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EmoThun Twy YmoAoyioTwy
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1n evétnra: Eioaywyn, AAyopiBuol

21d0n¢ Zaxog
Apng TTayoupTCiig

EmpéAeia: TTavog Xeihapng, BayyéAng Mmapmdg,
Mewpyia KaoUpn
EuxapioTieg: HAiag Koutooumdg (EKTTA)

Eioaywyn

KAador Tng EmioTAUNG Twy YToAoyIoTWY

T eivar EmoTAun Twy YmoAoyioTwy;

TTpéypappa kai yAooa TipoypdppaTiopdol
AAy6p1Buog

YmoAoyioipétnTa

TToAumtAok6TNTA

EmavdAnyn, emaywyri, avadpoph, opBéThTa
Aopnuévoc TpoypaupaTionos

TTapdAAnAeg, TauToxpoveg, kaTtaveunuéveg diepyacieg

TTapddeiypa: mopyor Hanoi, Tagivéunon treesort pe
binary search tree

To Ocwpnua Teoodpwv xpwudtwy (four color theorem)

KevTpikd epwrnua
EmoThung YmoAoyioTwy

Ti umropei va unxavormoinbei kai udAiora amrodorikéG ;

[Moia mpoBAAuara ummopouue va AUGOUNE e
UTTOAOYIOTH KaI TTO00 KAAQd ;

YmoAoyioTéS: TaxuTtnTa - akpifeia

VEToUAWNE

TTepiexopeva

Eioaywyn

AAyopi6poi

AAyop1Buor Mpdewy

AuTtépara kar Tumikég FAWooeg

Aoyikh othv ETioTAuN Twy YToAoyioTwv
YmoAoyioTikd MovTéAa

Ymohoyioipdtnta (Computability)
YmoAoyioTikh TToAuTtAokdThTA

Noyikég TTpoypappatiopdg

ZuvapTnoiakég TTpoypauuatioydg
AvTikeIpevoaTpepnc TTpoypappaTtiopdg
SuoTAuara ApiBunong - Auadikh TTapdoTaoch ApiBuwyv
Doph kai AciToupyia evog ATTAoU YToAoyioTh
ZuppoAikh FAwooa (ASSEMBLY) Tou EKY

Introduction

The 21+ century has been called the Computer Era. Computers
are used not only as a professional tool, but as communication
and entertainment media.

*+ Young students already have a lot of experience in using

comdpu'rers and the Infernet. Their natural fascination can be
used in order to boost their interest in mathematics and
science.

Algorithmics (algorithmic methodology) is a new way for solving
problems.

Proposal for high school: replace computer literacy with an
elemen'rarz programming language that prompts students to
concentrate onthe design and precise formulation of solutions
for problems.

What is Computer Science?

+ The scientific and engineering discipline that
studies representation, storage and transfer
of information by computers and networks,
algorithmic solutions and their efficiency,
computational complexity.

+ What can be automated, and even better
automated efficiently.

* 'Computer Science' vs. 'Informatics’ vs.
‘Computing Science’

+-Dijkstra (astronomy-~telescope)



Computer Science
Informatics

Computing Science

Different aspects of CS

+ Networks and Internet.

+ Information flow (ordering Chinese food, movie
theaters, holidays in Togo, poets of Sakhalin,
Pursuit of ‘rr‘ivia{.

* Business applications (online financial transactions,

e-commerce, e-banking, e-anything).

*+ Modern technology (AT, multimedig, ....).

+ Administration (big brother, encryption, security,
e-voting, digital warfare).

+ Change in every aspect of everyday life.

* Futurology ...

Disorientations

+ The question of whether a computer can think is no
more interesting than the question of whether a
submarine can swim.

+ Computer science is ho more about computers than
astronomy is about telescopes.

[Dijkstra]

The world doesn’t need more than five computers
[Tom Watson, IBM, 1945]

KA?BOI EmoTtAung YmoAovioTwy

. Adybpifipol xou Aopée Aedouévwy
2. Théooeg Hpoypauuartiouot xar MetayhotTiotég
3. Apytextowixf) Ynohoyiotdv xou Awxtbwy (hardware)

4. ApBuntixol xar XNuuBolxol Yrohoyiouol

wt

. Astoupyixd - Tapdhdnha - Kataveunuéva Nuothuata

o

. Mefodohoyiu - Teyvohoyia Aoyiowxot (software)

-~

. Béosic Aedouévov o Awyelpion TTinpopoptidv

o0

. Teyvoq Nonuooivn xan Pourotixy
9. Emxolvevia avBpdnou - unohoyiotd. Moluvuéoo

10. Abxtuo Emxowveowidy - Bugul Alxtua - Awdixtuo

* Our view. The value of a new
mathematical methodology:
Algorithmic problem solution.

Algorithmic problems may arise in:

+ Internet (routing, congestion, game
theory, cost allocation)

* Biology (protein folding, genome,
evolution).

Hardware exponential growth

- Gordon Moore, Intel, 1965
Hardware density in integrated circuits
doubles every 18 months

MOORE'S LAW

1085 1990 1995 2000

http://www.intel.com/research/silicon/mooreslaw.htm




Mathematical formalization of

But do not forget: engineering methodology
TO err iS human- . Problgm requirements
To mess everything up, you Beriias
need a computer. | Tebting - Verifiation
* Optimization

* Complexity (cost of resources)
+ Documentation
* Maintenance

Concepts that had been used by engineers, were
formalized in CS, obtained a mathematical form; and
thus we can argue about them using proofs.

Program Formulation in a language

* Natural language

- Precise description of an algorithm in a - No strict syntactic rules
formal language that is called programming - Great density and semantic capability
language + Formal language
- Strict syntax and semantics
* Programming language
- Formal language in which computations can be
described
- Executable by an electronic computer

* Program

- Actions are applied to data

AAVépIeUOI (not in Webster's 50 years ago, in

Knowledge representation 1971 in Oxford's: erroneous refashioning of
algorism: calculation with Arabic numerals)

Modeling
P + Abu Jaffar Mohammed Ibn Musa Al-

Absfrgcflon. Khowarizmi, 9 =)l sal (s (o 2enes a1, X,

- (Directed) Graphs - AuoThpd kaBopiopévn (Temepaopévn) akoAouBia

- (Formal) Logic EVEPYEIWY TTOU TTEPIypder HEB0do eTiAuong evog

TPOPANLATOG
- O evépyeleg epappolovtail oe dedopéva
- Data Models TMapadeiyuara:
+ EukAcideiog ahvépiBuog (EukAeidng, 32 ai. .X.) yia elpean MKA
DGTG STPUCfUPCS +  ApiBuoi Fibonacci (Leonardo Pisano Filius Bonacci, 13% ai. p.X.)

. AlgOf‘H’th * Tpiywvo Pascal (Yang Hui, [ [] , 13 ar. pu.X.)



Fibonacci numbers Pascal Triangle (Yang Hui)

Binomial coefficients / (a+b)3 = a3+ 3a?b + 3ab?+ b3 / Combinations
-1,1,2,3,5, 8,13, 21,.. 1
Fn: Fn—1+Fn—2

+ Problem: Given n, compute F,?

* recursion, iteration, ... ' ’ '
- How fast can we compute F? S R
0(1618n), O(n), O('Og n) 1 4 6 4 1

Algorithmics as a branch of

) YmoAoyioipotnta - TToAuTtAoko6TNTa
Mathematics

. Ma’Lh'ema’rics is a methodology for solving * YmoAoyiopétnTa (Computability)
%r_opoﬁ,rg:s',,,ow to solve it. - Ti ymopei va umtoAoyioTei Kail T1 6X1;
+ Classically the solution is described statically, e.g., * YToAoyIoTIKA TTOAUTTAOKOTNTA
as a solution of an equation. . | lexi
* In mciderl')n ZdO”‘ century maTdP1emaTic§, the solution (ComPUTahona Comp exity)
canslse be dynamic €. ¢ deseripfin of an - T mopei va utohoyioTel vpivopa (1 G Ao
. Fur"rher‘mpr'el the cost of solving the problem XWpo) kai T OXI:
gLQmOEIITeZYir‘:;fGI y is of interest: Computational - TTé00 ypfvopa HTTOpEi va UTTOAOYIOTES;
D. Harel, W. Feldman. Algorithmics: the spirit of
computing

Mn emiAUoIda TpoPpAnpara -
TTpopAnua Teppartiopou
+ To mpéPpAnua tou Collatz (Ulam): « To 101101011101 eivai o TOAUTTAOKO ATTd TO
while x!=1 do 010101010101 (Kolmogorov complexity)

if (x is even) then x=x/2 . . ’ .
olse xe3*xtl + Ta OnAdcTikd cival o ToAUTTAOKA aTd Toug

7>22>11>34>17>52>26>13>40->20->10~> IOUC.

5516>8>4>2>1 CT L AOTEA . A
. TTpdPpAnua: Aivetar x. TeppariZer To mpéypauya: 0 OKAKI EEIVGI 10 TOAUT OK(? amé Tnv TpiAida.
* TlpépAnpa: TepuariCel To TpoPAnua yia kdBe o EMKARUYEIC ToU Esche’r‘ elvaimo.
PUGTKS apIBUG X; TOAUTTAOKEG AT Ta TTAAKAKIA TOU UTTdviou.
- Aev yvwpiloupe Thv amavTnon (civai SnAadh + O1 mpwTo! ap1Byoi eival o ToAUTTAOKO! a6
avoIKTd TpoPAAuaTa). Toug TepITToUC (UTTOAOYIOTIKA TTOAUTTAOKOTNTA).

Ti gival ToAuTtAokOTNTA;



T eival uTtoAoyIOTIKA
TOAUTTAOKOTNTA;

+ ‘Evag TpéTOC Yia va cuAdApoupe yidTi ol
TpWwToI apiByoi eival o ToAUTTAOKOI aTd
TOUG TTePITTOUC €ival N UTTOAOYIOTIKA
ToAUTTAOKOTNTA.

+ To mpdPAnua «Aiverar x. Eivar mpwrog;»
eival o dUokoAo améd To TpoPAnua
«Aiverar x. Eival wepIiTTég:»

Kamvopnonomon npo[bAnuava

OAa Ta rrpoﬁl\npum
+ Efficiently computable, feasible. / \
+ Comparing algorithms with respect to their  moroviona s
efficiency. / L \
( "

+ Classifying problems with respect to the use / A""“"““" il \ \
of resources, e.g., tfime (computational steps), /

space (memory), number of processors, \ “\""""M"“""'""'""/ )
- L o —~—
number of non-deterministic choices in every \\h//

step, use of external help (oracles), use of
random bits, etc. \\\—//
\-//

Computational Complexity

Asymptotic behavior Iteration-Recursion-Induction

logn n n? 2n
3.322 10 100 1024 i
6.644 100 10000 1267650600228229401496703205376
A B C
9.966 1000 1000000 (1267650600228229401496703205376)%°

Yyhua 1.2: [Idgyor tou Avée (n = 4).



ﬂupvou Avot (anou prers)

2. xdve TV ovaduo} expenth xivpon wou Sev apapd Tav wxpdTepa Sloxo.

Euclid's idea for finding the
GCD of two natural numbers

e If a>b then 6CD(a, b) = GCD(a mod b, b)
e If a<b then 6CD(a, b) = 6CD(a, b mod a)

amod b = the remainder of the integer
division a div b
This is the best known
algorithm for GCD.

It is an open problem
whether this is an optimal
algorithm.

Treesort pe xpnon
Binary Search Tree

procedure inorder(t: treenode)
begin

2\/’/5 if t is not empty then
1 \ begin
N /3 N inorder{left branch of t);
write(clemont at t):
inorder(right branch of t)
end

end

Mepikn kai OAikn OpBoTnTa

Euclid's algorithm for GCD

GCD of 172 and 54. (iteration)
10 54
10 4
2 4
2 0
The GCD is 2.

+ Structured Programming
* Modularity

* Parallel Systems

* Concurrent Systems

* Distributed Systems



Aiktua Ta&ivéunong
(Sorting Networks)
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Tyfua 1.4 () Buyxeeric (B) Alxtuo teduvbunons 4 eoédov

AAyop1Bpol

o, Evvors Tz Beelac auric. Ty autd

Bey o noT

AXyOprB0g elvan £VU TEREPUCIEVG OUVOLAO XAVavmy, Gl oTolol TeplYpd-
@ouv plo wEBodo (mou anotehsltol and Uid OELEE UTCAGYIOTLAGEY SLECYRGLGY)
v va AuBel évo auyxexpuadve medBinua. Ta aviixelusve dve ata onolo

) 3 BSek

autds o B

foc yapaxTnpil r@ TapardTG T

o Kdbe extérean slvon mencoxcudvy, Sniad¥, tedeudvel dotepo oand Evay
RENECACUEVO oS Btepyaoudy ¥ Bnudrey (finiteness).

o Kabe xavévag Tou opiletar enaxptfics xa n avriatoyyn depyuaix elva
ouyxexpuévy (deliniteness).

‘Exer undév f neprocdtepa peyEdn sioddou non 8ldovtar eagyic, TpLv
apyioet va sxteisitar o ahybpbucs (input).

AiBer Toukdytotov éva uiveHoc ooy anotéheoua (£fodo-output) wou
ECHPTATAL XOTH HATOLO TROTO aAm’ T mpyxEg eladBous.

Tlvan upyayviorixed anotsheauanxds, Snhadf dhes o Sraduwatss tou te-
prhapfdve. unogolv va mgayuatononfeiy e axplfele xar as aenspa-
OUEVO YEAVO s LORIfEL xen yupTls (effectiveness).

Nondeterminism

Yyfua 2.2: Mn vietegivoixés ahydpibuog

[ Haken

(amédeifn pe
mpoypaupal)

Determinism

Evag ahydpluog slval vieTepuuvioTinde (deterministic) 1, un vieTepuL-
tic) () vretspuinaTNd ahydpbsoc BlaxplveTton aTd

=P R

o ToEaxdTo atouela

s O unoho be =6

= O unohoriouds nou wp: ! O uno

elver elvan ypauuwibs. L xéfe unoionio
Buubepooy (configuration) urdpyew axgyBdc ula véun endusvr dua-
udpooan.

g

« H unoioyiatueh SoSioale npoywpsl Bhua npog 3fue s elvan oe Béon
va atapatiost Y otodftote uvat eloodo.

Syfua 2.1: Nietepuoitotnds ohydplizog

MovTéAa YmoAoyiopou

Orovtag va TuTonoviooude drhadt vo oploouue auoTrEd THY Evvolt Tou

ahyoplBuon, elvon amopabtnio va ogloouus £vel GUYHEXPUIEVO UROAOYLOTING
uovtéro. LloAdol emotipoves, dnwg ov 4. luring, A. Church, S. Kleene,
E. Post, R. Markov x.a., aayolifpay ue 1o Béue autd xal dpuooy Sdgopa
UTOAOTIGTIRG LOVTEAR.

To UTOAOTLGTLAG HOYTEND TOU OV TLOTOL(EL GTOV O «PUaLXE» X Swnabr-

w6 oplapd tou mhyoglluou elvor v, wyavd Turing. Xiugova pe tny alle-
uaruef, «Bfan Tou Churchy:

«Kdfe alydptBuos uropel va zepiypapel e tn fofbeia wag un-
sovifs Turing»



©éon Twv Church-Turing
(1008Uvapn diaTuTwaon)

JAG TH YYWoTd Xl EYveoTd UROACTIOTIXE HOVTEAR elvar unyd-
viotxd toodlvauer

Snaadh:

«Tuat wiet ouyxexpluévr cuvdptnon f, So0évtog evég ahyopll-

a6 LovTéhon.

Eidn moAuttAoKOTNTAC

IT ouunepigopd Tou wAyopifiuow pedetdrar xupleg o Sbo mepntdos.
Ty yewpdtepy (worst case) xav oty wéom (average case), poc Sedoué-

Aoy Bt / nnnnn\ 0 - Mg
Vi xatavouic mbuwdy oTiypieTiRey {instances) Tou mpofifuares. M
a/\/uq avomua‘q zvou.oupspsw-w. Tl Ty p.axponpousop:q andoficon (amortiza-
tion) enavahirTots yefore evbe ahyopluou. H ushéty mg nolumhondimag

evég adyoplBuou uag emitpéne nohhés gopés va aropavbolue av autds elvan
Pértiatog (optimal) v to ouyxexpytve Tpafiinue. Auté mpotinoféter 6
gyoupe ta dve (UE ahydpwino) xo xdte (ue anddeln) pedyuote Tou
Ke6vou (F o TOu YBEOY) TOL ErupxoUY ot anaitotviat yio Ty exlhuon
evig tpofifiuatog xon exiavg ngoinoféter 6n autd tautlZovrar.

TTapddeiypa: Taivopnon
Bubblesort: c:n?
Mergesort: c':n logn

TToAuTTAOKOTNTA TOU TTPOPAALATOC

(emiAuoh pe ouykpioeig): < C'-n'logn

T[o)\un/\oxomm

URChOYLaTH, 0 wgbiude rguxe TGV Sadramdy Tow RO TOdVTOL Xar
elve auTé Tou opilouv TNy MoAumAoxéTnTe (complexity) Tou ohyopifiuou.
OvopdZoupe mohunhoxbtnta evés TeoBAfuatog v nolurhoxdnta evég
Bértiotou (optimal ) ahyogiBuou Tou hiver o mpdBhnuo.

O tpbnog mou npooeyyilel xavelc Ty mohunhoxdtnta odnyel o'évay ap-
Xx6 Baywpioud trg Evvolas TOAVTAOXGTNTA, G oLYXEXPUWEVTY (concrete)
TORUTRAOXGTNTA XAt W1 CLUYKREXPUAEVY,, TlEPLOTGTEPO BewenTixy (abstract)
TOAUTAOXGTTTA.

O xhddog g ouyxexpuévng (concrete ) TohUTAOXSTNTOS AoyOAElTAL e
TNV TEELYEUQT, GUOTHATLXOY TEYWXOY aZL0AGYNONG TWY METEToWGY ayabfdy
(resources) mou yagaxtpllouy ™y anodotixdTnTa ev6C CLUYXEXPUIEVOU ahYO-
plbuou (xuplng Tou YEéVouU %o TOU XGBPOU TOU ARWMTOVVTAL AT’ TOY aAY6pLEU0)
G’évat GUYXEXPWEVO UTOAOYLOTIXS LovTéDo.

TToAuTtAOKOTNTA: KOOGTOG
aAyopiBuou / K6aToG TTpoPAALATOC

To x6o10g £vbg ahyogibuoy opifeto e Tn) 3ovfeia TG MopPoxdT® TUVle-
™o

xbotog ahyoglfuou(n) = e X {nborog aivoplfiuny v eloodo z}
G8ous pe-

"8001 ~

Kar 1o #dot0g evée npofifuatos, pe ™ Borbeta tne ouvdgtnomng:

séotog npofhiuatos (n) = min {#6atog Tou ahyopifuou A{n)}
Bybpidiusve &
o emAdouy o
ZpOPATUL

MaBnuarikoi ZuppoAiopoi

_—— cgln)

Syfwe 2.3: f=0(g)

O{g)={f | Fc¢>0, Ing:¥n >na f(n) <cg(n)}



MaOnuarikoi 2ZuppoAiopoi

Ol =451
ey —u |

loydouv:  &(f) = G{Fi{
o).

Ay n — ennk 4o nR—1 Lo R a®d ot udsinze Babua b ode

Av p = cpn® + i 4+ -+ o, 3R ohudvupo Bobuod k, thte
p € O(nF) 4 p(n) = O(x®). Enlong p € Qn*) 14 p(n) = Qn*). Tuvende
pin) = B(¥)

OplZouue Ofpoly) = | On).

Tevid woyie 61 O(1) < Oa(n)) < Olog* n) < O(log(n)) < O(/n) <
Ofn) < Onlog(n)) < OM?) < ... < Ofpoly) < O{2") < Ofn!) < O(r™) <
O(A(n))

Iyuelworn: ypdgouue «<» oyt «C.

log*n: méoeg popég Mpémer va AoyapIBUACOUE To N yid va 9TAoOUHE
katw amé 1o 1 (avrioTpopn uTepeKOETIKAG)

A: Ackermann.

a: avrtioTpogn Tng A.

TToAuTtAokoThTa EUKAEidciou AAydpI1Buou

+ Avw @payua: O(log min(a,b))
Eme1dh o 2 emavaAAYeIC o HeyaAUTEPOC
ap1Bpédc umodimAacialetar (doknonh: amodeifTe
To!)

+ Kdtw @pdyua: Q(log min(a,b))
Emedn yia diadoxikoUg Fibonacci, Fp.;, F,.
xpeialetar k Phuara, kai F, = ¢/ J5, émou
9=(1+/5)/2 (xpuah Topr).

- Emopévwe: ©(log min(a,b))

MaBnuarikoi ZuppoAiooi

.o - A R F(n) .
Glg)=1{f ] 31 >0, 32 >0, Ing: Vn > nyg a <~ <o)
i)

Eupeon Méyiotou Koivou AiaipéTn (ged)

Aegv gival KaAR 16€a va To avaydyoupe oTo TTpORANUa eipeong
TIPWTWV TTOPAYOVTWY yiaTi autd dev AUVETAI ATTOOOTIKA.

ATAGG aAyépiBuog: O(min(a,b))

»— aminfa bY:
Z = minia, s);

while (¢ mod 2 #0) or {a mod z #£0) do z:=2—1;

AAy6pIBuog pe agaipéocig: O(max(a,b))

i=a;ji=b
whilei# jdoifi> jtheni =i—jelsej:=j—¢
return (7)

AAy6pIBuog Tou EukAeidn: O(log min(a,b))
i=a;ji=b;

while (i > 0) and (j > 0) do
if ¢ > j then i := ¢ mod j else j := j mod ¢;
return (i + j)

Yywon oe dUvapn

power (a, n)

result := 1

for i := 1 to n do
result := result*a

return result

MoAutrhokéTnTa: O(n)
— €KBETIKA WG TTPOG TO PAKOG TNG €106d0u!



"Yywon oe dUvapn pe
emavaiauPavopevo TETOAywvIOLO

fastpower (a, n)

result := 1

while n>0 do
if odd(n) then result:=result*a
n := n div 2
a := a*a

return result

. — .9344.92 10-27 +1.90
I8¢a: a13_a12+12 +0-2" +1:2

MoAutrhokéTtnTa: O(log n)
— TTOAUWVUUIKA WG TTPOG TO PNKOG TNG €106d0u!

Ap1Buoi Fibonacci:
avadpoHIkog aAyopiOpoc

* F(n)
if (n<2) then return n
else return F (n-1)+F (n-2);

+ TMoAumAokdrnra. T(n) = T(n-1) + T(n-2) + ¢,
dnA. n T(n) opiCeTar 6wg h F(n) (+ KATI pikpo),
omoTe:

T(n) > F(n) = Q(1.62)

Xpovog ekTEAeoNC aAyopiOpwy

+ OtwpnoTe 4 poypdupara pe apiBuéd pnudtwy O(27),
O(n?), O(n), ka1 O(logn) ou To KABe xpeialeTa 1
deuTepOAETTO YIa va uTtoAoyioel To F(100).

+ TT6oa deutepdAemTa Ba xpeiaaTolv yid va uoAoyicouv
10 F(n);

c2” cn? cn clogn
F(100) 1 1 1 1
F(101) 2 1.02 1.01 1.002
F(110) | 1024 121 11 1.02
F(200) | ?2?2?2??? 4 2 115

Ap1Buoi Fibonacci
0,1,1,2,3,5,8,13,21,34,55, ..

Fo=0, F,=1,
Fn:Fn—1+Fn21 /7>=2

TTp6PAnua: Aivertar n, va utohoyiotei To F,

TToéoo ypAyopo umopei va gival To Tpdypapud pag;

Ap1Bpoi Fibonacci:
KaAUTEPOC aAyopiOpog
* F(n)
a:=0; b:=1;
for i:=2 to n do
c:=b; b:=a+tb; a:=c;
return b;

* MoAuttAokoTnTa: O(n)

Ap1Buoi Fibonacci:
akopa KaAUTepoC aAyopiBpog

MTopouUpe va ypdyoupe Tov UTTOAOYIOHG OE HOPYH TTIVAKWV:

{ F(n) }_{1 1} [F(n—l)}
Fin—1)] 11 ol|F(n-2)

ATIO QUTO GUUTTEPAIVOUE

[F(];(i)l)] - H ér2 m

O apiBuég Twv apIBunTikv mpdgewv peiwvetar oto O(log n).



TTpopAnpata mpwTwWyY ApIBuWY

Primality testing: Aivetai aképaiog n. Eivar

TPWTOC;

- ZXETIKA UKoAo. ETIAUETAI 0€ TOAUWVULIKO XpbOVOo OTIWG
¢de1§av mpdowara kdmolo mpotTuxiakoi Ivdoi @oITNTEG.

Factoring: Aivetai aképaiog n. Na ppeBouv ol

TPWTO! TTAPAYOVTEG TOU.

- Aev Eépoupe av cival eUkoAo h BUokoAo. TTioTeloupE OTI

8¢ AUveTal o€ TOAUWVULIKG XpOvo, aAAd oUTe OTI gival
T600 dUokoho 6go Ta NP-complete mpopAAuara.

- Z¢& KPpavTikoUg uttoAoyioTég (TTou Bev £xoupe akdua
KATAPEPEN VA KATAOKEUAOOUHE) ETIAUETAI TTOAUWVUUIKA.

TToAUTTAOKOTNTA: AVOIKTA EpWTAUATA

EkTO¢ amd kdmoieg €18IKEC TIEPITITWOEIC, Yid
kavéva mpdpAnpa dev yvwpiloupe Té6o0 yphyopa
UTopei va AuBEi.

AKoépa Kai yia Tov TToAAaTtAdoiacpd apiBuwv dev
yvwpiloupe Tov TaxUTepo aAyopiBuo.

O axoAIkOG TpoTOC TToAAaTTAAGIaoHoU apIBuWy He
n yneia xpetaletar O(r?) phpara.

Ymdpxouv kaAUTepol ahyopiBuol Tou Xpeidlovrai
mepimou O(n log n) Phpara.

Ymdpxel akyopiBuog mou xpeialetai povo O(n)
PApara; Auto eivai avoikTo epwTnya.

Factoring ka1 kpuTrtoypagia
(n dikaiwon Tou EukAegidn!)

+ RSA: Kpunttoypagiké oxnpa dngociou kAeidioU yia va

oteiher n A (Alice) otov B (Bob) éva privupa m.

O B diaAéyer 2 peydhoug TpwToUG apiBUoUg p Kai q,

uttoAoyiCel To yIvVOpEVO N=pq, Kdi SIaAEYEl aképaio e
OXETIKA TIpWTO He To p(n)=(p-1)(g-1).

+ O B oTéAvel oTnv A Ta nKai e.
+ H A otéAver atov B Tov apiBuéd c=me(mod n).
+ O B umoAoyiZer To m: m=cd(mod n),

omou 1o d=e! (mod (p-1)(g-1)).

+ Tlapddeiypa: p=11, q=17, n=187, e=21, d=61, m=42, c=9
- H aopdAcia rou RSA atnpilerar otnv (ekmipwpevn) SuokoAia tou factoring.
- l'a v vAorroinon tou RSA xpnoiuorroiodvrai, peraéu dAAwv, o aAyépiuog

emavaauBavouevou TETPAywVIOUOU Kal O ETTEKTETAUEVOS EUkAEidEIoS aAydpiBuog
(rou ermiTAéov ekppddel Tov ged(a,b) oav ypauuiké ouvouaoud Twv a kai b).



