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Computer Science
Informatics

Computing Science

Ti umropei va unxavorroin@ei kar uGAioTa amodoTIKd ;

YmoAoyioTéS: TaxuTnTa - akpiBeia

Knowledge representation
Modeling
Abstraction:

- (Directed) Graphs

- (Formal) Logic

+ Data Models
« Data Structures
- Algorithms

KAd
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doi EmioTApuNg YmoAoyioTwy

. Ahydpliuol xan Aopéc Asdopévev

Iidvaoeg Hpoypaumatiouod xo Metayhottiotég

Apytexctovoeh Ynoloyatdy ket Awettov (hardware)

. Apuiunrieol xo YupPoluol Yrohoyiopol

5. Astoupyued - Tlapdddnha - Kataveunpéve Nuotfuate
. Mefobohoyla - Teyvohoyie Aoyiouxod (software)

. Bioeig AsBopfvev xon Aveyelpion Iinpogopuiy

. Teyvne Nonuoadvy ke Pourotus

. Emuxowwviz avipanou - unohoyiot). [oluuéox

. Abetoat Enixotvaviay - Eugui Alxtus - Aadixtuo

Iteration-Recursion-Induction

A B C

Eyhue 1.2: opyor Tou Avé (n = 4).

TTUpyor Avér (Hanoi Towers)

procedure move_anoi(n from X to Y using Z)

begin
if n = 1 then move top disk from X to Y
else begin
move_anoi(n—1 from X to Z using Y);
move top disk from X to Y;
move_anoi(n—1 from Z to Y using X)
end
end

L. petaxivyos xatd Ty Getwxs popd Tov uxpdtepo dlaxo:

2. xdve Ty povadver emtpenTh xivnan Tou Sev apopd Tov uxpsepo Siaxo.

Mepikn kai OAikA OpBoTnTa

o Aevtovpyuxd onuactohoyio (operational semantics). Ilepiypdgper Ty
unoloytotxy axoloubla Tou exteAeitar.

o Anlotix? onuactoloyia (denotational semantics). OglZer wévo
ouvdpon ewobdou-e€63ou.

o Afiwpotind onuactoloyio (axiomatic semantics). Ilepiypdoer Tig
ayeuxés WibtnTeg Tou Tpénel amapalTa Vo avomoovTa and Ty
eloodo xar Ty €Z0d0.

Ty nepbntwor, mov, avil v xathyopnuatind Aovioud xa puotxols aptb-
uole, XenoHoRooduE TEEes xon WibtTes (afudpata) xdrowg dAANS ouyxe-
xpuiévng ahyeBpuefs Soufic N aliwpatixsd anuactoloyia ovoudZetar ouvifong
alyeBpuxd onuactoloyia (algebraic semantics).




+ Structured Programming
* Modularity

* Parallel Systems

* Concurrent Systems

- Distributed Systems

Aiktua Taivéunong
(Sorting Networks)

z Imin{z, y} ) 5 )
J J/

g meled ®

Eyhua 1.4: (o) Zuyxertic (3) Alxtuo tafivbunong 4 elobdwy

Treesort pe xpnon
Binary Search Tree

procedure inorder(t: treenode)

begin
2\/6 if t is not empty then
1/ N begin

inorder(left branch of t);
write(element at t);
inorder(right branch of t)
end
end

Four Color Theorem (1852-1977)

Ildoa ypduata anaiTodvTaL yia 1oV YpuuaTious 6Awy Tey Ywpdy, odtes dote
xépes mou ouvopedovy (SpAadh éxouy ypauud, Syt anddc onuelo yia xotvd
aivopo) va éxouy Stagopetind ypdua;

Appel
Haken

Yyfua 1.6: Eninedog ydetng

AAyop1Bpol

H évvora ahydpiBiuog elva ngwtapyxd évwola tng Bewplag authe. TV autéd
dev oplZetan. E8G dlvouye pla druny, e&fynon.

AdlybplBuog elvan €var TETERAOUEVO GUVORO XAVEV®Y, oL oToloL TEpLYpd-
@ouv ula p2bodo (rou aroteheltor and ula oelpd LRoroytoTXGY Siepyaaidy)
v va huBel éva ouyxexguévo péBinua. Ta avuxelueva mdve ota onola
erevepyouy autés o diepyaoles héyovrar dedoudve (data).

O ahybpbuog yapaxtneiletar and ta tapodte Tévie oTouela:

o Kbz extéhean elvar mencpaouévn, dnhadf teheidver Uotepa anb évayv
TETEPACUEVO apiBud iepyaoidy A Brudtwy (finiteness).

Kdbe »xavédvag tou oplletar enaxpiBie xar v aviiotoyn Siepyacia eivoy
ouyxexpuiévn (definiteness).

.

'Eyel undév 1 neploodrepa Ueyédn etoddow mou didovtar elapyis, nplv
apyioeL va exterelton o ahydpibuog (input).

e Alder Toukdyrotov éva uéyefloc aav anotéheoua (€5odo-output) mou
eZapTdTan Xatd xdnoto Tpéro an’Tic upyxéc etabdous.

* Bivar unyaviotixd aroteheopanixde, Snhady 6heg oo Sadxaoies tou re-
eaufdver umopoly va mpayuatononfoly U axpifela xaL oe nenepa-
GUEVo Yp6vo «ue OB xan Yol (effectiveness).

TToAuTtAoKOTNTA

Ty npddn, To evdiagépoy dev atapatéd oto va Peebel évag alybpibuog tou
emAlel éva TpbfBANuUa, ahAd Tpoywed atn LeAéT) TV uetphiolev Wlothtey
Tou yapaxtnellouy Ty anodotixbnTa ag uroloyiaThs uebédou. Autd ta
ueYEdn (ayabé-resources) elvar T.y. 0 ¥pbvog LTOAOYLOUOY, 0 XGPOS G UvAun
UTOAOYLOTH, O aplBUbS TEOXATALXTLXGY SLASXACLOY TOU TPOATALTOUVTAL XL
elvar autd mou opllouy TNV mohurhoxdtnta (complexity) tou ahyoplBuou.
OvoudZouue noAunioxbétnta evés mpofAfuatog ™y molurioxdtnta evég
Bértiotou (optimal ) ahyogiBuou mou Advel To Te6BAnu.

O 1pbnog mou npoceyyllel xavele Ty Tokunhoxdtnta odnyel c’évay ap-
¥xb Sayoplous ™e évvolas ToAuTAoxéTTa, oF SuYxEXPUéVN (concrete)
TIONUTAOXGTNTA XAy Wh oUYREXEUEVY, TepLoadtepo Bewpntuxy (abstract)
TOAUTAOXETNTA.

O xhddog e ouyxexpyévne (concrete ) molumhoxbtnrog aoyorelton ue
TNV TERLYEAPY CUGTNUATIXGY TEYWXGY aZloAdYNoNS TV UETPHoWeY ayabdy
(resources) mou yapaxellouy MY ATOSOTIXETNTA EVES CUYXEXPULEVOU OAYO-
elbuo (xupleg Tou Ypdvou xar Tou YHEOL TOU ATATOVVTAL ar’ToY ahypLbuo)
o’éva oLYEXEWEVO UTONOYLOTIXG oVTéNO.




Eidn moAuttAokoTNTAG

H ouuneprpopd tou alyoplbuou ueletdtar xupleg oe 800 mepintdoeis.
Ty xewpbtepn (worst case) xav oty wéon (average case), wag Sedoué-
VN xatavours Tlavey otiywotiney (instances) tou meoBiiuaros. M
&hhn avéhuor evdlapépetar Yo TV waxponpbBeoun andoBeoy (amortiza-
tion) eravalnmiixic xpriong evés ahyopiBuou. H pehétn tne mohunhoxdnrag
evée akyoplBuou pag entpéner TOAMES Qopés Vo anogavlolue av autéds elvar
Bértiotog (optimal) vt T0 ouyxexpyuévo TpdBinua. Auté Tpolnobéter bt
gyoupe T v (pe ahyopLBuo) xa xdtew (e anddeln) ppdyuata Tou
Xe6vou (A xor TOu XBEOU) TOU ETUPXOUY XAt ATOLTOUVTAL Yl TNV entAuom
evé¢ TpofBAfiuatog xa entorg TpoUnoBéter 6t autd Tautilovtan.

TToAuTtAOKOTNTA: KOOTOG
aAyopiBuou / K6OTOC TTPOPAARLATOC

To x6a70g evég akyoplBuou oplletar ue ™ Borfeia g Tapaxdte cuvép
ong:
xdotoc alyoplfuou(n) =  max  {xdotoc akyopiBuou i eloodo z}

Yo Ghes g Suva-
5 moddous pe-
Yébous n

Ko t0 xéotog evée npoBifuatog, ue m Borbeia g ouvdpong:
xéotoc mpoBMuatog (n) =  min  {xéotog Tou akyoplbuou A(n)}

yia éXoug Toug
akydpifuovs A
7ou EmAbOUY T0
pOBAnua

Determinism

"Evog ahyderbuog slvan vietepuiviotixds (deterministic) A wn vietepul-
wiotixés (nondeterministic). O vretepuwiotinde ahybpibuoc Staxplvetan ard
o Togaxdte atotyelo:

o O unohovyiauds tou mpotelver ebvar ypauuxds. T x40 unoloyiotued
Suaubepoon (configuration) urdpyet axpdcs ula véuun enbuevn dia-
ubppoo.

* H unohoyionx Swadiaalo npoyweel Bhua npog Bhua xou elvan ae Béom
va atopatiae Yo onotadtrote duvat eloodo.

Yyhue 2.1: Nteteppvatinds ahyépibuog

Nondeterminism

Yyhua 2.2: Mn vieteppvionixde akydpiuog

Ta&ivopnon aAyopiOpwy

AvdAoya pe:

TG Jouéc BESOUEVRDY TIOU YENOLULOTOLOUY

70 £l30¢ TV JeBOPEVEY TOU XENOWLOTOWUY (TpayHaTXols apBotc—
agLBunTIeh avéhuan, Ypdoous, X.T.\.)

™Y TohuTAOXSTITS TOUg

™V otpatny] oyediaouol toug (.. divide and conquer, greedy, dy-
namic programming, backtracking x.t.\.)

MovTéAa YmoAoyiopou

Oéhovtac va tutonolficouue Snhady va oploouue avotned ™y évvola Tou
ahyoplBuou, elvar anapaltnro vo oploouue €va cuyxexpyiévo utoloyiotnd
uovtého. Ilohrol emotiuoves, énwg ov A. Turing, A. Church, S. Kleene,
E. Post, R. Markov x.a., acyolMBnxay ye 10 Béua autd xa bproay Sidgopa
UTOAOYLOTXE LOVTEAQ.

To unohoyiomixé LOVTENO TOL AvTLGTOLYXEL GTOV ThO «PUAGLXS» XaL SLanaB-
b oplopd tou akyoplBuou elvar i unyavd Turing. Yougova pe ™y adue-
uatxf «Béon tou Church»:

«Kdfe adydpifuos umopel va meptypagel uc ty Porbea wag un-
xavifc Turing»




O¢éon Twv Church-Turing
(10080Uvapn diatuTTwaon)

«OAa ta yywotd xai dyveota vrodoyiotixd uovtéAa elvar unya-
vioTixd tooddvauar

Snhadh:

Ty ouyxexpLuévn cuvdptnon f, 3o6évtog evég ahyoplo-
wou c’éva unolotioTixé woviélo unopolue ue N Borbela
unyavhs (f npoyvpduuatog: compiler) vo xatooxcudoovys,
v v B cuvdptnom f, alybelBuo o’éva dAho unoloyt-
oTix6 wovtélon.

MaBnuarikoi ZuppoAigpoi

P

_— f(n)

/\)J "

e

0
Iyfua 2.3: f = O0(g)

O(g)={f | F¢>0, Ing: Yn>no f(n) <cg(n)}

MaBnparikoi ZuppoAiopoi

—~

e

/

no
Tyua 2.4 f = 2(g)

Qg)={f | >0, 3ng:Yn>ne f(n) >cg(n)}

MaBnparikoi ZuppoAiopoi

- c2g(n)

f(n)

e
(T

: n
)
Tyhua 2.5: f = O(g)
O ={f13>0,3>0,Ing:Vn>ng 1 S% < e}

Ioydouv: O(f) = O(FH)NQUS) v f € O(g) <= (f € O(g) x g €
o(f))-

Av p = pnf + cpanf Tt + -+ + ¢, Inhadh moludvugo Babuos k, téte
p € O(nF) 4 p(n) = O(nF). Enlong p € Q(n) 4 p(n) = Q(n¥). Tuvende
p(n) = O(n).

OplZouue O(poly) = JO(n*).

Tevixd woyber 61 O(1) < Ofa(n)) < O(log* n) < O(log(n)) < O(y/n) <
O(n) < O(nlog(n)) < O(n?) < ... < O(poly) < O(2") < O(n!) < O(n™) <
O(A(n)

Enuelwon: ypdgouue «<» avtl «C».

Oproués 2.1.1 (Ilohuvroyapibuxy ouvdptnan). log* n dlver téoeg gopéc npé-
TEL Vo Aoy aplBuicouue To n yia v ndpouye 1.

Oplouée 2.1.2 (Zuvdptnon Ackermann). OgiZouye ulo ouvdptnon wg e&fgc:

1, bravze =0,y >0
_ 2 bravz =1,y=0
Alzy) = z+2, btavz >2,y=0

A(Az -Ly),y—1), bravz,y>1

Mnopolue elixoia Vo TapATNEHGOUUE GTL:

A(z,0)=2+z
Az, 1) =2z
Alz,2)=2°

2
A(z,3) =2

H ouvéptnon Ackermann elvar o ouvdpmon 1 onola augdvetar moAd
yefyopa. H ouvégtnon Ackermann pe éva dproua unogel va oprotel wg e€g:
A(n) = A(n,n).




Polynomially related functions

AKOUN HeyaAUTeph agaipeon: dUo ouVAPTATEIC
OswpolvTail 10080vapeg ox1 Hévo av diagépouv

KaTd pia ataBepd (émwe Tx oTo cuppohioud O(...))
aAAd akopn kai av n 81agopd Toug €ival TTOAUWVULIKA.

Optopés 2.1.3. Alo ouvapthoeis fi, fa éxouv mohuewouxh oxéon uetadld
toug (polynomially related ) avv undgyouv mohudvuuo pi(z), po(z) tétow
dote

vn: fi(n) <pi(fa(n) N fo(n) < p2(fi(n))

Tapdderypa 2.1.4. O ouvaptioeis fi(n) = n® xa fo(n) = n'" elvor poly-
nomially related, evé o n® xav 2™ 3ev elvar.

EUpeon MéyiaTou KoivoU Aiaipétn (gcd)

Aev gival Aoyiko va avayeTtal oTo TTPORANUa e0pECNG TTPWTWV
TTapayovTwy yiaTi autd dev AUveTtal atrodoTIKG.
ATTAGG aAy6piBuog: O(min(a,b))

z = min(a,b);

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

AAyOpIBuog pe aaipéacig: O(max(a,b))

i=a;j:=b
while i # jdoifi > j theni:=1i— jelse j:==j —;
return (i)
AAy6pIBuog TObU EukAeidn: O(log(a+b))
ii=a;j =1

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

Méhota, Ty xewedieen anddoon o ahybplbuos Tou Buxheldn Ty nagou-
oudZet av Tou Soboly we eloodog do Budoyiiol apbiuol Thng axoroublog Fi-

bonacci:
0 k=0
AR={1 v k=1
Fp 1+ Fro nak>2
UOA/THTG Toytew Fi = (¢ — ¢%)/V/5, 6mou ¢ = (1 ++/5)/2 ~ 1.618 (yveotr xa
wc 1, xpuoh Touf) xan ¢ = (1 —v/3)/2. Ac onueidoouye 6m emedt 6| < 1,
70 Fi. glvan (0o pe to ¢F/v/5 orgoyyulonoiuéve atov Thnaiéotepo axépato,
ORGTE TPOXUTTEL TO TAPUNATC TEPLOUA:

AAV/UOU TI6popa 2.3.1. log,(Fp) +1 < k < log,(Fe) +2
EXOUUE T8 TopaxdTe anoTEAEaUTA OYXETKE UE TNY TOAURAOXGTTA:

H Afppa 2.3.2. 0 adydpifuoc tov Buxdeldy yia a = Fyyy xa b = Fj, gyt
EUKAEIBN  fie 252 0 sirdeues

Mépwopa 2.8.3. U ypovix molurhoxdrnra tou ahyoplfuoy tou Buxdeisy
elvar Q(log(a+b)).

Adupa 2.3.4. Ta Ledyn Siadoyixdy apibudy Fibonacci elvar n yetpdrepn
replrtwon and dropn xpovieds modundoxdtnras yia tov adydpibuo tou Eu-
>Ael87.

Mépioua 2.3.5. 1 ypovurf nodvmhoxdtyra tou ahyoplbuoy tou Bvxdsisy
stvar O(log(a + b)).

Ocdpnua 2.3.6. 1 ypovixf rolumloxdtyra tou adyoplfuoy Tou Buxdsisy
ety Olog(a + b)).

Yywon og dUvapn

power(a, n)

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

return result

MoAutrAokdTnTa: O(n) - ekBETIKA!

Yywon oe dUvapn pe
emavaiauPavouevo TETPAaywvIouo

fastpower(a, n)
result := 1;
while n>0 do {
if odd(n) then result:=result*a;
n :=ndiv 2;
a := a*a
return result
15éa: a3 = g1'2%+1:22+02" +1:20

MoAuttAokdTnTa: O(log n) - TTOAUWVUIKA

EuxapioTicg

O diapdveies mou akoAouBouv Exouv Paciorei o€
Jdiagadveie¢ opnAiac Touv kabnynthi HAia Kouroourid
(Turiua TTAnpogopirtic kar ThAsmkovwvidv, EKTTA)




Ap1Buoi Fibonacci
0,1,1,2,3,5,8,13, 21, 34,55, ...
FO = O, F] = 1,

Fn= Fn—1+Fn-2 . N >=2

TTp6PAnua: Aivetai n, va umoAoyioTei 1o F,

TT600 yphyopo uTopei va sivail To Tpoypappd
Hag:

Ap1Bpoi Fibonacci -

avadpopikog aAyopiOpog
- F(n)

if (n<2) then return n

else return F(n-1)+F(n-2);

« TToAumAoxdrnra. T(n) = T(n-1) + T(n-2) + c,
dnA. n T(n) opiCeTar éTwg n F(n) (+ KATI pikpo),
oToTE:

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

Ap1Buoi Fibonacci - kaAUTepog
aAyop1Buoc
= F(n)
a:=0; b:=1;
for 1:=2 to n do
c:=b; b:=atb; a:=c;
return b;

* MoAuttAokotnta: O(n)

Xpovocg ekTéAeanc aAyopiOpwv

+ Octwphote 4 poypduparta pe apiBuéd Pphudtwy O(27),
O(n?), O(n), ka1 O(logn) Tou To kaBéva xpeialerar 1
SeuTepdAeTTO Yia va uttoAoyioel To F(100).

+ TT6oa deutepdAetTa Ba XpelaaTolv vid va
uttoAoyioouv To F(n);

c2” chn? cn clogn
F(100) 1 1 1 1
F(101) 2 1.02 1.01 1.002
F(110) | 1024 1.21 11 1.02
F(200) | 2?2?2??? 4 2 115

Ap1Bpoi Fibonacci - akoépa

KaAUTEPOC aAyopiBpog
MTropoUue va ypdyouue Tov UTTOAOYIoHS OE

Mop®n TIVAKWY:
Fn)y 1 _1 1] Fln—1)
Fin—-1)} 1 ol |P(n-2)

A6 autd oupTrEpaivoupe

F(n) | _ [1 1172 [1]
Fn—1)] 1 0 1

Kai o apiBpég Twv api®unTikwyv mTpdgewv peiwvetal oto O(log n).

TTpopAnpara mpwTwy ap1Opwy

+ Primality testing: Aivetai aképaiog 7. Eivai

TPWTOC;
- ZXETIKA eUKoAo. AvhAkel oTo P 6w édeiav
TPOTPATA KATI010 TTPOTITUXIAKOi Iv3oi 9oITnTEG.

- Factoring: Aivetai aképaiog #. Na ppeBouv ol

TPWTOI TTAPAYOVTEC TOU.

- Aev Eépoupe av gival koo h dUokoAo. TTioTeloupe
6T1 dev cival oTo P, aAAd oUTe 6TI gival Téoo dUokoAo
600 Ta NP-complete mpopAnpara.

- Tia kpavTikoUg utoAoyiaTég (TTou 8ev £XoupE akopa
KATAQEPE! VA KATAOKEUAOOUE) avAkel aTo P.




Factoring ka1 kpumtToypagia

+ RSA: Kpumttoypagiké oxhAua dhuoaiou kAgidiou yia va

oteihel n A (Alice) atov B (Bob) éva pAvupa m.

+ O B diaAéyer 2 peydAoug TipwToug apiBpoug p kai q,

utroAoyiCel To yIVOpEVO n=pq, Kai diaAéyel aképaio e

OXETIKA TipWTo pe To 9(n)=(p-1)(q-1).

+ O B oTéAvel oTnv A Ta n Kai e.

+ H A otéAver otov B Tov apiBué c=me(mod n).

+ O B umoAoyiZel To m: m=cd(mod n),

6mou To d=e! (mod (p-1)(g-1)).

+ Tlapddeiypa: p=11, q=17, n=187, e=21, d=61, m=42, c=9
- H aogdAsia tou RSA omnpiderai otnv (exktipwpevn) duokoAia Tou factoring.
- [a v vAotroinan rou RSA xpnoiuorroiouvral, peraét dAAwy, o aAydpibuog

emavaiapBavopevou TeTpaywviopoU Kal o ETTEKTETANEVOG EukAeideiog aAydpibuog
(rou emimAéov ekppddel Tov ged(a,b) oav ypaupiké ouvduaoud Twv a Kai b).

TToAuTtAOKOTNTA: AVOIKTA

EpWTAUATA

+ EKTOC amd KAToIEC €1BIKEG TIEPITITWOEIG, YIA
kavéva mpopAnua dev yvwpiloupe Togo
Yphyopa pmopei va AuBci.

+ AKOa Kai yia Tov ToAAamAaciacud apiBuwy
dev yvwpiCoupe Tov TaxUuTepo aAyopiBpo.

+ O 0x0AIKOC TpOTTOC TOAAATTAQCIAOHOU
apiBuwv pe n yneia xpeidletar O(n2) PAuara.

+ Ymdpxouv kahUTepol aAyopiBpol ou
xpetdovrar mepimou O(h log n) Pripara.

« Ymdpxel ahydpiBuoc mou xpeldleTar povo
O(n) phuara; AuTé cival avoikTo epwTnua.




