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Bcranxaw. o6 G10wHaA COPTHpOBKS ewOHCTpHPOBATa noseRciHe Ofr), Mot ROTK-
4 FaPANTHpORATS, 47O oice BpENA COPTHPOBKH KAXADFO M5 9THX G10X08 TAKAE
npescraaner ook O(n). Onpesemm WHero anewenton b G1oxe b, Kax 1, Mot woes
PACCHATPHBATS 1, KIK CTYSaiinyI0 BenHHY (HCTIOMS3YA MATEMATHACCKYIO CTATHCTH-
xy). Teneps. paceworpunt oxnzaewioe waene Eln) ans xaxaoro 610ka b, Kaxasi
SMMHT B0 BXORHOM HABOPE MMEET BEPORTHOCTS TONACTS 5 3a%aHMW 610K, pasHy

1, NOToMY 70 KA 3 THX INEMENTOD PABHONEPHO BIGHPAETCH 3 AHaTAIONS
10.1). Taonw oGpason,

aucnepenn

PaccoTpente ANCTEPEMK CYUIECTRENNO, MOCKOTSKY O GoKs GyayT mycTin,
a ApyriHe Gyay? umeTs Gonice OAHORD aMemeTa. Mt ROTKH 6T yBepers, 47O Hit B Ka-
Kom GoKe e 6y7eT cHIKOM 60TLOO KomecTsa newenton. lpuernen eue pas
K MATEMATHECKOR CTATHETHKE, KOTOpAR TPEAOCTABIACT CHERYIOLLCE YPABNCILE A1 c1y-
E[n )= Var[n ]+ En].
H13 9700 ypasHeHis MOXHO BHHMCTNTS OXHIAEMOE SHASCHKE 1. IT0 OYeHb BXHOE
aHaeHHe, TOCKOTEKY 70 IKTOP, OTPEACTAOWIML CTOMMOCTS COPTHPOBKI BCTABKG-
M, KoTOpan b xyauew cayvae muimomMAETCA 33 Bpeun O(r). Mot monyuaen awaucine
E[]=(1-Y/n)+1=(2-1/n). xoropoe noxasssaer, wro E[#!] soxmo cuurars xou
CTANTOR. 970 O3MaNAET, 410, KOFAA Mt POCYMMHPYEM ISTPSTH Ha BUTOTHENHE cOp-
THPOBKH BCTABKIMN B0 BCEX 1 G1OKAX, ORHAAEHIA MPOHSBOHTENDHOCTH OCTAHETCA
passioit O(n).

Bapwauuw anroputma

Buecto n 610x0n coprupona xeumposanen (Hash Sort) cosnaer socrarouno 60
o€ KOMHACCTBO 6ROKOB k. Ha KOTOpSIE MOAPAIRETARTCA IREMENTH € pOcTO K Tpos-
BORITEABHOCTS COPTHPOBKI XELIMPOBIHHEN PACTET. KTIOHEBbM MOMERTON COPTHPOBKH
XCUMPOBIHNEM ABIAETCH PyHKIIA XEWIAPOBAHAA hash (), KOTOPAA BOSBPALIET ET0C
HCRO A1 KARRORO SnEMENTa €, TaKOE, 4T0 hash (4) Shash (4, ccnn g, neKcHKOTpaDISE.
cxo b, tem a,

ywkuns xewnposanua hash (e), onpexenennas » npuviepe 49, paboraer ¢ anemen-
TaMH, COREPKAUMMK TOTKO CTPONME GyKBbi. OHa NpEoGpAIYeT Nepbbie TPH CHMBORA
‘CTPOKH (HCIIOML3Y CHCTEMY CHHCTENHA TIO OCHOBANIIO 26) B L0 YHCAO; TaK, A7 CTPO-
ot abedefgh ee nepasie Tpw cumBona (abe) sBREKAITCA  MpeOGPAIETCA B IMaeHME
04676+1-26+2=28. Taxsw 06paIOM, 372 CTPOKS BCTABTAETCA B 670K C MeTKOF 28.
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e-snext - buckets (k] head:
buckets(k) head = e
y

buckets(k) sizers;
V

7+ Copruposia, urenne u nopesamcs ar. */
extract (buckets, cup, ar, i
Eree buckets)

B npumepe 48 conepmuca oGpasei peanusaun xew-Gyncin u Gynxwnn
nuRBiickets A1 PABHOMEPHO PACTIpERETCHNMX wicen W3 Abanzaona 0,1,

Mpunep 4.8. Sywsiguu hash u nurBuckets onx duanasona [0, 1)
static int num

7+ Kommuecrso Groxos pasko Komrue
int nunBuckets (int nusElenents)

¢

anewennon. +/

num = nusElenents:
coturn numElesents:
)

s
© Xew-4yweiss, AZONTHPALNDYORAR HONSP GROKA 10 DrEMENTY
* Inansaon wncen - [0,1), 7aK 4o W pactpexensen wicna no
+ osoxeu paswepow 1/num. */
int hash(doubler &)
0

int bucket = num + (°d);

roturn bucket:

'B0KK MOTYT TaIOKE XPAHHTLCA € HCTIONBIOBaNHEM BHKCHPOBIIHMX MACCHBOB, KOTO-
i TIEPEpACTIPENEARIOTCR NpH MK IATIOTHENSH, HO PEATHSALMA Ha OCHOBE CBAIAHHOTO
cncra oxasuBaeTca npuuepno ia 30-40% Guicrpee.

Awanus anroputma

DyHKIA SortPointers Mo MPHNEPa 4.7 COPTHPYET KAXAMA SMENENT BXORHX AaH-
WX B cooraeTCTByIowIMt 610K Ha OcHoBE MpexOCTaBTENNO xew-bynKiutH. Bpesn pao-
T anropKTMA — O(n). BIATORaPA TIATENLHOMY AW iy Xeu-yHKIUAN M 3HacH, 470
pi <) nce anewenTut b Growe b, NewbiLe, e onewenTH b G10ke b,

TlockonbKy SHaNEHHA HIBTEKEIOTEA M3 GTOKOB H SAMHCHBAIOTEA OGPATHO BO BXOR-
HOR MACCHB, KOTAA 610K COREPAHT GOTEE OTHOTO INEMEHTa, HCIOML3YETCA COPTHPOBKA
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Anania anropuia 137
Bapwawn anropursia 110
@unstp Bayna 146
Bromuuie  phxomME RaHbE AnTOPHTNG 147
Konrexcr npuwenensn arropurya 118
Peanwsauns anropuma 148
Anana anropura 149
Bunapioe acpeso noncra 150
BXOHME H BHAOTHME RAHHME ATIOPHTMG 151
KowTexc npiveseinn anropima 152
Peanwoaunn anropurma 153
U p—— 163
Bapwaunn anopma 163
Tnasa 6. AnropuTui Ha rpaax 165
Tpagut 166
TlpoexTuposame crpykrypot aamx 169
owe » nyinmy 169
Bromnsi 1 puxogusie ranwe anropura 173
Kowtexcr npuererna anropira 174
Peanuana anropurya 174
Auania anropira 175
Bapuaws anropuria 175
lonex » unpiny 175
Bromuui # puxORE RaHbE AnTOPHTHG 177
Konrexcr npwcnenun arroputya 178
Peanwoauns anropura 178
Anan anropuva 179
Kparsaiuani nyro 5o ool nepums 180
Bromauie  phxORINE RaHHNE ATTOPHTNG 183
Peanaunn anropura 183
Avana anropura 184
Anroput efwcTp 128 roTHNX rpadon 185
Bapwaun anropurua 188
(Cpanwerne BapHaHTOB NOHCK KPATHA LK YT 3 ORHOR BEpIN 191
Taruse xponoveTpana 191
Tnorise rpagss 192
Paspexche rpaet 192
Kparsaiue nyr MexRY B napam bepui 193
Bromuue 1 BHRORHE RanHE ATTOPHTMA 193
Peansaiun anropima 195
Anamia anropira 198
e |9
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Tpuncp 4.9. Gy hash u nunsuckets s copmuposi xeuuposaues

/2 Komuecrso nenonwayesas Sroxos. */
ine nusBuckets (int nusSlesents)
0
ceturn 26 + 26 + 26
)

o
[ e——
o

int hash(voidt elt)
‘

onpesensonas owep Gr0ka 118 SreueNa.

return (((char*)e1t) (0] - *a’) * 676 +
((ichart)elt) [1] - "ar) + 26 +

((chart)elo) (2] - “a')s

TIpOHSBOIHTELHOCTS COPTHPOBKH XEWIMPOBaHHEN JIA PAITHAMBX KOTHYECTS 61OKOB
1 Pa3MEPOB BXOIHBIX AAHIHSX IOKI3ANA B TAGN. 4.5 JL18 CPABHENHS Myl TaKKE PEACTa-
BN KaHb GHCTpOR COPTHPOBKI € MCTIOTbIOBAMIEM 1A BHIGOPA OTOPHOTO STEMENTA
METORa MeZHANBL TPEX ITEMENTOR.
‘Ta6nhia 4.5. 1pOSBORMTENBHOCTS COPTHPOBKI XEWNpOBAHHEM

€ pasAMUNbIM KOTWHECTBOM BROKOB N0 CPaBHENMID

< GbicTpOH copTUPOBKOM (BpemA npHseAeHo 8 cexywaaX)

n 266Gnokos 676 6noxon 17576 6nowon__ Bicrpan copraposka
1 0000005 0000010 0000120 0000004
2 0000006 0000012 0000146 0000005
6 0000011 0000016 0000181 0000009
128 0000017 0000022 0000228 0000016
26 0000033 0000034 0000249 0000033
s12 0000074 0000061 0000278 0000070
104 0000183 0000113 0000332 0000156
2008 0000521 0000228 0000424 0000339
409 0001600 0000478 0000646 0000740
8192 0005800 0001100 0001100 0001600
16384 0022600 0002600 0002000 0003500
2768 0094400 0006900 0004000 0007600
65536 0411300 0022600 0010800 0016800
131072 1765400 0087100 0036000 0042200

OGpaTure sHunae, 410 HaswHa ¢ 17576 6710KOB COPTHPOBKS XEUIpOBINHEM Tpe-
BOCXORNT GHCTPYIO COPTHPOBKY /1A KoMYeCTSa InemenTos n>8192 ( 97a Tewmeniun
IpOROTKIETCA ¢ ysenusensien n). OTHAKO 4717 676 GOKOB 10 JOCTIKEHHH KOTHYECTSa

108 | Tran & Arropra copmon
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BXoaHbIE ¥ BbIXOAHbIE AAHHBIE ANFOPHTMA

PesynuTat COpTMPOBKH BOSBPALIAETCA B MECTO B HCXORHOR KoneKuw A. Jlononiw
TenbHA NAMATY, HCTIONBIOBIBLIACA B IPOLECCE COPTHPOBKH, OCBOGOKAALTCA

CoprwpoBka chuskem
‘Hawnysuuni, cpenui n nasxymuni cryva: O(n-log n)
sort ()

copy = xonus A °

mezgesort (copy, A, 0, )
end

mergesort (A, result, start, end) °
if end - start < 2 then return
if end - start = 2 then
OCuen a7ewewTon, pacrosoRemaX e 1o NOAAKY

mid = (start + end) /2
porgesort (result, A, start, mid) °
mergesort (zesult, A, mid, end)

Crusue neson u npasot monoms A » result
ens

© Coanacrca noman xomna Bcex anewentos.
© Sneueims Alstart, end) nouewawnca b result [start, end)
» oxcopruposanson nopaze.
© Coprupossa results(start,mid) » Alstart,mid).
© Crusie oxcopTApoaNX MomACTHOD A OSpATHO B Tesult.

Peanusauua anroputma

(COPTHpOBKa CMAMHEM OGBERHAET OTCOPTHPOBIHNME NOTMACCHEH! € HCTIOTBIOBINH-
€ ABYX MHACKCOB, | M j, 1A i€PEGOPa MEMENTOD AEBOT0 W NPABOTD MOAMACCHBOB, BCEra
Komupys wenbuii 3 anewenton Ali] n ALj] b nyioe Mecro b resulids]. Creayer pac-

cwarpusars 1K cnysas:

 mpasbih moRMaccHB Hesepran (72 end), u b STOM Crysac Bce OCTAIOUIMECR Snewen-
1 GepyTen s nesoro roaMacc

© nesw nonMaceHs wcuepnan (i2mid), 1 B 3TOM CHYYAE BCE OCTIIOLINECA STEMENTH
GepyTca 13 MpaBOro moAMaccHB;

0 | s - Aropur coprponr
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anesenton n>32768 (o cpesem 48 SMENENTOD Ha 6ROK) Xell-COPTHPOBKS HaNHAET He-
JOBERHO AMEAIATLCA € YBEHIEHHES CTOWMOCTH BRIONHENHA COPTHPOBKS BETABKANI
18 Gomunx HaGOpo Rakbix. ECTH PACCHOTPETS COPTHPOBKY BEEro s 26 G10Ka
M, 70 0GR 1> 256 POMIBORHTERBHOCTS COPTHPODIE XELIMPOBIHAEI HASHHAET 503~
PACTATS 5 HeTbIpe pasa ip YABOCHH BXORIHBX FAHHX, ACHONCTPHPYS TEM CAMBIN, 4TO
CHLIXOM MaTOE KOTIECTRO GT0KOB TPHBORNT K MPONIBOBATETHOCTH O().

CopTHPOBK C HCMONb30BaHWEM JOMONHUTENbHOMH NAMATH

BOBLIMHCTBO AATOpHTMOB COpTHPOBKH PAGOTAIT “Ha MECTE', He Tpeya cKoms-HHGYRD
SAMETHOR AOTIOTHHTETbHOR aATH, Teriepb Mbi TPEICTABHM COPTHOBKY CTMANMEM
(Merge Sor), KoTopan mpenaracT » xynuiew cryae mpowssomwTensocts O{n g ), mpw
HCTIOTS30BAHIH ROTOTHHTENbHOK HaMATH b KOTHECTBE Of1). O MOKET HCROTBIOBTS-
% W18 HpeNTHBHOH COPTHPOBKH RAHHBLX, KOTOPHE XPAHATCA BO BHEwIHEM Baie.

CopTHpOBKa CAMAHHEM

[1n5 COPTHPOBKH MHOXECTBA A PASETIHM €10 POBHO Ha 183 MENBILINK MHOKECTSA,
KAAAOE H3 KOTOpHIX 33TeM COPTHPYETEA. Ha 33K IS TETbHOM 3Tare BTOTHAETEA CAs-
e ITHX 28X OTCOPTHPOBAHHSX MHOECTS 5 ORHO MHOKECTBO paswepa . Tlpusezennan
Ta%ee IPAMAR PEARH3ALIA STOTO TOAXOAE HCTIOMEIYET CAMULIKOM MHOTO AOTIOTHKTERBHOR
sort %)

S A ees uewuse 2 ssewenton then

retuen A
else 1f A et ana anewenta then

Obuenans anewewts A, ecni ot He © nopARXe
retumn A

sl
sub2

sort (left hal of A
sort (right half of A)

Conemunms subl  Sub2 3 Kok wacoHs &
return 8
end

Kaxauih pexypeio st abi20p S0rt TPEGYT KOTHSECTBA TaNATH, PADHOTO PaINEPy
Maccusa, Wik O(n), TP 3TOM BHIOTHAETEA O{110g ) TaKHK pexypOHBHAX 830808, Ta-
Koot OGPa3oM, MpANAR peanaun TpeGyer O log n) RononwuTentHoR naATH. K cia-
0, €CTh CT0COG HCTOTB3I0BATS TOTBKO () OTIOTHNTETbHOR TAMATH, KOTOpBIA Mk
cefivac paccwoTpi

Copruposra ¢ cnonsaosammen gorommures
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'

ceturn falser
)

’

puieHene W7oz TPYCOH CATM AT TOKCKS B HTCPHPYENOH
Komnexwn (una T) 3azaKHoro dnewewta. */

public boolean search(Iterablect> collection, T t)

i

IteratoreT> iter = collection. iterator () :

“hile (iter.hastiext (1)
(
IF (iter.next () equals(6))
'
return true
)
'

ceturn falser

AHanus anroputma

Ecnu sanpausacuih eweHT MPHHITEANT KOVIEKLIN H PABHOBEPOATHO NOXET
ot HATACH B OGN 3 HIAEKCHPYENX NECTOTOTOKEIN (4T, b KAECTDE anTEpHa-
B, CC O € GRHHAKOPOI! BEPOATHOCTEI) MOKET GBIT BOJBPALLEH MTEPaTOpOM B M0GOSH
ML), T0 B CPeANEN NOCREROBTENHMR TONCK TPOBEPAET /24112 SnewenTO (Kak
noKasao b rnane 2, “Mareuarika anropTaon”). Taxh 06paI0N, AR KIKFOFO HCKOMO-
10 SMMCHTa, HMCIOLLETOCS b KORAEKILAN, GYAET TIPOBEPATLCA OKOTO BCeX MOTORHHMN 31e-
MENTOB, TaK 70 TPOHSBORHTERLHOCTS IOACK] OKIIMBAETEA PaBHoi (). B wanrysiess
Cyac, KOTAS 3AMpALIMBACNI IREMENT ABTACTEA MEPBM SNCHENTON KOVIEKUNN, TPO-
JvomHTensHoCTs oxasmsaeTea paswoR O(1). B CPENES 3 HANKYRLIEH CAYSasx ANTOPHTS
ocnesoBaTEBHOO HOWEKa OGTAAET NPONSBORNTENbHOCTI O(n). Ectit paswep Komnex
LU BPACTACT 783 Pasa, To H BpENA, SQTPAHBICNOE Ha IOHCK B Hef, OTAHO TPHMEPHO
yansarica.

Uro6bt MOKa3TS MOCACAOBATENBHBLA TIOWCK B ACHETBIN, TOCTPORM YTIOPREONEHHYIO
Konnextoto 13  enbix wncen w5 Ananaowa |1,n]. XoTA KOMIEKIUNA W YTIOpATONEHa, 372
HGOPHALNA b Koge NOWCK He HETOTSSyeTCa. Mot mpOSOMAM Ha0P 43 100 HeTTa-
i B KAXAOM HCTINTaHHH MBL BUTIOTHAEM 1000 32TPOCO CAYSARHOTO HCT 1, KOTO-
Poe MpHCYTETBYeT 5 KOMAEKIUAH € BEpORTHOCTIO P. Taki 06pas0M, 3 1000 3apocos
1000 3arpocos rapanTHpoBHHO HAXORAT { b KomnEKI (118

0.0 uckossit newent

Nocnepomrenswninoncs | 123
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EChi KOIEKIA HEYROPARONEHNAS 1 XPAHITCA B BHAE CORSAHOTO CTACKA, TO BCTaD
K2 SMMENTA ABMAETCH ONEPAUNEH € KOHCTANTHAM BpENEHEM BTOTHENNA (0N TPOCTO
ROGaBIAETEA  KoHew CHCKa). YACTHE BETABKI B KOVIEKLIIO Ha OCHODE MACEHBa TPE-
717 ynpabnEHA RHAMMIECKO NAMATLN, KOTOPOE THGO PEROCTABTAETEA Gasombin
A3BIKOM TPOTPANMHpOREH, TGO TEGYCT OMPEAETEHHORD BHINAHNA CO CTOPONH npo-
FpasTa. B oBoWX Cry1asx GRHTIENOE BPENA TONCKa ITeNEHTa paBHO O(n): TaKs
‘oGpason, yRanewe snewenTa TpeGyex o kpaieit wepe npenen Ofr).
TIOGAEAOBATENS MM MONCK. HAKTARMBAET HENMENBLICE KOTHACCTBO OFpAHKACHIH
40 T HCKOMBX IneMeNToR. EAMHCTBEHHM TPEGOBIHNEN ABTACTER HATH M YKL
IpOBEpKI COBTATENIA HIEMEHTOS, HEOGROMNOT A1 BURCHEHKR, COOTDETETBYCT 1t HEKO-
M THENT SMEMEHTY KORAEKLLH; WCTO 3Ta GYHKIIA BOSTATIETEA Ha Cab STENENTHL

Peanusauua anroputma

(OGO peanHsaLA NOCTEAOBITENbHOTO MOMCK TPHBHATbHA. B rpuepe 5.1 nokasa-
Ha PEATHIALMA TIOCTEAOBATETBHOTO IONCKA Ha ASbIKE NPOTPAMMMpOBaNHA Python.

TMpuniep 5.1. Mocnedosamenswsus nouc: wa e Python

dot sequentialseacchicollection, t):
for o in collection ¢
ife et
return True
return False

Kon 06esopysutsaiouie npocr. GyHKuus NOYSaET KOVEKINIO H SApaIIMBaENbE
amement 1. KonneKin MOXET GhiTb CIIMEKOM WA MIOGHA HHBIM Umepupyesin o6 bex-
70m Python. BneMeNTH, YYACTBYIOUIHE B TIOMCKE, AOKHM TIOIEPRHBITS OTIEPATOP -~
10T Ke KoR, HATHCAMMR W3 Java, IOKI3AM B MpHMepe 5.2. OGOGuENHb Knace
Sequent ialSearch WEET NGPAMETP THRA T, KOTOPMR OTIPELETAET IMEMENT B KOMTEK-
L T KON MPEAOCTABAATY KOPPEKTHSH METOR equals (Object o) ATA MpaBKABHOR
paGorst koza.

Mpuncp 5.2. Mocredoaamerswos noucx wa aswxe Java

public class SequentialSeazchet>
t
/

Opioenenne ueos TPYGOR CHAN TR NOMCKA B NISKCHPYEHOH
* womsexuw (zana T) 3azamioro onewenta. */
public boolean search(T(] collection, T t1
«
for (T iten : collection)
«
it (icen.equals (6))
«

22| s ower
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CAYYaE; ORNOR M3 HaNGOTE HIBECTHY ABTAETCA GHHAPHOE REPERD TIONCKG, OTHGMBIENOE
Ranee b 510 rmase.

BAapHii nowCK
Hawnysusih crysai: O(1); cpeanni 1 wancymuni cnyaw: Oflog )
seazeh (h,)

low =0
high = -l
wnile low § high do °
mid = (low + nign) /2 °
it < Alnid] then
high = mid - 1

else if t > Alnid] then
Low = mid + 1
else
return false °
ena

© Novropaenca, roxa ecru Buanason maa nowca.

© Coeminn Touxa BRHCARETCR € OMORND UETOWICAEINCH apidmeTIN.

© Saee, s pasiere "Bapueiu STTOPHTHA®, ODCYKAIETCA TOIIEPEK
opaibts "MOHCK KA BCTABKA" KA OCHOBE KOHUHORO SHIUHNA

sid 8 szon 7o,

Peanuszayua anroputma

JIA% YNOPARONEHHOR KORTEKIMM ITEMENTOB, MPEACTABTEHNO B BRE MCHBA,
B pHMepe 5.3 MpuBeReH KOB Java NAPAMETPHSOBINNON PEATHIAUNH GHHIPHOTO HOW-
K& JI% TpONSBOTBHOTO 6a3080F0 TIA T. Java peAoCTaBAAET WTEpdeic java.util.
Conparable<T>, conepKaLLyi MeToR conpareTo. TGO KTACE, KOTOpSH KOPPEKTHO pe-
anMayeT aTOT MitTepdelic, FAPAHTUPYET HECTPOFOE YTIOPAAOUEHHE €ro SKAENTAAPOR.

Mpuep 5.3. Peanusauus Gunapwozo nouca wa sswxe Java

AP OHCK B TPeABAPHTETSHO OTCOPTUPOBAHON NACTHEE.
napaerpaosan

Goaran T Snewent xomnexisen wenr Tawadh THn

Tun T aomeew peamsoessats witepdec Comparable.
/

public el

’

3 BinarySearcheT extends Comparable<T>>

Soopnitrows | 125
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£ npecrabnser cabo orpuaTensHoe wicno). Kak 060, bpess pwToHENHA G110
JCPeLENo, € OTOpACHBAHEM HANTYSILETO W HANXYRULETO Sasen. B 1261, 5.1 roKa:
280 CpeaNee SHANEHHE IR OCTABWINKCR 98 HCTBITANIH, A1 NETHPEX KONKPETHAX 3Ha-
i p. OGPATITE BAMANIE, 4TO BPEMA BHITOTHENHA TPHNEPHO YABIMBACTCA C YABO-
enem paswepa KOMRExIH. Bt ROTAHM TAIKE SAMETHTS, 4T A1A KIAOH KOMTEKUNH
XYALLAA POHIBOINTENSHOCTS HAXORHTCA B NOCRERNEN CTOTGLE, B KOTOpON MOKa3ANS
PeOYRTAT HEYEIHOTO TOWCKS, KOTRA HCKOMOTO JNENENT { B KOTTEKILNN HeT.

‘Ta6nuua 5.1.TIpONSBORMTENbHOCTS MIOCHEA0BaTeNsHOFO NOWCK (8 ceryngax)

n p=10 p=05 p=025 p=00
40% 00057 00087 o101 00116
8192 00114 00173 00202 oo
16388 00229 00347 00405 00464
2768 00462 00697 00812 00926
65536 00927 01391 01620 01853
13107201860 02786 03215 03705

BuHapHbiI# nonck

‘Bumapubiit (ABOMHBII) NONCK OGECTIENHBIET AYNIYIO TPOHIBOTHTETLHOCTS, YeM
"ROCAEROBATENLHMA MOEK, TIOCKOTLKY PABOTAET ¢ KONTEKUHER, ITEMENTH KOTOpO yXe
OTCOpTHpOBaHsI. BHHAPHBIF TIOYCK MHOTOKPATHO ZETHT OTCOPTHPOBINHYIO KOTTEKILNO
"HOTONaM, 10K He GYAET HAREH HCKOMBF STECMENT Wk TIOKa He GYReT JCTaHOBTENo, 470
anewenT B KonneKunH oTCyTCTBYeT.

BXOAHbIE W BbIXOAHbIE AaHHbIE ANTOPHTMA

BXORHMI FaHHBINH A GHHIPHOTO TIONCKA ABTACTCA MIIEKCHPYENAR KOMMEKINA A,
IMeMENT KOTOpOH NIOTHOCTHI0 YIOPARONEH, 3 3TO O3HANAET, 4TO AR ABYX HHAEKCOB,
. Ali] <A T0mbKo TOrAa, KorAa <j. M CTpOMM CTpYKTYpY ASHHM, KOTOPaS XpaHiT
‘IMEMENTH (1K YKAIATENH Ha IMEMENTH) H COXPANAET TIOPAAOK KAONER. BHXORHBE RN
Hibie 6HHAPHOTO NOHCKa — rue Wik false,

KOHTEKCT NpUMeHeHW anropuTMa

J1AR oMK 10 yROpAZONHHOF KOMAEKLLNH B XYRLIEN CTysaC HEOGXOMHNO Torapi-
MisecKoe KonHECTRO TpOS.

napHuls TONCK MOBAEPHBUOT PAYIHYHBIE THITS CTPYKTYP RaHHNK. ECTin Kon7ex-
LR HHKOTAA He HIMEHSETER, EMENTS CHERYET TONECTHTS B MACCHB (970 O3BOTRET rr-
KO TepeMEUaTCA 10 KOMAEKIM). ORHAKO, €7 HEOGRORHNO FOGIENTS WA YIGTHTS 37
MENTS 5 KOVICKLIH, STOT TORXOR CTaHODHTCA HEYARHAH H TPEGYeT AOTOTHHTERLHIX
Pacxonon. ECTh HECKOTSKO CTPYKTYP AQHNB, KOTOPHE Mt MOKEM HCTOTbI0RATS b 9TOM

20| s e
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/44 Tiowcr wewynevoro onewena; so3spar true ® cryuae ycnexa. */
public boolean search(T(] collection, T target)
«
it (target =« null)
«
return talse;
)

int low =

high = collection. length - 1;

wnile (low <= high)
¢

int mid = (low + high) / 2

int xc = target..conparefo collection(nid))

it e <0 11 Hexowsn snewens < collection(s]
¢
high = mid - 1;
)
else it (rc > 0) // Moxowst orewent > collection(i)
¢
low = mid + 1
)
etse 11 Wexows anesew. wasison
'
return true;
'
)

return false;

PeATHsaA HCOTBSYeT TPH epementsie: 10, high W nid. Low NpexcranTAeT coboi
HaMMEHBII MHTEKC TEKYLLIETO IOTMACCHBA, B KOTOPOM BHTIOTHACTEA HIOWCK, high — er0
MAHGOTBLIM MHAEKE, & it — CPEANAR TOWKA. TTpOMSBOTMTENBHOCTS STOFO KORA SABHCHT
T KomvecTsa uTEpauH WHKna while.

Jnn ROCTKenwS Gonbuiel TpOMSBORHTENSHOCTI GHHAPHAH MOHEK MOKET GWTS He.

MHORO YCTOAHeH. CROXHOCTD YBETHSHBIETCA, €CTH KOMMEKUNA XPANKTCA He B BT
CTpYKTYPH RaHHBX B naMATH, TaKOI KaK MaccHS. BOTBIAA KOIEKILAA MOXET TOTpCGO-
DTD paaMeLLEHIA BO BTOPHIHO NaMATH, TAKOTO, KeK B aiine Ha e, B TaKoM crysae
HOCTYIL K i-My STEENTY OCYUIECTBTAETCR 10 CELIEHIO €10 MECTOMOTORENNA B aiine.
TTpH HCTIOM:30BaHHH BTOPHHOR MAMATH BO BpEMENH, HEOBXOAMOM ATA HIOWCKa Snewe-
Ta, peOGTAAIT IATPATH Ha JOCTYT K NAMATH; TAKHM OGPAION, MOKET OMTh lieneco-
(OGPAIHBIM HCTIOMSIOBAHME APYTHX PEUICHNK, CEASANHBI C GANPHMM NOACKON.
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Ocpanasiennas nasms
KOrAa KOMAEKIUNA TPEACTABTAET COGOR HENIMEHNIH MACCHS M B XOTHTE CONOHO-
T navTh, HCrORBYiTE GHNapHB mOHCK.

Numassecsue dannsie
ECie oneeNTH 5 KOTIEKLIN HAETO HONHAIOTEA, PACCHOTPHTE BOSMORHOCTS Tpi-
MENeNA IONCKS HA OCHOBE XEUI, & TAKXE GHHAPHORO AEPEoa MONCKS, KOTOPHE.
OGMAAAIOT MOWIXEHNOR CTOMMOCTD CISAHHO < TOMEPKAIHEN WX CTPYKTYP.
R

Omeopmuposanss ocmyn
ECie s yxia TORACPAKS Y3ETO MEHAIOLUAXCA ASHHBIX H BOSMORHOCTS O0X0AA

HHTOB KONIEKLIN B OTCOPTHPOBIHHON IOPAKE, HCTOTRSYTE GHHAPHOE A€
peso nowc

He 336MBaRTE 0 CTOMMOCTH MPERBAPHTERbHO OGPAGOTKH CTPYKTYP AGHHMK, KOTO-
Pa% MOXET OTPEGORITBCR 2ATOPHTMY R0 HaNATa BHNOTHENHA TOWCKOBHX 3aMPOCo. B
GepiTe NOIXORAILYI0 CTPYKTYPY AGHHBIX, KOTOPAA HE TOTDKO YCKOPRET MPOKSBORHTEN:
HOCTD OTATLHbX 3AMPOCOB, HO H CBOIAT K MIHKMYNY OGULYIO CTONMOCTS NORREPAAHHA
CTpYKTYPH KOTIEKLUHI B YCTORWAX AMHAMHHCCKOTO FOCTYNa H MHOTOKPATHX JATPOCOD.
Mss npeanonaraes nammime MOA<cTBa U (ynsepeyma) beex Bosmoxmsix anasenis

Komnexuuin C conepor anewentss, b3aTuie 43 U, 3 5ampaussachith eMenT { Sonserch
wneon U, Ecaw { npencraner cobolt Knosenoe anasene, To it paccuarpnacnt U xax
MHOKECTBO Bcex BOaMOXHMX Jnaseni Ko, k€ U 3 KOTACKUMA C MORET COREPAATS
Gone crombie anewenTsl, OBPATITE BHNMANKE, ¥TO B KoTEKIH C MOTYT HNHETSCA To-
BTOPAIOLICCR SHAENIA, N HOVTOMY e HERbIA PACCHATPHBATS KK MHOREETRO (5 KoTO-
PN e TomycKacTCR WA ORHHaKOBYX InEMEHTOR).

Ecnin Konnexun C TOMYCRacT HIHECKCHPODAHIE POMSBOTLHA JNENEHTOD, i CEMI
€MCA Ha KORAEKILAIO KK Ha MACCHD A ¢ HeTonbIOBI MM 3aHck Ali], Koropan npencra
e i newent A. Tlo cormatienI0 aveHHE L1 WEACTABIAET STEWENT, OTCYTCTRYK>-
Wt B Ui TaK06 SHaHCHHE MONESHO, KOTAA TIOHCK AGTKEH BEPHYTh OMERETEHIAH 1cHCHT
KOUICKINM, HO 9TOT 3NEMENT B HetOTCYTCTBYeT. B 0GILEM YA€ Ml MPEATONIaEN, 470
aTH B KON HEEHHE UL HEBOIMONHNO

MocnenoBatenbHbii NOUCK

Tlocnenosarensnat nowes: (Sequential Search), nassisaewsi Tacxe mweins non-
KO, ABTACTER CaBOM TIPOCTHM W3 BCEX QATOPHTNOB TIOHCKA. 1O METOR MONCKS ORHOTO
awateHn 1 5 Konnexu C “B RO O HaORN {, NHNaA C NEPBOTO IEHEHT KORTEK-
L 1 HCCAERY KEXAB MOCAEAYWOUUNH ENENT R0 TeX NOP, HIOKa He MPOGHOTPHT BCK
KOMACKILIK WK TOKD COOTBETCTBY O SneMEHT He YReT Hazen.

5 owcr
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13 PaGOTH 37070 AATOPHTIA ROTAEH HMETHCA CTIOCOS MOy A KAKAOTO MEMCNHTA
3 KOACKLLMH, B KOTOPOI! BHTIOTHACTEA NOMCK; MOPAAOK HIBTEEHIR SHECHIA HE HMEET.
HaCTO eMeNTH KoMKk C MOTYT GHITD ZOCTYHN TORbKO “epes umepamap, KOTOpot
NPEANAINaNEN TOTXO AR NTENNA H NORYSAET KEKANH MEMENT H3 C, KaK, HATPHNEP.
Kypcop Gaamt Aawwex b oTaet a SQL-2anpoc. B Kinre paccOTPeNs 06a pexia 10-
cryma.

BXOJMHbIE W BLIXOAHbIE AaHHbIE aNFOPHTMA

'BXORHAE AaHHME MPEACTABTANT COGOR HenyCTYIO Komnekiutlo C 3 >0 JnemeiTon
W ienesoe swasenwe 1, KOTOpoe Mt wuiew. TIOUCK BOSBpaLLAET true, ecnh Komnekins C
conepuT 1, alse B IpOTHBHOM cryvae.

Nocnenosarensuiit nowcx

Havnysurni cryvai: O(1); cpeuni w wavxypumeh cnysaw: O(n)

search (8,)
for 410 to n-1 do °
L€ AL - ¢ then
ceturn false
end

search (€,6)
iter - C.begin)
while iter ¢ Cend() do  ©
e = iter.next() °
et then
return true
return false
end

© Toouspenwsn Aocayn x xaxsouy dneuenty on noswums 0 20 n-l
© iepauwnn mpoROTRATER 20 NOTHOR HCNEPRANAA AMENTO.
@ 5ce neweim ROCReRORATERHO HIBTOKARECR 43 HTEPATOPE.

KoHTeKcT npuMeneHna anroputma

3a49CTYI0 TPEBYETCR HAKTH JMEMENT B KONTEKILHI, KOTOPAR MORET GHTb He yropA-
~ROteNa Be3 ROTOTHHTE B HBIX SHaH 06 WHGOPMALIH, XPAHALLEHEA B KOMAEKLHM, NO-
‘CAEIOBATEAHIR TOWCK BHTIOTHAET pAGOTY METONOM “TpyGoR cHTM' IT0 exHCTBEHHMH
ATFOPHTM MOWCKa, KOTOPE MOKHO HCTIOTHIOBATS, CTH KOMAEKR AOCTYTIH TOBKO -
pea ureparop.

Tocneponarenswui noncs | 121
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owmsc omeapmuposane darne
Jlan 3a7anHOrO HaGOpa OTCOPTHPOBAHAIX AAHHMX M MOKeM BGPaTD k nap
anemenToB Ana 0GMena 1 PAcCTORNHE d, Ha KOTOpOM TIPOHEXOAHT OGwer (Wi O,
€T TIOMEHATLCA MECTaMI MOTYT TIOGHE b Tapis). MIOMb3ya 31 BOSMOKHOCTS,
MOAHO COIABATS BXORHE HAGOPH, KOTOPHE MOFAH Gt RYWIC COOTOETCTBOBATS,
[E——

B TanMIIN YTIOpAAONEHM 1EH HANPADO Ha OCHOBAHNH TOTO, HACKOTHKO GMCTPO
PaGoTaor AATOPHTMM b NOCTEANHER CTpOKE TaGTHL, HTOGH MORYSHTY pesyTLTATH 10
Ka3aMHbIe B TAG7. 4648, Wbt BHNOTHATH KAXANH XPONOMETPaX 100 pa3 W OTpach BN
HaWAYice W HANXYRICE IHASEHHA BpEmCHH. B TACTHIEX KRS YCPERHENHME Have-
Jtn 98 ocTapuxcs werbTasnF. CronGunt ¢ nagmceso “Quicksort BFPRT! minSize-
OTHOCATCA X peanaatn GHETpO’t COPTAPOBKI, KOTOpR MerOTB3YeT anropuT BEPRT
(c rpymnaN paswiepow 4) AR BGOPa ONOPHOTO JIEMEHTa, H TIEPEXTIONAET Ha COPTH-
POBKY BCTaDKaNH, KOTAS MORMACCHD MMCCT PAIMEP HETHIPE W MCHBILIE IMENEHTOD.

TIocKonbKY MPOMIBORNTETBHOCTS GHCTPOR COPTHPOBKH ¢ MERUIHOR TPEX InENEHTOD
RerpanNpYeT et GCTpo, B TR, 4.8 phmonHAMACS ToMBK 10 ATYCKOS.

Ta6niua 4.6. Bpem copripos (8 cexyaax) cryvaibix 26-6yxsennbix

nepecranosox andaswTa
n HeshSort,  Quiksort meawana Merge Sort Heap Sort Quicksor, BFPRT
17576 Gnoxos _tpex anementon minSize.
4% 0000631 0000741 0000824 00013 00028
8192 0001100 0001600 0001800 00029 00062
16384 0002000 0003500 0003900 00064 00138
2768 0004000 0007700 0008400 00147 o3
655% 0010700 0016800 00180 00336 00703
302 003500 0042000 00s400 00893 o

‘TaGnuua 4.7. Bpemn COPTUPOBKH (8 CXyWAaX) OTCOPTUPOBaHHBX CTYWaiHBIX
26-6yxeennbix nepectanosox angaswra
n Insertion MergeSort Quicksort,  HashSor, HeapSort Quicksort,
Sort eguana Tpex 17576 BFPRT
anementon_6noxon
409 0000029 0000434 0000390 0000552 00012
812 0000058 0000932  O000B4I 0001000 00026
1634 0000116 00000 000100 00010 00056
32768 0000237 0004100 000300 0003800 00123
65536 0000707 0008600 0008500 0009200 00269
131072 0002500 0018900 0019800 0026700 00655

Peaymorars spowomerpana ars crpox | 115
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Puc. 4.10. Bunapnoe depeso pewenuis 01 ynopsdouenus wempex snesenmon

MoAHO NOCTPOINTS MHOTO pasnisix Guuapwx Aepenbe peuienni, Tew e venee
M YTBEpARAEM, 4T0 A1 M06OFO 33AAHHORD GHHAPHOTO ACPeRa peuLesi A1A CpasHeA
11 STEMEHTOR MOXHO YKAJATS €FO MUNHMATHHYIO BHCOTY , T.. AOTAEH GBITS HexDTOpSI
HCT, KOTOpMI TPEGYET i YaT0B CPABKENHR Ha TYTH OF KOPHA R0 9TOT0 TMCTa ACPEDA.
PAceHOTPHM TOHOE ABOHIHOE AEPEBO BHCOTOf i B KOTOPOM BCe YIRB, He ABAARI-
R AHCTRAMM, HMCIOT KaX MBI, TAK  MABB AONEPHE Y3, ITO AEPEBO COREPAIHT
=2'~1 yanon,  ero awicora pasha h=login+1). ECTi A¢peso e ABTACTCR oMb, OHO
MOKET 61T HeCGATAHCHPOBAHAIM HOBM, MYCTS AT CAMBIM CTPIHHBIN, 06paI0N, HO
st awaco, 470 2/ loglni+1)] Thoboe Gnnaptioe Acpeno peenti < ! xoneaex yaion
YK et MinnMyM ! Y3708 B 0Buiei CrowHOCTH. Ha OCTAROCH TOTMKD BHSHCTHTE
= logtn!) | ann onpeseneiun niscorst moGoro Taxoro GuapHoro Aepesa peweni, Boc-
oayeMGs CreRyI MK CBOFCTBANH TOrpHNOD:

log (a-b) = log () + log b)  log (x") = y-log (x).

Torsa
h=log () =log (n-(n-1)-(-2)-...-2-1)
> log(n-(n=1)-(n-2)-.../2)
hotog((n/2)"")
h> (/2)-log (n]2)
> (/2)-(1og (n)-1)

M serosos | 117
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Ta6nnua 4.9, Bpemn cOPTUPOBKI (8 CeXyWAax) BaNHMIX, NOMYUEHHMX
"METOROM MPOTHBOREHCTENA MEHINE TPEX dMeMeHTOB

n MergeSort HashSort,  Heap Sort Quicksort, BFPRT" Quicksort, mepmana

17576 Gnoxos minSize=4 ___tpex anementon
40% 0000505 000059 00012 00023 00212
8192 0001100 0001000 00026 00050 00841
1634 0002300 000100 00057 00108 03344
2768 0004700 0003800 00123 00233 134655
6553 0009900 0009100 00269 00506 54027
131072 0022400 0028300 00687 onst 380950

Ananus metopos

B XOR€ aHaTH3a ATTOPHTHOB COPTHPOBKH HEOGXORHMO YKAJTb IPOHSBOTHTETRHOCTS
B HaMAYALICH, HAWKYRUEH W CPeHEM crysanX (KaK OMHCANO b TTabe 2, “MaTewaTiKa ar
FOPHTMOB"). Cpemith Ty ail OGMSHO GETCA TPYANEE BCETD, 1 AR OPERETEHHA TIPOWS
BORNTETLHOCTH TPEGYETCR TPHMEHEHHE TIEPEAOBLX MATEMaTHYECKHX METOROB H OLLEHOK.
OM TaKcKe MPEATORAFaET IWANMA 0 XapAKTEPHCTHKEX AGHHbIX, HATPHMEP BEPOATHOCT
OO, 47O BXORHBE AZHHBIE MOTYT GMTh 42CTIIHO OTCOPTHPOBINB. JIUKE KOTAA TOKAS2HO,
TO AATOPHTM MMEET KCTATETbHYIO NPORIBOTHTERDHOCTS B CPERHEM CAYS3e, €70 pean
aat MoXET GBITh MPOCTO HempaKTIHNOR. Kaxauth anFopwTss COpTHMPOBKH B 310 r1abe
HATHIHPYETCA  C TONKH IPEHHA €70 TEOPETHYECKOTO NOBEAEHA,  C TONKH IpeniA Gar-
[T p——

yMHAEMENTAT M Hay NN PE3yTSTATOM ABTAETCA TOT aKT, 4TO He CymECTRYeT -
FOPHTA COPTHPOBKI CPABHEHHEM JMEMEHTOB, KOTOpBL MM Gbt TYSILYI0 TPOKSBORTERS-
Wocr, sew Olnlog ), » cpeanest win awxymuen cysae. Hapocaem s ockno 10K~
38TenLCToa. ECTH HMEETER 1 IMEENTOR, TO BCET0 ECTb 1 NEPECTAHOBOK STHK STEHEHTOR.
Kaauai anTOpHTH, KOTOPSiF COPTHPYET S7EMEHTS € TOMOUISI) ONAPHBX CPABHENN, CO-
oTneTcryer GimapHoy Acpesy peuen. JIACTSA AEPea COOTOETCTBYIOT NEPECTaHOBKAN,
W KEXASR MEPECTANOBKa AOTANA COOTBETCTBOBTh XOTA G ORHOMY AETY Acpena. Yonbt

Ha Y TH OF KOPHA K THCTY COOTBETCTBYIOT NOCTEAOBTETLHOCTH CPABHENH. BHCOTa TaKoro
H€PeD OTPERETAETCA KaK YHETO Y7108 CPABHENHH Ha CAMOM JTHHHOM YT O KOPHA K 1
CTbAM; HATHMEp, BHCOTa Aepep Ha PHC. 410 PABHA 5, TIOTOMY HTO BO Beex CAYHAAX Ao~
CTATONHO TOTBKO ATH CPaBHEHMH (XOTA B METHpEX CYNAFX XBATAET YETMPEX cPasHerf).

TIocTpoMM GyHapHOE A€PEBO petiennf, B KOTOpOM KEKABA BHYTPeHHIF ysen tepesa
MpeRcTanARer coboit CpIBHENHE 4,54, 3 AHCTLA ACPEDA IPERCTABAAIT COGOR OAMY 3
1l nepecTanoBoK. UT0GH OTCOPTHPOBETS HAGOP HS 1 STEMENTOB, HALO HANHHATS C KOPHA
W BMAMEAATD OTIEPATOPM CPABHENNS B KAXAOM yne. ECTi YTBEPKACHKE B Y37e BepHO,
MBi TIEPEXOTUM B B R0YEpHIH y3€n, ecan HeT — B npassi. Ha puc. 410 nokasan
pHMep Aepesa pewenili A1 YeTHpex InewenTos.

16 | (rasa . Avopurun coprapomen
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10 e OsHINAET NOCExEE HEPABENCTBO? |1 SATANNBIX 1 INEMENTOB, KOTOpE He-
OBXOMMMO OTCOPTHPOBATE, GYRET XOTA G ORUH YT 0T KOPHA K AMCTY AMHOR h, 3 1a-
WM, AATOPHTM, KOTOPIA COPTWPYET C MOMOULDIO CPABHEHWH, TPEGYeT KaK MiHHMYM Y
32HHOTO KOTHAECTS CPaBHEHNII: 1% COPTHPOBKH 1 STewenT0s. OGPATHTE BHHMAHe, ¥TO
h maancaserca kax dynkies fin) b sacHoew, b Aannow cysae fin) = (1/2)nlog n-nl2.
“Taiuw 06pasow, MG AATOPHTM € HCTIOML0BAHHEM CPABHENHH MOTPESYeT BHmOMNENA
O(rlog n) cpaswenni 415 coprupoBKH.

T8 o . ropu copeps
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Nonck

J17n 33210 KoTeKuH C STEMENTOD HMEETCH 183 by HIAMEHTATLHAX BOTIPOCa.
Cymecmsosanue
‘Conepit i C wexoropaih newent? JLia 5ananHOf KonreKiH C Mbt 43CTO 1po-
CTO XOTHM SHATE, COREPAMTCA T 1 Hel HEKOTOPHI SreeNT 1. OTBET Ha TaKoR
30TIPOC MMEET SHANEHHE i, ECTH B KOTIEKLIM HMCETCA EMENT, COOTRETCTRYIO-
R SATIPALIMBAEMOMY TEMENTY 1, Wk £alse, eCTH ITO He TaK.

Accouuamueneis nouek.
BOSBPaT WHGOPMBIIK, CBRSAMHOR B KOMTEKILMH C C HCKOMBIM SHaseHMEM Knlowa k.

KCniow 0GbiHHO CBASAM CO CHOXHOR CTPYKTYPO, HeNyeNo 3nasenen. Tlowck s-
BRKaCT WAk JaeHAET 9TO IHatEHHE.

ANMOpHTMB 5 3TOf TRabe OMMCHIBaIOT MyTH CTPYKTYpHIALIM AaHHEX A1 Gonee 3
EKTHBHOTO BHTOTHENYA TIOHCKOBMIX 33NPOCOB. HATIpHMEP, MOHO YTIOPATONMTS Kor-
KO C, HEOTBIYA aNTOPKTMYE COPTHPOBKH, PACCATPHBIBILIHECA B T1abe 4, “ATTOpHT-
Mot COpTpOBKH”. KA Mbl YBMAHM, COPTHPOBKA YYMULAET NIPOM3BORHTETSHOCTS NOHCKA,
HO €CTb W APYIHE PACKORM, CORSAHHBIE € TORAEPAKOR KONTEKIH b OTCOPTHPOBIHHOM
COCTOAMHH, B 0COBEHHOCTH KOTRA JMENEHTS HaCTO BCTABTANTCA Wik YAATAOTCH.

B KOHEAHOM CHETe MPOHIBOTTENBHOCTS OTIPEACTACTER T, CKOTBKO INEMENTO 1po-
BepAeTcn anFOpHTHOM pH 0GpaGOTKE 3anpoca. VNOTB3YTE CrERYRUNE COBETH TP
BbiGope HaNy LM 0GP0 MOTKORALLETO A1 BAIAX 0724 AATOPHTHA.

HeGonoune xomnexsuu

TocReRonaTene bt MOKCK MPEATATacT MPOCTEAYI PeanMIANI H B0 MHO-
UK. AJBKEX MPOTPANMIPOBIHIA PEATHINETCA B BIAE GII0BOH KOHETPYKILMH

HlcnonbsyiiTe 3TOT aATOPHTM, €CTH KOIEKILAS AOCTYINA TOTBKO HOCTEAOBATENBHO,
KaK pH HCTIONS30BANMM mepamopos.
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AAFOPHTMA TIOCTPOEHHA MUHHMATBHOTO OCTOBHOTO A€pesa 198

Bronse  BBXORHBE AAHHHE ATTOPHTHA 200
Peanuaauy anropuriia 200
Aan anropuria 0
Bapuaun anropumia 0

SakmouTensHme MCTH O rpahax 200
Bonpocn: xparcina 203
Avana rpagia 0

fnasa . Nowck nyreit s WA 205

Tepeso urpst 206
T ER—— 209

Konuemun noncka nyres 210
Tipescrannene cocroanna 210
Buscnene ROCTymHNX X010 21
Maxcuwansiaa ery6ua pacumperna n

Minimax m
BXORME H DIXORHBLE TAHHHE TOPHTHA bt
Kowrexcr npuwenesn anropurua 21
Peanmoauns anropuTa 21
Ananwa anopura 217

NegMax 27
Peamuaauys anropuryia 219
Anan anropuria 21

AlphaBeta 21
Peamaauns anropuriia 25
Avanea anropuria 7

Hepensa noucra 25
I ——r— el

Monex s rny6uny @
BRORHe H BHIXORHE AGHHHE ANTOPHTNA iy
Konrexcr npunenesnn anropima 234
Peanauu anropumia 230
Avans anropuryia 26

L ry— 28
BrOIHME 1 BHXORHME TAHHHE TOPHTNE 29
Konrexcr npueners anropuryia 210
Peanaauns anroputa 20
Anania anropura 2w

Arsearch P
Brouse H BHXORNSLE AdHNHE ATTOPHTMA 204
Kowreer npunenesn anropurya 244
Peanwaauns anropura w7

10 | Conepramne
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Tax KaK COpy RBTAETCR WETWHHOT KOTI BCETO MACCHD A, TPEPHBAOINE PeXyp-
1o Gasopsie crysam GyAYT KOPPEKTHO PAGOTATS, MOCKORBKY B HIK UEHOTE3YIOMER CEB-
Kt Ha HCXOHYAE IREMENTIN NGCCUSQ HEROCPEDCTIOEHHO © MECTIOROROXENIA, coomeerm-
ey udEKCaM. ITO AMENTHHE HOGHT CIOK B TAPAKTEP W ADTACTCA KTISEBHM
1A RaHHOFO anTOpHTMA. KpOME TOrD, J2KTIOSHTEBHAH 1T CINANNA TPEGYET TonsKo
O(n) onepaui, 10 FapaHTHPYET OGN MPOXIBORATENLHOCTD ATTOPHTIA, PABHYI
Orvlog ). TlockonbKy enMHCTREHHOft ROTONHHTENSHO MaMTS, HCIOMsaYeNOft 17O~
PHTNOM, ABIACTCA COPY, TPEGOBIHHA aTTOPHTA K AOTOTHHTERbHO MaMATH BHPEXEIOTCA

xax O(n).

Bapwauuu anropnTma

M bCex anrOpHTMOB COPTHPOBKI COPTHPOBKA CIIHAHHEN HawGorice TPOCTO MpeoGpa-
ayeTcn ana paGoTu  BewHMH Kanoivn. B npwwepe 4.11 pwpeRcia nOTHAA pearoa:
LR AATOPHTMA Ha AFBIKE Java, MCTIONBIYKOLER OTOGPAXENHE AHHBIX B NavT A1 -
pexTBHOR COpTHPOBKN BaiTa, COnEpRAULETO Uenbie HCAa b GhHapHOM opwaTe. 0T
ARTOPITH COPTAPOBKI TPEGYeT, HTOG B IMEMCHTS HMETH ORHHAKOBHH PaME, i o~
9TOMY HE MOKET GHTS METKO ARATTHPOBEH A COPTHPOBKI IPOHSBOTOHBX CTPOK HIH
MHLX TENEHTOD TIEpEMEHHOR AT,

Tpusep 4.11. Peanusawus owewined copmuposKu causwex na s3uxe Java

public static void mexgesort(File A) throws IOException [
File copy = File.createTenpFile ("Mergesort”, *.bis
copyFileh, copy)

RandomhccessFile src = new RandoshccessFile (R, “ru")
RandomAccessFile dest = new RandoeRccessFile (copy, ") ;
Filechannel sxcc = src.getChamel () ;
FileChannel destC = dest.getChannel (£
MappedByteButter srclap - srcC.nap(

FileChannel Maptlode. READ_WRITE,

0, sr.length());
MappedByteBufer desthap = destC.nap(

FileChannel. . Maptode. READ_WRITE,

0, dest.length());

mergesort (destiap, szciap, 0, (int) A.length());

11 sa crenyeae msosa weoSxomast Toneko  Windows:
ClosebirectBut ter (sxchap)
CloseDi rectBut fer (desthap)
sxe.close);
dest.close():

T2 | rrae - Avopare copraponen
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« Wb nesow, w b Mpanow nomwacsax ecth anewenthi; ecni ALil <A, serasnaerca
Alil » npormswow cyvae ncrasnserca Al

o sanepuennn wikna £or  reslt waxoRaTCs cauTHE (1 OTCOpTHPOBIHHYE) AaKHNE
HexonHoro waceisa Alstartend). B npusiepe 4.10 MPHBEREH pEATHIANS COPTHPODKH
Chthen Ha ke TpOFpaNpORarNS Python.

Tpusiep 4.10. Peanusauus copmuposxu cuusmiiex na A3wxe npozpaxsuposanis Python
et sort ()2
"r"Copuponka crupwon A wa uecre
copy = List ()
sergesort_acray (copy, A, 0, lenih))

ot mergesort_array (A, result, start, end):

“"NCopTApOBKa. CiemMHON THATAIONA WACCHB B RAMAT."
18 end - start < 2t
retuen
5 end - start == 2
if result(start) > result(startel]:
result (start], result [startrl]) = result(startsl] result(start]
return

mid = (end ¢ start) /) 2
porgesort_arsay (result, A, start, mid)
pergesort_arzay (result, A, nid, end)

¥ causne nesot u npavoR cropon A
3 = mia
4 - start
wnile iax < end:
5€3 >+ end or (5 < mid and Ali] < AT
result[igx] = ALi)
e
else:
result(igx) = AL3)
Je1

idxo1

Ananus anroputma

Copruponxa crmsmmem 32 npestn Oln) 3amepuact basy “crunwwa” nocne pexypens-
HOR COPTHPOBK' T€BOR 1 IPABOR TOTOBHH AWaTa3Ha A(Sart, end), PasMeLaR KOppeK-
THO YMOpATONEHHbE IMENEHTE B MaCCHDE, KOTOPF 0B03MAeH Kak reslr,
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Hoppedayt But fex. B pemoSHTOpIH COREPAITCA OBXORHOR YTh, S3KARNAILCA B 8-
30me closeDi rectBuf for (NappedByteButfer) , KoTopulk pewiaet 3Ty npoOGEmY:

Pe3ynbTarhi XpOHOMETPaXa ANA CTPOK

061 BWGPATh TORKORALI AATOPHTM AR PASTHAHAX AAHHA, HEOGRORANO 3HaTh
HEXOTOpE XAPAKTEPHCTIKI BXOTNBIX AaHHBY. M COMATH HECKOTBKD TECTOBMX Habo-
POB RQHHbIX A TOTO, YTOGM CPABHHTD PACOTY C HAI AATOPHTMOB, MPERCTABENHX
5 370/t rnane. OBpaTTE BHINANIE 13 T0, 4TO (aKTHECKHE aWaEHE, MPHBEACHHWE B
TAGTMLAX, He HIPAIOT 0cOGOf PO, TAK KIK OTPAAAIOT CEUMEIKY KONKPETHOTO 060-
PYAOBHHA, Ha KOTOpOM GHTH BMOTHENH TECTH. BHECTO 3T0ro Creayer oGpamis aii-
MAHME Ha OTHOCHTETLHYK0 MPOHIBONNTETBHOETS AATOPHTMOB ATA COOTAETETRYIOUUK Ha-
[rpe—
Cyuaiine cmporu
B 370K 72Be bl AENOHCTPHPOBATH IPORIBORNTETHHOCTD AATOPHTHOD COPTHPOD-
KOt AT COPTHPOBKI CTPOK 3 26 CHMBOROR, OGPAIOBANMHBEX MYTEM mepecTao:
Kot Gyxn b andasute. HecMOTPA Ha OGiice KOTHSECTBO nl, Wik MpHGINSHTETHHO
403-10° TaKIx CTPOK, b HauIWX HAGOPaX AGHHbX BETPESAIOTCA # AYGTHKATH CTPOK.
KpOME TOTo, CTOMMOCTS CPaBHEHHR STEMENTOB He ABTACTEA KOHCTANTHOR, TaK Kak
MHOTAS HYAHO CPABHABATS HEGKOMBKO CHMBOTIOB CTPOK.

Hucna ¢ nnasavei mowKoi d0iwors mowwoemic
Mchonsoya HueioLnecs reHepaTops! IceBtocysaRHAX Scer, AocTyHE  Gonb-
LHCTBE OMEPALOHHIX CHCTeM, M CTEHEPHPOBARH MHORECTO0 CryRNAX hcen
3 anasona (0,1). Tl cyTi, b oM MHOKCCTRE AQHNBX HeT ROBTOPAOLINXCA 3Ha-
NI, & CTOMMOCTS CPABHENHS ABYX JMEMCHTOD TOCTOAHHA. PEaynbraThi 1in 9T
HI6OPOD AHHAX SREGD OTCYTETOYIOT, HO WK MOHO HATH B PETOMTOPHH

BXORMSIE AaHHME 414 GATOPHTMOB COPTHPOBKI MOXHO TIPCABAPHTETSHO 0GpaGOTaTS,
06 FAPAHTHPOBATS HEKOTOPME 3 TCAYIOUUIK CHORETD (HE Bce i COBMECTHMM MK
2y coboi).
Omcopmuposannocrs
BXomHBIe eweHTS MOTYT GBITS OTCOPTHPORAINB B NOPAAKE BOSPACTANNA (KoHE
s uens) w yGuunann
Tpomusodeicmoue vemady neduans: mpex snewermon

Mioccep (Musser) [41] oTkpA yTIOpAZONeNHe, KOTOOE FapaHTHPYET, 570 GCTpOR
CopTHPOBKE OTpeGyeTCA O(r) CpaBHeHit MpH HCTIOTBSORANMI 714 BHGOPa OTIOP-
HOTO S7eMENTa METORa MEAWaN TPex ITeMenTos.

mo|
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copy.deleteOnExit )1
)

atatic void mergesort (HappedsyteButter A, MappedyteButfer result,
int start, int end) throws IOException (

S fend - start < 8) |

)

IE fend - start == 8) (
result.position(start);
int left = result.getint ()
int cight = result.getint();

i€ (ete > rignt) |
result.position(start);
result.putint (right) ;
result putint (left)
)
)

int mid = (end + start) /8 + 4
mergesort (result, A, start, mid);
mergesort (result, A, mid, end);

rosult.position(start);
for (int i = start, jemid, ideestart; idecend; ideeed) (
int AL = A.getInt (i)
int Ay = 0;

S0 <end |
3+ Augetint(3);
)

€ (5> end 11 (5 < mid 46 AL < A (
resule.putint (hi);
e g
) etse |
resule putint (A3);
st

ra crpyKTypa HACHTHMA peanHsaLIN COPTHPOBKI CIIARHHEH, HO 1A ppexi-
HOCTH HETOBIYET OTOGPEACIHNE B NaNATS AHHAX, XPANALUNREA  alnoBOlt cHeTenC
B onepaunonnu cncrenax Windows ecr PoGews, COSaHHME ¢ HepepHbN IKPHTHEN
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iat (*cap) (const voide, const. void*))

do_gsort (vals, cmp, 0, total_elens - 1

Bewnui MeTon select PivotIndex (ar, 1eft, £ight) BHOMPIET SHatEHKE ONOPHOTO
MEMENTa, OTHOCHTETBHO KOTOPOTO BHIOTHAETCA PasGHeNe MACCHBA

AHanus anroputma

VAHDHTETSHO, HO M HCTOTLIOBIHHM B KIECTRE OTIOPHOTO CRYSARHOTO SMENENTa
GHCTPaR COPTHPOBKA REMONCTPHPYCT NPOMSBORNTETLHOCTD A1 CPEANETO CRY4as, KoTo-
P 0B HO MPEROCXORNT TIPOHIBORNTERLHOCTS BCEX TPOX AMFOPHTMOB COPTHPOBKH.
Kpowe T0ro, sMEeTCR e PAX HCCMEAOBaNH 10 YCOBCPUICHCTRORAHNO W OMTHMHSA-
L GHETpOIt COPTHPOBK', KOTOpHIE M03ROTAIOT AOCTHYS (ppexTHBNOCTH, TpeBbIMaN-
et HdeNTHOOCTS 710GOTO AATOPHTMA COPTHPOBKH.

B WAcanbHow crysae par ition ACTHT HCXORHEH MACCHD TIONORaM, 1 GICTPaA copr-
Ponka AewoNETpHpYET npowasomTenswocTh Ofrnlogr). Ha npaxinke Ghicrpas copripos-
¥a bone ddexTHDHa A BGOpE OTIOPHOTO InEEHTa CRysaAHIM OGPaION.

B WaxyALIEH CTYa€ B KINECTOE ONOPHOTO IneweNTa BbiGHpacTEA HawGomo LI Wik
HaMeNbIM STEMENT Maccusa. KOTAa 3T0 IPONCXORNT, GHCTpan COPTHPOBKA Renaer
POYOR 1O Bcem STEMENTAM MACCHBa (32 THHSHOE BpeMA) 1A TORD, HTOGH OTCOPTHPO-
BaTh clHCTBEHNH Snewent b Maccise. Echm 91T npotece noBTOpTCA 1~ 1 pas, 910
IPABERET Kk HaANXYALIENY TIOBETEHHIO AaHHOTO METORa cOpTHpOBKH — O(r).

Bapuauun anroputma

BHCTpA COPTUPOBKA BHGHPAETEA B KAECTRE OGHORMORO METORA COPTHPORKH B Gort-
UHeTDe chcTen. Tak, B Unix-CHETENaX MMEETCR BCTPOCHNAS GHOTHOTHAS BynKiLns
G50, 3A9ACTYI0 ONEPALIONHA CHCTEMA HCHOTLIYET ORTHMIGHPORAHIYKO BEPCHIO AATO-
T GoicTpo COpTApOBKH, OGHOBMSM LUTHpYEMBINIE HCTOWMKANS PRAHANSLX 0N
TSt ABnAOTCA paboT Cexxmmnxa (Sedgewick) (56] w Bernrn (Bentley) n Maknn-
pon (Mcllroy) [9]. Qe moyurTenbio, 170 HeKoTOpH BepCHH OnEpaLHONHOT CHETeMN
Linux peaniayior yHKio GSort ¢ HCTIOTIORIHHEN THPAMMIAEHOR COPTHPOBKH
(Cpeat paa X ONTHMILMI GHCTPOT: COPTHPOBKH MOAHO OTHETHTS CAEAYIOINE.

+ Cosnamme CTexa 1A XpawewHa ORI YCTPAHENHA TeM CaBS PeKypCH
+ BHGOp ONIOPHOTO S7EMeNTa Ha OCHOBE CTPATrHM MEAHANM TPEX JNEMENTO.

* YCTaHOBKa MMHMMATBHOTO Pashepa pasGeHHA (S3BHCALLETO OT PeanusaLih 1 ap-
XHTETYP MAILMHB), HIKE KOTOPOFO BMECTO GHCTPOR COPTHPOBKI METIOMBOYETEA
‘copruponKa BcrasKaus; 8 JDK 1.8 TAKHM TIOPOTOBBM SHAYEHHEM ABIAETCA 7.
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KOMTIAATOPS! MOFYT YCTpaHNTS 3T HaBIOALEMME HAKTARHNE acxoaw). oG caeerit
K MUHHMYMY BOSMOHYIO FRYGHHY CTEKS, MOKHO CHA%1a 0GPAGATHBATS NOTMACCHB
Menbuero paswepa. ECTH 11y4Ha pexypeih SBTACTER KPHTHAHON A1 BAIETO NPHAONE-
Hi, 70, BO3MOAHO, GHICTPaA COPTHPOBKA BAM He OROFT.

TIpHMeHeHHe COPTHPOBKH BCTaBKAMM AN MANbIX NIOAMACCHBOB.

Ha neGomsuinx MaCCHBIX COPTHPODKA BETABKaNM GHCTPee, e GHCTPaR copTHpOB-
Ka, HO AKE NpH HCTIOTB30BANIH GOTBLINX MACEHBOB GBICTPaA COPTHPORK B KOHEUHOM
HTore paEnSET 3382ty Ha GOBLIOE KORHHECTRO MeAKIX. ORAH Ha HACTO HCTOTBIYEMBX
METOROB Yy LICHIS MPOH3BOTITETEHOCTH PEXyPCHBHOI: GHCTPOH COPTHPOBKI 32KI0%a-
76 B BM20RE GHETPOIt COPTHPOBKI TOMSKO AR GOMBLINX FOAMACEHBOB, 3 A1 MaTEHS-
KO HCTIOTLSYTCA COPTHPOBKG BETABKEMH, KAK TOKA3aHO b MpHMEpe 4.6

‘Cenxomx [56] COMAETERCTBYET © Tow, 4T0 CONETaNE MEANAINH TPEX JTENEHTOD I co-
PTHPOBKH BCTABKAMH 1A HEGOTLILNX MOIMACCHBOB YBETHIHBAET CKOPOCTS Ha 20-25%
10 CPABHENHI ¢ YHCTOR GICTPOR COPTHPOBKOF.

MHTpocnexTuBHan copTupoBKa

Tlepexonense Ha CopTHPOBKY BETABKINH ATA HEGOTBLINX MORMACCHBOD ABAACT-
CA TOKATOHBIM PELICHHEM, KOTOPOE BHIOTHAETCA Ha OCHOBAHHN AINCPA TIORMACCHBA
Mioccep (Musser) (41] mpeacTabnn bapwanT GHCTpOF COpTHPOBKH NOR HasbaHEN M-
rpocnexTupmas copruponxa (IntroSort). » KoTOpoM A1 obecnevennn Hpextianoli
PABOTH KORTPOTHPYTCA TRYGWHA PekypCiH GWCTpOR copTpoBKH. Eci Fayua pexyp-
cu npemwsaer log n ypoRwe, IntroSOrt nepeKTIONAETCH Ha THPAMIALTHYI0 COPTIHPOD-
Ky. Peansaun SGI CrangapTHoi GGmoTeKH WaGROHOD C+ + (rttp: //soes. 551 .con/
Lech/5t1/50t. 1) B KINECTRE COPTHPOBKI o YMOTSaHHIO HCIOTISYeT WHTPOCTEK-
[p—

CopTupoBKa 6e3 cpaBHeHui

B KoWle 37O TAABbL M MOKEAEN, YTO WHKAKOR ATTOPHTM COPTHPOBKI Ha OCHOBE
aBHeHHI He MOKET COPTHPOBATD 1 STENENTOB GHCTPEE, e € NPOMIBORATERDHOETSIO
Olrlog ). Kak 370 1t YIMBHTETLHO, WMIOTCA moTeHIyanbHO Gorice GucTpie cTocoG cop-
THPOBKIN STEMENTOD, €CTI O ITHX JMEMEHTAX 4TO-TO WabeCTHO 3aparee. Hanpinep, ecmin
¥ BAC MMeeTER GMCTPaR Xel-yHKIULA, KOTOpAA PABHOMEPHO PACTPERETACT KONEKILIIO
JIEMENTOB 1O PASTHYHBIN YTIOPATOSEN NI GTOKIM ZAHHBIX, MOHO HCTOTBIOBATS OMH-
Cannbth Ranee GowBts anTOpHT COPTHPOBKH < AHHEHOI O{) MPOKIBORATETHOETH.

Bnounan copTuposKa

I1nn nawHoro HaGopa us n snewenton GrowHas coprMposka (Bucket Sort) cosmser
MHOXECTBO U3 1 YTIOPAZONEHHAX GIOKOB, B KOTOpHE TIOMEUAIOTCR STENENTM BXORHOTO
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 Tipw 0GpaGOTKe AByX OA3ARA' OB PAIMEP CTEKa PeKyPCHH MUHHMHIHPYETEA
yTem pewienuA MeHbLIER 33131H b TIEPBYI0 OYEPeR.

ORMaNo MHKAKAR ONTHMMIALNA He MOSROMAET YCTPANNTS HAXYRUICE MOBERCHIE
GHCTPOR cOpTHpOBKH — O(F). EAWHCTBEHHM CTIOCO OGECTIEHTS MPOKIBORNTERLHOCTS
Olrlog ) b Hawxymuiew crysae — 370 HeroTb30BATS yHKUNIO PaCHENNA, KOTOPAA
MOKCT FapaNTHPOBaTS, 4TO OHa OGHAPYAMBAET “pasyMHoE MpHGNILKENHE' K (BaxTHvEC
Kot weanane HaGopa nanmuix. B pabore [15] onwcwpaerca Taxoi anropwt (BEPRT —
10 nepobim Gyxnam auienini awTopos Blum-Floyd-PrattRivest-Tarjan) c roxasyemo -
Wi BDENEHEN, HO OH HMECT TILIB TEOPETHNECKOE SHaUEHHE, PEATMIALINA TOPHTNA
BEPRT weeTca s penoswiopi xoma.

BuiGop onopworo nementa

ButGop onoproro anewenta w3 mogwaccisa Al ft+n) Romaen 6o GicTpoft one-
PaLLER ON He AOTKeH TPEGOBITS TPOBEPKH BCEX 1 STEWENTOB ORMacHBA. MOTYT He-
IOMbIORATLCR pAIHHBIE BAPHIHTSL BOT HEKOTOpHE H5 HIX:

+ ouop nepmoro w nocreaero snewenta: Al wn Allfisn-1l;

« subop crysaitnoro anewerta wa Allef e +n-1l;

« suGop Memuansi u3 k oneMeNTOR: cpenee nasense us K nEENTOB, BIRTHX U3
Allfuleftsn-1).

acto smGApaeTEs wemwana Tpex anewentos; Cemkom (Sedgewick) cooSuer, w10 3Tor
TIOTAOR TPHBOINT K yyieHIIO BpeMeNH PaGOTH 1a 5% HO JaMETM, 4TO TKE 1A ITOR
ATLTCPHATI WMEIOTCR HEKOTOPHE PAIMCLLCHIS TANHBY, KOTOpBIE MPHBOIAT K MONOH
MpoWSBORNTERLHOCTH 41 enonkayeTes Takoke oGO MeRNANM 3 MATH SMEMERTOR
OTHeNE GOTBILETO KOTHIECTEA BIHCTEHNH J1A OTPERETEHA MPABHTLHOTO OTOPHOTO
7EMENTA 332 FOTIOTHITETWBIX HIREPACK PEAKO JACT MOROAINTTLHBE PERyTSTaTS

BuinonHenwe pasGuenns
B METORE part Lt 1on, MOKAJZHHOM B THMEPE 4.5, JNEMEATS, MEHBLIKE W1 PABHME
BGPaHHOMY OMOpHOMY IMEMENTY, ACTANTAIOTCA B HaYA0 ToAMACCHBA. TaKO NOTXOR
MOKET IPHBECTH K MEPEKOCy PaIMEPOB TORMACEHBOR 1R WATa PEKYPEHH, CCTH ATA B
(GpAHNOTO OTIOPHOTO JMEMEHT HMEETCA MHOTO TAKIX e STEMEHTOR B MACCHBE, ORHIN )
CPEACTD CHIDKEHNA AWCOATANCA AMMACTCA YEPEAYIOLLEECA PAIMELLEHE IMENEHTOR, Pan-
ALK OTIOpHOMY, B icPBOM  BTOPOM MORMACCHBAX.
O6paorka noamaccusos
BCTpas COpTIpOBKA BMTIONMACT 703 PeXYPCHBHIX B0 A1 MERBLIX TORNACCH-
TIpi paore ORHOT0 H K B CTEX BHMOTHENHA BHOCHTCR 93MHCh AKTHDALIH ApY-
roro. Ecnn casana 0GpaGaTsiBacTca GonbiIni TOIMACCHB, TO BOIMOXHO OTHOBPEMEHHOE
PAIMEUEHHE B CTeKe TMHEAHOTO KOMHYEETER 3anHCER AXTHBAWI (XoTA COBpeMEHHE
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BAowNAR COPTWPOBKA, HANPHMEP, He NOAXORNT AA COPTHPOBKH NPONIBOTBHX
CTPOK, 1IOTOMY HTO OGUHO HEBOSMOXHO PaspaGOTaT Xew:-GyHKIMIO ¢ TpeByeniun
XapaKTepuCTHKaMy. ORHIKO OHA MOKET HCTIOMLIOBATACA ATA COPTHPOBKH MHOXECTBA
PABHOMEPHO paCTpeTTIeHHSX HCER ¢ NTABAIOLER TOKO W3 Aanasona [0,1).

Tloche Toro KK Bee COpTHPYEMblE SMeNeNTM GYRYT PacTpeAEnens: 1o GroKaw, 6104-
AR COPTHPORKA MIRTKAET JHANEHNA TR HAMPARO C HCTIOTBIOBIHHEN COPTHPOBKI
BCTABKAMM JIA COREPXHMOTO KEKTOTO 610K, ITO YTIOPAAOMBALT INEMENTH KEXAOTO
610K Iepe Tew, KK €60 HAENNS HIBIEKRIOTCA CHERa HATPABO, HTOGH SAMOTHMTS He-
ot Maccus. TIpHNEP BHTIOTHENHS GTONHOR COPTHPOBKH TOKESAMH Ha HC. 4.

Puc. 4.5. HeGonsuoit demoncmpaisonnss npuxiep 600tk copmupoartu

Peanusauma anroputma

B peanusaun GIOWHOR COPTWPOBKH Ha ASHHKE MPOTPAMMMPOBaNHA C, TIOKASAHHOR
B pHMepe 4.7, KaKANA GTOK XPANHT CERSAMMAR CIMCOK STMENTOB, XeUIMPOBANHX

5 5707 610k, QyKIbH nUTBUCKEES  hash TPETOCTABTANTCA HIBHE ¢ YHETON 0cOBEn
Hocreit Bxoavoro MHoRecTDa.
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HaGopa. BroNHAR COPTHPOBKS COKPAILAET CTOWNOCTS 0GPAGOTKH 32 CHeT ITOR AONOTHH-
TenbHOR navaTH. Bt Xeuws-bynkuua hash (A[1]) MOKET pABHOMEPHO PasGHT BXORHOH
HAGOP W3 1 I1EMENTOB Ha 3T 1 GIOKOB, TO G7IOWHAR COPTHPOBK HMEET NPOMSBOTMTENS-
ocrs O(n) B xynuew cnysae. Mcnonusyiire 61owHyio COpTMPOBKY MpH BHTOTHENHH Cre-
rTpT—
Paswocpnoe pacnpedeene
'BXORMHIC AANHBE AOTKHNBL GHITh PABNOMEDHO PACTIDEETCHE B 3ARANHOM AHANA0-
e. Ha OCHOBE 370r0 PACHpEAETeHitA COMAIOTCA 1 GIOKOB 1A PABHOMEPHOTO pas-
Guenun BxomHOrO AManasONa.
Shiopsdowusaouias xew Gyweuus

Brioks ynopazosens. ECnu <), JnemenTs, sctasnennse 8 6ok b, nexchkorpadpu-
ek wenbie InevenTon b Groke b,

Brounan coprupoBKa
Hawnyuuni, cpeanih u Rasxymuni crysa: O(n)
sort (a1
Contaem n Groxon B
for i - 0ton-ldo °
K = nash(ALi))
oannsew ALL] 8 ki Gnox Blk]
extract 8,8)
end

extract (8, &)
iax =0
for 1+ 0 to 11 do
Snsertionsort (8(31) o
I8 xawaoro anewensa o s Bi)
Aligxer) - e
end

© Cosnane crucra Groxon u xeusposasse scex anevewton
» coosmercroymame SroR
opatonra scex Groxon A4 soaspaTa MaueNK b A
» oxcopupovarion nopaae.

® a5 Groxe Gonae omworo anewewsa, GoK CHauATa COPTHPYETCH.
Konuposaite a7eueNTon Ha3aR b A b OTCOPTAPORNNGH NOPAAKE.
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Tpusep 4.7. Pearusauus 61040fs copmuposxu na savuxe npozpaxsuposans C

extern int hash (void® elt);
extern int nusBuckets int nusElenents)

7+ Consannish caucox aneuewmon » Growe. */
typeder struct entry
0
void® element;
struct entry® next;
) B

/+ Toseprasacn vomwuectso amnce s Goxe
 yeasazen wa nepoy samucs */
typedet struct
h
int sizer
ENTRY* head;
) mucken;

R L ——_—)
Static BUCKET* buckets = 07
static int num = 07

/7 Ynaneine anemenzos 1o omsouy # nepesancs B ar */
Void oxtract (BUCKET* buckets, int (*cap) (const void, const voids),
void®* ax, int n)
'
int 1, low:
int 1dx = 07

for (1= 0: 4 <
'

o
BNTRY® prr, *teps

S€ (buckets(i].size == 0) continues /* Mycon arox */
Pr = buckets (1) heads

if (buckets[i].size == 1)
(
arlidxee) = prr-velenent;
free(ptn);
buckets(i] size = 0;
continue;
)

7+ Copraposka scravkas, 8 KoTopoR Semewt BCHPARECS
© 43 CORBAMHOTO CTACKa W BCTARTARTCR B MacCHB. ConSaNHE
+ crmcrn ocaoboxzapcs. +/
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y

low = 1dx
arlidxss] = pte-velement:
twp = pexi

ptr = pre-snext;
£reo(tnp);

while (pts 1= NULL)

¢
int i = - 1

while (3 >= lov & caplar(i, pte->elesent) > 0)
¢
arli e 1) = arlily

)

ar(i + 1) = preelement;
tep = pt

pr = pe-next
free(cap);
sdern

)

buckets(i] size = 0

void sortPointers (voidt* ar, int n,

‘

int (scap) (const. void®, const. void'))

num = nusBuckets (n)
buckets = (BUCKET") calloc(num, sizeof (SUCKET))

for (3=
I

P i

int x = hash(ar(i]);
/++ Beraska waxoro onewenta # ysemeuense cueruxa */
ENTRY® = (ENTRY®) calloc(l, sizeof (ENTRY));
e->elenent = ar(i);

if (buckets(k] .head == NULL)

‘
buckets[x].head = o

)

else

0
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