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AIFO EKNAIAEYTIKH THAEOPASH
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e Amazing mind reader reveals his 'gift'
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B AIAPOPQ2H ENOTHTAZ2

1. Baolkol oplopol

2. ApXEC ZUPMETPLKNC KpuTttoypadnong

3. Zuppetpikot AAyopOpol (Symmetric Ciphers)
1. DES, Triple-DES
2. AES

4. AAyoplOpot Tunuatwv (Block Ciphers): Tpomot
\ettoupylac



BA2IKOI OPI2MOI

ECSALab

* ARnAO keiuevo (plaintext) ovopadletal n apyLkn popdn evoc KELLEVOU
EVW TO KPUTITOYPAPNUEVO KELLLEVO OVOUALETOL KOUTTTOKEIUEVO
(ciphertext) N kpurtToypaPnua.

e O LETAOXNUOATIOMOC TOU ATAOU KELLEVOU OE KPUTITOKELUEVO
ovoualetal kpurttoypawnon (encryption) evw o HETAOXNUATIOUOG
TOU KPUTITOKELMEVOU O artAO KELEVO ovopaleTol
arntokpuntoypawnon (decryption).

e OLMaBNUATIKEC CUVAPTHOELC TTOU UAOTIOLOUV TOUC TTOPOTTAVW
LETOOXNMATIOMOUC ovopalovTal aAyoptduol KpumToypa@nong Kol
QITOKPUTTTOYPA(PNONG avVTioToL AL,

* To kAetdi (key) amotelAel emunAgov mAnpodopia Kol Xpnolpomnoleitol
KOTAL OTOUC TIALPATIAVW HETAOXNMUOATIOUOUC



ASDANES SYSTHMA

Eva kpunttooUotnua Bewpeitat achaleC otay :

1. To kOOTOC Lo va TtapaBLocTtel To KpuTttoypaPNUEVO KELLEVO,
Eemepva TNV acla Twv KpumtoypapnueEVwy dedopevwy

2. To XpoVIKO dLaotTnua TTov amalteltal yla va
amnokpunttoypadnOei n epapupolopevn dtadkaoia tng
KpuTttoypadnong, Eemepva tnV whEALUN Stapketa {wNC TNG
nAnpodopiag

2toxoc Oev eival n amoAutn acdaieta aAAd ONAWOCELC
OTIWC

H miBavatnta va otaoel 0 KwSLKAC o€ XpOovo MEXPL 2190
glval pkpotepn amno 2-2°



=3 MONTEAO ZYMMETPIKHE
KPYNTOTPAMHEHE

secret Key shared by mecrel key shared by
sender and recipient sender and recipient
' 4 =
- Transmitted —_—
——— ciphertext ——
— —
Plain ! 4 Plai
text text
;:1 “':t Encryption algorithm Decryption algorithm ““I:] E:i
P (e.g.. DES) (reverse of encryption pu
algorithm



. ZYMMETPIKOI AATOPIOMOI
(SYMMETRIC CIPHERS): H
AAKEAAIMONIKH SKYTAAH
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Zur Beachtung!
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Enigma: Mnyowvr tou apnye
KWOLKEC aVTIMETAOEONC

EpevupeBnke otnv MNeppoavia
(1920) kal xpnoLpomotnonke
Kotd Tov B’ MaykoouLo
[MoAegpo

KpurntoAoyol Twv
OUMHOXLKWV duvapewy (Alan
Turing) katadepav va
OTIAOOUV KWOLKEC Kall val
QTOKPUTITOYpadrcouV




=3 AATOPIOMOI TMHMATOS:
“*(BLOCK CIPHERS)- AOMH FEISTEL

e JTnV mpaypatikotnta oot ol conventional block
encryption algorithms, onwcg my. o DES €xouv tnv doun &

mou avamntuxdnke amno tov Horst Feistel of IBM to 1973.

* H akpBnc doun-vAomoinon evoc Feistel Network e€aptatatl amno tnv
KATAAANAN €TTLAOYN HLOC OELPAC ATIO TIAPAUETPOUC Kall
XOPAKTNPLOTIKA oxedlaopol onwc Block size, Key Size, Number of
rounds ko Subkey generation algorithm.



L s APXITEKTONIKH FEISTEL CIPHER
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¢DATA ENCRYPTION STANDARD (DES)
i (1/2)

* Mpwto Mpotumo Kpumtoypadnong

* Eupcwc SLadedoUEVOC Kal XPNOLLLOTIOLOULEVOC OAYOPLOUOC
e O DES avnkel otnv katnyopia twv block ciphers

* To plaintext vulotatal eneéepyacia o TuRpata (blocks)
Twv 64-bit

e To OLUOTIOLOULEVO KAELOL €YeL uEyeOoc 56-bit (64-bit




- LJATA ENCRYPTION STANDARD (DES)
- (2/2)

Ta kpttnpla oxedtaopou tou DES nrav
* YPnAO enimedo aopaleLac
* MMAnpeLc kot Stadpaveic mpodloypadec

 Haodalewa tou dev Ba mpemneL va e€aptatol amo
TNV LUOTLKOTNTO Tou aAyopiBuou

* AlaBEoipoc kot mPpooBAacipoc og/amo OAOUC TOUC
XPNOTEG

e KataAAnAoc yia motkiAla epapuoywv

e XaunAO KOOoTOC uAomoinonc



£’ @OINOZOODIA METATPOIMNHZ
Bt AEAOMENQN (1/2)

* O aAyopBuoc DES Baoiletol oto mpotumo tou Feistel,
dnAadn o€ oTAOLAKEC AVTIMETAOEDELC TOU OPLOTEPOU KLl
deéLov TuNMaTOC Tou apXLkoU armAoU KELUEVOU

e e KaBe otadlo i emdpa pia cuvaptnon f, mouv AapBavet
oav €L0060 To UTtoKAELSL K, kol To H€6L0 TR TwVY
dedopevwy

e 2Tn ouvexela oto 6O (MTPOKUTITOV) KOl OTO APLOTEPO

TUNHa erdpa pia cuvaptnon XOR kot ta duo tunpata

aVTLHETaTIOEVTAL ShEE

|

/ : | :
¥ y
Li Ri - 13 :




DINOZODIA METATPONMH2
Bt AEAOMENQN (2/2)

* Metatpornn dedboupevwy o kaBe yupo:
— Li= Ri-1,
—Ri=Li-1 XOR F(Ri-1, Ki)

e KAeldl:
— ApxLko (64-bit)
— Basic Key (56-bit)
— Round Key (48-bit)



ECSALab

* H mapoaywyn UTTOKAELOLWV

MAPAIQIrH YNOKAEIAIQN

J{Kﬂ}r (04 bits)

EUTIEPLEXEL TA TIOPAKATW Brpata

PCL

— Ao to ap)Lko 64-bit kAelbi K emiAéyovtat

Hovo ta 56-bit. Ta untoAouta [<<<

Xxpnotwpornoovvtat yia 610pbwon Aabwv g ey 1 <

PC2

— Ta 56-bit Slaxwpilovtat oe Vo (aplotepd
kol 6€€10) loa pepn amo 28-bit to kabEva [<<

— Xe kKABOe otadlo ta dUo pepn oAlcBaivouy  Subkey2 <

| et

14 I 14 I I 14 14 I fdg bit‘:‘-}
aplotepa (N 6efLa) kata eva n kata Svo
bit (avaAoya pe to otddio)

— Metd ano kabe oAioBnon ta dvo péEpn

OUVEVWVOVTAL KaL ELoAyovTaL O€ piot PC2- oo

PC2

ouvaptnon, n onola AapPavel 28+28 = (48 bits)

56-bits ko tapayel 24+24 = 48-bits nou

glval KoL To UrtokAeLlOL og kaBe otddlo

Subkey 16 =—
(48 bits)

PC2 ]
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AOMH DES

Plaintext (64 bits)

N N
IP
S
3 I

Me
\U®

for 16 rounds

Me
\®




APXIKH METAOE2H

ECSALab

* H apywkn petaBeon (IP), elval evocg niivakog mou
QVTIMETAOETEL TNV OELPA TWV bits TnC elcodou
ocUUPWVOL LE TOV TTOPAKATW TTvVaKa

S8 S0 42 34 26 18 10
60 52 44 36 28 20 12
62 54 46 38 30 22 14
64 56 48 40 32 24 16
57 49 41 33 25 17 9
59 51 43 35 27 19 11
61 53 45 37 29 21 13
63 55 47 39 31 23 15

N | 0N | W= (0 NN

* H teAkn petaBeon (IP1) eiva €vac mivokoe

14 4 4 4




APXITEKTONIKH TOY DES

——32 hits——p wl———32 bits—pp «——28 bits—- ~—28 bits—»
Lia | Rj1 I Cia Dj1

Left shift(s) Left shift(s)

v v

/K. \ Permutation/contraction
48 1 (Permuted Choice 2)

Expansion/permutation
(E table)

Substition/choice
(S-box)

Permutation
(P)




SYNAPTHZH F(R,K) (1/2)

ECSALab

* H ouvaptnon F anoteAeitol amno 4 otadla:

— Emnéktoon
* H ouvaptnon E €xeL oav elcodo 32-bit koL mapayetl oav £€odo 48-bit

— Mién kAeLwdlov
* H 48-bit £€060c¢ tnc ouvaptnonc E cuvduadletal pe mpaén XOR pe to 48-bit
UTTOKAELOL TOU TpEYOVTOC oTadiou
— AvTtlkataotaon

* Hnapamndavw £¢odo¢ dtaxwpiletal oe 8 pepn Twv 6-bit KoL eLodyetol ota S-
KouTld. KaBe S-kouti d€xetan 6-bit kat mapayet 4-bit cupdwva pe
NPOOLAYEYPALLUEVO TPOTIO OVTLKATAOTAONC

— AvtipetaBeon

* H 32-bit £€060¢ TwV S-kouTLWV avTipeTatiBeTal cUpdwWvA pe TNV P-
ouvaptnon



2YNAPTHZH F(R,K) (2/2)

| R (32 bits) |

H cuvaptnon
emektaonc E
[ 48 bits ] [ K (48 bits) |

| .(I). . elval pa
uetaBeon otnv
OTtoLa OPLOUEVDL

(3) (2) () (8¢ (8s) (86) (87) (88) oo cos
i}g eudavilovral o

ECSALab

TEPLOCOTEPEC
armno po B€oelc
otnv €€060




S-Boxes: S1, S2, S3

14 4 13 1 2 Iy 11 8 3 10 6 12 5 9 0 7
S, 0 15 7 4 14 2. 13 1 10 6 12 11 9 5 3 8
4 1 14 8 13 6 2 11 1% 12 9 ¥ 3 10 a 0
15 12 8 2 - 9 1 7 5 11 3 14 10 0 6 13
15 1 8 14 6 1 3 - 9 7 & 1% 14 0 5 1B
5 3 13 4 T 13 4 8 14 12 0 1 10 6 9 11 A
0 14 7 11 10 4 13 1 5 8 12 6 9 3 2 13
13 g8 10 1 s I 4 2 11 6 T 12 0 5 14 9
10 0 9 14 6 < S 3 13 12 7 1 4 8
S; 13 7 0 9 3 6 10 2 8 5 14 12 11 15 0
13 6 -+ g 8 15 e 0 1n 1 2 12 5 10 14 7
L g 15 0 6 9 7 4 15 14 % 1 3 2 12




- [TAPABIAZH TOY DES (1/2)

* O aAyoplBpuoc DES mapafiaotnke to 1997 peocw
tnc punxavnc EFF mou kootioe 250.000S péoa os
XPOVLKO dLaotnua 2 NUEPWV




NAPABIAZH TOY DES (2/2)

ECSALab

e AAAN pnxowvn mou amodedelypeva apofLalet ta
kAewbLa touv DES eivat n COPACOBANA aélacg
10.000S. H punyxavn «mapapialew» tov DES o€ peoo
XPOVO 6.4 NUEPWV




O AATOPIOMOZ?Z Triple-DES

ECSALab

e Xpnotuorolel 3 StapopeTika KAELOLA KOl TPELG
“vuAomownoelc” tou aAyopiBuou DES:

Encrypt — Decrypt - Encrypt

C = ciphertext
P = Plaintext
EKi[X] = kpumttoypadnon tou X xpnotpomnolwvtag to KAELWSL Ki

DKj[Y] = anokpumntoypadnong tou Y xpnoLpomnolwvtog To KAELSL Kj

* JUVOALKO EVEPYO MNKOC KAELOLOU:



"% APXITEKTONIKH Triple-DES




AIAXEIPIZH KAEIAIQN

ECSALab

* 2xeTka e ta KAEWdL K4, K, kot K5 urtapyouv TpeLg
SLOPOPETIKEC TEPLUTTWOELC:
— Ta tpia kKAeWOLA va eival aveéaptnta (K, 2K, #K,)
— Ta kAedLa K, kat K, va eivat ave§aptnta ala K=K,

— Ta tpia kKAeLWOLA va ival bLa (K, = K, = Kj)
(ammayopevpevn mepimtwon-ekpuAiletol og anAo DES)



=2 0 AANTOPIOMOS AES: FENIKES
NAHPO®OPIES

e To npotumo kpurntoypadnonc AES (Advanced Encryption
Standard) meplypadel pla Stadikaoia Kpumtoypadnong
NAEKTPOVIKNC TTAnpodoplac Baclopevn otnv AoyLkn tng
Kwolkomolnonc opadwv 6eSOUEVWV PE KATIOLO MUOTLKO KAELOL

* ExeLmpotumontonBetl amo to NIST (National Institute of
Technology) tov NoguBptlo tou 2001, avtikablotwvtac To
nipotumo DES (Data Encryption Standard) kot mA€ov amoteAel
TOV TIPOTELWVOLEVO AAYOPLOUO YLa EPAPUOVEC
Kpurttoypadnong

* O AES ypnotpormolei éva umtooUvVoAo Twv SuVOTOTATWY TOU
Rijndael aAyopiBpou. To teAKO Keipevo UE TIC TpodlaoypadEC
Tou TtpotUTou kd0BNKe Ttpo¢ To TEAOC Tou 2001, wc FIPS-
PUB-197 (Federal Information Processing Standard




O AATOPIOMOS AES (1/3)

ECSALab

* OAES

— Eivat aAyoplOpoc tTuApatoc He amAo KELPEVO Kol
KPUTTTOKELpEVO 128-bit

— Me kAelSi 128-, 192- f 256-bit

* Meyaloc kKAelboxwpoc nou KobLota tnv
eEavTANTLKN avalntnon MPAKTIKA aduvatn

* O aplBuoc twv yupwv r e€aptatol amo to KAELOL
— [ ry,5=10, r19,=12, ry;=14

* Y& KABe yUpo kpuTttoypadeital 0An n eicodoc



O AATOPIOMOS AES (2/3)

* BaOLKO OUCTOTLKO TOU aAyoplOpou eival evac 4X4
(4X4X8=128) mtivakoc tov mepLEXEL bytes Ko
ovopadletal Kataotaon (state)

* O mivakac kataotaon nepLexeL 4 ypappec kot Nb
otnAec. Emeldn xpnopomnotovpe 128 bit etocodovu o
apLlOpoC Twv otnAwv eivo 128/32=4

input bvtes are array QU Tes

it byt Stat ) t byt

Mg | ing | ing | in2 So0 | So1 | So2 | Soa outy | outy | outy |out;;
M, | ins | ing | ing3 9 S1o | 511 | S12 | S % oury | ouls | Olilg |0l
M2 | Mg | Inpg | I Sa0 | S21 | S22 | S23 ol | ol |outg| oty

N3 | iny | i | ims 830 | S31 | S22 | S33 outs | outs |out |outs




O AATOPIOMOZ AES (3/3)

* O aAyoplBuocg ekteAeitatl cUpUPWVA LLE TA TTIAPOKATW PApoTa:
— Enéktaon kAewbou (Mevvntpla MNapaywyng UTtoKAELOLWV)
— Ap)KO otadlo mpoobeong kKAeLOLOU

— Evllapeoa otadia onov neplthapfavovtal ot £€NRC
OUVOPTNOELG:

e Juvaptnon SubBytes (LeTOOXNUATIOUOC OVTIKATAOTOONC)
e Juvaptnon ShiftRows (punxoviopoc oAicbnonc)

e Juvaptnon MixColumns (Stadikaoia pui€nc)

* Juvaptnon AddroundKey (mpocBeon kAeldlou).

— TeAwko otadLo (xwpic TNV edpapuoyn tTng ouvapTNoNG
MixColumns)

ECSALab



ECSALab

ATOPIOMOZ AES: BA2IKH AOMH

|

Round

Round 9

Round 10

Plaintext

i

Add round key

Y

Key

1

4

— w[0, 3] ————>

Plaintext

|

Add round key

|

Substitute bytes

Expand key

I Inverse sub bytes

'

Shift rows

........ .

Mix columns

'

Add round key

|4__

\

—

Substitute bytes

|

~—

Shift rows

|

-~

Mix columns

~—

Add round key

|‘__

1

Substitute bytes

'

Shift rows

—

—

|

'

Add round key

|<-_ w[40, 43] —>|

\

Ciphertext

(a) Encryption

—

f— w[4, 7] _—bi

L w[36, 39] —>[

t

[ Inverse shift rows

__________________________ pe—

I Inverse mix cols

t

Add round key

t

I Inverse sub bytes

t

[ Inverse shift rows

f

t

I Inverse mix cols

|

Add round key

|

I Inverse sub bytes

t

[ Inverse shift rows

i

Add round key

}

Ciphertext
(b) Decryption

Round 10

Round 9

Round 1



|
|
Y
|
|
|
|
I
|
I
|
1
|
- |
;
|
|
Y
|
|
!

|
m

10

L

'y

rs

oy

t— - L S R L% S e

Y
Y
\ Y Y J/

ry

ry

s

|
"

PRV DD DD Y B

B ‘_1, e L

|
|
|
|
o

State
State
State
State

ShiftRows

MixColumns
ddRoundKey

ETAZXHMATIZMO2 AEAOMENCQN

ECSALab




ETAZXHMATIZMOI: S-Box KAI Add
Round Key

y
\
P .0

o . ' " 1 ‘l
So00 | Soq | Se2 | So3 S-box 00 | S0 | So2 | So03
" Sll " 3 s' ! 1
510 - JFN 510 G > PSS
520 | 52,1 | 522 | 523 S'z,o S'z.n S'z,z 5'2,3
' L ] 1
S30 | 831 | 32 | $33 830 | 531 | 532 | 933

(a) Substitute byte transformation

s 1
50,0 | So,1 | S02 | Y03 50,0 | So.1 | S02 | Y03

S10 [ S0 | S12 | 13 S10 81| 512 | 813
@ Wi | Wiy | Wiy | Wiy3 =

(b) Add Round Key Transformation




AIAXY2ZH AEAOMENQN

ECSALab

* H dtadkaoia dtaxuonc amoTeAELTOL ATIO TG TIPAEELC
shift_rows kot mix_columns otov AES

* Awayxvon (Diffusion) sivat n tkavotnta tou
aAyopiBuou kpumtoypadnong Omou Eva TUNHA TOU
artAoU KELEVOU va €L TN duvatotnta va
emtNpPeAleL 000 1o SUVATOV MEPLOCOTEPA TUNMOTO
TOU KPUTTTOKELUEVOU

— 'Evac aAyoplBpuoc exet uPnAn dtaxuon otav Eva OTOLELWSELS TULAMA TOU aTrtAoU
KELUEVOU EXEL TNV SuvaTOTNTA VAL EMNPEACEL OAQ TAL TUNMOTO TOU
KPUTITOKELEVOU, aveEApTNTA TNG TOMOBECLOC TOU TUNMOATOC AUTOU OTO ATIAO

KELMEVO



- METAZIXHMATIZMOZ Shift Row
H dtadikaoia dlaxuonc amoteAeital oo TIC MPAEELC
shift_rows kat mix_columns

* Xtnv shift_rows n elocodoc ywpiletal oe 16 bytes kal to
kKaBe byte dlataocostal kaBeta og evav mivaka 4x4. 21n
OUVEYXELA Ttpaypatomnoleital oAloOnon twv bytes wc¢ nmpoc

TLG YPOUHEG

SO

S4

S8

S12

S1

S5

S9

S13

S2

S6

S10

S14

S3

S7

S11

S15

9

SO

S4

S8

S12

S5

S9

S13

S1

S10

S14

S2

S6

S15

S3

S7

S11




~METAZXHMATIZMOZ Mix Columns
* H dtadkaoia mix_columns S€xetal Tic Ae€eLC
(bytes) ava tetpadec Ko epapUOlEL TOV TTOPOKATW

rnioAAamAa oL O

(c,) (02 03 01 O1)s;
c, | 10102 0301]s,
¢, | |01 010203]|s,
(03 01 01 02 )\,




2YI'XY2H AEAOMENCQN

* H duadkaoia sub bytes eival utelBuvn yua Ttnv avénon
NG ovyyxvong. OuoLAOTLKA LVl Eval KOUTL AVTLKATAOTOONC
KOlL LTTOTEAEL TOV N YPOLUULKO LETOOYXNMOTIOMO TOU
aAyopiBuou. H etoodoc xwpiletal o 16 bytes kot n un
YPOUULKOTNTA £Papuoletal o€ KaBe byte ywplota

* JUyxuon (Confusion) sivat n wkavotnta tou aAyopiBuou
KpuTttoypadnonc omou o avtinaloc dev eival og Beon va
nipoPBAePeL totec petaPoAéc Ba oupBouv oto
KPUTTTOKELUEVO, OeO0OUEVNC pLOG LETABOANC oTO aAO

KELUEVO

— AnAadn €vac aAyoplBuoc exet uPnAn cuyxuon OTAV OL OXECELG LETOEL TOU
artAOU KELUEVOU KO TOU KPUTITOKELEVOU Elvall APKETA TTOAUTTAOKEC, WOTE vVal

ECSAlLab



TAZXHMATIZMOI: Mix Column KAI
Shift Row

S10|511 | %12 513 -"'""I I l | I\*- Sia (%12 513 S0

Sa0| S0 | S22 S3 || | | | || %2253 50|52

930 531 || 932 | #33 — T — 933 | ¥ap| Ja1 |93z

(a) Shift row transformation

C-
2511
"yt § o |
»11123 -
S b S I
, P P *
¥ Al U 1
S0 [ S0.1 | So.2 | So3 S0.0 | S0.1 | S0.2 | 03
o o _v 1 ." v'
S10(%11] 512 [ %13 S101 %11 | S12 | 813
S20 | 921 | S22 | 823 55.0 S'z.l 572;2 5'2,3
' 1 ) L
830 (93,1 | 532 [ 933 S30 (93,1 | 532 [ 933

(b) Mix column transformation



MHXANI2ZMOI: S-Boxes

ECSALab (%) $-box

y
0 1 2 3 4 5 6 7 8 9 A B L & D E F
0 63 | 7C| 77| 7B| F2 | 6B | 6F | C5| 30 | 01 | 67 | 2B | FE| D7 | AB| 76
1 |CA| 82 | CO| D | FA| 59| 47| FO|AD| D4 | A2| AF| 9C | A4 | 72 | CO
2 B7|FD| 93] 26| 36 | 3F | F7|CC| 3 | AS| ES| F1| 71 | D8 | 31 15
3 04| C7| 23 3|1 18[9 | 05 | 9A| 07 | 12 | 80 | E2| EB| 27 | B2 | 75
4 09| 8 |2C|1A| 1B | 6E | 5A| A0O| 52 | 3B| D6 | B3| 29 | E3 | 2F | 84
5 S3| D100 |ED| 20 |FC| Bl | SB|6A|CB|[BE| 39 | 4A | 4C | 58 | CF

6 DO | EF| AA| FB | 43 | 4D 3 85 45 F9 02 TF 50| 3C | 9F | A8
x 7 |51 ]| A3| 40 | 8F | 92 | 9D | 38 | F5 | BC| B6 | DA | 21 10 | FF | F3 | D2
8 |CD|OC| 1I3|EC|SF| 97| 44| 17| C4|A7|7E|3D| 64 |5SD| 19| 73
9 | 60| 81 | 4F | DC| 22 [2A | 9 | 88 | 46 | EE| BS | 14 | DE| SE | OB | DB
A |E0| 32 |3A|0A)] 49 | 06| 24 | 5SC|C2|D3|AC| 62| 91| 95| E4| 79
B |E7|C8|37|6D|8D|D5|4E| A9| 6C | 56 | F4 | EA| 65 | 7TA | AE| 08
C |BA| 78| 25| 2E | 1IC| A6 | B4 | C6| EB|DD| 74 | IF | 4B | BD| 8B | 8A
D 70 3E | BS 66 48 03 F6 | OE 61 35 57 B9 | 8 | CI 1D | 9E
) El F8 | 98 11 69 | D9 | 8E 94 9B | 1E 87 E9| CE| 5 28 | DF
F [8C| A1 | 8 |OD|BF| E6| 42| 68| 41 | 9 | 2D | OF | BO| 54 | BB | 16

(b) Inverse S-box

y

0 1 2 3 4 5 6 ] 8 9 A B C D E F
0 52| 09| 6A| D5| 30| 36| A5| 33| BF| 40 | A3| 9E| 81 | F3 | D7 | FB
1 7C| E3| 39| 82 |9B| 2F | FF| 87 | 34 | SE| 43 | 44 | C4 | DE| E9 | CB
2 54 |7B| 9| 32 |A6| C2| 22 |3D|EE|4C| 95| 0B| 42| FA 3 | 4E
3 08 2E | Al 66 28 DY | 24 B2 76 | SB| A2 | 49 | 6D | 8B | D1 25
4 | 2| FB| Fo | 64 | 86 | 68 | 98 | 16 | D4 | A4 | SC | CC| 5D | 65 | B6 | 92
5 6C 70 48 50 | FD| ED| B9 | DA | SE 15 46 57 | AT| 8D | 9D | 84
9 | DS | AB| 00 | 8C | BC| D3| 0A| F7 | E4| 58 | 05 | B8 | B3 | 45 | 06
X DO | 2C IE | 8F | CA| 3F | OF 02 Cl | AF | BD| 03 01 I3 | BA | 6B

3A | 91 11 | 41 | 4F | 67 | DC|EA| 97 | F2 | CF| CE| FO | B4 | E6 | 73
9% | AC| 74| 22 | E7|AD| 35| 85 | E2| F9 | 37 | E8 | 1C | 75 | DF | 6E
47 | F1 |1A| 71 |ID| 29 | C5| 8 | 6F | B7| 62 | OE | AA| 18 | BE| IB
FC| 56 |3E | 4B | C6 | D2 | 79| 20 [ 9A | DB| CO| FE| 78 | CD | 5A | F4

mmIC|A|R|p|e|w|9]|




TPOMNOI AEITOYPIIA2
< ANFOPIOMQN TMHMATOZ

* Eilval tpomot dtacuvdeonc twv Block ciphers pe okomo tnv
MEPALTEPW aVENoN NS KpuTttoypadlkng SUvVANCG KL TNV
QTMOTEAECHATLIKOTEPN amtokpuPn TBavwV UTTOAELUUATWY
nAnpodopilac Tou amAou KELLEVOU OTO KPUTITOKELMEVO

e KuplOtepOL TUTTOTIOLNMEVOL TPOTIOL AELTOUPYLOG
— HAektpoviko kwdikoBLBAio (electronic codebook)

— KpunttadyopiOpoc aAvoidwtou tunpatoc (cipher block chaining,
CBC)

— Avaépaon kpurnttaAyopiOuov (cipher feedback, CFB)

— Avadépaon g£6dov (output feedback, OFB)




ECSALab

Time = 1
P,

|

ELECTRONIC CODEBOOK (ECB)

Time = 2 Time =N

P 7 P-\'

o)

N K Encrypt
Cl‘ C!\l
{a) Encryption
C; C.'l.'
K —— Decrypt .- E — Decrypt
Py Py

(b) Decryption



APXITEKTONIKH CIPHER BLOCK
CHAINING (CBC)

Time =1 Time =2 Time = N
v Py P, Py
Cn.1
K DES K DES o o o K DES
Encrypt Encrypt Encrypt
& &) Cy

(a) Encryption

Cl C2 C N
. v
K — K DES . o o K DES
Decrypt Decrypt Decrypt
v —»@ »% Cr-1 —b?
Pl Pz va

(b) Decryption
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| Awavoopa IV

!

Sk

Emloyq
TV s-bit

Amépprym
Tov (b-s)-bit

Anié Keipevo 1
s-bit

ATTA

v

(b-s)-bit s-bit | (b-s)-bit s-bit
f K I f K
Emloyn Anéppryn I Emoyn Amopprym
Tov s-bit Twv (b-s)-bit I TV s-bit TV (b-s)-bit
}
b Keipevo 2 Ank(i Keipevo n
s-bit s-bit

Kporrokeipevo 1

Kpurrokeipevo 2

s-bit

Avavoopa IV

Sk

Emloyn
TV s-bit

Amépprym
Tov (b-s)-bit

s-bit

-

Kpvuntrtokeipevo 1
s-bit

v

(b-s)-bit s-bit
Jx

Emloyn AToppryn

TOV s-bit Tov (b-s)-bit

Kporrokeipevo 1
s-bit

Amr6 Keipevo 1
s-bit

Kpvonrtokegipevo 2

Kporrrokeipevo n
s-bit

Kpvunttokeipevo n-1
s-bit

v

(b-s)-bit s-bit
Jx

Emaoyn AToppryn

TOV s-bit Tov (b-s)-bit

s-bit

Anr6 Keipgvo 2
s-bit

Kpumrrokeipevo n

s-bit

Anioé Keipevo n
s-bit

XITEKTONIKH CIPHER FEEDBACK
(CFB)
!

> CFB Kpvnttoypaonon

> CFB Amokpuntoypaonon




XITEKTONIKH OUTPUT FEEDBACK
ECSALab (OFB)

Aavoopa IV | I
I l | l
I
Sk Jx : Jx
T ] T > OFB Kpvrntoypaenon
Anho Keipevo 1 | A7nh6 Keipevo 2 }’% | A7nh6 Keipgvo n }’%
| Kpuntokeipevo 1 | | Kpuntokeipevo 2 | | Kpuntokeipevo n | )
| Awavoopa IV | I
I |
Jx Jx : Jx
| > OFB Amoxpuntoypaenon

Kpvuntokeipevo 1

Amré Keipevo 1 Amr6 Keipevo 2 Amré Keipevo n



APXITEKTONIKH AES-XTS...

L+ Lo ]

i s S
Eeyz: ——e] E -

ECSALab

Flaintext Plaintesxt Flaintext l

(EEEENEEEEEEEE EEEENENEEEEEE CITTTITT
i P P
et s s
KB — E Ky e E iy — E
Fa oy Ty
R o gt

LLII N RTTiNrrgg H
Ciphertext Ciphertext Ciphertesxt

* [lpocavatoAlopevocg otov AES — Xprion dvo kAewblwv (duthdolo peyeBocg kAeldlov
aro tov AES)

* i akEpaloC aplBuoc peyebouc 128-bit mou avtiotolxel o Evav TopEa Tou okAnpou
diokou
* o TTOAAQTTAQOLAOTIKOC TtapayovTag ou e€aodalilel OTL akopa kot av SUo TuRpatTa



..APXITEKTONIKH AES-XTS

L+ Lo ]

i s S
Eeyz: ——e] E -

ECSALab

Plaintext Plaintext Plaintext l

(EEEEEEEEEEEEE OIIOTTITTTTT] [ILTTITT .
P o e
g o LA
KB — E Ky e E Fmy i E
Fa oy Ty
L P o QL

LLII N RTTiNrrgg H
Ciphertext Ciphertext Ciphertesxt

 EWOKA oxedlaocpevoc yla tnv Kpumrtoypddnon apxeiwv ToOu Tnpouvtal Of
ATOONKEVUTIKA HEOQ, OTOU €KEL UTIAPXOUV ELOLKOTEPEC ATALTAOEL, WC TIPOG TNV
aodaAela kat tnv mpooréAaon (m.x. epapuoyec Veracrypt, Truecrypt, Bitlocker)

e Edav 1o teleutaio block tou unvuuaroq dev €xeL 10 KOTAAANAO pEyebog,
OUUTIANPWVETOL LE TEXVLKN YVWwoTtn wc “ciphertext stealing”
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Amoplec??
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