeTal € TUT|UATA
(blocks) kabopiopevov prikovgm, m,  m,,

To unkog tov block e€aptatal amo t cvuvaptnon. To apyiko unvoua
ocvumAnpwvetal (padded) yia Adyovg ac@aieiag, wOTE TO (KOG TOV
UNVOLATOG VA €1val TTOAAATTAQGC10 TOU Urjkovug Tov block.
KaOe block m; tov apyikoL unvopatog repva amo tm ovvaptnon
ovutieonc kol AapfPavetan €€060¢ sTeEPIOPLOUEVOV UUTKOUG.

B Hash(m) =h, yiakabeie[l, k].

B Hash(M)=h,XORh, ... XOR h,

Turjue Turjpe Thurjpa

Mywinarecl  Mywpere: 2 Mywiwatos N
= e e
Apjyoaj Ty Tovdpmyon Tovdpmyon Tovdpmyon Toveun

Iivownz Divown: Iivownz



- AAyopiBuot ovvaptnoewv hash

B SHA, SHA-1, SHA-2, SHA-3 (Secure Hash Algorithm)

O1 SHA ka1 SHA-1 avamtoyxOnkav amo to NIST.

O SHA-1 amoteAel emavekdoon Tov SHA mov 610pOwve pia ateAeia tov
TEAELTALOV.

O SHA-1 maipvel e1l0000 UNVULA UNKOVG LIKPOTEPO ATTO 264 bits kat
apayel ouvoyn 160 bit.

O SHA-2 mapayel ovvoyn 224, 256, 384 1 512 bit.

O SHA-3 6¢ev avtikadiota tov SHA-2 aA\Q astoteAel Eva EVOAMAKTIKO
AAYOP1O0 e S1aPOPETIKT) OYEOIATTIKT PLAOCOPIAL.

B MD2, MD4, MD5 (Message Digest)

ITaipvouv otV €10060 unvuua avdaipetov unkovg kat divouvv otny €000
i ovvoyrn 128 bit.

O MD2 eiye oyxediaotel yia unyaveg 8 bit, oe avtiBeon pe tovg MD4 kat
MD5 mtov mpoopidovtal yia unyaveg 32 bit.

34



2. Kpumtoypa@ika cvotruata

Ewoaywyn
MoVvOOpoLEC CLUVAPTNOELC

Kpumroovotnuata povadiaiug
KAe100¢ (ovpueTpikn
KPLTOYPAPTIOT))
Kpumtoovotnuata Onuootag KAE100¢
(aobppetpn kpumToypaPnon)
YPBp1Owka ocvotnuata

35
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JVUUETPIKT) KPUTTTOYPAPNON
B To 1010 KA€101 y1a KpusToypa@non kat amokpuvntoypagpnon (K, =
K, = K)

B Avo katnyopieg:
AAyop1Buot kpumtoypagpnong tunuatog (block ciphers)
AAyop1Buot kpumtoypagnong pong (stream ciphers)

@ ‘ AG(I)(X)\, é g KoV (,1 }\,1, :=:::t:‘;::aft':fr:r““"'“"
1 K W=
I \ =

2

4
K
M > AlyopiBpog E(M) AAlyopBuog M
) Amokpunt/ong 3 | Kpvrntoyp/ong
N

«A GO0
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™A \yO0pLOuoL KpUTTOYPAPNONC TUNUATOC

(block ciphers)

MeTtatpemel eva TUTUA U KPUTTTOYPAPTUEVOD KEIUEVOD,
kaBopiopevou peyeboug (plaintext), oe 1610v peyeboug Tunua
KPULIITOYPAPNUEVOL Kewuevou (ciphertext)

To kxaBopropevo unkog kaieitan ueyeboc tunuatog (block size)
>vvnbwe block size = key size

O1 aAyop1001 TUNUATWY AEITOVPYOVV ETTAVAANTITIKA,
KPUITITOYPAPOVTAC EVA TUT|UA O1000X1KA, APKETEC (POPEC

e ka0e yvpo, 0 1010¢ LETAOYNUATIONOC EPAPUOLETAL OTA OESOUEVA
XPTNOUOTTOIWVTAC EVA VITO-KAELOL.

To cUVOAO TV VITO-KAEIOIWV TIPOEPYETAL ATTO TO HVOTIKO KAELION TTOV
YOPTYNOE 0 XPTOTNG, Le E101KT) CUVAPTNON.
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plaintext Pig
| [ 00 O M O O O o 0 4
sub-key K, mixing )
A N G S P Y N g o i

2Zvuuetpixol AAyopiBuot Ouadac q
2vyyvon kat Aiayvon | 4

Y10)0¢: H ovumepipopa oav pia wwyaia

avriuetaBeon (random permutation)

sub-key mlxmg

(
Zouguva pe tov Shannon, yia va to etuyovpe {[ L L L A
Sk }g St

XPTOLOTIOIOVLE TEXVIKEG: :

1. 2Vyyvong (Confusion) - 7.x. AvTIKATAOTAOT |
2. Awayvong (Diffusion) m.x. Avadiataén

sub-key K, mixing

.. Kal emavaAaufavooue t00eg (pOPES WOTE VA N O N 6 5 575 5 0 O O

)
)

mpooouoiwoovue (000 yivetal) Tn Aeltovpyld Hag é 59 S”_J E% S
Tuyaiag avtipetabeong, 6nAad):
B Kabe (¢otw pkpn) alayn Ba emnpedoet OAa ta bit

e€odov (avalanche effect) ( sub-key K, mixing [§
M R i Ry liael ST .

A substitution-permutation
(SP) network




J. Katz, Y. Lindell. Introduction to Modern

2vuuetpikol AAyoptBuot Ouadacg
To parvouevo ¢ yrovootifadac (avalanche effect)

B T va woydel to @avouevo g

yovootifadac, Ba tpemet:

1. KaBe S-box oyxedialetar mote aA adovtag 1
bit 10060V ennpeddel tovAdylotov 2 bit

€000V Tov S-box

2. Otavadataelg (mixes) oxedralovial wote
ta bit e§06ov kaBe S-box Grayxeovtal oe

Srapopetikad S-box kKATA TOV ETOUEVO YUPO.

B Erutaéov, 08hw OAa ta bit kAeidob va

ennpeddovv 0Aa ta bit e£66ov !!!

Ma pmAok 128 bit, xpeialovrai
ToUuAdxiaTtov 7 yupoi (rounds)

ra

R




56-Bit key

64-Bit plaintext

SUNNETY

Initial transposition

Yy Yyyvyvyveyy

\

lteration 1

Y Y vYyY‘vYUvYOYyY

Iteration 2

Y

lteration 16

Yy Yy vyvy

32-Bit swap

Yy Yyyvyvyvvy

Inverse transposition

i

64-Bit ciphertext

(@)

L
Ilapaoderyua: AAyoptBuoc DES

A
I



ITapaoeiyuata block ciphers xat unxocg
KAELOLOV

m Data Encryption Standard (DES): 64 bit (56
oV 1pagn)

m 3DES: 2 x 64 = 128 bit (112)

m Advanced Encryption Standard (AES): 128, 192,
256 bit (3 Aettovpyieg)

m Avaivon aiyopiBuov AES ( )
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Kataotaoeig Aettovpyiac AES:

(ECB mode)

Plaintext Plaintext Plaintext
LIITTITTITTTT] LIITTITTITTTT] LIITTITTITTTT]
block cipher block cipher block cipher
Key encryption Key encryption Key encryption
LIITTTITTITTTIT] LIITTTITTITTTIT] LIITTTITTITTTIT]
Ciphertext Ciphertext Ciphertext

Electronic Codebook (ECE) mode encryption

m KdaOe pmiok
KPLITTOYPAPEITAL
AVEEAPTNTA AITO
TOL LITOAOLTTAL

m KaBolov
ACPAAES

Mnyn: https:/len.wikipedia.org/wiki/Block_cipher_mode_of_operation#Electronic_Codebook_.28ECB.29
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Kataotaoeig Aettovpyiac AES:

(CBC mode)

Plaintext
[ITTTITITITITTITIT11
Initialization Vector (IV)

L rrrrfil——

Plaintext

block cipher

Key encryption

17

LIITTTITTITTTIT]
Ciphertext

Key —

Plaintext

block cipher
encryption

li

Ciphertext

Key —

block cipher
encryption

|

Ciphertext

Cipher Block Chaining (CBC) mode encryption

Ciphertext
LIITTTITTITTTIT]

li

block cipher
decryption

Key —

Initialization Vector (IV)

L rfl——

Ciphertext

li

Key —

block cipher
decryption

[ITTTITITITITTITIT11
Plaintext

Ciphertext

!

Key —

block cipher
decryption

]

Plaintext

]

Plaintext

Cipher Block Chaining (CBC) mode decryption

KaOe pmrAok yivetau
XOR pe 1o

PO YOULEVO, TIPLY
Kpumroypagpndet

INa va etvar kaBe

KPLITTOYPAPNON
LOVAOTIKT], X PNOUOTTONEL
eva Initialization Vector

(IV) yua 1o 1° pmtAoxk

H kpumtoypagpnon
YIVETA OL1P1aKA

Mnyn: https:/len.wikipedia.org/wiki/Block_cipher_mode_of_operation#Electronic_Codebook_.28ECB.29
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"% 4 |4 4
WK QTAOTACEIC AEITOVPYIAC YIA TAVTOXPOVT

KPUITOYPAPNON KAl AKEPALOTNTA
Authenticated Encryption (AE)

* ECao@alilel TauTOXPOVN KPUTITOYPAPNON Kal EAEYXO AKEPAIOTNTAG
* [loAAG kputtoTOUOTAMATA YIa AE XpNOIMOTTIOIOUV KATTOIO «CUOXETICOMEVA
0sdopévar (Associated Data) yia Tov EAeyxo akepaidTNTAG, TA OTTOIA OEV
gival KPUTTTOYPOPNUEVA.
* [lapdadeiypa AD: H etmike@aAida dIKTUOU £VOG TTAKETOU
* O AES utrooTnpicel duo kataoTaoelg Asitoupyiag yia Authenticated
Encryption with Associated Data (AEAD)
* GCM (Galois Counter Mode)
* CCM (Counter with Cipherblock chaining message
authentication Mode)

Mnyn: https:/len.wikipedia.org/wiki/Block_cipher_mode_of_operation#Electronic_Codebook_.28ECB.29
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AAyoptOuotl kpvsrtoypapnonc pong

(stream ciphers)

B Etaipetikd tayeic akyopibuot (toA) taytepotl amd Toug
aAyoplOuovg TUNUATOV)

B O alyop1Ouot powv Ae1Toupyovy pe pikpotepeg LOvAadEC
artAov kelpevov (ovvnbwg pe bits)

B 'Evag alyopiOuog pong mapayet pia akoAovBia amo bits stov
XPTOUOITOEITAL OaV KAEIO1 KA1 KAAELTAL POT] KAEIO10V
(keystream) n osmtoia mapayetat (pevdo-) Tuyaia

B H xpumtoypa@nor) emTuyYaveTal LE TO OUVEVACUO NG POTIC
KkAe10100 e 1o plaintext, ovvnOwg peow mpaéne X-OR
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ITapaoeiyuata aiyopiOuwv pong

p F

E eystreatm K, Eleystr eam E.
P Plaintext Ciphertext Plaintext
1 GF, g 37,
Encrypt Decrypt
A5: 40 bit

RC4, RC5: 40 - 2048 bit
ChaCha20 (256 bit)

i
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AKepAIOTNTA UNVVUATOC LUE CUUUETPIKT) KPUITOYPAPIA KAl
oVVAPTIOEIC KATAKEPUATIOUOV

H Alice otéAvel otov Bob €va unpvopa m, kot tnv tiurn hash h = H(m)

O Bob Aaupavet to uripvoua, vitoAoyidel ek veov v tiun hash tov unvopartog
mov eAafe kau tn ovykpivel pue v H(m)
B Edv eival ioeg, TOTE TO prpvupa ivat 1o 0moTtod

Eav aAaytel €otw katl €va bit Tov unvouatog, n tiur) hash Oa etvan
10O PETIKN
B 5y av 1o péyebog g ovvaptnong Hash eivan 256 bit, 1 mbavotnta va Bpebei éva
m’ wote H(m) = H(m’) eival 1 otig 225°
Av 1 ovvaptnon hash cuvovadotav katl pe eva HuoTIKO KAEOL, TOTE
Oa pmmopovoe va mpoogpepel kal avBevtikomoinon
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md

- Message Authentication Code (MAC)

T Z

Message
Y
Message
Message

-

(a) Using conventional encryption
H Alice vmtoAoyidel tnv Tiun hash tov unvouatog m

O—E=

K Compare

(D)

o
%0
[ ]

211 ovvexela kpvmtoypagel 1o H(m) e eva ovppetpiko kAeldt K

STEAVEL TO ATTOTEAEC AL, mecng K((ll(TO aApYKO unvoua, otov Bob
m,E(H(m

Alice Bob

O Bob vmtoAoyidel to H(1mm) ko xpnotuosoliel o K yia va amoKpuItoypaPr)oel

TO KOl CUYKpIvel 'ug SQB%(%\{I ¢ hash
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™ XapaxtnpLotikd CUUUETPIKTIC
KPUITTOYPAPIAC

B TAeovektuata

Meyain amodoon (efficiency): ueyxpt 100-adec MB/sec
yia h/w implementations

M1kpO U KOC KAE1O100
B Melovektnuata

Ap1Ouog kAeS1wv: yia n ypnoteg, (n-1) kAo ava
¥P1NOTI, ouVOAKA n(n-1)/2 kKAEO1A

AvtaAhayn kKAEO1wV
AVOKOALO EVTOTIIOUOV Ttapafiaong
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2. Kpumtoypa@ika cvotruata

Eloaywyn

MovoOpoueg CUVAPTNOELC
Kpunttoovotnuata povaolaiag KAe100¢
(CVUUUETPIKT] KPLTTTOYPAPTIOT))
Kpumroovotnuata OSnuooiag KAS10ag
(aovppeTpn kpvTOYPAPTNOTY)
YBp1Oika ocvotnuata

50



£IK
1 ¥

Aovupetpn kpurroypa@nan 1
KpuToypaia Onuooiov KAELOLOV

B Kpvntoypagia Anuooiov KAeiSiov = AcOuuetpn
Kpuvntoypagia

B Avo Sragopetikd aA\G uaBnuatika ovoyeti{oueva
KAE101A:

Anuootio kAe1di (Public key) PK,: yvwo10 og 0Aovg (ue
AUTO YIVETAL 1] KPLITTOYPAPTOT))

[61wTikO kAe101 (Secret key) SK,: yv®w0OTO HOVO OTOV
KATOYO

B H yvoon tov dnuociov dev 00nyel o€ AmmokAAL YT TOV
101WTIKOV KAE1010V
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AAyoptBuot Anuooiov KAetotov

(kpvrToypagpnon)

B H Alice ypnowomnoiet to Anuooto Kaeot PK, tov Bob
yla va kpurtoypagpnoel 1o M

B O Bob ypnowomotel 1o I6iwtiko Kied1 tov SK, ya va

QITOKPULITTOYPAPT)OEL TO UNvVuua

5  AlyopiBuog

VOEVTIKOTOMUEVO KOVAAL
PK, |

Amoxpont/ong

!

AlyoprBuog M
Kpvrtoyp/ong
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MabOnuatixo virofabpo aocvuueTpnc
KPUITTOYPAPIAC

Xpe1ralOuaoTe HOVOOPOLEC OUVAPTIOEIC LIE
xatasmaxt) (trapdoor one-way function)

Baotlovtal oe SuoemAVTA VITOAOYIOTIKA
Tpo AN uaTA
ITapayovtomoinon peyaAwv akepaiwv (RSA)

B Avp, g tpotot apiBuot, ko n = p @, eivar SokoAo va
VITOAOY10TOUV 01 OPOL P KAl g ATT0 TO N

Evpeon Otakpitov AoyapiOuov (Diffie-Hellman)
B Av p peydog mpotog kar y = g* (mod p) eivar SGOKOAO astd 0 Yy

VA VTTOAOY1OTEL TO X
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AAyopiBuoc RSA (1)

B Anuovpyla kAeiSiwmv
P, g LeEYAAOL TpwTOL aplduol, kain =p q
Yvvaptnon Euler: ¢(n) = (p-1) (q-1)
EmAeyw e 1etolo mote MKA(e, @) =1
Emieyo d: ed =1 mod p(n)

B Anuoowo kAaewot: PK,= e

B Mvotiko kAewol: SK,= d
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AAyopiBuoc RSA (2)

B A\yop1Bpog kpumtoypaenong
Mnvoua m (07tov m < n)
E (m) =me°¢ (modn) =c
B AA\YyOp1810¢ AITOKPLTTOYPAPNONG
D c) =ci(modn) =m
B Tati Aetrtovpyet:
cd (mod n) = (m9)? (mod n) = m* (mod n)

O tpaéerg otov ekBetn yivovtat modulo ¢p(n)
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AKePAIOTNTA UNVVUATOC LUE ACVUUETPT) KPUITOYPAPIA KAl

oVVAPTIOEIC KATAKEPUATIOUOV

H Alice B¢Ael va oteilel otov Bob eva unvuupa m, xat va amodei&el ot

Movo 1 Alice €xel oteiAel To unvoua

To unvoua dev £xel tposmomoindel

YnoAoyilel v Tiun hash h = H(m)

Xpnoomotel To puoTiko kA8 g kat vitoAoyider tnv RSA vroypagn SIG, (h) =

hi(modn) = o

STEAVEL TO M KAL TNV LITOYPAPT) O

O Bob Aaupavel to unvoua m, Kai o o KAt

YrnoAoyicel ek veéov v iy hash h = H(m)

Xprnoiuosotel 1o dnuooio kAeldi tng Alice kau emaAnBeverl v voypagn o:
VER, . (0) = 0¢ (modn) = (h9)¢ (modn)

Eav VER, (0) == h, 10te n vtoypagr eivat £ykvpn
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™ IpwtdKkoAo Diffie-Hellman: Avialayn
otaolpalouevov KAELOIOU

B Baoiletal oto mpofAnua evpeong Srakprrov
AoyapiOuov

B 7e0Oyn pootikov / Snuootov KAE510V
B Alice: SK, = a, PK,=g*mod p

B Bob: SK, = b, PK, = g®> mod p

B AvtadAdoovv ta Snuoota kKAE181a Toug

B To puotiko Sraporpalddopevo kAeldi peta&d touvg
etvat: K = g*® mod p
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APAKTNPLOTIKA ACVUUETPTC
KPUITTOYPAPIAC

B TAeovektuata

Ap1Ouog kAedwv: Apkovv n kAe101a ava ypnotn (avtl
yian(n-1)/2 )

EVkoAn avtailayr) StapolpalOUevmV KAEIO1WV

EvkoAla eviomouov tapafiaonc

B Melovektnuata

Mikpn amodoon (efficiency): 100 pe 1000 POpPEC T
apPYT) A0 TN CLUUETPIKI KPLITTOYPAPTOT)

MeyaADTEPO UNKOC KAEIO10V
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2. Kpumtoypa@ika cvotruata

Ewoaywyn

MovoOpouES CLVAPTIOELC
Kpumtoovotnuata povaolaiag KAe10ag
(OCVHUETPIKT) KpLTTTOYPAPTNOT))
Kpumtoovotnuata Onuootag KAE100¢
(aobupetpn kpumTOoYpPAPNON)
YBp1owa cvotnuata
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YBp1dixn kpvmtoypapia

B Yuvuaouog cupuETPIK®V KAl AOVUUETP®V akyopiOuwy
ACUUUETPT KPLTITOYPAPIA YA TNV AGQPOAT] AVIAAAAYT] EVOG
KOIVOU OUUUETPIKOV KAE10100 K,

Xprjom Tov cLPUETPIKOL KAe1S100 K, yia T cuppeTpikn
KPULITTOYPAPT)OT) KAL TOV EAEYYO AKEPALOTNTAC TOU KAVOVIKOU
UNVOUATOC
B Ta mpwtOKoAA a0@AAEINC XPNOUOTTOI0VY GLVTIOWC
VPBP101KT) KpLTOoYpaPla. ['VHOoTA TPWTOKOAAA:
PGP

IPSec
SSL/TLS
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YBpidixn kpvrtoypagia
AvTaldayn ovuUETPIKOV KAELOLOV UE Xp1)on ONLOOLOV KAELIOIOV

A B
PK,, SK, PKj, SK;

1. Emoyn evog puotikov,
OUUUETPIKOV KAEO10V K,
2.  Kpumtoypdagpnon kAei51o0

K, Ue To OnUoo10 KAE161 Erx (K..)
oL B ka1 ammooToAn S >

3. AJOKPLTTOYPAPNOT UE TN XPTIOT) TOV
181w Tikov kAedov SK;; :

Dsk, [Erx, (K, )] = K,

4. ZUPUETPIKT] KPLITOYPAPNOT
unvouatog m, pe 1o kAedi K, :

< Ex.,(m)=c

5. ZUUUETPIKI) ATOKPLITTOYPAPT|OT|
Tov ¢, pe 1o kel K, :

DKAB(CI)= DKAB ( EKAB(ml)) =m,
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Iapadetyuata vBpLoIknNC KPULIATOYPAPIAC

B [TpwtokoAo IPSec

[Tapeyel eumoTeVTIKOTNTA, AKEPAIOTNTA KAl ALOEVTIKOTNTA
unvouatog oto emimedo diktvov (IP).

B [TpwtokoAro PGP (Pretty Good Privacy)

[Tapeyel avbevtikomoinon XpnoTh, ELTIOTEVTIKOTNTA KAl
aKepAIOTNTA pUnvouatog oe web, e-mail kTA

B TTpwtokoAro SSL / TLS

[Tapeyel eumoTeVTIKOTNTA, AKEPAIOTNTA KAl ALOEVTIKOTNTA
UNVOUATOC 0€ O1AOTKTLUAKT| ETTIKOTVOVIA
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Avra)\)\ayﬁ KkAetotwv oto IPSec:

To erwrékoMo Internet Key Exchange (IKE)

A (Client)

(1) IKE_SA_INIT = [Yrootpilopevot AxyopiBuoy, r,, g¢]

_____________________________________________

B (Server)

(2) IKE_SA_INIT = [Yrootnpilouevot AAyopiBuon, r,, 1;, g°]

v

EnaAnBevel avtiotoya
10 SIG4(r,, 1)

Yrohoviouode SA (A= B)

Kab - (gb) a — gab

Emoyn tuxalovr, r,

K,=hash(g®, r,)

K, = hash(g®, r,)

<
«

(3) IKE_SA_AUTH = [Cert,, SIG,(r,)]

(4) IKE_SA_AUTH = [Certy, SIG,(r,, )]

\4

A

(5) CREATE_CHILD_SA = [r,, r,]

(6) CREATE_CHILD_SA = [r,, ,]

\4

A

EmtaAnBever 0Tt 1o SIG, (1) eivan
yviowa vtoypa@n Tov r, L T0

KA£181 1oV MOTOTTOELTAL AITO TO
motomowmtiko Cert,

Ymnoloywouocg SA (B2 A)
Ky = ()" = "

EmAoyn tuxaiwv r,, T,

K;=hash(g®, r,)
Ky’ = hash(g®,r,)
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PUITTOYPAPTOT) KAL VITOYPAPT) OEOOUEVWYV :
GPG (GNU PG)

B To PGP sival tA&0V eUITOPIKO TTPOTOV
B GPG: GNU PGP

Baoiletan oto tpotumto Open PGP
[Tapeyel avtiotolyeg vanpeoieg e 1o PGP

64


http://www.gnupg.org/

YBp1dixn kpvatoypaenon xat vaoypapn)
email

o —— ———_—_——_—_—_—— —

! ! 1. Yrmoypagn ue 1o
| dg(H [ P UOTIKO KAELSI TOU
1. ,.[ Hi I_ ol l_r': () 4 b Aet6i Tou A

| PN N S o]

3. Kpunrtoypdpnon
OUUUETPLKOU KAELSIOU UE
10 dnuoato kAeidi Tou B 65

2. Anutloupyia
OUUUETPLKOU KAELSL0U



L
To mpwtOoK0oALO SSL

B Xeipawia (Handshake): H Alice kat o Bob ypnowosolovv ta motomomntika

TOUC KOl TO AVTIOTOLYO I01WTIKA KAEIO1A TOUC Yia apoifaia avbevtikomoinon
KA1 Y10 AQVTOAAQYT) KOTVOU HVOTIKOU KAE1010V

B TTapaywyn kAediov (Key Derivation): H Alice xat o Bob ypnopostotovv 1o
KO1VO KAE101 y1a va STJUIOVPYT|O0VV EvA GUVOAO QITO KAEIO1A Y10 OAT] TNV
ETTKOIVOVIA

B Metagopd Sedopeévwv (Data Transfer): Ta Sedopéva mov Ba petagpepBotv
ywpilovtal oe pia oeipa eyypagpov (data records)

B Tepuaniopog ovvdeong (Connection Closure): Xpnotpuomolovvtat e18ika
LUNVULATA V1A TOV ACQAAT] TEPULATIOUO TNG OLVOEDT|C
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