YrnoAoyiotikn Osmpio AptOpov kot
Kpunroypaoeia

SOUUETPIKE KPUTTOGLGTILOLTOL

Apng Hayovpting — Ztabng Zdyog

EfBviké Metoopio [Torvteyveio
Yyoh) Hiektpordymv Mnyavikédv kot Mnyovikdv Yoloylotdv

Aiktoa Feistel

Aiktoa Feistel [H. Feistel 1973]
» Blowfish, Lucifer, DES, IDEA, RC5, SMS4, RC6, ...

» Kpvrnrocvotmpata tuipatog (block cryptosystems): o apyicd
keipevo yopiletar og block cuykekpyévon pikovg (T.y. yo
DES: 64 bits).

> X170 g&ng Oo aoyoAnovpe pe TNV KpLTTTOYPAPNGN EVOG LOVO
tunpatog (block):

» Eicodoc: Lo||Ro
> Xg kG0 yopo i, yioi = 1,2, ..., 7

» 'E€odog: R,||L,.

> k;: 10 KAeW1 TOV YOPOV i — MaPAYETOL OO TO APYIKO KAELW,
cuviBwg pe oMobncels.

> F: cuvdptnon mov givar 1 “kapdid” ToV GLGTALATOG: TPEMEL VO,
npokakel GOYyvon (confusion) kou Sidyvon (diffusion) (Shannon
Eaval).

Aiktoa Feistel

InuovTikés W0t Teg Tov diktwv Feistel

H amokpurtoypdenon yiveror pe tov id10 tpodmo, anid
OVTIOTPEPOVTOG TN GEPG TV KAEWO1DOV. AmddeEn: otov mivoka.

Emopévac, n cuvaptnon F dev yperdletar va eivaol ovTIoTPENTN, 6
avtifeon pe to Subsitution-Permutation networks.

To kpvntocvomua DES

Aixtvo Feistel 16 yopwv.
Mnkog block: 64 bits.

Mnkog kA&1d100: 64 bits (56
‘evepyd’ + 8 wwotiag).

IP: apyn petdbeon (initial

permutation).
To kpvrrocvotnua DES To kpvrrocvotnua DES
H ocvvdpmmon F
> ZVOTUTIKA: GUVG, 5 E i (“ v S-boxes
: ptnon enéktaong E, cuvaptioels (“koutid
avtikatdotoons S (S-boxes), uetdbeon P. S1
. B {0,119 o {0,1}18 14 4 131 2 15 11 8 3 10 6 12 5 9 0
» S {0,130 {0,1}%, 0<i<7T 0 15 7 4 14 2 13 1 10 6 12 11 9 5 3
» P:{0,1}32 > {0,1}%2. 4 1 14 8 13 6 2 11 15 12 9 7 3 10 5
5 12 8 2 4 9 1 7 5 11 3 14 10 0 6

» H E maipvel kabe 4-ada bits g 160300 TNG KoL T0, GUUTANPMVEL
pe ta dumhavad g: LY. bob1bobs £ bs1bob1babsby, divoviog
GOV ATOTELEGLA OKT® 6-GdEC.

» To anotéleopa g E yivetar XOR pe 1o khedi yopov K; (48
bits).

> Kébe 6-ada tov anoteléopatog avikadiototal HEG® Tov
avtiotoryov S-box and pia 4-4da.

> H epoppoyn mg P divet o 1ehMkd amotérecpo.

Etvon wivakeg 4 x 16.

Kabe 6-0da amewcovifetar og pio 0éom tov mivaka wg e&ng: to 1o Kot
10 60 yNoio (bobs) kabopiCovv ) oepd, To yneia 20-50 (b1b2bsbys)
™ OTAN.

2ty kabe 0éon Ppioketon Evag aptBuog and 0 €og 15, dnA. o 4-ada
bits, mov givar n £€€030¢ Tov S-box Yia £i6030 bob1b2b3b4bs.




To kpvntocvotnua DES

[816tteg tv S-boxes (i)
» Etvat to un ypappikd cvotatikd tov DES, kat yi’avtd to mo
GNUOVTIKO: Y0pic anTd M Kpumtaviivon Bo Tov dKoAN.

> Ewdwd oyedacpéva mote vo mpokaAobv cOyyvaon (confusion): n
oyéomn evag bit 16650V kot evog bit €600V ivat TOAVTAOK.
Ka0e bit tng e€600v ennpedletar amd ToALd bits g e16660v.

» H diayvon (diffusion) eEacpakiletat o€ GLVEVAGUO LE TIG
GUVOPTNOELS eméKTaong £ kot petddsong P: kabe bit g e1cddov
emnpedlet moArQ bits tng €£0d0v.

To kpvntocvotnua DES

I316tteg tv S-boxes: NSA design criteria

» KdBe oepa givan petdbeon tov {0, ..., 15},

> Kavéva S-box dev givar ypappikn 1 a@evikn covaptmon tov
£16000V TOV.

> Allayn evog bit £16050v empépel oAy 6€ TOLAGYLGTOV 600
bit e£6dov.

» [ omolodnmote evyog bit e166d0v Kot bit Eddov, av
kabopicovpe v Tipy tov bit 16650V T0 TANOOG £1660®V TOVL
KGvovv 1o bit £dd0v ‘0’ eivor mepimov id10 pe To TANB0G
£1060mV oL KAvouv 1o bit e£660v ‘1°.

To kpvrtosvotnua DES To kpvrtocvotnua DES
H mopoayoyn tov kKAed1dv H mapayoyh tev kiedidv
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To kpvrrocvotnua DES To kpvrrtocvotnua DES
Em0éoeig

1810 TEC TOV ‘TPOYPAULOTOS’ TOPAYDOYNG KAEOIDV
» Kébe bit ypnopomoteitan o¢ eicodog o€ kabe S-box (o KamO10
Y0po).

» Kavéva bit dev ypnopomoteitar o¢ eicodog oto 1610 S-box oe
51030y1KK00G YOPOUG .

> 210 TEAOG el Yivel pio TANPNG TEPIOTPOPT|, EMTPEMOVTAG OTNV
OTOKPLTTOYPAPN oM VaL Yivel e oMo oelg mpog to. de&1d (katd
avtioTpoEn oepd).

» Brute force: 255 Soxipéc.

» Complementarity property ( ) : 259
doxipéc.

> Awgpopikn kpurravaivon (differential cryptanalysis) [Shamir,
Biham, 1990, NSA kot IBM, vopitepa]: < 2°0 Soxiuée pe
EMAEPUEVO. KPOTTOKELLEV L.
Bacileton otovg mivaxeg katavopng tov input-XOR kot
output-XOR twv S-boxes. H un opotopopeio otig katovopésg
EMITPENEL TEPLOPIGUO TOL GLVOLOV TOV THAVOV KAEWSLDV.

> [pappuxn kpurtavéAivon (linear cryptanalysis) [Matsui, 1993]:
243 Soxipéc pe yvwotd kporroxeiueva. TIpocéyyion g
Agrtovpyloag Tov alyopiOpov LE YPOLUKES CLUVOPTHCELS.

> Xto €A 0V “90 OewpnOnke un aceorég (EFF DES cracker,
1998) kat o NIST mpoteve TV avTikaTdoToo TOV, dlodikacio
7oV odNynoe otV avartuén Kot viodéton tov AES.




To kpvntocvotnua DES

Apvva,
» M mpdtn mpoondBeia: Double DES. ITpopAnua: meet-in-the
middle (MITM) attack.
» Triple DES (3-DES): effective key 118 bits (ue 3 ave&dptnta
KAEWOLA, CLVOALKO P0G Khewdov 168 bits) 1) 112 bits (pe 2

aveEdptnra KAEW1d, cuvoAlkd uikog 112 bits). Xpnotpomoteiton

oo Kot onpepa (extipnon acedietog oand NIST: ~ 2030).
Kpuntoypdonon:
(backwards compatibility pe andd DES).

> DES-X: pnxog kAewdiov 184 bits, effective key ~ 119 bits.
Kpvntoypdonon:

Tpomot Aettovpyiag tov DES (operation modes)

(Kot GAA®V KPLTTOGLGTNUATOV TUNILOTOG)

ECB, CBC: 1o block cipher gvepyei 610 plaintext (dpeoa i
éupeoa)

» Electronic Code Book (ECB): kdfe tpnipa kpumwroypageiton
YOPLOTA.

» Cipher Block Chaining (CBC): to kpvmroypdenuo tou
TPONYOVLLEVOL TUNHOTOG KPLTTOKEEVOL ‘XOR-gttan’ pe 10
TPEYOV TUNLLA OPYLIKOD KEWEVOD TPV 0VTO KpumToyponOet.
XpnoyLomoteiton Y10, TO TPMTO TUNHCL.

Tpomotr Aettovpyiag tov DES (operation modes)

(K0t GALOV KPLTTOGLGTNUATOV TUNHOTOS)
CFB, OFB, CTR: 10 block cipher dnpiovpyet kietdopon| (=
stream cipher)

» Cipher Feedback mode (CFB): dnovpyel tunpotikn kietdopon

(keystream) mov ypnoylonoteiton 6nwg o stream cipher. To
KAe1d1 Tov XOR-gitan pe To TpEYOV THMHA APYIKOD KEWWEVOD
TPOKVTTEL OO KPVTTOYPAPNGT] TOV TPONYOVLEVOD TUNHLOLTOG
KPLRLTOKELEVOL — ypnopomoteital /7 yia 1o TpdTO TUNLLOL.

» Output Feedback mode (OFB): dnuiovpyel keystream 6nwg to
CFB. To kAe1di mov XOR-giton pe 1o Tp€)ov TUnpo apytkod
KEWEVOV TPOKVMTEL OO KPLITOYPAPNGT) TOV TPOTYOVLLEVOD
KAeW100 — ypnoonoteitat IV yia To mpdTO TUNHLL.

» Counter mode (CTR): dnuovpyei keystream oénwg kot to. CFB,
OFB. H d10popd éykertor 6To 0Tt T0 KAEW Y10 TO TPEYOV TUNHA
TPOKVTTEL OO TNV KPLITOYPAPNOT EVOG LETPNTI, TOV
av&dvetat amd TUAHO o€ TUARO. XPp1on Ke nonce.

Tpomot Aettovpyiag tov DES (operation modes)
ECB, CBC: mleovextpato, kot oduvapLieg
» ECB (-): k0e Tpunpo kpumtoypogeitat pe tov 610 tpomo.
Evromopdc emavolyenv, otatiotikés embécec.
ECB (+): o¢ nepintwon aALoi®woNG TUNUOTOG KPUTTOKELEVOD
dev emnpedALEeTal 1 ATOKPLTTOYPAPN G TV VTOAOITMV
TUNHATOV.

x[p1 ] [ p2 ] [ P3 | -

7' M’f?k __...iiek __...iiek

CBC mode x[p1 ] [p2 ] [pP3 ] -

CBC (-): Mg aAloudoeig bit Tov KPLATOTUNUOTOG V; TPOKVTTEL
0ALOI®OT) TOV OTOTEAEGUOTOG X1 OTIS 101 O€oEls.

CBC (+): ypnon og Message Authentication Code (MAC).
Authenticated encryption. e mepintmon aAloinong TUAHATOS
KPLATOKEWEVOD EMNPeAovTol Lovo 600 TUALOTO GTNV
amokpuntoypaenon: Self-Recovery. To IV dgv givar kpvpd.

Tpomot Aettovpyioc tov DES (operation modes)
CFB, OFB, CTR: mAegovektnpoto kot aduvopieg

[T F—s 52 3

“[P]
OFB mode
» CFB/OFB/CTR (-): og 6A0 vtapyet 1o TpdPANo TS
0ALOI®OTG TNG AMOKPLTTOYPAPTONG O EMAEYUEVEG BETELS.
» CFB/OFB/CTR (+): Mropovv va viomomBovv mopdAinia.
AwBétovv self-recovery.

CFB mode

» CFB (+): pmopei va ypnotpomom0ei wg MAC.
AoKnon: UTopovpE va. £ovpe encryption Kot authentication ce
£va TEPAGLL

» CFB/OFB (+): umopovv va ypnotpomomBovv kat yio block
piKpoTEpO TOV 64 bit.
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Kot dAdot mordol tpdmot Aettovpyiog

» [ kpumToypdenon.

v

Mo avBevticonoinon / axepatdTnTa.

v

Koty o dvo (authenticated encryption).

> Acite ) oxetkn oerida tov NIST:




