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AnooPeoTiKn] AvaAivon

Y moAoy1oLUOG TNG UECTC TIUNG TOL ¥POVOL Y10l TNV
EKTEAECT] KATOL0G TPAENGS OOUNG 0E0OUEVMV, ETTL OA®V
TOV EKTEAOVUEVOV TIPACEMV.

To pnéoco kdotog ava Tpacn umopel va. eivon pikpo,
mop’ OAO TTOL U0 LEUOVMOUEVT] TPAEN TG akoAovOiog
VTG TOAVOV va £YEl LEYAAO KOGTOC.

H amocPeotikn avdAvon eyyvdtol tn uéon emiooon
KaOe TPacnc oty yelpoTepn TEPITTWTH.

Tpeig nEBoootl amocPfectiknc avaivonc:

* H ocwpevtikn nébooog

* Hypeomototikny né0odog

* H péBoodoc tov duvaukon



N ZUVOALKO

T
HETPN TN ﬁ\?ﬁ\&\&\&\?@&@ KOOTOG
0 00000000 0
1 00000001 1
2 00000010 3
3 00000011 4
4 00000100 7
5 00000 101 8
6 00000110 10
7 ooooil 11 11
8 00001000 15
9 00001001 16
10 00001010 18
11 00001011 19
12 00001100 22
13 00001 1071 23
14 00001110 25
15 ooolT 111 26
16 00010000 31

Ixnua 17.2  Otdadoyikég kataotaoelg evog 8-0vdlov dvadikov petpnth kabBwg 1 Tipr| Tov petafdl-
Aetar amo 1o 0 o1o 16 péow piag akolovBiag 16 mpafewv Enayenzuz. Ta Sudia mov petaailovrtat
yla va emrevyBei n) emopevn tipr ansikovifovral okwaopéva. Ztn defia ot)An mapatiBetal To ovvo-
AMkO TpEXov KOOTOG yia TN petaBoln twv dvdiwv. Tlapatnpnote 6TL To KOGTOG AVTO Eival TAVTOTE
WKpOTEPO artd To duMAdaio tov ouvolikov apBuov twv mpafewv EMAYEHEHE.



INCREMENT(A)

i =0

while i < A.lengthand Ali] ==
Ali] = 0
i =i+ 1

if i < A.length
Ali] = 1

Wh & W N =

N
Q-

MoAuTtAokoTnTa XEWPOTEPNC epimtwong: O(nk)
OTtou n ival To MANBoC¢ Twv avénoswv katd 1 kot k to péyltoto pRkog Suadikou
aplBuou mou oxnuatiletal (A.length)

KaAUtepn avaluon (Zwpeutiki pEBodog) :

* To Yndio A[0] petaBarAietal kaBe popa

* To Yndio A[1] petaBdarietal kaBe deutepn dopa

* To Yndio A[2] petaBdarietal kaBe TETapTn dopa

* Tevika to Pnoio Afi] petafarietar floor(n/2') dopsc.
* JuvoAwKa to MARBo¢ Twv duadlkwv Mpatewv: L” - Z

* To péoo (amooPeotikd) kootoC eivat: O(n)/n=0(1).



AVVOULKOL TIVOKES

Ot mivakeg £yovv mpokabopiouevo neyebog

2.€ OPLOUEVEC TEPUTTMCELS, O YDPOC OEV ETAPKEL Y100 TNV

Ao KELOT TOV GTOLYEIWV.

Alo6ToA Ttivaka: MeTapopd TV GTOYELOV GE VED HEYAADTEPO
VoK

AvTtioTpo@a, HETA amtd OaypapTr) TOAAMV GTOLYEI®V, CUUPEPEL VO,
ONAwBel o0 mivakog pe KpoOTEPO HEyeboc.

206TOAN Tivako: MeTa@opd TV GTOYEIMV GE VEO LKPOTEPO
Tivoako,

To mpayuatikd k6oTOC Uac TPAENS ival LYNAO OTAV QVTN
TPOKOAEL L0 OLOLGTOAT 1] LLLOL GUGTOAN).

Oumc 1o omocsPfeotikd k0GTOC Elc0y®yNC kKo owypadne. O(1)
O aypNoOTOINTOC YDPOC GE EVOV OLVOULKO TTivaka ogv Ba
vrepPaivel moté Eva oTafePO TOGOGTO TOL GLVOALKOV YOPOV.



IHHopaoerypo ovvoutKov
TIVOKO,

1. INSERT 3

2. INSERT vepyeidion




Hopaoerypno ovvouIKOU TIVOKO

1. INSERT E—a

2. INSERT vepyeidion




Hopaoerypno ovvouIKOU TIVOKO

1. INSERT D 1
2. INSERT 2




HHopdaoetypno ovvouIKOU TIVOKO

1. INSERT D 1
2. INSERT 2

3. INSERT vrepyeilion




IHopaoetyno ovvouIKOU TIVOKO

1. INSERT D 1
2. INSERT 2

3. INSERT vrepyeilion




IHopaoetyno ovvouIKOU TIVOKO

1. INSERT D
2. INSERT

3. INSERT




IHopdaoctypno ovvouItKoU TIVOKO

1. INSERT D
2. INSERT
3. INSERT
4. INSERT

A W iIN| -




IHopaocrypo oVVoUIKOV TIVOKO

Ok

INSERT
INSERT
INSERT
INSERT
INSERT

|

1
2
3

4

vIEPYEIALON




IHopaoeryno ovvopuIKOU TIVOKO

INSERT D
INSERT
INSERT

INSERT
INSERT OTEPYEILION

Alw|n| e




IHopaocrypo oVVoULIKOV TIVOKO

INSERT D
INSERT
INSERT

INSERT
INSERT

Alw|n| e




IHopaocrypo oVVoULIKOV TIVOKO

1. INSERT D 1
2. INSERT 3 2
3. INSERT 3
4. INSERT 4
5. INSERT 5
6. INSERT 6
7 {

INSERT




Availvon Xepotepng llepirtoong

* 'Eocto plo akoAovBio N eicaymyv.

* O xpOVOC YEPOTEPTNC TEPITTMOOCNG Y10 Ui
slooywyn etvar O(N).

* Emouevag, o ypOvocg ¥E1p0TEPNC TEPITTMWONG
vio N eloaymyeg etvon N - O(n) = O(n2).

Aa0Boc. XN TPALCN, TO KOGTOC TNC YEPOTEPNG
nEPITTOONG Yo N e10ay®YEC elvon povo O(N) <«
O(n2).



I «o@uT)» avaivon

‘Eotm Cj = 10 KOGTOG NG I-077¢ E1GAYWOYNG
B { | avi—1e&ivar dOvoun tov 2,
L1 oM.




I «o@uT)» avaivon

‘Eotm Cj = 10 KOGTOG NG I-077¢ E1GAYWOYNG
B { | avi—1e&ivar dOvoun tov 2,
L1 oM.




I «o@uT)» avaivon

n
Koaotog N eicayonynv = ZC}
=1
| 1g(n-1) | |
<n+ Z 27
J=0
<3n
=0(n).

'Eto1, 10 u€co K0oTOC KABE Aettovpylac etvon
O(n)/n=06(1).



AnocPeotiKn avaivon

Anocfeotiky avdivoon €ival OTOLOONTOTE
GTPOATNYIKN YO TNV aVAALGT Hiog akoAovdiog
AELTOVPYIOV TPOKELUEVOL VAL OEIEOVUE OTL TO HLEGO
KOGTOC avd Agttovpyia €tvon pukpo, oKOUo Kot o
LELOVOUEVO, KATOEG AELITOVPYIEC BTNV aKOAOLOiN
umopet va etvon akpiPéc.

H amocBeotikn avaAvon eyyvdtol Tn HEon
amO00G0T KADE Aettovpyloc otn ¥EPOTEPN
TEPITTOO).



Tomor AmooPeotiKiG Avalvong

Tpelc teyvikec:

* H ocwpevtikn nébooocg,

* H ypeomototikn uEbooog,
* H péboooc ovvapuukov.

‘Exovpue o€l tn cwpevtikn nebooo.

H copevtikn uEbooog, av ko arAr), vmtoAeinmeTon
akpifeloc oe oyéon e Tic dAlec uebooovg.

2UYKEKPIUEVO, T YPEDTICTMOTIKY LEDOOOC Ko M
LEDOOOC OLVAUUKOV ETLTPETOVV EVOL OLUPOPETIKO
AmTOGPEGTIKO KOGTOG Y10 KAOE Aettovpyia.



H ypeomotoTikn ngdooog

* Xpéwoe ) I-ootn Aertovpyia UE EVO. TAUSUATIKO armoofecTiio
KooTog Cj, 0mov 1€ etvar to kO6TOG Y100 1 povada epyaciog (0.,
YPOVOC).

* To mocd mov meprocevel aPov TANPWOEL TO TPAYUATIKO KOGTOG TNG
AEITOVPYIOG OTOTALIEVETOL GE Uid TpAmEla Y10 TAPOUN
LEALOVTIKOV AELTOVPYLDV

* To vTOAOITO TOV ALOYOPLUGLOV OEV UTOPEL VO EXEL PVNTIKT

Ty
* Oa mpénel va eEacaiicovpe OTL: Z C; Z ¢ ;
v KGOe akorovbio N Aettovpyltwv. =] '

* 'E101, T0 cuVOAIKO amoGPeGTIKO KOGTOC Elval £Eva TAV®D OP1o

TOL GUVOAIKOD TTPOLYUOTIKOD KOGTOLG.



XPpeOmMoTOTIKI Avdivon Kootovg AkoiovOiag
Ewsoyoyov og Avvopiko Iivoka

Xpémwoe éva amocPeostid k06Tog ¢ = 3€ Yo v 1-00TH

E1cay®YN.

e 1€ mAnpoVETOL YOl T GLYKEKPIUEVT] ELGOYDYT.

e 2€ amOTOEVOVTAL Y10, TNV TANPOUN TS aKp1PNS TpdéEnc
TOV OITAOGLOGLOV TIVOKAL.

Ortav o mivakog ourAacialetal o€ pEyeboc, 1€ mAnpaoveton

Y10l TN LETAKIVNGT EVOC TPOGPUTOV GTOLYEIOL Ko 1€
TANPOVETOL Y10, TN LETOKIVNGT EVOC TOANIOD GTOLYELOV.

Hapdaosiypa:
0€|0€ |0€ |0€ 2€ € RE |2€ | vmepycition

HEEEEEEEEEEEEEEN




XpeomotoOTIK Avaiven Koctovg AkorovOiog
Ewooyoyov o¢ Avvouiko Ilivoko

Xpémwoe éva anocPeotikd kO6TOG ¢ = 3€ Yo Vv 1-00T

EICOYWY).

e 1€ mAnpoVETAL Y10l TI] GUYKEKPIUEVT) ELCAYMYT).

* 2€ amoTtauedovVToL Y10 TNV TANPOUN TG aKp1PNe TpAENg
TOV OITAOGLOGLOV TTIVOKOQL.

Otav o wivakac oumAacialeton o€ ueyebog, 1€ mAnpmvetal

Y10 TN LETAKIVNGN EVOC TPOGOPUTOV GTOLYEIOL Ko 1€
TANPOVETOL Y10, TN UETOKIVNGT EVOC TOANLOD GTOLYELOV.

Hopaoerypa:

I I I I I I I II OTEPYELLION

Oé Oé Oﬂ O€ 0€|0€10€ Oé I




XpeomotoOTIK Avaiven Koetovg AkorovOiog
Ewooyoyov o¢ Avvouko Ilivoko,

Xpéwoe évo anocsPestikd kO6ToG ¢ = 3€ Yo v 1-00TH

EIGAYOY).

* 1€ mAnpoveTOL Y10 T GLYKEKPLUEVT] ELCAYWOYT.

e 2€ amotauebovIal yio TNV TANpOUn T akpiPne npdéng
TOV OITAOGLOG OV VKA.

Ortav o wivakog oumlacidleton oe uéyebog, 1€ mAnpwveton
Y10, TN HETAKIVION €VOC TPOGOUTOL GTOLYEIOL Kol 1€
TANPOVETAL Y10 TN LETOKIVIION VO TOAOOV GTOLYEIOV.

Hopaoerypo:

L]




XPEOTIGTMOTIKY] AVIAVOT

Boaowkn wowotnto: To vmoAomo tov Aoyoplac o ToOTe
oev yiveton apvntikd. 'Etot, to dBpoicua tov
amocPECTIKOD KOGTOVS Elvarl Ave Op1o TOL aBPOIGLATOC
TOV TPUYUOTIKOV KOGTOV.

i|1 2 3 4 5 6 7 8 9 10
size; | 1 4 8 8 8 8 16 16
ci | 1 1 5 1 1 1 9 1

3 3 3 3 3 3 3

4 2 4 6 8 2 4

* H pwtn Aettovpyia £xel kOoTOC LOVO 2€ Ko Oyt 3€.



H né0oooc tov ovvouikov

[oca: Oempnoe ToV TPATECIKO AOYOPLOGLO (G
OVVOUIKT evEPYELD. (OTm¢ 6T Dvoikn) Tov
OLVOULTKOD GUVOAOV.

Boowko wepiypoppa:

* 'Evapén pe v apykn ooun ogoopévav Dy,

* H Aerrovpyia | petatpénet t D; 1 oty D;.

* To k66106 ™G Acttovpyiog | givar C;.

* Opilovpe m ovvdption ovvauikod O : {Di} —
R, tétoia wote P(Dg ) = 0 kou D(D; ) = 0 yuo Oha
To, .

* T0 amoofectino kootog ¢y wg Tpog ™ D opiCetar
g ¢j = Cj + @(D;) —@(Dj_y).



Kotovomvtoc To OuvouiKd

¢i= i+ ®(Dj) - (D)
g
Arapopa ovvouirkov AD;

* Av AD; > 0, 101¢ ¢ > Cj. H Aertovpyia |
amoBNKeELEL EVEPYELD Y100 LEAAOVTIKT ¥ PTOT).

* Av AD; <0, 10te ¢; < C;. H doun ogdopevav
YPNGLUOTOLEL TNV ATOONKELUEVT EVEPYELD. Y10
VO EKTEAEGEL TN AgtTOVPYia .



To amooPeoTiKO KOGTOS PPACEL
TO TTPUYNOTIKO KOGTOG

To cuvoAkO amocGPecTIKO KOGTOG TMV N
Ketroupywov ewou

Zc =3 (¢; + D(D;) - DD, )
i=]

= Z ¢; + D(D,)—D(D,)
i=l

>> ¢ apod D(D,) =0 ko d(Dy) =0.
=1



H avaivon pe ) n£60oo tov ovvoutKov
Y10 TO OUTAOGLUGUO TIVUK(

Opilovpe To dSvVOUIKO TOV VoK UETA TN I-

oot gwoayoyn pe DO(D;) = 21 - 21lgd]

YNUELMOTE OTL:
° CD(D()) — O,

* O(D;) = 0y OAaL TOL 1.

Hopdaosiypa:

0€

0€

0€

0€

2€

2€

(YroBtovue ot 2 g0 — 0)

®=26-23=4
(XpeomoTmTIKN

ué@oéog)



YmoAoYIon0G 0TOGPEGTIKOV KOGTOV

To amocPeotikd KOGTOC TNC I1-00TNE E10AYMYNG Elvar
¢i = Cj + ®(Dj) —D(Dj_1)

- N

_J v | — 1 dvvaun tov 2, !

1 adaog )
+ (2i - 21%81) _ (2(i —1) - 28D

_J 1 avi—1d0vaun tov 2, !

1 ardhog
+ 2 — 2|_lg i| + 2|_lg (r'—l)_‘.




YroAoyionog

Ilepintoon 1: 1 - 1 givor dvvaun tov 2.

C’l — l 1 2 2|_1Q T—‘ _|_ 2 IQ (?—1)—‘
=1+2-20-1)+@G@—-1)
=i+2-2i+2+i-1
=3

Iepintoon 2: 1 — 1 dev givar dvvaun tov 2.

Fo=14+2 _2lgil 4 7llgG-D]

]

=3

Emouévmg, N gloaymyec £(00VV GLVOAIKO KOGTOG

O(n) otn YEPOTEPT TEPITTMON).



o uéyebog. | i mhrjbog,

16 ;

N

N

Ixnua 17.3  H e&éhfn g moootntag mAnbog, Twv otolxeiwy Tov Tivaka, TG TOCOTNTAG péyetog,
TV Bupidwy Tov ivaka, kat Tov Suvapkov ®; = 2-mAnbog, — uéyeboc, katda tn didpkeia n paewv
Erzaroraz = [TINAKA (0t TIHéG Kat Twv TPV peyebwv avadpeépovtal 0TNV KATAOTAOT HETA ATO TNV
i-oot npagn). H Aemtn ypappn anewoviler tnv moootnta mAnbog,, n dlakekoppevn ypapun tmy
mocoTNTa péyebog,, Kau 1 évrovn ypapun 1o duvauko ;. Ilapatnprote OTL auéowg TPy ano ua
StaoToAr), To duvapuko £xet eflowbel pe To TANB0C TV OTOIKEIWY TOL THivaKa, Kal EMOUEVWS UTTOPEL va
KAADYEL TO KOOTOG TNG HETAKIVIONG OAWY TwV aToLXeiwv 0TOV vEo Tivaka. MeTd and tn dladg oA, To
Sduvapko métet 0To 0, aldd av§avetal apeowg oTnv T 2 0tav eicaxbei To otorxeio Tov mpokaleoe
TN SLaaToAN.



2 VGTOAN KOl OLUGTOAN TIVOKO!

Elcaymyéc kot otaypa@pEg 6to ovvako mivako T.
2VVTEAEGTNC TANPOTNTOC EVOC Un KEVOL mivaka T opiletal
o¢ o T ) = T.wAnBoglT.uéyebog

a( T )=1 v kevo mivaka (UNogVIKoD ueyEBoug)

Oo wpénero(T ) € [1/4...1]

Av a(T )=1, oumhacrocuog tov peyebovc Tov Tivoka.

Av a(T )<1/4, vmodutAactocuoc Tov pHeyEbovg Tov Tivaka.
Av Ba Enpeme o T ) > 1/2, vynAO amocPeGTIKO KOGTOC GTN

YEIPOTEPT TEPITTMWON



20vapTNoN AVVOUIKOD

D(T) =
2 * T.nanBoc — T.uéyebBoc v a(T) > 1/2,
T.uéyebog/2 — T.wAn00c¢ eav o(T) <1/2.

¢i = Cj + D(T;) — (71
omov Tj xon T 4 €lvan o wivokag PLETA TNV 1-0GTH Kal
(I-1)-oot Aettovpyio.



24 .-’
péyebog, |i

16 P A Nitbe, | T

A ARYAR'V.Y

0 8 16 24 32 40 48

Iyfua 17.4  H ekéhign g moodmtag mAfbog,; Twv otoysiwv Tov mivaka, Tng moodTnTag uéyedog,
Twv Bupidwv Tov mivaka, kat Tov duvapkow

_ | 2-mAjBog, — péyebog, eqva; > 1/2,
| uéyebog, /2 — mhijbog,  eaveon < 1/2,

katd Tr) dudpkela n npdfewv Erzaraoras s IMNAKA Kal ATATPAOHE AMO ITINAKA (01 TIHEG Kat TV
Tplwv peyebwv avapépovial OTNV KATAOTACT) LETA amo Ty i-ootr| mpagn). H Aemtr) ypappr ansiko-
viCel Tnv mogotnTa mArfog,, N dlakeKopUEV Ypapur) TNV ToooTnTa uéyehog;, Kal ) £VvTovn ypapur
1o duvapiko ®;. Iapatnprote 6TL apéows mptv amod pua SiacToAr, To duvapko £xel eElowbei pe To
mA1Bog Twv oTol EiwY TOV Tivaka, Kat eMoPEVWS propei va kaAvyel To KOOTOG TNG PETakiviong Ohwv
TwV OTOIXEiwV OTOV V€O Tivaka. AvTioTorya, apéowg mpLv amd pia ovaTolr), To duvapko £xel eniong
e&lowbei pe To mAnBog Twv oTolysiwv Tov mivaka.



ATOGPEGTIKO KOGTOC AELTOVPYLOV

Amoofleotiko kKooTog TG 1-00THS AgtTOVpYIaS OTOW
EIVOL ELOOYWVY.
* Ava_,>1/2,n avdivon gival iowa pe tnv
TEPITTMWON TOL LILAPYOVV LUOVO EIGAYWOYEC.
* Ava_,<12xoo;<1/2, ¢=0.
¢ = ¢ +P; — D,
1 + (size; /2 — num;) — (size;_y/2 — num;_,)
| + (size;/2 — num;) — (size; /2 — (num; — 1))
0.




Ava_, <12 alba o> 1/2,¢,< 3.

¢ = ¢+ P — Dy

1 + (2 - num; — size;) — (size;_,/2 — num;_,)

| + (2(num;—y + 1) — size;—1) — (sizei—1/2 — num;_,)
3

= 3-numj;_;— Eﬂfsz_l + 3

= 3o 15izei1 — E:&?f.;‘jf,‘_l +3

3 . 3 .
< —=sizej_1 — —=sizei—1 + 3

2 2
= 3.



AT0o6PEGTIKO KOGTOG AELTOVPYLOV

Amoofleotiko kKooTog TG 1-00THS AgtTOVpYIaS OTOW
EIVaL O10YPOQN.
* Avoa._; <1/2 xoun Aettovpyia dev mpoKarel
GUGTOAN, ¢; = 2.
c;, = ¢ +d, —D_,
= 1+ (size;/2 — num;) — (size;_1/2 — num;_)
= 1+ (size;/2 — num;) — (size; /2 — (num; + 1))

—t



* Avoa._; <1/2 xoun Aettovpyio TpoKaAEl
GLGTOAN, ¢; = 1.

size; /2 = sizei_1/4 = num;—, = num; + 1.

Ee' = ¢+ q)e' — q:'e'—l
= (num; + 1) + (size; /2 — num;) — (size;_1/2 — num;_,)
= (num; + 1) + ((num; + 1) — num;) — ((2 - num; + 2) — (num; + 1))
= 1.



Av a._, > 1/2, ¢ = otobepa.

CY; > 1/2
c; = 14 (2 num; —size;) — (2 - num;_qp — size;i_q)
= 14+ (2-num; —size;) — (2 - num; +2 — size;)
= —1.
;<< 1/2
¢ = 1+ (size; /2 — numy) — (2 - num;_q — sizei_q)
1 + (size; /2 — numy) — (2 - numy; +2 — size;)
R
= -1+ S - size —3 -
L3 I |
= —1+ 3 size; —3 3 size; —1

= 2.



Emouevmg, N Acttovpylec €160 y®YOV/ 010y POPOV
EYOUV OLVOAIKO KkOotoc O(Nn) otn  yepdtepn
TEPIMTTOON.



