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YVVopTNoELG LOVOSPOLEG 1) LoviG-KatevBuvong (one-way
functions)

> Yuvéptnon mov givol E0KOAO Vo, VTOAOYIOTEL, AALE “GVOKOAO™ VO,
ovTIoTpOPEl
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YVVopTNoELG LOVOSPOLEG 1) LoviG-KatevBuvong (one-way
functions)

\4

2VVAPTNOT TTOL EIVaL EDKOAO VO VTTOAOYIOTEL, OAAY “OVGKOAD” VOl
ovTIoTpOPEl

v

Amapaitntn Tpotindbeon yio KpUITOYPUPiQ OIOTIKOD KAEGIOD

v

Fevvitpieg yevdotuyodtnrag Pacifovtar oty vndbeomn vropéng
LOVOSPOU®MY GUVOPTHCEDV

v

Me apeAntéa TOUVOTNTO UTOPD VO AVTICTPEY® UI0 LOVOSPOUT
cuvaptnon

Zyohi HMMY EMIT Kpurroypagio 3/31



2VVOPTNGELS LOVOOPOLLES 1) Lovic-kaTtevBuvong (one-way
functions)

> Zuvaptnon mov givol E0KOAO va VITOAOYIGTEL, AALL “OVOKOAD™ VO,
ovTIoTpOPEl

> Amapaitntn Tpodndbeon yio KpUITOYPUPia WOIOTIKOD KAEDIOD

» [evvntpieg yevdotvoyaotntog foacilovtatl otny vrdbeon vmapéng
LOVOSPOLL®Y GUVAPTHCEDY

> Me opeAntéa THovVOTNTO UITOP® VO OVTIGTPEY® 10, LOVOSPOUN
GLVAPTNON

> Me e&avtintikn avalnon (ekBeTikd ypdvo) LITOp® VO AVTIGTPEY® Lol
LovOSpoun cuvaptnon
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Movodpopeg Zuvoptnoelg

‘Eoto ovvaptnon f: {0,1}* — {0,1}*.

Xyomi HMMY EMII Kportoypagpio



Movdopopeg ZvvapTnoELg

‘Eoto ovvaptnon f: {0,1}* — {0,1}*.
OpiCovpe yio kdBe adyopBpo A kot kdbe TopaueTpo acPoreiog # 0
Ieipapo avriotpeypdnrag Invert 4 (n)

1. Awikee x < {0,1}". Yrnordyoe y = f(x)

2. O A pe gicodo 10 1" kot 10 y emoTpépet 10 X’

3. H é€odog givan 1, av flxX') = y, ahhdg 0
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Movdopopeg ZvvapTnoELg

‘Eoto ovvaptnon f: {0,1}* — {0,1}*.

OpiCovpe yio kdBe adyopBpo A kot kdbe TopaueTpo acPoreiog # 0

Ieipapo avriotpeypdnrag Invert 4 (n)
1. Awikee x < {0,1}". Yrnordyoe y = f(x)
2. O A pe gicodo 10 1" kot 10 y emoTpépet 10 X’

3. H é€odog givan 1, av flxX') = y, ahhdg 0

IMapotypnon: Ae ypetdletor va Bpodue to id10 To x, aArd omoadnmote X/, T.0.

&) =y =fx).
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Movdopopeg ZvvapTnoELg

Opiopog
Mia cuvaptnon f: {0,1}* — {0, 1}* eivan wovddpoun ovvéptnon av givar:
1. (Evkoia vrooyiciun) Yrdpyet moAv@VopIKoD xpdvov aryopidpog My
mov TV voAoyilel, nA. My(x) = f(x), Vx
2. (Abokora avtiotpéyyn) Fa kabe PPT akyopiOpo A vrdpyet apeintéa
GLVAPTNON € £TCL DOTE:

Pr{nvert 4 f(n) = 1] < €(n)
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Opiopog
Mia cuvaptnon f: {0,1}* — {0, 1}* eivan wovddpoun ovvéptnon av givar:
1. (Evkoia vrooyiciun) Yrdpyet moAv@VopIKoD xpdvov aryopidpog My
mov TV voAoyilel, nA. My(x) = f(x), Vx
2. (Abokora avtiotpéyyn) Fa kabe PPT akyopiOpo A vrdpyet apeintéa
GLVAPTNON € £TCL DOTE:

Pr{nvert 4 f(n) = 1] < €(n)

ITo avoivtikd,

Pree oy [A(L" Ax)) € /71 ()] < e(n)
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Movodpopeg Zuvoptnoelg

Mopatnpnioeig:

1. Muw cvvaptnon mov dev eivat povodpoun dev gival amopaitnto va
avTIoTpEEETaL TAvTo €0KoAa (1] “ocuyvd’™).
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Movdopopeg ZvvapTnoELg

Mopatnpnioeig:

1. Muw cvvaptnon mov dev eivat povodpoun dev gival amopaitnto va
avTIoTpEEETaL TAvTo €0KoAa (1] “ocuyvd’™).
[Ly. ov vEapyEL AVTITOAOG TTOVL AVTIGTPEPEL L0 GLVAPTNGOT LE
mOavotnTa 710 Yo Ghovg dpTiong 71 (0AAG amoTUYYEVEL Yo TOVG
Hovovg), Tote dev givar povodpopn.

2. Av éyovpue exBeTIKO YpOVO, TOTE AV LLOG OTVETAL EVOL Y KOL 1) TOPALETPOG
acpareiog 17, tote pmopovpe vo dokipdoovpe OAa ta x € {0, 1}, uéypt
va Bpodue éva x, této10 dote fx) = y.
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Movodpopeg Metabéoelg

Mia cuvaptnon Aéue Ot daznpei to pirog av | fx) |=| x |, Vx.
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Movdopopeg Metabéoelg

Mia cuvaptnon Aéue Ot daznpei to pirog av | fx) |=| x |, Vx.
Opiopog
Mo, LovOdpon CLUVAPTNOT TTOL dLaTnPEl TO UNKog Kot etvar 1-1, eivon pia

Hovoopoun uetafeon.

H R y xabopilel povadikd 1o x omd to omoio mponibe. [Tapora avtd gival
d0oKOAO va BPOVLE TO X GE TOALV®VLKO YPHVO.

Zyohi HMMY EMIT Kpurroypagio 7/31



Y moyneieg LovOOPOUES GUVOPTNGELS

Yrhpyovv Hovodpopeg GLVAPTAOELS e TNV TpobmdBeon Twg Kdmol
mpofAnuota givor SOOKOA, TT.Y. TOPOYOVTOTOINGT| OKEPAI®V
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Y moyneieg LovOOPOUES GUVOPTNGELS

Yrhpyovv Hovodpopeg GLVAPTAOELS e TNV TpobmdBeon Twg Kdmol
mpofAnuota givor SOOKOA, TT.Y. TOPOYOVTOTOINGT| OKEPAI®V
Mopadeypa 1

fmult(xay) =Xy,
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Ymoynoeleg LovOdpOUES GUVOPTIOELS
Yrhpyovv Hovodpopeg GLVAPTAOELS e TNV TpobmdBeon Twg Kdmol
mpofAnuota givor SOOKOA, TT.Y. TOPOYOVTOTOINGT| OKEPAI®V

Mopadeypa 1
Soute(x,¥) = xp, OpoG pe peydAn mbavotnta, to amotéleopa aptiog, omote (2,
xy/2) givar 0 avTioTpoPoC.
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Ymoynoeleg LovOdpOUES GUVOPTIOELS

Yrhpyovv Hovodpopeg GUVAPTHCELS e TNV TPobmdBeon ¢ Kamol
mpofAnuota givor SOOKOA, TT.Y. TOPOYOVTOTOINGT| OKEPAI®V

Mopadeypa 1

Soute(x,¥) = xp, OpoG pe peydAn mbavotnta, to amotéleopa aptiog, omote (2,
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Ymoynoeleg LovOdpOUES GUVOPTIOELS

Yrhpyovv Hovodpopeg GUVAPTHCELS e TNV TPobmdBeon ¢ Kamol
mpofAnuota givor SOOKOA, TT.Y. TOPOYOVTOTOINGT| OKEPAI®V
Mopaderypa 1

Soute(x,¥) = xp, OpoG pe peydAn mbavotnta, to amotéleopa aptiog, omote (2,
xy/2) givan 0 avtiotpopoc. Me mepropiopd, givat povodpoun:

L fouate(x, ) = (xp, |x], [¥]), (evorhakrika, x, y £xovv {10 prixog)
2. x,y mp@Tol aplfuoi icov pnKovg

Mopaderypa 2

H ovvépmon f(x1, ..., Xn, J) = (X1, ..., Xn, Zjejxj), omov kG0 x; sivar §vo,
aképotog ko J C {1,2, ..., n}. Ebpeon avtiotpdeov ivar 1o yvootd
NP-nm\peg mpdBinuo Subset Sum.
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Ymoynoieg povoopopes HeTaBECELS

Hoapdderypa 3

‘Ecto évag mpdtog apiBudg p pirovg n-bits ko évag yevvitopog g € Z,,.
‘Ecto éva ctoyeio x € Zj.
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Hoapdderypa 3
‘Ecto évag mpdtog apiBudg p pirovg n-bits ko évag yevvitopog g € Z,,.
‘Ecto éva otoyeio x € Zj. OpiCovue

Jrg(x) =g modp
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Ymoymoeleg povodpoueg Letabécelg

Hoapdderypa 3

‘Eoto évag tpdtog apbpog p pkovg n-bits kot évag yevvitopag g € Z,.
‘Ecto éva otoyeio x € Zj. OpiCovue

Jrg(x) =g modp

» H cvvaptnon avtn diatnpel to ufikog kot givon 1-1, dpa petabeon.

» H dvokoria avtiotpoenc g Paciletarl 6t dvckoAio Tov TpofARUATOS
dlokpLTov Aoyapidpov.
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Ymoynoeleg povodpoueg pLetabécelg

Hapaocrypa 3
‘Eoto évag tpdtog apbpog p pkovg n-bits kot évag yevvitopag g € Z,.
‘Ecto éva otoyeio x € Zj. OpiCovue

Jrg(x) =g modp

» H cvvaptnon avtn diatnpel to ufikog kot givon 1-1, dpa petabeon.
» H dvokoria avtiotpoenc g Paciletarl 6t dvckoAio Tov TpofARUATOS
dlokpLTov Aoyapidpov.

Ta SHA-1 1 AES 6ivouv ovOdpopeg GUVOPTIOELS, e TNV VTtoBeom 0Tt gival
eLevbepeg oLYKPOVGE®V I YELOOTVYNEG PeTaBETELS.
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Movdéopopeg cuvaptioelg kataraktig (Trapdoor one-way
functions)

Movddpolleg GUVOPTNOELS TOV gival SVGKOAO VO, AVTIGTPUPOVY, EKTOG KoL OV
EEPOVLLLE KATTOLO PVOTIKO, TNV Katamakty (trapdoor).

Hopdderypa

‘Eocto N = pgq, 6mov p, g peydrot tpdtot apitBpot.

H cvvépmon fy(x) = x% mod N sivoun pia povodpoun petédeon pe
KOTOTTOKTY].

Bagciletor oty dvokorio edpeong teTpaymvik®y pilov mod N, yio cOvOETO
N, ekt066 KoL oV EEPOVLLE TNV TAPOYOVTOTOINGN TOV.

I'voot) og povodpoun petabeon Rabin (kpuntocvotnpo)
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Yvvaptoelg cuvoyng (hash functions)

> ['vooTtég Kol oG GLVOPTNGELS KOTOKEPULOTIGLLOD.
> ENUOVTIKES 110N TEG:
> Svunicon h: X — Y, Y] < |X].
Sombag X = X*, Y = X7, dnhadi n A(x) éxel cuykekpyévo pHiKog yia
omoladnToTE €600 X.
» Evkolio Yroloyiopot O vmoloylopog g Tung 4(x) yio kdmoto x yiveton
“gOKola”. AnAadn vrapyet akyopOpog 4 TOAV®VOLIKOD ¥POVOL, £TCL
dote Yo kGOe x va ool A(x) = A(x).
» M cuvaptnon obvoymng opilel oyéon woodvvapiog:

Ao ototyeio oty id1o, KAAGom 1odvvapiog AEpE OTL TPOKAAOVY
obvykpovaon (collision).
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Yvvaptoelg cuvoyng (hash functions): emBountéc
010N TEG
‘Eoto hash function 4 : X — Y. H h éyeu

1. Avtictaon mpdTov opicuatog (preimage resistance), av yuy € Y givai
vroloylotikd dvokoro va Ppedel x © X T.d. /i(x) = 1.

2. Avrtictaon devtepov opicpatog (2nd preimage resistance), av yiox € X
givar vroloyloTikd dhokoro va Bpedei v/ © X 1.0, x # X ko
h(x) = h(x').

3. AvoxoMio e0peong ovykpovoewv (collision resistance / freeness), av

gtvar vroloyloTikd dhokoro va Bpedodv x. ' « X étol wote
h(x) = h(x').

Ala ovouata: yuo to (2) weak collision freeness, yia 1o (1) non-invertibility.

epd woyvoc: (3) = (2) = (1) (vrd Tpovmobéserg).

One-way hash functions (OWHFs): (1) & (2).
Collision-resistant hash functions (CRHFs): (1) & (2).& (3).
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Yvvaptoelg cuvoyng (hash functions): mapadeiypoto,

1. fx) = (x* — ¢) mod p: dev eivar povig katedduvong apov 1 bpeon
TETPOYOVIKOV PLOV 610 Z) £ivar SuvoTr] 6€ TOA®OVOULKO XpOVo.

2. olx) = x* mod n,n = pq, p, q KPLYOL: AVTIGTOON TPOTOVL OPIGUATOC,
0AAG Oy avtictacn debTepov opiopatog (Yiati;), EMOUEVOGC gV gival
CRHF.

3. h: Zg = Ly, hx1,x0) = ot 3 mod p, p, g mpdToy, p = 2q + 1, o, B
YevviiTopeg Tov Z,,.

Eival yvoot wg cvvaptnon cdvoyng Chaum-van Heijst-Pfitzman won
eivar CRHF av woyder n Ynobeon Awkprrov AoyapiBpov ot Z,,.
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Enifeon tetpayovikng piCag (Iapdooo I'evebrinv)

BOsopnua

Eotw ovvdptnon oovoyns h : X — Y kou n h(x) € Y axolovOei opoiduopen
razovour mbavotyrag otav nx € X axolovbsi ouoropopon xazovous. H
mhovotnro va. fpebel cOyrKpovan UeTd amo Toyaio ETAOYH X1,X2, . . . , Xj EIVOd
mepimov & étav k = 1.17/n, émov n = |Y).
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Enibeon tetpaywvikng piCag (Iapadoo IN'evebrimv)

BOeopnuo

Eotw ovvdptnon oovoyns h : X — Y kou n h(x) € Y axolovOei opoiduopen
razovour mbavotyrag otav nx € X axolovbsi ouoropopon xazovous. H
mhovotnro va. fpebel cOyrKpovan UeTd amo Toyaio ETAOYH X1,X2, . . . , Xj EIVOd
mepimov & étav k = 1.17/n, émov n = |Y).

AmdoeEn
NoColl;: dgv éyovpe chykpovon ota {y1, 2, ..., i}
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Enibeon tetpaywvikng piCag (Iapadoo IN'evebrimv)

BOeopnuo
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Enibeon tetpaywvikng piCag (Iapadoo IN'evebrimv)

BOeopnuo
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Kozavoun mbovotnrog otav n x € X axolovbei ouoropopon xoravoun. H
mhovotnro va. fpebel cOyrKpovan UeTd amo Toyaio ETAOYH X1,X2, . . . , Xj EIVOd
mepimov & étav k = 1.17/n, émov n = |Y).

AmdoeEn

NoColl;: dgv éyovpe chykpovon ota {y1, 2, ..., i}
"Exovue NoColl;, av NoColl; yuo 6ho to i < k, dnhadn
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Enibeon tetpaywvikng piCag (Iapadoo IN'evebrimv)

BOeopnuo

Eotw ovvdptnon oovoyns h : X — Y kou n h(x) € Y axolovOei opoiduopen
razovour mbavotyrag otav nx € X axolovbsi ouoropopon xazovous. H
mhavotnto va Ppebsi cOYKPOVON UETE OTTO TOYOLO EXIAOYY X1,X2, . . . , X) EIVOL
nepimov & otov k = 1.17\/n, émov n = |Y).

AmdoeEn

NoColl;: dgv éyovpe chykpovon ota {y1, 2, ..., i}
"Exovue NoColl;, av NoColl; yuo 6ho to i < k, dnhadn
Pr[NoColly] = Pr[NoColl,|Pr[NoCollz|NoColly] - - - Pr[NoColly|NoCollj_1]

» Pr[NoColl1] =1

> Av ocvpPaivel to NoColl;, tote 1 mBovOTNTA VO, GUYKPOVOTEL TO Vi1 L€
/ 7 L
T0L TPOT YOV HEVOL Efvar +
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Enifeon tetpaywvikng pilag (Iapdoo&o I'eveBriwv)

amodEIEN — GLV.

PF[NOCOIZk]:n(nfl)...(n—kJrl) T (1_1')

Xyomi HMMY EMII Kportoypagpio



Enifeon tetpaywvikng pilag (Iapdoo&o I'eveBriwv)

amodEIEN — GLV.

B nn—1)...(n—k+1)

nk - H(l B é)

Pr[NoColly]

IoyoerVx € R, 1 + x < €, omorte:
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Enifeon tetpaywvikng pilag (Iapdoo&o I'eveBriwv)

amodEIEN — GLV.

nk

Pr{NoColl] = nn—1)...(n—k+1) - 1:[(1 B i)

Ioyoer Vx € R, 1 4+ x < €, ondte:

Hf_l( )<Hzle;:

k—1 .
X k(k—1)
n
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Enifeon tetpaywvikng pilag (Iapdoo&o I'eveBriwv)

amodEIEN — GLV.

nk

Pr{NoColl] = nn—1)...(n—k+1) - 1:[(1 B i)

Ioyoer Vx € R, 1 4+ x < €, ondte:

k—1 > L
[[i= (- )<Hzle": no=e =

PriColly] > 1 —e 2
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Enifeon tetpaywvikng pilag (Iapdoo&o I'eveBriwv)

OO — GLV.

_ k(k=1)

Pr[COllk] Z 1 — e 2n

[N va givan eropévag  TBavOTNTA GHYKPOLGTG TOVAGYICTOV p OPKEL:
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Enifeon tetpayovikng piCag (Iapdooo I'evebrinv)

OOl — GLV.

_ k(k=1)

Pr[COllk] Z 1 — e 2n

[N va givan eropévag  TBavOTNTA GHYKPOLGTG TOVAGYICTOV p OPKEL:

(k=1) -
- 5 2p=l-p) > *ED o kol >0
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Enifeon tetpayovikng piCag (Iapdooo I'evebrinv)

OOl — GLV.

_ k(k=1)

Pr[COllk] Z 1 — e 2n

[N va givan eropévag  TBavOTNTA GHYKPOLGTG TOVAGYICTOV p OPKEL:

(k=1) -
- 5 2p=l-p) > *ED o kol >0

Avvovtog o¢ mpoc k: k> 1+ /2nln ﬁ
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Enifeon tetpayovikng piCag (Iapdooo I'evebrinv)

OOl — GLV.

_ k(k=1)

Pr[COllk} Z 1 — e 2n

[N va givan eropévag  TBavOTNTA GHYKPOLGTG TOVAGYICTOV p OPKEL:

(k=1) -
- 5 2p=l-p) > *ED o kol >0

1
l=p

Avvovtog og mpog k: k> 1+ /2nln

o p = § mpokbnretk > 1.17y/n + 1. Twa n = 365, k > 23. O
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Enifeon tetpayovikng piCag (Iapdooo I'evebrinv)

OOl — GLV.

_ k(k=1)

Pr[COllk} Z 1 — e 2n

[N va givan eropévag  TBavOTNTA GHYKPOLGTG TOVAGYICTOV p OPKEL:

(k=1) -
- 5 2p=l-p) > *ED o kol >0

1
l=p

Avvovtog og mpog k: k> 1+ /2nln

o p = § mpokbnretk > 1.17y/n + 1. Twa n = 365, k > 23. O

Inuovtikn epappoyn (Hetad dAlmv): pnébodog mapayovromoineng p
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EmBéoeic yeveOhiov

» Tvpmépacpa, av i : {0, 1} — {0, 1Y, 1018 av mapo k = O(2//2) toyaia
otoyeio omd to {0, 1}*, n mbavomra va xo cdykpovon givar 1/2
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EmBéoeic yeveOhiov

> Svpmépaopa, av i : {0, 11— {0,1}, 1618 av méapw k = O(2//?) tuyoio
otoyeio omd to {0, 1}*, n mbavomra va xo cdykpovon givar 1/2

> Q¢ pog acvpmTeTK ToAvThokoTnTa, 2/, 2//2 10 (810, OY1 OPEG TNV
paén (av B0EA® aoeddela 128 bits, mpémet ) cuvaptnon hash va diver
££000 256 bits)
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Embéceig yevebriov

> Svpmépaopa, av i : {0, 11— {0,1}, 1618 av méapw k = O(2//?) tuyoio
otoyeio omd to {0, 1}*, n mbavomra va xo cdykpovon givar 1/2
> Q¢ pog acvpmTeTK ToAvThokoTnTa, 2/, 2//2 10 (810, OY1 OPEG TNV
paén (av B0EA® aoeddela 128 bits, mpémet ) cuvaptnon hash va diver
££000 256 bits)
» H mpocéyyion avti £xel 00O AOLVOIES:
1. tuyaieg Tipég 10600
2. peydAog xmpog
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Embéceig yeveOlimv pe emheypéva pmvopoto,

> Emhoyn Tov pnvopdtov:
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EmBéoeic yevebhiov pe emleypéva unvopato

» Emloyn tov unvopdtov: Ot Tyég Tov divoupe Yol va TETOYOVLE
GUYKPOLOT|, UTOPOVV VoL EYOVV oyéor petald toug m.y. 1 Alice amoiveton
Kat 0éhet va Bpet 300 unvipata x ko X’ £tot dote H(x) = H(x'), dmov
TO TPATO AEEL TOVG AOYOLG TG AMOAVONG TG, EVA TO OEVLTEPO
KOAOKELTIKA Ady1aL.
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Embéceig yeveOliov pe emieypéva unvouorto,

» Emloyn tov unvopdtov: Ot Tyég Tov divoupe Yol va TETOYOVLE
GUYKPOLOT|, UTOPOVV VoL EYOVV oyéor petald toug m.y. 1 Alice amoiveton
Kat 0éhet va Bpet 300 unvipata x ko X’ £tot dote H(x) = H(x'), dmov
TO TPMTO AEEL TOVG AOYOVG TNG OMOAVGNC TG, EVD TO OEVTEPO
KOAOKELTIKA Ady1aL.

> dudyvovpe k = O(2//2) unvdpato omd Tov TpdTo THIO Kot GAAA TOGK
omd TO 0EVTEPO KL TIG EIKOVEG TOVG,
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TO TPMTO AEEL TOVG AOYOVG TNG OMOAVGNC TG, EVD TO OEVTEPO
KOAOKELTIKA Ady1aL.

> dudyvovpe k = O(2//2) unvdpato omd Tov TpdTo THIO Kot GAAA TOGK
omd TO 0EVTEPO KL TIG EIKOVEG TOVG,

“Eivon dvokoro/amiBovo va Bpelg pia TO60 KOAN/epyOTIK/ GIAOTIUN
vrdAnio cav v Alice. H dovAeld tng eivol KatamAnKTikn/acvykpitn.”
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GUYKPOLOT|, UTOPOVV Vo, EYoVV oyéon peta&d tovg m.y. 1 Alice amoiveTon
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vrdAnio cav v Alice. H dovAeld tng eivol KatamAnKTikn/acvykpitn.”

> Amo mopdadoo yeveOhinv &xovpe KaAN TOOVOTNTA VO TETOYOVUE
oVYKPOLOT PETAED UNVOUATOV TV 000 TOTOV.

Zyohi HMMY EMIT Kpurroypagio 18 /31



Embéceig yeveOliov pe emieypéva unvouorto,

» Emloyn tov unvopdtov: Ot Tyég Tov divoupe Yol va TETOYOVLE
GUYKPOLOT|, UTOPOVV Vo, EYoVV oyéon peta&d tovg m.y. 1 Alice amoiveTon
ka1 BdeL va Bpet dbo pnvopato x ko X’ étor dote H(x) = H(x'), dmov
TO TPMTO AEEL TOVG AOYOVG TNG OMOAVGNC TG, EVD TO OEVTEPO
KOAOKELTIKA Ady1aL.

> dudyvovpe k = O(2//2) unvdpato omd Tov TpdTo THIO Kot GAAA TOGK
omd TO 0EVTEPO KL TIG EIKOVEG TOVG,

“Eivon dvokoro/amiBovo va Bpelg pia TO60 KOAN/epyOTIK/ GIAOTIUN
vrdAnio cav v Alice. H dovAeld tng eivol KatamAnKTikn/acvykpitn.”

> Amo mopdadoo yeveOhinv &xovpe KaAN TOOVOTNTA VO TETOYOVUE
oVYKPOLOT PETAED UNVOUATOV TV 000 TOTOV.
> Melovéktnua: @ELel moAd xdpo
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Bedtiopéveg embéceic yeveOiiov

1. TIape Tuyaio apyukh Tiun xo kot ywo i > 0 vroddywoe x; = H(x;—1) kot
xoj = H(H(x3(-1)))
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Bedtiopéveg embéceic yeveOiiov

1. TIape Tuyaio apyukh Tiun xo kot ywo i > 0 vroddywoe x; = H(x;—1) kot
X2i = H(H(XQ(i—l)))

2. ZXe k@Be emovdAnym x; = xg;. Edv ioa, 1018 Wwa&e and 10 x¢ £®G TO X391
Yot GUYKPOLOT).
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Bedtiopéveg embéceic yeveOiiov

1. TIape Tuyaio apyukh Tiun xo kot ywo i > 0 vroddywoe x; = H(x;—1) kot
X2i = H(H(xQ(i—l)))

2. ZXe k@Be emovdAnym x; = xg;. Edv ioa, 1018 Wwa&e and 10 x¢ £®G TO X391
Yot GUYKPOLOT).

3. Bpiokel 10 pukpOTEPO j MOTE X; = Xj4; KO TOTDVEL TOL Xj—1, Xjpi—1
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Beltiouévec embéosic yeveOriomv
AAlyopBpog Enibeoncg IN'evebriov Mikpoh Xmpov

Eicodog: Tvvéptnon covoyng H : {0,1}* +— {0, 1}
"E€odoc: x # x', ue H(x) = H(x')
xo ¢ {0, 1} X =x =xg
for i=1,2,...do :
x = H(x)
x' = H(HX))
I dpa x = HO (xp) kan x’ = H?) (xq)
if x = x' break
X =x,x=x
for j=1—ido :
if H(x) == H(x') return x,x’
else x=H(x'),x' = H(X')
I dpa x = HY (xq) kan x’ = HIH) (xg)

> Yt00epOg xdPOG: 00O GTOLYELN X, Xo;
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Beltiouévec embéosic yeveOriomv
AAlyopBpog Enibeoncg IN'evebriov Mikpoh Xmpov

Eicodog: Tvvéptnon covoyng H : {0,1}* +— {0, 1}
"E€odoc: x # x', ue H(x) = H(x')
xo ¢ {0, 1} X =x =xg
for i=1,2,...do :
x = H(x)
x' = H(HX))
I dpa x = HO (xp) kan x’ = H?) (xq)
if x = x' break
X =x,x=x
for j=1—ido :
if H(x) == H(x') return x,x’
else x=H(x'),x' = H(X')
I dpa x = HY (xq) kan x’ = HIH) (xg)

> Yt00epOg xdPOG: 00O GTOLYELN X, Xo;

» Emvyia 1/2 oe ©(27/2) Bauota
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Beltiopévec embéoeig yevebiomv

Afjppa
Eotw X1, . . ., Xq 1] axolovbio tiucdv e Xy, = H(Xpm—1). Av X1 = X, ue
1 <1< J<gq, tote vmapyer éva i < J 161010 OOTE X; = X2;.

AmodEIln.

H axolovBia x7, X741, . . . emavoropfaveron pe mepiodo A = J — I. Anh. yo
kGbei > Ik k= 0,1, ..., &ovue x; = X;14A. Eoto i to pkpotepo
TOALOTTAGG10 Tov A TTov givar peyaddtepo 1 ico tov 1. 'Eyovpe i < J (yworis).
Emeon i > I, 10 2i givon moAAAmTAGG10 TOV A, £XOVUE X; = Xo;. Ol
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Beltiopévec embéoeic yeveOMwv pe emieyuévo unvopoto

Optoe g: {0,1} — {0, 1}*, 6mov 1o televtaio bit Setyvel mod mpdTacn Oo;
emAeyel Kot T0 VTOAOITO TTO1G AEET.

IMopadsrypa

0: Bob is a good/hardworking and honest/trustworthy worker/employee.

1: Bob is a difficult/problematic and taxing/irritating worker/employee.

£(0000) = Bob is a good and honest worker.
g(1011) = Bob is a problematic and taxing employee.

> OpiCovpe flx) = H(g(x)).
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Beltiopévec embéoeic yeveOMwv pe emieyuévo unvopoto

Optoe g: {0,1} — {0, 1}*, 6mov 1o televtaio bit Setyvel mod mpdTacn Oo;
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1: Bob is a difficult/problematic and taxing/irritating worker/employee.

£(0000) = Bob is a good and honest worker.
g(1011) = Bob is a problematic and taxing employee.

> OpiCovpe flx) = H(g(x)).
» Onowdfmote chykpovon x,x’ otnv f diver dbo unvopata g(x), g(x’) mov
GLYKPOVOVTOL.
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GLYKPOVOVTOL.

» H mbavotnta va etvor unvopata dtapopetikod Tomov ivor 1/2.
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Beltiopévec embéoeic yeveOMwv pe emieyuévo unvopoto

Optoe g: {0,1} — {0, 1}*, 6mov 1o televtaio bit Setyvel mod mpdTacn Oo;
emAeyel Kot T0 VTOAOITO TTO1G AEET.

IMopadsrypa

0: Bob is a good/hardworking and honest/trustworthy worker/employee.

1: Bob is a difficult/problematic and taxing/irritating worker/employee.

£(0000) = Bob is a good and honest worker.
g(1011) = Bob is a problematic and taxing employee.

> OpiCovpe flx) = H(g(x)).
» Onowdfmote chykpovon x,x’ otnv f diver dbo unvopata g(x), g(x’) mov
GLYKPOVOVTOL.

» H mbavotnta va etvor unvopata dtapopetikod Tomov ivor 1/2.

> Av givot 10100 TOTTOL, EmAVOAAUPBAVOLLLE.
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Enéktaon cuvaptnoe®mv chHvoyng

Merkle-Damgard Hash Function Extension

‘Ecto A pa cuvaptnon cvvoyng mov anekovilel €i6000 punkovg 2n og ££000
punrovg 7. Kataokevdlovpe o suvapton cvvoyng H petaffaAntod pnkovg
oG e&NG:

> H: ue gicodo éva string x € {0, 1}* pikovg L < 2"

1. ®éce B = [£] (minBog block Tov x). pdobece pndevikd 6to x GoTe T0
koG va givot ToAamAdcto Tov 1 (X = X1, ...,X5). ®éoe xpy1 = L (to L
KOSKOTOMUEVO dLAOTKEL)

2. Oéoe zg = 0" (Initialization vector)

Noi=1,...,B+ 1, vmoldyioe 10 z; = h(z;i—1||x;)
4. "E€0d0¢: zp11

W
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Kotaokeon Merkle-Damgérd

X1 X2 XB xB_T =L
zo =1V 71 Z9 zp H(x)
_ hS hS oo hS hS

Zynpo : Merkle-Damgérd
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Enéktaon cuvaptnoe®mv chHvoyng
Oeopnuo

Av n ovoveptnon aovoyng h eivou collision resistant, tote ko § H wov
kazookevaletor ue ™ uéBodo Merkle-Damgdrd sivou emiong collision resistant.

Amdoeln.

‘Botox' =x)..Xp #X =X1..% : Xp_ =L, xpy1 =L, pe H(x) = H(Y').
Tote éxovpe 600 TEPTTOGELS:

1. L # L', ondte oo tehevtaio Prpa sivon zg+1 = h(zg||L) ko
Zy 11 = h(zZg||L"), dpa cvykpovon oV A, apod Ta strings zp||L kot
Zp ||L" givon Sropopetikd.

2. L =L onote B= B .'Eoto zg, . .. ,zp+1 Ol TIHEG TOV TAPEYOVTOAL 0O
mv H(x), ko l; = z;—1||x;, Ip+2 = zp+1. Eot® N o peyaidtepog deikng,
dote Iy # Iy (omapyet;). Agov o N péyiotog, éxovpe Iy 1 = Iy,
(eW¥wb zy = z). AMG To1E TO Iy, I, €lvon cVykpovon oty A.
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2UVOPTNGELG GOVOYNG: LEPTKES OKOLT TOPATNPNOELG

» Ot mo ddonueg svvaptioelc, MDS kat SHA-1 ompilovion o mpdeig
nov Bupifouv cvppetpikn kpurtoypagio (rotation, XOR, npdcbeon
mod23?, dvadikég mpaéels) kar otnv kotackevy Merkle-Damgérd.
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2UVOPTNGELS GOVOYNG: LEPTKES AKOUT TTOPOLTPTGELS

» Ot mo ddonueg svvaptioelc, MDS kat SHA-1 ompilovion o mpdeig
nov BopiCovv cvppetpikn Kpurroypapia (rotation, XOR, mpdcbeon
mod23?, dvadikég mpaéels) kar otnv kotackevy Merkle-Damgérd.

> Yréomoav eviatikég embéoeig (enifeon yevebliowv x.4.). H MDS5 dev
Bewpeitor mAéov acpaine, 1 SHA-1 aviikataotdabnke and tnv
(owoyéveir) SHA-2, evd éxet avamtuyBel kar 1 SHA-3 (Keccak).
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Aévdpa Merkle

» 'Evag ypnotng Bélel va avePacel apyeio x o€ évav server.
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Aévopa Merkle

» 'Evag ypnotng Bélel va avePacel apyeio x o€ évav server.

» Ortav 10 Kotefdcel, Ohel va eAéyéet av givar to d10.
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Aévopa Merkle

> 'Evag ypnotng 0éAhet va avefdoet apyeio x o€ £vav server.
> Ortav 10 katefdoet, Bélel va eléyEet av givar 1o 1d10.
» Avon: amobnkevet Tomkd to h = H(x), kon 6tav katafalet o

{nrovpevo apyeio x’ edéyyet H(x') L

Zyohi HMMY EMIT Kpurroypagio 27/31



Aévopa Merkle

> 'Evag ypnotng 0éAhet va avefdoet apyeio x o€ £vav server.

> Ortav 10 katefdoet, Bélel va eléyEet av givar 1o 1d10.

» Avon: amobnkevet Tomkd to h = H(x), kon 6tav katafalet o
{nrovpevo apyeio x’ edéyyet H(x') L

> Av €yl Mo apyeio;
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Aévopa Merkle

> 'Evag ypnotng 0éAhet va avefdoet apyeio x o€ £vav server.

> Ortav 10 katefdoet, Bélel va eléyEet av givar 1o 1d10.

» Avon: amobnkevet Tomkd to h = H(x), kon 6tav katafalet o
{nrovpevo apyeio x’ edéyyet H(x') L

> Av €yel moALG apyeio; YTapyovv didpopec AOGELC.
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Aévdpa Merkle

» Aévdpo Merkle pe 16060 x1,x2, . . ., X;:
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Aévopa Merkle

» Aévdpo Merkle pe €16000 x1,x2, . . ., X2 Evol dVAdIKO OEVOPO e PUAAM TO,
X1y, X KO EGOTEPIKOVS KOUPOVG TIG TYHEG GOVOYNG TV TOUOLDY TOL.
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Aévopa Merkle

> Aévdpo Merkle e €16000 x1, X2, . . ., X;: €va SLASIKO OEVOPO LE PUALN TOL
X1y, X KO EGOTEPIKOVS KOUPOVG TIG TYHEG GOVOYNG TV TOUOLDY TOL.

e R e e

LN SN [N
e e e e e e e

Tymua : Aévdpo Merkle
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Aévopa Merkle

> Aévdpo Merkle e €16000 x1, X2, . . ., X;: €va SLASIKO OEVOPO LE PUALN TOL
X1y, X KO EGOTEPIKOVS KOUPOVG TIG TYHEG GOVOYNG TV TOUOLDY TOL.

|H(J(7,XS )l

LN SN [N
e e ] o e e e ]

|H(x3,x4)| 'H(xs,x6)|

Tymua : Aévdpo Merkle

» o docpévn cuvaptnon cvvoyng H, couPolrilooue pe MT;
GULVAPTION OV UE €G0S0 TA X1, - . . , Xy, VTOAOYiLEL TO déVOpO Merkle ko
™ pila Tov 6évdpov.
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Aévopa Merkle

> Aévdpo Merkle e €16000 x1, X2, . . ., X;: €va SLASIKO OEVOPO LE PUALN TOL
X1y, X KO EGOTEPIKOVS KOUPOVG TIG TYHEG GOVOYNG TV TOUOLDY TOL.
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» o docpévn cuvaptnon cvvoyng H, couPolrilooue pe MT;
GULVAPTION OV UE €G0S0 TA X1, - . . , Xy, VTOAOYiLEL TO déVOpO Merkle ko
™ pila Tov 6évdpov.

’
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Aévdpa Merkle

» O ypnomg vrohoyilet to h = MT ((x1, ..., x;), aveBalet ta xq, . .., x;
GTOV server Kot QLUAGEL To 4 (Kot To ¢)
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Aévopa Merkle

» O ypnotmg vmoroyilet to i = MT(x1, ..., x;), avePaler taxy, ..., x;
GTOV server Kot QLUAGEL To 4 (Kot To ¢)

> Otav o ypriog B€lel o i-06T6 apyeio, o server Tov oTéAVEL T0 X; pali
He po “amodeln” m; 0Tt lval To cmGTO apyEio
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Aévopa Merkle

» O ypnotmg vmoroyilet to i = MT(x1, ..., x;), avePaler taxy, ..., x;
GTOV server Kot QLUAGEL To 4 (Kot To ¢)

> Otav o ypriog B€lel o i-06T6 apyeio, o server Tov oTéAVEL T0 X; pali
He po “amodeln” m; 0Tt lval To cmGTO apyEio

» H anddeién arotedeiton omd T1g TYEG TOV €ivO YEITOVIKEG GTO LLOVOTATL
amo6 to x; mpog T pila.
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Aévopa Merkle

» O ypnotmg vmoroyilet to i = MT(x1, ..., x;), avePaler taxy, ..., x;
GTOV server Kot QLUAGEL To 4 (Kot To ¢)

> Otav o ypriog B€lel o i-06T6 apyeio, o server Tov oTéAVEL T0 X; pali
He po “amodeln” m; 0Tt lval To cmGTO apyEio

» H anddeién arotedeiton omd T1g TYEG TOV €ivO YEITOVIKEG GTO LLOVOTATL
amo6 to x; mpog T pila.

Hapaodsrypa 'Eoto 611 {ntdel to x3. TotE 0 server tov 6TéAvel 10 x3 pali ko
00 X4, h1.2, h5.8
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Aévopa Merkle

> Av 1 H glvar ehevbepn cvykpovcemy, TOTE glval adOVATO O server vo,
oteilel yebTko apyeio (ko anddeln) mov va eroindedeTar.
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Aévopa Merkle

> Avn H eivan gEledBepn cuykpohoewv, TOTE eivat adVVATO O server va
oteilel yebTko apyeio (ko anddeln) mov va eroindedeTar.

» O ypnotg ypetdleton otabepd ydpo kot O(log?) emkowvavia pe tov
server yio vo TépeL To apyeio.
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XP1NOELS GLVOPTIGEMV GUVOYNG

> WYnolokéc vmoypapés. e cuVOVAGUO HE OAYOPIOLO VTTOYPAPNG, Yo
gmtdyvvon g dwdwkaciog. Iapadeiypata: MDS, Tov ypnoiponoteiton
pe RSA oto PGP, SHA-1 (topa SHA-2), mwov ypnopomoteitar oto DSS
(Digital Signature Standard), k.4.

» 'EAeyyog yvnoldtmrog pnvopatog — avbevtikonoinon (e GLUUETPIKO
KAewi): keyed hash functions, m.y. HMAC.

> Axepatdtnta dedouévav (Le 1 xopig KAed).
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KAewi): keyed hash functions, m.y. HMAC.

> Axepatdtnta dedouévav (Le 1 xopig KAed).

» Bitcoin: blockchain, proof of work, Merkle trees.
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XP1NOELS GLVOPTIGEMV GUVOYNG

> WYnolokéc vmoypapés. e cuVOVAGUO HE OAYOPIOLO VTTOYPAPNG, Yo
gmtdyvvon g dwdwkaciog. Iapadeiypata: MDS, Tov ypnoiponoteiton
pe RSA oto PGP, SHA-1 (topa SHA-2), mwov ypnopomoteitar oto DSS
(Digital Signature Standard), k.4.

» 'EAeyyog yvnoldtmrog pnvopatog — avbevtikonoinon (e GLUUETPIKO
KAewi): keyed hash functions, m.y. HMAC.

> Axepatdtnta dedouévav (Le 1 xopig KAed).

» Bitcoin: blockchain, proof of work, Merkle trees.

» [evvntpieg wevdotvyaiov apBudv (pe random seed + counter).
» Stream ciphers, aAld kot block ciphers (SHACAL).
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