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MoOnpotikn kot adyoplfukn avaAvon KPUTTOYPUPIKOV TEYVIKMV

Evyapietiec

Oa Nfela vo EVYOPIGTNO® TPAOTO OO OAQ TNV UNTEPO LOV TOL TOCH XPOVIL WE
otpilel og KGOe pov Prua divovtog Hov £pHOL Yol va. UTopESm va. otadm otn (mn
Hov.

‘Enerta Oa 0l va gvyaprotiom tov emPAénovia kadnyntipovNiko [Momaddkn mov
YOPIg TIg TOAVTIHES CLUPBOVALG, Kot TV Ponbela Tov dev B pmopobcoa Vo TEAEIDCM®
TNV TTUYLOKT).

Oa nMfelo emiong va evyaploTHo® TOLG KaONnyNTég péomg exkmaidevoncNIKNTOC
Xotlnkovotoviivov kot Aovkds Kaoota tov @poviiotmpiov «H AOMH»  mov
Bpioketar oto vnot g Podov, yia v moAdTIun otpién mov Hov ddcoV GTov MOV
akoun oto Avkelo.Xapn o€ avtovg OQEiAETOl T GTPOPY HOL TPOG TG
Oeticéc-teyvoroyéc emotnueg KoBwg n aydmn Hov mpog To. HoONUOTIKE Kot TNV
QLOIKN.

Téhog Ba Beha va evyoplotnom v  cvueottnTplo. Kot kdtmyo tov ECDLexpert
Aoyovddkn XtoAavh yuo TIc GVUPOVAES TIG 6€ KAmolo dOoKOoAM BEpaTa Tov lya pe

TNV LOPPOTOL|OT TNG TTUYLOKTG
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Hepiinyn

H xpuntoypagia ivor £va amapaitnto epyaieio yio TNV TPOCTAGI0 TGV TANPOPOPLDV
070 GLGTNUATO VTOAOYIOTAOV.H avagopd avt| eEnyel Tig E0MTEPIKES AeLTOVPYiES TV
aAlyopifumv Kol Unyaviop®V YoUNA0D ETUTESOL TOV YPNGLLOTOLOVVTAL GUYVA GTNV
KOTOOKELY]  KPLTTOYPOUPIK®OV TPOTOKOAA®Y Yot va  ONUIOVPYNCOVUE  OGOOAN|
VTOAOYIOTIKG cLOTHHOTA. G0 doVUE TOV AOYO TOv glval amapaitnTn 1 ACQAAELN GTO
KPUTTOYPAPIKA GLOTAUOTO KOl 0o ¥PNOWOTOMGOLUE OLTHY TNV YVAOOY OF
TPOYUOTIKEG EPOPLOYEG.

H avagopd Eekivd apyikd pe v 1otopio TS KPLTTOYPOEiag , KATOTLY £ENYOVUE TAG
Aertovpyohv ot aAyOpIOLOl KATOOKELNG KPUTTOYPAPIKAOV TPOTOKOAM®Y VA OTN
ocvvéyewn Ba dgi&ovpe 10 TMOG OVO ATopA UTOPOVV VO, ETIKOIVOVIIGOVV LE AGPAAELN
otav vapyel Eva Koo KAEWL ko évag emtifépevog mpoomadel va KpueakKoHGEL Kot
VO TAPOTOGEL TV TANPOPOPie LETAED TV dVO OTOU®V QVTAOV.

Qo eéetdoovpe emiong oapketd mPOTOKOAAD TOL £xovv Omuovpyndel ko Oa
avaAdcovpE T AGON oL €YOVV KOU GE TOKEG TEPIMTMCELS TPEMEL VO TO
ypnoonoovpe Kot oe mog Oxt.Eniong Ba acyoAnBovue kot pe v xkpurtoypoapio
ONUOGIOL KAEWOL OALL Kol TIC TEYVIKEG Omov dVO M TEPLEoOTEPO ATOMO Ot
UTOPECOVV VO ETIKOIVOVIIGOVV LE 0GOAAELL.

Téhog Ba kKaAdyovpe apketd onueio g Bewpiag apBudv mov Ba pog Pondnocet va
TEPLYPAWYOVLE  CNUAVTIKE TPOTOKOAAD ONUOCLOG KPLTTOYPOPIaG Kol OVTOAAQYNG
KAEWOLDV.
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Abstract

Cryptography is an indispensable tool for protecting computer information
systems.This report explains the inner workings of algorithms and low-level
mechanisms are often used in the construction of cryptographic protocols to create
secure computing systimata.Tha see why that's necessary security to cryptographic
systems and will use this knowledge in real-world applications.

The report initially starts with the history of cryptography, and then explains how the
construction of cryptographic protocols and algorithms will then show how two
people can communicate securely when there is a public key and an attacker tries to
eavesdrop and skew information between two such persons.

We will also examine several protocols have been created and will analyze the
mistakes are, and in which cases we have to use and them.Also will deal with public-
key cryptography and techniques where two or more people will be able to
communicate with safety.Finally we will cover several points of the number theory
that will help us to describe important protocols aboutpublic cryptography and
basickey exchange.

Vi
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1.1 Xxomoc ¢ ITTvuoxng Epyaciog
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1.2 Xvvorrtikn Ileprypaen Avagopag

210 KEQPAAOW 2 avapepipoote ot PocikEG €VvOleg Kol AETOvpyieg NG
KPUTTOYPAPiaG. 2T GuVEXEW TPOsOETOVE TN OYETIKY] OPOAOYioL Kot KAVOLUE Hio
TOAD GUVTOUN 16TOPIKTY avadpoun. TEAOG ETYPOUUATIKE OVOQPEPOVLLE TIC EPUPUOYES
TG KPLTLTOYPOPLOC.

>10 Ke@Ghoro 3 meprypdoovpe Tic Pacikés WOTTES TV oAyopiBuwv pong.Katomw
avaeepouaote otov aAyopiipo pog xpnonc(OTP) aAlo kor oTIC YEVVATPIEG
yevdotuyiog aplOumv.Aéryvovpe TOEG YEVVINTPLEG vl ao@aAelg kol pmopodv va
YPNOUOTOMOOVV GTNV  KPUTTOYPOUPIR.ZTr] GUVEYE KOVOLUE U0 OVAPOPE GTO
OTOTIOTIKA TEGT dELYVOVTOAG E AVTOHV TOV TPOTO , TOLd TECT EIVOIL TKOVA KOl ATOS0TIKA
yio v kpumtoypoeio. Téhog deiyvovpe TIg @O oNUOVTIKEG €MOECES GTOVG
alyopifpovg pong ko TEPTYPEPOVLE TV GNUAGIOAOYIKT] ACPAAELL.

210 Ke@draro 4 TEPLYPAPOLLE TIG PACIKEG 1O10TNTEG TOV OAYOPIOU®V TUNUOTOG Kot
opiovpe TIc wevdotvyaieg ovvaptnoeg-yedotvyaieg aviyetabiéceic. Katomw
neprypapovpe 1o poétvmo DESkon deiyvoupe yuoti dev Ba mpémel va ypnopomoteiton
oT1g uépeg poc.Kavoope eniong o avagopd oto mpotokorio 3DESseiyvovtag yot
elvar ac@aréctepo oamo to TMpTOkoAl0 DES.Ztn ocuvvéyelin avoaeepdpocte 6to
npwtokorlho AESkat oto yoti sivon acearéc. Téhog meprypagovpe embéoelg oto
npotomo DESoAAa kot weptypa@ovpe Tovg TPOTOVG AEITOLPYiag TV aAyopiOuwmv
TUNHOTOC.

O oKomOC Hog 6T0 KEQAAULO 5 gival va TEPLYPAYOVLE TO TOSC UTOPOVLE VO EXOVLE
akepaldtTo o €va. pnvopa.l'te Tov Adyo avtd OMpovpyodUE-TEPTYPAPOVLE TOVG
TPOTOVG Asttovpyiag TV KodkdV motomoinong tavtdmrog(MAC). Aéyvovpe to
1660 ac@arég pmopel va sivar éva MAC.Koatomy meprypdpovpe de€odikd apketd
eion MACaoAlyopiBumv avagépovtog to TAEOVEKTAOTO KOl TO LELOVEKTILOTO TOV
éxer éva €idog MACamo éva GAL0.TEéLOG meEPLYpAPOVIE TL EWWOL Ol GUVAPTAGELS
KOTOKEPLOATIGUOD Kol OVOAVOVUE TPOTOKOALQ TTOV UTOPOVV VO, dIDCOVY OVTOYEG OTIC
OLYKPOVGELS OTIS CLUVOPTNCELS ALTEG, UN EEYVOVTOG va. Oeiovpe PEPIKES eMBEGELS
nave otovg aryopiuovg MAC.

210 KEQPAAOL0 6 0VTO B GLVIVAGOVUE TNV EUMGTEVTIKOTITO KOL T1 OKEPALOTNTA Y10l
VO TAPOVUE OGPAAT) CLOTHHOTA TO, OTToio OEAOVLE VO LLaG TOPEXOVY ACPAAELL TAVE®
oe embéoelg injectingkar tampering.Apyikd mepiypdeovpe 10 TOG Aettovpyél Eva
oVOTNUO AVOEVTIKNG KPLTTOYPAPNONG Ko delyvoupe oynuata avtig 6mmg eivar 1o
SSL,IPseckar  SSH.Katomv  avagepopocte o610 mpotokordo TLSrecordkor oe
owpopeg  emBécelg mov  pmopovv  va cLUPodv  oToL  CLOTHMOTO  ALOEVTIKNG
KPLTTTOYPAPNONC.ETN GCUVEXEW KAVOLUE Mol avaQopd GTO TAOG UTOPOVUE V.
TOPAYOLUE oo Eva Kot LOvo KAEWL, moAAE kAewdio dtapopeTikd petalh tovc. Téhog
nepypdpovpe v Asttovpyion NG  VIETEPUVIOTIKNG KPLATOYPOQIOG Kot TNV
tweakablexpvrtoypdenon

210 KEQPAAo0 7 mePLyplpovpe O1EE00IKA TO MG YIVETOL 1 OVTOAANYY] KAEWOIDV OTTO
do M TEPLEGOTEPO. GKPO EMKOW®VING. Avapepopoote 610 mpwtokolro Merkl-
puzzleskar deiyvovpe Tov AOY0 YlOTL BEV TPETEL VAL YPNOCOTOLEITOL GTNY TPAEN.ZTN
OUVEYELD  OVOPEPOUOOTE GTO TOAD YVAOOTO KOl  EVPEMS  YPTOLULOTOLOVUEVO
TpOTOKOAO avatarilayne kiewwwv Diffie-Hellman. Télog avoivovpe tov tpodmo
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Aertovpyiog g dNUOCLag Kputoypagiag oA kot Tapovstdlovpe Pacikd ototyeio
¢ Bempiog apOudv mov HBa pog YPEGTOVV Y10 TO ETOUEVO KEPAANLO.

210 8 ke@aioroba ypnowonomcovue v Bewpio aplOUOV Yoo VO KOTOGKEVAGOVUE
OYNUOTO KPLTTOYPOQPiag ONUOGIoL KAEW00.XTn ocvvéyeln o avaeepbodue oTIC
trapdoorfunctioskaw otn ocvvéptnon RSA.Téhog Oa meprypdyovpe 10 oTAVTOPVT
PKCS1 oAla kot o svotnpo dnpootag kpurtoypogiog EIGamal.
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MoOnpotikn kot adyoplfukn avaAvon KPUTTOYPUPIKOV TEYVIKMV

KEDAAAIO 2
H EINXTHMH THY KPYIITOT'PADIAY

2.1 Baowkég évvoleg kKan opropotl

H AéEn kpumttoypaeio Tpoépyetal amd To GUVOETIKE «KPVTTOCH+ «YPAP®» Kol eivort
€va. SIEMOTNOVIKO TTESTO TTOV OGYOAEITONL [l TNV UEAETN, TNV AVATTLEN KO TV XPToN
EOIKMOV TEYVIKOV KPUTTOYPAPNONG KOl OTOKPVTTOYPAPNONG, UE OKOTO TNV amdkpuym
TOV TTEPLEYOUEVOD TV UNVOUATOV.

H onuocioc t¢ «xpumtoAoyiag elvol TepAOTI GTOLG  TOUEIC NG AGQPAAELOG
VTOAOYIOTIKAOV GUOTNUATOV KOl TV TNAETIKOW®OVIOV. O KOPLog 6TdY0¢ TG £lvar va
TOPEYEL  UNYOVIGUOVE ®OTE 2 M MEPOCOTEPA  OKpo  emkowvaviag ().
AvOp®MOL, TPOYPAULATA DTOAOYICTMOV KAT.) Vo ovTOAAGEOVY unvopata, xopic KovEVogs
tpitog va gtvar wovog va oafaler v meplexopevn TAnpoeopia Kktdg and ta dVo
KOpo dkpa.

Iotopikd, M kpvrroypagio ypnowomodnke yw Tn HETATPOTN TNG TANPOPOPIOG
UNVORATOV omd (o KAVOVIKY, KOTOVONTH HOPYN GE £vav «ypipo», mov ympig
YVOON  TOL  KPLeoL  petacynuaticpod  Oo moapépeve  akatavontoc.  Koplo
YOPOKTNPLOTIKO TOV TOAMOTEP®OV HOPPAOV KpuIToypdonong Ntav ot 1 enegepyacio
Ywotay TAVE  OTN YAOWGGIKN dOUT] TOL UNVOUOTOG. XTIC VEOTEPEG MOPPEG, 1
Kpumtoypagio. KAvel ¥poN  TOL oPOUNTIKOV 1GOJVVOUOL, €VA 1 EUQACT] EXEL
petapepbetl og dbpopa medio TV UAONUATIKOV, OTOCOIOKPITA podnuotikd, Oempio
aplOpav, Bempio TANPOPOPING, CGTUTICTIKY| KOl GUVOVAGTIKY OVIAVOT).

H kpuntoypagia mapéyel téooepig Pacikég Aettovpyieg :

e Epmoteotikotnto: H mAnpogopia mpoc petddoon eivar mpooPdaciun povo oto
eEovorodotnuéva pén. H minpoeopia etvar axotavontrn o€ kdmolov Tpito.

o Axgparotnte: H mAnpogopio umopei vo adlowwbei uoévo amd to e€ovalodotnuévo
WEAT Kot 6gV UTOPEL VL GALOIDVETAL YMPIC TNV aviyvevon g aAAoimonc.

e  Mn amomoinon:O anooTOAé0C 1| O TOPAANTTNG NG TANpogopiag O€v Umopel va
apvnBel v avbevtikdtnra TG HeTdadoong M g dnuovpyiog g

o IIwotomoinen:Ot omooToréng Kol 0 TOPUANTING MmopolV  va eokpiBavouy  Tig
TOVTOTNTEC TOVG KAOMC KOl TNV TNyN KOl TOV TPOOPICUO TNG TANPOPOPING WE TN
dwoPePaimon OTL 01 TAVTOTNTEG TOVS SV glval TAAGTEG.

[Ma vo kaTavonGov e TV ETGTAUY TG KPLTTTOYpApioag Tpémel va yvopilovpe v
OYETIKN OPOAOYI0L TOV OVOPEPETOL GE QTN V:

o Kpurroypaonon(encryption):ovopdletor 1 dSwdikacio LETACYNLATIGLOV
EVOGUNVOLOTOG  G€ 0L OKATOVOM TN HOPYN  UE ¥PNON KATOOL KPLITOYPUPIKOD
aAyopifpov pe okomd va, unv umopei to pnvoupe va dtofactel amo Tpitovd.

o Kpunroypagwkog akyoprOpog(cipher):eivar  pébodog petacynuatoilod SedoUEVHV
O€ 0L LOPOT TTOV VO [NV EMTPENEL THV OTOKAAVYT TOV TEPIEYOUEVMV TOVS OO LN
e€ovolodoTnpéEV PEPT).

o Apykoé keipevo(plaintext):eivo to uivopo mov anotelei v icodo oe pa diepyocia
KPLTLTOYPAPNOTG.

o Kiewi(key):eivon évag apBuds apketdv bitmov ypnowonoeitor o¢ £i6060g ot
GLVEPTNOT| KPLTLTOYPAPNOT|G.


http://el.wikipedia.org/wiki/%CE%91%CF%83%CF%86%CE%AC%CE%BB%CE%B5%CE%B9%CE%B1_%CF%85%CF%80%CE%BF%CE%BB%CE%BF%CE%B3%CE%B9%CF%83%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CF%83%CF%85%CF%83%CF%84%CE%B7%CE%BC%CE%AC%CF%84%CF%89%CE%BD
http://el.wikipedia.org/wiki/%CE%91%CF%83%CF%86%CE%AC%CE%BB%CE%B5%CE%B9%CE%B1_%CF%85%CF%80%CE%BF%CE%BB%CE%BF%CE%B3%CE%B9%CF%83%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CF%83%CF%85%CF%83%CF%84%CE%B7%CE%BC%CE%AC%CF%84%CF%89%CE%BD
http://el.wikipedia.org/wiki/%CE%A4%CE%B7%CE%BB%CE%B5%CF%80%CE%B9%CE%BA%CE%BF%CE%B9%CE%BD%CF%89%CE%BD%CE%AF%CE%B5%CF%82
http://el.wikipedia.org/wiki/%CE%A0%CF%81%CF%8C%CE%B3%CF%81%CE%B1%CE%BC%CE%BC%CE%B1_%CF%85%CF%80%CE%BF%CE%BB%CE%BF%CE%B3%CE%B9%CF%83%CF%84%CE%AE
http://el.wikipedia.org/wiki/%CE%A0%CE%BB%CE%B7%CF%81%CE%BF%CF%86%CE%BF%CF%81%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%93%CE%BB%CF%8E%CF%83%CF%83%CE%B1
http://el.wikipedia.org/w/index.php?title=%CE%91%CF%81%CE%B9%CE%B8%CE%BC%CE%B7%CF%84%CE%B9%CE%BA%CF%8C_%CE%B9%CF%83%CE%BF%CE%B4%CF%8D%CE%BD%CE%B1%CE%BC%CE%BF&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%94%CE%B9%CE%B1%CE%BA%CF%81%CE%B9%CF%84%CE%AC_%CE%BC%CE%B1%CE%B8%CE%B7%CE%BC%CE%B1%CF%84%CE%B9%CE%BA%CE%AC
http://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%89%CF%81%CE%AF%CE%B1_%CE%B1%CF%81%CE%B9%CE%B8%CE%BC%CF%8E%CE%BD
http://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%89%CF%81%CE%AF%CE%B1_%CE%B1%CF%81%CE%B9%CE%B8%CE%BC%CF%8E%CE%BD
http://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%89%CF%81%CE%AF%CE%B1_%CF%80%CE%BB%CE%B7%CF%81%CE%BF%CF%86%CE%BF%CF%81%CE%AF%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%A3%CF%84%CE%B1%CF%84%CE%B9%CF%83%CF%84%CE%B9%CE%BA%CE%AE
http://el.wikipedia.org/wiki/%CE%A3%CF%85%CE%BD%CE%B4%CF%85%CE%B1%CF%83%CF%84%CE%B9%CE%BA%CE%AE
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o Kpurroypoonuévo pivopa(ciphertext):eivar to omotéieopo g €QapUoynG  €vog
KPLTTOYpapLKoD aiyopifuov.

o Kpurravalvon(cryptanalysis):eivar o emiotiun mov aoyoreital He TO0 «OTAGLOY
KOTO10C KPLTTOYPOAPIKNG TEXVIKNG.

H xpuntoypdonon kot arokpuntoypaenon evog Unvopatog yivetal pe tn Pondeia evog
alyopiOpov  kpumtoypdonong (cipher) kot  evog KAWL  KPLTTOYPAPNONG
(key).Zvovbwc o  akyopilbpog  kpumrtoypdenong vl yvootdg  omdte 1
EUMIGTEVTIKOTNTO, TOV KPLITOYPAPNUEVOL UNvOHOTOS Tov petadideton Pacileton mg
€Ml T0 TAEIGTOV GTN LVGTIKOTNTO TOL KAEWOLOV KPLITOYPAPNONG.

To péyebog tov KAEWOV KpuITTOYpAPN oG HeTpiéTal o€ aplfud bits. ['evikd 1oybdel o
e€Ng kavovog: 660 PeyoADTEPO givol To KAEWT KPLTTTOYPAPNONGS, TOGO SLGKOAOTEPO
pmopet vo amokpuntoypagnel 1o Kpumtoypaenuévo pnvopa ond enidoEovg lcPolels.
AlopopeTikol alyoptOpol KpUTTOYPAPNONG ATALTOVY SIOPOPETIKG UK KAEWOIOV Y10
vo TETHYOLV TO 1510 MINESO AVOEKTIKOTNTOG KPLTTOYPAPNONG.

"Eva kpurttocHotnpa (6Hvoro S1001KacImV KPUTTOYPAPNONG - AITOKPLTTOYPAPNONG)
amoteleiton amd pia mevrada (P,C.k,E,D):
o To P gival 0 ydpog OA®V TV SuvATOV UNVOUATOV 1) OAADS OVOIKT®V KEWWEVOV
e To C &ival 0 ydpog OA®V TV SLUVOTMOV KPUTTOYPUPTUEVOV UNVOUATOV 1) GAADC
KPLTTOKEUEV®DV
e To Kk givat 0 ydpog OA®V TV dLVAT®OV KAEWLDOV 1 GAMDG KAEWBOYDPOG
e H E sivau 0 xpumtoypa@ikds HETAGYNUATIGUOS 1] KPLATOYPAQKN cuvdptnon.H
ouvaptnon kpovrtoypdenong E déxetan dvo mapopétpovg, péoa amd tov xopo P kot
ToV ¥0po k ko mapdyet pio akorlovbia mov avikel otov yopo C.
e H D elvar n avtiotpoen ocvvéptnon 1 UETACYNUOTIOUOG amokpurtoypdenong. H
ouvvaptnon amokpurroypdenong D déxetan 2 mapapérpovs, tov ydpo C Kot Tov xHpo
k xan wapdyet pio axoAovdio wov avikel otov ympo P

2.2 Iotopwkn Avaopopn

H kpuntoypaeia sivor évag amo tovg 600 kKAAd0LG TG KpumtoAoyiag(o aAlog evar 1
KPLTTOVAALGN) 1 Omoiol OGYOAEITOL HE TNV UEAETN TNG AGQPOAOVG emiKowvmviag.O
KOPlOog oTOYOG NG KPLMTOAOYIOG €Ol v TOPEYEL UNXOVIGUOVG — MOTE 000 1
TEPLOGOTEPO. GKPO. EMKOWOVIOG VO UTOpOHV VO aVTOAAAEOLY UNVOUATO, YOPLG
Kdmolog Tpitog va umopet va dtaalel v mepieyopevn mAnpoeopia, EKTOG o T VO
Kopwo dxpa.H mpdodog g kpumtoypapiog yopiletor e tpelg mepidoovc.H mpd
nepiodog g kpvrtoypapiog dmpknoe amo 1o 1900nX eswg to 1900uX,n devtepn
nepiodoc Ntav amo to 1900uX ewg 1o 1950uX, eved n tpitn mepiodog eivar amo ToO
1950uX emc kot onpepa.

2.1.1 lpatn wepiooog s kpvmroypopiog(1900rxX-1900uX)

To xvpotepo epyoreio oV KpLITAVAALGN NTAV 1) YPNOUYLOTOINCT] TOV CLYVOTHTOV
TOV  YPOUUATOV KEWWEVOD, O©E OLVOLACUO HE TIC OLYVOTNTEC EUPAVIONS OTA
keipeva.Opmg, katd tn dgpkela g teptdoov(1900nX-1900uX) avamtoydnie peydio
mAn0og neboddwv kot alyopiBumv Kpurroypaenong, mov Paciloviav kupiog e amALg
OVTIKATOOTAGELS  YPOoUUdTov.Oho avTd TO GLOTAUOTO E£XOLV OTIS MEPES MOG
KPLTTOVOALOEL.
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Zmv apyondtTo ypnoipomomdnkay kupiog cvotiuata, to omoia Paciloviov ot
oteyavoypaia Kot 0yl 1660 oty Kpumtoypapio ypappdtov. Eva mapdaderypo ivol o
alyopifpog tov Kaicapa. Xopewva pe tov aiyopidpo tov Kaicupal, TO KAOE YpAuLQ
TOV uNvopaTog mov Bélovpe vo oteilovpe ovikadiotatal amo 1o TPito €mMOUEVO
ypappo Tov Aotivikov aieapntov.Etotl mapadeiypotog xdpn 1o yphupo A ywvotav I,
10 yphppo B yivotav E ktA.H Sadikacio €ptave d¢ 10 teAevtaio ypaupo tov
aApafrtov.

M dAAN ava@opd TOL VTTOONADVEL TNV AVAYKN TNG XPNONS TNG KPLIToypopiag eival
0 aAyopOpog Vigenerez.H Kpurtoypaenon Vigenére(TpoToEUPAVIGTNKE OO TOV
LeonBatistaAlbertio 1o 1467)civan pio pébodoc kpvmroyphonone oe aAafntikod
Keipevo oto omoio epappdlovtar dtaupopetikoi adyopiduotl kpvrroypdaenons Kaicapa
pe Baon m Béom tov ypoppdtov pwog AEEnc 1 epdong kiewdi. Eivor pia amdn popon
™G ToAVAAQAPNTIKNAG avTtikatdotaons. ' v kpvmtoypdonon, £vog mivakos Tov
aA@apnTov umopei va ypnolpomombel g mivakag (Ewkova 1)
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Amoteleital amd t0 aAPAPNTO, TOL AVOYPAPETUL GE OAPOPETIKES YPOUUUES (1] OTNAECS)
105EC POPEC OCEG KOl T YPAUaTo TOL aA@afprtov kot kdbe adedfnto petatomileTon
KUKAMKG Ge Gy€om e TO TPONYOVUEVO aAPAPNTO, OGTE VO LITAPYOLY OAOL Ot TBavol
alyopiBpot kpvmroypapnong tov Kaicapa.Katd 1t dSwdikacio kpvmroypdoenong,
YPNOLOTOlEITOL S1POPETIKO aAPafnto o KABe éva and ta ypdupata. To akpdfnto
Tov ypnoponoleiton oe KABe ypaupoa eéaptdror amd pio emavorapPovopevn AEEN-
KAewi.Io mopaderypa eav Eyovpe to plaintext«ATTACKATDAWN» kot 10 KkAetdi
nog stvor «LEMON» to1e:

Plaintext: ATTACKATDAWN

Key: LEMONLEMONLE

Ciphertext :LXFOPVEFRNHR

2.1.2 Aévtepn mepiodog ¢ kpumroypapiog(1900uX-1950uX)
Eneon n dévtepn mepiodog @Baver péypt 1o 1950 kaAvmrel Toug dVO TOYKOGHIOVG
noAépovg.Ot I'eppavoi yprion evog cuotipatog mov Aeyotav Enigma(Ewova 2)

L AdyopiOpog tov Kaicapa, http://en.wikipedia.org/wiki/Caesar_cipher
2Aly6p10pog Tov Vigenere, http://en.wikipedia.org/wiki/Vigen%C3%A8re_cipher
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Ewéva 2:H kportopnyavy Enigma

Muw cvokeun «Enigma3»8iv0u Lt OTOLONTOTE GLOKELN] OO [0 OLKOYEVELD
OLGYETILOUEV®V NAEKTPO-UNYOVIKDV rotor GUGKELMOV TOV YPNCLOTOONKAV Yo TV
KPLTTTOYPAPNGCN KOl OTOKPLTTOYPAPN O HLGTIKOV unvopdtov.H mpotn cvokevr
Enigma epevpébnie and tov I'eppavo pnyavikd Apbovp Zépumiovs . Avtd To HovTéLO
Kol Ol TOPOAAAYES TOV XPNOLLOTOMONKAY EUTOPIKA OO TNG OPYES TNG OEKAETIOG TOV
1920k0o1 vioBeTHONKOV EUTOPIKE OO GTPATIOTIKEG KO HVOTIKEG VINPEGIEG KOl OTO
mv Noliotik Teppavia mplv ko xotd ™ dwgpkeler tov Agvtepov Ilaykoopiov
[ToAépovevd yio v exilvor Tov ¥PNGOTOONKE a0 TOVG AYYAOVS KPUTTAVAALTEG
10 1938 to Bombe®(Ewkéva. 3)

Ewéva 3: H pnyavii Bombe

Apyotepa 0tav mpootédnkay maporiayés otov kmotka amo [ToAwvouvg, Bpetavoig, kat
I'dAlovg pobnuotikods Kot KPLRTOYPAPOLS Kot e TNV TOALTUN Ponbewo oL
AlanTuring®snpovpyfRonke to modbtipo Colossus(Ewkova 4)

*H pomropnyovi Enigma, http:/en.wikipedia.org/wiki/Enigma_machine

* 0 GpBovp Zépumove, https://en.wikipedia.org/wiki/Arthur_Scherbius
*Humyaviomokpurtoypéenong Bombe, https://en.wikipedia.org/wiki/Bombe

® 0 AlanTuringevag orovdaiog emotipovag , https://en.wikipedia.org/wiki/Alan_Turing
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" Ewoéva 4:H pnyoviy Colossus

Amd ™v AN mievpd, 10 lomovikd Ymovpysio EEwtepikmdv ypnoypuomoincetovg
kodwkeg JN-25 ka1 10 unyévnmuoa «Red» ollo emed] NMTav ovac@OAEG TEMKA
avéntuav  éva  TOMKG  OVOTTUYUEVO  KPLTTOYPOPIKO GUGTNUO, 7OV  AEYETOL
«Purple’»(Ewéva 5) oto onoio dwdtaén dArale avtopata kibe 9 nuépegs.

Ewova 5:H kpvrtounyevi) Purple

Ot KpLTTOYPAPOL TOL OUEPIKAVIKOD VOLTIKOV G€ cuvvepyaoio pe Bpetavoidg kot
OAavoovg kpumtoypdpovg petd 1o 1940 éomacov apkeTd KPLTTOGLGTNUOTH TOV
lamovucod vavtukod.

To ondopo tov kOdka JN-25 8081‘|y1108 otV apepkovikn vikn ot Novpayio g
Muwtyovét kabdg kot oty e£6vimon tov apynyod tov lamwvikov otéorov 1 opdkov
IMapaporo.

Ol ovppayIKES KPLTTOUMYOVES TTOL YpnoortomOnkay  mepthdpuPavay to Ppetoavikd
«TypeX»(Ewova 7) 0nmg kot to 1o moAdmAoko apepikavikd «SIGABA»(Ewkova 6)

"H kpumtopnyovy Purple, http://en.wikipedia.org/wiki/Purple_%28cipher_machine%29
801 kddikeg IN-25, https://en.wikipedia.org/wiki/Japanese_naval_codes
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Ewova 6:H Kpnmo;mxuvﬁ SIGABA

Emiong ta otpatévpota oto medio g pdymg )&pnctuonouﬁcsow 10 M-209%on
MyOTEPO ACPOAN OWKOYEVELN KpuTTTOp Y avmdY M-94 0

Ewova 7:H pnyoviy TypeX

2.1.3 Tpitn mepiooog tns Kpvrroypapias(1950uX-2nuepa)

H emoyq g ovyxpovng xpumtoypaeiog apyiler ovowaotikd pe tov Claude
Shannon™",mov eivar avoueiofimmra 0 TOTEPUC TOV UAOMUATIKOV GLOTNUATOV TNG
Kpumtoypagiog o onoiog €0ece 1 OBswpntikn Pdon yo v KpvmTOYpOEiR KO THV
Kkpvrtavaivon.Exetvn v emoyn n xpvntoypagio eEapaviCetatl Kot QUALLGETOL OO TG
LLGTIKES VTN PEGIES KLPEPYNTIKAOV emKOovmVidY dmwg 1 NSA.

Yta péoa g dekaetiog Tov 70 £ytvav 600 onpavtikés dnpdcieg pododot. [lpdta nrav
n onupocievon tov oyediov mpotvmov kKpvrroypaenong DES (Data Encryption
Standard) octov opocmovdlakd katdroyo ¢ Apepikng otig 17 Maptiov 1975. To
npotevopevo DES vropinonke and v IBM, oty tpodckinon tov EOvikod I'pagpeiov
1oV [Ipotinov (topa yvootd wg NIST), og o tpoonddeia vo avamtuyfovv aceaieig
NAEKTPOVIKEG EYKATAOTACELS EMKOWVAOVIOG Y10 ETLYEPNOES OTTMG Tpdmeles Ko GAAES
LLEYAAES OIKOVOLUKEG OPYAVAOCELS.

Metd and 115 cvpPovAéc kol v Tpomomoinon amd v NSA, avtd to mpdTLTO
vwoBemOnke kol Onpooctevdnke ¢ £€vo OUOGTOVOLNKT) TLTOTOMUEVO TPATLTO

°H kpumropnyovy M-209, https://en.wikipedia.org/wiki/M-209
00 kpumtoypagikoc eEomhopndg M-94, https://en.wikipedia.org/wiki/M-94
10 Claudde Shannon, http:/en.wikipedia.org/wiki/Claude_Shannon
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enelepyooiog mAnpopopidv 10 1977 (awthv v mtepiodo avapépetal cov FIPS 46-3).
O DES ftav 0 mpdtog dnudsto Tpocitdg aAyoptOpog KpuTToypaenong mov ykpiveTon
a6 po efvikn avrimpooconeio 6nwg 1 NSA. H aneglevfépwon g mpodiaypaens g
arnd v NBS vrokivnoe o ékpnén dnuoctov Kot akadnUaikod evolapEpovtog yio To
GLGTNLOTA KPLTTTOYPAPIOG.

O DES avtikotaotddnke enionuo and tov AES 10 2001 6tav avryyeike o NIST 10
FIPS 197. Metd and évav avowktd dwoyoviopd, o NIST enéhee tov aidyopiBuo
Rijndael, mov vofAnonke and 600 Orapavoovg kpumtoypdeovg, yio va gival 0AES.
O DES «xot o1 acparéotepeg maparirayés tov 0nmwc o 3DES 1 TDES ypnoyonotovvrot
QKOO CYLLEPQL, EVOMUOTOUEVOS G TOALA €BVIKE Kot opyavmTikd mpdtuma. Evrovtolg,
10 Baockd péyebog twv 56-bit £yel amoderybel OTL eivan avemapkés vo avTioTadel oTIC
embéoelg mpng Piog (Lo tétota enibeon métuye va ondoel Tov DES og 56 dpeg evd 10
apBpo mov avapépetal wg 10 ondoo tov DES dnpocievtnke and tov O'Reilly and
Associates).

Katd ovvénela, n yprion aning xkpumroypdenong pe tov DES glval topa yopic v
ap@BoAia EMGEAANG Yo YPTION OTA VEQ GYEOLNL TOV KPUTTOYPAPIKAOV GUCTNUATOV Kot
UNVOLOTO, TTOV TPOGTATEVOVIOL OO TO TOANLOTEPO, KPLITOYPOUPIKA GUGTYLATO TOV
ypnowonoovv DES, kot 6Aa ta unvopata mov €govv amoctorel amd to 1976 pe
yprion DES, dwatpéyovv eniong coPapod kivovvo amokpumtoypdenong. AveEdpmra amd
™V EUELTN TOOTNTA TOV, T0 Pacikd péyebog tov DES (56-bit) fitav mbavd ndpa modd
iKpd akoéun kot to 1976, mpdypa mov eiye emonuaver o Whitfield Diffie. Ymnpée
eniong n vroyio 6Tl KLPEPVNTIKEG OPYOVAGELS glyov oKOUO Kot TOTE TKOVOTOUTIKY
VTOAOYIGTIKT OVVOUN DGTE VO, GTAGOLY UNVOUATO OV €lyav kKpumtoypaenOel pe tov
DES.

ZHuepa YPNCILOTOIEITOL G TOALEG EQAPLOYES OTTWG:
o  Aocopdhiela cuvarlaydv og Tpdmeles diktva-ATM
o  Kwntm miepovia(GSM)
o Xt0Bepn theewvio(cryptophones)
*  ACQAIMOT ETAUPIKDV TANPOPOPIDV
e ITpoaTioTIKG diKTVO
o Amlopotikd diktoa,
e  HlektpoviKéc emyelpNoelg(TIOTMTIKES KAPTES, TANPOUES)
e Hlextpovikn yneopopia
e Hlektpovikn dnuonpocio
e Hlektpovikd ypappozokiBotio(email)
e XVOTNUOTO CUVAYEPUADV
o YvotNUaTO. BIOUETPIKNG OVAYVOPLOTC
o 'E&umveg kdpteg
o [dwtikd dikTva
e World Wide Web
o AopLQOpPIKEC EPAPUOYEC KOl 0CVPUOTO OTKTVO
o YVOTNUATO LTPIKAOV O0ESOUEVOV KOl AAAL®V BAcewv dedopévav
o  Tniedidokeyn(VOIP)
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MoOnpotikn kot adyoplfukn avaAvon KPUTTOYPUPIKOV TEYVIKMV

KED®AAAIOS3
AATOPIOMOI POHX
3.1 ALyop1Opotl pong Kot 1010TNTES

Ovkpuntoypo@ikoi aryopi@por porg (stream ciphers) ypnoipomoodvral yoo v
KPLTTTOYPAPNOoN Hog cuveyovg pong dedopévav (data stream).l'to v KpuTToypaAPNnon
emAEYeTOL apyika pio yevvntplo kKAewopong (keystream generator), 1 omoio S€yETOL OC
€10000 T0 PLOTIKO KAEWT Ko Topdyel otny £6000 NG pia yevdotvyaio akolovdia bits,
n omoia ovoudleton wAewopon (keystream). Xtnv ocuvvéyeln epappoletor M
ocvvdaptnon XOR avapuecso 6to apyikd KEIPEVO Kal GTNV KAEWOOPON KOl TO OTOTEAEGLN
NG GLVAPTNONG Elval 1) TEAIKT Kpurtoypapnuévn pon dedopévav.(Euova 8)

Apxikd Keipevo
101101110 «

~L- K puTrToy pagnueEvo
Keipevo
XOR =
O11010001 .« « »

KAs1dopon
10101000 ...
MuoTIKS
K As15i

H omoxpuntoypbonon yivetow pe v  oxkpipog avtiotpoen odwdwkacio. Edav
ypnoporomOei to 1010 KAWL g £10000 GTNV YEVWITPLO KAELDOPONG, TOTE 1 OEVLTEPN
Oa mapayel axpPmg v i01a axorovbia bits (KAed0pon) OTWS Ko TPONYOLUEVOS KATA
mv dwdkacio g kpvrroypaenons. Eeapuoloviag v cvvépmmon XOR avdueca
oTNV KPLUTTOYpOpNéVT akolovBio dedopévav Kot tnv KAEWopon mapdyetol TEMKE TO
apyo Keipevo.

Ewéva 8:Kportoypaonon pe aiyépidpo pong

Mo va glvarl ac@aAng o Kpumtoypaeikos alydpidpnog pong, Ba mpénet vo mAnpovvtal
oplopéveg mpoimofEcelg OGOV aPopd TNV YEVVINTPLOL KAEWOOPONG Kot TNV YELOOTLY LN
akorovBio bits mov vt mapdyst. Xvykekpiuévo M acedAeln tov oiyopibpov
eCapthror amd TIg £ENG TAPAUETPOVG:

e H yevdotvyaio axorovbio bits mov mapdyetar amd Ty yevviTpla KAgWopon Oa mpémet

VoL £YEL OPKETO, UeYGAN TEPTI0d0 ETOVAANYIG.
e H axoAiovBia bits tng khewdopong Oa mpémet va potdlel mohd pe toyaia
o H hedopon Oa mpémet va £xel Heyan ypoUUKy toodvvapio

3.2 O alyéprOpoc pdg ypnions

Ymvkpumtoypoeio.  aAyopiBuo piag  yprioncone time pad(OTP) 7 almg
KPULTTOYPOPIKY] TEYVIKN oTP" ovopalovpe €va cHOTNUO KATO TO 0010 £Vl LVGTIKO
KAEWOL yevViETOL HEGM LIOG YEVVITPLOG KAELOIDV KOl XPNOILOTTOLEITAL LOVO ol pOpEL Yo
Vo KPLUTTOYPOPNGEL €VOL LVOUO, TO OToi0 GLVAOW®G OMOKPVLITOYPAPEITOL  OTO TOV

2H kpuntoypagikh tegvicy OTP, https://en.wikipedia.org/wiki/One-time_pad
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TOPOANTT TOV PUNVOUOTOS YPNCLULOTOLDVTOG KAOE OPA TO KATOAANAO UTAOK KOl TO
KAEOL.

Ta pnvopata to omoio kputoypagovvion Paciiopeva oe Toyoio KAEWd Bewpovvtal
advvatov vo omdoovv.Kdabe kpuvmtoypdenon eivor povadikn kot 0€v €xel Kopio
AmOAVTMG GYEoN e TIG EMOUEVEG KpuTToypapnoels.Me tov OTPEyovue 10 mpéfinpa
NG OGPOAOVG HETAOOONC TOV KAEWOV, MG KOl O OMOGTOAENG KOl O TOPUANTTNG
YPNOYLOTOOVV TO 1010 KAEWSL Y10t TNV KPUTTOYPAPNOT OO0 TN UEPLE TOV OMOGTOAEN
KOl TV OTOKPLATOYPAPNON OO TNV TAELPE TO TOPOUANTTN.

Eqevpédnke 1o 1882 amo tov FrankMiller*o omoiog ypnowonomce 1o OTPovotpa
yio TNV 0OQOAN  UETAdOOM NG  TWANpoopiog  HEC®  TNAEYPAPIOC,EVHD
EmAVYPNCLOTOMONKE Ko TOTEVTOPIOTNKE oo 0V
GilbertVernam**(VernamCipher).H tehikf] avoxdioyn kot ovctooTikh PeATidon Tov
oLoTNUHATOG 0QEileTal atov Shannon, yopw oto 1940.

2opeova pe Tig PEATIOOEIS KPLUTTOYPAPTGN TOV UNVOLOTOG YIVETOL YPTCLULOTOIMVTOG
mpaén XOR  peta&d tov pMvoOpaTog KOl TOL KAEWOL VA 1) OTOKPVLTTOYPAPNON
yivetoumold amAd kévovtag mpaén XORpeta&hd tov ciphertextkatr tov kiediov.Eivor
YPNYOPOS Kol AGPOANG OAYOPIOIOG LOVO €0V TO HUNKOG TOV KAEW0D givar LeyoldTePO
N {60 pe to pPNKog Tov UNVOUOTOC TPOG ATOGTOAN.AVTO OEV oG GLUEEPEL Apa Eivat
ToAD dvokoAo va ypnoiponombei oty mpdaén.l'a éva OTP cvomua Oa Aéue ot €xet
TEAELO AGPAAELD €0V 1OYVEL OTL !
vm,c: av E(k,m)=c=k@m=c=k=m@Pc=#{keK : E(k,m)=c=1}

H 13éa ewvar vo ypnoiporotjcovpe 1o KAEWL poag g omopd(seed) kot po yevitpla
aplOudV Yoo vo EnekTeivovEe TO KAEWL HOG G Hiot TOAD HEYAADTEPT Kot Td Tuyoio
akolovBio aplfpmv.Qa Bewpncovpe pa YEVVITPLOL TTOV TOPAYEL OVTEC TIG TLYOIES
axolovBieg kat Ba v ovopdoovpe G(K).®a kavovue Tpaén XOR peta&d e G(k) ko
TOV UNVOUOTOC,0T®G oKPPBOC Kavape Kot 6tov adydpiOpo OTPkot Ba pog dmoet g
amoTéAecpo To ciphertext Tov pUMVOUATOG HOG VO  UE TNV OVTIGTPOEN Oladikocio
YIVETOL 1] ATOKPLTTOYPAPNOT.ANAadN:
c=E(m,K)=m@ G(k)
D(k,c)=c@G(Kk).

3.3 I'evntpreg Wevootuyiag
3.3.1 Aobvvauec I'evvitpies yevootvyiog

Mo yevwitpla Toyaiov aplBuov eival (o VTOAOYIGTIKY 1 UNXOVIKY) GUGKEVT OV
éxel oyxedotel Yoo va mopdyel g akolovBio aplBudv 1 cvuPorwv mov dev
akolovBovv kdémoo potifo, OmAadn epgaviCovior Tuvyoio. Ymhpyovuv opkeTEg
VTOAOYLOTIKEG HEBODOL Yia TNV TTapay®yn TuxaiwV aplBudy, TOAAEG OU®G OEV UTOPOVV
Vo TOpPAyouv  TPAYHOTIKA Tuyaiovg  aplfpovc.QQotdco, LmApPYovVV  TPOGEKTIKA
OYESOGUEVO VTTOAOYIGTIKE GLGTIHLOTO TTOV TOPAYOLV TVUYAioVS aplBuoe He acPAAELd,
omog autd mov Pacifoviar otov okydppo Yarrow, tov Fortuna °(PRNG) ko
dAAovc.O1 yevwnTpleg aplOpdv, ¥pnoloTolohVTol ETICNG GTNYV KPLATOYPOPLAOTOV 1
omopa(seed) sivar pootiky.

BOFrank Miller, https://en.wikipedia.org/wiki/Frank_Miller_(cryptography)
“0Gilbert Vernam, http://en.wikipedia.org/wiki/Gilbert_Vernam
H yevwnitpro wevdotuyiag apidudv Fortuna, https://en.wikipedia.org/wiki/Fortuna_(PRNG)
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Oco0 agopd v KpurToypagio 1 dNUOLPYio YEVVITPLGOV TUXoi®V aplOudv yivetot pe
NV ¥PNON LTOAOYICTIK®V OAYOPIOU®V TTOL UTOPOVV Vo TaPAyovv pHeYOAEG oelPég
(QOLVOLEVIKG TUYOI®V OTOTEAECUATOV, TO OTOl0L EIVOL GTNV TPAYUATIKOTNTA TANP®G
npokabopiopéva amd  pon pukpdtepn  apykny Tun(omopd).Avtoi ot adydpiBuot
ovopalovtor YEVWATPLES WEVLSOTLYOIOV aplOp®v.O1 YEVWITPIEG YEVLOOTVY AWV
aplBuov (PRNGS) eivar adyopiBpotr mov pmopohv va SNUIOVPYNGOLV OVTOUATO
peydAeg oelpés aplBudv pe KoAEG 10O10TNTEC TLYOOTNTAS, OUMG 1 GEPA GE KATOL0
onueio avaykdletor va emavoineoei.

3.3.2 Zrononixd teot

Oa mpocmabncovE Vo TEPLYpAYOLLE TL €ival éva 6TATIGTIKO TEoT.Eva otatiotikd
téo1€ {0,1} "etvan évag odlydpiOpog (st A) o omoiog maipvel &g &icodo o
ovpporocepd prrovg Nbits(éotm X) ko amhd pog diver pia £€odo petal&d 0 kot 1.0a
Bewpnoovpe 0TL av To TEGT Pydrel O ££000 0 TOTE 1) £(0000¢ TOL dMGAUE GTO TECT OEV
etvar toyaia.Evo av pog Bydier og €£000 1o 1 101€ M €10000¢ TOL TOL OMGAUE GTO
té0T Oa Oewpeitan Tuyaio.Eniong to otatiotikd 1€0T avikel 6to.Mepika mopadsiypota
TOPAKAT®:

Hoapadderyua 1

AX)=1 gav | #0(X)-#1(x)|<10- Vn
To otatiotikd pog téot Ba pag Bydiet 6060 1 gav 0 aptBog TV UNOEVIKGV O0GUEVNG
ovpporocelpdg Xpeov tov aptipd Tov Ascmv Socpuévng TG 010G cLIPOAOGELPAS givat
pkpodtepocn icog amo 10 opég v tetpaymvikn piia tov N tote 1 cupPforocelpd ivor
TUYOLO.

Hapadeyua 2

A(X)=1 gv | #00(x)-7|<10-\n
O ap1Budc tov Levyopiov {0,0} mov Oa Bpodue ot cvuPforocelpd pog peiov to n/4
va glvan pikpdtepo 1 6o amo 10 popég v teTparywvikn piCa Tov N.

Hapaderyua 3
A(x) =1 max-run-of-0(x )<10-log,N.

AnlodnToumAok mov €xel TV PEYaALTEPT akolovBio amo pundevikd mpénel to TAN00g
TOVG Vo givar pikpotepo ico amo tov apBuo logz(n).la mopddetypa éov Oumc
dwcovpe mapadetypatog xapr v cvpporocepd 1111 1o €0t Ba pag Bydier mg £€odo
1.AnAadn Ba Bewproet ott 1 cvpPorocelpd pog eivor Toyoio VA TPOYUOTIKE €V
etval! Eredn vmdpyovv ekatovtdoeg otatioTikd t€0T Ba mpémet vo Bpodpe éva TpoOTo
Yo VoL KPIVOORE €QV £val TEGT fvart KaAo 1) oyL.

lNa va yivet ovtd Oa 7wpémer  va  ewodyovpe v €vvoll  TOL
mieovektipatog(advantage). Eotow wa yevwitpla yevdotuyiag G:{0,1}" ko éva
otatiotikd Ttéot oto  {0,1}".Opilovpe ©C MALOVEKTNUA TNG YEVVATPIS, TO
TAEOVEKTNA TOV GTOTICTIKOV TE€6T A og oyéon pe vG, dniadn v deopd g
mOUVOTNTOC TOL OTATIOTIKOV TEGT vo Pydier €€odo 1 peiov v mbavotnta TOL

1 Ta oramotikd téot, https://en.wikipedia.org/wiki/Statistical_hypothesis_testing
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oTOTIOTIKOV  T€0T  va  Pydier 1 Otavdiveror  pe  mpaypotikd  toyoio
ovpporoocepd(Ewkova 9).

Av 10 amotéAeopa eival Kovtd 6to 1 101E 10 6TATIOTIKO TEGT UmopEl va dlakpivel TV
¢€0d0 g Goco tuyaia Kot av gival avtn.Apa 10 T€0T aVTO cav Vo AEUE OTL «OThEL)
v yevvintpa G.To axpipog avtiBeto cvpPaiver €av n é€odog pog eivor 0.Agv umopel
10 T£0T VoL Stokpivel av 1 ££000G TG YEVVITPLOG Etvarl Tuyaio 1} YELAOTVY oI TEAMKAL.

AdV(A.G)=| P[(A.G()]=1-P[A.G(1)]=1] ovixer [0,1]
PRG Kk <= K
R

Ewévo 9:To mhevéktnpa evog avritaiov

Hapaderyuo
"Eoto 611 éyovpe pio yevwntpla G:K—{0,1}"n onoia wavomotel pa 1816tto. Toyaivet
ota 2/3 tov KAEWOV TG YevvnTploG, to mpmto bittmg e£66ov  va givor 1, dniadn
msb(G(k))=1.Eav emAé€w éva toyaio kiedi £xo mbavotnto 2/3 vo pov Pydiet o
np®dTo bittov KAewov va eivar 1.0pilovpe kot £va 6TTIGTIKO TEGT TO 0MOI0 PG AL
o6tt Ba PByaler og €€odo 1 edvto mo onuavtikd bittng ocvuforocepdc mov o Tov
ddoovpe givar 1 ko éav 1o o onpavtikd bittng cvpporocepdg mov o to dboovpe
oév gtvan 1, 101¢ Ba PByader wg £€odo O:
iffmsb(x)=1] output 1, elseoutput 0

H epdtnon pog eivon wod givor 1o TAEOVEKTNLO TOV GTATIGTIKOV TEGT TAVE® GTNV
yevntpa G;Aniodn:

Advpr[A,G]=| PrlA(G(k))=1]-Pr[A(r)=1] |
Anrdyvrtyon
H PrlA(G(k)))=1]éxer Ty axpipac 2/3.Ag dovue ya v Pr[A(r)]=1.Edv pog dwbei
(o toyaio akolovdia , méco mOavo givar 6Tl To mo onuavtikd bittmg o givar 1;TMa
poe toyoio akoAovBia cvpPaiver axpiBag otov wcod ypdvo dniaodn 1/2 .Apa 10
amotédecspa pog eivon 2/3-1/2=1/6 to omoio 6év ewvon apeAntéo.

3.3.3 Aopolelc yevvnTpies YenooTLYIOG

Topa mov yvopilovpe T eivor €va oTOTIOTIKO TECT KOl TL TAEOVEKTNUO OLTOV
pumopovue mAEOV va dovue Tl TpoimobEécelg mpémel va. mANpol Yoo va Bempeiton pa
yevwntpa ac@oAic Eoto pa G:— {0,1}".H yevvitpio 0o eivon acpoing edvylo kéde
o1oToTikd 66T A(0modotikd TéoT), T0 TAsovEKTNIA MG TTpog TGO givar apeintéo M
KOVTd oto PUndév.Me dAia Adyla T0 oTaTIoTIKO TE0T OV O mpémet va glvat wkovo va
wpoPArEyeL TNV £€000 Tngyevvitplag. Mo yevwntpla tpémet va ivor pn mpoPAéyiun.Oa
amodeifovpe 0Tl av 1 yevVITpLO oG Elvar TpoPAemdpevn tote d€v givat AoPOANG.

Amodein

Eoto ot pog divetat £vag amodotikog alyopifog otov omoio av dmow v €000 TG
yvevwntpuag A(G(K))yw ta mpmdta ibitstng e£660v,0010¢ o pmopécel va TpoPréyet To
emouevo bitmg e&6dov pe mbavommto 1/2 +e,yio € pn apeinteo(e=1/1000).0a
YPNOYLOTOUCOVE OVTO TOV OAYOpIOUO Yo va «omdoovpe» ) yevwhitpo pog.Na
deiéovpe onAad” ott M yevwniploe pog eivor  dwokpiown dpoa etvar kor  pn
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acpoinc.Acopicovpe éva otatiotikd téot B.To téotT maipvel yuny 1 6tov pmopel va
wpoPAréyeL TNV €000, evd maipvel 0 Otav 0év pmopet va TpoPAréyet tnv ££0d0.

‘Eoto o1t dlveton po toyaio svpPorocelpd.Potaue mowd givon n mbovotnra 1o 1€6T va
pog Pydrer 1.H mbBavotmta avty eivor akpipog 1/2 .Eotw ottt divovue o
yevootuyaio akolovBio kol potaue to 1010.EE opiopod, otav divovue ta
npdTaibitsme yevwntplag  umopel vo mpoPréyel to emduevo bitpe mbavommra
1/2+eTw eudc  peyolvtepo amo 1/2+ €. Av kourtd&ovpe TO TAEOVEKTNUO TOV
OTOTIOTIKOV oG TEGT Ba dovpe ATt ivat HeyaAdTEPO OO €.

Avto onuaivel ott av o aAydpiBpoc A eivar wavog vo TpoPAéyetl To emopevo bitue
TAEOVEKTNLA €, TOTE 0 aAyOpOpoc B(otatiotiko te0T) givar tkavdg va dtokpivel v
¢€0d0 ¢ yevvnTplag pia mAeovéktnuo €.Av o A glvarl KoAOG akyoplBpog mpoPreyng
tote 10 B givar ikavd va «omdosw ) yevvntplo.Apa av 1 G gival aoc@oing yevvitpla
t0TE dgv Ba TpémeL va vapyovy adlyoplBpol TpOPAEyCcE

3.4Em0Ofoeig GTOVG AlyopiOpuovg Porjg

To mpotlext tnc Verona*

To mpotlext g Veronantav éva  mPOYPAUUO  OVTIKOTAGKOTEIOG TO  Omoio
GUVTOVIGTNKE OTO TO GTPATO TOV NVOUEVOV TOATELOV TNG OUEPIKNG Kot €lye ddpKeln
ano 10 1943 £wc to 1980.To mpdypappo avtd giye GKOTO Vo ATOKPVITOYPAPTGEL TA
unvopato g kataokoneiog g X.E.Kota v didpkeio avtod tov mTpoyplppatog
nepimov Tpelg yMadeg unvOLOTO OTOKPLTOYPAPNONKAV KOl UETAPPAGTNKAY.AVTO
gywve o0t or  ocofletikol  ypnolpwomomcov  to  Onetimepadovotnuo  oAlo
YPNOYLOTOIDVTAS TO 1010 KAWL,

MS-PPTP(WindowsNT)

Exewvn v emoyn m emkowvovia pe avtdv Tov TPOTO MTOV €VAAMTN OOTL £VOG
VTOAOYIOTNG EMKOWVMVOVGE UE eVOV GEPPEP aAla to TpOPANUA evar OTL TaL uvOLOTO
TOL TEAATN KPLTLTOYPAPOVVTAY UE TOd10 Seedtng yevdotuyiag aplOpmy pe avtiv Tov
oépPep e OMOTEAEGHO,O0VCIACTIKE v xpnoilomoteitar 1o 910 kAewdi aiyopiBupov
ponc.To cwato ivar va £yovpie Eva KAEWT Yia Tov KAOE vTOAOYIGTH EEXWPIOTA.

802.11bWEP

Y10 WEPvrapyel evog meddtng kot éva onueio mpdcsPacng(accespoint). Kot o dvo
axpo popalovrarl to 1010 kKAeWi. Eotw 611 BéAel va oteidel éva pnvopo o teddtng.I
va cupPel avtd,0 meEAdTnG,pémel va  oteikel eva frame 1o omoio eumepiéyel To
plaintext M.Eniong mpiv 10 oteider mpocbiter ka1 éva checksumoto pnvopoa.To
umvopo kor to  checksumkpvumtoypagodviar  ypnoomodvTag evav  alyoptdpo
PONGCOmOL TO KAEWL TOL aAyopiBuov pong ewvor n aAAniovyia g Vot tov povipov
KAewd0d K.To IVeivar o cvpPorocelpd ewocttesodpmv bitmov Eekivder amo 10
unoév(umopet mbavov va etvar évag countermov va petpdetl tov aplfud TV ToKETOV
UNVOUAT®V TOV GTAAOTKOVY).

Owoyediaotég Tov WEPBedpnoav ot Tpémet va Kpumtoypoa@duy Hdvo to £vo UivoupLo
Gpa. kabe frameba kpvmtoypageitarl pe S10QOPETIKO KAELDL, X PNOILOTOIOVTOG TAAL TO

Y"To mpotlex g Verona, http://en.wikipedia.org/wiki/Venona_project
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IV méve oto véo kAedl.Ondte 0 mapoinming yvopiletl to khedi,to 1V, kot topa pmopet
VO ETAVATPOCAPUOGEL TV YEVVITPLOL YELOOTVYAIWV OplOU®Y TOL KATAAANAW,KOL VOl
whper 10 pvopa.To wpoPinpa civar Oopwg,ott to IVelvar povo eswoottéccepa
bitpoxpO,ue omotélecpo vo. VILAPYOLY HOVO 224|V’S,6nka8ﬁ dekaéll exoaToppdplo
frames.Opwg kabe e€nvra exatoppvpro frames to IVkaver évav kdkAo,apa to 1610
IVBa ypnotpomomdei yioo vor kpumtoypapnoel to 1010 puvopa!Apa o emitiBépevog
umopel va mhpel avTd ToL Vo pMvopaTa(Yvopilel pUoIKA Kot To LOVIHo KAEWT Tov dév
oAAGCeL TOTE.).

Mo oAl emiBeonpag deiyvel ot 0 OTPxot o1 adyopiOpol pong YeEVIKOTEP OEV LOG
napéyovy akepaldTNTadAlo pog mopéyovv exepvdela.Avtn n enifeon ovoudleTon
malleability. Ynobéote oti éyovpe évo ufvoua to 0moio KpurToypaeEéltal HEcw vOg
aiyopibpov pong kot mopdayel gva ciphertext=m@k.O emtbépevog dev pmopel va
Bpét to uivope kabog yvopilelt poévo to ciphertext.Av anoacicesl Opmg vo yivel o
dpaotikde otig embéoelg tov,umopei vo oAAaEel avto to ciphertextkavovtag XORto
ciphertextmov élofe palt pe po T p(subpermutationkey).

To anotéreoua avtov o ewvar (MEPK) @Bp.Otav avtd 10 pRvope T0 GTEIMOVUE THOW
OTOV TOPOANTTN Y10 OTOKPVTTOYPAPNOT), TO ATOTEAEGHO TOVL Oor AafEL O TOPAANTTNG
Odavar ME@pP.AnAadn o emTIOEUEVOC KATAPEPE VO, TPOTOTOMGEL TO TEPLEXOUEVO TOV
unvopatog!Extdg amo tov adyopiBpo OTPurdpyovv kot dArotr akyopiBuotr porg ot
omoiot dgv OBempovvral ac@areigc.Avo amo avtovg eivor oRC4kar o CSS.Etnv
ovvéyela Ba Tpootabfncovpe va Tovg avaADGOLE Kot v 00VUE Yot Ogv TPEMEL va.
TOVG YPTCYLOTOLOVUE OTIC LEPES LLOG.

AiyoprBuoc RCA(1987)

O aAryopBuog RC4™ gwon mo oLYVE YPNCLUOTOIOVUEVOS aAYOP1OLOG ponG KaBmG Exet
ypnowonomBel ota mo ONUOPIAY] TPOTOKOAAD IVIEPVET OMWS TO TLS"kon 10
HTTPS®kar WEP.Anpovpyinke amo tovRonRivest™tne RSASecurityto 1987.0
TPOTOG Agrtovpyiag Tov gival o €Ng:

Keyscheduling

‘Eoto évag mivakag S.Xpnotlomolovpe aut T dadtKacio yio Vo, opyLKOTOGOVLE
tov mivaka S.To ufiKog tov KAEW100 opiletotl ano tov apdud tov bytesmov Oa €xet To
KAEO1 kot pmopet vo €xel péyebog amo 1 edg 256 bytes.Xvvibwc £xovue 5-16 bytes
7oL pog divel pkog kAedov 40-128 bits.O akyopOpog paiveton TopakdTo :

for 1 from 0 to 255

S[i]:= 1

Endfor

j =0

for i from 0 to 255

J := (j + S[i] + key[i mod keylength]) mod 256
swap values of S[i] and S[]j]

endfor

Pseudo-random generation algorithm (PRGA)

80 oyopBpoc RC4, http://en.wikipedia.org/wiki/RC4

9 To mpwtoxoiro TLS, https://en.wikipedia.org/wiki/Transport_Layer_Security
2 To mpwtéxorho HTTPS, https://en.wikipedia.org/wiki/HTTPS

21 O kpumroyphpog RonRivest, https://en.wikipedia.org/wiki/Ron_Rivest
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INo 6ogg emavarnyelg ypewaotel 1 PRGApe avaioyn tporonoinon e&ayet éva bytetnc
KAeoponc.Xe kaOe emavainym n PRGAovEavel to ikata 1 kot yiyvel o ictoyygio
Tov mivako Sonradn to S[i] ko to mpochHEtel Stoj.Xtn cuvEXELD EVOAAAGEL TIG TIUEG
tov S[i], S[j] ko ypnowonotei o dBpooua S[i]+S[j] mod 256, cav deiktn yio va
eépel To Tpito otoryeio Tov mivako Sto omoio Ba yiver mpdEn XORpe 10 emnduevo
bytetov unvouatoc yo va mopdyel To emduevo bytetov ciphertextny plaintext.Kabe
otoyelo tov S, evoAAddoetor pe TO €mOUEVO otowEeio TO Aydtepo 256 @opéc.H
TOPATAVED O100IKAGT0. POIVETAL OO TOV TOPAKAT® OAYOPIOHO OAAN KOL GTO GYNLO
(Ewova 10)

i =0
J :=0
while GeneratingOutput:
i := (1 + 1) mod 256
J = (j + S[i]) mod 256
swap values of S[i] and S[3j]
K := S[(S[i] + S[j]) mod 256]
output K
endwhile
i ]
S
[c] 1 2 S[i]+SI[j] i j 253 254 255

stillsHd<!s13j1

K S[i]1+SI[]]
Ewévo 10:AhyéoprOpog RC4

[Mopora avtd opwe to 0 akyopiBuog RC4A wapovsialer advvapieg kot dev 0o mpémet
Vo ypnoonoteitol TAEoV:

[podwaBeon mOavéoTnTag Tov dgvTEPOL bit.To devtepo byte g e£ddov Tov RC4
éxel o Tpodiabeon mbavotrag kovtd oto pundév pe mbavotta To dgvTepPo byte va
éxel mbavomra undév éwvar 1/128.Av o RC4 fitav amoAdtwg tuyaioc,  mbavotnta Oo
nrave 2/256 piag wot vmdpyovv 256 mbavé bytes.Avto onuoiver ott Gv
ypnoorolovpe tov RC4 1o dévtepo byte dev Ba kpumroypapnfel. Avtn 1 Tpodidbeon
ovppaivel 10Tl GTNV KAVOVIKT KOTAGTOGT TOV TPITOL 6TOoLNElon eivar undév kat agon
10 0gVTEPO byte dév glvar ico pe dvo, Tote M €£0d0¢ Tov devTepov byte Ba givar mavta
undév.Av Békete va ypnoiponomoete tov RC4 Ba mpénetl va ayvonoete to tpdta 256
bytes Eekivavtog amo to 257 byte.

MBavotepn axorovdia n 00.Av mdpovpe po peyaAn oe pnkog €£odo tov RC4 Oa
deite ot ) o mbavn axolovbia wov HBa cuvavinoete givol 1 00.Apa 1 ThavoTTa Vo
ndpovue v axorovdio 00 sivor akpiPaic 1/2562.Eneidn vrapyet kot po tpodiddeon
mBavotntag tpocshitovpe ot cuvoiikn mhavotnta 1/2563.Avti 1 advvapio propet
Vo, KAVEL TNV YEVVITPL LLOG OPKETA TPOPAETOLEVT).

AlyoprOuoc CSS
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OCSS%givar v, GOOTNWO. KPLTTOYPAPNONG KAl YPNOOTOMONKe HE OKOTO VoL
kpvrtoypapnoelDVDookovg. To  ocbotnua  avtd  tomobetdvviav  move o€
hardware.Baciovtav og éva pnyoviopo mov Aéyetar LFSR?.Eva LFSReivar évoc
KOTO®PNTHS OV TEPIEXEL KEAMA OTOV TO KAOE KeM avtimpoownevet kKo éva bit.H 0éon
KO keMov ovopaleton tap(Ewéva 11).

=
=L 1 1 I 1TV 10 P00V I 00|

Ewoévo 11:XOR apa&n e LFSR

Avtd ta tapsdivovton oe pa XOR kot 6€ kdBe KOKAOL TOL POAOYIOD O KOTOXWOPNTNG
oMoBaivel apiotepd. To tehevtaio bitfyaiverl extog kot to TpdTO bittov amotedéopatog
™me mpaéng XORyivetar 10 mpdto bittov LFSR.O unyovioudc avtodg eivar mwoiv
€0K0AOG va. evoopotmbei og Eva hardwarepe ol Alyo tpaviictopc.H omopd yia owtd
10 LFSReivar n apykn katdotoon tov LFSR.Ta LFSR’Seivon n PBdon apketdv
alyopiBumv porg my o CSSamoutel 2 LFSR, to GSM24xpatd§£w1 3 LFSRevo 10
wifi*>5 LFSR.

To seedtov alyopiBuov givar 5 bytesn adiimg 40 bits.O CSSypnoyomotei 2 LFSRS.To
eva. LFSReyel yopntikotnta 17bitseve 1o dAlo 25 bits.H apywn katdotaon tov
17bitsLFSR, eivar 0opBudc 1(ce bits)kon ta 2 zmpodta  bytestov «iediov
KPLTTOYPAPNONG EVD N apyIkn Katdotacn tov 25bitsSLFSR,eivar o apbpog 1(oe bit)
Kot ta. 3 tedevtoaia bytestov kieldiov.

Avta ta 600 LFSRtpéyouv yia 8 xvxlovg emeepyaciog kot dnuovpyovy 8bits ¢
¢£000 0 kGOe évog.Avta ta 16 bitsaOpoovtor kot peto mepvave amo o mTpaén
mod256 ocbv évo kpoatovpevo amo To mponyovuevo umAdk.Ildviog oe kdbe mpaln
GOpotong ko Emerta moduloavty| tng Tpdaéng,to kpoToduevo avtd pmopei va givor 0 1
1 xou diveton otov enduevo yopo.H é£odoc OANG avtc ¢ dwadikaciog eivar 1 bytece
Kabe KkOKLo.Avto to byteyivetar XOR pe to vmotibéuevo bytetng towiog mov
Bpioketoar oto DVD.Metd 10 mépag OANG g owdikaciog 0An m towvio Bo sivon
kpvrtoypapnuévi.H dtadikacio paivetor otny mapakdto ewovo( Euova 12)

220 oyopOpog CSS, http://en.wikipedia.org/wiki/Content_Scramble_System

2 pappicog katayopnic odicnone, https://en.wikipedia.org/wiki/Linear_feedback_shift_register
#To otévrap GSM, https://en.wikipedia.org/wiki/GSM

% H tgyvohoyia Wifi, https://en.wikipedia.org/wiki/Wi-Fi
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CS5: seed=3bytes=40bits

kev
1||tee mpdTe: 2 bit Tow key 17 bits LFSR. 1 byte
ot Kobe
yupo

+ KpOTOUEVO OIlo
mporyodpsvo block

1f|te 3 .
TehsuToio 25 bits LFSR.
bit Tow g
key

Ewéva 12:Ahyép1Opog CSS

[Maporaovtd dpme avtd o CSSeivarl moAd EVKOAOG VO 6TTAGEL GE YPOVO TEPITOV pel
‘Eotow 6ttt éovpe v kpuvmroypoenmuévn towvio  kKow  Oéhovpe  va v
amokpvntoypaprcovpe. Eneidn ta DVD ypnoomrotovv MPEG apyeia , copfaiverl 6t
gav yvopilovue eva tpdOepa(prefix) tov plaintext(éotm oti £xer péyebog 20 bytes) kot
kavovpe XORowta ta 20 bytespe ta 20 npdto bytestov ciphertext, tote apéowmg Oa
yvopilovue v apytko segmenttng yevvitpiog yevdotvyiog.(Ewova 13)

XOR

Result:Initial Segment of The PRG

=to tpdTa 20 bytes 1ng ££660w Tov CSS

Ewoévo 13:Evpeon apyikig KaTAoTaoNg TS YEVVIITPLOG

Av16 mov Kkdvovpe givor va dokipdlovpe OAEG TIg 2l mOavég Tiuég tov Tpmtov LFSR
v 20 bytes.Apa Oa €xovpe tehikd 20 bytesoc €060 amo tov mpmto LFSR.Katomy
naipvoope o 20 bytetng e£€6dov Tov CSSovotiuatoc (Ewkova 14ta omoia yvopilovue
Ko T apotpovpe amno ta 20 bytestng e£6dov tov mpmtov LFSR.Me avtdv tov tpdmo
Ba mapovpue ta mporta 20 bytestov Sévtepov LFSR.Tdpo eivor €dkoro va
avayvopicovpe av avti 1 akolovbia tmv 20 bytesomo notdvLFSR 1pbe.

Av 6év npBav amo tov 25bitLSFRtote Eavadokitalovpe amo Ty apyn yio ToV TpOTo
17bitLFSR.H dwdkacio cuveyiletor péypt vo Bpodue Vv apylkn KotdoTtoon Tov
np®tov LFSR.Etol Bo paboovpe ko v apykn katdotacn tov 0évtepov LFSRkon
étol  pmopovue vo mpoPAéyovpe to vmdéAowmo koupdtt tov CSSto omoio Oa
ypnoponomel yio Ty amokpuntoypdenon tov vrdrotrov plaintext.

17 bit LFSR

+ mod256 I%

25 bit LFSR

Ewéva 14: Agarpeon 20bytestov apotov LFSRamo ta 20CSSbytes
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Ynrdpyovv 0pwc Hovtépvol adlyoplOpolpong mov Bempouvtal acPULElS 6TIC NEPES
poc.Mwo  katnyopio aAyopiBuwv gwvorn ot eStream?®.01 oVYYpOvol avtol alyopifpot
OEV YPNOLUOTOOVLY OTAG [0 YEVVATPLO YELOOTLYLOG OAAGEUTEPIEXETAICE OLTHV KO
pd Ty Rmov Aéyetar noncekotr d€v oAAdlel mOTE Y OMOLOONTOTE OMGUEVO

et Anadn  wyoer  {0,1F-R  —{0,1}"n>s.Topa  miéov n  Saducocio
kpumtoypapnong éxet og €€ng E(k,m;r)=m@PRG(k;r).Onote t0 (évyog (K,r) dev
YPNOLOTOIEITOL Y10 TAV® 0o o PopdL.

‘Eva mopadetrypa adyopiBpov tomo streamewar o Salsa20.0Salsa20 naipver og €i6000
KAe1d1 1281 256 bitkon évo noncepnkovg 64 bits.I'o o anAn eEqynon tov akyopidpov
ag mapovpe kAWl tov 128bit.H cuvaptnon Aettovpyiog Tov adyopipov givo

H(k,r(@)IH(k,r@))ll...

H ovvapmon avt déxetor 3 mapapétpovc.To kmov vmodnidver 1o Kkhedi g
KPUTTOYpAPNoNG,T0 mov dnAmdvel To NONCE, [0 TPITN MOPAUETPOG 7OV  Elvar
OVGLOOTIKG évag peTpnge(counter) mov avéavetot katd 1 ke popa.H Aettovpyia g
ovvaptTong eivar apkéTa amin. Apyika Oo enekteivovpe TI¢ kataotdoelg K,ra og éva
peydho Aok tov 64 bits.Xto umhok avtd dév Eyovpe HOVO AVTEG TIG 3 TAPAUETPOVG
aAla kot 3 otafepéc(ty,tzts), kKo évav deikt i.

Méow pog avtiotpéyiung cuvaptong holeg avtég ot Tipég nnyaivouy o€ éva eTdUEVO
umlok tov 64byteskol ta dwopuéva otoyeio Tov KAbe PTAOK OVTIGTPEPOVTAL, KoL
noipvovial &g €i6060 oto emdpevo 64 bytesumiok péow g hikar avt n dodikoocio
ovveyiletal.(Ewova 15).

p . 64 bytes
4 bytes rO 64 bytes
16 byes key
4 bytes tl h
8 bytes nonce r =
8 bytes index i

4 bytes t2
16 bytes key
4 bytes t3

Ewéva 15:H rertovpyra g svvaptnong h

‘Etol 0nmg @aivetoar n ocvvhptnon Oe mapdyel telelmg tuyoaieg akoAovbieg apBumv
KkaBmg, av dwBel 10 TeEAELTAIO0 PTAOK UTOPOVLE TOAD EVKOAN VAL LOVTEWYOLLE TO OPYLKO
umidk.Emiong vmapyet  éva tedevtaio Prjuo mov kévovpe TPOTOL TEAEIDMGEL 1
dwdikacio. Kdvoope abpoton byteue bytetov apyikod pumdox pe 1o tehevtaio pmidx
™G dodikactog Kot taipvovpe v tedkn pag é£odo(Ewova 16)

to result
k
t1 =

t2
k
13

Ewova 16:H tehkn ££000g TG cuvapTnong

%To mpotiext eStream, http://en.wikipedia.org/wiki/ESTREAM
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3.5Xnuacioroyikn Acpdairera
Onwg &rovue mel cOpemva pe tov Shannon, évag odyopiBuoc £xet Téleln a.o@alela ov
oY VEL OTL!

VMo, M €M, (Imo|=|maf ) {E(k,mo)}={E(k,my)} éTav k—K.

Avt| 1 ONAwon Ou®G omaltel ot OAYOPIOUOL KPLTITOYPAPNONG OGLVERMC Kol Ol
alyopiOpotr pong va éxovv apkéta peydio kAW mov avtd dév elvar mhvto
epk10.Eto1 Oa mpoomabnoovpe vo tpomomomocovpe Alyo tov  oplopo.Avii va
OTOLTCOVLE O 2 KOTAVOUEG VO VOl TOVTOGLEGUTOPOVIE VO bToBEGOoVE OTL givan
VoAOYIOTIKA pn dwkpiowpes.Me dAha Aoy évag emrtiBépevoc dev umopel va
dlakpivel Tig 2 Katavopég axoun Kot v avtés potdlovy moAD.

O opiopdg vy va givon Toplactdg TPENEL Vo LITOGTEL akoOun pio Tpomomotnon.Avii va
VroBEcovLE 0TL 0 OPIoUOG LG LoYVEL Yo kKABe Mo, M B vToBEGoLLE OTL IGYVEL Yo TOL
Mp,Mitar omoiae o emtBépevog ypnoponotlel kKabe @opd ywo v enibBeon tov.0O
TPOTOTOMLEVOS OPIGHOG TAEOV UTOPEL VO LG OONYNOEL GE GTNV GNUAGLOA0YIKY)
ac@alrero.l'o va opicovpe TNV enpoctoloyikn ac@aiera(semanticsecurity)fa mpémet
vo. xpnoyonotcovpe va neipopa.Eoto to meipapa EXP(0), to meipapo EXP(1)kat o
A va givon évag emrtiBéuevosc.Eotw ott vapyovv 2 dexdwknreg(challengers) olia
avtot elvat 1660 dpotot Tov Ba tov Bewproovpe GAV EVOVOLEKIIKN TN

Avtd mov kbéver o kobe Olekdikntng eivor va maipver €va tuyoio kAWl Kol o
emtiBépevog vo. mpoomabel vo e€dyel Ta 2 pumvopota Mo,Mitor omoio Bempovpe OTL
gyouv 1010 péyeBoc.O Otekdikntng €ite Olvel v KpLMTOYPAPNoN TOL Meeite TOL
my.Eropéveg oto meipapa 0, o dekdkng Oa Exer €000 TV KpLATOYPAPNGON TOV
UNVOLATOG Moevd 0 dlekdkN TG 6T0 meipapa 1 Ba divel dg €£0d0 v KpvTTOoYpdeNOoN
tov unvopatog M;.O emrtiBépevog Ba mpoomadnoel vo povtéyel ov Tov 0mOnke M
KPLTTTOYPAPNGT TOL M1} KPLRTOYPAPNGT TOL My

Acg opicovpe 10 evoeydpeva Whpva givarl to evogyopeva tov mepapotoc B démov o
emtifépevog €xel a¢ £6000 1.0pilovpe 1o evoeyduevo Wpomov o emtOEpnevog Omme
éxet €000 0 kot to evoeydpevo Widtav o emriBépevog éxet €£odo 1.11o10 dpmg ivan
TO TAEOVEKTNILO TOV EMTIOEUEVOV);

Avto TO TAEOVEKTI O Aéyetan O LO.GLOLOYIKO TAEOVEKTI| O,
ac@alerag(semanticsecurityadvantage) tov emtifépevov A evdavrtia oto oynua E, 1o
omoio &yel Ty oto KAelotd ddotnua [0,1] Ko givon . dtapopd TV mbovoTiTOV TOV
dvo avtmv evogyopévov Wy kot Wi.Avtd mov mpoomafodpe vo dodue eivar, av o
EMTIOEUEVOC aVTIOPA OLOPOPETIKA v TOL OIVETOL 1] KPLATOYPAPNON TOL Mo 1
KPLTTOYPAONOoN TOL M.

Me dAla Adylo, evolopepOraoTe Yo To av o emtiBépevog éxet €€0do 1 1 Oyt Av Kot
oto 0Vo Tepapata o emtifépuevog £xel ¢ €060 1 pe v 1010 mbavotnta 1dtE 08V Hal
umopet va dtokpivel to €va meipopa amo 10 dAro.Av o emtBépuevog pog Pydret 1 oto
éva melpopo Ko gt EVIEADS OtopopeTikny mboavotnta 6to dALo meipapo TOTE O
emTifépevog sivan tkavog va dtakpivetl o éva meipapa amo to dArlo. Kot ovtd onpaivet
0Tl umopel vor SoKPIVEL TNV KPLTTOYPAPNGY| TOL UNVOUOTOS Moo To My H dradikacio
eaivetatr kot oto (Ewovae 17).
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b ovir= {01}
<mD.ml ovrker mi=ml
EXP(0) Chal Adv.A o
ke— K c =— E(kmb) .
for b=0,1:Wh=[eva evggopsvo 1 To omoio EXP(b)l=1] b ovixe {0,13
};dg}.&_.E,FP[‘E‘.‘D]—P[‘EVl] avrjrer [0,1]

Ewkévo 17:H dradikacio Tov TEPARATOS

Opiloudg onua.cloLoNIKlS 00QPIAEINS

Kovévag amodotikdg emitifépevog dev Umopel va SOKPIVEL TO KPULTTOYPAPNUEVO
UAVOIO. MO0 TO KPLITOYPOPNUEVO HVOHO M1.Me S10popeTIKY] TPooEyyion £Eva
oynua E glval onpoacstoloyikd ac@aiéc, av Yo OOV TOVG ATOSOTIKA EMTIOEUEVOVG TO
TAEOVEKTN LA TOVG Elvat apueAnTEO.

3.6 Epotosicke@araiov

Epotyon 1

Data compression is often used in data storage and transmission. Suppose you want to
use data compression in conjunction with encryption. Does it make more sense to:

a) The order does not matter -- either one is fine.

b) Encrypt then compress.

c) Compress then encrypt

d) The order does not matter -- neither one will compress the data.

Anrdyvrtyon
The correct answer is c. Ciphertexts tend to look like random strings and therefore the
only opportunity for compression is prior to encryption.

Epotnon 2
LetG:{0,1}*—{0,1}"be a secure PRG. This of the following is a secure PRG (there is
more than one correct answer):

a)G'(k)=G(k)® 1"

b)G’(k)=G(Kk)||0 ( here || denotes concatenation)

)G’ (k)=G(0)

d)G’(k)=reverse (G(k))where reverse(x) reverses the string x so that the first bit of x is
the last bit of reverse(x), the second bit of x is the second to last bit of reverse(x),and
SO on.

e)G’(K)=G(Kk)||G(k)( here || denotes concatenation)

G’ (k)=G(k 1°)

Anradyvriyon

The correct answers are a, d ,f.For example :

G'(K)=G(k & 1°) is secure because XOR with 1 just flips the bits and doesnot change
the information content of the string.With the same way, G'(k) = reverse(G(k)) is
secure because a secure PRG does not yeild additional information when reversed.

Epotnon 3
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LetG(k)—{0,1}"be a secure PRG. DefineG(k)=G (k1) AG(k2) where A is the bit-wise
AND function. Consider the following statistical test A on {0,1}". A(X) outputs
LSB(x), the least significant bit of x.What is Advprg[A,G'] ? You may assume that
LSB(G(K)) is O for exactly half the seeds k in K

Anrayryon
If A outputs LSB(x), then
Adv[A, G = |Pr[A(G")=1] - Pr[A(r)=1]|= | Pr[LSB(G1 and G,) = 1] - 1/2 |= 1/4

Epotyon 4

Let (E,D) be a (one-time) semantically secure cipher with key space K=(0, 1). A
bank wishes to split a decryption keyke {0, 1}* into two pieces p; and p. so that both
are needed for decryption. The piece p; can be given to one executive and p, to another
so that both must contribute their pieces for decryption to proceed. The bank generates
random ky in{0, 1}*and sets k'3 <—k&k.

Note that ky@k’;=k.The bank can give k; to one executive and k’; to another. Both
must be present for decryption to proceed since, by itself, each piece contains no
information about the secret key k (note that each piece is a one-time pad encryption of
k).Now, suppose the bank wants to split k into three pieces p1,p2, ps so that any two of
the pieces enable decryption using k. This ensures that even if one executive is out
sick, decryption can still succeed.

To do so the bank generates two random pairs (ki,k';) and (ko,k'2) as in the previous
paragraph so that k;@k;=k.@k’",=k.How should the bank assign pieces so that any
two pieces enable decryption using k, but no single piece can decrypt?

a)p1=(Kk,kz) ,p2=(k1",k2) ,p3=(k2")
b)p1=(k1,kz) ,p2=(ka,k2"),ps=(k2")
C)p1=(K1,K2), p2=(k1"),pa=(k2")
d)p1=(k1,kz),p2=(Kk1,k2),ps=(k2")
e)p1=(k1,k2),p2=(k1",k2"),p3=(k2")

Anravinon
Executives 1 and 2 can decrypt using ki,ki’, executives 1 and 3 can decrypt using
ka,ko', and executives 2 and 3 can decrypt using kp,Ko'. Moreover, a single executive
has no information about $k$.
Second solution :
The bank has generated the following keys:

k, ki, and k; are random

ki'=k ® k1

kz' =k ) kz
All choices involve p; = (K1, k2) and ps = (k2'), so we consider p,.p, cannot be (ki, K2)
because p, U p1 would give p, no additional information.p, cannot be (k;', k2') because
then p, U ps would give p, no more info. p, must be (ki', kz). p1 U p2 can derive k and
p2 U ps can derive k.p, cannot be (k;") becaue p, U ps would be insufficient to derive
k.p2 cannot be (kz,kz") because k' @ k, = k so p could derive k So the correct answer is
a
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Epatyon 5
LetM=C=...K={0,1...255} and consider the following cipher defined over (M,K,C).
E(k,m)=m+k(mod256) karD(k,c)=c-k(mod256).
Does this cipher have perfect secrecy?

Anrayrnon

As with the one-time pad,there is exactly one key mapping a given message m to a
given ciphertext c.

Second solution:

We aim to show that for all ¢ in C, m; in M, m; in M:

P[E(k,m1) = c] = P[E(k,m2) = c], so we simply compute, for any m in M:

P[E(k,m) =c] = P[m + k mod 256 = c] = P[c - m mod 256 == k] = 1/256.So the cipher
has perfect secrecy.

Epotnon 6

Let (E,D) be a (one-time) semantically secure cipher where the message and ciphertext
space is{0,1}". Which of the following encryption schemes are (one-time) semantically
secure?

a) E'(k,m)=reverse(E(k,m))

b) E'(k,m)=0[llIE(k,m) (i.e prepend O to the ciphertext)
¢) E'(k,m)=compute c«—E(k,m) and output clllic

d) E'(k,m)=E(k,m)|l k

e) E'(k,m)=E(0",m)

) E'(k,m)=E(k,m)|l LSB(m)

Anravinon

The correct answers are a, b, ¢ because an attack on E’ gives an attack on E.The
answer d is false because, to break semantic security, an attacker would read the secret
key from the challenge ciphertext and use it to decrypt the challenge ciphertext.
Basically, any ciphertext reveals the secret key.The answer e is false because, To break
semantic security, an attacker would ask for the encryption of $0”n$ and $1”n$ and
can easily distinguish EXP(0) from EXP(1) because it knows the secret key, namely
0".The answer f is false because, To break semantic security, an attacker would ask for
the encryption of $0”n$ and $0"{n-1}1$ and can distinguish EXP(0) from EXP(1).
Second solution :

E'(k,m) = E(k,m) || E(k,m) appears to be semantical secury(ss).E'((k,k"), m) = E(k,m) ||
E(k', m) appears to be ss.E'(k,m) = E(k,m) || LSB(m) is not ss because the adversary
can send two messages with different LSBs to determine which ciphertext is
which.E'(k,m) = E(0",m) is not ss since the adversary can send any two distinct
messages and determine which is which.E'(k,m) = 0 || E(k, m) appears to be ss.E'(k,m)
= E(k,m) || k is obviously not ss because the attacker can send my=0s, m1=1s and just
look for the message that is k||k.

Epotnon 7

Suppose you are told that the one time pad encryption of the message "attack at dawn™
is 09elc5f70a65ac519458e7e53f36 (the plaintext letters are encoded as 8-bit ASCII
and the given ciphertext is written in hex).What would be the one time pad encryption
of the message "attack at dusk" under the same OTP key?
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Anadyvrtyon
mi=attack at dawn énetardtici-m;Pk;=09e1c5f70a65ac519458e7e53f36
apak;=m; @ cimy=attackatdusk.Exetondtic,=m,@kapak,=m2P c2Ene1d6néyovusOTP
Kaukpumroypaenonuetoidtokieditotek1=k2=K.Onoteioyvetor:

M1 ci=maPc2=c2=m1PciPm?2 (1)
Metatpénovpe To Myoe dekoeladied: 617474616360206174206475736b.Kavovtag
mv Tpdén mov pag deiyvel  oyéon (1) exovue 6¢73d5240a948¢86981bc2808548

Epotyon 8

The movie industry wants to protect digital content distributed on DVD’s. We develop
a variant of a method used to protect Blu-ray disks called AACS. Suppose there are at
most a total of n DVD players in the world. We view these n players as the leaves of a
binary tree of height log,n. Each node in this binary tree contains an AES key k;.

These keys are kept secret from consumers and are fixed for all time. At manufacturing
time each DVD player is assigned a serial number i € [0, n-1]. Consider the set of
nodes S; along the path from the root to leaf number i in the binary tree. The
manufacturer of the DVD player embeds in player number i the keys associated with
the nodes in the set S;. A DVD movie m is encrypted as:

E(Kroot, K)HIE(K,m)

where k is a random AES key called a content-key and kroot is the key associated with
the root of the tree. Since all DVD players have the key kol players can decrypt the
movie m. We refer to E(Ko0t,K) as the header and E(k,m) as the body. In what follows
the DVD header may contain multiple ciphertexts where each ciphertext is the
encryption of the content-key k under some key kiin the binary tree.

Suppose the keys embedded in DVD player number r are exposed by hackers and
published on the Internet. In this problem we show that when the movie industry
distributes a new DVD movie, they can encrypt the contents of the DVD using a
slightly larger header (containing about log,n keys) so that all DVD players, except for
player number r, can decrypt the movie. In effect, the movie industry disables player
number r without affecting other players(Ewova 18).

s shown below, consider a tree with n=16 leaves. Suppose the leaf node labeled 25
corresponds to an exposed DVD player key. Check the set of keys below under which
to encrypt the key k so that every player other than player 25 can decrypt the DVD.
Only four keys are needed.

Ewéva 18:To dvadikd d&vopo pe 25 goira

a)ll
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b)5
)6
d)3
e)26
f)15

9)1
h)20

Anadyvriyon

The answer ra is correct because: You cannot encrypt k under key 5, but 11's children
must be able to decrypt k.

The answer ¢ is correct because because: You cannot encrypt k under 2, but 6's
children must be able to decrypt k.

The answer e is correct because: You cannot encrypt k under any key on the path from
the root to node 25. Therefore 26 can only decrypt if you encrypt k under key kzs.

The answer g is correct because: You cannot encrypt k under the root, but 1's children
must be able to decrypt k.

Epotnon 9

Continuing with the previous question, if there are n DVD players, what is the number
of keys under which the content key k must be encrypted if exactly one DVD player's
key needs to be revoked?

an
b)n-1
C)2
d)logzn
e)n/2

Amravinon
The correct answer is d.The key will need to be encrypted under one key for each node
on the path from the root to the revoked leaf. There are log2n nodes on the path.

Epotnon 10

Continuing with question 8, suppose the leaf nodes labeled 16, 18 and 25 correspond to
exposed DVD player keys. Check the smallest set of keys under which to encrypt the
key k so that every player other than players 16,18,25 can decrypt the DVD.Only six
keys are needed.

a)19
b)3

)23
d)26
e)4

f)11
g)17
h)6

)29
k)15
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Anadyvrtyon

The answerdis a correct answer beacause this will let player 26 decrypt.

The answer eis a correct answer beacause this will let players 19-22 decrypt.
The answer f is a correct answer beacause this will let players 23,24 decrypt.
The answer g is a correct answer beacause this will let player 17 decrypt.
The answer h is a correct answer beacause this will let players 27-30 decrypt.
The answer K is a correct answer beacause this will let player 15 decrypt.

HpoypouuaticrikyAdexnon 1

Let us see what goes wrong when a stream cipher key is used more than once. Below
are eleven hex-encoded ciphertexts that are the result of encrypting eleven plaintexts
with a stream cipher, all with the same stream cipher key. Your goal is to decrypt the
last ciphertext, and submit the secret message within it as solution.Hint: XOR the
ciphertexts together, and consider what happens when a space is XORed with a
character in [a-zA-Z].

ciphertext #1:
315c4eeaa8b5£f8aaf9174145bf43e1784b8fa00dc71d885a804e5ee9fad40b16349¢c146fb778cd
£2d3aff021df£f£f5b403b510d0d0455468aeb98622b137dae857553ccd8883a7bc37520e06e515
d22c954eba5025b8cc57ee59418ce7dc6bbcd41556bdb36bbca3e8774301fbcaal3b83b220809560
987815£65286764703de0£3d524400a19b159610bllef3e

ciphertext #2:
234c02ecbbfbafa3edl8510abdllfa724fcda2018ala8342cf064bbde548b12b07df44ba7191d
9606ef4081ffde5ad46a5069d9£f7£543bedb9c861b£29c7e205132eda9382b0bc2c5¢c4b45£919
cf3a9flcb74151£6d551£4480c82b2cb24cc5b028aa76eb7b4ab24171ab3cdadb8356fF

ciphertext #3:
32510ba9%a7b2bba9p8005d43a304b5714cc0bb0c8a34884dd91304b8ad40b62b07df44bace9d8
a2368e51d04e0e70207b70b9%08261112bacb6c866a232dfe257527dc29398£f5£3251a0d47e503
c66e935de81230b59%7afb5f4lafa8do6blch

ciphertext #4:
32510ba%aab2a8a4fd06414£fb517b5605cc0aa0dc91a8908c2064ba8ad5ea06a029056f47a8ad
3306ef5021eafelac01a81197847a5¢c68al1b78769a37bc8f4575432¢c198cchb4ef63590256e305
cd3a9544eedl60eadd5aef520489e7da7d835402bca670bda8eb775200b8dabbba246b130£04
0d8ec6447e2c767f3d30ed8lea?2e4d4cl1404e1315a1010e722%peb636aaa

ciphertext #5:
3f561ba%adbdb6ebec54424ba317b564418fac0dd35f8c08d31lalfe%9e24fe56808c213f17¢c81d
9607ceel21ldafele001lb2lade877a5e68beal88d61b93ac5ee0d562e8e9582f5ef375f0adae20e
d86e935de81230b59073fb4302cd95d770c65b40aaalb65f2a5e33a5a0bb5dcabad3722130£042
£8ec85b7c2070

ciphertext #6:
32510bfbacfbb9befd54415da243el1695ecabd58c519cd4bd2061bbde24eb76al19d84aba34d8d
e287be84d07e7e9a30ee714979¢c7e1123a8bd9822a33ecaf512472e8e8f8db3f9635¢c1949e640
c621854ebal0d79%9eccf52f£111284b4cc61dl1902aebc66f2b2e436434eacc0aba938220b08480
0c2cade693522643573b2c4ce35050b0cf774201f0fe52ac9f26d71b6cf6la7llcc229f77ace’
2a88a2f19983122b11be87a59c355d25f8e4

ciphertext #7:
32510bfbacfbb9befd54415da243e1695ecabd58c519cd4bdo90flfabea5bad7b01c909ba7696¢
f606ef40c04afelac0aa8148dd066592ded9f8774b529¢c7€al125d298e8883f5e9305f4b44£915
cb2bd05af51373fd%04af511039fa2d96f83414aaaf261bda2e97b170fb5cce2a53e675¢c154c0
d9681596934777e2275b381ce2e40582afe67650013e72287£f2270abcf73bb028932836fbdec
fecee0a3b894473clbbebb6b4913a536cedf9bl13flefff71eal3l13c8661dd9aidce

ciphertext #8:
315c4eeaa8b5f8bffdl1155€a506b56041c6a00c8a08854dd21adbbde54ce56801d943ba708b8
a3574f40c00f£ff9e00fal439fd0654327a3bfc860b92f89%ee04132ecb9298f5fd2d5e4b45e40e
cc3b9d59e9417df7¢c95bbadlleaa2ca?24c5474da2f276baal3ac325918b2daadad3de71215044
1c2e04£f6565517£317da9d3

ciphertext #9:
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271946£f9bbb2aeadecl11841a8labc300ecaallbd8069d5cc91005e9fedaad6e04d513e96d99d
€2569bc5e50eececa709050a8a987£4264edb6896£b537d0a716132ddc938£b0£836480e06ed0f
cd6e9759f40462£9cf57£4564186a2cl1778£1543efa270bda5e933421cbe88a4a52222190£471
e9bd15£652b653b7071aec59a2705081££fe72651d08£822¢c9%ed6d76e48b63abl5d0208573a7ee
£027

ciphertext #10:
466d06ece998b7a2fbld464fed2ced7641ddaa3cc31c9941cf110abbf409ed395980050b3399¢cc
fafb61d0315fcala314bel38a9f32503bedac8067£f03adbf3575¢c3b8edc9pa7£537530541ab0f
9f3cd04££50d66£1d559pa520e89%a2cb2a83

target ciphertext (decrypt this one):
32510ba%babebbbefd001547a810e67149caeell1d945cd7£fc81a05e9f85aac650e9052batba8cd
8257bf14d13e6f0a803b54fde%9e77472dbf£89d71b57bddef121336cb85cchb8£3315f4b52e301
dl6e9f52£904

Andvinon

O kddwag ™G TPOYPOUUATIOTIKNG doknons 1 Ppioketar_edd.Apyucd onpovyode
évav mivaxa wov tov ovopalovpe CTS.O mivakog avtog mepiéyet to. 10 ciphetextto
omoia. Opmg éyovpe amokmdkonomosl péow tng decode() amo dexaeladikd og
ocvpuporocepéc.. Metd oridéope por petafint mov v ovopdoape TCTn omoio
meplEyel  to0  omokmotkomouévo  targetciphertextoe  dvadikd  emiong. Kotom
ONUIOVPYOLUE o, GLVAPTNGT TToL TNV ovopdlovpe Strxorm onoia maipvel wg opicpato
2 ovpPorocelpég n omoia 1 dovAeld g givar va epapudlel Tpdén XORpetald avtov
TV 600 cvpPoroceipdv.ia va yiver avtd ypnowonooape 4 builtincuvaptioeig g
Python.

Tn ovvaptmon len() mov petpdetl To pnkog o cvpuPorocelpdc,  cvvaptnon zip() n
omoio. GTOUATA TNV EMOVOANYTN Hog oadtkaciog otav PBpel to téhog g pKpdTeEPNS
ocvpuporocepdg amo Tig dvo.H dwdikacio euoka swor 1 mpdén XORovtodv tov
ovpporocepav. Xpnotpomotovpe v ord() yuo vo petatpéyouvpe oo to dvadikd oe
ASCllvalues , dniadn| og akepaiovg pog koan A" amoutel apBpodc. Téhog polg yivet
N mpaén XORTIG petatpénovpe 6€ GLUPOAOGEIPES. ZTN GUVEYELD ONUIOVPYOVIE KOl LU0
GAAN cvvaptnon Tov TV ovopdlovpe Mainmov dev el opicuata.

Tote yuo kdBe CT1, CT2 mov avikovv otnv itertools.permutationsovadétovpe ot
puetaPfAnty  Xorto  omotélecpo g ovvdptnong  strxor(CT1  ,CT2).H
itertools.permutationsnaipvel dg Opiopo po. cupuforooelpd Kot Evov aptuo Tov pog
delyvel 10 ocOLVOAD TV YoapakTNpwv Tov Ba £xel To KABe avatiBéuevo otoryeio mov
myaletl amo to TpdTO Optopa ™. Metd yio kKGBe i, COu KAvovpe KAmoloVg EAEYXOVE
aeoLv TPAOTH LECH TNG enumerateapiuncovpe v kdbe TN Xormov Ppnkape oo to
TPOTYOVULLEVO BT L.

[Mpdta eléyyovpe ywo t0 v To Iegivor peyoaAddtepo 1 160 amo 10 pEYEBOG TOL
KAe10100KEY .Eav givan ico tote n tyuny KEY[i]="_" eved av i>len(KEY) tote o¢
kavovpe timota.Eav opwg i<len(KEY) mpoywpde oto vo edéyovpe Egxoptotd yio
KeQaAaio Kot pukpd ypappato yo to gov to C(mov givon e ASCII) mov avrkel 6to
CTSeivar Ty tov kKAed100.MoAg yivouv ot amapaitntol Edeyyot Ba fpovpe To KAWL
ko Té€hog Oa kavovpe XORpeta&h tov KAedov kot tov targetciphertextuog yuo va
Bpovpue to plaintextmov (ntépe EEodog mpoyplppatog :

['f,'9", 'n', "\x89', 'xc9', "\xdb', "\xd8', "\xcb', \x98", 't, '5', *', "xcd', 'c', '\x95', "\x10', "', "\xaf', ', 'X', "\xaa',
X7f', "\xed', '(', "xa0', 'n’, ~', '\xc9', '\x8d", )", "xc5', 'C', 'i', "\xel', 'f', "xdb', 'W', "\xf8', xaa', '@", "x1a,
x9c', 'm’, 'p', "x8f', '\x80", "\xc0', 'f, \xc7', 'c', \xf0', "\xf0', \x12', '1', 'H', "\x8e', ' ', "xe8', "\x02', \xd0', T,
xa9', '\x87', '%", '3', ', "xed', "\xfc', xec', xd5', \x9c', 'C', ', 'k, ‘&', 'x8b', ", "xbf', 'N', "xb5', '<',
\x9a2'p3'q2 \x98', \Xbb:'_ﬁ \xce', '1', 'a’, "\xed', WXC7:'_Z'K3 \xe42'{2"",\xcf,\xd23'_§ WXdZ:'_:
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Xx8b', ‘W', 7', 'n’, \xdb’, \xa8', \xc2',"' ' 'O [, ", '$, A, \xe2', '\xal', ' ', 'EY, '\x02', "\x1b', "\x1d',
X1d', '\xc0', '\xd3', "\xba', ', ", 'x, ', 91", \x11', \x00", ', " ', \xbb, ' W02, Y \xed', \xab,
a9, ‘\x8a' '_',‘_','_‘,'_','_' ' Ly

decryptedtext [T' ‘h' SRE ‘5 ‘e, ¢, ' e, Y, 'm! e 's') a g e' xb1', 'i', 'S, Lt WY R
L s &N ' ‘q' '4‘ a, =t T, e 'a m', ‘c, ,'p' ‘h, el 'n' 'e v e‘ "1, '\xa7'
u','s', e"""h"?'"'k"&"y"" m','o’,'r', 'e' " 'h, ""'*"n"c"t]

Amo 611 PAEmovpe To {nTovpevo uvoua givor
The secret message is: When using a stream cipher, never use the key more than once

3.7 Avaivtikn faBporoyia

You submitted this homework on Sat 2 May 2015 2:31 AM EEST. You got a score of 5.71 out of 8.45.

Question 1

Data compression is often used in data storage and transmission. Suppose you want to use data compression in conjunction with encryption. Does it make

more sense fo-
Your Answer Score  Explanation
The order does not matter - either one is fine.

Encrypt then compress.

Compress then encrypt v 1.00 Ciphertexts tend to look like random strings and therefore the only opportunity for
compression is prior to encryption.

The order does not matter -- neither one will
compress the data.

Total 1.007/
1.00

Ewéva 19:Epoton 1-Week 1
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Question 2

LetG: {0,1}" — {0,1}" be a secure PRG. Which of the following is a secure PRG (there is more than one correct answer):

Your Answer Score Explanation
2 Gk =Gl v 017 a distinguisher for G’ gives a distinguisher for G.
v G' (k) = G(k) H 0 (here H denotes concatenation) x 0.00 A distinguisher will output not random whenever the last bit of its input is
0.
G' (k) = G(D) v 017 A distinguisher will output not random whenever its input is equal to
G(0).
4 G' (k) = reverse(G(k))  where reverse(x) reverses the v 017 a distinguisher for G’ gives a distinguisher for G.

string x so that the first bit of x is the last bit of reverse(x). the
second bit of x is the second to last bit of reverse(x), and so

on.

v G'(k) = G(k) H G(k) (here H denotes concatenation) x  0.00 A distinguisher will output not random whenever the first n bits are equal

to the last n bits.
7 G'(k) =Gk 1%) v 017 a distinguisher for G’ gives a distinguisher for G-
Total 067/
1.00
Ewéva 20:Epdtnon 2-Week 1

Question 3

Let G : K — {0.1}" be a secure PRG. Define G' (k1. k2) = G(ki) /\ G(k2) where /\ is the bit-wise AND function. Consider the following statistical test
Aon {0, 1}

A(x) outputs LSB(x). the least significant bit of x.
What is Adverg[A. G'] ?  You may assume that LSB(G(k)) is 0 for exactly half the seeds k in K

Note: Please enter the advantage as a decimal between 0 and 1 with a leading 0. If the advantage is 3/4, you should enter it as 0.75

You entered:

0.16
s
Your Answer Score Explanation
0.16 x 0.00
Total 0.00/1.00

Ewéva 21:Epdtnon 3-Week 1

Question 4

Let (£.D) be a (one-time) semantically secure cipher with key space K = {0, 1}7. A bank wishes to split a decryption key k € {0, 1} into two pieces p; and P2 50
that both ar= needed for decryption. The piece p; can be given to one executive and p; to anotner so that both must contribute their pieces for decryption to
proceed.

The bank generates random &y in {0.1]% and sets &f — &k & &, Note that k; € k{ = k_ The bank can give k; to one executwve and &{ to another Both must be
present for decryption to proceed since. by itself. each piece contains no information about the secret key k (note that each piece is a one-time pad encryption of
k).

MNow. suppcse the bank wants to split £ into three pieces /1./72./3 so that any two of the pieces enable decryption using & This ensures that even if on=
executive is out sick. decryption can still succeed. To do so the bank generates two random pairs (%1, 4]) and (kz, &%) as in the previous paragraph so that
ky @ k] = k2 @ k5 = k_How should the bank assign pieces so that any two pieces enable decryption using & but no single piece can decrypt?

Your Answer Score Explanation
- ~  1.00 executives 1 and 2 can decrypt using k1. 4|, executives 1 and 3 can decrypt using k2. &4, and executives 2 and 3
Py = (ki.k2).  pa = (k{.k2). pa= (k) can decrypt using k2. &% Moreover. a single executive has no information about $k3

P = (ki.k2).  pa = (k2.k3). p3=(R3)

Py = (k1.k2).  py =(k]).  p3 =k}
P = (ki.k2).  pa = (ki.k2). p3 = (R3)
Py = (ki.k2).  pa = (K[.kE). p3=(A3)

Total 1.00 7
1.00

Ewovo 22:Epdon 4-Week 1
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Question 5

LetM =C=K=1{0,1.2,...,255} and consider the following cipher defined over (K, M, C):
E(k,m)=m+ & (mod 256) 4 Dik,c) =c—k (mod 256).
Does this cipher have perfect secrecy?

Your Answer Score Explanation

No, there is a simple attack on this
cipher.

Yes. v 100 as with the one-time pad, there is exactly one key mapping a given message mto a
given ciphertext ¢

No, only the One Time Pad has perfect
secrecy.

Total 1.00/
1.00

Ewéva 23:Epdtnon 5-Week 1

Question 6

Let (E. D) be a (one-time) semantically secure cipher where the message and ciphertext space is {0, 1}”. Which of the following encryption schemes are

({one-time) semantically secure?

Your Answer Score Explanation
» E'(k, m) = reverse(E(k, m)) ~w 017 an attack on E’ gives an attack on E_
E'(k.m) =0 II E(k.m) (ie. prepend 0 to the ®x 000 an attack on E’ gives an attack on E_
ciphertext)
x 0.00 an attack on E’ gives an attack on E_

E'(k,m) = compute ¢ «— E(k.m) and output ¢ || &
(i.e.. output ¢ twice)

E'(k, m)y = E(k, rm) ” k v 017 To break semantic security. an attacker would read the secret key from the
challenge ciphertext and use it to decrypt the challenge ciphertext. Basically,
any ciphertext reveals the secret key.

E'(k, m) = E(O", m) w 017 To break semantic security. an attacker would ask for the encryption of S04n$
and $17n$ and can easily distinguish EXP(0) from EXP(1) because it knows the
secret key, namely 07,

E'(k,m)y = E(k, m) ” LSB(rm) w 017 To break semantic security. an attacker would ask for the encryption of $04n%$
and $0*{n-1}1% and can distinguish EXP{0) from EXP(1).

Total 067/
1.00

Ewéva 24:Epdtnon 6-Week 1

Question 7

Suppose you are told that the one time pad encryption of the message "attack at dawn” is 09e 1¢5f70a65ac5 1945827253736 (the plaintext letters are
encoded as 8-bit ASCII and the given ciphertext is written in hex). What would be the one time pad encryption of the message "attack at dusk" under the

same OTP key?

You entered:

6895b196690e8c30e07883504c5d

Your Answer Score Explanation
£895b196690e8c30e07883904c5d x 0.00
Total 0.00/1.00

Ewova 25:Ep®tnon 7-Week 1
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Your Score Explanation
Answer
< 11 ~ 003 You cannot encrypt k under key 5, but 11's children must be able to decrypt k-
5 » 003 No, this will let node 25 decrypt the DVD.
v 6 ~ 003 You cannot encrypt k under 2, but 6's children must be able to decrypt k.
3 + 003 There is a better solution that does not require encrypting on the key of this node.
v 26 v 003 You cannot encrypt k under any key on the path from the root to node 25. Therefore 26 can only decrypt if

you encrypt k under key Kog

v/ 15 x 0.00 There is a better solution that does not require encrypting on the key of this node.
< 1 v 003 You cannot encrypt k under the root, but 1's children must be able to decrypt k.
20 « 003 There is a better solution that does not require encrypting on the key of this node_
Total 022/
0.25

Ewova 26:Ep®tnon 8-Week 1

Question 9

Continuing with the previous question, if there are n DVD players, what is the number of keys under which the content key k must be

encrypted if exactly one DVD player's key needs to be revoked?

Your Score Explanation
Answer

NG

n—1

72

v 1.00 That's right. The key will need to be encrypted under one key for each node on the path from the root to the

log, n revoked leaf. There are log, n nodes on the path.

ni2
Total 1.00/

1.00

Ewove 27:Epdon 9-Week 1

Question 10

Continuing with question 8, suppose the leaf nodes labeled 16, 18, and 25 correspond to exposed DVD player keys. Check the smallest set of keys under

which to encrypt the key k so that every player other than players 16,18.25 can decrypt the DVD. Only six keys are needed.

Your Answer Score Explanation

19 ~ 0.02

3 ~ 0.02

23 ~ 0.02

26 £3 0.00 Yes, this will let player 26 decrypt.
- a ~ 0.02 Yes, this will let players 19-22 decrypt.
- 11 ~ 0.02 Yes, this will let players 23,24 decrypt.
< 17 ~ 0.02 Yes, this will let player 17 decrypt.
- 6 ~ 0.02 Yes, this will let players 27-30 decrypt.
v 29 x 0.00
# 15 ~ 0.02 Yes, this will let player 15 decrypt.
Total 0.16 7 0.20

Ewova 28:Epdtnon 10-Week 1

34



MoOnpotikn kot adyoplfukn avaAvon KPUTTOYPUPIKOV TEYVIKMV

You submitted this homework on Tue 21 Apr 2015 9:41 PM EEST. You got a score of 1.00 out of 1.00.

This homework may be attempted several times. We will take the highest score over all attempts. It is also untimed, and you may save your answers at
any time and return to it later, so don't worry about clicking on "Attempt Quiz" - it's only counted as an attempt when you click on the "Submit Answers".

Question 1

Many Time Pad

Let us see what goes wrong when a stream cipher key is used more than once. Below are eleven hex-encoded ciphertexts that are the result of encrypting
eleven plaintexts with a stream cipher, all with the same stream cipher key. Your goal is to decrypt the last ciphertext, and submit the secret message
within it as solution

Hint: XOR the ciphertexts together, and consider what happens when a space is XORed with a character in [3-zA-Z].

Ewova 29:TMpoypoppotiotikny ackion 1a-Week 1

Mivaxaog 1:BaBpoloyisg-Week 1

1" tpoomadeia

2" tpoomddeia

3" tpoomadeia

4" tpoomdfera

Epotmoelg

4.36/8.45

4.75/8.45

5.41/8.45

5.71/8.45

Acknon

0.00/1.00

0.00/1.00

0.00/1.00

1.00/1.00
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KE®AAAIO 4
AAT'OPIOMOI TMHMATOX

4.1 AhyoprOpot TUNROTOS KO WOLOTNTES

Ot kpvrtoypagkotl adyoptBuor tunpatog M tuquotog (block ciphers) tepayiovv og
tuquoto  (blocks) 1o apyikd keipevo mov mpoKertow vo  Kpumroypagndel Kot
Kpurtoypagovv kdbe Tuqua Eeywprotd. Xvvnbopévo  peyedn evog  TUMUATOC
dedopévov eivar ta 64 1 128 bits. H xpuntoypdonon kébe evoc tunpartog yiveron
YPNOUOTOIOVTOS Lio LOONUOTIKY] GUVEPTNOT KPVTTOYPAPNONG KOl TO HVOTIKO KAEOL.
To oamotéleopa g dwdkaciag KpumTOYPAENONSG €lvar 1 TopAy®YRn  €vOG
KPLTTOYPOAPNUEVOL TUNUATOS TO 0010 GTNV TAELOYN QLN TOV TEPIMTOCEWMV £XEL TO 1010

UKOG LE TO aVTIGTOLYO TUNLO TOV apylkoL keévov. H dadikacio kpumtoypdenong
eaivetar oto oynua(Ewéva 30)

ApxIkS Keipevo 1001010100100

A R |

S . TunuparoTroinan 1010101001001

|

__.f——"_J 0101000100101
1001010100100
1010101001001 1001010010010 Tufpa
0101000100101 MvopaTog
1001010010010

KpuTmroypoagpnuévo
KpuTrToy pogpikr Turjpa MnvopaTog
ZuwvdapTnon

) T
MuoTiko
KAe1di

Ewoévo 30:Awdypappo Aertovpyiog arlyopiOpov tufqpatog

0111010101110

‘Evag akyopiOuog tunuatoc tunuatog (blockcipher) ypnowomotei 6o alyopibuovg
yio va umopécel va. Asttovpynoel. Evav aiyopiOpoErov ypnoiomoteiton yioo v
Kpumtoypdononkor  €vav  aiyopBpoD  mov  ypnowomoteitor  ywo NV
ATOKPLTTOYPAPNoNTOL UNVORATOG.O1 6V0 avtol akydpiBuol déyovion 6Ho €16600VC.
To pnkog tov tuniuotog(block) to omoio éxer péyboc nbitséva  «ledi to omoio Exet
unkoc kbits.O akyopibuog amokpurtoypagnong opiletal vo ival pio ovTIGTPEYIUN
cuVapTNOT KpumToypdenong dnhadh D=E™.
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Me poabnpatikovg cvoppoiiopong éav Bewpricovpe 6Tt Keival 1o kAedi ei66d0v, Cto
ciphertexteve Pto plaintexttote:
Ex(P)=E(K, P):{0, 1}*x{0, 1}"-{0, 1}"
E™«(C)=Dk(C)=D(K, C):{0, 1}*x{0, 1}"-{0, 1}"

Hopodeiypato této10v akyopifumv sivar o 3DES? kot 0AES.Oco agopd tov 3DES
yvopifovue 611 10 unKog tov kKGbe umTAdK eivon 64bitskon to KAWL TOL £xEl UNKOGC
128bitsevd 600 apopd tv AESto pnkog tov kdbe umhok sivar 128bitskon kieldi
umopet va givan 128, 192 1) 256 bits.Opwg 060 mo peydro givar to kA€1dl 1060 O
apyog etvat 0 ahyopiBpog aAlo Kot Td acPoAnG.

To KkOpo YopaktPoTkd TV oAyopifumv TUMHOTOC €lval 1 €mavaAnym ot
naipvouv ®¢ &€icodo éva khewdi Kkor to mpmdTo mpdypo mov KAvouv givar va
emekteivouy 10 KAeWl oe o akolovbio kiewdiov Kj....Kjmov Aéyovtar kvkiké
KkAgwd1a (roundkeys).Ztn cuvéyeia o TPOTOG e TOV 0moio 0 akyoplOpog ypnoyLomolel
aUTO To KUKAMKA KAWL €lval amlo KpLmTTOypo@OVTag TO UAVLHO oL OEAovpe
EMAVOANTTIKA GUVEXDG YPNOLOTOIOVTAS Mot KVKAMKY ovvaption(roundfunction).H
ouvaptnon avt waipvel dvo opicpato.To KukAKd KAEWL Kol TNV KATACTOCT GTNV
omoia o uRvupo Bpioketal ketvn TNV GTIYUN TOL £XOVUE EVOL GLYKEKPILEVO KUKAMKO
KAEWL.

Ewwd yio tov AES apod mpmdta yevvnbodv Knoto chvolo kukAkd KAEWIG oo TO
apyIKo KAEW, KpUTTOYPaEOVE pe To KAWL Kito ufvopua pog ko fydlovue og ££060
TO KPUTTOYPAPNUEVO UNVOUO M1.ZTN GUVEXEWD KPLTTOYPOPOVUE TO MiUE TO OEVTEPO
KA1 TG KUKAMKNG cuvaptnong kot Pydalovpe Eva Kpumtoypaenuévo pnvopo my H
dadikacio avtn cvveyiletar péypt 6AoL ot yopoi(rounds) va £xovv eupaviotel. Avth 1
dwadikacio eaivetal kot ot Topakdto ewwdvo(Ewovae 31)

KEY EXPANSION

— |

=~ -

Ewova 31:H Aerrovpyia gvég blockcipher

Awpopetikol alyoplBuotl Exovy SPOPETIKEG KUKMKES cuvaptioels.l'o mapaderypa
otov 3DESo oapiBudc tov yopov eivar 48 eved yu tov AESeivanr 10.ITpwv
TPOYMPNOOVUE TOPAUKAT® TPEMEL VO OPIGOVUE KATOEG OTOPOATNTES OLPOLPETIKES
evvoigg(abstractconcepts) tov adyopiOuov tpuMquatog. Apyikd Oo mpénel vo opicovpe Tt
ofuowvel yevdotvyaio ovvaptnon(pseudorandomfunction) xar Tt wevdoTvyaio
avtipetadeon (pseudorandom pemutation).

Opioudc 3.1.1
Mo yevdotoyaio ovvaptnon(PRF) opiletan mivo oto (K, X,Y) omov Keivar o

KAEWOY®POG, éva medio €16600v(X) kot éva medio £0d0v(Y) kot OA0 0VTO TOL KAVEL

710 ohyop1Opog Tppatog 3DES, https://en.wikipedia.org/wiki/Triple_DES
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etvar va maipver éva kAewdi, pio eicodo kol pog diver éva otoryeio amo to medio
€£0600V.AVTO QaiveTol KOl OYNUOTIKA

FIKXX-Y
H povn pog amaitmon etvar va vapyetl £vog omodoTikdg ahydptOpocmtov vo umopet va
a&loloyei(evaluate) mv cvvaptnon pog F(K,X).I'a T1c cuvaptioelg Tov EVOTOLITOOLE
va ivol OVTIOTPEYIUES  OMOUTOOUE VO LTAPYXEL OWTOC O OMOOOTIKOS OAyOP1Opog
a&loAdynong g cuvapTNoNG.

Opioudg 3.1.2
Hyegvdotvyaia avriperddeon (PRP) opiletan oto (K, X) émov Keivar o kieddywpog

eva X glvar eva 6€T Tipv. Kot avtd mov kdvet elvar va maipvel éva ototyeio amo tov
KAEWOY®POo Kol €va otoryeio amo to X kol vo pog dtvel Mg £6000 €va oTolyElo TOL
avikel T 6to X.Me pobnpatikd cupuBoAicpo Exovpe :

E:KXxX—X

[Ipémel vo tnpodvTOL KATOLEG ATALTIGELG:

e No vrdpyer amodotikég aryéprBpog mov vo a&loroyel v mopamdved GuvapTnom
E(k,x)

o H ovvapmon E(K,) va civar éva mpog éva.Aniadn kabe otoyeio tov X va
avtototyileton pe éva akpifagotoryeio X.Emeidn opmg eivar éva mpog éva 1ote elvan
Kot avTieTPEYLITY cuvapTnon. Aniaon yio Kabe docpévn gicodo Ba mpémet vo vdpyet
axpipmg pia ££060 mov va avTioToyileTal 6TV GLYKEKPIUEVT £16000.

e No vrdpyel évog aviioTpo@og amodoTikog alyoépiBpogD mov dtav tov divovue
ouykekpluévn €€000, Ba pag ddoel MG ££000 ol KOV ToL avtioTolyileTol aKkpipdg
og avtrv v ££0d0, dndadn D(K,y).

4.2 TIpétvmo kpvatodiTnong dedopuévmv(DES)

e apyéc tov 1970 o HorstFiestel®oyediater tov  Lucifer®cto epsvvnticd
gpyaoTHpLOL ™m¢ IBM*.0 Luciferypnowonotovce 128bitpumiok Ko
128bitSKkal8i.Ha£>éka avtd OpmMG MTov  ELAA®TOG oe embéoelg  O0POPIKNG
KpumTavéAvong Iyt mepimov ota ol mpdo Kiewia tov.HIBMtov vadBodle g
VITOYNPLO Yo TO TPATLTTO KpvurroBétnong adha duwsg, o 1973 n NBSurméfaiie éva
GAL0 TPOTLTO TOL NTOV OVLGLICTIKG L0 SLPOPOTOMGT GTOV NN LEAPYOvVTO
aAyop1OoTOV OVOUACTNKE DES* xat emAéymke amo to Opoomnovolakd Ilpdrvmo
Ene&epyaciog [TAnpopopidv(FIPS) yio tig Hvopéveg Iolteieg to 1976.

[Maporo mov o dddoyoc tov Luciferdiebete duova oe embécelg Sapopikng
KpumTovaAvong eixe moAD pikpd kAewi(56 bits)Etol otig pépeg pog Oswpeiton
AAEOVOVOGPOANG Y100 TOAAEG eQappoyés.Mdalota tov Iavoudpio tov 1999 ot etaipeieg
«Distributed.net™» ko «Electronic Frontier Foundation®» «atomwv cuvepyaciog,
«éomacov» onpocing éva kAewl tov DES péoa og 22 mpeg ko 15 Aentd. Yrapyoovv
eMioNG OPLOUEVO, OVOAVTIKE OTOTEAEGHLOTO TTOV KOTAOEIKVOOLUY BempnTikég advvopieg

0 HorstFiestel evac yeppoavoc kpomroypagoc, http://en.wikipedia.org/wiki/Horst_Feistel
2 0 ayopOpog Lucifer , https://en.wikipedia.org/wiki/Lucifer_(cipher)

% H eronpia IBM, https://en.wikipedia.org/wiki/IBM

3 Atopopiky kpumtavaivon, https://en.wikipedia.org/wiki/Differential_cryptanalysis

%20 ahyop1Opog DES, http://el.wikipedia.org/wiki/Data_Encryption_Standard
®Herapeiadistributed.net , http://www.distributed.net/Main_Page

¥Herapeiaelectronic frontier foundation, https://www.eff.org/
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OTOV KPLTTOAYOPIOHO av Kot eivarl avEQKTo vo, vAomomBovv oty Tpdén. Osmpeitot
TG 0 aAyopliuoc etvarl APAKTIKA ao@ais Vo T pope1 Tov Tputhov DES (triple
DES) av kot veapyovv Oe@pntikég apeiopfntioelg

H Jewtovpyia tov DESPooiletar oto diktvo Fiestel(Fiestelnetwork). To diktvo
Fiesteleivar po modd é€vmvn 10éa yio va dnuovpynoovpe Evay olyoptOpo TUNUATOG
a6 avbaipeteg(arbitrary)  ocvvaptoelg.Ag gavtacTtodue TIG GUVOPTHGEIGUVTEG VL
givon ot f1...fy o1 omoieg dev yperdletar vo givarl avTioTpéyiueg 1 Katt GAL0.AVTO OV
Ba KGvoupe eivar dSnuovpyncovpe pio avtioTpéyiun cuvdptnon amnd 6Aeg.0 Tpomog
mov Bo  yivet ovtd eivar  dnuovpymviag (o ovvaptmon  Fn omoia
yaptoypagei(mapping)2nbitsce 2nbits

Heprypapn Asttovpyioc

‘Eoto 10 Ro(right) kot Lo(left) eivor ot €icodor pag ot omoieg givar 2 umhdx UKOLS
nbitsto kabe éva.Ovotlaotikd 1 éloodog eivor 2nbits.n TunReanyaivelr oto Ly yopig
Kamoto, aAlayn tov Ro.Xtn ovvéyeia nRomepvael péoa omd v ocvvaptmon fo kot to
amotéleopa yivetanr mpdén XORpeta&d g €€6d0v tov Lo.To anotérecuao avtig g
dwdwoaciog yivetaw 10 véo R1.OAn avty 1 dwdwocio mov HOMG meptyplyope
ovopdletar évog yopog tov diktdov Fiestelo omoiog éywve pe v ypnion g
ovvaptong fi(Ewova 32)

nbits | Ry Ry Ry Rt o

nbits| Ly — L — L nnn Ld—l— Ly

Input

Ewova 32:H Asrrovpyio Tov diktvov Fiestel

H dwdwocio avtr cvveyiletar péypt péypt va mape otov teAevtaio yOpo o omoiog
ypnoonolel v cuvaptnon fy ko va mépovpe og £€0do ta Ry, Lg.Me cupporopoie
EYovpe :
Li:Ri ) Ri:fi(Ri_l)@Li’YlU,i=1,...,d
Edv Bswpnoovpe o011 ov doouévec eicodor eivar ot Rjig,Li+itoéTE pmopodue va
vroAoyicovpe ta R, Lipe avtictpoen koatevbuvon:
Ri=LinievoLi=fis1(Lir1) @R

Osopnuod.2.1

To Bedpnua avtd Exet dnpovpydei amd tovg Luby kot Rackoff to 1985 ko pog déiyvet
ot av €yovpe pio cuvaptnon N omnoia givar ac@oing kot yevdotvyaia(PRF) tote
eivon apketoi 3 yopoul Fiestel vy vo mapovpe wg amotéheoua proPRF.Anlodn 1o
arotéleopo Bo elval o avTioTpEyun cuvaptnon 1n omoia dev Ba dtakpiveTon omd o
TPOYLOTIKE TUYOL0 AVTIGTPEYIUT GUVAPTNOT).

Ewor yprioyo d10tt O0mwg éyovpe pabet yioo vo glvar évag aAyOptOpoc TUNHOTOC
ac@aAfg mpénel vo vrmootnpilelas@ary) yevdotvyaio avripetdOson(PRF).ITo
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AmAOIKE, 0VTO TTOL pog Ael To BEmpnua etvar 6Tt éva €va Eektviioovpe pe pio acain
yevdotuyaio cuvaptnon 1ote Ba pmopécovpe vo KataAnEovpe pe €vav ac@OAN
aAyOPIOLO TUNUOTOG.

H Jeitovpyia Tov DES

Topo mov gidape 10 THOG Aettovpyel to diktvo Fiestelumopovpe va tekunpidoovpe ™
Aertovpyion Tov aAyopiBuov DES.O alydpiOuog DESamotereiton amd 16 yHpovg
diktoov Fiestel'Eotw o1 ovvaptioeic Fi...Fig ot omoieg yaptoypagodv 32bitsce
32bits{0,1}**>{0,1}** e omotéheopo t0 pmhoK  €16630v otov DESva  sivar
64bits.Okec avtéc o1 16 kvukhkéc cvvaptioelg mapdydnkav amd pio Kot povo
ocuvaptnon Fue v ypnoipomomon SloQOpPETIKAOV KUKAMKOV KAEWIOV.XE €MMESO
highlevel avtd mov kaver o DESeivan vo petabétel avtd to 64bits. To amotéleopo tov
uetabéoemv eeépyetar oto diktvo Fiestel yia 16 yopovc.Ot é€odot peta tov TeEleLTAIO
yvpo tov Fiestelndi mepvave péoo amd pia avtyetddeon (finalpermutation)mov eivon
N avTioTpoPn TG apyikng avtiuetddeong(initialpermutation)

Ta KAed1d 6mwg eimope mapdyovtar oo éve cvykekpiuévo kiewdi K. To khedi avtd
Eyel unKog 56bits to omoio enekteiveton og 16 KuKAKG KAEWOLA TTOV YPEOLOUAOGTE OTOV
10 KGOe KuKkAMKO KAedl €xer unkog 48bits .Eav 0éhel kdmolog va avtiotpéyel tov
alyopBpo 10te pmopet va ypnolonom ol avtd to 16 kiewdwd pe avtictpoen oepd.To
HOVo oL HEVEL Eival VoL TEKUNPLOGOLUE TV cuvapthon F(Ki,X)

[Ma va 10 kdvoope avtd apykd Ba dodue g Asttovpyel.H cuvdptnon Fraipver g
€16000 puo T Xn omoia &yet Ty punkog 32bits kot to kukAKO KAl oL £)EL PNKOG
48bits.To mpdTo MOV KAVEL €ival va mepvd péoa and Eva expansionboX(E) to omoio
noipvel ta 32 avtd bits g TG XKot To YopTOYPUPEiE KATAAANAO TPOTO MGTE OV
@Tacovv 1o 48 bits.

Kotomy vroroyilovpe v mpdén XORpeta&d tov Exar tov kukAikov kAeidion.To
anotéAeopo TG Tpaéng ondel e opddeg tov 6 bits.H kébe 6ada bitstnyaiver dSniodn
oe éva S-Box.Eyxyovpe omiadn 8 S-Boxes oto ohvoro.Ztn ocuvvéyelo 1o kdbe S-
Boxyaptoypapel avtd ta 6 bitsoe 4 bits.Apa cuvolikd avtd ta 8 S-Boxespog divovv
32 bits.Tehka ta 32 bitspetatifevroi(P) kot 1o amotéleopa g petdbeong v n
£€0d0¢ g ovvaptnong F(Ewova 33)

32 bits F(ki.x) A5 bits

I = | I = |

5 R

I 42 Ihit=s | 2452 bhils

0
7

= 1 | | |

< =3 < (,I (I (,l
=) el Gl s o
= | =3 | I = = 1 = =1

32 bits

Ewéva 33:H revtovpyra g F

Ooco agopd yio o, ta S-Boxes, 6év givar Timoto GAAO 00 GLUVOPTHOCELS TOV TOUPVOLV
wc avtd to 6 bitskan divovy o¢ é£080 4 bits {0,1}°—{0,1}*. Avtd yivetar péow evoc
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e1dtkob mivaxo(lookuptable®®) o onoiog Sibéter 64 Twée ot GVHVOLO piog ko 2°=64
drapopetikég Tuég(Ewkova 34)

Middle 4 bits of input
0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 0010 1100 0100|0001 0111 1010 1011 0110 1000 0101 0011 1111 1101 0000 1110 1001

01 1110 1011 0010 1100 0100 01111101 0001 0101 0000 1111 1010 00111001 1000 0110
Quter bits
10 0100 0010 0001|1011 1010 1101|0111 1000 1111|1001 1100 0101 0110|0011 0000 1110

11 1011 1000 1100 0111 0001 11100010 1101 0110 1111 0000 1001 10100100 0101 0011
Ewova34:Eva S-Box look up table

4.3 To mponypnévo TpoTLTO Kpnm'oypd(pnm]g(AE836)

O AESéyer pnkog kAedod 128 bitsaldd pmopei vo @tdoel péypt ta 256 bits.O
AESOMmovpyndnke pe Béon TOOIKTVOUVTIKOTACTAGS Kol
avtipetadeong(substitutionpermutationnetwork) to omoio dev eivan Fiesteldiktvo.Na
onuetwoovpe 6tL oto Fiesteldiktvo ta pod bitspévovv avarriointa og kdbe yOpo evd
070 OIKTVLO AVTIKOTAOTOONG Kol avTipeTabeong oAa ta bitsoAlalovv og kabe yOpo.

dixtvo avrikardoraons koi avriuerdfsans

Eotm o011 épovue tov mpdTO YOpo tov dktHovavtipetdfeonc. To mpdTO TPdyHo TOL
kavoope elvar po paén XORTg €166060v e TO0 TPAOTO KLUKAKO KAEWL Kot TO
amoTéLEGO TO TTEpVapE amd éva eminedo avtikatdotaong(substitutionlayer) émov ta
umhox koatdotaong (Si.Sy, Ss...,Sg) aviikabiotavtor amo GAAG PUTAOKS GOUEOVA E
évay Tivoko avTKoTdoToong.

Metd mepvape péoa amo éva permutationlayer pe oxomd to bitspetatifevior kot
OVOKOTELTOVTOL AVAUETAED TOVG.AVTH TN O1OIKAGIOL TNV KAVOLLE GLVEYMSG OALN KAOE
QOpPA YPNOIULOTOLOVLE doPOPETIKO KUKAIKO KAEWI(Ewova 35 ).Eva onuavtikd onpeio
o€ autdV ToV GYEOoUO etvar OTL AOYO NG oyediaon Tov dkTLOL TPEmel KAbe Prina
o€ avTtd va glval AvIIGTPEYILO.

@
& &) &)

Ewéva 35:A1kTv0 avTIKOTA6TAONS KOl OVTIPNETAOEGNG

Apa 6An 1 dwdikacia givor ovtiotpéyiun.O TpdTog TOV ATOKPLITOYPAPOVLE Eival Vo
whpovpe TV £€E000 Kol vo axolovOncoovpe kdbe Pruo pe aviiotpoen oepd.Ag

% "Evag mivaxag lookup, https:/en.wikipedia.org/wiki/Lookup_table
*IIponypévo mpdTumo kpumroypapnonghttp://en.wikipedia.org/wiki/Advanced_Encryption_Standard



IMaopyog Oyrov

dobuemv  dwdikacio ewka vy tov AES128.0 AES128ypnocipomnotet
128bitsumhokdnradn 16 bytes.I'pdoovpe avtd ta 16 bytesoav évav 4x4 mivaka ctov
onoio 610 kGOe KeA tov €xel 1 byte ko Eexwvape tov mpdto yopo.llpdta khvovue
npaEn XORpe 10 mpdTo kukAiko kiedi Ko.

Metd epapuolovpe Kamowo cvvaptnon N omoio nepapPavel KOTO1EC
avtikotootaoelg(SubBytes) kot avtipetabéoeig(ShiftRow) kot dAiec dwadikaocieg otnv
napovoa Katdotacn(MixColumn).Zmn cvvéyeia  kdvovpe TpdEnXOR petad Ttov
QTOTEAEGLOTOG TTOV TTHPOUEKOL TOV KUKALKOV KAEWov Ki.Emavolapfdavovue v idwo
Jwdwocion pe  Sopopetikd kAewl kdbe @opd.Tnv odwdkacie avt)y 6Oo v
TPOYLOTOTOGOVUE Y10 YOpovc.Ztov 10° yOpo dév Oa ypnoipomotjcovpue Opme
ovvaptnon mixcolumn(Ewkéva 36 )

4
(1)ByteSub (1)ByteSub
4 input (2)ShiftRow (2)ShiftRow
(3)MixColumn (3)MixColumn

(1)ByteSub
..... (2)ShiftRow

10 Rounds
16bytes x11keys—176 bytes

KEY ) k10 4 output

4

Ewévo 36:H Aertovpyio Tov aryopiOpov AES

Noa tovicovpe 0Tt TakvkAKa KA1 Epyovian amo to 16byte AESKey ypnouonoimdvrag
enéktoon.H enéktaon @taver o 11X 16bytes=176bytes.To kabe kAedi amo avtd
etvar emiong évag mivaxkag 4X 4 ta omoia éyovv vmootel mpdEn XORoe Kkabe
KOTOGTOON

H cvvdptyon SubBytes

Ye k@be Ppo g ocvvapmong SubByteskdOe bytea;javiikodictator pe to S(a, i)
ypnotpomowdvrag éva 8bithoxavrikatdotaonc(Rijndael S-box®’).Avtoc o pnyoviopde
pog mopéyet un  ypoppikomta  otov oAyopiduo.To S-Boxmapdyetor omo €va
multiplicativeinverse®*nave oto GF(2%)t0 onoio eivor yvooté yio TIC M YPOIKES
womrec tou.l'lo va amogvyovpe emiBécelc mov Pacilovtar ce omAéC alyePpikéc
1010 TEC T0 S-BOXKOTOOKEVALETOL YPNCILOTOUDVTOG LI OVTIGTPOPT] GLVAPTNOT| Kol
vav PeTacynUaTiopd mov ovopdleton affinetransformation®(Ewkéva37)

¥To S-Box touRijndael, https://en.wikipedia.org/wiki/Rijndael_S-box
¥ Huoonpatuhévvoromultiplicative inverse, https://en.wikipedia.org/wiki/Multiplicative_inverse
Muw yempetpn évvota, https://en.wikipedia.org/wiki/Affine_transformation
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A,0| Go,1| Bo,2| Q0,3 Bs .0
A0 31,1 D12 O3 b, o
a2.0 a2.'] a2.2 2,3 bZ.O
a3,0 a3 1 b3.0

~

Ewéva 37:H Lertovpyia tng svvaptneng SubBytes

H ovvdptnon ShiftRows
Houvaptnon ShiftRowsene&epyaleton tig ypoupés e ekdotote katdotaonc. Kokhikd
oMoBaivel tabytetng kébe ypopung kata 1 wpog ta apiotepd (Evkéve 38)

No

change aO-O a0.1 a0,2 a0,3 ao.o ao.l ao,z ao,3
- - - - ShiftRows = = = -
Shijft 1
hjft 10| 11| h2| Fos ha| 12| F1,3] D10
A Ay P
Shift 2| &, g 1 ?2_2 /az__:, 2| B3| F0| A2
o ——
Shift 3| 9349| 931 | 32| A3 3 A3 3| A30| A31| A3
- = y

Ewova 38:H Aertovpyia g svvaptnong ShiftRows

H ovvaptnon MixColumns

Ye kabe Puo ta 4 bytestmg kdbe omAng g katdotoong cuvotdlovial pe Evav
ypopuukd petaoynuaticpd(lineartransformation).H svvaptnon MixColumnsznaipver 4
bytesoav gicodo kat eEdyel 4 bytesmg €060 oOmov to kKGBe byteemnpedlel ko ta 4
bytestng e£6d0ov.Xe kébe Priuo M otAn petaoynuotiletal  ¥PNOYLOTOLDOVTAS EVaV
fixednivaxa(Ewkova 39)

aO.3 .3

-
al-=s oS

|
aZ.B .3
. a3,3 . 5=
™
\ /
S (%)

Ewéva 39:H rertovpyia tng suvaptneng MixColumns

4.4 EmBfoerg 6tovg aryoprtOpovg Tupatog

4.4.1 EmbOsoeic eCaviintikne avalntnonc(DES)

Oa Eexivioovpe pe évo Mupaed.4.1.Ag vrofécoope 6t o DESeivar évag 18avikog
aAlyéprOpoc.®a vrobécovpe dniadn 6Tt o DESEyel onpiovpynbei péso amd tuyoieg
avtiotpéyipeg ovvoptnoets.Ilio cvykekpipéva yia kébe khewdi o DESgpappolet kot
pio avtiotpéyun cuvaptnon.Miag Kot £xovpe 2% mBave KAewdid otov DES tote O
vrokpidovpe o1t o DESeivor o ovdhoyn amd 2°° cuvapticeov  mov eivo
avtiotpéyipeg amd to {0,1 }64 oto {0,1 }64.T()rs Ba Bydrovpe wg copmépacua OTL 0TV
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pog 6ivouv éva uivoua kot Eva ciphertextomapyetl éva kot povo éva kAedi to omoio
YapTOYPOPEl avTd TO VLU 610 cvykekpluévo ciphertext.H mbavoto va Bpodue to
KAEWO1 evd €yovpe To puMvopa Kot to ciphertextayyilet to 99,5%.

Am6o€ln

Avtd Tov potaue givar mowd givor n whavomTo va vapyel kKamoto kAedi K to omoio
dev eivan 1610 pe to K, tét010 Mote mote 1o C=DES(K,m)=DES(K’,m).Av 10 xA&1di
K vrapyet 10te dev UTOPOVLLE VOl ATTOPAGIGOVE TTOIO 0T TOL VO AVTA KAEWLA Eival TO
omoTO  aPOV Kol To. OVO OVTO KAEWH Qoivoviol vo AEtovpyohv KavoviKa.Oo
vrobéow OTL avtd cvpPaivel pe pikpn TOAVOTNTO.ANAAdY €YOVUE TNV TOPUKAT®
mpdTOON :

P[ 3 k’#k :C=DES(k, m)=DES(k", m)]

OM avt) n mpdtacm Ba mpémer va Ewvan pikpotepn N ion  amd to Abpoiouo TV
mBavotitev P[DES(k,m)=DES(k’,m)] émov 10 k'€{0,1}*°.Potdue Sniadn mhc
yiveton n toyaio avtipetdfeon tov KAV oto (K',m) va mopdysl v id1o Toyoio
avtipetddeon tov (K,m).Eav avaloyiotodue 6tL yia éva kKAewdi 1 mhavotnta Ewvol
1/2%*  agov ot VILAPYOVV 2% mBoavég eE6d0vg avtyetabeon S.Emong éxovpe cuvoiika
2% 1he1dié tote M mOavdTTOL TO KAEWE Vo pmv eivart povadikd eiva:
1/2%4.1/27%

H cvvolun mbavotrta sivon mavta 1 emopévag 1-1/2%° Evo gdv 1o LETOTPEYOLUE GE
mocootd  €yovpe toTe mepimov  99,5%.Apo fav dwbel évo plaintextkor éva
ciphertextrote TokA&1di wOL TA GVVOEEL Eival poOvaSIKOE

MéBodog eCavinTikng avaljtnong

H pébodog avt otoyévet oto va PBpodue 1o {ntovuevo kAl dokpalovrag O ta
mhava kAeW18.Onwg katariafaivoope 1 péBodog avtn ewvar ypovoPdpa Kot cuvidme
0év pag dtvet ta emBountd amoteAéopata 610tt T0 GOVOAIKO TAN00G TV KAEWUDV gival
amho 0ocVANTTO.OnmS Yo Tov amhd DESSEV 1oybel avtd piag Kot 1o KAl Tov xet
unkog povo 56 bit.H RSAnpoonddnce va ondost tov DESopilovtog pia mpoxinon yio
TO €VPV KOWO

Avtd oV ékave NTOV v dNpoctévcel Evav peydio apud amd ciphertexts evo yia 3
novooard avtd to.  ciphertextseiyov dwbei ta plaintexts tovg.To {nroduevo Ntav pe
aUTA TO. OEOOUEVO £VOL UTOPOVGOV VO, OITOKPLITTOYPOPT|GOVY TOL UNVOLOTO OA®V TWV
ciphertexts. M oAln  mpoomdBewnn €ywve to 1997  ypnoyomoidvVTAG  TO
disturbed.netMnépeoav oe 3 uohg pfveg vo Ppodv 10 cotd KAEWL péca amd Tov
KAEWDOY®PO TTOV €L GHVOLO 25608181(&.Eni0ng 10 1998 n EFFexieicav cuopporaio pe
tov PaulKocher®pe oxond va eridEet éva hardwareto omoio o propovoe va ondoet
tov DES.H pmyaviy mov dnpovpynoe ovopdotnke deepcrack™, kootile 250.000$ ko
éomaoce tov DESce pog 3 nuépec!

Mo GAAN mpoomdOeia yve To 1999 dtav n RSAegionyaye akdun pio TpdKAncn mov
nroav o cuvdvacuog e pebodovinternetsearchion deepcrack.To amotelespa aVTAG TG
npoKInong Nrov vo ondoet o DES og 22 mpec. Télog to 2006 éva aido hardwaremov
ovopaloviav COPACOBANAmov kootile povo 10.000$ kot ypnowomotovoe 120

0 kpumtoypagog Paulocher, http:/en.wikipedia.org/wiki/Paul_Kocher
“'H punyovn deepcrackkoar COPACOBANA, https://en.wikipedia.org/wiki/Custom_hardware_attack
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FPGA'’S undpece vo ondoel tov DESce 7 nuépec.Anradn ta 56 bitkey tov DESeivan
EVTEADG AVOCQPUA KOl OTTAVE TOAD VKON OTTWG ELOMLLE.

Eneion o DES opwc eixye peyddn vmoompién oamd 10 KOWO Kol HEYAAO
hardwaresupportto 0épo. Mtov éov pmopovpe va Pertidoovue tov DES étol dote va,
yivel mEPIOCOTEPO  AGPOUANG.ANAadY vo whpovue Tov MOM vmapyovio DESva
TPOCTOONGOVLE VO EMEKTEIVOVLE TO UNKOG TOL KAEWOD MGTE VO YIVEL TLO AVEKTIKOG
011G embéoelg eEaviintikng avalnmongc.Etol dnuovpynonke o 3DES.

YmnoBéote 6t1 pog divouv Eva alyopifuo tunpatoc Emov €xel éva kiedoywpo K,éva
xopo pnvopdtov Mot éva yopo &£odov unvopdtov M.O  aiydpiBuog 3DES
ypnowomolel 3 aveEaptmra petald Tovg KAEWIA TO 0moio, KPLATOYPAPOVV TO 1010
umvopaIlpodta  kpomtoypagodue pe 1o KAewdi ks, petd  amoxpumtoypo@oduE
YPNOLOTOLDVTOG TO KAEWT Kokat TEAOG KPUTOYPAPOVLE THAL YPNOLOTOLOVTOS OU®G
10 KA€31 Ky dnAadn :
E(k1,D(k2,E(ks,m)))

[Mati dpwe kdvovpe 2 kpumtoypaenoelg kot 1 arokpvrtoypdenon kot dgv kdvooue 3
KPUTToypaPnoels; Avtd svpfaivel 610tt av ta 3 KAewdrd etvon idwo tote Bar Eyovpe tov
amhd6 DES.Avto pag mpootatével amd kamowo hackce mepintwon mov KAmTO0G
npooBéoel oe éva hardware éva unyoviopd mov va pmopei va Bétet ta 3 kAedid
yivovv ica peta&d Toug,.

Oco apopd v taydmta o 3DESeivar 3 @opég mo apydg and tov anhd DES kabmg
10 KAl ToL €xel unkog 3-56=168bits.Enopévmg Oa ypelootel moAd mepiocdTEPOC
¥POVOG Y100 vaL yivel po cwoty| enifeon otov 3DES Eva akdun epotnua sivor yroti dgv
ypnowonomoape 2DES;®a meprypdyovpe o emnibeon otov 2DES mov tov kdvet
avac@aAn] mapoéAov mov elvar mo ypnyopog omd tov 3DESkot €xer ko €va
ovorointikov peyébovg khedi(112bits).

Meetinthemiddleattack(DES)

Avtq n emibeon anatét vo yvopilovpe pepikd Cevyapia ciphertext/plaintext. Ag
vroBécovpe 0T Eyovpe €va Cevydpt amd avta.Ag doVUE TPMOTO TOG YIVETOL 1 OUTAN
KpuITOypaenon:

p—E(ky, p) =E(ky, E(ky, p) )=C
Kpumroypapovpe 10 pypnopwonoidvtag 2°° mbavd kAW kot omodnkévovpe ta
amoteAépato(n oamobnkevon avtdv  etvar  €va mpdPAnua).Ta  amodnkevpéva
amoteAépoto  emiong Oo meplapPavovv  OAeg Tig mbavég kpumroypapnoeicp—E(Ks,
P).@a amokpvraToypapncovpe to Cypnoiponoidviog ol ta 2°° kiedid. Emopévac n
OTOKPVTTTOYPAPNON YiveTon MG €ENG :
D(kz, C)=D(ka, E(kz, E(ki, p) ) ) =E(ky, p)

Metd v amokpurtoypaenomn pe 1o kdbe kAewdi Oa eAéyyovue yio to €av Toupraolet
pe KAmoo omo Tig 2% amodnkevpéveg Tég Eav é)(gouus tdoution 161E PpriKape Eva
omwoto (evyog KAeWwV.Apa pog maipvel ypovo 2 ! vy vo. ordoovpe tov 2DESpe
ypon e€avTAnTikng avalnmonc.

4.4.2Embéoeic oyetikd, ue v extédeon viiko(DES)
YnoBéote ot éyete wa €€vmvn kapta(smartcard)n omoia £xer kdmowov oadydpiOuo
tuquotoc.la mapddetypa poe €&umvn Kapto umopel va ypnolpwomombel  yuo
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creditcardminpopéc dpo mOavov vo Exel Eva KpLEO KAEWL HECH GE GVTAV YO VO
emPePoardoel TIC ayopég cag HEGH OVTNG OTAV TNV TOomobeteite HéGO GE KAMOL0

LY AV O TTANPOUDV.

‘Eocto 611 kamowog emrtiBépevog cag kKAEReL v €Eumvn KApTa.Avtd oL pUmopel va
Kével etvar va el v €Eumvn KAPTO G€ VoL EPYNCTNPLO KOl VO, LETPTOEL LUE KATOL0
TPOTO0 WOGO YPOVO YpelaleTor M KAPTO YO VO KOVEL  KPURTOYPAONON Kol
OTOKPLTTTOYPAPNON. AV 0 ¥pOVOC TNG EKTEAEOG TNG O10OTKAGIOG Elvol OYETIKOG IE TO
KAE101 T0TE PETPOVTOG TOV YPOVO, 0 eMTIOEUEVOG pmopel var pdbet kdmota Tpdy oo yio
TO LVOTIKO KAELSH.

Mo @AM emiBeon eivon avTi vo, LETPTICOVE TOV YPOVO, UTOPOVUE VO LETPNGOVUE TNV
KOTOVAA®GOT PEVUOTOC TG KapTOS evd givar oe Asrtovpyio.Mmopovpe amAd vo v
ouvoécovpe o€ [0 GLOKELY] KOU VO QTIIEOLUE €va YPAPNUL YL TO TMG
CUUTEPLPEPETOAL OV, YPOVIKY] oTLyUn.Emedn avtég ot kapteg dev givar mod ypnyopeg
UTOPOVUE VO LETPNCOVUE OKPPADS TNV TOGOTNTA PEVUOTOS TOV YPNOLUOTOLEITOL GE
Kk6Oe KOKAO poAoyloD TNV Mpa TOL NTAV GE AgtTovpYial.

Amo évo €101KO YpAeNUO UTOPOVUE VO OOVHE TTOTE KOAVEL OPYIKN OVTILETAOEST Ko
note teMKN avipetdBeon .Eniong fAemovpe kabapd tovg 16 ydpovg eneepyaciog Tov
DESapov oe xdbe vyopo ToL ypoaenuotog Oempeitor kol Evag  yOpOg TOV
DES.Mmnopovpe va Bpoope kébe bittov kledod pe amhd mopatmpdvTog T0 TMg
oLumEPLPEPETAL 1| KApTa o€ KABe Agttovpyia. To mapandve €idog emibeong avikel 6To
eidoc tov sidechannelattacks*.01 tp@tol mov T1c eprupav éwvar o1 Kocher,Jane,Junto
1998 Eva. GMo €idoc embiocemv eivar ot embéoelg o@aiporog(faultattacks).@a
UTOPOVGALLE VO VTEPHEPUAVOLLLE VOV ETEEEPYOCTN LLE ATOTELECLLO VAL TOV PEPOVLLE CE
katdotacnoverclockingue okomo va pog ddoet pio dmoeL dedouévo amd errors.

4.4.3 Ipoyyurec™ xou Siapopixéc embioeic *(DES)

Ot embéoelg avtég avaxaAvednkav amo tov Bihamkoi tov Shamirto 1989.0a
avaeepbovpe oe o versiontng emifeonc mov avakaAdednke amo tov Matsuito
1993.0 okomdg pog givor  otav pag dmcovy moAhd Cevydpla plaintext-ciphertextva
UTOPEGOVLE VO, AVAKOADYOLLE TO KAEWL GE ¥pOVO UIKPOTEPO OTTO 256.Apa N eniBeon
ot va givarl KaAvtepn amo v e€aviintik) avalnmon.To mapddetrypa mov Ba cog
deiéovpe  ovopdleton ypapukn kpuvmrtavdAivon(linearcryptanalysis). Ynobéote o1t
Ceival  KpuTTOYpAPNON EVOG UNVOLATOG MuE KAWL KpLITOYpAPNoNg va givot to K.

Ynobéote eniong 0t £av kotdEw og €va Tuyaio KAewi Kot o€ éva Tuyaio pnvopa Bo
Bpd o g&aptmon peta&O tov ciphertext, tov punvopatog kot tov KAEW0v.ITo
ovykekpuévo Eav Kave mpdén XORpeta&d evog vmoovvorov mov mepiéyetl bitstav
LNVOUATOV Kol €VOG VTOGLVOLOL oV TePIE)EL Ta bitsStwv ciphertextkal cuykpivovpe
10 amotédeopa pe po mpaén XORmov 0o cvuPei ota bitstov kiewdiov tote av Ta
amoTeEAEoUATO AVTA Elval TEAEIDG aveaptnto(Ttov avtd BEAOVUE OVCIUCTIKG OGTE VA
un pmopet kamowog pe to plaintextikon to ciphertextvo pmopei va tpoPréyet ta bitstov

“Embéoeicside channel, https:/en.wikipedia.org/wiki/Side-channel_attack
“Bpappikég embéoeig kpumtavilvong, http://en.wikipedia.org/wiki/Linear_cryptanalysis
Awpopikég embéoels kpumravaivong,http://en.wikipedia.org/wiki/Differential_cryptanalysis
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KAE0100) TOTE QLT 160TNTO TOV dVO amoTtelecudtoV oTékel Yio mbavotta 1/2 Ha
Bedpnoovpe ko éva bias€étor wote va €yovpe 1/2 + €. Me cupfoMopods EXOuE :

PIM[i1]®...&m[i] & cfj] ®...®c[j.] = K[1]®...0k[L] ]=1/2 + €

Oumg vdpyet avty 1 oyéon Kot opeidetar o€ Eva bugotov oyedioaoud tov méumtov S-
Boxtov DES 6161t ovpPaivel vo givor moAd kovid oto va poldlel pe YPOoUKn
OLUVAPTNGOT HE OMOTEAECHO VO, HOG  YEVVWVOEL OovT TNV o)éon oL
wpoovoeepOnkape. Avtd 10 TOAD piKpO AGO0G 6T0 GYeEdGHd Oyt uoévo dmpovpyet
avtn T oxéomn ailo pog B€tel kot to EmoAD pikpd(E=1/221),

4.5Tpomorierrovpyiag (modesofoperation)
4.5.1ECBmode

AvtOg 0 TpOTOG Agttovpyilog  HOG TEPLYPAPEL TO TMOG UTOPOVUE VO, KAVOLUE TIG
amopOiTNTEG  EMAVOANYELS €EVOG  UTAOK HE OKOMO VO UTOPECOVUE VO
LETAGYNUOTICOVUE LE OAGPAAT TPOTO dedopéva peyardtepa amo £vo UmtAdK.O Tpdmog
AertovpyioacECBetvar moAd amhdc.To pnqvopa dtaupeitor oe pPmAdkg kot kKabe PmAox
Kpvrroypageitat Eexwptotd ano ta vedrouro prAdkg(Ewkéve 40)

Plaintext Plaintext Plaintext

OTTTTTITTITT] CITTTTTITTTTT] OITTTTITTTTT1]
block cipher block cipher block cipher
Key encryption Key encryption Key encryption
[TTITTTTTTTITT] [TTTTTTTTTTIT7T] OTTTTTTITTTT1]
Ciphertext Ciphertext Ciphertext

Electronic Codebook (ECB) mode encryption

Ewoéve 40:Kpuntoypaenon ECB

To povo pelovéknua o avtdv Tov Tpdmo Aettovpyiag eivar ott duoto plaintextsda
&yovv opota ciphertexts.Aév mapéyet GNUOVTIKY EUTIGTELTIKOTNTO Kat OEV Oa TpEmEL Vol
TO XPNOUOTOOVV T KPLITOYpapikd mptokoAra.Eniong to ECBumopel va kdvel ta
TPMOTOKOALN TTOV OEV TOPEYOLV OKEPOLOTNTO OKOUN TTO aVOGOAAN oG kot o givol
emppenn oe replayattacks pog kot 1o k@0e pmhox kpvmtoypageitar pe axpipog tov
010 tpomo kabe popa.H amoxpuvrtoypdenon eaivetor oto mopakdto oynproEwkéva
41)

Ciphertext Ciphertext Ciphertext
[TTTTTITTITTTITT]

OTTTTITITITTT1T] OTTTTTTITTTTTT]
block cipher block cipher block cipher
ey — | ShoRer | e | MERIRST | ey — | WESRT

I I I I N A [TTTTTTTTITTT7T1]
Plaintext Plaintext Plaintext

Electronic Codebook (ECB) mode decryption

Ewova 41: Amokpontoypagnen ECB

4.5.2 CBCmode

To ufpvoua omber oe pmiokc.Kobe plaintextumiok veiotatoan npdén XORpe t0
nponyovuevo ciphertextrpotod kpuvntoypaendei(Ewéve 42).Edikd yioo to mpdto
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umhok n mpdEn XORyivetar petald piag axoiovbiog mov ovoudletor Vior to
amoTéAECUO TNG TTPAENG OIVETOL OTO EMOUEVO UTAOK Yl VO, GLVEYIOTEL 1 dtadKocia
KPLTTOYPALPNONG.

Plaintext

Plaintext Plaintext

[OITTTTITTTTT] [OITTTTITTITT] [OITTTTITTITT]
Initialization Vector (I1V)
O ——p —————————=&p —————————=&p
block cipher block cipher block cipher
Key encryption Key encryption Key encryption
ITTTTTTTTTT] ITTTTTTTTTT] ITTTTTTTTTT]
Ciphertext Ciphertext Ciphertext

Cipher Block Chaining (CBC) mode encryption
Ewévod2:Kportoypaenon CBC

Me poOnuotikods copfolopoldc  €xovpe Yoo TNV KPLTTOYPAPNOM KOt
AmOKPLTTTOYPaPNoN OTL:

™mv

Ci=Exk(PiDCi.1), Co=IV

Pi=Dk(Ci) @Ci.1, Co=IV
Enedn n dwdwokacto 0év ewvor mopdAAnin Bo mpenel va YpNGYLOTOMGOVE KATO10
paddingetotl dote to pivopa givol morlamidolo tov péyeboc tov pumhok.H yprion tov
IV(initializationvector) eivotl amapaitntn og apketovg TpoOTOVG Asttovpyiog KobdS o
poloc Ttov eivor va pog dlvel mpootacion o mepimTwon mov To 1010 VLU
KPLTTOYpOPEital opKeTEG QOopég Ko €tol Ba mapdyst to 1610 ciphertext.Me 1o
IVurmopovpe av aAldlovpe to Cciphertexttov punvopdtov mov KpumroypapovvIol
TOAEG QOpéc pHéco oe o Kpumtoypdeikn dwdwkacio. llapakdteo @aivetor 1
amokpurtoypaenon pe CBC(Ewéva 43)

Ciphertext Ciphertext Ciphertext
OTTTTTTTTTTT] OTTTTTTTTTTT] OTTTTTITTTTT]
block cipher block cipher block cipher
Key decryption Key decryption Key decryption
Initialization Vector (IV)
T —
OTTTTTTTTTTT] OTTTTTTTTTTT] OTTTTTITTTTT]

Plaintext Plaintext Plaintext

Cipher Block Chaining (CBC) mode decryption
Ewova 42: Arokpontoypagnon CBC

3.5.3 PCBCmode

Mowalel apketd pe tov tpoémo AettovpyiacCBC. Apykd ombpe to pnqvopa pog oe
UmAOKC. Xt ovvéyewn to mpwto plaintextumiox mepva pali pe to 1Vpéoo omo pia
paén XORKol 10 amotéAespo ovToD, TEPVE PEGH OO £VoV alyoplfpo TuRpHaTog 6mo
péow  evog  khewwov k  Oa  pag  Pydrer  dc  €€odo  tO  TMPMOTO
ciphertextpoc(Ewéved4)Toplaintexttov mpdtov umAdk mnyaiver o€ uwa mpdén
XORupadi pe 1o ciphertextmov poAg vroroyicoyle.
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Plaintext Plaintext Plaintext
[TTTTTTTITTTT1] [TTTTTTTTTTTT]
Initialization Vector (I1V)
ITTT I I — & &
block cipher block cipher block cipher
Key encryption Key encryption Key encryption
ITTTTTTTTTT] TTTTTTTTTTT] TTTTTTTTTTT]
Ciphertext Ciphertext Ciphertext

Propagating Cipher Block Chaining (PCBC) mode encryption
Ewéva 43:Kpvntoypdonon PCBC

To amotéheopo avtg ™g npaéng XOR mnyaiver poli pe 1o dedtepo plaintext pumiox
o€ o GAAN Tpaén XOR kot T0 amoTéAeCO OVTNG TEPVE OO TOV OAYOPIOUO TUAIATOG
Kot pog Pyalet g omotédecua to dévtepo ciphertext pag.H dSwdwkacio ovth
ocvveyiletor aALGOMOTE HEYPL VO XPNOLOTON|GOVUE KOl TO TEAELTOIO WUTAOK TOL
unvopatog pog.Me poabnuotikods supforopois Exovpe:

Ci=Ek(Pi ® Pi1 ® Ci), Po® Co=IV
Pi=D«(Ci) ® Pi.1 ®Ci.1, Po ®Co=1V
H anokpvrtoypdonon pe PCBCoaivetatl oto mapakdto oynuo(Ewkéve 45)

Ciphertext Ciphertext Ciphertext
[TTTTTTTTTTT1T1] OTTTTTTTTTT1T1] [TTTTTTTTTTT1T1]
block cipher block cipher block cipher
Key decryption Key decryption key decryption
Initialization Wector (IV)
TTTTTTTTTT1T17T1] [TTTTTTTTTTT1T1]
Plaintext Plaintext FPlaintext

Propagating Cipher Block Chaining (PCBC) mode decryption
Ewéva 44: Anokpontoypdenon PCBC

4.5.4 CFB mode

O 1pomog Aettovpylog potdler opkerd moAd pe tov CBC omoiog petotpémer tov
alyopiBpo oe évav avtoovypovilopevo aiyopilBpo ponc.Apyikd tomobetovpe TO
IVuéoa oe évav adydpiOuo tuquotog omov pe éva kiewdi kba kpvmtoypaendei.To
AmOTEAEGHO. TNG KpLITOoypaenong mepvd palt pue to mpmto plaintextumAdk tov
unvopotog pag péca o€ pa tpdén XORya va mapdyovpe o mpmto ciphertext(Ewova,
46).Zt cvvéyela to amotéhespo g Tpacne XOR mepvdel amevbeiog otov alyopiOuo
TUNMATOG Yo Vo KpurtoypagnOel pe to dévtepo umhok plaintext. Avtn 1 dadkacio
ocvveyileton pHéYpl va PTACOVE GTO TEAEVTOLO UTAOK



IMaopyog Oyrov

Initialization Vector (IV)

OTTTTITTITTTTT]

|

l l

block cipher block cipher block cipher
Key encrypticn Key encryption Key encryption
Plaintext Plaintext Plaintext
I:I:I:D:D:D:I:I:I:I:I—rh EI]:I:I:I:I:I:I:I:I:I:D—I_- I:I:I:I:I:I:D:D:D:I:I—rb%
TTTITTITTITTTT1 OTTTTTTTITTT1 OTITTTTTTTT
Ciphertext Ciphertext Ciphertext

Cipher Feedback (CFB) mode encryption
Ewévo 45:Kpoatoypdonon CFB

O1 e&lomoelg mov dEmMoVY 6TV KpVuIToypapnom eivot ot €ENG:
Ci=Ex(Ci.1) ®P;
Pi:Ek(Ci-l) @Ci K(llCo:|V

EE opiopov eav yabei éva ciphertextoe evav avtoovyypovilopevo akyopiBuo tote o
TopoAnTTNG Oa ydcel povo Eva HEPOG Tov UNvopaTog kot Bo propécet va cuveyicel T
anokpvrtoypaenon(Ewkova 47)ywo ta endpevo dedopéva. To povo apyntikd givar 6t
KpumToypdenon umopel va cvveyiotel povo edv yabel oAokAnpo to umdok.Eav yabei
novo évo byten uepwcd bitstote n kpvmtoypdenon Oo yardost oAokAnpotikda.I'o vo
ELLOOTE 1KOVOL VO, GLYYPOVIGTOVUE HETE 0o YAo1o evog byter pepikav bits Oa mpémet
vo. kpurtoypageitor évo bytetn popa(f pepucd bits).

Initialization Vector (IV)

! !
block cipher block cipher block cipher
Key encryption Key encryption Key encryption
Ciphertext Ciphertext Ciphertext
~<[TTTTTTTTTTT1] ~<[TTTTTTTTTTT1] ~<[TTTTTTTTITTT]
OTTTTITTTITTT OTTTITTTIITTT]

Plaintext

Plaintext

Plaintext

Cipher Feedback (CFB) mode decryption
Ewéva 46: Amokpuntoypaonon CFB

[a va ovpPel avtd Ba ypnoyomomoovpe exktdég ano CFB  évav ketayompnti
oAiocOnong(shiftregister) ocav €icodo otov adydépiOuo TuRuaTog pe okOmO Vo
ONUIOVPYNGOUEUE EVOV OVTOGVYYPOVILOHEVO 0lyOp1Bpo pong Tov Ba cuyypoviletar yio
KaOe moAlamAdcto Tmv Xbitsmov evdeyouévmg thyel va xabovv.Apyikd apyIKomTolovue
TOV KATOY®PNTH OoTe vo £xel pé€yebog 660 éva UmAOK.AVTN 1 TN KPUTTOoypapeiTol
oTN GLVERElD pE &vav  oAyOplOuo TUAMOTOC Kol To. O onuoavtiké bits tov
amoteAéopatog mepvave oe o tpdén XORpe ta Xbitstov plaintextkonr mopdyovpe
telkd xbitsciphertext. Avta to Xbitstng e£660v ohMcbaivovy péca o Evav KatToywpn
oAobnong kot 1 dwadikacio eravorapfavetar yio ta exdpevo Xbitstov plaintext.

[Mopopota eivon kot 1 arokpvmtoypdenon.H dwdikacio mov meprypdyape ovopdletot
CFB-8 11 CFB-1(agov e€aptdrtar amo to péyebog g odicOnong).Eav Bswpnioovue 61t
Sietvou 1 Ikatdotacn Tov kKatayopnth, To head(a,x) eivor ta Xpeyodlvtepa bitstov a kot
gav Netvar o apOpdg Tov bitstov IVéyovue ot

Ci:head(Ek(Si_l), X) é P;

Pi=head(Ek(Si.1), X) &C;i
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Si=((Si.1<<x)+C;) mod 2"kmSo=1V

4.5.5 OFBmode

O tpomog Aettovpyiag OFBuetatpénel évav alyopiBpo tunpatog oe Evav aiyopOpo
avtocvyypovifouevov  aiyopibpov  pong.Anuovpysikeystreamumiokg to.  omoio
myaivouy o€ o wpdén poli pe to plaintext yo vo mdpovpe to ciphertextpog. Adym
GUUUETPIOG 1] KPLTTOYPAPNON Kot 1) armokpurtoypaenon sivat idto(Ewova 48)

Initialization Vector (IV)

ITITTITTTTTT

block cipher block cipher block cipher
Key encryption Key encryption key encryption
Plaintext Plaintext Plaintext
OTTTTTTT 77T T —= OTTTTTTTT 1711 — TTTTTT 77T —
OTITTTTTTTT1 OTTTTTTTTTT OTTTTTTTTTT1
Ciphertext Ciphertext Ciphertext

Qutput Feedback (OFB) mode encryption
Ewéva 47:H kportoypaonon OFB

Kdébe Swdwoaocia Poaciletor oto mpomyovpevo Prpote yowtd dgv  yivetor vo
npoypatoromdel mapdAinia.Eivar moAd évkoro va mapovpe OFBypnoiponoimvrog
CBCpe o otafepn copporocelpd undevikov cav gicodo. Hamokpuntoypdenon sivor
ovppetpikn Aoywm g XOR(Ewkova 49)

Initialization Vector (IV)

! !
block cipher block cipher block cipher
Key encryption Key encryption Key encryption
Ciphertext Ciphertext Ciphertext
OTTTITTTT T 1] — OTTTITTTIT T ] —= OOTTTTTTITITT 1] —
OTTTTTTTITTITT OTTTTTTTTTTT OTTTTTTTITTITT
Plaintext Plaintext Plaintext

Qutput Feedback (OFB) mode decryption
Ewova 48: Amokpuntoypagnon OFB

4.5.6 CTRmode

Onwg axptag kat o Tpdmog Asttovpyiag OFBuetatpénet évav adlyoplOpo TUMHoToC 6€
éva adyopiBpo ponc. Anuovpyel to kKabe véo KeystreamumAok ypnoyLOTOIOVTOG TIC
TIéG evOg petpn. O peTpn g Umopel va ivorl omotodnmote cuvaptnon 1 onoia
pmopetl va mapdyet o aokoAovBio m omoia dgv Ba emavaiapPaveTor yio ToAd peydAo
xPOoVIKO draotnpa. H kpumtoypdenon yivetan mapdAinia dpa kot Eexwplotd o€ KGO
umriok(Ewova 50)



IMaopyog Oyrov

Monce Counter Monce Counter Monce Counter
cS58bcf3s5. [elelelelelelele] cS58bcf3s5. [elelelelelelenl cS58bcf3s5. [elelelelelele)
OTTTITTITTTT1 OTTTITTITTTT1 OTTTITTITTTT1
block cipher block cipher block cipher
Key encryption Key encryption Key encryption
Plaintext —r—? Plaintext —r—? Plaintext —r—?
OOTTTITTTTTT1 OOTTTITTTTTT1
Ciphertext Ciphertext Ciphertext

Counter (CTR) mode encryption

Ewévo 49:Kpvatoypdenon CTR

[Maipvovue éva nonce(moapduoto pe to 1V) wor pali pe v T tov counterta
KpumtoypagoOue pe evav  akyopiduo tunpatoc.To amotéhecpa yivetor mpdén
XORpalt pe to mpwrto plaintextumiox tov pnvopotog poc.H 0w dadikacio
emovolopPavetor yioo Ol To. UTAOKG KABE QOPA OUMG HE SLOPOPETIKY TIUN YO TOV
puetpnt) kol Swoeopetikd nonce.H omokpurtoypdonon(Ewéve 51) yivetor pe
TOPOLOL0 TPOTO.

Monce Counter Monce Counter Monce Counter
c58bef35. elelelelelelele] c58bef35. 0eEEEEAL c59bef35. 0oEEEER2
[OTTTTTITTTT1] [OTTTTTITTTT1] [OTTTTTITITT1]
block cipher block cipher block cipher
Key encryption Key encryption Key encryption
Ciphertext—r—? Ciphertext—r—? Ciphertext—r—?
[TTTTTTTTITTT1] [TTTTTTTTITTT1] OTTTTTTTTTT1T1]
[TTTTTITTTTIT71] [TTTTTITTTT7T]
Plaintext Plaintext Plaintext

Counter (CTR) mode decryption

Ewéva 50:Amoxpontoypdonon CTR

4.6Epotioeickepairoiov

Epotnon 1

Consider the following five events:

1) Correctly guessing a random 128-bit AES key on the first try

2) Winning a lottery with 1 million contestants (the probability is 1/10°).

3) Winning a lottery with 1 million contestants 5 times in a row (the probability is
(1/10%)°)

4) Winning a lottery with 1 million contestants 6 times in a row.

5) Winning a lottery with 1 million contestants 7 times in a row.

What is the order of these events from most likely to least likely?

a)2,3,1,5
b)2,3,4,1
0)2, 3,5, 4
d)2, 3,1, 4

Amédvtnon
The probability of event (1) is 1/2/%,

The probability of event (5) is 1/(10°)" which is about 1/2*%°. Therefore, event (5) is the
least likely.
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The probability of event (4) is 1/(10°° which is about 1/2**°**which is more likely than
event (1).
The remaining events are all more likely than event (4).So the correct answer is b.

Epatnon2

Suppose that using commodity hardware it is possible to build a computer for about
$200 that can brute force about 1 billion AES keys per second. Suppose an
organization wants to run an exhaustive search for a single 128-bit AES key and was
willing to spend 4 trillion dollars to buy these machines (this is more than the annual
US federal budget). How long would it take the organization to brute force this single
128-bit AES key with these machines? Ignore additional costs such as power and
maintenance.

a)More than a month but less than a year

b)More than a 100 years but less than a million years

c)More than a million years but less than a billion (10°) years
d)More than a week but less than a month

e)More than a billion (10°) years

Amédvtnon
The answer is about 540 billion years.So correct answer is e.

# Machines = (4-10'%)/200 = 2-10%,

# Keys processed per sec = 1079 - (2-10'%) = 2.10%
#Seconds = 2%/ (2.10"°) = 1.7-10%.

This many seconds is about 540 billion years.

Epotnon3

LetF:{0,1}"x{0,1}">{0,1}"be a secure PRF (i.e. a PRF where the key space, input
space, and output space are all {0,1}" ) and say n=128. Which of the following is a
secure PRF (there is more than one correct answer)?

, _(F(kqy,x) when,x = 0™
a)F ((kl’kz)’x)_{ k, otherwise
b)F’(k,x)=F(k,x)||0 (here || denotes concatenation)
c)F’(k,x)=F(k,x) ® F(k,xed1"
d)F’(k,x)=F(k,x)[0,....n-2] (ie F'(k,x)drops the last bit of F’(k,x)
e)F " ((k1,k2),X)=F(k1,x)||F(k2,x) (here || denotes concatenation)

n

f)F’(k,)={F(k’ X) Wgsn x#+0

Andvrnon
The answer f is not correct: This function is not secure because the adversary would

submit 0"and guessthat that the function is not random if the output is zero.

So Adv[AF]=10-1]=1

The answer a is correct:Despite the fact that a key is being sent, this function is
secure because when the adversary submits nonzero messages,he learns only as much
about F' as he would learn about F, but F is secure. When he submits 0", he gets a
value that is chosen uniformly from K, so it is indistinguishable from random.Similarly
the answers d and e are correct.
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The answer b is not correct: A distinguisher will output not random whenever the last
bit of F(k,0") is 0.

The answer c is not correct:A distinguisher will query atx=0"and x=1" and
output not random whenever the two responses are equal. This is unlikely to happen
for a truly random function.

Epotnond

Recall that the Luby-Rackoff theorem discussed in Lecture 3.2 states that applying a
three round Feistel network to a secure PRF gives a secure block cipher. Let's see what
goes wrong if we only use a two round Feistel. Let F: Kx {0,1}**— {0,1}*’be a secure
PRF. Recall that a 2-round Feistel (Eixova 52) defines the following PRP
Fo:Kox{0,11%4 510,115 :

Ro == ¥ = R, P ¥ T R,
CF(k,, ") ey CERlk )0

Ly ¥ I ¥ L

! <) 1 2

D

64 bits

input output

Ewova51: 2 yoporFiestel

Here Rg is the right 32 bits of the 64-bit input and Ly is the left 32 bits.One of the
following lines is the output of this PRP F, using a random key, while the other three
are the output of a truly random permutation :{0,1}**—{0,1}**. All 64-bit outputs are
encoded as 16 hex characters. Can you say which is the output of the PRP?Note that
since you are able to distinguish the output of F, from random, F; is not a secure block
cipher, which is what we wanted to show.Hint: First argue that there is a detectable
pattern in the xor of Fa(-,0%%) and Fx(-,1320%%) Then try to detect this pattern in the given
outputs.

a) On input 0% the output is "9d1a4f78 cb28d863".0On input 1%20% the output is
"75e5e3ea 773ec3e6".
b) On input 0% the output is "5f67abaf 5210722b".0On input 1%°0* the output is
"bbe033c0 0bc9330e".
c) On input 064 the output is "e86d2de2 e1387ae9".0On input 1%0* the output is
"1792d21d b645c008".
d) On input 0% the output is "7b50baab 07640c3d".On input 1320% the output is
"ac343a22 cead46d60".

Anradyvriyon

When the input is 0°:

Ro = O, L0=0

Rl =F (kl,O), L1:0

R2=F (ko, F (k1,0)), L, = F (k1,0)

When the input is 1% || 0°%

Ro = O, Lo =1

R1 = l@ F (kl, 0), L1 =0

R2 =F (kz, 1@F (kl, O)), Lz = 1@F (kj_, 0)
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So the first L, should be the inverse of the second L,. This is the case for the
pair'e86d2de2 e1387ae9" , "1792d21d b645c008" so the correct answer is c.

Epotnond
Nonce-based CBC. Recall that in lecture 4.4 we said that if one wants to use CBC

encryption with a non-random unique nonce then the nonce must first be encrypted
with an independent PRP key and the result then used as the CBC IV. Let's see what
goes wrong if one encrypts the nonce with the same PRP key as the key used for CBC
encryption.

Let F:Kx {0,1}'—{0,1}" be a secure PRP with, say, (=128. Let n be a nonce and
suppose one encrypts a message m by first computing 1V=F (k,n) and then using this
IV in CBC encryption using F(k,-). Note that the same key k is used for computing the
IV and for CBC encryption. We show that the resulting system is not nonce-based
CPA secure.

The attacker begins by asking for the encryption of the two block message m=(0%,0")
with nonce n=0". It receives back a two block ciphertext (co,c1).Observe that by
definition of CBC we know that ¢1=F (k,Co). Next, the attacker asks for the encryption
of the one block message m;=co@®ci with nonce n=co. It receives back a one block
ciphertext co'.

What relation holds between c,c1,Co"? Note that this relation lets the adversary win the
nonce-based CPA game with advantage 1.

a)c,=c’y
b)co=c1Bc’y
C)co=C"p
d)ei=co B ¢’y

Andvrnon
First, note thatcy = F(k, F(k, 0)) ,c1 = F(k, F(k, F(k, 0)))and that c; = F(k, Co)

In response to the attacker's request for the encryption of m;= (c,)“twithnonce c, the
attacker receives:nonce | ¢’, so:
co |F(k F(k co)™)=F (k F(k co)®")=F(k, c;%")=F(k, co)=c,

Epatnonb

Let m be a message consisting of £ AES blocks (say £=100). Alice encrypts m using
CBC mode and transmits the resulting ciphertext to Bob. Due to a network error,
ciphertext block number €/2 is corrupted during transmission. All other ciphertext
blocks are transmitted and received correctly. Once Bob decrypts the received
ciphertext, how many plaintext blocks will be corrupted?

a)1+£/2
b)1

)2

d)3

e) 412
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Amdvrnon
If block number ¢ /2 is corrupted, then that block and each block that comesafter will

be corrupted, so 2 blocks of plaintext will be corrupted.So correct answer is c.

Epotnon 7/

Let m be a message consisting of £ AES blocks (say {=100). Alice encrypts m using
randomized counter mode and transmits the resulting ciphertext to Bob. Due to a
network error, ciphertext block number £/2 is corrupted during transmission. All other
ciphertext blocks are transmitted and received correctly. Once Bob decrypts the
received ciphertext, how many plaintext blocks will be corrupted? :

a)3

b)1
C)1+£112
d)2
e)¢/2

Andvrnon
With CTR the counter value used to decrypt each block of ciphertext does notdepend

on the value of any other block. Therefore with one block corrupted, only 1 block of
plaintext will be corrupted.So the correct answer is b.

Ep®tnon8d

Recall that encryption systems do not fully hide the length of transmitted
messages.Leaking the length of web requests has been used to eavesdrop on encrypted
HTTPS traffic to a number of web sites, such as tax preparation sites, Google searches,
and healthcare sites.

Suppose an attacker intercepts a packet where he knows that the packet payload is
encrypted using AES in CBC mode with a random IV. The encrypted packet payload is
128 bytes.Which of the following messages is plausibly the decryption of the payload:

a) 'To consider the resistance of an enciphering process to being broken we should
assume that at same times the enemy knows everything but the key being used and to
break it needs only discover the key from this information.”

b)In this letter | make some remarks on a general principle relevant to enciphering in
general and my machine.'

c)'We see immediately that one needs little information to begin to break down the
process.'

d)The significance of this general conjecture, assuming its truth, is easy to see. It
means that it may be feasible to design ciphers that are effectively unbreakable.

Andvrnon
The correct answer is b.The length of the string is 107 bytes, which after padding

becomes 112 bytes, and after prepending the IV becomes 128 bytes.
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Epotnon 9
Let R:={0,1}* and consider the following PRF F:R><R—R defined as follows:

t = k[0]
fori=1to4do
if (x[i — 1] == 1)t D kl[i]
output t

F(k,x)=

That is, the key is k=(k[0],k[1],k[2],k[3].k[4]) in R® and the function at, for example,
0101 is defined as F(k,0101)=k[0]Dk[2]Dk[4]. For a random key k unknown to you,
you learn that:

F(k,0110)=0011 and F(k, 0101)=1010 and F(k,1110)=0110.

What is the value of F(k,1101)?Note that since you are able to predict the function at a
new point, this PRF is insecure.

Amédvrnon

We are given to following:
k[0]*21" =0011
k[0]¥121""=1010

k(3]
k01K <0110,

] ) k[4] k(2]
We aim to find k[0]*[1"" =0010#[31 =911 g1010"

k[3

]=01101010°°“=1111

HpoypouuotictikyAcknony 2

In this project you will implement two encryption/decryption systems, one using AES
in CBC mode and another using AES in counter mode (CTR). In both cases the 16-
byte encryption 1V is chosen at random and is prepended to the ciphertext. For CBC
encryption we use the PKCS5 padding scheme discussed in class (13:50).

While we ask that you implement both encryption and decryption, we will only test the
decryption function. In the following questions you are given an AES key and a
ciphertext (both are hex encoded) and your goal is to recover the plaintext and enter it
in the input boxes provided below. For an implementation of AES you may use an
existing crypto library such as PyCrypto (Python), Crypto++ (C++), or any other.
While it is fine to use the built-in AES functions, we ask that as a learning experience
you implement CBC and CTR modes yourself.

Question 1

CBC key: 140b41b22a29beb4061bda66b6747e14

CBC Ciphertext 1:
4ca00ff4c898d61e1edbf1800618fb2828a226d160dad07883d04e008a7897ee\
2e4b7465d5290d0c0e6c6822236e1daafh94ffe0c5da05d9476be028ad7¢c1d81

Question 2

CBC key: 140b41b22a29beb4061bda66b6747e14

CBC Ciphertext 2:
5b68629feb860619a6667670b75b38a5b4832d0f26el1ab7da33249de7d4afc48\
e713ac646ace36e872ad5fh8a512428a6e21364h0c374df45503473¢5242a253

Question 3

CTR key: 36f18357be4dbd77f050515c73fcfof2
CTR Ciphertext 1:
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69dda8455c¢7dd4254bf353b773304eec0ec7702330098ce7f7520d1cbbb20fc3\
88d1b0adh5054dbd7370849dbf0b88d393f252e764f1f5f7ad97ef79d59ce29f5f51eeca32eabedd9afa9329

Question 4

CTR key: 36f18357be4dbd77f050515¢73fcfof2

CTRCiphertext 2:
770b80259ec33beb2561358a9f2dc617e46218c0a53checa695ae45faa8952aa\
0e311bde9d4e01726d3184c34451

Anrayryon

Apywo Bo mpémer amo v 1otocedida https://www.dlitz.net/software/pycrypto/ 6a
npénel va Katefdacovpe v Pipriodnkn PyCryptokor vo Ty £yKOTOGTHGOVUE GTOV
VITOAOYIOTN , Yy va umopécovpe vo  kdvoope Iimplementtov AES  ota
pythonmpoypappato poc.Me tov k®diko mov Ppioketar £0w Bo pmopécovue vo
AmoOKPLTTOYpOaPoovE Kot To 4 ciphertextstov pag divoviol 6Tny TPOYPOUUATIOTIKY
Goknon.Xe kabe mepintmon xet emheytei éva Toyaio peyébouvg 16 bytelVto omoio €xet
tonofetnOel ota ciphertexts.

Xmv gpoatnon 1 pog {nteitonl va amoKpLTTOYPOP|COVIE TO HWVOUO HE TOV TPOTO
Aertovpyiag ECBC.Tote apykd kavovpe decodeto kiedi kou to ciphertext mote va
LETATPOTOVV OoTO JEKAEEAOIKO GE GUUPOAOGELPES KOl GTN GLVEXELD OMLOVPYOVE
mv petaPAnty sizen omoia €xer péyebog 6o éva AESumiok,kon Balovpe péoo oto
ciphertextpog éva V. To 1Véyer néyebog 6co évo AESumiok.Katomyv  avabetovue
otV petapinty cipherty nocdémrta AES.new(key, AES.MODE_CBC, iv) mov giva 1
Kpumtoyphonon tov  KkAewov Kkkot tov V. va  amokpumtoypogercovue
xpnowomowovpe v petafAnt)  Cipheryiw  va  amoKpULTTOYPOQHGOVUE  TO
ciphertextoniadn to upvoua pog mgs=cipher.decrypt(ciphertext[16:]).To plaintextmov
Byaiver eivon : Basic CBC mode encryption needs padding

Ymyv gpoatnon 2 mpdrttovpe okplPdg v dwo dwdikaciokol TO UNVORO IOV
naipvovpe eivon to - Our implementation uses rand. 1V.Xtn cuvéyela kévoue decodeto
KAeWi kou to ciphertextywr va 1o moue amo defaeEadikd o€ GLUPBOAOCEPEC.ETN
GUVEYELD, OTLLLOVPYOVLE QPYIKE Lo cLVapTNoT TTov TV ovoudlovuepycrypto decryptn
omoio maipvel MG opicpata To KAEWi, To iV, kot o petaPintm data.H Aettovpyia g
glvol Aol TPATU KPLITOYPUPTOEL TO KAWL KOl TO IVUETA VO, ATOKPVTTTOYPOPNOEL TO,
dedopéva data.H cuvaptnon avth o ypnowonomdei otig epotoelg 3 kot 4 mov Oa
amokpuntoypapncovpe pe CTR.

>y gpamon 3 6mog ginaue ypnopwonomovpe pébodo Asttovpyiog CTR.IIpmta kat
T0 YVOOTA pe tn ovvaptnon decodepépvoupe o kKAewdi kot to ciphertextom popoen
ovpuporocepav.'vopilovpe 6Tt ot uébodo Aettovpyiag CTRN kpvrtoypdonon kot m
AmOKPLNTOYPAPNON  &ivor  TApIAANAN  Kou o kGBe  PApo  XPNOLUOTOOVUE
évalV.Anpovpyodpe «ébe @opd xor eva owoeopetikd IVywr xdbe pmidx tov
unvopartog pag.Etol Ba yperactodpe cvvorikd 4 IV omov 10 kdbe 1VOa av&averon
kata 1.To mpdTto ivBa givar to iv+0, to dévtepo iVOa givar to v+l , 1o tpito IV Oa
givor to Iv+2 eve 10 Tétapto 1VOa givar to Iv+3.060 agopd to ciphertext, avtd Oa
ondoel 6 PTAOKG.

To npmdto pumhoxk ctl Oa eivor ta bytes 32 ewc 64 ,10 dévtepo pumhok Oa eivon ta bytes
64emg 96, 10 Tpito punAok Oa eivar To bytes 96 £wg 128 katto tétapto Oa mepiéyet Ta
bytestov 128°  umhok/Etor  «kdée IVavtictoyyileton o€ SopopeTikd
ciphertextumlox. Télog Ba ¥pPNOYLOTOMGOVUE TN GLVAPTNGON TOL SNUIOVPYHCOUE  Yia,
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VO ATOKPVTTOYPOPNGOVUE 0VTE TOL UTAOKS. [ 10 Tapddety Lol VO OTOKPUTTOYPAPT)COVLE
10 pwto unAdk Bo epapudoovue pycrypto decrypt(key,vl,ctl), yia to dévtepo
umhox pycrypto_decrypt(key,v2,ct2) kot ovtm kab e€ng yio va mtapovpe to {nTtovpevo
uvopa: CTR mode lets you build a stream cipher from a block cipher.H gpdtnon 4
Aovetor pe mopdpolo Tpoémo kot to nrovpevo pMqvopa mov Bo mapovpe HETA TNV
amokpLITOYpaenon tov sivar : Always avoid the two time pad!

4.7AvarvtiknfaOporoyia

You submitted this homework on Wed 13 May 2015 3:47 PM EEST. You got a score of 9.00 out of 9.00.

Question 1

Consider the following five events:

Correctly guessing a random 128-bit AES key on the first try.

Winning a lottery with 1 million contestants (the probability is 1/10° ).

WWinning a Iottery with 1 million contestants 5 times in a row (the probability is (1/109)7 ).
Winning a lottery with 1 million contestants 6 times in a row.

Winning a lottery with 1 million contestants 7 times in a row

[ S R

What is the order of these events from most likely to least likely?

Your Answer Score Explanation

2,3,1.5 4

2,3,41.5 «~ 1.00 The probability of event (1) is 1/2*128.
The probability of event (5) is 1/(106)*7 which is about 1/2*{139}. Therefore, event (5) is the least likely
The probability of event (4) is 1/{10*6)*6 which is about 1/2*{119.5} which is more likely than event (1).

The remaining events are all more likely than event (4).

2,3,1. 4,5

Total 1.00/1.00

Ewéva 52:Epdtnon 1-Week 2

Question 2

Suppose that using commodity hardware it is possible to build a computer for about $200 that can brute force about 1 billion AES keys per second.
Suppose an organization wants to run an exhaustive search for a single 128-bit AES key and was willing to spend 4 trillion dollars to buy these machines
(this is more than the annual US federal budget). How long would it take the organization to brute force this single 128-bit AES key with these machines?
Ignore additional costs such as power and maintenance
Your Answer Score Explanation

More than a month but less than a year

More than a 100 years but less than a million years

Mare than a million years but less than a billion (107 years

More than a week but less than a month

Mare than a billion (10°) years v 1.00 The answer is about 540 billion years.
« # machines = 4*10"12/200 = 2*10"10
» # keys processed per sec = 109 * (2*10*10) = 2*10*19
« #seconds=2"128/(2*10"19) =1.7*10"19

This many seconds is about 540 billion years.

Total 1.00/1.00
Ewova 53:Ep®tnon 2-Week 2
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Question 3

Let F: {0,1}" x {0,1}" — {0, 1}" be a secure PRF (i.e. a PRF where the key space, input space, and output space are all {0, 1}") and say n = 128.

Which of the following is a secure PRF (there is more than one correct answer):

Your Answer Score Explanation

v v 017  Correct. Adistinguisher for F’ gives a distinguisher for F.
F(ki.x) whenx+#0"

F'((k k), oy = TR0 7
k otherwise

F'(k,x) = F(k,x) || 0 (here N denotes « 017  Not a PRF. A distinguisher will output not random whenever the last bit of F(k, 0") is 0.

concatenation)

F'(k,x) = F(k, x) €@ F(k, xd1™) v 017  Nota PRF_A distinguisher will qguery at x = 0" and x = 1" and output not random
whenever the two responses are equal This is unlikely to happen for a truly random
function.

4 F'(k,x) = F(k,0[0,....,n = 2] (ie. « 017  Correct A distinguisher for F’ gives a distinguisher for F.
F' (k, x) drops the last bit of F(k, x))
4 F'((ky, kp), ) = Flk;,x) || F(ky, x) « 017  Correct. A distinguisher for F' gives a distinguisher for F.
(here N denotes concatenation)
Flik. 0 = Flk,x) whenx#0" « 017  Nota PRF. A distinguisher will query at x = 0" and output not random if the response is
T o otherwise 0™ This is unlikely to hold for a truly random function.
Total 1.00/

1.00

Ewéva 54:Epdtnon 3-Week 2

Question 4

Recall that the Luby-Rackoff thecrem discussed in Lecture 3.2 states that applying a three round Feistel network te a secure PRF gives a secure block cipher. Let's see what goes wrong if we only use a two round Feistel. Let
F:Kx{0,1}* = (0,11 be a secure PRF. Recallthat a 2-round Feistel defines the following PRP F3 : K% x {0, 11% = {0, 1]1%:

64 bits

—
input output

Here Ry is the right 32 bits of the §4-bit input and La is the left 32 bits.

One of the following lines is the output of this PRP F2 using a random key, while the other three are the cutput of a truly random pemutation f : {0, 1 }"4 = (0.1 }“ . All 64-bit outputs are encoded as 16 hex characters. Can you

=ay which is the output of the PRP? HNote that since you are able to distinguish the output of F2 from random, Fz is not a secure block cipher, which is what we wanted to show.

Hint: First argue that there is a detectable pattem in the xor of Fa(-,0%) and Fa(-, 13%0°%). Then try to defect this pattem in the given outputs

Your Answer Score Explanation

On input 0 the output is "9d1a4f78 cb28d863".  On input
1720 the outputis “75eSe3ea 773ec3es”.

On input 0 the output is "5f67abaf 52107226,  On input
120" the output is "bbel33c0 0bca330e”

« oninput 0™ the output is "e86d2de? e1387ae9”  Oninput v  1.00 Observe that the two round Feistel has the property that the left of F(-,(J“)@H(-,JH(]D) is 1"*_ The two outputs in this answer are the
1320* the output is "1792d21d b645c008™. only ones with this property.

On input 0 the output is "7bS0baab 07640c3d™.  On input
1720 the outputis “ac343a22 cead5a60”,

Total 1.00/

Ewova 55:Epdtnon 4-Week 4
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Question 5

Nonce-based CBC. Recall that in lecture 4 4 we said that if one wants to use CBC encryption with a non-random unique nonce then the nonce must first be encrypted with an

independent PRP key and the result then used as the CBC IV. Let's see what goes wrong if one encrypts the nonce with the same PRP key as the key used for CBC encryption.

Let F: Kx 0,1 }" — {01 ¥ be a secure PRP with, say, # = 128 Let n be a nonce and suppose one encrypts a message m by first computing FV = F(k.n) and then using
this IV in CBC encryption using F(k,-). Note that the same key k is used for computing the IV and for CBC encryption. We show that the resulting system is not nonce-based CPA

secure.

The attacker begins by asking for the encryption of the two block message m = (0"_(]“) with nonce n = 07 _ It receives back a two block ciphertext (cp.¢1). Observe that by
definition of CBC we know that ¢) = F(k,co). Next, the attacker asks for the encryption of the one block message m| = ¢q @1‘\ with nonce n = ¢y It receives back a one

block ciphertext

What relation holds between cp. ) er[', 7 MNote that this relation lets the adversary win the nonce-based CPA game with advantage 1.

Your Answer Score Explanation
cp =cj « 100 This follows from the definition of CBC with an encrypted nonce as defined in the question.
co=ci1ihey
cp =)
e =cofPey
Total 1.00/1.00

Ewova 56:Ep®tnoen 5-Week 5

Question 6

Let m be a message consisting of £ AES blocks (say £ = 100). Alice encrypts m using CBC mode and transmits the resulting ciphertext to Bob. Due to a network emor, ciphertext
block number £/2 is corrupted during transmission. All other ciphertext blocks are transmitted and received corectly. Once Bob decrypts the received ciphertext, how many plaintext

blocks will be comupted?

Your Answer Score Explanation
1+£12
1
2 v 100 Take a look at the CBC decryption circuit. Each ciphertext blocks affects only the current plaintext block and the next.
3
£12
Total 1.00/1.00

Ewova 57:Ep®tnon 6-Week 2

Question 7

Let m be a message consisting of £ AES blocks (say £ = 100). Alice encrypts m using randomized counter mode and transmits the resulting ciphertext to Bob. Due to a network
error, ciphertext block number £/2 is corrupted during transmission. Al other ciphertext blocks are transmitted and received correctly. Once Bob decrypts the received ciphertext

how many plaintext blocks will be corrupted?

Your Answer Score Explanation
3
1 v 100 Take a look at the counter mode decryption circuit. Each ciphertext block affects only the current plaintext block
1+£72
2
£12
Total 1.00/1.00

Ewova 58:Ep®tnon 7-Week 2
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Question 8

Recall that encryption systems do not fully hide the length of transmitted messages. Leaking the length of web requests has been used to eavesdrop on encrypted HTTPS traffic
to a number of web sites, such as tax preparation sites. Google searches, and healthcare sites. Suppose an attacker intercepts a packet where he knows that the packet payload is

encrypted using AES in CBC mode with a random IV. The encrypted packet payload is 128 bytes. Which of the following messages is plausibly the decryption of the payload:

Your Answer Score  Explanation

To consider the resistance of an enciphering process to
being broken we should assume that at same times the
enemy knows everything but the key being used and to
break it needs only discover the key from this information.’

‘In this letter | make some remarks on a general principle  « 1.00

The length of the string is 107 bytes. which after padding becomes 112 bytes, and after
relevant to enciphering in general and my machine.’

prepending the IV becomes 128 bytes.
We see immediately that one needs little information to
begin to break down the process.’

The significance of this general conjecture, assuming its
truth, is easy to see. It means that it may be feasible to
design ciphers that are effectively unbreakable'
Total 1.00/
1.00

Ewove 59:Epdnon 8-Week 2

Question 9

Let R:= 0.1 1* and consider the following PRF F : R® % R — R defined as follows:

1= k[0]
v . ) fori=l o4 do
Fik.x) = it (xli— 1]
output ¢

That is, the key is k = (K[O]LA[1].K[2].K[3].k[4]) in R? and the function at, for example, 0101 is defined as F(A,0101) = k[0] & k[2] & k[4]

For a random key &k unknown to you, you learn that

F(k,0110)=0011 and F(k,0101)= 1010 and F(k. 1110) =0110
What is the value of F(k,1101)? Note that since you are able to predict the function at a new point, this PRF is insecure.
You entered:

1111

>
Your Answer

Score Explanation
1111 L4 1.00
Total 1.00/1.00

Ewova 60:Epdtnon 9-Week 2

You submitted this homework on Wed 13 May 2015 9:25 PM EEST. You got a score of 4.00 out of 4.00.

Question 1

In this project you will implement two encryption/decryption systems, one using AES in CBC mode and another using AES in counter mode (CTR). In both cases the 16-byte
encryption IV is chosen at random and is prepended to the ciphertext. For CBC encryption we use the PKCS5 padding scheme discussed in class (13:50)

While we ask that you implement both encryption and decryption. we will only test the decryption function. In the following questions you are given an AES key and a ciphertext
(both are hex encoded) and your geal is to recover the plaintext and enter it in the input boxes provided below.

For an implementation of AES you may use an existing crypto library such as PyCrypto (Python). Crypto++ (C+#), or any other. While it is fine to use the built-in AES functions, we
ask that as a learning experience you implement CBC and CTR modes yourself.

Question 1

« CBC key: 140b41b22a29%bebd061bdabbb6747e14
« CBC Ciphertext 1

4cal0ff4c898d61e1edbf1800618fb2828a226d160dad07883d04e008a7897 e
2e4b7465d5290d0c0eBcE822236e1daafb94ffelc5dal5d9476be028ad7c1dd

You entered:

Basic CBC mode encryption needs padding

Your Answer

Score Explanation
Basic CBC mode encryption needs padding. ~ 1.00
Total 1.00/1.00

Ewova 61:TIpoypappatictiki doknen 2-Week 2(spdtnon 1)
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Question 2

» CBC key: 140b41b22a29beb4061bdab6b6747e14
= CBC Ciphertext 2

5b68629feb8606f9aB667670bT5b38a5b4832d0f26e1abTda3324%9deTd4afc48\
e713ac646ace36e872ad5fh8a512428a6e21364b0c374df45503473c5242a253

‘You entered:

Our implementation uses rand. IV

Your Answer
Our implementation uses rand. IV

Total

Question 3

« CTR key: 36f18357beddbd77f050515c7 Ifcfof2

« CTR Cipherext 1:
69dda8455c7dd4254bf353b773304eec0ecT 702330098ce 717 520d 1cbbb20fc3\
88d1b0adb 4dbd7 371 12526764157 ad97ef 7! 1

You entered:

CTR mode lets you build a stream cipher from a block cipher.

Your Answer

CTR mode lets you build a stream cipher from a block cipher.

Total

Score Explanation
1.00

1.00/1.00

Score Explanation
v 1.00

1.00/1.00

Ewova 62:Mpoypoppotiotiky doknon 2-Week 2(spotion 2 ko 3)

Question 4

+ (TR key: 36f18357beddbd TTHS0515¢7 HefSe2
+ (TR Ciphertet 2.

770802593 3beb2561358a012dch 1 Te46218c0a53checati5aedsiaaddszaal
0e311bdeddde0172603184c]d451

Youentered:

Abways avoid the two fime pad!

Your Answer
Abways avoid the two time pad!

Total

Score Explanation

100

100/1.00

Ewova 63:Mpoypoppotiotiky doknon 2-Week2(spdtnon 4)

IMivaxag 2:Badporoyiec\Week 2

1" tpoonddeio

2" npoondfeia

3" tpocnddeia

4" rpocndeia

Epdtoeig

9.00/9.00

Aocknon

4.00/4.00
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KE®AAAIOS
AKEPAIOTHTA MHNYMATOX
5.1 Kaodwkeg motomoinong akepardotyrog unvopatos(MAC)

e auTd TO KEPAAMO O OKOTOC LaG EVOL VO TOPEXOVIE AKEPULOTNTO UNVOLOTOS AL
oyt epmotevTikonTa. To Thg yivetor va pog evOlQEPEL N OKEPOLOTNTA KO Ol M
eumotevTikodTTa Ba To detovpe pe mapadetypota. llapadeiypotoc xapn okepteite 10
ocbomuo apyeiov mov Ppioketarl oe Eva okAnpo dioko.Eav ypnowonoteite Windows
T0 GUOTNUA VT OV £XEL EUMIGTEVTIKOTNKO KOOMG eivol yYvmoTod 6To Koo mov OéAet
VO TO YPNOCLUOTOUCEL OALN €CELG HE KAmOlo TPOTO TMPEMEL va. €ioTe Giyovpotl OTL Ta
apyeia dev Ba TpomomonBov amo KAmolo 10 1 KaKOBOVAO AOYIGUIKO.

‘Eva dAlo mopadetypa givor ot dtapnuioelg tomov bannermov Ppickoviar o€ S1G¢popeg
16106€AdeC.O mhpoyog TV dapnuicemv dev vordletar Gv KEmolog avtryplyetl auTég
T1G deNUicels yuo va T1g 0eigel 6To Kowo.Apa d€v vrhpyel BEUa eUmOTELTIKOTNTAG
OALQL TOV EVOLOQEPEL 1] KTPOTOTONGN» CAVTAOV TOV OPNUCE®V HE OTOLOVONTOTE
TpOT0.AvTd OV B0 KAVEL 0 TAPOYOG €lval var unv emTpénel  GTOLG AVOpOTOLS Va
aALGlovv TIC dopnuicElc.

"Evag 1poémog v mapEYove GKEPULOTTA UNVOLOTOG €IVOL VO XPICLLOTOMGOVE EVal
Baocwkd pnyoviopd mov ovopdletatMAC* (message authentication code) Eotm 61t
éyovpe v Alicexar tov Bob mov govv éva kowvd kAedi Kto omoio 8év yvmpiletl o
EMTIOEUEVOG KoL VTTAPYEL Emiong Kat éva.  puivopom mov 0éder n Aliceva oteilel 6tov
Bob.O emtifépevog dev  mpémel va pmopel Voo  TPOTOTOGEL TO UAVOUO KOTO TNV
ueta@opd tov amo v Alicecstov Bob.

Mo va yivet ovtd nAlice 6o ypnowonomost  Tov  aiyopiOpo
vroypapnis(MACsigningalgorithm) vy vo mapdyet po etkéto mov Oa v
tonofetnoel uéso oto punvopa.Metd Ba oteidel To puvopa otov Bob.O napainmmg Oa
YPNOLOTOMGEL Evav alydplOpo mov maipvel d¢ gicodo éva kKAewWi K kat to pnvoua
TPOG ATOGTOAN Y10 Vo vtoAoyicel TV eTikéTa. Katomy Ba edéyEel yua to gav 1 eTikéta
7oL VIOAOYIGE givar 101 pe v eTikéta mov £otethe N Alice.Av 1 etikéteg sivar id1e¢
10 ufvopa tote dgv éxel melpaydel kar £yl pTdosl aképoro otov Bob.Av ouwmg ot
eTIKETEG OEV glval 101eg TOTE TO puNvupa €xel TpomomomOei.

Onog eidape m akepardmmrto omortel évo kowvo kAewdi peta&y tov Bobkor g
Alice. Topa Ba dciEovpe pe ™ ypnomn evog aiyopibpov ot M ypfon KAWL givat
amapoitn.Eoto oCRC(cyclicredundancycheck) mov eivar évag KAOLGGKOG
aAyopiBpoc vroloyiopod tov checksumo omoiog dnuiovpyndnke pe okomd  vo
avyvedel ta dapopa Aadn péca oto pnvopa.doavioaoteite 6t n Alice avti yw éva
KAWL 10 omoio Ba pog OMUOVPYNOEL O ETIKETOL OO TNV TAELPA TNG, Vo
ypnowonomoet évav akyopipo CRCo omoiog Ba pag dnpovpynoet v etikéta ywpig
NV avAayKn ToV KAEL100.

¥t ovvéyela Palel avtiv TV ETIKETA 6TO URVLUA Kot To oTtéAvel otov Bob.O Bobaro
mv mAevpd Tov Bo vroloyicel to tag=CRC(M) kot av o akyopOpog tov PydAet

* 0 nyaviopog MAC, https://en.wikipedia.org/wiki/Message_authentication_code
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«YES»HTOTE TO WIVLUO EWVOL OKEPOLO EVAD oV TOL PyGAel «NO» TOTE TO UVLUO €V
£QTOCE OKEPALO.

To mpoPAnuo Opmg Evar OTL TO TOPOTAVED G OEV EVOL ACPOAES KOl €tvar TOAD
EVKOAO €vog EMTIOEUEVOG VO TO OTTAGELALTO OV PTopEl Vo KAvel 0 emTifEpEVOG givart
VoL KVPAOGEL TNV ETIKETOL TOL UNVOLLOTOG KO LETE VOL TAPAYEL TO OIKO TOL LIVOLLOLXTT
ouvéyeln Ba vmoloyicer 1o CRCtov pnvopoatog tov kot petd Oo oteiher v
aAAniovyia avtiv otov Bob.O BobOa tpé€et tov aiydpiOpo emainbevong kot Oa d&i
ot o pvopa £wvotl cootd!Enedn oto CRCHEV vdpyet kAe1dl ovo1acTiKd 6€v vdpyet
Kapio dtapopd peta&y emrifépevon kat g Alice.

Acgdiera oo MAC

®a mpoonadnocovpe va deiovpe Tt onuaivel €va cvotua MACva givor acporécue
éva mayvion.®a opicovpe v dvvaun v omoio €xel o emtiBépevog kol molog o
okomdc tov.0 emrtBépevog €xet v dOvoun va emAélel oe molo unRvupo Ha
emteOel. Epappolet onAaon mv emifeon gmieypévou
unvopartog(chosenmessageattack).Me dAlha Adyla o emtiBépevog pmopel vo dMoeL
omv Aliceavbaipeta pnvopata g enthoynig tov My...Mgkor  Alicebo vroloyicet tig
ETIKETEG AVTOV Y1 Tov emtifépevo.Tati duwg n Aliceva tigumoAoyioet;

INo wapaderypo pmopei o emtiBépevog va oteidel otnv Alice éva email.H Aliceba
amofnkKevoeL To uMvope ovTd, 6ToV 0ioko TG aAla TpdTa o VITOAoYicEL TV eTIKETAL
TOV UNVOLOTOG OVTOV UE GKOTO VAL UMV UTOPEGEL Kavelg va 10 aALdEeL. Apa TeAKE Oa
amoONKeVoEL Ol LOVO TO UVOLLO OAAQ KOL TNV ETIKETO GTOV O10KO TNG.

Alyo apyotepa pmopei o emtifépuevog vo kKAEyel tov dioko g Alice kol mAéov va
dwafétel kal To puMvopo oAlo Kot TV TIKETA avToV, vroloyicuévn armo v Alice.O
okomdc Tov eivan vo kavewmapioxy mhaostoypagia’®(existentialforgery).Me GAla
AMoyw o emrmBépevog mpoomabel  va mapdyel PeEPIKEG VEEG €TIKETEG. ANAON KATO0
Céuyog UNVOHOTOG-ETIKETOS TO OTOT0 €ivat SLPOPETIKG OO oL TA TOL TOL dMONKAV
KaTo TV OldpKela TG emifeong emAeyHEVOL UNVOLOLTOG:

(m,t) & {(my,tr),...(Mq, M)}

Edv pmopei va 10 kéver avtd 101€ T0 cuoTNU €ivar pun ac@aiéc.Andadn 1 enibeon
vrapElokng mTAactoypaeiog delyvel 0T, akOUN Kol €dv o emrtifépevoc dnbéter Eva
Cévyog unvOLOTOC KO ETIKETOG,APEMELVOL UV UTOPEL VO TAPAYEL VEX ETIKETO KON
Ko av To uivopa teptypaeet acvvaptnoieg(gibberish).

‘Eva gpomuo €00 Ba tav yutt va évownle tov emrtiBépevo to €av pmopel va
VTOAOYIoEL TNV ETIKETO EVOC UNVOLLOTOG TTOL THAVOV Vo TEPLEYPAPE acvVapTNoieg,Aév
éxel kamowo a&io yo tov emtfépevo, amid 0éhovpe va dnuovpyncoope MAC’Sot
omoiot gival ac@aleic o€ k4B TEpimTOOT).

Yndpyovv TepTOCELS V1o TOPASELY LA OOV OEAOVLE VO VTOAOYIGOVLE TNV ETIKETA Y10
éva Tuyoio pLoTikd KAEWL.Xe otV TV Tepintoon o emtiféuevog givor 1Kavog va
VTOAOYIoEL TNV €TIKETA Y10 VO EVTEAOG TLYOIO UNVLUO KOl 16mG va gival tKavog va
TOVEEUMATNOEL  OTO VO XPNOCYOTOMGEL €va AavOaopuévo puotikd kAei. Emopévag

*® Yrop&an mhastoypagia, https://en.wikipedia.org/wiki/Digital_signature_forgery’
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0élovpe va elpaote oiyovpol 61l 0 emtiBépuevoc dev Bo pmopel va mopdyesl Kdmolo
EYKUPT ETIKETOL Y10 OTOWNTOTE UNVLUL, 1T avTO €lvol onuaviikd gite mepryplpet
acvvoptnoieg.Eniong va tovicovpe 01t dev Ba mpémetl o emtiBépevog eve Ba xet €va
Cevyog UMVOUOTOG-ETIKETAG VO UTOPEL VO TAPAYEL KOl GAAT ETIKETO OLOPOPETIKY OO
LTV OV 101 €XEL Y10 AVTO TO UVULLOL.

Eoto ot €&yovpe éva mewpopo pe 2 odyopiBuovg tovg S, Vo ko évav
avtitolo(Ewkova65).0 diekdikntigypnoponolel Eva toyoio kAedi yio tov MACkot 0
emnifépevog mpattel emifeon emieypévov pnvopartoc.Emopévog vmofdier 1o
M16TOV SEKOKNTN Ko AapPdvel v €TkéTo Tov unvopatog Mi.Metd vrmoPdiel 1o
pvope My otov dekdkn T Kot Aapfavel Ty etikéta My.Ovclootikd vrofdaiel qotov
aplOuo pnvopata kot AapBavel qotov aplpud eTIKETEG UNVOUATOV.

=(5.V)

1 M m2,..
< ml ovrket ,..mq

t1€— S(k.ml) t2,..tq

(m.1)

b=1 if V(k,m,t)="yes' and (m,t) not exists in {(m1.,t1),....(mq,tq)}
b—0 otherwise

Ewéva 64:Acpdrera oto MAC

Xm ovvégeln o emrtBépevoc  mpoomabel  va  kdver emifeon  vmaplikng
mlhootoypoioc.EEdyel éva  €ykvpo (évyog (M,t) ko mepipével Ty amoOKPLon TOL
SlekdkNT.Oa Aépe o011 0 emtbéuevog képdioe to moaryvioub=1) eav to C(évyog
UNVOpOTOG-eTIKETAG e€Ayel £YKVPN £TIKETO Kot KOTO OgVTEPO AOYO Bempeitoanppéoko
Cévyog. Andaon 0&v eivan etvan {Evyog mov Tov €xel dwbel TpotiTEPQ.

Y& kGOe GAAn mepintwon Oo Aéue Ot 0 emtbBépevog £xace 1o moryviol(bh=0).Qc
ocuvnbog Ba opioovpe 10 mAEovEKTNUO TOL emTiBépevoy Gov TNV mOavOTNTA O
dtekdkn g va Pydier 1 og €£060.Me dAha Adylo KavelG «amodoTKOC) EMTIOEUEVOC
0év umopel va kepdicetl To moryvidl pe pn apeintéa mhovotnta:

Topa Ba dei&ovpe 6t onmowndnmote PRFpag diver angvbeiog aceary MAC.Ag dovue
g Ba 10 Katapépovpe. Ymobéote OTL £yovpe  poL GLVATNON YELOOTLYIOG 1 OTola
naipvel oG €i6000 eva X kot pag Pyaler é£0do oto Y.Ag opicovpe topa éva MAC.O
TpOTOG pE ToV 0moio vroypdovpe Evo pivopa M etvar TOAD amAd (P CULOTOLDVTOG
v cvvaptnon PRF:
S(k, m) :=F(k, m)

Ondte n etkéro pog swvor n T g cvvaptnons PRFoto onueio M kot o tpoémog e
Tov omoio emaAnfévovpe TV eTkéTa €ivol oTAQ TO Vo LTOAOYICOVHE SOV TNV TIUN
™G oLVAPTNOoNG 6To onueio M kot vo dodpe €av 1 eTikéTa TOL VIoAoyicape givar Sl
LE QTN TTOV OIS ODCOVE.

Ozopnua acodisioc MAC 5.1.1
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Edv F:KXX-Y givon o acpoing PRF kot to 1/[Y] eivon pun apeAntéo tote 1 Ik elvan
evag acpoing MAC.Ta kd0e MAC avtimodlo A mov emtifeton oy Ik, vapyetl Evog
dAlo¢ PRF avtitaiog B mov emtiBetan oty F kot ioydel 6t :
AdvmaclA Ir]<Advere[B,F]+1/]Y| zl,:sivawcg)a)a']géav |Y| givan Tod0 peydiro
oo 0ag |Y|=2°

Anpupa 5.1.1

YnoOéote F:KxX—{0,1}" eivon wa acpaiic PRF.Tote 1oydel t61€ 611
Fi(k,m)=F(k,m)[1,..t] yia 1<t<n

Anhadn| éav éxete NbItPRF kot Bydiete d¢ £€060 ndvo pepikd bits omo 1o Khedi t0TE

10 amotéleopa Oa eivor mdAr po acpaing PRF.

5.2.1CBC-MAC* ks NMAC

2V TPONYOLUEVN EVOTNTA aVAPEPOAUE OTL €0V Hog dmoovv o ac@aAn PRFtote
pmopet va ypnotponomBet yia va Katackevacovpe Evav aceory MACamia kot pdévo
opiCovtag S(k,m)=F(k,m).H povn amoitmon eivar n £é€odog g PRFva givar moAd
peyain.To epodmua dpwmg givar pmopovpe amo poe PRFN omola  dmuovpyndnke yu
HKpobd unkovg unvouata(mapadsiypatog xapn AES) vokatackevdoovpe po PRFyo
punvopato peydiov peyéboug;

H mpot «xatackevry mov Oa  eria&ovpe ovopdaletor CBC-MAC(ECBC).To
ECBCypnowonotet paPRFn omoio maipver  unvopoto oto Sidompa X{0,1} con
e€dyer ta unvopata 6to do ddotnua X.Avto mov Oa katackevdoovpe givar o
PRFn omoia maipvel dg eicodovg (evydplo KAEWUDHV Kot TOAD peydlo unvopoTo Kot
pog e&ayel etkéteg oto X.Ta unvdpoato mov déyetor dG €icodo  mpémer va eivan
pikpotepa 1 woa oo to L,omov Letvon to minbog teov umdoxg tov pmvopetog,.

Topa Ba dei&ovpe v Aettovpyio tov ECBC(Ewéva 66).ITaipvovpe to pivopa pog
Kot To ondpe oe UAOKG. To kdbe pmhdk mpémetl va £xel PKog 660 T0 PNKOG TOV PTAOK
g PRF.Kpurtoypoapovpe 10 mp®dT0 UTAOK Kol TO OMOTEAECUO TNG KPVTTOYPBAPNONG
ot 10 epvape pésa amo pa Tpaén XORKot To amotéAesio avtov, Tepva Ko TéAl
amo o paén XORpeta&y tov dedtepov unvouaTog.

To amotéAecpa Kpumroypaeitor kot 1 dradtkacio cuveyileTon Héypt va @TcovUE GTO
TEAOG OOV 1 KPLATOYPAPNON TOV TEAELTAIOV UTAOK TOV UNVOUATOG TEPVAEL TAAL
amo pio GAAN KpumToypaenon Oyl opms pe to kKAl Koo pe 1o kAewdi Ky ko pog
dtver v {nrodpuevn etikéta. To tedevtaio avtd Prpa ovoudleton rawCBC.

m|o] I mf1] I m[2] I m[3]

Ewévo 65: H Aertovpyio ECBC

" H teyvicy CBC-MAC, https://en.wikipedia.org/wiki/CBC-MAC
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Mw dAAn katookevry Omov amo pwo.  KpPRF  mepvape ogmo  peydin
PRFovopdletar NMAC.Ag dolpe g Aettovpyel.Eekvape pe o PRFrov maipvet
€10000V¢ 010 XoAAG 0 pog Pyaler €€ooo oto X.Ilaipvoope €va pvopo Kot To
JloTape og PTAOKG OTov KABe UmAOK  glval 1060 peYdAo 660 TO UTAOK TNG LUKPNG
PRF(Ewova 67)

‘Enetta ypnoipomotodpue éva kAl cav €ilc000 atnv cuviptnon Frot 1o Tpdto pumhdk
To amotélecpa g ovvdptnong pog divel 1o KAWL Yo T0 €MOUEVO UTAOK TOL
NMAC.To otoryeio mov PByaivel d¢g é£0d0¢ avikel otov KAEWOYwpo K.Ztn cvvéyeia
emoavalopPdavoops autn Vv dadtkacio pExptL vo tdcovpe oty teAkn £6060.Méypt
€00, M dladikacia £yve pe avtd mov ovopdlovue cascadefunction.

cascade

m[a] | m[1] | m[2] | m[3]

k t

— >

tag %l'

Ewova 66:H Aertovpyia NMAC

Mo va kédvovpe aceain tov MAC, Oa mpénel va yopTtoypaenoove To ototyeio tro
omoio avhkel oto X, oto medio X.Avtd mov kévovpe omAd eivor vo po amin
npocaptnontov otoyeiov t oe  evo«fixedpadykor to amotédecua OLTAC NG
dwdkaciog etvan to otoyeio t, mov mAéov va avikel oto X.Téhog mpdttovpe mhil
KPLRTOYpaPnon ue to KAEWL Kiantn ) @opd Kot To amotélecua givol 1) ETIKETA TOV

UNvOLATOG.

INori dpog eivorl amapaitnTn n ypron g cascadecvviaptmong, Eotm 611 6év vanpye
10 Pua ™ mpoodptnong tov «fixedpad».Avtdo mov Oa pmopovoe va KAvel o
emnBépevog etvar va mpobécetl akoun éva UTAOK 610 TELOG TOL UNVOOTOG(E0TM W)KOL
uetd Bo Adppave v é£odo g «cascadencvviptnong n omoia Ba Erye Tiun t.Metd Oa,
Umopovce va pappdcel T cvvaptnon Foto otoyegio tylo axdun pia gopd kot ovtod
nov Oa AdPet givar éva t” 1o omoio givor To amotédecpo TG TG cascadecuvaptnong
TOV UNMVOLATOG GE OAANAOVYia e TO W, TO omtoio pmopel va ypnoionom el oe emifeon
vrapElokng Thactoypagioc.

‘Eva aGAlo epatmua eival yuri €yovpe  éva emmAéov PAuo. Kpumoypaenong oTo
ECBC.A¢ opicovpe éva yaptn(map) o omoiog ypnowomotei «rawCBCx».0Qa deiovpe
ot ywpic To TELevTaio Prpa kputoypdonong o ECBetvar uf aceaing.Eotm 611 otov
emtifépevo 660nke porawCBC tiun yio £va GUYKEKPYLEVO HNVOLLOL KoL O EMITIOEUEVOG
0éler va enekteivel kot va vroloyicer tov MACoe éva punivopa Mto omoio Bpioketon
o€ aAAnAovyio pe éva dAlo pmhok W.

‘Evag xowvog emrtiBépevoc Ba mpoomabnoet va kaver mpaén XORpetald 1ng
«rawCBCytyng kot tov pmhdk W, opmg dev yvopilel mmg va AVoeL TV cuvapTnon
F(,-) oe avtd to onueio yati 6év yvopilel to kiewi K dpa dev umopei va Ppet v
£€£000 NG cLVVEPTNOTG.
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Mmopel dpmg va. Aol avthiv v cvvdptnon mpdrtmvtag «chosenmessageattacky».O
emtifepevog Eekivd avalntovtag TV €TIKETOL  GE €VO. CLYKEKPIUEVO VLR M TO
omoio &yel punkog 0co éva pmAdk.I't va AdPet v etk€ta  amAa vroAoyiler To
t=F(k,m).Topa propodpe vo opicovpe éva ppvopa M’ to omdlo mepieyet 2 pniokg. To
pvope mkot to tOM.Oewpd O6TL AV 1N ETIKETO TOV VTOAGYIOW £IVOL GOCTN KOt Y10
T 2 oVTA PnvopoToL:

RawCBC(k,(m,tdm))=F(k,F(k,m)®(t®m))=F(k,td(tdm)) = ¢t

YmnoBéote 6t epapudlovpe v rawCBC cuvaptnon oto m.H dwadikacio cuveyiletan
KPUTTOYPAPOVTAG TO UVOHO YpNolponotwvtag tn cvvaptnon F.To amotéiecpa tng
Kpurroyphonong to kavovpe tpdén XORpeta&d tov devtépov unvouatog (to omoio
givar to tm).Amo tov opiopo pog F(k,m)=tapa F(k,tB(tBm)) = t.

Ozopiuoro acedieroc ECBC-NMAC 5.2.2
INa «éBe PRF avtitado A mov vmoPdiel g 6to chvoro epmTipoTo,mov emttibetanl 6To
ECBC 11 NMAC vrdpyet avtintaiog B t€1010¢ dote va 1oyvet Ot
AdVpre[A,Eecac] <Advere[B,F1+20%/|X|

AdVpre[A Envacl< q - L -Advere[B,F]+g%/2- K]

ECBC sivarooporéciav q<<|X|[*’evér NMAC sivaracparicéav q<<|K]

1/2

5.1.2Emixaivoyn MAC kou CMAC

2mv mponyovpevn evotnta avaeepdnkape oto. CBC-MACkat 1o NMAC oty omoia
opwg Bewpoldoope OTL TO UNKOG TOL pNVOUOTOC ov OéAape va eappOGoLUE
MACHtav moALamTAGG10 TOV PUNKOVG TOV UMAOK.Ze outiv TV evotnta Ba dodue TL
TPEMEL VO KAVOLUE OTOV  TO UNKOG TOV UNVOROTOG O€v €ival TOALATAGGLO TOV
unAdk.Onmg éyovpe mel Ko otnv tponyovuevn evotnta to ECBC-MACypncponotet
wa PRF ya va vroloyicel tnv CBCouvaptnomn ailo vrobétape 0Tt To pvVopo £0ToyE
o€ évav aképoto aplpd omo umAdkg evog akyopifpov TunpoToC.

To epomuo elvor 11 wévovpe Otav TO WPAKOG TOL  UNVOMOTOS O&v  ivon
noAlanAdcoc10. Eotw o1l €ovpe €va pmvopo tov omoiov to TteAevtoio pmAdk givor
OVGLOCTIKA HIKPOTEPO OO TO. TPOTYOVUEVO UTAOK.AVTO TOL UTOPOVUE VO KAVOLLLE
givol va maipvovue to TEAELTAIO pOG MMAOK Kot Vo To emtkoivmtovpe(padding) pe
uUNodeVIKG ®GOTOL ETAGEL TO PUNKOG TV ARV pUrAoKG.H Stadwkacio Opmg avt dév
elval acQoANG.

To mpdPAnua eivar 61 pad(m)=pad(m||0).Eav pdrovue to pad(m) kot to pad(m||0) oe
éva ECBCHa mapatnpricovpe 01t £xouv akpidg TV 1010 eTIKETA e AMOTELEC A EVOG
EMTIOEUEVOG VO EQOPUOCEL TOAD ukola po eniBeon vrop&laxkng mAaotoypagioc.l'a
Tov AGy0o autd 1 emkdAvym wPEmEL vo €ival avTioTpEYIUNONA0d] 1 GvVapToN
emuaioymg va tvon 1 pog 1:

mp =my=pad(mp)+ pad(m,)

Oa meptypoyodpe tov aiyopidpo  avriotpons.O adyopBnog avtdg eAiéyyel 10
pqvopo amo 0e€l mpog aplotepd péxpt va Ppel 10 mpwto 1.Moig to Ppet Ha
apaipéosl OAa ta bitstov Bpickovtor petd to évapali pe to 1'Etol Oo pmopécovpe vo
Adfovpe To pivopa HocotoTt To PAdk emkaivyng Eexvave mavto pe licon tereidvouv
oe 0.Ia mapddetypa, €ov evo GUYKEKPYEVO UTAOK €YEl WNKOG UEYOADTEPO OTO TOV
Baotkod umhok amhd tpocbétovpe o 1000 cav umidk emkdAvyng(ISOpadding)
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To CMACuog delyvel OTL €0V YPNCLLOTOUCOVE L0 TUYOH0 GUVAPTNOT ETKAALYNG
0o pmopovoope vo  amo@OyovpE TNV avAYKN VO XPNCULOTOMGOVUE Vo UTAOK
emkdioync.To CMACypnowomolel 3  «iewdw(Ewkova 68).To mnpdto wAedi
kypnowonoteitar oto kKhacoikdé CBCMAC, evid ta kietdid Ky, Ko ypnoyomotobvtot yia
10 oynua emkdAvyng(paddingscheme)yi 1o televtaio pmAOK TOL GLVOAIKOD
unvopatog mov Bélovpe va amooteilovpe. Ta kKAWL ovTd TOPAyovToL amo T0 KAWL
kovppova pe pio. yevwitplo yevudotuyaimv aptopmy.

m[0] |m[1] <o o | mlw] |1oo m[0] | m[1] ... m[w]

— kl — ek2

tag tag

Ewéva 67:H rertovpyio tov CMAC

‘Eav to pivopa toyyxdver va pnv givor moAlamidcolo tov  Pactkod pmAok ToTE
epapudlovpelSOpaddingkot peta kavovue npdén XORoto TEleLTAIO 0WTO PTAOK pE
10 KAeWi K1.Eav o privopa givar 0pmg toAlamldoto tov Bacikod ualdk dev kévovpue
amoADTOG Timota. ATAG Tov Kavovue Tpdén XORpeta&d tov KAedov K.

5.1.3 H Aerrovpyio. tooPMAC

Ot kotackevécCBC-MACKaNMAC £wvat akolovBlokég e amotéAespa e4v KOmTO10G
&xel  moAlamAotg emeCepyaoteg 0&v Oa pmopel vor KAVEL OVTEG TIC KOTOOKELES VO
Aertovpynoovv mio ypryopa.l'ta Tov Adyo avtd Ba pinocovpe yuo mopdiinio MACTa
omoia emiong petrorpémovv  pkpeg PRFoe moAd peydheg PRFoALa pe mapdiinin
dwadtkocio.

Oa dovpe o TapdAinAn katackevn n oroia ovopdletoan PMACH omoia ypnotpomotet
o PRFF:KX X =Xy va kotackevdoovpe o PRFppmacyto moAd peydia pnvopato:
PRFpmac: K*XX—X émov X<L
Apyikd Taipvovpe TO VOO oG KO TO OTTOUE G€ UTAOKS Kol LETE eneEepyalOuaoTe
Kabe umhok ave&aptnto ano 1o dAlo(Ewkova 69). Tt cuvéyela ¥pMOYLOTOIOVUE [Ld
ovuvaptnon Pkat to amotélecpa tng cvuvaptmong tov kavovpe mpdén XORpe to
EKOOTOTE HUNVOUO..XTO TEMKO amoTéAECUO OUMC, epapuoOlovpe Ho. GuVAPTNON

Fypnowomoidvtag 1o kA1l K.

Avtv Vv dwdwkascio v epappolovpe yio kabe prAdk Tov unvopoartog poc. TEhog
oLAAEYOLLE OAOL ALTE TOL UNMVOLLATO TTOV VTEGTNOOV TNV TOPOUKATO Stodikacio Kol To
nepvape péoa amo pa tehMkn XORmpdén kot po Kpumtoypaenon pe v cuvaptnon
F, md pe to kAedi Ky, kot ot givan tehkd 1 {ntodpevn eTikéTo pog.
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mro] | mr1l | mi21] m[3]

3 iﬁ‘ j

4/_ tag

Ewévo 68:H rertovpyia Tov PMAC

‘Eoto 6011 0év vmnpye mn ovvdptmon Pxor vanpye Opwg 6An m dAAn dwdikacio
PMACOmwg v Eépovue.H dwdwkoscio Opwg topa eivol avac@oAng kabmng Eov
evolra&ovpe(swap) 2 urhoxe, 6&v aAAGCEL | TEMKN TN TNG ETIKETOC. X0V OTTOTEAEGLOL
évag emtiBépevoc umopet va {Nnoet ol ETIKETA Y10 VAL GUYKEKPLUEVO VOO KO VO
AaPel Opme, ™V eTIKETO €VOC UNVOUOTOC 6TOV 2 00 TO. GUVOMKG UTAOKG €YovV
evaAloytel, kon £tot pmopel va vapEet eniBeon vrapélakng TAacToypapiog.

Avtd mov kavel | ovvaptnon Pelvar va maipvel d¢ €icodo éva kAedi Kkat tov apifud
10V gkdotote umAdk.H tiun ) cvvaptnong Pewvor dtapopetikn yia kdbe uridx. Eav to
UKOG TOL KABe pmAOK  elvonr  pkpoOTEPO amo TOo  Pacikd pmAOK  TOTE O
PMACypncwonotel o mapdpota emkdioymn mov givar idwa pe avty oo CMAC épa
dév yperdlovrol TAéov avbaipeta UITAOK ETUKAAVYTG.

Extog avtov, to PMACéyel o ol evoro@épovoa 016tnTe.Ynobéote 611 1
ouvapmnon Fn omoia ypnowonoteitar yo va kotackevdoovpe évo PMAC de givan
PRFoALa po PRP.YmoOéote emiong ot vroAoyicape 1o MACywo éva piqvopa Kot 6Tt
évo, umAoK tov unvopatog M1]JdAa&e oe m[1] kot o VEOAOITO, UTAOKS TTOPEUEVOY
10 1010.X¢ Ao MACS, mapadeiypatog yapn CBC, n oddayn evog UmAOK GUVETAYETOL
LLE DTOAOYIGHO OTTO TNV APy, TNG ETIKETAG TOV UNVOUOTOS HaG. TogpoTipa lval pe TO
PMACumopodpe vo. bVTOAOYICOVUE TNV ETIKETO. EVOG UNVOUATOG TOAD 70 YP1Yopo.
gav aAAace povo éva PTAOK;

YnoOéote ott éva pumhok mM[1] dAla&e oe kamoo GAAo pmiok M’[1].Avto mov
UTOPOVLE VO KAVOLUE EIVOL VO TTAPOVE TNV ETIKETO KOL TO UNVOUL TPMOTOV LITOCTEL
™V oAloyn Kot Vo EQOPUOCGOVUE TNV OVTIGTPEYIUN GLVAPTNON F'lua GKOTO V.
AaPovpe v T Tp@Tov gpapupootel n F.Topa emedn éxovpe kdver mpdén XOR
petald Tov pmAoKg, pmopovue vo kdvoope XORpetald g Tipfig ovtng Kot Tov
amoteAéoporog TG TpdEncXORpeta&d unvopatog m[1] kou P[k,1] wou téhog pe 1o
arotéleopo avtov XOR mpdén 610 0mMOTEAEGHO TNG GLVAPTNONG TOL KPVITOYPAPEL
opmg to M 1] ko 6yt o M[1] xo téhog Kpvmroypapdvpe 10 amotérecpaF(Ky, - )
onhaon:
F (ke tag) ®F (ke m[1]®P(k,1)) BF (k1,m[1] BP(ks,1))

Osopnuo aocodrerogc PMAC 5.1.3

‘Eav vmapyxet ovitimolog A mov emtibeton oto PMAC, tote pmopodue va
onuovpynoovpe évav emrtiBépevo B o omolog emtiBeron otvPRF ovv évav 6po
AaBovc(errorterm):

AdVpre[A,Fomac] SAdVere[B,F]+29°L%|X]
Eneon n PRF givon ac@aing tote ko to errorterm Qo eivan apeintéo.To PMAC eivar
aoporés éov qL<<|X["2, omov L 1o prjkoc Tov peyahdTeEpov PIAOK TOL IVOHATOC.
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5.2AvToyN 6TIS GVYKPOVOELS
5.2.1 H kazooxevii Merkl-Damgard®®

[Ipdta B meprypdyoupe Tt €ival piot GLUVAPTNON KATOKEPUATICUOD KOl GTY] GUVEXELD
Ba mpoywpnoovue oty katackevMerkl-Damgard. H cuvaptnon katatepoyiopov,
YVOOTH KOl MG GLVAPTNOY KOTAKEPUATIGHOV, €lval o LOONUOTIKY GUVAPTNON TOL
déyeTol ¢ €10000 KAMO0 OESOUEVO TUYAIOV HEYEDOVG KOl EMOTPEPEL EVOL OKEPOLO
otabepov peyébovg avomapdotaong.

To péyebog avtd pmopet va eivor amd 32bit puéypt 256bit 1| meplocodTEPQ, AVAAOYQ LE TO
Adyo xpnong g cvvdptnong. Ot TYES TOV EMGTPEPEL 1| GUVAPTIOTN KOTATELOYIGLOV
ovopdlovton Tég katotepoyiopov (hash values), kddkeg katatepayiopov (hash
codes), afpoiopata xotatepoyopod (hash sums) 1 amdd TWéS KaTOTELOYNIGULOV
(hashes).Ot tég avtég Oa mpémel va elvarl S1POPETIKEG Yo SPOPETIKN €16000,
kaBmg M KOpL YPNOWOTNTA CVTAOV TOV GLVOPTNCE®V £IvOl VO TAVTOTOOVV Ta
dedopéva.

M cuvdptmon xotatepoyiopod pmopel va avtiototyilert 000 1M MEPLGGOTEPOVG
€16000V¢ otV 1Ol T KOTATEUAYIGUOV. XTIG TEPLOCOTEPES EPUPUOYEG  gival
emBoun) M €AOYIGTOTOINGT OVTAOV TOV GLYKPOLGEWV. AVTO onuaivel Ot 1
oLVAPTNOT KataTEUA)IoHOV Ba Tpémel vo avtiototyilel kdbe €lc0d0 Ge dLopopETIKN
TN KATOTEROYIGHOV. MEPIKEG a0 TIG €QAPLOYEG TOVG €IVOL OL YNPLUKES VITOYPAPES
Kot 1 avBevrikéTnTa pnvopatog(MAC)

Oa Aépe OTL (o CLVAPTNOT KATOKEPUATICHOD EXEL AVTOYT OTIC GLYKPOVGELS €AV fvan
oA 00GKOAO Vo Bpovpe 000 16600VG TOV VO, oG OTvovuY TNV 10100 KOTOKEPUOTIGUEVN
££000.H xataockevr] Merkl-Damgardrapéyet avtoyn otic ovykpovoels.Ocmpeiote o
ovvapton katokeppotiopod H:M-Tko [M[>>|T|.@cwpeiote eniong dvVo punvopozo
Mo, MoV avikovy 6to M kot 1oyvel 6tt H(mg)=H(m1) ko Mg # m;.

Oa deiEovple YTl M OVTOYN OTIG GLYKPOVGELS Eivar TOAD ypriowun p mapadeiypara.To
TPMOTO TOPAASELYLLOL OPOPE Y10 TO OGS UTOpovuE va Kataokevacovpe Evav MACue
po SooUEVT] GUVEPTNON KOTAKEPUOTIGUOD OV £YEL OVTOYN OTIG GLYKPOLGELS. Eotm
évac MACo omnoiog ypnolpomoteitar yio pikpod unkovg punvopata(my AES) kot o
OLVAPTNOT  KOTOKEPUOTICHOV 1 omoio moipver TOAD peyGAo  pnvopato  og
eicodo(cvvnBmg pepkd gigabytes) kot pag diver pikpd unvopata dniodn H:MP95 M.

Ag opicovpe TovMACc lhig=(S"%,V"%)ot0 (K,M"",T) dmov:

SP9(k,m)=S(k,H(m)) kenV*9(k,m,t)=V(k,H(m),t)
Apo  epoppoloviog omnv €000 NG GLVAPTNONG KOTAKEPUATIGHOD — amd TO
«ukpdO»MACTaipvovpe T avtiotoryo SP% VP9 Ta va emoindévsovpe 10 MACTpénet
O6tav pog dMCOLV o ETIKETA, Vo vToloyicovue to hashtov pnvdpotog mov pog
£00GaV KoL v SoVUE €0V 1 ETIKETA £1VOL 1010, LLE QLTI TTOV LG dDCAV.

*® H xatacksvr Merkl-Damgard,
https://en.wikipedia.org/wiki/Merkle%E2%80%93Damg%C3%A5rd_construction
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Oa dciéovpe éva akopn moapddstypo. Eotm O0tL grovpe éva mAn0og apyeimv mov
0éhovpe vo TPOGTATELGOVE Kol OTL OWTA TO. apyeia elval TAKETA AOYIGHIKOD OV
0élovpe va kdvovue egykatdotoon oto ovotmuo poc.Epelg Oéhovpe va sipoote
ciyovpot 0Tt T TOKETO TOL KateRAcape etvar £ykvpa, Kot 6Tt 0&v £xovv TpomomonOet
OT0 KATTO10 EMTIOEUEVO.

O dnuovpydg Tov makétov amld vroloyilel to hash tov maxétov npiv To avefdocel o€
Kamolov Serveryla vo ta Katefacovpe epels.Oume 1 GuvapTNOoT KATOKEPLATICUOD TOL
YPNOOTOUGE TPEMEL VAL EYEL AVTOYN OTIG GVYKPOVGELS TOV OLTO GLVETAYETOL OTL £VOIC
eMTIOEUEVOG OV UTOPEL VO OALGEEL TO TTEPIEYOUEVO TOV TAKETOV.AVTO TOL KAVOLLLE
eueic etvor  poMG katefdoovpe to makéta, vo vroloyicovpe to hashavtov.Eav 1o
hashmov vroloyicaue gueic ival to 1610 pe owTd MOV VIOAOYIGE O dNUIOVPYOS TOV
ToKETOV, TOTE To TAKETO Elvat £yKupo SNANSN U1 TPOTOTOMUEVE OO KATO0V TPITO.

Topo pmopodpe va ovagepbodue omv kotookevry Merkl-Damgard Ecto o
ovvapmnon Hn omoila Ba Bewpnoovpe ot givar (o CLVAPTNON KATOKEPUATIGLOL 1)
omoio. &Y€l OVTOYN OTIS OULYKPOUGELS Yo HIKpoL  peyébovg  €16000vc.Oa
YPNOLLOTOU|GOVLE enionguo GLVAPTNON hmov ovopdleTtaovvapTnon
copmicong(compressionfunction) kot évo peydio ppvoua M.

Apykd ombpe to unvopa M og PTAOKG. XTI GUVEYELD TO TPAOTO UTAOK TOV UNVOUOTOG
pog M[0] poli pe o pn 1Vrepva péoo amo v ovvatnon hxot pag Pydler éva
amotéleopo mTov ovopaletal petafAnt aAivcidac.To oamotédespo mov Pprkope Oo
nepdoet oo po hpali pe to 8évtepo pumddk Tov pnvopatog m[1] kot n dadikoocio Ha
ocvveylotel uéypt 10 TeEAELTAi0 UTAOK GTO omoio Ouwg Ba mpocBécovpe Kot Evo TAOK
emkdAoymc. To pmAdk emikGAvyng Kol TEAEVTOIO VOO TTEPVAVE OO LKL GLVAPTNON
h pali pe 1o mpoterevtaio amotérespo avtg(Ewéva 70)

IV —)HO 1

Ewova 69:H Asrrovpyia ¢ katackevig Mercle-Damgad

Oczopnua Merkle-Damgard 5.2.1

Edv o ocvvaptnon kataxeppotiopod h éyel avtoyn otic cvykpovcels tote M
«ueyain» ovvaptnon katakepuaticpovHtovMerkle-Damgad £yet eniong avtoyn otig
oLykpovGels.Me dAAa Aoylo dtav TPosTafoVE VO KATAGKEVAGOVLLE [0, GLVAPTNON
KOTOKEPUATIOUOD 1 OTola £YEL AVTOYY| OTIC GVYKPOVGELS, Y10 TOAD HEYAAES E1GOO0VG
16T T0 LOVO OV EYOLLE Vo KAvovpe glval amAd Vo KATOGKEVAGOLUE Lo GUVAPTNON
ovuTieoNg 1 omoia £XEL AVTOYY| OTIS GLYKPOVCELG.
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5.2.2HMAC*

Topa mov yvopilovpe TL €ivorl Ol GLUVOPTACELS KATOKEPUOTIOUOD HE OVTOYN OTIG
GLYKPOVGELS KO TTMOG UWTOPOVLE VO TIG KOTAGKEVAGOVE, UTOPOVLLE VO TOPOVGLAGOVLE
évav oAy yvwotd MACo omoiog ovoudletar HMAC.®o mpocmadricovpe va
xpnoonomoovpe v cvvaptnon H yo vo katackevdoovpe évav MACywpic va
Baciotovpe oe pio PRF.AvTo pmopei va yivel €av p1GLLOTOUCOVUE TNV GLVAPTNON
katokeppotiopod SHA-256°C.H £Eodog Oo eivon 256 bits. Enedn to HMACeivan
ocvvaptnon yevdotuyiag tote ool Exovue £€0d0 256 bitsamo v SHA-256, tote Oa
EYOuvLE o cuvapTnom yevdotuyiog pe £E0do 256 bits.

Apyika omdue 10 uRvoua pog o€ UTAOKS. Xt ovvéyela sioayovue évo K @ipadumiox
pali pe wo ) Vot ta tepvape péca omo o cvvaptnon copumieons.H £€€06og g
ovvaptong hypnowével mg gicodog otnv enduevn cvvdptnon hrov Ba mapel kot Mg
elcodo emiong to pumioxk 0 tov pnvopartog poc.H dwdikacio cvveyileton péypt va
QTACOVHE OTO TEAELTOIO pHOG UTAOK TO omoio mepi€yel Kot éva pmhdk emkdAvyng.H
televtaio ££060¢ TG cuvaptnong hdév pag diver To hashn v etikéta 660 apopd Tov
HMAC, aAlo pog diver pia é€odo mov Bo tPdlovpe ®¢g €icodo oe por  GAAN
ovvaptnon h(Ewova 71)

k¢pipad [ ] | m[1] | m[2] || FB

.\.Eb-—Libl_?;b» |—%>

Ewéve 70:H rertovpyia tov HMAC

Ouwmg ot 1 tedevtaio cvvaptnon hraipver 600 g16660v¢g avti ya dHV0.Tnv £€odo g
televTaiog cuvaptmong hrov ypnoyomomdnke yio to TeAevTaio PAAdOK TOV UNVOUATOC
Kot £va amotéAeoua oG GAANG ocuvaptnong hn omoia €xet kot avty dvo g166d0vc.Eva
umiox k @opadiar o tiuf V. Ta kipad , kpopad ot onoieg eivor otabepég 512
bitetabepéc mov opilovral amo To HMAC kot 6év aALGlovv TToTE.

5.3 O embBéoeig mdvo otovg kaotkes MAC

5.3.1 Emifeon ygvgﬁ)tz'a)VSI

Otav pinooape ywo odyopiBpovg tunuotog €idape tv  emifeon  eEaviAnTikng
avalnmong mov éxove enifeon oto KAewi to oiyopibpov.Ilapdpola  vmdpyer o
eMiBEOT OTIC GLVOAPTNCEIS TOV £YOLV OVIOYN OTIG GLYKPOVUGCELS TOL OVOUAleTon
emiBeon yevebhiov. Eoto Ot €rovpe pio cuvaptnon kotokeppaticpov H n omnoia
Bydaler dg £E€odonbitskat o ydpoc Tov punvopdtoy Meivor modd peyolvtepog omo 2".0a

“*'H Aerrovpyia o HMAC, http://en.wikipedia.org/wiki/Hash-based_message_authentication_code
%0 O1 suvaptioeig katakeppatiopod SHA, http://en.wikipedia.org/wiki/SHA-2
5L H enifeon yevedriov, http://en.wikipedia.org/wiki/Birthday attack
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Saliéiouus évav alyopidpo mov pog PBpiokel ocvykpovon otnv cuvvdptmon H oe ypdvo
2Me,

AlyoprBuog

Apycd emAéyovpe 2" erxaia unvopato omo to Mta onoia givar dtapopeticd peta&hd
tovc.Io éva i=1,...2" anéna va vroloyicovue 1o ti=H(M;) kou petd va xortd&ovpe
yioo k@fe 1 ko éva jeav vmdpyovv pnvopato mov vo oyvel ti=tigpa o Bpovpe
oVYKPOLON. AAMI®G  emoavarapfavoope v  owdikacic oamo v apyn.la  va
avaAvcovpe oavt) v emifeon Oa mpémer vo  avagepbovpe o©10 TEPASOE0

rmvysvsﬂkimvsz.

Osopnua wapaddéov yevehliemy

‘Eocto 6t érovpe N tuyoaieg petafintég ri,...Mme{l,...,B} ot omoieg etvan ave&aptnreg
peta&d Toug Kot £xovv dtaveundet pe tov 1610 tpodmo. Tuyaiverl ott 6TV n=1.2xBY2 161¢
N mBavoTTa 6TL dVO amo O o aTA To Setypota va. gival 0o Elvar peyaAdtepn N Kot
fonoamo 1/2.

Amo to Bedpnuo PAEmovpe oe kdbe emovdAnyn 1o vo Ppodue GVYKpovoT Eivat
nepimov 1/2 1ote, ypelopacte povo 2 @opéc va emovardfovpe Tov oAyoplOpo
TpOTo0 Ppdvpe o ovykpovon. Eav yio mopaderypa €yovpe 128bitwg £€odo  toTE
UITOpOVLE VoL Bpovpe pia ovykpovor oe ypdvo 2"2=2122=2%10 onolo §év Bempertar
ac@oréc. o avTdV TOV AOYO Ol GLVAPTHGELS KATAKEPUATIGUOV TOV £XOVV AVTOYY| OTIS
oLvYKpovoelg 6év Ba £xovv moté d¢ £Eodo 128 bits.

5.4Epotmcsicke@araiov

Epotyon 1

Suppose a MAC system (S,V) is used to protect files in a file system by appending a
MAC tag to each file. The MAC signing algorithm S is applied to the file contents and
nothing else. What tampering attacks are not prevented by this system?

a) Replacing the contents of a file with the concatenation of two files on the file
system.

b) Erasing the last byte of the file contents.

c¢) Swapping two files in the file system.

d) Replacing the tag and contents of one file with the tag and contents of a file from
e)Another computer protected by the same MAC system, but a different key.

Anradyvriyon
The correct answer is ¢. Both files contain a valid tag and will be accepted at
verification time.

Epotyon 2

Let (S,V) be a secure MAC defined over (K,M,T) where M={0,1}n and T={0,1}**
(i.e. the key space is K, message space is {0,1}n, and tag space is {0,1}*?®). Which of
the following is a secure MAC: (as usual, we use |I|| to denote string concatenation)

a) S'(k,m)=S(k,m)[0,...,126]kat V'(k,m,t)=[V(k, m, t[l0) f V(K, m, t||1) ]

%2 To mapdo&o tov yevedhiov, http://en.wikipedia.org/wiki/Birthday problem
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b) S'(k,m)=S(k,m) ko V'(k,m,t)=[V(k, m, t) } V(k, mP1", t)]

' It . N _(V(k,m,t1) eav t1 = t2
0S/(k, m)=[tS(km), é€odoc(tut2) ) ] kaiV'(km,(tt)={" % 8T L
d) S'(k,m)=S(k, m[0,...,n—2]I0) kot V'(k,m,t)=V(k, m[0,...,n=2]ll0, t)

S(k,1™)eqv m = 0"
S(k, m)otherwise

V(k,1™ ,t) edvm = 0"
V(k, m,t) otherwise

e)s'(k,m)={ mN'(k,m)z{

f) S'(k,m)=S(k, m|lm)xor V'(k,m,t)=V(k, m|lm, t).

Armavinon

Thecorrectanswersarea, ¢, f  because a forger for (S',V') gives a forger for (S,V).

For the answer a we have:

If an attacker can forge a message pair on (S',V') with probability P, then we can forge
a message pair on (S,V) with probability P/2.Since P/2 is negligible, P is also
negligible.

The answer b is not correct:

This construction is insecure because a valid tag on m=0" is also a valid tag on m=1".
Consequently, the attacker can request the tag on m=0" and output an existential
forgery for m=1".

For example in cwe have:

If an attacker could generate a forgery (m', (t1', t2")) on (S',V') then that

implies that V'(k, m, (1, t2")) = 1, so t;'=t," and V(k,m',t;") = 1.Hence the attacker can
forge the pair (m',t;") on implying (S, V) is not secure.Therefore the MAC is secure

The answer d is not correct.This construction is insecure because the tags on m=0"
and m=0""'are the same. Consequently, the attacker can request the tag on m=0" and
output an existential forgery for m=0""'.Second solution: This MAC is not
securebecause can attacker can ask for a message pair (m, t) with m[n-1] != 0 and
produce the forgery (m[O0,...,n-1] || O, t)

The answer e is not correct. This construction is insecure because an adversary can
request the tag for the message 0" and output the result as a valid forgery for the
message 1.In similar way answer f is correct.

Epotnon 3

Recall that the ECBC-MAC uses a fixed IV (in the lecture we simply set the IV to 0).
Suppose instead we chose a random IV for every message being signed and include the
IV in the tag. In other words, S(k,m):=(r, ECBCr(k,m)) where ECBCr(k,m) refers to
the ECBC function using r as the IV. The verification algorithm V given key Kk,
message m, and tag (r,t) outputs ~ 1" if t=ECBCr(k,m) and outputs ~"0" otherwise.

The resulting MAC system is insecure. An attacker can query for the tag of the 1-block
message m and obtain the tag (r,t). He can then generate the following existential
forgery: (we assume that the underlying block cipher operates on n-bit blocks)
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a)The tag (répt, m) is a valid tag for the 1-block message 0".
b)The tag (rdbm, t) is a valid tag for the 1-block message 0".
¢)The tag (r, t@r) is a valid tag for the 1-block message 0".

d)The tag (méPt, r) is a valid tag for the 1-block message 0".

Anrayrnon

The correct answer is b. The CBC chain initiated with the IV r@m and applied to the
message 0"will produce exactly the same output as the CBC chain initiated with the IV
r and applied to the message m. Therefore, the tag (rém, t) is a valid existential
forgery for the message 0.

Second solution:

The attacker found that m — (r,t). In other words, t=F(ki, F(k, (m @r))).The attacker
can forge _(m @ 1", (r ® 1", t) because ECBC checks that t = F(ky, F(k, (m' @ r'))) =
F(k1, F(k, (m & 1" xor r @ 1"))).We see from the above that this is true and ECBC
outputs "1"

Epaotnon 4

Suppose Alice is broadcasting packets to 6 recipients B;...B6. Privacy is not important
but integrity is. In other words, each of B;...B6 should be assured that the packets he is
receiving were sent by Alice.

Alice decides to use a MAC. Suppose Alice and B;... B6 all share a secret key k. Alice
computes a tag for every packet she sends using key k. Each user B; verifies the tag
when receiving the packet and drops the packet if the tag is invalid. Alice notices that
this scheme is insecure because user B; can use the key k to send packets with a valid
tag to users B,... B6 and they will all be fooled into thinking that these packets are
from Alice.

Instead, Alice sets up a set of 4 secret keys S={Ku,...,ks}. She gives each user Bi some
subset S;cS of the keys. When Alice transmits a packet she appends 4 tags to it by
computing the tag with each of her 4 keys. When user Bi receives a packet he accepts
it as valid only if all tags corresponding to his keys in S; are valid. For example, if user
B; is given keys {ki,k.} he will accept an incoming packet only if the first and second
tags are valid. Note that B1 cannot validate the 3rd and 4th tags because he does not
have k3 or k4.

How should Alice assign keys to the 6 users so that no single user can forge packets on
behalf of Alice and fool some other user?

0)S1={K1,k2},S2={kz,ks},Ss={ka,kas},Sa={k1,ka},Ss={ki},
B)S1={k1,ko},So={k1},Ss={k,ks}, Ss={koka} Ss={kaks}
7)S1={k2,Ka},So={K1,ks},Sa={k1,Ka},Sa={ko, ka},Ss={ko}
S)Slz{kl,kz}SzZ{kl,kgy,k4}, ng{kl,k4}, 84:{k2,k3}

Anrayryon

The correct answer is c. Every user can only generate tags with the two keys he has.
Since no set S; is contained in another set Sj, no user i can fool a user j into accepting a
message sent by i.

78



MoOnpotikn kot adyoplfukn avaAvon KPUTTOYPUPIKOV TEYVIKMV

Epotnon 5

Consider the encrypted CBC MAC built from AES. Suppose we compute the tag for a
long message m comprising of n AES blocks. Let m’ be the n-block message obtained
from m by flipping the last bit of m (i.e. if the last bit of m is b then the last bit of m" is
b&@1). How many calls to AES would it take to compute the tag for m’ from the tag for
m and the MAC key? (In this question please ignore message padding and simply
assume that the message length is always a multiple of the AES block size)

A)n+l
B)3
N4
A)6

Anravinon

The correct answer is ¢. You would decrypt the final CBC MAC encryption step done
using ko, the decrypt the last CBC MAC encryption step done using ki, flip the last bit
of the result, and re-apply the two encryptions.

Epotnon 6
Let H: M—T be a collision resistant hash function. Which of the following is collision
resistant: (as usual, we use || to denote string concatenation)

a) H’(m)=H(m[O0,..m|-2])

b) H'(m)=H(H(m))

c) H’(m)=H(m|) (i.e hash the length of m)

d) H’(m)=H(m) ®@H(M®1™) (where m@1Mis the complement of m)
e) H'(m)=H(0)

f)  H'(m)=H(mlm)

g) H'(m)=H(H(H(mM)))

Amravinon

For answer b:

Suppose an attacker finds m1 and m; so that H(H(m;)) == H(H(my)). Then the
attacker could simply let H(m;) = m;" and H(m;) = my" and show that H(m;') =
H(m2"). Since H is collision resistant, no such (m;', my") can be found so

the hash is collision resistant

For the answer g:

The hash is collision resistant from the same argument as for H(H(m)).

For the answer c:

The hash clearly _is not collision resistant_ because an attacker could produce a
collision with any (mj,m;) where |mz| == |m;|

For the answer d:This hash is not collision resistant. An attacker can produce any
pair (m, ~m) = (H(m) & H(~m), H(~m) & H(m)) which is a collision.

So the correct answersarecf, g

Epotyon 7
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Suppose H; and H; are collision resistant hash functions mapping inputs in a set M to
{0,13*®. Our goal is to show that the function Ho(H1(m)) is also collision resistant. We
prove the contra-positive: suppose Hz(H1(-)) is not collision resistant, that is, we are
given x#£y such that Hy(H1(x))=H2(H1(y)). We build a collision for either H; or for H2.
This will prove that if H; and H; are collision resistant then so is Ha(H1(-)). Which of
the following must be true?

a) Either x,y are a collision for H; or Hy(x),H1(y) are a collision for H,
b) Either H,(x),H,(y) are a collision for H1 or X,y are a collision for H.
c) Either x,y are a collision for H; or x,y are a collision for H,.
d) Either x,y are a collision for Hy or x,y are a collision for H,.

Anravinon

The correct answer is a because:

If Ha(H1(X))=H2(H1(y)) then either Hi(x)=Hi(y) and x#y, thereby giving us a collision
on H;. Or Hy(x)#Hi(y) but Ha(H1(x))=H2(H1(y)) giving us a collision on H,. Either
way we obtain a collision on Hy or H; as required.

Epornyoeic 8-9
In this question and the next, you are asked to find collisions on two compression
functions:

o f1(X,y)=AES(y,X)®y

o 12(X,y)=AES(X,X)®y

where AES(x,y) is the AES-128 encryption of y under key x.

We provide an AES function for you to play with. The function takes as input a key k
and an x value and outputs AES (k,x) once you press the "encrypt™ button. It takes as
input a key k and a y value and outputs AES'(k,y) once you press the "decrypt"
button. All three values k,x,y are assumed to be hex values (i.e. using only characters
0-9 and a-f) and the function zero-pads them as needed.Your goal is to find four
distinct pairs (X1,y1), (X2Y2), (Xays), (Xaya) such that fi(x1,y1)=fi(x2,y2) and
f2(X3,y3)=f2(Xa,y4). In other words, the first two pairs are a collision for f; and the last
two pairs are a collision for f,. Once you find all four pairs, please enter them below
and check your answer using the "check™ button.

Amravinon
fi(x,y) = AES(y,x) ®y.
We aim to find X1,y1,X2,Y» such that:

AES(y1, X1) ®Yy1 = AES(Y2, X2) Y-
AES(y1,X1) = AES(Y2,X2) @ Y0V

So first just let X,y> = (0", 1 ]| 0"™*) and y; = 11 || 0"2.

Then AES(y,x;) = f5569b3ab6a6d1lefdelbfO0a64c6854a so AES(y,X1) =
f5569b3ab6a6d11efdelbf0ab4c6854a @ 0" 11 || 0™2=
e4569b3ab6a6dllefdelbf0a64c6854a = x1 = bc042352a96d8509fd1722c082¢85¢c0c
For x3 we must do : fo(X,y) = AES(X,X) ® y

Epotyon 10
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Let H:-M—T be a random hash function where |M|>>|T| (i.e. the size of M is much
larger than the size of T). In lecture we showed that finding a collision on H can be
done with O(T|*?) random samples of H. How many random samples would it take
until we obtain a three way collision, namely distinct strings x,y,z in M such that
H()=H(y)=H(2)?

Anadyvriyon

The correct answer isa. An informal argument for this is as follows: suppose we
collect n random samples. The number of triples among the n samples is n choose 3
which is O(n®). For a particular triple x,y,z to be a 3-way collision we need H(x)=H(y)
and H(x)=H(z).

Since each one of these two events happens with probability 1/|T| (assuming H behaves
like a random function) the probability that a particular triple is a 3-way collision is
O(1/]T|2). Using the union bound, the probability that some triple is a 3-way collision
is O(n3/|T|2) and since we want this probability to be close to 1, the bound on n
follows.

Hpoypouuatiotiky doknen 3

Suppose a web site hosts large video file F that anyone can download. Browsers who
download the file need to make sure the file is authentic before displaying the content
to the user. One approach is to have the web site hash the contents of F using a
collision resistant hash and then distribute the resulting short hash value h=H(F) to
users via some authenticated channel (later on we will use digital signatures for this).
Browsers would download the entire file F, check that H(F) is equal to the authentic
hash value h and if so, display the video to the user.

Unfortunately, this means that the video will only begin playing after the *entire* file
F has been downloaded. Our goal in this project is to build a file authentication system
that lets browsers authenticate and play video chunks as they are downloaded without
having to wait for the entire file.

Instead of computing a hash of the entire file, the web site breaks the file into 1KB
blocks (1024 bytes). It computes the hash of the last block and appends the value to the
second to last block. It then computes the hash of this augmented second to last block
and appends the resulting hash to the third block from the end. This process continues
from the last block to the first as in the following diagram(Ewéva?2).

SHA256 SHA256 SHA256

Ewova 71:Toro0étnon prag Tipn)g hash oto apéome mponyodpevo prlox

The final hash value hO — a hash of the first block with its appended hash — is
distributed to users via the authenticated channel as above.Now, a browser downloads
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the file F one block at a time, where each block includes the appended hash value from
the diagram above.

When the first block (Bollll hy) is received the browser checks that H(Bollll hy) is equal
to h0 and if so it begins playing the first video block. When the second block (B Il hy)
is received the browser checks that H(Bill hy) is equal to hl and if so it plays this
second block.

This process continues until the very last block. This way each block is authenticated
and played as it is received and there is no need to wait until the entire file is
downloaded.

It is not difficult to argue that if the hash function H is collision resistant then an
attacker cannot modify any of the video blocks without being detected by the browser.
Indeed, since ho=H(Byll h;) an attacker cannot find a pair (B'p,h’1)#(Bo,h1) such that
ho=H(Boll h1) since this would break collision resistance of H.

Therefore after the first hash check the browser is convinced that both By and h; are
authentic. Exactly the same argument proves that after the second hash check the
browser is convinced that both B; and h, are authentic, and so on for the remaining
blocks.

In this project we will be using SHA256 as the hash function. For an implementation
of SHA256 use an existing crypto library such as PyCrypto (Python), Crypto++ (C++),
or any other.

When appending the hash value to each block, please append it as binary data, that is,
as 32 unencoded bytes (which is 256 bits). If the file size is not a multiple of 1KB then
the very last block will be shorter than 1KB, but all other blocks will be exactly 1KB.

Your task is to write code to compute the hash hO of a given file F and to verify blocks
of F as they are received by the client. In the box below please enter the (hex encoded)
hash hO for this video file.

Anrdyvrtyon

O K®OKAG TNG TPOYPAUUATIGTIKNG Aoknong 3 PpiokeTon £dm.Avtd TOL Kévovue givat
Héo® NG Openavoiyovpe o Mp4 apyeio pog kot eved to datadev eivor keva apyilovpe
va dpalovpe pumhok tov 1024KB.Metd yoo 6Aa ta. umhokg divovue to hashevog
UTAOK GTO OUECMG TPONYOVUEVO UTAOK amo ovtd kot peta epappolovpe hashoto
TponyovuéVo awtd umAok(pe to hashmov nipe mdg tun).

OAn dadkacia yivetor péypt vo TAGOVIE GTO TPOTO UITAOK TOV apyeiov Yo vo dovuE
éav 10 hashto apygiov mov pog dmbnke €av gival 010 pe aLTO TOV VIOAOYICOUE KoL
EUELS.XTN TTpoKEEVT TtepinTmon to Pivieo &val €ykvupo Kot 1o Tpoypappa Pydalel g
¢€0d0 10 hashae popoen deka&adtkov:

sample: 5h96aece304a142222419a41h228416028f9ba26b0d1058f400200f06a589949

5.5 Avaivtikn faBpoioyio
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You submitted this homework on Sat 23 May 2015 8:38 PM EEST. You qot a score of 7.6 out of 10.00. You can attempt again in 10 minutes.

Question 1

Suppose & MAG system (3, V) i used o protect ils in  fil system by appending a MAC tag to each fie. The MAG signing algorithm S is appled o the fie conients and nothing else. What tampering attacks are not prevented
by this system?

Your Answer Scare Explanation
Replacing the contents of a file with the concatenation of two fies on the file system.
Erasing the last byle of the file contents.

Swapping two fies in the file system. v 100 Both files contain a valid tag and will be accepted at verfication time.

Replacing the tag and contents of one file with the tag and contenis of a fie from another computer
protected by the same MAC system, but a different key.

Total 1.00/1.00
Ewova 72:Ep®tnon 1-Week 3

Question 2

Let (5, V) be a secure MAC defined over (K, M. T) where M = {0.1}" and T = {0.1) = (i.e. the key space is K message space is {0, 1]", and tag space is 0,1} = )
Which of the following is & secure MAC: (s usual, we use H to denote string concatenation)
Your Answer Score Explanation

‘ v 047 aforgerfor (", V") gives a forger for (5. V).
S'[k,m) =S(k.m)|0,...,126]  and

V'(k,m,0)= [Vek, m, 1oy or Vik,m, 1]1)]
(e V'(khe.1) outputs 1" if eilher:”() ort‘ll isa

valid tag for m)

v (.17  This construction s insecure because a valid tag on m = 0" is also a valid tag on m = 1" Consequently
S'k,m)=S(km)  and the attacker can request the tag on m = 0" and output an exstential fargery for m = 1",

V'(kmi)= V&, m, tyor Vik, m@ 1", 1)
(e, V(K1) outputs “1"if f is a valid tag for

ethermorm@1")

Ewova 73:Epdtnon 2a-Week 3
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’ v 017 aforgerfor (5. V") gives a forger for (5. V).
'k, m)= [r « S(k.m), output (1.1) ) and

' _J Vikmty) it =1
v (k,mf(fhfz)] = { "0 otherwise

fie. V'(k,mf(u,:z]) anly autputs 1" if £} and f

are equal and valid)

7 S'(Lm}:S[k, m|{}1___,n_2|H[]] and % 000 This construction is insecure because the tags onm=0" andm:(}“"l are the same. Consequently, the

V'(km,1) = Vik, m[0,... ‘n—’l]"(), 0 attacker can request the tag on = 0" and output an existential forgery for m = 0
§'(h,m)= SkIY ifm=0" and v 017  This consinuction is insecure because an adversary can request the tag for the message 0" and output the
' S(k,m)  otherwise resut as a valid forgery for the message 1"
BL il
Viikm) V[L.,l ) |Im_f)‘
Vik,m,r)  otherwise
§'(km) = S(&, m“m} and x 000 aforgerfor (', V') gives a forger for (5, V).
V'(km,i)= Vi, mfm, 1)
Total 067/
1.00

Ewoéva 74:Epdtnon 2b-Week 3

Question 3
Recall that the ECBC-MAC uses a fixed IV (in the lecture we simply set the IV to 0). Suppose instead we chose a random |V for every message being signed and include the IV in

the tag. In other words, S(k,nt) := (r, ECBC,(k, m)] where ECBCr(k,m) refers to the ECBC function using r as the IV. The verification algarithm V' given key k. message m.
and tag (r,1) outputs "1"if r = ECBC,(k,m) and outputs “0" otherwise.

The resulting MAC system is insecure. An attacker can query for the tag of the 1-block message m and obtain the tag (r,r). He can then generate the following existential forgery:

(we assume that the underlying block cipher operates on n-bit blocks)

Your Answer Score Explanation

Thetag (r@r, m)isa
valid tag for the 1-block
message 0"

o Thetag (r@gm, 1) isa v 100  The CBC chain initiated with the IV r gy m and applied to the message 0" will produce exactly the same output as the CBC
valid tag for the 1-block chain initiated with the IV r and applied to the message m. Therefore, the tag (r @ m, 1) is a valid existential forgery for the
message 0", message (.

Thetag (r, 1@ r) is a valid
tag for the 1-block message 0",

Thetag (m@i, r)isa
valid tag for the 1-block

message 0"

Total 1.00/
1.00

Ewove 75:Epdion 3-Week 3
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Question 4
Suppose Alice is broadcasting packets to 6 recipients B , ..., Be . Privacy is not important but integrity is. In other words, each of B, ..., By should be assured that the packets he is receiving were sent by Alice.

Alice decides o use a MAC. Suppose Alice and B1, ..., By all share a secret key k. Alice computes a fag for every packet she sends using key k. Each user B; verifies the tag when receiing the packet and drops the packet ff the

tag isinvalid. Alice notices that this scheme i insecure because user By can use the key & to send packets with a valid tag to users B, .., Bs and they wil all be fooled into thinking that these packets are from Alice.

Instead, Alice sets up a set of 4 secret keys S = [ki, ..., ku }. She gives each user B; some subset §; C § of the keys. When Alice transmits a packet she appends 4 tags to it by computing the tag with each of her 4 keys. When
user B; receives a packet he accepts it as valid only ff all tags comesponding to his keys in §; are valid. For example, i user By is given keys {ki. k2 } he will accept an incoming packet only if the first and second tags are valid.

Note that By cannof validate the 3rd and 4th fags because he does not have ks orks.

How should Alice assign keys to the 6 users so that no single user can forge packets on behalf of Alice and fool some other user?

Your Answer Score  Explanation
Si={bk] H={kk] S=lkkl, S={hk} S={k,

Si=lhk), Si=th), S={h.k), Sa=lkk], S={kk

¥ v 100 Everyusercan only generate tags with the two keys he has. Since no set ; is contained in another set S, no user { can fool a
Si={bk), S={bb) S=lb.kl, S={b.hb}, 5=, user j into accepting a message sent by ;.

Si=thk) S ={bk k)l S={h.k) Si=lhh} $=|

Total 1.00/
1.00

Ewova 76: Epo®tnon 4-Week 3

Question 5

Consider the encrypted CBC MAC buittfrom AES. Suppose we compute the tag for a long message m comprising of n AES blocks. Let m" be the n-block message obtained from
m by flipping the last bit of m (1. if the last bt of m is b then the last bit of m" is b@ 1). How many callsto AES would it take to compute the tag for m” from the tag for m and

the MAC key? (in this question please ignore message padding and simply assume that the message length is always a muttiple of the AES block size)

Your Score  Explanation
Answer

n+l

oF:| v 100 Youwould decrypt the final CBC MAC encryption step done using &y, the decrypt the last CBC MAC encryption step done using &y, flip the last bit of
the result, and re-apply the two encryptions.

Total 100/

1.00
Ewovo 77:Epdion 5-Week 3
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Question 6

Let H: M — T be a collision resistant hash function. Which of the following is collision resistant: (as usual, we use || to denote string concatenation)

Your Answer Score Explanation

¢ H'(m)=H(m[0,...,.lml=2]) (ie. hash m without its last bit) ® 000 This construction is not collision resistant because H(00) = H(01),

4 H'(m) = H(H(m)) v 014 a colision finder for H' gives a callision finder for A
H'(m)=H(iml) (i.e. hash the length of m) v L1 This construction is nat collision resistant because H(000) = H(111).

H' (m)=Hm)@Hm@ I"’"} (where m g 1" is the complement of m) + 0.14 This construction is not collision resistant because H(000) = H(111).

H' (m) = H(0) v 014 This construction is not collision resistant because H(0) = H(1)
H'(m)= H(m"m) x 000 a colision finder for H' gives a collision finder for .

Y H'(m} = H(H{H{m))) v .14 a collision finder for H' gives a collision finder for H.

Total 0.7171.00

Ewova 78:Epdnon 6-Week 3

Question 7

Suppose Hy and Hy are collision resistant hash functions mapping inputs in a set M to {0, | ]f’". QOur goal is to show that the function Ha (H) (m)) is also collision resistant. We
prove the contra-positive: suppose Hy (H) (-)) is nat collision resistant, that is, we are given x # y such that Hy (H) (x)) = Hy(H (y)). We build a collision for either Hy or for Hy
This will prove that if Hy and Hy are collision resistant then 5o is Hy(Hy (). Which of the follawing must be true:

Your Answer Score Explanation

= Either x,y are a callision for H, v 100 If Hy(Hy(x)) = Hy(H) (y)) then either | (x) = H)(y) and x # y, thereby giving us a collision on H;. Or
or  Hy(x),H(y) are a collision for H)(x) # Hi(y) but Hy(Hy(x)) = Ha(Hy (y)) giving us a collision on Hy . Either way we obtain a collision on Hy or Hy
Hy. as required

Either Hy(x), Hy (y) are a collision
forHi or x,y are a collision for
H.

Either x. y are a collision for Hy
or  x,y are a collision for Hy.

Either x, H, (y) are a collision for
Hy or Hy(x),y are a collision for
Hi.

Total 1.007
1.00

Ewova 79:Epdtnon 7-Week 3
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Question 8

In this question and the next, you are asked to find collisions on two compression functions:
+ [i(ey) = AESG.O)@y.  and
» a(xy) = AES(.x)Dy.

where AES(x.y) is the AES-128 encryption of y under key x.

We provide an AES function for you to play with. The function takes as input a key k and an x value and outputs AES(k,x) once you press the "encrypt” button. |t takes as input a
key k and a y value and outputs AES™ (k,y) once you press the "decrypt” button. All three values k, x,y are assumed to be hex values (j.e. using only characters 0-9 and a-f) and
the function zero-pads them as needed.

Your goal is to find four distinct pairs (xy,y; ), (x2,¥) (x3.¥3), (xg,y4) suchthat fi (xy,¥y) =f)(x2.¥2) and f2(x3,¥3) = f2(x4,y4). In other words, the first two pairs are

a collision for f; and the last two pairs are a collision for f; . Once you find all four pairs, please enter them below and check your answer using the "check” button.

Note for those using the NoScript browser extension: for the buttons to function corectly please allow Javascript from class.coursera.org and cloudfront.net to
run in your browser. Note also that the "save answers" button does not function for this question and the next.

You entered:
Your Answer Score Explanation

x1=00000000000000000000000000000000 y1 =00000000000000000000000000000000 Xx2 = x 000 Don't cheat, you must enter distinct pairs |
00000000000000000000000000000000 y2 = 00000000000000000000000000000000

Total 0.00/100
Ewova 80:Ep®tnon 8-Week 3

You submitted this homework on Sat 23 May 2015 10:04 PM EEST. You got a score of 1.00 out 0f1.00.

Question 1

Suppose a web site hosts large video file F that anyone can download. Browsers who download the file need to make sure the file is authentic before displaying the content to the
user. One approach is to have the web site hash the contents of F using a collision resistant hash and then distribute the resulting short hash value h = H(F) to users via some
authenticated channel (later on we will use digital signatures for this). Browsers would download the entire file F, check that H(F) is equal to the authentic hash value h and if so,

display the video to the user

Unfortunately, this means that the video will only begin playing after the *entire” file F has been downloaded. Our goal in this project is to build a file authentication system that

lets browsers authenticate and play video chunks as they are downloaded without having to wait for the entire file.

Instead of computing a hash of the entire file, the web site breaks the file into 1KB blocks (1024 bytes). It computes the hash of the last block and appends the value to the second

to last block. It then computes the hash of this augmented second to last block and appends the resulting hash to the third block from the end. This process continues from the last

SHA256 SHA256 SHA256

block to the first as in the following diagram: { E
[ L4
T P T block # h 'I‘ii' I

The final hash value hg — a hash of the first block with its appended hash — is distributed to users via the authenticated channel as above.

Mow, a browser downloads the file F one block at a time, where each block includes the appended hash value from the diagram above. When the first block (Bo " hi)is received

the browser checks that H(Bg ” hi)is equal to hg and if so it begins playing the first video block. When the second block (B} H h2) is received the browser checks that

Ewova 81:IIpoypappatiotikn doknon 3-a
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H(B\ || h2) is equal to Ay and if so it plays this second block. This process continues until the very last block. This way each block is authenticated and played as it is received
and there is no need to wait until the entire file is downloaded

It is not difficult to argue that if the hash function H is collision resistant then an attacker cannot modify any of the video blocks without being detected by the browser. Indeed,
since ho = H(Bp ” k1) an attacker cannot find a pair (Bf. k] ) # (Bo.h1) such that o = H(Bo “ h1) since this would break collision resistance of H. Therefore after the first

hash check the browser is convinced that both By and &) are authentic. Exactly the same argument proves that after the second hash check the browser is convinced that both B
and A7 are authentic. and so on for the remaining blocks.

In this project we will be using SHA256 as the hash function. For an implementation of SHA256 use an existing crypto library such as PyCrypto (Python), Crypto++ (C++), or any
other. When appending the hash value to each block, please append it as binary data, that is, as 32 unencoded bytes (which is 256 bits). If the file size is not a multiple of 1KB
then the very last block will be shorter than 1KB, but all other blocks will be exactly 1KB.

Your task is to write code to compute the hash hg of a given file ' and to verify blocks of F' as they are received by the client. In the box below please enter the (hex encoded)
hash kg for this video file

You can check your code by using it to hash a different file. In particular, the hex encoded hy for this video file is

B3c@8F4ee@b576Fe319338139c@45c89c3e829409633bea204422214250@62a8

You entered:

5b96aece304a1422224f9a41b228416028f9ba26b0d1058f400200f06a589949

Your Answer

Score Explanation

5b96aece304a1422224f9a41b228416028f9ba26b0d1058f40020006a589949

Ewoéva 82:IpoypappotioTiki doknon 3-b

Mivaxog 3:Badpolroyisg-Week 3

1" tpoonadeia

2" npoonfeia

3" tpocnddeia

4" rpoondbeia

Epotoelg

7.38/10.00

Acknon

1.00/1.00
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MoOnpotikn kot adyoplfukn avaAvon KPUTTOYPUPIKOV TEYVIKMV

KEDAAAIO 6
AYOENTIKH KPYIITOTPA®HYH
6.1 Em0¢oeic CPA kol ac@dreio KPLaATOYpPAP)OG

Ye aut Vv evotnrta. Ba TpocTadGOVE VO GLVOVAGOVUE TNV EUTIGTEVTIKOTNTO KoL
TV OKEPOLOTNTO Y10 VO TOPOVUE OGQPOAN GYNUOTO TO Omoilol &€ivol OVEKTIKO GE
injecting kot tamperingemiféocic.Ag dovpue mp®TAL €vo. TOPASEYUO Yo TO TMG O
emTBépEVOG LTOPEL VoL «TTEPAEENTO SIKTVO.

Hapdderyuo ue TCP/1P

‘Eot® 2 unyavég mov emkovovoiy uécm tov mpmtokdAiov TCP/ IP> H por pmyovn
YpPNoLonolEitol amd Tov xpnot o onoiog Ppioketal omitt Tov, evd 1 GAAN unyovn
ypnouevel g server.O serveréyet o otoifo(stack) n onoio d€xetan ta TOKETO OO
tov xpnot.O xpnotg Palel oe kdOe markéto €vo medio TPOOPIGHOL TO OO0 KOITA O
serverkot £€tol to TpomBel 6To KatdAAnAo puépog. Eotm emiong 0Tt 0 SErveraxovet oty
Ovpa 80 evd o Bobamo tv mAevpd tov serverakovel otny 0vpa 25.

Otav éva TokéTo €pYETOl OTO TOV YPNOTNH OTOV Server,n otoifo koitdel oto medio
TPOOPIGHOV Kot TNV B0pa TPOOPIGHOD TOL TAKETOV, 1| OTOIC. GE GLTNV TNV TEPITTOON
etvor 1 80 kot cuvéyeln to Tpombei oe Evav webserver.Eav to mokéto gixe dg 6vpa
npooptopol v 25, tote 1 otoifa Ba mpowbovoe to mokéto otov Bob. Eotm to
TPOTOKOAO acpdielag mov ovopdletar IPsec™, to omoio kpumroypagei ovto Ta
IPraxéta peta&d Tov anocstoAéa kot Tov TapaAnmtn.O anosToALns Kol 0 TOPOANTTNG

%3 To mpwtdkorho TCP/IP | http://el.wikipedia.org/wiki/TCP/IP
* To mpwtdxorho IPsec, http://en.wikipedia.org/wiki/IPsec
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popdlovtor to 1010 KAewl ko OTOV O OMOGTOAENS OTEAVEL TO TOKETO QLT
KPLTTOYPOAPOVVTOL HE OVTO TO KAELSL.

Otav 10 TOKETO @TAVEL OTOV TPOoOPopd dnAadr otov Server, n otoifa Oa
OTTOKPLTTOYPOPNGEL TO TOKETO Kot UETO B KO1TdEeL TO medio mpoopiGpov kot Ba
mpomOnocel 10 makéTo KoTtdAANAn. Topa Oa coc deiEw 0Tl Ywplc akepatdTnTa dEV Ot
umopécovpe va AdPovpe Kavéva €idog epmotentikdtntog. Eotm 01t évag emtifépevog
OV SOKOTTEEVA TOKETO OV TTpoopiletal Yo Tov Webserver dpo kot yio v 00pa
80(Ewéva 84)

v, dest=80 data R WA
server port=80

Bob
port=25

Ewova 83:Alhayn mpoopropod gvog makétov pe ypion tampering

Ovolootikd o emrtiBéuevoc umopel va AGPEL TV KPLTTOYPAPNGY OTOLOVONTOTE
TakéToLv 10 omoio mpoopiletTar ya v BOpa 25 61611 N otoifa B amokpvTTOYPAPNCEL
T TOKETA Yo TV BVpa. 25 ko Ba ta. oteihel otov Bob(emtibépevoc).

Avtd mov Ba kdvel o Bobeival va dakdntel antd TOKETO TPOTOL AVTO PTACEL GTOV
webserverkot Oo mpoomabnoel vo T0 OAAOIOGEL MGTE OVTL TO TOKETO VO EYEL TOV
npooptopd v 0vpa 80, tdpa Oo Exer mpoopioud v Bvpa 25.Apa o Bobamhd
aALGlovtag Tov TPooplopd €vOg makETov, umopet va doPdost dedopéva to. omoio
dévpoopilovtay Yo avToV.

Mo mapddetypo €av 1o pnvopa  kpomtoypagndnke upe CBCxor éva  tuyaio
IV(CPAsecurescheme) 6o cag dgiEovpe Ot yio Tov emtifépevo givor ToAd EVKOAO Vo
aAla&et to ciphertextkon va etid&etl éva véo ciphertextomov o mpoopioudc tov Ho eivor
n BVpa 25.To povo mpdypa mov Ba aArael o emtiBépevog elvar to medio 1V ko dAa
T voAoa Oo Topapeivouy ta ido. Xopemva pe to CBCto mpmto plaintextumiox tov
pnvopatog  mov  BéAel v TPOMOTMOMGEL O  EMTOEUEVOS elvar  amkd 1
QOKPVLTTOYPAPNON UE TO KAEWIL K, To mpdTov ciphertextkot 1o amotéAeso ovto o
XORmpaén petald tov 1V.Me cupfoliopoie Exovpe :
m[0]=D(k,c]0]) P I1V="dest=80"

[Todg o aAAalape o IVoOote to pnvopa vo poopiletan yio v 60pa 25;Avto mov Oa
UTOPOVGOLE VO KAVOLpe &ivor  va  oviwkataotioovpe 10 IVpe éva  véo
IV'=IV@(..80.) @ (..25 ... )éto1 Bo. akvpdoovpe ToV TPooPIcpo yio Ty B0pa 80 kat
0o dwbel ¢ véog mpoopiopds mn Oopa 25.H kpumroypagnen CPAmapéyer
EUMOTEVTIKOTITO. povo  éav o emmiOépevog  ypnowpomorei  emBicerg
eavesdroppingkat dev pmopei va adra&er To ciphertextevog pnvopatog.

6.2 EmO¢éoscic o€ emAeypéva KPumToypo@inoTo
To ocvomua avlevrikig kpuatoypdenong (authenticatedencryption)amoteleitarl amo
évav alyoplBpo KpumToypaenong mov maipvel g Opiopata £va KAEWI, va pivoua

90
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KOl TTPOOPETIKG €va. noncekotl pog Pyalet o¢ €€odo éva ciphertextkoiomd evav
alyopifpo amokpumtoypdenong mov Pydler og €é€0do to pnvopa kot £vo. GOUPAO TO
onoio ovoudletar «bottomy».Otav o akydpdpog anokpurtoypdenong Pyalel og é£0d0
10 ovuPoro «bottomwtote to ciphertexteivar AavOacuévo kot ayvoegitan.Me
oLUBOMoHOVE £xovpE -
E: KxMxN-C
D: KxCxN-M U{l}, L¢M

‘Eva. cbotnpo avbeviikng kpumtoypdenong yw va  givol glvar ac@aréc, mpénet To
ocvotnua  vo. tKavomotel 0vo wottec.H mp@Tn 1010100 pog Aéel Ot mpémet 1o
CUGTNUO VO ONUOCLOAOYIKA acParéc kdtw omo embéoelc CPA esvod m dgvtepn
W To pog Aéel 0t 0 emtifépevog dev Ba mpémer va pmopel vo dnuovpynoet véa
ciphertextstao omoia pmopovv va. xpNoomombody yio TV amroKpLITTOYPAENOoT GAA®Y

‘Eotw o (E,D) va givar  evag aAdyopiBpog pe yodpo punvopdtov to M.O S1ekdkng
drAéyet éva Toyaio kKAewdi K kot o avtinaiog vrofdAier unvopata g EMAOYNG TOV
Y0 VoL TAPEL TNV KPLATOYPAPNON TOV UNVOUATOV QLTOV

To cielvonr  Kpumroypdoenon tov punvOHaTog My, OMOL TO MIEMAEYTNKE OO TOV
avtinaro.O oavtimadlog cuveyiler v 0 akpPdg ddikacio péypt va mhper v
KpumToyphonon OAwv tov punvopdtov(qoto cbvoro).O ckomdg Tov TP Eivol va
nopaysl pepkd véa ciphertextsto omoia 0o givar £ykvpa.®a Aépe 0t 0 avTimaAog
Kepdilel o mayvidt v to véo ciphertextmtov dnuiovpynce Oa amokpuvmTOoypaPEd
omoTd, Kt dStapopetikd amo o «bottomy.

Topa Oa opicovpe 10 TAEOVEKTNUO TOL OVTITAAOL KOl TNVOKEPULOTNTO TOL
ciphertextooav v mbovotnto tov dekdknty va Pydret ¢ é€odo 1 o10 TENOG TOV
TOLYVIOLOVKOL LETE Bl ODGOLILE TOV 0PLORO TNG AVOEVTIKIG KpVTTTOYpAPNoNG!

Opwopog
‘Eva (E,D) éyet ciphertext akepotdtnTo av yio OA0VG Toug A 1oy0eL OtL:
Advc[A,E]=P[Chal.outputs 1] sivan apeintéo.

Opropodc avdevTIKNG KPLTTOYPAONoNS
‘Evag aiyopiOuog (E,D) poag mapéyer oavbeviikny kpuvmtoypdonon(AE) €av  €xel
OTUOCIOA0YIKY acpaieln. kKato amo enbéoeig CPA kot €xel ciphertext axepotdtnta

o ewdayoope ko 2 akoun  évvoec.H mpomm  évvown  ovopdleton
avOevrikotnro(authenticity) n onoia onuaivel 0t évag emTiOépevog dev pmopei va,
KopowEyeL Tov mapainmtn Bobpe to va vopilel 6T1 éva pijvopa 6t1dA0nKe amo v
Alice, To omoio dev T0 £oTElhe OpOC avTi.l10 va cvopPel ovtd évog emtiBiuevog
npoonafel va emkowvovioel pe v Aliceanld otéhvovtog unvouate G€ OLTHV Kot
{ToOVTOC Vo KPLTTOYPOPNGEL TO UNVOUATO OUTA.XTN GULVEYEWW O OKOTOC TOL
emtiéuevo eivolr va mapdysr kamow véa Ciphertextsto omoi ovGlOOTIKA dgv
dnovpynOnkav amo v Alice.Avto duwmg dev pmopei va copPei.

Otav o Bobiaupdver ta pnvdpatoe Kot To  OTOKPLATOYPAPEL  EMITLYMG
YPNOLOTOIDVTAG Evav OAYOpOUO omokpumtoypdenong, yvopiler 6t to unvopota
NpBav ano kdémolov o onoiog yvwpilel To pvotikd KAedi.Zvykekpuévo eav n Alice
uovo yvopilel to pootikd kAewdi, tote o Bob&éper 611 To ciphertextmov éhaPe Mpbe
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npaypotikd omo v Alicexot 6év givatl Kamolo TPOTOTOMUEVO VOO TTOV GTAAONKE
OT0 TOV EMTIOEUEVO.

To poévo xakod eivar 0Tt 11 AWOEVTIKAKPLITOYPAPNON OV HOG TOPEXEL AGPAAELN TTAV®
otic embéeeig emavainync (replayattacks).l'a mapaderypa n Alicepnopei vo oteiket
éva, unvopa otov BobAéyovtag «Metépepe 100$ otov Charlie» kot oty cuvéyeion o
Charlie 6o propovoe va emavarapeureplay) to ciphertextue anotéleopa o Boboteilet
Ao 100$ otov Charlie

H oedtepn évvore ogopd, tnv duova  evavtio  otnvemifeon emAieypévov
ciphertexts(chosenciphertextattacks).I'a va mv TEPLYPAYOLLLE O
ypnopomomoovpe Eva meipapo. Opilovpe Ty dOVOUN TOV EMTIOEUEVOL GTO VO LITOPET
va mpdtter CPAkot CCAenubéoeig.Me dAha Aoyla o emitifépevog umopet va, mapet
TNV KPLTTOYPAPNCN OTOLdNTOTE UNVOHOTOS BEAel Ko pmopel vo KPLTTOYPOPNGEL
omownmote Ciphertexttng emhoyng tov.0 o6KOMOG TOL E€ivalr va OTAGEL TNV
G LOGLOLOYIKT] 0CQPAAELD.

‘Eoto évag akyopiBpog (E,D) mov opiletan oto (K,M,C).Qa opicovpe kot dHo
newpapoto to meipopa 1 kot to weipapo 0.0 dexdikntg(challenger) 6o emdééer éva
toyaio KAewl kot o avtimadog Oa apyicel av vrmoPdAidlel epotipato oe avtov.Ta
EPOTANOTA TOL PUTOopEl Vo vTOPAALEL lvar dVO W0®V.Oa givar givarl Eva CPAgpdTHOL
N éva CCAgpotpa.

Oco apopd 10 CPAo0 smtifépevog vmoParier dHo pnvouata(Ewova85) mo,mita
onoio &yovv to 610 péyebog Kot AauPavel v KpvrToypdenon tov My (éav eipoote
oto zeipapo 0)gite TV KpLTTOYPAPNGN TOL M1(edV EiplaoTE 6TO TEWP AL 1)

To devtepo €idog epotuatog givarl mo evolapépov.O emrtiBépevoc vmoPdalel  éva
ciphertexttng emthoyfig TOL Kol QLTOV 7OV TOUPVEL TOW, Elval 1 KPLITOYPAPN O
avtov tov ciphertext.Eropévog o emtiféuevog Umopel vo amoKpLTTOYPUPHOEL OGO
ciphertextféier avtog pe v mpovmdeon ta ciphertextsva unv eivar avtd mov Elofe
amo ta. CPAgpotpata.

for i=1....q
(1) CPA query
Chal — Ady
m; o -, 5 OV, |m; g |=[m i,1|
C w=——FE(k, m;,) :
(2) CAA query
< ¢ avnk C c; v avik. [C....c; 4]

m; e D(Kk, <)

Ewéva 84:CPA ko CCA embéoerg

Edv o emtiBéuevog pmopovoe vo ypnoponomoet to. Ciphertextsmov élafe amo ta
CPAgpomuata ota CCAgpotpata tote antd dév Ba ntav dikaro.Eav o emtifépevog
émarpve éva ciphertextto omoio to éAafe kavovtacCPAgpdTHa TOTE 0LTO O HTOY M

% Em0éoeig emavanyng, http://en.wikipedia.org/wiki/Replay_attack
% Enifeosic emheypévov ciphertexts, http://en.wikipedia.org/wiki/Chosen-ciphertext_attack
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Kpumtoypdonon  tov Mgy tov M; kot €av vroPdiiet CCAgpotua yio 10
ovykekpiuévo ciphertexttote Oa mapel MG amAvInom TV KPLLTOYPAPNoN Megite Tov
m;, dpa  Bo eivor oe 0éon va yvopiler amo moio meipapo maApOnke TO
ciphertext.Erouévmg o okomdg tov gival va udbet éav Ppioketor 610 meipapo 1 610
neipoapa 0.

O ary6pBpog CCAgivar aopoing £av 0 avTimaAog COUTEPLPEPETAL [LE TOV 1010 TPOTO
oto melpapa 1 kot oto mepapa 0.Me dAla Aoyio dév pmopet va dtakpivel to meipapa 1
amo to meipapa 0.Me cuUPOMGHOVG EYOVLLE:

AdvccalA E]=|P[EXP(0)=1-P[EXP(1)]=1| eivan apeintéo

Mo mapdderypa,eva CBC pe togaio 1V dev sivar ac@aréis oc emOéoeicCCA.Twa va
10 oamodeifovpe avtd Ba Bewpnoovpe TOo mapakdTe® TOPAdEYHO.O emMTIOENEVOC
VTOPAALEL TOL UNVOLLOTO MoKot MiTov £€6TM OTL £xovv péyeBog 660 Eva PmTAdK Kot eivat
Swpopetikd  peta&d  toug(Ewkova  86).Avto mov Oa AdPer micow eivor m
CBCxkpumtoypdonon tov mg 1 tov M;.0 emtiBépevoc topa Bo mpoomabncel va
Tpomomomosl avtod to ciphertexte, mov éhaPe aArdlovtac to IV kavovioag mpdénXOR
peta&d e tung 1Vkor tov  1.0mdte 1o véo ciphertextc” eivor dapopetikd amo o
ciphertextc.Xtm o emtBéuevoc vroPdarier to ciphertextc’ pue oxomd va Adfet v
KPLTTTOYPAPN O TOL.

mo , m1 : mU=m1j=1

<

Chal. E{k . b 1=V, €{0) Adv.
e ‘(k , mb )=V, ¢

b )>

_é kK K

¢ =IVEP. c[0]) b
< S —>

D(K.c)=

Ewéva 85:CBCpeg toyaio 1V dev givan acparés oe emOioeig CCA

Avtd mov Ba AaPel Tiow eivor D(K,c)=mp@P1l.Enopévag élape ovolaoctikd Mol 7
M1P1 apo pmopel va dtokpivel o€ TOO TEIPAA AVTOC PPICKETOL AP TO TAEOVEKTNLLOL
tov givor 1 .To {mua eivor oG PUmopove Vo oYEOIICOVIE KPLTTOGVGTILLOTO, TO.
omoia vo givan acpoin kdtw aro embéceig CCA.

Ocapnuo CCA aopdlerac
‘Eav pog évag adyopibuoc (E,D) o omoioc  pog mapéyet authenticated kpvrtoypdonon
1618 0 0AyopOuog avtdg eivar aceaing oe embéosig CCA.Eav onladn vrapyet
avTimahog 0 0moiog VTOPAAAEL JGTO GUVOAD EPMOTNUATO TOTE LAPYOVY VO AVTITOAOL
B1B; mov kavomotovv v mapakdto avicdtra:

AdVCCA[A,E]SZ'C{'AdVCL[Bl, E]+AdVCpA[Bz,E]

H mocomto  Advepa[B2,E]  elvan  apelntéa  emedn eivar  aoc@oAng  og
CPAembéoeic.Eniong n mocotnta  Adve [Bi,E] eivor  apentéo  emedn €xet
ciphertextakepatotnto.Apa kot ot d0vo Opot givar apeintéor. Emopévac to mieovéktnua,
tov emtiépevov mov pdrtel CCAgivar emiong apeintéo.
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6.3 AvfBevtika cvotiipato kpvatoypaenons(MAC-PRP)

Y ovmmv v evomro OBa  TPOGTOONGOLHE VO KOTOOKEVAGOLLE
avOevtika(authenticated)ovotiuata  kpurtoypdenone.Miog Kot EYOVUE  OOQOAN
kpumtoypdonon yw embéoelc CPAkat aceary MAC, yevviétor éva moAd KoAd
epomua.To gpdOTHO 0VTO APOPE TO TOC ol GLVILAGOVUE AVTEG TIG OVO EVVOIEC e
OKOTO VO KOTOOKEVACOVUE M0 OWOEVTIIKNKPLTTOYPAPNON.AG O0VUE UEPIKOVG
cvvdvacuovg mov Exovv acpiietn CPA-MACot omoiotl etonyOnoay amo SlopopeTIKa
TpOTLEKT.

Oa avagepbovpe oe 3 amo dha avtd o TPOTLEKT Ko emmpocheta kol ota 3 avTd
napadeiypata mov Oo TaPoVGIACOVUE TAPAKAT® VIAPYEEEX®PLoTO KAEWL Keylo tnv
Kpumtoypdonon Tov kdbe €vo omo avta Ko TEAOG éva Eexmplotd KAl Yo
MACIing.Ta Vo owtd KAeW1 givor ave&aptnto peta&d Tovg.

To mpdhro pag mopddetypa sivar to mpotdKoddo SSL>'.0 tpdmog pe tov omoio To
SSLovvovaler  kpumtoypaenon kot MACywa va metdyel avbeviikotnto sivor
TOPOKAT®. Apyikd maipvoope évo plaintextmkor vroloyiCovpe v etikéta  TOL
LUNVOLOTOG XPTOLUOTOIOVTOG TO KAWL Kyl tov vroloyopd g etikétog. Emetta
prop® vo BEcm TV €TIKETO G€ (oL dAANAOLYIOL e MKOL GTN GLVEXELD VO EPAPULOCHD
KpurToypdenon kot Ba tapw to ciphertext(Ewkéva 87)

S(ky ,m) E(kp . mtag )

Ewévo 86:Kpvoatoypdonon pe SSL

H oedtepn emoyn eivar 1o mpwtoékorro [IPsec.Avtd mov «dévelr givor va
KPLTTTOYPAPOVUE TPAOTO, TO UNVLUE HE TO KAEWT Ke kot petd vmoloyilm v etiketa
oto ciphertextrov éptoa(Ewéva 88)

E(Kg , m) Skky , ©)

Ewéva 87:Kpuomroypaonon pe IPsec

H 1pitm emoyn ovopdaletar mpwtdkoiro SSH.Apyikd xkpvmtoypoae®d to prvope m
ypnoomotwvtag éva aceariéc CPAcsyua kpurToypdenong Kot HETd epaupuolom oe
aAAniovyio pe TV KPLTTOYPAPNoN TNV €TkéTo 6T0 URvupe pov.H dwpopd pe to
IPsec eivor 011 n etikéta vroloyiletar oe 6o to Cciphertextevd oto SSHn eticéta
vroloyiletar og 6A0 T0 puvopa (Ewkova 89)

E(kg , m) Stky ,m)

Ewévo 88:Kpvoatoypaonon pe SSH

¥ To mpwtdxorho SSL, http://el.wikipedia.org/wiki/SSL
94
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Avtég ot tpeig emhoyéc ocvvdvalovv kpumtoypaenon kot MACkot 1o epdTNHo €0
elval TOLEG 0o TIG TOPATAVE® EMAOYEG ival acPaAnG; Ag EEKIVIICOVLE LE TNV EMAOYN
SSH.Ond¢ mapatnpovpe 1 etkéta  vmoAoyiletor mhveod GTO UAVLOHO KoL TO
ciphertextépyeton og aAlnlovyia pe v etikéto. Avtod dpmg Bewpeiton TpoPAnua d1dtTL
1o MACGHév mapéyovv eumotevtikomnta. Ta MACoyedidotnkay yio vo mopéyovv
OKEPUOTNTOL.

Aev givon kak6 ott o MACoav pépog g etikétag sugavifel pepikd bitsamo 1o
plaintext.To mpofAnuo eivor Ot avtd ta bitShoyow g oAinlovyiog etikéTog-
ciphertextumopovv va dappévcovy tpdcg to ciphertextue amotélecpo To aoynUo Vo
unv €xet aoeaietn oe CCAegmbéoeic.lTapdro Bewpeitar yevikd ac@aiéc KaAvTEPO Vo
U1V TO YPNGLLOTO|GOVLLE.

Ag dovpe v emroyn SSLkou IPsec.H mpotipudpevn pébodog eivar m IPsecenedn
Byaiver og ovumépacpa 01t dév pog apopd Tt CPAcsvotua kot MACypnciponoodue
oAla o ovvdvacuds CPAacparovg cvothiuatog ko MACpag mopéyer avBevtikn
KpLTTOYPdPnon.MOAG KpumtToypap|GovE TO UV, Bo vToAoyicovpe TV TikéTa
T0V Ciphertext pe omotéleopa OVGLOGTIKG KAVEIG VO UV UTOPEL VO TPOTTOTOGEL TO
ciphertext!

Emopévac kaveic dev Bo pmopei va mapdyest éva dopopetikd ciphertextto omoio va
powalet €ykvpo.Oco apopd to SSLypnoyonorovpe CCAacOoAn KPLTTOYPAPNON HE
MAC «xot £to1 gival evdlmto og emiféoelc emleypévav ciphertexts kot dév mapéyet
avOeVTIKN KPLTTOYPAPTON.

Awapopetikég ovouaocieg

H SSLuébodog ovvmbwg ovoudletar  xor  «MAC-then-encrypt».Huébodog
IPsecovopaleton kou «encrypt-then-MAC» evd n pébodog SSHovopdaletor «encrypt-
and-MAC».

"EoctoévacacearncCPAaAyoppockatévag (S,V)MAC.Tétensadikacio
«TPAOTUKPLTTTOYPUPOKopeTaypoporord® MACH(Encrypt-then-MAC)
TAVTOTOPEYEL avBevtikn Kpvrtoypdonon.Howdkacio
«paTaypnoponord MACkapeTakpurtoypad»(MAC-then-encrypt)
toogvapnveivatacpoincoeemfécsicCCA Eavopmeéva (E,D) elvan éva
wyaioCTRAévaTLy0ioCBCtotendradikociaMAC-then-
encryptuocropEyelondevTiknkpumToypaenon.

Kabdg m avBevrikikporntoypaenon dpyoe voa yivetar yvootn, &vag opluoc
npooeyyicewv ot omoieg ovvdialav — kpumtoypdonon kot MAC dpyicav va
enpaviCovron kougywvav standards amo v NIST.Edd Oa avagpépovue 3 mpoceyyioelg
€K TOV omoiwv T dvo &ywav standardsetmv NISTxo
ovopalovtauGCM(galoiscountermode) kou CCM(CBCcountermode).

O GCMypnoyomotel Evay HeTpNTN Yo TNV dtodikacio TG KpurToypaenons poll pe
tov Cartel-WegmanMAC.O 1tpoémoc pe tov omoio o Cartel-Wegmandoviever 6to
CBCsivor moAd amioc.Ovcwootikd o  Cartel-Wegmangivor — pioe  cvvaptnon
KOTOKEPLOATIOUOV TOV® 610 URVLpo.To amoTtélecpo auTov  KPLTTOYPOEEITAL HE TN

xpnon wog PRF.
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ToCCSMeivaiévaokounNISTstandardrov
ypnouonoleiCBCMACkapetacountermodexpuntoypdonon.Télog vdpyet to EAXto
onoio ypnowomotei countermodexpuvntoypdonon kot peté CMAC.Eriong 6ia avto to
standardspacilovtar o€ noncesépo to (edyn «wAewdi-noncedev Oa  mpiémer va
emovaloppavovrat.

O\l T TOPATAVO modes-npooceyyiceigovoudlovtat
«authenticatedencryptionwithassociateddata»(AEAD)kot eivor pio enéketaocn g
avBevtikng kpvmroypdonong.H 10éa micw amo to AEADegivor to yeyovdg o0tL 1
ddkacio KpuToypaenong 0&v 0o Kpumtoypagel OAOKANPO TO UNVUUO HOG OAAQ
novo éva LEPOG TOL Kot PUGIKE Ba TapEyel aVOEVTIKOTNTO GTO UVLLLOL LLOG.

‘Eva kaAd mapdderypa ivar éva. makéto diktdov To omoio £xet po enkepalido(header)
Kot éva opélpo eoptio(payload). Tumikd 1 emkepoAidadey Oa kpvmtoypagndei 101t
cvvNBmg mepieyel TO TPOOPIGUE £VOC TAKETOV Kat T povTeP d€V Ba yvmpilovv mov va
oteihovv 10 ovykekpévo mokéto.Mmopel  Ouwg 1M emkepaAido  va  €xet
avBevtikdn T, Avtd axpiog kavovv to modestov AEAD.

[Mapéxovv avbevtikdTTo oTNV EMKEPOMOAKAL KPVTTTOYPAPNOT GTO WPEAUO POPTio
00 moakétov. Topa mov mAéov éxovpe e€nynoel ti givan to «encrypt-then-MAC»
UTOPOVLE VO YUPICOLUE TO® ©TOV Opwopud S acedielng evog MACyw vo
e&nynoovpe axodun pio vvola.

M omo Tig amoutioglg mov giyape amo tov opispud tov MAC frav ott Yo éva
docpévo Cevyapt unvopatoc-MACo emtifépevog vo unqv umopet va mopdyel Kot GAAN
ETIKETA Y100 TO 1010 pvopo M.AKOUN Kot 0 emTIBEUEVOG va glxe TNV ETIKETA Y10 TO
pqvopo M, vo unv eival tkovog va mopdyel véa €TKETO Yo To 1010 pvopo m.Iati
oG avtd elvar 1000 onuoavtiko;Elvar onpovtikd 610tt aAiimg 6év Ba elyopue
akepardmra ciphertext.Ag dovpe 1 pmopei vo et otpaPd Eav 6év ioyve M amaitnon
avtr oo Tov optopd tov MAC.

O emmBéuevog Eexwvael otéhovtag ovo pnvopata(Ewdove 90) kor Aappdver mg
ocuvNBmg TV KPLTTOYPAEN G Mo 1] TNV KPLITOYPAPEN OGN TOV MiUEc® Tov C.Miag Kot
ypnowomoiovpe v pébodo «encrypt-then-MAC» o emrtibépevog Aaufaver  to
ciphertext (é¢otm Cp) kot éva MACmave oto ciphertextco.Onwg sinape mpiv €av pog
dwcovv éva MACevoc umvopatog o esmtBépevog pmopel va mapdyst diko MAC
Tévew 6To 1010 Pnvoua.

Apa 0o mapdysr éva véo MACmave oto ciphertextco. Topo o emtibéuevog Oa
vofdrdel €va epdtnuo emleypévou ciphertextuéom evog ¢ to omoio givor £ykvpo
ciphertext, exedn eivar dapopetikd amo to C.Emopévac o diekdikntig Oa mpénel va
AmOKPVTTOYpOENoEL awTd To Ciphertextkor o oteilel miow otov emtbépevo v
KPLTTOYPAPN O TOL C” TOV €lval TO U VL Mp.
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my, Il'll

c=—E(k, my,)=(cq ,

c=(cg.,.t) =tc

Dk, ¢ )=my

Ewova 89:H e&iynon puag anaitnong otov opiopé tov MAC

[Ipwtov gpeaviotel n évvola TG oOEVTIKNG KPLTTTOYpAENoNS o Kabe évag cuvdvoale
MACxkat kpurtoypdenon pHe moALoDS Kot SUPOPOVS TPOTOVG WE GKOTO VO TETVYEL
KOTO, KOOV TPOTO aBEVTIKY KpuTToypdenon.Meta TV EUQAVION TNG OWOEVTIKNAG
KPUTTOYypdenong ok€ptnkov Ot Yoo vo mapovv ovbevtiky] Kpumtoypdonorn mod
amodotikd, Oa mpémel va cuvdvacovv évav MACue éva oynuo kpurtoypdenong.l'a
0V OKEPTOLUE TMG OVTO TO YEYOVOG AETOVPYOLGE ag TOVUE OTL cvvovdlovue
countermodepe  CMAC, peta vy kéfe umhdok amo 1o plaintextapéner va
YPNOOTOMGOVHE €vay  oAyoplOpo Tufuatog Yoo To countermodexkotl peto va
YPNOLOTO ooV UE TOV aAyOptOpo Eavd, Yo to CBC-MAC.

Avtd onpaiver ott éav cvvdvdocovpe acparn CPAkpuvrtoypdenon pe évav MAC,
T0T€ Yoo kGOe umhox amo to plaintextbo mpémer vo gpoppocovue Tov odydpiOpo
Tufuatog  dvo  @opéc.Mmopovue  Gpaye VO KOTOOKELACOVUE  OLOeVTIKN
Kpurtoypdonon amo pe PRP.Avto propet va yivel pe v katackevn mov ovopdletot
OCB*(Ewova 91).

! L PONL,3) E
P(N.k,0) %G\? P(Nk,1 v = G% PONKO) @

P(N.k1
P(N,k,0) @ N,k,1) ?

Ewove 90:H Aertovpyia Tov OCBmode

Kd&Be pmhox kpumroypageitor aveEdptnta omo To AL UaAOK Tov unvopotoc. Télog
10 amotédecpo. TG tedevtaiag PRPpali pe to checksumrtov punvopoatog mnyaivel o pia
XORko1 petd 10 AMOTEAEGHO. QLTS KPVTTOYPAPEITOL Kot LOg OVEL TNV ETIKETO TOV

HNVOHOTOG pOG.

6.4 To tpoTéK0LL0 TLSrecord

Ye outqv Vv evotrta Bo dodue T0 TOG M awbevTiky KpumToypdenon epapuodleTol
OTOV TPAYUATIKO KOGH0.Oa avapepbodue oto TLSTpmTtOK0AL0.O0 dobLe apykd Eva
nopaderypo Aertovyiag tov.Xe avtd to TPOTOKOALo KaOe TLSrecordéexvaer pe pia

%8 H Aertovpyia oo OCBmode, http://en.wikipedia.org/wiki/OCB_mode
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emike@orido(HDR) axolovBoduevn amo kpumtoypagnuévn minpogopic. 1 omoia
oTAAONKE oo TNV pio TAELPA GTIV GAAN.

Yvvin0mg ta. recordsévan peyébovg 16 KB.To TLSypnoiponotet avto wov ovoudlovue
KAewd povig katevdiveng(unidirectionalkeys) dniadn vrdapyet Eva kKAl ano tov
euAlopetpnti(browser) otov oépPep Kat £va. S1aPoPeTIKO KAEWDL o Tov 6épPep 61OV
QLALOUETPNTH.AVTE Ta KAEWWO YevviovvTor péom tov TLSexchangenpwtokoilov.Ag
Oewpnoovpe otL 0 oepPep KOl O QUAAOUETPNTNG €YOoLV £TOa To. KAEWio Tovc.O
ovpPoropog tov KAeiov Exel og e&nc(Ewéva 92).

B, . o

B 5 — E»

Ewoéve 91:Kired1a poviig katevOvovong

To mpwtoxoAro TLSypnowomotei avtd mov Aéue statefullkpvrtoypdenon mov avtd
onuaivet 61t M kpvmroypdenon Tov kébe makETOv YiveTal YPNGILOTOUDVTOG
oLvyKeKpUéEVN Katdotaon(State) n oroia dtatnpeitan HEca GTOV GLAAOUETPN T KOL TOV
oépPep.la gndc n katdotacn(state) eivon 2 petpntég peyébovg 64 bits.O evog ya yo
1o trafficamo tov puAlopetpnty mpog tov 6épPep Kot Evag petpng Yo to trafficano
1OV 6€pPEP TPOG TOV PLALOUETPNTY.

Apycd avtor o petpntég apyiCovv amo v T 0 kot o€ kéOe recordmov otélvetat
avéavovtar kato 1.0 oxomdg Tovg elvar  vo  oamotpémovv TG emMBECELS
emavainymg(replayattacks). Topa Ba dobue Aemtopuep®g TO TMG AELTOLPYEL TO
TLSrecordnpmtdékolAo TO 01010 ¥PNOUOTOIEL KpLTTTOYPAPNoN 1e TV yprion tov AES
128-CBCkar dmuovpyia etkétag pe mm ypnon HMAC-SHAL. Ag dodue t0 S 0
euAlopeTpnTig oTéAdvel dedopéva otov oépPep(Ewkova 93).

type||version||lenzth

Ewéva 92:TLSrecord

To khedi puiiopetpnty| mpog oépPep, Evar eTiaypévo amo €va MACKAedl Kot éva
KAed1 kpumroypaenons. To kébe recorddiabitet o emtke@oiido 1 omoia mepiéyel tov
TOMO TOV TOKETOV, TNV €KOOCT TOV TPMTOKOAAOL Kol TO HAKOG TOL Takétov.Otav
KpumToypagovue ta dedopuéva evog record amo v TAEVPA TOL PLAAOUETPTTY TOTE N
kpurtoypdonon yivetouen(kps, data, ctrys) o 4 fripora.To TpdTo Pripa ToL KAvovue
givon kavoope MACIngtnv nocotn O,

tag<S(Kmac , [*++Ctrps || header ||data])

To endpevo Ppa etvon n eticéta va prel oe aAiniovyia pe to dedopéva e GKOTO vo.
tapralovv oe péyebog evog AESumAdK. Apa 1 emke@oAida, To SEGOUEVO KoL 1] ETIKETA
yivovtar paddingoe AESumiox.To auéocmg emduevo Prua eivor vo epappocovue
CBCxpurntoypaenon  xpnolwomoldviog 10 KAEWL Kenckar éva véo tuyaio 1V.Zto
TETOPTO KoL TEAELTAIO PriHo 6T0 omoio amia TomobeTodue oto recordtny emkepaiida,
Tov TOTo Tov T LSk to péyedoc.
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Avtd to recordtopo umopobdue va to oteihovpe otov oépPep.Onmg umopodue va
dovue to TLSeivan éva implementationtng pebodov «MAC-then-encrypty.Zvvortikd
To. fUOTO KPUTTTOYPAPNONG HEC® TOV TPWTOKOAAOL TLSeaivovtal otnv mopokdTm
ewova(Ewkove 94)

k =(kmac’ k ﬁﬂc)

Browser side enc(k,, _ , data, ctr,__):

step 1:tag =—S(Kpac.[*++ctr,,__ ||header||data])
step 2:pad [header||data||tag] to AES block size
step 3:CBC encryption with k new random IV
step 4:prepend header

Ewova 93:Kpvrroypaonon pe TLSrecord

Ag d00pE TO TOG Ao TV TAEVPE TOV GEPPEP TO recordap®TOKOALO OTOKPLTTOYPUPEL
10 g1oepyOevo record.Me coufoiiopong:
dec(kys, record, ctryg)
Ta Prnata arokpovrtoypdenong stvar 4 onmdg kot Tpiv. Apyikd amroKpLTTOYPAPOVLLE TO
recordypnoyonotdvtog to Kene .Meta amo avto Ba toekdapet to padformat kot £av 6év
elvat cwotd oamho Bo oteilel eva unRvopo wpogwomomone Kot Oa teppatiost
ovvdeon tov. Eav to padformateivar cwotd tote, t0 tEAELTOiO Prinar givorl va KAvel
extracttnv etikéro amo to recordkot petd 0o erainbedoet topad yo v emke@oAida,
T0L OEQOUEVOL KOL TV T TOV LETPNTN Cps

Eav 1o MACdev ewor cwotd Oo otaAbel €éva pnvopo mposdomomong kot Oo
teppotiotel ) ovvedeon. Eav opmg 1o paderoinbevtei 10te 0 mapoinming Oa apaipiost
MV eTIKETO, TNV emkePaAida ko Ot peivel eivan to plaintext'Eav évog emmiBépevog
Umopovoe va mhpel avtd to recordkat o vroPdAlel otov GEpPPep po GAAN XPOVIKY
GTLYUT| TOTE 1) TIUH TOV HETPNTN Chs B0 aAAGEEL apa Kot 1) €TikETA TOL recordfa oAldEet
apa 6év Ba emainBevbel amo tov EpPep.

Avtol ot perpntég eivor amapaitmrolr yiati omAd  omotpémovv TIC emBEcELS
emovéAnyng.Eniong kot ot 000 mievpég yvopilovv Tig TIHECG TOV UETPNTAOV UE
AMOTEAEG IO, VOL UV YPELOTEL VO, oTaABel 1| Tiun Tov petpntdv péca oto record.To 6io
oynuo pog mapéxel avbeviikdtnro €POGOV OEV dlapELGEL TANPOPOPio KoTo TNV
OTOKPVLTTTOYPAPN oM.

6.5 EmOéoeic CBCpadding
6.5.1 EmBéon oto TLS mpwtoxkollo(CBC kpvrroypdpnon)

Y10 TLSpmopovv va cupfovv 600 Aabn Kota v amokpurtoypaencn evog record.Eite
paddingerroreite MACerror.Eivat moAd onuavtiko yio tov emttiféuevo va pnqv EEpet
o014 amo to 0v0 AaOn ovvéfnoav.Kor Bo e&nynoovpe to yoti.Ymobéote OtL o
emtiBépevog pmopel va Egywpicel 1o €va erroromo 1o dAAro.To amotéhespa gival avtd
nov ovopalovpe paddingoracle/Eotom ot o emtiféuevog €xet éva ciphertextto omoio
TO TTNPE KATO TNV OLEPKELD TN LETAO0OTG Ko OEAEL VO, TO ATOKPVTTOYPOLPTOEL.
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Avt6 mov umopel va kavet ival va mapel avtd to ciphertextkot va to voPdAiel otov
oépPep.O oépPep Oa mpoomabnoet va amokpuntoypapnoet kot Oa kortdéel £av to pad
éyel correctformatpad. Eav 6év €yel cwotd correctformatbo oteilel éva €idog AdOovg
evo £av givar cwotd Ba oteiher MACerror(Ewkova 95).Zdv anotéleoua o emtifépevog
nmov vnoPdiiel to ciphertextfa pmopel va kotoddfer €av o teAevtaio bytestov
amokputoypaenuévov  ciphertexttéyouv  éykvpn etikéta N OxL.AvTO givol éva
nopdderypo mov agopd embécelg emheypévav ciphertexts.Kat topa pévetl va dodue
€0V LITOPOVUE VO, OTOKPLTITOYPAPH GOV LE OAOKAN PO TO Ciphertext.

Decryption : dec(k g , record, ctrps )

stepl: CBC decrypt record using Kenc

step2:chech pad format :abort it if invalid

step3:check tag on [++cty ||header ||[data ]
abort if invalid

Ewéva 94:Amokpontoypagnon TLS

‘Eoto 011 €rovpe to ciphertext ¢=(c[0],c[1], c[2]) «a1 BEAovpe TV amokpvrTOoYpAENON
tov m[1](Ewéve 96).Apyikd 0o meta&et o ¢[2] pag kat 6év to ypetaletar Eotm ot
&xel o guess G o to tehevtaio byte tov m[1].At6 mov Ba kéver o emTiBEpevog etvan
va kavelt XORmpdaén peta&d g tyung g, g tyung 0X001 ko pe to televtaio bytetov
c[0]Tov mponyovpevov UTAOK.

Tt 6o yiver éav avta ta dvo umhokg c[0] xar c[1] anokpuvrtoypagovvtav;Toc[0] éav
elye vrootel anokpvntoypdonon Ba pog ERyale kTt mov 08V Ba pag evorEpepe, aAld N
anokpvrroypdenon tov C[1] pog evdapépet.Otav to C[1] amoxpumtoypageitor To0
televtaio bytetov Ba tpomomombei amo to C[0](Adyw g XORmpaéng mov vmdapyet
KOT® 07O TNV OIOKPLATOYPAENoT) Kol ohv amotélecpa To TeAgvtaio bytetov
plaintextfa vrootei XOR pe v g 0x001.

n T RT——
B | E
s L&

m[0] I m[1]

Ewoéva 95:H Aevtovpyia paddingoracle

Emopévorg éov m twn guessGeivar ocwotr, tote M Ty last-bytexor goba
aAAnAoakvpwBolv e amotéleso vo Tdpovpe To TElevTaio bytetov plaintextro eivou
n T 0X001.Edv to guesspog yio o televtaio bytesivar cmotd, tote Bo mapovpe Eva
padrov eivar wellformed dpa kan £yxvpo.Edv 6év pavtéyoope cmotd tote Oo mépovpe
AovBoopévo paddapa kot pn €ykvpo.Avtd mov Oa kdver o emtifépevog eivor vo
dnpovpyneet éva tpomonompévo ciphertext (1V,c’[0], ¢[1]) oto omoio Tpomomoce T0
dévtepo pumhok tov.Meta Oa oteilovue avto to Ciphertextoe éva paddingoracle kot
petd amo T amoteAéS o TOL Oa padet Eav To geival cwotd 1 Oyt Avtiv v dadikacio
umopovue vo v enavaidfovpe amo 0 emg 255 @opéc v va pabovpe to tEAELTOIO
bytetov m[1].
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Me avtév tov tpomo pmopovue va pabovue to mpoterevtoro bytetov m[1].T1 padda
YPNOWOTOGOVE Yyl va udbovope  avtd to mpotelevtawo byte;Avii va
ypnouonomoovpe to padrov mepiéyel to byte 1( 0x001) Oa ypnoomomcovue éva
padmov £xer uéyebog 2 byte mov mepiéyet tig Tuég 2-2 kar oyt 1 dmwg mpiv.Mmopodpe
va puabovpe to mpotelevtaio byte ankd dokipdaloviog ToAEG TEG guéypt vo. fpodue
avtv mov touplalel oto padypnoiponoidviag to 0202.Mropovpe vo eTavordBovpe
VTV TNV S1ad1KAGTIo UEYPL VO AITOKPVTTOYPAPNGOVUE 0AOKAN PO To Ciphertext. Apol
10 péyebog tov umAdk eivan 16 bytes 1ote peto amo 16x256(queries) Oa pdbovue
oAOKANpO TO Ciphertext.

6.5.2 IMAPoverTLS

To IMAP civar éva 7oy YVOGTO TPOTOKOAALO Yo Sidfacupa gpoth omo €va
IMAPserverkoat eivor moAd cvvnOiopévo vo TO TPOGTATEVOVUE YPT|CLLOTOUDVTOG
TLSnpwtdékorro.Kdabe 5 Aentd o IMAPclientba cvvdebel otov IMAPserverkor Qo
eréyyet éav €xet £pBet KAmO10 VEO EULOUA.

21 ovvéyela aeod cvvdebel edéyyetl av éxel £pBel kKamowo epatd.Avtd onpaivel 0Tt
kGOBe 5 Aemtd o emmBépevog mAIPVEL TNV KPLTTOYPAPNON €VOG GLYKEKPIUEVOL
LUNVOLATOC TOPASELYHATOS YAPT TV KPLTTOoypdpnon Tov password emopévog kabe 5
Aentd umopel vo QoprOGEL €vo, JUESSGTO UTAOK 7oV Tepléyel to password.Edav to
password cog givar 8 yopaktpeg og péyeboc Oa tov amokoldyel évo éva bytetnv
Qopd kavovtag guessuio eopa avo S Aentd.Xe poMg pepwkéc mpeg Oa Exer Ppet 1o
password.H auove og ovtv v emifeon eivor movto va  eléyyovpe TO
MACeléyyovtag éav To padeivat £ykvpo 1 U €yKvpo.

6.5.3 Embéocic un atouiknc-kpomtoypopnons

Avtd mov Ba  Osiéovpe  €dd  elvor o ovykekpyuévn  emiBeomn  oTO
SSHbinarynpotokoro.To SSHeivar éva standardsecureremoteshellapplicationto
omoio ypnotpomolel TO HOVTEAO TEAQTN-Ol0PNUICTN. Abétel  Evav  unxovicuo
avVTOALOYNG KAEWIOV Kal amo T 6000 TAEVPEG Kot YpMoLHonolel avtd mTov ovopaletot
binarypackettpotéxorro yio va oteilel pnvopoto peta&d tov clientkot tov server.

H Aewtovpyic tov SSHypnowomoiei v pébodo  «encrypt-and-MAC».Avtd mov
Teyvikd ovuPaivel eivan kabe SSHmakéto Eexvder pe évav akolovbiokd aplOud, kot
10 makéto mepEyel to uéyebog tov makétov, o pEyebog tov CBCpad, to weéio
eoptio kot téAoc o CBCpad(Ewéve 97)

sequence packet pad

number length length payload

Ewéve 96:To tpwtokoiro SSH

% To IMAPmpwotoxorro, hitp://el.wikipedia.org/wiki/IMAP
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OLOKAN PO 10 CBCrokéto KpuTToypapeitol YPTCLLOTOLDVTOG
CBCxpurtoypapnon. TOMAC vroloyiletor PoociCouevo oto plaintextkor otélveton
Eexymprotd amo 1o makéto mov mepiéyel CBCkpuntoypdenon. Exovpe el 6t awtdg dév
elval cwotog Tpomog emeldn o MACHEV mapEyouy EUMIGTELTIKOTNTO Kol GTEAOVTAG TO
MAC mov va mepiéyet to kabapod plaintext, Told mbavov va dappévcovy dedopéva
mov 6&v BEhovpe. AMAG Oev Ba deifovpe emiBeon t€T010 €100VG GE LTV TNV EVOTNTA,
aAla Ba deiovpe o eniBeon modd mo E&vmvn.la va To KAvovpe avtd ag dovpe
TPAOTO TO TAOC 0 GEPPEP ATOKPVTTOYPUPEL TO TAKETO.

Apyikd o cépPep amOKPLTTOYPOUPEL TO KPLATOYPAPNUEVO TEI0 OV TEPLEYEL TO
uéyebog 1o makétov.Metd Oa dofdcel oto diktvo TOG bytesoco tov deiyvel to medio
tov peyébovg Tov ToKETOL WOV MOAG Euafe.Metd Oo  OTOKPLTTOYPOPNOEL TO
evamoueivoto pépm tov ciphertextypnoonowdvtag CBCanokpurtoypdenon.Moiig
amokaAOyeL OAa to dedopéva tov SSHpacket, Oa eréyEer to MACTov plaintextkot Oa
dei&er erroreav 1o MACeivar AavBacpévo.

To mpoPAnua € ivar 6tL T0 10 PEYEDOG TOL TOKETOL ATOKPVTTOYPOUPEITOL, KOl LETA
YPNOOTOEITOL Y1 VO 0oPaGicel Yo To pEYeB0g TOL TAKETOV TPMOTOL KATOWO £100G
avfeviikdOTNTAG Vo ELEAVICTEL.ANANOT TO TPOTOKOALO Ypnolponotel To puéyebog tov
nakétov mpoTov enaAnbevtel to MAC.Emopévog umopet vo vmapéer enibeon Adyw
aVTOV TOV TPOTOV ATOKPVTTOYPAPT|OTG.

Emifson oto KpomToypapnuivo medio mov wepiéyel 10 uEyefog Tov maKéTov

‘Eoto 6t1 0 emtifépevog d10KkOmTEL évar GuyKeKpipévo ciphertextc=(AES,m)kat 6tu
0élel va Ppel to pqvopo M’Eoto 6tt ta 32 wio onuoavtikd bitstov plaintexttov
pnvopatog M toyydvel va eivar o apiBuog 5.0 oépPep Ba mpoomobnocelr va
OTTOKPVLTTOYPAPNGEL TO UTAOK Kot Oa Tépet Tov ap1Buod Tov apBud 5 cav péyebog.

O emtbépevog o «taicew tov oépPep éva bytetnv popd kat poAc tov «taicew yio 5
bytesocépPep Oa katardfer 6tt amokdivye to lengthnedio to maxétov kor £tot Ha
Eexwvnoetl v emainbsvon MAC.H eroAndsvon oo MACHOa Byst AavBoaouévn kot O
oteikel otov  emrtBépevo éva  error. Apo  petd oamo to  dPacpo TV S
bytesoemtifépevoc Oa del évo MACerrorkat Oa udbet 6tt ta mio onpovtikd 32 bitstov
nakéTov elvan o apBuog 5.

6.6 Ilopaymyn KAEOLOV

Xe avtn Vv evotnta Bo dovpe TS ToPAyoLHE KAEWDH oo €va Kot Lovo kA&l Eotm
ot éyovpe éva mnyaio khewi(sourcekey) mov dnpovpynnke pe dtapopovg peddd0vg
napadeiypatog yopn o uébodoc Ba frav o hardwarePRG 1 éva mpmtdékolio
avToAAayng kKAeWv.TTIoAAEG popég xpelalopaote apkeTd KAEWLA Y10 VO, AGQOUAIGOVLE
wo sessionkat Oyt povo éva kKAeWi.O punyaviopog Tov pog Topayel KAEWio amo Eva Kot
uovo kiedi ovopdletar KDF(keyderivationfunction).®a dodpe 1o Tdg Agrtovpyovv ot
kataokeveg KDF.

YnoBéote 011 £yovpe o acparny PRFn ontoia éxel d¢ kheddywpo(keyspace) to K kot
pag  Pyaler omotedéopota oto {0,1}".Eniong vmobéote 611 to sourcekeyupog eivon
kataveunuévo oto K.H ovvaptnon KDFraipver cav opiouata to sourcekey, éva
mAaiclo mopapéTpov(parametercontext) kot to péyebog g €16600v.Avtd TOL Oa
Kavoupe glvar va epappocovpe tnv cuvaptnon yuo Tiun 0, yuo tun 1, yo tyun 2 péypt
v T L(Ewova 98 )
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Ewova 97:H Aerrovpyia KDF

To povo gpdTHa var Tt givar to contextstring.Eivor  elvar éva povadikd string to
omoio opilel v gpappoyn poc.Ilibavov va Exete moALEG EQUPUOYEG GTO GUOTNLA GOG
OV TPOGTOHOLY Vo dNovpynRcovy povadikd kiewdrd. Iopadeiypatog yopn pumopel va
éyete v depyacio SSH, évav webservero omoiog tpéyet, IPsecdiepyacio kot OAeg ot
Tpeic avtég diepyoaoieg ypetdloviat 3 pUoTIKE KAEWL Y10 VO AEITOVPYHGOVV.

To contextstringnpoonabdei va Eeywpioet avtd to 3 kKAed1d petad tovg ToCTXInAodn
dampaypotedetar To OTL aKopun Kot £av dV0 EQapUoYEG £xovv To 1610 sourcekey,
£PocoV ¥pelaoTobV KAEW4 Oa givatl aveEdptnto T0 £va amd To GANO.

T1 kdvovpe oty mepintwon mov to sourcekeydev eiva(uniform);Eav to sourcekeydév
givar uniform oto Krtote 8év Oa umopovpe va woyvprotodpe éov n £E080¢ NG
yevdotuyaiag ovvaptnong PRFeivar dwkpioyun omo pio wpoypotikd  toyoio
£€000.Apa 1 £€000¢ g PRF3dev Ba potdlet kot t6c0 tuyaio.

Extract-thenexpand

To mpdto Prpa tov KDFeivar vo e€aydyet éva yevdotvuyaio kAWl amo Eva mnyaio
KAeW1.0 xdto a&ovag(Ewkéve 99) pac deiyver tig mbavég tyég tov sourcekeykot o
kdOetog a&ovag pog delyvel v mbavotnta ¢ Kabe Tunc.Onwg umopeite va dgite
givar éva  €idog ovvaptnong mov ocvumepreépetar  avopoia(bumpy) kol Oy
opotopopea(uniform).

Emopévag Oa pmopovcape va movpe O0tt To KAEWi dgv givor uniform. Avtd mov
Kévovpe 6e vt T mEpinTmon etvar awtd mov ovoudleton extractor.O extractoreivon
KOTL TO TOAPVEL LU0 OVOUOAT KOTOVOUN KOl HOG TNV HETOTPEMEL GE OUOIOHOPON
KOTOVOUN TAV® 6Tov KAEWOYwpo K.

extractor
prob

prob o —

SK salc

Ewoéva 98:H Aertovpyia Tov extractor

Yy 0wk pog mepintwon Oa ypnowomoljcovue tovg computationalextractorsot
omoiot  0&v TAPAYOLV OATOPOITNTO OUOOHOPPN  KATOVOUN  OTO TEAOG, OAAQL
ONUOLPYOLV 0L KATOVOUT OV €lval ) O10KPLTH OO Lo OHOIOHOPOT KoTavoun.Ot
extractorsmoipvouv cav €i6odo avto mov ovoudlovpe salt kot avtd mov Kavelsivar va
avakatével To, bits kot ydpig vo pog agopd Tl €id0vg Katavour eyoue ¢ £i60d0,
ndvta 1 £6000¢ Ba evarl P SLoKPLTN Ao o TPy otk Toyoio ££000.
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Ovolaotikd to saltivar  éva uf pootikd String to omoio dév elvar KPLUUEVO OTTO
Kavévay.Aév pog aeopd €av o emtiBéuevog 1o yvopilet .H povn amaitmon etvon ot
otav 1o emiéEovpe mpénel va to emAéEovpe Toyaio oo dAia salts.To devtepo P
givon va emekteivovpe 1o KAEWL Yo 0ca bitsypeialdpoote yio o session.

‘Evag tpomog va onuovpynocovpe KDF ocvvaptnon eivor amo to HMAC.O tpdmog
avtdg ovopaletor HKDF.To HMACypnoyonoteitar kot og PRFyla v enéktaon
ToV KAEWWOL aAlo ko ¢ extractoryo v eaymyn 1o apykov  YELOOTLYOIOV
KAe10100.0 1pdmog Agttovpyiog Tov eivor opkeTd omAdg.Zto Prpa g e€aymyng Ba
ypnouonomoovpe to Salt mov dmwg simape eivar po dnuodcto T TOL yeEVVieTI
tyxaiokoat 0o to ypnowonomoovpe ®©c HMAC «hedi , evd to sourcekeybo
ypnoporomOei cav HMACsedouéva.Metd epapuoloope HMACoe avtd ta 600 kot
oav omotéAecpo Bo €yovpe éva kAewi To omoio Oa elvar pn Stakpioiwo amo €va
TPOYUATIKE TUYO{0 KAEWL:
k<HMAC(salt, SK)

¥m ovvéyewa Ba ypnotpomomoovpe 10 HMACwmg PRFywe va mapdyovue éva
sessionkAedt  ypnowomoidvrag to  kAgwi K.Iloté de  ypnolpomolodue 1O
sourcekeyomevbeiog oav sessionkey.Avtdo mov 0o mpémer vo Kdvovpe givan
Tpo@odotnoovpe To sourcekeyuéoo amo pio KDF kot avth pe ) ogpd g Ba pog
dmwaoel OAa T KAEWio TOL Oal YPELOGTOVLLE.

‘Eva dAo {ymmua givarl 1o g Oa eEdyovpe kAedid omo to passwords.H koataokevn
avt) ovoudletoan PBKDF.Aév Oa mpémet va mopdyovpe kAd1d oo ta. passwordséoy
ypnowonoovue HDF d16tt to passwordsdév éxovv apketn evipomio.Emiong ta
napaydpeva kKAewia Ba eivar evdimto oe embéoelg e€avtAntikng avalntnong.Onote
avto mov Oa kdvouvpe givor va ypnoyonomacovpe PBKDF.

Apykd ypnoiporotovpe Eva saltkat po apyn cvvapTnon KOTAKEPUATIGHOD KOl TOPQ
Oa dovpe mog Oo mapdyovpe KAewwd amo ta passwords. O tpoémog ovopdleton
PCS#5.Av16 mov kavel eivor vo katakeppotilel v aAiniovyio passwordion saltion
VT TV JdKAGioL TNV KAVOLUE Tapa TOAAES @opéc.To amotélecuo avTNG TNg
ddwkaciog etvor to kAeWl mov ypelalONOCTE.

6.7 NTeTEpIVIOTIKI] KPUTTTOYPAPNON
6.7.1 H evvoia t)s VIETEPUIVIOTIKNG KPUTTOYPOPHONG

Otav Aépe Yoo éva VIETEPUIVIGTIKO GUOTNUO KPVUTTOYPAPNONG EVVOVLE £VOL GUCTNUOL
KPLTTOYPAPNONG GTO OMOI0 TWAVTO VAL GUYKEKPIUEVO UNVOLO LG OTVEL GUYKEKPIUEVO
ciphertext'Eav kpuntoypa@icovpe 1o ppvope pag 3 @opéc tote Kot Tig 3 @opés Oa
napovpe to 1010 ciphertext'Ectw ot1 épovue évov servero omoiog Oa amobnkévost
TAnpoeopioc p€ca Ge UL KPLTTOYPOENUEVN Pdon  dedopévev.Avtd mov  Ha
amofnkévoet eivon records.

KaOe recordéyer évav deiktn kou kdmolo dedopéva mo amobnkévtovior PEGH GTO
record.Avtd mov Ba kdvel o cépPep eivar vo kpumroypagnost owtd to record.O
indexxpurntoypageiton pe éva kiedi Kot ta dedopéva KpumToypa@ovvtol P Eva
KAedl Ky ko 1o kpumroypagnuévo recordfa otaAbei otn Pdon dedouévov.To 1610
yivetan yio apréta records.

104



MoOnpotikn kot adyoplfukn avaAvon KPUTTOYPUPIKOV TEYVIKMV

‘Eav n kpumtoypdonon givol VIETEPUIVIOTIKY, GE o GTIYUR apyotepa Otav o GEpPep
Bélel va AaPet éva recordamo v PBdon to udvo mov Bo kdvel givar va oteilel ot
Baon eivon n kputoypdenomn tov index.

Metd avtd Oo amokpuntoypagndei kot 0o dei n Pdon 6t To ciphertexteivor idto pe
aVTO OV ELYE YPOPTEL TNV GTIYUN 7OV €lye ypaptel otn Pdon to cvykekpiuévo record
Ko petd Oa ywacel va to Bpet ot Paon kot va Oa oteilel o recordoe avtdv TOL TO
{nréet.

To wpdPinua eivar O6tL 0 pnyovicpodg avtdg eival evdlmtoc oe embéoeic CPA.Eav o
emtiépuevog del éva ovykekpluévo ciphertext 2 eopéc Oa eivar oiyovpog ot T0L
unvopato ovtov Bo eivor ta 0. Avto dnAadn odnyel oe embéoelg €0k v O
KAEWOOY®POG TV UNVLopatov M etvatl ToAD pukpdc.@a dei&ovpe OTL 1| VIETEPUIVIOTIKN
Kpumtoypaenon sivar evdAmtn o€ embéceig CPApe éva amhd mayvidoy Ewkéve 100 )

m0 ,m 0 ovijkovy cto M

<

cOw E(k, m0)

=

m0, m1 ovikovv cto M

¢ &= E(k,mb)

Ewévo 99:NTeTepvioTIK] KPUTTTOYPaONON

To mayvidt Eexvder pe tov emtiBépevo va otédvel 2 unvopota Mo, miEmeon avtd ta
unvopato gtvor to 101 Tote Oa TapeL Tow® TNV KPLATOYPAPNGN TOL M.ZTN CLUVEXELN
Ba oteilel moAL Ta pnvopoTaMg, Kot My dpa Ba Tapet Ticw gite v KpvITOYPAPENON
TOV Mpeite T0 MKol 0 okKomdg Tov €ivor ®o kKatoAdPer molwd omo TG dvo
amokpunToypapncelg mpe.Eneidn opwg n kpumtoypdonon eivol VIETEPLVIGTIKY VT
mov Oa kdver eivan va eAEyEel €av 1o Ceivan 1010 pe TO Cokot petd Bo kataAdPet Eov
EMafe TNV KPLTTOYPAPN O™ TOVCHN TNV KPLTTOYPEPNOT| TOV Cy.

Avtd mov Qo pmopovoape vo kKGvovpe givonl  vo meplopicovpe tov apldud TV
UNVOUAT®V TO 01010 KPLTTOYPOPOVVTOL KAT® oo To 1010 KAEWl.Oa vtobécovpe OTL 0
encryptor moté dev kpvrtoypagel To 1010 unvope pe to 1010 kAedi.Me dira Adyro 1O
Cévyog pfivopa-KAEWDL TPETEL VO EIVAL LOVAOIKO.

6.7.2 SIV xou widePRP

Topa Bo Tpoomadcovpe VO KOTOGKEVACOVIE GUGTIHATO TO OO0 [LOG TOPEYOVV
ACQAAELD EVAVTLO GTNV VIETEPUIVIOTIKT KPUTTOYPApnon.Apykd Oa avapepBolde otnv
Kataokev] mov ovopdletar syntheticlV(SIV).®ovtooteite 0Tt £povpe  €va Yeviko
oyqua (E, D) mov pag mopéyet CPAkpuntoypdonon apa 1 Kpumtoypaenon yivetotl og
E(k, m, r)=c .To r yia mapdderypa gov avapepouacte o countermode pmopei va givan
10 tuyaio IV Eotw FIKXM-R va eivar o aoceaing PRFE.To 1 givor pio pukpn tipn
7oV avnkel 6to R.

To npdTo Pripa sivar va epappdcovpe v yevdotvyaio cuvdptnon F oto ppvopa yu
Vo OMGOVUE TNV dVVOTOTNTO TNG «TLYOOTNTOCH 6TO acParES cvotnuo CPA.Katomy
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00 KPLTTOYPOUPNGOLLE TO HUNVOUO MYPNCUOTOIDOVING TOIMOV HOAS VTOAOYIGOLE
oniaon:
reF(ky, m)
c—E(kz, m, r)

Mo, moAd koAl wWidtmra  tov  SlVeivar  6mt umopovpe  va  Adpovpe
ciphertextakepatotnto yopic v ypnon MAC.Aév ypeldletar va ypNOIUOTOIGOVUE
MACuag kot to SIVEyel oyedootel pe évav punyaviopd oakepoidtrog.Avtd Oa 1o
dOoVUE AUECHG.

O okxomdc pog elvar  va  va  KOTOOKELAGOLHE OVTO 7oL  ovopaletot
vrerepuvioTiknovdevtikn kpuvretoypagnoen(DAE).A¢g dovue 10 SIV-CTRomov 10
SIV éyel ypnowonomoer countermodepe toyaio 1V.Onoc sinape ko mpiv 10 SIV
naipvel to pnvopo pag kot epapuolet o PRFog avtd(uali pe to kAedi Kp) kot avt
N dwdwaocio pog moapdyet éva toyaio 1V kot avtd 1o 1VOa ypnopomombet yo va
KPLRTOYpaPnoovpe  To pnvopo ypnopomoidvrag CTR(Ewova 101)

k1
% E messase

CTR mode with PRF Fctr

Fetr(k2, TV) || Fetr(k2, IV+1) [[|...|[Fctr(k2, IV+L)

Ewéva 100:H Aerrovpyia SIV-CTR

To SIVeivatl ToAd amodoTikd otV TEPITTOGCT TOV £XOVUE VO KAVOLUE e TOAD peydia
unvopato. Tt yiveton dpwg éav 1o pivopo pog eivar moAd pkpod mapadetypoatog xépn
Hkpotepo amo 16bytes;To pwovo mov £xovpe Vo, KAVOLUE Elval Vo, XPNCLLOTO|COVUE
wo PRP.YrnoBéote ot (E, D) va givar pia aopoing PRP kot E:KXX—=X.Eav v
ypnowonomoovpe omevfeiag pog  Oivel aCQOAE EVAVTIIOL OE VIETEPUIVIGTIKEG
embéoeig CPA.Ou dei&ovpe yrott supPaivel avto.

Yno0éote 611 ) F:X—>Xeivor pio mpoylatikd Toyoio Kot avTioTpEYLU GUVAPTHGN GTO
neipao EXP(0).@uunbeite 6t wia PRP givor  pn dwkpiown omo  pio toyoio
ocvvéptnon.l'a va to deiovpe awtd Ba Bewpnoovpe OT®MG ThvTo 6VO TEPAUAT. XTO
nelpapa 0 wov o emrtiBépevog vmoParietr pnvopata Oo det etvan tig Tipég f(Myg...Mq0)
Kol 0VTE ToL UNvO T Etvon O1popeTIKA HETASD) TOVC.

Av koutd&ovpe oto meipapa 1 rénet to umvoparta f(my1...f(Mg 1) omov ko mwéAtL avtd
T unvopoata givor dtoupopetikd peta&d 1ovg.01 dvo avtéc Katavouég eivar eivar 1d1eg
oV 6Av omotéAlecpa 0 emTifépEVOg 06V pmopetl va olaxpivel o meipapa 0 amo to
nepapa 1 kot apov 6év umopet yio o Tpoypotikd Tuyoaio cuvaptnon 0év Ba umopei
kot yio tnv PRP.Opwmg avtd 6év pog mapéyet akepondtnro.

Ti xévoope €av €yovpe unvouata peyoaddtepa amo 16 bytes;@o umopodooue vo
ypnowonomoovpe SIV.Xe nepintmon mov BEAovpe va ypnoomomacovpue PRPTiBston
TO  EPAOTNUO t0 €av upmopovue va  onuovpyncovpe PRP’Smov  €youv
messagespacepeyoaivtepo omo 16 bytes.Xe mponyoduevn evotra elyople KOTOOKELAGEL
PRF’Smov éiyav peydho messagespaceano PRF’Smov éyyav pikpd messagespace. Edw
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Oo katackevdoovpue PRP’Spe peydho messagespaceamo PRF’Smov éyovv  pukpd
messagespace.

‘Eotw 6t (E, D) eivar acparng PRP 1 omoia Asttovpyei méveo oe Numhoke. Y napyet
pa péBodog mov ovopdaletar EMEN onoia kackevdoel PRP’Sot omoieg Aettovpyovv e
NumAdkg omov N>>n. Avtd pog enttpénel vo, KAVOVUE VIETEPUIVIGTIKT KPUTTOYPAPN O™
oe unvopata peyolvtepo omo 16 bytes.Ag dovue mmg Aettovpyel. TOEME maipvet 2
€10000v¢ To KAewia Kot Lomov 1o Lrapdyeton amo 1o K aAla yio tovg dkoOLg pog
OKOTOVG 0 VITOOEGOVE OTL €ivat dVO SAPOPETIKA KAEWOLA. AVTO TOV KAVOVLUE OPyLKL
£1VOIL VO TOUPVOLUE TO pRvupa pog X kot vo 1o ondpe o umhokg(Ewkova 102)

X[0] I xX[1] I XI21

2 PPP;

MC E PPO PP1 PP2

_l_l CCo PV cC1 P(\L2) CcC2
chci é E B E
ylo] | s | vi21

Ewova 101:H Aertovpyia Tov EME

¥m ovvéyeln  Ba kavoope mpdEn XORoe kdBe pmdhok  pe por cvykekpiuévn
paddingovvéptmon.Xpnowomoovpe 10  KAEWE Ly vo  Swpoipdoovue  éva
dapopetikd padyto kGOe pmAdk kor petd Ba epapudoovpe PRPoe kdbe umhok
ypnoomolwvtog to kKAeWi K.®a ovopdoovpe to kdbe amotéAecpa oG NG
dwdwkaciog PPO, PP1, PP2. To gnduevo mpdypo mov Oa Kavovpe givarl vo KAVOLLE
mpaén XORpeta&d 6Awv avtwv towv PPP kot 1o amotéleoua mov Oa mpokvwyet to
ovopdloope MP.Katdémy kpumtoypa@oVOe TO AMOTEAEGUO QVTO YPTCLULOTOUDVTOG TO
Exon 1o K.

®a ovopdcovpe v ££0d0 ¢ kpumtoypdenong MC kot 6t cuvéyela kdvovue Tpaén
XORpeta&d tov MCkot tov MP 10 omoio pag ponda va mapdyovpe axdun éva padrzov
10 ypnoonoovue o€ tpaén XORpetald tov PPPywa va mapovpe ta CCCkot petd
ndAr XORyw va wépovpe v tiun CCCO, 1o omoio B T0 KPLTTOYPAPGOLUE OTMG
Ko piv pe Oha avtd ta E..xon pag diver tedikd v €060 TtovEME.

6.8 Tweakableencryption

Ag dovpe to TPOPANMA KpumTOoYpAPNoMG €vOG Olokov.Eotw  6tt Béhovue va
KPLATOYPAPHGOLLLE TopElG(Sectors) tov dickov katl £€0T® OTL 0 KAOe Topéag eivor 4
kilobytesoe péyebog.To mpdPAnua sivar 6tL 6év £xovpe ydpo yio. enéktoon.Me dAla
Aoy €av to péyebog evog touéoeivan 4 Kilobytestote to ciphertextapémer va givan
akpipaic 4 Kilobyteseneidn dév vapyer yopoc yio é€tpa bitsedv to ciphertextitov
peyaddtepo amo 1o Pplaintext.0 oxomdg pog eivol VO KOTAGKELAGOLUE — UidL
KpumToyphenon mov 6év Ba emekteivel Tov ydpo.Aniadr o messagessearch eivat id1og
e tov ciphertextspace.

Xe outv TNV TEPITTMOON  TPEMEL VO (PN CLUOTOU|COVUE  VIETEPUIVIOTIKY|
KPLTTOYPAPNON EMEWON €0V 1] KPLATOYPAPNoN NTav TuYaio O&v Ba Eyyape yodpo va
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amofnkévcovpe otV TV «TLYoOTHTON. ETtiong dév €yovpe xdpo yio v akepatdTnTo
emeldn O0év  umopovpe va  emekteivovpe To  ciphertextnpocbétmvtag emmAéov
bitakepodtnTag. Ymapyet kot évo Anupa 6.8.1 mov pog Aéet 61t éav pog dOGoVV Evay
vieTepuvioTikd kot aceaAin CPA aiyopiBuo 6mov 1o messagespacesival i6o pe 1o
ciphertextspacetote o alyopiOuog sivar RPR.Emopévog kdbe sector tov diockov pag
npénel va kpumtoypapn el pe PRP.

Apyikd moipvovpe Tov Si0KO LOG KO TOV OTAUE OE TOUEIGS Kol €0V KPUTTTOYPOPOVE
kd0e topéacypnoonoiwvtag PRPotov 1010 ypdvo, Ba Bpovue éva mpdPfinpe oty
VIETEPUIVIOTIKY| LLOG KPVTTTOYPAPNOT S10TL 0V TVYYAVEL TOPASETYUATOC XAPN, O TOUENS
1 kou 0 topéag 3 va Exovv To 1610 plaintexttote o kpumtoypaenuévog topéac 1 Ba ivan
1010¢ pe tov kpvrToypaPnuévo Topénc 3 kot o emtiféuevog Oa Kataldfotve 0Tl Ta
plaintexttoug eivou id1a.

Mo Abon oto TPOPANUa eivor va ¥pNGILOTOIOVUE S10POPETIKO KAEWL Yo TOV KAOE
topéag.Aev ewvor tédewa Avor odlott vrdpyer mpdPAnpa drappong mAnpogopioc.l'o
napaderypa £av o ypriong 0élel va odhaéel to Atydtepo 1 bit amo evav topéag Kot ot
ovvéyeln avtdc Ba kpumtoypagnBel kot Bo pog dmoer TeAeimg SPOPETIKO
ciphertext.Ouwc €av o ypnotng Kovel uNdo v aAloyn Kol avaGTPEYEL TV EVEPYELD
161€ 0 TopENG Bl EMOTPEYEL GTNV KATAGTAGT TOL NTAV TPV KPLITOYPAPNUEVOS KOt O
emtBEpnevog Bo pmopovce va TopaTnPHGEL TNV AAOYT TOL GLVEPT.

Amo TV GAAN TAEVPA, 01 dioKOL GLUVEYMG YivovTal OAO Kot peyaAlvtepol og péyefog Kot
avtd onpaivel 0Tt Ba dnpiovpyode Tapa TOAAE kKAEWW.I o va yivel avto, epdcov dév
ypeldleton vo amodnkévoovpe To KAWL KATOL €ivol vo. YPNOIUOTONGOVUE EVa
master key, kot évav apBud, ta omoia Ba mepdoovv péca omo o PRF yia va pog
napayovv sector keys.Mmopodpe Opwg va fpodpe pa kaAvtepn Avon;

Avtd pag odnyet oto va glodyovpe Evav tweakableaiyopibpo tunpoatog o omoiog pog
dnuovpyet amo £va masterkeymoidéc PRP.I'o va yivel antd otAd KPUTTOYPOPOVLE UE
avtd 10 KAl ko pe évav aptduo RPP.O apiBudc avtog ovopdletotweak.Ze évav
tweakableadyopiOpo  tuquotog o odydplOpog  KPLTTOYPAPNONG Kol
QIOKPVTTOYPAPNoNG  maipvouv €va KAEWl ®¢ €icodo kar évo tweak oniadn E,
D:KXTXxX—X.H gpappoyn pog 0o ypnowonotel tov apud tov kdbe topéagoav
tweakya va mopdyovue aveEdptnteg ko Srapopetikéc peta&d tovg PRP yio ke
TOUEAGEEXOPLOTAL.

Acg dodpue mo  avolvtkd Tt givar o twekable  alkyépiOpog
Tuqporog(tweakableblockcipher).Onog  eimope vrapyer éva  tweakspacekar ¢
ocuvnbog Ba opicovpe ta dvo mepdpato pog.Xto meipapo 1 Oa emiéEovpe tH0Q
permutations 6cog givor o ap1Oudc twv tweaks kot o dnpovpyncovue éva kiewdi K.O
emtiépuevog Oa vroPfadet kabe popa Evo tweakikor Evo pivopo X(Ewkova 103).

Oa AdPer v T g PRPywa to tweakt; kot avth v dadikacio 0o mpa&et yio q oto
oOvoro voPoréc unvopdtov kot tweaks.O okomdg Tov eival va KataAdpet £av emdpd,
LE M0 TPOYUOTIKG Tuyoio, permutationq pe o wevdotvyaio permutation.Eav  dev
umopet va, to Kavel tote Aépe 6t o tweakableadyopiOuoc sivatr acpaing.
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Tl
b=1 < (Perms|x])
b=0 k<K, nft]«—E(kt,.)

: tl, x1 t2.x2 tq,xq

x[E1](x1) al2l(2) .. wfeglxg)

Sy
-

Ewova 102: Tweakableblockcipher

Omnote 1o E eivan o acpaing tweakablePRP edv ya kaOe emtifépevo A oyvet ot
Advrprp[A, E]=|P[EXP(0)=1]-P[EXP(1)=1]|

‘Evo mapdaderypo tweakableodyopipov givar 1 trivialcontstruction.Eoto (E,D) va
etvar pa acpaing PRP 6nov E: KxX—X.Yrobéote eniong 61t K=XEvag
aAyopBpog opileton dg e&ng:
Eweax(K, t, X)=E(E(K,1), X)
Omov kpumtoypagovpe To tweakpog ypnoomowdvtag to masterkeykar ot cuvéyeto
KPLTTTOYPAPOVUE TO, dEdOUEVA YPpNOLOTOIOVTAS TO amotédeopa tov E(K,t). Mo dAAn
Kataokev] Kahvtepn amo v trivialconstructionsivaim XTSconstruction. Ecto (E,D)
o ac@arng PRP 6mov E: Kx{0,1}" —{0,1}".Avti y1a évav amkd odyopdpo Tuipotog
0o opicovpe emiong évav tweakableadyopiOpo:
Et\Neak( (kl,kz), (t,l), X)
To mpadto Prua(Ewova 104) sivar vo kpurtoypapricovpe to apiotepd tweak mov
ovopdleton t mov yiveron TOAD amAd:
N<E(k,t)

N =—F (k2.0
P (INLD) P (IN.i)

4

Ty z—

Ewoéva 103:XTSconstruction

Metd 0o kavovpe mpaén XORto pnivopo pog pe po paddingovvaptnon P(N,i).To
amotédeopo g XORmpdéne 0Oa kpvmtoypagndei pe to whedi Kikor petd Oo
epapuosovpe ol XORypnoonoidvrog to idto padP(N,i) kot to amotélespo avtng
¢ mpaéng Ba eivar To ciphertextuog.

6.9 Epomicsicke@oiaiov

Epotnon 1

An attacker intercepts the following ciphertext (hex encoded):
20814804c1767293b99f1d9cab3bc3e7acle37bfb15599e5f40eef805488281d.He knows
that the plaintext is the ASCII encoding of the message "Pay Bob 100$" (excluding the
quotes). He also knows that the cipher used is CBC encryption with a random 1V using
AES as the underlying block cipher. Show that the attacker can change the ciphertext
so that it will decrypt to "Pay Bob 500$". What is the resulting ciphertext (hex
encoded)? This shows that CBC provides no integrity.
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Anrayrnon

We receive the following ciphertext:

20814804c1767293b99f1d9cab3bc3e7 acle37bfb15599e5f40eef805488281d.The first
16 bytes are the 1VV. We see that on decryption, the IV will beXORed with the
decryption of the first message block. We simply identify theposition of the number '1'
in "Pay Bob 100$":

20814804c1767293b99f1d9cab3bc3e7

PAY BOB 100$%$

Then we replace the '1" with a '5' by XORing the correct positon with ord('1)" ord('5")
= 0x04, where ord(x) is the ASCII encoding of x :

20814804c1767293b99f1d9%cab3bc3e’
00000000000000000400000000000000
20814804cl1767293bd9%f1d9%cab3bc3e7
So the ciphertext is:
20814804c1767293bd9f1d9cab3bc3e7 acle37bfbh15599e5f40eef805488281d

Epotyon 2

Let (E,D) be an encryption system with key space K, message space {0,1}" and
ciphertext space {0,1}°. Suppose (E,D) provides authenticated encryption. Which of
the following systems provide authenticated encryption: (as usual, we use || to denote
string concatenation)

D(k,cy) if c1 =,

Q)E'(km)= [c—E(km) , output (¢.¢) and D'(k, (cx.c2)={" ", otherwise

D(k,c) if D(k,c) #1

b)E"(k,m)=E(k,m) and D’(k, C):{ O™ otherwise

¢)E’(k,m)=(E(k, m), E(k,m) ) and D" (K, (c1,c2))=D(K,c1)

, _ , _(D(kq1,D(ky,c)) if D(kyc)#1
d)E’((k1,kz), m)=E(k2, E(k;,m) ) and D’((ky,k2), c)—{ 1 otherwise
Anrdyvrtyon
The answer a is correct:

The (E',D’) provides authenticated encryption because an attack on (E’,D’) directly
gives an attack on (E,D).

The answer b is not correct:

This system does not provide ciphertext integrity since an attacker can simply output
the ciphertext Os and win the ciphertext integrity game.

The answer c is not correct:

This system does not provide ciphertext integrity. The attacker can query for E'(k,0") to
obtain (cy,cy). It then outputs (c1,0°) and wins the ciphertext integrity game.

The answer d is correct:

The (E',D’) provides authenticated encryption because an attack on (E’,D’) gives an
attack on (E,D). It's an interesting exercise to work out the ciphertext integrity attack
on (E,D) given a ciphertext integrity attacker on (E',D").

Epotyon 3
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If you need to build an application that needs to encrypt multiple messages using a
single key, what encryption method should you use? (for now, we ignore the question
of key generation and management)

a)Implement Encrypt-and-MAC yourself

b)Use a standard implementation of one of the authenticated encryption modes GCM,
CCM, EAX or OCB.

c)Use a standard implementation of CBC encryption with a random IV.

d)Use a standard implementation of randomized counter mode.

Anradyvrtyon
The correct answer is b. Also, just using CBC encryption does not providem essage
integrity. Therefore the correct answer is to _use a standard implementation of one of

the authenticated encryption modes GCM, CCM, EAX, or OCB

Epotyon 4

Let (E,D) be a symmetric encryption system with message space M (think of M as only
consisting for short messages, say 32 bytes). Define the following MAC (S,V) for
messages in M:

S(km):=E(km);V(km,t):={ 1 I DU 0 =m

0 othwerwise
a)Semantic security under a chosen plaintext attack
b)Ciphertext integrity

c)Chosen ciphertext security

d)Semantic security

Amravinon
The correct answer is b. Indeed, ciphertext integrity prevents existential forgery under
a chosen message attack.

Epotyon S

In lecture 8.1 we discussed how to derive session keys from a shared secret. The
problem is what to do when the shared secret is non-uniform. In this question we show
that using a PRF with a non-uniform key may result in non-uniform values. This shows
that session keys cannot be derived by directly using a non-uniform secret as a key in a
PRF. Instead, one has to use a key derivation function like HKDF.

Suppose k is a non-uniform secret key sampled from the key space {0,1}°*°. In
particular, k is sampled uniformly from the set of all keys whose most significant 128
bits are all 0. In other words, k is chosen uniformly from a small subset of the key
space. More precisely,

128 ; — 128
for all {0,137 : P[k:c]:{l/ 27 if MSB(c) =0
0 otherwise
Let F(k,x) be a secure PRF with input space {0,1}*°. Which of the following is a
secure PRF when the key k is uniform in the key space {0,1}**, but is insecure when
the key is sampled from the non-uniform distribution described above?
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e v F (6, %) if MSB g (k) = 0128
F (k'X)_{ 0256 othleszise

b)F’ (k,x)=F (k)

L (F(k,x) if MSB,,q # 0128
oF (k,x)—{ 0256 otherwise

o (F(k,x) if MSBypq # 1178
d)F’(k,x —{
JF k) 1256 otherwise

Armavinon

The correct answer is c. F'(k,x) is a secure PRF because for a uniform key k the
probability that MSB125(k)=0"? is negligible. However, for the *non-uniform* key k
this PRF always outputs 0 and is therefore completely insecure. This PRF cannot be
used as a key derivation function for the distribution of keys described in the problem.

Epotyon 6
In what settings is it acceptable to use deterministic authenticated encryption (DAE)
like SIV?

a)When messages have sufficient structure to guarantee that all messages to be
encrypted are unique.

b)To individually encrypt many packets in a voice conversation with a single key.
c)When a fixed message is repeatedly encrypted using a single key.

d)To encrypt many records in a database with a single key when the same record may
repeat multiple times

Anrdyvrtyon
The correct answer is a. DAE can be used whenever messages are very likely to be
unique. It shouldn't be used if there is a chance that identical messages will be

encrypted.

Epotnon 7
Let E(k,x) be a secure block cipher. Consider the following tweakable block cipher:

E"((k1,k2),t,x)=E(k1,X)DE(k>,1). Is this tweakable block cipher secure?

a)No because for x+x" we have:
E’((k1,kz), t, X)DE'((ki,k2),t",x)=E’((k1,k2),tx) BE'((k1,k2,),t")

b)No because for t#t"we have:
E’((k1,k2), t, 0) BE’((ki,k2),t’,1)=E'((k1,k2),t', 1) @E’((k1,k2),t)

¢)No because for x#x we have :
E’((k1, k2), 0, x) BE'((k1, k2), 0, x)=E’((k1, k2), 0, xYEPE'((k1, k2), 0)
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d)No because we have:
E'((k1,k2), t, X) @E'((k1, k2), t, 1)=E'((k1, k2), t’, 0) BE'((k1, k2), t")

e)Yes, it is secure assuming E is a secure block cipher

Anadyvriyon
The correct answer is d.Since this relation holds, an attacker can make 4 queries to E’
and distinguish E’ from a random collection of one-to-one functions.

Epaotnon8

In lecture 8.5 we discussed format preserving encryption which is a PRP on a domain
{0,...,s—1} for some pre-specified value of s. Recall that the construction we presented
worked in two steps, where the second step worked by iterating the PRP until the
output fell into the set {0,...,s—1}.

Suppose we try to build a format preserving credit card encryption system from AES
using *only* the second step. That is, we start with a PRP with domain {0,1}128 from
which we want to build a PRP with domain 1016. If we only used step (2), how many
iterations of AES would be needed in expectation for each evaluation of the PRP with
domain 1016?

a)4
b)2'%8/10'°~3.4x10%
C)1016/2128

d)10'®

Amravinon

The correct aswer is b. On every iteration we have a probability of 10*%/2'? of falling
into the set {0,...,10'°} and therefore in expectation we will need 2'%/10'° iterations.
This should explain why step (1) is needed.

Epotnon 9
Let (E,D) be a secure tweakable block cipher. Define the following MAC (S,V):

1 . E k’ ‘0 =t
S(k,m)=E(k,m,0) : V(k,m,tag)={ v 0 E)thrZrW)ise "

In other words, the message m is used as the tweak and the plaintext given to E is
always set to 0. Is this MAC secure?

a) it depends on the tweakable block cipher.
b)yes
c)no

Amravinon

The correct answer is b.The MAC is secure. Suppose an adversary could forge a
message tag pair (m, t). He could then mount attack (E,D) by making the requests
needed to find (m,t), then asking for the encryption of [m](0). If E(k, m, 0) ==, then
the adversary knows that the challenger is using E instead of a random function.
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Epotnon 10

In Lecture 7.6 we discussed padding oracle attacks. These chosen-ciphertext attacks
can break poor implementations of MAC-then-encrypt. Consider a system that
implements MAC-then-encrypt where encryption is done using CBC with a random IV
using AES as the block cipher. Suppose the system is vulnerable to a padding oracle
attack.

An attacker intercepts a 64-byte ciphertext c (the first 16 bytes of ¢ are the IV and the
remaining 48 bytes are the encrypted payload). How many chosen ciphertext queries
would the attacker need in the worst case in order to decrypt the entire 48 byte
payload? Recall that padding oracle attacks decrypt the payload one byte at a time.

a) 12240
b) 1024
c) 12288
d) 48

Armavinon

The correct answer is c. orrect. Padding oracle attacks decrypt the payload one byte at
a time. For each byte the attacker needs no more than 256 guesses in the worst case.
Since there are 48 bytes total, the number queries needed is 256x48=12288.

Hpoypouuoatictikydoknon 4

In this project you will experiment with a padding oracle attack against a toy web site
hosted at crypto-class.appspot.com. Padding oracle vulnerabilities affect a wide variety
of products, including secure tokens. This project will show how they can be exploited.
We discussed CBC padding oracle attacks in Lecture 7.6, but if you want to read more
about them, please see \Vaudenay's paper.

Now to business. Suppose an attacker wishes to steal secret information from our
target web site crypto-class.appspot.com. The attacker suspects that the web site
embeds encrypted customer data in URL parameters such as this:

http://crypto-
class.appspot.com/po?er=f20bdba6ff29eed7b046d1df9fb7000058b1ffb4210a580f748b
4ac714c001bd4a61044426fb515dad3f21f18aa577c0bdf302936266926ff37dbf7035d5e
eb4

That is, when customer Alice interacts with the site, the site embeds a URL like this in
web pages it sends to Alice. The attacker intercepts the URL listed above and guesses
that the ciphertextfollowing the "po?er=" is a hex encoded AES CBC encryption with a
random IV of some secret data about Alice's session.

After some experimentation the attacker discovers that the web site is vulnerable to a
CBC padding oracle attack. In particular, when a decrypted CBC ciphertext ends in an
invalid pad the web server returns a 403 error code (forbidden request). When the CBC
padding is valid, but the message is malformed, the web server returns a 404 error code
(URL not found).
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Armed with this information your goal is to decrypt the ciphertext listed above. To do
so you can send arbitrary HTTP requests to the web site of the form

http://crypto-class.appspot.com/po?er="your ciphertext here"

and observe the resulting error code. The padding oracle will let you decrypt the given
ciphertext one byte at a time. To decrypt a single byte you will need to send up to 256
HTTP requests to the site. Keep in mind that the first ciphertext block is the random
IV. The decrypted message is ASCII encoded.

To get you started here is a short Python script that sends a ciphertext supplied on the
command line to the site and prints the resulting error code. You can extend this script
(or write one from scratch) to implement the padding oracle attack. Once you decrypt
the given ciphertext, please enter the decrypted message in the box below.

This project shows that when using encryption you must prevent padding oracle
attacks by either using encrypt-then-MAC as in EAX or GCM, or if you must use
MAC-then-encrypt then ensures that the site treats padding errors the same way it
treats MAC errors.

Andvrnon

O KOIKOG TNG TPOYPAUUATICTIKNG doknons 4 Ppioketor £d®.Xe autiv TNV doknon Ha
dovue v enibeon paddingoracleattackoto oite crypto-class.appspot.com.Yrotifetot
ot évag emtifépevog BEAeL Voo VTTOKAEWEL KATOLEG TPOCOTIKEG TANPOPOPIEG OO TO
oite av10.To oite dpwc kpvrtoypagel 10 pEpog Tov URLmov mepi€yet tig evaicOnreg
TAnpoopies tov meAdt.Otav 1 Alice(relartng) emkowvmvel pe to cite dnwg gimope
kpvrroypagpeiton to URL.

Ouwg o emrBépevog dwkomtel o URL ko poviéver 0Tt M TR «po?er=meivat
KOOKomomuévn o€ dekaleadikn Lopen Kat £xel vrootel Kpumtoypdonon pe AESCBC
pali pe éva toyxaio 1V.Metd amo moAd mpoondBeia o emtiBépevog katarafaiver ot
givarl evaiocOnto oe embiosig CBCpadding. Tote otav éva. CBCciphertextodnysi oe
AovBaopévo padotédver unvopa 403(forbiddenrequest) evéd av to CBCpaddingeivou
oot 10TE 0 6épPep emotpépel 404 error(URLnotfound)

Avto mov Ba Kdvoovpe €00 eivar vo amokpuntoypapricovpe to URLypnoiponoumvtog
HTTPrequestsoto ocite kou Bo mapoatnpovpe T AdBog pog emotpépel.Emiong 1o
paddingoraclepog emtpémel va omokpvmrtoypagovue éva byteamo to ciphertextnv
@opd vrroParrovtac 256 HTTPrequestsyia kdbe byte. Télog 10 amokpuITOYPOENUEVO
pvopa pog Ba £xet ) popoen dekae&odikon

Apyucd dnpovpyov e TNV cuvatnon queryn omoia maipvel Eva EpAOTNUA JKOL QVTO TOL
Kéver mpaota givor va otédvel éva HTTPrequestotov oépPep.Xtn cvvéyelo mepipével
yw andvinon.Eav pog oteihe AdBoc Oa mpémel va dovpe mold Adbog pog éotetre. Av
nog oteilel to AMabog 404 tote o padding eival cmoTo Kot TPOYMPALLE.

Opilovpe ¢ stringtouépoc tov URLmov eivar kpumroypoaenuévo Kot o1
ovvéyeOpilovpe o dévtenp ovvaptnon mov v ovopalovpeint2hex(i) n omoio
EMOTPEPEL TNV AKEPOLDL  LOPON Tov I, oOmovigivaw o ovuPforocelpd  o6TO
dexaegadko.Metd  dnuovpyodpe TG ovvaptioelg exor_pad(i), exor_g(g, pos),
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rellenar_zero(s) yw va pog Ponbnoovve pe to padding eved dmuovpyodue v
ovvaptnon strxor(a,b) yia vo umopécovpe va kavovpe mpdEn XORpeta&d ~ 00
oLUPOAOGEPOV pE SOPOPETIKO PNKOG Kot Tnv ovvaptnon hexexor(sl, s2) mov
ypnouonolel Ty ocvvaptnon hexexor(sl, s2) yia va tig petatpéyel oe GLUPOAOCEIPEC.

Kotémv pe  owdwaociec mapouoleg vy kabe umAoK  mpoomabovue  va
OMTOKPVTTOYPAPN|GOVUE TO UNVOUO  XPNOUYLOTOLOVIONS TIG TOPOTAVED GUVOPTNGELS
ocbuemva pe tov optopud tov CBCoraclepadding my to ivyla to punddk 3 givar to prddx
2, Ko e avaroyeg emavornyels Ppickovpe éva —€va to {ntodueva bytes.

6.10 Avaivtikn faBpoioyio

You submitted this homework on Sat 30 May 2015 3:25 AM EEST. You got a score of 8.50 out of 10.00

Question 1

An attacker intercepts the following ciphertext (hex encoded):
20814804c1767293b99F1d9cab3be3e7 acle37hfb15599e5f40eef805488281d

He knows that the plaintext is the ASCII encoding of the message "Pay Bob 1005" {excluding the quates). He also knows that the cipher used is CEC encryption with a random [V
using AES as the underlying block cipher. Show that the attacker can change the ciphertext so that it will decrypt to "Pay Bob 500%". What is the resulting ciphertext (hex
encaeded)? This shows that CBC provides no integrity.

You entered:

20814804c1767293bd9f1d9cab3bc3eV acle3dThfb15599e5/40eef805488281d

Your Answer Score Explanation
20814804c1767293bd%%1d9cab3bc3e7 ac1e37bfb15599e5f40eef8054588281d v 1.00 You got it!
Total 1.00/1.00

Ewova 104:Epdtnon 1-Week 4
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Question 2

et (E, D) be an encryption system with key space K message space [0, 1}" and ciphertext space {0, 11" Suppose (E.D) provides authenticated encryption. Which of the

fallowing systems provide authenticated encryption: (as usual, we use || to denote string concatenation)

Your Answer Score Explanation
¢ E'(k,m)= ’c + E(k,m), outpul (c,c) ] and v 025 (E'.D) provides authenticated encryption because an attack on (E", D) directly gives an attack
Diker) ifer =2 on (E.D)
!
D& @, Lz))_{ otherwise
E'(k,m) = E(k,m)  and v 025  This system does not provide ciphertext integrity since an attacker can simply output the ciphertext
Do) = DU» ¢) ilDke)#L ( and win the ciphertext integrity game.
B otherwise
¢ E'k,m)= [I:‘(Lm). E(k.m))  and % 000  This system does not provide ciphertext integrity. The attacker can query for £(k.0") to obtain
D'k, (c1,62)) = Dik,cy) (c1.2). It then autputs (¢1,0%) and wins the ciphertext integrity game.
E ([M ka).m) = E(ky, E(ky,m)) and % 000 (E'.D) provides authenticated encryption because an attack on (£”, 1) gives an attack on
IJ' (kik [) (ki, Dika,¢)) it D(ky,c) # L (£.D).It's an interesting exercis?towork out the ciphertext integrity attack on (£, D) given a
tr:k2) ( otherwise ciphertext integrity attacker on (£, D).
Total 050/

1.00
Ewova 105:Epdtnon 2-Week 4

Question 3

I you need to build an application that needs to encrypt multiple messages using a single key, what encryption method should you use? (for now, we ignore the question of key

generafion and management)

Your Answer Score Explanation
implement Encrypt-and-MAC yourself
use a standard implementation of ane of the authenticated encryption modes GCM, CCM, EAX or OCB. v 100
use  standzrd implementation of CBC encryption vith a random [V
use  standzrd implementation of randomized counter made

Tatal 100100
Ewoéva 106:Epdnon 3-Week 4
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Question 5

In lecture 8.1 we discussed how to derive session keys from a shared secret. The problem is what to do when the shared secret is nen-uniform. In this questien we show that using a PRF with a non-uniform key may result in non-

uniform values. This shows that session keys cannot be derived by directly using a non-uniform secret as a key in a PRF. Instead, one has to use a key denvation function like HKDF.

Suppose k is a non-uniform secret key sampled from the key space [0, | ]m. In particular, k is sampled uniformly from the set of all keys whose most significant 128 bits are all 0. In other words, k is chosen unifermly from a small

subset of the key space. More precisely,

e pr g |12 i MSBisic) =0
foralce {0,117 : "'T[*-‘-|-{o otherwise

Let Fik,x) be a secure PRF with input space {0, 1}

described above?

_ Which of the following is a secure PRF when the key k is uniform in the key space {0, | Il"". but is insecure when the key is sampled from the non-uniform distribution

Your Answer Score  Explanation

P x}_{ffgi.n if MSE 35(k) = 0/
=0

otherwise
Flikx)=Fikx
. v 100 F'(k.x)isasecure PRF because for a uniform key k the probabiity that MSB 4 (k) = 0'* is negligible. However, for the non-unifom” key k this PRF always
k)= { Flk,x) T MSB (k) #0'% outputs () and is therefore completely insecure. This PRF cannot be used as a key dervation function for the distribution of keys described in the problem.
L0 otherwise

) Flkx) ifMSB sk 1'%
Flikx=
*.2) {Jm otherwise

Total 1004
1.00

Ewova 107:Epdtnon 5-Week 4

Question 6
In wihat setfings is t acceptable to use defeministic authenticated encryption (DAE) like SIV?

Your Answer Seore  Explanation

when messages have sufficient structure to quarantee that all messages to
be encrypted are unique.

to individualy encrypt many packets in a voice conversation with a single
ey,

¢ when a fived message is repeatedy encrypted using a single key. %000 This would be insacure because an atiacker can el that allthe resuting ciphertexts are an encryplion of the same message.

to encrypt many records in 2 database with a single key when the same
record may repeat mutiple fimes.

Total 0.00/1.00
Ewoéva 108:Epdnon 6-Week 4
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Question 7

Let E(k. x) be a secure block cipher. Consider the following tweakable block cipher:
E' (k)1 x) = Eilky, ) @ Bk, )

Is this tweakable block cipher secure?

Your Answer Score Explanation
no because forx £x" and 1 #1¢" we have
E'(thy ko)t 0) B E'((h ko) 1 0 = B (ko )t XD E (T )1
no because forr 2 17 we have
E'(thy ko) 2, 0V P E (thy k)1, 1) = E' (ke k) 2" DED E' (ko)1
no because forx £x" we have
E (ke k2). 0.0 6D E'((ky , k2). 0,00 = E'((ky  k2), 0. x" VB E (K k2 ), 0,
no because fort 2 1° we have v 100 since this relation holds, an attacker can make 4 queries to E” and distinguish £' from a random collection of one-to-one
E' (e k2 ) e, VR E (ko) e 1) = (R Ka) 1" VD E (tha k). 1, functions:

yes, it is secure assuming E is a secure block cipher.

Total 1.00/
1.00

Ewova 109:Epdtnon 7-Week 4

Question 8

In lecture 8.5 we discussed fomat preserving encrypfion which is a PRP on a domain (... .5 — | | for some pre-specfied value of 5. Recall that the construction we presented worked in two steps, where the second step worked
by iterafing the PRP unti the output fellinto the st [0, ....s— 1}

Suppose vty fo buid 2 fommat resenving cedi car encyption system from AES using ‘only the second step. That s we stert with a PRP wih domain {0, 1] fom which we viant o buid a PRP wih domain 10" e
only used step (2), how many ferations of AES would be needed in expectation for each evaluation of the PRP with domain [0

Your Answer Score  Explanafion

v 100 Onever fertion we have a probabifty of 102"™ of faing ntothe set 0. ..., 10"} and herefore in expectation we vl need 2110 ferztions. This should explain uhy
15110 w34 % 107 step (1) is needed.

10%p™
[0
Tofal 100/
100
Ewoéva 110:Epdnon 8-Week 4
Question 9

Let (K, ) be a secure tweakable block cipher. Define the following MAC (S, Vi

Stkom) o= Ekm0) V(km,lagj::{ ('] :[:c(:w’l’;:”mg

In other words, the message m is used as the tweak and the plaintext given to E is always set to (). Is this MAC secure?

Your Answer Score Explanafion
it depends on the
tweakable block cipher.
yes v 100 A tweakable block cipher is indistinguishable from a collection of random pemutations. The chosen message attack on the MAC gives the attacker the image of () under a number of the
pemutations in the family. But that tells the attacker nothing about the image of ) under some other member of the family
no
Total 1.00/

1.00

Ewoéva 111:Epdiion 9-Week 4
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Question 10

In Lecture 7.5 we discussed padding oracke aftacks. These chosen-tiphered atacks can break poor implementatians of MAC-then-encrypt. Consider a system thal implements MAC-then-encrypt where encryplion is dane using
CBC with a random [V using AES a3 the block cipher. Suppase the system is vulnerable to a padding oracle attack. An aftacker intercepts a Bd-byte ciphertext ¢ (the fist 16 bites of ¢ are the [V and the maining 48 bytes are the
encrypted payload). How many chosen ciphertet quenies would the attacker need in the worst cass in orderfo decryptthe enfire 48 byte payload? Recal that padding oracke atfacks decrypt the payload one byte at a time.

Your Score  Explanation
Answer
12240
1024
12288 v 100 Comect Padding oracke atiacks decrypt the payload one byte at a fime. For each byte the atacker needs no more than 256 quesses in the worst case. Since there are 48 bytes total, the number
queres needed i 236 48 = | 1288,
8
Total 100/
100

Ewovo 112:Epdtnon 10-Week 4

Question 1 ‘
Emavarpopa mpoemhoyng,
In this project you will experiment with a padding oracle affack against a toy web site hosted at crypto-tlass.appspot.com. Padding oracke vulnerabilities affect a wide variety of products, including secure token Iploited.

We discussed CBC padding oracle attacks in Lecture 7.6, but if you want to read more about them, please see Vaudenay's paper.
Mow to business. Suppose an attacker wishes to steal secret information from our target web site crypto-class.appspot.com. The attacker suspects that the web site embeds encrypted customer data in URL parameters such as this
http:/ feryplo-class. appepol . com/poter=F28kdbattf 20eedTha4G11 AFoTh7080R5EL1Fhd 11025 80F7 480 7140001 bidaG] A4A426Fh 5] Slad 1F 21 $1R2a5T T AbiH I8 2 36 2EA0264F 17dbFAI505 el

That is, when customer Alice interacts with the site, the site embeds 2 URL fike this in web pages # sends to Alice. The attacker intercepts the URL listed above and guesses that the ciphertext following the "puer=" s a hex encoded AES CEC encryption with 3
random |V of some seeret data about Allee's session.

After some experimentation the attacker discovers that the web site is vulnerable to a GBC padding oracke attack. In particular, when a decrypted CBC ciphertext ends in an invalid pad the web server retums a 402 emor code (forbidden request). When the CBC

padding is valid, but the message is mafformed, the web server retums a 404 emor code {URL not found).
Ammed with this information your goal is to decrypt the cipherext listed above. To do 50 you can send arbitrary HTTP requests ta the web site of the form
http:/ ferypto-class. appspot. confpaters"your clghertext here”

and observe the resulting emor code. The padding oracle will ket you decrypt the given ciphertext one byte at a time. To decrypt a single byte you will need to send up to 258 HTTP requests to the site. Keep in mind that the first ciphertext block is the randem V.

The deerypted message is ASCHl encoded.

To get you started here is a short Python seript that sends a ciphertext supplied on the command line to the site and prints the resulting emor code. You can extend this script {or write one from seratch) to implement the padding oracle attack. Once you decrypt the

given ciphertzxt, please enter the decrypted message in the box below

This project shows that when using encryption you must prevent padding oracle attacks by either using encrypt-then-MAG a5 in EAX or GCM, or i you must use MAC-then-encrypt then ensure that the site treats padding emors the same way it treats MAC emars
You entered:

The Magic Words are Squeamish Ossfrage

4
Your Answer Score Explanation
The Magic Words are Squeamish Ossfrage v .00
Total 100/ 1.00

Ewéva 113:TIpoypappatiotikiy doknon -Week 4

MMivokag 4:BoBporoyisg-Week 4

1" poomddeia

2" tpoomadeia

3" tpoomdfeia

4" mpoomdfeia

Epotoelg

5.00/10.00

7.00/10.00

8.50/10.00

7.00/10.00

Aocknon

0.00/1.00

0.00/1.00

0.00/1.00

1.00/1.00
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KE®AAAIO 7
ANTAAAATHKAEIAIQN
7.1Trusted3dpartieskaxmerkle-puzzles
7.1.1 Trusted 3d parties ®xa toy protocol
Topa mov yvopilovpe 10 TOC 00V0 YPNOTEG UTOPOVV VO TPOSTATEYOVV TO dEOOUEVL
TOVG YPNOUOTOLDVTOS €VOL HVOTIKO KAEW! TO0 omoio 1o potpalovtal, 1O EMOUEVO
EPMTNUA EIVOLTO TOG TOL 01 dVO YPNOTES ONUOVPYOVV OVTO TO KAEWL..XE QLTNV TNV

evomrta Bo dovpe PeEPIKA TPMOTOKOAAX OvTOAAAYNG KAEWIOV TO omoio. Oo pog
Bonbncovv va GLALGPOVLE TNV KEVIPIKY] 100 TNG KPLTTTOYPAPios ONUOG1ov KAELD10V.

davraocteite 0tL vEapyovy N ypfoteg otov kOopo.To gpotnua eivar Twg avtol ot
ypNoteg droyepilovtal ovTd To LUOTIKG KAEWDA To 0Toio Bol ¥PNGLLOTOMGOLV Yl VO
emKowvmviicovy peta&d Toug. Eotw 6t vtapyovv 4 yproteg otov koopo(Ewéva 115
).Ta mapdderypa o ypfotg 1 kot o ypnotg 3 popdlovrar to ido kAedi, o ypriotg 1
Kot ypfotng 2 popaloviot 1o 1010 kAewi Opoimg yuo Tovg ypfoteg 2 kot 4 Kot Tovg
ypnoteg 4 kan 3...To mpdPAnua eivor 6Tt Exovpe Tapo TOAAE KAEWDLA VO SIOXEPIOTOVLLE
Kot 0 k@Be ypnomg mpémer va amobnkévcoel N kAewdid 6to GUVOAO pe okomd va
emuotvoviostl pe tovg N yprioteg.Mmopodpe va Kdvovpe KATL KOADTEPO;

Ewova 114:TIpoonafeia emkorvoviag pe Nkieiona

Avtd mov Oa kévovpe ovopdleton onlinetrusted 3dparty(TTP).O kabe ypiotng 6Oa
popdletar éva povadwukd kiewi pe mv TTP.Iw mopdderypo (Ewkove 116) o ypriotng
m;0a poipdaletor pe v TPP 1o kAewdi ki o ypnomg 2 Ba popdaletor pe tqv TPPto
KAewdi Ky, n Alicefa popdaletan 1o khewdi Kakar o Bobto kledi Kp.O kdbe ypnotg
ypewdletar va Qupdtol Eva povo pootikd kiewi.Eov n Alicefa 0éiet vo emkovavioet
ue tov Bobba mpénet ta kAewdid toug va ypnoporombody e KAmolo tpoOmo Yo Vo,
dnuovpynoovy éva kAewi Kag Oa ypnoipomotjcovpe évo Tpwtdkolho mov Bo 1o
Kavel avto.

Ewova 115:To npotéxoiro TPP

80 Exteviic avagopd yia to trusted 3 parties, https://en.wikipedia.org/wiki/Trusted_third_party

122



MoOnpotikn kot adyoplfukn avaAvon KPUTTOYPUPIKOV TEYVIKMV

To mpwtoKoAlo awtd ovoudletal toyprotocolmov eivar ac@aiéc povo oe embioelg
eavesdropping.®a. dovue apéomg to mog Asttovpyel. H Aliceéexvaer otédvovtog éva
uvopo. otnvTPP Aéyovtag 6t Béletl £va pouotikd KAewdi To onoio Ba o popaoctel pe
tov Bobyia va emikowvovioovv.H TPPOa emdé€et éva tuyaio kAedi Kag.Oa oteidet éva
uvopo wico oty Aliceto omoio amoteleitar amo dvo uépn.TompmdTo PEPOG gival M
kpuntoypdonon pe to kiedi tng Alice(ka) tov kAedon Kagkatl to yeyovdg ot t0
KAedi kKagba ypnoyomomOei ano v Alicexar tov Bob(Ewkova 117)

(K=g) (Ka) Ka Ke
Bob Alice TP

"Alice want to communicate with Bob"
choose random KAag

E(Ks,"AB" || Kae
ticket= E(Kz,"A,B" || Kae)
Ewéva 116:To mpotékorio toy

To dévtepo PéPOC Tov PnvopoTog givatl avtd mov ovopalovpe ticketeivar évo pnvopa
T0 01010 KpLITOYpaPHONKeue T0 KA1 TOL Yoo Tov Bob(Kg) mov mepiéyet to yeyovog
6t 10 KAewdi Kagba ypnoorombei amo v Alicekat tov Bob kat to khedi Kag.Me
AMyo Aoy  Aliceloufavel éva punvopo mov KpLIToypaenOnKe yo. oLTHY Kot évol
uvopa Tov Kpurtoypaentnke yuo tov Bob.Otav 6éAncel va emkowvoviocst pe tov
Boba amAa 0o amokpunToypagnoEl To HEPOC TOV TPOKELTAL YioL LTV EVHD oTov BobOa,
oteilet 7o ticket.

To TTPypetdletan yio kGO avrorroyrn kiewduwv apa 1 Alicexor o Bobdev prmopodv va
Kavouv avtaAlayn kKAewdiov éav to TTPeivaroffinexaot eniong to tpwtdkorrio yvopilet
Oheg ta sessionkeys Eav yia kdmoio Aoyo 1o TTPowkonel tOte €vag emtiBépevog
pumopel mToAd gvKoAo va KAEWEL OAD TO LVOTIKE KAEWH 7oL avtaAAdyOnkav petacn
xpnot Kot cvomuatoc.l'lo tov Adyo awtd, ovoupdotnke trusted 3dpartyemeidn
yvopilert Oha  ta sessionkeys.To mpoPAnuo  eivar  éov  ypnoUOnTOlOVUE  TO
TTPraykooping, tote mo1dg Ba givon 1 onlinetrustedparty.

7.1.2To mpwtérkoiio merkle-puzzles™

Ye autyv v evotnta Bo dovue €va TPMTOKOAAD OVIOAAAYNG KAEWOUDV 7TOV OEV
ypnowonolel trusted 3dparty.Eocto o6t1 épovpe v Alicekoar tov Bobot omoiot 8év
EYOVV EMKOWVMOVICEL TOAATEPO KOl BELOVLY e KATO10 TPOTO VO ONUIOVPYHCOLY  EVal
KOwo KAEW1.Oa UTOPOVGAE VO YPNOUYLOTOCOVUE OAYOPIOLOVS TUNUOTOS M Kot
OLUVOPTNOELS KOTOKEPUOTIOUOD OAAQ TO TPOTOKOAAN TOL GPOPOVY TNV OVTOAANYN
KAEWIDV PECH AVTAOV, OEV Elval OTOSOTIKA KOl OEV YPTCLLOTOLOVVTOL GTNV TTPAEY).

‘Eva ankd mp@tokolho mov mpattel avtd mov 0éhovpe 6voudletar merkle-puzzlesto
onoio epevpébnke omo tov RalphMerkleto 1974.To kvplo epyareio Tov TPOTOKOALOV
ovopdaletar puzzle.Ymobéote Ot €povpe €vav GUUUETPIKO OAyOplOHO O 07oiog
ypnouonolel kKAedi pnkovg 128bits(my AES)kat 6Tt emdéym évo AESKkAe1di €161 dote

81 To mpwtdkorho merkle-puzzles, http://en.wikipedia.org/wiki/Merkle%27s_Puzzles
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o Tp®To, 96 bitseivar undév kar to evamopeivavta 32 bitsva piv eivan undév adia
ToyaiaL.

> ovvéyeln Bo KPUTTOYPAPNC® TO UNVOUO «MESSAge» YPNOULOTOLOVTOS TO KAEWL
tov 128 bit.To arotélespo to ovoudlm puzzle.To ovoudoape puzzlesmedn dev eivan
TOAD dVGKOAO va. Bpdupe 10 puoTikd KAEWl Pto omoio Bpioketal £vo SOKIULAGOLLLE 2%
mBavég Tipéc.Ia kabe KAl B TPOSTAONGOVIE VO TO OTOKPLTTTOYPUPNGOLVLLE Y10, VOL
dovpe €av Bo mapovpe To uRvopo «message».O tpomoc pe tov omoio Oa yiver m
dradtkacio lvar apKETO OTAT).

H Aliceba apyicer vo onupovpyei éva peyddo apOpd amo puzzles.Ovoilactikd Oa
Snuovpyroer 2¥puzzles kot Ha emhéEer 32bitruyaio puzzlesP; kot §90 GAkec Tiéc
xikor Kijot omoiec Ba éxovv péyeboc 128 bit.Xm ovvéyein Oa ypnoipomoroel to
puzzlePicov AESpvotikd khedi ko Oa dnpovpynoet 128 bitkiedi ek tov omoiov to
96 bit eivon undév.To plaintextrov Oa mpoomabNoEL va amoKPLITOYPUPNOEL Eival TO

uvopa " puzzle # X || ki " ko petd Oo oteidel OAo oLTA TO SLPOPETIKA
puzzlesotov Bob.

O Bob0fa AdBet 0la avto To 610c(p03pem<d 232puzzleSK0u Ba emAééel éva amo avTd Ty TO
puzzlej.Xtn cvvéyelo aplepdvetl 2 2 og xpOVo Yo vo. Aoel to puzzle.To va Avoet éva
puzzleonuaiver 6Tt Bo dokudoetl Oheg Tic mOavEg Tipéc Pikoan Oa amokpumtoypapnoet
10 puzzlemov enélee kar Oo eheyEei Eav To TPMOTO PEPOC TOL plaintext Egkivaet pe v
AéEN puzzle.

Eov katdraper 6t éhvce 1o puzzleBa AdPet to todpuzzle(x;k;).Kotomy o oteiret
nico otmv Aliceto Xjn omoia pe ) ogpd g KortdvVTog oTn Phon Tov Kpatdet To
puzzlestng Ba korardfetr 611 0 Bobypnopomonioce 1o 10 Khewdi K Tote to khedi Kiba
etvat TeMKd 10 Kowve KAEWO1 pE 10 omoio 0o emKOIVEOVIGOVY

Amo 611 PAémovpe o emrtiBépevog yperaleTar xpovo nzyw VO GTAGEL TO TPOTOKOAAO
Hog Ko Tpémetl voL Aot Notov aplfud puzzleskon yperaletot Nypdvo yio va A0cel KAOE
puzzle. Tvmikd o xpdvog mov YPeldleTar Yo Vo 6TAcEL TO TPMTOKOALO Eivat 2% TPAypo
oV KaoTd TO TPOTOKOAAO P AGPAAEG Kot Yol TOV AGYO avTd 0V YPNGUYLOTTOLEITAL

oTNV TPAEN.

7.3 To npotéxorro Diffie-Hellman®

Y& avtny Vv evotra Bo pidnoovpe yuo to TtpoToxorroDiffieHellmanto omoio givan
évog Pactkds punyaviopog avtoAlayng kiediov.Onog Exovpue cvvnbicer n Alicexat o
Bobdev £yovv cvvavinBei kar 0Aovv va avtalddEovv Eva puotikd kKowd kAedl e
OKOTO VO EMKOVOVIGOVV HE ac@dieta petald toug.I'o v kaAvtepn Katovonon Tov
TPOTOKOALOV Ol EMTIOEUEVOL OEV EMTPEMETAL VO £YOVV EVEPYNTIKY] OpdoT).

Emutpémovtan udvo ot embéoeic eavesdropping.Xtnv mponyovuevny evotnra eidape Eva
TPOTOKOAAO avTolAayng KAewWwdv mov ovopdleton merkle-puzzles oto omoio o
emriBépevog umopel va emtebel 6T0 TPMOTOKOALO KO VoL TO OTAGEL GE YPOVO n? kot

2 1o npwtoxorro DiffieHellman,
http://el.wikipedia.org/wiki/%CE%A0%CF%81%CF%89%CF%84%CF%8C%CE%BA%CE%BF%CE
%BB%CE%BB%CE%BF_Diffie-Hellman
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avtd ocav amotélecpa To TPOTOKOALO va Beswpeiton un ac@arés mpaxtikd. Eav n
Alicexon o Bobepydlovtatl oto mpwtokollo o€ ypovo N, o emtifépevog Oa mpémel va
VO UTOPEL VO GTAGEL TO TPOTOKOAAO GE YPOVO €KOETIKO TOLN.

Ag dovue g Aettovpyel o mpmtokoAro DiffieHellman.®a Oempicovpeévay npdto
apOuo(prime) to omoio £yxer uéyebog 600 yneiov mov Oa tov ovopdoovue pP.Oa
Bewpnoovpe emiong évav axépato opBuo tov g omoiog Bo  avrkel 6To SACTNUO
{1,...p}.Avtéc o1 dvo Twég eivor mapduetpol tov TPWTOoKOAAOL. Eotw emiong m
Alicexor o Bobmov 6élovv va emikowvovicovv.HAlIceOo emhé€erl évav aplBud amov
umopel va &ysr Ty petald {1,.p-1} kot petd Oa vmoloyicer to g’modp.To
amotéAeopa TG Tapdotaons Ba to ovopdoovpe A.Xtn cuvéyela Ba oteilel 10 A oToV
Bob.

O Bobpe m ogpd tov Ba kdver v 010 dadikacio.Oa 87:LX8§81 évav toyaio apBpo
brov o aviket {1,..p-1} ko 6o vrohoyioet ot cuvéxeto g°modpkat to omotélecpa
Ba to ovopdoovpe B.Xt ocvvéyeln Ba oteilel o Botnv Alice. Todpa oyvpilovton o1t
dnuovpynoav éva koo kiewdtIlolo givarl dpwg avtd 10 KAEW;

Topvotikd KAewdi Ba to ovopdoovpe Kag, kot Oa Exet Tiun gabmodp.ch TOpOTHPNON
0TO TPMOTOKOAAO givar Ot M T gumopel vo vwoAoylotel Kot amd ta dVO PEPN NG
emkowvoviag.Ia napaSawpa n Alicerappaver v Ty B mov wanm amd TovV
Bob.AnAadH B®modp= (g°)? .Opoing o Bobumopei vo vroloyicet to (g 2)P=pP

Ouwg 1o mpmtéKoAro avtd eivar P ac@arés o evepynTikég emBEcelg Omwg emifeon
tnov maninthemiddlexor 6o deifovpe 10 Yot 'Eotw o611 vmbpyer évog
maninthemiddle(MiTM) o omoiog mpoomabel va akovoel v emkowvmvia PeTaED
Alicexon Bob.

H Alicetexivéet otélvovtag otov Bob to A=g*. Tnv tun Aba rnv KAéyer 0o MiTMxon
0o v avtikataotioel Ewova 118)ue 1o d1k6 tov prvopa a’=g* .OBobdév yvmpilet
6t 0 MiTMékave katt 6To diktvo Kot To pdvo mov PAEmeL eivon | Ty A" mov vouilet
01t otdAOnke amo v Alice.

Alice Mi'TMVL Bob
A=g" A=g"
= > a” = ..,:
'—Gh =ob
B — = b' e B =]
ab” ba’
2 8

Ewovall7:Exifsgman in the middle etoDiffie Hellman

Avtd mov Ba kdéver o Bobeivar va oteidel miow v dikny tov Ty B, wicw oty
Alice(B=g"). Onwg ko wpwv 0 MiTMOa kKAéyel v tun B ovtv v @opd, kot Oa
onuovpynoetl o b” mov Oa to0 crsmst omv Alice n omoia ovolaotiké Oa napa TO

B'=g" xau 6o vrohoyicer 1o @° OBObua M ogpd Tov Bo vroloyicel To 9" Av
napatnpncara dev givar ta id1o kKAEW16 adda o MiTMumopel vo vtoloyicel TIC TIHEG
g? ab’ g % xon 6tav n Alicesteilel éva kpurtoypagnuévo uqvopo oto Bobo MiTM mord



IMaopyog Oyrov

amho B0 TO AmOKPLTTOYPAPEl, Kot PeTA Bo TO EMAVOKPVTTOYPAPEL LE TO KAEWL TOV
Bobxkoi petd Oa to otédvel o€ avToHv.

7.4 Kportoypa@io onpociov KA W06

®a mpoomaboovpe  vo SOLUE O SIOPOPETIKN TPOCEYYIST)  TOL OPOPA TNV
avioAlayn KAewwv mov Pociletor otnv onuocia kpuvrroypaeio. Ti elvor oumg m
KpumtToypo@io dnuocrtov kAedov;Eival evog cuppetpikodg tpomog KpumToypaenong
OTOV OO0V YPNGIUOTOIOVUE EVAV GLUUETPIKO OAYOPIOUO  KPLTTOYPAPNONG Kot
OOKPLTTTOYPAPNONG.

Eotow omwc mavta 6t n Alicekar o Bob 6élovv va emkowvmvicovv.O Bobtdpa
dwabétel dvo KAe1d. Eva kAe1dl mov eivan onpocto kot €va kAl mov givol HuoTiKod
Kot 10 yvopiler povo avtdc.Ilid avolvtikd oty KpurToypoeiot dNUOGIOL KAEWOD
vrdpyovv 3 adyopiBuol (G, E, D)

O aiyopOpog Govopdletar yevvnplo KAEWIOV Kot 0tav «Tpé€ovpe» Tov aikyopdpo
Gn é€odog tov o glvar 2 KAewdd , t0 dNUOclo Kot o W1OTIKO KAEWi(pK, SK).O
aAyopiBuoc Emaipvel d¢ €i6060 to ppvopa pog kot to kAewi pkkot pag Byalet éva
ciphertext. TéAoc o adyopiBuoc D, maipver d¢ eicodovg to kAedi SKkat to ciphertextc,
KoL Hog 0tvel @G omoTéAesa To pvopa M i L og mepintwon AdBove. Tt onuaivel 6t n
KpumToypagio. SNEocstov KAEW100 va €ival ac@aig;Ac S0LUE TNV ONUAGIOAOYIKN
ACQOAAELD TNG KPLTTOYPOAPING TOL ONUOGIOV KAELOLOV.

‘Eoto 611 0 challengertpéyet tv yevwitplaGyla va mapdyest ta kiedid sk, pk(Ewova
119 ) ka1 otéAdvel 10 dNUOGI0 KAWL TOV GTOV OVTITAAO EVE KPATAEL TO LVOTIKO KAWL
v Tov £0vtd T0V.0 avtinaiog amo TV TAevpd Tov Ba BydAet dg ££000 6vo unvipaTa
Mo, My oL £xovv 1610 uéyebog evd o challengerbo tov oteikel gite TV KpvITOYPAENON
T0 Mogite TNV KPLTTTOYPAPNGT TOL M;.

Pk

m,, m, avijker M: [my [=[m,|

3

vmken {0, 1}

KN

C @—E(@k, m), )

>

Ewoévo 118:Xnpaciohoyiki ac@arlela 6TV KPUaToypa@io o11no61ov KAEWD100

Anhaodn €yovpe opicel dvo mepapata, to meipopo 0 ko to meipapa 1, Ko 61O
neipapa 0 Bo AdPel v KpvmTOypAPNoN TOL MV oto meipapa 1 Oa AaPel v
KPLTTOYPAPNOT TOL M; KOl O GKOTOS TOL emMTIOEREVOL givan vo KatoAdPel woud
KPLATOYPAPI 6T TOL dDONKE. XN dNUOGLo KpLTTTOYpaia dev ypeldleTal vo SOCOVE
otov emttifépevo v duvatotnto, Vo xpnoiponomost exifeon chosenplaintextattack»
EMEON OTNV TEPIMTMON GLUUETPIKOD GULOTAUOTOS O emtiBépuevog  Bo mpémer vo
EMALYEL OVTOCTNV KPUTTOYPAPNOT TOL UNVOLOTOG ToL BEAEL va AdPet.

8 K pumroypagia dnuoctov khedion, http://en.wikipedia.org/wiki/Public-key_cryptography
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2V TePInTon ONUOGIOV GLGTHHUOTOG OUMG O EMTIOEUEVOC EYEL TO ONUOGLO KAEWOL pe

OTOTEAECUO. VO, KPLTTTOYPOPEl Oo10 puipvopa avtog BEAeL.AéV ypetaletar v Pondeia

tov challengeryia vo onuiovpynoel KpuITOYPOENOES NG €mAoyng Ttov. Thpa

pumopovpe va movpe 6t 1o ocvotnua GEDeivar  onpocioroyikd aceoréc €av o

emtBépnevog 0év pmopel va dtokpiver 1o meipopo 0 amo to meipapa 1.Anhaon:
Advss[A, E]=| P[EXP(0)]=1 - P[EXP(1)]=1 | <apeintéo

Topa Oa dovpe TOC ypnoonoteiton 1 KpvrToypaeia oNudcsov Kiewdov. Eotom 1
Alicexor o Bob mov 0élovv va emkowvovicovv.HAliceBa dnpovpyfoet Eva toyaio
Levyog kKhewddv (ps, pK)ywa tov govtd g ypnotponotdviog tov akyoptdpo G.xat Oo
oteilel otov Bobektoc amo to dnuocio khedi g pkrat Eva pivopa Adyoviog mmg
gtvon 1 Alice.O Bobpe 1 oepd tov Ha dnpovpynoet wia Ty X€{0,1312 dmov Ha Ty
KPLTTOYPaPNoEL pe 10 dnudcto kAewi g Alicekat ot cvvéyelo Ba v oteidel og
avtv pall pe évo pvopa OTL 1 KPLTTOYPOONUEVI] TN X, €PYETAL ONO TOV
Bob(Ewéva 120 ).

Alice Bob
128
(ps. pk)=—G(0 "Alice", pk choose random x in :{0_1}
=
. "Bob", c€—E(p., x)
T

D(ps, ¢)—=> x

Ewévo 119:Asrtovpyio Tp@TOoKOAL OV dNIéG100 KAELG100

HAlicerov Ba AdPet To ciphertextbo anokpvrtoypagnoet To ppvope wov EAafe pe to
HLOTIKO KAEWL TNG PSYla va Tapel v Tun X.Avti 1 T pumopel va ypnoiponom el
oav éva kowvd pvotikd(sharedsecret) peta&d toug. Topa mov £dape mdg dovievel Oa
Bo mpémer vo dovpe YTt givol  acQaAég cov  TPOTOKOAAO oe  emBECELS
eavesdropping..Ze avtd T0 TPOTOKOALO 0 emTIOEUEVOG PAETEL TO ONUOGIO KAEWDT Kot
TNV KPLTTOYPAPNGN TOL X Kot avtd ov B£her ivar ) Ty X.Miag kot yvopilovpe ot
T0 cVOTNUO ONUOGLO KAEWD0D £ival ONUACIOAOYIKA AGPOAES, aLTO pog Osiyvel OTL O
emmiféuevog Oev  pmopel vo Slokpivel TNV KPLTTOYPAENGN TOL X, OWO TNV
KPLTTTOYPAPNON KATL AAAOV EVIEADC TLYOLOV.

Aocpévng g KPLTToypaenong tov Xo&v umopel va otaxpivel éav mpoOKELTOL Yo TO
plaintexttmg g X, 1 xatt dAro.Ilaporo mov AT TO0 TPOTOKOALO gival AGPUAEG OE
emBéoeic eavesdroppingdev pag divel acedieio tave oe embéoeic maninthemiddle.

Erifzon man in the middle erorpwtixoiio

‘Eotw ot m Alicednuiovpyet 10 dwd g Cévyog xhewdwdv (ps, pk) esved o
MiTMénuovpyei kot owtdc to dikd tov Cévyog (ps’, pk’).HAlicestéhverl to dnudclo
KAed1 g otov Bob, 6pmg o MiTdwkdntel to pivopa mov méet va oteider n Alicectov
Bob(Ewéva 121).0 Bobotn cvvéyeia avti va AdPet to dnuocio kiedi tng Aliceba,
AaPer to dnuoécro krewi tov MITM vopilovtag mwg ovtd otdAdnke amo TV
Alice.Xt ocvvéyela dmog ko mpiv, o emAé€el Al wo toyaio Ty X, n omoia Oa
KpurToypapnOel pe To dnuocto krewi g vrotiBéuevng Alice(dev ewvan 1 Aliceaiia o
MiT) kot Oa TnVv oteiker otnv Alice.
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Alice MIiTM Bob
(rk, sk)e&==—G0O Pk’ sk)He&E— GO
""Alice", pk ""Alice", pk”~ >

128
Choose random in:{0.1}

DK,
"Bob", E(pk. x) "N uBob", E(k”, x)

<

Ewova 120:Maninthemiddleotn kpvrroypagio dnpocrov kKherdrod

Ovocaotikd o MiTMOa dakdyel to upvopa mov Oa myawve omo tov Bobotnv
Alicexot Oa T0 0moKPLTTOYPAPNGEL LE TO d1KO TOV PVOTIKO KAEWL dpa D(SK’, €) kot Oa
naOer v pootikn tun X.Téhoc Ba to Eavakpumtoypagnost pe to dNUOGLo KAEWSL TNG
Alicexat o tng 10 oTEiMEL

7.5 Xroygeio Osmpiog aprOpov

7.5.1 Baoikéc 1010TnTES TV OKEPAIWV

®a ypnowomomoovpe TV Bempio aplOudV Yo vo KOTOGKELAGOVUE TPOTOKOALN
AVTOAAQYNG KAEWIDV, YNOLOKES LTOYPAPES Kol Kpurttoypagio dnpociov kiewiwmv.ITo
AVOALTIKA,0E VTRV TNV vroevotta Ba avapepBodue ot Pacikég 1010TNTEG TOV
axepaimv aplumv kot o €vvoleg Om®S 1M OLPETOTNTA, TO YIVOUEVO TPOTOV 0plOUdV,
KOOl Kot LEYIGTOL KOWVOT S1opETEG Kot EAAYIOTO KOO TOAALUTAGGLO dV0 oplOUdV.

‘Eoto ot axépatot Z={..., -2, -1, 0, 1, 2,...} .T'wa x@0O¢ a, b€ Z0Oa Aépe 6t 0 adwanpei tov
b éav az=bya kanowo z€ Z.Eav 1o adwpei to b Oa ypapovue ajbxar Oo Aépe 611 10O
asival dronpétng tov bM 6t 10 beivar worremhdsro tov an to béwmpeitonr amo 10
a'Eav to adev dwipel to bOa ypdapovue ath.Ac dodue pepikd amoteAécpoto mov
Byaivouv oyetikd pe TNV dloupeTdOTNTA

Ocopnuae 7.5.1

I'o 6hovg tovg a, b, ce Z éyovpe :
e ala,lfa al0
e 0la edv kot pévo v a=0

e alb gav ko povo av —alb ov kot pdvo av al-b
e a|b ko alc Tot1E al(b+c)
e alb xoubc to1e a|C

Eniong mopotnpovue 61t €av albkor b#0 tote 1<[a|<|b|.Edv az=b+#0 ywo xdmoro
axéparo ztote a#0 ko z#0 tote |a|=1 xou [z|=>1 dpa |a|<[a]|z|=[b].

Ocaopnua 7.5.2
"o 6hovg ta @, be Z éyovpe albxat bla av kot udévo av a=+b.ITo cuykekpuéva yia
KGO a€ Z éyovpe all av ko pévo av a=+1

Amddeién

Eav a=xbtote albkor bja.Ac vrobécovpe 611 albron blakar 6o amodei&ovpe Ot
a=1b.Edv to a=0 t61te b=0 xon éav b=0 t61e a=0.00 VHOOEGOVUE OTL KAVEVA OO TOL
dvo 6év givar undév.Me oty v mapatipnon omo to albovverdyston 6t [al< |b| kon
10 blapog diver |b|<|a| dpa a=+b.I'o to devTEpo PéEPOG TG amddeEng BETovpe b:=1m
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Eniong va Bvpicovpe 6t 0o yvopevo 600 pn undevikdv axepaiov givor unoév.Avtd
QOIVETOL OTO TOV VOO NG OTUAOLQNS TOV 6ToYEioV: edv  a,bkat celvar axépatot
této101 dote a#0 ko ab=actote npémnel va Eyovpe b=c.AAmca(b-c)=0=b-c=0=b=c

Topaba mpénel va opicovpEe TOVG TPOTOVG Kol TOLG cVVOETOVG aPdpovs. Ectm o nva
elval évag Betikdc axépatockon Bewpovpe 6Tt 10 1 Ko o Ndtopovv 1o N.Edv n>1
Kol Kavévag 0eTikdg aképatog extog oo 1o 1 kot To N dgv dtapovv 1o NTdte Ba Aépe
0Tl T0 Neivan TPp@TOg aprOpdc.Edv n>1 kot to Noév eivan mpmdtog t0TE O Aépe OTL
etvar o0v0e106.0 apBuog 1 Bswpeitor 6t dev gival ovTe TPAOTOC OAAX OLTE KO
obvbetog opBudc.'evikd o neivar oOvOetog aptOpdg ov kor povo av  n=abyuo
KAOmo10vg akepaiovg a,bue 1<a<nkat 1<b<n.Megpikoi Tpdtot apbpoi givor:
2,3,5,7, 11,13, 17...

Osopnua 1.5.3(0csuciirdec Oedpnua s aprOuntikiic)
Ka0e pun undevikdg axépatog NUmopel va eKPPacTel MG

n=tp,°....p°"
OmoL P1,....,prelvar drapopetikol mpdTol apBuol kot e,.....eclvar  Oetkol axéporot
apOpot.Ilapammpnote 6t €ov N=11 t6te =0 KO TO YIVOUEVO UNOEVIKOV OpmV HOG
kével 1.To Bempnuo pog AEel OTL UTOPOVE VO EKPPAGOVE Evay LT UNOEVIKO aKEPOLO
®¢ ywopevo mpoteV aplfumv.Xmn ocvvéyewr o Eekwvnoovpe v omddelEn Tov
Beopnuotog aAla ko o glodyovpe kamowo gpyoreio mov Ba ypslactodue Yoo va
OAOKANPAOGOVE TEMKA TNV 0mAdEEN TOV.

Anddeién (bmapén)

H onddeiln g vmopéng tov  Beswpnuotog eivor  €ukoAn  vrdBeon.Oa
ypnoonomoovpe ™ péBodo g anaymyﬁg64.Ea\/ n=1 16te n MAwon eivar aAndng
pog kot to Netvat ywvopevo pndevikmv mapaydviov.Topa n>1 kot vroBétovpe 6Tt
K60e Oetikdg axéparog pkpdTEPOG amo To NBo pmopel va €kpacTtel MG ywoOueEVO
mpatv.Edv 0 neivor mpotog toHTE M OMNAwon eivor aAndng kabag to nelvar eivan
Ywopevo Tpotev.YTobEote 1dtE 0TL TO Netvar cvvOeTOg axépatog dpa Ba vITdpyoLV Ta
a,b€ Zpe 1<a<n, 1<b<n kot n=ab.Ano gmoywyn npémet kat to akat to bva pmwopodv
VO EKPPOGTOVV GOV YIVOUEVO TPAOTOV OTMG Kol TO N M

H vmapén g povadikdétntog ivor 1o d0okoAo onueio. Eva onpovtiko cuetatikd g
amoOdEIENg etvat To TopaKATe Bedpnua

Ocopnua 71.5.4
‘Ecto ta a, be Zue b>0.Tote vdapyovv povadikd g, re Z tétola dote a=bg+ricon
0<r<b

Amddeén

Oempnote 10 6€T Sun UNdeVIK®V akepaiov TG popeng a-btue t € Z.Avtd 1o oet
etvar kaBapd pn kevo a@ov éov a=0 totebétovpe t:=0 won éav a<0 téte BETOLUE
t:=a.Mwog kot kdBe pn undevikd o€t un undevikdv axepaimv dtabétel éva eldyioto Ha
0opiCOVIE TO FGOV TO HKPATEPO GTOLXEIO TOV S.ATO TOV OploUd TO retvar TG HOPPNG
r=a-bgyw kamoto g € Z xou r=0.Eniong mpénet va égovpe r<boeod aAding to r-bbo

 H pnébodog e smaywyhc, https://en.wikipedia.org/wiki/Mathematical_induction
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Ntav otoygeio pkpodtepo omo 1o rAv r=bba pmopovoope vo égovpe 0<r-b=a-
b(q+1).Avto amodeikvietl Ty VIapEN TOV rkat .

[No v povodikémmto  vmobBéote Ot a=bg+rkon a=bq'+r” omov 0<r<bku
0<r'<b.Téte pe agpaipeon £&xovpe r’-r=b(q-q’).Tote r’-reivar molhomAdclo Tov
b.Ouwg 0<r’'<bdapa |r'-r|<b.I'ia va yiver avtd mpéner r'-r=0=0=b(g-q") ka1 b0 mov
nog otvel mg amotédeoua 4-q'=0 m

Osopnua 7.5.5
‘Eotw a,b€ Zpe b>0 kot 0éote éva XE R.Tote vapyovv povadika q,r € Z 1€tola doTe
a=bq+rkon r €[X,x+b)

I'a va cvveyicovpe pe v anddeién tov Bempipoatos’.5.3 Oa mpénetl va opicovpe v
£Vvolo TOLIOEMOOVS TOVZTO 0To10 £fvat £va pn KevO cOVOAO akepaimv To omoio givat
KAEWGTO ¢ Tpog TNV TpOcheon Kat emiong KAEIGTO MG TPOG TOV TOALATAAGIOGUO LE
évav avBaipeto axépato.To pr kevo oet | © Zeivor 10e®0OES TOL Z av Kot Ldvo oV yo
6ho ta @, bE | ko Oha ta Z € Z 1oydet:
atb€lkmazel

Eivor éukoAo va dolpe 0Tt edv eva 10e®oeg vTocVVoAo | mepiéyet évav axépato atdte
Ba mepiéyet ko tov —apog kot —a=a-(-1) € ZEtor éav mepiéyel ta a,btote Oa
eumepiEyel ko 1o a-b.To {0} Aéyetonr TeTpyupévo 10e®ddec.ITio cvykekpyévo  gva
1WWemdeg vroovvoro letvar ico pe 10 Z av kot poévo av 1o 1E€lmov avtd pog deiyverl 6t
v K60e Z€ Z &xovpe z=1-z€ lxon dpa 1= Z.Tote 10 I Aéyeton pi yviioro 10e®oeg TOV
Z.

I'o Ol ta a € Z opilovpe to aZ:={az: z€ Z}.Apo. 1o aZ givol £va GET IOV TEPLEYEL
oA ta toAAamAidcio Tov a.Edv a=0 tote aZ={0} aAlimg 10 aZ meP1€el SOUPOPETIKOVG
axepaioug :

...,-33, -24, -3, 0, a, 2a, 3a,...
Eivaiévkoro va dobue 61t 10 aZ eivar 10eddeg av :yio OAa ta az,az' € Z xou Z2''€
Z éyovpe 6T az+az'=a(z+z") €aZ xon (az)z''=a(zz'") €aZ.To 1demdeg aZ ovoudletan
10e®OEC VTOGVVOAO TTOL YEVVIONKE Ao TO a.

[Mapatnpnote Ot1 Yo OAa ta. @, b € Z éyovpe bE aZav xar povo av alb.Ilapoatnpnote
akoun ot yo ke 10emdeg I Exovue bElav kot povo av b Z < LEGv cuvdvdcovue
aVTEG TIG dVO TopoTnPNoEl; Oo dovue 0tL b Z SaZav alb.YroBéote tdpa o1t I1, loeivan
10e®ON.Mmopovpe vo doOpe OTL :

|1+|2:{3.1+8.2 1€l azelz}
Toomnoiogivalemiongoemoes. Ymobéoteemiongotias +az€ 11+l
Kby +hoEl+1,. Toteéyovpedtt (a1+a)+(bi+hy)=(ar+b1)+(ax+hy) € I3+l  xoyaxédeze
Z &xovpedtt (ay+ag)z=a;z+a,z€ i+,

Ocaopnua 7.5.6
‘Eoto 10 Iva givan éva 10emoeg Tov Z.Tote vtapyetl £vag p UNOEVIKOS aKEPOLOG
dtétolog wote 1=d Z

Amoderén
[Mpdta Oa arnodeiovpe v vmapén tov Bewpriuatog.Eav to 1={0} tote d=0.Apa Oa
vroBécovpe 01t 1#0.Apov 1o I mepéyer un undevikovg akepaiovg toHTE B TPEMEL VL
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meptEyel BeTikovg akepaiovg pag kot €av a€ lto id1o0 Oa mpémet va 1oydEL Ko Yo TO —
a'Eoto o611 deivon 1o pikpotepo ototyeio tov cuvoro oto I Oa dei&ovpe ot1 I=d Z.

¥t ovvéxewn Bo  deiEovpe 6tt 1€ Z.Ia va yiver avtd Bo Bécovpe to ava eivon
onowdnmote otoryeio tov I.Tote 0.5.0 dja.Xpnowonoidvrog to Oed@pnpa 7.5.4&ovue
6t  a=dg+romov 0<r<dkai AOy® TV WOTATOV TNG KAEIGTOTNTOC TOV 10E®OMV
Biemovpe 0TL T0 r=a-dq sivon emiong ototyeio tov I kou wpémetl va £xovpe r=0 dnradn

dla.

Avtd amédeite v Vmapén tov Bewpniuotoc.Topa péver vo  deiovpe Vv
povadikotnta.Illpocé€ete 011 €dv d Z=e Zyio kamolov ur pndevikd oképailo etote
dlexon e|d 6mov amo to Bed@pnpa 7.5.2, d=te.Agov ta d.esivor un undevikd mpénet
d=em

[ToAv onuavikéc eivor ot €vvoleg moOv APOPOVY TOVG KOWVOVS Kol TOV MEYLGTO
Kowodwpétny ovo akepaiov apbudv.l'o a,be Z Ba Aéue ott 10 dE Z givan
Kowogowpétng tov akol bav djakow db.Emiong o d koAeiton péyieTog Kowvog
Swpémng éov to detvar pun apvnTikd Kot av OAOL Ot Kowvoi dtanpétec tov a, bdrarpodv
70 d.

Ocawpnuo 7.5.7
o 6ha to @, DE Zvmapyer o péyiotog kowvog dapétng dtmv a,bkat 1oyvel ot
aZ+tbZ=dZ

Amodeién

Oa gpoppocovpe 1o Oedpnpua 7.5.6 oto I:= aZ+b Z'Eotw d € Zue 1=d Z.0é\ovpe va
dei€ovpe OtL 0 deivor 0 péyrotog kowodg dtapétng tov a, b.Xnuewwote 611 ta a, b,
d € lelvar pun apvnrkd.Muwog xor  a€ I=dZ PAémovue 6t dla.Opoiwg dlb.Tote
BAémovpe ott to deivar o kowvdg dwopéne tov akal b.Enedn d € I = aZ+b Z 161¢
vrdpyovv S, t tétoln wote S, t € Ztétown dote ast+bt=d.Ymobétovpe tdpa 611 a=a’d’
kot b=b’d" ywo ko a’,b’, d” € Z.

Tote n e&iowon as+bt=d pag éyel cav amotéreoua 611 d’(@’s+bht)=dto omoio pog Aéet
6t d’|d Etot kdBe kowdg doupétmg d” donpel ta akon b.Avto pag amodeikvietl 6Tt o
deivar o péyiotog kowvdg dtopég tov a, b.la povadikdmrta mapatnpiote 0Tt £av T0
esival 0 péylotog kowvog dwopétng tov a,btote dlexan e|d dpo d=texar apov d,eun
apvnrtikoi tote d=em

o a, be Z ypapovpue ged(a, b) yia tov péyioto kowd dwpét tov a ,b.0a Aéue ot
T 3, bE Zeivan oyetikd TpdTor petad tovg éav ged(a, b)=1 1o omoio ivan 10 1610
oav va Aéyape 6Tl 0 LoVadIKOG KOvOg dtapétng Tov &, beivor +1

Mo ToAD onpavtikn évvola Tov amoppésl omo to Bempnpa 7.5.7 giva 6tul o0 GAovg
TOVG aKepOiovg X, Yumdpyovv oaxképatot a,btétolor wote a-x+b-y=gcd(x , y).Ta
a,bumopodv vo vmoloyiotovv TOAD €ukoho pe TN YpNoN Tov oAyopibpov Tov
EUK)\E{SHGS

% 0O alyop1Opog Tov Evkheidn, https://en.wikipedia.org/?title=Euclidean_algorithm
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Osopnua 7.5.8

‘Ectwa, b, r € Zxod:=gcd(a, b).Tote vrdpyovv S, t € Ztétoln  ote as+bt=rav kot
uovo av d|r.ITo cvykekpipéva ta akar beivor oyetika Tpmdtor peta&d tovg £av Kot udvo
av vIdpyovy aKépatol TETolol hote astht=1.

Andoeiln
astbt=rywoxdnowste Z @ reaZ+b Z ore d Z <dr.Eavbécn r=1 1018
OTTOOEIKVOWKOL TNV LOVOIIKOTNTA.

Osipyua 7.5.9
‘Eotw a,b , CE Ztétoln dote clabkon ged(a, €)=1.Tote c|b.

Andosién

YnoOéote 6t clabkar ged(a, ¢)=1.Agov gcd(a, c)=1lano to Bed@pnpa 7.5.8¢yovpe OT1
astct=1 ywo «dmown S, t€ Z.IloAomhooialoviag v &ficwon upe béyovpe Ot
abs+cbt=b.Muag kot to cdiapei o abamo v vdOeom TOTE TO CALOUPEL Ko kKabapd TO

cbtépa dranpei 10 aprotepd péAOG TG e&icmong kat TOTe To CoLopEl To akat bm

Hapatipnon
YnoBéote 611 0 peivor mpdTog Kou ko o agivol omowsonmote axépatoc.Eav ot

povoadikoi dtoupéteg Tov peivar ot +1 kKo =ptdte Eyovpue OtTL !

pla =gcd(a, p)=p
pta =gcd(a, p)=1

Osdpnua 7.5.10
‘Ectm o1t T0 peivon mpdTog Kot ag O¢covpe a, be Z.Tote plabpog diver plan p|b.

Amodeién
YnoBéote 611 plab.Eav plateieidoape. Tote Bo vrobéoovpe 6TL pra.Amo v mapamdve
nopotnpnon ged(a, p)=1 ko tote ano 1o Osd@pnpe 7.5.9 Eyxovue plom

Topa pmopovue va cuveyicovpe v amddelEn tov Bewpipartog 7.3.Anodeifape v
vrapén tov BePNUATOg GE TPOTYOVUEVEG GEAIDES Kol TP HEVEL va dei&ovpe TV
HovadtkotT T !

Amodeién Oswp 1.5.3(uovadikotnra)
Oa amodéiEovpe TV HOVOSIKOTNTO TOL OepNUATOg TOL OVTO onuoivel v To
P1,...pretvar TpdTOL 0apBpol kot Oyl amoapaitnTe. OlPOPETIKOL UETOED TOVLG KOt
J1,-..,0retvon emiong TpdOTOL TETOLOL MOTE!

P1...pr=Q1...0s
101€ (P1,...Pr) €lvar amhd por ovadidtaén  tov ((i,...0s).Oa 10 amodéi&ovpe e
emaywyn. Eav r=0 6a npénet va éxovpe s=0 kot tedetwcape. Topa vroBéote 11 r>0 Kot
N oMlwon otéketan ywoo r-1.Muwog ko r>0 mpémer vo égovpe kobopd S>0.Apov
Top1dtoupel To  aplotepd HéELOG TG oyfong tote to (jfa drpel 1o 6e&l pélog g
oyéonc.Ano 1o Bedpnpa 7.5.10 £yovpe OtL P1|gjyta Kémowo j=1,...S kot €av To gjetvan
npATog opOpdg ot P1=0j.ETo1 pmopodue va aopécovpe 10 P1 ano o aploTEPO
néLog kat to djamo to de&i PEL0G. Avto amodvkveisl TNV povadwkdtTnTo TOL BEMPTHOTOg
73 m
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Topa Ba avaeepBode 610 ELAYLETO KOO TOALOTANGIOOVO oKepainy aplBudv.lo
Kanowo a, bE Z 1o kowéd morhamhaoio towv a, beivar évog aképotog MTETO0G MOTE
almkan bjm.ITwo €d1kd to MAEyeTon EAGyI6TO KOO TOAATAAGI0 TV a,b av 0 Meivar
U UNOEVIKOG akEPOOG Kot dloupel OAa o, Kowvd moAlomAdoto tov a, b.Eivatl éukolo
va doUUE OTL TO KOO TOAAATAGGIO VTLAPYEL Kot eivar povadikd Kot cupPoAileTon d¢
Icm(a ,b).[a 6Aa ta @, bE Zedv f to anf 1o belvar undév 1ot 1O pPOVASIKO
TOAMOTAGG10 TOV &, beivorl To undév aAlag :

lem (a1 b) :Hp p max (vp(a), vp(b))

Axoun Kadvtepa pmopel va BempnBel og Tov HIKpOTEPO aKEPOILO TOV UTOPEL VO
dapebet amo ta akou b.

1.5.2lootyuieg ko exilvon YpouUIKOV ECIGMCEDY
[Ipdta Bo avapepBode oTIg WOOTNTESG TOV GYECEMV TNG loodvvapuiog kot petd Bo
avagepbovpe otic wotipiec. Eotm 10 Sva eivan éva oet.Muo d1ad1kn oyéon ~ kadeitot
1600VVaN oxéon €av 1oyveL OTL

¢ AvoKAOOTIKI: a~a Yo OAo To A€ S

e YvupeTpikn: a~a pag diver b~aywo 6lo o a, bE S

e Metopatuci: a~b kot b~c t6te a~Cc yww 6kt 8, b, CE S

Edv ~ elvar o oyxéon codvvapiog oto S, 10te Y @€ Sopilovpe v
KAGonoodvvapiog va évol to cuvolo {X € S : X~a}

Ocopyua 7.5.11

‘Eoto n va givar évog Betikog axépatoc.I'a OAa ta @, b, CE Z €xovpe:
e a=b (mod n)
e a=Db (mod n) pacdiver b=a (mod n)
e a=Db (mod n) xou b=c( mod n) pocdiver a=c (mod n)

Amodeén

o to a=b (modn) anld mapatnpodue 6t 0=a-a, yio 10 SEVTEPO TOPATNPOVUE OTL
gav 10 Ndwopel Ta a-btote Oa dwoupei ko 1o -(a-b)=b-a.I'a To Tpito £av tO NSLOUPEL TO
a-bron to b-ctote daupei kaw to (a-b)+(b-c)=a-cm

Acg dovpe pepkég Pacikég 1O10TNTES!

o Iootyueg pe 10 1010 pétpo  pmopovv vo mpooteholv, va apapebovv N va
TOAAOTAQGIOGTOOV KOTO LEAN

o Ta 600 péAn pog woTiog Propodv va TOAATAAGLOGTOOV UE TOV 1510 optOud.

o Av f(Xy,..Xp) glvor po TOA®VOLIKY TOpAcTOoT HE OKEPAIOVS GLVTEAECTES 8=bjmod(
m) yw i=1,...n tote f(ay,...,a)=f(by,...,b,) mod( m)

o Ta 600 péAn wog wotiog Propohv Vo, TOALOTAAGINGTOVY UE TOV 1010 apliud.

o Ta pédn g wotyiog pmopovv va dtoipefodv e Evav Koo Soupétn v dVo HEADY
NG WOoTOG, apKel AVTOC 0 SlopETng Vo Etval TPMTOC TPOG TO UETPO.

e Ava=b (modm) ko d=2 va givar o dwapétng tov M, tote a=b (modd)

e Ava=b (mod m) tote (a, m)= (b, m)
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Ocopnua 7.5.12
‘Ectotaa,a’,b,b’,  nuen € Z uen>0/Eava=a" (modn) kab=b"~ (mod n)
toteBaoyveldotia+b=a’+b” (modn) koua-b=a’-b” (modn)

‘Eocto 6tito ypaupa NOa ypnoyomoteitar yio va avapepbovpe og Beticodgakepaiovg,
Kol TO YpAupo Pyt avaeepBovpe oe €vav Betikd mpoto apBpdkol 10 GUVOAO
Zn=10,1,2...N-1} 10 omoio Oa opilel €&vav daxtuAl0 O6mOL Yivovtal TPOcHEGEIS Kot
nolandaciacpoi modulo kot ivat TOAD YPRGIUO GTNV KPLTOYPOPIo, YEVIKOTEPO.

Opioudg
H avtietpo@1] evoc otoyeiov Xoto Zneivar €va GAAO oToyElo 610 Zyn TETO0 OOTE VA

woyveX-y=1 oto Znkar toycopforileton (ng'l.Ms GAAa Aoyo X-y= 1 modN.

[Na mapaderypa éotm Nva givan évag meptttog apBpuoc.I1otdg eivar o avticTpoog Tov
apuod 2 otoZy;Eivar o N+1/2.Tw vo 10 emoinbedboovpe umopodue oamhd vao,
kavovpe 2-(N+1/2)=N+1=1 cto Z.

Anjuua 10 onolo pag Aéel OTL €0V, TO XTOV OVAKEL GTO ZNEXEL AVTIGTPOPO €4V Kt
povo av ged(x, N)=1

Oa mpénel va opicovpe éva véo oOvorlo to omoio Ba pag etvor moAD ypMoio otn
ocuvéyew.To oOvoro avtd ovpforileTon MGZy Kol TEPEXEL OAOL TA OVTIGTPEYILN
ototyeio Tov GLVOAOL Zn.Me cupfolicpoig éxovpe Zy ={X€E Zy :gcd(x, N)=1 }

Eav pag ddoovv o e€icwon g popeng a-x+b=0 oto Zytote 1 Abon g sivar nx=-
b-a’oto Zn.To a'lwtopsi va Bpebetl ToAD vkoda yPNCLOTOLDVTOG TOV AAYOp1Oo TOv
Evieidn oe ypovo O(log?N).

7.5.3Fermat®xa: Euler®”’

Y& autnv TV evotnto. B ypnolporotoovpe Bedpnuato tov Fermatkatr Tov Euler yia
vo edyove KATOW OMUOVTIKG amoTEAEoUATO OV B pHOg  XPEWCTOOV  OTN
ocvvéyeln.@o pidnoovpe yw v 6opfy tov Zp*,tov fabud g yevvhtplag gndve
oto Zp* ;v yevikevon to Bewpnpatog Fermatano tov Eulerpe xprion g cuvéptmong
¢ Kol TOG PpioKovpe TOV avTiGTPOQO.

OémpnyuakFermat 7.5.14

Ynobéote 011 cog divouv évav mepirtd apBud p.Tote yo kKGbe oToryelo XmMOv aviKet
ot0 Zn* 1oyder 6TL XPT=1 610 Z,'Exovpe 6Tt X € (Zy) =x-xP*=1=x"=x"?ct0
Z,. Avtog etvor €vog TPOTOG VTOAOYIGHOD TOL OVTIGTPOQOL OAAo eivor AydTEpPO
0moS0TIKOC a0 Tov ahyoptopo tov Evkheidn agob maipver O(log®p).

Ac¢ Tpoywpricovue o€ avTd oL ovoudlovuekaTackel) Tov (Zp)*nov givon Bedpnua
tov Euler.To (Zp)* (avagéptor kot dckukAkn opada). Tt onpaiver dpog 61t 10 (Zp)*
elval o KOKAIKY) opdda; Enpoivetl ot

39 €(Zp)* : {1, 9, &, & e 0" I=(Zp)

% O Ihep vte Depudr, https://en.wikipedia.org/wiki/Pierre_de_Fermat
87 0 eovapvt Okep, https://en.wikipedia.org/?title=Leonhard_Euler
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Omov 1o govopdaleton yevvritpua(generator) tov (Zp)*.Ot dvvduelg tov guog divovv
Ola Ta oTotyeio Tov GUVOLOL (Zp)*.Ag dolue £va Eva Tapadetylo Thve og avTo:

YmnoBéote o0t1 p=7.Tote {1, 3, 32, 3% 3%, 35}2{1, 2, 6,4, 5}=(Z7).0nng dev givar OAa ta
otoyela yevvntpileg.l'o mapdoetypa €ov maipvape Tig Suvauels tov 2 tote Ba glyape
{1, 22,23, 2* 2°}={1, 2, 4} Emonc atilet vo Bupdpaote OTt yio kdbe g€(Zp)* 7o oet
{1, ¢°, ¢°...} mov yewvdran amo o govpPohrileron pe <g>.Ovopdtovue padpé(order)
T0V JE(Zp)* (mov eivarovsiactikd etvar to péyebog Tov <g>):
ordp(9)=|<g>|=(smallest a>0 s.t g°=1 in Z,)

Ag dobe pepkd mopodeiypora

o 0rdy(3)=6.Eé® {ntape mod eivar to order tov 3mod7.0vcaotikd potaue To10 givat
10 péyehog g opddag mote 0 3 va yevvdel to mudulo 7.Eivar 1o 3 1 yevvitpla tov
7;To 3 wvyewder Oho To otoyeia mov vmdpyovv otov  (Z7)*.Ymapyovov 6
ototyeia(elements) oto (Z;7)* xar PAémovpe dt1 0rd;(3)=6.

e ord;(2)=3.E4v kourd&ovpe 610 oeT TOV duvipeov 2 mod 7 tote £xovpe ot {1, 27,
243=(1, 2, 4}.0note [{1, 2, 4}]=3

e ord;(1)=1.To amotéreopa pag givar 1 616t £av kortd&ovpe oty opudda tote Ho dodue
otL vmdpyel povo éva ototyeio ekel mov glvar 1o 1 dnradn {1} dpa &yovue o6t [{1}[=1.

Eva mold onuavtikd Osdpnua(@edpnpo 7.5.15) givar avto tovLangra9668n01) pog
Aéel 0TL
Vg € (Zp)* :ordy(g)= dwmpei to p-1.

Edv kavoupe epappoyn tov Bempnpuérog 7.5.15 ota mponyovpeva mapadsiypoto Oo
dovpe 01t to 6 drupel o 7-1 kabwg To 6 drapet to 6, To 3 dupel o 7-1 apov 10 3
dapet to 6 ko to 1 droupet t07-1.

Osépnua Euler?.5.16

INo évav oképato oapOpd N, @(N)=|(Zn)*| omov @(N) m ovvaptnen Euler.la
napaderyua o(12)={1, 5, 7, 11| onote @(p)=p-1.I'evikd av toyer N=p-qrote Oa 1oyvet
o(N)=N-p-g+1=(p-1)(q-1).Ioxvet yia k&b Xaviket oto (Zy)*ott x*™=1 o10 Zy,

1.5.4 Enilvon tetpoywvikwvellomnoewy

‘Eoto pva sivar €vag meptttdg mpadtog apipogkol cvo avikel 1o Zp.Mropodue va
AMocovpe eohoelc e popefic x>-c=0, y*-c=0, z*’-c=0 oto Zy.I'a mopddetypa 6to
TPMOTO TOAVOVVLO TPEMEL Vo, VToAoYicovpe VX, 6To dévtepo TV /Y, evéd 6To Tpito
0£LovLe v vTOAOYicoVLE THY “V/Z.

Opiouog

Onwg ko piv petvan meprrtdg apdpockar ¢ € Z, tote vIdpyel X €Z,1é1010 © X°=CoT0

Zyto onoio ovopaletaumodulare’throotrovc(modularekfetikn piCa tov C).

Ag dovpe pepikd mapadeiypato tov Pacifovial oTov opiopd:

%80Langrage, https://en.wikipedia.org/wiki/Joseph-Louis_Lagrange
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o 7"=6o10 Z1.Enedn 6°=216=7 610 Z11.0m61e 1 kufuch pifa 7mod11 wcovton pe 6
e 3Y2=5 510 Z11 01011 52=25 10 omoio eivan 3 mod 11.Apov 25mod11=7
113=1 o610 Z11 51611 Whyve Evay apldpd Tov Gua TOV VYHOGM GTO TETPAYOVO KOl KAVe

NV TPA&N avTov ToL amoTteAécatog Le To 11 Ba mpémet va Exo amotédheoa 1.

No onueidoovpe eniong 0Tt avtég ot pileg ogv vwapyovv mavra.llapadérypatog yapn
Oév LIApYEL TO 2Y2 510 Z11.Eva mokd ONUOVTIKO EPAOTNUO ElVOL EKTOC OTO TO €OV
vdpyovy avTEG ot pilec, €vor Eov UTOPOHV VO, VTTOAOYIGTOUV «OTOJOTIKAY». Y T00EaTE
ot Oéhovpe va voloyicovpe to ged(e, p-1)=1.

Tote yia 6ho T C oto (Zp)* : clled ot0 Zp kou &ivor TOAD €VKOAO Vo
vroAoyiotel.Miag kot 10 € eivar  oyeTkd TpdTog pHe 10 P-1 yvopilovpe Ot T0 € £)EL
avtiotpogo mov Tov ovopdlovpe d kot woyder d=e-1 610 Zy.1(1).BAémovpe ot cule=c*
oto Zp(2)H tehevtaio e&icmon pog deiyvel 0Tty OAQ T0. C TOL AVAKOLY 6TO ZP M
ek0eTIKES Pileg aVTOV VITAPYOVY.

Aelape tedkd 611 M ekBetikn pilo vdpyel OTav T0 € givan oyeTIKA TpdTO PE TO P-1
Kot gfvor moAd €ukolo va vmoAoyiotel ypnotponowdvrog Vv egicmon (2).Topa Ha
dovpe T Ba yivel otV TEPITTOON TOL TO €0EV  EIvOl GYETIKA TP®OTO pe 10 P-1.10
napadetypo e=2.Ilpdta ouwc Oa dDGOLVUE TOV OpPIoUO TOV  TETPUYOVIKAV
weovmoloinmv(quadraticresidues)

Opioudg

"Eoto 0 aképaiog M>1 kot 0 anpdtog dg mpog Tov M.Av 1) iotyiia X*=a (modm) &yst
Aon  tote ayapoktnpiletol OG TETPAYOVIKO 160VTOLOUTO  UETPO M.ALPOPETIKA
TETPAYOVIKO ovicovmolowro pétpo M.Av a=b (modm) givan mpogavég 6Tt to beivar
1oobmOLouTo HETPO M.

Ocwpnua 7.5.17
‘Eoto mepttdg mpmdTog P T0TE £XOVLE !

o ’'Eva meplopiouévo odotnue vToloinmy UETPO P mepiExel akpPag P-1/2 to mAnbog
TETPAYOVIKG, 100DmOloume.  Ta omoio. eivar woTa pe toug apdpovg 12, 2%...(p-
1/2)*(1)

e 'Ecto (a, p)=1.Av 0 a givar Tetpayovikd 1obmdromo p tote a” =1 (mod p) (2) evid

. ; r s -1/2__
éav o agivar teTpaymvikd avicobmorowmo tote ¥ = (modp) (3)

Mo épag  éva X € Zpeivor tetpoymvikd oovmorowmo(quadraticresidueQ.R) av €xet
teTpayovikn pile oto Zp.Av pévag meptttdg mpdtog apduds , tote o apudc tov
TETPOYOVIKOV 160VTo oIty  givar p-1/2+1 emedn yvopilovpe 611 axpiPdg to pod
ototyeio Tov Zp* €yovv TETpOy®VIKE 1G0VTOAOITO AOY® TG SQUAreGLVAPTNONG TOL
gtvan 2 mpog 1.0pmg 610 Zp€YOvHE Kot TO UNOEV LG KOl a0TO EYEL TAVTO TETPOYMVIKO
wobmoéAowmo emewdn 0°=0, émote mpocOétovpe +1.Eav pog ddcovv éva ototyeio X to
onoio Ba aviketl 6to Zpba pmopodpe va movpe av €xel tetpaymvikn pila 1 oyl Oa to
dolLE aVTO 6TO TaPUKAT® BedpnpLaL

Ocopnuae 7.5.18
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X(p-l)/2

Edv X€ (Zp)* et tetpayovikh pila(évor TeTpay®vikod 1600TOA0TO) E0v =1 ot0

Zp

Znusiwon:x#0 =>xPV2=(xP1)2=12e£1 -1} 610 Z,.To cOuBoro xP2ovopatetar
sOpporo Tov Legendre®(1798)

‘Eva axoun 0épa elvar mowg 0o vmoAoyicovpe avtéc T piles. Ymdpyovv dvo
neputtooelc.Ilpota 0o avapepbovpue ot mepintwon mov p=3 (Mod 4).

Arjuua: £6vC € Zykon ivon £vo TETPay@VIKO 1600TOAOTO TOTE Ve=cPs10 Z,.
Amdoeitn
[P 2=cP*D2=cP 0= 1 .c=cot0 Z,m

/.6Epoticsicke@airaiov

Epotyon 1

Consider the toy key exchange protocol using an online trusted 3rd party (TTP)
discussed in Lecture 9.1. Suppose Alice, Bob, and Carol are three users of this system
(among many others) and each have a secret key with the TTP denoted Ka,kp,Ke
respectively.

They wish to generate a group session key kagc that will be known to Alice, Bob, and
Carol but unknown to an eavesdropper. How would you modify the protocol in the
lecture to accomodate a group key exchange of this type? (note that all these protocols
are insecure against active attack.

a) Alice contacts the TTP. TTP generates a random kagc and sends to Alice
E(ka,kABc),tiCkeh(—E(kb,kAgc),tiCket2<—E(kc,kAB(;).
Alice sends kagc to Bob and kagc to Carol.

b) Alice contacts the TTP. TTP generates a random kagc and sends to Alice
E(ka,kABc),tiCkeh(—E(kc,E(kb,kABc)),tiCket2<—E(kb,E(kc,kABC».
Alice sends kagc to Bob and kagc to Carol.

c) Bob contacts the TTP. TTP generates random kagc and sends to Bob
E(kb,kABc),tiCkeh(—E(ka,kABc),tiCket2<—E(kc,kABc).
Bob sends ticket; to Alice and ticket, to Carol.

d) Bob contacts the TTP. TTP generates a random kag and a random kgc.
It sends to Bob

E(ka,kAB),tiCket]_(—E(ka,kAB),tiCketQHE(kc,ch).

Bob sends ticket; to Alice and ticket, to Carol.

Anradyvryon
The protocol works because it lets Alice, Bob, and Carol obtain kasc but an
eavesdropper only sees encryptions of kagc under keys he does not have.

%%0Legendre, https://en.wikipedia.org/wiki/Adrien-Marie_Legendre
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Epotyon 2

Let G be a finite cyclic group (e.g. G=Z,*) with generator g. Suppose the Diffie-
Hellman function DH4(g*,g%)=g" is difficult to compute in G. Which of the following
functions is also difficult to compute?

df(g*, ¢)=(/g)**
b)f(g", g¥)=g>*¥*!
0f(g", ¢)=g"*"
d)f(g*, 9*)=g™”

Anrayrnon
foz gy Xty
This function is difficult to compute. Suppose an attacker can compute f.

He could then compute DH with the equation
DH(g" ¢") = g¥ = (g", @)/(9 - 9°")
f= gX(y+1)

This function is difficult to compute. Suppose an attacker can compute f.
He could then compute DH with the equation

DH(g", ¢°) =g = (9", ¢")/g"
f-= g(X-Y)

This function is not difficult to compute. Specifically, an attacker can
compute f by simply computing g*/g” = g *¥

f:= (Jg)**
This function is not difficult to compute. Specifically, an attacker could
compute f from sqrt(g*- g*) = f(g*, ¢”)

So the correct answers are b and ¢

Epotnon 3

Suppose we modify the Diffie-Hellman protocol so that Alice operates as usual,
namely chooses a random a in {1,....p—1} and sends to Bob A«g®. Bob, however,
chooses a random b in {1,...,p—1} and sends to Alice B<—g1/b. What shared secret can
they generate and how would they do it?

a)Secret=g®°. Alice computes the secret as Band Bob computes A
b)Secret=g®. Alice computes the secret as B*%and Bob computes A”.
c)Secret=g”?. Alice computes the secret as B? and Bob computes A,
d)Secret=g®®. Alice computes the secret as BY2and Bob computes A®.

Amndvrnon
The correct answer is a.Since Bob sends Alice g'°, she has no way of computing
g®.The secret key must therefore be g*°. They generate this key as B* and A™. In

other words: secret = g*°. Alice computes the secret as B* and Bob computes A"

Epotyon 4

Consider the toy key exchange protocol using public key encryption described in
Lecture 9.4. Suppose that when sending his reply c«—E(pk,x) to Alice, Bob appends a
MAC t:=S(x,c) to the ciphertext so that what is sent to Alice is the pair (c,t).
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Alice verifies the tag t and rejects the message from Bob if the tag does not verify. Will
this additional step prevent the man in the middle attack described in the lecture?

a)lt depends on what MAC system is used.
b)It depends on what public key encryption system is used.
c) Noandyes

Anadyvriyon

The additional step does not prevent the MitM attack. An attacker canintercept the
initial message from Alice to Bob, and replace pk with pk'. He sends pk' to Bob, who
responds with (E(pk’, X), S(x, E(pk’, x)). The attacker then decrypts E(pk’, x) to
determine x, computes E(pk, x) and sends (E(pk,x),S(x,E(pk,x)) to Alice. Alice sees
that the MAC is correct and communicates insecurely with Bob.

Epotyon 5
The numbers 7 and 23 are relatively prime and therefore there must exist integers a and
b such that 7a+23b=1. Find such a pair of integers (a,b) with the smallest possible a>0.

Given this pair, can you determine the inverse of 7 in Z,3?

Anravinon
7x10+23%(=3)=1. Therefore 7x10=1 in Zy3 implying that 7—1=10 in Z3.

Epotnon 6
Solve the equation 3x+2=7 in Zg.

Amravinon
3x+2=7= 3x=5=x=5-(38%)=513=65mod19=8

Epotyon 7
How many elements are there in 35*?

Anravinon N N
We aim to find |Z 35 | .Since 35 =75, |Z35 |=35-7-5+1=24

Epotnon 8
How much is mod11? (Please do not use a calculator for this)
Hint: use Fermat's theorem.

210001

Andvryon
We aim to find 2'°°”* mod 11.Femat's theorem says that xX®™% = 1 in Z,.
So consider the ring Z11, so X' =1in Z

We notice that 2110008 = 2.2(10000) = 5.(((21%)1%)10) 10y = 2.1 = 2 in 73,

Epotnon 9
While we are at it, how much is 2***mod35?
Hint: use Euler's theorem (you should not need a calculator)

Anrdyvryon
We aim to compute 22> mod 35.Since 35 = 7-5, phi (35) = 24.
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2245= =25.2240 = 25,220 From Euler's theorem, we see that 2%* = 2P = 1 jnZs
So we have 2% =2°.1 =32 in Zss

Epotyon 10
What is the order of 2 in Z35*?

Anrayrnon

We aim to compute ordss(2).By Lagranges theorem, ords(2) | 4 and ord;(2) | 6..So
ordss(2) | 24.Clearly ordy(35) > 5, so we try 6, 8, and 12.

2°=64=29in Zss*, 28 = 256 = 11 in Zss*, 2'2 = 4096 = 1 in Zss*

So ord, (35) =12

Epotyon 11

Which of the following numbers is a generator of Z;3*?
a) 2,(2),{1,2,4,8,3,6,12,11,9,5,10,7}

b) 10, (10),{1,10,9,12,3,4}

c)4,(4),{1,4,3,12,9,10}
d)6,(6),{1,6,10,8,9,2,12,7,3,5,4,11}

e) 8,(8),{1,8,12, 5}

Anravinon

The generated groups shown are not trickery. Since 13 is prime, all positive integers
less than 13 are in Z3*. So the generators are 2, 6, and 7.So the correct answers are a
and d.

Epotyon 12
Solve the equation x*+4x+1=0 in Z,s. Use the method described in lecture 9.3 using the
quadratic formula.

Amravinon

We aim to find the solution to x* + 4x + 1 = 0 in Zs.

x=(-b+Vb? — 4ac)l2a =(-b+Vb? — 4ac) -(2a) '=(-4+V16 — 4) -2=(-4+/12) -(2a)™
The inverse of 2 in Zyscan be found easily since 2! in Z_N for any odd N is just
(N+1)/2. Here N=23, so 2" = 12. Thus we have (-4++v/12) -(2a)™

Now since 23 = 3 mod 4, v/12 can be computed using the simple relation

V=™ in zp where p is 23.

So v12= 12***mod 23 = 12° mod 23 = 9.S0 now we have:
X=(-4+9)-12={5-(12,-13 (12} = {60, -156} = {14, 5} in 23

We can verify easily:

14% + 4-14 + 1 = 253 = 2311

5%+ 4.5+ 1 =46 =232

Epotnon 13
What is the 11th root of 2 in Z19? (i.e. what is 2/ in Z10)
Hint: observe that 11—1=5 in Zis.

Anrdyvrtyon
We aim to find 2 Y™ in Zyo

We have a theorem that says when gcd(e, p-1) = 1, then ¢*® is c®

-1
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Fortunately, 11 and 18 are coprime. That is, gcd(11, 18) = 1.

So 2¥M1= 2% where d = the inverse of 11 in Zs.The inverse of 11 in Z;gcan be found
efficiently using euclid's algorithm.We compute 117 = 5, so the 11th root of 2 in Zysis
25: 13in Zag

Epotyon 14
What is the discete log of 5 base 2 in Z;3? (i.e. what is Dlog2(5))
Recall that the powers of 2 in Z,3 are (2)={1,2,4,8,3,6,12,11,9,5,10,7}

Anadyvriyon

We aim to find Dlogy(5) in Zy3.That is, we aim to find x so that 5 = 2* in Z1s.

From inspection of the generated group <2>, we see that 2° = 5 in Z3, s0 Dlog,(5) = 9
in Z13.

Epotyon 15
If p is a prime, how many generators are there in Z,*?

Armavinon
Let p be a prime number.An element g in Zy*is a generator if |<g>| = |Z,*|. The set of
generators of Zy*is precisely the set {g : |<g>| = |Zy*| = p-1}

Ipoypouuaticrikyocknon 5

Your goal this week is to write a program to compute discrete log modulo a prime p.
Let g be some element in Zy*and suppose you are given h in Zy*such that h=g* where
1<x<2%. Your goal is to find x. More precisely, the input to your program is p,g,h and
the output is x.The trivial algorithm for this problem is to try all 2*° possible values of x
until the correct one is found, that is until we find an x satisfying h=g” in Z,. This
requires 2*° multiplications. In this project you will implement an algorithm that runs

in time roughly V240 =2% using a meet in the middle attack.

Let B=2%. Since x is less than B? we can write the unknown X base B as x=x,B+x1
where Xo,X; are in the range [0, B—1]. Then:
h:gX:gxoB+x1:(gb)x0 . gxlﬁTOZp*
By moving the term gx1 to the other side we obtain:
h/g*1=(gP)*° o0 Zp*

The variables in this equation are xo,X; and everything else is known: you are given g,h
and B=2%. Since the variables x, and x; are now on different sides of the equation we
can find a solution using meet in the middle (Lecture 3.3):

e First build a hash table of all possible values of the left hand side h/g*ifor

x1=0,1,...,220.

e Then for each value x0=0, 1, 2,...220 chech if the right side (gP)* is in this
hashtable .If so then you found a solution (x0,x1) from witch you can compute
the required x as x=x0B+x1.

Now that we have an algorithm, here is the problem to solve:
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134078079299425970995740249982058461274793658205923933
\77723561443721764030073546976801874298166903427690031
\85818648605085375388281194656994643364900608417

0=
11717829880366207009516117596335367088558084999998952205
\59997945906392949973658374667057217647146031292859482967
\5428279466566527115212748467589894601965568

h=
23947510405045044356526437872806578864909752095244
\952783479245297198197614329255807385693795855318053
\2878928001494706097394108577585732452307673444020333

Each of these three numbers is about 153 digits. Find x such that h=g* in Zp.To solve
this assignment it is best to use an environment that supports multi-precision and
modular arithmetic. In Python you could use the gmpy2 or numbthy modules. Both can
be used for modular inversion and exponentiation. In C you can use GMP. In Java use
a BiglInteger class which can perform mod, modPow and modInverse operations.

Armavinon

O KOIKAG NG TPOYPAUUOTIOTIKNG doknong Ppioketal €00.0 okomdc pog sivor vo
vroAoyicov e TOV d1aKPLTO AoYapBo evog meptttol apBov p.Ymobétovpe ot gelvar
éva ototyelo oto Zp* ko pog diverar eva hmov Ppicketar 6To 010 GHVOLO TETOWO MOTE
h=g*.0 oromdg pag ivar vo Bpodpe 10 X.O0 ¥pel0cTOOUE TAVOD OO 2% mOavES TIHEG
0V Xpéypt vo. Bpodue v cmot Tipr £t ®ote h=g*.0a fswpricovpe éva B=2% ko
Ba ypdwyooue to X=XgB+X16mov Xo,X1 avikovv oto [0,B-1].Téte O dnpovpyncovpue
éva hashtable pe 6ieg g mbavég Tipée h/g*t Metd yia kGde Ty Xo=0,1,..22°0a Sovpe
éav 10 Sefl péhoc gB eivan e avtd to hashtable.Eav vau tote Bprikape pia Adon
(X0,X1) 6OV PTOPOVE VO VTOAOYIGOVE PETE TNV TapdoTact X=XoB+X;.

Apycd dnpovpyodue e cuvaptnon mov thv ovopdlovpe compute x0s(p, h,gB) 1
omoia yo. k4Oe T tov i oto Brar g mapdotaong g° Yo Hog EMOTPEPEL T Xo.
Emiong pe ™ ovvaptnon discrete_log(p, h, g, maxExp=40) vroAioyifovpe t0 TéTO10
®ote  h=g*modpagod 0écovue 611 10 B=27".T1m ocvvéyei vroroyilovue o Xikat
npoonafovpe vo eléyEovpe yuo 10oTNTO 0TAL OV0 pPEAN g e€lwong .Av n odtTa
oyVEL EMOTPEQETOL I TIU | X=XoB+X1.H cvvaptnon def _test() ypnowomomndnke yia
Vol apYIKOTOMGOVUE TIG TIWES P,g, h.Tehog mpdttovpe 2 t66T.0T0V TO XTNV EAYIOTN
dvvatny T, Kou OTav TO XEyeL TV peywotn dvvary T v emivon
YPNOomoovpe TV péytotn dvvarty Tt Tov X.H é€0do¢ Tov mpoypdppatog paiveton
TOPUKATO:

Running tiny test
Computing x1s...
Checking for equality...
Found values!

x0 = 0
x]l = 3
x == 3

Tiny test passed!
Running short test
Computing x1ls...
Checking for equality...
Found values!

x0 = 90

x1l = 192
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x == 23232

Short test passed!
Running long test
Computing x1ls...
Checking for equality...
Found values!

x0 = 357984

x1l = 787046

x == 375374217830

Long test passed!

7.7Avarvtikn faBpoioyio

You submitted this homework on Fri 5 Jun 2015 2:33 AM EEST. You gota score of 14.00 out of 15.00

Question 1

Consider the toy key exchange protocol using an online trusted 3rd party (TTP) discussed in Lecture 9 1. Suppose Alice, Bob. and Carol are three users of this system (among

many others) and each have a secret key with the TTP denoted K.k . k. respectively. They wish to generate a group session key kage that will be known to Alice. Bob, and Carol

but unknown to an eavesdropper. How would you modify the protocol in the lecture to accomodate a group key exchange of this type? (note that all these protocols are insecure

against active attacks)

Your Answer
Alice contacts the TTP. TTP generates a random Kkagc and sends to Alice
Ekg. kapc), ticket; «— F(ky . kape), tlickely — Eik,. kage)

Alice sends kypc to Bob and kape to Carol.

Alice contacts the TTP. TTP generates a random kagc and sends to Alice
Eiks. kage). lickely, « Eck. E(ky. kapc)). lickely «— E(ky, E(k..kage
Alice sends kagc to Bob and kage to Carol.

Bob contacts the TTP. TTP generates random k4 and sends to Bob -

Ekp kg tickety « E(kg, kape), tickely « FEik. kagc).
Bob sends ticket| to Alice and ticket; to Carol

Bob contacts the TTP. TTP generates a random k4g and a random Agc.
It sends to Bob

F(kg.kag). lickel] «— FE(k, kag). lickely — E(k..kge).
Bob sends ticket| to Alice and tickel; to Carol

Total

Explanation

The protocol works because it lets Alice, Bob, and Carol obtain kage but an
eaesdropper only sees encryptions of kagc under keys he does not have

Ewéval2l:Epdtnonl-Week5
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Question 2
Let G be a finite cyclic group (e.q. = Z) with generator g. Suppose the Difie-Hellman function DH, (27, 8") = &% is difficult to compute in G. Which of the following functions

is also difficult to compute

As usual, identify the f below for which the contra-positive holds: if f{+, ) is easy to compute then so is DHy (-, ). If you can show that then it will follow that if DH, is hard to

compute in (7 then sa must be f

Your Answer Score  Explanation

v 025  ltiseasytocomputef asf(g".8") = /&* - ¥
Jigtgh =@+

/ v 025 analgorithm for calculating f{£*,£”) can easily be converted into an algorithm for calculating DH(-,). Therefore, if f were easy to
fig gy = gt compute then so would DH, contrading the assumption.
1 v 025  analgorithm for calculating f(2".£%) can easily be converted into an algorithm for calculating DH-. ). Therefore, if / were easy to
g = gD compute then so would DH, contrading the assumption.

et g =g v 025 ltiseasytocomputef as f(g*.8") = g*le".

Total 1.007
1.00

Ewéval22: Epdon 2-Week 5

Question 3

Suppase we modify the Diffie-Hellman protocal so that Alice operates as usual, namely chooses a random @ in [ 1,....p — | and sends to Bab A + g Bob, however, chooses a

random b in {1,...,p— 1 and sends to Alice B + ¢'® What shared secret can they generate and how would they do it?

Your Answer Score Explanation

+ secret = g% Alice computes the secret as B and Bob computes A t. v 100 This is correct since it s not diffcult to see that both will obtain g2
secret = . Alice computes the secret as BY and Bob computes A°.
secret = g _Alice computes the secret as B? and Bob computes A t.
secret = g2 _ Alice computes the secret as B' and Bob computes A®

Total 100/1.00
Ewoval23:Epo®ton 3-Week 5
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Question 4

Cansider the toy key exchange protocol using public key encryption described in Lecture 9.4. Suppose that when sending his reply ¢ « E(pk,x) to Alice, Bob appends a MAC
1 := 5(x,c) to the ciphertext so that what is sent to Alice is the pair (c, ). Alice verifies the tag 1 and rejects the message from Bob if the tag does not verify. Will this additional
step prevent the man in the middle attack described in the lecture?

Your Answer Score  Explanation
it depends on what MAC system is used.

it depends on what public key encryption
system is used

no v 1.00 an active attacker can still decrypt F(pk’, x) to recover X and then replace (¢,1) by (¢',1") where
¢« E(pk.x) and 1 < S(x,c").

yes
Total 1.00/

1.00
Ewoval24:Epoton 4-Week 5

Question 5

The numbers 7 and 23 are relatively prime and therefore there must exist integers @ and & such that 7a + 236 = 1. Find such a pair of integers (a, b) with the smallest possible
a = 0. Given this pair, can you determine the inverse of 7 in £237
Enter below comma separated values for a. b, and for TV inZm.

You entered:

10.-3

o~

Your Answer

Score Explanation
10.-3 x 0.00
Total 0.00/1.00
Question Explanation
7% 10+23%(=3)=1_Therefore 7% 10 =1 in Z23 implying that 7~' = 10 in Za3

Ewova 125:Epdton 5-Weekb

Question 6
Solve the equation 3x+2 =7 in Z 9.

You entered:

8

F

Your Answer

Score Explanation
8 v 1.00
Total 1.00 7 1.00

Question Explanation

x=(1-2x3 ' ezp

Ewova 126:Epotion 6-Week 5
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Question 7

How many elements are there in £357?

You entered:

24

Your Answer
24

Total

Question 8
How much i 21001

Hint: use Fermat's theorem.

You entered:
2

Your Answer
2

Total

Question 9

) ) )
While we are at it, how much is 22

mod 357

Score
v 1.00

1.00/1.00

Ewoéva 127:Epdiion 7-Week 5

mod 117  (please do not use a calculator for this)

Score
v 1.00

1.00/1.00

Ewova 128:Epdtnon 8-Week 5

Hint: use Eulers theorem (you should not need a calculator)

You entered:

32

Your Answer
32

Total

Score
v 1.00
1.00/1.00
Ewova 129:Epdtnon 9-Week 5

Explanation

A

Explanation

z

Explanation
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Question 10
What is the order of 2 in Z3;7

You entered:

12
4
Your Answer Score Explanation
12 v 1.00
Total 1.00/1.00
Ewéva 130:Epdtnon 10-Week 5
Question 11

Which of the following numbers is a generator of ;7

Your Answer Score Explanation

<2 ()=1{12,48361211,9510,7) v 020 comedt, 2 generates the entire group 7
10, (10)=1{1,10,9,12,3,4} v 0 No, 10 only generates six elements in Z13.
4, (4)=1143,12,9,10 v 02 No, 4 only generates six elements in 775

¢ 6, (0)=11,6,10,8,9,2,12,7.3,5,4,11) v 02 comect, 6 generates the entire group Z7;
8,  (8)=(18125) v 020 No, 8 only generates four elements in 3.

Total 1.00/1.00

Ewova 131:Epdtnon 11-Week 5
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Question 12

Solve the equation ¥ +4r41 =0 2y Use the method descived n e 93 using fhe quadrafc forula

You entered:
{145
/

Your Answer Score Explanation
{145 v 1.00

Tota 1007100

Ewéva 132:Epdtnon 12-Week 5

Question 13

Whatsthe {1 oot of 2 Zy? e whetis 2" nZ
ik obsene that 117" = Si Iy,

You entered:
13
/
Your Answer Score Explanation
13 v 10
Tofal 1010

Ewoéva 133:Epdnon 13-Week5
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Question 14

Vihat s the ciscetelog of & base 2n Z137 1 . what s Dlogy (3)

Recal tht the powersof 2n Zy e (2)= {1,248, 36,12,11,9,5,10.7)

You entered:

)

/
Your Answer Score Explanetion
) v lll

ot L0010

Ewova 134:Epdtnon 14-Week 5

Question 15

If p is a prime, how many generators are there in 7,7

Your Score Explanation
Answer

(-1

@+ D2
VP

v 100  Theansweris ¢(p — 1). Here is why. Let g be some generator of Z;, and let h = g* for some x. Itis not difficult to see that h
plp—1) is a generator exactly when we can write g as g = h” for some integer y (h is a generator because if g = h” then any power
of g can also be written as a power of k). Since y = x~ mod p — lihis y exists exactly when x is relatively prime to p — 1.
The number of such x is the size of Zp—; which is precisely ¢(p — 1).

Total 1.007/
1.00

Ewéva 135:Epdtnon 15-Week 5



IMaopyog Oyrov

You submitted this homework on Thu 4 Jun 2015 10:51 PM EEST. You got a score of 1.00 out of 1.00.

Question 1

Your goal this week s to write a program to compute discrete log modulo a prime p. Let ¢ be same elementin Z, and suppose you are given hin Z,

such that h = g" where I <x < 2™ Your goalis to ind x. More precisely, the input to your program is p, g, hand the output s x.

The trivial algorithm for this problem is o try all 2 possible values of x unti the correct one i found, that is untilwe find an x satisfying h = g* in Z,. This

requiresZ40 multiplications. In this project you will implement an algorithm that runs in fime roughly \XZTO =2 using a meet in he middle attack.
Let B=2% Since x s less than B we can write the unknown x base B as x = xoB + x, where Xp., X, are in the range [0, B - 1]. Then
h= g =g = (P . gt 7,

By moving the term g™ to the other side we obtain

W' ="y | nZ,
Ewova 136:TIpoypappatictiki aoknen-Week 5-a
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The variables in this equation are Xo. X1 and eventhing else is known: you are given £, b and B = ™ Singe the varables ¥ and-1 are now on difteent sides of the equation we can find a solution using meet in the middle
{Lecture 3.3}

 First build a hash table of al possibl values of the left hand side Alg™ forxy =0,1....,.2%

+ Then for each value xo =), 12,2 checkirthe right hand side (#" ¥* i inthis hash table. If s0, then you have found a solution (xp..x; ) from which you can comput the required X as.x = xpf +x,.

The overall work is about » muliplications to buld the table and another » lookups in this table.
Howr that we have an algorthm, here is the problem to solve:

p= | J407T807929942597099574024998203846 1 274793658 203923933
TIT23561443721T6403007354697680 1 8T429816690342769003 1
838 18648605085375388 281 1946569946433649006084 171

g= [TITR298803662070095161 17596335367088538084999998952205\
399979439063929499736383 7466703721 76471 4603 1292859482967
S28279466366327 11521 2748467389894601963568

h=" 3239475104030450443565 264378 T2806578864909732093 2441
O32783479243297 198197614329235807385693795835 3180531
IRTR028001494 706007304 108577383732452307673444020333

Each of these three numbers is about 153 digits. Find X such that = g° in Zp.

To solve this assignment it is best to use an envienment that supports multi-precision and medular anthmetic. In Pythen you could use the gmpy2 or numbthy medules. Both can be used for medular inversion and exponentiation.

In C you can use GMP. In Java use a Biginteger class which can perform mod, modPow and modinverse operations.

You entered:
375374217830
P
Your Answer Score Explanation
375374217830 v 1.00
Tofal 1.00/1.00

Ewova 137:IIpoypappatiotiky Goknon Week 5-b

MMivokag 5:Bafpoiroyisg-Week 5

1" poomddeia | 2" mpoonddeio. | 3" mpoondbeia | 4" mpoomddeia

Epooeig 13.75/15.00 14.00/15.00 14.00/15.00 14.00/15.00

Aoknon 1.00/1.00 - - -
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KE®AAAIO 8
PUBLIC KEY ENCRYPTION FROM TRAPDOOR
PERMUTATIONS-D.HELLMAN

8.1 Opiopol kol ac@areLo

e avtn v evotta OBa  ypnowomomoovue v Bewpio apluov yuo va
KOTOGKEVAGOVLLE oympaTo KPUTTTOYPAPN oG onpdéciov KAELOL0V
(publickeyencryptionschemes).Apyikd 6o dovpe TL €vat 1 KPLITOYPAPNON AVTH EVD
énerto O dovpe to mOGO aceaing eivarllpota Ba Bupncovpe T givor va oynua
Kpumtoypdoenong onuodciov kAewov. Yrdpyet évag alyopBuoc kpvrroypdonong(E)
Kot évog alyopiduog amokpurntoypdenong(D).

O aAyopiBuoc kpvmtoypdoenong maipvel Eva dnpocto kAewdi (pk) eved o akyopdpog
AmOKPLTTOYPAPNONG  éva  puoTikd  kAewi(sk).To  ufvope  kpumtoypogeitot
YPNOUOTOIOVTOG £va ONUOG1o KAEWI e anotéleoua Eva ciphertext.

Aniadn E(pk, m)=C evd ypnoponoidviag 10 HooTiko KAEWi TAve o©g avutd TO
ciphertextiappavoope to ppvopa poc.H kportoypdenon dnpociov kietdiod yxet po
TANOOPO EPUPUOYDOV.ETO TPONYOVUEVO KEPAAOLO €100QUE 0L KAOGIKT €EQOPUOYT TOV
nepthapfave v ovioiiayn kiewwwv.Topa Ba dodue po ovioiioyr] KAEWUDV TOV
givon acaing povo og eavesdroppingemféceic.

Onwg éyovue el 10 Tpwtokolho Asttovpyel d¢ e€nc:H Alicednuovpyel eva (évyog
HVoTIKoD Kot dnpociov kKAewdov (pK, sK) kot otédvel otov Bobto dnpocto khedi tme.O
Bobaro tv mievpd tov Bo dnuiovpynoet va tuyaio Xto omoio Bo Bewpnbei cav
HooTikd Koo kAewdi peta&d g Alicekatr tov Bob.Ztn cuvéyeia o Bobotéivel avtiv
NV T XKpuItoypapnuévn pe to dnuodcto kiewdi g Alice.H Aliceano v mievpd
NG OMOKPLATOYPAPEL TO UNVLHO OV EAdPE e TO POOTIKO NG KAEWl Ko Tdpo
LITOPOVVY VoL ETKOIVOVIGOVV Kot 800 mAevpéc(Ewkova 139)

Alice Bob
pk
Generate (pk, sk) > Choose random x
X E(pk, x)

Ewévo 138:Emkovovia pe kpuatoypaginon dnpociov kAediov.

O emtBépevog Ba Oel TNV KPLTTOYPAPN G TOL XTOV £YIVE LE TO dNUOCLO KAEWL .Agv
Ba pmopet va Bpet kapia tAnpogopio oxeTikd e to pnvopo.Ovclactikd éva choTnuo
Kpumtoypagiog OMuociov  KAEWwO  oamaptiletor  amd 3 aAdyopiBuovc. Evav
aAyop1Bpo(G) o omoiog avoroufaver vo dnuovpynoet to (Evyog kKAewdov (pK, sk),
évav akyopiOpo E(pk, sk) o omoioc Ba ypnoyomombei yioo v kpvmtoypdenon tov
unvopatog MeMyta vo, pag mapdyet Eva ciphertextceC kat évav adydpiBuo D(sk, €) o
omoiog maipvel To CECkon pag divet to meEM 1 L
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Twpa Ba opicovpe TV ac@AAEID TOVEO GE Eva GYNUO KPLTTOYPAPNONG ONUOGIOn
KAed100.Ilpodta Oa opicovpe v acedieln evaviio o embécelg eavesdroppingkot
HETA o€ evepynTikéG emBéceic.Eekvape opilovrag 2 mepapata(meipapa 1 ko meipopo
0).0 challengerfo. dnuiovpyncetr péom tov G éva (evyog khewmv (pK, sk) ko Oa
oteilel ot ocvvéyela To dnuocto kAewi pkotov avtinado(adversary) .O emitibéuevog
Oa Bydrer og €£000 2 unvopata(Mekot My) ta omoio UK Exovv To 1o uéyedoc.Oa
AGPel TV KPUTTOYPAPNOM TOL M| TNV KPLITOYPAPNon Tov Mi.XZto meipapa 0 Oa
AaPel v kpumToypdenon Tov My eved oto meipapa 1 Ba AdPel v kpvrToypaENoN
m;(Ewova 140)

rk

mg, my aviker M: mg | = |m, |

-

c w=——— E(pk. myp)

> b aviker{0. 1}

Ewova 139:Acpdlrera kputoypaeneng dnpociov kiewdrov(eavesdropping)

O emtBépevog mpémel va katoAdpel mowo omd TG dVvo Kpumtoypagnoelg Eaafe.To
oYNUO KPUTTOYPAPNOoTG ONUOGIOL KAEWI0D €ivol ONUAGIOAOYIKA AGPOAEG €0V O
eMTIOEUEVOG dEV UITOPEL VoL O1KPIVEL TNV KPLTTOYPAPN G Moo TNV KPLITOYPAPNOoN
My dmAadn:

Advss[A, E]=| P[EXP(0)=1]-P[EXP(1)=1] |

[Mpwtod petaPoidpe otig evepyntikég embécelg, Bo dodue v oyéon HeTaEy TOV
OPIGHOV NG KPLTTOYPOPING OMNUAGIOV KAEWDIOD KOl TOL OPIGHOV TNG AGPAAEOS Omd
eavesdroppingemfécelc.Otav  avoeepbikape oty ac@dAEl.  EVAVTIHL — GE
eavesdroppingemibécel;  otovg  GLUUETPIKODG  aAyopiBuovg,  Eeywpicope TG
TEPWITAOOEL; OMOL TO KAEWL ypnowwomoleiton pion kot pOvo @opd M TOAAEG
popéc.Aci&ope Ot o onetimepad(OTP) &ivar acealic povo éav 10  KAEWdi
YPNOOTOIEITOL YIOL VO KPUTTOYPOPNOEL €Va KOL HOVO HNVOUO VD €ivol EVIEADC
AVOGQUANG OTNV TEPITTO®ON TOL  TO KAEWL ¥pnoionombel yio vor KpLTTOYPOPNCEL
TOALOTTAG MVOLLOITOL.

Op1opog TG CLUUETPIKNG KPLTTOYPAPNONG Owg PAETOLLE ivarl TOAD KOWOC e TOV
oplopd TG Onetimesecurityyio  cuppetpikovg  aAyopibpovg.Mog  Pyaiver g
CUUTEPACO OTL OEV TTPETEL VO OMCOVE GTOV EMTIOEUEVO TO SKATOUO TNV KAVOTNTA
vo {ntéet TG KPLTTOYPOPNGELS UNVUUATOV TNG EMAOYNG LOG Kol €vVo TO oYfUa eivor
AoQOAEG KAT® amd TN xpNon €voc kAEW100 OBa eival ac@oiég Kat®m amd Tn ypnon
TOAOTAGDV KAEWOV.Eav tov emutpémape va AapPdver TG KPLTTOYPOPNOELS TNG
EMAOYNG TOL TOTE Bl UTOPEL VaL KAVEL KOl AITOKPLTTOYPAPT 0T LOVOS TOV.

Topa péver av dovpe T Ba yiver Eva kamolog epdppole evepyntiky| enifeon.Ag dovpe
éva opadetypo mov agopd to email’Ecto 6t o Bobbérer va oteiler éva email oty
Caroline.Tvyydver | Carolineva éyetl évav Aoyapracpo(account) Gmailkaor o tpdmog pe
Tov omoio Aewtovpyel eivor o €€ngito  emailotélvetar  otov  oépPep  TOL
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Gmailkpvrtoypagnuévo.Xtn ocvvéxeto. o GmailogpPep amokpumtoypoeel T0 pnvopo
Av o mapainimrng eivor n Carolinetdte npowbei 1o emailoe avtiv evd oe GAAN
nepintooet mpombei To emailotov emtifépevo.Ymobéote 6t o Bobkpurroypagei o
pvope pe TETO0 TPOTO (MOTE VO EMTPEMEL TIC evePYNTIKEG embécels amd Tov
emTIOEUEVO YOPIg aVTOG VoL Uopel va Yivel avTIANTTOG.

Mo ovykekpyéva vmobBéote OTL TO pPNVLpO KpumtoypagnOnke pe v pébodo
countermode N kdtt mopdpoo.Otav o emTifENeVog SKOYEL TO UAVOL, UTOPEL Vo
OALGEEL TOV TOGTOAEN KO TP 0 VEOS TapaAnTTng Oa eivar o emtiBépevog kat 6tav
0 6épPep AMOKPLTTOYPOAPNGEL TO UNVLLLE, O TO oTElAEl OTOV EMTIOEUEVO TTOV YPAPEL
o puvopa dnAadn otov emtBépevo!Etol o smtBépevog pmopel av dwapdoet to
emailmov npoopilovrav yia v Caroline.

Ookomdg pog etvar va dnuovpyncovpe oyfuote dNUOGLUS KPUTTOYpaenong ta onoio
elval ac@UA aKOUN Kot oV O EMTIOEUEVOC UTOPEL VO YPTOLUOTOMGEL EVEPYNTIKES
emOéoelg (tamperingattacks).Avtod tov €idovg o1 embéoelc pog avoykalovv va
aAlGEovpe  TOV  Ooplopd NG ac@drerocevavtio. og  emOfceIGEMAEYPEVOV
ciphertext(chosenciphertextsecurity)

‘Eoto 611 égovpe éva oynua kpvrtoypaenong (G, E, D).Qc suvnbog Ba opicovue dHo
nepdpoto.To meipopa 0 ko to meipapo 1. O challengerekivael dnpovpydvrog Eva
Cévyoc pwotikod kot dnudcstov kAEW100(PS,SK) katr divel to dnudclo KAEWi oTov
emtOéuevo.Tote o emtiBéuevog Oa oteilel pepika ciphertexts(Ewkova 141)kor Oo
QTOLTGEL VO TOV T0, 0ToKpLTTOYpagroet o challenger.

prk

)

CCA phase 1: ¢, aviker C| 0
-

Chal.
(pk. sk)y<— G

m,«D(k,c )

Challenger: mg, mluvﬁlcsl M : |lﬂ|]|: |m1|

c€—E@k, my) >
CCA phase 2: G oavijker C: ¢ Sragopo

m-=—D(k ,c;) )
Ewova 140:Acpalrera oyfprotog KPOITTOYPaPnons ne dnuocio kKAeWSL

Otav tehewdoel avtn m owdkacio o emrtiféuevog vroPfdier 6vo pnvopaTo 1010V
ueyébovg(mokar mp) kau Ba AaPer Eva ciphertext to omoio Ba givan 1 kpvETOYPAPNON
TOL Mo M kpvrroypdonon tov Ml va mepopicovpe Atyo to moryvior Oa
gmtpémovpe otov emtifépevo vo vofdilel kabe ciphertexttng emloyng tov ektodg
amd to ciphertextmov to £otelie o challenger.

Opiouog
"EvaoynuoEeivarCCAacparés. Toteba npénet va exovpe Ot

AddvcaalA, E]=|P[EXP(0)=1] - P[EXP(1)=1]| va ewvor apeintéo
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8.2Trapdoorfunctions’

Xe autnv TV evotnto 0o KOTOOKELAGOVUE GUOTHLOTO KPLATOYPAPNONG ONUOGLO
KAewdob amo trapdoorfunctions(TDF).Apywkd 6Oa zmpémet vo  opicovpe ™V
trapdoorfunction.

Opioudg
Muia trapdoorfunctioneivat ovolaeTiKd pio GVVEAPTNONTOL TNYAiVEL A0 TO GET X GTO

0t Y ko amoteieiton amo 3 aiyopifuovg (G, F, F'l).O alyopiBpog G pag ompovpyet
10 Céuyog (pk, sk), n cuvaptnon F(pkK, - ) pog mnyaiver amo to oét X 00t0 66T Y ,evd N
cvvapmon Fi(sk , - ) pog mnyaivel amoto oet Y oto oét X(avtiotpéeet ) ovvaptnon
YPNOUOTTOLDVTOC TO SK).

H tpuhéta (G, F, FY) eivar aopadrc éov n cuvéptnon F(pk, ) eivar povédpopn
ouvaptnon Oomiadr, Oe&v UTOpEL VA AVTIGTPOQET yopic 10 Khedi Sk.@a
XPNOLOTOMGOVLE G GLVHOMG Eva mayvidt Yo va to dei&ovpe avto.O challengerfa
dnuovpynoet éva Luyog kKhewidv (pk, sk) péow g Grot pia toyaio tiuf X € X.0a
oteihel 10 KAedi pkotov emtifépevo kat peta Oa VITOAOYIGEL TNV TN TG GLVAPTNONG
FRalovtag v twun Xmov eméiele mpiv Alyo xou Oa otelher v Tun Yotov
emtifépevo(Ewkéve 142)

pk » YG\LE(Dk, X) X
- —

Adv [A, E]=P[x=x"]< amo apsintio
Ewova 141:Acpddera otig trapdoorfunctions

Avtd mov emtiBépuevog Ba d&i eivar To dnpodotlo kAl mov Tov éotethe o challenger kot
NV €KOVA TNG GLVAPTNONG TOL £XEL LTOAOYIGTEL HEG® piag Tuyoiog Tiung X.O oKomdg
TOV €ivol VO AVTIGTPEYEL TNV GLVAPTNOT OTO onueio Y yu va umopéoetl vo Bpel v
T X.Kor 6o Aéue ot m trapdoorfunctiongivan as@aiig éav n mbavotnta tov
eMTIOEUEVOL VO OVTIOTPEYEL TNV cvvdptnomn sivar pikpotepn amo apeintéa.Etoi
ypnoomowwvtag tng trapdoorfunctiondev ot moAd dVGKOAO VO KOTOAGKEVAGOVUE
éva cOOTNUA KPLTTTOYPAPTOTG ONUOGIOL KAELOL0V.

"Ectoatrapdoorfunction(G, F, FY) noveivor ao@oAfic, va cOOTNHE GULHETPIKNC
avBevtikng kpumtoypaenong (Es,Es) mov opileton mwivo oto (K, M, C) kar o
ouvapmnon kotakeppoticpov H: X->K.Topa mov dabétovpe avta ta 3 cvotatiKd
LITOPOVUE VO KATOOKEVAGOLE TO cvotnua pog(H yevwnpla mopaywyng kiewbwwv G
mov Ba ypnoyonombel 6to cHGTNUO KPLITOYPAPNONG OMNUOGIOV KAEW0V givor 1 i1
ue v G g trapdoorfunction)

Oa tpéovpe Vv ouvvapmon Gy va mdpovpe €va pLoTIKO Kot €va dNUOGLo
KAeWLIIOC Ouwg KPLTTOYPOUPOVUE KOl TTAG  OmOKPLTTOYPAPOVUE;O  ahydpBpog
KPLRTOYPAPNoNG déxetal Eva dNuocto kKAEWL Kot to uivopa dniadn E(pk, m).Avto

0 O1 suvaptiosig trapdoor, https://en.wikipedia.org/wiki/Trapdoor_function
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mov Ba whvovpe elvolr vo dnuovpynoovpe pwol toyoio Ty XEXkotr HETA Oa
epapudcsovue o trapdoorfunctionéve otny Tipn| oL Yo vo, TEpovUE TV Ty Y.

Metd 6o dnpiovpynoovpe £va ovupetptkod kKAeWi K kavovtag hashtnv tiun X kot téAog
Kpumroypagovue to plaintextumvopo m, pe to kAewdi kkar Byaloviog dg é€odo v
Tiun ykou to ciphertextc(Ewova 143)

Xe=2 X, y<E(pk, x)
ke=—H(x), ce=——E _(k, m)
output(y, c)

Ewova 142:Trapdoorfunction kot kpvatoypaenon

Evd yuo va amokpuntoypa@noovpie T0Te TOAD amid 0 0AyOplOLOG OATOKPLTTOYPAPT|ONG
TaipVeEL TO PVOTIKO KAEWT (¢ €i60d0 Kat To Ciphertextto omoio mepi€yel v T YKot
10 C.To mpdTo Pripa mov Ba kévovpe givor Bpode TNV TN XamAd avTioTpéPovTag TV
trapdoorfunction(Ewéve. 144).Zt cvvéyeto kévovpe hashtv tiun Xya va tépovpe to
KAEWT K.Meto, ammokpunToypapove To HRvupo Mypnoiuonoldvtag 1o kAedi Kkot 1o
ciphertextc.

xa=—TF (sk, V)
K H(K), m@s(k, C )
output(m)

Ewoéva 143: Trapdoor function ka1 awokpomToypaenon

OvoTlooTIKA 10 Ciphertextnepiéyer @¢ oodua tov pnvoporog(body) ™mv
kpvmtoypaenon E(H(X), m) evig og emxeparido(header) v ocvvapmon F(pk,
X).Ilpodta  amoKPLITOYPOPODUE TNV EMKEPAAMON KOl OTN  GLVEYELD
anmokpvrtoypopovue to body.Emiong dev Oo mpémer moté  vo epoapupolete v
trapdoorfunctionomevfeiog oto plaintextdiott to cvotnuo Oa gival oNUOGIOA0YIKA
ACQOAEC Kot EMIAEOV Oa pmopohv va VITAPEOVY EMBECELG TAV® GE AVTO.

8.2.1TheRSAtrapdoorpermutation

ZINVIPONYOLLEVN EVOTNTO EIOOLE TO TG UTOPOVLE VO KOTAGKEVAGOVUE £VO, GUOTN LA
Kpumtoypaenong dnuosiov kiewod ano trapdoorfunctions.Ze avtiv v evotta Ha
Kataokevdoovpe o kKAaoowkn trapdoorfunction n omoior ovopdletar RSA.IIpdra
Opmg Ba mpémetl va nsplyfdwovpe TOV TPOTO OMLovPYiog TV KAEWI®V, TV GLVAPTNOY
F, kot v ovvaptnon F.

INa va dnuovpynooovpe kAewdld ovto mov Kavovue elval vo ONUOVPYNGOVUE
dvompdTovg apldpovg prargmov Exovv uéyebog mepimov 1024 bits.@étovpe d¢ Nto
YWOLEVO QUTAV TV dV0 TpOTLV, apo N=p-0.Metd Ba mapovpe 600 akepaiovg Tovg
exot dtétoro mote e-d=1 mod( @(N) ).Bydlovue dg £€060 10 oGO KAEWL TO 0010
givan o pk=(N,e)evd 10 pvotikd kAedi eivar o Sk=(N , d).To euepikéc popég
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ovopaletar kot ®¢ ekOETNG  kpumTOypapnong kot to doov  ekOETyg
OTOKPVTTOYPAPNGIG.

O tpomog pe tov omoio opileton n RSAfunctiongivar mold amhdc Eav pog divovv puo
£16080 XTOTE MO{PVOLLE TO XKOL TO DYOVOLHE €1 TNV e(oTo Zn)dnradhy RSA(X)=x"
kot woyvel 61t F(pk , X):Zn*— Zn*.T1o vo. amokpumtoypo@ncovpIe TPETEL VO LLOG
d®Govy ™V T Y.MOAg pog ddcovv v T avty tote, péow tng cvvaptnong F
Yyoope Fisk y)=y¥Ererta moipvovpe v tun Yk  vmoloyilovpe To0
YI=RSA(X)d=xtd=x N = (yo Wk .y =y H cuvéptnon RSAsivau
onewaypermutationeav 1oybdet yio 6Aovg tovg aiyopibpovg A:
P[A(N, e, )=y ]<amoaperntéo

Topo mov eidape mog Aettovyei m RSAfunctionsipoote £€topor va v vo
KOTOOKEVAGOVUE TO TPAOTO PEOAIOTIKO KOl TPOUYHOTIKO GVOTNUO KPLTTOYPAPNONG
INuoGIov KAEW100. Eyovpe 0Tmg Kot piv  €vor GUUUETPIKO GUGTNILO KPLTTOYPAPNONG
(Es, Ds), pia H:Zy—=K 6mov Keivar o kAetddywpog tov (Es, Ds).

Otpémog pe tov omoio Aettovpyel 10 ocvotnuo eivar opketd amAds.OarydpiBog
Gonovpyei tig mapopétpove pk= (N, e) xar sk= (N, d) evd o tpdmog pe tov omoio
YIVETOL 1 KPLTTOYPAPNOT KOL 1) OMOKPLATOYPAPNON PAIVETOL GTNV TAPOKAT® EKOVAL
(Ewcova 145).

Emifyoops éva Toyaio X mov avijkel 610 Ly

vERSAX)=x . k€—H(x)

g€Zodoc (v, E¢k . sm)
EV) OMOKPUTTOYPAPTCT] KAVOUuE o¢ £E1]c:

-1
D(sk. (¥, ) : pue £2060 D (H(RSA (¥) ), ¢)—>>1
Ewéva 144:Kpvrtoypaenon kot omokpurtoypaenon pe RSA

8.2.2 Public key cryptography standard number one (PKCS1)™
Xy mpdén ta mpdypoata Asrtovpyodv eviehmg olapopetikd.Afvetar otnv RSAéva
OUUUETPIKO KAEWL Yo vo TO Kpumtoypagnoel kot petd Oo  epappocel m
RSAfunction.Eot®w 61t  divovue otoRSAcOomue  £éva  GuppeTpikd  KAedl
kpurroypdononc(my AESkAedi 128bits). Tote apyikd maipvovpe ovta too 128 bits ko
TOL EMEKTEIVOVUE Y10 VO pTAGOVV o€ péyebog ta 2048 bits kot kotomy Oa papudécovpe
v RSAfunction.To epdtua gival mod givor 1 dtedikacio petotponng towv 128 bitsoe
2048 bits;(Ewéva 146).ITog sipaocte oiyovpotl 6Tl T0 cOGTNUO, TOV TPOKVITEL Eivoil
ACPOAES;

™ Tompotomo PKCS1, https://en.wikipedia.org/wiki/PKCS_1
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2048 bits

Ewéva 145:Amo 128 bitota 2048 bit

[Maipvovpe to AESKkAedi tov 128 bits ko to ypnoyomolodue cav 10 Aydtepo
onuovtikd bittng tung mov Bélovue vo dnuovpynoovue. Xt ovvéyeia Palovue 16
bitstng g 1 M FF dimha ota 128 bits.Zm ocvvéyewn Balovpe dimha oto FF éva
randompadpeyéfovg 1900 bits to onoio dév mepiéyet v tun FFrovbevd o€ avto evo
téhog Palovpe tov apOud 02 oe uéyebog 16 bits(Ewkéva 147).0lo avtd mov
dnuovpynoape givar pa ovpporocelpd peyébovg 2048 bitsn onoia o ypnopomoBei
omv RSAfunction.H dwadikacio mov ypnoiporodnke ovoudletor PKCS1 v1.5

02 Random pad FF msg

Ewova 146:H ypron tov PKCS1 v1.5

AVTOg OV BELEL VO ATOKPLAITOYPOUPNGEL TO UNVOUO Bo TPETEL VOL VTTOAOYIGTEL TNV Ft
Kotomv Bo kortdEel 6to Mo onpovtikd bitto omoio eiva to 02 mov avtd Ba Tov
evnuepooet 0t mpodkertal yioo PKCS1.Ztn ovvéysio o apoapéost 1o 02 kot t0
randompad péypt to FFkon 01t amopeivel Oa givat o avbevtikd pivopo mov Tepéyet To
OLUUETPIKO KAEWL TV 128 bit.Aév vtdpyetl Kamo10¢ uNYaVIGHOG TTOV Va pog delyvel OtL
N owdwoacio PKCS1 v1.5 givan againg.l'a va to dsi&ovpe avto Bo mapovsidcovpe
wa exi@gon mov oto PKCS1 mov ypnoyomomdnke dwapésov tov HTTPS.

YnoBéote 611 0 emriBépuevog draxontel Eva ciphertexttbmov PKCS1 pe okond vo 1o
ATOKPLATOYPAPNGELAG doVpE Tt pumopel va kdvel o emtiBépevoc. Mropel va oteirel 10
ciphertextamevfeiog otov webserver, o omoiog pe v oepd 0L B0 TO
OTTOKPLATOYPOPNGEL YPTCLLOTOIDOVTINS TO HVOTIKO TOL KAEWIL.AVTO Tov Bo Kkdéver o
SErverpeto Ty amoKpuntoypaenon eivar va «depomBel» eavtd mov érafe sivon
tomov PKCS1 1 ka1t dAAo, xortdvtag to mo onpovtikd bit(Ba mpéner va givon to
02).Eav 6vimg 10 onuavtikd biteivar to ‘02" 101e BO ovveyicer vo 1O
amokpurtoypaeel.Eav opwc 10 md onuovtikd bitdev eivar 1o ‘02 Oo Pyddrer éva
errorrov B To oteidel otov emTiBEpEVO.

O emrbéuevog pmopei av vwoPdAlel omorodnmote ciphertext Oéier owtdc.O serverfo
avtiotpéyel v RSAfunctionkat o «teyy otov emtifépevo éav n avtiotpoen ekva
pe ‘02" M oxt.Avtd eivar apkeTrd Yoo vo umopécel o emrTiféuevog  va
ATOKPVTTOYPOPNoEL omotodnmote CiphertextOéiel avtdg. Ag dovpe TL Umopel va KAVEL
o emtféuevog.

‘Eotw 011 €yet éva ciphertextto omoio Béletl va anokpumtoypagnoet Oa to oteidel otov
serverywo va 0gt  eav oabétel to ‘027Xt cvvéyewo Bo emAéEel o toyaio T rTov
avikel oto Zy kot 0o tpoomadnoet va dnuovpynoet éva véo ciphertext(éotw ) yia 1o
omoio Ba oyvet ¢ —r’-c=(r-PKCS1(m))°.Anrodn morramhacialetar To plaintextps po
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T v omoio eAéyyel o emtfépevos.Qa deifovpe TOpa T0 TAOC Umopel €vog
EMTIOEUEVOG UTOPEL VUL OTTOKPVATOYPaPNGEL TO Ciphertext pe éva mapdderypio.

Hapddcyua
‘Eot® 611 0 emtibépevog otélvel éva ciphertextotov webserverkatr avtdg pe m cepd

Tov Oa ypnolomomoel £€va HUOTIKO KAEWL Y10 VO TO OTOKPLITOYPOPT|GELNALN
vroBéote OTL avti va eléyéel vy o '02° Ba eAéyEel yia to €av TO WO ONUAVTIKO
biteivar 1.I'a va yivouv 1o mpdypoto mo oamioiko vrobéote emiong otL yuo. TNV
RSAicsyvet 611 N=2".Z1édovtag to ciphertextotov webservero smtifépevog podoaivel 1o
1o onuoavtiko bittov plaintextx.Avtd mov pmopel va kdvel otn cuvéyela eiva

2°.c= (2x)°010ZN
"Etot pabaivovpe 1o mo onpovtikd bittov 2X 1o omoio gival o de0TEPO MO OTUOVTIKO
ynoio tov X(oAicOnon tov Xapiotepd).Apa pébape to dévtepo bittov X.Ztn cvvéyela
KoTo, ToV 1610 TpOmo pabaivovpe To Tpito mo onuavtikd bittov X:

4°.c=(4x)° o710 Zx
H dwdwacia oavt) ocvveyiletar péxpt vo amoKPLATOYPUP|IGOVUE OAOKANPO TO
ciphertext.

[Ipénel dpmg vo dodE Kol TO TG UTOPOVUE VAL pVVOODLE OO QLTHY TNV Emifeo.
Metd mv epappoyn g RSAkpurtoypdenong kot wdpovpe éva plaintextro oroio v
etvar kodkomomuévo pe PKCS1, dnAaadn dév Eexvd pe 02, owtd mov Ba kavoupe
givar vo  emAéovpe po toxaio ocvuPorooepd r peyébovg 46 byteskor Oa
npoonomBodue 6t To plaintexteival avty N Tuyaio cvuPforocelpd r.Apa dev Oa Aéue
otov emtifépevo éav to plaintextpog Eexva pe '02° aila Oo Tpoomombodue 6t T0
plaintexteivon pa toyaio cvuforocelpd.

Eyeipetor 10 epdua £av pmopovpe va aAra&ovpe 1o PKCS1 mio dpaotikd e okond
vo pog mapéxel aceaieto evavtia o€ chosen ciphertext emBéoelg. Avtd pog odnyet oe
éva. Ol0POPETIKO TPOMO L€ TOV ONOI0 UTOPOVUE VO KAVOLUE KPLATOYPAPTON
YPNOULOTOIDVTAG RSAo0 omoiog ovopaletan
OptimalAssymetricEncryptionPadding’(OAEP).To PKCS1 avafofuiotnke ot
PKCSI 2.0 kot ét61 vrootpilet OAEP.Oa e&nynoovpue to nadg Aettovpyel to OAEP.

[Toaipvoope 10 pnvopa mov Bélovpe va Kpumtoypapricovpe my AESkAewdl tov
128bitkor o mpdTO OV KAVOLUE Eival Vo EQapPUOGOVUE Eva. pkpo padoe avtd my
0100...000.To mdéco, undevikd Oa Parovpe Pooiletor oto exdortote Standardmov
ypnopomoovue. Edm Ba éyovpe 128 undevikd.Meto Bo emAéovpe o toyoio
ovpPorocepd(Ewova 148) peyébovg 2047 bits.IIpiv epappocovpe v RSAfunction,
mwaipvoope oavtnv v toyoaio ovpPorocelpd kot tnv Palovue péoo oe
hashfunction(éstm H).

2 To oynuo exucdioyng OAEP,
https://en.wikipedia.org/wiki/Optimal_asymmetric_encryption_padding
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Ewéva 147:H Aertovpyio Tov OAEP

Katoémy kavoope tpdén XORueta&v g e£6dov ¢ hashfunctionkot tov umvoparog
pog mov éyel dimho to pad.To amotélecpo g Swdikaciag avtd to Kpotaue.Meta,
Balovue oe o GAAn hashfunction(éotm n G) 10 amotéleoua MOV KPOTHOOUE KoL
epappolovpe mait XORpe v tuyaio pog cupBoAocelpd.

Tehwcd éxoope dvo Téc. Tnv Tun mov kpatnoope omo v pdén XORpeta&y g
hashfunction kot o unvopartog pe to pad poalt ko to anotélespo g hashfunctionG
nmov éywve XORpeta&d g tuyaiog pog cvpforocelpds. Avta o VO ATOTEAEGUOTO
&yovv padi péyebog 2047bitskar avtd Oa tomobetnbovy otnv RSAfunction.

8.3 ElIGamalpublickeysystem
8.3.1 H Aeitovpyio. tov ovotiuoroc EIGamal

Yeoutnv Vv evotnta Bo SovUE TO TMG UTOPOVUE VO KOTOCKEVACOVUE GUGTHUATO
Kpumtoypapiag omudcov  Krewdod amo 10  mpwtokoiro Diffie-Hellaman.®a
TPOoTAONGOVE VO TPOTOMO|COVUE TO TPMOTOKOAAO 0VTO KATAAANAQ Yoo Vo
KOTOGKELAGOLE TO cVuoTUe poc.Oa Bsmprcovpe  Eva G={1,gz, g3,...,g”'1}8v05 T0
Getvar évag KukAkég daktiog wote G=(Z,)*Babuov n.Oa Bempricovue o1t BELOVY
vo. emkowvovicovv N Alicekoaw o Bob.H Alicefa emlé€er pia toyaio ) amov
aviket{1,...,n) evd o BobOa emhééer o tiun brov avhket oto {1,...,n}.E1 cvvéyeia n
Alicedo. vroroyicel o A=g%evd o Bobto B=gb_.

Oco agopd v Aliceba Ba Bewpnoovpe 6Tt T0 OG0 KAEWL TG givar To Agvd To
HVOTIKO TNG KAEWSL TO a.X€ Kdmoa ypovikn otiyun o BobOéAet va kputoypagpnoet éva,
uvopa mov Ba 1o oteidel otnv Alicepe to dnpocto kel g Ilong (’)u(o% Ba o Kavel
atd; Apyicd O vroloyicel To B=g°kou 6tn cvvéyeta Oa vroloyicet to g =A° Ao to
gabea mapdyel £va GUUUETPIKO KAEWT Kkat Tédhog Oa KpLTTOYPaPNGEL TO VOO, MUE
70 KAWL aVTO.

Amo v mhevpd ¢ 1 Alice, o vmoAoyicetl To gab=Bautoc<; Kol dwbétel to Bamo tov
Bobkat to aamo v id10. XN cuvéElo 0o TO g® 6o VTOAOYIGEL TO GUUUETPIKO KAEWDT
K pe 1o omoio Oa amokpuntoypaehost To ufvopa. TOGVGTHUA TOL HOAME TEPLYPAWYOALE
ovopdletan ElGamalrpoc v tov  TaherElGamal” mov ftav o Snpovpydc tov 1o
1985.

o avaivtikd
Ac dovpe 10 ovommua ElGamalue mepiocotepn Aemtopépera’Eoto évag kukhkog
daxtolog GRabpov n,éva cvupetpikd kpvrntoovothua (Es, Ds) mov opiletor mave 610

30 kpuntoypagog TaherElGamal, https://en.wikipedia.org/wiki/Taher_Elgamal
160



MoOnpotikn kot adyoplfukn avaAvon KPUTTOYPUPIKOV TEYVIKMV

(K, M, C) ka1 g 6uvaptnon KOTOKEPUOTIGHOD 1 omoia moipvel 2 oTolyEio TOL
daktuAMov G Kou ta Tyaivel 6to KAewoywpo K.I'a va dnpiovpyncovpe 10 GOGTNUO
pog o ypewaotovpe va meprypdyovpe 3 aAdyopiBuovc.Tov odyopiBpo mopoymync
ONUOCI®V Kol HUOTIKMOV KAEWLDV, TOV aAYOPIOIO KPUTTTOYPAPNONG Kot TOV aAyOPp1OLo
OOKPLTTTOYPAPNONG.

O aAy6p1Bpog Tapaymyng kKAeW1hv Asttovpyel dg e€1g:0a emhéEovpie éva Tuyaio g mov
aviket oto G ko1 éva tuyaio amov ovinkel oto Zn.To pvotikd wiewdi Oa eivon
Tops=asve 1o dnuocio khewdi Oa sivor to pk=(g, h=g%).0u Sovue 10 ThG pmopovuE va
kpvrroypagnoovue(Ewkova 149) pe avtdv tov tpomo.

E(pk=(g. h). m):

bel 7., . e g", Vae——om h"

keH(us V), CQES(I{, m)
output (u. c)

Ewova 148:Kpuvrtoypaenon ElIGamal

Otav o Bob 6éker va kpumtoypagnoet to ufqvoua o emhééel éva bﬁzN, Oa
vroAoyicel o U <—gb kot to h <—hb:gab .21 ovvéyew Ba VTOAOYIGEL TO GUUUETPIKO
KAedi K «H(u, v) kot téhoc Ba kpurtoypaenoet o pnvopo pe to K, onAadn ¢ «Eq(k,
m) kot O Bydrer d¢ €€0do to ciphertext (u, ¢).H Alice ywo va amokpuntoypa@foetl 1o
uvopa 0o YPNOUYOTTOGEL TO PVOTIKO TN KAWL &, TV ocvvelseopd tov Bob oto
Diffie-Hellman npomtdékorro(dniadr 10 U) Kol TNV CUUUETPIKY KPLITOYPAPNOT TOL
unvopatog mov o Bob éoteire(Ewkdva 150)

D(sk=a, (u,c ) )
et = =

k<e—H((u, v) . m<D(k .m)
output m

Ewova 149: Anoxpontoypaonoen EIGamal

o, voroyicet To V —U=(g?)* xon petd B mapdyet 1o pooTikd khewdt khedt k «H(u,
V)oeod dwfétel kot To  UoAAO Kol a@od mpwv Alyo vmoddyloe to V.Téhog Oa
amokpurtoypaenoetl to uvoua MeDy(K, €)

8.3.240¢dle10. oro ovortnuo EIGamal

Otav eiyape avaeepbei oty acedaielo tov mpotokdAov Diffie-Hellmandéi&ape ot
eav gyovpe éva G PBabpov ntote £av yvopilovue ta g, ga,gbr()rs elval ToAd dvoKolo va
vroAoyicovpe 10 g®.Avto ovopadetan
computationalDiffieHellmanassumption(CDH).Qa mpoympricovpe dmpovpymdvTag
dvokordtepn vmobeon mov ovoudleton hashDiffieHellmanassumption(HDH).H
ouvaptnon kotakepuatiopod Hraipver (evydpla tindv amo to Gkatl o Tpo@odotel
otov KAeddympo K.Tote dav pag dwbovv (g, g°, g°, H(g®, g®) ) tote 1 KOTOVOUN 0LTH
givar mepinov S pe v katavoun (g, ¢, ¢°, R)omov a, be<Zy, ReK.

AVt oL pag Oelyvel avTO TO GLUTEPAGHA €ival OTL TO CUUUETPIKO KAEWT TO omoio
nopdydnke kota v ddpkela ¢ ElGamalkpurtoypdonong eivon mepimov 610 amo
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éva mpaypoTikd Tuxaio KAEWL To omoio mopdyOnke aveEdpTnTO OMO TIG TOPAUETPOVG
t0v ovotnuatog pog.H vndbeon hashDiffieHellmangivot wio dvvaty amo v vrobeon
computationalDiffieHellman.®@a  deiovpue Ot 10  ovomuo  ElGamaleivor
ONUACIOAOYIKA ac@aAés pe v ypnon tov HDH.Avtd Ba yiver pe ) ypnon ovo
TEPALATOV.

Y10 wépopa 1 diveton otov emtifépevo 1 Kpumtoypdenon tov Mievéd oto meipapo 0
divetar 1 kpvmroypaenon Me.Ochallengeréexivaer otédvtoviag 10 dNudcto KAESL
pk=(g, g®)otov emmbépevo(Ewéva 151).0 emtiféuevog ot cuvéyeto emiéyel §Ho
unvopoato Mokot Mpido peyébovg kot ta otédver.Xto mépapa 1 AauPdver v
KPUTTOoYpdenom tov Mievd oto eipapo 0 Aappdvel Ty KpuITTOYPAENGT TOL My.

Abdym ™g vdBeongHDHyvopilovpe 0Tt axdun kot av o emtifépevog o0&l Tic Tiuég g,
g, gbrc')rs 10 hashtov (g, gab) Oév dapépel amo KATL mpaypatikd tuyaio.To 610
axpifog ocvpPaivel ko oto meipapa 1.0 emtiBépuevog dev pmopel va daxkpivel v
¢€000 NG GLVAPTNONG KATAKEPLATIGLOV OO £VO, TPAYLATIKA TUY0i0 KA.

pk=g, g" pk=g. g"
—_—
Chal A 1, m, Adv A Chal A mg.my AdvA
pk, sk ?b pk, sk
g’ E(HO, m) 2. E s, mg)
[ S Y | _
. >
b ab \l/ > ~J:
€,2) b =1 b =1
“ =
pk=g. g —
Chal A mg,my Adv A %
pk, sk &———— Cll:ll lj\ mg.m Adv A
£ E(HO.m; ) P A
— P — g.Ey(k, m;)

@. "

ll+2

Ewova 150:ElIGamalenpacioroyikd ac@aréc pe yprion HDH

To B&pa etvor 611 dev apkel pOVo avtd.Avtd mov mpaypatikd BElove elvar va Exovue
ac@dAeto evavtia og embBéoeig chosenciphertextikot to epd@Tpa gival £av 10 cHoTNUO
ElGamaleivar acparéc evavtio og tétol0v gidovg emBéoeic.lao va anodei&ovpe v
ac@dAelo. evavtio oe chosenciphertextembéoeic Oa mpémer vo KGvovue axoOUN 7O
woyvpn vrodbeon mov ovoudleton interactiveDiffie-Hellmanassumption(IDH) oto
G.00 Osdpnoovue éva meipapa(Ewéve 152).0 challengerba yevvnoet éva toyaio g
Kot Oa Sntuonpyﬁcsm T 8, bov avikovv 610 ZN.Oa oteilel otov emtifépevo Ta g,

h=¢?, u=g’.0 emmBépevoc Oeket va vooyioet to V=g
g. h=g% u=g"
Chal - Adv
(ul s V1 )

g<—{gen}

b z 1 if ul)a.: vy -
a,p<—»~L, 0 otherwise — -

- ab

Ewova 151:Acpaiero. 610 IDH
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Xpetaotkope avtiy v vedbeon IDHywo va tov ddcovpe ) duvatdtnta vo propet
va vroPdirel epotiuote.®@oa vroPdAiel 600 otoreion Tov cvvorov Gt Uikon
vi.Ochallengerfa tov emiotpéyet 1 dav to (U1)*=Vikar 0 o€ k6Oe GAAN TepinTwon.

Ozopnua acpdierag
‘Eav 1oyvetl to IDHywo éva G kau 10 (Es, Ds) pag mopeyet avbeviikny kpunroypdonon
kam H:G? »Keivon évarandomoracle, tote to ElGamaleivoar CCAac@oiée.

8.3.3 Hopalloyés tov EIGamal kot mepioootepn aopdleio

‘Eva epatnpa mov eysipetan givar £av pmopodpie va amodeifovpe v ac@diela evavia
oe embOéoeig chosenciphertextue ypnion tov CDH;Ywmdpyovv 600 tpdmor va to
Kévovpe av16.0 TPMOTOG TPOTOG £lvar va ypnopomojcovpe £vo Gomov Ba 1oydel 0Tt
CDH=IDH &v® 0dgvtepog tpdmoc ivor vo alha&ovpe kammg to cvotnuo EIGamal.O
TPpMTOG TPOMOG €ivan €ukoAog kot umopel vo amodeyfel pe ypnion mpoywpnuévng
dyeBpoag my O propovCaLE VA XPNCLOTOMGOVUEGIOUPS EAAEITTIKAOV KAUTVUADV.

Oco apopd oV de0TEPO TPOTO UTOPOVUE VO, KOTOUCKEVAGOVUE U0 EKAETTUOUEVT
Kotookevn mov ovoudleton twinElGamal mov eivor po mopoilayn tov apykod
ElGamal.®a emiiéEovpe éva tuyaio gkar ovty ™ @opd 600 Tég a1 ,a<Zn.To
HuoTikd KAl Ba lvan tdpa to sk=(az, az)evd 1o dnudcto krewdi o eivon to pk=(g,
hi=(g)"*, h=(g)*)

Otpoémog kpumtoypdonong eivar napoumog ue tov ElGamal.Avtq tyv @opd 6o
kévoope hashtic twée (0°, he®, h®) yia va Snuovpyncovpe to Khewi k(Ewkova
153).Zt ovvéyela Bo KPLTTOYPOUPNGOVUE TO UAVOLO oG MUE TO KXSL& kot Oa
AGBovpe to ciphertextc.®a Bydhovpe ¢ Eodo o ciphertextckan to g°.

k< H(g, hl, h) b<e—Zn
cee=e— E (k . m)

output (gb - C)

Ewova 152:Kpuvrtoypaenon pe twinElGamal

I'o vo amokpunToypagncovpe Tpénetl vo. Bpodue 1o kAewdi K, dpa Oa kdvovue hashtig
npéc (U, (W4, (w)%2)agod (w)=(g?)%xm (u)®2=(g?)®2.Xm ovvégea Oa
QOKPVTTOYPOPNCOVUE  TO  UAVOUO  YPNOomoldvTag To kA&l  Kkor 1o
ciphertext(Ewcéva 154)

ke H(u . u, u) = !

Me=—w—1D (k ., ¢) (ufalz_ baz

output m

Ewéva 153: Anokportoypdonen pe twinElGamal

Ocpnuo acodalelog
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‘Eot® o011 epapuodletar to CDHoe éva G kar 1o oynua (Es,Ds) mov mapéyet avbeviikn
KPLTTOYPAPNOT KOl MO GUVAPTNOT  KOTOKEPUATIGLOV H:G*5K  eivar  éva
randomoracletote o twinElGamaleivatr acpaing evavtia o embéoeig CCA.

8.4 Epoticaicke@araiov

Epotyonl

Recall that with symmetric ciphers it is possible to encrypt a 32-bit message and obtain
a 32-bit ciphertext (e.g. with the one time pad or with a nonce-based system). Can the
same be done with a public-key system?

a) No, public-key systems with short ciphertexts can never be secure.

b)Yes, when encrypting a short plaintext the output of the public-key encryption
algorithm can be truncated to the length of the plaintext

c) It is possible and depends on the specifics of the system.

d) Yes, the RSA-OAEP system can produce 32-bit ciphertexts.

Anravinon

The correct answer is a: An attacker can use the public key to build a dictionary of all
2% ciphertexts of length 32 bits along with their decryption and use the dictionary to
decrypt any captured ciphertext.

Epotyon 2
Let (Gen,E,D) be a semantically secure public-key encryption system. Can algorithm E
be deterministic?

a) Yes, some public-key encryption schemes are deterministic.

b) Yes, RSA encryption is deterministic.

c) No, but chosen-ciphertext secure encryption can be deterministic.
d) No, semantically secure public-key encryption must be randomized.

Amavinony
The correct answer is d: That's correct since otherwise an attacker can easily break
semantic security.

Epotnon 3
Let (Gen,E,D) be a chosen ciphertext secure public-key encryption system with
message space {0,1}*%. Which of the following is also chosen ciphertext secure?

a)(Gen, E’,D") where E"(pk, m)=[c<E(kp, m) output (c,c) ]Jand D" (sk,(c1,cz) )=

{D(k, c)ifci=c;
1 otherwise

b)(Gen,E’,D’) where E’(pk, m)=(E(pk,m), 0*%®) and D"(sk,(c1,c2))=D(sk,c1)
¢)(Gen,E",D") where E’(pk, m)=(E(pk,m),E(pk,0**®) and D’(sk,(c1,c2))=D(sk,c1)

d) (Gen,E’,D") where E’(pk, m)=E(pk,m&1'?®) and D’ (sk,c)=D(sk,c) B1**

Anrdyvrtyon
The anser a is correct because it is a ciphertext secure.
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The answer b is not corretct:

This construction is not chosen-ciphertext secure. An attacker can output two messages
mo=0"?® and m;=1"*® and be given back a challenge ciphertext (c1,c,). The attacker
would then ask for the decryption of (c1,1'®) and be given in response m0 or mi
thereby letting the attacker win the game. Note that the decryption query is valid since
it is different from the challenger ciphertext (c1,c5).

The answer c is not correct:

This construction is not chosen-ciphertext secure. An attacker can output two messages
mo=0"?® and m;=1"*® and be given back a challenge ciphertext (c1,c,). The attacker
would then ask for the decryption of (c1,E(pk,1'?®) and be given in response m0 or m1l
thereby letting the attacker win the game. Note that the decryption query is valid since
it is different from the challenger ciphertext (c1,c»)

The answer d is correct because it it a ciphertext secure

Epotyon 4

Recall that an RSA public key consists of an RSA modulus N and an exponent e. One
might be tempted to use the same RSA modulus in different public keys. For example,
Alice might use (N,3) as her public key while Bob may use (N,5) as his public key.
Alice's secret key is d,;=3'mode(N) and Bob's secret key is dy=5""modo(N).

In this question and the next we will show that it is insecure for Alice and Bob to use
the same modulus N. In particular, we show that either user can use their secret key to
factor N. Alice can use the factorization to compute ¢(N) and then compute Bob's
secret key. As a first step, show that Alice can use her public key (N,3) and private key
da to construct an integer multiple of ¢(N). Which of the following is an integer
multiple of ¢(N)?

a)d,+1
b)d,-1
€)3ds-1
d)5d,-1

Anavryon
Since da=3"'modp(N) we know that 3d;=1mode(N) and therefore 3d,—1 is divisibly by
¢(N).So the correct answer is .

Epotyon 5
Now that Alice has a multiple of @(N) let's see how she can factor N=pq. Let x be the
given muliple of (N). Then for any g in Zy* we have g*=1 in Zy.
Alice chooses a random g in Z«N and computes the sequence
gx’ gx/2’ gx/4’ gx/8"‘ in ZN
and stops as soon as she reaches the first element y=g*/2" such that y#1 (if she gets
stuck because the exponent becomes odd, she picks a new random g and tries again).
It can be shown that with probability 1/2 this y satisfies:

{y=1modp {y=—1modp
y=—1modqor y =1mod q

How can Alice use this y to factor N?
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a) Compute ged(N, y*—1)
b) Compute gcd(N—1, y)
¢) Compute gcd(N, y—1)
d) Compute gcd(N, y?)

Andviyon
The correct answer is ¢: We know that y—1 is divisible by p or g, but not divisible by
the other. Therefore, gcd(N, y—1) will output a non-trivial factor of N.

Epotnon 6

In standard RSA the modulus N is a product of two distinct primes. Suppose we
choose the modulus so that it is a product of three distinct primes, namely N=pqr.
Given an exponent e relatively prime to ¢(N) we can derive the secret key as
d=e 'mode(N). The public key (N,e) and secret key (N,d) work as before. What is
¢(N) when N is a product of three distinct primes?

) (N)=(p—1)(q—1)(r—1)
b) e(N)=pqr—1

¢) e(N)=(p—1)(q—1)

d) o(N)=(p—1)(q—1)(r+1)

Anravinon
The correct answer is a: When is a product of distinct primes then |Zy*| satisfies

Zn*[=|Zp|-| Zg* | Z:*[=(p—1)(q—D(r—1).

Epotyon 1

n administrator comes up with the following key management scheme: he generates an
RSA modulus N and an element s in Zn*. He then gives user number i the secret key
si=s"t in ZN where r; is the i'th prime (i.e. 2 is the first prime, 3 is the second, and so
on).

Now, the administrator encrypts a file that is accssible to users i,j and t with the key
k=s™ wherem=rirjr; in Z. It is easy to see that each of the three users can compute k.
For example, user i computes k as k=s;" where f=rirj. The administrator hopes that other
than users | ,j and t, no other user can compute k and access the file.

Unfortunately, this system is terribly insecure. Any two colluding users can combine
their secret keys to recover the master secret s and then access all files on the system.
Let's see how. Suppose users 1 and 2 collude. Because rl and r2 are distinct primes
there are integers a and b such that ar;+br,=1. Now, users 1 and 2 can compute s from
the secret keys s1 and s2 as follows:

2)5=5,°+s,”
b)s=s;%s,”
c) s=s,%/s,”
d) s=s,"+s,°

Anrdyvrtyon
The correct answer is b: s=sla-szb:sr1“-sr2b=s
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Epotyon 8

Let G be a finite cyclic group of order n and consider the following variant of EIGamal
encryption in G:
e Gen: choose a random generator g in G and a random X in Z,. Output pk=(g,h=g*) and
sk=(g,x).
e E(pk,meG): choose a random r in Zn and output (g', m-h").
e D(sk,(Co,c1)): output cy/co”.

This variant, called plain EIGamal, can be shown to be semantically secure under an
appropriate assumption about G. It is however not chosen-ciphertext secure because it
is easy to compute on ciphertexts. That is, let (co,c1) be the output of E(pk,mo) and let
(c2,c3) be the output of E(pk,m;). Then just given these two ciphertexts it is easy to
construct the encryption of mg-m; as follows:

a) (co—cz, C1—c3) Is an encryption of of mg-m;.
b) (coCs, €1C7) is an encryption of of mg-m;.

C) (CoCz, C1C3) IS an encryption of of mg-m;.

d) (co/cs, ca/cy) is an encryption of of my-m;.

Armavinon
The correct answer is c:Indeed, (CoCp, C1C3)=(Qro+ry, memsh'
encryption of mgm;.

%), which is a valid

Epotnon 9

Let G be a finite cyclic group of order n and let pk=(g,h=gs) and sk=(g,a) be an
ElGamal public/secret key pair in G as described in Segment 12.1. Suppose we want to
distribute the secret key to two parties so that both parties are needed to decrypt.

Moreover, during decryption the secret key is never re-constructed in a single location.
A simple way to do so it to choose random numbers aj;,a, in Zn such that a;+a,=a. One
party is given a; and the other party is given a,. Now, to decrypt an EIGamal ciphertext
(u,c) we send u to both parties. What do the two parties return and how do we use these
values to decrypt?

a) Party 1 returns uy«—u(a;%), party 2 returns u,«—u(a,>) and the results are combined by
computing v<—uj-Uy.

b) Party 1 returns uj«<—u®t, party 2 returns u,<—u“ and the results are combined by
computing v<—uj-Uy.

c) Party 1 returns uj—u®, party 2 returns u2«<u°where b=1/a; and e=1/a,and the
results are combined by computing v<—uj+Us.

d) party 1 returns up<—u“t, party 2 returns ux<—u®2 and the results are combined by
computing v<—uz/U,.

Amravinon
The correct answer is b: Indeed, v=u;-u,=g*"*=g* as needed for decryption. Note
that the secret key was never re-constructed for this distributed decryption to work.

al+a2
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Epotnon 10

Suppose Alice and Bob live in a country with 50 states. Alice is currently in state
ae{l,...,50} and Bob is currently in state be{1,...,50}. They can communicate with
one another and Alice wants to test if she is currently in the same state as Bob. If they
are in the same state, Alice should learn that fact and otherwise she should learn
nothing else about Bob's location. Bob should learn nothing about Alice's location.

They agree on the following scheme:
e They fix a group G of prime order p and generator g of G
e Alice chooses random x and y in Zp and sends to Bob (Aq,A1,A,)=(g%, ¢, g¥™)
e Bob choose random r and s in Z, and sends back to Alice (B1,B,)=(A,'0°, (A/g")'Ay)

What should Alice do now to test if they are in the same state (i.e. to test if a=b)?

Note that Bob learns nothing from this protocol because he simply recieved a plain
ElGamal encryption of ga under the public key gx. One can show that if a#b then Alice
learns nothing else from this protocol because she recieves the encryption of a random
value.

a) Alice tests if a=b by checking if B,B;*=1

b) Alice tests if a=b by checking if B1*B,=1.
c) Alice tests if a=b by checking if B,/By*=1.
d) Alice tests if a=b by checking if B,"B;=1.

Amravinon

The correct answer is c:The pair (B1,B,) from Bob satisfies B;=¢"""* and B,=(g*)’""*
9@ Therefore, it is a plain EIGamal encryption of the plaintext g"®® under the
public key (g,g%). This plaintext happens to be 1 when a=b. The term B,/B;*computes
the EIGamal plaintext and compares it to 1.

Note that when a#b the r(a—b) term ensures that Alice learns nothing about b other than
the fact that a#b. Indeed, when a#b then r(a—b) is a uniform non-zero element of Zp.

Epotyon 11
[OPTIONAL: EXTRA CREDIT] What is the bound on d for Wiener's attack when N
is a product of three equal size distinct primes?

a) d<N*®/c for some constant c.
b) d<NY*/c for some constant c.
c) d<N*/c for some constant c.
d) d<N**/c for some constant c.

Anradyvriyon

The correct answer is a: The only change to the analysis is that N—¢(N) is now on the
order of N?*. Everything else stays the same. Plugging in this bound gives the answer.
Note that the bound is weaker in this case compared to when N is a product of two
primes making the attack less effective.

Ipoypouuarictikyocknocn 6
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Your goal in this project is to break RSA when the public modulus N is generated
incorrectly. This should serve as yet another reminder not to implement crypto
primitives yourself.

Normally, the primes that comprise an RSA modulus are generated independently of
one another. But suppose a developer decides to generate the first prime p by choosing
a random number R and scanning for a prime close by. The second prime q is
generated by scanning for some other random prime also close to R. We show that the
resulting RSA modulus N=pq can be easily factored.

Suppose you are given a composite N and are told that N is a product of two relatively
close primes p and g, namely p and g satisfy:

p-gl<2NY*
Your goal is to factor N.

Let A be the arithmetic average of the two primes, that is A=p+q/2. Since p and g are
odd, we know that p+q is even and therefore A is an integer

o factor N you first observe that under condition (*) the quantity v/Nis very close to A.
In particular

A-V/N<1

as shown below. But since A is an integer, rounding vVNup to the closest integer
reveals the value of A. In code, A=ceil(sqrt(N)) where "ceil" is the ceiling function.

Visually, the numbers p,q,v/Nand A are ordered as follows(Eucova ):

Since A is the exact mid-point between p and g there is an integer x such that p=A—x
and g=A+x. But then:
N=pq=(A—x)(A+x)=A’~x? and therefore x=sqrt(A%-X?)

Now, given x and A you can find the factors p and g of N since p=A—x and g=A+x. In
the following challenges, you will factor the given moduli using the method outlined
above. To solve this assignment it is best to use an environment that supports multi-
precision arithmetic and square roots. In Python you could use the gmpy2 module. In C
you can use GMP.

Factoring challenge #1: The following modulus N is a products of two primes p and q
where [p—q|<2N"*. Find the smaller of the two factors and enter it as a decimal integer.

Factoring challenge #2: The following modulus N is a products of two primes p and g
where [p—q/<2!N"*. Find the smaller of the two factors and enter it as a decimal
integer.

Hint: in this case A—VN<2%so try scanning for A fromv/Nupwards, until you succeed
in factoring N.
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Factoring challenge #3: (extra credit) The following modulus N is a products of two
primes p and q where |3p—2q/<N** Find the smaller of the two factors and enter it as a
decimal integer.

Hint: use the calculation below to show thatv6Nis close to 3p+2q/2 and then adapt the
method above to factor N.

Challenge #4

The challenge ciphertext provided below is the result of encrypting a short secret
ASCII plaintext using the RSA modulus given in the first factorization challenge. The
encryption exponent used is e=65537. The ASCII plaintext was encoded using PKCS
v1.5 before the RSA function was applied, as described in Lecture 11.4.

Use the factorization you obtained for this RSA modulus to decrypt this challenge
ciphertext and enter the resulting English plaintext in the box below. Recall that the
factorization of N enables you to compute @(N) from which you can obtain the RSA
decryption exponent.

Challenge ciphertext (as a decimal integer):

22096451867410381776306561134883418017410069787892831071731839143676135600120
53800428232965047350942434394621975151225646583996794288946076454204058156474
89880137348641204523252293201764879166664029975091887299716905260832220677716
00019329260870009579993724077458967773697817571267229951148662959627934791540

After you use the decryption exponent to decrypt the challenge ciphertext you will
obtain a PKCS1 encoded plaintext. To undo the encoding it is best to write the
decrypted value in hex.

You will observe that the number starts with a '0x02' followed by many random non-
zero digits. Look for the '0x00' separator and the digits following this separator are the
ASCII letters of the plaintext. (note: the separator used here is '0x00', not 'OxFF' as
stated in the lecture)

Amravinon
Tov Kddka g TPoypapIATIGTIKNG doknong Ba Tov Ppeite £00.
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8.5 Avaivtikn paBporoyia

You submitted this homework on Fri 5 Jun 2015 11:39 AM EEST. You got a score of 1100 out of 11.00.

Question 1

Recall that with symmetric ciphers it is possible to encrypt a 32-bit message and obtain a 32-bit ciphertext (e.q. with the: one time pad orwith @ nonce-based system). Can the same be dene with a public-key system?

Your Answer Score  Explanafion

No, public-hey systems vith short ciphertexts can neverbe v 1.00 An attacker can use the public key to build a dictionary of all e ciphertexts of length 32 bits along with their decryption and use the dictionary o
SECUTE. decrypt any captured ciphertext.

s, when encrypting a short plaintext the output of the
publickey encryption algorthm can be tuncated to the kength

of the plaintexdt.
Itis possible and depends on the specifics of the system.

Yes, the RSA-OAEP system can produce 32-bit ciphertexts.

Total 1.00/
1.00

Ewova 154:Epdtnon 1-Week 6

Question 2

Let (Gen, E, D) be a semanticaly secure publickey encryption system. Can algorthm E be deteminiatic?

Your Answer Score Explanafion
YYes, some public-key encryption schemes are deteministic.
‘ez, RSA encryption is deteministic.
No, but chosen-ciphertext secure encryption can be deteministic.
Mo, semantically secure: public-key encryption must be randomized. v 100

That's comect since othenvise an attacker can easily break semantic secunty.

Total 1.00/1.00

Ewoéva 155:Epdnon 2-Week 6
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Question 3
Let (Gen, E, D) be a chosen ciphertext secure publickey encryption system with message space {(), [} 128 hich of the following s also chosen ciphertext secure?

Your Answer Score  Explanafion

¢ (Gen, E'. Iy where v 025  This construction is chosen-cipheriext secure. An attack on (Gen, £”. D) gives an attack on (Gen, E, D).
F'(pk,m) = [+ Fipk, m). output (1;:.)]

and )
T _ ) Disk,er) ifer=e2.
D'{sk Le))= l 1 otherwise

(Gen, E' .D’ ) where ‘ v 025  This construction is not chosen-cipherte: secure. An attacker can output two messages mig =0" andmy = 1" and be given back a challenge ciphertext
E"(pk, m = [E[pk. m), ﬂm} and (e1,¢2). The attacker would then ask for the decryption of (¢1, | IgR) and be given in response my or sy thereby letting the attacker win the game. Note that
IJ'[;k, (.;._q;] =Dsk,c1). the decryption query is valid since fis different from the challenger cipherted (c1, c2).

(Gen, £, IV ) where v 025  This construction is not chosen-cipherte:d secure. An attacker can output two messages rig =0"™ and = 1" and be given back a challenge cipherext
F,"(pk, m= [f:'(pk. m), E(pk, m)) and {c1,c2). The attacker would then ask for the decryption of (¢, E(pk, | IHJ and b given in response mq of my thereby etiing the attacker win the game. Note
IJ'(;k, (|'|_("1J] =Dsk,en). that the decryption query is valid since it is different from the challenger ciphertesd (c1, 2).
¢ (Gen, E'.IV) where v 025 This construction is chosen-ciphertext secure. An attack on (Gen, 7, 1) gives an attack on (Gen, E, D).

E'(pkm) = Fipk, m@ 1'™) and
Disk.e)=Dsk,c @ 1'*
Total 100/

Ewoéva 156:Epdnon 3-Week 6

Question 4

Recall that an RSA public key consists of an RSA modulus N and an exponent e. One might be tempted to use the same RSA modulus in diferent public keys. For example, Alice might use (N, 3) as her pubiic key while Bob may
use (N, 5) as his public key. Alce's secret ey s d, = 371 mod (V) and Bob's secrethey s , = 57" mod wN).

In this question and the next we will show that t i insecure for Alce and Bob to use the same modulus N. In particular, we show that eher user can use their secret key to factor N. Alice can use the factorization to compute (N)

and then compute Bob's sacret key.

Aa a first step, show that Alics can use her pubic key (N, 3) and private key da to construct an integer mufiple of p(N). Which of the following is an integer mutiple of (N)?

Your Answer Score Explanafion
datl
dy - |

¢ e -1 v o Since dy =3 mod p(N) e know that 3dz = | mod g(N) and therefore 3ds — 1 is diviibly by ga(N).
d, -1

Total 1.00/1.00

Ewova 157:Epdtnon 4-Week 6
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Question 5

v that A has a mutiple of p(N) lef's see how she can factor N = pg. Let x be the given muliple of ). Then forany g in Zyy we have g* = | in Zy. Alice chooses a random g in Zy and computes the sequence
e iy

and stops as soon as she reaches the first element y = g‘ﬁ " such that y # | (i she ges stuck because the exponent becomes odd, she picks a new random g and fries again). I can be shown that vith probabitty 112 this y

satisfies
y=1modp, and o y=-Imodp, and
y=-Imodg y=Imodg
How can Ale use this y o factor N7
Your Answer Score Explanation
compte ged(N, y° - 1)
compute ged(N - 1, y)
compute ged(N, y—1) v o1 We know that y— | is divisible by p or g, but not divsble by the other. Therefore, ged(N, y — 1) will output a non-ridal faclor of N
compute ged(N, f;
Tolal 100/1.00

Ewova 158:Epdtnon 5-Week 6

Question §

Insandard R34 he moduls N &  productof o dsinc prives. Suppose v choose e moduus o that s  productof e it pines, namely ' = pyr. Given an exponet e ety pime o () we can derve e
seortleysd = md ). he publchey (V. e and secrel ey (N, ) wok s befoe. What V) hen N i  produet of e it pimes?

Your Answer Score Explanation
oN=(p-1ig-1ir-1) v 1M When s & produet o dsine prves then 7, sisies IEQI:\,E;\ - IE;\ (2= (- g -1)r- 1)
o) =pyr-1
)= 1ig-1)

w)=(p-Dig=1r+1)

Tolal 10011.00
Ewova 159:Epdtnon 6-Week 6
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Question 7
An administrator comes up with the following key management scheme: he generates an RSA modulus N and an element s in . He then gives user number j the secret key s; =™ in Zy wihere r; is the th pime (ie. 2is the

first prime, 3 is the second, and se on).

Now, the administrator encryps a fil that is acessible to users i, j and rwih the key k = ™" in Z. It is easy fo see that each of the three users can compute k. For example, user i computes k as k = (s;)"" . The administrator

hopes that other than users 1, j and 1, no other user can compute k and access the flle
Unfortunately, this system is temibly insecure. Any two colluding users can combine their secret keys to recover the master secret s and then access al files on the system. Let's see how. Suppose users 1 and 2 collude. Because r,
and r; are distinct primes there are integers g and b such that ar) + bro = |. Now, users 1 and 2 can compute g from the secret keys 5 and 5, as follows:

Your Answer Score Explanation
s=s+hinZy.

WY (g inZy. v 1.00 i=5 rg =0 = gin By,
s=sblsin Zy.
s=sb+ 8y

Totd 1007100
Ewova 160:Epdtnon 7-Week 6

Question 8

Let {5 b & finke ycic group of o and consides th folowing varntof ElGamalencoypon G

v Gen:choose  endom generatorgin G and a random xin 2. Oufut pk =g h= ") and sk =),
v H{pl,me G choose aranom 71 Z, andouput g, m- ).

. ﬂ[sk,(m.m]}: oty

T varar, caled plan E13amal, can b s to be semanticall securs under an approprite assumpfion about . It however ot chasen-cphertert securs becuse s easy fo compute on apherts That & et ea. 1)

e outptof E{pk ) and e c, ) b he utput of F{pk, a1 ). T s g these o ciphedes s easy o consiuct e encrlion of g - 1 25 olows:

Your Ansier Score Explanation
(o=, ¢1 ~ca) B anenoylon ofof -y
{epes, erc) B an encoyption of o g - .

gty ) anencaplon o g -y v o Ideed ey, ercs)=(¢™, momy ™) i 2 vad encoption o g
(cofex, c1les) s an enerypin ofof g + .

Told 1001100
Ewoéva 161:Epdnon 8-Week 6
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Question 9

Lef G be e eyl roup ofortem and et pk = (5, = ") and sk = (3, ) e a EXGamalpublsSecet ey parin 5 as ceseibed n Seqment 12,1 Suppose v wan! o cifibute te seet ey ot paies o fhat o
s are needed to deonot. Moreover,duing decryptio the secre ey s nevere-consiucted n @ shole cafion. A smple way o do 50 o choase random mumbers i, az n Z, such hatay +ao = . One pary s gien ay

and the other party s given az. ow, to decrypt an ElGamal cphertext (u,c) we send u to bolh paries, What do the bo parfies refum and howr do e use these values to decrypt?

Your Answer Score Explanation

paty s /5.ty 20hums g, o () i e
resuts are combined by computing v < uy - .

o paty rhms gy~ paty 2eums i o andthestts v 100 Indeed,y=py w2 g"*““ =" as needed fardecrypfion. Nofe ha he secre ey was nevere-conshucted o i cifuled
are combined by computng y <y - gy decryption o work.

paty | Eamsy ™ paty 2etms g < 4 and e
resuls are combined by computing p & 1) +up.

naty 1 reums gy 5" pary 2 ehums iy & " and he sty
are combined by computing v & 1 gy

Totdl 10
n

Ewova 162:Epatnon 9-Week 6

Question 10

Suppose Alice and Bob five in a country with 50 states. Alice is curently in state a € { 1. ..., 50} and Bob is curently in state b€ {1, ...., 50}. They can communicate with one another and Alice wants to lest if she is cumently in

the same state as Bob. If they are in the same state, Alice should leam that fact and othenwise she should leam nothing else about Bob's lecation. Bob should leam nothing about Alice's location

They agree on the following scheme:

+ Theyfix a group G of prime order p and generator g of G
+ Alice chooses random.x and y in Z and sends fo Bob (Ao, A1, 42) = (g’. [ i
+ Bob choose random r and s in 7, and sends back o Aiie (B, Bz) = [dig', (Aol }'Af.]

What should Alice do now to test if they are in the same state (e fotestfa=b)?

Note that Bob leams nothing from this protocol because he simply recieved a plain EIGamal encrypfion of g” under the public key g™, One can show that f g < b then Alice leams nothing else from this protocol because she
recieves the encryption of a random value.
Your Answer Score  Explanation

Alice tests fa = b by
checking i By B} = 1.

Alice tests fa = h by
thecking i B} B = 1.

+ Alice lestsfa= h by v 100 The pair(By.By) from Bob satisfies By = g™ and By = (""" g Therefore, itis a plain ElGamal encryption of the plaintext g underthe publi key (g, ). This
checking i Ba /B = | plaintext happens to be 1 when a = b. The tem Ba/B} computes the EXGamal plaintext and compares o 1.

Note that when a # b the r(a — b) tem ensures that Alice leams nothing about b other than the fact that a # b. Indeed, when a # bihen r(a — b) is a unfom non-zer element
i,

Alice tests fa=hby
thecking i B3 B = 1.

Ewova 163:Epatnon 10-Week 6
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Question 11

[OPTICHAL: EXTRA CREDIT] What  the bound on  for Wieners aftack hen N is a prcuctof e equal sze disinctprmes?

Your Answer Score Explanation

M e v o1 Tﬂeunhfch.‘mgetotheanaWsisisthatN—rpih’lisnmwntheorderofh’m.Euenﬂhiﬂgelseﬂaysthesame.Plugginginthisboundgmestheanm'ler.Notethaﬂheboundisweakerm
some constant . {his case compared towhen N s & product of o primes making the atack s effectve

d<N et
some conslant ¢.

d <N lcforsome
constantc.

A<\t
some conslant c.

Totdl 1
1

Ewovo 164:Epdtnon 11-Week 6

You submitted this homework on Fri § Jun 2015 11:42 AM EEST  You got a score of 4.00 out of 4.00.

Question 1

ourgoal in this project i to break R3A when the public modulus N iz generated incomectly. Thiz should semve as yet another reminder not to implement crypto primitives yoursef.

Nomnaly, the primes that comprise an RSA modulus are generated independentiy of one another. But auppose a developer decides to generate the firt prime p by choosing 2 random number K and scanning for a prime clos by.

The second prime ¢ i generated by scanning for some other randorm prime al cose to . We shaw that the resufing RSA modulus N = py ean be easly Tactored.

Supposa you are given a composte N and are tod that N'is a product of two relatively cose primes p and g, namely p and g safisfy
=g <" 1
Yourgoal i3 o factor N

Let A be the arthmetic average of the two primes, thatis A = f;f Since p and g are odd, we know that p + g is even and therefore A s an integer.
Tofactor N you first obsene that under condition ) the quantiy \W i very close o A. In parfcular

A=W <l
2 shown below. But since A is an integer, munding W up tofhe closest integer reveals the value of A. In code, A = ceil(sqrt(N}) where "cef s the cefing function. Visualy, the numbers p, q.vW and A are ordered as folows:

Ewova 165:TIpoypappatictiki Goknen 6-a
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Since A is the exact mid-point between p and g thers is an integer.x such thatp = A — xand g = A + x. But then
N=pg={A-x)iA +0)=A" =% and therefore x = \/A: -N
Mowr, given x and A you can find the factors p and g of N'since p=A -xandg=A+x

In the follewing challenges, you wil factor the given meduli using the method outlined above. To soive this assignment it is best to use an environment that supports mutt-precision arthmetic and square roots. In Pythen you could
use the gmpy2 medule. In C you can use GMP.

Factoring challenge #1: The fallowing modulus N & a products of two primes p and g where |p — gl < 2N " Find the smaler of the twa factors and enter i as a decimal integer.

N = 1797693134862315907729 30519078992473 301 T9760780423065727 343006115 |
T132675885585620686085 3794492129824

13875371648157161398586
47833778506925583497 5418519659161 51 28857575048752635007475935288 |
7188236499490487 71895617854 3611404 7480504671181 518156 304868852754 |
B8/15845608 1857766314 38408634074 B85 5 TREA0802581

Factoring challenge #2: The following modulus N s a products of two primes p and g where |p — gl < 2 VN"™ Find the smallr of the two factors and entert as a decimal integer.
Hint: inthis case A — vV < 22" s try scanning for A from vV upwards, unti you succeed in factoring N

N = BAB4SSBA2BABAT16695628 20265 3467 122787263437 2070697626 308684390703787 \
9730861 8081115462 7148152 7686141 7569195567 3218402545 206554 2408671989 |
2428BAAB418303532819729885313105117; 3 2582821502584990364453 \
188RE528167 3303711142 2964 2102 7848280 38765745854 523 368335767
158386460882306402 36866252211 790085787877

78346897 |

Factoring challenge #3: (exira credit) The following modulus N is @ products of two primes p and g where [3p - 29l < N 1 Find the smallr of the two factors and enter t as a decimal integer.
Hint; use the calculation below to show that v@ isclose fo J_Ffj and then adapt the method above to factor N

Ewovo 166:TIpoypappatiotiki) Goknen 6-b

NZ7USLA 185255817 KD IR0RAA5 147 YOURNAY

22045

GAUD401 787108 )

The only remaining mystery Is why A = N < 1. This folows from the following simple calulation. First observe that
A =N= (:: e N f._":".L -N WY . (p- qb"l-l

Now, since for sl x,y 1 (x = yMx 4 y) =x° = y* we oblon
f R AN AN '
A-IN=(A~ VNITV,’V S e R e
and since VI 5 A # folows that
o PN el
A=V 5 S = 0
By assumpon (*) we know that (p — )" < 4y/N and therefor
7 “wr 2 y
A= VN S gy = I/

28 required

Fusther reading the method described above is a greatly simpified version of a much more generl result on factorng when the high oeder bits of the prime factor are known

Enter the answer for factonng chalenge #1 in the boax bekovs

You entered:

1340780792994259700057 4024008206046 12747936502059239)37 7723561443721 76403007366276889111161416232699086750405460943393200
A0418523375906027530441562135724301

v
Your Answer Score Explanation

1340700792994259709957402490820584612747936502059239337 772356 144372176403007 3662760891 11161436202650867504054609423602000041 v 1.00
0523375906027530441562135724201
Total 1.00/1.00

Ewova 167:IIpoypappaticTiki aoknemn 6-C
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1" npoonadeio

2" poomfeia

3" tpocnddeia

4" rpoondeia

Epotoeig

9.00/11.00

11.00/11.00

Aocknon

4.00/4.00
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8.8 IIetomomTiko TopakorovOneng(certificate)
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HopdptnUoA: AKPOVOULY - XOVTOUOYPUPLEC

OAA ta akp@VOHLO KO 01 GUVTOUOYPAPIEG TOL YPNCLOTOONKAV TNV OVOPOPA, VO,
opilovton TapaKATO.

[ 09 | 3DES Triple Data Encryption Standard
5GL 5™ Generation Language
ACE Access Control Entry
AES Advanced Encryption Standard
| B | B1OS Basic Input/Output System
BCD Binary Coded Decimal
CAPICOM Cryptographic APl for COM
CERT Computer Emergency Response Team
[ D | DCOM Distributed Component Object Model
DEP Data Execution Prevention
ECM Enterprise Configuration Manager
EFS Encrypting File System
FEK File Encryption Key
FIPS Federal Information Processing Standard
GINA Graphical Identification and Authentication
GPMC Group Policy Management Console
HKLM HKEY _Local_Machine
HTTPS HTTP Over SSL
1] ICF Internet Connection Firewall
IDS Intrusion Detection System
JCL Job Control Language
JKS Java Key Store
KDC KerberosKeyDistributionCenter
KEK Key Encrypting Key
L2TP Layer 2 Tunneling Protocol
LSA Local Security Authority
MBSA Microsoft Baseline Security Analyzer
MIIS Microsoft Identify Integration Server
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NAP Network Access Protection
NSA National Security Agency
OoMB Office of Management and Budget
OVAL Open Vulnerability and Assessment Language
PIN Personal Identification Number
PKI Public Key Infrastructure
QoS Quality of Service
QRA Quantitative Risk Analysis
RA Remote Assistance
RID User Relative ID
SACL System Access Control List
SAM Security Accounts Manager
TGS Ticket Granting Service
TLS Transport Layer Security
UDP User Datagram Protocol
UPS Uninterruptible Power Supply
VBS Visual Basic Script
VPN Virtual Private Network
WebDAV  Web Distributed Authoring and Versioning
WPA Wi-Fi Protected Access
XCCDF Extendible Configuration Checklist Description Format
XNOS Experimental Network Operating System
Y2K Bug Year 2000
YB YottaByte 10**Bytes
]
ZAC Zero Administration Client
ZBR Zero Bug Release

HMopaptnuo B: IIpoyponunoTieTIKEC OGKNGELS
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Ipoypauuaticrtiij acknen 1(assignmentl.py)

"""Quickly written one-time pad decryption based on 10 cyphertext with same
key.

wnn

import itertools
import string

CTS = [ct.decode('hex') for ct
in"""315c4eecaa8b5f8aaf9174145bf43e1784b8fa00dc71d885a804e5ee9£fa40b16349cl46fb
778cdf2d3aff021dfff50403b510d0d0455468aeb98622b137dae857553¢ccd8883a7bc37520e0
6e515d22c954eba5025b8cc57ee59418ce7dcobcd1556bdb36bbcal3e8774301fbcaal3b83b2208
09560987815f65286764703de0£3d524400a19b159610bllef3e234c02ecbbfbafa3edl8510ab
dllfa724fcda2018al1a8342cf064bbde548b12b07df44ba7191d9606ef4081ffde5ad46a5069d
9f7£f543bedb9c861bf29c7€205132eda9382b0bc2c5¢c4b45f919¢cf3a9f1cb74151£6d551£4480
c82b2cb24cchb028aa76eb7bd4ab24171lab3cdadb8356£32510ba%a7b2bba908005d43a304b571
4cc0bb0c8a34884dd91304b8ad40b62b07df44ba6e9d8a2368e51d04e0e7b207b70b9%908261112
bacb6c866a232dfe257527dc29398£5£3251a0d47e503¢c66e935de81230b59%7afb5f41afa8de
61cb32510ba%aab2a8a4fd06414fb517b5605cc0aa0dc91a8908c2064ba8adb55ea06a029056£47
a8ad3306ef5021leafelac01a81197847a5¢c68alb78769a37bc8£4575432¢c198ccb4ef63590256
e305cd3a9544eed4160ead45aef520489e7da7d835402bca670bda8eb775200b8dabbba?246b130
£040d8ec6447e2c767£3d30ed8lea2e4cl1404e1315a1010e7229%0e6636aaal3fb61ba%adbdboeb
ec54424ba317b564418fac0dd35f8c08d31alfe9e24£fe56808c213£f17¢c81d9607ceel21dafele
001b2lade877a5e68bea88d61b93ac5ee0d562e8e9582f5ef375f0a4ae20ed86e935de81230b5
9p73£fb4302cd95d770c65b40aaal65f2a5e33a5a0bbbdcabad3722130£f042£8ec85b7¢c2070325
10bfbacfbb9befd54415da243e1695ecabd58c519cd4bd2061bbde24eb76al19d84aba34d8de28
Tbe84d07e7e9a30ee714979c7e1123a8bd9822a33ecaf512472e8e8£8db3£9635¢c1949e640c62
1854eba0d79%9eccftf52ff111284b4cc61d11902aebcb6f2b2e436434eacc0aba938220b084800c2
cade693522643573b2c4ce35050b0cf774201£f0feb52ac9f26d71bb6cf6la77llcc229f77ace7aas
8a2f19983122b11beB87a59c355d25f8e432510bfbacfbb9befd54415da243el1695ecabd58c519
cd4bd90flfabeabbad7b01c909ba7696cf606efd0c04afelac0aa8l148dd066592ded9f8774b52
9c7eal25d298e8883f5e9305f4b44£915cb2bd05af51373fd9%04af511039fa2d96f83414aaaf2
61bda2e97b170fb5cce2a53e675¢c154c0d9681596934777e2275b381ce2e40582afe67650b13e
72287f£2270abcf73bb028932836fbdecfecee0a3b894473clbbeb6b4913a536cedfobl3fleff
f71eal313c8661dd%adcel315cd4eecaald8b5f8bffdl1155ea5060b56041c6a00c8a08854dd21ladbbde
54ce56801d943ba708b8a3574f40c00£f££f9e00£fal1439fd0654327a3bfc860b92f89%ee04132ech
9298f5fd2d5e4b45e40ecc3b9d59e9417df7c95bbadl0e9aa2ca24c5474da2f276baal3ac32591
8b2daadad3d6712150441¢c2e04£6565517£317da9d3271946f9%bbb2acadecl11841a8labc300e
caal0lbd8069d5cc91005e9fedaad6e04d513e96d99de2569bc5e50eeeca709b50a8a987f4264e
db6896fb537d0a716132ddc938fb0f836480e06ed0fcd6e9759f40462f9cf57f4564186a2c177
8f1543efa270bda5e933421cbe88a4a52222190f471e90d15£652b653b7071aec59%9a2705081ff
e72651d08f822c9%ed6d76e48b63ab15d0208573a7eef02766d06ece998b7a2fbld46dfed2ced?
641ddaa3cc31c9941cf110abbf409ed3959800503399ccfafb61d0315fcalal314bel38a9£3250
3bedac8067f03adbf3575¢c3b8edc9ba7£537530541ab0f9f3cd04f£f50d66f1d559%9ba520e89%a2c
b2ag3"" " isplit ()]

TCT="32510ba%abebbbefd001547a810e67149caecelld945cd7£c81a05e9£f85aac650e9052ba
6a8cdB8257bf14d13e6£0a803b54£fde%9e77472dbf£89d71b57bddef121336cb85ccb8£3315£4b5
2e301d16e9£52£904" .decode ("hex")

KEY=1list ("

")
defstrxor(a, b): # xor two strings of different lengths
iflen(a) >len(b):
return"".join([chr (ord(x) * ord(y)) for (x, y) inzip(al:len(b)]l, b)])
else:
return"".join([chr (ord(x) *~ ord(y)) for (x, y) inzip(a, bl:len(a)]l)])

defmain () :

for CTl, CT2 in itertools.permutations(CTS, 2):
xXor = strxor (CT1l, CT2)

for i, ¢ inenumerate (xor):

if 1 >= len (KEY) :

continue# we don't care

if KEY[i] != ' ':

continue
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if ¢ in string.ascii uppercase:
for ct in CTS:

1f i <len(ct) and ct != CT2 and strxor(CTl, ct)[i] in string.ascii uppercase:
# there is a space in CT1 and c lower in CT2

KEY[1i] = strxor(CT1[i], " ")
continue
1f i <len(ct) and ct != CTl and strxor(CT2, ct)[i] in string.ascii uppercase:
# there is a space in CT2 and c lower in CT1

KEY[1i] = strxor(CT2[i], " ")
continue

if ¢ in string.ascii lowercase:
for ct in CTS:

1f i <len(ct) and ct != CT2 and strxor(CTl, ct)[i] in string.ascii lowercase:
# there is a space in CT1l and c lower in CT2
KEY[i] = strxor(CT1[i], ' ")
continue
if i <len(ct) and ct != CT1l and strxor(CT2, ct)[i] in string.ascii lowercase:
# there is a space in CT2 and c¢ lower in CT1
KEY[1] = strxor(CT2[i], ' ")
continue
print KEY
print'"decrypted text: ", list(strxor("".join(KEY), TCT))
if  name == "' main ':
main ()

Ilpoypouuatictiky acknon 2(asssignment2.py)

# -*- coding: utf-8 -*-
from Crypto.Cipher import AES
# Question 1 (CBC)
key = "140b41b22a29%bebd061bdab6b6747el4" .decode ('hex")
ciphertext =
"4ca00ff4c898d61eledbf1800618fb2828a226d160dad07883d04e008a7897ee2e4b7465d529
0d0c0e6c6822236eldaafb\
94ffe0cb5da05d9476be028ad7c1d81" .decode ('hex")
size = AES.block size
#iv = Random.new () .read (AES.block size)
iv = ciphertext[:size]
cipher = AES.new(key, AES.MODE CBC, iv)
msg = cipher.decrypt (ciphertext[16:])
print msg
# Question 2 (CBC)
key = "140b41b22a29%ebd061bdatcbb6747el14" .decode ('hex")
ciphertext =
"5b68629feb8606f9a6667670b75b38a504832d0f26elab7da33249de7d4afc4d8\
e713ac646acel36e872ad5fb8a512428a6e21364b0c374df45503473¢c5242a253" .decode ('hex
")
iv = ciphertext[:AES.block size]
cipher = AES.new(key,AES.MODE CBC, iv)
msg = cipher.decrypt (ciphertext[16:])
print msg
defpycrypto decrypt (key, iv, data):

crypt = AES.new(key, AES.MODE CTR, counter=lambda: 1iv)
return crypt.decrypt (data)
# Question 3 (CTR)
key = "36£18357beddbd77£050515¢c73fcf9f2" .decode ("hex")
cyphertext =
"69dda8455¢c7dd4254b£353b773304eec0ec7702330098ce7£7520d1cbbb20fc3\
88d1b0adb5054dbd7370849dbf0b88d393f252e764f1£f5f7ad97ef79d59ce29f5f51eecal32eab
edd9afa9329"
ivl = cyphertext[:32] .decode('hex")
iv2 = hex(int (cyphertext[:32], 16) + 1)[2:][:-1].decode('hex') # iv+l
iv3 = hex(int (cyphertext[:32], 16) + 2)[2:][:-1].decode('hex') # 1iv+2
iv4d = hex(int (cyphertext[:32], 16) + 3)[2:][:-1].decode('hex') # 1iv+3
ctl = cyphertext[32:64].decode ('hex")
ct2 = cyphertext[64:96].decode ('hex')
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ct3 = cyphertext[96:128].decode('hex")

ctd4d = cyphertext[128:].decode('hex")

print pycrypto decrypt (key, ivl, ctl) + pycrypto decrypt(key, iv2, ct2) +
pycrypto decrypt(key, iv3, ct3) + pycrypto decrypt(key, ivé4, ct4)

# Question 4 (CTR)

key = "36£18357beddbd77£050515¢c73fcf9f2" .decode ("hex")

ctr cyphertext2 =
"770b80259ec33beb2561358a9f2dc617e46218c0a53cbecab95aed5faa8952aal\
0e311bde9d4e01726d3184c34451"

ivl = ctr cyphertext2[:32].decode('hex'")

iv2 = hex?int(ctr_cypherteth[:32], 16) + 1)[2:][:-1].decode('hex") # iv+l
iv3 = hex(int (ctr cyphertext2[:32], 16) + 2)[2:][:-1].decode('hex") # iv+2
ivd = hex(int (ctr cyphertext2[:32], 16) + 3)[2:][:-1].decode('hex") # iv+3

ctl = ctr_cyphertgxt2[32:64].decode(‘hex‘)

ct2 = ctr cyphertext2[64:96].decode('hex")

ct3 = ctr cyphertext2[96:128].decode ('hex")

ctd4 = ctr cyphertext2[128:].decode('hex")

print pycrypto decrypt (key, ivl, ctl) + pycrypto decrypt(key, iv2, ct2) +
pycrypto decrypt(key, iv3, ct3) + pycrypto decrypt(key, ivé4, ct4)

Hpoypapuarticrikyacknyon 3(asssignment3.py)

import hashlib

defget h from file(filename):
blocks = []
prev_h = '’
with open(filename, 'rb') as f:
data = None
while data !'= "':
data = f.read(1024)
if data != '':
blocks.insert (0, data)

for block in blocks:
m = block + prev h
h = hashlib.sha256 (m)
prev_h = h.digest()
hex h = h.hexdigest ()

return hex h

print ('sample: ' + get h from file('assignment3-sample.mp4d'))

Ilpoypapuatictiky acknyeny 4(asssignmend.py)

importurllib?2
import sys

defquery(q) :

target = 'http://crypto-class.appspot.com/po?er="'" + urllib2.quote (q)
# Create query URL

req = urllib2.Request (target) # Send HTTP request to server

try:

f = urllib2.urlopen (req) # Wait for response
except urllib2.HTTPError, e:
if e.code == 404:

returnTrue # good padding

returnFalse # bad padding

ct =
'f20bdba6ff29eed7b046d1df9fb7000058b1£ffb4210a580£f748b4ac714c001bd4a61044426fb
515dad3f21£f18aa577c0bdf302936266926ff37dbf7035d5eebd"’

def int2hex (1) :

returnhex (1) [2:] iflen(hex (i) [2:]) == 2 else '0"' + hex(i)[2:]
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defexor pad(i):
assert (1 > 0)
assert (1<=16)

return'00" * (16 -1i) + int2hex (i) * i

defexor g(g,pos):

assert (pos>=0)

assert (pos<16)

return'00' * (15-pos) + int2hex(g) + '00'" * pos

def rellenar zero(s):
return'0' * (32 - len(s)) + s

defstrxor(a, b): # xor two strings of different lengths
if len(a) >len(b):

return"".join ([chr (ord(x) » ord(y)) for (x, y) inzip(al:len(b)], b))
else:

return"".join ([chr (ord(x) » ord(y)) for (x, y) inzip(a, bl:len(a)])])
def hexexor(sl,s2):

return strxor (sl.decode ("hex'"),s2.decode ("hex'")) .encode ("hex")

blocks = ()

while ct:
blocks = blocks + (ct[:32],)
ct = ct[32:]

message = ()
probable range = [ord(' "),] + range(ord('a'),ord('z")) +
range (ord('A'),ord('Z2")) + range(l7)

for b inrange(l,len(blocks)):
iv = blocks[b-1]
block = blocks[b]
msg = ""
for pos inrange(1l,17):
pad = exor pad(pos)
lastmsg = rellenar zero (msg.encode ("hex"))
getletter = 0
for g in probable range:
gpad = exor _g(g,pos-—1)
print"Try " 4+ int2hex (g)
if query("".join(blocks[: (b-1)]) +
hexexor (lastmsg, hexexor (iv, hexexor (gpad,pad))) + block):
getletter = 1
break
if getletter:
msg = int2hex(g) .decode ("hex") + msg
else:
msg = '?' + msg
='" 4+ msg + "'"
message + (msg,)
> Block " 4+ str(b) + ":" + message[b-1]

print'"me age
message
print "Me

iv = blocks[2]
block = blocks[3]
msg = '09'.decode ("hex") * 9
for pos inrange (10,17):
pad = exor pad(pos)
lastmsg = rellenar zero(msg.encode ("hex'"))
getletter = 0
for g in probable range:
gpad = exor g(g,pos-1)

print"Try " + int2hex (qg)
if query("".join(blocks[: (b-1)1) +
hexexor (lastmsg, hexexor (iv, hexexor (gpad,pad))) + block):

getletter =1
break
1f getletter:
msg = int2hex(g) .decode ("hex") + msg
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else:
msg = '?' + msg
print"message='" + msg + "'"
message = message + (msg,)
print"Message Block " + str(b) + ":" + message[b-1]

Ipoypopuarticrikiackyen S(@ssignments.py)

#!/usr/bin/python

import sys

import math

import gmpy2

from gmpy2 import mpz
from gmpy2 import invert
from gmpy2 import powmod
from gmpy2 import divm

defcompute x0s(p,h,qg,B):
return ((i, powmod(g, B*i, p)) for i inrange(B))

defdiscrete log(p, h, g, maxExp=40):

""" Computes x such that h = g®x mod p
B = mpz (2** (int (maxExp/2)))
g = mpz(g)
h = mpz (h)
p = mpz(p)
print ("Computing xls...")
xls = { divm(h, powmod(g,i,p), p) : i for i inrange(B) }

print ("Checking for equality...")

for x0, exprR in compute x0s(p,h,g,B):
x1l = xls.get (exprR)
if x1 is notNone:
print ("Found values!")
print ("x0 ={}".format (x0))
print ("x1 = {}".format (x1))
return mpz (x0) *B+mpz (x1)
raiseValueError ("No suitable x0, x1 found!'™)

defself test():
p:
13407807929942597099574024998205846127479365820592393377723561443721764030073
54697680187429816690342769003185818648605085375388281194656994643364900608417
1

g:
11717829880366207009516117596335367088558084999998952205599979459063929499736
58374667057217647146031292859482967542827946656652711521274846758989460196556
8

h =
32394751040504504435652643787280657886490975209524495278347924529719819761432
92558073856937958553180532878928001494706097394108577585732452307673444020333

print ("Running tiny test")

xTiny = 3
x = discrete log(97, 20, 57, 6)
print ("x== {}".format (x))
assert (xTiny == x)
print ("Tiny test passed!")
print ("")

print ("Running short test")
xShort = 23232
x = discrete 1og (1938281, 190942, 1737373, 16)

print ("x == {}".format (x))
assert (xShort == x)
print ("Short test passed!")
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print("")
print ("Running long test")

x = discrete log(p, h, g, 40)
assert (h == powmod (g, x,p))
print ("x == {}".format (x))
print ("Long test passed”)
print("")

if  name == " main ":
self test()

Ilpoypounatictiky acxnon 6(factor.py-challenges.py)

factor.py

#!/usr/bin/python

import gmpy2

from gmpy2 import mpz

from gmpy2 import powmod
from gmpy2 import isqgrt
from gmpy2 import isqgrt rem
from gmpy2 import div

from gmpy2 import invert
from math import ceil

from binascii import unhexlify
import challenges

defceil sqgrt(x):
s,t = isqrt rem(x)
return s + (1 1f t else 0)
defcheck factors(p,q,N):
return p*q ==
deffactor with average (A, N):
X = isqgrt (A**2 - N)

return (A - x, A + Xx)
defcheck ch3(i,A,N):
p,qg = (div(A + 1 - 1,3), div(A - i,2))

if check factors(p,q,N):
return p,gq
p,qg = (div(A - 1,3), div(A + i - 1,2))
1f check factors(p,q,N):
return p,q
returnNone

defch3 factor (N):
"o yalid when |3p - 29| < N~ (1/4)

wnn

h=

= cell sqgrt (6*N)

let M = (3p+2q)/2

M is not an integer since 3p + 29 is odd

So there is some integer A = M + 0.5 and some integer i such that
3p =M+1i-0.5=A+1 -1

and

2g =M -1+ 0.5=2 -1

N = pg = (A-i) (A+i-1)/6 = (A"2 - 1i"2 - A + 1)/6

So 6N = A2 - 172 - A + 1

ir2 -1 =A"2 - A - 6N

Solve using the quadratic equation!

o o e S o o e e o

a = mpz (1)

b = mpz(-1)

c = -(A**2 - A - 6*N)

det = b**2 - 4*a*c

roots = (div(-b + isqgrt(b**2 - 4*a*c), 2*a),
div(-b - isqgrt(b**2 - 4*a*c), 2*a))
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for i in roots:
if 1 >= 0:
f = check ch3(i,A,N)
if f:
return £
# We should have found the root
assert (False)
deffactor (N) :
N = mpz (N)
# Valid when |p-g| < 2N”(1/4)
A = ceil sqgrt(N)
p,q = factor with average (A, N)
1f check factors(p,q,N):
return (p,q)
# Valid when |p-g| < 2711 * N~ (1/4)
for i inrange (2**20):
A +=1
p,q = factor with average (A, N)
if check factors(p,q,N):
return (p,q)
return ch3 factor (N)
defdecrypt RSA (ciphertext, pk):
N, e = pk
p,q = factor (N)
phiN =N - p - g + 1
d = invert (e, phiN)
return powmod (ciphertext, d, N)
def self test():
Ns = challenges.Ns
for num,N inenumerate (Ns) :
p,q = factor (N)
1f check factors(p,q,N):

print ("N[{}]: Found p \n{}\n".format (num, min(p,q)))
else:
print ("ERROR: Incorrectly factored N[{}]!".format (num))

# Find the plaintext
pt = decrypt RSA(challenges.ciphertext 1, (challenges.N 1,
challenges.e 1))
ptHex = hex(pt)
pos = ptHex.find ("00™)
print ("Plaintext:")
print (ptHex)

print ("Me ge:")
print (unhexlify (ptHex[pos+2:]))
if  name == " main ":

self test()

challenges.py

N 1 =
17976931348623159077293051907890247336179769789423065727343008115773267580550
56206869853794492129829595855013875371640157101398586478337786069255834975410
85196591615128057575940752635007475935288710823649949940771895617054361149474
86504671101510156394068052754007158456087857766374304008634074285527854909258
1

N 2 =
64845584280807166966282426534677227872634372070697626306043907037879730861808
11164627140152760614175691955873218402545206554249067198924288448418393532819
72988531310511738648965962582821502504990264452100885281673303711142296421027
84028930765745864523368335707783468971583864608823964023686625221179008578787
7

N 3 =

72006226374735042527956443552558373833808445147399984182665305798191635569018
83377904234086641876639384851752649940178970835240791356868774411551320151882
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79331812309091996246361896836573643119174094961348524639707885238799396839230
36467667022162701835329944324119217381272927614753074859730219275137573938792
9

ciphertext 1 =
22096451867410381776306561134883418017410069787892831071731839143676135600120
53800428232965047350942434394621975151225646583996794288946076454204058156474
89880137348641204523252293201764879166664029975091887299716905260832220677716
00019329260870009579993724077458967773697817571267229951148662959627934791540
e 1 = 65537

Ns = (N1, N 2, N 3)
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