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[lpeaucnosue

dunocodus KHUrun

CTpyKTYpbI IaHHBIX ¥ AJITOPUTMbI — OJHU M3 CaMbIX BaXXHBIX H30-
6perenuit mocneanux 50 set. ITo GyHAAMEHTAIbHbIE HHCTPYMEH-
Thl, KOTOPHIMH JOJIKHBI BJIQJIETH BCE Pa3pabOTYMKH IPOTPAMMHOTO
obecrnieyenusi. O1HaKO, Ha MO¥t B3IJIsi1, OOBIIMHCTBO KHUT 10 3TUM
TeMaM CJIMIIKOM TeOPeTHYECKHE, CTMIIKOM OObeMHBIE M CIUIIKOM
«CHM3Y BBEPX».

Q Cruwxom meopemuueckue. MateMaTnyeckuil aHaIu3 ajJroput-
MOB OCHOBaH Ha yNpOIIAOIUX JONYIIEHUSIX, KOTOPble OrPaHu-
4HBAIOT €0 M0JIE3HOCTh Ha MpaKTHKe. BosbimHCcTBO mocobuit
I10 TeMe UTHOPUPYIOT YIpoIlleHUs 1 HOKyCHPYIOTCS Ha MaTeMa-
THKe. B 3TOM u3gaHuu 51 IpecTaBJisito Hanboee TPaKTUYHYIO
BBIOOPKY IO JAHHO# TeMe U OMYCKAIo UM OTOABUIAI0 Ha BTOPOii
TJIaH OCTAJIBHOE.

Q Cuuwxom obvemmoie. Yaiie Bcero KHUru 06 alrOpUTMax U CTPYK-
Typax JaHHBIX cofep>kaT He MeHee 500 cTpaHHI], a HEKOTOpbIEe —
6onbie 1000. ChokycupoBaB BHUMaHHe Ha TeMax, Kak MHe Ka-
XeTcst, HanboJiee MOJIe3HBIX /sl TPOrPAMMUCTOB, 1 TOCTapasICst
COXpaHUTh HEOOJIBIION 0OBEM ITOM KHUTH.
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Q Cruwxom «cHu3y 86epxs». BONBIIMHCTBO KHUT 110 CTPYKTYpaM
JIaHHBIX COCPEJIOTOYEHbBI HA TOM, KaK paGoTalOT 3TH CTPYKTYPHI
(peanusanuu), ¥ c1ab0 OCBEUMIAIOT UX UCTMOIb30BaHUe (MHTEP-
(eiichl). B aTOM U3maHuU A Uy «CBepXy BHU3», HaUKMHasA C UH-
TepdeiicoB. YuTaTeu y4aTcsl IpUMEHSITh CTPYKTYPHL B Java
Collections Framework, npex/mae 4eM BHUKaTh B eTajlu TOTO,
KaK OHH paboTaIoT.

HakoHel, HEKOTOpble KHUTH NPEACTABISIOT MaTepHaJl BHe KOHTEK-
cta 1 6e3 MOTUBAIIMHK: TIPOCTO O/IHA MPOKJIATAst CTPYKTYpa AaHHBIX
3a apyroii! 1 meITaloch 0XKMBUTH NPOLIECC YTEHHS, OPTaHU30BaB
TeMbl Ha MpUMepe MPHUJIOXKEHHUs /sl BeO-MOoMCKa, KOTOPOe HIU-
POKO UCIIO/IB3YeT CTPYKTYPBI JAHHBIX M CaMo 10 cebe MHTepeCHO
Y BaXHO.

C nOMOLIBIO 3TOrO MPUJIOKEHUSI s 6YIy OOBSICHSITD OT/Ie/IbHbBIE TEMB,
00BbIYHO HE pacCMaTpUBaeMble BO BBOIHOM Kypce 10 CTPYKTypaM AaH-
HBIX, BKJIIOYasi HeM3MeHsieMble CTPYKTYpbI 1aHHbIX B Redis.

A IIPHAHSJI HEMIPOCTOE pE€LICHHE O TOM, KaKW€ MaT€pHaJjlbl UCKIIOYHUTD
M3 KHUTY, HO NomieJ Ha KOMIIPOMMUCCHI. B YaCTHOCTH, Z[O6aBI/IH HeE-
CKOJIbKO TEM, 6ecroe3HbIX A GOJIBIIMHCTBA ‘IPITaTeJIeﬁ, HO 3Ha-
HHeE€ KOTOPBIX NIDUTOAUTCA, HAIIpUMEP, B TEXHUYECKOM NHTEPBbIO.
[To aTUM TeMaM s u3jaraio Kak 06IH€HPI/IH5{TOG MHEHHE, TaK U CBOE
CKEIITUYECKOE OTHOLICHHUE.

KpoMe Toro, B 3TOi KHUTe pacKPbIBAIOTCS1 OCHOBHBIE IIPAaKTUYECKHE
acreKkThl pa3paboTKHU MPOrpaMMHOro obecreyeHus,, B TOM YUCTIe
KOHTDOJIb BEPCHIi U MOIYJIbHOE TeCTUpOBaHue. boJbIKMHCTBO I71aB
BKJIIOYAIOT YIpa)KHEHHUE, N03BOJIs0l[ee YATATENSIM IPUMEHUTD
NOJIyYeHHble 3HaHUs Ha pakTuke. Kajkioe U3 HUX NpeJJ/araer aB-
TOMaTHU3WPOBaHHbBIE TECThI, KOTOPble MPOBEPSIIOT pewenue. Y s
GOJIBIIMHCTBA YIPAXKHEHUIA ST IPUBOXY CBOE pellleHHe B Havase
ciefiyionleit r1aBbl.
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Obs3aTenbHble yCnoBus

ITa KHHra apecoBaHa CTYAEHTaM, U3yYaloIMM MHPOPMATUKY
U CMeXHbIE C Helt 00J1aCcTH, a TaK)Ke UHXKeHepaM-IPOrpaMMUCTaM,
MoAAM, 06ydaIUMcs pa3paboTKe IPOrpaMMHOTO ObecredeHH s,
1 TeM, KTO FTOTOBUTCSI K TEXHUYECKUM HHTEPBBIO.

Jl151 TOro 4To6Obl U3BJI€Yb U3 TIPEAJIOKEHHOrO MaTepyasa MaKCu-
MaJIbHYIO [0J/Ib3Y, BaM CJIEAlyeT XOPOLIO 3HaTh Java; B YaCTHOCTH, Bbl
JIOJIXKHBI 3HATh, KaK OMPEIeTUTb HOBBIN KJIacC, KOTOPBIH pacIuupsieT
CYLIECTBYIONIMH KJIacC UM peanusyeT HHTepdeic. Y Ty4InTh 3Ha-
HHSI Java IoMOryT /1Be 3TU KHUTH:

Q Think Java Annena B. loynu (Allen B. Downey) u Kpuca Maii-
¢duana (Chris Mayfield) (O'Reilly Media, 2016) — ans tex, kTo
HMKOT/Z[a He TPOrPaMMHUPOBAJT;

Q Head First Java Katu Cueps (Kathy Sierra) u Bepra Beiitca
(Bert Bates) (O’Reilly Media, 2005) — 1151 Tex, KTO y»xe 3HaKOM
C IPYTHM SI3BIKOM IIPOrPaMMHPOBaHUS.

Ecsn Bbl He 3HAKOMBI ¢ HHTepdelcaMu B Java, TO, BO3MOXHO, I10-
HaziobuTCs MpopaboTaTh YPOK MOA Ha3BaHUeM «UTO Takoe MHTEp-
(eiic?» Ha caiite http://thinkdast.com/interface.

CnoBo «uHTEpdEenc» MOXET BBECTH B 3abnyxaeHne. B koH-
TeKcTe NporpaMMHOro MHTepdelica npunoxeruns (application
programming interface, API) peub naet o Habope knaccos
M METOAO0B, NPEAOCTaBNNIOWMX OnNpeaeneHHylo PyHKUNO-
HanbHOCTb.

B KoHTekcTe Java cnoBo «MHTepdenc» Takke OTHOCUTCS
K OyHKLMK A3blka, NOAO6HON Knaccy, koTopas 3anaeT Habop
MEeTOA0B.




Pa6oTa ¢ KoaoM 15

KpoMe Toro, BaM cjienyeT 3HaTh MapaMeTpbl TUNA 1 060011eHHbIe
(generic) Tunbl. HanipuMep, BBl JOJKHBL YMETb CO34aTh OOBEKT
C MapaMeTpOM THIIa, CKaxkeM, ArraylList<Integer>. [Ipountats
0 MmapaMeTpax THIIa MOXHO Ha caiiTe http://thinkdast.com/types.

Bbl goskHBI ©MeTh onbIT paboTsl B Java Collections Framework
(JCF) (o xoTOpOM MO>eTe IPOYUTATD Ha caiiTe http://thinkdast.com/
collections), B 4aCTHOCTH 3HATh UHTepdeHC List, KIacchl Arraylist
U LinkedList.

B uneane HeaumwHUM GyJeT UMETh MpeACTaBaeHre 00 yTHINTE
Apache Ant — BcTpoeHHO# crcTeMe cOOPKH KOAa AJst Java. Y3HaTh
0 Held 6oJbLiIe MOXHO 110 aapecy http://thinkdast.com/anttut.

Bbl Takske KOMKHBL XopouIo pasbupatscst B JUnit, KoTopasi pej-
craBJsieT coboit 616aMOTEKY MOLYIHHOTO TECTUPOBAaHUS 11l Java.
Bosbue nndopmannu o Heit cM. o agpecy http://thinkdast.com/junit.

PaboTta ¢ kogom

Kon m1st aToi KHUTM HaxoAUTCst B peno3utopuu Git o azpecy http://
thinkdast.com/repo.

Git — cucmema kowmpoas 6epcuti, KOTOpasi NO3BOJISIET OTCIEKUBATh
daiinbl, cocrabstomue npoekT. Kosnekiys ¢aiinos nox ynpasJe-
HueM Git Ha3pIBaeTCs peno3umopuen.

GitHub — cepBuc xocTHHra, KOTOPBIHA NPEAOCTABISIET XPaHEHe
penosutopues Git u yno6ubiii Be6-uHTepdeiic. Paborats ¢ KoxoM
B IaHHOM CEPBHCE MOXXHO HECKOJIbKUMH CIIOCOOaMH.

O Bb Moxere cosnath konuio penosutopust Ha GitHub, Haxas
kHonKy Fork (BetrBnenue). Ilpu oTrcyTcTBUM y4eTHOH 3amucu
GitHub HeobxoauMmo ee cosnate. [Tocse co3nanuist OTBETBIEHUS
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(forking) y Bac 6yaet cobcTBeHHbIM peno3utopuii Ha GitHub,
KOTODBIA NPUTOJ€EH /ISl OTCIEKUBAHMSI KOZIA. 3aTEM BBl MOXKeTe
kaonuposams (clone) penosutopuit — 3Ta NpoLieypa 3arpy3uT
KONHUIO (haiijIoB Ha Balll KOMIIBIOTED.

O B kauecTBe a/sibTepHATHUBBI KJIOHUPOBATh PEMNO3UTOPUI MOXKHO
u 6e3 BeTBsIeHUs. [Ipy BBIGOpE 3TOr0 BapUaHTa He MIOHALA00UTCS
y4eTHas 3anuch GitHub, Ho He OJIyYHTCSl COXPAaHMTB CBOM M3-
meHeHusi B GitHub.

Q Ecau Bbl BoobG1LE He XOTUTE UCIONB30BaTh Git, TO MOXeTe CKa-
yath Ko/ B ZIP-apxuBe, HaxxaB kHonKy Download (3arpy3uts) Ha
crpanuue GitHub mnu nepeiias no ccbuike http://thinkdast.com/zip.

[Tocsie TOro Kak Bbl KJIOHUPYeTe PENO3UTOPHI MM paclakyeTe
ZIP-daiin, y Bac foskeH nosBUTbes Kartajor ThinkDataStructures
C MMOZIKaTaJIoroM code.

[TpuMepsl B 3TOM KHUTe OblIM pa3paboTaHbl U MPOTECTHPOBAHBI
¢ nomotpio Java SE Development Kit 7. Eciu y Bac ycTaHoBIeHa
GoJiee cTapasi BEpPCHs, TO HEKOTOpbIe NpUMepsI He OyayT paboTats,
Yero He CJIYYHUTCS, eCJIY Bbl HCTOJIb3yeTe 6osiee HOBYIO.

YcnoBHble 0603HaYeHUsa

B kHHTE HCIIONB3YIOTCS CeAyole 0003HAYeHUSI.
Kypcus
KypcrBoM BblesleHbl HOBblE TEPMUHBI.

MOHOWWPUHHBIA WPUHT

[IprMeHsieTcs /sl IMCTUHTOB MIPOTPaMM, a TaKxKe BHYTPH ab3alleB,
4TOGBI OOPATUTBHCS K 9JIEMEHTaM NIPOTrPaMMbl BPOZE NIEPEMEHHBIX,
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byHK1uwiA, 6a3 TaHHBIX, TUIIOB AHHBIX, IEDEMEHHBIX CPE/lbl, MFHCTPYK-
LIMif M KJIIOYEBBIX CJIOB, UMeH (ailyIoB U paclIMPEeHUI 3TUX UMEH.

MOHOWNPUHHLIA NONYXKUPHLIA WPUOT

IToka3biBaeT KOMaH/Ibl UJIK IPYTOM TEKCT, KOTOPBIN MOJb30BATEb
JIOJIKEH BBECTHU CAMOCTOSITEIBHO.

LWpudT 6e3 3aceqek

Hcnonbayetcst aist obosnavennss URL, anpecos asiekTpoHHOM 10~
YThbl, HA3BaHUI KHOIOK, KaTaJIOTOB.

3TOT INEeMEHT COAEPXXUT COBET UNU NPeANOXEHUE,

TaKol 3NeMEHT yKa3biBaeT Ha NpuMeyaHne obLero xapakrepa.

CoaBTopbl

JlaHHas KHUTa — aIanTUPOBaHHasl BEPCHsl y4eOHOro Kypca, KOTo-
pbiii 51 Hamucan i wikosbl Flatiron B Hylo-Mopke, npeanaraormeit
MHO’KECTBO OHJIaiH-YPOKOB, CBSI3aHHBIX C IPOrPaMMHUPOBaHUEM
1 Be6-pa3pabOTKOW U B TOM YKCJIe OCHOBAaHHBIX Ha 3TOM MaTepH-
ane. Illkosa nmpeaoCTaBIseT HHTEPAKTUBHYIO CPefly pa3paboTKH,
MOMOILIb NpenoAaBaTeeld U APyTuX CTYAEHTOB, a TaKXKe BhIAAeT
cepTUdHUKAT O POXOXKAEHNH Kypca 00ydyeHHUsl. [[ONOTHUTENbHYIO
nHbOpMaNHIo MOXKHO HaiiTh Ha caiiTe http://flatironschool.com.

Q B mkose Flatiron [Ixo Bepmxecc (Joe Burgess), 9un [xon
(Ann John) u Yapan3 I[Taeryep (Charles Pletcher) Bnocunn
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IpeJIoXKeHUs U UCTIPaBJeHHUs Ha BCEX 3Tamax: OT HaYaJbHO
cnieunUKALNU 10 BHeAPEeHUs U TecTupoBaHusi. Cracu6o Bam
BceM!

Q A ouyeHs GiarogapeH MOMM TEXHHYECKUM pelleH3eHTaM Bappu
Yutmeny (Barry Whitman), [Tarpuxy Yaiity (Patrick White)
u Kpucy Maiibuany (Chris Mayfield), kotopsie Buecu psin
II0JIE3HBIX MPENIOXKEHHM U Hal MHOTO omu6oK. KoHeuHo,
J06bIe OCTaBIIECst OUIMOKU — 3TO MOSI BUHA, a He ux|

Q Cnacubo npenofaBatessiM U cTyZAeHTaM Kypca Data Structures
and Algorithms («CTpykTypbl AanHBIX U anroputmbl») B Olin
College, xoTOpBIe TPOYUTAIM ITY KHUTY U BHECJIH T10OJI€3HbIE
3aMeyaHusi ¥ IPeJTIOKEHHUI.

Q Yapas3 Pymennoruc (Charles Roumeliotis) pexakTuposan
kHury st O'Reilly Media i BHec MHOTO McnipaBiieHui U yJry-
HIeHUH,

Ecnu y Bac ecTb KOMMEHTapUU MM UEH MO NMOBOAY TEKCTa, OT-
npaBJIsiiiTe UX M0 agpecy feedback@greentea-press.com.



UHTepdencsl

B aToi1 KHUTre NpeACTaBIeHbl TPU TEMBI.

Q Cmpyxmypo. dannvix. Havyas co ctpykryp B Java Collections
Framework (JCF), Bbl y3HaeTe 0 cnoco6ax NpiMeHEeHHsI TAKUX
CTPYKTYp AaHHbIX, Kak criuckd (lists) u kapTbl (maps), ¥ u3y4uTe
IPUHLMIIB UX PabOTHI.

Q Anaau3 anrzopummos. $1 npenyoxy MeToabl AJs1 aHaJIA3a KOJa
1 POTHO3WPOBAHUS TOTrO, Kak ObIcTpo OoH OymeT paboTtaTh
1 CKOJIBKO MPOCTPAHCTBA (MaMsATH) moTpebyer.

Q Iouck ungopmayuu. O6bSICHUTH IEPBBIE BE TEMBI U CAENATD
ynpaxHeHHst 6071ee MHTEPECHBIMU IOMOTYT CTPYKTYPBI IaHHBIX
Y 2JITOPUTMBI, KOTOPbIE MBI MCIIOJIb3Y€EM [IJIs1 CO3JaHUs1 IPOCTOH
MIOMCKOBOM CHCTEMBI.

Tembl 6yayT u3naraThbcest 0 CleAyIOIEMY IJIaHY.

1. HauHeM c uHTepceiica List; Bbl OyaeTe mucaTh KJIacChl, pealu-
3ywoiue 3ToT uHTepdeiic, AByMst pa3HbiMu crniocobamu. [anee
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CPaBHMM Balll¥ peaJIn3alluy ¢ KjaaccaMu ArrayList u LinkedList
u3 Java.

2. 3areM s MpeACTaBIIO JPEBOBUAHBIE CTPYKTYPhl JaHHBIX, a Bbl
Gynete paboTaTh Hajl EPBBIM NPHIOKEHHEM — IIPOTPaMMOI,
KOTOpasi YNTAeT CTPAHULIbI U3 «Bukuneann», anarusupyer co-
JIepKHMO€E ¥ MePeMEIAETCs M0 TTOyYeHHOMY ZIepeBY, YTOOBI
BBISIBUTD CCBIIKH, @ TAKXe BBINOJHSET Apyrue pyHKuuu. Msol uc-
T0JIb3yeM 3TH HHCTPYMEHTHI [/ MpoBepKH runote3nl Getting
to Philosophy (c Heit MOXXHO 03HAKOMUTBCSL, TepeiIs O CChLIKeE
http://thinkdast.com/getphil).

3. Bsl y3Haete 06 uHTepdeiice Map 1 peanusanuu HashMap B Java.
3aTeM HamulleTe KJIACCHI, peaji3yole 3TOT HHTepdelic, uc-
MOJIb3ys Xell-TabMuIly 1 OGMHAPHOE JIePeBO MOUCKA.

4. Haxoneu, Bbl Gy/ieTe IPUMEHSITb 3TH KJIACChI (@ TaKxkKe HEeCKOJIb-
KO IPYTHUX — O HUX 51 PACCKaXy NapaJljieJIbHO) Ui peaJnu3auuu
IOMCKOBOro po6oTta (crawler), KOTOPbIii HAXOMUT U YUTAET
cTpaHuIbl, HHAeKcaTopa (indexer), KOTOPBIN XPaHUT COZEP-
XKHUMoe BeO-cTpaHull B GopMe, Mo3Boisioliei 3¢pGeKTUBHO
BBIMIOJIHATD IMIOKCK, U TOMCKOBUKA (retriever), IpHHUMAIOLIETo
3alpOCHl OT MOJb30BaTes] U BO3BPALIAIOIIEr0 COOTBETCTBY-
Iolye pe3ybTaThl.

HayHem.

MNo4eMy cywiecTsyeT Asa TvMna List

Korza moau HaunHatoT paborats ¢ Java Collections Framework,
OHH UHOT/A MyTaloT ArrayList u LinkedList. [louemy B Java npen-
CTaBJIeHbI 1Be peannsaunu uHtepdeiica List? U kak BeIOpaTh, Ka-
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KOH U3 HUX UCTO/b30BaTh? 51 OTBeuy Ha 3TH BONPOCHI B CAEAYIOMHNX
HECKOJIbKHUX TJIaBaX.

S HauHy ¢ paccMoTpeHUs HHTep(deicoB U KJIacCOB, KOTOPble UX
peasiu3yIoT, a TaKXKe MPeACTABIIO HILI0 «IPOTPaMMUPOBAHHUS B CO-
OTBETCTBUHU C UHTEPGHEHCOM».

B nepBbIx ynpakHeHHSIX Bbl peaju3yeTe KJacChl, TOX0XHe Ha
ArrayList u LinkedList, moaToMy Oyaere 3HaTh, Kak OHH paboTaIoT,
UX TUIIOCHI M MUHYCBI. O[IHU OTIepaIMH BBIIIOMHSIOTCS OBICTPee UIN
WUCTIOJIb3YIOT MEHBIIIE NTAMATH 110 CPaBHEHUIO C Arraylist; Apyrue
GbICTpee UM SKOHOMHeEE 10 CpaBHEHMIO ¢ LinkedList. Boibop kiac-
ca JUIs1 KOHKPETHOTO NPU/I0XKEHHs 3aBUCHUT OT TOr'O, KaKKe oreparyu
OH BBITIOJTHAET Yallle BCero.

UHTepdencol B Java

WHuTepoeiic B Java onpenensier Habop MeTO/IOB; 060M KJace, pea-
JU3YIOUWHUI 3TOT UHTepdeNic, T0TKeH NPeaOCTaBASITh KOHKPETHbBIE
Metonsl. Hanpumep, BOT nucxoaHsli kox A71st Comparable, KOTOPBIi
ABJIsIETCS MHTepGeEiicOM U onpeiesieH B akeTe java.lang:

public interface Comparable<T> {
public int compareTo(T 0);

}

B aToM onpenenennu nnTepdeiica ucnoab3yeTcs mapaMeTp TMna T,
KOTOpBIH AesiaeT Comparable 0606uenbim munom. UToObl peanuso-
BaTh UHTepdENC, KIIACC TOTKEH:

Q yKa3bIBaTb THUII T, K KOTOPOMY OTHOCHUTCS,

Q npenoCcTaBJSATh METOX C UMeHEM compareTo, KOTOPbIH TPUHKMa-
eT 00BEKT Kak MmapaMeTp ¥ BO3BpallaeT int.
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[Ipumep ucxoaHOro Kozia 71 java.lang. Integer:

public final class Integer extends Number implements
Comparable<Integer> {

public int compareTo(Integer anotherInteger) {
int thisval + this.value;
int anotherval + anotherInteger.value;
return (thisval<anotherval ? -1 :
(thisval==anotherval ? 0 : 1));

}

// Bpyrue MeToAb OnyueHsl

}

ITOT KJacc paciMpsieT Number; TAKUM 06Pa30M OH HacJiefyeT Me-
TOZBl ¥ NTepeMEHHBIE dK3eMIUIsIpa Number U peanusyeT Comparab-
le<Integer>, MO3TOMY NPENOCTaBIISIET METOA C UMeHeM compareTo,
KOTOpBI MPUHUMAET MapaMeTp Tula Integer U BO3BpalllaeT LEJO-
YKCIEHHOE 3HAYEHHe.

Korzaa knacc o0bsBIASET, YTO peanusyeT UHTepdeiic, KOMIMUIATOD
NpOBepsIET, TPEAOCTABJISIET JIX OH BCe METO/bl, OTIpe/ie/IeHHbIe 1aH-
HBIM HTepdeiicoM.

Kcraru, sTa peanusaius compareTo HCMONb3yeT «TepPHAaPHBIH
omepaTop», KOTOPBIH MHOT/A 3anuchiBaeTcs Tak: ?:. Ecau BH
C HUM He 3HaKOMBI, TO MOeTe MPOYUTATh O HeM Ha caiite http://
thinkdast.com/ternary.

UHTepdenc List

Java Collections Framework (JCF) onpenensier unrepdeiic noa
Ha3BaHUeM List ¥ mpejJaraet ABe peaju3aluu: Arraylist u Lin-
kedList.
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Wnrepdeiic onpenessier, 4To aTo JOKEH OBITH List; moboit kiacce,
peau3yIolluii JaHHbIA uHTepdEC, T0MKeH 00eCTIeYNTh KOHKPETHDIMH
Habop MeToNOB, BK/II0Yas add, get, remove u eie okosio 20.

Peanusauuu ArraylList u LinkedList peOCTaB/ISIOT 3TH METOAHI,
TI03TOMY MX MOXKHO HCITOJIb30BaTh KaK B3auMo3aMeHsieMble. MeTo,
HalMCaHHBIM 17151 paboTsl ¢ List, 6yner paborath ¢ Arraylist,
LinkedList uau J06bIM APYTUM OOBEKTOM, KOTODBIH peannay-
er List.

Hwuxe mpeacraBiieH cneuyiaJbHO NMPUAYMaHHBIN IPUMep, 1eMOH-
CTPUPYIOLINI TaHHYIO OCOOEHHOCTB:

public class ListClientExample {
private List list;

public ListClientExample() {
list + new LinkedList();

private List getList() {
return list;

}

public static void main(String[] args) {
ListClientExample lce + new ListClientExample();
List list + lce.getlList();
System.out.println(list);

ListClientExample He JeslaeT HUYETO MOJIE3HOTO, HO MIPEAOCTaB-
JI5ieT BaXKHbIE 2JIEMEHTHI KJIacca, UHKancyaupyrouezo List, To ecTb
COEPKUT List kak nmepeMeHHyIo ak3emmsipa. Ceifyac s1 HCIIOB3Y10
3TOT KJIACC, YTOOBI JOHECTH OCHOBHYIO MBICTIb, @ 3aTeM BbI OyzeTe
paboTaTh C HUM B IEPBOM YIpPaXHEHHUH.
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Koncrpykrop ListClientExample HHUIMANU3UPYET 1ist myTem
peanusayuu (TO eCTb CO3aHMs) HOBOTO LinkedList, MeToa-reT-
TEP NOJ Ha3BaHHWeEM getlist Bo3BpalllaeT CCHIJIKY Ha BHYTPeHHUH
00beKT List, a METOX main COAEPKHUT HECKONBKO CTPOK KOJA JJis
TECTUPOBAHUA 3TUX METOJOB.

Han6onee BaxxHast 0cO6EHHOCTB JaHHOTO IIPUMEPA: OH UCIIOJIb3Y-
eT List Bo Bcex CIyyasiX, KOT/Ia 9TO BO3MOXKHO, M u3beraeTr ykasa-
HHUA LinkedlList uin Arraylist, KpoMe TeX CUTyalui, rae 3To
Heobxoanmo. CkaxeM, NepeMeHHast K3EMILIAPa OObSABIISETCS KaK
List, a getList Bo3Bpaiaer List, HO He yKa3bIBaeT, KAKOTo BUAA
CITHUCOK.

Ecsu BBI mepeiyMaeTe U pelinTe KCIOAb30BaTh ArrayList, To no-
TpeGyeTcst UIBMEHUTD TOJIBKO KOHCTPYKTOP; BCE OCTATIbHOE OCTaHeT-
cs1 6e3 U3MeHeHu .

Tako¥ CTHJIb Ha3bIBAETCS NPOZPAMMUPOBAHUEM HA OCHOBE UH-
mepgeiica (interface-based programming) unu 60osee 06bIIEHHO —
«IIporpaMMUpoBaHue Ha uHTepdeiicax» (cM. http://thinkdast.com/
interbaseprog). 31ech Mbl TOBOpUM 06 o611ieit uee uuTepdeiica, a He
06 unTepdeiicax B Java.

Korza Bl ucnosnbayere 616IHOTEKY, Balll KOA A0JKEH 3aBUCETD
TOJIBKO OT UHTepdeiica, aHaOrMYHOrO List, HO He OT KOHKPETHOM
peanM3alMy, Takoil Kak ArraylList. Takum obpasoM, eciu peau-
3anust B OyaylieM U3MEHHUTCsI, TO KO, KOTOPBIi ee IpUMeHSeT, 110-
npexHeMy GyzneT paboTarb.

C npyroii cTopoHbl, U3MeHeHUe UHTepdeiica MoBIeYeT U3MeHeH e
1 3aBUCSILIETO OT Hero Kofa. Bot moyemy paspabotunku 6ubauotex
u30eraloT U3MeHeHUsT MHTEP(EICOB, KPOMe ClyyaeB KpaiiHeii He-
006X0IUMOCTH.



YnpaxHenue 1 25

YnpakHeHue 1

[TocKONBKY 3TO NMepBOe YNpaKHEHHE, TO OHO HOJIXKHO OBITH TPO-
cThiM. Bbl Bo3bMeTe Kol U3 MpeabiAyIlero pas3zesa u nomerseme
peanusanuio, To eCTb 3aMeHuTe LinkedList Ha ArrayList. Kox ocHo-
BaH Ha UHTepdelicax, MO3TOMY Bbl MOXeTe 3aMEHUTh Peau3alltio,
M3MEHUB OAHY CTPOYKY M 106aBUB OMEpaTop import.

HaynuTe ¢ HaCTpOWKH Balueii cpeap pa3paboTku. [yis Bcex ynpax-
HeHMii BaM HY>KHO OyZeT CKOMITUIMPOBATh U 3aMyCTUTb Java-Ko.
1 coznaBan npumepsl ¢ nomompto Java SE Development Kit 7.
Ecau Bl ricnonb3yeTte 60Jiee HOBYIO BEPCHIO, TO BCE JODKHO TEM
He MeHee paboraTb. [Ipu ucnonb3oBaHuU 6osiee CTapoil Bepcuu
BO3MOXXHBI HEKOTOPbIe HECOOTBETCTBHSI.

51 peKOMEHIYI0 IPUMEHSTh HHTEPAKTUBHYIO CPeNy pPa3paboTKu
(IDE), koTopasi obecrnieyrBaeT NpOBEPKY CHHTAKCHCA, aBTOJOTOHE-
HUe U peaKTOPUHT HCXOAHOTO KoAa. ITU GYHKLMH MOMOraioT U3-
Gexatb OmMbOK 1 GbICTPO MX HaiiTH. OIXHAKO eC/IH Bbl TOTOBUTECH
K TEXHUYECKOMY HHTEPBBIO, TO IOMHHUTE: BO BpeMst cobece10BaHusI
y Bac He OyIeT 3TUX HHCTPYMEHTOB, TaK YTO, BO3MOXKHO, IMeeT CMBICIT
MONPAKTHKOBATHCSI B HAIMCAHKMH KOJIa, He puberast K HUM.

Eciiu BB elile He 3arpy3uJiv KO JJ1s1 3TOM KHUTH, TO CMOTPUTE UH-
CTpyKIMH B pasaene «Pabora ¢ KogoM» IpearcIOBHUSI.

B karasore code Bbl 10/1KHbBI HAWTH 3TU (aiiibl U KaTanIorH:

Q build.xml — Ant-daiin, ynpoliaomui KOMIUJISLHUIO U 3allyCK
KOZa;

Q lib BkioyaeT GUGIMOTEKH, KOTOPbIE BaM MOHAA00STCs (47151 AaH-
HOTO yNpa>kHeHUs! Hy>kHa Tojbko JUnit);

Q Src COLEP>KUT UCXOAHBIN KOZ.
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Ecnu BBl nepeiinete B katasnor src/com/allendowney/thinkdast, To Haii-
JleTe UCXOIHBIN KO/ 3TOTO YIIPaskKHEHHUS:

Q ListClientExample.java COAEPKHUT KOX U3 NMPEABIAYIIErO ITyHKTa,

O ListClientExampleTest.java comepxut tect JUnit ans
ListClientExample.

ITpocMotpuTe ListClientExample u ybeauTech, YTO IOHUMAETE,
Kak OH paboTaeT. 3aTeM CKOMNUIUPYUTE U 3amycTUTe €ro. Ecu BbI
ucnosb3ayeTe Ant, To MoXeTe TlepeliTH B KaTanor code ¥ aKTUBU3U-
poBaTh ant ListClientExample.

Beposm-lo, I[OABUTCA NMPpEAYTNIPEXAECHNE TUIIA:

List is a raw type.

// List aBnaeTcA HeobpaboTaHHbIM TUNOM.

References to generic type List<E> should be parameterized.
// Ccbinku Ha obwmii Tun List(E) AOMKHbI 6bITb NapameTpu30OBaHbl.

YTOoOBI HE YCAOXKHATH TIPUMED, I HE CTAJ ONPEAENTh THII dJle-
MeHTOB B List. Ecsin aTo npenynpesxaenne Bac 6eCTIOKOUT, TO MO-
JeTe UCTIPABUTD €r0, 3aMeHUB KXKABIN List uau LinkedList Ha
List<Integer> unu LinkedList<Integer>.

PaccMoTpuM ListClientExampleTest. OH aKTUBH3HPYET OIMH TeECT,
KOTOPBIN co3maeT ListClientExample, BhI3bIBaeT getlist, a 3aTeM
MPOBEPSET, SIBJSETCS U pe3yabTaToM ArraylList. CHayana aToT
TecT He Oy/IET BBITIOJIHEH YCIIENIHO, TaK KaK Pe3yJIbTaTOM BBICTYIIaeT
LinkedList, a He ArraylList. 3anmycTute ero u ybeauTech, 4YT0 OH
3aBepILUTCS HeyAadel.

3TOT TeCT UMeET CMLICN AN ONWUCAHHOrO YNPaXXHEHUS, HO
BOO6LLE ABNAETCH HE O4eHb NOAXOAALUMM NPUMEPOM. Xopolune
TECTbl AOMKHLI NPOBEPATb, YAOBNETBOPSET MM TECTUPYEMBIIA
Knacc Tpe6oBaHUaM uHTepdeiica; OHU He JOMKHbI 3aBUCETb
OT feTanemn peanusauuu.
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B ListClientExample 3aMeHuTe LinkedList Ha ArraylList. Bos-
MOXHO, IpHAETCs 106aBUTH onepaTop import. CkoMnuaupyire
U 3anmycTute ListClientExample. 3aTeM CHOBa BKJIOUYUTE TeCT.
Baaromapsi aToMy U3MeHEHHUIO OH I0JKEH 3aBEPLIUTHCS YCIIEUIHO.

Jlns BBINIONIHEHUS TecTa MOTPeGOBaIOCh TOMBKO MOMPABHUTh Lin-
kedList B KOHCTPYKTOPE; He HYXKHO OblJIO U3MEHSATb KaKue-1160
MecCTa, rae nosBiseTcs List. Yto npousoiiaer, eciu ceaTb 310?
3aMeHHM OTHO WX HECKOJIbKO MOsIBJIEHUI List Ha ArrayList. IIpo-
rpamMma Bce ellle A0/KHa paboTaTh KOPPEKTHO, HO ceffyac OHa «Iiepe-
onpenenenHasi». Eciu B GyayieM Bo3HUKHET MOTPeOHOCTh CHOBA
NIOMEHSATH UHTePGENC, TO PUAETCS U3MEHUTD OOJTbIIIE KOZA.

UYro mpou3soiizer B KOHCTpYKTOpe ListClientExample npu 3aMeHe
ArraylList Ha List? [ToueMy BbI He MOXKETe CO3/1aTh IK3eMILISIp List?



AHanu3 anropMTtMoB

Kak MbI BUIESTY B IPebITYILEH T71aBe, Java NpeocTaBseT IBe pea-
su3auuu uHrepdeica List: Arraylist u LinkedList. s ogHux
NPUJIOKEHHI ObICTpee paboTaeT BTopasi peain3anus, 1Jis APYTux —
nepBasl.

YT06bI pelnTh, KaKasi U3 HUX Jiydille OAXOAUT 1Jisi KOHKPETHOTO
NIPUJIOXKEHUS, MOKHO HCIOJIb30BaTh TaKoi crmocob: monpo6osath
o6e U TIOCMOTPETb, CKOJIBKO KaXKIOH U3 HUX TPeOyeTcsl BpeMEHH.
JlaHHBIN OAXO0/, KOTOPbIA HAa3bIBAETCSI NPOPUIUPOBAHUEM, UPEBAT
HECKOJIbKUMHU MPoGJIeMaMHu.

1. Tlpexze yeM Bbl CMOXeTe CPABHUThH aJTOPUTMBI, BbI JOJIKHbI
peanu3oBaTh ux 06a.

2. Pe3ysbTaThl MOTYT 3aBUCETD OT TOTO, KAKOL KOMITBIOTEP BbI HC-
nosb3yete. OMH aITOPUTM XOpOLIO paboTaeT Ha OXHOM MallIH-
He, BTOPOW — Ha IpYTOH.



[naea 2. AHanu3 anropuTMoB 29

3. Pe3yJIbTaTbI MOTYT 3aBUCETb OT pa3Mepa 3aJa4i W/ JaHHbIX,
MpeaOCTaBJIECHHbIX B KAYECTBE BXOAHBIX.

HekoTopble U3 3TUX 3a/1a4 MOXKHO DEIIUTDb C NOMOLIBIO AHAIU3A
anzopummos. B nporecce cBoeii paboTbl OH N03BOJISIET CPAaBHUBATh
aJITOPUTMBI, He Kacasch uX peanusanuu. Ho Mbl 10MKHBI BBECTH
HEKOTOpBIE JOMYIIEHHUSI.

1. Utob6bl u3bexath paboTHI C 3JIEMEHTAMH KOMIIbIOTEPHOTO 060-
Py/JOBaHUs1, Mbl OOBIYHO OIpe/ieisieM OCHOBHbIE ONepPaLiH, KO-
TOPBIE COCTABJISIIOT QJITOPUTM (TaKHe KaK CJI0KeHUe, yMHOXKEHHE
Y CpaBHEHHE YHCeN), ¥ MOJCYUThIBaeM KOJHYECTBO OllepallMi,
Tpe6yeMbIX KaXXIOMY aJITOPUTMY.

2. Jlyymwii BapuaHT 060MTH HEO6XOAMMOCTD PabOTaTh C 3/1eMeH-
TaMM BXOJHBIX JIaHHBIX — MIPOBECTH aHAJIM3 MpeAINoJaraeMoi
CpeaHel TPOU3BOAUTENBHOCTH BXOOB. Ec/in 3TO HEBO3MOXKHO,
TO B KaueCTBe MPOCTOI aJbTepPHATUBbI OAO0H/IET aHaIN3 Hau-
XY/ILETO CLEHAPHSI.

3. HakoHsel1, BO3MOKHO, UTO OJIMH aJITOPUTM Jiy4llle BCEro MOAXO0-
JWT 17151 HeGOIbIIMX 3a1a4, a APYroid — AJist oobeMHbIX. B aTOM
ciydae Mbl 00bIYHO (HOKYCHpPYeMCsl Ha NMOCAeHUX, TaK KakK /1S
HebOOBIINX 3a/1a4 Pa3HHUIIA, BEPOSTHO, He UMeeT 3HauYeHHsl, HO
A1 6ONBIIMX OHA MOXKET ObITh OTPOMHOIA.

Takoil BUJ aHaJIM3a MOJAAETCS MPOCTOU KIaccudUKallUU ajro-
puT™MOB. HanpuMep, eci Mbl 3HaeM, 4TO BpeMsl BbITNIOJIHEHUA aJl-
roput™Ma A MMeeT TEHAEHLHIO ObITh MPOMOPLUOHAIbHBIM Pa3Mepy
BBOJIa 71, 2 BPEMsI BBIITOJIHEHUS aJropuT™Ma B MeeT TeHaeHLHIO
6BITh TIPONOPIMOHANBHBIM 712, TO OKKzIaeM, 4To A GyaeT ObIcTpee,
4eM B, o kpaiiHeit Mepe 1711 60IbIINX 3HAYEHUIA 71.
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boapuinHCTBO IIPOCTBIX AJITOPUTMOB OTHOCATCA K HECKOJIbKUM
KaTeropusm.

O AJITOPHTM OTHOCUTCSI K aJITOPUTMY NOCTMOSAHHOZ0 BPEMEHU, €CTTH
BpeMsl BHIINIOJIHEHHUSI He 3aBUCHUT OT pasMepa BBoAa. Hanpu-
Mep, MPH HaJIMYMKU MAaCCHBA U3 7 31IEMEHTOB M NPUMEHEeHUU
omepatopa cko6ok ([]) ans gocTyna K OTHOMY M3 31EMEHTOB
notpebyeTcsl ONMHAKOBOE KOJIMYeCTBO ONepaluii He3aBUCHMO
OT BeJIMYMHBI MAaCCUBA.

Q Jlunetinolm aITOPUTM SIBJISIETCS], €CTM BPEMSI BBITIOJIHEHUS TIPO-
MOPIIMOHAIBHO pa3Mepy BBoja. Tak, AJ1s1 CyMMUPOBaHUs 371e-
MEHTOB MacCHBa HY>KHO IOJIYYUTb AOCTYTI K 71 37IEMEHTaM U BBINOJ-
HUTb 1 — 1 coxenunit. Obiee KOMYECTBO onepanuii (1octyna
K 9JIeMEHTaM W CJIOXKeHHsl) cocTaBiasieT 2n — 1, 4To mpomnop-
LIMOHAJIBHO 7.

Q Keadpamuunvim aJTOPUTM MOXKHO Ha3BaTh MPU YCJIOBHH, YTO
BpeMs BBITIOJIHEHHsI IpOTIopiioHanbHo n2. HanpuMep, Heobxo-
JIMO TIPOBEPUTD, MOSIBJISIETCS JIN KAaKOM-TH00 3IEMEHT B CITHCKe
6osee omgHoro pasza. [IpocToit anroputM — cpaBHeHHe Kax/0ro
3JIEMeHTa CO BCEMH OCTaIbHBIMH. EClu eCThb 7 271eMEHTOB U KaX-
Ibli CpaBHUBAeETCs C ApyruMu n — 1 aneMeHTamy, To obluee
KOJIMYECTBO CPAaBHEHUI PaBHO 7% — 71, YTO MPONOPIMOHANBHO 1’
MIPYU BO3PACTaHUU 7.

CopTupoBska BbI6GOpOM

[IpuBeny npuMep peanus3alyy IIPOCTOTO aJICOPUTMa MO Ha3BaHHEM
copmuposka 6vi60opom (cM. http://thinkdast.com/selectsort):

public class SelectionSort {

/**
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* MeHAeT MeCTaMu 3/1IeMeHTbl B WHAekcax i un j.
*/
public static void swapElements(int[] array, int i, int j)

{
int temp + array[i];
array[i] + array[j];
array[j] + temp;
}
/**
* HaxoAuT WMHAEKC C HaWMMeHbWWM 3Ha4YeHueMm,
* HauyMHaA C MHAeKCa Npu 3anycke (BKAKYUTENLHO)
* W ABUranacb K KOHUY Maccuea.
*/
public static int indexLowest(int[] array, int start) {
int lowIndex + start;
for (int i + start; i < array.length; i++) {
if (array[i] < array[lowIndex]) {
lowIndex + i;
}
}
return lowIndex;
}
/**
* COpTUpyeT 3nemeHTH (Ha MecTe) C NOMOWbK COPTUPOBKM BbIGOPOM.
*/
public static void selectionSort(int[] array) {
for (int i + @; i < array.length; i++) {
int j = indexLowest(array, i);
swapElements(array, i, j);
}
}
}

[lepBhiit MeTOX swapElements MeHsIET MECTaMH [iBa 5J1EMEHTa Mac-
cuBa. YTeHue U 3aKUCh 31EMEHTOB — OIEPallH IIOCTOSTHHOTO Bpe-
MeHu. [ToaToMy eciiu pa3Mep 3/1eMEHTOB U MOJIOKEHHE I1EPBOTO
3JIEMEHTA U3BECTHBI, TO MOXXHO BBIYHCJIUTH MECTONOJIOXKEHHE JIIO-
60ro APyroro sjaeMeHTa C TIOMOLIbIO OHOH ONepaluy YMHOXEHHUS
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U OTHOM OIlepaluru CJIO0XEeHUA, U obe ABAAI0TCA onepaurAaAMHU Io-
CTOSTHHOT'O BDEMEHMU. HOCKOJII)Ky BCE B swapElements OTHOCUTCS
K IIOCTOSIHHOMY BPEMEHH, TO U BECb METO/ ABJIAETCSA METOAOM I10O-
CTOSTHHOI'O BpEMEHH.

Bropoii MeTon indexLowest HAXOAUT WHAEKC HAUMEHBLIErO 3IEMEH-
Ta MaCCHBa, HaYMHasl ¢ 3alaHHOTO MHIeKca start. [lpu kax oM npo-
XO/Ie IIMKJIa OH 0OpaIaeTcst K AByM 3JIEMEHTaM MacCHBa U BBIIIOJ-
HsieT ogHO cpaBHeHUe. [TockosbKy 3TO BCe onepanuu MocTOSTHHOTO
BpPEMEHH, Ha CaMOM [IeJie HEBa)KHO, KaKue U3 HUX OYAyT CYUTAHBL.
Belyncm KOJIM4eCcTBO CPaBHEHUI.

1. Ecau start paBen 0, To indexLowest mpocMaTp1BaeT BeCh Mac-
CHB, a o0lllee KOJIMYeCTBO CPAaBHEHUH — [JIMHA MacCHBa, KOTO-
pyio st 6yny Ha3bIBaTh 7.

2. Ecnu start paBeH 1, To KOJIMYECTBO CpaBHeHUM paBHO 71 — 1.

3. KonuyecTBo cpaBHEHHUIT PaBHO 7 — start, I03TOMY indexLowest
SIBJISIETCS JINHEMHDBIM.

Tpetnii meron selectionSort coprupyer MaccuB. OH MPOXOAUT
uuka ot 0 1o n — 1, noaToMy nocyeHUI BbINOJHSIETCS 1 pa3. Bes-
KW Pa3 METOJ BbI3bIBaeT indexLowest, a 3aTeM COBepIIaeT omepa-
LIUIO IOCTOSTHHOTO BpeMeHU swapElements.

B nepBblii pa3 indexLowest BbIIIOJIHAET 7 CDaBHEHUH, BO BTOPOit —
n—1uT. 1. Obiee KOJMYECTBO CPAaBHEHHI COCTABUT: '

n+n-1+n-2+.+1+0.

CymMma aTux cTpok paBHa n(n + 1) / 2, 4TO NpONOPIHOHATBHO 12
TO eCTb selectionSort sBJSIETCS KBaApaTUYHBIM.
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YT06BI NOMYyYUTh TAKOM PE3yJIbTAT APYTUM CIIOCOOOM, MOXKHO Iy~
MaTb 06 indexLowest Kak O BJIOXKEHHOM IMKJje. Kaxaplil pa3 rnpu
BBI30Be indexLowest KOJIMYECTBO OIEpPalHii NPONOPLUOHANBHO 7.
OH BBI3BIBAETCA 7 Pa3, TaKMM 00pa3oM, obliiee KOJMYECTBO ONepa-
M POMOPILHOHATIBHO 7.

HoTtauma «O» 6onbLioro

Bce ajqropuT™MBbl TOCTOSIHHOTO BPEMEHHU NPUHAIJIEXKAT MHOXE-
ctBy O(1). Boipaxkycp nHaye: CKa3aTb, YTO aJATOPUTM SABJISETCS
aJITOPUTMOM MOCTOSIHHOTO BpEMEHHU, — 3HA4YUT CKa3aThb, YTO OH
Haxoautcs B O(1). AHaslorn4HO BCe JMHENHble aJlTOPUTMBI NPH-
HajIexaT MHOXecTBY O(n), a Bce kBaapatuyHsie — O(n?). IToT
cnoco6 knaccuduKauy aIrOpUTMOB HasbiBaeTcs Homayuell «O»
6onvuiozo.

Al 1al0 NOBEPXHOCTHOE OnpeAeneHue 3Tol HoTauuu. Bonee
MaTeMaTMyeckoe onucaHue cM. no aapecy http://thinkdast.com/
bigo.

OTa HOTaUKA NPeIOCTaBIsAeT yAOOHBIHA C1I0cO6 HAMCAaHUs OOIMHUX
TNPaBUJ O TOM, KaK BelyT ce0sl ITOPUTMBbI [IPH UX COCTABJIEHHH.
Hanpumep, Py BBINOJHEHUH JTHHEHHOTO aJTOPUTMA, 32 KOTOPBIM
cJIe[lyeT aJITOPUTM MOCTOSIHHOTO BpeMeHH, ofl1iee BpeMs BBINOTHe-
Hus GyneT MuHeHHbIM. B hopMysie € 03HaUaeT «SBIISETCS YIEHOM».

Ecmu fe O(n)ug e O(1), tof+ g e O(n).

BeinosiHeHHe IBYX NUHEIHBIX ONepalyii He TOBJIHUSIET Ha CYMMY:
OHa MO-TIPeXXHEMY OCTaeTCs! IMHEHHOM.
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Ecmu f e O(n)ug e O(n), 10 f + g € O(n).

QDakTHYeCKH TPH BHINOJHEHUH JTMHEHHON onepauuu a060e Ko-
JINYECTBO pa3 k CyMMa SIBJISIeTCsl TNHEHHOM, NoKa k — KOHCTaHTa,
He 3aBUCSIIAs OT 7.

Ecnu f € O(n) u k — koHcTaHTa, TO kf € O(n).

OnHako B ciiyyae BbIIIOJHEHHUs! IMHEHHO Olepauny 7 pa3 pe3yJib-
Tat OyaeT KBapaTHYHBIM.

Ecnu f € O(n), o nf € O(n?).

Hac uHTepecyeT ToNbKO HaubobIINIA MOKAa3aTe b CTENEHN YHC-
na n. Vtak, eciu obliee KOJIMYECTBO ONepanuil paBHo 2n + 1, To
ornepaius NpHHaAIeXXuT MHOXecTBY O(n). KoHcTaHTa pu nepBoM
4jieHe, paBHasl 2, U IONOJHUTENbHBIH YJleH, paBHBIH 1, HEBaXKHBI
AJIS aHaJiu3a Takoro poaa. AHasoruyso n? + 100n + 1000 Haxo-
autcs B MHOXXecTBe O(n?). He naiite cebst 3amytaTh GObIINMHU
yucaamu!

[To-apyroMy onucaHHOE sIBlIEHHE HA3bIBAETCS NOPAGKOM pocma.
ITO MHOXKECTBO aJIFOPUTMOB, BpeMsI BbITIOJIHEHUSI KOTOPBIX Ha-
XOAUTCSI B OQHOM U ToW xe kaTeropuu «O» Goabuoro. Hanpu-
Mep, BCe JIMHEWHbIEe aJITOPUTMBI OTHOCSTCSI K OMTHOMY M TOMY XKe
MOPSIAKY POCTa, MOCKOJIBKY UX BPeMs BBINIOJIHEHUST IPUHAJIEKUT
MHoxecTBY O(n).

B 1aHHOM KOHTEKCTE «IOPSII0OK» — TpyMmna, noxoxasi Ha Opden
poiapeii Kpyznozo cmona, KOTOpBIU SIBJISIETCS TPYIION phiLiapei,
a He cnocoboM ux noctpoeHus. TakuM 06pa3oM, opden aunelHbLx
an20pUmMMO8 MOXHO NPEICTABUTH KaK HabOp CMeJbIX, 61aropoaHBIX
Y 4pe3BbIYaiiHO 3G PEeKTUBHBIX aTTOPUTMOB.
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YnpaxHeHue 2

YnpaxxHeHue A 3TOH I71aBbl — peain3alus List ¢ UCroab3oBa-
HUEM MacCHBa Java JJ1s1 XpaHeHHsI 3JIEMEHTOB.

B penosuTopuu Kona K gaHHOW KHure (cM. mogpasaen «Pabora
C KOIOM» B NPEIMCIOBHH) Bbl HaiifeTe TpeOyeMble HCXOAHBIE
(aitnbl.

Q MyArraylList.java COAEPXHT YaCTUYHYIO peaJM3allMi0 HHTEP-
(eiica List. YeTbipe MeTOa He 3aKOHYEHBI; Ballla 3aja4a — 3a-
NOJIHUTD HX.

Q MyArraylistTest.java Bkiioyaet TecTsl JUnit, ¢ moMoubio
KOTODBIX Bbl MOXKETE [IPOBEPHTH CBOIO PaboTy.

BbI Takoke Haiiziete ¢aits cOopku 17151 Ant Nox HazBaHHEM build. xml.
W13 karanora code MOXKeTe akTUBM3UPOBaTh ant MyArraylList ans
3amycka (aiinia MyArrayList.java, KOTOPbIH COIEPKUT HECKOJIBKO
HPOCTHIX TECTOB, UJIM ant MyArraylistTest mJs 3amycka TecTa
JUnit.

[Ipu 3anycke TeCTOB HEKOTOPble U3 HUX 3aBepILIaTCs HeyAayHo.
Ecnu BB u3yunTe HCXOAHBIH KOJ, TO Hal/ieTe 4eTbipe KOMMEHTapHs
TODO, yKa3bIBaIOI[1ie METO/bI, KOTOPbIE BbI AOJIXKHbI 3aTIOIHUTD.

[Tpex e 4eM BBl HAYHETE 3aMOJIHSATh HEAOCTAIOLME METO/IbI, TTOLLa-
rOBO PAaCCMOTPHUM HeKYI0 4acTb koza. Hinke npesctasiieHbl onpese-
JieHHe KJIacca, epeMeHHble 9K3eMILISIpa U KOHCTPYKTOP:

public class MyArrayList<E> implements List<E> {

int size; // oTcnexuBaeT KONUYECTBO 3NEMEHTOB
private E[] array; // XpaHWT 3NeMeHTbl

public MyArrayList() {
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array = (E[]) new Object[10];
size = 0;

}

Kak BUIHO U3 KOMMEHTAPUEB, Size OTCJIEKUBAET KOJIUYECTBO dJle-
MEHTOB B MyArraylList, a array — 3TO MacCUB, KOTODbIif Ha CaMOM
JieJie COAEPKUT DJIEMEHTHI.

KoHCTpyKTOp CO3aeT MacCHB U3 €CSITH 371€MEHTOB, U3HA4YAIbHO
HMMeIOIIMX 3HaYeHHe null, U yCTaHAaBJMBaeT 3HaUYeHHe size paB-
HbIM 0. B GosbIIMHCTBE ClyyaeB AJIMHA MaccuBa GoJiblle size, mo-
3TOMY B HEM €CTh HEHCII0JIb30BaHHbIE 00J1aCTH AMSITH.

OtsmunTesIbHAs YepTa Java TaKoBa: HeJb3sl CO3aBaTh IKIEMILTISIP
MacCHBa C MIOMOIIbIO TAPaMETPa THIA; HAIPUMED, CJIeylollee Bbl-
paxkenue He 6yaer paboTats:

array + new E [10];

Y1066l 060UTH 3TO OTPAHUYEHHE, HY)KHO CO3aTh IK3EMILISIP Mac-
cuBa Object, a 3aTeM NPUBOAUTD €r0 K THIaM. Y3HaTb GoJblie 06
3Tol mpobyieMe MOXKHO 110 aapecy http://thinkdast.com/generics.

I[aJIee pacCMOTpUM METOL, KOTOprﬁ lIO6aBJ'I$[eT 3JIEMEHTHI B CITU-
COK:

public boolean add(E element) {

if (size >= array.length) {
// co3paem 6onbwWii MaccuMB W KONUpyeMm dNeMeHTbl
E[] bigger = (E[]) new Object[array.length * 2];
System.arraycopy(array, 0, bigger, @, array.length);
array = bigger;

}

array[size] = element;

size++;

return true;
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Ecnu B MaccuBe HET HEMCIOIB3YEMOTO IIPOCTPAHCTBA, HYXHO CO3-
nath OOJBIIMI MaCCHB U CKOMIMPOBATh 3JIEMEHTHL. 3aT€M MOXKHO
COXPaHHUTD 3JIEMEHT B MacCHBE U YBEJIUUUTD size.

Bo3MoxHO, HEOUEBUIHO, TTOYEMY ITOT METOA BO3BpalllaeT JIOTU-
YyecKoe 3HaueHHe, Bellb KKETCSI, YUTO OH BCETAA BO3BpallaeT true.
Haiitu oTBeT MOXKHO B TOKYMEHTALMK Ha caiiTe http://thinkdast.com/
colladd. KpoMe Toro, HesICHO, KaK aHaJIM3UPOBATh TPOM3BOAUTEND-
HOCTb IaHHOTO MeTo/1a. B 06BIYHOM Cily4ae OH SIBJSIETCS METOLOM
TIOCTOSIHHOTO BPEMEHH, HO CTAHOBUTCS JIMHEMHBIM B CJIy4ae Heo6xo-
JIMMOCTH U3MEHHUTD pa3mep MaccuBa. S 06BSICHIO, Kak 3TO CAENaTh,
B pasnene «Knaccudukanus Bepcuii Metona add» riassi 3.

Haxkomer, ITOCMOTPHM Ha MeTOJ get, a 3aT€M Bbl CMOXETE IPUCTY-
IMATH K YIIPAXKHEHUIO:

public T get(int index) {
if (index < @ || index >= size) {
throw new IndexOutOfBoundsException();

}

return array[index];

}

Ha camoM fesne get AOBOJIBHO NPOCT: €CJIU MHAEKC BBIXOAUT 3a
TPaHUIlbl, TO TEHEPUPYET UCKJIOYEHHUE; B IPOTUBHOM CJyyae OH
CYMTHIBAET U BO3BpAILaeT 3jieMeHT MaccuBa. O6paTiTe BHUMaHHe:
OH TNpOBepsieT, MeHblIe JIU UHIEKC, YeM size, a He array.length,
MO3TOMY HEBO3MOXKHO IOJYYHUTh ZOCTYI K HEUCIOIb3yEeMbIM 3JI€-
MEHTaM MacCHBa.

B MyArraylList.java Bbl HaljieTe 3aryIuKy AJsi MeToAa set, KOTo-
pasi BBITJISIAUT TaK:

public T set(int index, T element) {

// TODO: 3anonHuTe 3TOT MeTOA.
return null;
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IIpouuTtaiiTe TOKyMeHTAaLUIO AJs1 MeToa set Ha caiiTe http://
thinkdast.com/listset, 3aTem 3anosuuTe ero teso. Eciu Bb cHOBa 3a-
nmycTuTe MyArraylListTest, To testSet JOJI)KeH BBINOJHUTHCS
YCIIELIHO,

CrapaifTecb He NOBTOPATL KOA NPOBEPKMU MHAEKCA.

Bama cienyromast Muccusi — 3anoJaHUTh index0f. Kak 06biuHO,
HY>XHO IIPOYMTATh AOKYMEHTALHMIO 1O azgpecy http://thinkdast.com/
listindof; 13 Hee BBI y3HaeTe, YTO METOJ IOJDKEH AesaTh. B yacTHOCTH,
obpaTuTe BHUMaHHeE Ha TO, KaK eMy cJiefyeT obpabaTeiBaTh null.

51 mpexcTaBuJ BCIOMOTaTeIbHBIN MeTOJ MOJA Ha3BaHUEM equals,
KOTODBII CPDABHUBAET 3JIEMEHT U3 MAacCHBa C UICKOMBIM 3HaYeHUEM
¥ BO3BpaAIllaeT true, €CIM OHU PaBHBI (a TaKXXe MPaBHUIbHO 06paba-
ThiBaeT null). O6paTuTe BHUMAHKE: STOT METOM SBJISAETCS 3aKPbl-
TBIM, TaK KaK MCIOJIb3YEeTCSI TOJbKO BHYTPHU AAHHOTO KJAACCa; OH
He BXOAHUT B HHTepdeiic List.

Korza BbI 3akoHUMTE, 3anycTHTE MyArrayListTest elife pas; ceiiyac
testIndexOf JOJKeH 3aBEPIIMTHCS YAAYHO, KAK U IPYTHE TECTHI,
KOTOPBIE 3aBUCSIT OT HETO.

Ocranoch elle ABa METOZA, U BBl 3aKOHYUTE 3TO YIPAKHEHHUE.
Caenymomuit MeTo NpeAcTaBsieT coboii meperpyXeHHyIo BEpCHIO
add, KOTOpas MPpMHUMAET HHAEKC U COXpaHseT HOBOE 3HAUEHUE IO
NaHHOMY MHIEKCY, CMeIlast TpY HeOOXOAUMOCTHU JPYTHE TEMEHTHI
11T 0CBOOOXKIEHHS] MECTA.

CHoBa mpouHTaiiTe JOKYMEHTANUIO Ha caiiTe http://thinkdast.com/
listadd, HanUIOIKUTe peaJM3aLUIO U 3allyCTUTE TECTHI AJs IOATBEP-
KIEHHS.
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N36eraiiTe NOBTOPEHWUA KOAA, KOTOPLIN YBENNUMBAET MACCHB,

Hanocaenok 3anonHuTe Tes0 MetoAa remove. JlokyMeHTalus Ha-
XoauTcd 10 azgpecy http://thinkdast.com/listrem. Korna 3akonuure, Bce
TeCThI AOJIXKHBI BHIITOJTHUTHCS YCIELHO.

Kak To/IbKO BBIMIOJTHUTE CBOIO paboTy, CPaBHUTE €e ¢ Moeif, KOTo-
PYIO MOXeTe TIPOYUTATh, epeis no ceblike http://thinkdast.com/
myarraylist.



3 Knacc ArrayList

Ota rnaBa y6uBaet cpady ABYX 3aillieB: s1 OOBSICHSAIO pellleHHe
NpeabIAyIIEro YIpaxKHeHUsl ¥ IEMOHCTPUPYIO criocob Kiaccudu-
Kalll¥ QJITOPUTMOB C TIOMOLIBIO AMOPMUIAUUOHHOZ0 AHANUSA.

Knaccndpukaumsa metoaos MyArrayList

Jl1s1 MHOTUX METOZOB MOXHO OIIPENEUTH MOPSIAOK POCTA, U3ydast
koa. Hampumep, HuXe npeacTaBieHa pealu3alds MeToa get U3
MyArraylList:

public E get(int index) {
if (index < @ || index >= size) {
throw new IndexOutOfBoundsException();

}

return array[index];

}

Bce B 1aHHOM MeTo/Ie BBIITOTHSIETCS 32 [IOCTOSTHHOE BpeEMA, IIO3TOMY
U CaM OH ABJISIETCA METOJAOM IMMOCTOSSHHOTO BDEMEHHU. Het l'IpO6JIeM.
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Teneps, xoraa Ml kaccurIMPOBAIH get, MOXKHO TO Xe Ipoje-
JIaTh C METOAOM set, KOTOpbIH ero ucnosb3yeT. Hawa peanusanus
set U3 NMpeAblyLIero ynpaxHeHHUs:

public E set(int index, E element) {
E old + get(index);
array[index] + element;
return old;

}

PannoHanbHOCTH 3TOrO peleHus CBs3aHa ¢ TeM, YTO BMeCTO
SIBHOUM MPOBEPKHU IPAHMI] MAaCCHBA UCIIOJIb3yeTCs] MPEUMYIECTBO
MeToza get, KOTOPBIi BbI3bIBAET UCKIIOYEHUE, €CIU UHAEKC He-
JNeCTBUTEJIEH.

Bce B MeToze set, BK/I0Yast BbI30B get, BBINOJNHSETCS 32 TOCTOSH-
HO€ BpeMsl, IO3TOMY set TakKxe SIBJISIETCSI METOZOM NOCTOSIHHOTO
BpEMEHHU.

Teneps paccMOTpUM HeKOTOPbIE JINHeliHble MeToab!. [IprMep Moeit
peann3auny indexof:

public int indexOf(Object target) {
for (int i + @; i<size; i++) {
if (equals(target, array[i])) {

return i;
}

}

return -1;

}

ITpu xaxxaom npoxone 1uKIa indexOf BeI3bIBaeT equals, OITOMY
CHayaJa Hy>KHO KJacCU(pUUUPOBATh 3TOT MeTOA, KaK MOKa3aHO
HIUKeE:

private boolean equals(Object target, Object element) {
if (target += null) {
return element += null;
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} else {
return target.equals(element);

}
}

ITOT MeTO/]] BbI3bIBaeT target.equals; BpeMsl €ro BHITIOJTHEHUS MO-
JKeT 3aBUCETh OT pa3Mepa target UM element, HO, BEPOSITHO, HE 3a-
BUCHUT OT pa3Mepa MacCHBa, TaK YTO Mbl CUYNTaE€M €ro MOCTOSTHHBIM
IS aHaIM3a indexOf.

BoaBpaitasich k index0f, Bce BHYTpHU LUKJIa BHIIIOJHsETCS 32 MO-
CTOSTHHOE BPEMs], [I03TOMY CJIEAYIOIUI BONPOC, KOTOPBIH HY>XKHO
PacCMOTPETh: 3TO CKOJIbKO Pa3 BBITIOJTHUTCS LMK ?

[Ipn yaayHOM CcTeueHUH OOCTOSTENBCTB MOXKHO Cpa3y HallTH Hc-
KOMBIH O6BEKT ¥ BEPHYTHCS NOCJIE TECTUPOBAHUS TOJIBKO OZHOTO
aneMeHTa. B NpoTUBHOM ciiyyae, BEPOSITHO, IPUAETCS IPOBEPUTH
BCe 3JIeMEHTBI. B cpeHeM 0XHIaeTcst, YTO Hy>KHO OYeT mepecMo-
TPETb MOJIOBUHY 3/IEMEHTOB, TAKMM 00Pa30M, 3TOT METOX CYUTAETCS
JIMHENAHBIM (32 UCKIIOYEHHEM MAJIOBEPOSITHOTO CJIy4ast, KOTAa U3-
BECTHO, YTO MCKOMBIH 3/IeMEHT HaXOIUTCS B Hayajle MacCHBa).

Ananus MeTona remove aHajsornieH. Mos peanusanus:

public E remove(int index) {
E element + get(index);
for (int i=index; i<size-1; i++) {
array([i] + array[i+1];

size--;
return element;

}

JlaHHBII METOJ UCMOJIb3yeT get, SBISIOMUIICA METOAOM TTOCTO-
SIHHOTO BPEMEHH, a 3aT€M NMPOXOAUT LIMKJIOM N0 MAaCCHUBY, Ha-
yuHas ¢ index. B ciyvae ynaneHus aseMeHTa B KOHLEe CIMCKa
LUKJ HUKOTAa He 3amycTuTcs. [Ipu yaaneHun nepBoro ajeMeHTa
HY>KHO MPOMTH LIMKJIOM IO BCeM OCTaBIIUMCS dneMeHTaM. J{aH-
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HBIH UUKJ ABJsieTCs TUHeHHBIM. VITak, MeTox remove CYMTaeTCA
JIMHEHHBIM (32 HCKTIoYeHHeM 0c060ii CUTYal[MH, KOT/Ia U3BECTHO,
YTO 3JIEMEHT HaXOAUTCS B KOHIIE MJIM Ha TIOCTOSIHHOM PacCTOSHUU
OT KOHIIA).

Knaccudukaums sepcuin metoaa add

Huxe npeacrasieHa Bepcusi add, KOTopasi IDUHUMaeT MHAEKC
Y 3JIEMEHT B KAUeCTBe I1apaMeTpPOB:

public void add(int index, E element) {
if (index < @ || index > size) {
throw new IndexOutOfBoundsException();

}

// Ro6aBUTb dneMeHTbl ANA U3MEHEHWA pas3mepa
add(element);

// cMmeleHne Apyrux snemeHToB
for (int i=size-1; i>index; i--) {
array[i] + array[i-1];

}

// nomewaem HOBbIH 3NEMEHT B HYXHOE MecTo
array[index] + element;

}

JTa ABynapaMeTpuyeckasi Bepcus oA Ha3BaHHeM add(int, E)
HCII0/1b3YyeT OAHONapaMeTpUUecKylo BepcHlo add(E), koTopas no-
MelIaeT HOBBIN 3JIEMEHT B KOHEIl MacCHBa array. 3aTeM OHa C/BHU-
raeT OCTaJbHbIE 3JIEMEHTHI BIIPABO U MOMeIlaeT HOBbIH 3J1eMEHT
B HY>KHO€ MECTO.

[Tpexnae yeM knaccupuupoBaTh AByNapaMeTpUYeCKU MeTOA
add(int, E), HYXHO kJaccuUIPOBATh OJHONIApaMeTPHUeCKUi
add(E):

public boolean add(E element) {
if (size >= array.length) {
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// co3paem 6onbwniAi MaccUB W KONUpPYeM 3NeMeHTbl
E[] bigger + (E[]) new Object[array.length * 2];
System.arraycopy(array, @, bigger, 0, array.length);
array + bigger;

}

array[size] + element;

Size++;

return true;

}

OnHomnapaMeTpuyecKast BEPCHUST 0Ka3aJlach TPYAHOU 711 aHAHU-
3a. [Ipy HaMuMK B MaccHUBe HEUCITOJIb3YEMOTO MECTA OHA CTaHET
BBINIOJTHSATHCS 32 TIOCTOSTHHOE BPEMs], HO TIPH HEOOXOAMMOCTH U3-
MEHHTH pa3Mep MacCUBa 3Ta Bepcus GyeT JUHENHOM, MOCKOTIbKY
System.arraycopy noTpebyeTcsi BpeMsl, IPONOPILIMOHATIBHOE pa3-
Mepy MacCHBa.

Takum 06pa3oM, MeToqI add SIBJISIETCSI METOIOM ITOCTOSIHHOTO BpeMe-
HH WM JTUHEHHBIM? MOXHO ero kiaccubuiMpoBaTh, pa3MblILIsis
O Cpe/IHeM KOJIMYeCTBe ONepaliiii Ha OqHO Jo6aB/IeHHE 110 CPABHEHUIO
c cepueit u3 n gobaBieHnit. I1peanonoknm, 4To HaUMHAEM C MACCH-
B2, B KOTOPOM €CTb MECTO JIJISI IBYX 3JIEMEHTOB.

1. B mepBblii pa3 npu BeI30Be add OH HaXOAUT HEUCMONb3Y-
€MOe TIPOCTPAHCTBO B MAaCCUBE U TaKUM 00Pa30OM 3alMChIBAET
OIH 3JIEMEHT.

2. Bo BTOpOIi pa3 OH HAXOAUT HEUCITOJIb3yEMOE TIPOCTPAHCTBO
B MACCHBe U, CJIe[[OBATENbHO, COXPAHSIET OMUH 3JIEMEHT.

3. B rtperuii pa3 Hy>KHO U3BMEHHUTH pa3Mep MacCUBA, CKOIMPOBATh
[IBa 3JIEMEHTAa U COXPAaHUTb OAUH. Tenepb pasMep MaccuBa pa-
BEH YETHIPEM.

4. B deTBepThlit pa3 COXpaHsSeT OIUH JJIEMEHT.,
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5. B nsaTHi#i pa3 u3MeHsieT pa3Mep MacCHUBa, KOMUPYET YeThI-
pe 3/eMeHTa U 3anuchiBaeT oAuH. Tenepp pa3mMep MaccHBa
pPaBeH BOCbMHU.

6. Caenyiolmre TpH BbI30Ba add COXPaHSIIOT TPHU 3JIeMEHTa.

7. Cnenyrooumii BbI30B add KONUPYET BOCEMb 3JIEMEHTOB U COXpa-
HseT oauH. Tenepsb pa3Mep paseH 16.

8. Crenymouire ceMb BbI30BOB add COXPaHSIIOT CEMb 3JIEMEHTOB.
U Tak panee. [ToaBegem utoru.

1. IMocne YETbIpEX BbBISBOBOB add Mbl COXPpaHHJIK YETBIPE 3JIEMEHTA
M CKOIMMPOBaJIA ABa.

2. Ilocne BocbMu — COXPaHHJIA BOCEMb 3JIEMEHTOB U CKOIIMPOBa-
JIW IIECTb.

3. Ilocne 16 — coxpanuau 16 asemMeHTOB M ckonupoBanu 14.

Temnepb BbI 10KHBI YBU/IETD WAGJIOH: IS BBITIONHEHHSI 71 TOOABIIEHH
HY’KHO COXPaHHTb 7 3JIEMEHTOB U CKONMpPOBaTh 7 — 2. TakuM 06pasom,
ofl11ee KOJIMYEeCTBO ONEPALMi PaBHO 71 + 1 — 2, UTO COCTABIISIET 211 — 2.

YT06BI MONYYUTh CPEHEE KOJIMYECTBO ONMEPALUil 32 OAUH BBI-
30B add, c/lelyeT AeJIUTh UTOTOBYIO CYMMY Ha 1; pe3yJbTaT paBeH
2 — 2 / n. I1lo Mepe TOro KaK 7 CTAHOBHUTCS 6OJIbILIMM, BTOPOIi YJIeH
2 / n cTaHOBUTCS MaJIbiM. BHIpUCOBBIBAETCS OCHOBHOE IOJIOXe-
HUe — MHTepeC NPeACTABJISIOT TOJIbKO Haubobllne 3HAYeHUs 7, add
MOXHO paccMaTpUBaTh Kak MeTO/] MOCTOSTHHOTO BPEMEHHU.

MoxeT nokasaTbcst CTPAaHHbBIM, YTO aJIrOpHUTM, KOTOprﬁ HHOTrZa
ABJISIETCA JIHHeﬁHbIM, crnocobeH B CpeaHEM ObITH aJITOPUTMOM IT10CTO-
SAHHOT'O BpEMEHH. OO0bsCHEHHE TAKOBO: OJINHA MAaCCHUBa YABaNUBa€TCA
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MpH KKIO0M U3MEHEHUH ero paaMepa. ITO OrpaHMYKMBaeT Kouye-
CTBO KONMMPOBAHUH KaXAO0Tr0 3j1eMeHTa. B npotuBHOM ciyyae —
ecau 106aBUTh PUKCUPOBAHHOE 3HAYEHME K J/IMHE MAcCHBa, a He
YMHOXUTb — aHau3 He Oyner paboTats.

Cnocob kaaccuUKauu aIropuT™Ma ¢ MOMOLIBIO BHIYUCIEHUS
CPEIHETO KOJIMYECTBA B CEPUH BHI30BOB HA3bIBAETCSI AMOPMUIAUU-
OHHBIM AHAIU30M. Y 3HATh 00 3TOM 6OJIBIIIE MOXKHO 10 afipecy http://
thinkdast.com/amort. OcHOBHas uzes crocoba 3aKJaI04aeTcs B TOM,
4TO JONOJHUTENbHBIE 3aTPAThI HA KOTMPOBAHNE MAcCHBA PacIipe-
AENATCS («aMOPTH3UPYIOTCSI»> ) IO CEPHU BBI30BOB.

Teneps, eciu add(E) — MeTOA NMOCTOSIHHOTO BPEMEHH, TO KaK Ha-
cyeT add(int, E)? Ilocse BbI30Ba add(E) OH MPOXOAUT Yepe3 4acThb
MaCCHBa U MepeMelIaeT 3JIeMEHTBL. DTOT UMKJI — JIMHEHHBIH, 33 HUC-
KJIIOYeHHeM 0coO0ro CITy4ast, KOT/Ia 37IeMEHThI 100ABJISIIOTCS B KOHELL
cnucka. Takum o6pa3om, add(int, E) sBJIS€TCS IMHEHHBIM.

Pa3Mep 3apauu

[Mocneauuii mpuMep, KOTOPBIA MBI PACCMOTPHUM, — 3TO removeAll;
31ech IPECTaBJIEHA ero pealu3anys B MyArrayList:

public boolean removeAll(Collection<?> collection) {
boolean flag + true;
for (Object obj: collection) {
flag &= remove(obj);
}

return flag;

}

[Tpu KaxkI0M MPOXo/e UMKIIA removeAll BBI3bIBAeT remove, KOTOPbIH
siBasieTCsl TMHeHHbIM. CJieZ10BaTe/IbHO, HAllPallIiBAeTCsl BBIBO/L, UTO
MeTozt removeAll — kBagpariuHbiit. Ho 3T0 He 06513aTesIbHO TaK.
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B naHHOM MeTO/le IUKJT BBINOJIHSAETCS OAUH pa3 AJIst KaXI0ro dJ1e-
MeHTa B collection. Koraa collection comepxKuT m 2J1€MEHTOB,
a yliaJisieMblii CIUCOK — 7 9JIEMEHTOB, MeTOX HaxonuTcs B O(nm).
Ecnu pazMmep collection MOXHO CUUTATh MOCTOSIHHOHN BeJIMYU-
HOH, TO MeTO/I removeAll SABAsIeTCSA JUHEHHBIM OTHOCUTEJBHO 7.
Ho ecnu paamep collection nponopiuoHalleH #, TO removeAll —
KBaJipaTU4YHbIi. Hanpumep, B caydasnx, Korga collection Bceraa
conepxut 100 nin MeHee 371eMEHTOB, METOA removeAll ABJISETCS
auHeiHbIM. Ho ecain collection B 1esioM conepkuT 1 % aeMen-
TOB U3 CIIUCKA, METO/ removeAll sABJAETCS KBaJpaTUYHBIM.

Korza peus uet o pasmepe 3adauu, cienyet ObiTh OCTOPOKHBIMU
B OTHOILIEHUH TOTO pa3Mepa UM pa3MepoB, KOTOpble I0Jpa3yMeBa-
10TCAA. JlaHHBIA TPHUMeED IeMOHCTPHPYET JIOBYIIKY B aHAJIM3€ aJIro-
PUTMOB: cO6Ta3HUTEIbHbI JIETKUI Y Th B BI/E CYETYNKA LIUKJIOB.
[pu HaIMYKMK OTHOTO LIUKJIA AJITOPUTM 4ACMO SIBISETCS IMHEHHBIM.
Ecau ectb aBa 1Mki1a (OMH BJIOXKEH B IPYTOi ), TO aITOPUTM %Acmo
kBagpatuuHbiii. Ho octopoxno! HykHO 1ymMaTh 0 TOM, CKOJIbKO
pa3 paboTaet Kaxablii LK. [Ipy KoJIMYeCTBe HTEPaALM, IIPOIIOP-
LHOHAJIBHOM 71 [IJIs1 BCEX LIMKJIOB, MOXHO JIETKO OTAE1aThCsA — MPO-
cTO moacyuTaTh nukjbl. OnHako ecau (Kak B JaHHOM IpUMepe)
KOJIMYECTBO UTEPAIUil He BCeraa NPOMOPLUUOHANBHO 71, TO CIeLyeT
XOPOLIO NMOAYMAaTh.

CBA3HblEe CTPYKTYPbl AaHHbIX

[ns cnexyomero ynpaxHeHus sl IPeJOCTaBIIsI0 YaCTUYHYIO pea-
nu3anuio nHTepdeiica List, KOTOPBIH NCMONb3YeT CBA3HBIN CIH-
COK J1J1s1 XpaHeHUsl 371eMeHTOB. [IpouuTaTh O CBA3HBIX CIIUCKaX
MOJHO 1o anpecy http://thinkdast.com/linkedlist. 51 xe crenaio kpat-
KMii 0630p.
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Crpykrypa nanusix sipasietcst cBsianoit (linked), ecan cocrout
13 0ObEKTOB, YaCTO Ha3biBaeMbIX y3j1aMH (BepiirHamu) (nodes),
BKJIIOYAIOIIMX CCHIIKK Ha Ipyrue y3/bl. B CBA3HOM CITHUCKe KaXKAbIi
y3€eJl COAEPXKHT CCBHUIKY Ha caeylomuii y3en. [[pyrue cBs3Hble
CTPYKTYPbI BKJIIOYAIOT A€PeBbsi ¥ rpadbl, B KOTOPHIX y3J1bl MOTYT
BMEIIATh CChIJIKM Ha HECKOJIBKO IPYTHUX Y3JI0B.

Huxe I[IpMBEAEHO ONpeacJeHrue Kaacca IIPOCTOrO y3Jia:

public class ListNode {

public Object data;
public ListNode next;

public ListNode() {
this.data + null;
this.next + null;

}

public ListNode(Object data) {
this.data + data;
this.next + null;

}

public ListNode(Object data, ListNode next) {
this.data + data;
this.next + next;

}

public String toString() {
return "ListNode(" + data.toString() + ")";

}
}

OO6bexT ListNode HMeeT IBe MepeMeHHbIe 3K3eMILIsIpa: data siBJisi-
€TCs1 CChIJIKOM Ha KaKOH-JM60 OOBEKT, a next CChIAETCS HA CJIEMy-
IOIMH y3eJ B crivcke. B mocyieqHeM y3ie ciiicka nepeMeHHast next
I10 COIJIAlIEHUIO paBHa null.
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OO6bekT ListNode pacrnoJsiaraeT HeCKOJIBKUMH KOHCTPYKTOpaMH,
MO3BOJIAIOIIMMHU MPENOCTABISITh 3HAUeHNs data U next WU UHU-
[[MATU3UPOBATh UX 3HAYEHHEM 110 YMOTYAHHUIO null.

Kaxpiit ListNode MOXKHO pacCMaTpUBATh Kak CIIUCOK C OJTHUM 3JIe-
MEHTOM, HO B 6oJ1ee 0011eM MJIaHE OH MOXKET COAEPKATh M060e KO-
JIM4eCcTBO y310B. CylLIeCTBYeT HECKOJIBKO CIOCOOOB C/ie1aTh HOBBIH
crcok. IIpocToit BapuaHT — co3aaTh HabOp 00BEKTOB ListNode,
Harpumep:

ListNode nodel + new ListNode(1);

ListNode node2 + new ListNode(2);
ListNode node3 + new ListNode(3);

A 3aTeM CBsI3aTh UX MEXy c000ii, Kak OKa3aHO HUXe:

nodel.next + node2;
node2.next + node3;
node3.next + null;

Kpome TOro, MoxxHO co3aaTh y3€s 1 CBS3bIBaThb €0 B OHO U TO Xe
BpeMsa. Hanpumep, HOBBII y3es B Ha4aso CIUCKa 106aBsieTcs
CJIEYIOIMM 06pa3oM:

ListNode node® + new ListNode(®, nodel);

ITocJie BHINOTHEHMSI 3TOM 1TOC/IEI0BATETbHOCTH HHCTPYKIUH MTOSIB-
JISIIOTCS YeThIPe Y3713, Coflepakaline 1essle yncia (Integer) 0, 1, 2
1 3 B KayeCTBe JaHHBIX ¥ CBA3aHHbIE B TIOpsiIKe Bo3pacTaHusl. B no-
cJIeJHeM y3Jie nIoJle next UMeeT 3HaYeHHe null.

Ha puc. 3.1 nokasana auarpaMma 06beKTOB, 1€EMOHCTPHPYIOLIAs 3TH
riepeMeHHbIe 1 0OBEKTHI, HAa KOTOpPble OHU cchlaloTcs. IlepeMenHble
NPeNICTaBIeHbl UX UMEHAMH BHYTDPY NPSIMOYTOJIbHUKOB, II0Ka3bIBa-
IOIIMX, HA YTO OHU cChlIaroTcsl. OGbEKTHI BHIIJISIAST KaK MPSIMOYTOJIb-
HHUKH, IPUYEM UX TUI YKa3bIBA€TCsl CHapyXH (Hampumep, ListNode
1 Integer), a X NepeMeHHbIE 9K3eMILISIPA — BHYTPU.
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YnpaxHeHue 3

B pernosuTtopuu 4151 3TOM KHUTHU Bbl HaiieTe UCXOAHBle (aiiibl,
HeoOXOoAMMBIe ISl JAHHOTO YIIPAKHEHHUS:

Q MylLinkedList.java cOAepXHUT YaCTUYHYIO peaJu3allio HH-
Tepdeiica List ¢ MOMOLIbIO CBSI3HOTO CIMCKA AJS1 XpPaHEHUS
9JIEMEHTOB;

Q MylLinkedListTest.java BkmwouaeT TecThl JUnit fast MyLin-
kedList.

AxTuBU3NpYHTe ant MyArraylList ad 3amycka MyArraylist.java,
KOTOPBII COAEPKUT HECKOIBKO IIPOCTHIX TECTOB.

3aTeM MoJKeTe 3alyCTUTb ant MyArraylListTest [/ BbINOJHEHUS
tectoB JUnit. HekoTopble U3 HUX He OYAyT BBINOJIHEHBI YCIEIIHO.
W3yuuB ncXoxHbIN KO, BBl HaliZieTe TP KOMMeHTapus TODO, yKa-
3BIBAIOIE METO/bI, KOTOPbIE HYXKHO 3alIOJHUTb.

IIpexne uem HayaTh, Ipoitaemcs no koxy. Huke npuBenieHbl nepe-
MEHHDIX 9K3€eMILIsIpa M KOHCTPYKTOp AJIst MyLinkedList:

public class MyLinkedList<E> implements List<E> {

private int size; // oTcnhexwBaeT KONNYECTBO 3/1eMEHTOB
private Node head; // ccoinaeTcAa Ha nepebid y3sen

public MyLinkedList() {
head + null;
size + 0;

}

Kak yka3aHo B KOMMEHTapHsIX, size OTC/I€XKUBAET, CKOJIbKO 3JIEMEH-
TOB HAXOAUTCS B MyLinkedList; head ccblIaeTcst Ha MepBBI y3e
B CIIMCKe WJIM Ha null, ecyy NOCJIeJHUI yCT.
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XpaHUTb KOJUYECTBO IJIEMEHTOB HEeT HYK/bl, U B 1I€JIOM PHCKO-
BaHHO XPaHUTb U3OBITOYHYI0 NHGOPMALHIO B CBSI3U C TEM, 4TO
OTCYTCTBHE €€ KOPPEKTHOTO OOHOBJIEHUST MOXKET NPUBECTH K MO~
siBjieHUIo omuOKU. KpoMe Toro, Ha 9TO 3aTpayuBaeTcsd HEMHOIO
JOTTOJTHUTEIbHON MaMSITH.

OnHako siBHOE XpaHeHHe size MO3BOJUT pealn30BaTh METOX size
C IOCTOSIHHBIM BPEMEHEM; B IIPOTHBHOM CJly4ae MPUIIIOCH Obl
NPONTH 110 CIIKCKY ¥ MOJCYUTATD 3JIEMEHTHI, a /ISt ITOro TpebyeTcst
JIMHEITHOe BpeMsl.

ITocKoJIbKY size XpaHHUTCS sIBHO, HY)KHO OOHOBJISATb €I0 KaX/bli
pa3 npu 106aB/IeHUH WM yIaJeHUH 3/1eMEeHTa; 3TO HEMHOT'O 3aMel-
JISieT YKa3aHHble METO/IbI, HO He MEHsIET IOPAAOK UX POCTA, II03TOMY,
BEPOSITHO, CTOUT TOTO.

KoHcTpykTop npucBanBaeT head 3HaueHue null, yka3plBalollee Ha
TO, UTO CIIUCOK ITyCT, U 33J1a€T 3Ha4YeHHe size, paBHOE 0.

ITOT KJIacC UCMOJAb3yeT NIapaMeTp TUIa E /I TUIIA 3JIEMEHTOB.
Ecsiu BBl He 3HaKOMBI C TapaMeTPaMH THUIIA, TO MOXETE IPOYUTATH
PYKOBOACTBO II0 afipecy http://thinkdast.com/types.

[TapameTp TUNa NOSBJSIETCS TaK)XKe B ONpe/eeHHH Kaacca Node,
BJIOXKEHHOTO B MyLinkedList:

private class Node {

public E data;
public Node next;

public Node(E data, Node next) {
this.data + data;
this.next + next;
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Kpome Toro, Node aHasiornyeH ListNode u3 pasaena «CBsi3HbIe
CTPYKTYPHBI IaHHBIX» TEKYILe I1aBbl.

HaxkoHnerr, Mosi peasiusanust add TakoBa:

public boolean add(E element) {

if (head += null) {
head + new Node(element);

} else {
Node node + head;
// uMkn RO nocnepgHero ysna
for ( ; node.next != null; node + node.next) {}
node.next + new Node(element);

size++;
return true;

}

JlaHHBIN IPUMep 1eMOHCTPUPYET ABa MOAX0Aa, KOTOpble NIOHANO0-
0ATCs B BallIUX PeLIEHHUSIX.

1. [lna MHOTMX METOIOB cieayeT 06pabaThiBaTh MEPBBIi 31€MEHT
CIMCKa Kak ocobyro cuTyaiuio. B tekyiieM npumepe npu 1o-
6aBJieHUHU MEPBOTO 3JIEMEHTA CIMCKa HYXXHO U3MEHHUTH head.
B npoTHBHOM cJlyyae MpeACTOUT IPOUTH CIIUCOK, HAUTH KOHeI]
¥ 106aBUTh HOBBIM y3eJl.

2. DTOT MeToJI MOKa3bIBaeT, KaK MCIIOIb30BaTh LUK for 11 06X0-
J1a y3JI0B B cniMcKe. B Balmix peleHusix Bbl, BEPOSITHO, HAIMILIETe
HECKOJIbKO BapMAaHTOB JaHHOro 1uKaa. O6paTuTe BHUMaHHeE:
HYXXHO OOBSIBUTH node 0 [[MKJIA, YTOOBI MONYYUTh K HEMY I0-
CTYT MOCJIe €ro 3aBepIleHHsI.

Teneps Baia ouepe/ib. 3anosHUTe TeIo MeToza indexOf. Kak 06bryHO,
clefyeT MPOYMTaTh JOKyMeHTaluIo 1o agpecy http://thinkdast.com/
listindoj, 4TO6BI 3HaTh, KaKue JEeHCTBUSA OH JOJKEH BBHITIOJNHSATD.
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B uyacTHOCTH, OOpaTHTe BHUMaHHE Ha TO, KaK eMy HY>KHO o6paba-
TBIBATh null.

AHaJOTMYHO NMpebIAYIEMY YIPaKHEHUIO s1 IPEJOCTABJISIO BCIIO-
MOTaTeJbHbI METO/ MO Ha3BaHMeM equals. OH CpaBHUBAET aJie-
MEHT MacCHBa C HICKOMBIM 3HaY€HUEM U MIPOBEPSIET, PABHBI JIM OHHU;
3TOT METOA KOPPeKTHO obpabaTsiBaeT null. OH ABJsieTCA MpH-
BAaTHBIM, TaK KaK MCIIOJb3YeTCs BHYTPU KJIacca, HO He BBICTYIAeT
4acTblo uHTep(deiica List.

Korza Bce 6yaeT roToBo, MOBTOPHO 3allyCTHUTE TeCThl; testIndexOf,
a TaKkxe JpyTrHe 3aBUCSAIINE OT Hero TeCThl Tenepb JOJXKHBI Bbl-
MOJHATBCSL.

3ateM BbI I0JDKHBI 3aI0JIHUTD [IByTIapaMeTPUUECKYIO BepCHIO add, KO-
TOpasi IPMHUMaeT HHIEKC ¥ COXPaHsieT HOBOe 3HadeHHe ¢ HUM. CHOBa
npodyuTafiTe JOKYMEHTALMIO O aapecy http://thinkdast.com/listadd,
HalUIIUTE PEATU3ALIUIO U 3alyCTUTE TECThI AJIs1 TOATBEPXKIAEHHUSL.

U nocneanee: 3anonHuTe TeJI0 MeToaa remove. [loKyMeHTaIHs Ha-
XOZAUTCA 1o anpecy http://thinkdast.com/listrem. Korzna BeI 3akoHuuTeE,
BC€ TeCTHI JIOJKHBI TPOXOIUTb.

ITocne Toro kak Bama peanu3sanus 3apaboTaeT, CDaBHUTE €€ C Bep-
cHell B KaTajiore pelieHuH perno3uTopus.

MpuMedaHue o cbopke Mycopa

B MyArrayList u3 npeablayIero yrnpaxHeHusi MacCHB YBETUYHBa-
€TCs1, €CJTH 3TO HeOOXOMMO, HO HUKOTZIa He CxuMaetcst. Hu Maccus,
HU €ro 3JIEMEHTBI He COOMPAIOT MyCOp, ITOKa CaM CIHUCOK He OymeTr
YHUYTOXXEH.

OZ[HO N3 NPpEUMYIIECTB peajin3allui CBA3HOTO CITMCKA — OH CXKH-
MaeTcCs, Korjia 3JIEMEHThHI YAAJIAITCA, 2 HEUCIIOJb3YyEeMbI€ y3JIbl
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cbopIiuk Mycopa Moxet obpaboTtath HemensieHHO. Hixe nprBeaeHa
MOsI peasiu3alysi MeToza clear:

public void clear() {
head + null;
size = 9;

}

YcranaBnuBasi head paBHBIM null, MbI YAQJIsIeM CChIJIKY Ha IIepBBIH
y3eJ1. Ecivt Ipyrux cchiiok Ha Hero HeT (@ UX He JOJIKHO OBITh), TO
cbopiiuk Mycopa o6paGoTaet ero. B aToT MOMEHT cChlika Ha BTOpPOi
y3eJ1 yIansieTcsl, Tak YTo cOOpUIMK yTUIU3UpPYeT U ero. [Ipouecc
IIPOIOJIXKAETCS 10 TEX MOP, MOKa He OYAYT COOPaHbI BCe Y3JIbl.

Urak, kak xe kinaccuguiupoBatb clear? CaM MeTOA COAEPXKUT
NIBE OMepaIlMH MOCTOSIHHOTO BPEMEHH; OYEHb IIOXOKe Ha TO, UTO OH
TOXe SIBJISIETCSI METOJIOM TIOCTOSTHHOTO BpeMeHH. Ho B MOMEHT ero
BBI30Ba COOPILIMKY MycOpa MPUXOAUTCS BBIMOJHATH paboTy, Npo-
NOPILHOHAJIBHYIO KOJNYeCTBY 31eMeHTOB. [l0aTOMy, BO3MOXHO,
CJleyeT CYUTATD ero JTMHeHHbIM!

OnucaHHOe Bblille — 06pa3el] TOro, YTO HHOI/Ia Ha3bIBAIOT OWUOKOL
npoussooumenvrocmu (performance bug): nporpamMmma, KOppekT-
Hasi B TOM CMBICJIe, YTO BBINOJIHSAET [IPAaBUJIbHBIE EHCTBUS, UMEET
Apyroi Mopsiiok pocTa, 4eM 0XHMAAJ0Ch. B Takux g3bIKax, KaK
Java, kotopsie GobLIyio YacTb paboThl (Hanmpumep, c6op Mycopa)
BBIMIOJIHSIIOT HE3aMETHO, OOHAPYXXUTH OLIUOKU 3TOTO TUIIA MOXKET
OBITH CII0XKHO.
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B aroii rnaBse NpeacCTaBJ/I€Hbl pEIICHUA I NPEAbIAYLIEro YIIpaKHe-
HUSA U IPOAOJIXKAETCA o6cy>!<11eHHe aHaJ/Iu3a aJITOPUTMOB.

Knaccudukaumus metogos MylinkedList

Mos peanuzaius indexOf u3jioxeHa B caenyionieM ¢pparMeHTe
kozna. [IpouunTaiite €ro 1 MIOCMOTPUTE, CMOXKETE JIU ONPEAETUTH €TO
TMOPSIIOK POCTA, TIPEXKIE YeM YMTATh 0ObsICHEHHE:

public int indexOf(Object target) {
Node node + head;
for (int i=0; icsize; i++) {
if (equals(target, node.data)) {

return i;
node + node.next;
return -1;
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[IepBoHayasbHO node TpUCBauBaeTcss Komus head, moatomy oba
OHM CCBhIJIAIOTCS Ha ouH y3eq. [lepeMenHas uukia i yBeanuuBa-
etcsi ot 0 10 size-1. [Ipu kax10M Mpoxo/e UMKJIa Mbl UCIIOJIb3YEM
equals, 4ToObI y3HaTh, HAlIEHO JIK 3HAYEHHE, COOTBETCTBYIOLIEe
target. Ecin 1a, To HeMeieHHO BbIXOoAMM. B npoTUBHOM ciyyae
MePeXOUM K CJIeAYIOIEMY Y3J1y B CIIMCKE.

B 06bIYHBIX 06CTOATENBCTBAX MBI Obl CIEJIATIN TIPOBEPKY, YTOOBI ybe-
AMTHCSL, UTO CAEAYIOUIHIA y3es He uMeeT 3HaueHus null. Ho B nan-
HOM cJlyyae B 9TOM HeT HEOOXOAMMOCTH — LUKJ 3aKaH4YMBaeTcs,
KOr/1a Mbl 106MpaeMcs 10 KOHIIa CUCKa (TIPU YCIOBUH, YTO pa3Mep
COOTBETCTBYET (haKTHYECKOMY KOJIMUYECTBY Y3JIOB B HEM).

Ecau MbI npoiieM yepes MK, He Hailas target, TO BepHeM -1.
tak, kKakoB MOPSIZIOK pOCTa 3TOrO0 METO/IA?

1. Tlpum kaxxaoM Npoxojie LIMKJIa Mbl BhI3bIBaeM equals, KOTOPbIH
SIBJISIETCSI METOZIOM MOCTOSIHHOTO BpeMeHU (BpeMs! BbIOTIHEHH ST
MeTo/Ia MOXKET 3aBHCETh OT pa3Mepa target uiau data, Ho He OT
pa3mepa crucka). [[pyrue onepanuu B LHUKJIe TaKXKe SIBJSIIOTCS
OlepalyUsiMM NIOCTOSIHHOTO BpeMeHHU.

2. 1Iuks MOXeT BBHITOJIHATBCSA 7 Pa3 B CBSI3U C TEM, 4TO B Xy/IlIeM
cJly4yae HY>KHO NPOITH BeCh CITUCOK.

Takum 06pa3oM, BpeMsi BbITIONTHEHHUS TAHHOTO METO/A TPOTIOPLHO-
HaJIbHO JIJINHE CIHCKA.

[lanee nmpuBeneHa Mosi peaM3anus MeToAa add, NPUHUMAIOLIETO
nBa napaMmetpa. [Tonpobyiite k1accuduMpoBaTh €ro, Mpex/je yeM
YUTaTh OOBSICHEHHE:

public void add(int index, E element) {
if (index == 0) {
head + new Node(element, head);
} else {
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Node node + getNode(index-1);
node.next + new Node(element, node.next);

}

size++;

}

Eciiu index==0, To MbI 106aBJIsieM HOBBIi y3€J1 B HAYaJI0, TO ECTh 00-
pabarbiBaeM 3TO Kak 0co0blii ciy4daii. B 1poTHBHOM ciyyae HyHO
TIPOMTH Yepe3 CIUCOK, YTOObI HAUTH 3JIEMEHT, COOTBETCTBYIOIIHIA
index-1. 3aneiicTByeM BCIOMOTaTebHbII MeTOZ getNode:

private Node getNode(int index) {
if (index < @ || index >= size) {
throw new IndexOutOfBoundsException();

}

Node node + head;
for (int i=0; i<index; i++) {
node + node.next;

}

return node;

}

Merton getNode npoBepsieT, He BBIILIO JiM 3HaUeHUE index 3a rpa-
HUIIbI JONYCTUMOTO AMalNla30Ha; €CJIU 13, TO BbI3bIBAETCSI UCKJIIOYe-
HHe. B NpoTHBHOM ciy4ae OH IIPOXOAUT YePe3 CIUCOK U BHIBOJHUT
TpebyeMbiii Node.

BoaBpaiasice Hasazg B add cpa3y mocje HaxOXAeHUs PaBUJIb-
HOro Node, MBI CO3/1aeM HOBBIH y3eJl ¥ IOMeIaeM ero Mexay node
1 node.next. BoamoxHo, GyaeT mojie3Ho HapuCOBaTh AUArpaMMy
3TOM OmepalnH, 4TOObI yOeAUTHCS, YTO BbI €€ TOHUMAETE.

Toraa kakoB nopsaok pocra add?

1. Meton getNode aHasoruyeH indexOf u ABJSETCS JIMHENHBIM 110
TOM ’Ke IpUYHHe.

2. B add Bce meiicTBus 10 U Tiocyie getNode BBHIMOJHSIOTCS 3a M10-
CTOSIHHOE BpeMsl.
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TakuMm 06pa3oM, B LeJIoM add SIBJISIETCSI TUHENHBIM.

Hakomneun, paccMOTpuM remove:

public E remove(int index) {
E element + get(index);
if (index == 0) {
head + head.next;
} else {
Node node + getNode(index-1);
node.next + node.next.next;

}
size--;
return element;

}

MeTtox remove UCTIO/Ib3YeT get ISl MOMCKA U XPAaHEHH S AJIEMEHTA,
COOTBETCTBYIOIIETO index. 3aTeM yaanseT y3eJ, B KOTOPOM COep-
JKHUTCS 3TOT JIEMEHT.

Ecnu index==0, To Mbl 06pabaThiBaeM 3TO Kak 0COObIii Ciyyaii.
MHaue HaxouM y3eJ ¢ index-1 ¥ U3MEHsIEM €T0, YTOObI IPOMYCTUTD
y3eJ1 node. next U CCHLIIAThCSI HEMOCPEACTBEHHO Ha node . next . next.
Tak node.next a¢ppekTUBHO yaanseTcss U3 CIUCKA, U MAMSITh,
3aHKMMaeMas UM, MOXeT ObiTh BHICBOOOXAEHA COOPUIUKOM MY-
copa.

HakoHel, yMeHblaeM 3HaueHHe size 1 Bo3BpalljaeM 3J1€EMEHT, KO-
TOpBIi OBl H3BJIEYEH BHAYaJIe.

Toraa kakoit mopsimok pocta Metona remove? Bce meiicTBus
B HEM BBIMIOJTHSIOTCS 32 MOCTOSIHHOE BpeMsl, 32 UCKITIOUeHUeM get
U getNode, KoTOpbie JIMHelHbL. TakuM 0Opa3oM, remove sIBJISIETCS
JIMHENRHBIM.

ITpu Buae AByX TUHEUHBbIX onepaluil JIOAW UHOTAA CYUTAIOT, 4TO
Pe3yJIbTaT KBaIpaTU4eH, HO 3TO IPUMEHUMO, TOJIbKO KOT[a OJHa
omnepalysi BJIoXKeHa B APYTYI0. BbI3biBasi 0IHy onepauuio 3a Apyroi,
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HYXXHO Npu6aBsATh BpeMs BhimosHeHus. Eciy obe oHU UMeloT
cnoxHocTb O(n), To cyMMa Takxe orpaHnyesa O(n).

CpaBHeHune MyArrayList n MyLinkedList

B tabu. 4.1 npuBeneHbl pa3auuns Mexay MyLinkedList u MyAr-
rayList. 3nech 1 o3HavaeT O(1), M mocrostHHoe BpeMst, an — O(n),
WJIU JINHERHOE.

Ta6bnuua 4.1. Pasnuuus Mexay MyLinkedList n MyArrayList

Onepauus MyArrayList MyLinkedList
add (B xonen) 1 n
add (B Hayaso0) n 1
add (B o6wem cnyyae) n n
get/set 1 n
indexOf/lastIndexOf n n
isEmpty/size 1 1
remove (13 KOHLQ) 1 n
remove (13 Hayasa) n 1
remove (B ob1ieM ciydae) n n

Oneparuy, rie UMeeT NPeUMYIIECTBO MyArrayList, — mobaBienue
B KOHell, yaJleHue U3 Hero, get U set.

Onepanuy, rae UMeeT MperUMyIIecTBO MyLinkedList, — qo6aBeHne
B Ha4aJIoO U yAaJIEHUE U3 HETO.

Jlns ocTanbHBIX ONEpalHii MOPSIIOK POCTa B 00eUX peann3alusax
OIMHAKOB.

Kakas peanusanus naydme? JTo 3aBUCHT OT ONepaluii, IpuMe-
HsAEMBbIX Yallle Bcero. Bor nouemy Java npeaoctaBiisieT HECKOIBKO
peanu3anuii.
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MNpodunuposaHune

s cnenyiouero ynpaxHeHus s1 IPeAOCTaBJAI0 Kaacc Profiler,
coAep>KalllMi KoJ, KOTOPbIH 3allyCKaeT MeTOZ, € Pa3ln4YHbIMH pa3-
MepaMy 3aj1auy, U3MepsieT BpeMsl BbINOJHEHUs] U oToOpaXkaeT pe-
3yJIbTaThl.

Bsl Gynete ucrnosib3oBaTh JaHHBIN KJacce, 4TOOBI KJIaCCUDHUIIUPO-
BaThb MPOU3BOUTEILHOCTD MeTO/a add 7151 peain3aluii Arraylist
U LinkedList B Java.

Hike nokasaH npuMep UCNosb30BaHus NPOHINPOBLIMKA:

public static void profileArrayListAddEnd() {

Timeable timeable + new Timeable() {
List<String> list;

public void setup(int n) {
list + new ArraylList<String>();

}

public void timeMe(int n) {
for (int i=0; i<n; i++) {
list.add("a string");
}

b

String title + "ArraylList add end"”;
Profiler profiler + new Profiler(title, timeable);

int startN + 4000; int endMillis = 1000;
XYSeries series = profiler.timinglLoop(startN, endMillis);
profiler.plotResults(series);

}

ITOT MeTOX U3MepsieT BpeMsi, HeoOXouMoe s 3anycka add
B Arraylist, 106aBIIsIIOLIETO HOBBIN 3/1eMEHT B KOHell. 51 06BbsICHIO
KO[I, @ 3aTeM IOKaXy Pe3yJbTaThl.
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YTo6bl UCNIOAB30BATh Profiler, HYKHO CO3AaTh 0OBeKT Timeable,
KOTOPBIi IpeIoCcTaBIsIeT ABa MeTOAIA: setup U timeMe. [lepBbiit BbI-
TOJIHSIET BCe HEOOXOAMMOE, TIPEXK/E YEM 3AITYCTUTh OTCYET BPEMEHHU;
B 9TOM CJIy4ae OH co3zaeT MycToi crucok. /[anee timeMe BhINOHSIET
mo6yi0 OMepanuio, KOTOPYIO Mbl IIBITAEMCS] K3MEPUTD; B JaHHOM
cy4yae OH J0OaBJISIET 71 3IEMEHTOB B CIIMCOK.

Kon, cosparommuii timeable, ABASETCA AHOHUMHBIM KAACCOM, KOTO-
PBIii OnIpe/iesisieT HOBYIO peasin3anuio HHtepdeiica Timeable u oqHO-
BpEMEHHO CO3/IaeT IK3eMILISIP HOBOTO Kj1acca. Ecyiv Bbl He 3HAKOMBI
C aHOHMMHBIMM KJIaCCaMH, TO MOKETe IIPOYUTATh O HUX 3/1eCh: http://
thinkdast.com/anonclass.

Ho ans CJAEeAYIOLIETO YIIPpaXHEHUS BaM HEe HY)KHO MHOIO 3HAaTh
O HUX; €CJIH y].IO6HO HCIIOJ/Ib30BATh aHOHHMHBIE KJIACChI, TO MOXETE
CKOIMUPOBAaTh U UBMEHUTD KOJ IIpHUMEDa.

Cienytomuii mar — co3zaHne o6bekta Profiler ¢ nepenaueii 06b-
eKTa Timeable ¥ 3aroJjioBKa B KayeCTBe [TapaMeTPOB.

O6bekT Profiler npegoCcTaBJsieT METOA timingloop, KOTOPBIK
UCIIOIb3YeT 00beKT Timeable, XpaHAUIMACS KaK NepeMeHHas 9K-
3emruisipa. OH HECKOJIBKO pa3 BHI3bIBAaeT MeTO/ timeMe /151 0OObeKTa
Timeable s psiia 3HaueHUH n. Metoa timinglLoop NpUHUMAaET ABa
napaMmeTpa:

Q startN — 3HayeHHE n, C KOTOPOro JOJI)K€H HaUHHAThCS LUK
OLEHKH ITPONBOAHTE/IbHOCTH,

Q endMillis — noporoBoe 3HayeHHe B MUJIUCeKyHAaX. [lockomb-
Ky timingloop yBesM4YMBaeT pa3Mep 3a7ayy, TO BpeMs BbIIIOJIHE-
HUST YBEJTMYMBAETCS; KOIa OHO MPEBBIIIAET 3TOT IIOPOT, METOA
OCTaHaBJIMBAETCA.
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7151 npoBeieHUs 3KCIIEPUMEHTOB, BEPOSITHO, TIPUAETCSI HACTPOUTD
aTu mapameTpbl. Ecn startN cMIIKOM HU30K, TO BpeMs BBINOJ-
HEHHUS] MOXKeET ObITb CJIMIIKOM KOPOTKUM /IS TOYHOTO U3MEPEHHUSI.
Ecin ke cminkoM HU30K endMillis, TO HeJb3s MOMYYUTH JOCTA-
TOYHOE KOJIMYECTBO JaHHBIX, YTOOBI YBUETD YETKYIO CBA3b MEXIY
pa3MepoM 3alauy U BpEMEHEM BbITTOJTHEHMUS.

ITOT KO/l HAXOAHUTCS B ProfileListAdd. java, KOoTopblil Bbl Oyaete
3alycKaTb B CJIeAyIolLleM yIpaxXHeHHU. Bbino/HAs ero, s noayyus
TaKOH BbIBOZ:

4000, 3
8000, ©
16000, 1
32000, 2
64000, 3
128000, 6
256000, 18
512000, 30
1024000, 88
2048000, 185
4096000, 242
8192000, 544
16384000, 1325

[TepBoe 3HaueHUe B KaXA0U CTPOKe — pa3Mep 3ajayu 7; BTOpoe
3HaueHue — BpeMs BBIMIOJHEHUS B MUJLIMCceKyHAaxX. [lepBbie He-
CKOJIBKO U3MEPEHHIi T0BOJIbHO HETOYHbIE; BO3MOXKHO, ObIIIO Obl
JIyyllle yCTAaHOBUTD 3HaUeHHUe startN 0KoJIo 64000.

PesynpTaToM 1cnosnbp30BaHus MeTOAA timingloop siBisgeTcs XYSeries,
KOTOPBII CONEPXKUT NpUBeleHHbIe AaHHble. Ecy Bbl nepenaante
3TOT MaccuB B plotResults, To OH co3aact rpaduk, noxoOHbII H30-
6paxkeHHOMY Ha puc. 4.1.
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B cnenyiomeM pasziesie NpUBOAUTCS UHTEPIpeTanns JaHHOTO
rpaduka.

NHTepnpeTaunsa pesynsTaTos

Vicxons U3 Halllero moHMMaHUs TOrO, Kak paboTaeT ArraylList, Mbl
OXH/aeM, uyTo MeTox add GyaeT 3aTpayMBaTh IOCTOSIHHOE BPEMST /IS
n06aByeHns1 5J1eMEHTOB B KoHell. TakuM 06pa3oM, ob1iiee BpeMs ist
106aBJIEHUS 1 3JIEMEHTOB JOJKHO ObITh IMHEHHbIM.

Yto6bl MPOBEPUTH ITY TEOPHIO, MBI MOXKEM MIOCTPOUTH 3aBUCUMOCTD
BpeMeHH BBINIOJIHEHHUsI OT pa3Mepa 3ana4yi. B pe3ysbTare NOMKHBI
YBU/ETDH NMPSMYIO JIMHUIO, 10 KpaltHell Mepe AJis 3aja4, KOTOpbIe
JOCTaTOYHO BENUKHU JIJIS1 TOYHOTO U3MepeHusl. MaTeMaTU4YeCKH Mbl
MOXKeM HamucaTh GYHKIHIO IJIS1 3TON JTHHUN:

runtime = a + bn,

rjie @ — KOOpAMHATa MepeceyeH st psiMoi ¢ ocklo abeuuce, 1 b —
TaHreHC yTjla HAKJI0OHA NPSIMOH.

C npyroi CTOpOHBI, ecai add SIBJISIETCS TUHEHHBIM, TO O0lllee Bpe-
Ms1 111 n nobaBiiennit 6ynet kBaapaTuuHbIM. [Ipu moctpoenuu
rpa¢uKa 3aBUCIMOCTH BPEMEHHU BBINIOJIHEHHS OT Pa3Mepa 3aadyu
MBI OXKH/IaeM YBUETh mapabosy. Vliu B MaTeMaTHYECKOM CMBICTIE
YTO-TO, MOAOOHOE STOMY BBIPAXKEHHIO:

runtime = @ + bn + cn?

VMes upeanbHble JaHHBIE, MBI MOTJIX OBl OTIPEIEIUTh Pa3HUILY
MeXIy NpsiMOit 1 napabosioil, HO NP BBICOKOH MOTPELIHOCTH U3-
MepEHMIA 3TO MOXET ObITh 3aTPYAHUTENbHBIM. JIyumuii criocob
MHTEPIIPETALIMN HETOYHBIX U3MEPEHHUIT — N300pakeHne BpeMeHH
BBITIOJIHEHUS U pasMepa 3aa4u B 080UHOM 102apudmuneckom Mac-
wrabe.
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[Mouemy? IIpeamnonoxuM, 4To BpeMs1 BbIIIOTHEHHUS NPOIIOPLIMOHAIb-
HO 7%, OIHAKO HaM HEeN3BECTEH MoKa3aTesb k. Mbl MOXeM 3anKcaTh
cyleyiolee COOTHOIIEHHUE:

runtime =a + bn + ... + cnt.

HpI/I GOMBIIMX 3HAYEHHUSIX 71 UIeH C HAauOOJIbIIMM [TOKA3aTeJIeEM CTe-
nenu HanboJee BaXX€H, TOoraa.

runtime ~ cnt,

I7le % O3HAYaeT «NPUOJM3UTENBHO PaBHO», Teneps, eciu Mbl IIPO-
norapumupyeM o6e 4aCTH ypaBHEHHS], TO OTyYHM:

log (runtime) ~ log (c) + k log (n).

W3 3TOro ypaBHeHUsI ClIeyeT, YTO €CJIU Mbl CTPOUM rpadyK 3aBU-
CHMOCTH BPEMEHH BBITIOJHEHHSI OT 71 B IBOMHOM JIorapudMuyeckom
macmTabe, TO Mbl OXKUAAEM YBUAETH MPSAMYIO JTHHHIO C TOUKOH
nepecedyenus ¢ ocbio abeuyce B log (¢) ¥ TaHTeHCOM yrila HakJIoHa k.
Hac He HHTepeCyeT TOYKa ITepeceveH st C OChIO abCLIKCC, HO TAHTEHC
yIJla HaK/JIOHa YKa3bIBaeT Ha MOPSLOK pocTa: ecau k = 1, To anro-
PUTM ABJAETCSA JUHEHHDBIM; €Ci k = 2, TO OH KBaIPaTHYHbI.

I'nans va puc. 4.1 B peapiny1iieM paszesie, BBl MOXeTe Ha I71a3 OLe-
HUTH TaHTeHC yria Hak/loHa. Ho npu BbI3oBe plotResults npous-
BOJUT AlMPOKCUMAIIMIO JTaHHBIX METOZOM HaMMEHbIINX KBaJPaTOB
Y BHIBOJUT pacyeTHOe 3HaueHUe TaHI'eHca yIja HakjoHa. B sTom
npuMepe:

Estimated slope = 1.06194352346708

4TO 6JIM3KO K 1; M 3TO TOBOPHT O caenyiolleM: obiiiee BpeMsl st
n n06aBJIeHH SIBJISIETCSI TMHEWHBIM, B CBSI3U C YeM Kaxx10e 100aB-
JIeHHe sBJIsIeTCs Jo6aBIeHueM MTOCTOSTHHOTO BPEMEHH, KaK U OXH-
JaJI0Ch.
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BakHbIil MOMEHT: NIpsiMasi JIMHUSI HAa TaKOM rpaduke He O3Haya-
€T, 4YTO AJITOPUTM JHHEeNHHbI. Ecau BpeMs BBINIOJIHEHHS NTPOIOP-
LIMOHAJIBHO 71* 17151 JII06OTO 3HAYEHHUsI TOKA3aTeJ sl CTEHIEHH k, TO MBI
0XHUIa€M YBUIETD MPSMYIO C TAHTEHCOM YIJIa HAKJIOHA, PAaBHBIM R.
BesnyyHa TaHreHca yria HakjoHa, 6u3kast K 1, TOBOPHT O TOM,
4TO QITOPUTM siBJIsieTCs HHeHbIM. Ecain oHa 6/1M3Ka K 2, TO OH,
BEPOSITHO, KBaJIpPaTUYHBIM.

YnpaxxHeHue 4

B peno3uTtopuu Aist 3TOI KHUTH BBl HalifieTe UCXOAHBbIE Paitbl,
HeoOXOAMMBbIE [I71si JAHHOTO YIPaXKHEHHSI.

1. Profiler.java comep>kuT peaausaumio kaacca Profiler, onu-
CaHHOrO Bbille. Bbl 6yeTe MCNOMB30BaTh 3TOT KJIAcC, XOTS BaM
He 00s13aTesIbHO 3HaTh, Kak OH paboTtaet. Ho BbI, KOHEYHO, MO-
XeTe MPOYUTATh UCXOAHYIO JOKYMEHTALMIO.

2. ProfilelistAdd.java COOepXXHT CTapTOBbIN KOA AJSI 3TOTO
yIpaXKHEHHs], BKJIIOYasl IPUMep B NpeJblAyIleM pa3jese. Bol
BHeceTe U3MeHEHUsI B JaHHBIN Gaiin 15 npodUIMpoBaHUS He-
CKOJIBKUX IPYTHX METOMIOB.

Kpowme Toro, B katasiore code Bbl Haiigete ¢aiin cbopku 151 Ant nox
Ha3BaHHeM build.xml.

1. AKTUBM3HMPYHTe ant ProfilelistAdd, 4To6bl 3amyCTUTD Profi-
leListAdd.java. BaM Hy>XHO Oy4YHTh Pe3y/bTAThI, TOXOOHbBIE
NpUBEJIEHHBIM Ha pUC. 4.1, HO, BO3MOXKHO, IPUETCS HACTPOUTD
startN uiu endMillis. 3HaueHHe paCYeTHOrO TaHTe€HcCa yrja
HaKJIOHA JOJIXKHO OBITh OIU3KKUM K 1; 9TO TOBOPHUT O TOM, YTO BbI-
niosiHeHue n 106aBnieHNI 3aHUMAEeT BPeMs, TPONIOPLIMOHAIBHOE 71
B cTeneHu 1; To ectb paboraer 3a O(n).
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2. BProfileListAdd.java Bbl HaiiieTe IyCTO# METOA IOJ Ha-
3BaHueM profileArraylListAddBeginning. 3ano/iHUTE €ro TeJo
KOJIOM, KOTOpbI/ MpoBepsieT ArraylList.add, Bcerga BcTaB-
Jisisl HOBBIH 3JIEMEHT B Havaso. Ecaiu BBl HauMHaeTe C KONUHU
profileArraylListAddEnd, TO Hy>KHO BHECTH JIMIIIb HECKOJBKO
uaMeHeHuit. [lo6aBbTe CTPOKY B main /sl BbI30Ba 3TOrO METO/IA.

3. 3amyctuTte ant ProfileListAdd CHOBa U MHTepIpeTUpYyiiTe pe-
3yJibTathl. OCHOBBIBAsICh Ha HallleM MOHMMAaHUH TOro, Kak pabo-
TaeT ArrayList, MbI O0KKZIaeM, YTO Kaxziasi onepawust 100aBJIeHus]
Gy /et IMHENHOI, I03TOMY 00LIEMY BpeMeHH [Jist 11 100aBIeHU
crenyet ObITh KBagpaTHYHBIM. Ecin 310 Tak, To 3HayeHue pac-
YETHOTO TAHTEHCA yIJIa HAKJIOHA IMHUHU B IBOHHOM Jlorapucdmu-
yecKoM MaciuTabe 10KHO ObITh 6M3kuM k 2. He tak m?

4. Temepb cpaBHUM IOJIy4E€HHBIN Pe3yabTaT C IPOM3BOJUTENbHO-
cTbIO LinkedList. 3amosHuTe Teso profileLinkedListAddBegin-
ning ¥ UCMo/b3yiTe ero s kiaaccupukanuu LinkedList.add
npu qobaBjieHUH HOBOTO 3j7ieMeHTa B Hayaso. Kakyio mpous-
BOAMTENbHOCTD Bl oxumaete? Cornacyiorcst 11 pe3ysbTaThl
C BalllMMU OXXKUIAQHUSIMH ?

5. Hakonen, 3anosHute Teso profilelinkedListAddEnd u uc-
HOJIB3YHTe ero A1 kJaccupukauuu Linked List.add npwu no-
6aByieHMM HOBOTO 3JIEMeHTa B KoHell. Kakyio mponsBoauTeb-
HOCTb Bbl Oxkuaete? Corsacyiorcs M pe3yJbTaThl C BallUMU
O0XKMIaHUSIMU?

51 npezcTaBiio pe3yibTaThl M OTBEUY Ha 3TH BOMPOCHI B CJIeAYyIOIEH
rjaBe.



[1ByCBSi3HbIN
CMMNCOK

B 31011 rnaBe paccMaTpUBalOTCS Pe3yIbTaThl IPebIAYLIErO YIIpaX-
HEHMs U paccKasbiBaeTcs elle 06 oqHOM peanusaunn uHTepdeiica
List — ABYCBSI3HOM CITUCKE.

Pe3ynbTaThl NpOPUNMpPOBaAHMA
Npon3BOANTENBHOCTHU

B npeapbinyiieM ynpaxHeHUH Mbl UCIIOJIb30BaJIK Profiler. java am1st
3anycKa pa3JIM4YHbIX onepaluii ArrayList u LinkedList ¢ pa3HbIMU
pa3Mepamu 3azayu. Mbl mocTpouu rpadpuk 3aBUCUMOCTH BpeMeHH
BBIIIOJIHEHHUSI OT pa3Mepa 3alayyl B IBOHHOM JIOTapUPMUYECKOM
Maciutabe 1 OLeHHIN TaHTEHC YIJIa HAKJIOHA MOJTy4YeHHON KPHBOI,
KOTOpasi yKa3blBaeT Ha BeAyUIUH MMOKa3aTesb CTENIEHH JJIs CBS3U
MeXYy BpEMEHEM BBITIOTHEHUS U Pa3MEPOM 3aJauH.
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Hanpumep, npu ucnonpzoBanuu Metoza add 1J1si 1o6aBieHUs dJie-
MEeHTOB B KOHell ArrayList Mbl 0GHapyuJH, 4TO oblIee BpeMs
BBIMIOJIHEHUS 7 N0OaBIeHUH GBIJIO MPOIOPIUOHATIBHO 71; TO eCTh
3HayeHHe PacyYeTHOro TaHTeHCa yrJja HakjIoHa 6buTo 6KM3KUM K 1.
MBI IpHUIK K BBIBOZY, YTO BBITIOJIHEHHE 71 10OABJIEHUH COOTBET-
crByet O(n), IO3TOMY B CPeIHEM BpeMsl /ISl OMHOTO 100aBIeHUS
siBAIIeTCs NOCTOSIHHBIM, i O(1), Kak M OKUAANOCh, UCXOL U3
AHAJIM3a AJITCOPUTMA.

B ynpaxxHeHHH HY>KHO ObLJIO 3aMOJHUTH TEJO MeTOAa profileAr-
rayListAddBeginning, KOTOpPBIl MpOBepsiET NPOU3BOAUTETBHOCTD
n06aBIeHUs] HOBBIX 3JIEMEHTOB B Havasio ArrayList. OCHOBBEIBasICh
Ha HallleM aHaJIM3e, Mbl OXKHIaeM, YTO Kaxkaoe obaByieHne OyeT 3a-
HMMarTb JIMHeiHOe BpeMsl, TOCKOJIBbKY OHO I0JPKHO CMEILATh Apyrue
3/1eMeHThI BIIpaBo. [ToaToMy MBI 0xuIaeM, 4To 7 106aBIeHUH Oy aeT
KBaJpaTUYHBIM.

Huxe IIPpHUBEEHO PELICHUE, KOTOPOE€ MOXXHO HaliTH B COOTBETCTBY-
IOIIEM KaTaJjiore pENO3UTOPHU .

public static void profileArraylListAddBeginning() {

Timeable timeable + new Timeable() {
List<String> list;

public void setup(int n) {
list + new ArraylList<String>();
}
public void timeMe(int n) {
for (int i=@; i<n; i++) {
list.add(@, "a string");

I
int startN + 4000;
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int endMillis + 10000;
runProfiler("ArrayList add beginning", timeable, startN,
endMillis);

}

ITOT MeTOX MOYTH UAEHTHYEH profileArraylistAddEnd. Equn-
CTBEHHOE pa3jiMuMe 3aKII04aeTcsl B timeMe, KOTOPBIN HUCNONb3YeT
[ByNapaMeTPU4eCKyI0 BepcUio add 1Jisi foOaBIE€HUs] HOBOTO dJle-
meHTa ¢ uaaexcoM 0. Kpome toro, Mbl yBeanumin endMillis, yTo6b!
TIOJIYYHUTD ellle OAHY TOYKY Ha rpaduke.

Huxe npuBezeHbl pe3ysbTaThl H3MepeHHsl BpeMeHH (pa3Mep 3a-
Nayuu CJIeBa, BpeMsl BBITIOJIHEHUSI B MUJLTUCEKYHaX CIIPaBa):

4000, 14

8000, 35
16000, 150
32000, 604
64000, 2518
128000, 11555

Ha puc. 5.1 uzobpaxeH rpaduk 3aBUCHMOCTH BpEMEHHU BHITIOJTHE-
HUS OT pa3dMepa 3aJauH.

[TomHuTE: NpsIMast TMHUS HA NpUBEAeHHOM rpadyke He O3HAYaeT,
YTO AJITOPHUTM sIBJIsieTCs: MHelHbIM. CKOpee, ecaii BpeMs BbINOJI-
HeHMsI TPONOPUUOHABHO 7* 1Jis M060T0 3HAYeHHsl MOKa3aTeJs
CTeneHu k, TO Mbl 0XKHM/IaeM YBUAETb NPSIMYIO JTHHHUIO C TAHT€H-
COM yIJIa HaKJIOHA, PaBHBIM k. B 3TOM ciiyyae MBI 0XHIaeM, YTO
o6iiee Bpemst aisi n no6GaBJeHUi GyaeT NPOMOPIHOHATIBHO 1?,
BCJIEICTBHE YETO OXKUAAEM TPSIMYIO IMHHUIO C TAHTEHCOM YIJIa Ha-
KJIOHA, paBHBIM 2. (DaKTHYECKU PaCYETHBIN TaHT€HC yIIa HAKIOHA
paBen 1,992, 3T0 HacTOBKO 6JIM3KO, YTO 51 GBI MOOOSICS Tak NOA-
JeJaTh JaHHBIE.
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MpodrnmposaHue NpoM3BOAUTENBHOCTU
meTonoB LinkedList

B npenbiayieM ynpaxxHeHHH Mbl Takxe MPOPHIMPOBATH 106aB-
JieHHe HOBBIX 3JIeMEHTOB B Hayaso LinkedList. OcHOBbIBasACh Ha
HallleM aHaJIH3e, Mbl 0XKUAEM, YTO KaXK0e obaBeHHe 3aiiMeT mo-
CTOSIHHOE BpPeMsl, TaK KaK B CBSI3HOM CITUCKe He HY>KHO IiepeMellaTh
CYLIECTBYIOLINE 3JIEMEHTDI; MOXXHO MPOCTO L0OABUTDb HOBBIA y3en
B Havasio. BesienctBue aToro Mbl HazieeMcst, 4To oOliiee BpeMst IS
n nobaBsieHnit Gynet TMHEHHbIM.

Huxe MPpHUBEAEHO PELICHUE!

public static void profilelLinkedListAddBeginning() {
Timeable timeable + new Timeable() {
List<String> list;

public void setup(int n) {
list + new LinkedList<String>();

public void timeMe(int n) {
for (int i=0; i<n; i++) {
list.add(@, "a string");

s

int startN + 128000;

int endMillis + 2000;

runProfiler("LinkedList add beginning", timeable, startN,
endMillis);

}

MBI TOIBKO BHECIM HECKOJIbKO U3MEHEHUH, 3aMeHHB Arraylist
Ha LinkedlList ¥ ycTaHOBUB TaKue 3HayeHus startN 1 endMillis,
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4TOOBI MOJYYMTh XOPOUIMN AMANA30H AaHHBIX. B uaMepeHusx
NPUCYTCTBOBAJIO OOJIbLIIE HETOYHOCTEH, YeM B NIPEABIAYIIEH TPYIIIIE;
BOT p€3yJIbTaThl:

128000, 16

256000, 19
512000, 28
1024000, 77
2048000, 330
4096000, 892
8192000, 1047
16384000, 4755

Ha puc. 5.2 nokasaH rpaduk pe3y/ibTaToB.

ITO He OYeHb MpsIMasi IMHUS, U TaHTeHC yrja HaKJOHA TOYHO
He paBeH 1; TaHTeHC yIJla HaKJIOHA allMPOKCUMHUPYIOIIe Mpsi-
MO, OJIy4eHHON MeTOJIOM HaHMEeHBbLINX KBaJpaToB, paBeH 1,23.
Ho naHHbI# pe3ybTaT MoKa3biBaeT, YTO MOJHOE BPeMs BHIIIOJIHE-
HUsl n 106aBJeHUH N0 KpaitHeit Mepe MPUOTU3UTENBHO COCTABJISA-
er O(n), TakuM 06pa3oM, Kaxxaoe 106aBeHHe BHIMOIHSIETCS 3a
NOCTOSIHHOE BpeMsI.

[lobaBneHune B KOHel,
LinkedList

Jlo6aByieH1e 37IEMEHTOB B Hayajlo — OJIHA U3 ONepalui, 11 Ko-
TOPBIX MBI OKH/A€eM, 4TO LinkedList 6bicTpee, ueM Arraylist.
Ho w1 nobaBieHust 371eMEHTOB B KOHEL Mbl O3KMZIaeM, YTo LinkedList
MeflsieHHee. B Moeii peasin3aliuy Hy>KHO NPOITH BECh CIUCOK JJIS
nobaByieHKsl 31eMEHTa B KOHell; polleAypa JIUHeHHA.



75

[o6asneHue B koHel LinkedList

1SMPaYUI OUBhBH 8 SOLHIWAUE U BMHALaRQOY KUl uheree edaweed 10 ULOOWMOUERE 8
BUHRHUOUIE BWada :u1DoHIvaMogenodu suHesoduumgodu KLeLauAEdd “2°S “IMd

(u) vinetee doneed
00000001 000000 000 0014

ol
o
°
@
F<
0
@
5

00l 8
X
®
I
=
E
Zz
(<]

0001




76 naea 5. [1ByCBA3HbIA CNMCOK

Wrak, MbI 05xuaeM, 4To obliee BpeMsi 47151 n 1o6aBieHuit Oyaer
KBaJpPaTUYHBIM.

Ho aTo He Tak. Bort xox:

public static void profilelLinkedListAddEnd() {
Timeable timeable + new Timeable() {

List<String> list;

public void setup(int n) {
list + new LinkedList<String>();

}

public void timeMe(int n) {
for (int i=@; i<n; i++) {
list.add("a string");
}
}
3
int startN + 64000;
int endMillis + 1000;
runProfiler("LinkedList add end", timeable, startN,
endMillis);
}

PCSyJ[I)TaTI)I TAaKOBBI:

64000, 9
128000, 9
256000, 21
512000, 24
1024000, 78
2048000, 235
4096000, 851
8192000, 950
16384000, 6160

Ha puc. 5.3 noka3aH rpaduik pe3ynbTaToB.



77

[o6asnenne B koHey LinkedList

ISIIPaYUI NSHOY 8 BOLHIWSUE U BUHOYERQOY KUY uhellee edaweed 10 U1DOWMOUEeE 8
BUHIHLOUINE BWada :M1DOHIUaogenodu suHegoduumngodu 19Le19uAEdd “€°S dud

(u) vhet'ee daneey
00000001 000 000 L 000 00t

ol
w
©

ooL 2
n
@
[
3
o
2
I
[
I

000} 3
E<
(3]

/




78 [naea 5. [1BYCBS3HbIi CNMCOK

U cHOBa B M3MepPEHUSX MHOTO MOTPEIIHOCTEN, a TUHUS HE CO-
BCEM NpsIMasi, HO pacYeTHBIN TaHT€HC yIJIa HakJoHa paBeH 1,19,
970 61M3KO K TOMY, YTO MbI [IOJIyYHJIH B Havyasle, U He O4eHb OJIM3KO
K 2, 4TO MBI OXXM/IaJIM TIOJIy4UTh, OCHOBBIBAsICh Ha HAllleM aHAJIU3e.
DaxTtnuecku TaHreHc O6anxke K 1; ZaHHBIA (aKT TOBOPHUT O TOM,
41O 06aB/IeHHE ITTEMEHTOB B KOHEL] BHIIIOJIHSIETCS 32 IOCTOSIHHOE
BpeMsi. UTo mpoucxoaut?

J1BYCBSI3HbIM CMUCOK

Most peannsanus CBA3HOro cnucka MylinkedList ucroJb3yeT oHO-
CBSA3HBIN CITUCOK; TO €CTh KK/ 3JIeMEHT COAEPKUT CChIIKY Ha
cJeAyIOIMH, a caM 00beKT MyArrayList UMeeT CChIJIKY Ha HepBbIi
y3elL.

OnHako B 1oKyMeHTaluu 1ist LinkedList (http://thinkdast.com/linked)
TOBOPUTCSI:

«OCHOBaHHas Ha ABYCBSI3HOM CNUCKE peanv3aums uHTepdencos
List n Deque... Bce onepaumnu BbINONHSAIOTCA Tak e, KaK MOXHO
6b1710 6bl OXXKKMAATL ANA ABYCBA3HOIO cnucka. Onepaumm, Kotopble
MHAOEKCUPYIOTCS BHYTPU CNUCKa, 6yayT nepeMelLaTbes No CNUCKY
C Hayana unm € KOHUA, B 3aBUCMMOCTH OT TOrO, YTO 6IMXKe K yka-
3aHHOMY UHAEKCY».

Ecuiu BBl He 3HAKOMBI C [IBYCBSI3HBIMU CIIUCKAaMH, TO MOXeETe Y3HaTh
0 HuX 6Gosblle Ha caiite http://thinkdast.com/doublelist, HoO kpaTkast
BepCHUs TaKOBa:

QO KaXX/bIA y3€J1 COAEPXKUT CChIJIKH Ha CIIEAYIOWUI v MPeAbLLy i
y3JIBI;

Q 06beKT LinkedList BKJIIOYAET CCHUJIKM HA MEPBBIN U NIOCTEAHUN
3JIEMEHTHI CITUCKA.
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Takum 06pa3oM, MOXHO HayaTh ¢ 06OMX KOHIIOB CIIUCKa U 000iiTH
€ro B JIIOOOM HanpasJeHud. B pe3yibrate MoxHO 100aBJIsTh ¥ yaa-
JISITh 3JIEMEHTBI U3 Hayasla ¥ KOHIIA CIIUCKa 3a IIOCTOSIHHOe BpeMs!

B ta6s. 5.1 npuBeaeHbl pe3yabTaTbl, KOTOPBIE Mbl OXXHAAeM OT
Arraylist,MyLinkedList (0OqHOCBsI3HBII) U LinkedList (4ByCBS3-
HBIT).

Tabnnuya 5.1. Pe3ynbTaTtbl, oxuaaembie ot ArrayList, MyLinkedList
n LinkedList

Onepauyns MyArraylList | MyLinkedList |LinkedList
add (B koHen) 1 n 1
add (B Hayano0) n 1 1
add (B o6wem cyyae) n n n
get/set 1 n n
indexOf/lastIndexOf n n n
isEmpty/size 1 1 1
remove (13 KOHLA) 1 n 1
remove (M3 Hayana) n 1 1
remove (B o011eM cydae) n n n

Bbl6Op CTPYKTYpbI

JIBycBsi3Has peain3anus Jy4lie, 4eM ArrayList s nob6aBieHus
U yIaJeHHs U3 Hayasla, ¥ TaK XKe XOpolla, Kak Arraylist a/1s 10-
GaBJIeHHUs U yAaleHus U3 KOHIA. TakuM 06pa3oM, eIMHCTBEHHOE
IIPEUMYILECTBO ArrayList — MeTonbl get U set, KOTOpbie Tpeby-
10T INHEHHOTO BPEMEHU B CBSI3HOM CIIMCKE, aXke €CJU OH ABY-
CBSI3HBI.

Ecsu u3BecTHO, 4TO BpPEMJ BLINTOJIHEHUSA IPUJIOXKEHUA 3aBUCUT OT
BpPEMCEHH, HCO6XOIII/IMOI’O IJ1 TIOJTY4Y€HUS U YyCTaHOBKH 3HaYeHU N
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3JIEMEHTOB, TO JIy4YLIHM BapHAHTOM MOXeT ObITb ArrayList. Ko-
ria )Ke BpeMs BBITIOJHEHHUsI 3aBUCHT OT J06aBIeHHUs U yaane-
HMs 2JIEMEHTOB M3 HayaJjla MJIM KOHIIa, 6oJiee MOAXOASIMM Gyaer
LinkedList.

Ho TIIOMHHUTE, YTO 3TH PEKOMEHAAallUH OCHOBaHbI Ha IMOPAAKE POCTa
oA 6OJIBIINX 3ana4y. Ectb u apyrue Cl)aKTOpr, KOTOpbBIE CJeaAyeT
Y4YATbHIBATDb.

Q Ecuau ati onepaliny He 3aHUMAIOT 3HAYUTEIBHYIO YAaCTh BpEMEHH
BBITIOJIHEHUST ISl TIPUJIOXKEHUS (TO €CTh NPUJIOXKEHUS TPATSIT
6oJIbIIYIO YaCTh BpEMEHU Ha Ipyrue AeicTBusl), TO BHIGOP pea-
NM3alUMK List He GyneT MMeTh GOJIbLIIOTO 3HAYEHMSI.

Q He oyenb Gosbline paGoune CIIMCKH He BCerga Aal0T OXKUAA-
eMYI0 IIPOU3BOANTENbHOCTD. [L/ist HebOMbIINX 3242y KBaApa-
THYHBIN aITOPUTM MOXET ObITh ObICTPEE, YeM JIMHEHHBIN, UK
JHUHEWHBIA — OBICTPEE, YEM AJITOPUTM MOCTOSTHHOTO BpeMe-
Hu. U g HeboAbIIMX 3a1ay pa3HULIA, pa3yMeeTCs, Hecylle-
CTBEHHA.

Q He crout 3a6biBaTh ¥ 0 npocTpaHcTBe. [lo CHX MOp MBI OpHEH-
THPOBAJUCh Ha BPeMsl BBITIOJTHEHHUS], HO Pa3Hble pealu3aluu
TpebyIoT pasHoro o6bemMa NpocTpaHCcTBa. B ArrayList asieMeHTBI
XpaHATCs 60K 0 60K B OHOM 0J10Ke NaMSITH, IO3TOMY IIPOCTPaH-
CTBO T€pSIETCsI B HE3HAYMTE/IbHBIX KOJIMYECTBAX, a KOMIIBIOTep-
Hoe 060pyI0BaHKe 4acTo ObIcTpee pabOTaeT ¢ HENPePBIBHBIMU
MaccHBaMM JaHHBIX. B CBSA3aHHOM cNUCKe KaXAbli 371eMeHT
TpebyeT y3Jia ¢ OfHOI UK ABYMsI cchIKaMU. CCBIIKM 3aHUMAIOT
npoctpaHcTBo (MHorAa 6osbiue, yeM nannbie!). U npu pabore
C y3J1amMH, pa30pOCAaHHBIMH 110 NTaMSITH, alnaparHoe obecrieyeHue
MOXeT ObITh MeHee 3(hdeKTUBHBIM.
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B 1es0M aHaNU3 aJTOPUTMOB MOXET CIYXXHTb OCHOBAaHHEM /715
BbIOOPA CTPYKTYP AAHHBIX, HO TOJIBKO €CJIH:

1) BpeMsi BBINIOJIHEHUS IPUJIOKEHHSI BAXHO;

2) BpeMsl BbITIOJIHE Vsl IPUIIOXKEHHSI 3aBUCHUT OT BBIOOpa CTPYKTYPhI
[aHHBIX;

3) pasmep 3aJa4u IOCTATOYHO BEJMK, YTOOBI MIOPSIOK POCTa feit-
CTBHUTEJIBHO MPeICKA3bIBaJI, KaKast CTPYKTYpa JaHHbIX JIyYllle.

Mo>HO ¥UMeTb GOMBILOM ONBIT B KayeCcTBe pa3paboTYUKa MPO-
IPaMMHOTO 06ecreYeH|s ¥ Tak HU Pa3y 1 He BCTPETUTH NOAOOHYIO
CUTYaIUIO.



O6xoa pepesa

B 3710l raBe Mbl pacCMOTPUM NPUJIOXKEHHE /17151 TOMCKOBOM CHCTe-
MBI, KOTOpOe OyleM pa3pabaTeiBaTh Ha NPOTSKEHMH OCTaBLIeiCs
4aCTH KHUTHU. 5] ONUChIBAIO 3/1eMeHThI IOUCKOBO# CHCTEMBI U TIpe/-
CTaBJISAIO NIePBOE TMPHUJIOKEHHUE, TIOUCKOBOr0 poboTa, KOTOPbI 3a-
IPY>kaeT U aHAIU3UpYyeT CTPaHHLbI U3 «Bukuneauus. B ganHoii
I71aBe TaKXKe NpeJCTaB/leHa PeKYPCUBHAS peain3alus MOUCKa
B IyOMHY ¥ MTepaTHBHAs pean3allisi, UCTIONb3yomas Deque U3
Java nss peanusanuu cTeka THIA «MOCJIEIHUM BOLUIEJ, IIEPBbIM
BBILIETT>.

[MonckoBblie CUCTEMBI

Iouckosas cucmema, Takas kak Google Search nin Bing, npunuMa-
eT Habop NOMCKOBBIX TEPMUHOB 1 BO3BPALIA€T CIMCOK BeG-CTpaHMII,
KOTOpbI€ peJieBaHTHBI 3TUM TepMuHaM. Ha caiite http://thinkdast.com/
searcheng MOXHO IIPOYUTATh 60JIbLIIE, HO 51 OOBSCHIO, YTO HYXKHO, 110
Mepe IPOABUXEHHUS.
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PaCCMOTpHM OCHOBHBIE KOMIIOHEHTHI IOUCKOBOH CUCTEMBI.

Q Céop dannvix (crawling). Ilonago6utcst mporpamma, cocobHast
3arpy»aTb BeG-CTPaHHILY, aHATU3MPOBATD €€ M U3BJIEKATh TEKCT
¥ J1100bl€ CCHIIKU Ha IPYTHE CTPAHHUIIBL.

Q Hnoexcuposarue (indexing). Hy>xeH uHIEKC, KOTOPBIi TO3BOJIUT
HaWTH NOMCKOBBIH 3alpOC U CTPaHHULIbI, €r0 COAepXKallHUeE.

Q Iouck (retrieval). Heob6xoaum croco6 c60opa pe3y/1bTaToB U3
MHEKCA M ONpefesIeHUs] CTPaHuUll, HanboJlee peJIeBaHTHBIX I10-
HCKOBBIM TEPMHHAM.

HauneMm ¢ nouckoBoro po6ota. Ero uiesp — o6HapyxxeHye 1 3arpys-
Ka Habopa BeG-cTpanull. JJIsi MOMCKOBBIX CUCTEM, TakuX Kak Google
u Bing, 3agaya cocTouT B TOM, 4TOOBI HAlTH 8Ce Be6G-CTPAHHULIBL, HO
4acTo 3TH POOOTHI OrPAaHMYMBAIOTCSI MEHBIIMM JOMeHOM. B Hamem
ciy4ae Mbl OyzeM YUTaTh TOJIBKO CTPAHUIIbI U3 «Bukuneauus.

B kayecTBe MepBOro LIara Mbl CO3aAUM MOUCKOBOTO poboTa, KO-
TOPBIii YUTAET CTPaHULly «Brkuneaun», HaXOAUT NEPBYIO CCBLIKY,
MEPEXO/IUT M0 Helt Ha APYTYIO CTPAHUILY U OBTOPSIET NPebITyLIne
neiicTBus. Mbl 6y1eM MCIIONB30BaTh ITOT IIOUCKOBHK, YTOOBI IPO-
BepuTb runore3y Getting to Philosophy («ITyTts k dpunocodpuns).
B Heit roBopurtcs:

«LLlenkHyB Ha NEpPBOM CCbiIKe, HANMCAHHOMU CTPOYHLIMM ByKBaMH,
B OCHOBHOM TeKCTe CTaTbu B “Bukuneann” 1 NOBTOpUB 3aTeM 3TO
[eicTBYe ANs NoCNeaylowWwmX CTaTel, Bbl, CKOpee Bcero, nonaaerte
Ha CTpaHuLy CO CTaTben 0 hnnocopum».

O3HaKOMHTbCS C 3TOM TUIIOTE30 U ee HCTOPUEN MOXKHO I10 aipecy
http://thinkdast.com/getphil.

[IpoBepka rumoTessl MO3BOJHUT CO3/1aBaTh OCHOBHBIE YaCTH MOHC-
KOBOro po6oTa, He HyXJasich B 06xoze Bcero VIHTepHeTa U faxe
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Bceli «Bukunequus». Y a1 aymaio, 4To 3TO yrnpakHeHHe A0BOJIbHO
HHTepecHoe!

B HecKO/IbKHX I71aBax Mbl OyzeM paboTaTh Hal HHAEKCATOPOM, a 3a-
TeM TepeiiieM K IOMCKOBHUKY.

MNapcnHr HTML

Korna Bb 3arpyaere BeG-CTpaHHUILY, ee COAEPKUMOe HallMCAHO Ha
a3bike runeprekctoBoit pasmetkn (HyperText Markup Language,
HTML). Hanpumep, Huxe npezacraBied npocreimuit HTML-
JNOKYMEHT:

<!DOCTYPE html>
<html>
<head>
<title>This is a title</title>
</head>
<body>
<p>Hello world!</p>
</body>
</html>

Dpasbl This is a title («ITo Ha3BaHMe») U Helloworld! («Ilpu-
BET, MUp!») — TEKCT, KOTOPBI} NEHCTBUTENBHO OTOOpaXaeTcsi Ha
CTpaHHIlE; APYTHE 3JIEMEHThl — Mezu, YKa3blBaloLlKe, KaK JOJKeH
0TOOPaXKaThCs! TEKCT.

Hamemy po60Ty mpu 3arpy3ke CTpaHULbI Hy>KHO IIPOaHaIM3UPO-
BaTb Kog, HTML, 4T06bI U3BJI€Yb TEKCT M HAUTH CCBUIKU. [[J1s1 3TOrO
MBI Gy/IeM MCII0/IB30BaTh jsoup — GUGINOTEKY Java ¢ OTKPBITBIM
HCXOJHBIM KOJIOM, MpeAHa3HAuYeHHYIO /I 3arPy3KH M NapCHUHTa
(cuHTakcuyeckoro aHanuaa) HTML.

Pesyabrar napcuara HTML — depeso DOM (Document Object
Model), conepskaiiiee a/1eMeHThI JOKYMEHTA, BKJIIOYast TEKCT U TETH.
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JlepeBo — CBsi3aHHAsi CTPYKTYpa JaHHBIX, COCTOSIIIAst U3 BEPILIHH, KO-
TOpbIE MPEACTABJSIOT TEKCT, TETH U APYTHe 3TeMEHThI JOKYMEHTa.

CBsi3b MeX/y BepIIMHAMU ONpefiessieTcsl CTPYKTYPOU TOKyMEeHTa.
B npeapiaynieM npuMepe nepBbIM Y3JI0M, Ha3bIBAEMbIM KODHEM,
SIBJISIETCS TeT <html>, KOTOpBIM BKJIOYaeT CCHIJIIKU Ha [Be COAep-
Xalluecsl B HeM BepLIMHBI <head> U <body>; 3TH y3Jibl — JouepHue
9JIEMEHTBl KODHEBOTO y3J1a.

¥Y3en <head> UMeeT OHY AOYEPHIOIO BepUIMHy <title>, a y3en
<body> — 0/IHy Z0YepHIO BepuinHy <p> (ab3all, OT aHIJI. para-
graph). Ha puc. 6.1 npexncrasieHo rpapuyeckoe n3obpaxeHue
NAHHOTO JIepeBa.

<html>

<head> <body>
<title> <p>

ITO HaapaHWe MpueeT, mup!
Puc. 6.1. [lepeso DOM ans npoctont HTML-CcTpaHuubl

Kaskaast BepiiiiHa BKJIIOUAET CCHIIKM HAa CBOU JI0YepHUE Y3JIbl; KPO-
Me TOTO, KaX/bli y3€J COIEePKUT CCBLIKY Ha CBOETO podumeas, 1o-
3TOMY BBEPX M BHHU3 T10 JIEPEBY MOKHO TEPEMENIATCS U3 J060Tro
yana. [lepeo DOM 1151 peaibHbIX CTPaHULL OOBIYHO CIOXHEE, YeM
OMKCAHHBIA MPUMED.

B 6GosbiuHcTBe 6pay3epoB ecTh MHCTPYMEHTHI AJ1s1 npoBepkt DOM
npocMatpuBaeMoii ctpanuibl. B Chrome MOXXHO 11eIKHYTh IPaBoii
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KHOITKOH MBIILIH Ha JII060#1 YacTu Be6-CTPaHUIIbI ¥ B IIOSIBUBLIEMCS
MeHIO BBIODATB IMYHKT MpocMoTpeth koa. B Firefox MOXHO 1iesKHYTh
TIPaBOii KHOTKOMH MBIIIH U BBIOPATh B KOHTEKCTHOM MEHIO TYHKT Uc-
cnienosath anemeHT. Safari npenocrasnsier unctpyMentT Web Inspector,
nHpOpMaIHsi 0 KOTOPOM HaXOAUTCS Ha caiiTe http://thinkdast.com/
safari. UncTpykuuu asst Internet Explorer MoXHo npo4nTats, ne-
peiins mo cewlike: http://thinkdast.com/explorer.

Ha puc. 6.2 nokasan ckpHHIIOT ¢ uabpaxennem aepea DOM ans
cTpaHuLbl «Bukuneauu» o Java (http://thinkdast.com/java). Beinesnen-
HBIH 3]1eMeHT — MepBblIii a63all OCHOBHOTO TEKCTa CTaThbH, KOTOPHIH
CONEPXKUTCS B 37IeMeHTe <div> ¢ id="mw-content-text". Msl Gynem
WCII0JIb30BaTh 3TOT HAEHTU(DUKATOD 3/IeMEHTA, YTOOBI OTIPEAETUTh
OCHOBHOH TEKCT KaXk/I0i 3arpy>kaeMoil HaMU CTaTbH.

[puMeHeHune jsoup

Bubaoreka jsoup Mo3BoOJISIET JIETKO 3arpy KaTh U aHAJIU3UPOBATD
BeO-CcTpaHHUIIBI ¥ epeMemathest o gepeBy DOM. Hanpumep:

String url + "http://en.wikipedia.org/wiki/Java_(programming_
language)";

// 3arpyska u napcuHr AOKyMeHTa
Connection conn + Jsoup.connect(url);
Document doc + conn.get();

// BbbUpaeT TeKCT KOHTEHTa M pa3genseT ero no naparpadam
Element content + doc.getElementById("mw-content-text");
Elements paragraphs + content.select("p");

dneMeHT Jsoup.connect npuHuMaeT URL B Buae ctpoku u ycra-
HaBJIMBaeT coefINHeHHUe C BeG-CcepBePOM; METOX get 3arpyKaeT KOJ
HTML, ananusupyert ero u Bo3Bpaiaer 06beKT Document, KOTOPbIi
npexcrasJsieT coboit DOM.
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I
html lang="en” dir Ltr° class="client-js ve-not-available i
» #shadow- t (open) |
P <head>- d
¥ <body cl ="mediawiki 1tr sitedir-1tr ns-0 ns-subject page
Java_prog ing language skin-vector action-view
div id="mw-page-base ass="noprint Jdiv=
«div id="mw-head-base" cl noprint fdiv
¥ <div id="content” class="mw-body~ role="main
a id="top fa
» <div id="siteNotice >.</div
div mwW-indicators
Jdiv
hl id="firstHeading" class="firstHeading" lang="en">Java (programming I
language)</hl
v <div id="bodyContent” class="mw-body-content”
div id="siteSub”>From Wikipedia, the free encyclopedia</div
div id o Sub i
P <div id= p-to-nav ="M - JUMP "~ ></d1iv I
¥ <div id="mw-content-t 1" dir="1tr" class="mw-content.ltr
> <div role="note" ¢l hatnote"=.=</div
F <div role="note" cl: hatnote"»_</div
P <div role="note" cl: hatnote">.</div
> <table class="infobox vevent™ style="width:22Zem">.</table
P apr_</p |
P <pa_</p
P <pr_</p
pr=/p
P <div 1d="to 1a toc /di
p p
P <h2 /h2
> <div e="note" class="hatnote">.</div I
b <div thumb tright s..</div |
b <div ¢ thumb tright™>.</div |
P <div cle thumb tright”>.</div |
> <pr_</p I
P <pro</p |
P <p>_<fp |
P <pe_</p |
P <pr_</p |
» <h3>_</h3 o
=n fr

html body !:cmt.e\uk #bodyContent  divimw-content-text.mw-content-itr ﬁ
Puc. 6.2. DOM Inspector B Chrome

ITOT O6BEKT BKJIIOYAET METO/bI /715 HABUTALIMH 110 JIepeBY U BbIOOpa
y350B. Ha caMoM [1e7ie oH mpeocTaBisieT Tak MHOTO METOZIOB, YTO
3TO MOXeT cOUTh ¢ TosIKy. CaeyIomuii npuMep 1eMOHCTPHUPYeT ABa
criocoba BeI6Opa y3JI0B.

Q getElementByld IPUHUMAET NMapaMeTp CTPOKOBOI'O THIIA U ULIET
OEPEBO AJA 3J€EMEHTA C COOTBETCTBYIOUIUM IOJIEM id. Haiias
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€ro, OH BhiOUpaer y3es <div id="mw-content-text" lang="en"
dir="1tr" class="mw-content-1tr">, KOTOPbI} NOSBJISIETCS Ha
Kaxaoi cTpaHune «Bukuneauu», 4yTo6b HAEHTUPULIMPOBATD
3JIeMEHT <div>, COlep KAIIUH OCHOBHON TEKCT CTPAHMIIBI, B OT-
auyre ot GOKOBOI MaHe M HaBUTallMK U APYTHUX JIEMEHTOB.

BosBpaiaemoe 3HaueHue getElementById — 3TO OGBEKT KJIacca
Element, KOTOPBIY NpeACTABASET ITOT <div> U COAEPXKUT
BJIOKEHHBIE B <div> OYEpHHE IJIEMEHTDI, TAKUE KaK HAETH, AeTH
neTei U T. A.

Q select mpuHMMaeT String, 0GXOQUT AepeBO U BO3BpallaeT Bce
37IEMEHTBHI C TETaMHU, COOTBETCTBYIOLIMMH String. B nanHOM mpu-
Mepe OH BO3BpallaeT Bce Tern ab3aieB, KOTOPbIE MOSBJSAIOTCS
B content. Bo3BpaiiaeMoe 3HaueHHe — 00beKT THMa Elements.

ITpesxne yeM NpOAOIKUTD, BB JOJKHBI IIPOCMOTPETH JOKYMEHTAIIHIO
3THX KJIACCOB, YTOOBI 3HATh, KAKUE AEHCTBUS OHK MOTYT BHITIOJIHATS.
Haubosee BaxxHble k1acchl — Element, Elements u Node, MPOYUTATh
0 KOTOPBIX MOXKHO, epeiisi mo ceblikaM http://thinkdast.com/jsoupelt,
http://thinkdast.com/jsoupelts u http://thinkdast.com/jsoupnode.

Knacc Node mpeacrasasiet co6oit Bepmnny B nepese DOM. Cy-
IECTBYET HECKOJIBKO CyOKJIacCOB, paciMpAomux Node, BKIOYast
Element, TextNode, DataNode u Comment. Kiacc Elements — KoJ-
JeKkuns 06beKToB THMa Element.

Ha puc. 6.3 npeacrasieHa auarpamma kjaaccoB UML, nokassi-
BaloLlasi OTHOLIEHHUsI MeXIy HUMHU. JIMHUS ¢ mycToil cTpesikoii
TOBODUT O PacIIUPEeHHH OJHOTO kjacca Apyrum. Hanpumep, ata
IyarpaMMa yKasbIBaeT Ha To, 4To Elements paciiupsieT ArrayList.
Ms! BepHeMcs k fuarpammaM kinaccoB UML B ogHOMMeHHOM pa3-
aene raasbl 11.
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MpuMeHeHue jsoup
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NTepaumsa no gepesy DOM

Jnst Toro 4To6bl 06IETYUTH BaM XKU3HB, 1 IPEAOCTABISIO KJIACC
WikiNodelterable, mo3Bosstomuil mpoxoauTs no aepesy DOM.
Huoxe npuBesies mpuMep, KOTOPBIN MOKa3bIBa€eT, KAK UCTIOIh30BaTh
3TOT KJIacC:

Elements paragraphs + content.select("p");
Element firstPara + paragraphs.get(9);

Iterable<Node> iter + new WikiNodeIterable(firstPara);
for (Node node: iter) {
if (node instanceof TextNode) {
System.out.print(node);
}
}

ITOT NpUMep HAYMHAETCsI C TOTO MOMEHTA, Ha KOTOPOM OCTaHOBHJI-
cs1 npeabiayiuii. OH BbIOMpaeT nepBblii ab3all B paragraphs 1 3aTeM
co3faert kjacc WikiNodeIterable, koTOpblii peasusyeT HHTepdeEiic
Iterable<Node>. [laHHBII KJIACC BBIMOMHSET NOUCK 8 2AYOUHY, CO3-
AaBasl y3Jbl B TOM NOPsIIKE, B KOTOPOM OHHU OY/IyT MMOKa3bIBaThCS Ha
CTpaHuLe.

B Tekyuiem nmpumepe Mbl 0ToOpaskaeM Node, TOJIBKO €CJTU OH SIBJISIET-
cs TextNode, 1 UTHOPHPYEM APYTH€ €r0 THIIbI, B YaCTHOCTH OOBEKTHI
Timna Element, mpeaCTaBJsONIMeE TETH. Pe3ybTaT — MpOCTOi TeKCT
a6zaua HTML 6e3 kakoii-1u60 pasmerku. Ero Beisos:

Java is a general-purpose computer programming language that
is concurrent, class- based, object-oriented, [13] and specifically
designed...!

! Java — yHMBepCaIbHBIH KOMIIBIOTEPHBIN SI3bIK IPOrPAMMHUPOBAHHUS, KOTOPBbIi
SIBJISIETCS] OGbEKTHO-OPUEHTHPOBAHHBIM S3bIKOM, OCHOBaHHbBIM Ha KJaccax,
C BO3MOXKHOCTbIO NapaJIJIEIbHOTO IPOrpaMMUpoBanus [13] 1 cnennanbHo
paspaboraH...
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Mouck B rNybuHy

CyiecTByeT HECKOJIbKO Coco60B pa3yMHOro 00Xo/1a Jepesa.
Mbl HauHeM ¢ noucka 6 znybuny (depth-first search, DFS). ITo-
MCK HauMHaeTCsl C KOPHA JiepeBa M BbI6Opa MepBOro A04YepHero
yaJaa. Eciv y nocsieHero ects feTH, To CHOBa BBIOMPAETCsI NEPBBIit
nouepHuit ysen. Koraa nonamaetcss BepunHa 6e3 mgetei, HykHO
BEPHYThCS, TlEPEMEIACh BBEPX MO IEPEBY K POAUTENBCKOMY Y31,
rae BbIOUpaeTCs cieayoluil pebeHoK, eciiv OH ecTh. B mpoTHBHOM
clly4ae Hy>KHO CHOBa BepHyThcs. Koraa uccienoBan nociaenHuit
JI0YEPHUIA y3€eJ1 KOPHS, 06X0/I 3aBepILIAeTCs.

EcTb ABa 06LIENPHHSATHIX CIIOCO0A PeaU3aliK IOKCKA B TIyOUHY:
PEKYPCHBHBII U UTEPAaTUBHbIM. PexypciBHas peasn3auusi IpocTa
M 3JIeraHTHa:

private static void recursiveDFS(Node node) {

if (node instanceof TextNode) {
System.out.print(node);

}

for (Node child: node.childNodes()) {
recursiveDFS(child);

}

}

ITOT MeTO/I BHI3BIBAETCSI 171S1 KX I0ro Node B ZiepeBe, HAUMHas1 C KOP-
Hs1. Eciu Node siBnsieTcst TextNode, TO meyaTaeTcst €To COAEPXKUMOE.
[Tpu Hasmuyum y Node ieTeil IPOUCXOAUT BbI30OB recursiveDFS ast
KaXkI0r0 U3 HUX I10 MOPAAKY.

B TekyuieM nmpuMepe Mbl pacreyaTblBaeM COLEPXKMMOe KaxXI0TO
TextNode 110 mOCelieHHUs er0 JoYepHHUX Y3JI0B, TO €CTh 3TO IPUMED
npamoro (pre-order) o6xozna. O npsiMoM, o6paTHOM (post-order)
1 cuMMeTpuyHOM (in-order) 06xo/ie MOXHO IPOYUTATS, Tepeias
no cchliike http://thinkdast.com/treetrav. [{ss1 1aHHOTO MPUIOKEHUS
NOPsIZIoK 06X0/1a He MeeT 3HAYEHHUS.
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BruinosiHsist peKypCcUBHBIE BBI3OBBI, recursiveDFS UCNIOB3YeT CTEK
BBI30BOB (CM. http://thinkdast.com/callstack) ¢ 1enbio oTCIEXKUBATH
JloYepHUE BEPIIMHBI U 06pabaThiBaTh UX B IPABUIBHOM TIODSIIKE.
B kauecTBe anbTepHAaTHUBBI MOXHO HUCIIO/Ib30BaTh CTPYKTYPY AaH-
HBIX CTEKa, YTOOBI OTCIEXKUBATD Y3JIbI CAMOCTOSITENBHO; 3TO TTO3BO-
7T u36eXaTh peKypcuu U 0O0UTH 1ePEBO UTEPATHBHO.

Creku B Java

IIpexme yeM OGBSICHATh UTEPATUBHYIO BEPCHIO TIOMCKA B TIy6OH-
HY, s PaCCMOTPIO CTPYKTYpPY AaHHBIX cTeKa. Mbl HauHeM ¢ obuieit
KOHIIEMIUU CTeKa, a 3aTeM MOTOBOPUM O BYX Java-interfaces,
KOTOpbIe OTIPENIENISIIOT METO/IbI CTeKa: Stack u Deque.

Crek mpeacTaBiisieT co0o0ii CTPYKTYPY AaHHBIX, IIOX0XYIO Ha CIU-
COK: 3TO KOJIJIEKLIMS, KOTOpasl NO/epKUBaeT NOPSIIOK 371€MEHTOB.
OCHOBHOE pa3u4re Mex Iy CTEKOM U CIIUCKOM COCTOUT B TOM, YTO
TepBbIii BKJIIOYaeT MeHbIle MeTof1oB. [1o obmenpuHsToMy coria-
IIEHUIO CTEK MPeOCTaBIIsIET METO/BL:

Q push, 1006aBIAIONIHI 2JIEMEHT B BEPIINHY CTEKA;

Q pop, KOTOprﬁ IPpOU3BOAUT yAa/IEHHE U BO3BpAllla€T 3HAUYEHHUE
CaMOrI'0 BEPXHEro 3JIEMEHTA CTEKaQ;

QO peek, BO3BpaLIAOIIHMA CaMbIil BEpXHUI 3JIeMEHT cTeKa 6e3 u3-
MEHEHHS CaMOro CTEKa;

QO isEmpty, KOTOprI‘;I [TOKa3bIBAET, ABJISIETCA JIU CTEK ITYCTbIM.

[Mockonbky pop Bceraa Bo3BpalllaeT caMblii BEPXHHUI 371€MEHT, TO
cTek eie HasbiBaeTcsi LIFO, 4YTO 3HAUUT «IOCTIeHUM BOILEJI, Tep-
BbIM Bhiies» (last in, first out). AnbTepHaTHBa CTEKy — Ouepeds,
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BO3BpAIlaIOLIasl 3JIEMEHTBI B TOM )K€ MOPsiKe, B KOTOPOM OHH ObLIN
no6aBJieHbl, TO €CTh «IIEPBbIM BOIIEJ, epBbIM Bbimies» (first in, first
out), wm FIFO.

Ha nepBblii B3IJIs11 HEMOHATHO, TOYEMY CTEKH U OYePe/It 0JIe3HBI:
OHM He Jal0T HUKAKHX 0COOBIX BO3MOXHOCTEH, KOTOpbIe HeJb3sl
6b1J10 ObI MOJYYUTD OT CIIUCKOB; (PaKTHYECKH BO3ZMOXKHOCTEN y HUX
naxe MeHblre. Tak moveMy 6bl He IPUMEHSITH CIMCKHU Beerna? Ectb
ABe PMYKHbI, ONPAB/IbIBAIOLIME PHMEHEHHNE CTEKOB U OYepeleil.

1. Ecau Bbl orpanuunBaete ce6st HeGOIbIINM HABOPOM METOLOB
(to ectb HebosbmuM API), To Bam kox 6yaet 6osee ynta-
OesIbHBIM U MeHee TMoJBepKeHHbIM omnbkam. Hanpumep, npu
HCMOJIb30BAHUM CIUCKA ISl IPEACTABJIEHUS] CTEKA MOXKHO
CJIy4aitHO yIaKTh 3JIEMEHT B HenpaBuabHOM nopsiake. C API
cTeka Takasi olinOKka B OyKBaJbHOM CMbICJIE HEBO3MOXHA.
A nyymumit ciocob u3bexatb OUOOK — ces1aTh UX HEBO3MOX-
HBIMHU.

2. Ecau cTpyKTypa maHHbIX pegocTaBJsiet Hebobmoit AP, To ee
Jierye peann3oBath a¢dekTrBHO. Hanpumep, npoctoit crnocod
peasM3alMy CTeKa — OAMHOYHBINA cnucok. Braskubas (push)
3JIEMEHT B CTeK, Mbl 100aBJIsieM €ro B Hauajlo CIHCKa; BBITAJ-
K1Bas (pOp) 3JIEMEHT, MBI YAQJIsIEM €r0 U3 caMoro Havasna. s
CBSI3HOTO CIIMCKa N00aBJeHUE U yIaleHHe U3 Hayala — ole-
paliy MOCTOSIHHOTO BpeMeHH, NO3TOMY [aHHAsl pean3alust
a¢pdextuBHa. U HaobopoT, 6osbine API cioxHee peann3oBath
apdekTHBHO.

Peanu3oBarh CTek B Java MOXKHO TpeMst Iy TSIMH.

1. IIpumeHuTs ArraylList uau LinkedList. I[Ipu ucnosb3oBanuu
ArrayList Hy>KHO IIOMHHUTD O 100aBJIEHNH U yIJIEeHUH U3 KOHUA,
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YTOOBI 3TH onepamnuy BhIIIOJMHANTNACDH 3a IIOCTOSAHHOE BPEMH. Cre-
ayer usberaThb lIO6aBJIeHI/IH JJIEMEHTOB B HCNIPABUJIbHOE MECTO
WK UX YJ1aJICHHUA B HEIIPAaBUJIbHOM IOPAJKeE.

2. B Java ecTb kjacc Stack, IpegoCTaBJSIOUMNA CTaHAAPTHBIN
Habop MeTonoB cTeka. Ho 3TOT kiacc — crapast 4acTh Java: OH
HecoBMecTiM ¢ Java Collections Framework, koTopbiit mosiBusics
No3Xe.

3. BeposiTHO, ny4iinii BHIOOp — UCMOJAB30BATh OJIHY U3 peayn3a-
Ui uHTepdeiica Deque, HanpuMep ArrayDeque.

Deque obpasoBano ot double-ended queue, 310 3Ha4UT «ABYCTO-
POHHS$Is ouepenib». B Java nnTepdeiic Deque mpegocTaBiisieT METOIBI
push, pop, peek 1 isEmpty, IO3TOMY €r0 MOKHO MCIIOJIb30BaTh KakK
crex. OH COAEPXXHT U Apyrue MeToAsl, ”HGOPMALHS O KOTOPbIX
IOCTYIIHA Ha caiiTe http://thinkdast.com/deque, Ho moka MbI He OyaeM
[IDUMEHSITh UX.

NTepaTuBHbLIA NOUCK
B rNybunHy

Hwuxe npuBonutcs uteparuHas Bepcust DFS, ucnonpsylomas
ArrayDeque 1151 IPEICTaB/IEHUs CTeKa 0OBEKTOB TUIA Node:

private static void iterativeDFS(Node root) {

Deque<Node> stack + new ArrayDeque<Node>();
stack.push(root);

while (!stack.isEmpty()) {
Node node + stack.pop();
if (node instanceof TextNode) {
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System.out.print(node);

List<Node> nodes + new ArraylList<Node>(node.
chiidNodesQ);
Collections.reverse(nodes);

for (Node child: nodes) {
stack.push(chiid);

}

[TapameTp root — KOpeHb IepeBa, KOTOPOE Mbl XOTHM 000 TH, MO-
3TOMY HaYMHAEM C CO3[aHHs CTeKa M 100aBJeHNs B HETO JaHHOTO
napamerpa.

LMK IpOO/IKAETCS IO TEX MOP, MOKA CTEK He OKAXKETCS! IYCTHIM.
[Ipu Kaxa0M MpOXojie MPOUCXOAUT BbITAJIKHBaHUe Node U3 CTeKa.
Ecnu mosnyyeH TextNode, TO mevaraeTcsi ero coepxxumoe. 3aTeM
B CTeK N106aBA0TCs foYepHHe BepminHbl. UT0OBI 06pabaThiBaTh
NIOTOMKOB B IPaBUJIbHOM MOPSIIKe, HY’KHO BBITAJIKUBATh UX B CTEK
B 06paTHOM MOPSIZIKE; 3TO AeJIaeTCsi KOMUPOBAaHUEM J0YePHUX Bep-
IIMH B ArraylList, mepecTaHOBKOH 37IEeMEHTOB Ha MeCTe, a 3aTeM
UTepalyell peBepCHPOBAHHOIO ArrayList.

OQHO U3 IPEUMYILECTB UTEPATHBHOM BEPCHHU MIOMCKA B IIyOHHY 3a-
KJIIOYaeTCs B TOM, 4YTO ee Mpollle pealn30oBaTh Kak Iterator B Java;
KaK 3TO C/leJIaTh, OIUCAHO B CJleyIOllel I1aBe.

Ho cHavana nmocienHee 3amMeyanune o6 nHTepdeiice Deque: MOMUMO
ArrayDeque, Java IpeIOCTaBJIsIeT ellle OJHY peaju3aluio Deque,
Hauero cTaporo apyra LinkedList. [Tocnennuit peanusyer oba
uHTepdeiica: List u Deque. [TomyuenHsblit HHTEpdENC 3aBUCUT OT €ro
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ucnosb3oBanusi. Hanpumep, npy Ha3HayeHnU o6bekTa LinkedList
rnepeMeHHOIi Deque:

Deqeue<Node> deque + new LinkedList<Node>();

MOYXHO MPUMEHUTh METOMIBI U3 UHTePdelica Deque, HO He BCEe METO-
1Bl U3 nHTepdeiica List. [IprcBouB ero nepeMeHHOM List:

List<Node> deque + new LinkedList<Node>();

MOJKHO MCIIOJIb30BAaTh METOAB! List, HO He Bce MeTOABI Deque.
U npucBauBasi ux CleAYIOMIM 06pa3oMm:

LinkedList<Node> deque + new LinkedList<Node>();
MOXXHO UCIIOJIB30BaTh 8C€ METODI. Ho npu 06’belII/IHeHI/II/I METO4O0B

U3 pa3HbIX HHTep(eiicoB Ko OyaeT MeHee YuTabebHBIM 1 (oJlee
MO BEP>KEHHBIM OLIMOKaM.



MyTb K punocodpumn

Llesb 9TOM r71aBbl — pa3paboTKa MOMCKOBOrO poboTa, MPOBepsiolIe-
ro runore3dy Getting to Philosophy, o xoTopoii 51 pacckasan B pas-
nejie «ITouckoBble CUCTEMBI» I1aBbI 6.

Hayano pa3paboTku

B penosutopuu aJst 3TON KHUTU Bbl HailieTe Ko/, KOTOPbIH TOMo-
XKeT HayaTb paboTy.

1. WikiNodeExample.java COAEP>XKUT KOZA U3 MpeblayIIeH [J1aBbl,
JIeEMOHCTPUPYIOIIUI PeKyPCUBHbIE U UTEPATUBHbIE PealU3alluy
norcka B riy6uHy B nepeBe DOM.

2. WikiNodelterable.java Bkto4aeT kiacc Iterable ast o6xoza
nepeBa DOM. £ 06bACHIO 3TOT KO B CJIEAYIOIEM pasaeJie.

3. WikiFetcher.java comep>XuUT BCIOMOraTe IbHbIH KJ1acC, HCIOJIb-
3yIoLIKH jsoup /151 3arpy3Ku CTpaHull u3 «Bukuneanus. YTobbl
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IIOMOYb COOJTIONATD YCJIOBUsI 00CTYKUBaHUs1 « BUKUIEAUn», 3TOT
KJIacC OTPAaHUYUBAET CKOPOCTb 3arpy3KU CTPaHUL; P 3aIpo-
ce GoJiee OQHOI CTPAHHLBI B CEKYHAY OH MPHOCTaHABIUBAETCS
nepe 3arpy3koii ceAyIoleil CTpaHUIIbI.

4, WikiPhilosophy.java BKJIOYaeT CXeMY KOJa, KOTOPBIi BbI Ha-
nuuieTe AJs 3TOro yrpakKHeHUs.

Kpome Toro, Bbl Haitnete daitn cbopku mast Ant mox Ha3BaHUEM
build.xml. [Tpu 3amycke ant WikiPhilosophy oH OyzeT akTUBU3HU-
pOBaTh MPOCTOM OUT CTAPTOBOTO KOJA.

UHTepdeircol Iterable
n Iterator

B mpeasiayiei riase s ONKUcan HTEPATUBHBIN MOUCK B INIyOUHY
¥ TIPEATIOJNOXKUT: IPEUMYILEeCTBO UTePAaTHBHOM BepCUU I10 CPaBHe-
HHIO C PEKYPCHBHO# 3aKJII0YAETCS B TOM, UTO €e Jierde HHKaICyJIu-
poBaTh B 00beKT Iterator. B Tekyiuem pasaese Bbl yBHAKTE, KaK
3TO C/A€NIaTh.

Ecau Bbl He 3HaKOMBI ¢ UHTepdeiicaMu Iterator u Iterable, TO
MoXeTe IPOYUTaTh O HUX, IlepeiIsi o cchinkaM http://thinkdast.com/
iterator 1 http://thinkdast.com/iterable.

BarsisiHuTe Ha comepxxuMoe WikiNodelterable. java. BHemnuit
kyacc WikiNodeIterable peanusyeT uHTepdeiic Iterable<Node>,
TI09TOMY €r0 MOXHO HCIIO/Ib30BaTh B LIUKJIE for TaKUM 06pa3oM:

Node root + ...
Iterable<Node> iter + new WikiNodeIterable(root);
for (Node node: iter) {

visit(node);

}
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3mech root — KOpeHb epeBa, KOTOPOE Mbl XOTUM OOOUTH, a visit —
3TO MeTO[, IeJIAIOIINI BCE, YTO MBI XOTUM, KOTZa «I10CellaeM» y3ell.

Peanu3zaius WikiNodeIterable ciemyeT oOuenpuHsToi hbopmyie.

1. KOHCTpPYKTOp NPMHUMAET U COXPaHsieT CChIJIKY Ha KOPHEBOi
y3ea.

2. Merton iterator co3zaeT ¥ Bo3BpaiuaeT 0ObeKT THIIA Iterator.

ITO BBIIVISIIUT TaK:

public class WikiNodeIterable implements Iterable<Node> {

private Node root;

public WikiNodeIterable(Node root) {
this.root + root;

}

@0verride
public Iterator<Node> iterator() {
return new WikiNodeIterator(root);

}
}

BuyTtpenHuii knacc WikiNodeIterator BbIITOJHSET BCIO HACTOALIYIO
paborty:

private class WikiNodelterator implements Iterator<Node> {

Deque<Node> stack;

public WikiNodeIterator(Node node) {
stack + new ArrayDeque<Node>();
stack.push(root);

}

@Override
public boolean hasNext() {



100 lnasa 7. MyTb k dunocobmum

return !stack.isEmpty();

}

@Override
public Node next() {
if (stack.isempty()) {
throw new NoSuchElementException();

}

Node node + stack.pop();
List<Node> nodes + new ArrayList<Node>(node.childNodes());
Collections.reverse(nodes);
for (Node child: nodes) {
stack.push(child);
}

return node;

}

Jrtot KOJ IMOYTH UAECHTHUYEH I/ITepaTI/IBHOﬁ BE€PCHUH [IOUCKa B FJIy6I/I-
HY, HO TE€IIEPb pa3/I€JIEH Ha TPHU METOa.

1. KoHCTpyKTOp MHHUIIMATU3UPYET CTEK (KOTOPbIA peain3yeTcst Ha
OCHOBe ArrayDeque) 1 106aBJISIET B HETO KOPHEBO#A y3eJl.

2. Merton isEmpty npoBepsieT, SABJSIETCS JIU CTEK MYCTHIM.

3. Meron next BbITaJIKMBaET CJAEAYIOLINIT y3e U3 CTeKa, 106aBseT
€ro J0YepHUE y3JIbl B 0OpPaTHOM MOPsiiKEe U BO3BPAILAET BbI-
TOJIKHYTBIH y3en. Ecau BbI3BaTh next muis mycroro Iterator, TO
OH BBIJACT UCKJIIOYEHHE.

Ha nepBblii B3rJ1s11 HENOHSTHO, IOYEMY CTOUT 3aMEHUTDb OIUH Tpe-
KpacHbII MeTOJl IByMs KJlacCaMH U NsAThio MeTogamu. Ho Teneps,
KOrza Mbl 3TO CeJlaid, MOX€eM HCII0b30BaTh WikiNodeIterable
BeaJe, rae TpebyeTcs Iterable, YTO MO3BOJISIET MIPOCTO U CHHTAK-
CUYECKH YUCTO OTAETUTD JIOTUKY UTepaluii (moucka B riiyOuHy) OT
1106011 06paboTKH, KOTOPYIO Mbl TIPOBOAUM B y3J1aX.
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WikiFetcher

[Tpy HanmKCAHMK OMCKOBOTO POOOTA MOXKHO JIETKO 3arpy3UTh CJIMILI-
KOM MHOTO CTPaHHII, YTO CMOCOOHO HAPYIIUTD YCIOBUST 0OCTYXKH-
BaHUA ISl cepBepa, ¢ KOTOPOTo MpousBoauTcs 3arpy3ka. [lToMoub
u3bexarb 9TOro MPU3BaH KJacc Noj Ha3BaHUeM WikiFetcher, BbI-
NOJIHSIOWIKI 1Be PyHKLUU.

1. OH MHKaMCyJaupyeT KoM, MOKA3aHHbIH B IpeJbIAYIIEH I1aBe, s
3arpy3KH CTpaHHL U3 «Bukuneanu», napcuira HTML u Bi6opa
TeKCTa KOHTEHTa.

2. OH u3MepsieT BpeMsl MeX/y 3alpocaMM U NPH OTCYTCTBHH J0-
CTaTOYHOTO BPEMEHU MEXAY 3alIPOCaMU «CIHUT» O OKOHYaHUs
pasyMHoro uHTepBaja. [Io yMos4aHMIO UHTEPBAJ COCTABJsIET
ONHY CEKYHIY.

Onpenenennie WikiFetcher TakoBo:

public class WikiFetcher {

private long lastRequestTime + -1;
private long minInterval + 1000;

/**
* BuibupaeT W aHanusmpyet cTpoky URL,
* BO3Bpallas CNUCOK 3NeMeHTOB ANnA ab3aues.
*/
public Elements fetchWikipedia(String url) throws IOException {
sleepIfNeeded();

Connection conn + Jsoup.connect(url);

Document doc + conn.get();

Element content + doc.getElementById("mw-content-text");
Elements paragraphs + content.select("p");

return paragraphs;

}

private void sleepIfNeeded() {



102 Mnasa 7. MyTb K hbrnocopum

if (lastRequestTime != -1) {
long currentTime + System.currentTimeMillis();
long nextRequestTime + lastRequestTime + minInterval;
if (currentTime < nextRequestTime) {

try {
Thread.sleep(nextRequestTime - currentTime);
} catch (InterruptedException e) {
System.err.println(
"Warning: sleep interrupted in
fetchWikipedia.");

}
}

lastRequestTime + System.currentTimeMillis();

}

EnuHcrBeHHblit my6anuHbI MeTon — fetchWikipedia, koTopbiii
npuHuMaeT URL-azxpec kak cTpoky u Bo3Bpamaet KoJIeKIHIO
Elements, comepxamyio no ogHoMy syneMeHTy DOM nns kax-
noro ab3ana B TEKCTE KOHTEHTA. ITOT KO/ A0JKEH Ka3aThCsl 3Ha-
KOMBIM.

Hoswiit kox Haxoautcst B MeTofle sleepIfNeeded, KOTOpBI Mpo-
BepsieT BpeMsl, TIpolle/Iilee C MOMEHTA MOCJIEAHETO 3aMpoca, 1 6e3-
NefCTBYeT, ecJid 3aTpayeHHOe BpeMsl MeHbllle yeM minInterval,
3aJaHHBII B MUJIJIUCEKYH/IaX.

ITO BCe, YTO ecThb B WikiFetcher. Huxe npuBenen npumep, 1eMOH-
CTpUPYIOIIKI TO, KaK UCTIONb3YeTCS AAHHBIN Ki1acc:

WikiFetcher wf + new WikiFetcher();

for (String url: urllList) {
Elements paragraphs + wf.fetchWikipedia(url);
processParagraphs(paragraphs);
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B nanHoM npuMepe MBI IipedriosiaraeM, 4To urlList npeacrasiser
co6oit Habop CTPOK, a processParagraphs — 3TO MeTOZ, KOTODBIi
BBITMIOJIHSIET KaKKe-TO AeicTBUs ¢ 06beKTOM Elements, Bo3Bpalia-
eMbIM fetchWikipedia.

B 3ToM npuMepe Noka3aH BaKHbI MOMEHT: HEOOXOAUMO CO3aTh
OZIMH 06BEKT WikiFetcher v IpUMEHSTD ero st 00paboTKH BCeX 3a-
npocoB. [Ipy HATMYKUY HeCKONMBbKUX 9K3eMILISIpOB WikiFetcher oHH
He OyAyT UCTIO/Ib30BaTh MUHUMA/IbHBIH HHTEPBAJ MEXY 3alIPOCaMHL.

Mos peanusaums WikiFetcher npocTa, HO ee nerko MoXHo uc-
NONb30BaTb HENPABULHO, CO34aB HECKONLKO 3K3EMNNSPOB.
MN36exaTb AaHHOM npobneMbl MoxHO, caenae WikiFetcher
oavHoukol (Singleton). WHdOpMaumio 06 3TOM CM. Ha canTe
http://thinkdast.com/singleton.

YnpaxHeHue 5

B WikiPhilosophy.java Bbl HalijeTe MPOCTON METOA main, MOKa-
3BIBAIOLINiA, KaK MCIIOJIb30BaTh YaCTh 3TUX 3J7eMeHTOB. Haunnas
C JaHHOTO KO/Ia, Ballla 33/ja4a — HalMucaTh OMCKOBHIN poboT, KOTO-
PHIH enaeT caenylolee.

1. INpunumaetr URL cTpanuus «Buxkuneauns, 3arpyxaer ee 1 aHa-
JIU3UpYeT.

2. OH ponxeH 060iTH monydyeHHoe nepeBo DOM, uTobbl HaiiTu
niepByIo deticmaumensiyto cChUIKy. Huke s1 06bsICHIO, 4TO 3Ha-
YUT «A€HCTBUTEIBHBIH».

3. Ilpu OTCYyTCTBMH Ha CTPaHHIIE CCHUIOK UM B TOM CJIy4ae, eCIu
TiepBas CChLIKa — 3TO CTPAHHIIA, KOTOPYIO MBI y3Ke BUZEJH, TIPO-
rpaMMa J0J/KHa COOOLIUTD 06 OTKa3e U BBIATH.
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4. Ecnu cceinka coorBerctByer URL cTpanuubl «Bukuneauus no
dunocodpuu, To mporpaMma JoJKHa COOOIIUTL 00 yCIEMIHOM
BBITNIOJTHEHUU Y BBINTH.

5. B nporuBHOM cayyae eii ciexyeT BepHYThCS K mary 1.

ITporpamma nomxkHa co3nath List URL, koTopeie oHa nmocetunia,
¥ 0TO6Pa3uTh pe3yabTaThl B KOHIlE (KaK IPY YCIEITHOM BBITIO/HE-
HHHY, TaK U B CJIy4ae OTKa3a).

WITaK, 4YTO CTOUT PacCMaTpUBATh KAK <«AEHCTBUTETBHYIO» CCHLIKY?
B atom Bompoce ecTb Bbi6Op. Pa3nnuHble BADMAHTHI TUTIOTE3bI
Getting to Philosophy ucnosnb3yior Heckosbko uHble paBuIia, HO
BOT HEKOTOPbIE U3 HUX.

1. Ccpblika 101KHa HAXOAUTBHCS B TeKCTe KOHTEHTA CTPAHULIbL, a He
Ha 60KOBOW MaHeH UK B KOHTeHHepe.

2. OHa He 10/KHA OBITH BbIEJEHA KYPCBOM WJIM B35ITa B CKOOKH.

3. HyXHO nponycTUTbh BHELIHUE CCBUIKH, CCHITKH HAa TEKYILYIO
CTPaHUILY U KPACHbIE CCBIIKH.

4. B HekOTOpBIX BepcHSIX CJIeAYeT NPOMYCTUTD CCHLIKY, €CIH TEKCT
HauynHaeTcsi ¢ GYKBbI B BEPXHEM PETHCTPE.

He nHy»HO cTpOro ciefoBath BCeM 3TUM NPaBUJIaM, HO s peKOMEH-
Iy10 X0Ts1 661 06pabaThiBaTh KPYTJIble CKOOKH, KYPCHB U CCHIJIKM Ha
TEKYIIYIO CTPaHHUILY.

Ecnn YYBCTBYE€TE, YTO Y BaC JOCTATOYHO I/lH(l)OpMaLII/lI/I 11 HavyaJjia
pa6OTbI, TO npncrynaﬁTe. Wnu MoxeTe BOCIOJIb30BAThCS ceny-
IOIIMMH MOACKA3KaMH.

1. Ilpu obxone nepeBa MPUAETCSI UMETD €0 C ABYMSI TUIIAMU
y3710B: TextNode u Element. [Ipu o6HapyskeHHH TOCTIEqHETO, BE-



YnpaxHeHue 5 105

POSITHO, TPUAETCSI TPOU3BECTH NPHUBe/leHUe TUIIOB /1S JOCTyTa
K Tery ¥ Apyroit nugopmauuu.

2. OGHapyxuB Element, cofepal1ii CChIJIKY, MOXKHO IPOBEPHTB,
BBIZIEJIEHA JIX OHA KYPCHUBOM, CJIedysl 10 POAUTENbCKUM CBSI35IM
BBEPX M0 JepeBy. Eciu B poauTenbckoil enouke ecTb Ter <i>
WJIM <em>, TO CChIJIKA BBI/IeJIEeHAa KYPCHBOM.

3. YTo6bl IPOBEPUTH, HAXOAUTCS JIU CChLTKA B KPYTJIbIX CKOOKaX,
[PUIETCS] CKAHUPOBATh TEKCT 110 Mepe MPOX0XKAEHU IO iepeBY
1 OTCJIE)XMBATh OTKPBIBAIOLINE U 3aKPBIBAIOIINE KPYIJIble CKOOKH
(B Maease pelIeHHE TOKHO HMETh BO3MOXKHOCTb 0OpabaThiBaTh
BJIOXKEHHbIE KPYTJible CKOOKH (HanpuMep, TakHe)).

4. HauaB co cTpaHulsl, nocssieHHo# Java (http://thinkdast.com/
java), cnenyer nepeiitu k ctpanuie Philosophy (nocse cemu
CCBIJIOK, €CJIM TOJIbKO HUYETO He U3MEHHIOCh C MOMEHTA, KOTZa
s1 3aITyCKaJl KOX).

ITO BCe, YeM s MOTY TIOMOUb. Terneps Bce 3aBUCHT OT Bac. [Tosyuure
YIOBOJIBCTBHE OT PaboThi!



NHpekcaTop

Ha Tekymuii MOMEHT MBI cO31ajid 6a30BOr0 MOMCKOBOrO po6oTa;
C/leyoIas 4acTh, Hajl KOTopoii 6yneM paboTath, — uxdexc. B koH-
TEKCTe BeO-MOUCKa MHIEKC NIPEACTABIAET COOOM CTPYKTYPY AaHHBIX,
TI03BOJISIIONIY IO MCKATh MTOMCKOBBINA TEDMUH M HAXOAUThb CTPAHUIIbI,
rae oH mnosiBasieTcsi. KpoMe Toro, Mbl XoTesn 6bl 3HaTh, CKOJIBKO
pa3 MOKMCKOBBIN TEPMUH BCTPEYAETCS Ha KaXAOH CTpaHMIE, YTO
TIOMOJXET ONpPEe/EUTb CTPaHHIIbl, Hanbosiee peieBaHTHbIE ITOMY
TEPMUHY.

Hanpumep, eciit nosb3oBaTesib BBOZUT NOMCKOBBiE TEDMUHBI Java
M nporpammupoBaHue, Mbl OyeM HUcKaTh 06a MOUCKOBBIX TePMHUHA
M ToJy4HM ABa Habopa crpanui. Habop co cioBom Java Gyaer
BKJIIOYATh CTpaHULBI 06 ocTpoBe S1Ba, MapKe Kode U sA3bIKe Ipo-
rpaMMupoBaHus. B Ha6op co c10BOM nporpammupoBanue BOMIYT
CTPaHHUIIBI O Pa3HBIX SI3bIKAX MPOTPAMMHUPOBAHUS, a TAKXKe APyrHe
BapHAHTbI IPUMEHEHUSI ITOTO cJI0Ba. BeiGupast cTpaHuiibl ¢ 060MMHU
TEPMUHAMHU, MBI HAJIEeMCS] YCTPAHUTh HepeJieBaHTHBIE U HAlTH Te,
KOTOPbIE KacaloTCs IPOrpaMMHUPOBaHUS Ha Java.
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Tenepb, KOrza CTaJo MMOHSTHO, YTO TaKO€ MHAEKC U KaKHe Oonepalun
OH BBINIOJIHAET, MOXKHO CO34aTh CTPYKTYPY AAHHBIX IJIA €ro Ipea-
CTaBJICHU.

Bblibop CTPYKTYpbl AaHHbIX

OcHoBHas ornepaius HHAEKCA — 3TO NOUCK; B YACTHOCTH, TpedyeTCs
BO3MOJXXHOCTb MICKaTh TEPMUH U HaXOAWUTb BCe CTPAHMIILL, Ie OH
ectb. [Ipocreiiieil peanusauueit 6ynet Beibopka ctpanull. C yyeTom
TIOMCKOBOTO TEPMHUHA MOXHO 6bL10 6b1 IEpe6UpaTh coaepKUMOoe
CTPaHMII ¥ BHIOMPATh Te U3 HUX, KOTOPbI€ BKJIIOYAIOT JAHHBII TEDMHUH.
Ho BpeMst BeInosiHeHHsI 6yA€eT TIPONOPIHOHAIBHO O0IIEMY KOJTHYe-
CTBY CJIOB Ha BCEX CTPaHMIIAX, YTO CJIHUIIIKOM 3aMeJITUT OUCK.

Jlyuuiast anpTepHaTuBa — Kapma. ITO CTPYKTYpa JaHHBIX, KOTOpas
npezcTaBJisieT coboit Habop nap «kaou — snaueHues U 00ecrieYrBaeT
OBICTpBIN CIIOCOO TMOUCKA K110%a U HAXOXKIAEHUS] COOTBETCTBYIOLIETO
3nauenus. Hanpumep, nepBasi kapTa, KOTOPYIO MBI IOCTPOUM, —
TermCounter, COMOCTABJISIET C KAXKbIM IIOMCKOBBIM TEPMUHOM KOJIU-
YeCTBO €ro NOsIBJIEHUIA Ha cTpaHulle. Koy — mouckoBble TEDMHHH,
a 3HaYeHUs — KOIMYecTBa (TakXKe Ha3piBaeMble YaCTOTaMHu).

Java npenocrasnsier uHTEepdeiic Map, onpenesonii METOABI, KOTO-
pble I0/DKHA IPeaoCTaBIsITh kapTa. Hanbosiee BaXXHBIMHU SIBIISIIOTCST:

0 get(key) — maHHBIK METOJ UIIET KJIIOY U BO3BpalllaeT COOTBET-
CTByIOlllee 3HayeHue;

Q put(key, value) — 3TOT MeTOZ 100aBJIsIET HOBYIO Mapy «KJIIOY —
3HayeHHe» Ha KapTy UM 3aMeHsieT 3HayeHue, CBSI3aHHOe C KJIIo-
YOM, €CJIM OH YK€ HaHeCEH Ha KapTy.

Java obecreynBaeT HECKOJIBbKO peaJmaauuﬁ Map, BKJlo4as IBe,
KOTOPbIM MbI Y1€JIUM OCHOBHO€ BHUMAHUE! HashMap 1 TreeMap.
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B CJEAYIOIUX IIaBaX PAaCCMOTPUM 3TH peaiu3allM M MpOoaHalu-
3UpyeM UX NIPOU3BOAUTENbHOCTD.

I[ToMumo TermCounter, CONOCTABJSAIOLIETO MNOUCKOBbIE TEPMUHBI
C noJac4yeTaMu, Mbl ONpeAeINM KJaccC Index, cnymamnﬁ 11 CO-
IIOCTaBJIEHU TOUCKOBBIX TCPMHUHOB C KOJUVIEKIUAMHU CTPaHUIL, Ha
KOTOPBIX OH NOABJIACTCA. B cBs13u ¢ 9TUM BO3HUKaeT BOIIPOC: KakK
NpeACTaBJAATH KOJJIEKIHUIO CTpaHI/IH? M cHoOBa MbI NMpUHUMaeM
pemieHue, UCXoAsd U3 aHaJIM3a onepaum‘fl, KOTOpbIE H606XOIIPIMO
BBITNIOJIHUTD.

B naHHOM ciydae HY)KHO OObeIMHHUTD IBE UM HECKOJIBKO KOJLIEK-
LM U HAUTU CTPAHMILBI, KOTOPBIE MOSIBJSIIOTCS BO BCEX U3 HUX. DTy
OTEepaLMIo MOXKHO ONPEIENIUTDh KaK nepeceuenue MHoXecms: nepe-
ceyeHue IBYX MHOXKECTB — 3TO HAGOP 3JIEMEHTOB, IPUCY TCTBYIOLINX
B 000MX U3 HUX.

Kak BBI, HaBepHOe, yXe J0rajaauch, Java npeaocTaBasieT MHTep-
(eiic Set, onpenensiomuiil onepanuu, KOTOpbie JOJXKEH COBEp-
math Habop. DaKTHYECKH OH He NpeNyCMaTpUBaeT NepeceyeHre
MHOX€CTB, HO 00ecrieYyrBaeT MeTO/Ibl, MO3BOJIsIOLINE 3PDEKTUBHO
BBIMIOJIHSITh 3TY M APYTHe onepanuu ¢ MHoecTBaMU. OCHOBHBIE
METO/bI 3TOr0 HHTep(eiica:

Q add(element) — 10GaBISIET 31EMEHT B HAOOP; €CJIM INIEMEHT YoKe
HaxoIUTCs B Habope, eiCTBHE He TPOU3BOIMUTCS;

QO contains(element) — mpoBepsieT, HAXOAUTCA JIM JAHHBIN 2J1€-
MeHT B Habope.

Java MpeAOCTaBIsieT HECKOJIbKO peasu3alivil Set, BKioyast HashSet
U TreeSet.

Teneps, nocsie pa3apaboTKu CTPYKTYP AaHHBIX CBEPXY BHU3, Peajlu-
3yeM UX U3HYTPH, HauuHas ¢ TermCounter.
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TermCounter

Knacc TermCounter — 3T0 KJ1acc, KOTOPBIH CONOCTABJISIET TIOUCKO-
Bbl€ TEPMUHBI M KOJMYECTBO MX MOSIBNIEHHI Ha cTpaHuLe. [lepBas
4acTb ONpe/eieHNst JaHHOTO KJlacca TaKoBa:

public class TermCounter {

private Map<String, Integer> map;
private String label; :

public TermCounter(String label) {
this.label + label;
this.map + new HashMap<String, Integer>();

}

IlepeMeHHbBIe 9K3eMIISIPA — 3TO Map, COEPKalliasi CONOCTaBJIeHHe
TEPMHHOB C MOJICYeTaMy, U label, ueHTUPUUUPYIOLLAst JOKYMEHT,
13 KOTOPOTO NPHILLIK TepMUHBL. Mbl OyieM NPHUMEHSITh ee 7151 Xpa-
Henust URL.

Yro6bi peain3oBaTh CONOCTABJIEHNE, st BBIOpas HashMap — Haubosee
YaCTO UCTIOJIb3YEMYIO pea3aluio Map. B ciieyiolx HeCKOJIbKUX
IJIaBaX Bbl YBUJMTE, KAK 3TO PaboTaeT U moyemy noJib3yeTcs Mo-
IyJISIPHOCTDIO.

Kinacc TermCounter npegocTaBiisieT METOIBI put U get, KOTOpbIE
orpeiesieHbl CIIEYIOMNUM 00pa3oM:

public void put(String term, int count) {
map.put(term, count);

}

public Integer get(String term) {
Integer count + map.get(term);
return count += null ? @ : count;
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Merton put Bcero suiib memoo o6epmxu. [Ipu Bbi30Be MeToza put
Ksacca TermCounter BbI3bIBAETCSI METO/ put BCTPOEHHOTO K3EM-
IUISIpa KapThl map.

C npyro#i cTopoHbl, get AefiCTBUTENHHO BBIIIOJIHSIET HEKOTOPbIE
nevictBus. Koraa Bbl Bei3biBaeTe get B TermCounter, OH BBI3BIBAET
get B map, a 3aTeM MpoBepsieT pe3yJibTatT, Eciu TepMuH He 0TOOpa-
JKaeTcs Ha KapTe, To TermCount . get Bo3BpamaeT ©. Onpenenenue
get TakMM CIIocOOOM YIIpOLIAeT 3aMUCh incrementTermCount, KOTO-
pBIil IPUHUMAeT TEPMUH U yBeJIUYNBaeT Ha | 3HaUeHUe CUeTUHKa,
CBSI3aHHOTO C 3TUM TEPMHUHOM:

public void incrementTermCount(String term) {
put(term, get(term) + 1);
}

Ecnit TepMuH paHee He ObLI 3aMeyeH, TO get BEPHET 8; Mbl 100aBJIsi-
eM 1, 3aTeM UCIob3yeM put, YTOObI T0GABUTH HOBYIO Mapy «KJII0Y —
3HaueHHe» Ha KapTy. EC/M 3TOT TepMUH y’ke HAXOAMTCS Ha KapTe,
TO MBI [IOJIy4aeM CTapoe YKUCIo, JobaBsieM 1, a 3aTeM coXpaHsieM
HOBOE YKCJIO0, KOTOPOE 3aMeHsIET CTapoe 3HaUeHHe.

Kpowme Toro, kiacc TermCounter IpeOCTaBJsieT APYTHe METOABI,
MIOMOTaIOINe HHAEKCUPOBATh BEO-CTPaHUIIBL:

public void processtElements(Elements paragraphs) {
for (Node node: paragraphs) {
processTree(node);

}

public void processTree(Node root) {
for (Node node: new WikiNodeIterable(root)) {
if (node instanceof TextNode) {
processText(((TextNode) node).text());
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}

public void processText(String text) {

}

string[] array + text.replaceAll("\\pP", " ").
tolowerCase().
split("\\s+");

for (int i=0; i<array.length; i++) {
String term + array[i];
incrementTermCount(term);

Q processElements NpUHUMAET 0ObEKT Elements, KOTOPBIIi pez-

cTaBasieT co60i Habop 06beKTOB jsoup Element. OH mepe-
6upaeT KOJIJIEKLIMIO H BbI3bIBAeT processTree /sl KaXI0r0O
3JIEMEHTA.

processTree NIpUHUMaeT jsoup Node — kopeHb fiepea DOM.
Ox BbimosHsieT nepebop AepeBa, YTOOBI HAWTH BEPIIUHBI, CO-
AepiKallyie TEKCT; 3aTeM U3BJIeKaeT TeKCT 1 IIepPeiaeT ero B pro-
cessText.

processText IPUHUMAET CTPOKY, COAEPIHKAILYIO CJI0Ba, IPOOEBI,
3HaKy npenuHaHus u T. 1. OH yzassieT 3Haky NIPeMUHaHus, 3a-
MEHsIst UX TIpobesaMH, IEPEBOAUT OCTaBLIMeCs] OYKBBI B HUXKHUI
PEruCTD, a 3aTeM pa3bMBaeT TEKCT Ha cJioBa. [{aee npocMarTpu-
BaeT Hai/leHHbIe CJIOBA U BbI3bIBaeT incrementTermCount A5
Kaxaoro. Meronsl replaceAll u split 3a1eiCTBYIOT pezyrapHbie
8bIPANCEH U B KAYECTBE IAPAMETPOB; Y3HATh O HUX OOJIbIe MOX-
HO Ha caiiTe http://thinkdast.com/regex.

U nanocsnenok npumep, KOTOpbIi MMOKa3bIBaeT, KaK UCIOJIb3yeT-
ca TermCounter:

String url + "http://en.wikipedia.org/wiki/Java_(programming_
language)";
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WikiFetcher wf + new WikiFetcher();
Elements paragraphs + wf.fetchWikipedia(url);

TermCounter counter + new TermCounter(url);
counter.processElements(paragraphs);
counter.printCounts();

B stoM npumepe ucnosb3yercst WikiFetcher 11st 3arpy3ku CTpaHu-
bl U3 «Bukuneauu» n anHaan3a OCHOBHOTO TeKCTa. 3aTeM JaHHbBIN
MeTo[] co3faeT TermCounter U 3a/leliCTBYET €ro AJisl MOJCYETa CJIOB
Ha CTpaHHULIE.

B CJEAYIOLIEM pa3/iesie y Bac 6y11eT BO3MOXHOCTbD 3aIllyCTHTDb 3TOT
KO Y IIPOBEPUTH, HACKOJIBKO XOPOILIO Bbl IOHUMAaETe MaTepHaJl,
Z[O6aBI/IB OTCyTCTByIOU.II/Iﬁ METOA.

YnpaxkHeHue 6

B penosuTopuiu 17151 3TO KHUTHY Bbl HailleTe HCXOAHbIE (PalIbl 17151
JAHHOTO YIPaXXHEHUS:

Q TermCounter.java BKJIOYaeT KOI U3 npeablAyuiero pasaena,

Q TermCounterTest.java COAepXUT KOJ TecCTa AJis TermCoun-
ter.java;

O Index.java BMellaeT onpefieieHHe Kacca s caeaytouiei ya-
CTH TEKYLIETro YIpaXHEHHUST;

Q WikiFetcher.java BKJOYaeT KJ1acc, KOTOPbIH HCIIOJB30BaJI-
Cs1 B IIPeAIbIIyIeM YIpakHeHUH JJIs1 3arpy3Kd U aHaiu3a Beb-
CTpaHull;

Q WikiNodeIterable.java COAEPKUT KJacc, NIPUMeEHSIEMbBIH A5
nepemereHus y3uos B DOM.
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Bbi Takke Haiinerte aitn c6opku 11 Ant o HasBaHHeM build. xml.

AxTHBU3UpYiTE ant build, 4TOObI CKOMITMIMPOBATh HCXOAHbIE
daiinbl. 3aTem 3amycTuTe ant TermCounter; OH J0JIXKEH BBITIONIHUTD
KOJI U3 MpPebIAYIIero pasjiesia ¥ pacreyaraTh CIMCOK TEPMUHOB U UX
KosnuecTBOo. BbiBoa OyaeT BBIT/IsIIETh IPUMEPHO TaK:

genericservlet, 2

configurations, 1
claimed, 1
servletresponse, 2
occur, 2

Total of all counts + -1

[TopsALOK TePMUHOB MOXET OBITb APYTHM.

B nocseaneii CTpOKe TpeAroiaraeTcsi BBIBOA 0OOIIEro KOJIuYecTBa
CYETYMKOB, HO OHA BO3BPAIIAET -1, IOCKOJIbKY METO/ size sIBJIseTCA
HEMoJIHBIM, /[OMOMIHNTE ero U CHOBA 3allyCTUTE ant TermCounter.
Pe3yibTaTOM Z0/I)KHO OBITH 3HaueHHUe 4798.

AxTuBH3UpYHTE ant TermCounterTest A/l MOATBEPXKIEHUS TOTO,
YTO 3TA YACTh YIPAXXKHEHHS BBIIIOJHEHA M UCIIPaBJIeHa.

Bo BTOpO# YacTH ynpakHeHHUsI s1 IPe/ICTaB/IAI0 Pealu3aluio Kacca
Index, a BaM HY>KHO 106aBUTb HeftocTaouit metod. Hauvao onpe-
JIeJIEHUsT KJ1acca BBITTISIANUT TaK:

public class Index {

private Map<String, Set<TermCounter>> index +
new HashMap<String, Set<TermCounter>>();

public void add(String term, TermCounter tc) {
Set<TermCounter> set + get(term);

// ecnn TepMuH BCTPETWNCA Bnepsble, TO Mbl CO34aeM HOBbiA Set
if (set += null) {
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set + new HashSet<TermCounter>();
index.put(term, set);

}

// B NPOTUBHOM Cnyuvae Mbl M3MEHAEM CywecTBylouuin Set
set.add(tc);

public Set<TermCounter> get(String term) {
return index.get(term);

}

ITepemennas sK3eMIIApa index NpeacTaBisieT cO60M COMOCTaBIeH e
KaXJI0To MOMCKOBOTO TePMKHA ¢ HabopoM 06BEKTOB TermCounter.
Kaxxapiit o6beKT TermCounter COOTBETCTBYET CTPaHMIIE, Ha KOTOPOit
TNIOSIBJISIETCS TAKOM TEPMUH.

Merton add nobaBisier HOBBIt TermCounter B HaGOp, CBSA3aHHbIIH
¢ TepmuHoM. I1pu MHAeKcauny TepMUHA, KOTOPBIN paHblIEe He TOAB-
JISLTICS, HY’KHO CO3/1aTh HOBBIN Habop. B npoTHBHOM Ci1y4ae MOXHO
IpPOCTO 106aBUTh HOBBII 3JIEMEHT B CyllecTBYomuiA Habop. Torna
set.add u3MeHsieT HabOp BHYTPH MHAEKCA, HO He MOTU(PULMPYET
caM uHzekc. [lociennuit u3aMeHsieTCst TONBKO NpPH H06aBIEHUN
HOBOTO TEPMUHA.

Hakonen, meToz get IpUHUMAaeT MOMCKOBBIN TEPMUH U BO3BPAILAeT
COOTBETCTBYIOLIMI HAG0p 06BEKTOB TermCounter.

ITa CTPYKTypa NaHHBIX UMeeT CPEIHIOI CIOKHOCTh. Index cozep-
JKHUT Map 171 COMOCTaBJIEHUS KaXZI0ro IIOMCKOBOIO TEPMUHA C Ha-
6opoM 06BEKTOB TermCounter, a Ka bl aKk3eM1sp TermCounter —
KapTa, CBA3bIBaIOLIasl IOMCKOBbIE TEPMUHBI CO CYETYMKAMH.

Ha puc. 8.1 npeacrabnena auarpamma atTux o6beKToB. O6bEKT
Index MMeeT NepeMeHHYIO 9K3eMILIsIpa C UMeHeM index, KOTopas
CCbIJIAeTCs1 Ha KapTy Map.
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B aTOM npuMepe Map COfepXKUT TOIBKO OJHY CTPOKY "Java", Ko-
TOpas COOTBETCTBYeT Habopy Set, BKIOYAWIEMY ABa 00beKTa
TermCounter, 110 OJHOMY Ha KaXXIyl0 CTPAHHILY, I/le MOSIBJSETCS
CJIOBO Java.

Kaxnplit aksemnisip TermCounter Bkioyaer label (URL crpanu-
LIbl) ¥ map — KapTy, COAEPKAILYIO CJI0BA HA CTPAHHUIIE U KOJIMYECTBO
TOSIBJIEHUS] KQKAOTO U3 HHX.

Merton printlndex moka3piBaeT, Kak paclakoBaTh 3Ty CTPYKTYPY
JlaHHBIX:

public void printIndex() {
// NpoXoAMT B UMKNE NO NMOUCKOBLIM TEPMUHAM
for (String term: keySet()) {
System.out.println(term);

// BNA Kaxporo TepMUHA NevaTaeT CTpaHuuy,
// Ha KOTOpOW OH NOABNAETCA, W 4acToTy
Set<TermCounter> tcs + get(term);
for (TermCounter tc: tcs) {
Integer count + tc.get(term);
System.out.println(" " + tc.getLabel() + " " + count);

}

BHenHuil nuki nepe6upaeT NOUCKOBbIE TEPMUHBI, BHY TPEHHUIH —
00beKThl TermCounter.

AxTHBU3HpYIiTE ant build ¢ LeJbIO yOEANTHCS, YTO Ball MCXOAHBIN
KO/l CKOMITMJIMPOBaH, a 3aTeM 3alycTuTte ant Index. OH 3arpyxaet
ABE CTPaHHLbl «BUKHNeAnn», UHAEKCUPYET UX U MeYaTaeT pe3yib-
TaTbl; HO NIOCJIE €r0 3aITyCKa He 6yIeT HUKAKOro BBIBO/IA, TOCKOJIbKY
MBI OCTaBHJIX OJVH U3 METOAOB MYCThIM.

Bama sagaya — 3anosHuTh indexPage, kotopbiit npunuMaetr URL-
anpec (kak String) u 06beKT Elements 1 0OHOB/ISET UHAEKC. B cie-
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AYIOIHUX KOMMEHTApUAX CXEMATHYHO MMOKAa3aHO, YTO OH JOJIKE€EH
AeaaThb:

public void indexPage(String url, Elements paragraphs) {
// co3paet TermCounter W cyuTaeT TepMmuHbl B paragraphs

// nna xaxporo TepmuHa B8 TermCounter pob6asnset TermCounter
// B vHAekc

}

Korza on 6yzer pabotaTs, cHOBa 3amycTuTe ant Index. Bbl 1oKHBI
YBUZETH BBIBOJI, TIOAOOHBIN MPeACTaBIEHHOMY HIXE:

configurations
http://en.wikipedia.org/wiki/Programming_ianguage 1
http://en.wikipedia.org/wiki/Java_(programming_ianguage) 1
claimed
http://en.wikipedia.org/wiki/Java_(programming_ianguage) 1
servletresponse
http://en.wikipedia.org/wiki/Java_(programming_ianguage) 2
occur
http://en.wikipedia.org/wiki/Java_(programming_ianguage) 2

HOpﬂL[OK TMMOMCKA MOXET OT/IMYATLCA IIPHU 3aIlyCKe.

Kpome toro, 3amyctute ant TestIndex [Jisi TOATBePXIEHHs TOTO,
YTO 9Ta YaCThb YIPAKHEHUs BBIIIOJHEHA.



UHTepdenc Map

B caenyiommx HeCKOIbKUX YIIPaXXKHEHUSX MIPEACTABIEHBI HEKOTO-
pble peanu3auuu HHTepdeiica Map. OnHa U3 HUX OCHOBaHa Ha Xxeus-
mabauye — CTPYKTYpe JaHHBIX, BO3MOXHO, CaMOil HEBEPOSITHOM U3
Koraa-nu6o pa3paboraHHbIx. [Ipyras, moxoxas Ha TreeMap, He TaK
XOpOILIa, HO 00J1a/1aeT AOTIOMHUTENbHOM CIIOCOBGHOCTBIO Tepebuparhb
3JIEMEHTDI 110 TIOPSIAKY.

Y Bac GyneT BO3MOXHOCTb Peajn30BaTh 3TH CTPYKTYPhl IaHHBIX,
U Jajlee Mbl IPOAHAIU3UPYEM HX IPOU3BOIUTENBHOCTb.

Ho npesxae, 4eM 0ObSICHSITD Xell-TabJIMIbI, 1 HaUHY C TPOCTOM pea-
JIM3alUK Map, UCTIOJIb3Ysl CIIMCOK Map «KJl04 — 3HaueHHe» List.

Peanusauusa MyLinearMap

Kak 06b14HO, 51 IPEIOCTaBIISAI0 HAYaIbHBIH KOJI, 8 BbI JOTIOMHHUTE OT-
cyTcTBylomue Metonsl. Hayano onpenenenus xiacca MyLinearMap
BBITJISIIUT CIEAYIOIKMM 00pa3oM:
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public class MylLinearMap<K, V> implements Map<K, V> {
private List<Entry> entries + new ArrayList<Entry>();

ITOT KJIacC UCMOJb3YeT ABa THUMA MapaMeTPoB: K — THUMN KJio4er
UV — TUI 3HaUYe€HUH. MyLinearMap peasuayeT Map, 3TO 3HaYuT, 4TO
OH JIOJIXKEH MPeNoCTaBJIATh METObI M3 UHTep(elica Map.

O6bekT MyLinearMap NMeeT OIHY NepeMEeHHYIO 3K3eMILIsIpa entries,
KOTOpasi Tpe/cTaBJsieT coboil 06beKT ArrayList ans Entry. Kax-
Iblit 9K3eMILISIp Entry CONEPXKUT Mapy «kJlioy — 3HayeHHes. Hinke
[IPUBE/IEHO €T0 OIpe/ie/IeHHeE:

public class Entry implements Map.Entry<K, V> {
private K key;
private V value;

public Entry(K key, V value) {
this.key + key;
this.value + value;

}

@verride
public K getKey() {
return key;

}

@0verride

public V getvalue() {
return value;

}
}

OHo He Takoe yx 6oJibIIoe; Entry — MPOCTO KOHTEHHep A KIioda
¥ 3Ha4eHus. [JaHHOe omnpefieieHre BJIOXKEHO BHYTpU MyLinearList,
BCJIeJICTBHE Yero UCIOJIb3yeT Te XKe napaMeTpbl THNa K U V.

JTo BC€, YTO HYXXHO [Jis BBINMOJIHEHUS YIIPAaXHEHU, TaK YTO
Ha4YHEM.



120 Inasa 9. UHTepodeiic Map

YnpaxkHeHue 7

B penosutopuu a5 3T0i KHUTH BBl HaliieTe UCXOAHbIe HaNIbI A1
JQaHHOTO YIPaXXHEHUS:

Q MylLinearMap.java COepKUT HAYAJIbHBIIA KOJ /17151 IEPBOHN 4acTH
yIpaXKHEeHUs,

QO MylLinearMapTest.java BkJIOYaeT MOJYJ/bHbIE€ TE€CThI AJ5
MyLinearMap;

Bbl Taroke Haiinete daiin coopku st Ant o Ha3BaHHeM build. xml.

AkTUBU3MPYHTE ant build, 4TOO6BI CKOMIIMIUPOBATH UCXOMHBIE
daiinpl. 3aTeM 3anycTuTe ant MylLinearMapTest; HECKOJIBKO TECTOB
3aBeplIaTCs Heylayei, MOCKOJIbKY BaM HYXHO nopaboTtars!

CHayasa 3anmosHuTe Tej10 findEntry., ITO BCIOMOraTebHbIM MEeTO/,
KOTOPBIH He SIBJISIETCS YacThIo HHTepdelica Map, HO KaK TOJbKO
OH 3apaboTaeT, Bbl CMOKETE HUCIIONb30BaTh €ro AJ1 HECKOJIbKUX
MeTONIOB. YUYHUThIBasi 3alaHHbIi KJII0Y, OH JOJKEH HCKATh 3alUCH
¥ BO3BpAILATh TY, YTO COAEPXKUT HCKOMOe 3HayeHHe (KaK KoY, a He
3HaueHue), Uin null, ecsiu ee HeT. O6paTHTe BHUMAHHE: S IPEJOCTa-
BUJI METO[ equals, KOTOPbIii CDAaBHUBAET 1Ba KJII0YAa U KOPPEKTHO
o6pabaTbiBaeT null.

Bb1 MOXxeTe cHOBa 3amycTUTBb ant MyLinearMapTest, HO, 1axe eciu
Ball findEntry BepeH, TecTbl He OYAYT BBIMOJHEHBI YCIEIIHO, MO-
CKOJIbKY put He 3aBeplleH.

[omoanuTte put. ¥Y3HaTh, YTO 3TOT METOZ JIOJIXKEH [€JIATh, TOMOXET
OOKYMeHTauus A/14 Map.put mo aapecy http://thinkdast.com/list.
HauaTth MOXHO ¢ Bepcuu put, KOTOpast Bceria 106aBasieT HOBYIO
3aMMCh U He U3MEHSIET CYIECTBYIOIYIO; TaKUM 06pa3oM cHayasa
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IpoBepsieTCsl NPOCTOM ciy4aii. Vinu, ecin yyBcTByeTe cebst Gomee
yBEPEHHO, MOXKeTe HalKUCaTh BCe Cpasy.

Kak Tosbko put 3apaGoTaer, TecT 1/ containsKey OyzeT ycnemHo
BBITIOJIHSIThCS.

[IpouTHTe KOKYMEHTALMIO AJIs1 Map . get Ha caiiTe http://thinkdast.com/
listget 1 monosHUTE 3TOT MeToA. CHOBA 3aMMyCTUTE TeCT.

HakoHell, 03HaKOMBTECH € JOKYMEHTaIMel /7151 Map . remove Ha caii-
Te http://thinkdast.com/maprem 1 1OMOJIHUTE JaHHBIA METOA.

Tenepb BC€ TECTbI JOJI)KHBI 3aBEPIIUTHCA yCIIEUIHO. HOBZ[paBJISHO!

AHanu3 MyLinearMap

B aToM paszene s npencTaBJsiio pellieHHAe IPeAblAYyIero yIpaxHe-
HMS U aHAJIM3UPYIO TIPOU3BOIUTEIBHOCTb OCHOBHBIX MeTO0B. BoT
peanusauus findEntry 1 equals:

private Entry findEntry(Object target) {
for (Entry entry: entries) {
if (equals(target, entry.getKey())) {
return entry;
}
}
return null;

}

private boolean equals(Object target, Object obj) {
if (target += null) {
return obj += null;
}

return target.equals(obj);
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Bpewmst BbimosnHeHUs equals MOXeT 3aBUCETh OT pa3Mepa target
¥ KJTI0Yeld, HO OObIYHO He 3aBUCHUT OT KOJIM4eCTBa 3anmuceid 7. Takum
06pa3oM, equals — METOJ TIOCTOSTHHOTO BPEMEHH.

B findEntry HaM MOXeT NIOBE3TH, U MCKOMBIH K104 6yneT oOHa-
pyXeH B Hayasle, HO PacCYUTHIBATh Ha 3TO He cToUT. KosmnuecTBo
3anuceit, KOTOpble Mbl ZOJKHBI HCKATh, MPOMOPIHOHAIIBHO 7, TAK
yTO findEntry sIBJsIETCS TMHEHHBIM.

BonbumHCTBO OCHOBHBIX METOZIOB B MyLinearMap, BK.1i04ast put, get
U remove, HCTIONB3YIOT findEntry. BoT kak OHU BBITJIAAAT:

public V put(K key, V value) {

Entry entry + findEntry(key);

if (entry += null) {
entries.add(new Entry(key, value));
return null;

} else {
oldvalue + entry.getValue();
entry.setValue(value);
return oldvValue;

}

public V get(Object key) {
Entry entry + findEntry(key);
if (entry += null) {
return null;
}

return entry.getValue();

}

public V remove(Object key) {
Entry entry + findEntry(key);
if (entry += null) {
return null;
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} else {
value + entry.getValue();
entries.remove(entry);
return value;

[Toce Toro kak put Bei3oBeT findEntry, Bce OCTaJibHOE BBIIIOJI-
HsleTcsl 3a ITocTosiHHOe BpeMst. IIoMHUTe, YyTO entries uMeeT TUI
Arraylist, moaToMy no6aBjieHHe 3JIEMEHTA 8 KOHel, B CPEHEM
3aHHUMaeT MOCTOSIHHOEe BpeMs. Eciiu K04 yXXe HaXOQUTCS Ha
KapTe, TO He HYXHO N00aBJsATh 3aMUCh, HO IPUAETCS BBHI3BATh
entry.getValue u entry.setValue, u 0o6a SBJISIOTCS METOAAMH
nocTosiHHoro BpeMeHH. CKJIajibIBasi Bce 3TO BMeCTe, MeTOA put BbI-
MIOJIHSIETCS] 32 JIMHEeHHOoe BpeMsl.

ITo Toit e camMoil NpUYKMHE METOA get Takxe JUHEHHBIN.

Merton remove HEMHOTO CJIOXHee, IOCKOJIbKY METOZY entry . remove,
BO3MOJXHO, IPUAETCS YAAJIUTDb 3JIeMEHT U3 Hadajla UM CepelrHbl
Arraylist, u 9TO 3aiiMeT JuHeliHOe BpeMsi. Ho Bce B nopsizke: ase
JIMHelHble onepaliy No-NpeXkKHeMY JUHeHHBI.

Takum o6pasoM, OCHOBHBIE€ METO/[bI SIBJIAIOTCA JIMHEWHBIMH, TO-
9TOMY JlaHHaA peain3aliid Ha3BaHa MyLinearMap.

Ecsin u3BeCTHO, YTO KOIMYECTBO 3anuceit 6yaer He6oMbIWIUM, TO
3Ta peau3alHsi AOCTATOYHO XOPOIIa, HO MOXKHO NOCTYNIUTD JIy4IIe.
DakTHYeCKH CYIeCTBYeT Peann3alus Map, B KOTOPOi BCe OCHOB-
Hble MeTO/IbI BBITIOJIHSIIOTCS 32 OCTOSTHHOe BpeMst. CHayasa 3To Mo-
KeT 0Ka3aThCs1 HeBePOSTHBIM. (DaKTHYeCKH 51 FOBOPIO, YTO MOYKHO
HaWTH UTOJIKY B CTOTE CeHa 32 MIOCTOSIHHOE BpeMsl, He3aBUCHUMO OT
TOT0, HACKOJIBKO OH BEJTMK. ITO BOIIEOCTBO.
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51 06bsicHIO, KaK 3TO paboTaeT B IBa Tama.

1. BmecTo TOro 4tobnl XPaHUTb 3allMCH B O/[THOM 60J1bLIOM CIIUCKE,
Mbl pa3ieJIMM UX Ha MHOXXE€CTBO KOPOTKHX. ﬂ]lﬂ KaXXI0ro KJjo4a
CTaHEM UCIOJb30BaTh Xeul-K00 (HOHCHF[CTCH HPI)KC) C LIeJblo
OIIPpEAEJ/INTD, KaKoW CITUCOK [IPUMEHATD.

2. HWcnonb3oBaHue 60BIIOTO KOJTHYECTBA KOPOTKHX CIIMCKOB MPO-
UCXOAHUT OBICTPEE, YEM TOJIBKO OJIHOTO, HO, KaK s 0OBACHIO, OH
He MeHsieT TOPSAZI0K POCTa; OCHOBHbIE OMEPALIMH MO-TIPEXHEMY
JvHeiHbl. Ho ecTb ellie OIMH TPIOK: eCJIU YBETHYHUTh KOJINYECTBO
CIIMCKOB, YTOOBI OTPaHUYHMTD KOJMYECTBO 3aMUCEN B CIIUCKE, TO
pe3yJbTaToM Gy/IeT KapTa MoCTosIHHOro BpeMeHu. [lonpoGHocTH
BBl yBUJIMTE B CJIEAYIOIIEM YITPRKHEHHH, HO CHayasla — Xelnpo-
BaHue!

B rnaBe 10 51 npeacrasimio pelieHye, NPOAHATM3UPYIO POU3BOAHU-
TEJIBHOCTb OCHOBHBIX METOZOB Map 1 npusexy Goee acdekTUBHYIO
€e pea3alHuIo.



XewunposaHue

B aT0ii riaBe npuBoANTCS onucaHue MyBetterMap, yullei peanu-
3a1uu uHTepdeiica Map (10 cpaBHEHMIO € MyLinearMap), U paccMa-
TPUBAETCs Xewuposarue, UCIOAb30BaH1e KOTOPOro feJiaeT KIacce
MyBetterMap 60Jiee 3¢ PeKTUBHBIM.

XelunpoBaHue

Yr1o06bl yIyYLIUTh IPOU3BOAMTENBHOCTD MyLinearMap, Mbl HanuIeM
HOBBIH KJIacC MO/l Ha3BaHUeM MyBetterMap, coziepkallivii KOJIJIEKLIUIO
06beKkToB MyLinearMap. OH pacnpe/iesisieT KJII0YH Cpey BCTPOEHHBIX
KapT, O3TOMY KOJIMYeCTBO 3allUCel Ha KKI0H kapTe MeHblIe, 4TO
TI03BOJISIET YCKOPUTD findEntry ¥ METO/bI, KOTOPBIE OT HETO 3aBUCHT.

Havano orpenesieHrA Kiaacca 6y11e‘r TaKHUM:

public class MyBetterMap<K, V> implements Map<K, V> {
protected List<MyLinearMap<K, V>> maps;

public MyBetterMap(int k) {
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makeMaps(k);

protected void makeMaps(int k) {
maps + new ArraylList<MyLinearMap<K, V>>(k);
for (int i=0; i<k; i++) {
maps.add(new MyLinearMap<K, V>());

}

[lepeMeHHas 3K3eMILIsIpa maps IPEACTaBIsIET OO0 Habop 0Obek-
TOB MyLinearMap. KOHCTpyKTOp mpUHUMaeT napaMeTp k, KOTOPBIi
omnpeznessieT, CKOJbKO KapT UCIOJIb30BaTh NO KpaliHell Mepe Mpu
MHULMATU3aLUK. 3aTeM makeMaps CO3[IaeT BCTPOEHHBIE KapThl U CO-
XpaHsieT UX B Arraylist.

Tenepb OCHOBHOE yC/IOBHE BBIIIOJIHEHUSI 3TON PabOThI TAKOBO: HYX-
HO KaKHM-TO 06pa3oM MOCMOTPETD Ha KJII0Y U PEIMTh, KaKyIo U3
BCTPOEHHBIX KapT OH JOJKEH MCMoJb30BatTh. [Ipu nobasieHnu
HOBOTO KJII0Ya Mbl BbIOMPaeM OJHY U3 KapT; [IPH [IOIYyYEHHH KIIIOYa,
n06aBJIeHHOTO paHee, HaM CJIefyeT IOMHHUTD, Kya MBI €ro mome-
CTUJIH.

OnHa 13 BO3MOXHOCTel 3aKJTI0YaeTcsi B TOM, YTOObI BbIOMPATh OIHY
U3 NMOAKAPT B CAY4YaiHOM MOPsIIKe U OTCJIEXXUBATh, II€ MBI 110-
MelnaeM Kaxabii kiaod. Ho xak ato caenats? Ha nepBblit B3rsia,
MOXHO GbL710 6bI HCTI01H30BATh Map /151 IOMCKA KJII0Ya U [IPaBUJIb-
HOM [TOJKApThl, HO BeCh CMBICT YIIPa’KHEHHUS] — B HAIIMCAHUU 3(-
(exTHBHON peannsauuy Map. Mbl He MOXKeM NpPeANOAraTh, YTo
y Hac OHa yXe eCTb.

Jlyummii noaxon — 3aaeicTBOBATh Xew -PyHKUU0, KOTOpasi MpH-
HUMaeT J11060i 06beKT KJ1acca Object M BO3BpAIlaeT LieJIoe YHCIIO,
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HasblBaeMoe xeuw -k00oM. BaxkHO OTMETHUTD: ec/IY OHa BUJAMUT ONMH
1 TOT Xe Object GoJiee OMHOTO pa3a, TO BCET/a BO3BPAIaeT OfMH
U TOT Xe xem-Koa. Takum 06pa3oM, UCIIOJIB3YsT XelI-KOA A/ Xpa-
HEeHHMsI KJII04a, MBI TIOJIyYMM TOT K€ X€II-KOJ [TPH €ro MOMCKe.

B Java kaxapiii Object npexocrasisieT MeTol hashCode, BbIYHCIISI-
omuil Xem-pyHKuuo. Peannsanus 3Toro MetToga pasinyHa Aas
pa3HBIX 0O6bEKTOB; CKOPO Oy/eT NOKa3aH MpUMep.

Huse npuBeeH BCIIOMOraTeJbHbIA METOA, KOTOPBIi BEIOMpaeT
MPAaBUJIBHYIO [TOJKapTY AJs 3a[JaHHOrO KIloYa:

protected MyLinearMap<K, V> chooseMap(Object key) {
int index + ©;
if (key != null) {
index + Math.abs(key.hashCode()) % maps.size();
}

return maps.get(index);

}

Ecau k104 uMeeT 3HayeHMe null, TO Mbl IPOU3BOJIBHO Bb16npa-
€M TMOAKapTy C MHAEKCOM ©. B mpoTuBHOM ciy4ae 3aleicTBY-
eM hashCode /151 IOJIyYEHHSA LIEJIOTO YUCTIA, IPUMEHSIEM METOX
Math.abs s MOATBEPXXAEHUA TOTO, YTO OHO HEOTPUIIATEIBHOE.
[asnee ucnonb3yem % — onepaTop BbIYMCJIEHHUST OCTaTKa OT JeJie-
HUSI, KOTOPBIM TapaHTHUPYeT, YTO Pe3YJbTAT HAXOAUTCS MEXIY ©
1 maps. sizeQ-1. Takum o6pa3oM, HH/EKC Bceraa siBsieTcs AeHCTBHU-
TeJIbHBIM JIJII maps. 3aTeM chooseMap BO3BpalllaeT CCHIIKY Ha Bbl-
OpaHHYIO KapTy.

MBslI Hcrionb3yeM chooseMap kak /151 put, Tak U A7 get, TaK YTO IPU
NIOMCKe KJII04a I0JyYaeM Ty XKe KapTy, KOTOpYIo BHIGpaH, Koraa
nobasuan kiiod. [To kpaitHell Mepe f10/KHBL.. HemHOro nosxe
1 06BSACHIO, IOYEMY ITO MOXKET He CpaboTaTh.
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Most peanusanusi put U get BBIIJISIAUT CIEAYIOIINM 06pa3oM:

public V put(K key, V value) {

MyLinearMap<K, V> map + chooseMap(key);
return map.put(key, value);

public V get(Object key) {
MyLinearMap<K, V> map + chooseMap(key);
return map.get(key);

}

[[OBOJIbHO NpPOCTO, HE TMpaBAa au? B oboux METOAaX Mbl UCITOJIb3YEM
chooseMap 1151 NOKUCKA HpaBHJleOf/'I IMOAKApPThI, a 3aTEM BbI3bIBA€M
MeTo IJisi Hee. BOT Kak 3T0 pa60TaeT; TENEPDH NNoAyMaeM O Npous-
BOAUTEJIbBHOCTH.

Ecsin n 3anuceii pacnpesiesieHo Mex 1y k KJIOYel, TO B Cpe/IHEM Ha
OZHY KapTy MPUXOAUTCs n / k 3anuceid. [Ipu moucke Kiioya Hy>KHO
BBIYUCJIUTD €r0 XelI-KOJI, YTO 3aHHMaeT HEKOTOPOe BpeMsl, 3aTeM
HCKaTh COOTBETCTBYIOUIYIO MOAKAPTY.

IMTockoabKy cnucku 3anuceil B MyBetterMap B k pa3 Kopoue, 4eM
CIUCOK 3anuceil B MyLinearMap, TO Mbl 0XKH/IaeM, YTO MIOMCK Oynet
B k pa3 6bictpee. Ho BpeMsi BBIIIOJIHEHHS IO-TIPEXKHEMY IPOIIOP-
LIUOHAJIBHO 71, BCJI€ICTBHE Yero MyBetterMap Bce ellle OCTAaEeTCs JIU-
HelHBIM. B cneqyrolieM ynpakHeHHH Bbl yBUANTE, Kak 3TO MOXKHO
HUCIIpPaBUTh.

Kak paboTaeT xewupoBaHune

OcHoBHoe TpeGoBaH#e K xell-(GYHKINH TAKOBO: OAMH U TOT Xe 00b-
€KT JI0JKEH Kax bl pa3 BOCTIPOU3BOAUTD OMH U TOT XKe Xelll-KOJI.
Jlnst HenameHsieMbIX 0ObEKTOB 3TO OTHOCHUTEIbHO TipocTo. Hax 06b-
€KTaMH C ©3MEHYHBBIM COCTOSIHUEM MPHUAETCS CEPbE3HO MTOIYMATb.
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B kauecTBe mpuMepa HEU3MEHSIEMOrO 0OBEKTa Mbl ONpelieIuM
KJIacC, Ha3biBaeMblii S111yString, KOTOPBIN HHKANCYJIUPYET String:

public class SillyString {
private final String innerString;

public SillyString(String innerString) {
this.innerString + innerString;

}

public String toString() {
return innerString;

}

JIaHHBIH KJIacc He OueHb [10J1e3€eH, II03TOMY M HasbIBaeTcs SillyString
(6eccMBbICTIeHHAs CTPOKA), HO s HCIIOJIB3YIO €10, YTOOBI II0KA3aTh,
KaK KJIacC MOXET OTpeeuTh COOCTBEHHYIO Xell-(pyHKIHIO:

@0verride

public boolean equals(Object other) {
return this.toString().equals(other.toString());
}

@Override
public int hashCode()
int total + ©0;
for (int i=0; i<innerString.length(); i++) {
total += innerString.charAt(i);

}

return total;

}

O6parute BHUMaHUe: SillyString nepeonpezesieT Kak equals, TaK
1 hashCode. D70 BaxHo. [/l paBUJIbHOI paboThI equals TOJKEH
OBITH COBMECTUM C hashCode, yTo 03HauaeT CJeAylollee: ecliy ABa
06bEKTa CYUTAIOTCSI PaBHBIMU (TO €CTh equals BO3BpallaeT true),
TO UM CNleflyeT UMeTh OIMHAKOBBIH xelu-kox. Ho aTo TpeboBanue
paboTaeT TONIbKO B OJHOM HalpaBJEeHWH; IPH HATUYUH Y ABYX
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06bEKTOB OLMHAKOBOIO X€UI-KOAAa OHU He 00S3aTeNbHO JOJIKHbI
OBITh PABHB.

Meron equals paboTaeT, BbI3bIBasi toString, KOTOpbIi BO3BpaILaeT
innerstring. TakuM o6pa3oM, aBa 06bekTa SillyString paBHbI
TIpY YCTIOBUH PaBE€HCTBA UX NlePEMEHHBIX 9K3eMILIsIpa innerString.

B npouecce paboTsl hashCode nepebupaeT CIMBOJIBI B String U CyM-
mupyert ux. [Ipu nob6aBreHrH CMBOJIA K LeJIOMY YUCTy Java npe-
o6pa3yeT CHMBOJI B LieJIO€ YHCTI0, HCHIONB3YSI €r0 KOMOBYIO TOUKY
Unicode. Bam He Hy>xHO Hidero 3Hath 0 Unicode, 4To6b1 MOHATD
JaHHBIN TIPUMED, HO €CJIM Bac 3TO MHTEPeCyeT, TO MOXeTe y3HaTb
GoJblite Mo axpecy http://thinkdast.com/codepoint.

IT1a Xelw-(PyHKUUS yAOBAETBOPsIET TPEGOBAHMIO: €C/IU IBA 0OOBEKTA
SillyString comepakaTr BCTPOEHHBIE CTPOKH, KOTOPbIE PaBHbI, TO IJIS
HUX Oy/IeT IOJIyYeH OXNHAKOBbIN Xel-KO/I.

OnucaHHbIi c110co6 paboTaeT KOPPEKTHO, HO MOXKET ObITh He CJIMIII-
KOM IIPOM3BOJMTEJIBHBIM B CBSI3U C T€M, YTO OAUH U TOT XK€ XelI-KOJ
BO3BPAILAETCS /11 MHOTUX PasHbIX cTpok. Eciin e cTpoky BKJIIO-
4alOT OJHY ¥ Te e GYKBbI B II0OOM MOPsIIKe, TO GyIyT UMETh OAMH
U TOT e Xell-KoA. Yl naxke ecin OHU He colepKaT OAMHAKOBBIX
GYKB, TO MOTYT ZaBaTh Ty e OOLIYI0 CyMMY, Kak "ac" 1 "bb".

[Ipu HaMMYMK y MHOTUX O6BEKTOB OJHOIO U TOTO e XeIl-KOxa
OHH IONAJAIOT Ha OfHY U TY XXe MOAKapTy. Ec/iu HEKOTOpbIe Mo~
KapThl UMeIOT 6oJIblIle 3aMKCeil, YeM APYTHe, yCKOPEHUE, KOTa
ecTb k KapT, MOXeT ObITh HAMHOTO MeHblIe k. ITak, ofHa U3 1eeit
xer-(pyHKIUH — OBITH OHOPOIHOIA; TO €CTh OHA JOJIKHA C PaBHOM
BEPOSITHOCTDIO 1aBaTh 3HAY€HHMS BO BCEM 3aJaHHOM JHaNa3oHe.
Y3uaTp Gosbiiie 0 pa3paboTKe XOPOLIUX Xell-QYHKIUM MOXKHO Ha
caiite http://thinkdast.com/hash.
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XelwunpoBaHMe U N3MEHAEMOCTb

CTpoku Hen3aMeHsIeMBl, U KJaacc SillyString ToxXe, IOCKOJIbKY
innerstring o6bsBasercs ¢ qupeKTHBoi final. Co3naBast 06beKT
KJsacca SillyString, BBl He MOXeTe 3aCTaBUThb innerString cchl-
JaThCsl Ha APYroi oObeKT Kiiacca String 1 He MOXeTe U3MEHUTb
CTPOKY, Ha KOTOPYI0 OH cchiiaercs. CienoBareibHO, OH BCETAA
GyaeT UMEeTb OIMH U TOT K€ XeLl-KO/.

Ho nocMoTpuM, 4YTO MPOUCXOIUT C U3MeHsieMbIM 00beKTOM. Bot
orpezesieHue 151 SillyArray, KOTOpBIH HaeHTHYeH SillyString,
3a UCKJII0YeHHEeM TOTO, YTO UCIOIb3yeT MaCCUB CUMBOJIOB BMECTO
CTPOKH:

public class SillyArray {
private final char[] array;

public SillyArray(char[] array) {
this.array + array;

}

public String toString() {
return Arrays.toString(array);

}

@verride
public boolean equals(Object other) {

return this.toStringQ.equals(other.toStringQ);
}

@Override
public int hashCode() {
int total + 0;
for (int i=@; i<array.length; i++) {
total += array[i];

}
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System.out.println(total);
return total;

OO6mbekT SillyArray Takxe NpeaoCcTaBisieT MeToa setChar, Mo3Bo-
JISIIOLIV U3MEHSITb CUMBOJIBI B MAaCCHBE:

public void setChar(int i, char c) {
this.array[i] + c;

Teneppb NpeanosoxuM, 4yTo co3aaeM SillyArray u 1o6aBJisieM €ro
Ha KapTy:

SillyArray arrayl + new SillyArray("Wordl".toCharArray());
map.put(arrayl, 1);

Xeuw1-kox AJ1s1 3TOro Maccuba paBeH 461. Teneps eciiu Mbl U3MEHUM
COZIep’KMMO€e MaCcCUBa, a 3aTeM NONBbITAaeMCS €r0 HATH, HalpUMep:

arrayl.setChar(@, 'C');
Integer value + map.get(arrayl);

TO XelI-KOJ Mocje u3MeHeHUs1 cTaHeT paBeH 441. C apyrum xe-
KOZIOM BBICOKA BEPOSITHOCTb TOTO, YTO MBI ITOH/IEM HA HEMPaBU/Ib-
Hy10 MOAKapTy. B TakoM ciyyae He HallieM KJIIOY, JaXke €CIU OH
HaxoauTcs Ha kapte. U 310 mioxo.

Kak npaBuiio, onacHo 3azieficTBOBaTh U3MeHsieMble OOBEKTHI B Kaye-
CTBe KJII0Yei B CTPYKTypax AaHHBIX, UCMOJIb3YIOIIHUX XeIIMPOBaHHUE,
B ToM yncsie MyBetterMap u HashMap. Eciiu Bb1 MoXeTe rapanTu-
POBaTh, YTO KJII0YH He OYyT U3MEHEHDI, TOKa HAXOASTCSI HA KapTe,
HJIM YTO JI06ble U3MEHEHHUS He MOBJIUSIOT Ha XeLl-KOJ, TO MOA06Hoe
nprMeHeHne MoXeT 6bITb preMsieMo. Ho, BeposiTHO, ecThb xopotiast
Hzesl, Kak ero uabexars.
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YnpaxxHeHue 8

B TekyuieM ynpaxkHeHuH Bbl 3aBepIINTe peau3aliio MyBetterMap.
B peno3uTopuu /17151 3TOM KHUTHU BbI HaliieTe MICXOAHBIe Daitiibl A5
JAHHOTO YIPAXHEHUSL:

Q MylLinearMap.java COAEpXMT Hallle pelleHNe 1/ IPeAbIAYIIEero
yIpaXHEHHsI, KOTOPOE Mbl Gy/IEM HCIIONB30BaTh B 3TOM;

QO MyBetterMap.java BKJIOYaeT KOJA M3 Hpellblllyll.leﬁ IrJ1aBbI C OT-
AeJIbHBIMU METOIaMH, HYKIAIOIUMHUCA B JONIOJIHEHHUH;

O MyHashMap.java BMelllaeT cXeMy Xelll-TabJIUIbl, YBETHYUBA-
IOLIYIOCST TIPH HEOOXOMMOCTH, KOTOPYIO BBI 3alIOJTHUTE;

Q MylLinearMapTest.java COA€pPXUT MOAYJbHBIE TECTH A
MyLinearMap;

QO MyBetterMapTest.java BKJIIOYaeT MOAYJbHbIE TECTHI A
MyBetterMap;

Q MyHashMapTest.java coaepXuT MOAYJbHBIE TECTH AJIA My-
HashMap;

Q Profiler.java BMelLaeT KO AJisl U3MEPEHHsT U OTOOpaKeH s
BPEMEHH BBINIOJTHEHUS B 3aBUCUMOCTH OT Pa3Mepa 3a/1auH;

Q ProfileMapPut.java BKJIIOYaeT KO, KOTOPbIH ONUCBHIBaeT METO/
Map.put.

Kak 06b14HO, BbI JOJIKHBI 3aIYCTUTH ant build /51 KOMITMASILIUI
nucxoaHbix ¢aisoB. 3aTeM aKTUBU3UPYHTe ant MyBetterMapTest.
Heckosbko TecToB 3aBepiiatcs Heyaayel, 1 BaM IpuAeTcs Iopa-
6orats!
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[IpocMoTpuUTe peanusannio METONOB put U get U3 MpeablAyLIei
riaBbl. 3aTeM 3aMOJHUTE TeIO0 MeToda containsKey. [Toackaska:
UCIOJIb3YHTe chooseMap. 3amycTHTe ant MyBetterMapTest elie pa3
U IOATBEPAMTE, UTO testContainsKey IpOXOAUT.

3anosHUTe Teslo MeToza containsValue. [Tonckaska: ne ucnonn-
3ytime selectMap. 3anycTute ant MyBetterMapTest ellle pa3 v 1o11-
TBEpAMTe, 4TO testContainsValue npoxoaut. O6paTUTe BHUMAHUE:
HalTU 3HaUeHHe TPYAHEE, YeM KJIIOY.

[Tomo6Ho put u get, 3Ta peanusauus containsKey JuHeiHa, 1M0-
CKOJIbKY [I0JIXHA MCKaTb ONIHY U3 BCTPOEHHBIX MOAKApPT. B cieny-
Iolllel T71aBe Mbl YBUIUM, KaK elle 60Jbliie YIYYIIUTh 3Ty peau-
3alHIo.



1 1 HashMap

B npeznbinyieii riaBe Mbl Haucaly peai3auuio uHTepdeiica Map,
KCIIOJIB3YIOILYIO XelnpoBanne. OXHIAIOCh, YTO 3Ta Bepcus Oyaer
OBICTpee, TaK KaK CHHCKH, KOTOPble HYXHO HCKaTh, KOPOYe, HO T10-
PSIIOK POCTa NO-NpeXHeMY JTMHENHbIH.

[Ipu Hannyuu n 3anuceit U k NOAKAPT pa3Mep MOCTETHUX B CPEHEM
paBeH n / k 11 o-npexHeMy npornopuuoHanet n. Ho ypenuuenue k
BMECTE C 7 TO3BOJIUT OTPAHUYMTH pa3mep 7 / k.

Hanpumep, npeanosioxuM, YTo Mbl yaABauBaeM k Kaxabiii pas,
KOTJa 1 TMPEBBIIIAET k; B 3TOM CJIy4Yae KOJIUYECTBO 3amucei, Mpu-
Xofsileecs: Ha OHY KapTy, OyAeT MeHbllle 1 B cpelHEM U TIOYTH
Bcerga MeHbiie 10, ecan Xeu-pyHKIMA ZOCTATOYHO XOPOIIO pac-
npenensieT KIIOYH.

Ecau KonMyecTBO 3anuceil Ha MOAKApPTe MOCTOSIHHOE, TO MOXKHO
[POU3BOAMTH MOUCK OJHOM TaKO KapThl 32 MOCTOSIHHOE BPEMSI.
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U BoluncieHne xeu-pyHKIUNU 0OBIYHO BBITIOJHSETCS 3a MOCTO-
SIHHOe BpeMs1 (OHO MOXET 3aBHCETh OT pa3Mepa KJ04a, HO He OT
KOJIMYECTBa KJII0ueit ). To AeslaeT OCHOBHbIE METO/IbI Map, put U get
MeTOAaMHU MOCTOSIHHOTO BPEMEHH.

OnucaHHble MOJ0XEHHS TOAPOOGHO OOBICHSIOTCS B CIEAYIOIIEM
YIPasKHEHHUH.

YnpaxkHeHue 9

B MyHashMap. java s mpeacTaBisiio cxeMy Xel-TabJiuilbl, KOTOpast
pacTeT, Koraa aTo Heobxoaumo. Hayano onpemeneHus BHITASAAUT
TakK:

public class MyHashMap<K, V> extends MyBetterMap<K, V>
implements Map<K, V> {

// cpeaHee KoOnW4YecTBO 3anucer Ha cybkapTe Ao Bbi3oBa rehash
private static final double FACTOR + 1.9;

@0verride
public V put(K key, V value) {
V oldvalue + super.put(key, value);

// nposepka TOro, nNpeBblAET NM KONUYECTBO 3/EMEHTOB
// Ha cybkapTe ponycTumoe 3HayeHue
if (size() > maps.size() * FACTOR) {
rehash();
}

return oldvValue;

}

Knacc MyHashMap paciuupsieT MyBetterMap, 03TOMY NE€pBbIii HacIe-
AyeT METO/BI, ONpe/ieJieHHbIe B oceaHeM. EnvHCcTBeHHBII MeTOx,
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KOTOPBbIii MyHashMap niepeonpeneisieT, — 3To put, BbI3bIBAIOILMIA put
B cynepkJiacce. To ecTb OH BBI3bIBaeT BepPCUIO put B MyBetterMap,
a 3aTeM MPOBEPSIET, HYXKHO JIM YBENUYUTD Xell-Tabauiy. Boizo
size Bo3BpalaeT obliee KOJNYeCTBO 3anmuceii, 7. Bbi3oB maps.size
BO3BpAIL[AeT KOJMYECTBO BCTPOEHHBIX KapT, .

KoHcTaHTa FACTOR, KOTOpasi Ha3blBaeTCsl K03 Quyuenmom na-
ZpY3Ku, B CPETHEM OTIpeie/IIeT MAKCUMAJIBHOE KOJIUYECTBO 3anuceit
Ha nonkapre. [Ipu n > k * FACTOR, To ecTb n / k > FACTOR, peub UJ€eT
0 TOM, YTO KOJIMUECTBO 3anycell Ha MOAKapTe MpeBbIIaeT AOMYyCTH-
MO€ 3HaueHHMe, BCJeICTBUE Yero BhI3biBaeTcs rehash.

AKTHBU3HpYiiTe ant build [/ KOMIUJISALMUU UCXOAHBIX daiIoB.
3ateM 3amycTuTe ant MyHashMapTest. OH He 10JkeH 3aBepIIUTbCS
YCIIELTHO, MIOCKOJIbKY peasin3alus rehash BbI3bIBaeT HCKJIIOYEHHE.
Bama 3agaya — gonosHUTh ee.

3anoJHUTe TeJI0 MeToia rehash Tak, YTOObI OH CO3aBAT KOJUIEKIIHIO
3anuceil B TabJiulle, UBMEHSL pa3Mep MOCTIeHEH, a 3aTeM BO3BpaLLa
3anucu. 51 npeocTaBIsIo ABA METO/IA, KOTOPbIE MOTYT NPUTOAUTHCA:
MyBetterMap.makeMaps v MyLinearMap.getEntries. Baie pemennre
MIOJIKHO yABaUBaTh KOJIMYECTBO KapT R IPH KaXKAOM BbI30Be.

AHanun3 MyHashMap

Ecnn KonnyecTBo 3amuceii Ha caMoit 60JIbIION MOAKApPTE MPOMOp-
IIMOHAJIBHO 1 / k, a k pacTeT MPOMOPUHUOHAJIBHO 71, TO HEKOTOPBIE 13
OCHOBHBIX METOZOB MyBetterMap CTaHOBATCS MeTOAAaMH TOCTOSIH-
HOTO BPEMEHHU:

public boolean containsKey(Object target) {
MyLinearMap<K, V> map + chooseMap(target);
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return map.containsKey(target);

}

public V get(Object key) {
MyLinearMap<K, V> map + chooseMap(key);
return map.get(key);

public V remove(Object key) {
MyLinearMap<K, V> map + chooseMap(key);
return map.remove(key);

}

Kaxcasrit MeTon XEHIUPYET KJII0Y 3a MOCTOSIHHOE BpEMH, a 3aTEM
BbI3bIBA€T METOJ Ha NMOJAKAPTeE, KOTOprﬁ ABJIAETCA IOCTOAHHBIM.

[Toka Bce unet xopowmo. Ho apyroii ocHoBHoIi MeTox put mpoaHa-
JIU3UPOBATh HEMHOTO cl0XHee, Korna HaM He HYXKHO yBeJTUYUBATh
Xel-TabnuIy, OH BBIMOJIHSIETCS 32 MOCTOSIHHOE BPEMSI, HO €CJIH
MBI 3TO [IeJlaeM, TO OH JMHelHbIl. Takum 06pa3oM, OH TMOX0X Ha
ArraylList.add, KOTOpBIi Mbl IPOAHATIM3UPOBATH B pa3ziene «Knac-
cucukanus sepcuii Metoaa add» riassi 3.

Io Toi1 sxe npuyKHe MyHashMap . put OKa3bIBaeTCsI IOCTOSIHHBIM TIPH
yCpeIXHeHUH 1o psily BBI30BOB. M CHOBa 10Ka3aTeIbCTBO OCHOBAHO
Ha aMOpPTH3allMOHHOM aHaun3e (cM. paszen «Knaccudukanus sep-
cuii metoza add» riasser 3).

[Ipeanomoxum, YTo HadaabHOE YUCJIO MOAKAPT kK PABHO 2, a KO-
abduumeHTt Harpysku paBeH 1. Temepb MOCMOTPHUM, CKOJIBKO
nedcTBHit TpebyeTcsi, YTOOBI MOMECTUTH CepHI0 Kiuell. B ka-
yecTBe OCHOBHOM «eAMHMIIbI pabOTh» Mbl GyIeM MOACYMTHIBATH
KOJIMYECTBO Pa3, KOTAa JOJKHBI XEIMPOBATh KJIIOY M 106aBAATDH
€ro Ha MOJKapTYy.

B nepBslii pa3, koraa Mbl BbI3biBaeM put, TpeOyeTcst OqHa eIMHULA
paboTbl. BTopoii pa3 Takxe 3aHMMaeT OfHY eauHuIly. B TpeTuii pa3
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HY’XHO yBEJIUYUTH XeUI-TabJIHILY, TO3TOMY [Jisl TOBTOPHOTO XeIIH-
POBaHUSI CYIIECTBYIOLIMX KJII04€it MOTpeOYIOTCS 1Be eAUHMIIbI, A 1S
XeIIMPOBaHHUST HOBOTO KJIl0Ya — Of(HA.

Tenepb pa3Mep xel-TabauIlbl paBeH 4, Tak YTO OYePeAHON BbI30B
put 3aHMMaeT OfHy eauHUIy paboTbl. Ho B cieaytomuii pa3 Hyx-
HO YBEJIMYMTD Xell-TabMHIly, YTO 3aHUMAeT YeTbIpe eUMHHIIBI IS
MOBTOPHOTO XELINPOBAHUS CYIIECTBYIOMHUX KI04ed U OfHY — IS
NIOJTy4eHusl Xelll-KoJa HOBOTO KJi04a.

Ha puc. 11.1 npuBeneHa cxema: npu HOpMasbHOU paboTe Xelpo-
BaHWA HOBBIH KJII0Y MOKa3aH BHU3Y, a JIOTIOHUTEbHAs paboTa 1o
TIOBTOPHOMY X€IIMPOBAaHUIO U300paXkeHa B BU/e GallIHU.

1[21[3lalls]6[7]8] 9 [10]11[12]13]14]15]16]

Mo oaHoM eavHUue paboThl Ha po6aBneHue kakaoro dANeMeHTa

B uenom no aBe eanHULILI Ha BCTaBKY

Puc. 11.1. NpeacTasneHue paboTel, BLINONHAEMOM NpU A06aBNEHUMU 3NEMEHTOB
B xew-Tabnuuy
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Ecnn Mbl ypoHUM 6alliHK, KaK 3TO MIOKa3aHO CTPEIKaMM, TO KaXaast
M3 HUX 3aMOJIHUT NPOCTPAHCTBO Mepex cieaytonieit 6amneii. B pe-
3yJbTaTe MOy4aeTCsl pABHOMePHas! BHICOTA B IBe eAMHULIBI; TAKUM
06pa3oM BUIHO — CpelHsisi paboTa Ha OQMH BBI30B put COCTaBJIsIeT
OKOJIO IBYX €[IMHHULL. A 3TO 3HAYHUT, YTO B CPEIHEM put BHITIOIHSETCS
32 OCTOSTHHOE BpeMsl.

JTa AMarpaMma Takxe MOKa3bIBaeT, TOYEMY BaXKHO yIBaHUBaTh KO-
JIMYECTBO MOAKAPT R P yBeJM4eHU U Xem-tabauibl. Ecam npous-
BECTHU CJIOXKEHIE BMECTO YMHOXeHHs], TO GalliHK OyIyT HAXOAUThCSI
CAMIIKOM 6JIU3KO APYT K APYTY M HAUHYT HarpoMoxxaaTbest. U neii-
CTBHUE He OYIeT BHIMOJHATHCS 3a IOCTOSIHHOE BPeMSL.

KoMnpoMUCCHble pelleHns

Mpl mokasainy, uTo containsKey, get ¥ remove BBITOJHSIIOTCS 32 [O-
CTOSTHHOE BPeMs, U put — B CpETHEM METOJ MOCTOAHHOIO BPEMEHH.
Henanosro octaHoBUMCS, YTOOBI OLIEHUTh, HACKOJIBKO 3TO 3aMeya-
Tes1bHO. [IpOM3BOMUTENIBHOCTD YKA3aHHBIX OM€pallnii MPaKTUYECKH
OIMHAKOBA HE3aBUCHMO OT TOTO, HACKOJIbKO BeJIMKa Xell-TabauLa.
Hy, ecit MOXHO Tak BbIPa3UThCSI.

[ToMHUTe, 4TO Halll aHAJTU3 OCHOBAH HA MPOCTOI MOJIEJIH BbIYHCIIE-
HUI, TIe KaXKaas «eINHHUIIa paboThl» 3aHMMaeT OMMHAKOBOE KOJIM-
4eCTBO BpeMeHU. PeanbHble KOMIIBIOTEDPHI CIOXKHee, B yacTHOCTH,
OHH, KaK TIpaBUJIO, ObICTpee Bcero paboTaloT CO CTPYKTYPaMHU JaH-
HBIX IOCTAaTOYHO MAJIbIMH, YTOOBI MOMENIAThCS B KIIIIE; HECKOJIb-
KO MeJlJIeHHee, eCJIi CTPYKTYypa He BIIUCHIBAETCS B K3III, HO BCe
ellle yMellaeTcs B MaMsITH; U HAMHOZ0 MellTIeHHee, eCJIU CTPYKTypa
He BIIUCBIBAETCS B IAMSITb.

[pyroe orpanuyeHue 3TOH peaiu3alui — XelMPOBaHHUe He TO-
MOTaeT, ec/ii OyeT MpeaocTaBIeHo 3HaueHHe, a He KJII0Y: METO.



Mpodunuposaxue MyHashMap 141

containsValue sBJisSIETCS JIMHEHHBIM, IOCKOJIBKY AOJIKEH UCKATh
Bce noakapthl. VI HeT 0c060 3¢ beKTUBHOTO cocoba HaiTH 3Haye-
HHE U COOTBETCTBYIOMIUI KJTI0Y (UK, BO3SMOXKHO, KJIIOUH ).

U e1e oqHO OrpaHU4€eHKeE; OTAEbHbIE METONBI, KOTOPbIE ObLIU Me-
TOJaMHU TIOCTOSIHHOTO BPEMEHH B MyLinearMap, cTaiy JIMHEHHBIMHU.
Hamnpumep:

public void clear() {
for (int i=0; i<maps.size(); i++) {
maps.get(i).clear();

}

Metoxn clear I0JKeH OYHCTUTD BCE MOAKAPTHI, a UX KOJHYECTBO
NPOMOPLUOHAJIBHO 71, B CBSI3U C YeM 3TOT MeTo/ JTHHeiHbIH. K cya-
CTBIO, JAaHHAS OIlepallisl MUCIOIb3yeTCsl He CAUIIKOM 4acTo, Tak
4TO IJ1s1 6OJBLUIMHCTBA NPUJIOXKEHHI ONTMCAHHBI KOMIPOMHMCC J10-
IyCTHM.

MNpodunmuposaHne MyHashMap

[Ipexxne yeM MpPOAOIAKUTH, HY>KHO IPOBEPUTD, AEHCTBUTEIBHO JIN
MyHashMap . put BBIIIOJIHSIETCS 32 [IOCTOSTHHOE BpeMsl.

AxTUBH3UpPYHTe ant build /151 KOMIUJISILMK UCXOAHBIX (HaNJIOB.
3areM 3anyctute ant ProfileMapPut. OH u3MepsieT BpeMsl BbIIOJI-
HeHust HashMap . put (rpefocTaBisieMoro Java) aJs psiia pa3MepoB
3a1a44 U CTPOUT rpadvK 3aBUCHUMOCTH BpEMEHH BBLINIOJIHEHHUS OT
pa3Mepa 3a/laud B IBOIHOM Jjorapudmudeckom Macuitabe. Ecau
JlaHHasl onepauus SBJAETCs olepaluell TOCTOAHHOTO BPEMEHH,
TO 001eMy BpPEMEHH [J1s1 1 ONepalyii Hy>KHO ObITb JIMHEHHBIM,
[03TOMY pe3yJIbTAT AOJIXKeH ObITh NPSIMOii IMHUEH CO 3HAYeHHEM
TaHreHca yria HakjioHa, 6iuskuM k 1. Koraa s 3amyckan aTor kog,
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BeJIMYMHA PAacYEeTHOrO TAaHTeHCa yrja HakJoHa Obuta 6iu3Ka K 1;
3TO COTJIACYETCSI C HAllIUM aHATN30M. BBI ZO/IKHBI TOJTYyYHUTD HEYTO
noxo6Hoe.

W3MenuTe ProfileMapPut.java Tak, 4yToObl OH MPOUINPOBa
Ballly peajn3auuio, MyHashMap, BMecTo HashMap ot Java. 3amycrure
npodaiizep elle pa3 ¥ IOCMOTPHTE, MPUOIUKEH JIX TAHTEHC YIia
HakJIoHa K 1. Bo3M0OXHO, IpuaeTcss HaCTPOUTh MapaMeTpsl startN
M endMillis A/19 HaXOXAEHMS NPENENOB Pa3MeEPOB 3a/lauH, rae
BpeMst aBTOHOMHOIA paboThI COCTaBIIsIET 60/1ee HECKOIbKUX MUJLIHU-
CEKYHI, HO He 60J1ee HECKOIbKUX TBICSY.

3amycTUB 3TOT KOJ, 51 MOJYYHJI CIOPIPU3: TAHTE€HC YIJIa HaKJOHa
66171 0K0J10 1,7. DTO TOBOPUT O TOM, UTO JAHHAS pEAIM3ALHs HE SB-
nseTcsi NocTossHHOU. OHa cOepKUT «OMUOKY NPOU3BOAUTENb-
HOCTU>.

[Tpesxze yeM YKUTATh CAEAYIOMMUI Pa3fiest, Bbl JOJKHBI HAUTH OUING-
KY, UCTIDAaBHUTb €€ U NIOATBEPAUTD, YTO TeNepb METOM put BHIMOJHSI-
€TCsI 32 IIOCTOSIHHOE BPeMsl, KaK U 0XKHIAIOCh.

WcnpasneHne MyHashMap

[Tpobsiema ¢ MyHashMap CBsi3aHa C METOIOM size, KOTOpBIii yHacIe-
0BaH OT MyBetterMap:

public int size() {
int total + 0;
for (MyLinearMap<K, V> map: maps) {
total += map.size();

}

return total;
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YT1o6bl MOJYYUTD OOIIHIA pa3Mep, METO size O/KEH mepebpath
noakapThl. Tak Kak Mbl YBeJIMYMBaeM KOJMYECTBO MOAKAPT k IO
Mepe yBeJIMYEHHUs] YHUCIIa IIEMEHTOB 7, TO k MPOMOPLMOHAIBHO 7,
MO3TOMY JaHHBIH METOZ SIBJISI€TCS IMHEHHBIM.

B cBs131 ¢ YeM MeTOZ put TakXe JIMHEUHBIH, TOCKOJIbKY UCTIONb3YeT
size:

public V put(K key, V value) {

oldvalue + super.put(key, value);

if (size() > maps.size() * FACTOR) {
rehash();

}

return oldValue;

}

Bce, 4TO MBI C/1e1aNU 7151 TOTO, YTOObI METOA put CTaJI METOOM II0-
CTOSIHHOTO BpEMEHH, TePSIET CMBICJI, €CJIU Size TUHeHbI!

K cyacTbio, ecTh IPOCTOE pellieHne, U MBI BUIE/IH €T0 PaHbIIe: cle-
JlyeT XpaHUTb KOJINYECTBO 3AIKCeil B IEPEMEHHOM 9K3eMILIsIpa U 00-
HOBJISITh €r0 NPU Ka)XI0M BbI30BE METOIa, KOTOPBbIii €ro H3MeHseT.

Bbl HaiizeTe Moe pellieHHe B PENO3UTOPUU /s 3TOM KHUTHU B (paii-
Jie MyFixedHashMap. java. Huxke npuBeneHo Hagaso olpeeeHust
KJacca:

public class MyFixedHashMap<K, V> extends MyHashMap<K, V>
implements Map<K, V> {

private int size + @;
public void clear() {

super.clear();
size + 0;
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BMecTo Toro uTobb1 U3MEHSITb MyHashMap, st ONIpeaesisiio HOBBIA
KJ1acc, paciupsiionuii ero. OH 106aBJIsieT HOBYIO IEPEMEHHYIO IK-
3eMILISIpa size, KOTOpast HHUIUAIN3UPYETCS 3HAYEHUEM @,

Merton clear 0GHOBJISIETCS] IPOCTO; Mbl BBI3BIBAEM €0 B CYIEPKJIAC-
ce (KOTOpbIi OYHUILAET NOAKAPTHI) U 3aTeM OOHOBJIsIEM size.

O6HOBUTD MeToJbl remove U put HEMHOIO CJIOXKHEE B CBSA3U C TEM,
4YTO MPH BbI3OBE€ METOAA B CyNEPKJaCCaxX HEJb3A ONPENETNUTh, U3-
MEHUJICA JIM pa3MEP MOAKaPTHI. Bor kak s pa60TaJ1 Ha/Zl 9TUM!

public V remove(Object key) {
MyLinearMap<K, V> map + chooseMap(key);
size -= map.size();
oldvalue + map.remove(key);
size += map.size();
return oldvalue;

}

Meton remove ucronb3yeT chooseMap, YTOObI HAUTH MPaBUIbHYIO
HOJAKAapTy, a 3aTeM BbIYUTaEeT ee pa3Mep. OH BBI3BIBAET remove
Ha NOZIKapTe, KOTOPbIA MOXKeT U3MEHHUTDb ee pa3Mep MM OCTaBUTh
B [IPe>XKHEM COCTOSIHUM B 3aBUCHMOCTH OT TOTO, HAaiIEH JIN KJTIOY.
Ho B n11060M ciyyae HOBBIit pa3Mep MOAKApThI MpubaBsieTcs
06paTHO K size, MO3TOMY OKOHYATEJbHOE 3HaYEHHE size KOp-
PEKTHO.

HepenncaHHaﬂ BepcHs put aHAJIOTMYHa:

public V put(K key, V value) {
MyLinearMap<K, V> map + chooseMap(key);
size -= map.size();
V oldvalue + map.put(key, value);
size += map.size();

if (size() > maps.size() * FACTOR) {
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size + 9,
rehash();
}

return oldvalue;

3xech Ta xke npobseMa: BbI3bIBasl METOA put Ha MOAKApTe, Mbl
He 3HaeM, J06aBUJI JI OH HOBYIO 3anuch. Takum 06pa3oM, UCIOb-
3y€eM OJIHO U TO XK€ pellieHKe, BEIYNTAs CTapblii U 106aBJIsist HOBbIN
pasmep.

Teneps peannzanusi MeTosa size npocra:

public int size() {
return size;

U 310 HeCTBUTENBHO BBIMTOIHSETCA 32 IOCTOSTHHOE BpEMSI.

[Tpoduaupys naHHoe peuieHue, s 0OHapyXuJI: obliee BpeMs AJis
BBOJIa 7 KJII0Yeil NPOMOPILHOHATBHO 71, @ 3TO 3HA4YUT, YTO KasKAbIH
put SIBJIAETCS METOIOM MOCTOSHHOTO BPeMeHH, KaK  TpeAnoa-
rajioch.

AvnarpaMmbl knaccos UML

OpHa u3 l'IpO6JIeM pa6OTbl C KOJIOM B 3TOM IJ1aBe COCTOUT B TOM, 4YTO
€CTb HECKOJIbKO KJIaCCOB, 3aBUCAIIUX APYT OT Apyra. Huxe npuse-
A€HBbI HEKOTOPbBIE U3 cBs3ei MEXy KJaCCaMU:

Q MyLinearMap coaepxuT LinkedList U peanusyeT Map;

Q MyBetterMap BKJIIOYAeT MHOXECTBO OOBEKTOB THIIA MyLinearMap
U peanu3yeT Map;
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Q MyHashMap paciuupsieT MyBetterMap, [103TOMY Take COAEPKUT
06beKThI MyLinearMap 1 peaiusyeT Map;

Q MyFixedHashMap pacuiupsieT MyHashMap U peasusyet Map.

Yr06bl OTCIEXXUBATh TaKHE CBSI3H, Pa3pabOTYMKK TIPOTPAMMHOTO
obecreyeHunst YacTo UCIONb3YIOT duazpammu. kraccos UML. UML
osHadaeT Unified Modeling Language (yHubHUMPOBaHHbIH A3BIK
MozleIMpoBaHus, cM. http://thinkdast.com/uml). Juazpamma xaraccose —
OJIMH U3 HECKOJIbKUX rpadpryecKuX CTaHAapTOB, ONpeNeIeHHbIX
B UML.

Ha qnarpamme Kax/ablii KJacc npecTaBieH MPSIMOYTOJbHUKOM,
a OTHOILIEHUS MeXIy KJ1acCaMy 0603HAYAIOTCSI IMHUAMU CO CTPE-
kamu. Ha puc. 11.2 nokasana auarpamma UML 114 knaccos
M3 NpeJblAyLIero ynpaxxHeHusl, CreHepUPOBaHHas ¢ IIOMOIIbIO
OHJIaH-UHCTPYMEHTa, KOTOPhI MOXHO HAalTH MO aapecy http://
yuml.me/.

Pasznble OTHOIIEHNS MPEICTaBNIeHbl Pa3HBIMH JHHUSIMH CO CTPEJ-
KaMH.

Q JIMHUY C 3a[I0JIHEHHBIMU CTPEJKAMH yKa3bIBalOT Ha OTHOLIIE-
Hua tuna HAS-A (umeer). Hanpumep, kaxablii 9K3eMsip
MyBetterMap cOIePXKHUT HECKOJIBKO 9K3EMILISAPOB MyLinearMap,
TI03TOMY OHM COEAMHEHBI JIMHUEH C 3alIOTHEHHOM CTPEJIKOM.

Q CnoumHble TMHUHU C MYCTBIMH CTPEJIKAMM YKa3bIBAIOT Ha OTHO-
wenus tuna IS-A (aBasercs). Hanpumep, MyHashMap paciuu-
psieT MyBetterMap, IO3TOMY OHM CBSI3aHbI IMHHUEN CO CTPEJIKOM
IS-A.

Q IIyHKTMpHBIE IMHMM YKa3bIBAIOT Ha TO, YTO KJIACC PeaNn3yeT
nHTepdeiic; Ha 3TOI AUarpaMMe KaxXablil KJIacC peau3yeT Map.
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Juarpammsl knaccoB UML oGecnieynBaroT KOMNaKTHOE Mpe-
cTaBieHue Gospiioro o6bema HHGOpMaLUK 0 HaGOPE KJIACCOB.
Ha sTanax npoekTHpoBaHHs 3TU AMarpaMMbl UCTIOJIb3YIOTCS AJ1s]
00Cy>xIeHNsI ATIbTEPHATUBHBIX PEIeHNH, Ha 3Tanax pealn3aluy —
LIS IOZ/Iep>KaHust OOIIeil MEHTATTbHOI KapThl IPOEKTA M BO BPEMS
Pa3BepTbIBaHUS — AJIS1 JOKYMEHTHPOBAHUS IPOEKTA.



TreeMap

B aToii rnaBe onuceiBaeTcst 6MHapHOE AEPEBO MOKCKA, KOTOPOe
siBaisieTcst 3 beKTHBHOM peanu3saieii uHTepdelica Map, 4To oco-
GEHHO TO0JIE3HO, €CTH HY>KHO COXPaHUTh OTCOPTUPOBAaHHbIE dJIe-
MEHTHL

YTO He TaK C XewunpoBaHUEM

Ha nanHoM aTtarne BaM Hy>XXHO 3HaTh UHTepdeiic Map U peaTn3aliio
HashMap, npenocrasisiemyio Java. 1, coanaB coGCTBEHHYIO peanu-
3alMI0 Map C MOMOIIIbIO XelI-Tab/IMIIbI, Bbl JOKHBI TOHMMATh, KaK
paboTtaeT HashMap U moyeMy 0XXHIAETCs, YTO €€ OCHOBHbIE METO/bI
OyayT METOaMH TIOCTOSSHHOTO BPEMEHH.

Peanunzauus HashMap IIHMPOKO UCIOJb3YeTcsl Giaroqapsi pou3Bo-
NUTEJLHOCTH, HO 3TO He eUHCTBEHHAs peanu3auus Map. [Ipyras
peanu3aliusi MOXeT MOHaZ0OUTHCS IO HECKOJIBKUM NMPUYHHAM.
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0 XeumpoBaHHe CIIOCOOHO 3aMEAJISATHCS, TIOITOMY, XOTS OlEPaLMK
HashMap ABJSIIOTCSI OMEPalUsMHU MIOCTOSHHOTO BPEMEHM, 3Ta
«KOHCTaHTa» MOXeT ObITh OOJIbIIOH.

Q XemrpoBaHHe paboOTaeT XOPOLIO TP YCJIOBUM, YTO Xell-DyHKIMS
pacrnipefiesisieT KJII0YM paBHOMepHO Mex Ay noakaptaMu. Ho cos-
JIaTh XOPOLIYIO Xell-(pYHKIIUIO HEMTPOCTO, M €CJH CJIHUIITKOM MHO-
ro KJoueil nonajsaeT Ha OAHY U Ty Xe MOAKApTYy, TO NPOU3BO-
AMTEJIBHOCTb HashMap MOeT ObITb HU3KOI.

0 Kimoun B xew-tabsuiie He COXPaHSIIOTCS B KAKOM-JTHO0 KOHKpET-
HOM Nopsifike; GaKTUYeCKU MOPSIIOK MOXKET UBMEHUTBCS, KOT/Ia
TabJIM1a CTAHeT PACTH, U KJIIOYH OYAYT OBTOPHO XEIIMPOBAHBI.
Jl7151 HEKOTOPBIX MPUTOXKEHUH HEOOXOMMMO UM MO KpaiHek
Mepe I0JIe3HO XPaHUTh UX B OIIpe/IeIEHHOM IOpSIZKe.

TpyaHo pemnTh Bce yKa3aHHble MPOOJIEMbl OMHOBPEMEHHO, HO
Java obecnieunBaeT peanuzanuio noxa HazBaHueM TreeMap, KOTopast
6JIM3Ka K 3TOMY:

QO OHa He UCMOJb3YyeT Xell-PYHKIUHUIO, YTO MO3BOsIET H36EXKATh
Pacxo/IoB Ha XeIIMPOBaHHe U NpobieMbl BbIGopa xenl-GyHKIUWH;

O BHYTPH TreeMap KJIIOUH XPaHATCS B 6UHAPHOM Oepese noucka,
YTO N03BOJISIET IPOXOAMTS I10 KITI0YAM IO NIOPSIAKY 32 JIMHeHHOoe
BpeMs;

O BpeMs BbINNOJHEHUS OCHOBHBIX METOAOB MPOMOPIIMOHATIbHO
log n, 4YTO HE€ TaK XOpOllIO, KaK IMOCTOSSHHOE BpeMs, HO BCe elle
BeCbMa YIAOBJIETBOPUTEJIBHO.

B caenyromeM paszaese st 00bsicHIO, kak paboTaloT 6MHapHbIE Jepe-
BbsI IIOMCKA, U 3aTE€M Bbl BOCIIOJIb3YeTeCh OMHUM M3 HUX [JIS peasiu-
3auuu Map. [lomyTHO MBI NpoaHaNU3UpyeM MPOM3BOAUTEIBHOCTD
OCHOBHBIX METOZOB KapThl DU PeAIU3allUU C TIOMOIIBIO epeBa.
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BuHapHOe aepeBo noucka

JBonuHoe nepeBo noucka (binary search tree, BST) — arto nepe-
BO, Ka)k/1asi BEPIIMHA KOTOPOTO COAEPXKUT KAI0Y U NMOALEPKHBAET
csoiictBo BST.

1. TIpu Hanuyuu y node JieBOTO JOUYEPHETO y3J1a BCe KIIOUH B IEBOM
nojiepeBe TO/KHBI ObITh MEHbIIIE KJTI04a B node.

2. Ecau y node ecTb mpaBblii 1ouepHUit y3eJ, TO BCe KJIIOYH B IIpa-
BOM MOJIIEPeBE JOJIKHBI ObITh 60JIbIIE KITI0Ya B node.

Ha puc. 12.1 moka3aHo mepeBo LeJbIX YHCe, UMelolliee TaKoe CBOii-
ctB0. OH B34T €O CTpaHMIIbl B « Bukuneanu» 0 GUHapHBIX 1ePEBBSIX
MOKCKa Ha caiiTe http://thinkdast.com/bst. Bb1 HalineTe TaM cBejie-
HMsI, KOTOPBIE MOTYT OKa3aThCs MOJIe3HBIMU NTPU paboTe HAZl 3TUM
ynpakHeHUEeM.

Pwuc. 12,1, Mpumep 6MHApHOro aepesa novcka

Kiiou B KOpHE paB€H 8, 1 MOXXHO NOATBEPANUTD, YTO BCE KJIIOUYHU CJIE-
Ba OT KOpHA MEHbUIE 8, a BCe CIIpaBa — Gonpblie. KpOMe TOro, MOXKHO
MPOBEPUTH, UMEIOT JIK IpPyIre BEPUIUHBI 3TO CBOWMCTBO.
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[Touck kioya B GUHAPHOM JepeBe MOMCKa — ObICTpast onepanus,
MIOCKOJIbKY HET HeOOXOIUMOCTH IIPOCMaTPUBATh BCe AepeBo. Hauas
C KOPHsl, MOXKHO HCII0JIb30BaTh CJI€AYIOUIHIA aJITOPUTM.

1. CpaBHHUTH UCKOMBIH KJTIOY target ¢ KJIIOYOM B TeKyIlleit BepIu-
He. Ecin oHU paBHBI, Bce rOTOBO.

2. Ecnu target MeHbIIle TEKYIIETO KJTI0Ya, TO UCKATh HYXKHO B Jie-
BOoM ZepeBe. HyseBoii pe3yibTaT moucka TOBOPUT O TOM, 4TO
target HeT B IepeBe.

3. Ecau target Gosblite TeKyIuero Kio4a, To UCKaTh CJIEAyeT B Ipa-
BoM JepeBe. HyseBoii pe3ysbTaT MOMCKa FOBOPUT O TOM, YTO
target HeT B ZepeBe.

Ha kaxx1oM ypoBHe fepeBa HY»KHO UCKATh TOJbKO OIUH H0YEPHUit
y3es. HampuMep, eciu Bbl uilleTe target, paBHbIH 4, Ha MpeabILy-
el AuarpaMMe, To HauMHaeTe C KOPHS, co/lepskaliero Kioy 8.
ITockonbky target MeHbIlle 8, To BBl HeTe BaeBO. Tak Kak target
Gosbiie 3, BB H€ETe BIPaBo. BBuIy TOro yto target MeHblie 6, Bbl
uzete BieBo. M Torna Haiinete KoY, KOTOPBIi HIIETE.

B aTom npuMepe 7151 moucka target TpebyeTcs YeThipe CpaBHEHMS,
XOTS1 IepeBO COAEPXKUT AeBsTh Kaoueld. KonnuecTBo cpaBHeHH
MIPOMOPILIUOHAIBHO BBICOTE [IEPEBa, a He KOJUYeCTBY KJIIOUeH B Je-
peBe.

Wrak, 4To MOXKHO CKa3aTh O CBSI3H MeXIy BHICOTOH nepeBa /i U KO-
nu4ecTBOM y3soB n? HauHeM ¢ HeGOIBIIMX U pPaGOTOCIIOCOOHBIX
3HaYeHHUH:

Q ecau h = 1, TO 1epeBO COAEPKUT TONBKO OHY BEPUIHHY, 03TO-
Myn=1;
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Q npu h = 2 MOXHO 106aBUThH ellle ABe BepUIMHbI IJis 0b1Iero
yucaan = 3;

Q Bciay4ae h = 3 MOXXHO [[O63BI/ITb €l11e YeTbip€ BEpLIIUHbI A1 061116-
royucjaan =7,

Q ecau h = 4, TO MOXHO J0OAaBUTH ellle BOCEMb BEPILIUH 7S obwero
yucaa n = 15,

Teneps paccMoTpum cxeMy. HyMmepatiusi ypoBHeii 1epeBa oT 1 o h
MoBJleYeT CUTYALHIO, KOTa YPOBEHDb C HHIEKCOM i MOXeT UMeTb
10 2! yanos. 1 ob1iee KoMYECTBO Y3708 B h YPOBHSX paBHO 2/~ !,
[Tpu Hanmuyuu:

n=2"-1,

MOJHO B3SIThb JIOTap1U(M 110 OCHOBAHHUIO 2 OT 0OEMX CTOPOH pa-
BEHCTBA:

log,n = h,

4TO O3HAYaeT CJIeAyIollee; BBICOTA [IepeBa MporopuruoHabHa log n
NP 3aM0JTHEHHOM JepeBe (TO eCTh eCJIM KaXIblii YPOBEHb COZLep-
KUT MaKCHMaJIbHOE KOJIMYECTBO Y3JI0B).

Kak caenctBue, 0KUAaeTCs, YTO MOKHO HalTH K104 B OGUHap-
HOM JepeBe MOUCKA 3a BpeMsl, mponopuuoHansHoe log n. lan-
HOe yTBepXKIeHHe BEPHO B CJIydae 3arl0JHEHHOTO epeBa, AaXKe eCJIi
OHO 3aT0JTHEHO TOJBKO YacTU4HO. Ho 3TO He Bcerga MCTUHHO, Kak
MBI YBUIHM.

AJITOPUTM, BpeMsl BBIIOJTHEHUS] KOTOPOTO MPONOPIMOHABHO log 7,
Ha3BIBAETCS 102apUPMULECKUM VITU ANZOPUMMOM 02APUPMULECKO20
apemenu u uMeet nopsinok pocta O (log n).
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YnpaxHeHue 10

Jlns aToro ynpaxxHeHHsl Bbl HallMIleTe peau3aluio uHTepdeiica
Map, HCTIOJIb3Y ST GUHAPHOE AEPEBO MIOKCKA.

Hayano peanusanuu noa HazBaHueM MyTreeMap BBITJISIAMT CJIENY-
I0IIUM 00pa3oM:

public class MyTreeMap<K, V> implements Map<K, V> {

private int size + ©0;
private Node root + null;

ITepeMeHnHas ak3eMIIsipa — size, OTCI€XKUBAIOIIAS KOJTHYECTBO
KJII0Yel, v root, SBJISIONIASACS CCHIIKON Ha KOpeHb JepeBa. Ecau
ZlepeBo MyCTOe, TO root UMeET 3HaYeHHe null U size paBHO 0.

Peanusanus kiacca Node, KOTOpBIi1 ollpefiesieH BHYTPH MyTreeMap,
GyneT Takoii:

protected class Node {

public K key;

public V value;

public Node left + null;
public Node right + null;

public Node(K key, V value) {
this.key + key;
this.value + value;

}

Kaxczast BepiinHa CONEPXKUT Napy «KJI04 — 3HaYeHHe» U CChUTKH
Ha [Be IoYepHUe BePIIUHBI, left u right. Jliobas uiu obe gouepHue
BEPIIHHBI MOTYT ObITH Null.
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HEKOTOPbIC U3 METO/JIOB Map JIeTKO peajii30BaTh, Kak sizeu clear:

public int size() {
return size;

public void clear() {
size + 0;
root + null;

Meton size, 04EBUAHO, ABJSIETCSI METOAOM IIOCTOSTHHOI'O BpPEMEHH.

Kaxercst, uTo U MeTox clear AoskeH OBITh TAKUM e, HO YUTHUTe
cJleflytoliiee: KOTZia root YCTaHOBJIEH B null, cOOpIIMK Mycopa YTH-
JIU3UPYET Y3JIbl IepeBa, a 3T 3aHNMaeT JuHeitHoe BpeMs. HyxHo m
y4uThIBaTh paboty cbopiirka mycopa? S xymaio, aa.

B cleaymolieM pa3zaesie Bol I0MOJTHUTE HEKOTOPbIE APYTHE€ METOAbI,
B TOM uYHcJie HanboJjiee BaXKHbIE — get u put.

Peanunsauusa TreeMap

B penosurtopuu A 3T0i KHUTH BB HalileTe ceyioIIne UCXOAHbIE
daitnbr:

Q MyTreeMap.java COAEPXXHUT KO U3 NIPEAbIAYIIETO Pa3/esia C OlU-
CaHMEM OTCYTCTBYIOIIMX METOJIOB,;

Q MyTreeMapTest.java BKJIIOYaeT MOAYJIbHbBIE TECTHI I MyTreeMap.

AkTuBU3MpYiTe ant build A KOMIOWJISLKAU UCXOAHBIX (alIoB.
3areM 3amycTuTe ant MyTreeMapTest. Heckosbko TecTOB 3aBep-
IATCs Heyaayei, TOCKOIbKY BaM HY>XKHO nopaboTaTs!
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51 mpepocraBsiio onucaHue s get v containsKey. O6a oHu ucC-
noJib3y1oT findNode — MPUBATHBIIA METOI, KOTOPBIN s ONpeNeIN;
OH He SIBJISIETCSI YacThIO HHTepdelica Map. Ero Hauaso 1aHo HuXe:

private Node findNode(Object target) {
if (target += null) {
throw new IllegalArgumentException();

@SuppressWarnings("unchecked")
Comparable<? super K> k + (Comparable<? super K>) target;

// TODO: 3anonHute!
return null;

}

[TapameTp target — K104, KOTOPBIN MBI HilleM. Eciu target paseH
null, To findNode BBI30BeT UCKIIOYeHUe. HekoTopsle peanu3anuu
Map MoryT o6pabaTbiBaTh null Kak KJi04, HO B GMHApHOM JepeBe
MOMCKa HYXXHO UMETh BO3MOXHOCTb CPaBHUBATD KJIIOUH, IOITOMY
obpatuthcs K null npobnemMarnuHo. JlaHHas peaqusaluus He J0O-
IyCKaeT 3HayeHus1 null B kayecTBe KJIOYa.

Crenylouie CTPOKM MOKa3bIBAIOT, KaK MOXHO CPaBHHUTD target
¢ KJo4oM B aepeBe. Mcxonst U3 curHatypsl get u containsKey
KOMIIUJISATOP paccMaTpuBaeT target kak Object. Ho Mbl q10/IKHBI
HMMeTb BO3MOXXHOCTb CPaBHUBATh KJIIOYH, I0O9TOMY NPUBOAUM TUI
target k Comparable<? super K>, HHaue TOBOPS, 3Ta NIepEeMeHHas
COMOCTaBMMa C 3K3EMILIIPOM THIIA K UJIH JI0OBIM CyepKIaccoMm K.
Y3uHarp 60JbliIe 0 TOAOOGHOM UCIOJIB30BAaHUM N00CMAHOBOUHBLX
3HAaK068 muna MOXXHO Ha caiite http://thinkdast.com/gentut.

K cuactbio, 11e71b 3TOrO ynpaskHeHUst He paboTa ¢ CUCTEMOii THIIOB
Java. Bama 3agaua — 10onoJIHUTB OCcTabHYIO YacThb findNode. Ecain
OH HaliJleT BepILIMHY, COAepKallylo target B KayecTBe KJIOYa, TO
NOJIXKEH ee BepHYTb. B IpoTHBHOM ciyyae eMy ciefyeT BEPHYTb
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3Hayenue null. Korzxa ato 3apaboraert, TecTsl 47151 METOAOB get
U containsKey JOJI)KHBI 3aBEPLIUTHCS YCIIEUIHO.

O6pa’rme BHUMAHUE! BalllEMy PELICHUIO HaJl0 UCKATb TOJIbKO OAMH
MNyTb Yepe3 AepeBO, 3TO AOJXKHO 3aHUMATh BpEMs, IIPONOPLUHO-
HaJIbHOE€ BBICOTE JA€pEBa. He CJAEAYET IPOCMATPHUBATDh BCE uepeBo!

Baiue cienyoliee 3aianie — JOMOJIHUTH containsValue. UToOb! BbI
HayaJy, s MpeoCTaBU/l BCIIOMOraTe IbHbII MeTO/ equals, KOTOPBIi
cpaBHHMBaeT target U 3a1aHHbIi K04, O6paTuTe BHUMaHUe: 3Ha-
yeHUsl B iepeBe (B OTJIMYHE OT KJI04eil) He 0053aTeIbHO CONOCTa-
BHUMBI, [I03TOMY HeJIb3s1 NCII0JIb30BaTh compareTo, HYKHO BbI3bIBaTh
equals g target.

B ornuvune ot Bameil npeabiayuieid peanusauuu Aas findNode
pellleHue s containsValue 001xCHO TPOCMATPUBATh BCE NEPEBO,
[O3TOMY €ro BpeMsl BbINIOJIHEHUA [IPONOPLUHOHAIIBHO KOJTHYECTBY
KJIIoYeil 71, a He BbICOTe iepeBa h.

Crenyomuit MeToz1, KOTOPBIH HEOOXOAMMO JOMOJIHUTDb, — 3TO put.
51 npeocTaBus HaYaIbHBIN KOJI, 06pabaThIBAIOLINIA IPOCTbIE CITyYau:

public V put(K key, V value) {
if (key += null) {
throw new IllegalArgumentExceptionQ;
}
if (root += null) {
root + new Node(key, value);
size++;
return null;
}
return putHelper(root, key, value);

}

private V putHelper(Node node, K key, V value) {
// TODO: 3anonHuTte.
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HpPI IOIIBITKE lIO6aBPITb null B Ka4yeCcTBe KJIO4Ya put BBI3OBET HC-
KJIIOYEHHE.

Ecnu nepeBo nmycToe, TO put CO31a€T HOBYIO BEpPILMHY ¥ HHUIATH-
3UpyeT NepeMeHHYI0 3K3eMILIsipa root.

B npoTuBHOM cjiyyae OH Bbi3bIBaeT putHelper — NPUBAaTHHIMA
MeTOJI, KOTOPBIH 51 ONpe/ieJIUJI; OH He SIBJISIETCS YacThlO MHTEP-
(eiica Map.

JononHure putHelper Tak, YToObI OH IIPOCMATPUBAJI IE€PEBO, U:

0O eCyH KJII0Y y)Ke HaXOAUTCA B IEPEBE, TO 3aMEHSET CTapoe 3Have-
HHE€ HOBbIM M BO3Bpallla€T CTAPOE€ 3HAUYCHUE;

Q ecJd OH He HaXOAUTCS B [iepeBe, TO CO3[aeT HOBYIO BEpIIUHY,
HaxXOIUT MOAXOMSIIEE MECTO ISl ee 10OABIEHUsI U BO3BPALIaeT
null.

Bama peanuzanus put Z0JKHa 3aHUMATh BpeMsl, IIPOTIOPIHOHAIb-
HOe BBICOTE IepeBa h, a He KOJUYECTBY 3JIEMEHTOB 7. B nneasne
HY>CHO [TPOCMATPUBATh 1€PEBO TOJIBKO OAMH pa3, HO eCJId TMpolile
HCKaTh ABAX/bl, TO MOXHO 3TO C/IeJIaTh; TaK Oy/IeT MeaJieHHee, HO
HOPSIZIOK POCTAa He U3MEHHTCHI.

HaxkoHel, Hy>KHO 3aOJIHUTH Tes10 MeTofa keySet. CorsiacHo 10-
KyMeHTalluu Ha caifTe http://thinkdast.com/mapkeyset aToT MeTOx
JOJKeH BO3BpallaTh Habop Set, KOTOPBIH BHINOJIHSIET Niepebop
KJII04Yel 1o MOPSIAKY, TO eCTh B NMOPSiIKE BO3paCTaHHUsI B COOTBET-
CTBHHU C MeToOM compareTo. Peanusanusa Set nox Ha3BaHUEM
HashSet, ucrosp30BaHHAasi HAMU B yIpaxXxHeHUH 6 ryiaBbl 8, He
MOJ/IEPKUBAET MOPS/IOK KJIIOYeid, B OTJIMYHE OT Pealnu3aluu Lin-
kedHashset. [IpoynTaTh 06 3TOM MOXHO Ha caiiTe http://thinkdast.com/
linkedhashset.
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A npencraBun cxeMy keySet, KoTopasi CO3[1aeT ¥ BO3BpallaeT
LinkedHashSet:

public Set<K> keySet() {

Set<K> set + new LinkedHashSet<K>();
return set;

}

Bbl 10JKHBI 3AKOHYUTD 3TOT METOZ, YTOOBI OH 100aBJISLI KJIIOYH U3
nepeBa B Habop B mopsike Bo3pacTtanusi. [Togcka3ka: Moxere Ha-
MTUCATh BCIIOMOTATeJIbHBIN METOL; c/ieJ1aTh €r0 PEKYPCUBHBIM U IIPO-
YUTaTh O CHMMETPHYHOM 00X0/€ JiepeBa Ha caiiTe http://thinkdast.com/
inorder.

Korza Bce 6yneT rotoBo, BCe TECThI ZOJKHBI 3aBEPILIUTHCS YCIIEIIHO.
B caenyioueii riaBe s pacCKaxy O CBOMX peIlleHUsIX U NPOTECTUPYIO
NPOU3BOAUTEIBHOCTb OCHOBHBIX METO/IOB.



1 3 buHapHoe aepeso
noncKka

B aro0i1 rnaBe onucanbl pelleHus A1 NpeablAYLIEro YIPaKHEHUS,
3aTeM NPOBepsieTCsl IPOU3BOAUTENbHOCTb KapThl C NOJAEPKKON
nepeBa. 51 mpencrasJsiio NpobeMy ¢ peanu3annei ¥ 0GbSICHSIIO, KAk
TreeMap B Java pelaer ee.

MpocTas peanusauma MyTreeMap

B npeabiaymem ynpaxHeHHH 51 Aa] BaM cXxeMy MyTreeMap U no-
MPOCHUJ JOMOJMHUTD HeaocTaomue Metoasl. Teneps s npeactasiio
peleHue, HaynHaA ¢ findNode:

private Node findNode(Object target) {
// HekoTopble peanusauuu Moryt obpabaTteiBaTb null Kak KAk,
// HO He 3Ta
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}

if (target += null) {
throw new IllegalArgumentException();

// 4TO-TO, 4TO obpasyeT KOMNWUNATOP
@SuppresswWarnings(“unchecked")
Comparable<? super K> k + (Comparable<? super K>) target;

// HenocpeACTBEHHO MNOMCK
Node node + root;
while (node != null) {
int cmp + k.compareTo(node.key);
if (cmp < @)
node + node.left;
else if (cmp > 0)
node + node.right;
else
return node;

}

return null;

Merton findNode — MpUBaTHBIH, HCNIObB3yeMblil B containsKey
M get; OH He BBICTYIAeT YacTbio UHTepeiica Map. [TapameTp
target — KJII0Y, KOTOPBIA Mbl HILleM. 51 0OBSICHUT NEPBYIO YacThb
3TOr0 MeTOo/Ia B NpeJblAYIIEM yIPaKHEHHH.

Q B nanHoii peanusaunu null He ABJIsETCSA AONYCTUMbIM 3Haye-

HHEM KJII04a.

[Ipexze yeM BbI3bIBaTh compareTo /15 target, HyXKHO IPUBECTH
€ro K KakoMy-HuOyab TUIY, peanuayiouieMy Comparable. IToa-
CTAHOBOYHBIH 1WA6JIOH THUIIA, UCTIOJIb3YEMBIii 31€Ch, MAKCHMAaJlb-
HO pa3pellieH; TO eCTh OH paboTaeT ¢ J0OBIM TUIIOM, KOTODPBIH
peanu3yet Comparable u MeTo[, compareTo KOTOPOro IPUHUMA-
eT K uiu yiroboi cynepru K.
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[Tocne Bcero aToro pakTHYECKUH MOMCK OTHOCHTENBHO MPOCT.
Mbl HHULIMAIU3UPYEM TIEpEMEHHYIO LIMKJIA node Tak, YTOOBI OHa
cchblylajlach Ha KOpeHb root. [1pu kax ol uTepauuy Hukia CpaBHU-
BaeM target c node. key. [Ipu nepeMenHoIi target, KOTOpast MeHbllE
TeKYILero KJIoya, IepeMeliaeMcs K JIeBoMy o4epHeMy y3ay. Eciu
oHa 6oJIbl1Ie, TO ITePeXOMM K IIpaBoMy AouepHeMy yany. U ecin ona
paBHa, TO BO3BpalllaeM TEKYIIYIO BEPIIUHY.

Ecsi MBI OLIN 10 HUXKHETO YPOBHSI IepeBa M He HAIILIK target, TO
[leJIaeM BBIBOJ O TOM, YTO B J€PEBE HET COOTBETCTBYIOLIETO KJII0Ya,
Y BO3BpalllaeM 3HadyeHHe null.

Mouck No 3Ha4YeHuo

Kax 51 06bsiCHUT B peAbIAYyLIEM yIIPAXXHEHNH, BPEMSI BBINIOJIHE-
Hus1 findNode MPONOPLHOHAIBHO BBICOTE [IEPEBA, @ HE KOJINYECTBY
BEpPLIHH, IOCKOJIBKY He HY>KHO TPOCMaTpHUBaTh Bee AepeBo. Ho mis
containsValue ciefyeT UCKaTh 3HaU€HUs, a He KJIIOYH; CBOMCTBO
BST He OTHOCHTCS K 3HaYEeHHUSIM, [TO3TOMY HaAO0 MPOBEPUTH BCe
IEepEBO.

Moe pelieHHe peKypCUBHO:

public boolean containsValue(Object target) {
return containsvalueHelper(root, target);

private boolean containsValueHelper(Node node, Object target) {
if (node += null) {
return false;
}
if (equals(target, node.value)) {
return true;
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if (containsValueHelper(node.left, target)) {
return true;

}
if (containsvalueHelper(node.right, target)) {

return true;

}

return false;

}

MeTtona containsValue npuHUMaeT 3HaueHHUe target B KayecTBe
IapaMeTpa M Cpa3y BBI3BIBAeT containsValueHelper, nepeaaBas
KODEeHb /lepeBa Kak [0TIOJTHUTE/IbHbIN NTapaMeTp.

Huxe onucana pabota containsValueHelper.

O [lepssiii onepaTop if mpoBepsieT 6a30BbIii c1yyail pexypcuu.
Eciu node uMeeT 3HaueHue null, TO, 3HaYMT, MbI TOCTUTJIA HHX-
Hero ypoBHsi lepeBa M He HalIK target U MO3TOMY AOJIXKHBI
BepHYTb false. OOpaTuTe BHMMaHHUe: 3TO O3HAYAET JHLIb TO,
4TO 3HaueHHUe target He ObLTIO OOHAPYXKEHO MPH OXHOM 00X0/€e
JIepeBa; BIIOJIHE BO3MOXKHO, OHO OyzeT 06HapY>keHO IIPU APYTOM.

Q Bo BTOpoM ciryyae mpoBepsieTCs, HALJIX JIU MBI TO, YTO HILEM.
Ecau 1a, To Bo3Bpaiaem true. B mpoTBHOM ciyyae KOKHBI
[POAOJIKATh 00X01.

Q B TpeTbeM cnyyae npou3BOAMTCS] PEKyPCUBHBIH BBI3OB 7151 MO-
¥McKa target B J1eBOM nouiepeBe. Ecyii Mbl HAlITH €T0, TO MOXeM
HEMe/IJIEHHO BEPHYTh true, 6e3 MOMCKA NPaBUJIBHOTO NO/IEPeBa.
B npotuBHOM ci1y4yae 06Xox MPOAOIKAETCS.

Q B derBepTOM ciyyae OoCyuIeCTBJSIETCS IOUCK MPaBUJIbHOTO
noanepesa. M1 cHOBa, €C/IM Mbl HalllJIM TO, YTO MCKa/H, BO3BPa-
maeM true. B npoTHBHOM ciryyae, TPOCMOTPEB BCE AE€PEBO, BO3-
BpallaeM false.
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Ilammﬁ METO/ NOCEUIACT KaXKAY10 BEPUINHY B IePEBE, IO3TOMY 3a-
HHUMaAET BpeMs, IIPONNOPIHOHAIbBHOE KOJIMYECTBY BEPIIHH.

Peanusaumsa put

Merozn put HeMHOTO CIOXHee, YeM get, B CBSI3H C TEM YTO JOJKEH
o6pabaTbiBaTh ABa cayyasi: 1) eciu JaHHBIN KJIOY y)Xe HaXOIMUT-
sl B JlepeBe, TO 3aMeHsIeT KJII0Y M BO3BpALAeT CTapoe 3HA4YEHHE;
2) B IPOTHBHOM CJIy4yae eMy CJefyeT 100aBUTh HOBYIO BEPIIHHY
B [IEPEBO B HYXKHOM MeCTe.

B NpeabliayleM yripaXXHEeHUHA s IPEACTaBUJI 3TOT HavyaJbHbI KO

public V put(K key, V value) {
if (key += null) {
throw new IllegalArgumentException();
}
if (root += null) {
root + new Node(key, value);
size++;
return null;
}
return putHelper(root, key, value);

}
1 TIOIIPOCHJI BaC JAOMOJIHUTH putHelper. Moe pelnieHue OyaeT TakuM:

private V putHelper(Node node, K key, V value) {

Comparable<? super K> k + (Comparable<? super K>) key;
int cmp + k.compareTo(node.key);

if (cmp < @) {
if (node.left += null) {
node.left + new Node(key, value);
size++;
return null;
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} else {
return putHelper(node.left, key, value);

}
if (cmp > 0) {
if (node.right += null) {
node.right + new Node(key, value);
size++;
return null;
} else {
return putHelper(node.right, key, value);

}

V oldvValue + node.value;
node.value + value;
return oldValue;

}

[TepBoiit napamMeTp node U3HAYATBHO SBJISIETCS] KOPHEM ZlepeBa,
HO KaXk[bIi pa3 MpH PeKYPCHUBHOM BBI30BE OTHOCHTCS K APYTOMY
noaznepesy. Kak u B get, Mbl HCIIO/IB3yeM MeTON compareTo, YTOObI
BBISICHMTD, KAKUM TYTEM CJIe[IoBaTh Yepe3 nepeBo. Ecau cmp < @,
TO n06aBisIeMbIl HAMH KJIIOY MeHbIlle node . key, TaK YTO Mbl XOTHM
TIOCMOTPETh B JIEBOM nojnepeBe. Bo3aMoXHBI ABa ciyyast.

Q Ecau neBoe noanepeBo nmycro (To ecTb node.left paBHO null),
TO MBI JOCTHIJIN HUXKHETO YPOBHS lepeBa, He Haiins key. Ha nan-
HOM 3Tarle Mbl 3HaeM, YTO key HET B iepeBe, U HaM U3BECTHO, Ky/1a
€ro HY)XHO BCTaBUTh. TakiM 06pa3oM, co31aeM HOBYIO BEpLIUHY
U nobaBJisieM ee KakK JieBblii JOYepHUIi y3eJl node.

Q B npoTtuBHOM cilyyae NpOM3BOAMM PeKYyPCUBHBIN BBI3OB 1151
TIOMCKA JIEBOTO MO//IEPEBA.

[Tpu cmp > @ noGaBIsIeMblit HaMK K104 60J1bIie node . key, TOITOMY
HY>KHO IOCMOTpPETh B NpaBoM mojanepese. U Mbl o6pabaTbiBaeM
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Te Xe Ba CJy4Yasi, YTO U B Mpeabiaylleit BeTke. HakoHel, eciu
cmp == 0, TO MBI HAlIUTH KJIIOY B JIepeBe, II03TOMY 3aMEHSIEM €ro
¥ BO3BpalllaeM CTapoe 3Ha4YeHHe.

$1 Hanucas 3TOT METO PeKYPCHUBHO, YTOOBI CIeNIaTh ero 6oJiee yao-
60YUTAEMBIM, HO OBLIO GBI MPOILE TIEPeNnKUcaTh €ro B UTEPaTUBHOM
BHUJIE; BO3MOJXHO, BBl 3aXOTUTE CeJaTh TO K€ CaMoe B KayecTBe
yTpaXHEHHSI.

CuUMMeTpUYHbIA 06x0A

[Tocnexnuii MeTon, KOTOPBIH 5 MOMNPOCHJ Bac Hamucarth, keySet,
BO3BpalaeT Habop Set, colepKaluil KIIOUYM fepeBa B MOPSANKe
BO3pacTaHus. B 1pyrux peanusauusix Map KJII0OYH, BO3BpalllaeMbie
keySet, He UMeIOT 0COBOTO MOPSAKA, HO OJIHA U3 BO3MOXHOCTEM
peau3aliy Ha OCHOBe JIepeBa 3aKJII04YaeTCsl B IPOCToit 1 addeKTHB-
HOM copTHpoBKe. I103TOMy MBI IOJKHBI BOCIIOJIB30BATHCS JaHHBIM
[IPEUMYLIECTBOM.

Moe peliieHHEe MPEACTABIEHO HIXKE:

public Set<K> keySet() {
Set<K> set + new LinkedHashSet<K>();
addInOrder(root, set);
return set;

private void addInOrder(Node node, Set<K> set) {
if (node += null) return;
addInOrder(node.left, set);
set.add(node.key);
addInOrder(node.right, set);
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B MeTtone keySet Mbl co3naeM LinkedHashSet, KOTOpBIY IIpeACTaB-
asieT coboi peanu3anuio Set, XPaHSAILYIO 3JEMEHTHI 110 MOPSAAKY
(B oT/IMYHe OT GOBUIMHCTBA APYTUX pealu3annit Set). 3aTeM BbI-
3biBaeM addInOrder 17151 06X0/1a IepeBa.

[TepBhIit napameTp node U3HAYAJIBHO SIBJISIETCS] KODHEM JIEPEBA, HO,
KaK M CJIEJOBAJIO OXKHJATh, Mbl MCIIOJIb3YeM €ro /151 peKyPCUBHOTO
obxona nepesa. dyieMeHT addInOrder BBHIMONHSET KIACCUYECKUM
cummempuunwiii 06x00 depesa.

Ecnu y3en uMeet 3HaueHue null, To moanepeBo MycToe, TaK YTO
BO3BpallaeMcsi, He 106aBJisist HUYero B set. B mpoTtuBHOM ciyyae
NPUIETCS BBIIONHUTD TPHU AeHCTBUS.

1. O6boiiTu n1eBoe NoIePEBO MO MOPSIAKY.
2. Jlo6aBuTh node. key.
3. O6oiiTi npaBoe AepeBO MO MOPSIIKY.

[Tomuure: cBoiictBo BST rapanTtupyer, 4To Bce y37bl B JIEBOM MOA-
[lepeBe MeHbllle, 4eM node. key, 1 BCe Y3JIbl B IDaBOM — Gosblire,
[ToaToMy M3BECTHO, UTO node . key 6bLT 106aBJeH B MPaBUJIbHOM
opsIziKe.

ITpuMeHsist TO ke T0KA3aTeNIbCTBO PEKYPCHUBHO, MBI 3HaeM, 4TO dJ1e-
MEHTBI U3 JIEBOTO MOA/IEPEBA YIIOPSIAOYEHD, TAK JKe KaK 1 3JIEMEHThI
u3 npaBoro. V1 6a3oBblii cyyaii BepeH: ec/iu NOLIePEBO MyCTO, TO
KJI0YH He 106aBasiioTcst. [103aTOMy MOXHO clieiaTh BBIBOM: 3TOT
MeTon 106aBJIsieT BCe KIIOYH B IPaBHJIbHOM MOPSIAKe.

ITockonbky maHHBI METOA MOCeIaeT KX/l y3ell B lepeBe, HallpH-
Mep containsValue, TO 3aHUMaeT BpeMs, ITPOIIOPIIMOHAIBHOE 7.
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MeToAbl, BbINONMHAOWMWECS
3a norapudmuyeckoe Bpems

B MyTreeMap MeTozibI get ¥ put BHIMIOJIHSIOTCS 32 i — BpeMsi, IPOIOp-
LIMOHAJIBHOE BBICOTe [iepeBa. B npenpiryieM ynpakHeHHH MBI IIOKa3a-
JIY, YTO TIPH 3aMOJTHEHHOM JlepeBe (KK ypOBEHb CONEPKUT MaK-
CHMaJIbHOE KOJIMYECTBO Y3JI0B) €r0 BHICOTa MPONOPLHOHaIbHa log 7.

U st yTBep>kaan, 4To get U put BBIMOJIHSIOTCS 32 JJorapudMudeckoe
BpeMsl, TO eCTb BpeMsl, ponoprunoHanbHoe log n. Ho aist Gonpuins-
CTBa NPUJIOXKEHUI HEeT rapaHTHH, UTO JlepeBo 3anoyHeHo. Ero popma
3aBUCHUT OT KJII04Yeil U TOro, B KaKOM MOPsIIKe OHU 106aBISIOTCS.

YT006bI yBUIETH, KAK 3TO PabOTAET Ha MPAKTHKE, MBI IIPOBEPUM HaIILy
pean3aluio ¢ AByMst HaG0paMH [aHHbBIX: CIIUCKOM CJTy4YaitHbIX CTPOK
U CITICKOM OTMETOK BpeMeHH (timestamps) B NOpsiike BO3pacTaHHUSI.

Koz, renepupyoumuii ciydaiiible CTPOKH, BBHITISAUT CIIeAYIOMINAM
obpasom:

Map<String, Integer> map + new MyTreeMap<String, Integer>();

for (int 1=0; i<n; i++) {
String uuid + UUID.randomUUID().toString();
map.put(uuid, 0);

}

UUID — KJIacC B aKeTe java.util, KOTOpBIH criocobeH reHepupoBaTh
CIIy4alHbII yHusepcarvno ynuxarooii udenmuguxamop. UUID
T0J1e3€H AJ1s1 pa3/IMYHBIX NIPUJIOXKEHUH, HO B 3TOM NIpUMepe Mbl UC-
T0JIb3yeM IIPOCTOM CIIOCO6 reHepaluy CayYaifHbIX CTPOK.

§1 3anmycTus aTOT KOX € N=16384 ¥ U3MEPHUJI BpEMSI BBITIOJIHEHHsI
¥ BBICOTY KOHEYHOTO fiepeBa. Hikxe npeacraBiieH BbIBOI:

Time in milliseconds = 151 // Bpema B8 munnucekyHpax = 151
Final size of MyTreeMap = 16384 // KoHeuYHblii pa3mep
// MyTreeMap = 16 384
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log base 2 of size of MyTreeMap = 14.0 // Nlorapu¢m nO OCHOBaHWIO
// 2 pa3mepa
// MyTreeMap = 14.0
Final height of MyTreeMap = 33 // KoHe4yHas BbicOTa
// MyTreeMap = 33

S Bkmounn log base 2 of size of MyTreeMap, YTOOBI YBUIETD,
HACKOJIBKO BBICOKUM OyZ€eT AepeBo, €CIU 3aN0THUTCA. Pe3yib-
TaT MOKa3bIBaeT: MOJIHOE JepeBO BbICOTOM 14 cTaHeT colepXaTh
16 384 BepuinHBbI.

PeanibHOe 1epeBo C1yyaiiHbIX CTPOK UMeEET BbICOTY 33, 4TO cylle-
CTBEHHO GOJIbIIIE TEOPETUYECKOTO MUHUMYMA, HO He TaK Y IJ10XO.
Y106l HAlITH OQUH KJII0Y B KoJIekIvK U3 16 384, Hy>XHO cnenath
tosibko 33 cpaBHeHus. [1o cpaBHEHMIO C JIMHEHHBIM TOMCKOM 3TO
noytu B 500 pa3 GvicTpee.

Takast NPOM3BOAMTENLHOCTb TUIIMYHA /111 CIy4aifHbIX CTPOK HJIN
APYTHX KJI0YeH, KOTopble He [00aBJSIOTCS B ONpeAeJeHHOM I10-
psnke. KoHeuHas BbicOTa JiepeBa MOXeET ObITh B Ba-TPU pasa
GoJibllle TEOPETUYECKOTO MUHUMYMa, HO MO-IpeXHeMYy Mponop-
uvoHasnbHa log n, uto HamHoro Menbuie n. MakTuyecku log n
pacTeT TakK e MeIJIEHHO, KaK 7 YBeJMYMBAETCs], B CBSI3U C YeM Ha
NPaKTHKe MOXeT ObITh TPYAHO OTJIMYHUTD JIorapudMuyecKoe BpeMst
OT TIOCTOSTHHOTO.

OnHako GUHapHble NepeBbsi MOMCKA He BCeraa BedyT cebs Tak
xopomo. ITocMoTpuM, 4TO Mpou3oiifeT Npyu 106aBAEHUH KII0Yeit
B nopsiike Bo3pactanus. Ciexyomuii npuMep u3MepsieT OTMETKH
BpeMeHH B HAHOCEKYH/IaX M UCTIOJIb3YyeT UX B KayecTBe KJIouei:

MyTreeMap<String, Integer> map + new MyTreeMap<String, Integer>();

for (int i=0; i<n; i++) {
String timestamp + Long.toString(System.nanoTime());
map.put(timestamp, 9);



170 lnasa 13. BuHapHOe AepeBo noucka

dneMeHT System.nanoTime BO3BpallaeT Liej0e YUCIO TUMA long,
KOTOpOe yKa3bIBaeT UCTeKIilee BpeMsi B HaHocekyHzAaX. [Ipu kaxaom
€ro BbI30Be MBI ITOJIy4aeM HeCKOJIbKO Gosbiuee yuciao. Koraa mMbl
npeoOpa3yeM 3TH OTMETKU BPeMeHH B CTPOKH, OHH MOSIBJSIOTCS
B a/1(paBUTHOM MOPSIIKE.

ITocMoTpuM, 4TO MPOU30OUAET NPU 3aMycke AAHHOTO KOAA:

Time in milliseconds = 1158

Final size of MyTreeMap = 16384
log base 2 of size of MyTreeMap = 14.0
Final height of MyTreeMap = 16384

Bpewmst BbinosiHeHus 6oJiee yeM B ceMb pa3 A0JIblile, Y€M B IIpe/bl-
ayuieM ciaydae. Eciu BaM HHTepecHO, moyeMy, TO MOCMOTPUTE Ha
KOHEeYHYIO BBICOTY fepeBa: 16 384!

[ToHsTh MpoOUCXOAsIIee MOXHO, TOAYMaB O TOM, Kak paboTaer put.
Kasxzpiii pas, korna Mbl 100aBJisieM HOBBIH KJI04, OH GOJIblIIe BCEX
KJI04ed B IepeBe, TaK YTO BCeraa BbIOMpaeM NpaBUJIBHOE MOJ-
[epeBo M Bceraa 1o6aBJisieM HOBYIO BEPUIMHY B KauyeCTBE MPaBOTO
JIoOYepHero y3Jja caMoi KpalHel cripaBa BepuInHbl. Pedynbrar —
«HecOaIaHCUPOBaHHOE» [IEPEBO, KOTOPOE COAEPKHUT TOJBKO AETEH,
PAacCIoIOXKeHHBIX CIIPaBa.

BoicoTa maHHOro0 epeBa MPONMOPLHOHATbHA 7, a He log 7, moaToMy
NPOU3BOAUTENBHOCTD get U put sIBJsI€TCs JIMHEHHOM, a He Jiora-
pUGMHYECKOT.

Ha puc. 13.1 nmokasan npuMep cb6ataHCHPOBaHHOTO U HecbasaHCH-
POBaHHOTO iepeBbeB. B mepBoM ZepeBe BhICOTa paBHa 4, a obiiee
4KCI0 BepIIMH paBHO 2¢ — 1 = 15. Bo BTOpoM, UMeloIIeM Takoe Xke
KOJIMYECTBO BEPLIMH, BBICOTA paBHa 15.
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CaMobanaHcupytoLmnecs AepeBbs
CyliecTByeT ABa peleHust ONUCAHHOMN MPOBIEMBbI:

Q usbexath 106aBIeHUs KJIOYelH B Map 110 nopsaky (HO 3To
He BCeTAa BO3MOXHO);

0 co3naTh AepeBo, KOTOpoe 6y}1€T Jiyduie O6pa6aTbIBaTb KJIIO4H,
3a/1aHHbI€ 110 NTOPAAKY.

Btopoe penreHue nyuliiie, U €CTh HECKOJIBKO CIIOCOOOB €ro peau-
3auun. Hanbosee pacnpocTpaHeHHBIM SIBJISIETCSI TAKOE U3MEHEHHE
meToa put, 4TOObl OH OGHAPYXUBaJ, KOra A€PEBO CTAHOBUTCS
Hec6anaHCUPOBAHHBIM, U B 3TOM CJIy4ae MepecTpauBal BEPIINHBI.
JlepeBbsi ¢ Takol BO3MOXHOCTbIO Ha3bIBAIOTCS CAMOOANAHCUPY -
tougumucsi. O6bIYHO UCTIONB3YIOTCS TAKKE JePEBbsI C caMobalaHCH-
poBko#, kak n1epeBo ABJI (ABJI — 310 nHUUMANBI H300peTaTeEel),
U KPacHO-YepHOe JIepeBO, Ha OCHOBE KOTOPOTO PeaM30BaH KJacc
TreeMap B Java.

B namem npuMepe kona npu 3aMeHe MyTreeMap Ha Java TreeMap
BpeMsl BBITOTHEHUsI OyeT NpubIM3UTEIBHO OMUHAKOBBIM 151
CIyYyalHBIX CTPOK U OTMeTOK BpeMeHU. DaKkTHyeCKH NOCIeaH1e
paboTaioT 6bICTpee, MaXKe €CU UAYT MO MOPAAKY, BEPOSITHO, MO-
CKOJIbKY UX XeIIUPOBaHHE 3aHUMaeT MeHbIIle BpEMEHH.

Takum 06pa3oM, GUHapHOE [ePEBO MOKMCKA MO3BOJISIET Peau30BaTh
MeTo/bl get U put, 3aTpaynBaloilye JorapupMUIecKoe BpeMsi, HO
TOJIBKO €CJIH KJI0YH 1006aBJieHbl B MOPSIIKE, KOTOPbI COXpaHsieT
J€PeBO I0CTaTOYHO cbamaHcHpoBaHHBIM. CamMobaiaHCUpYOIIHeCs
liepeBbsi U30ETaloT 3TON MPO6IEMBI, BBITIONHSSA JOTIOJIHUTENbHYIO
paboTy Kaxabiil pa3 MpH 106aBJEHUH HOBOTO KJII0Ya.

Y3Hatb 601blIe 0 CaMOGATAHCUPYIOUIUXCS IEPEBBAX MOXHO I10
azgpecy http://thinkdast.com/balancing.
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[ononHUTenbHoe ynpaxHeHue

B npeabiayieM ynpaxkHeHHH BaM He HY>KHO ObLI0 pean30BbIBaTh
METOJI remove, HO MOJXKETe MOMPOOOBATh BBIMOJHUTh JAHHYIO Olle-
pauuio. [Ipy ynaseHny BepIIMHbI U3 CEPeNHBI 1epeBa HEOOXOMMMO
[IePECTPOUTD OCTa/IbHbIE BEPLIMHBI, YTOOBI BOCCTAHOBHTb CBOMCTBO
BST. Bsl MoXxeTe morazatbcsl, Kak 3TO ClieJIaTh, CAMOCTOSITEIbHO
160 npounTath 0ObSICHEHHE Ha caiiTe http://thinkdast.com/bstdel.

Y nanenue y3na u nepe6ajiaHCMPOBKa JlepeBa — aHAJIOTUYHBIE OTle-
palii: BHIOJIHUB YIPaXKHEeHMe, Bbl OyzeTe ydllle TOHUMATh, KaK
paboTaloT caMObaIaHCHPYIOLIHECST IEPEBBSI.



CoxpaHAeMOoCTb

B CJIeAYIOUIMX HECKOJIbBKHUX YIIPpa)XHEHUAX Mbl BEDHEMCS K CO3-
JMIAaHUIO TIOUCKOBOU CHUCTEMBIL. HaHOMH}O, 4YTO €€ KOMIIOHEHTaMHU
ABJAIOTCA:

Q c6op dannbix — OHALOOUTCSI IPOrPaMMa, CIOCOOHAs 3arpyKaTh
Be6-CTpaHHIly, aHAJIM3UPOBATh €€ M U3BJIEKATh TEKCT U JI0ObIe
CCBUIKH Ha JIPYTHeE CTPAHHIIBI;

Q undexcuposanue — Hy>XeH UHIEKC, KOTOPbIA MO3BOJUT HAUTH
NOMCKOBBIH 3alIPOC ¥ CTPaHMLIbI, COZlEPIKalLKe ero;

Q nouck — notpebyetcs cnocob c6opa pe3yabTaTOB U3 MHIAEKCA
U Onpe/ie/ieHHs CTPaHMIL, HanboJlee PeIEBaHTHBIX MOMCKOBBIM
TepMUHaM.

Ecnu BBl BBINOMHUIN yrIpaxkHeHHe 6 U3 I71aBbl 8, TO peayin30BaIu
HHJIEKC, UCTOJIb3Ys KapThl B Java. B ynpaskHeHN# 3TOH IJ1aBbl Mbl
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nepeiieM K MHAEKCATOPY U CO3JaAUM HOBYIO BEDPCHIO, KOTOpast
XPaHUT pe3yJIbTaThl B 6a3e JaHHbIX.

EcJi1 Bbl BBINOJIHUIN YTIPa’KHEHUE 5 U3 IJ1aBbl 7, TO CO3/aJIH MIOUC-
KOBOro po00Ta, KOTOPbIii EPEXOAMT MO NEePBOii HaliAEHHOMH CChLIKE.
B ynpaxuenun 11 Mbl HanuieM 60Jiee 06IIYI0 BEPCUIO, KOTOPast
XPaHHUT KOXKIYIO HAlIEHHYIO CCBIJIKY B Ouepeaiy ¥ UccefyeT UX 1o
HOPSIAKY.

U 3atem, HakoHel, Bbl nopaboTtaeTe Hajx Mpo6JIeMoi MOKUCKA.

B 3THX ynpaxHeHHUsIX sl NPeAOCTABIISI0 MEHbIIIE HAYaJIbHOTO KOJIa,
¥ BBl Oyzere npuHUMaTh GoJiblile MPOEKTHHIX pelieHnit. Kpome
TOrO, yIpaxkHeHusi 60siee OTKPbIThIE. 51 NPENIOXKY HECKOJIBKO MU-
HMMAJIbHBIX 11€JI€, KOTOPBIX BbI JOJKHBI MOTBITATHCS JOCTHYb, HO
€CTb MHOTO I1yTei, 10 KOTOPHIM MOXKHO HITH AAJIbIlle TIPU XKeJaHUU
6pocuTb cebe BbI3OB.

Teneps HayHEM ¢ HOBOIl BEPCUU HHIEKCATOPA.

Redis

B npeabiayuieit Bepcuy HHAEKCATOPA MHAEKC XPaHUTCS B ABYX
CTPYKTypax AaHHBIX: TermCounter, KOTOpasi CONOCTABJSET MOKC-
KOBbIH TEDMHH C KOJIMYECTBOM €ro MOsIBJIEHUI Ha BeG-CTpaHMUILE,
1 Index, COMOCTABIISAIONIEN TIOUCKOBBINA TEDMUH C HAGOPOM CTPaHHUL,
€ro CoIepKaLluX.

YkazaHHbIe CTPYKTYPhI XPaHSITCsI B IaMSITH 3alyIeHHO IIporpaM-
MBI Java, a 3TO 3Ha4MT, YTO OCTAaHOBKA pabOThl MPOrpaMMBbl BJeYeT
notepio uHaekca. JlaHHble, XpaHSIIHECS TOJBKO B TAMSITH 3aIlyIleH-
HOIi IIPOrpaMMbl, Ha3bIBalOTCs uamensemvimu (volatile), mockosbky
«MCNAPSIIOTCSI» IPU 3aBepIlieHHH POTrPaMMBl.
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[laHHble, KOTOPBIE COXPaHSIOTCS NOCIe 3aBePIIEHMs] CO3aBIeH UX
NporpaMMbl, Ha3bIBAIOTCS CoXparaemvimu (yYycmouuusvimu) (per-
sistent). Maiinbl, xpaHsimuecs: B GailoBoi cucTeMe, SIBJAAIOTCS
[IOCTOSIHHBIMH, TaK K€ KaK U JaHHble B 6a3ax JaHHbIX.

[TpocToii cnocob crenath AaHHbIE COXPAHSIEMBIMU — XPAHUTh UX
B (aiine. [lepen 3aBeplieHneM mporpamMMa MoXeT rpeo6pa3oBaTth
CBOM CTPYKTYpPbI JaHHBIX B popmat Hanoxobue JSON (cM. http://
thinkdast.com/json), a 3aTeM 3anucaTb ux B (aits. [Ipu noBTOpHOM
3aIycKe OHa CMOXKeT MPOYUTaTh (paityi U MepecTPOUTD CTPYKTYPHI.

Ho Yy 3TOro pemeHnus €CTb HECKOJIbKO HEJTOCTAaTKOB.

Q uTeHHe U 3amUCh OONBUINX CTPYKTYP AAHHBIX (HAanpuMep, BeG-
UHIeKca) OYyayT MeJIEeHHbIMH;

O BCS CTPYKTypa JaHHBIX MOXET He BIHCHIBAThCs B TAMSTh OHOMN
3amylIeHHOH NporpaMMBl;

Q ecau nporpaMMa HEOXKH/JaHHO 3aBepllIaeTcCs (HanpuMep, Hu3-
3a OTKJ/IIOYE€HUA H[/ITaHI/IH), TO JI00bIE HN3MEHEHWA, CAETaHHbIE
C MOMEHTaA MOCJIEAHETO 3allyCKa [IpOrpaMMbl, 6leyT TMOTEPSAHBDI.

Jlyuiiieit anbTepHATHBOI sIB/sIeTCsl 6a3a AaHHBIX, KOTOpas obecrie-
4YMBaeT COXPaHsAEMOCTb ¥ BO3MOXHOCTb YTEHHS W 3alMCH YacTU
JAaHHBIX.

CylecTByeT MHOXKECTBO TUIIOB CHCTEM YyTNpaBJjeHUs 6a3aMu 1aH-
Hbix (CYB/I), obecneynBaominx pa3Hbie Bo3MoxHOCTH. Ha caiite
http://thinkdast.com/database nmpuBeneH ux 0630p.

51 pexoMeHayI0 A5 3TOrO YnpaxkHeHus 6a3y naHHbix Redis, koTo-
pasi IpeloCTaBJIsieT COXPaHsieMble CTPYKTYPbI JAaHHBIX, TIOX0XKUE Ha
CTPYKTYPHI IaHHBIX Java. B yacTHOCTH, OHa ObecrieunBaer:
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Q CIHCKH CTPOK, CXOHBIE C List B Java;
O XelIW, MOXOXKHe Ha Map B Java;
Q Habophl CTPOK, aHAJIOTUYHbIE Set B Java.

Redis — 6a3a dannoix «kmou — 3nauenues. ITO 3HAYUT, YTO CTPYK-
TYpPbl JAHHBIX, KOTOPbIE OHA COAEPXKUT (3HAUeHHUsT), UAeHTUDUIIN-
PYIOTCSI YHUKaJIbHBIMH CTpoKaMH (ktioyamit). B Redis kimioy urpaer
Ty K€ POJib, YTO U CChIJIKA B Java: uaentuduumpyet o6vekt. Ckopo
MBI YBUIMM HECKOJIbKO IIPUMEPOB.

KnueHTl
n cepeepsbl Redis

Redis 06bIYHO aKTHBU3KMPYeETCs Kak ynaneHHbli cepBuc. QakTu-
YeCKH €ro Ha3BaHMe O3HayaeT «CepBep yAaJeHHBbIX CI0Bapen»
(REmote Dictionary Server). Yto6b! HCII0/I30BaTh 3Ty 6asy, Hy k-
HO 3anycTuth cepBep Redis rae-HuOynb, a 3aTeM MOAKIIOYUTHCA
K HeMy ¢ nomolubio kaueHta Redis. EcTb MHOXeCTBO cnioco6oB
HACTPOMTb cepBep U GOJbIIOE KOTUYECTBO KIUEHTOB, IPUTOJ-
HBIX K HCII0JIb30BaHM10. BOT napa coBeTOB MO BBINOJTHEHHUIO 3TOTO
yIpaXXHEeHHsI.

Q Bwmecto TOro 4To6bBI CaMOCTOSITEIBHO YCTAaHABIMBATb U 3aly-
CKaTbh CEPBEP, PACCMOTPHTE BO3MOXKHOCTb MCIIOJIb30BAHUS Cep-
Buca RedisToGo (cm. http://thinkdast.com/redistogo), KOTOpBIi
aktuBusupyet Redis B o6a1ake. OH npeasnaraer 6ecriaTHyIo
BEPCHIO C PECYPCaMH, JOCTATOYHBIMH /IS YIPAXKHEHUH.

Q [ns kaunenta s pekoMerayio Jedis — 6ubnuorteky Java, kotopas
TIpeIOCTaBJsIeT KIACCh U MeToAbl paboThl ¢ Redis.
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Huxe npusenenst 6osiee nogpobHble HHCTPYKLUH, KOTOPbIE 110-
MOTYT HadaTb paboTy.

Q Cosnaiite yyetnyio 3anuch B RedisToGo no axpecy http://
thinkdast.com/redissign 1 BbIGepHUTE XKeTaeMylo BEPCUIO (BO3MOX-
HO, 6ecIIIaTHYIO /1Sl Hayasia paboThl).

Q Cospnaiite sx3emnisip, KOTOPBIH sIBAsSieTCS BUPTyaJlbHOU Ma-
IIMHOM ¢ 3anyieHHbiM cepBepoM Redis. IllenkHyB Ha BK1agke
Instances (DK3eMILISIPbI), Bbl YBUAUTE HOBbIi 9K3eMILISIP, MIEH-
TUGHUIMPOBAHHbIM UMEHeM X0ocTa U HoMepoM nopTta. Hampumep,
y MEHsI eCTb IK3eMILISIP C UMeHeM dory-10534.

O [lenkHuTe HA UIMEHU SK3EMILISIPA, YTOOBI MIOYYUTh CTPAHUILLY
KoHburypauuu. 3anumure B BepxHeld yactu crpanuisl URL-
aJlpec, KOTOPBIi1 BBITISAUT CIIEAYIOLINM 06pa3oM:

redls://redlstogo:1234567feedfacebeefalel234567@
dory.redlstogo.com:10534

Atot URL coxmepxut uMs xocta cepBepa dory.redistogo.com,
HOMep NopTa 10534 U NapoJb AJ1s TOAKIIOYEHHUS K CepBepy — AJIUH-
Hy1o cTpoky 6ykB 1 nudp B cepenune. JaHHasi nHdoOpMaLs BaM
HOHAA00HUTCS 715 CIeYIOIIEro 1ara.

Co3agaHue nHaekca Ha ocHose Redis

B penosuTopui 17151 3TON KHUTH Bbl HaiifieTe MCXOAHbIe Paiiibl 4714
AAHHOTO YIIPaXKHEHHUSL:

Q JedisMaker.java CONEPXKHUT NIPUMEDP KOAA AJIS MOAKIIOYEHUS
K cepBepy Redis u 3amycka Heckonpkux MetoznoB Jedis;

QO JedisIndex.java BKJIIOYaeT HayaJbHbIA KOA AJIS1 3TOTO yIIpaX-
HEHWS,
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O JedisIndexTest.java BMelllaeT TeCTOBBIH KOJ 47151 JedisIndex;

Q WikiFetcher.java coaepXuT KO/, KOTOPbII MBI BUJeJH B Ipe-
AbIIYLIMX YOPOKHEHHUSIX, /151 YTEHUS BeO-CTPAHHILL 1 MX aHAIn3a
C IIOMOMIbIO 6UOIHOTEKH jsoup.

Bam Takxe nmonano6satcs ¢aiisibl, Hal KOTOPIMU Bbl paboTanu
B NPEAbIIYIINX YIPAKHEHUSX:

Q Index.java peaJn3yeT HHAEKC C UCIOJb30BAaHHEM CTPYKTYP
JaHHBIX Java;

Q TermCounter.java mpeacTaBisieT coOoi KapTy, CONOCTaBJISI-
IOILYI0 TEDMHUHBI C YaCTOTOH UX NMOSABJIEHUS;

Q WikiNodelterable.java nepebupaer BepuiuHsl fepeBa DOM,
€0371aBaeMoro jsoup.

[py Hanmuuy pabourx BepcUil 3TU (Hailibl MOXKHO MCIIOJIb30BaTh
IJIs1 JAHHOTO ynpaxKkHeHus. Ec/iu Bbl He BBIOJIHSIIN NpebIAyLIHe
yIpa’kHEHUS UM He YBepPEeHbI B CBOUX DEIIEHUSX, TO MOXeTe CKO-
NHMPOBATh MOM M3 KaTaslora solutions.

[TepBblii mar — Ucnosab30BaTh Jedis A1 NOAKMIOYEHHS K Balle-
my cepBepy Redis. @Daiin RedisMaker.java Mmoka3bIBaeT, Kak 3TO
canenatb. OH cuutbiBaeT HHbopManuio o BameM cepepe Redis u3
¢aiisa, noakIOYaeTcsl kK HEMY M PerHCTPUPYETCs C MOMOILBIO Ba-
IIEro TapoJis, 2 3aTeM BO3BPAILAET 00bEKT Jedis, MPUTOAHbIN NJist
BbINOJIHEHUs1 onepauuii ¢ Redis.

OrtkpbIB JedisMaker. java, Bbl JOJKHBI yBUETH Kjacc JedisMaker,
KOTOPBIY SIBJISIETCS BCTIOMOTaTe1bHBIM U IPeOCTaB/sIeT OAUH CTa-
THYECKUI MeTox make, co3gamomuil o0beKT Jedis, Kak To/bKO 3TOT
06bekT 6ymet ayTeHTU(hHIMPOBaH, BBl CMOXeTe UCIOIb30BaTh €10
17151 CBSI3U ¢ Balled 6a30ii naHubx Redis.
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Knacc JedisMaker cuuTbiBaeT HUHGOPMALIMIO O BallleM CepBepe
Redis u3 ¢aiina c uMeHeM redis_url.txt, KOTOPbIA Bbl JOJXKHbI
MMOMECTUTD B KaTaJIOr src/resources:

Q HUCHOJIb3yHTE TEKCTOBBIN pelaKTOp MJISI CO3TaHUS U pellaKTh-
poBaHus ¢aiaa ThinkDataStructures/code/src/resources/
redis_url.txt;

Q BcraBbre URL Bamero cepsepa; eciu npumensiete RedisToGo,
1o URL GyneT BBIT/ISLAETH CIAEAYIOMIM 06Pa3oM:

redis://redistogo:1234567feedfacebeefale1234567 @dory.redisto-
go.com:10534

JauHblii baiig conepXKUT Naposb Ajs Bamero cepsepa Redis,
MI03TOMY He CJiefyeT NOMeIlaTh ero B o61uit penozuropuit. Ma-
6exkaTh TaKON CUTYallMHd MOXHO, HCII0JIb30BaB (aiis peno3uTopust
C pacliMpeHueM .gitignore, KOTOpHIH cesaeT CIAOXKHBIM (HO
He HEBO3MOXXHBIM) pa3MelleHue 3Toro ¢aiina B BalieM penosu-
TOPHH.

Tenepb akTUBU3NPYHTe ant build A KOMITMASIIUU HCXOMHBIX
daitnoB u ant JedisMaker, yTOObI 3aMyCTUTH NPUMED KOZA B main:

public static void main(String[] args) {

Jedis jedis + make();

// String

jedis.set("mykey", "myvalue");

String value + jedis.get("mykey");
System.out.println("Got value: " + value);

// Set
jedis.sadd("myset”, "elementl", "element2", "elements");
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System.out.println("element2 is member: “ +
jedis.sismember("myset”, "element2"));

// List

jedis.rpush("mylist", "elementl”, "element2", "element3");

System.out.println("element at index 1: " +
jedis.lindex("mylist", 1));

// Hash

jedis.hset("myhash", "wordl", Integer.toString(2));

jedis.hincrBy("myhash”, "word2", 1);

System.out.println("frequency of wordl: " +
jedis.hget("myhash", "word1"));

System.out.println(“frequency of wordl: " +
jedis.hget("myhash”, "word2"));

jedis.close();

}

B aToM npuMepe 1EMOHCTPUPYIOTCS TUIBI JAHHBIX U METO/IBI, KOTO-
pbli€ BbI, CKOpee BCero, Oy/ieTe UCIOb30BaTh [Jisl TEKYILErO YIIpax-
HeHwusl. [Ipu ero 3amycke BbIBOA A0JIK€H OBITh TAKHUM:

Got value: myvalue

element2 is member: true
element at index 1: element2
frequency of wordl: 2
frequency of word2: 1

B cienytomeM paszesne st pacckaxy, Kak paboTaeT 3TOT KOZ.

Tunbl AaHHbIX Redis

Redis B cBoeit ocHOBe — KapTa, CONOCTaBJISAIONIAS KIIOYH, SBJIS-
IOIIIMeCs CTPOKAMHU, CO 3HAYEHHUSIMU, KOTOPble MOTYT UMETh OJNH
W3 HECKOJIbKUX TUMOB AaHHbIX. CaMblil MPOCTO# THUN JaHHBIX
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Redis — 310 cmpoka. S 6yny Boiaensts Tunsl Redis kypcusom,
* 4TOOBI OTJIMYATh UX OT TUIIOB Java.

JobaButh cmpoky B 6a3y MaHHBIX MOXHO C TIOMOIbIO jedis.set,
OH IOXOX Ha Map. put. IlapaMeTpamu sIBJISIOTCSA HOBBIH KJIIOY U CO-
OTBEeTCTBYIOlIee 3HaueHHe. YToObl HalTH KJIIOY U TIOJYYUTh €ro
3HaueHUe, 3aIeliCTBYIiTe jedis. get:

jedis.set("mykey", "myvalue");
String value + jedis.get("mykey");

B aToM npuMepe kiou — "mykey"”, a 3HaueHHe — "myvalue".
y

Redis npenocraBisieT CTPYKTYpy set, HOXOXYIO Ha Set<String>
B Java. UToObl 1062BUTD 2JIEMEHTHI B Set, BBIGEPUTE KJII0Y /ISt UIEH-
THQHKALMH Set, a 3aTeM UCNONb3YiiTe jedis . sadd:

jedis.sadd("myset"”, "elementt", "element2", "elements");
boolean flag + jedis.sismember("myset", "element2");

s BBeileHUs set He MpUeTCA AesaThb OTAeNbHBIN mmar. [Ipu
OTCYTCTBHH 3TOi1 cTpYKTYphl Redis ee co3naer. B nanHom npu-
mepe Redis cosmaert set c uMeHeM myset, KOTOPBIN CONEPKUT TPU
3JIeMeHTa.

Merton jedis.sismember nmpoBepsieT, HAXOMUTCS JIK 2JIEMEHT B Habo-
pe. [lo6aBieHne 37IEMEHTOB U MPOBEPKA YWIEHCTBA — 3TO OIEPalluU
MMOCTOSIHHOTO BPEMEHU.

Redis Takxe npegoctasisier cTpyKTypy /ist, KOTOpas MOX0Xa Ha
List<String> B Java. Metox jedis.rpush mo6aBiser 371eMeHThI
B KOHell (1IpaByIo 4acTh) list:

jedis.rpush("mylist", "elementt", "element2", "element3");
String element + jedis.lindex("mylist", 1);
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BaMm He Hy>HO co3zaBaTh CTPYKTYpY, IpeXe YeM HauyHeTe 10-
6aBJiATh 371eMeHTHI. B 3TOM puMepe co3aaetcs list mox Ha3BaHUEM
"mylist", KOTOPbIH CONEPXKUT TPU ITEMEHTA.

Merton jedis.lindex npuHMUMaeT LleJIOYHCIEHHBIN UHIEKC U BO3-
BpAalllaeT yKa3aHHbI asieMeHT U3 [ist. [JoGaBieHye U ZOCTYT K dJ1e-
MEHTaM — 3TO Ollepalluy MOCTOSTHHOIO BpEMEHH.

Haxownen, Redis npenocrasisier cTpykTypy hash, KoTopas moxoxa
Ha Java Map <String, String>. Meroa jedis.hset moGaBisiet
HOBYIO 3anuch B hash:

jedis.hset("myhash", "wordt", Integer.toString(2));
String value + jedis.hget("myhash", "wordt");

B atom npruMepe co3naetcs hash c umeHeM myhash, koTopasi conep-
JKUT OJIHY 3aIIUCh, COMIOCTABJISIIOUIYIO K104 wordt cO 3HaYeHHeM "2".

Kitoun v 3HaueHUsT — CTPOKHU (Strings), IO3TOMY €CJIH MBI XOTHM
COXPaHUTh 3Ha4eHHe TUMa Integer, TO TOJDKHBI IPe0OGPa30BaTh €T0
B String, npexxie yeM BbI3BaTh hset. M xoraa Mbl uilleM 3HayeHHe
C [MOMOLLIBIO hget, pe3y/IbTaTOM SABJSIETCS String, IO3TOMY, BEPOSITHO,
npUIETCs peoOpa3oBaTh MOJTyYeHHOE 3HaYeHHe 0OpaTHO B Integer.

Pa6ora ¢ xemamu B Redis MoxkeT cOMBATD C TOJIKY, TOCKOJIBKY MBI
MCII0JIb3yeM KJII0Y, YTOOBI onpenennuTb TpebyeMyio hash, a 3aTeM
elle OIMH KJII0Y /ISl OTpe/ieieHUsl 3Ha4eHUs B 3TOU CTPYKTYPpe.
B kouTtekcre Redis BTopo# Kilou Ha3bIBaeTCsl n01eM, YTO MOXKET
IIOMOYb TIOCTABUTb BCE Ha CBOM MeCTa, TakuM 06pa3oM, «KJI04Y»,
noxo6HbIN myhash, naeHTUDUIMPYET KOHKPETHYIO hash, a 3aTeM
«I10JIe», TAKOE KaK wordt, onpeaesisieT 3HaueHue B hash.

JI7151 MHOTHX MPUJIOKEHUIA 3HaYeHUsl B hash SABAAIOTCS LENBIMU
4KMCIaMH, TaK YTO 3Ta 6a3a JaHHBIX MPEIOCTABJSIET HECKOJIBKO
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CMeLHAIbHBIX METOLOB, HanpuMep hincrBy, KOTOpble 0OpabaThiBa-
I0T 3HAYEHHS KaK LieJIble YUCIa:

jedis.hincrBy("myhash”, "word2", t);

10T MeTO Obpaiiaercsi K myhash, mojy4yaeT Tekyliee 3HaueHHe,
CBsI3aHHOE C word2 (MJIU O, eCJIM OHO ellle He CYyLIeCTBYET), yBeJu-
4YMBaeT €ro Ha 1 U 3amuchIBaeT pe3yabTaT o6paTHO B hash.

MeTons! set, get U MHKPEMEHT 3anuceid B hash BBINOJHAIOTCS 3a
IIOCTOSTHHOE BpPeMSI.

Y3uatp Goabiie o Tunax gaHHbIX Redis MoxHO Ha calite http://
thinkdast.com/redistypes.

YnpaxxHeHue 11

Ha manHoM aTame y Bac ecTb MHpOpMalus, Heobxoqumas A1
CO3aHUs MHIEKCa Be6-TIOMCKA C XpaHEHHEM pe3yJIbTaToB B Hase
naHHbix Redis.

Teneps 3anyctute ant JedisIndexTest. Tect He GyneT BoINONHEH
YCIIELIHO, MOCKOIBKY BaM HYXHO mopaboTaTs!

JedisIndexTest npoBepseT CAeAYIOLHE METOADI:

Q JedisIndex — KOHCTPYKTOp, MPHUHUMAIOUIMI 06BEKT KJacca
Jedis B KauecTBe ITapaMeTpa;

Q indexPage, 106aBJISIONIMI Be6-CTPaHHUILY B UHAEKC; OH IPUHUMAET
URL cTpoku 1 06beKT Ki1acca Elements 13 jsoup, COiepKaLIuii aj1e-
MEHTbI CTPAHHIIBI, KOTOPbIE JOJKHBI ObITh IPOMHIEKCHPOBAHBI;

Q getCounts, KOTOPHBIN IPUHHUMaET NMOUCKOBBIA TEPMHUH U BO3-
BpailaeT Map<String, Integer>, conocrtaBaswouuii URL, co-
JepKalyid MOMCKOBBIH 3aMpoc, ¢ KOJTMYECTBOM €ro MOsABJIEHUH
Ha 3TOH cTpaHHlle.
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HpHMep HCII0JIb30BAHUA YKa3aHHBIX METOLOB!

WikiFetcher wf + new WikiFetcher();

String urll +
"http://en.wikipedia.org/wiki/Java_(programming_language)";
Elements paragraphs + wf.readWikipedia(urll);

Jedis jedis + JedisMaker.make();

JedisIndex index + new JedisIndex(jedis);
index.indexPage(urll, paragraphs);

Map<String, Integer> map + index.getCounts("the");

Ecau Mbl uieM urll, To B pe3ysibTaTe map Mbl AOJIKHBI 1OJIY-
yuTh 339 — 3TO KOJIHYECTBO MOSIBJIEHHI CJIOBa the Ha CTpaHHIlE
Java B «Buxunenuu» (To ecTh COXpaHeHHON HaMU BEPCUH).

IIpu MOBTOPHOM HMHIEKCHPOBAHHU TOIi K€ CTPAHULBI HOBBIN pe-
3yJIbTaT AOJKEH 3aMEHUTD CTapoe 3HaYeHHe.

OnuMH COBET 10 NepeBOAY CTPYKTYP AaHHBIX Java B Redis: momHuTe,
4TO KaXK/blit 06bekT B 6aze Redis upeHTHOUUMPYeTCS yHUKATBHBIM
KJIIOYOM, KOTOPBIH sIBAsieTcsl cmpokoi. [Ipy Hanuyuu ABYX THUIIOB
00beKTOB B OIHOM 6a3e MOXKHO 106aBUTh MpedUKC K KJII0YaM, YTO-
6bl pazsnyaTh ux. HampuMep, B HallleM pellleHHH eCTh Ba THNa
00DBEKTOB.

O Mul onpenensiem URLSet kak set B Redis, Bkaouatomuit URL,
KOTOpbI€ COOTBETCTBYIOT JaHHOMY MOMCKOBOMY TepMuHY. Kitou
AJISL KKI0ro URLSet HaunHaeTcsi ¢ "URLSet: ", O3TOMY, 4TOOBI
noayunts URL, cogepskaiuue cioBo the, Mbl mosmyyaem nocryn
K Habopy ¢ moMollbio Kioya "URLSet: the".

0O Mbui onpenensiem TermCounter Kak hash B Redis, koTopsiii co-
MOCTAaBJIsIET KAX/blil TEDMUH, BCTPEYAIOMIMICS Ha CTPaHHULlE,
C KOJIN4eCTBOM ero nosiBjenuit. Kimod k kaxaoMy TermCounter
HayMHaeTcsi ¢ "TermCounter: " u 3akanuuBaercst URL cTpanuib,
KOTOPYIO MBI UILEM.
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B Moeii peanusanuu ectb oauH URLSet AJsi KaXkKJOTO TepPMUHA
Y oliH TermCounter 17151 Ka>KOH IPOMHAEKCHUPOBAHHOM CTPAHUIIBI,
S1 mpenocTaBiIsiio 1Ba BCIOMOTATENbHBIX METOAA A1 COOPKH STHX
KJIoYeil: urlSetKey u termCounterKey.

[lononHuTenbHble
pekoMeHaauum

Ha nanHoM aTane Bl pacmosaraete Bceit uHdopMauuei, Heo6xo-
AMMOM 1151 BHITIOJIHEHUS YIPaXKHEHHSI, TAK YTO MOXKeTe HavyaTh
paborty, eciu 6yaere rotoBel. Ho y MeHs1 eCTh HECKOJIBKO PEKO-
MeH/[alluii, C KOTOPBIMU Bbl, BEPOSITHO, NIPEIBAPUTENBHO 3aXOTHTE
O03HAKOMHThBCS.

Q [ns atoro ynpaxxHeHUs sl Aal0 MEHbIe peKOMeHIALHH, YeM
A7l TpeAbIAyIHX. Bol 10okHBI OyneTe NPUHATDH OTAENbHbIE
IPOEKTHbIE PellleHUs]; B YaCTHOCTHU, MTOTPebyeTCs BBISCHUTD,
KaK pa3eIuTh 3aJaYy Ha YacTH, KOTOPble MOXHO TECTUPOBaTh
[0 OZHOM, a 3aTeM cobpaTh UX B MOJIHOe pemeHue. [TonbiTka
HamucaTth BCe Cpa3y, He TeCTHPYs Heboblire HpparMeHThl, IIPH-
BeJleT K TOMY, YTO [JIs OTJIaIKK MOXET MOTPe6OBaThCS OYeHb
MHOTO BPEMEHH.

Q OnxHa u3 npob6sieM paGoThI ¢ MOCTOSIHHBIMHU TaHHBIMU 3aKJI10Ya-
eTCcsl B TOM, YTO OHU He U3MeHSI0TCsl. CTPYKTYPBbI, XpaHsIIUeCs
B 6a3e JaHHBIX, MOTYT MEHSATHCS KX AN pa3 MpH 3armycKe mpo-
rpamMmbl. Ecaii Bbl 4TO-TO BHECIH B 6a3y, TO MPUAETCS UCIIPAaBUTh
9TO MJIM HA4YaTbh 3aHOBO, NIPEXAE YEM CMOXKETE NPOAOKHUTh.
Yro6bl MOMOYb BaM ZIEPKATh BCE MO KOHTPOJIEM, s IPEJOCTa-
BHJI METO/IbI, Ha3bIBaeMble deleteURLSets, deleteTermCounters
U deleteAllKeys, CTy>Xall[ie 151 OYMCTKH 6a3bl JaHHBIX M Haya-
J1a HOBOM paboThl. Bbl Takke MOXeTe UCIO/b30BaTh printIndex
M1 T1eYaT COAEP)KUMOTo UHAEKCA.
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Q [Ipu xaxxaoM BeI30Be MeTola Jedis Ball KIUEHT OTNPABJSET
cooblieHHe Ha cepBep, 3aTeM TOT BBIMOJIHSIET 3aNpPOLIEHHOE
neiicTBUe U OTIIpaBJiseT coobiieHne obpatHo. [Ipu coBepiieHnH
MHOX€eCTBa Heb6OJIbIINX ONepalnii 3T0, BEPOSITHO, 3aiiMeT MHOTO
BpeMeHH. MOXHO yJIy4YlIuTh POM3BOAUTENBHOCTD, 00be IMHUB
psia orepaluii B TPaH3aKIIHIO.

[Tpumep npocToii Bepcuu deleteAllKeys NpeACTaBiIeH HUXE:

public void deleteAllKeys() {
Set<String> keys + jedis.keys("*");
for (String key: keys) {
jedis.del(key);
}
}

Kasxasiit pa3 ripu Bbi3oBe del TpebyeTcst CBSA3b OT KJIMEHTA K CEpBe-
py u obpatHo. Ecain uHzekc conepsxut 6osiee HECKOMBKHX CTPAHHUIL,
TO Ha BBIMIOJHEHUE 3TOTO METOAA MOTPeOYeTCS MHOTO BPEMEHH.
MO>HO YCKOPHTb €r0 ¢ TOMOIIpbIo 00beKTa Transaction:

public void deleteAHKeys() {
Set<String> keys + jedis.keys("*");
Transaction t + jedis.multi();
for (String key: keys) {
t.del(key);
}

t.exec();

}

JneMeHT jedis.multi Bo3BpaiaeT 0O6bEKT Transaction, KOTOPBIi
TIpeIoCTaBJIsieT Bce MeTobl o6bekTa Jedis. Ho npu Bh3oBe MeToa
B TPaH3aKU MU MOCTEIHUN He 3amycKaeT onepalHIo HeMeAJIeHHO
U He CBsI3bIBaeTcs ¢ cepBepoM. [laket onepauuil coxpansieTcs 10 Tex
nop, noka He OyeT Bbi3BaH exec. 3aTeM Transaction ormpasisiet
BCE COXPaHEHHbIE OIlepallii Ha CepPBepP OMHOBPEMEHHO, YTO OOBIYHO
3aHMMaeT HEMHOTO BpEMEHH.
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Heckonbko coBeToB
N0 NPOEKTUPOBAHUIO

Teneps y Bac Ha camom dene ecTb Bcsi HeobGxoauMasi UHGOpMaNusi;
BaM cJIeflyeT HayaTb paboraTh Hag ynpaxHenueM. Ho ecau y Bac
He I0JIy4aeTCsl WY BbI JeCTBUTENIBHO He 3HaeTe, C Yero HayaTh, TO
MOXeTe MPOYUTATD ellle HECKOJIBKO COBETOB,

He uuraiite ciexylomuii TeKcr, NoKa He 3allyCTUTE TECTOBbIH KO/,
He nonpooGyere HeKoTOpbie 6Ga3oBbie koMaHabl Redis u He Hanu-
ere HeCKOJIbKO MeTo0B B Jedi.sIndex.java.

Ecau Bam u B caMoM fieie CJIOXKHO, TO HUXeE ITpUBEAEHBI OTAECJIbHbIE
METObI, Ha/l KOTOPBIMU Bbl, BO3MOXXHO, 3aXOTUTE HOpa6OTaTbI

/**

*

* lo6asnser URL B Habop, CBA3aHHbIA C TEPMUHOM.
*/

public void add(String term, TermCounter tc) {}

/**
* WweT NOUCKOBLIW TepMUH U Bo3BpawaeT Habop URL.
*/

public Set<String> getURLs(String term) {}

/**
* Bo3BpallaeT KONMYECTBO NOABNEHUIA 33a[AAHHOTO TepMUHa
no AaHHoMmy URL.
*/
public Integer getCount(String url, String term) {}

/**
* BbiTankusaeT copmepxumoe TermCounter B Redis.
*/
public List<Object> pushTermCounterToRedis(TermCounter tc) {}
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51 npuMeHUN yKa3aHHbIe METO/B! B CBOEM pELIeHUU, HO OHH, KO-
HEYHO, He SIBJISIOTCS eJMHCTBEHHBIM CIIOCOOOM pa3jesieHus Ha
noa3anayu. [loaTomy, noxanyicra, BOCNOAb3yHTeCh MOUMHU CO-
BETaMH, €CJIM YBEPEHBI, YTO OHM BaM MOMOTYT; B IPOTUBHOM Xe
CJy4ae POUTHOPUPYHTE UX.

Ynauu!



1 5 C6op AaHHbIX
B «Bukunegnun»

B aT0i1 r71aBe 51 NpeACTaBIISIO PEIEHHE IPEABIAYUIETO yIpaXHe-
HUS ¥ aHAIU3UPYIO 3O(HEKTUBHOCTD aJITOPUTMOB HHIAEKCHPO-
BaHUs B llHTepHeTe. 3aTeM MBI CO3MaAUM NPOCTOrO MIOUCKOBOTO
pob6ora.

NHaekcaTop Ha ocHoBe Redis
B MoeM pemieHun 1Ba BUzia CTpYKTyp xpaHsrtcs B Redis:

Q A1 KaXkAO0Tro NIOMCKOBOTO TepMUHA eCTb URLSet, KOTODBIA Mpej-
craBJasieT coboit set ¢ URL 6assl Redis, comepxamumu sToT
TEPMHUH;

Q ansa kaxaoro URL npexycMoTpen TermCounter, sIBASIOIMACS
hash B Redis, comocraBsiiouuii Kaxabiii MOUCKOBbINA TEPMUH
C KOJIMYECTBOM €ro MOSIBJIEHUH.
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Mbi 06cyauau 3TH THNBI AaHHBIX B Npeabiayleii rinase. Kpome
TOrO, NIPOYUTATh O CTPYKTYpax Redis MoxxHO no agpecy http://
thinkdast.com/redistypes.

B JedisIndex s1 npefocTaBIIsiio METO/, KOTOPBIM IPMHMMAET IIOUC-
KOBBII TepMUH U Bo3Bpauiaet Kiiod Redis ero URLSet:

private String urlSetKey(String term) {
return "URLSet:" + term;

}

U metog, kotopsiit npuauMaeT URL u Bo3spautaet ko4 Redis ero
TermCounter:

private String termCounterKey(String url) {
return "TermCounter:" + url;

}

Huxe npexncrasyiena peanusanus indexPage, npuaumaiomas URL
1 00bekT THMNa Elements U3 jsoup, comepaxariuii repeBo DOM a6-
3aLeB, KOTOpble Mbl XOTHM MHAEKCHPOBAT:

public void indexPage(String url, Elements paragraphs) {
System.out.println("Indexing " + url);

// co3paiTe TermCounter u noacyuTanTe TepMmuHbl B ab3auax
TermCounter tc + new TermCounter(url);
tc.processElements(paragraphs);

// BbiTecHuTe coaepxumoe TermCounter B Redis
pushTermCounterToRedis(tc);

}

YT1o6b! NPOMHAEKCHPOBATh CTPAHHUILY, HEOOXOAUMO BBIIIOJIHUTD /1BA
JeHCTBHS.

1. Cosnartb Java-o6beKT TermCounter 151 COZEPKUMOTO CTPAHHLIBI,
VICTIOJIB3YsT KO M3 NPebIAYLIeTr0 YIpaKHeHU .

2. BbITONIKHYTB conepximMoe TermCounter B Redis.
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Hoseiit ko, KOTOpBIi BEITAIKMBAeT TermCounter B Redis, BHIrasauT
crexyomum o6pa3om:

public List<Object> pushTermCounterToRedis(TermCounter tc) {
Transaction t + jedis.multi();

String url + tc.getlabel();
String hashname + termCounterKey(url);

// ecnn 3Ta cTpaHuua yxe 6bna NpouMHAEKCUPOBaHa,
// ymanseTtca cTapbid hash
t.del(hashname);

// Bna Kaxporo TepmuHa pobasnseTcsa 3anucb B TermCounter
// W HOBbliA YNeH B MHAEKC
for (String term: tc.keySet()) {
Integer count + tc.get(term);
t.hset(hashname, term, count.toString());
t.sadd(urlSetKey(term), url);

}

List<Object> res + t.exec();
return res;

ITOT MeTOJ UCTIONB3YeT Transaction ajist cbopa onepauuii ¥ OHO-
BPEMEHHOW OTNPABKH UX Ha CepBep, YTO HAMHOTO OBICTpeE, YeM
OTMpaBKa cepHii HeOOJIbIIUX ONepaLui.

OH nepebupaet TepMuHbI B TermCounter. [[J1s KaXI0ro U3 HUX OH
BBINIOJIHSIET CJIeAyIoUIMe AeHCTBUSI.

1. Haxomut nam coszmaet TermCounter B Redis, 3ateM gobaBisieT
noJie 117151 HOBOTO TEPMHUHA.

2. Haxomut umu cosnaer URLSet B Redis, a 3atem nobassiet Texy-
muit URL.
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Ecau cTpanuna yxe 6bly1a NMPOUHAEKCHPOBaHa, TO Nepej nobabiie-
HHEM HOBOTO COJEPXKUMOTO HY>KHO YAQJIUTh €€ CTapbli 3K3eMILISAP
TermCounter.

ITo KacaeTcs HWHACKCHPOBAHHSsI HOBbBIX CTPAaHUI.

Bo BTOpO# YacTH ynpaxkHeHUsI s1 IPe/IJIOXKU/I HalUCaTh MeTox getCo-
unts, KOTOPBIA MPUHIMAET ITOUCKOBBIH 3aIIPOC U BO3BPAlLlaeT KapTy,
conocrasistiontyio kakabid URL, rae nossnsercs TepMHH, € KO-
4eCTBOM INOSIBJIEHUH 3TOro TepMHHa. Moe pellieHue BbITISAIUT TaK:

public Map<String, Integer> getCounts(String term) {
Map<String, Integer> map + new HashMap<String, Integer>();
Set<String> urls + getURLs(term);
for (String url: urls) {
Integer count + getCount(url, term);
map.put(url, count);
}

return map;

}
ITOT METOX HUCIOJIb3YET ABa BCIIOMOraTE€J/IbHbBIX METOA:

O getURLs NMpUHKMMAET OMCKOBBIN TEPMHUH M BO3BpamiaeT Habop
URL, B KOTOPOM 0TOOpaXKaeTcsi 3TOT TEPMUH;

Q getCount npunumaer URL u TepMuH 1 Bo3BpalliaeT KOJIMYECTBO
TNIOSIBJIEHUH 3TOTO TEPMHHA I10 JAHHOMY afipecy.

Huxe MNpeacraBjieHa pean3alus:

public Set<String> getURLs(String term) {

Set<String> set + jedis.smembers(urlSetKey(term));
return set;

}

public Integer getCount(String url, String term) {
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String redisKey + termCounterKey(url);
String count + jedis.hget(redisKey, term);
return new Integer(count);

}

bnarogapsa ToMy 4TO MBI CITPOKTHPOBAIN HHAEKC, 3TH METO/IbI
IpOCTHl ¥ 3P PEKTHUBHBI.

AHanu3 noucka

IIpeanonoxum, Mpl IPOMHAEKCUPOBATH N CTPaHHUI 1 OOHADY KUK
M ynukanbHBIX IOMCKOBBIX TepMUHOB. CKOJIBKO BpeMeHU HoTpeby-
eTcsl, 4YToOBI HaiiTu oauH u3 Hux? [lomymaiite Hax OTBETOM, IIpex e
4eM MPOAOIKUTb.

Yro0bl HAMTH IOUCKOBBII TEPMHH, MbI 3aIlyCTUM METOZ getCounts,
KOTOPBI COBepIlaeT CAeAyIoLIue AeHCTBHUA.

1. Cospaer kapty.
2. BoinosHseT getURLs ¢ esbio noyYuth Habop Set u3 URL.

3. [ns xaxzporo URL B Set BbinosiHsieT MeTox getCount U 106aB-
JISeT 3alluch B HashMap.

Brinosnnenue getURLs 3aHMMaeT BpeMsl, TPONOPLHOHAIBHOE KOJIH-
yectBy URL, xoTOpBIE Comep:xaT nouckoBeIi 3anpoc. st pexkux
TEPMUHOB OHO MOXeT OBbITb HEGOIBIINM, HO s 06meynoTpebu-
TeJIbHBIX TEDMUHOB CIIOCOOHO NPEBBICUTD N.

BHyTpu 1MKJIa MBI 3aITycKaeM getCount, KOTOPHIA HaXOAMT 9K3€M-
masip TermCounter B Redis, mpocMaTpuBaet TepmuH 1 106aBsiet
3amMch B HashMap. Bce 3Tu onepauuu sABJSIIOTCS OnepalusaMH 110-
CTOSIHHOTO BpeMeHH, N03TOMY 0011asi CIIOKHOCTb getCounts — O(N)
B xy/ueM ciayyae. OHaKO Ha NPAKTHKe BPEMSI BBINOJHEHHS [IPO-
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MOPLMOHAJIBHO KOJIMYECTBY CTPAHHL, COLEPKAIIUX 3TOT TEPMUH,
4TO 06BIYHO HAMHOTO MeHblie N.

JlaHHbBI} aJITOPUTM HACTOJIbKO 3 PEKTUBHBIHN, HACKOJIBKO 3TO BO3-
MOJHO C TOYKH 3PEHUS] AITOPUTMHYECKON CJI0KHOCTH, HO OYEHb
MelJIEHHBIH, TaK KaK OTIPaBJseT MHOrO HeOOIbUIMX ONepaLuit
B Redis. Ero MoXxHO ycKOpUTb, UCTIO/IB3YS Transaction. BepositHo,
BbI 3aXOTHTE BBINOJIHMTH 3TO B KAYECTBE YIIPXKHEHHUS THOO MOXKeTe
yBUZIETb MOe pelieHHe B RedisIndex. java.

AHann3 NHAEKCUpoBaHUA

CkoJbKO BpeMeHH NOTpeOyeTcst, YTOObI MHAEKCUPOBATh CTPAHUILY
TIPH HUCIIOJIb30BAaHUM CTPYKTYP AAaHHbIX, KOTOPbIe Mbl pa3paboTanu?
[ToaymaiiTe Haft CBOUM OTBETOM, NpesK/e YeM IIPOAOIIKUTD.

Yt06bl HHAEKCHPOBATh CTPAHHILY, MBI IPOXOAUM ee fepeBo DOM,
HaxoauM Bce 0ObeKTH TextNode 1 pa3biBaeM CTPOKU B COOTBET-
CTBHMHM C MMOUCKOBBIMU TepMUHAaMU. Bce 3T0 3aHMMaeT BpeMmsi, po-
NOPLHUOHAIBHOE KOJIMYECTBY CJIOB HA CTPAHMUIIE.

[t KaXKA0ro TepMUHA MBI YBeIMYMBaeM CUeTYUK B HashMap, KOTo-
Pblii sIBJIsIeTCS omepaluell MOCTOsIHHOTo BpeMeHu. [Toatomy coana-
Hue TermCounter 3aHUMaeT BPeMs, IIPOITIOPLIMOHAIBHOE KOTHYECTBY
CJIOB Ha CTPaHULE.

BoitTankuBanue TermCounter B Redis Tpebyer ynaneHus storo
KJ1acca; Takoe AeiCTBHE BBIIOJIHSETCS 32 IMHEHHOE BpeMsi, TIPO-
MOPLMOHANIBHOE KOJIMYECTBY YHUKAIBHBIX TOUCKOBBIX TEDMHUHOB.
Torna a5 Kaxxoro TepMrUHa TpeGyeTCs BE ONepaLyu.

1. Jlo6aBuTb 3sieMeHT B URLSet.

2. Jlo6aBUTb 371eMeHT B TermCounter B Redis.
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O6e OHU ABJSIOTCS OnepauusaMH NMOCTOSAHHOIO BpEMEHH, ITIO3TOMY
06]].[86 BpeMsl BbITaJlKHMBaHUsI TermCounter JIMHEHHO U npomnop-
IMUOHAJIbHO YHUCJ/TY YHHKA/JbHBIX ITIOMCKOBBIX TEPDMUHOB.

Taxum 06pa3om, coznanue TermCounter MPONOPILHMOHATBHO KOJIHYE-
CTBY CJIOB Ha cTpaHuile. BoitankuBatue TermCounter B Redis mpo-
NOPIMOHAIBHO KOJTUYECTBY YHUKAIbHBIX IOUCKOBBIX TEPMITHOB,

[TockobKy KOJIMYECTBO CJIOB Ha CTPaHHLE OOBIYHO MPEBBIILIAET KO-
JINYECTBO YHUKAJIbHBIX TIOUCKOBBIX TEPMUHOB, TO 001Ias1 CJIOXKHOCTD
NPOMOPIIMOHATIBHA KOJIMYECTBY CJIOB Ha cTpaHuIle. TeopeTnyecku
CTPAHHUIIA MOXET COAEPXKATh BCE NIOMCKOBbIE TEDMUHBI B MH/EKCE,
MO3TOMY HAUXyAUIMH [TOKa3aTesb Npon3BoauTeabHocTd — O(M),
HO Ha MPAKTHKe TaKoe BCTPEYAeTCs PEMKO.

JlaHHBIN aHAJIN3 MpeAIaraer crnocob MOBBICUTH MPOU3BOIUTEb-
HOCTb: BEPOSTHO, CJlefyeT U30eraTb MHAEKCALMN OYE€Hb PACIIPO-
cTpaHeHHbIX cJ0B. [Ipexae Bcero 3To TpebyeT MHOro BpeMeHHU
U TIPOCTPAHCTBA, MOCKOJBbKY OHH MOSIBJASIOTCS MOYTU BO BCEX
URLSet u TermCounter. Kpome Toro, Takue cji0Ba He O4YeHb MOJIE3-
HBI, TAK KaK He MOMOTAIOT UAEHTU(UIHPOBATh COOTBETCTBYIOLIHE
CTpaHHIBL.

BoNBbUIMHCTBO MOMCKOBBIX CHCTEM M36€raloT HHAeKcaluH obiie-
yNOTPEOUTENBHBIX CJIOB, KOTOPbIE B JAHHOM KOHTEKCTE M3BECTHBI
KaK cTon-cyoBa (cM. http://thinkdast.com/stopword).

O6xoa rpada

Ecay BBl BBINOMHUIIN YIPaXkKHEHHE 3 B I71aBe 7, TO Y Bac yXke ecTh
porpaMMa, KOTopasi YHUTaeT CTpaHULY «Bukuneauuns, HaxoauT
IIEPBYIO CCBLIKY, UCIIOJIb3YET ee JIJIs1 3arpy3KH ciedylolei cTpa-
HULBI U NOBTOPSIET NMpeAbAyLIue AeficTBUSL. JTa MporpaMma —
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CrelUaTu3NPOBAaHHBIA BUI MOUCKOBOrO poboTa, HO KOTAa JIOAU
FOBOPAT «Be6-MOUCKOBUK», OHM OOBIYHO UMEIOT B BUAY MPOrpaM-
My, KOTOpast:

QO 3arpyxxaet CTapTOBYIO CTpAHHIY U UHAEKCUPYET COAEPKUMOE;

O HaXOoAHMT BCe CChIIKU Ha CTPAaHUIIE U lIOéaBJIﬂeT cesizanHble URL
B KOJIJIEKIIHIO;

QO MPOBOAHMT UX Yepe3 KOJJIEKIINIO, 3arpyKasl CTpaHMLIbl, UHAEKCH-
pyst ux u nobassist Hosole URL,;

QO npu HaxoxaeHun URL, kotopsiii yxke 6511 MPOMHIEKCHPOBaH,
MpOMycKaeT ero.

Bbl MoxeTe [ymMaTh O ceTH Kak o rpade, Tae Kaxkaasi CTpaHULA
ABJIAETCS Y3JIOM M KaXk/asl CChLIKa — HalpaBJeHHbIM peOpoM OT
ofHOTO y3na K apyromy. [IpounTtars o rpadax MOXXHO Ha caliTe
http://thinkdast.com/graph.

HauwuHast ¢ uICXOQHOTO y3J1a, TOUCKOBBI pOGOT 06XOAUT ITOT rpad,
noceuasi Kakablii AOCTYMHBIN y3€J OUH pa3.

Konnekiusi, KoTopyto Mbl ucnionbayeM 1151 xpaHenust URL, onpe-
HeJisieT, Kakoi BU/I 06X0/1a BBIMIOJIHSIET MTOUCKOBBII PO6OT.

Q Ecau 310 ouepenp «mepBbiM Bolies, nepBbiM Bbimiess» (first in,
first out, FIFO), To mouckoBblit poGOT BBIMONHSAET MOUCK B K-

pUHY.

Q Ecau ato crek «nocaeanum Boures, nepsbiM Boiies» (last in,
first out, LIFO), To NOMCKOBBIi pOOOT BHITNOJIHSIET MIOUCK B TJIy-
OuHy.

Q B Gosee o6uieM ciyyae 31eMEHThI B KOJJIEKIIMUA MOTYT UMETh
npuoputet. Hanpumep, MoxHO 661710 Obl TpeOCTaBUTH Hoee
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BBICOKHIA IPHOPUTET CTPAaHULIAM, KOTOPBI€ He MHIEKCHPOBAJIUCD
B T€U€HUE NJIUTEJIbHOIO BDEMEHH.

Y3uars 6osbuie 06 06xoze rpadoB MOXKHO Ha caiite http://think-
dast.com/graphtrav.

YnpaxHeHune 12

Temneps NpHILIO BpeMsl HanmKcaTh MOKUCKOBBIH poboT. B penoauto-
PUH /151 3TON KHUTH Bbl HalileTe UCXOxHbIe (ailiibl A1 JaHHOTO
yIpaKHEHUS:

Q WikiCrawler.java, KOTOpPbIH COMEPKUT HAYANbHBIM KO AJSI
BalIero MOUCKOBOro poboTa;

Q WikiCrawlerTest.java, BKitoyatomui Kox st WikiCrawler;
Q JedisIndex.java — Moe pellieHHe 15 IPeAbIAYLLIEero npuMepa.

Kpome TOro, 1'IOH3.I[O651TC5[ HEKOTOpbIE€ BCIIOMOraTeJIbHbI€ KJIACCHI,
KOTOpbI€ MbI HCITOJIb30BAJIN B NPEABIAYIIUX YITDAXKHEHUAX:

Q JedisMaker.java;
QO WikiFetcher.java;
Q TermCounter.java;
QO WikiNodeIterable.java.

[Tepen 3anyckoM JedisMaker BaM HEOGXOAUMO TIPEAOCTABUTH (aili
¢ uHdopmariueii o BaueM cepBepe Redis. Eciu BH caenanu ato
B NpebIAYyIeM YIPaXX HEHHH, TO BCe A0JIKHO OBITh HACTPOEHO.
B npotuBHOM ciydae MoXxeTe HATH HHCTPYKUUH B pasaese «Cos-
IaHue nHIeKca Ha ocHoBe Redis» ryasbr 14.



YnpaxHeHue 12 199

AKTHUBU3UDPYHTE ant build AT KOMIOWJISIIMK UCXOAHBIX (ailos,
3aTeM 3amycTuTe ant JedisMaker c 1€JbI0 YOEAUTHCS, YTO OH Ha-
CTDOEH /75 IOAKJII0YEHHs K BalieMy cepBepy Redis.

Teneps 3anycrute ant WikiCrawlerTest. OH He GyZaeT BBINIOJHEH
YCIIELIHO, TOCKOJIbKY BaM HYXXHO nopaboTarb!

Hauasio npeaoctaBieHHOro MHOH Kaacca WikiCrawler BBITJISIAUT Tak:

public class WikiCrawler {

public final String source;

private JedisIndex index;

private Queue<String> queue + new LinkedList<String>();
final static WikiFetcher wf + new WikiFetcher();

public WikiCrawler(String source, JedisIndex index) {
this.source + source;
this.index + index;
queue.offer(source);

}

public int queueSize() {
return queue.size();
}
Y Hac ectp caeayoume nepeMeHHble 9K3eMILIsApa:

Q source — URL, rae HauMHaeTcs MOUCK;

Q index — unzaekc JedisIndex, B KOTOPBIil ZOMXKHBI OCTYNATh
pe3yJIbTaThl;

O queue — LinkedList ans orciexuBanust URL, oGHapyKeHHBIX,
HO ellle He IPOUHIEeKCHPOBAHHBIX;

Q wf — WikiFetcher, KOTOpBII MOCTYXUT 151 YTEHHUS U aHATU3a
Be6-CTpaHMIL
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Bam HYXXHO JOIIOJTHUTb METOA crawl. Huxe IpUBeIeH ero mnpo-
TOTHIIL:

public String crawl(boolean testing) throws IOException {}

[TapameTp testing 6yneT nMeTh 3HaYeHHe true NPH BBI30BE METO/IA
u3 WikiCrawlerTest u false B IDOTUBHOM CJlydae.

Korna testing paBHO true, MeTOX crawl TOJIKEH:
Q BeiGpath 1 yananutb URL u3 ouepenu B nopsinke FIFO;

Q OpoyMTaTh COAEPXKHUMOE CTPAHHULBI C MOMOIIbIO WikiFet-
cher.readWikipedia, KOTOpBIi YNTaeT KIUIUPOBAHHbIE KOTIHMH
CTpPaHUL, BKJIIOUEHHBIX B 3TOT PeNO3UTOPU IS Liesiel TecTU-
poBaHus (4TOOBI U36exaTh NPobJIEM NIPU UBMEHEHHUH BEPCUU
«Bukuneanuns);

0O OPOHUHAEKCUDPOBATH CTPAHHIIbI HE3ABUCHUMO OT TOTO, ObLIY U
OHH yX€ UHIAECKCHUPOBaHbI;

0O HalTH Bce BHYTPEHHUE CCBHIJIKM Ha CTPaHUIle ¥ N10OABUTb MX
B Oouyepe/lb B NOPSIIKe UX MOsIBJAeHUS. TaKOBBIMU SBASIIOTCS
CCBUIKY Ha IpyTue cTpaHuubl « Bukunennmns;

Q BepuyTh URL nponHmekcupoBaHHOMN CTPaHUIIbI.

Korga testing paBHO false, 3TOT MeTOX OJIXKEH NpPeANPUHATD
cJeAyIoLINe Iaru:

Q BbIGpath 1 yaanutb URL u3 ouepenu B nopsinke FIFO;

Q ecau URL yxe npouHaekcUpoBaH, TO eMy He CiiefiyeT POU3BO-
IUTH MOBTOPHYIO MHIEKCAIIUIO; OH AOJKEH BEPHYTh 3HayeHUe
null;
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Q B NPOTHUBHOM CJy4ae OH [JOJIKeH IPOYUTATh COAEPKUMOE CTpa-
HUIIBI C ToMollbio WikiFetcher.fetchWikipedia, koTOpas cuu-
ThIBaeT TEKYIUHUH KOHTEHT 3 VIHTepHeTa;

O 3aTeM OH J0JIXKeH UHAEKCUPOBATh CTPAHULLY, 10OaBUTD CCHIIIKH
B ouepenib U BepHyTb URL nponHaekcpoBaHHOMN CTPaHULIBL.

Tect WikiCrawlerTest 3arpyxaet ouepenpb nmpumepHo ¢ 200 ccblika-
MM, a 3aTeM TPUXK/IbI Bbi3biBaeT MeToZ crawl. [locse kaxzaoro BbI3o-
Ba OH MPOBEPSIET BO3BpAIllaeMOe 3HAYEeHE U HOBYIO [VIMHY OYepe/y.

Korza Bau mouckoBblii po60T HauHeT paboTaTh Tak, Kak ObLI0 yKa-
3aHO, TecT Oy/IeT YCMEUHO BHIMOMHATHCS. Y 1auH!



Jlormnyeckmm nouck

B aToii rnaBe s MNPpEACTABJIIO PEUIEHUE NIPEABIAYLIETO YIIPAXHEHUS.
3aTeM BBl HalMIIETE KOO s O6’beﬂI/IHeHI/IH HECKOJIbKUX pE3yJib-
TaTOB MOUCKA U COPTHPOBKH IO UX PE€JI€BAHTHOCTH IMOUCKOBBIM
3alpocaM.

PelieHne ang nonckosoro poboTa

[nst Hayasa pacCMOTPUM Hallle pellieHHe JJisl IPeAbIAYIIEero yupaxk-
HeHus. 51 mpeactaBui cxeMy WikiCrawler; Bamia 3ajaya 3akJioya-
JIach B 3aTlI0JTHEHUM MeTofia crawl, B kauecTBe HamnOMUHAHUS HUXe
MpUBEJIeHbI 110JIS Knacca WikiCrawler:

public class WikiCrawler {
// 3anoMuHaeT, OTKyAa Mbl Hayanu
private final String source;

// wHpekc, B KOTOpbIW NOCTYNawT pe3ynbTaThl
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private JedisIndex index;

// odvepeab URL, koTopbie AONXHb 6biTb NPOUHAEKCUPOBAaHLI
private Queue<String> queue + new LinkedList<String>();

// c6bopumk, Mcnonb3yembin ANA NONYHEHUA CTpaHWu
// w3 «Bukuneann»
final static WikiFetcher wf + new WikiFetcher();

}

[Ipu co3panuu knacca WikiCrawler Mbl IpeIOCTaB/ISIEM 3JIEMEHTDI
source u index. [lepBoHayaibHO OYepeib COAEPHKUT TOJNBKO OAUH
U3 HUX — source.

O6paTuTe BHUMaHHeE: peajin3allus ouepean — LinkedList, Tak 4To
MOXKHO J00aBJISITh 3JIEMEHTHI B KOHell (M YAAJISATh UX U3 Hayasa)
3a noctosinHoe Bpemsi. HasHauus o6bekT LinkedList nepeMeHHO#
Queue, Mbl OTPaHMYMJIN ce0S UCTTOb30BaHHEM METOZIOB UHTepdeiica
Queue; B YaCTHOCTH, Oy/ieM IPUMEHATD of fer [7ist 106aBIeHHS dJIe-
MEHTOB U poll — [UIA UX ydaJIeHHUs.

Mos peanusainus WikiCrawler.crawl BHIIJISAUT CAeAYIOWUM 06-
pa3om:

public String crawl(boolean testing) throws IOException {
if (queue.isEmpty()) {
return null;
}
String url + queue.poll();
System.out.println("Crawling

+ url);

if (testing==false && index.isIndexed(url)) {
System.out.println("Already indexed.");
return null;

}

Elements paragraphs;
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}

if (testing) {

paragraphs + wf.readWikipedia(url);
} else {

paragraphs + wf.fetchWikipedia(url);
}
index.indexPage(url, paragraphs);
queueInternallinks(paragraphs);
return url;

CaMas 6osbllasi CI0XKHOCTh 3TOTO MEeTOoJa 3aKJ/II0YaeTCs B TOM,
YTOOBI caenaTb ero 6osee leO6HbIM 11 TECTUPOBAHUS. Ero noruka
TMpeACTaBJIEHA HUXE.

1.

Ecin ovepenb IMycTa, TO OH BO3BpalllaeT 3HadeHue null ¢ 11eyp0
TMOKa3aTb, YTO CTpaHHIIA HE Oblna MMPOUHAEKCHPOBaHa.

B npoTtuBHOM ci1y4ae oH ynansiet u coxpanset cieayiomuit URL
13 OYepeIH.

ITpu y>xe npounnexkcupoBanHoM URL MeTox crawl He HHIEKCH-
pYyeT ero CHOBa, eCJIM TOJbKO He HaXOAUTCS B PEXXUME TECTHPO-
BaHUSI.

3aTeM OH CUMTBIBAET COEPKUMOE CTPAHUIIBL: B PEXKUME TECTH-
pOBaHMs CUUTBIBaHHE MPOU3BOAUTCS M3 (aiiia, B MPOTUBHOM
ciaydae — u3 HTepHeTa.

WHpnekcupyeT cTpaHuily.

AHanusupyeT CTpaHUILy 1 106aBisieT BHYTPEHHUE CCBLIKH B O4e-
peb.

Haxkonen, Bo3pamaer URL cTpanuiisl, KOTOPYI0 OH MPOMHAEK-
CHpOBaJI.
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51 npencraBun peanusauuio Index.indexPage B paszene «Mnaek-
catop Ha ocHoBe Redis» rnaBei 15. Takum 06pa3om, eAMHCTBEHHBIM
HOBBIM MeTO/IOM siBJIsieTcsI WikiCrawler.queueInternallinks.

51 HamMcas iBe BEPCUHU 3TOTO METO/Ia C Pa3HBIMU NMapaMeTpaMHu:
O/IHa MPHUHUMAET 0OBEKT THMA Elements, B KOTOPOM COLEPXKUTCS
oxHo nepeso DOM maist kaxnoro ab3aua, apyrasi — o0bekT Element,
BKJIIOYAIOIIM# TOJIBKO O1H ab3all.

[MepBast Bepcust IpoCTO NMPoXoauT ab3atibl B Liuke. Bropas Bbinos-
HSIET peasibHYI0 paboTy:

void queueInternallLinks(Elements paragraphs) {
for (Element paragraph: paragraphs) {
queueInternallLinks(paragraph);

private void queuelInternallLinks(Element paragraph) {
Elements elts + paragraph.select("a[href]");
for (Element elt: elts) {
String relURL + elt.attr("href");

if (relURL.startsWith("/wiki/")) {
String absURL + elt.attr("abs:href");
queue.offer(absURL);

}

YTo6bl ONMpPEAETUTD, SIBJISIETCS JIK CChIIKA «BHYTPEHHEI», Mbl TIPO-
BepsieM, HaunHaetcst in URL ¢ /wiki/. B pesyabTrate MOryT 6bITh
BKJIIOYEHDBI OT/I€/IbHBbIE CTPAHUIIbI, KOTOPble Mbl He XOTUM UH/EK-
CUPOBaTh, HAIPUMep MeTacTpaHUIlbl 0 «Bukuneauus. Kpome Toro,
MOTYT MOABEPIHYTHCSI UCKJIIOUEHHIO HEKOTOPBIE HY>KHbl€ CTPaHULIBI,
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TaKHe KaK CCBIJIKHM Ha HEaHIJIOSI3bIYHble CTpaHUIbl. OHAKO 9TOT
IIPOCTOH TECT BIIOJIHE NOAOUAET AJIsl Hauasia paboThI.

Bort u Bce. [laHHOe ynpakHeHUe He COMEPIKUT MHOTO HOBOTO Ma-
TepHuasa; 3T0 B OCHOBHOM BO3MOXHOCTb cOOpaTh BCe (hparMeHThI
BOEIUHO.

Monck nHgopmMaunm

Crenylomuii atan npoekTa — BHeAPeHHE HHCTPYMEHTA MOUCKA.
[ToHaxobsTCs CEAyIOLINE YACTH.

1. Mnrepdeiic, B KOTOPOM MOJIB30BATETHU MOTYT BBOAUTD TOUCKO-
Bbl€ TEPMHHBI X IPOCMATPUBATh PE3YJIbTATHI.

2. MexaH13M NOHCKA, IPHHUMAIOUINI KX TOUCKOBBINA TEPMUH
Y BO3BPpAILaIOL1 CTPaHHULIbI, KOTOPbIE €T0 COAEepPXKar.

3. MexaHu3MBbl O6'beI[I/IHeHI’IH PE€3yJbTAaTOB ITONCKA HECKOJBKHUX
IONCKOBbIX TEpPMHHOB.

4. ANTOPUTMBI [J1s1 PaHXXHPOBAHUSI U COPTUPOBKU PE3YJIbTaTOB
TMOKCKa.

OO61mii TepMUH, ONPEIEISIOLIMIT TAKKE POLIECCHI, — 3TO N0UCK UHPOP-
Mayuu; y3HaTh 0 HeM GOJIbILEe MOXHO Ha caiiTe http://thinkdast.com/
infret.

B sTOM ympakHeHHH Mbl OCTAHOBUMCSI Ha MyHKTax 3 U 4. Mbl yxe
CO3/1aJIM IPOCTYIO BEPCHIO AJIs MyHKTa 2. Eciiit BBI 3auHTEpeCcOBaHbI
B CO3/JaHUH BeO-NPUIOXKEHHH, TO MOXeETe TOAYMaTh O paboTe Haj
IYHKTOM 1.
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Jlormyeckmnmn nouck

BoJIBIIMHCTBO MOUCKOBBIX CUCTEM CIIOCOOHBI BBIIIOJIHSATD JN02Ute-
cxui nouck (boolean search); 3T0 3HaYUT, YTO MOXKHO KOMOUHUPO-
BaTh PE3YJIbTAThl /ISl HECKOJIBKUX TIOUCKOBBIX TEDMUHOB C TIOMO-
b0 OyeBoit toruku. Hanpumep, nouck cios:

Q java AND programming MoxeT BO3BpalaTh TOJbKO CTPAHHULBI,
conepxairie 06a yCI0BHsI [IOUCKA: java ¥ programming;

Q java OR programming crioco6eH Bo3BpaIlaTh CTPaHUIIbI, BKJIO-
yarolire 060N TePMUH, HO He 00s13aTeIbHO 00a;

Q java — indonesia MokeT BO3BpalaTh CTPAHHILBI CO CJIOBOM java
u 6e3 ciioBa indonesia.

[Tono6Hble BbIpaXXeHUs, COAEpXKalliie TOMCKOBbIE TEDMHUHBI U JIOTH-
YecKHe OIiepaTopbl, Ha3bIBAIOTCS 3anipocaMu (queries).

[IpuMeHeHHBle K pe3yJIbTaTaM NOUCKA JIOTHYEeCKHUe ONepaTopbl AND,
OR ¥ - COOTBETCTBYIOT CJIEAYIOLIMM OMNEPALUSIM HaJl MHOXeCTBaMH:
nepecevyeHuio, o6bequHEHHIO U pasHocTi. Hanpumep, npeamnoJo-
XKHUM, 4YTO:

QO s1 — Habop CTpaHMI], COAepPIKALIUX CJIOBO java;

Q s2 — Habop CTpaHMII, BKJIIOYAIOLIKX CIOBO programming;
Q s3 — Habop CTpaHHUII CO CI0BOM indonesia.

B takom ciyyae:

Q nepeceyeHue s1 U s2 — HabOP CTpaHHUIL, COAEPIKALINX CJIOBA java
AND (M) programming;
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Q obbennHeHue s1 U s2 — HaOGOp CTPaHMII, BKJIIOYAIOUIMX CJI0Ba
java OR (MJIN) programming;

QO pa3HOCTb s1 U s2 — HabOP CTPaHMII CO CJI0OBOM java u 6e3 cioBa
indonesia.

B cJeayoueM pa3ejie€ Bbl HAIMMIIETE METOU, peannaylomm‘fl 9TH
ornepanuu.

YnpaxHeHue 13

B penosuTopun 1151 3TOM KHUTH BBl HaljieTe UCXOAHBIE (HaiIbl:

Q WikiSearch.java, KOTOpBIH onpeaessieT 0GBEKT, ComepKaui
pe3yJbTaThl NOMCKA U BBIIOJHSIOUIUANA OTlepallii HaJ HUMU;

Q WikiSearchTest.java, BKJIIOYAIOIUA TECTOBBIN KO A Wiki-
Search;

Q Card.java, 1eMOHCTPUPYIOLINI IPUMeHEeHEe METO/Ia COPTHPOB-
KM B java.util.Collections.

KpOMe TOTO, BBl HaleTe pAA BCIIOMOTraTEJ/IbHBIX KJ1aCCOB, KOTOpPbIE
MbI UCIIOJIb30OBAJIM B NPEABIAYUIUX YITDA)KHECHHUAX.

Hauano onpenesenus knacca WikiSearch BBITJSIIUT Tak:

public class WikiSearch {

// kapta, conocTtaenswwas URL-apapeca, coaepxawue TepMuH(-bl)
// M nx Ko3pPUUMEHTb peneBaHTHOCTH
private Map<String, Integer> map;

public WikiSearch(Map<String, Integer> map) {
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this.map + map;

public Integer getRelevance(String url) {
Integer relevance + map.get(url);
return relevance==null ? 0: relevance;

}

O6bexT WikiSearch conepxut kapty, conocTasasiomtyo URL ¢ ux
K03 HUIIEHTOM pesleBaHTHOCTU. B koHTekcTe noncka nudopma-
1Y K03 puyuenm penesanmmocmu — 310 YACTIO, IOKa3bIBaolllee,
HACKOJIbKO CTPaHUIIA YAOBJIETBOPSIET NOTPeOHOCTSIM MI0JIb30BATEIS
B COOTBETCTBHH C 3anpocoM. CyIeCTBYeT MHOXECTBO CIIOCO60B
NOJY4YUTh AaHHBIA KO3 PULHEHT, HO HONBUIMHCTBO U3 HUX OC-
HOBAHO Ha Yacmome mepmuna, NpeACcTaBisiollell coboit koauye-
CTBO TOSIBJIEHUI1 TOUCKOBOIO TEPMHHA Ha CTpaHHuLe. Yale Bcero
npuMeHsieTcst K03O UINEHT pesleBaHTHOCTU TOA Ha3BaHUEM
TF-IDF, koTopoe siBasieTcsa coKpauieHreM oT term frequency-
inverse document frequency («4yacToTa TepMHUHa — oOpaTHasl YacToTa
NOKYMeHTa» ). Y3HaTb 06 3ToM 60Jiblile MOXHO 1O aapecy http://
thinkdast.com/tfidf.

Bsl nosyunte Bo3amMoxkHOCTh peasin3oBaTh TF-IDF nosxe, Ho HauHeM
MBI ¢ yero-H1Oyap 6onee npocToro: ¢ yactorsl TepmuHa (TF).

Q Ecau 3anmpoc comepKuT o1uH NOUCKOBBII TEDMUH, TO PEJIEBAHT-
HOCTb CTPAHMIIbl — 3TO YACTOTA €e TEPMUHA; TO €CTh KOJU4ECTBO
NOsIBJIEHUI TepMUHA Ha CTPaHULIe.

Q /s 3anmpocoB ¢ HECKOJBKMMHU TEPMHHAMHU PeJIEBaHTHOCTD CTpPa-
HHILbI TPeACTaBsieT co60if CyMMy 4aCTOT TeDMHHOB; TO €CTb
oblee KOJIMYECTBO MOSIBAEHUN KaKOro-1160 U3 MOMCKOBBIX
TEPMUHOB.
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Temneppb BBl TOTOBBI HayaTh yNpaxxHeHUue. AKTUBU3UPYHTe ant
build 1/1sT KOMIUISLIMK UCXOAHBIX (PailyIoB, 3aTeM 3aIlyCTUTE ant
WikiSearchTest. Kak 06bI4HO, OH He OyZIeT BHIMOJIHEH YCIELIHO,
IIOCKOJIbKY BaM HYXHO [10paboTarth.

B wikiSearch. java 3anosiHuTe Tejia METOAOB and, or ¥ minus, 4TO6OBI
COOTBETCTBYIOILME TECThI MPOXOAMAH. BaM moka He HyxHO Gecro-
KOUTHCA O testSort.

Bbl MoXeTe 3amycTUTb WikiSearchTest 6e3 ucnosib3oBanus Jedis,
Tak Kak OH He 3aBHUCHUT OT MH/eKca B Bauieil 6a3e qanubix Redis.
Ho anst BBINOJNIHEHHUS 3anpoca B CPaBHEHMH C MHAEKCOM HYXHO
npenoctaButh (Baitan ¢ nHbopmanueit o Baurem cepBepe Redis.
Ioapobuee cM. B pasaene «Co3nanue nHaeKkca Ha ocHoBe Redis»
riaBhl 14.

AxTHBH3HpYiTe ant JedisMaker c Leablo yOeaUTbCs, YTO OH Ha-
CTPO€EH [JIs IOAKIIOYEHHs! K BaleMy cepBepy Redis. 3atem 3amy-
ctuTe WikiSearch, KOTOpPbI BBIBOAUT Pe3yJbTaThl TPeX 3alIPOCOB:

Q javy
Q programming;
Q java AND programming.

CHayasia pe3ysbTaThl He OyIyT PacHosaraThCst B ONpeaeeHHOM
Nopsiike, Tak Kak WikiSearch. sort HEMmoJoH.

3arno/IHUTE TeJ0 MeTOAa sort, YTOObl pe3ysbTaThl ObLIN BO3Bpa-
IeHBI B MOPsIAKe BO3pacTaHus. 51 npe/siaraio UCII0JIb30BaTh METO[,
COpPTUPOBKH, IPEAOCTaBASIEMBIH java.util.Collections, copTupy-
IOLIKH cMCKH J1f060ro Tvmna, JJoKyMeHTaluIo MOXXHO NPOYUTATh IO
aapecy http://thinkdast.com/collections.



WHTepdeiicyl Comparable n Comparator 211

Huxe MpeACTaBJIEHbI IB€ BEPCUHU sort.

0 OnHonapaMeTpuyeckasi IPUHUMAET CIIMCOK U COPTHPYET 3Jle-
MEHTHI, UCIIOJIb3YSI METOA compareTo, IO3TOMY 3JIEMEHTHI JOJIXK-
HbI peaJIi30BbIBaTh HHTeP(elic Comparable.

0 /[lBynapaMeTpuyeckasi IPUHMUMAET CIMCOK OOBEKTOB J1060r0
THNa U Comparator, KOTOPBIH siBJsieTCsl 0OBEKTOM, IPEIOCTaB-
JISIIOIIMM METO/] CPaBHEHHUSI 37IEMEHTOB.

Onucanre nHTepdeiicoB Comparable U Comparator sl IPeACTaBJIO
B CJIEAYIOLIEM pa3ferie.

UHTepdencsl Comparable n Comparator

B peno3uTopuii 3TOI KHUTHY BKJIIOYEH ¢aiin Card. java, B KOTOPOM
JIEMOHCTPUPYIOTCA Ba CIOco0a COPTUPOBKHU CIIHCKA OOBEKTOB THUMA
Card. Huxe npuBeeHo HayasIo onpesieIeHUs! Kaacca:

public class Card implements Comparable<Card> {

private final int rank;
private final int suit;

public Card(int rank, int suit) {
this.rank + rank;
this.suit + suit;

}

B o6bekT TUNA Card BKJIIOYEHBI JBa M0JIS LEJTOYUCIEHHOTO THIA:
rank u suit. O6bekT Card peanusyet Comparable<Card>; 3TO 3Ha-
YUT, YTO OH NPEAOCTaBJISIET METOI compareTo:

public int compareTo(Card that) {
if (this.suit < that.suit) {
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return -1;

}
if (this.suit > that.suit) {

return 1;

}
if (this.rank < that.rank) {
return -1;

}
if (this.rank > that.rank) {

return 1;

}

return ©;

}

Cneundukanus Metoga compareTo yKa3blBaeT: OH IOJI)KEH BO3-
BpalllaTh OTPULATEJbHOE YUCJIO IIPU YCJIOBHUH, YTO this cunTaerca
MeHbIlle that, MOJIOXKHUTENIbHOE — eCIM this cunuTaeTcs 601bIIKM,
Y 0, KOI/Zla OHM CYUTAIOTCSI PaBHBIMMU.

OnHonapamerpuyeckasi Bepcus Collections.sort ucnoJbayer
MeToJ compareTo, IPeOCTaB/sIeMblil 3JIEeMEHTaMH, [l HX COPTH-
poBKH. UTOOBI IPOAEMOHCTPUPOBATH JAHHOE YTBEPKAEHHE, MOXKHO
COCTaBHUTb CITUCOK U3 52 KapT, aHAJIOTHYHBIif 3TOMY:

public static List<Card> makeDeck() {

List<Card> cards + new ArrayList<Card>();
for (int suit + @; suit <= 3; suit++) {
for (int rank + 1; rank <= 13; rank++) {
Card card + new Card(rank, suit);
cards.add(card);

}

return cards;

}

Y COPTUPOBATh UX TAKUM CIIOCOOOM:

Collections.sort(cards);
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JTta BepcHsl sort CTaBUT 2JIEMEHTHI B TaK Ha3bIBAEMOM €CTECTBEH-
HOM IIOpAAKE, MOCKOJIbBKY OH OIpe/leIdeTCA CaMMMH 00beKTaMHU.

Ho MOXHO MpUMEHUTD APYroi MOPSIIOK, IIPEAOCTAaBUB 0OBEKT Com-
parator. HanpuMep, ecTecTBeHHbIIi OPSAAOK 06BHEKTOB Card pac-
cMmatpuBaet Aces (Ty3bl) KaK caMblil HUBKUH PaHT, HO B pse Kap-
TOYHBIX UTP OHM UMEIOT CaMBIi BHICOKHIT paHT. MOXHO ONpenenuThb
Comparator, koTopblii cuuTaeT Aces high (Ty3sl BHICOKMMH), KaK 9TOT:

Comparator<Card> comparator + new Comparator<Card>() {
@Override
public int compare(Card cardl, Card card2) {
if (cardl.getSuit() < card2.getSuit()) {

return -1;

}

if (cardl.getSuit() > card2.getSuit()) {
return 1;

}

int rankl + getRankAceHigh(cardl);
int rank2 + getRankAceHigh(card2);

if (rankl < rank2) {
return -1;

}

if (rankl > rank2) {
return 1;

}

return O;

}

private int getRankAceHigh(Card card) {
int rank + card.getRank();
if (rank += 1) {
return 14;
} else {
return rank;

}
b
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ITOT KO/ onpefie/isieT aHOHUMHBIH KJ1acc, KOTOPbIii peanusyer
compare B COOTBETCTBUU C TPEOOBAHUAMHU. 3aTeM CO3/IaeT IK3EM-
NP BHOBDb ONpeJleIeHHOTO 6e3bIMSIHHOTO KJjacca. [IpounTats
06 aHOHUMHBIX KJIaccax B Java MOXHO 110 aapecy http://thinkdast.com/
anon class.

Vcnonb3yst naHHbI Comparator, Mbl MOXEM BbI3bIBATh METOJ sort
CHeAYIOUMUM 06pa3oM:

Collections.sort(cards, comparator);

ITpu TakoM yHOpSIZOUEHHH TY3 MUK CYUTAETCSA CAMOM BBICOKOM
KapToil B K0JIOJIe, ABOIKA Tped — caMoit HU3KOIA.

IIpu xxenanuM NO3KCIIEPUMEHTHPOBATh C KOAOM M3 JaHHOTO pas-
IeJla BBl HaiizieTe ero B Card.java. B kayecTBe ynpaxHeHHs MOXe-
Te HalKMCaTh KOMIIapaTop, KOTOPHIH CHayala COPTUPYET 1O rank,
a 3aTeM IO suit, HO3TOMY BCe TY3bl JOJXHBI ObITh BMECTE U BCe
OBOMKH H T. 1.

[lononHeHus

Ecnu 6azoBas BEPCUS JaHHOTO YIIDAKHEHHUA Y BaC 3apa60TaJIa, TO
NIpH XE€JIaHUU MOXKETE BBINIOJIHUTD CJAeAYIOlIUe NOMOJHUTETbHbIE
3aJlaHUA.

Q IIpouuraiite o TF-IDF no agpecy http://thinkdast.com/tfidj u pea-
Jnu3yiTe ero. BoaMoxHo, BaM npuaeTcsl UBMEHUTh Javalndex
1711 BBIYUCJIEHUS] YaCTOT JOKYMEHTA, TO €CThb OOIIEro KOJIM4eCTBa
NOSABJIEHUH KaXA0TO TEDMUHA Ha BCEX CTPAHHUIAX MHAEKCa.

Q /[l 3an1poCcoB € HECKOJIBKUMHU MOUCKOBBIMU TEPMUHAMU 001ast
PEJIEBaHTHOCTb 7151 KaXKAOH CTPaHUIIbI TENEPb SIBJISIETCS CYyMMOM
peJIeBaHTHOCTeM [71s1 Kaxaoro TepMuHa. [loagymaiite, koraa sta
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IpOCTasi BEPCHSI MOXKET He cpaboTaTh, ¥ MONPOOyHTe HEKOTOPBIE
a/bTepHaTHBHBIE TTOAXO/bL.

O Cospnaiite Ul, no3Bossiomiuii Noabp30BaTeIM BBOAUTD 3alIPOCHI
c 6ysieBbIMM OnepaTopaMu. AHaJIU3UPYHTe 3aNPOCH], TeHepu-
pyiTe pe3yJbTaThl, 3aT€EM COPTHPYHTE UX 10 pPeJeBaHTHOCTH
u otobpaszute URL ¢ HauBbicluuM mokasareneM. PaccMoTpute
co3naHue (pparMeHTOB, KOTOPble MTOKA3bIBAIOT, B KAKOM MecTe
CTPaHHUIIBI MOSIBUJIUCH TIOMCKOBBIE 3anpockl. [1pu xenanuu co3-
natb BeO-npunoxeHue as ceoero Ul mogymaiite o npuMeHeHHH
Heroku B kauecTBe IpocToro BapuaHTa st pa3apaboTKHy U pa3-
BepThIBaHUs BeO-NIPUIOKEHUH ¢ oMoulbio Java (cM. http://
thinkdast.com/heroku).



CopTupoBka

[IpenonaBarensim Ha dakynbTeTax HHGOPMATUKU CBOMCTBEHHA
He37I0pOBasi OIEP)KUMOCTh aJITOPUTMAMH COPTUPOBKU. Mcxoas us
TOTO, CKOJIbKO BPEMEHH CTY/IEHThI, H3y4aIOllie KOMIIbIOTEPHbIE Ha-
YKH, TPATST Ha 3Ty TEMY, MOXHO MOAYMaTh, YTO BBIGOD aIrOPUTMOB
COPTHUPOBKH — KPaeyroyibHbli KaMeHb COBPEMEHHOI pa3paboTKu
nporpaMMHoro obecnieyenusi. Koneuno, Ha caMoM nesie cosmaTe-
s [1O MoryT rogamMu wiM Jaxke Ha MPOTSIKEHUH Bceil Kapbephl
He 3a[yMBIBaTbCsI O TOM, KaK (DYHKLIMOHUDPYET COpTUpPOBKa. [ToyTH
UIS1 BceX TIPUJIOXKEHUI OHU IPUMEHSIIOT YHUBEPCAIbHBIN aJITOPUTM,
TPEOCTABJISIEMbIH SI3BIKOM MJIH 6UOIHOTEKAMH, C KOTOPHIMU pabo-
TaloT. V1 06bIYHO 3TOTO OCTATOYHO.

IToaToMy, eci1 BBl MPOIYCTUTE ATY IJIaBY U HUYETO He y3HaeTe
006 afropuTMax COPTUPOBKH, Bbl BCE PABHO CMOJXETE CTaTh OTJIMY-
HBIM pa3paboTynkoM. Ho ecTb HECKOJIbKO MPUYKH, IO KOTOPBIM BB,
BEPOSITHO, BCe-TaKH 3aXOTUTE U3YUUTb MPeNCTaBIeHHbIH B Hel
MaTtepuaJl.
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1. XoTs CyIIeCTBYIOT yHUBEPCAJIbHBIE AITOPUTMBI, XOpoLIo paboTa-
IOLIHE C MOAABJSIOUM GOIBIIMHCTBOM NPHJIOXKEHHH, €CTh B
aJICOPUTMa CIIELIMAIbHOTO Ha3HAYeHHs], KOTOPble HHOTIa MOTYT
MOHaZOOUTHCSL: opa3psiAHast coptupoBka (radix sort) 1 orpaHu-
yeHHas nupamuzgaibHas coptupoBka (bounded heap sort).

2. OauH aNropuT™M COPTUPOBKH, COPTHPOBKA CAMsIHMEM (merge
sort) — npekpacHbil 06y4aloUIUi PHUMep, MOCKOJIbKY JIEMOH-
CTPUPYET BRXHYIO U TI0JIE3HYIO CTPATETHIO /I pa3paboTKy aJ-
FOPUTMOB IO/ Ha3BaHUEM «Pa30elsiil — 61acmeyl — coeOuHsll»
(divide — conquer — glue). Kpome Toro, koraa Mbl IpOaHAIM3UPY-
€M €ero NPOU3BOAUTEILHOCTD, Bbl y3HaeTe O MOPsIIKE POCTa, KOTO-
POTO He BUIENIN paHblile, — JuHeuHo-102apudmuueckom. HakoHer,
YacTh HanboJiee WUPOKO UCTIOJIb3YEMBIX AITOPUTMOB SIBJISIIOTCS]
rubpuzaMy, BKJIIOYAIONIUMH 3JIEMEHTBI COPTHPOBKH CIIMSTHUEM.

3. Eue oqHa npuymMHa y3Hath 06 aJIrOpUTMax COPTHPOBKH CBsI3aHa
C TeM, YTO TeXHMYECKHE UHTEPBBIOEPHI JIIOOST O HUX CIpaLIU-
BaTh. Ec/iit XoTHTE yCTPOUTBCS Ha paboTy, TO GaKT, YTO BbI CMO-
eTe IPOAEMOHCTPUPOBATH KYJIbTYPHYIO IPaMOTHOCTD B 00J1aCTH
KOMMbIOTEPHBIX HAYK, MOCTY)XUT BaM Ha MOJIb3Y.

Wrak, B 3TOH r/1aBe Mbl IPOAHATIN3UPYEM COPTHPOBKY BCTaBKOM
(insertion sort), Bbl peajiu3yeTe COPTUPOBKY CJAUSIHUEM, 51 PaccKa-
XY O MOpa3psIAHOI COPTUPOBKe U BBl HAIUILIETe MPOCTYIO BEPCHIO
OrpaHUYeHHOI MUPaMUAAIBHOM COPTUPOBKH.

CopTpoBKa BCTaBKOM

MBI HayHeM C COPTUPOBKM BCTABKOM TJIaBHBIM 00pPa3oM MOTOMY,
4TO €€ JIETKO OMHCaTh U Peajn30BaTh. ITO He 0UeHb 3(PdEKTUBHO,
HO, KaK Mbl YBU/IUM, Y Hee eCTb HEKOTOPble KOMIIEHCHUPYIOLUe
CBOMCTBA.
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BMecTo TOro 4To6b1 0GBSICHSITh AJITOPUTM, S [IPE/IJIaraio POYUTaTh
cTpaHuly B «Bukunenuus», nocBsIMeHHYIO COPTHPOBKE BCTaBKOH,
KOTOpast BKJII0YaeT MCeBAOKOAbl U aHUMUPOBaHHbIE IPUMEPBHI, 110
azpecy http://thinkdast.com/insertsort. BosBpaaiitecs, koraa mosy-
yuTe obllee MPeaCTaBIEHHE,

Hwuxxe npuBesieHa peanu3aiiysi COpPTUPOBKH BCTaBKOii B Java:

public class ListSorter<T> {

public void insertionSort(List<T> list, Comparator<T>
comparator) {

for (int i=1; i < list.size(); i++) {
T elt_i + list.get(i);
int j + i;
while (j > 0) {
T elt_j + list.get(j-1);
if (comparator.compare(elt_i, elt_j) >= @) {
break;

}
list.set(j, elt_j);
3--;

}

list.set(j, elt_i);

}

A onpeaensio knace ListSorter B kKauecTBe KOHTeMHepa 7151 alITO-
PUTMOB COPTUPOBKHU. Mcnosnp3ys napaMeTp Tuma T, MOXXHO ITHUCATh
MeTO/Ibl, KOTOPbIe pabOTaIOT CO CIIMCKaMMU, COAEPKAIIUMU 0OBEKTHI
mo6oro Tuna,

Merton insertionSort MpUHMUMaeT ABa MapaMeTpa: CIUCOK 06b-
€KTOB JIt060ro TUNa U Comparator, KOTOPBI 3HAET, KaK CPaBHUBATh
06bexThl THMa T. OH COPTUPYET CITUCOK HA Mecme, 3TO 3HAYUT, YTO
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OH U3MEHseT CYIECTBYIONUIMI CIIUCOK U He TPeOYyeT BbifeeHUS
KaKoro-Jin6o HOBOTO MPOCTPAHCTBA.

B cieayromem npuMepe MokKa3aHo, Kak BbI3BaTh 3TOT METOJ CO CIH-
cKoM 00beKTOB TuMa Integer:

List<Integer> list + new ArrayList<Integer>(
Arrays.asList(3, 5, 1, 4, 2));

Comparator<Integer> comparator + new
Comparator<Integer>() {
@Override
public int compare(Integer eltl, Integer elt2) {
return eltl.compareTo(elt2);

}
}s
ListSorter<Integer> sorter + new ListSorter<Integer>();
sorter.insertionSort(list, comparator);
System.out.println(list);

Mertoq insertionSort uMeeT 1Ba BJIOXEHHBIX LUKJIA, BCJIEACTBHUE
4ero MOXHO MPEANOIOXKHUTD, YTO BPEMSI €r0 BHITIOTTHEHHUS SIBJISIETCS
KBapaTU4HBIM. B 1aHHOM cirydae 3TO BEPHO, HO Ipex/ie, YeM IpHii-
TH K TaKOMY BBIBOZY, HY>)KHO IIPOBEPUTH, IPOMOPLHUOHAIBHO JIU
KOJIMYECTBO pa3 paboThl KAXIOro LUKJIA Pa3Mepy MaccuBa 7.

BHemnmii 1uKi NOBTOpsieTcs OT 1 0 1ist. sizeO, M03TOMY OH SIBJISIET-
51 IMHENHBIM 110 Pa3Mepy CIUCKa 7. Bi1okeHHBIH LMK BBITIOJIHSET Tie-
pe6op oT i 110 @ U, KaK CJIEAICTBHE, TOXE JTHUHeeH no 7. TakuM o6pasoM,
of11iee KOJTMYECTBO MMOBTOPEHHH BI0XKEHHOTO LIMK/Ia KBAaJPaTHYHO.

Jloka3aTebCTBO BbIIIECKA3aHHOTO U3JI0XKEHO HUXeE:

Q TNepBblii NPOXOL, i = 1, ¥ BJIOXKEHHDIH LIHUKJI BBHIOIHSIOTCS He 60-
Jiee OIHOTO pa3a;

Q BTOpOIi IPOXO/, i = 2, U BIOXXEHHBIH [IMKJI BBIIOJIHSIOTCS He 60-
Jlee IBYX pas;
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Q mnocaeqHUH MPoXof, i =7 — 1, ¥ BJIOKEHHBII UK BHITOJTHSAETCS
He 6oJiee yeM n — 1 pas.

Taxum o6pa3oM, obliee KOJUYECTBO BBIMOJHEHUN BHYTpPEHHE-
ro UMKJa NpeacTaBisieT coboit cymmy psifioB 1, 2... n — 1, paBHyIO
n(n — 1) / 2. V1 rnaBHbI} 4ieH 3TOro BhIpaXkeHus (TOT, Y KOTOPOro
caMblil BBICOKHH MMOKa3aTeNb CTeNeHH ) paBeH 1,

B xymiewm ciyyae copTUpOBKa BCTaBKOU KBajipaTuyHa. OHAKO eCThb
1iBe 0COGEHHOCTH.

1. Ecnu aneMeHTBbl y’Ke OTCOPTUPOBAHBI UJIM TOYTH OJMHAKOBHI,
TO AaHHAasl COPTUPOBKA SIBJISIETCS JIMHEHHOU. B yacTHOCTH, npH
Hax0XIEeHUH KaXIOro 3 eMeHTa Ha PacCTOSIHUU He 6oJiee yeM
k no3uumit OT TOro MecTa, riae OH JOJXKeH ObITh, BJOXEHHbIH
IIMKJI HUKOT/Ia He GyZeT BBIMOJHSTHCS OoJbliie YyeM k pas, a 06-
11ast MPOJOJIXKUTEIBHOCTD BhioiHeHUs1 — O(kn).

2. B cBs131 € MPOCTOTOM peayn3aliii HaKJIaJiHble PACXOIbl HU3KHUE;
TO €CTb, XOTsI BpeMsl BbINIOJIHEHUS paBHO an?, k0adULIMEHT A5t
CTaplIero YjeHa d, BEPOSITHO, MaJl.

[loaToMy eciy U3BECTHO, YTO MACCUB MOYTH OTCOPTHPOBAH MU
He 0YeHb GOJIBLION, TO COPTUPOBKA BCTABKHM MOXET OBITh XOPOLIUM
BoiGopoM. Ho asist 60/bIIMX MacCHBOB MOXKHO C€JATh Jy4lIe.
Ha caMoM nesie HamHoOrO syyite.

YnpaxkHeHue 14

CopTHpPOBKa CIUSIHUEM — OIUH U3 HECKOJIbKHX aJITOPUTMOB, BpeMsI
BBINIOJTHEHUSI KOTOPBIX JIyyllle KBagpaTuyHoro. I cHoBa, BMeCTO
TOro 4TOOBl OOBSICHATD AJITOPUTM 3/I€Ch, S TIPEAJIATal0 MPOYUTATh
0 HeM B «Bukuneauus Ha caiite http://thinkdast.com/mergesort. Kak
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TOJIbKO BbI INOJIy4YHTE 06]1.[66 npeacraBjieHUe, BEDHUTECH U IIPOBEPD-
T€, XOpOILIO JIX BCE IIOHAJIH, HAllUCaB peaiu3allUio.

B penosuTopuu 151 3TOI KHUTH BbI HaiifieTe CXOAHBIE (haitiibl A5
JAHHOTO YNPa)KHEHHUSI:

QO ListSorter.java;
Q ListSorterTest.java.

3anmyctuTe ant build AJst KOMIIUJISILMK UCXOAHBIX (paii/ioB, 3aTeM
ant ListSortTest. Kak 06bi4HO, OH He BBIMOJHUTCS, TOCKOJIbKY
BaM HY>HO 1OpaboTaTbh.

B ListSorter.java s mpeacTaBUJ CX€MBbI IBYX METOOB: mer -
geSortlnPlace u mergeSort:

public void mergeSortInPlace(List<T> list, Comparator<T>
comparator) {

List<T> sorted + mergeSortHelper(list, comparator);
list.clear();
list.addAll(sorted);

private List<T> mergeSort(List<T> list, Comparator<T>
comparator) {

// TODO: 3anonuuTte!

return null;

}

O6a MeToaa BBIMOJHSIOT OMHU M T€ XKe AeHCTBUS], HO NPEA0CTaB-
JISIIOT pa3Hble HHTepdelicsl. MeTon mergeSort MPUHUMAET CIIMCOK
¥ BO3BpalllaeT HOBBIIi C TEMH Xe 3JIeMeHTaMH1, OTCOPTUPOBAaHHBIMH
B TIOpsiIKe Bo3pacTaHusi. MeTox mergeSortInPlace — 3TO MeTOZ,
KOTOPDBIi1 BO3BpalllaeT 3HauUeHHe void 1 U3MEeHsIET CyILeCTBYIOMUH
CITHCOK.
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Baina 3aaua — 3amoTHUTh mergeSort. Hpexcz[e 4YEM ITUCATh I10JIHO-
CTbIO PEKYPCHBHY10 BEPCHIO CIUAHUSA, HAYHUTE C Yero-TO MOX0XKEro
Ha OIMMCaHHOE HUXE.

1. PasgennTe CIIMCOK MOMOJIaM.

2. CopTtupyiiTe 4aCTH CIIUCKA C IOMOIIbIO Collections.sort uam
insertionSort.

3. O6bennHNUTE OTCOPTUPOBAHHbBIE YACTH B OAUH MOJHOCTBIO OT-
COPTHPOBAHHBIH CIIUCOK.

ITO NO3BOJNUT OTJIAAUTD KOJ CIUSHUS, HE YYUTBIBASI CJIOXXHOCTD
PEKYPCHUBHOTO METO/A.

3areM n06aBbTe 6a30BbIii c1yuaii (cM. http://thinkdast.com/basecase).
Ilpn HaMYMKU CIIKCKA TOJBKO C OHUM 3JIEMEHTOM MOXKETE Cpa3y
€ro BepPHYTb, [IOCKOJIbKY OH Y>Ke Bpolle Kak OTCOpTHpPOBaH. JIn6o,
€CJIY JJIMHA CITUCKA HYYKe HEKOTOPOTO NMOpOoTa, MOXKeTe OTCOPTUPO-
BaThb €ro ¢ NoMol1bio Collections.sort unu insertionSort. I1po-
BepbTe 6a30BbIt CIyyail, Ipex/e YeM IPOLOJIAKHTD.

HakoHell, ©U3MeHUTe CBOE pellleHre, YTOObI OHO BBINOJHSIO ABa
PEKYPCHUBHBIX BbI30Ba /17151 CODTUPOBKH YacTeil MaccrBa. Korza Bai
METOJ HAaYHET pa6OTaTb, testMergeSort u testMergeSortInPlace
JOJIKHBI OYYT 3aBEPUIMTHCS YCIELIHO.

AHanus copTUpPOBKU CUAHNEM

Yr06b! ONMpeaenuTb BpeMSI BBINOJIHEHHS] COPTUPOBKH CIUAHUEM,
HYKHO IyMaTb C TOYKH 3PE€HHUs YPOBHEH PeKyPCHH U TOTO, KaK
MHOTO paGOTBI €1a€TCsI Ha KOKAOM YpoBHe. [Ipeanonoxum, Mpl Ha-
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YHHAEM CO CITUCKA, COAECPIXKALIEro 7 3JIEMEHTOB. AJll"OpI/ITM COCTOHUT
U3 CJIeAyIOLUX Iaros.

1. CospgaiiTe 1Ba HOBBIX MACCHBA M CKOTIUPYITE IO MMOJOBIHE 3JIe-
MEHTOB B KaXK/IbIH U3 HUX.

2. Orcoprupyiite 06e yacTw.
3. O6beauHUTE YaCTH.,

Ha puc. 17.1 noka3aHsl 3TH 1maru.

Y_ o
CopTtuposka CopTtupoBka
Y Y I
Ob6beauHeHue
4 ¥

Pwnc. 17.1. NpeacraBneHne COPTUPOBKU CAUSIHUEM,
NOKas3blBaloLLEee 0AUH YPOBEHb peKypcun

Ha mare 1 xaxaplii U3 271eMEHTOB KOMUPYETCs 110 OAHOMY pasy,
[I03TOMY BpeMsl BBIIIOJIHEHUS JMHEHHO. To ke MPOUCXOMUT U Ha
ware 3, Tak 4TO BPeMsI BBINOJIHEHUSI TAaKKe JIMHENHO. Ternephb Hy>KHO
BBISICHUTD CJIO)KHOCTB I11ara 2. /17151 3Toro cjienyet pacCMOTPETh APy -
TYI0 KapTUHY BBIYMCIEHNH, KOTOPasi MOKA3bIBAaeT YPOBHHU PEKYPCHH,
Kak Ha puc. 17.2.
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Ha BepxHeM ypoBHe eCTb OZIMH CIIUCOK C 71 3jleMeHTamH. [Ipexno-
JIOXKUM, 4TO 7 sIBJIsieTCs cTeneHslo 2. Ha ciexyomeMm ypoBHe — 1Ba
cnucka ¢ n / 2 anieMeHTaMM. 3aTeM YeThbipe CIHCKa ¢ 1 / 4 3/1eMeH-
TaMH U T. [, [IOKa He NlepeiiieM K 71 CITUCKaM C OHUM 3J1€eMEHTOM.

Ha kaxpaom ypoBHe B o01ieil CTOXXHOCTH n 31eMeHToB. 1o nyTtu
BHHU3 CJielyeT pa3/leJIuTh MAaCCUBHI TIOM0JIaM; 3TO 3aHUMaeT Bpe-
Ms1, IPOMOPLIMOHAIHOE 71 Ha KoM ypoBHe. Ha o6paTHOM myTu
HYKHO 00beIMHUTD BCETO 71 3JIEMEHTOB, YTO TaKKe BBIIIOJHSETCS
3a IMHEHHOe BpeMsl.

Ecsin Ko/iM4ecTBO ypoBHeEH paBHO f, T0 061t 06beM paboThl 115t
asroput™Ma — O(nh). VTak, ckosbko Beero ypoBHeit? EcTb aBa cro-
coba noaymarb 06 3TOM.

1. CkosbKO pa3 cJiefyeT pa3feJuTh n MOMN0JIaM, YTOObI MOMYYHTh
eArHuLy?

2. Vv cKoJIbKO pa3 HY>KHO YABOUTb €ANHHULLY, IPEXKIE YeM MOy -
YUTb n?

Bropoii Borpoc MoxxHO 3a1ath B 1pyroi ¢popme: «Kakoii crenenbio 2
SIBISIETCS N?>

2h=n,
BosbmeM Jiorapudm 1o 0CHOBaHMIO 2 OT 00€UX YacTell paBeHCTBa:
h=log,n.

CrenoBateibHO, o61iee BpeMst paBHo O(n log n). 51 He cTan nucatob
OCHOBaHHe JIorapu(dma, Tak Kak JorapudMsl ¢ pa3HbIMH OCHOBAHHS1-
MU OTJIHYAIOTCS MOCTOSIHHBIM KO3((DUILIUMEHTOM, B CBSI3U C YeM BCe
OHHU UMEIOT OIMH MOPSIAOK POCTA.
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O norapudmax ¢ BpeMeHHo# cioxHocTbio O(7n log n) nHoraa roso-
PSIT, UTO OHHU JUHEUHO-N02apUpMudeckue, HO GONBIIMHCTBO JIOAEN
roBOpsT NpocTo: 7 log n.

OkassiBaetcst, O(n log n) — TeopeTHyecKasi HUXKHAS OLIEHKA aJiro-
PUTMOB COPTHPOBKH, KOTOpble paboTaIOT MyTeM CPaBHEHUS dJie-
MEHTOB [PYT C APYTroM. JTO 3HAYUT, YTO He CYLIECTBYET TAaKOH
COpMuUpOBKU CpasHeHuem, IOPSITOK PocTa KOTOpoH Jyyiie n log n.
CwM. http://thinkdast.com/compsort.

Ho, kak MBI YBUANM B CJleqyIOLIeM pa3jiesie, eCTb COPTHPOBKH,
KOTOpbI€ He HCIIOJIb3YIOT CPABHEHHUE U BBITIOJIHSIOTCS 32 IMHEHHOE
Bpemsi|

MNopa3psagHaa COpTUPOBKA

Bo Bpems npesuaeHTcKoit kamnanuu B CIIIA B 2008 roxy kasauaa-
Ty Bapaxy O6ame 6b1710 IPEAIOKEHO BBINOTHUTD AHAIH3 UMIIPOBH-
3MPOBAHHOTO AJITOPHTMA, Koraa oH nocetua Google. UcnonuuTtens-
Hbli 1upekTop DpuK LIMUAT B LIyTKY CrIpOCU. ero o «Haubosee
adexTrBHOM crocobe OTCOPTHPOBATD MUJIMOH 32-Da3psAHbIX
uesbix yucesn». O6aMa, oueBUIHO, ObLI NPEAYIPEXKIEH, IOCKOIbKY
OBICTPO OTBETUIL: «5 yMaio, YTO Iy3bIPHKOBAsI COPTUPOBKA — 3TO
nyoxast uaest». Ha caiite http://thinkdast.com/obama MOXHO [TOCMO-
TPETb BHEO.

O6ama 6bL NTpaB: My3bIPbKOBasi COPTHPOBKA KOHIIENTYAJBHO PO~
CTa, HO BpeMsl €€ BHIIIOJIHEHUS KBAIPATUYHO; U la’ke CpeH KBajpa-
THYHBIX AJITOPUTMOB COPTHPOBKH €€ TIPOU3BOUTENLHOCTD HE OYeHb
xoporia. Cum. http://thinkdast.com/bubble.

BepositHo, otBeT llIMuATa — 3TO «ITOpa3psiAHasi COPTUPOBKA», 5B~
JISIIOLIASICS] &ITOPUTMOM COPTHPOBKH, HE CBSI3aHHBIM CO CPaBHEHHEM,
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KOTOPbIit paboTaeT, ec/ii pa3Mep 3/IEMEHTOB OrpaHHy€eH, HalpUMep
32-pa3psiiHOe 1es10e Yucao uiu 20-CMMBOJIBHAS CTPOKA.

Yr00BI yBUAETD, KaK 3TO paboTaeT, NpeACTaBbTe: y BAC €CTh CTONKA
KapTOTEYHBIX KAPTOY€EK, Kax/aasi U3 KOTOPbIX COXEPXKHUT TPeXOyK-
BeHHOe cJ10BO. KapToyku MOXHO COPTUPOBaTh.

1. TpoitauTecs oquH pa3 Mo KAPTOYKAM M pa3/le/IuTe KX Ha Habopbl
no nepBoi 6ykBe. TakuM 06pa3oM, c/10Ba, HAYMHAIOLIUECS C a,
JOJIXKHBI ObITH B OTHOM Habope, 32 HUMH CJIeAYIOT CJI0Ba, Ha4H-
Hamwolueca cb, M T. .

2. CHoBa pa3sgenuTe Kaxapliit Habop mo BTopoii 6ykse. CyioBa, Hauu-
HaIOUKECs C aa, JOJKHBI OBITh BMECTE, 32 HUMU CJIEAYIOT CJIOBA,
HauyMHaIoIIKecs ¢ ab, U T. I. KoHeuHo, He Bce Habopb! OyayT 3a-
TIOJIHEHBI, HO BCE B TTOPSIIKe.

3. CHoBa pa3aenunTte Kaxablii Habop nmo TpeTbeii GykBe.

B 3TOT MOMEHT KaXablit HA6OP CONEPKUT ONUH 3IEMEHT, 2 HAOOPBI
COpPTUPYIOTCS B opsiike Bo3pactanusi. Ha puc. 17.3 nokasau npu-
Mep C TpeXOYKBEHHBIMH CJIOBaMH.

B BepxHeM psiy npuBefeHb! HECOPTUPOBaHHbIE CI0Ba. Bo BTOpOii
CTPOKe NOKAa3aHo, KaK BBITJISIAST HaGOPBI 110CJIe NEPBOTO IPOXO/A.
CJ0Ba B KaX10M Habope HAYUHAIOTCSI C OXHOM U TOM XKe OYKBBHI.

[Tocie BTOpPOro Mpoxoja cJoBa B KaX oM Habope HAYMHAIOTCS
c Tex e aByx OykB. [Tocsie TpeThero mpoxoaa B KaxaoM Habope
MOeET ObITh TOJBKO OZHO CJIOBO, 2 HAGOPHI PACIOJIOKEHBI 1O TO-
PSLIKY.

Bo BpeMsi KaXXI0ro nmpoxoaa Mbl epebupaeM 3JeMeHTHl U 106aB-
nsieM ux B Habopbl. [Toka nocseaHue no3BosioT 106aBATh 3a MO-
CTOSTHHOE BpeMsl, KX /Ibl{ TPOXOJ JINHEeH.
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KosnyecTBO MpOX00B, KOTOPOE 51 HA30BY W, 3aBICUT OT «JJIMHbI»
CJIOB, HO He OT KOJIHYeCTBa CJIOB N. TakuM 06pa3oM, OPsIOK pocTa
paBeH O(wn) U SIBJISIETCS IMHEWUHBIM TIO 7.

CynuiecTByeT MHOXXECTBO BAPHAHTOB NOPa3psITHON COPTUPOBKH, KaK
M Croco6OB peajiu3allii KaXKA0ro U3 HUX. Y3HaTh 0 HUX GoJiblie
MOXHO Ha caiiTe http://thinkdast.com/radix. B kauecTBe 1OMOJHUTED-
HOTO YNPaXXHEHUs! MOAyMaiiTe O HAUCAHUU CBOeil BepCUHU Mopas-
PSITHON COPTHUPOBKH.

MupammnaanbHas copTUpoBKa

Hapsay ¢ nopaspsiiHoii COpTHPOBKOM, KOTOpasi IPUMEHSIETCS], KO-
ria 0GBEKTHI UMEIOT OrPaHUYEHHbII pa3Mep, CYIEeCTBYET elle OAUH
aJICOPUTM COPTUPOBKH CIELHATBHOTO Ha3HAYEHHUST: 0ZPAHUUEHHAS
nupamudarenas copmuposxa. OHa noJieaHa, ecau Bol paboraere
C oYeHb 6OJIBIIUM HAaBOPOM AaHHBIX U XOTHTE MOJYYUTh BHIOOPKY
«Ton-10» unu «Ton-k» 0715 HEKOTOPOro 3HAYEHUS R, HAMHOTO
MEHDLIETO, YeM 7.

HanpuMep, npeanosoxuM, Bbl KOHTpoJIMpyeTe Beb-cepBuUcC, 06-
pabaThiBalOLIMI MUJIIMAPA TPAaH3aKIHii B IeHb. B KOHIle KaXaoro
JIHS Bbl XOTUTE COOOLIMTD O CAMBIX GOJIBIIMX TPAH3AKIUSX (MJIH ca-
MBIX Me/IJIEHHBIX, UK JIIOObIX IPYTHUX NOKA3aTeIbHbIX 3HAYEeHUSIX).
OnuH U3 BAapMaHTOB — XPaHUTh BCE TPAH3aKUHH, COPTHPOBATDb UX
B KOHIIE THA ¥ BLIOUPATD k BepXHUX. ITO MOTPeHOBaIO Obl BpEMEHH,
MPOMOPLIMOHAIBHOTO # log 71, U BBITIOJIHSIOCH ObI OYEHb METIEHHO,
IOCKOJIbKY, BEPOSITHO, HE TMOJYYUTCS BMECTUTh MIJLJTMAD/ TPaH3-
aKuuii B MaMsATh OAHOM mporpamMmsbl. ITpuiiock 6b1 KCIONB30BATH
aJITCOPUTM COPTUPOBKH «BHe siipa». O BHeIIHeH COPTUPOBKE MOXHO
IIPOYUTATh MO aapecy http://thinkdast.com/extsort.
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Wcnonp3ys orpannyennyio kydy (bounded heap), Mbi MoxeM cae-
nats HamHoro ayyue! [Toctynum caenyomum ob6pasom.

1. 51 06bsicHIO HEOrPaHUYEHHYIO TMPaMHU/IAIbHYIO COPTHPOBKY.
2. Bol ee peanusyere.

3. $1 06bsiCHIO OrpaHMYEHHYI0 MUPAMUAANBHYIO COPTHPOBKY H ITPO-
aAHAJTU3UPYIO €e.

YT1oObl MOHATH MUPAMHUAATBHYIO COPTUPOBKY, HY>KHO HMETb Mpes-
CTaBJIeHHe O Kyue — CTPYKType JAaHHbIX, TOX0Xel Ha GUHapHOe
nepeso noucka (BST). Ux pasnuuust ipeacTaBeHbl HIXE.,

Q B GunapHOM nepeBe NOMCKA KaX/1asl BEPIIHHA X UMEET CBOMCTBO
BST: Bce BepIIuHBI B JIEBOM MOJAEPEBE X MEHBIIIE X, a BCE BEp-
IIKHBI B IPAaBOM — 6oJIbILE X.

O B kyue xaxxzaas BepuIMHa x UMeeT CBOHCTBO heap (kyu4a): Bce
BEPLIMHBI B 000UX MOAAEPEBBAX X OOJIBILIE X.

0 Kyuu noao6Hbl c6ataHCMPOBaHHBIM OMHAPHBIM J€PEBbSM MO~
MCKa; pu 100aBJIeHUH UM YAaJE€HUU 3JIEMEHTOB BBITIONHAIOT
JOMOJHUTENbHYIO0 paboTy no 6anaHcHupoBKe nepeBa. B pesy.ib-
TaTre OHU MOTYT ObITh 3¢HEKTUBHO peasTM30BaHbl C IOMOIIBIO
MacCHBa 3JIEMEHTOB.

HauMeHb111ii 31eMEHT B Ky4e BCera HaXOqUTCsI B KOPHE, TI03TOMY
MOJHO HaiiTH ero 3a NocTosiHHOe BpeMsl. [lo6aBiieHne U yaaieHHe
3JIEMEHTOB M3 KyYH 3aHUMAET BpeMsl, IIPOIIOPLMOHATIBHOE BBICOTE
nepeBa h. U mockoJbKy Ky4da Bcera chasaHCMpPOBaHa, To A Mpornop-
uuoHanbHa log 7. Y3Harb Goblie 0 Kydax MOXKHO Ha caite http://
thinkdast.com/heap.
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Kiacc PriorityQueue B Java peann3oBaH ¢ momolusio Ky4yu. OH mpe-
IOCTaBJsIET METOAbI, YKa3aHHble B uHTepdelice Queue, BKIOYast
offer u poll:

Q offer — 106aBJISIET 3JIEMEHT B O4€PEb, OOHOBIISIS Kydy, 4TOObI
KaX/Iblit y3e uMeJ cBOMCTBO heap; 3aTpaunBaeT BpeMsi, npo-
nopuroHasHoe log n;

O poll — yna/sieT HAMMEHbILHNIA 3IEMEHT B OYepe U3 KOPHs U 06-
HOBJIAET Ky4y; 3aTPauMBaeT BpeMsl, IPONOpLHOHaNbHOE log 71.

ITOT KJacC MO3BOJIUT JIETKO OTCOPTUPOBATH KOJJIEKLIHIO U3 7 3JI€-
MEHTOB CJIeAyIoIUM o6pa30M‘

1. 1o6aBUTb BCe 3JIeMeHTBI KOJJIEKIUHU B PriorityQueue ¢ mo-
Mollblo offer.

2. YnanuTh 31eMEHTBI U3 OYepe/IH, UCTIONb3Ysi poll, U 10OaBUTh HX
B List.

[Tockonbky poll Bo3BpallaeT HaMMEHbIINH 37IeMEHT, OCTaBLIHIiCA
B OY€epe/IH, 3JIEMEHTHI 100aBASIOTCS B List B mopsiake Bo3pacTa-
HUsA. DTOT COCO6 COPTUPOBKU Ha3bIBAETCS NUPAMUOATLHOU COP-
mupoexou (cM. http://thinkdast.com/heapsort).

Jlo6aBieH1e n 2JIEMEHTOB B OYepeab 3aHUMAeT BPeMS], [TPONTOPLIMO-
HasbHOe 7 log n. To e nedcTBUTENBHO ISl YAAJIEHHS 71 9JIEMEHTOB.
TaxuM 06pa3oM, BpeMeHHast CI0KHOCTb MTMPaMHUIaIbHON COPTH-
poBku coctabisieT O(n log n).

B penosurtopuu ans 3T0i KHUTH B ListSorter. java Bbl HaileTe
cxeMy MeToJ1a, Ha3bIBaeMoro heapSort. JIoNoJHUTE €ro, a 3aTeM 3aly-
ctute ant ListSortTest a/1s IOATBEPXIEHHs TOTO, YTO OH paboTaerT.



232 Mnasa 17. CopTvpoBka

OrpaHu4yeHHas Ky4a

OrpaHuyeHHasi Ky4ya — 3TO Ky4a, KOTOpasi MOXET COJIepxKaTb He 60-
nee k aneMeHTOB. [1py HAIMYKK 71 H/IEMEHTOB MOXKHO OTCJIEXHMBATh
k HanGOMBLUINX 3JIEMEHTOB CJEAYIOUMM 06Pa3oM.

ITepBonauanbHO Ky4a mycTa. {7151 KaXIOTO 3J1eMeHTa X:
Q BeTBb 1: B ciTyyae He3aMoJIHEHHOU Ky4H J0OABUTbH B Hee X;

O BeTBb 2: IpU 3aNOJTHEHHOM Ky4ye CPAaBHUTb X C HAUMEHbULUM
3JIEMEHTOM B Hel; €CJIM X MEHbIIE, TO He MOXeT ObITb OJHUM
U3 k HauGOJBILIKX 3JIEMEHTOB, TaK YTO MOKHO OTOPOCHTD €r0;

O BeTBb 3: €CJIM Kyya 3alojIHeHa U x GOJIblie CaMOro MaJeHbKOTO
3/IeMEeHTa B Ky4e, TO YAaJUTh HANMEHbIIUHN 9JIEMEHT U3 KyuH
1 100aBUTH X.

C noMoImpio Ky4YH ¢ HAMMEHbIINM 3JIEMEHTOM HaBEPXY MOXHO OT-
caexuBath k Hanbosbunx 3neMeHToB. [Ipoananusupyem addex-
TUBHOCTb 3TOTO aIroputMa. [Isl KaXkJ0ro ajieMeHTa BHITIOTHSIEM
O[IHO U3 CIeAYIOIUX JeiiCTBUI:

0 BetBb 1: f06aBJIeHME B Ky4y 3JIeMEHTa, KOTOPBIi KMeeT BpeMeH-
Hylo cnoxHoctb O(log k);

Q BeTBb 2: NOMCK HAaMEHBIIIETO 37IeMeHTa B Kyde — ato O(7);

Q BeTBb 3: ynaneHue HauMeHblero sneMenta — O(log k); nobas-
neHue x Toxe siBasiercst O(log k).

B xyauieMm ciydae, eciiv 31eMeHTHI TOSABISAIOTCS B MOPS/IKe BO3pa-
CTaHHs, BCer/a 3amyckaercs BeTBb 3. Torga obias BpeMeHHasl
CJIOXKHOCTb 06paboTkH n 37eMeHTOB paBHa O(n log k) u nuneit-
Ha 110 7.
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B ¢aitne ListSorter. java Bbl HalileTe MeTO/] MO/ Ha3BaHUEM topK,
KOTOpBI TIPUHUMaET List, Comparator, v mapameTp TUMNa integer &.
OH noJxeH Bo3BpauiaTh K Han6OJIbIINX 31€EMEHTOB B List B mo-
psillke BO3pacTaHHsA. 3aMoJIHUTE METO, a 3aTeM 3alyCcTuTe ant
ListSortTest AJ1s1 NOATBEPXKIAEHHS TOTO, YTO OH paboTaerT.

MpoCTpaHCTBEHHAA CNOXHOCTb

Jlo cux mop Mbl MHOTO TOBOPHJIM 00 aHa/lu3e BpeMEHU BBINOJ-
HEeHUsI, HO /IS MHOTHX aJITOPUTMOB He MeHee BaKHbIM SIBJISETCA
npocTpaHcTBo. Hanpumep, oivH 13 HeJOCTaTKOB COPTUPOBKY CJIUSI-
HMEM — OHa JejlaeT KOMKWHU JaHHbIX. B Haleit peanusaiuu oOmuii
006beM MPOCTPAHCTBA, KOTOPbIHA OHA BbIAEJSIET, TPONOPIUOHAIEH
O(n log n). C 6o7ee yMHOM peann3aiueii MOXXHO CHU3UTD TpeGOoBa-
HHE K MPOCTpaHCTBY 0 O(n).

Hanporus, copTupoBKa BCTaBKOit He KOMUPYeET JaHHble, TaK Kak
COPTHUPYET 3/1IeMeHTHI Ha MecTe. OHa NIPUMeHsIeT BpeMeHHbIe Nepe-
MEHHBbI€ /JIsl CDABHEHHS IBYX 3JIEMEHTOB 32 Pa3 M HECKOJIBKO IPYTUX
JIOKaJIbHBIX epeMeHHbIX. Ho ucnosib3yeMoe NpoCcTpaHCTBO He 3a-
BHUCHT OT 7.

Hama peanusanusi nupaMuanbHOil COPTUPOBKHU CO3/1aeT HOBBIH
MeTOx PriorityQueue AJIs1 XpaHeHUs 3J1EMEHTOB, I0O3TOMY IIPO-
CTPaHCTBEHHASI CJIOXHOCTh cocTaBisieT O(n); HO ecJid BaM JOCTYTHA
COPTUPOBKA CITUCKA HAa MecTe, TO MOXeTe 3alyCTUTh NMpaMUAAJb-
HYIO COPTUPOBKY C MPOCTPAHCTBEHHOI CJI0KHOCTBIO O( 7).

OnHUM U3 NPEMMYIIECTB AJITOPUTMA C UCIIOJIb30BAaHHEM OTPaHU-
YeHHOU KY4H, KOTOPBI Bbl TOJIKO YTO PEATTM30BAJIH, SIBJISIETCS TO,
4TO eMy TpeOyeTcs TOJbKO MPOCTPAHCTBO, MPOMOPUHOHAIbHOE £
(KO/IMYeCTBY 3JIEMEHTOB, KOTOpPble HY’)KHO COXPaHHUTB), a k 4acTo
HAMHOTO MeHbIIIE 7.
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Pa3paboTrunku nporpaMmMHoro obecriedyeHus: CKJIOHHBI yAeNATh
Gostbllle BHUMaHHsI BpeMEeHH BbINOJIHEHUS], Y€M IPOCTPAHCTBY, U IS
MHOTHX NPHUJIOXKEHHH 3To noaxoaut. Ho a1 GONbIIMX MacCUBOB
JaHHBIX IPOCTPAHCTBO MOXET OBITh He MeHee WM Aaxe 6oJiee Bax-
HbIM. [IpuBesy HECKOJIBKO IPUMEPOB.

0 Korza MaccuB naHHBIX He IOMEMIAETCSI B TAMSTH OAHO# Mpo-
rPaMMbl, BpEMSI ee BHIMTOJHEHHS YaCTO Pe3KO BO3pacTaeT Hild
OHa MoxeT Boobi1ie He pabotats. Eciin BhIOpaTh aroput™, Tpe-
OyiouInii MeHbIle PECYPCOB M ITO MO3BOJIMT YMECTUTD BBHIUMC-
JIeHUsI B TTaMsITh, TO OH criocobeH paboTaTh HaMHOTO GbIiCTpee.
AnanoruyHo nporpaMma, Kotopast 3aieiiCTByeT MeHblIlIe pecyp-
COB, MOXET JIyYllle HCTIOIH30BaTh KLU MPolieccopa v paboTath
GbicTpee (cM. http://thinkdast.com/cache).

Q ITO aKTyaJabHO U [JIs CEPBEPa, OHOBPEMEHHO 3aIMyCKaIOLIErO
MHoro nporpaMm. CokpalieHure NpoCcTpaHCTBa, HEOOXOAUMOTro
AN KaXA0H MPOrpaMMbl, IO3BOJIHUT 3aMyCTUTh OOJIblIE MPO-
rPaMM Ha OZHOM CepBepe, YTO CHUXKAeT 3aTpaThl Ha 060Pya0Ba-
HHe U HEPTHUIO.

I/ITaK, 51 IpUBEJI HECKOJIBKO ITPpUYNH, U3-32 KOTOPbIX BaM HYXXHO
UMETDb XOTb KaKO€-TO MPEACTABJICHUE O MIPOCTPAHCTBEHHBIX no1‘pe6-
HOCTAX aJITOPDUTMOB.
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Amnen B. [loynu — npodeccop kommnbiotepssix Hayk B Olin College
of Engineering. [penonasan B Konnemke Yanncau (Wellesley
College), Konnemxe Kon6u (Colby College) u Kanudopuuiickom
yuusepcutete B Bepkau (The University of California, Berkeley).
HmeeT crenedb AoKTOpa Ppumocopuu B 06J1acTH KOMNBIOTEPHBIX
Hayk B Kanudopuuiickom yHusepcutere B bepkiy, cTernesb Maru-
crpa u 6akasaBpa B MaccayyceTCKOM TeXHOIOTHYECKOM UHCTUTYTe
(Massachusetts Institute of Technology, MIT).
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Ha o610 ke u3o6pakeHa sopora-ceucmyr (nat. Cracticus tibicen) —
sipkasi YepHo-6enasi ITHIA C KPaCHBIMU I1a3aMu. EBpomneiickue
nocesieHIbl Ha3Balu ee magpie (C aHTJI. — «COPOKa») 3a CXOACTBO
C eBpONEeNCKOI COPOKOIA, HO 3TH 1Ba BHIAa UMEIOT JIMIIb OTAAIEH-
Hoe poACTBO. BOPOHBI-CBUCTYHBI pacnipocTpaHeHbl B ABCTpaJuu
u Hogoii ['BuHee.

ITH NTULBI OYEHb YMHBI U U3BECTHBI TEM, YTO, IOMUMO MEHUS, MO-
IyT U3[aBaTh MHOXECTBO CJIOKHBIX 3BYKOB. BOPOHBI-CBUCTYHBI, KaK
NpaBuiIo, 1octuraioT 37—43 cM B 1iMHy U Becat 220-350 r. Mecra
UX 0OMTaHUS Pa3HOOOPA3HBl U BKJIIOYAIOT MOJIS, JIEC, IAPKH M 1aXKe
KUJIble pailoHbl. [ITHIBI aKTUBHBI B TeYeHHUE HSI U T0OBIBAIOT KOPM
Ha MOBEPXHOCTHU 3€MJIH; OHU BCESIHDI, MUTAIOTCS HACEKOMbBIMH,
4epBsSIMU, Pa3/MYHBIMUA GECTIO3BOHOYHBIMHU, OpexaMH, GpyKTaMu
¥ MEJIKUMH )KHBOTHBIMM, TAKUMH KaK SIIIEPUIIBI ¥ MBIIIIH.

B centsi6pe u okTsi6pe (BeCHa B ABCTpajiuM) My>KCKHe 0COGH BO-
POHBI-CBUCTYHA OTYAsIHHO 3AlMIIAIOT CBOU THE3/Ia U MITEHIIOB, UYTO
NPUBOAUT K (peHOMeHY, U3BECTHOMY KaK «Ce30H HaneToBy. [ITuisl
arpecCMBHO HabpachIBaIOTCs HA MEIIEXOH0B U BEJOCHIIEAUCTOB,
YacTO HAHOCS UM TPaBMbI JIMLA U TOJIOBBL. B kauecTBe 3amUTHBIX
Mep PEKOMEHAYIOT PUCOBATh Ha IIIIeMe «CTpalllHble» IJ1a3a, HOCUTD
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30HTUK H, KOHEYHO, ITOJTHOCTBIO OTKa3aTbCA OT IOCEMIEHUA MECT
rHe3goBaHus. [louToBbie pa6OTHI/lKH, KOTOpbI€ INEPEMENLIAIOTCA T10
CBOUM MapuIpyTaM Ha MOTOLMKJIaX, — YaCTbl€ MULIEHU V151 HAJIETOB
BOPOH-CBUCTYHOB.

MHorue X1BOTHbIE, H300paXkeHHble Ha 00/10)KKaxX U3[aTeJbCTBA
O'Reilly, HaxoasiTcsi mox yrpo3oii; Bce OHM BaskKHbI J7Is1 HALIETO
Mupa. YTo6b! y3HaTh 60JIbIIE O TOM, KAK MOXKHO MM IIOMOUYb, Iepeii-
JIUTe Ha calT animals.oreilly.com.

M3o6paxenue Ha 0610kKe B3sTO U3 KHuru Royal Natural History
Puuappa Junekkepa (Richard Lydekker).
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BAWA YHUKAZIbHASI KHUTA

XoTuTe 3gaTb CBOIO KHuy? OHA CTAHET MgeabHbIM NOGApPKOM gAs NAPTHEPOB

M gpy3ei, OTAMYHBIM MHCTPYMEHTOM GASi POGBIKEHNA BALe20 bpeHga, npe3eHTom
G/19 NAMATHBIX COBbITMI! Mbl CMOXEeM OCyLLeCTBUTD BaLLM Nl0Bble, gaxe cambie
CMeible M CIoXKHbIE, Ugemn M NPOeKTbI.

Mbl NPEANATAEM:

M3aatb Bawy KHUTY

M3[aHNe KHUTN AN UCNONB30BAHNSA B MAPKETUHTOBbIX aKTUBHOCTAX
KHWUM KaK KOPNopaTuUBHble NOAAPKH

peknamy B KHMrax

M3faHne KopnopatueHoi 6ubanotexmn

Moyemy Hago BbIGPATL MMEHHO Hac:
n3garenucray «Mutep» Gonee 20 neT. HAW ONLIT — 2aPAHTUS BLICOKO20 KAYECTBA.

Mbi npegnazaem:
o ycnyru no obpabotke 1 fopaboTke Baliero Texcra
e COBPEMEHHbIA AU3aiiH OT NpodeccuoHanoB
o BbICOKWI yPOBEHb NOMUTPAPNUYECKOTO UCTIONHEHNS
* NPOAAXY BALEN KHATK BO BCEX KHWKHBIX MarasuHax CTpaHbl

OGecneynm npogemxeHne BaiieH KHUH:

« peknamoi B npodunbHbIX CMU 1 MecTax npoaax
¢ PeLeH3NAMM B BEAYLUIMX KHWKHbIX U3AAHNAX
* UHTEpHeT-NOAAEPKON PEKNAMHON KaMNaHWUN

Mbi nMeem cobCTBEHHYIO CeTb QUCTPUBYLMK N0 BCel POCCHM, G TaKKe Ha YKpanHe
1 B benapycu. COTpygHM4IaeM C KpYNHERLWNMM KHKHbIMM MA2A3UHAMM.

M3gaTenbCTBo «[TUTep» ABASETCA NOCTOSHHbIM YYACTHNKOM MHO2WX KOHPepeHLmii
M CEeMWHApPOB, KOTOPble NPegoCcTasAsIoT WHPOKYIO BO3MOXHOCTb Peanm3aLnm KHuz.

Mbi 06s3atenbHo npociegmnm, 4T06bI BAWIA KHW2A NOCTOSHHO UMENACH B HAANYUN
B M@2@31Hax u 6bl1a BbINIOXKEHA HA CAMbIX BHQHbIX MECTAX.

0Obecnednm NHGUBMGYanbHbIA NOGXOG K KAXGOMY KINEHTY, IKCKNO3MNBHBIA GU3aiH,
Mobo# TUPaX.

Kpome 1020, npegnazaem Bam BbiMyCTHTb INEKTPOHHYIO KHW2Y. Mbl pa3MecTHm
ee B KpyNHe#ALWNX NHTepHeT-Ma2a3nHax. KHuea bygeT caepctana B gopmare ePub
nam PDF — cambix NonyaspHbiX U HagexHbIX GoPMATax Ha Ce20gHALUHMI geHb.
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M3yuute, Kak cnepyet peanunsosbiBaTb 3GPEKTUBHbIE ANTOPUTMbI Ha OCHOBE
BaXKHEMLLNX CTPYKTYP AaHHbIX Ha A3blKe Java, a TakXKe Kak U3mepsTb
NPOU3BOAUTENIbHOCTb 3TUX aNropuTMOoB. Kaxxaan rnaBa cConpoBoXaaeTca
yrpaXXHeHUAMU, NOMOraoLMMMU 3aKpenuTb MaTepuan.

« Hayuurecb paboTtatb cO CTPYKTypamu AaHHbIX, HaNpUMep, CO CNUCKamMim
1 cnoBapAmu, pasbepuTech, Kak OHU paboTaloT.

+ Hanuwute npunoxeHue, KOTopoe YuTaeT CTpaHuLbl Bukunegum, BbinonHaet
CUHTaKCUYeCKnin pa3bop 1 obecneurBaeT HaBMraLMIo No NoslyYeHHOMY
[lepeBy AaHHbIX.

+ AHanu3npyinTe KoA 1 yuutecb NPOrHO3nMpPOBaTh, Kak BbICTPO OH byaeT
paboTaTh 1 CKONIbKO NAMATU NPW 3TOM NOTPEONATD.

« Muwnte Knaccel, peanusyowme nHtepdeinc Map, nonb3yiTecs Npu 3Tom
Xelw-Tabnuuei 1 4BOVYHbIM 4EePEBOM MOUCKa.

- Co3paiiTe NpoCTO Be6-NOUCKOBUK C COBCTBEHHBIM MOVCKOBBIM POGOTOM:
OH 6yaeT MHAEeKCMPOBaTb BE6-CTPaHWLibI, COXPaHATb UX COAEPXKUMOe
1 BO3BPALLATb HYXHble pe3ysbTaThbl.
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