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12.2. NpUMeHeHus 205

12.2.3. NpuMmeHeHune: NOUCK B OrPOMHbIX
NPOCTPaHCTBax COCTOSAHUN

Xew-1al/Iuibl BCELENO NpeHa3HaueHbl Ud yekopenus noucka. OnuHa w3 npu-
KJIaJHBIX o0nacTeil, B KOTOPOii MOKUCK BCTpEYaeTcs MOBCEMECTHO, — ITO KOM-
NbOTEPHBIE HIPBI, H, €CJIH FOBOPHTEL Oosiee 00001IEHHO, 321841 NJIAHHPOBAHUS.
[Toaymaiite, HanpuMep, 0 WAXMATHOI NporpaMMe, pa3se/IbIBaloOLICH NOCHEACTBHA
pasnuuHbIX X008, UX nocnenosarelbHOCTE MOKHO paccMarpHBaTh Kak MyTH
B OFPOMHOM OPHEHTHPOBaHHOM rpade, riie BepluiHHbl COOTBETCTBYIOT COCTOs-
HHUSM UTPBI (MO3HIHAM BCeX GHUryp M ToMY, Yeii cefiuac xon), a pedpa — xoaam
(nepexonam M3 OHOro COCTOSHHSA B aApyroe). Pasmep storo rpaa — acTpono-
muueckuii (Oonee 10'™ pepiinn), noITOMY HET HHKAKOI HAJIEXK /1B 3AMKCATE €10
ABHO W MPHMEHUTD JIK000# H3 HALLMX aNrOPHTMOB Ipa)OBOro NOKUCKA U3 I11aBbl 8.
bonee crosopuusas ansTepHarHBa — BBLINOJAHHTE AIFOPHTM rpadosoro nomc-
Ka, TAKOil Kak MOMUCK B LUMPHHY, HAYMHAA C TEKYLIEro COCTOAHUSA, U pa3BelaTh
KPaTrKOCPOYHbLIE MOCAEACTBHA Pa3HbLIX XOA0B 10 AOCTHKEHHS OrpaHH4YeHHs 110
peMmeHM. JIns Toro 4toOel y3HaThk Kak MOAKHO Oosiblue, BaxHO W3berars pas-
BeJbIBAHHA BEpLIHHBI O0Jiee 0AHOIO pasa, MOITOMY AITOPHTM MOHCKA J0JIKEH
OTC/IEAKHBATH VIKE MNOCEIUEHHBIE M BeplIHHbl, Kak 1 B HaleM npuiaokeHuu s
yCTpaHeHus 1y0IHpOBaHKA, 3Ta 3a/1a4a NPaKTHY4ECKH CO31aHa [UIA XeL-TadaHibl.
Korja anroput™ noucka J0CTHraeT BEpLUIMHEL, OH OTLICKHBAET €€ B Xell-Talb/inue.
Eciu BeplunHa yke CYLECTBYET, TO AITOPUTM €€ NMpOoNnycKaeT 1 BO3BpallaeTcs
Ha3aj, B MPOTHBHOM C/Iy4ae OH BCTABIAET BEPIIHHY B XeW-TabMHIY H NPOAOI-
Haer ee pa3se/biBaHue’ .

' B HrpoBbIX NPHIOKEHHAX CaMblil NOMyASPHLIH a1ropuT™ rpadoBoro NoWcka Ha3kIBaeT-
ca nouckom A* («A 3se3ga»). AnropuT™ noucka A* saBnseTcA UeICOPHEHTHPOBAHHEIM
060061wennem anropurma [leiikepsl (masa 9), kotopsiii J00asnser B 1eHKCTPOBY OLEHKY
(vpaBHenue 9.1) pebpa (v, w) 3BPHCTHHECKYIO OLEHKY CTOMMOCTH, HEOOX0AUMOI s
nepeMeLeHHs U3 w B «LIeNleByIo BepluMuy». Hanpumep, eciu Bbl BRIYHCISETE MapL-
PYThI IBHKEHHS W3 3a/IaHHOTO HCXOIHOTO MYHKTA /10 3a/JaHHOTO NYHKTAa HA3HAYeHns 1,
TO IBPHCTHYECKDI OLEHKOH MOKET OBITE PACCTOAHHE MO NMPAMOI U3 W B [.
3anaymaiiTeck 0 COBpeMEHHBIX TeXHOIOTHAX H MOPa3MBILLIAITe, I]e elle HCNoIbIYIoTCs
xew-Tabauusl. Ha To, 4To6s1 v Bac NOABHIOCH HECKO/IBKO XOPOLIHX A0TA10K, He ViiaeT
MHOro Bpemenu!

Fa
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12.2.4. PewmeHue TecToBOro 3anaHua 12.2

IMpagnaenstii oreer: (6). Ileperiii war Moxer OBITH peannu3oBaH 3a Bpems
O(n log n) ¢ NOMOLULIO AIrOPHTMA MergeSort (ONUCAHHOIO B Hepeoil uacmu) Mo
anropuT™a HeapSort (paszaen 10.3.1)". Kaxaas u3 n nrepaumii iukia Moxer ObITh
peanusoBana co Bpemenem O(log n) nocpeactsoM ABou4HONO noucka. Cnoxus
BCE BMECTE, NOJIYYHM KOHEYHYIO FPaHuLy BpeMeHH Bhinonnenus O(n log n).

*12.3. Peanuzauusa:
BbICOKOYPOBHEBasa naes

B sTom pasnene paccmarpHsalorcs Hanbosiee BaXKHBIE BLICOKOYPOBHEBBIE HJIEH
B peanuzauuy xew-rabuui xew-(pyHKUHH (KOTOpble 0TOOpakaloT KIo4H B 10-
3UIHH B MACCHBE ), KOJUTH3HH (pa3Hbie KITIOYH, KOTOPBIE 0TOOpakaloTes B OJHY H TY
e MO3HLMI0) U Handonee pacnpoCTpaHEHHbIE CTPATErHH Pa3peLLCHHA KOJUTH3HIA.
Paznen 12.4 npeanaraer 6onee noJpoOHBIE pEKOMEHIALNH 110 PeaH3allHN Xell-
TabJIMLIBL.

12.3.1. [Iea npoCTbIX peLeHns

Xew-rabmua XpaHuT MHOKECTBO S KoYl (M acCOUMMPOBAHHLIX ¢ HUMH J1aH-
HBIX), B3ATLIX U3 YHHBepcyma U Becex Bo3MokHBIX Kimoueil. Hanpumep, U moxet
ObITh BceMu 27 Bo3mokHbIMH IPv4-anpecamu, BCeMH BO3MOKHBIMH CTPOKOBBIMH
IHAYCHHAMH JUTHHOI He Oonee 25 CHMBOIOB, BCEMH BO3MOKHBIMH COCTOAHUAMH
LIAXMaTHOI JI0CKH M Tak Janee. MuoxkecTso S moxkeT ObiTh IP-aipecamu, pakriue-
CKH MOCETHBLUMMH BeG-CTPaHULY B TeYeHHe nocienux 24 yacos, GpakrnyeckuMu
HMEHaMH BallHX Apy3eil 1100 COCTOAHHAMH LIAXMaTHOMH JOCKH, KOTOpBIE Ballia
nporpamma pas’se/aa 3a nocjieHue narb cexyua. B GonbiumucTse npumeneHuii
xew-radnuil pazmep yHusepcyma U sBiseTcs acTpOHOMHYECKHM, HO pa3Mep noj-
MHOXECTBA S NOLIAETCH YIIPABICHHIO.

! bonee GvicTpas peanuzauns Hesoamoxua. [lo kpaiineii Mepe, ¢ nOMOLILID yNIpaBISeMOro
CpaBHEHHEM a/ITOPHTMA COPTHPOBKH (CcM. cHOCKY 2 Ha ¢. 141 B rnase 10).
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OnHuM KOHIENTYATBHO MPOCTEIM CMIOCO00M peanu3osars onepatu [IPOCMOTPETS,
BCcTABHTE M Y IAJIMTE ABJISETCA OTC/IEAKHBAHHE O0BLEKTOB B O0JIBLIOM MAacCHBE, C 0/1-
HOIl 3aMUChI0 B MACCHBE /T Kaxa0r0 Bo3mokHoro kmo4a B /. Ecnn U asnsercs
HEDONBLIHM MHOKECTBOM HANOA00HE BCEX TPEXCHMBOIBHBIX CTPOKOBBIX 3HaYe-
HHUil (cKaxeMm, Ul TOro 4To0bl OTCIEKHBATE AIPONOPTHI O HX TPeXOyKBEHHBIM
KOJIaM), TO 3TO pelIeHHe HAa OCHOBE MACCHBA SBISETCH XOPOLIHM, MPH 3TOM BCE
Onepauuu B HEM BBIMOJIHAKOTCA 3a NOCTOAHHOE BpeMA. Bo MHOMHX NpUIOKeHHAX,
B KOTOPBIX YHHBEpcyM U 4pe3BbivaiiHO BEJIHK, TO peweHne Oyaer abeypaHbiM
H HEBBIMOIHHMBIM, Mbl MOKEM PEATHCTHYHO PACCMATPHBATH TOJILKO T€ CTPYKTY b
JIAHHBIX, KOTOphIE TPeOyIOT NpoCTpaHcTsa, nponopuxnonanstoro | S| (a we |U)).

BropeiM npocTeiM pelueHHeM SBISETCS XpaHeHHe 00BEKTOB B CBA3HOM CIIHCKE.
Xopouieil HOBOCTBIO ABISETCA TO, YTO NPOCTPAHCTBO, UCNOJL3YEMOE ITHM
pewennemM, nponopunonansHo |S|. [lnoxas HoBOCTE 3aK/04aeTcs B TOM, 4TO
BpeMs BhINOAHEHHA onepauuii [TrocMOTPETE M Y 1AM TE Takke macluTadupyercs
nHHeiiHo BMecTe ¢ | S| — 4TO ropa3no xyike, 4eM NOCTOAHHO-BPEMEHHBIE Ole-
paLHH, NOIEPKHBAEMBIE PELICHHEM HA OCHOBE MaccHBa. CMbIC Xel-Tabn bl
COCTOMT B TOM, yTOOBI JAOCTHYb HAHJTYYLICTO H3 o0ouxX MHPOB — MPOCTPAHCTEA,
MPONOPUHOHANEHOTO | S|, ¥ NOCTOSHHO-BPEMEHHBIX onepaunii (tadn. 12.2).

Tabnuua 12.2. Xew-tabnuusl codeTaoT B cebe nyHime BO3MOXHOCTH MACCUBOB
1 CBA3HBIX CMIMCKOB C NPOCTPaHCTBOM, IMHENHBIM MO YMCIY XpaHuMbix 06beKToB,
W NOCTOSHHO-BPEMEeHHbIMKU onepaunsamin. 3ee3noyka (*) ykassiBaeT Ha To, 4TO
rpaHuLa BpeMeHu BbinonHeHus cobniogaetcs Torga M ToNbLKO Toraa, Koraa xXeuw-
Tabnuua peanv3osada NpasvbHO U AaHHLIE HE ABNAITCA NaTONOrM4YecKuMn

Crpykrypa aavHeix | MpocTpaHcTeo TunuyHoe BPemMs BLINONHEHNS Onepauun

[TPOCMOTPETS
Maccus e|U| a(l)
Crasuslii cnucok CIRY alSs|
Xew-rabnuua CIRY a(l)*
12.3.2. Xew-pyHKUM

Jina nocTHXKEHHA HAWITYYLIMX Pe3yJLTaroB B 000MX MHpax Xeu-tadiuua HMH-
THPYET NMPOCTOE pelleHHe HAa OCHOBE MAcCHBa, HO ¢ JUIHHOI MaccHBa n, npo-
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nopunoHansHoii | S|, a we | U|'. Ha nannbiii MOMEHT BBl MOKeTe AyMaTh 00 1 Kak
NPUMEPHO paBHOM 2|S]|.

XNew-hynkyua BoINOAHAET TPAHCASLUHNIO U3 TOTO, Y4TO HAC ACHCTBHTENLHO BOJIHY-
eT — HMMEH HAlIMX JpYy3eil, COCTOAHMIT axMaTHON JOCKH H Tak jajlee — B 10-
3UUMK B Xew-Tabnuue. PopMansHo Xell-pyHKUHS — 3T 0TOOpakKEHHE W3 MHO-
#ectBa U Bcex BOIMOKHBIX K/IHO4EH B MHOXKECTBO NO3MLUIi B MaccuBe (puc. 12.2).
[Tosnumn B xew-radanue o0bYHO HYMEPYIOTCH ¢ (), MOITOMY MHOKECTBO NMO3HLIAI
B Maccuse pasHo {0, 1,2, .. .n—1}.

Puc. 12.2. Xew-dyHkums oToOpaxaeT Kax /bl BO3MOXHBIN KoY
u3 yHmsepcyma U s noauumio 8 {0, 1, 2, ..., n—1}. Mpu | U| > n asa pasubix knoya
GyayT otoOpaxarTsCa B 0AMHAKOBYIO NO3ULINID

XEH-®YHKIIHH

Xew-pyuxuua h - U — {0, 1, 2, .., n — 1} npucBauBaeT Kas#abli
K04 U3 yHUBepcyma U no3uuuu B MaccHBee JUTHHBI 1.

' TNonoxkaute! Pazse muokecTBO S He meHseTcs co spemeneM? [la, 3To Tak, Ho coBceM
HETPYAHO NEPHOAHYECKH H3MEHATL pa3Mep MacCcHBa Tak, YTOOLI ero UITHHA OCTaBanach
NpONOpLUHOHANBHOI TeKyLeMy paiMepy S, cM. Taxxke pasgen 12.4.2.
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Xew-()yHKius cooOIIaeT Bam, ¢ Ye€ro HaYMHATE NOKUCK 00BeKTa. Eciin Bhl BRIOH-
paere xew-QpyHkuuio A, rae h («Anucan) = 17 — B KAKOBOM CJIy4ae Mbl TOBOPHM,
4TO CTPOKOBOE 3HaYeHue «Annca» xemmpyercs B 17, — 1o no3nuus 17 maccusa
SABJISETCH MECTOM, C KOTOPOIO C/IE1YET HA4YHHATh HCKaTh HoMep TenedoHa AJIMCHI.
AHanorn4HeiM 00pa3om no3uuus 17 genseTcs nepssM MECTOM, [71€ ClIeAyeT 1o-
MBITATLCH BCTABUTL HOMEp TenedoHa AJTUCH B Xet-Tadbauuy.

12.3.3. Konnnanm Hen30eXxHbl

B0o3MOkHO, Bbl 3aMETHIH CEPLE3HYIO NPOGIEMY: @ YTO, €CJIH JIBA Pa3HbIX KO-
ya (Hanpumep, «Anucay U «bod») XewHpyOTCA B OAHY H TY JKe MO3ULNI0 (Ha-
npumep, 23)7 Ecan Bl Hinere HoMep Tenedona Aaucel, HO HaxoauTe Homep boda
B MO3ULIHH 23 MacCHBAa, KaK Bbl Y3HACTE, HMEETCS JIM HOMep AJIUChI B Xewu-Tabiuue?
Ecim BBl neiTaeTecs BeTaBHTh HOMEp TeneoHa AJIHCE B MO3HIMIO 23, HO JTa
MO3ULMA YIKE 3aHATA, Ky/1a Bbl €€ nomecTute?

Korna xew-dyukuus A oroOpaxkaer asa pasHbiX kao4a k, 1 k, B OIHY U TY %ke
No3uLHIO (To ecTh koraa h(k,) = h(k,)), Takas cCHTyalHs HA3LIBAETCH KOMIU3UEIHL,
H NOBOPAT, Y4TO KJIKOYH KOH(UIHKTYIOT.

KOJLTH3HH

JlBa kmoua k, u k, u3 U xoHQuIHKTYIOT B pamKkax Xewn-(GpyHKuHn A,
ecau h(k,) = h(k,).

Konin3nn BeI3BIBAIOT NYTAHHLY OTHOCHTENBHO TOrO, rjie 00BEKT HAXOAHTCH
B Xell-Tal/1uLe, U Mbl XOTe/IH Obl, HACKOJIBKO 3TO BO3MOMKHO, CBECTH MX K MHHH-
mymy. ITouemy Hene3s paspaborark CBEpPXYMHYIO Xell-(py HKIHIO (€3 KakuX-1H00
koIH3KHiA? TTotomy 4T0 KowTuzuu Heuzbexchel. TIpUUNMHOIN TOMY AB/ISETCH Tak
Ha3bIBAEMBIH npunyun 2onyoei u AuuKos (WA NPHHIKHN JApUXIIe), HHTYHTHB-
HO O4YE€BHJIHBIIH (DAKT, 4TO JUIA KAAAOI0 HATYypPaIbHOIO YHC/A 1, HE3aBUCHMO OT
TOrO, KaKk Bl 3acoBkIBaeTe n + | ronyOeil B # sueek, scerna OyeT CylIECTBOBATH
Ayeiika no kpaineil mepe ¢ asyms roayosamu. Takum o0pa3soMm, BCAKHI pas, korja
YHCJIO 1 MO3HIKI MAaccHBa (A4eeKk) MeHslle paimepa vausepcyma U (romybeit),
Kas1as Xel-(pyHkuus (3akpenienne roayoeii 3a suyeiikamu) — HE3aBUCHMO OT
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TOTO, HACKOJILKO YMHOI OHA ABJISETCS — CTPajaeT MHHHMYM OT OJHOH KOJLIH-
3 (cM. puc. 12.2). B GonblUMHCTBE NpUMEHEHHH Xew-Tabnui, B TOM YHcae
B pasaene 12.2, | U] namuoro 6onbiue, 4em n.

Konnusun ewe nensdexknee, 4eM npeanonaraeT apryMeHT NpHHLUMNA roxyoeii
W swnkoB. TIpuaHHON TOMY napadokc OHs poxcoeHus, NPEAMET ClEAYILEro
TECTOBOIO 3aaHus.

TECTOBOE 3AIAHME 12.3

PaccMOTPUM 77 4e10BEK CO CIYHAiHBIMU IHSMH POXKACHHS, IIPHYEM
Kax/blil W3 366 nueil rona pasHoseposared. (ITpeanonoxum, dro
BCC n YCINOBCK POAHIIHCE B BHCOKOCHBI I'DJ'I.] Hackonbko 6oab1mm
J0/IKHO OBITE 11, Npeske Yem OyzeT cyuiecTsoBarh 50 Yo-Hblii waHc,
YTO Y JIByX 4eJIOBEK HX JIeHb pOkJIcHHs OyzeT cornanars’

a) 23
0) 57
B) 184
r) 367

(Pemenne n nosicnenue cM. B pasaene 12.3.7.)

Kakoe oTHOLIEHHEe NMapaJioKe JHS POKIEHHA HMeeT K Xewwnposanuo? Ilpen-
cTasbTe cede Xew-PyHKUHIO, KOTOPas HE3aBUCHMO, PABHOMEPHO M CIIyYaiiHbIM
00pa3oM 3aKperuiseT 3a KamasiM Kmodom nosuuun B {0, 1,2, .., n—1}. Dra
Xel-(pyHKIUHA HE ABNSETCH NPAKTHYECKH *KHu3HecnocoOHoIl (M. TecToBoE 3a-
nanue 12.5), Ho Takue cay4vaiinble QYHKIHH SBISIOTCH 3010THIM CTAHJAPTOM,
C KOTOPLIM MBI CPaBHMBAeM NpakTHYecKHe Xew-GyHkuun (cM. pasaen 12.3.6).
H3 napanokca qHs poAKACHHS BBITEKAET, YTO Jaxke B C/Iy4ae 30/10TON0 cTanaapra
Mbl, BEPOATHO, HAYHEM BCTPEYATh KOJUTM3HH B Xell-TadJInLe pasMepa 1, Kak To/b-
KO OyayT BcTaBiieHbl O0BEKTHI B KOJIHYECTBE MPOHU3BEACHUA M0l KOHCTAHThI
Ha \/n. Hanpumep, npu n = 10 000 Bcraska 200 00bEKTOB MOXKET BbI3BATh 110
KpaiiHeil Mepe 0HY KOJUIM3HIO — Jlake eciii He MeHee 98 % no3uuuii maccusa
COBEpILIEHHO HE HCTOoNB3yeTcs!



