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[lpeancnosume

CHayaJjia mporpaMMHpoBaHue ObLIO Jisi MEHsI IIPOCThIM yBJieueHHeM. S u3yuus
a3bl 1o KHure «Visual Basic 17151 yaiiHUKOB», a IIOTOM CTaJl YMUTATh APYrHe KHUTH,
yToOBI y3HaTh OoJiblie. Ho anropuTmbl MHe HUKAK He JaBajuch. IIoMHIO, Kak
sl CMaKOBaJI OrJlaBjieHHe CBOel MepPBOil KHUTH 10 alrOpuTMaM U ayMast; «HakoHelr-
TO s1 BCe y3Hato!» Ho Matepuas oka3ajcsi CJIMIIKOM CJI0XKHBIM, U 51 CAICS yepe3
HEeCKOJIbKO Heziesib. TosibKo GJ1arozapsi XopoluieMy IperojaBaTes 0 TEOPUH aJIro-
PUTMOB $1 IIOHS1JI, HACKOJIbKO IIPOCThIE U 3JIETAaHTHBIE UIeU 3aJI0XKEHBI B €€ OCHOBY.

Yepe3 HECKOJIBKO JIET sl HAITMCAJ CBOe MePBOe MJLTIOCTPUPOBAHHOE COOOIIeH e
B O6siore. CaM s BU3yaJ1, I03TOMY MHe HPaBUTCS HATJISAAHbINA CTUJIb U3JI0XKEHHUS.
C Tex nop s co3/1aj1 HEMaJIo UJLTIOCTPUPOBAHHBIX MATEPHUAJIOB 10 (DYHKI[MOHAJIb-
HOMY MporpaMMupoBaHuio, Git, MallMHHOMY OOY4YEHHIO U apaLieau3My. KcraTu
rOBOPs1, B HauaJie CBOeil Kapbephl s MHUCA JOBOJIbHO IOcpeaACTBEHHO. OOBSACHSTH
Hay4Hble KOHLIeNIUHU TpyAHO. HToObI IPHUAYMAaTh XOpOILLIKe TPUMEPDI, TpedyeTcs
BpeMs, YTOOb! OObSICHUTD CIOXKHYIO KOHIEMLIMI0 — Toxe. ITpolie Bcero yMomyaTh
O CJIOXHBIX MOMeHTaX. 1 ymaJl, 4To y MeHsI BCe XOpOLIO MOJIy4YaeTcs, MoKa Io-
cJie OJ{HOI U3 MOMX NONYJISAPHBIX MyOJIUKaIMil KO MHEe He 00paTHJICS KOJIJIera co
CJIOBaMU: «¥1 mpouuTas TBOM MaTepHUaJl, HO BCe pPaBHO HUYEro He MOoHAI». MHe ellle
IPeICTOSIJIO MHOTOE y3HAaTh O TOM, KaK MUIIYTCS Hay4YHbIEe TEKCTHI.

B camom pasrape paboThl HaJ MJTIOCTPUPOBAHHBIMU MYOIUKALUSIMH B 6J10T€
KO MHe 00paTHJioch U31aTeIbCTBO Manning ¢ npeajoXeHHeM HalMcaTh UILITIO-
CTpUPOBaHHYIO KHUTY. OKa3aI0Ch, YTO peJaKTOpbl Manning XOpouo yMeloT 06b-
SICHSITb Hay4YHble KOHIIEII[MH, 1 OHU TT0Ka3aI1 MHe, KaK cjielyeT YYUTh APYTHX.
Y MeHst ObLy1a COBEPIIIEHHO OIpe/ieieHHasl 11eJ1b: MHE XOTeJIOCh Co31aTh KHUTY,
KoTopasi ObI 00bsICHSI/IA CI0XKHbBIE HayUyHbIe TeMbl U JIeTKO YnTanach. C MOMeHTa
HalMcaHUs MO€Ero MepBoro coodueHus B 6Jiore g Mpolles IJIUHHBIN MyThb; Ha-
JIeI0Ch, MOSI KHUTa ITOKaXXeTCsl BaM MPOCTOM U COZlepXKaTeJIbHOM.
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bnarogapHOCTH

Cnacu60o u3gateibCTBY Manning, KOTOpOe 1aJ10 MHe BO3MOXXHOCTb HAaIUCATh 3TY
KHUTY U IPeA0CTaBUJIO OOJIBIIYIO TBOPYECKYIO CBOOOY B X01€e paboThl. S 6J1a-
rogapeH usgateso Mapmaxany Beiicy (Marjan Bace), Maiiky Ctusency (Mike
Stephens) 3a To, 4TO OH BBeJI MeHsI B Kypc zeja, bepty Beittcy (Bert Bates),
KOTOPbIN Hay4yuJ1 MEHSI KUCaTh Ha Hay4yHble TeMbl, U [[xeHHudep Crayt (Jennifer
Stout) — HeBepOSITHO OT3bIBUMBOMY peAaKTOPY, BCerjaa roTOBOMY NMPUHATH Ha
nomoipb. Crnacu60 BceM yyacTHHKaM NMPOM3BOJACTBEHHOM rpymnnsl Manning:
KeBuny CammuBany (Kevin Sullivan), Mapu IIbepxu (Mary Piergies), Tudg-
danu Teitnop (Tiffany Taylor), Jlecau Xaiimc (Leslie Haimes) u BceM octasb-
HbIM. KpoMe Toro, st xouy 1mo6./iarogapuTh BceX, KTO YUTaJ PYKOIUCH U IeJIUJICS
csouM MHeHHeM: Kapen bencaon (Karen Bensdon), Po6a I'puna (Rob Green),
Maiikna Xampa (Michael Hamrah), O3pena Xapaosuna (Ozren Harlovic), Ko-
qaun Xeiictu (Colin Hastie), Kpuctodepa Xaynra (Christopher Haupt), Yaka
Xengepcona (Chuck Henderson), ITasia Kosnoscku (Pawel Kozlowski), AMuTa
Jlam6a (Amit Lamba), ’Kana-@®pancya MopuHa (Jean-Frangois Morin), Po6ep-
Ta Moppucona (Robert Morrison), Cankapa PamanaTtana (Sankar Ramanathan),
Canpgepa Poccena (Sander Rossel), lyra Cnapaunara (Doug Sparling) u /{amu-
eHa Yaiita (Damien White).

Cnacu60 BceM, KTO IOMOT MHe B JOCTH)KEHHMH 1esu: coTpyanukam Flashkit,
Hay4YHUBIIMM MeHSI IPOrpaMMHPOBaTh; MHOTOYMCJIEHHBIM JAPY3bsSIM, KOTOPHIE
IIOMOTaJIi MHE B pab0Te — pelieH3UPOBaJIM I'JIaBbl, JIEJTUIMCh COBETAaMHU U NPEI-
Jlarajii pa3Hble BapuaHThl 00bsicHeHH. ITO 6b11M ben Baitnrep (Ben Vinegar),
Kapa IIsio3on (Karl Puzon), Anekc Mauuuur (Alex Manning), 3ctep Yan
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(Esther Chan), Aunm Bxatt (Anish Bhatt), Maiika I['macc (Michael Glass),
Hukpan Maxau (Nikrad Mahdi), Yapaba JIu (Charles Lee), Jxapenq @puaman
(Jared Friedman), Xema ManukaBacaram (Hema Manickavasagam), Xapu Pazx-
xa (Hari Raja), Mypaau I'yaunatu (Murali Gudipati), lllpunuBaca Bapanan
(Srinivas Varadan) u apyrue; Takxe cnacu6o [I»xeppu bpaau (Gerry Brady),
MOEMY YYMTEJIIO IO TeOpUH anroputMoB. OTaebHOe 60JIb1I0e CIacu0O0 TAKUM
KjaaccukaM aaroputMoB, Kak CLRS!, Kuyt u CtpaHr; 6e3ycsi0BHO, 51 CTOIO Ha
1J1e4axX ruraHToB.

[Tana, maMma, [IpusiHka 1 Bce pojiHbIe: ClTacHO0 3a Ballly HEYCTaHHYIO IOAAEePXK-
Ky. OrpomHoe cnacu6o Moeii xxeHe Marru. Bnepeau y Hac MHOro NmpeKpacHbIX
MOMEHTOB, U MHe yXKe He MPUeTCsS MPOBOAUTD Beuep MATHUIBI 32 MEPENMCHI-
BaHHEM KHUTH.

HakoHelr, s1 Xxouy no6JiarofapuTh BcexX YuTaTe e, KOTOpble 3aHHTEPECOBATUCH
KHUTOMH, U TeX, KTO INOAeJHUJICSI CBOUM MHeHHeM Ha (popyMe KHUTHU. biaroaaps
BaM OHa JeiCTBUTEJIbHO CTaJia JyYIIIE.,

' ABTOpBI KJ1accu4eckoi kHuru no ajaroputMmam: Kopmen, Jleitsepcon, Pusect, llltaiti. — [pu-
Meu. nep.



O KHuUre

51 npex e Bcero cTpeMuJ/ICs K TOMY, YTOObI KHMTa JIETKO YuTalach. S usberaio
HEOXKHMJIAHHBIX MOBOPOTOB; Ka)XAbli pa3, KOrjJa B KHUre yIIOMHHAeTCs HOBas
KOHIIENLHS, 51 MO0 0OBICHSAIO ee cpa3y, JuO0 roBopio, rae 6yay oObsICHATS.
OcHOBHbIE KOHIIENIIUYU MOAKPEIISIOTCSA YIIPaXXHEHUSIMU ¥ TOBTOPHBIMHU 00Bb-
SICHEHHUSIMH, YTOOBI BbI MOTIJIM IIPOBEPUTb CBOU IPEAIOJIOXKEHUS U Y6eUThCS
B TOM, YTO He IOTEPSJIM HUTh U3JI0KEHUSI.

B kHHTre NpUBOAUTCA MHOXXECTBO NMPUMePOB. Mo 11e/1b — He BBIBAJIMTh HA UUTa-
TeJisl Ky4y HEBPa3yMUTEJbHBIX (OPMYJI, a YIIPOCTUTD HATJISIAHOE IIpeaCTaB/IeHHe
3TUX KOHIeNUMH. S TaKxKe CUMUTAIO, UTO MbI JIyyllle BCero y4MMCs TOrAa, KOraa
MO>XeM BCIIOMHHUTb YTO-TO y>Ke U3BECTHOE, a IPUMEPHI MOMOTAIOT OCBEXUTD
namsiTh. Tak, kOraa Bbl BCIOMUHAaeETe, YeM MAaCCUBbI OTJIMYAIOTCS OT CBSI3aHHBIX
CIUCKOB (TJ1aBa 2), MPOCTO BCIIOMHUTE, KaK HIleTe MeCTa AJisI KOMIIAHUHU B KH-
HoTeaTpe. HaBepHOe, Bbl y>Ke MOHAJH, YTO I CTODOHHUK BU3YyaJIbHOTO CTUJIS
oOy4yeHMsl, — B KHHUT€ MOJIHO PUCYHKOB.

Coaep>xuMoe KHUTH ObLJIO TIaTeJIbHO poayMaHo. HeT cMbIc/ia mucaTh KHUTY
C OIMCAaHHUEM BCeX AJITOPUTMOB COPTUPOBKH — IJIA 3TOTO €CTh TaKhe UCTOYHMKH,
kKak Bukuneaus u Khan Academy. Bce anropuTMbl, OMCaHHbIE B KHUTE, UMEIOT
IIPaKTHYECKYIO LIEHHOCTb. S MpUMeHsIJI X B CBOei paboTe NMpOrpaMMHUCTa, M OHH
3aKJIaJ(bIBAIOT XOPOIIYIO OCHOBY JIJIsl U3y4eHus 60Jiee CJI0KHBIX TEM.

[IpusiTHOrO YTEeHUA!
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CTPYKTYypa KHUM

B nepBbIX Tpex rjiaBax 3aKJjaAblBalOTCSI OCHOBBI:

0 InaBsa 1 — BbI H3yYHTeE CBOIi NMePBbIif HETPUBUAJIBHBIM aJIrOPUTM: OUHAPHBI
NOUCK. Takxke 371eCb paCCMAaTPUBAIOTCS OCHOBBI AHAJIM3a CKOPOCTH aJITOPUT-
MOB C TpuMeHeHHeM «O-00J1b110€e». ITa 3aIUCh YACTO UCITOJIb3YETCS B KHUTE
JIJIS1 OTIMCAHUSI OTHOCUTEJIbHOM OBICTPOTHI BBIITOJIHEHUS AJITOPHUTMOB.

Q InaBa 2 — Bbl MIO3HAKOMUTECH C IByMSI OCHOBOITOJIaralOIIUMHU CTPYKTYpPaMu
JJaHHBIX: MACCUBAaMHU U CBSAA3aHHBIMU CIIMCKAMU. ITU CTPYKTYPHI JaHHBIX
YaCTO BCTPEYAIOTCS B KHUTE U UCIIOJIb3YIOTCS AJIs1 Co3AaHus OoJiee CI0KHbIX
CTPYKTYP JaHHBIX, HAIIpUMep Xel-Tab.;1u1] (rJ1aBa ).

0 I'maBa 3 — BB y3HaeTe 0 peKypcuM — yA0OHOM IpHeMe, UCII0JIb3yEeMOM
MHOTMMHU aJITOPUTMaMH (HANpUMep aJropuTMoM OBICTPOH COPTHPOBKH,
O KOTOPOM PaCcCKa3aHo B IJIaBe 4).

[To MoeMy onbITy, TeMbl «O-60JIbllIOE» U PEKYPCUHU CJIOXKHBI /I HOBUYKOB,
NI03TOMY B 3THX pa3jeJiaX sl CHUXKAI0 TeMIT U3JI0KEHHUS ¥ IPUBOXY 60Jiee MojI-
poOHbIe OODBSACHEHHUS.

B ocrtaBieiicsi YaCTU KHUTH MPeACTaBJEHbI aJITOPUTMBI, YaCTO IIPUMEHsIEMbIE
B Pa3HbIX 00J1aCTSIX.

O MeToanl pemieHHd 3a7a4y pacCMaTPUBAIOTCA B rjaBax 4, 8 u 9. Eciin Bo
CTOJIKHYJIMCh CO CJIOXKHOM 3ajia4yeid ¥ He 3HaeTe, Kak 3p(PeKTUBHO ee PellUTh,
BOCITIOJIb3YMTECh CTpaTeruen «pasiefsii v BJacTBy» (r1aBa 4) UJIM METOJIOM
IMHAMHUYEeCKOro mporpaMMupoBaHis (rjaaBa 9). A ecjid Bbl IOHSIH, YTO 3¢-
(HEKTUBHOrO pellleHUs He CYLIEeCTBYeT, IIONMPOOYiiTe MOIYYHTh NPUOTUIKEH-
HbIM OTBET C UCII0JIb30BAHMEM >XKAJHOT0 aJaropuTma (rJjiaBa 8).

0 Xem-TaOJHIbl pacCCMaTPUBAIOTCS B rjaBe 5. Xell-TabJuLbl — HUCKJIIOYH-
TeJIbHO T0JIe3Hast CTPYKTYpa JaHHbBIX, IpeIHa3HayeHHas /11 XpaHeHUs nap
KJIoYeil ¥ 3HayeHUH (HarpuMep UMEHHM YeJIOBEeKa U aJpeca 3JIEKTPOHHOM
OYTHI MJIM UMEHH I10JIb30BaTeIsA U napoJist). TpyaHo MepeoueHuTh MPaKTH-
YeCKyIo MOJIE3HOCTD Xell-TabauL. [IpucTynas K pelleHuIo 3aa4u, 1 OOBIYHO
npexxJe Bcero 3aaaio cebe ABa BOMpOCa: MOXHO JIM 3/IeCh BOCIIOJIb30BAaThCS
xelI-TabauLeil 1 MOXKHO JIM CMOJIeJIMPOBaTh 3ajayy B Buje rpada.

O AuaropurMsl rpadoB pacCMaTpUBAIOTCA B I'J1aBaXx 6 U 7. Ipadbl HCMOJIb3YIOTCS
IJIS1 MOJ€JIMPOBAHUS CeTel: COUMAIbHBIX, JOPOXKHbIX, HEMPOHHBIX UJIM JIIO-
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ObIX IpYyrux cOBOKymHocTei cBsideil. [louck B unpuHy (r1aBa 6) 1 aJIrOpUTM
JleikcTpsl (r/1aBa 7) npeHa3HayeHbl /151 IOMCKA KpaTyallllero pacCTOSIHUS
MeXX/[y ABYMS TOUKAMM CETH: C UX ITIOMOIIIbIO MOXKHO BBIYUCIHTh KpaTyan v
MapuIpyT K TOYKe Ha3HaYeHUs1 UK KOJIMYECTBO MIPOMEXYTOYHBIX 3HAKOMBIX
y ABYX JIIOJeH B COLIUAJIBHOM CEeTH.

Q Auroput™ k 6aMxaiflinx coceaeii paccmaTpuBaetcs B ry1aBe 10. 1o npo-
CTO# aJITOPUTM MALIMHHOIO 00y4eHHs; C ero MOMOIbI0 MOXXHO IIOCTPOUTD
PEKOMEH/IaTeIbHYIO CHCTEMY, MEXAaHHU3M OITHYECKOTr0 paciio3HaBAHUSI TEKCTA,
CHCTEMY ITPOTHO3MPOBAHHUS KYPCOB aKIIMii — CJIOBOM, BCETO, YTO TPeOYeT po-
rHO3UPOBAHHU A 3Ha4eHUH («MBbI 1yMaeM, Y4TO AIHT 1TOCTaBUT 3TOMY (PUJIbMY
4 3Be3abl» ) UK K1accudukalum o0beKToB («ITo OykBa Q»).

Q Caeayrommii mar: B riiaBe 11 npeacrabiieHbl 10 aJiropuTMOB, KOTOPbIE XOPO-
1110 OAOUAYT AJIs AaJIbHEUIIero U3yYeHusl TEMBbI.

Kak paboTtaTb C 3TOM KHUIrOM

[Topsimok M3/10XKEeHUS U COAEPXKHMMOe KHUTH OBbIJIM TIATEJIbHO MPOAYMAaHHI.
EcJin Bac 04eHb CUJIbHO MHTEPECYET KaKasi-TO TeMa — MepexXoauTe NpsMO K Hell.
B npoTUBHOM cily4yae YMTaWTe IJIaBBl 110 MOPSAAKY, OHU JIOTUYECKU MePEXOANAT
OJIHA B IPYTIVIO.

51 HacTOsATE/IBHO PEKOMEH/YIO CAMOCTOSITEJIbHO BBIIOJIHSTD KOJ| BCEX IPUMEPOB.
Bl He nmoBepHTe, HACKOJIbLKO 3TO BaxkHO. IIpocTo BBequTe MOM MpHUMephI KOJa
«C JucTa» (MJIM 3arpy3uTe UX I10 aapecy www.manning.com/books/grokking-
algorithms wnu https.//github.com/egonschiele/grokking algorithms) u BbINOJI-
HHUTe. Tak y Bac B IaMsITH OCTaHETCsI Topa3o O0JIbllle, 4eM IIPOCTO MPU YTEHHH.

Tak>xe s1 peKOMeH/1y10 BBINIOJIHUTD YIIPKHEHHUs, IpUBeieHHble B KHUTe. YIIpaX-
HeHUs He 3aiiMyT MHOTO BpeMeHH — OOBIYHO 33/1aUM PelaloTcs 3a MUHYTY WJIH
nBe, uHoraa 3a 5—10 MUHYT. YnpakHeHHUs] IOMOT'YT IPOBEPUTH NMPaBUJIBHOCTD
MMOHUMaHMs MaTepuasa. Eciv BbI rae-to COMINCH C MYTH, TO y3HaeTe 00 3TOM,
He 3aXO0/Is1 CJIMLIKOM JaJIeKO.

[na Koro npeaHasHavyeHa 3Ta KHUra

JTa KHUTa MpeJHa3HayeHa JJisl YMTaTesiel, KOTOpbIe BJIAAEeI0T a3aMU POrpaMMH-
POBaHMS U XOTAT pa3o0bpaThCs B aIropuTMax. MoXkeT ObITh, BbI YK€ CTOJKHYJIUChH
C 3a/lauel MporpaMMHMPOBAHHUS U IMbITAETECh HAUTH aJITOPUTMUYECKOE pellleHUe.
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A MOXeT, Bbl XOTUTE IIOHSATD, TJIe BAM MOT'YT IPUTOANTLCS airoput™bl. Hike nipu-
BeJleH KOPOTKUM Y HETTOJTHBIX CITMCOK JII01eH, KOTOPBIM MOXKET IIPUIOAUTHCSA KHHUTA:

Q IpPOrpaMMHCTHI-CaMOYYKH;
Q CTVAEHTHI, HaYaBUIXE U3y4yaTh IPOTPAMMHUPOBAHUE;
0O BbINYCKHUKH, XKeJalolue OCBEXUTh MaMSITh;

0 CHeLHuaIucThl Mo (pU3HKe /MaTeMaTHKe/APYTUM JUCLIMILJIMHAM, HHTEePeCYIO-
1Mecsi MporpaMMHUPOBAHHUEM.

YcnoBHble 0603Ha4YeHus
1 3arpy>xaemble MaTtepuansl

Bo Bcex nmpuMepax B kHure ucnoJb3dyercsa Python 2.7. Becb nporpaMMHBblii
Ko/ 0(pOPMJIEH MOHOWMPHUHHLIM WPUGTOM, YTOOBI €r0 MOXKHO OBIJIO OTJIMYUTD OT

OOBIYHOTO TEKCTA. HCKOTOpre JIUCTHUHTHU COIIPOBOXAAIOTCA aHHOTALIUAMM, 11O -
YEPKHNBAIOIIIMMHU BA)XXHbIE€ KOHLIEITIITUH.

Koa nprMepoB KHUTH MOXXHO 3arpy3UTh Ha CalTe U3JaTeJIbCTBA 110 aZipecy Www.
manning.com/books/grokking-algorithms wiu https.//github.com/egonschiele/
grokking algorithms.

S cuuTalo, YTO MBI Jyullle BCErOo yYMMCS TOrJa, KOrJa HaM 3TO HpaBUTCS, — TaK
YTO MOJIyYalTe yI0BOJILCTBHE OT IMpoliecca... M 3alycKaiite mpuMepbl Kozaa!

O6 aBTOpE

Anutbs bxaprasa paboTtaeT rporpaMMUCTOM B Etsy, MHT€pPHeT-PbIHKe aBTOPCKUX
paboT. OH MoJIy4yuJI cTeleHb MarucTpa 1o uHpopMaTuke B UukarckoM yHMBepCH-
TeTe v BeJeT MONMYJIAPHbIN MILTIOCTPUPOBAaHHbBIM TeXHUYeCKHii OJ1or adit.io.

OT n3pgatenbcTea

Bauiu 3amMeyaHus, npeayioxXeHus, BOIIPOChI OTIIPABJISIMTE 110 aZpecy comp@piter.
com (HU31aTeJIbCTBO «IIuTep», KOMIIbIOTEPHAA pPeAAKIIUS).

Munl 6yzneM paabl y3HaTh Ballle MHeHHe!

Ha Beb-cajiTe u3/1aTeIbCTBA WWW.piter.com BbI HaiizieTe HoApoOHYI0 HHPOPMAIIHIO
O HalllUX KHUTaX.
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B 3TOM rnase

v 3aKnaabiBaloTCA OCHOBbLI ANA OCTANbHbIX FNaB KHUTMW.

v Bbl HanuweTe cBOW Nepsbi anroputTM nouncka (6UHapHbIM
NOUCK).

v Bbl y3HaeTe, Kak onucbiBaeTCsa BpeMsa BbiNOAHEHWUS anro-
putMa («O-60nblioe»).

v bBypeT npeacrasneH CTaHAAPTHLIN NpUEM, 4acTo npuMe-
HAEeMbIA NPU NPOEKTUPOBAHUK anropuTMoB (peKypcus).
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BBegeHue

Anzopummom HasbiBaeTcd HaOOP MHCTPYKIMH AJIS BHINOJHEHUSA HEKOTOPOH
3amauyu. B npuHiune, 11060l ¢pparMeHT MPOrpaMMHOTO KO/Ja MOXHO Ha3BaTh
aJITOPUTMOM, HO B 3TOH KHHUTe pacCMaTPUBAIOTCs 60Jiee HHTEpecHbIe TeMbl. Kor-
1a 1 oTOMpaJ AITOPUTMBI IJI9 3TOM KHUTH, S CJIeJUJI 32 TEM, YTOOBI OHU OBLIH
OBICTPBIMU MJIM pelllajii MHTEPECHBIE 3alayM... UJIM U TO U Apyroe cpa3y. Bor
JIMIb HECKOJIbKO IIPUMEPOB.
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Q B riaBe 1 peub noiizier 0 6MHAPHOM IOKUCKE M O TOM, KaK aJIrOPUTMbI MOTYT
YCKOpPHUTb paboTy Koza. B o1HOM npuMepe aropuT™ COKpallaeT KOJIUYEeCTBO
HeoOXOAUMBIX AeHCTBUH C 4 MUJLTHAPIOB A0 32!

Q YcrpoiictBo GPS ucnosnbayet asroputMbl U3 Teopur rpadoB (06 3TOM B TJia-
Bax 6, 7 1 8) 1151 BBIUKMCJIEHUS KpaTYailllero nyTyH K TOYKe Ha3HaYeHHUsl.

Q IIpu moMomu MeETOAOB AMHAMHUYECKOrO MPOrpaMMHUPOBaHMS (CM. I1aBy 9)
MO>XHO CO3/1aTh aJITOPUTM JJIS1 UTPbI B IIALIKH.

B kaxxzoM ciyyae st ONMUIIY aJITOPUTM U IIpUBeAY IpUMep. 3aTeM Mbl 00CY UM
BpPeMsI BbITIOJIHEHHS aJITOPUTMa B MOHATUSAX «O-60biioe». B 3aBepiiieHue OyayT
pPacCMOTPeHBI TUIIbI 3a7la4, KOTOpble MOTYT pelllaTbCs C IPUMEHEHHEM TOTO Xe
aJITOPUTMA.

Y10 Bbl Y3HaeTe 06 apdpeKTUBHOCTH
anropuTMOB

A Ternepb xopoliass HOBOCTb: CKOpee BCero, peajin3alis KaXXA0ro aJropurMma
B 3TOI1 KHUTe y>Ke IOCTYIIHA Ha BallleM JIIOOMMOM SI3bIKe POrpaMMHUPOBAHHsI U BaM
He MPUJETCS MUCATh KaXKIbIi aaroputM caMoctositessbHo! Ho Jio6ast pean3anus
Oy et 6ecroie3HOI, ecyiv Bbl HE TIOHUMAaeTe ee IJII0COB U MUHYCOB. B 3T0ii KHUre
Bbl HAYYUTECh CPAaBHUBATb CUJIbHbIE U CJIa0ble CTOPOHBI Pa3HbIX AJITOPUTMOB:
M3 KaKMX COOOpakeHHi BIOMPATh MeXAY COPTHPOBKOM CIHUSIHHUEM U OBICTPOM
COPTHPOBKOI1? YTO HCIOJIb30BaTh — MAacCUB WJIH cIUCOK? [[axke BbIOOD APYyroi
CTPYKTYPbI IaHHBIX MOXKET OKa3aTb CUJIbHOE BJIMSIHIE HA pe3yJIbTarT.

YT0 Bbl Y3HaeTe 0 peweHnn 3aaau

Bbl ocBouTe MeTOIbl pellieHUs 3aJay, KOTOpble BaM cerlyac, BO3MOXHO, HEU3-
BeCTHBI. [IprmMephil:

Q Ecau BbI M06uTe co3aBaTh BUAEOUTPHI, BbI MOXKETE HAIIMCATh CUCTEMY Ha
6a3e HCKyCCTBEHHOTO MHTEJIJIEKTA, MOJIEJIMPYIOILYIO 1eHCTBHS M10JIb30BaTEJIS
C IpUMeHeHHeM aJITOPUTMOB M3 TeOpHuHU rpados.

QO Bubi y3HaeTe, kak MOCTPOUTH PEKOMEHIATEbHYIO CUCTeMY Ha 6a3e k 6mkaii-
IIKMX COCeZlEeN.
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O Hexkortopble npobieMbl He pelaTcs 3a pa3yMHoe BpeMsi! B yacTu KHUrH, 1mo-
cBseHHONM NP-nosiHOTE 3a/1a4, paccka3aHO O TOM, KaK HIeHTU(DHUIIUPOBATD
TaKue 33/1a44 U TIOCTPOUTD AJITOPUTM JIJIS1 TTOJTyYEHU s MTPUOIM)KEHHOro OTBETA.

A ecsin OpaTh 1IMpeE, K KOHIY 3TOi KHUTH Bbl OCBOMTE HEKOTOPBIE LIMPOKO IIPH-
MeHsieMble aJropuTMbl. I1ocjie 3TOro Bbl CMOXKETe BOCIOJIb30BaThCs HOBBIMH
3HAHUSMM [IJIsl U3y4eHUs OoJiee crielMaIM3MPOBAaHHBIX AJITOPUTMOB M3 00J1aCTH
MCKYCCTBEHHOTO MHTEJIJIEKTa, 0a3 JaHHBIX U T. [I. HJIK B3SThCS 3a peliieHHe 6oJee
CJIOXKHBIX 3a/1a4 B IIPaKTHYECKO# pabore.

YTOo HeoOXoaAMMO 3HaATL

YToOBI UMTATh 3Ty KHUTY, HEOOXOAUMO 3HaTh 0a30BYyIO0 anreOpy. Hampu-
Mep, Bo3bMeM ciaeayriny dyHkiuo: f(x) = x x 2. Uemy paBeH pe-
3ynbTat £(5)¢? Ecau Bel orBeTHIN «10» — UMTAUTE CIIOKOMHO.

Kpome Toro, BaMOyIeT mpoIie NOHATh 3Ty TJIaBy (1 BCIO KHHUTY ), €CIIH BEI

BJIJ€ETE XOTs OBl OJHHUM SI3BIKOM IIpOrpaMMHUpPOBaHMs. Bce mpuBe/icH-
HbI€ MpUMepbl Hanucanbl HA Python. Eciv BBl He 3HaeTe HU OJTHOTO SI3bI-
Ka MpOrpaMMHUpPOBAHUs, HO XOTUTE M3Y4uTh — BblOMpaiite Python: 3To
OTJIMYHBIN SI3bIK JUJISI HAUYMHAKOIIMX. ECIIM BbI YK€ 3HAETE APYrou SA3bIK
(ckaxeM Ruby) — Bce B mopsiake.

BuHapHbIK nouck

[Ipeanonoxum, Bb vieTe GaMUINIO YEJTOBEKA B Te-
JeOHHOM KHUTe (Kakasi ApeBHsS TexHOJorus!). OHa
HaunHaeTtcs ¢ 6ykBbl «K». KoHeuHO, MOXXHO HavyaThb
C CaMOr0 HayaJjla ¥ IepejIUCThIBaTh CTPAaHUILBI, [TOKa
Bbl He nobeperech 10 OykBbl «K». Ho ckopee Bcero
IJIs1 yCKOPEHHUSA MOUCKA JIy4llle pacCKpbITb KHUTY Ha
cepeavite: Beab OykBa «K» moykHa HaxoauThCs rae-
TO OJ1MKe K cepefiHe TeJie(POHHOI KHHUTH.

Wy npeanonoxxum, 4To Bbl MIIETE CJIOBO B CJIOBAPE,
¥ oHO HauMHaeTcsi ¢ 6ykBbl «O». U cHoBa sy4iie Ha-
4aThb C CEPEUHBL.
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Tenepb AONMYCTUM, YTO Bbl BBOAUTE CBOU
naHHble IpH Bxoje Ha Facebook. ITpu atom
Facebook Heo6xoauMo poBepUTh, ECTh JIX
y BaC yyeTHas 3anuchb Ha caure. las ato-
ro Ballle UMs MOJIb30BaTEJsI HYXXHO HAaUTH
B 60a3e maHHbIX. /JlonmycTuM, Bbl BhIOpain
cebe uMs nosb3osaTens «karlmageddon».
Facebook mMoxeT HayaTh ¢ 6ykBbI A ¥ ITpoBe-
PATb BCce NOAPS/, HO pa3yMHee OyZeT HayaThb
C CEpPEeIMHBI.

[lepen HamMu TUNIMYHAs 33/la4ya oucKa. M Bo BceX 3THX CAy4yasixX [Jisl pellleHHUs]
3a/1a4¥ MOXXHO IIPUMEHHUTD OJMH aJITOPUTM: OGUHAPHBLI NOUCK.

bUHApHBINA MOUCK — 3TO AJITOPUTM; Ha BXO/€ OH IOJIy4aeT OTCOPTUPOBAHHbBIN
CIIMCOK 3JIEMEHTOB (I103Hee st OOBACHIO, TOYEMY OH JA0JXKEH ObITh OTCOPTHPO-
BaH). Ecsin a;1eMeHT, KoTOpbIi BhI HIlleTe, IPUCYTCTBYET B CIIMCKe, TO OWHAPHBIMA
IIOMCK BO3BpalllaeT Ty MO3UI[HUIO0, B KOTOPOii OH OblJ1 HalifeH. B mpoTUBHOM ci1y-
yae OMHapHBIM MOUCK Bo3BpalaeT null.

Hanpumep:

Uuem KoMnaHuio

B TenedoOHHON KHMre
C NpUMeHeHHeM
GuHapHOro noucka

e UPYETO
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PaccMoTpuM npuMep Toro, kak paboraer OMHapHbIi Mouck. ChirpaeM B IIPOCTYIO
Urpy: 5 3aragaj yucJio ot 1 go 100.

A2 s e

Bbl 10/DXHBI OTragaTb MO€ YHUCJIO, UCII0JIb30BaB KaK MOXXHO MEHbBIIIE MOIbITOK.
[Ipu xaXxaoii nmomnbITKe 51 Oy1y AaBaTh OAUH U3 TPEX OTBETOB. «MaJIO», «MHOT'O»
UJIM «yTaJas».

[IpeanosioxumM, Bbl HaYMHaeTe nepeOMpaTh BCce BapUaHThI moApAal: 1, 2, 3, 4 ...
BoT kak 3To 6yaeT BHITJISIAETD.

KTz T T Teo)

xizi3 ] Tiee]

Nnoxou cnocob
yraaaTb YHCNO

][
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ITO MpUMEp nPocmozo noucka (BO3MOXHO, TEPMUH «Mynol nouck» Oblj ObI
yMecTHee). [Ipu kaxk0i1 forajke UCKI04aeTcsi TOJbKO OAHO YyKco. Ecnu 5 3a-
ragaj yucJo 99, To, uTobbl 106paThCs A0 Hero, noTpedyercss 99 nonbITOK!

Bonee 3pdeKkTUBHLIN NOUCK

CyiecTByeT aApyroii, 6oJiee 3¢pdpexTuBHbIi crioco6. Haunem ¢ 50.

SR o o 2 1

BCE 3TH YHCAA
S - CAHLIKOM MAABI)

CJIMIIIKOM MaJIo... HO BBl TOJIbKO YTO MCKJIIOUUJIHU n0.108uHy yuces! Tenepb Bbl
3Haete, 4To Bce yKucia 1-50 MeHblie 3araganHoro. Caeaymomiast onbITKa: 795.

75) ()
a5,

Ha sToT pa3 nepeJiet... Ho BbI CHOBa HCKJIIOUMJIM IIOJIOBUHY OCTaBIIMXCS YyHce!
C 6unapHvim nOUCKoM 8ot KaxXCOblll pa3 3azadviéaeme Yucio 6 cepedure ouanasona
U ucxarouaeme nonosuny ocmaswuxcs uucen. Cuenymommm oyaet yucsuo 63 (1o

cepenute Mexay 50 u 75).
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Tak paboTtaeT OMHAPHBII MOUCK. A BB TOJIbKO YTO Y3HAJIM CBOM NePBbIii ajlro-
putM! [TonpobyeM noToyHee OnpeaeUThb, CKOJIbKO YHCes OyAeT UCKII0YaThCS
KaXXIbI1 pa3.

5555573 -» (58] AE] (5] (7]~ ] 2] 1,

<

# waros ¢

NMpu 6UHApPHOM NOUCKE KAXAbIA Pa3 UCKNIOYAEGTCA NONOBUHA YUCEN

Kaxkoe ObI 4MCJI0 1 HY 3aayMaJl, Bbl TapaHTUPOBAHHO CMOXETe yraaaTh ero He 60-
Jiee yeM 3a 7 TMOIBITOK, IOTOMY YTO C KaXKJ0M IMOIBITKOM UCKJTIIOYAeTCs ITOJIOBUHA
OCTaBIIMXCS yHUce!

[Ipeanonoxxum, Bbl UileTte ca0BO B cjoBape ¢ 240 000 cioBamu. Kak Bbl AyMaerTe,
CKOJIbKO IONBITOK BaM IIOHAZI0OUTCS B XY/IIEM CJy4yae?

NPOCTOR MOMCK: ___ WATOB
BHHAPHOIA MOHCK: — WATOB

[Tpu npoctom noucke Moxet nmorpeboBaTbcst 240 000 MONMBITOK, €CJIM HCKOMOE
CJIOBO HaXOJAMUTCS HA caMOM IOcJjeAHEN MO3ULIMM B KHUTe. C KaXXAbIM 1I1arOM
OMHaPHOro MoMCKa KOJMYECTBO CJIOB COKPAIIAETCS BIBOE, I0KA HE OCTAHETCS
TOJIbKO OJIHO CJIOBO.

a0 k| —={12¢x]— (62K] — [3d¢] -+ {T5<] —+[F5K) > [375¢
(IED— T8 ]« f235] «{ 9 ]l 222 o {1475 ]
3

g 1215 |—] *3”—13 4 ]—)2 — |1 |-
18 WATOB
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Wrtak, 6uHapHBI# Mouck nmotpebyeT 18 maroB — 3ametHast pa3uuual B 06-
ll[eM CJIy4ae IJisl CITUCKA U3 7 371eMEHTOB OMHAPHBI MOUCK BBIMOJHSIETCS 32
log n maros, Toraa Kak MpocToii MOMCK OyAET BHIIOJIHEH 3a 7 1IAaroB.

2

Jlorapudpmbl

B03M0HO, BbI YK€ 3a0bLIH, UTO TAKOE JIOTapu(PM, HO HABEPHSIKA TOMHMU-
T€, YTO TAaKO€ BO3BEIACHHE B CTCIICHbD. loglo 100 mo cyTu 03Ha4YaeT, CKOJIb-
KO pa3 HYXKHO MEpeMHOXUTh 10, 4T00bI mony4uuTh 100. [IpaBWIbHBINA OT-
BeT — 2: 10 x 10. Utak, log 100 = 2. JIorapugm 1o cMbICITy IPOTHBOIIOJIO-
YKE€H BO3BEICHUIO B CTEIICHb.

1[} 1@'&5 > L"}ﬂuwﬁ 2
’l‘ﬁ 1*39555 - Lugﬂmllﬂ' 3

21 :8 — 193*3 ?

—— r—

ey N L-.%E-:::S

INNorapudpm - onepauuns, obpatHaa BoO3BeAEHUIO B CTEMNEHb

N |

N
I

Korga s B 3T0#i kHUre ynomuHarn «O-00ib110e» (00 3TOM 4yTh I03KE),
log Bcerna o3nauaer log,. Korma Bel MIIETE 3IEMEHT C IPUMEHEHUEM IIPO-

CTOI'0 TMOMCKA, B XYJIIEM CJIydyae BaM MPUIETCS MPOBEPUTH KaXKJIbIM dJie-
MeHT. MTak, 1y cnrucka u3 8 yncell oHaa00uTCs He 00JbIe 8 IIPOBEPOK.
JI1s OMHApHOro IOMCKAa B XYJIIEM ClIydae HOTpe6yeTCH HEe OoJee logn
npoBepok. s crincka u3 8 3neMeHToB logg == 3, motoMy 4To 2° ==
Wrak, 11l criMcka U3 8 4KMcel BaM MPUIETCS MPOBEPUTH HE 0oJiee 3 YrCell.
Jlna cnucka u3 1024 snementos log 1024 = 10, notomy urto 2 == 1024.
CienoBaTenbHO, 11 cinucka u3 1024 4ucenn OpuaeTcs MpoBEepUTh HE 00-
aee 10 gucer.
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NPUMEHAHME

Hanpumep, nmeHa B TenepOHHOM KHUre XpaHATCA B andaBMTHOM Nopsiake, U Bbl
MO)KeTe BOCNONb30BaTbCA OGMHApHBIM NOMCKOM. A 4TO Npou3onaeT, ecnu UMeHa
He 6yayT OTCOpTMPOBAHbI?

]

)

I (7

+  BuHapHbIA Nouck paboTaeT TONbKO B TOM Cny4ae, ecnM CNUCOK OTCOPTUPOBAH.
|

|

|

I

|

[TocMOTpHM, Kak HalmMcaTh peaM3al[uio OMHapHoro noucka Ha Python. B cieny-
IolIEM ITPUMePe KOJIa UCII0JIb3yeTcs MaccuB. Eciv Bbl He 3HaeTe, Kak paboTaloT
MaCCHUBBI, He 0eCIIOKOiiTeCh: 3Ta TeMa pacCMaTpPUBaeTCs B CJEAYIOIIEN TIJIaBe.
[Toka 1ocTaTOYHO 3HATD, YTO CEPUIO JIEMEHTOB MOXXHO COXPAHUTh B HENPEPHIB-
HOM IMOCJIe0BaTeIbHOCTH sA4eek, KoTopasl Ha3biBaeTcsi MacCuBoM. Hymepanus
ssyeeK HauuHaeTcs ¢ 0: mepBas s;uerKa HAXOAUTCS B MO3UIMU C HOMepoM O,
BTOpasi — B IO3UIMU C HOMepOM 1 U T. 1.

DyHkuMs binary_search noJiyyaet OTCOpTUPOBAHHBIM MacCUB U 3HaueHue. Ecm
3HayeHMe IIPUCYTCTBYET B MACCUBE, TO (PYHKIIMS BO3BPAlaeT ero no3uiuio. [1pu
3TOM MBI JOJDKHBI CJIEAUTD 3a TeM, B KAKOW YaCTH MACCHBa MPOBOJAMUTCS ITOHUCK.
BHauaJie 3T0 BeCb MaCCHB:

low = ©
high = len(list) - 1

YHCAR, MO KOTOPHIM
MPOBOLUTCA MOUCK

Kaxxaplii pa3 aropuTM IpoBepsieT CPeAHU N 3JIEMEHT:

mid = (low + high) / 2 < Ecnu 3navyenne (low+high) HevetHo, To Python asTomaru-
guess = list[mid] Yecku oKpyrnaer 3HayeHne mid B MeHbLUyI0 CTOPOHY



YnpakHeHus 27

Ecsin HazBaHHOE YHCJI0 OBIIO CJAUILIKOM MaJjIo, TO IepeMeHHast low 0OHOBJISIETCS
COOTBETCTBEHHO:

if guess < item:
low = mid + 1

HOBOE
3HA-
YEHHE
LOW  HIGH

A ecnu morajaka Oblia CIMIIKOM BeJIHKa, TO 0OHOBJseTcs nepeMeHHas high. ITonHbii
KO/ BBITJISAAUT TaK:

B nepemenHbix low 1 high xpaHATCA rpannybl
def binary_search(list, item): <. - TOW YaCTH CNUCKA, B KOTOPOH BbLINONHACTCA

low=0/// e NOMCK
high = len(list)-1 <~

while low <= high: o« Moka 3Ta YacTb He COKPATUTCA A0 OAHOIr0 3NIEMEHTA ...
mid = (low + high) ) CIETPIRIEEETRS ... NpOBEpPAEM CPEAHUIA INEMEHT
guess = list[mid]
if guess == item: S TCERPRITIPRITS 3HayeHHe HaUnAeHo
return mid
if guess > item: S SEPTETTETIOION MHoro
high = mid - 1
else: D CITEITTPTIPPOY Mano
low = mid + 1
return None S SEELLLIIEIRIY 3HaueHune He cywecrayer
my_list = [1, 3, 5, 7, 9] <« reeeenes A Tenepb npotectupyem pyHkyumio!
__________ BcnomuuTe: HYMepaUuA 3nemMeHToB Ha-
print binary_search(my_list, 3) # => 1<« yunaerca ¢ 0. Bropoi sueinke coorser-

print binary_search(my_list, -1) # => None v cTByeT uHaekc 1
.. "None" 8 Python o3Hauaet "Huuto". 310
' NPU3HAK TOrO, YTO 3NNIEMEHT He HaAeH

Ynpa)KHeHus

1.1 lImeercs orcopTupoBaHHbIH clcOK U3 128 uMeH, U BbI HILlETE B HEM 3Ha-
yeHHe MeToJ0M OMHapHOro noucka. Kakoe MmakcuMasbHOEe KOJIMYECTBO
[IPOBEPOK JIJIs1 3TOT0 MOXKeT MoTpeboBaThCsI?
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1.2 IIpeanonoxum, pa3Mep CIMCKa yBeJHMYHJICS BABoe. Kak H3MeHUTCST MaK-
CHMaJIbHO€e KOJIMYeCTBO ITPOBEPOK ?

Bpemsa BbiNONHEHUS

Kaxxasiit pa3, korga Mbl Oy/ieM pacCMaTpUBaTh OYEpeHOM aJrOpuTM, s Oyay
00CyX/J1aTh BpeMs ero BoinoiHeHHus1. OOBIYHO cyleyeT BhIOMPaTh caMblii adek-
THUBHBII aJITOPUTM, OyIb TO ONITUMHU3AIMS IO BpEMEHU HJIH NTAMSITH.

BepHeMcst k 6uHapHOMY noucKy. CKOJIbKO BpeMEHH C3KOHOMMT €ro Ipume-
HeHUe? B mepBOM BapHUaHTe MBI IIOCJI€A0BATEJbHO MPOBEPSJIN KaXX0€e YUCJIO,
oHo 3a ApyruM. Eciiu criucok coctouT u3 100 yuces1, MoxeT moTpe6OBaTbCS 110
100 nomnbiTOK. /71 crKCKa U3 4 MUJIJIMAPA0B YKces1 MoTpebyeTcs 10 4 MUJLIUap-
0B MONbITOK. TakMM 06pa3oM, MAaKCMMaJIbHOE KOJTMYEeCTBO MONBITOK COBIIAA€T
C pa3MepoOM CITUCKA. Takoe BpeMsl BBIIIOJIHEHUS] HAa3bIBAETCS JUHEUHDBIM.

C 6MHapHBIM ITOMCKOM JieJio o6cTouT MHave. Ecsm ciucok coctout u3 100 ae-
MEHTOB, MoTpebyeTcs He 60J1ee 7 MonbITOK. [[/1s ciucka 3 4 MUIIMapIOB 3J1e-
MeHTOB IoTpebyeTcst He 6oJiee 32 monbiTOoK. Brieyatsier, BepHO? BuHapHbIii
IIOMCK BBINOJIHSIETCS 3a J0o2apumuueckoe epems. B ciaenyiomeit tabauue mpu-
BOAMTCS KpPaTKasi CBOIKa pe3y.JIbTaToB.

NPOCTOR BHHAPHHIA
MOKCK MONCK

- . i'
100 SAEMEHTO8 100 2AEMEHTOR
J 4

100 NOMNKTOK 1 NONBITOK

4 000 000 000 4 000 000 000

JAEMENTOB | JAEMEHTOB
$ = J
4 000 000 000 I 32 NMOMBITKH
nONBTOK
. p——— — _'—'-"
O(Log n)
Oo(n)
A R
AHHERHOE AOI‘AP::;\::ECKOE
BPEMA

Bpema BbIinONHEHUA AaNFOPUTMOB NOUCKA
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«O-60onbLOE»

CrnenuanbHast Hotauus «O-6oabvwoe» Onu-
ChIBaeT CKOPOCTb paboThI aIrOpUTMa. 3a4YeM
BaM 3T0? BpeMsi oT BpeMeHHM BaM NPUIETCS
MCII0JIb30BaTh Yy)KHe aJITOPUTMBI, a IIOTO-
MY HEIJIOXO OblI0 Obl IOHMMATh, HACKOJIb-
KO OBICTPO MM MeJJIEHHO OHM paboTalor.
B atoMm pa3szeie st 00bsICHIO, YTO NMPEACTAB-
asieT coboii «O-60b110€», U IPUBELY CITH-
COK CaMbIX pPacIpOCTPaHEHHbIX BADUAHTOB
4 BpeMeHH BBINOJTHEHHUS /151 HEKOTOPBIX aJj-
TOPUTMOB.

Bpemsa BbINONHEHUSA anropuTMOB pacTeT
C pa3HOM CKOPOCTbIO

Bo6 numer axroputm nomcka ajst NASA. Ero anroputm 3apaboraert, koraa pa-
Keta OyzaeTt noaJerath K JIyHe, 1 TOMOXXET BBIYMCIUTD TOUKY ITOCAKH.

ITO OAIMH U3 IPUMEPOB TOT0, KAK BPEMSI BHIIIOJTHEHUS IBYX AJITOPUTMOB PacTeT
c pa3Hoi ckopocThio. bob 1biTaeTcss BHIOpaTh MEXy NMPOCTHIM U OMHAPHBIM
nouckoM. Ero anroputm mosxeH paborath 6bicTpo M MpaBuiabHO. C 0IHOM
CTOpOHbBI, OMHAPHBIM MOKUCK paboTtaer 6bicTpee. Y boba ecth Becero 10 cexkyHz,
yTOObI BHIOPATh MECTO MMOCAAKH; €CJIH OH HE YJIOKUTCS B 3TO BPEMSI, TO MOMEHT
a1si mocaaku 6yaet ynyiueH. C Ipyroi CTOpOHbI, POCTOM MOMCK ITHUINETCS IPO-
1I[e ¥ BEPOSITHOCTb OLIHOOK B HeM HHXe... KoHeuHo, Bob cosepuento He xouet
JIONYCTUTh OIIMOKY B KOJle IMOCAAKH pakeThl. V1 Toraa Aj1s nyei yBepeHHOCTH
Bo6 pelraer U3MepuTh BpeMs BBITIOJIHEHUSI 000MX aJITOPUTMOB [JIsl CIIMCKA U3
100 a;1eMeHTOB.

JlonycTuM, NpoBepka OHOro 3jeMeHTa 3aHuMaeT 1 MusutucekyHay (Mc). [1pu
npocToM noucke boby npuaercs nposeputh 100 3/71eMeHTOB, I0OITOMY IOUCK
3aitMeT 100 mc. C apyroii CTOpOHBI, Npy OMHAPHOM ITOMCKE JOCTATOYHO MPOBE-
puTb Bcero 7 anemeHTOB (log,100 paBen nmpu6in3uTeabHO 7), a HOUCK 3aliMeT
7 Mc. Ho peasbHbIi CTMCOK MOXET COJepXkKaTh 60jiee MUJLTHAp/a 3JIEMEHTOB.
CKOJIbKO BpeMeHH B TaKOM cJiyyae NoTpebyeTcsl 151 BHIITOJHEHUST IIPOCTOrO
noucka? A npu 6mHapHoM noucke? O6s13aTeJIbHO OTBETHTE Ha 06a BOIpoCa,
npex/e 4eM MPOAOIKUTD YTEHHE.,
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NPOCTOR NONCK BUHAPHBIR MOMCK
100 Mc 7 McC

Bpemsa BbiNoNHEHUA NpocToro u 6uHapHOro noucka ana cnucka u3 100 anemeHTOB

bo6 npoBoauT GMHAPHBIH MOUCK C 1 MUJIJTHAPAOM 3JIEMEHTOB, U HAa 3TO YXOIUT
30 mc (log,1 000 000 000 paBen npubusuTeabHo 30). «32 mc! — nymaet Bob. —
BuHapHblit nouck B 15 pa3 ObicTpee MIPOCTOro, IOTOMY YTO MPOCTOM MOUCK IS
100 s;remenToB 3aHst1 100 Mc, a GMHAPHBI MOMCK 3aHSJ 7 MC. 3HAYUT, IPOCTOI
nouck 3aiimer 30 x 15 = 450 mc, BepHo? Topa3no MeHbiie oTBeaeHHbIX 10 ce-
KyHa». 1 bo6 BeiGupaeT npocToi nouck. BepeH jiu ero Bei6op?

Hert, bo6 omnb6aercs. Imy6oko omnbaeTcsi. BpeMsi BbINOJHEHUS 11 IPOCTOrO
noucka ¢ 1 MUJIJTHApAOM 3JIEMEHTOB COCTaBUT 1 MUJLIMApA MUJLJIUCEKYH, a 3TO
11 nueit! [Ipob6ieMa B TOM, YTO BpeMsi BBITIOJTHEHUS 1711 OWHAPHOTO U IMPOCTOr0

[IOMCKa pacmem C pa3Hou CKOPOCMbio.

NPOCTOA MOKHCK BHHAPHBIA MOKCK

| . ——

100 JAEMEHTOB 100me | 7me
10 000 JAEMEHTO8 1O cekyHd 14 Mc o
1 000 000 SAEMEHTOB 11 Jnedt 32 Me -

Bpema BbINONHEHUA PacTeT C COBepleHHO Pa3HOH CKOPOCTbIO!

JIpyruMu cJI0BaMH, ¢ yBeJIMYEeHHEM KOJMYECTBA 3JIEMEHTOB OMHAPHBIN MOUCK
3aHUMaeT YyThb 00JIbllle BpeMeHU. A MPOCTOM MOUCK 3aiMeT 20pa3do 6oJiblie
BpeMeHH. TakuM 00pa3oM, ¢ yBelMueHHeM CIIMCKa OMHAPHBII CIMMCOK BHE3all-
HO HauuHaeT paboTaTh 20pa3do GuicTpee nmpocToro. bob aymaist, 4To 6MHAPHBINA
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nouck pabotaetr B 15 pa3 6bIcTpee MPOCTOro, HO 3TO He Tak. Ecau crucok co-
CTOUT U3 1 MUJIJTMap/ia 3/IEeMEHTOB, OMHapHBII MOMCK paboTaeT NpUOIU3UTEIb-
HO B 33 MUJIJIMOHA pa3 ObicTpee. BoT nmoyeMy HeOCTaTOYHO 3HATh, CKOJIBKO
BpeMeHHU J0JIKeH paboTaTh aJITOPUTM, — HEOOXOAUMO 3HaTh, KaK BO3pacTaeT
BpeMsI BBIIIOJIHEHUSI C POCTOM pa3Mepa CIUCKa. 371eCb-TO BaM U NMPUTOIUTCS
«O-60sb1110€».

«O-60J1B11I0€» OIUCHIBAET, HACKOJILKO OBICTPO
paboTaeT anroputm. [Ipeanosoxum, uMeeTcst
CIIUCOK pa3Mepa n. [IpocToi MoOUCK J0JIKeH
IIPOBEPUTh KAXABIA 3JIEMEHT, I03TOMY MY
NpUAETCSA BBINOJHUTD N onepanuii. Bpems
BbINoJIHeHUST «O-60J1b110€e» nMeeT Bua O(n).
[TocToiiTe, HO rae e CeKyHAbI? A UX 3/1€Ch
HeT — «O-60J1b1I0E» HE COOOIAaeT CKOPOCTh
B CEKYH/aX, a 10368015em CPASHUMb KOAUYe-
cmeo onepayuti. OHO YKa3bIBaeT, HACKOJIbKO
OBICTPO BO3pacTaeT BpeMsl BbIIIOJTHEHHU S aJl-
ropuTMa.

A temnepb Apyro# npuMep. /{151 TpoBepKH CIKUCKa pa3MepoM 72 OMHAPHOMY IMOMC-
Ky notpebyertcs log n onepanuii. Kak 6yzaet Boirisinets «O-60osbui0e»? O(log n).
B o61iem caydae «O-60s1bliI0€e» BBITJISIUT TaK:

O )]

«O-50AbUOE» = AL KOANYECTBO
ONEPAUNA

Kak 3anucbiBaerca «0-6onbwoe»

Takas 3anuch cooOIaeT KOJTUYECTBO Olepaluii, KOTOpbi€ NMPUAETCS BBINOJI-
HUTb anropuTMy. OHa Ha3biBaeTcsl «O-60Jb1I0e», IOTOMY UTO Mepel KoJinye-
CTBOM omnepaluii ctaBuTcst CMMBOJI «O» (a 60Jb1lI0e — IIOTOMY YTO B BEpXHEM
perucTpe).

Tenepb pacCMOTPHUM HeCKOJIBKO MpuMepoB. [lonpobyiiTe caMOCTOSITE/IbHO Olle-
HUTb BpeMs BbINOJIHEHUS 3TUX aJITOPUTMOB.
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HarnapHoe npeacrasnenue «O-6onbLuoe»

YT106BI MOBTOPUTD CJAEAYIOL[HIT MPaKTUYECKHIT TpUMeP, JOCTATOYHO UMETh He-
CKOJIbKO JIMCTKOB OyMaru ¥ kapauzaill. [[ornmycTiM, Bbl JO/DKHBI IOCTPOUTH CETKY
u3 16 kBaapaTOB.

Kak ponyeH Boirnagerb
XOPOLWMUH aNrOPUTM
ANA NOCTPOEHUA ITOM
CeTKu?

Anroputm 1

Kak BapuaHT MOXHO HapucoBaTh 16 kBagpaToB, 110 0JHOMY 3a pa3. Hamno-
MUHaI0: «O-00JbllIOe» MOACYMUTHIBAET KOJIMYECTBO onepanuii. B ranHoM npu-
Mepe PUCOBaHMeE KBaJpaTa CYUTAETCA OAHOM onepanueir. HyxxHo HapucoBaTh
16 kBagpaTtoB. CKOJIbKO Onepaliii Mo puCOBaHUIO OAHOTO KBaJpaTa MpUAETCS
BBINIOJIHUTD?

pucyerca

no OAHOMY
; \Kaanpary

Yrto6s1 HapucoBaTh 16 kBaapaToB, moTpedyetcs 16 maros. Kak BhITISAUT BpeMs
BbIIIOJTHEHHUSI 3TOTO AJITOPUTMA?

CeTka
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ANroputm 2

A Tenepb nonpobyem nHaye. CJIOKHUTE JIUCT MOMOJIaM.

(—J

-

Ha sToT pa3 onepaiueii cuuraercs cjaoxeHue JucTtka. [lonyyaercs, 4To ogHa
onepalus co3aeT cpa3y ABa NPSIMOYTOJibHUKA!

Cnoxure 6yMary ellie pa3s, a IOTOM elle U ellle.

L,

-

Pa3BepHUTE JIUCTOK MOCJIE YETHIPEX CJIOXKEHUNA — IMOJTY4YUJIACh 3aMeyaTe ibHas

cetka! Kaxoe cjioxeHue yaBauBaeT KOJIMYECTBO IPSIMOYTOJIbHUKOB. 3a 4 ore-
paiuM Bl co31aau 16 npsAMOyroibHUKOB!

1 CAOXEHHE 2 CAOKEHHA 3 CAOXKEHHA 4 CAOXEHHA
J

B

MocTpoeHune ceTku 3a 4 CNOKeHHUA
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[Ipu kaxxa0M cKJIaAbIBAHMHA KOJHUYECTBO MPSMOYTOJbHUKOB YBEJIUYHUBAETCS
B/IBO€, TaK YTO 16 NpsSAMOYroJIbHUKOB CTPOSATCA 3a 4 mara. Kak 3anucatb Bpems
BBIINIOJTHEHHUS 3TOTO aJroputMa? Hamuiiute BpeMsl BbIIIOJTHEHUSI 0O0OMX aJIro-
PUTMOB, IIpeX/€e YeM IBUraThCA Jajblile.

Omeemui. anTOpUTM 1 BbITIOJIHSIETCS 3a BpeMsi O(n), a aJirOpUTM 2 — 3a BpeMs
O(log n).

«0O-bonbluoe» onpeaensieT BpeMst BbiNONHEHUS
B XyALWleM cny4vae

[Ipeanos0XxuM, BbI KCIIOJIb3yeTe MPOCTON MOUCK JJ151 MOMCKA (paMUJIUM B Tee-
¢onHoM KHUTE. Bbl 3HaeTe, YTO MPOCTOM MTOUCK BINOJIHAETCA 3a BpeMst O(7), TO
eCTh B Xy/IlIEeM CJIy4ae BaM MPUAETCS MMPOCMOTPETh KAXKAYIO 6€3 UCKIIOYEHHS
3anuch B TesiepoHHOI KHUre. Ho npeacraBbTe, 4TO MCKOMasi (paMUJIMS HAYM-
HaeTcsl Ha OYKBY «A» M 3TOT 4eJIOBEK CTOUT Ha CaMOM IIEPBOM MeCTe B Balllei
Tesie(poHHOM KHUre. B 06111eM, BaM He ITPUILJIOCh IPOCMATPUBATh BCE 3aITUCH —
Bbl HAlLJIK HY>XXHYIO (paMUJIHIO ¢ TepBOM MONbITKU. OTpaboTasn 1 aITOPUTM
3a BpeMs O(n)? A MoxeT, OH 3aHs11 BpeMsi O(1), IOTOMY 4TO pe3yJIbTaT ObLJI
IIOJIYY€EH C N1epBOM MOIBITKH?

[IpocToil mouck Bce paBHO BbINOJHsAeTCA 3a BpeMsa O(n). IIpocTo B 1aHHOM
cJiyyae Bbl HAllUTM HYy>KHO€ 3HaYeHHEe MOMEHTAJIbHO; 3TO JIYYIIM BO3MOXKHBIN
caydait. OqHako «O-60.b1110€» OMUCHIBAET XyO0wuli BO3MOXHBIN ciayyait. Dak-
THYECKH Bbl yTBEPXKJAETE, UTO 8 Xyouiem cayuae NpUAETCS IPOCMOTPETh KXKAYIO
3anuch B TesiePOHHOM KHUTe MO OAHOMY pa3y. ATO U ecTb BpeMs O(n). 1 aTo
IaeT omnpene/ieHHble TapaHTUM — BBl 3HAETe, YTO NMPOCTON MOMCK HUKOTIA He
oynet paborath MegienHee O(n).

NPUMEYAHME

Hapsay C BpeMeHeM xyawero cnyyas Takxe NoNe3HO yyYuTbiBaTb CpeaHee Bpe-
MS BbINONHEHUS. TeMa Xyalwero n cpefAHero BpeMeHn BbiNONHEHNA 06CyxaaeTcs
B rnase 4.

- TP BT W O ET E .= M .
T " E B N A e e o]



«0O-6onbwoe» 35

TunnyHble npumepbl «O-60nbLLOro»

Hwxe nepeunciienbl nth pasHoBHAHOCTEN «O-60J1bIIOr0», KOTOPBIE OyayT BCTpe-
YaTbCs1 BAM OCOOEHHO 4acTo, B NIOPSIAKE YObIBAHUSI CKOPOCTH BBIIOJIHEHUS:

a O(log n), unu rozapupmuueckoe epems. IlpuMep: GMHAPHBIH MOKUCK.
QO O(n), unu auneunoe epems. I1puMep: pocToit MOUCK.

Q O(n * log n). [Ipumep: appekTHUBHBIE aJITOPUTMbI COPTHUPOBKH (OBICTpast
COPTHPOBKAa — HO 00 3TOM B IJIaBe 4).

Q O(n?). Ilpumep: MenIeHHbIE aJTOPUTMbI COPTUPOBKHU (COPTHPOBKA BHIOO-
pPOM — CM. I'1aBY 2).

Q O(n!). IIpumep: oueHb Me/IJIEHHBIE AJITOPUTMBI (3a1a4a O KOMMHBOSKEpE —
O Hel OyJeT paccKa3aHo B CJIEAYIOIEM pa3fiesie).

[Ipeanosioxxum, BbI CHOBAa CTPOUTE CEeTKY U3 16 KBa/[paToB, U Bbl MOXKETE BBIOPATh
IULs1 pellleHUs 3TOM 3a7a4yM OAUH U3 5 aaropuT™MoB. I1pH HCII0/Ib30BaHUH ITIEPBOTO
aJIropuTMa ceTka 6yaet moctpoena 3a BpeMs O(log n). B cexyHy BBINOJHAIOTCS
no 10 onepauuii. C BpemeneM O(log n) nuist mocTpoeHus cetku u3 16 kBaapaToB
norpebyitorcs 4 onepaiuu (log 16 paBeH 4). Utak, ceTka 6yaeT NocTpoeHa 3a
0,4 cekyHanl. A ecai O6bI 6b1J10 HY>XHO MocTpouTh 1024 kBagpaTa? Ha aTo Obl
notpeboBanoch log 1024 = 10 onepauuii, uau 1 cexkyHaa. HanomHio, 4yTo aTu
YyHcJIa MOJy4YeHbl IPU UCII0JIb30BAHUH MIEPBOTO aJITOPUTMA.

BTtopoii aaroputM paboraer MeasieHHee: 3a BpeMst O(n). [Ias mocTpoeHus
16 npsiMoyroJIbHUKOB noTpedyeTcs 16 onepaiuii, a a1 nocrpoerus 1024 nps-
MoyrosibHUKOB — 1024 onepauuu. CKOJIBKO 3TO COCTaBUT B CEKyHAAX ?

Huxe nokasaHo, Cko/1bko BpeMeHHU moTpeGyeTrcs Al NOCTPOEHHUSI CETKH
C OCTaJIbHBIMHU aJITOPUTMAaMH, OT CaMOTro OBICTPOro 0 CaMOro MeJIeHHOTO:

y 1

LT koAMYECTBO _ | ! f
suCTPO  MTPAMO- S 5
YTOAbHHKOS OClegw) O Ottegy O 90 MEJ_':MEHH:;
16 04 ¢ 16¢ 6.4 c 25.6 ¢ La3p4) Atm
256 0% ¢ 25.6¢ 34 mun 1@ 4  6x1p" Aem
10 ¢ 1.7 ¢ 17 Mun 1.2 dug  5.4x16aem

1924



36 naBa 1. 3HAKOMCTBO C aNropuTMamMu

Cy1ecTBYIOT 4 Ipyrue BapuaHThl BpeMeHH BbINMOJHEHHUS, HO 3TH MSATb BCTpe-
YaloTCS Yallle BCETO.

[ToMHUTE, YTO 3Ta 3aNMUCH sABJIsieTCs yrpoleHueM. Ha npakTuke «O-60J1bI0€e»
He yJaeTcs JIETKO MpeoOpa3oBaTh B KOJIMYECTBO ONepalHii C TakOif TOYHOCTHIO,
HO ITIOKa HaM XBaTHUT U 3Toro. Msl elte BepHeMcs K «O-60/1b1lIOMY» B IJIaBe 4,
110CJie paCCMOTPEHHUS ellle HECKOJIbKMX aJITOPUTMOB. A TIOKa MepeyrcJIuM OC-
HOBHbI€E Pe3YJIbTaThl:

Q CKopoCTb aJIrOpUTMOB U3MEPSETCS HE B CEKYHAAX, a B TeMIIe pOCTa KoJInye-
CTBa Ollepaiuu.

Q Ilo cyru opmysia onuchiBaeT, HACKOJIbKO OBICTPO BO3PAaCTaET BPEMSI BBIITOJI-
HEHHsI aJITOpUTMa C YBeJIMYEeHHEeM pa3Mepa BXOAHbBIX JaHHBIX.

Q Bpems BbINOJIHEHNS aITOPUTMOB BbIpaXkaeTcs Kak « O-60J1b110€e».

0 Bpewms Boimonnenns O(log n) 6victpee O(n), a ¢ yBeMyeHHEM pa3Mepa CIIU-
CKa, B KOTOPOM HIIIETCSI 3HaYeHHe, OHO CTAHOBUTCSI HAMH020 OBICTpEE.

YnpaXxHeHUs

[IpuBeauTe BpeMs BbinosHeHUs1 «O-60Jb110€» AJIS1 KAX0r0 U3 CJAeAYIOIIUX
ClLleHapHeB.

1.3 MWN3BecTHa paMuus, HY>KHO HAUTU HOMEDP B TeJle(POHHOM KHUTE,

1.4 MH3BecTeH HOMep, HYXXHO HalTU (paMuanio B TesiepoHHor kHure. (Ilox-
CKa3Ka: BaM IPHU/IETCS IPOBECTH MOMCK IO Bceil KHUTe!)

1.9 Hy>Ho npoyuTaTth TejiepOHBI BCEX JIIO[eX B TeJieOHHOM KHUTE.

1.6 HyxHo npouyuTaTth TesiedOHBI BCeX JoAeH, paMUIUM KOTOPbIX HAUHHAIOT-
cs1 ¢ 6ykBbl «A». (Bompoc ¢ nogBoxoM! B HeM 3aeiicTBOBaHbl KOHIIEMIHH,
KOTopble 60Jiee MoAPOoOHO pacCMaTpUBAIOTCS B riiaBe 4. [IpouunTaiite oT-
BeT — CKOpee BCero, OH Bac YAUBUT!)



YnpaxkHeHus 37

3anadva 0 KOMMUBOSXepe

HaBepHoe, nocJie npoyTeHUs NMpeablAylulero pa3ziesia Bbl IOAyMaJIH: « YK MHe-TO
TOYHO He IomnaaeTcst aaroput™M ¢ BpeMereM O(n/)» Omunbaerech, U s 3TO ceifyac
nokaxy! Mbl pacCMOTPUM aJITOPUTM C OY€Hb, OYEHb IIJIOXUM BPEMEHEM BHI-
TNOJIHEHUS. ITO U3BECTHas 3alaya U3 00JIaCTH TEOPUH BbIYHCJIEHU, B KOTOPOIi
BpeMS BBINIOJIHEHUS PACTET C MPOCTO yXKacawllled CKOPOCTbIO, U HEKOTOPbIE
OYeHb YMHBIE JIIOAU CUMTAIOT, YTO C 3TUM HUYETO He nojesaTb. OHa Ha3bIBaeTCH
3adaueil 0 Kommugosiicepe.

ITO KOMMUBOSIXKeP.

OH 10/KeH 00beXaTh 5 TOPOIOB.




38 [nasa 1. 3HaKOMCTBO C aNropuTMamu

KomMuBosixkep xoueT moObIBaTh B KaXI0M M3 5 TOPOIOB TaK, YTOObI IPH 3TOM
nmpoexaTh MUHHMaJIbHOE ob1iee paccTosiHie. OHO U3 BO3MOXHBIX pelleHHI:
HY>KHO IepebpaTh Bce BO3MOXHbIe KOMOMHALIMHU MOpsiAKka 00be3/1a TOPO/IOB.

NERE

129 103 1373

MHAD MHAH MHAH

Bce paccTosiHuSI CYMMHUPYIOTCSI, ITOCJIE YEro BbIOMpaeTcs MyTh ¢ KpaTYai M
paccTostHueM. [[y1s1 5 ropo/ioB MOXHO co3/iaTh 120 rmepecTaHOBOK, TO3TOMY pellie-
HHe 3a1a4H U1 S ropoaoB notpebyet 120 onepaiuii. {151 6 ropo10B KOJIHYECTBO
onepauui yBeanyuBaetcs A0 720 (cymecTBYIOT 720 BO3MOXHBIX ITepeCTaHOBOK ).
A nns 7 ropoaoB norpebyercs yxe 5040 onepanuii!

FOPOLA |OMEPALMKMK
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Konuyecrso onepauun crpeMuTeNbHO pacrer

B o61eM cayyae st BBIYMCJIEHUS pe3ybTaTa IpU 7 3J1eMEHTax MoTpedyeTcs
n! (n-pakTopuasn) onepaiid. A 3HaYUT, BpeMS BBINTOJTHEHUSI cocTaBUT O(n!)
(Takoe BpeMsl Ha3blBaeTcs gpaxkmopuarvtoim). IIpu 11060M CKOJIBKO-HUOY b
Cepbe3HOM pa3Mepe CIMCKa KOJIMYECTBO olepaluii OyJaeT MpoCcTo OrPOMHBIM.
CkaxxeM, eCJii Bbl MONBbITAETECh PEIIMTD 3aa4y AJisi 100+ ropoaos, caenaTh 3TO
BOBpeMs He yaactcsa — CoJsiHle moracHeT paHblle.
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Kakoii yxacHbiii aaroputm! 3HauuT, KOMMUBOSIXXeP J0JXKeH HAaUTHU APyroe
pemeHue, BepHo? Ho y Hero Hu4ero He MoJyduTcsi. ITO OAHA U3 3HAMEHHUTBIX
HepellleHHbIX 3a/1ay B 06/1aCTU TeOpUH BbIYUCIeHUH. /{711 Hee He CyLIeCTBYeT
M3BECTHOTO OBICTPOTO aJIrOPUTMA, U yYeHble CYUTAIOT, YTO HaliTH 6oJiee a-
(GeKTUBHBIA AJITOPUTM AJIS 3TOM 3aJa4M B MPUHIIAIIE HEBO3MOXHO. B sydnieM
cJIyyae JIJisl Hee MOXKHO ITOMCKaTh MPUOJIMKEHHOE pellleHHe; 32 TOAPOOHOCTIMHU
obpamaiitecs k riase 10.

U nocienHee 3aMeyaHue: €CJIM Y BaC y2Ke €CTb OIBbIT IPOrpaMMHPOBaHUSA, TIOYU-
TalTe 0 GUHAPHBIX /lepeBbsIX MOUCKa! ITU CTPYKTYPhI JaHHBIX KPATKO OITMCAHBI
B IIOCJICIHEH TJIaBe.

LLinapranka

Q bunapnbIii mouck paboTaeT HAMHOrO OBICTPeEE MPOCTOTrO.

O Bpems seinosnnenus O(log n) 6sictpee O(n), a ¢ yBeJIMUeHHEM pa3Mepa CITH-
CKa, B KOTOPOM HIIETCS 3HaYeHHe, OHO CTAHOBUTCSI HAMHOTO OBICTpeE.

O CkopocTb AITOPUTMOB HEe U3MEPSETCS B CEKYH/IAX.
O BpeMsi BhITOIHEHHST aJITOPUTMA OITUCBHIBAETCS POCMOM KOJIMYECTBA ONepallyii.

Q BpeMms BbioIHEHUST AITOPUTMOB BbhIpaXcaeTcst Kak «O-60Jib1110e».



CopTupoBka BbI6OpoM

B 3TOM rnase

v Bbl N0O3HaKOMUTECb C MaccuBaMn MU CBA3aHHbLIMW CMNUCKa-
MU — OABYMS OCHOBHbIMW CTPYKTYpaMW AQHHbIX, KOTOpble
ncnonb3ylotcs byksanbHO Be3ae. Mbl yxe ucnonb3osa-
M MaccuBebl B rnase 1 n byaemMm ncnonbL30BaTh MX NOYTH
B KQXXAOW rnase KHUrn. Maccusbl Ype3BblHankHO BaXHbl,
yaenute uM BHUMaHue! Bnpo4eM, MHOraa BMeCcTto Maccu-
BA Nyywe BOCNONb30BATLCA CBA3AHHLIM CNUCKOM. B 3TOMU
rnase o6bACHAIOTCA NNIOCbI U MUHYCbl 06EeNX CTPYKTYP
AQHHbIX, YTO6bI Bbl MO PELINTL, KAKOW BApUAHT Nyulie
noaxoauT Anga eawero anropuTMma.

v Bbl U3yunte CBOM Nepsbiid anroputM COpTUPOBKU. MHO-
rme anropuTMbl paboTaloT TONLKO C OTCOPTUPOBAHHbLIMU
AAHHbIMW. MMOMHUTE BUHAPHbLIA Nouck? OH NpuMeHsieTcs
TONbKO K NpeaBapuTenbHO OTCOPTUPOBAHHOMY CIUCKY.
B 60NblMHCTBE A3bIKOB CYLWECTBYIOT BCTPOEHHbLIE anropuT-
Mbl COPTUPOBKW, TaK YTO BaM peaKO NpUXOAUTCA NUCATb
CBOIO BEpcuio «C Hyns». OaHaKo anropuTM COpTUPOBKM
BbIDOPOM NOMOXET NepeuTn K anroputMmy bbictpon cop-
TUPOBKK, ONUCAHHOMY B cneaylowen rnase. ANropuTMm
6bICTPOU COPTUPOBKK OYEHb BaXKEH, U BaM byaeT npowe
pa3obpaTbcs B HEM, eCn Bbl YXXe 3HaeTe XoTa 6bl oanH
anropuTM COpTUPOBKMW.
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YT0o HeOOXO0AMMO 3HaTb

YTOObI MOHATH Ty YacTh ATOH IJIaBbl, KOTOPass OTHOCHUTCS K aHAIM3Y 3()-
(D€KTUBHOCTH, HEOOXOAUMO MMOHHUMATh CMBICH MOHATUS «O-00JbII0E» U

norapugmoB. Eciin Bbl COBEPIICHHO HE Pa30MpPAETECh B ATUX BOIPOCAX,
JIy4dIie BEpHYThCS U MPOYUTaTh IaBy 1. «O-00Jb110€» OYyAET NCHOIB30-
BATHCSI B OCTABIIMXCS TJIaBaX KHUTH.

Kak paboTaeT namaTtb

[IpeacraBbre, YTO BBl MPUIILIM B TeaTP U XOTHUTE OCTABUTh CBOU JIMYHBIE BEIlH
B rapjepooe. [1/1s1 XpaHeHU st Bellleii ecTh crelliabHble SIIUKH.

B kaxaoMm sityke nomelaeTcst OAUH npeaMeT. Bol XOTUTe caTh Ha XpaHEHHe
IIBE BelllH, IO3TOMY TpebyeTe BbIIEJIUTh BaM /IBa sIII[UKA.

FOCMOLKH MOXET HCMOAL3OBATD
0B8N AUMKKA, BOT 3TH LBA.
MOXRAAYRCTA!
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U BBI OCcTaBJIsIeTe CBOM ZIBE BEll[U.

3OHTHK SARYHK

IoTOBO, MOXXHO UTH Ha CIEeKTaKJIb!

B cymiHocTH, MMEHHO Tak paboTaeT NaMsATh Balllero KoMmnbiotepa. OHa npeacTaB-
nseT co60il HeYTO BpOJIe OTPOMHOTO 1IKaga C MHOXECTBOM SIIUKOB, M y KaXX/I0ro

SIIIUKA €CTh aJIpec.

aapec: fefffeeb

feOffeeb — aapec sueliku maMsTH.
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Kaxxablit pa3, korana Bbl XOTUTE COXPaHUTh B ITAMSITH OTAeJIbHOE 3HAYEHUE, BhI
3alpalliiBaeTe y KOMIIbIOTEPA MECTO B ITAMSITH, a OH BblJIaeT aJipec AJsl COXpa-
HeHMs 3HadyeHus. Ecim e BaM MOHaJOOMTCS COXpPaHUTh HECKOJIBKO 3JIEMEHTOB,
3TO MOXHO CJeJIaTh JBYMSI OCHOBHBIMH CIIOCOOaMH: BOCIIO/Ib30BaThCSI MaCCH-
BOM MJIM CITUCKOM. B cieayioleM pa3zaesie Mbl 00CyAUM MaCCUBBI U CITUCKH, UX
IOCTOMHCTBaA U HexocTaTku. He cylecTByeT eIMHCTBEHHO BEPHOro crocoba
COXpaHeHUs JAHHBIX Ha BCe CJYyYaM XXU3HH, MO3TOMY BbI JOJXKHBI 3HATb, YEM
Pa3JIMYaloTCs pa3Hbie CIIOCOOBDI.

Maccusbl U CBA3AHHbIE CMUCKU

Horaa B mamMsiTH TpeOyeTcsi COXPaHUTh CITUCOK 3JIe-
MeHTOB. [IpeanosoxxuM, Bbl MMUIIETE TPUIOKEHHE
IJIs1 yIIpaBJeHUs TeKyuMHU aeaaMu. OnucaHus
3a/1ay AOJKHBI XpaHUTBCS B BU/IE CITMCKA B ITAMSITH.

YTO KCIT0/Ib30BaTh — MACCHUB UJIM CBSI3aHHBIH CITH-
cok? [I1a Hayasia monpobyeM COXpaHUTh 3aJa4H
B MacCHBe, IOTOMY 4YTO 3TOT cIocob 6oJiee mo-
HateH. [Ipu Mcno1b30BaHMM MacCHBa BCeE 3aa4n
XpaHATCS B IaMSTH HEITPEPBIBHO (TO €CTh PSAAOM

IOPYT C IPYTOM).

CMUCOK 3TY NAMATD
ZEA HCNOAB3YIOT JPYTHE

osea [Tostr | %

CpOBOLHAA i |
MAMATD - '
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Temeps MpeoI0XKHUM, YTO Bbl 3aX0TeIH 100aBUTh YeTBEPTYIO 3anay4y. Ho cie-
AYIOUMH SIMK YXKE 3aHSAT — TaM JieXaT 4yXKue Beuu!

PASMECTHUTDb 3LECH
SALAYY HEADb3A,
MECTO YKE 3AHATO

R —

ovea | ot w77
AT Z

[IpeacraBbTe, UTO BbI MOLILJIXA B KHHO C APY3bsSIMU U HAIILTM MECTA 1715 CBOEH KOM-
IIAHWH, HO TYT NMPUXOJAMT €ellle OAUH APYT, U EMY CECTb yxe HeKkyaa. [Ipuxoaurcs
MCKaTh HOBOE MECTO, I/le CMOTYT pa3MeCTUThCS Bce. B 3TOM ciiyyae BaM npu-
NIETCS 3aMPOCUTD Y KOMIIbIOTepa APYroi 6JI0K MaMsTH, B KOTOPOM IOMECTSTCS
BCe YeThIpe 3aJauH, a TIOTOM IlepeMeCTUTD BCE CBOU 3a/1a4M TY/a.

Ecsu BApPYr npueT ellle OAMH APYT, MecTa OMSTh HE XBATUT, U BaM BCEM IIpU-
netcst nepeMelnathcsi cHoBa! CritoniHast cyera. KpoMe toro, qo6aBjieHne HOBBIX
3JIEMEHTOB B MACCHB CTaHET cepbe3HOM mpobsemoii. Ecim cBoboaHoro Mecra
HeT ¥ BaM KaXK/Ibli1 pa3 MpUXOAUTCS ITepeMel[aThCsI B HOBYIO 00J1aCTh B IIAMSITH,
ornepaius 106aBjeHUs HOBOTO 3JIEMEHTa OYIET BBIIIOJIHATHCS OYEHDb MEJIJIEHHO.
[TpocTeiiniee penieHne — «OpOHUPOBAHHE MECT»: IAXKe €CJIM CIIMCOK COCTOMUT
Bcero M3 3 3ajay, Bbl 3anpalliiBaeTe y KoMnbloTepa MecTO Ha 10 nmo3umui...
IIPOCTO Ha BCAKMH cayyaii. Torga B cmMcok MoxHO 6yaeT nob6asuts a0 10 3a-
1a4, ¥ HUYEro rmepeMelaTh He MPUAETCS. ITO HEILJIOX0€e 0OXOHOE pellleHre, HO
y HEro ecTh Mapa HeJ0CTaTKOB:

0 JIuiHee MeCTO MOXET He MTOHAJO0UTHCS, U TOrAa MaMsATh OyIeT pacxoo0-
BaTbCs1 Hea(PPeKTUBHO. Bbl ee He UCIOJIb3yeTe, OAHAKO HUKTO APYroH ee
MCIT0Ib30BaTh TOXE HE MOXKET.

0 Ecau B criucok 6yaer no6asyeno 6o.ee 10 3a1ay, nepeMeliaTbCsi BCe paBHO
IIPU/IETCA.

B obieM, mpueM HeJI0XO0i, HO ero HeJib3sl Ha3BaTh UealbHbIM. CBsI3aHHbIE
CIIMCKH pellaloT npobJieMy 100aBIeHHsA HOBBIX 3JIEMEHTOB.
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CBs13aHHblIe CNUCKWU

HpI/I HCIIOJIb3BOBAHHUH CBSA3dAHHOI'O CIIMCKaA 3JIEMEHTBI MOI'YT pa3ME€IlaTbCsA I'/I€
YIOAHO B IIaMATH.

ITY NAMATD
HCMOABL3YIOT ZPYTHUE

i |_ 77 s A
e - )
|%r% YAR -' I%

B kaxx10oM 3;1eMeHTe XpaHUTCS aapec CJaeAYIOUIEro 3JeMeHTa Cucka. Takum
ob6pa30M, HaOOp MPOM3BOJIbHBIX a]PECOB MaMATH O0BEANHSAETCS B L[EITOYKY.

CeA3aHHble agpeca
NaMATH

5
AR

Bce kak B urpe «Haitau xians. Bel npuxoauTe no nepBoMy aapecy, TaM Hamuca-
HO: «CiieqyIoiui ajieMeHT HaxoauTcs 1o aapecy 123». Bol uzaere no agpecy 123,
TaM HanucaHo: «Cieayloiuil aJleMeHT HaxoauTcs 1o aapecy 847» u 1. A. [o-
0aBUTb HOBBIH 3/1IEMEHT B CBSI3aHHBIM CITHCOK IIPOLIE IPOCTOrO: IPOCTO pa3Me-
CTHUTE €ro I10 JI0O00My aapecy MaMsTH U COXPaHUTE 3TOT aJIpPeC B MpeablaylIeM
3JIeMeHTe.
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Co cBsAI3aHHBIMH CIIMCKAMH HUYEro rnepeMmelaTh B MaMATH He HYXKHO. Takxe
caMa co0oii penlaeTcst Apyrast mpobJjieMa: I0MyCTHM, Bbl IPUIILIA B KUHO C IIS-
ThIO APY3bsiMU. BBI NbiTaeTech HAUTH MECTO Ha LIecTephbIX, HO KHHOTEATP YXKe
3a0MT, 1 HAWTH LIECTh COCEHUX MeCT HeBO3MOXXHO. HeuTo moxoxxee mpouc-
XOAHUT U ¢ MaccuBaMHu. [lonycTuM, BBl IIbITaeTECh HATH IJig MaccuBa OJIOK Ha
10 000 snemenToB. B maMsiT MoXxHO HaiTh MecTo AJis 10 000 a;1eMeHTOB, HO
TOJIbKO He cMeXxHoe. /{11 MaccuBa He xBaTaet MecTta! IIpy XpaHeHUH JaHHBIX
B CBSI3aHHOM CITMCKE Bbl (paKTU4YECKH roBopuTe: «JlaaHo, Toraa caaumcs Ha
CBOOO/IHbIE MECTA U CMOTPHUM KMHO». Ec/I He06X0MMO€e MECTO eCTh B ITAMSITH,
Bbl CMOXKETE COXPAHUTbD JJaHHbIE B CBSI3aHHOM CITHCKE.

Ecsu cBsi3aHHBIE CITUCKM TaK XOPOIIO CIPaBJISIIOTCS CO BCTABKOIA, TO YeM TOT/a
XOpOIIIM MaCCUBBI?

MaccuBbl

Ha caiiTtax co BCeBO3MOXXHBIMM XUT-TIAPAJaMH U «IIep-
BBIMHU J€CSTKAMU» IIPUMEHSIETCS XYJIbHUYECKAsI TAKTH- "‘11 _
Ka /1 YBeJUYEeHHUsI KOJIMYeCTBA MIPOCMOTPOB. BMecTo

TOrO YTOOBI BBIBECTH BeCh CITUCOK Ha OJIHOM CTPaHMUIIE,
OHHM pa3MellaloT 10 OJHOMY 3JIEMEHTY Ha CTPaHHIIe
M 3aCTaBJISIIOT BaC HAXXMMaTh KHOIIKY Next 1Jis mepe-
X0/Ia K cjeaymooleMy asieMedty. Hanpumep, «/lecsaTka
JIYYIIHX 3JI0[€€B B cepUajiax» He BBIBOJUTCS HA OQHOM
cTtpaHuile. BMecto atoro Bbl HaunHaeTe ¢ Ne 10 (HpioMan u3 «Caitndengas)
M HaXKMMaeTe Next Ha KaXKI0ii cTpaHulie, IToka He nobeperech 10 Ne 1 (IycraBo
Dpunr u3 «Bo Bce TskkHe» ). B pe3yibrate caiiTy yaaercs moka3aTh BaM peKJia-
MY Ha Leabix 10 cTpanuiiax, Ho HaXXUMaTh Next 9 pa3 aJist mepexo/ia K IepBOMY
MECTY CKY4HO. bbly1o 6Bl ropa3zo Jsiydiie, ecjiu 6bI BeCh CIIMCOK ITOMeIaICS Ha
OJHOM CTpaHHUIle, a Bbl OB MOTJIM ITPOCTO I[EJKHYTh HA UMEHU 4eJIoOBeKa ISl
MOJIy4YeHU S JOTOJTHUTEIbHOM MHPOPMALUH.

SAQLEACKHA
KOT

[Toxoxast mpo6JieMa CyleCTBYeT U Y CBSI3aHHBIX CIIUCKOB. [[oIyCcTHUM, BbI XO-
TUTE MOJYYUTh IOCJEIHUN 3JIEMEHT CBSA3aHHOrO crucka. [Ipocto npoyurarth
HY>KHO€E 3HaYeHHe He YAACTCsI, IOTOMY YTO Bbl He 3HAeTe, 110 KAKOMY aJIpeCy OHO
XxpaHHUTcs. BMecTo aTOro npuaercs cHayaJsia o6paTuthes kK 3eMeHTy Ne 1 1 y3-
HaTb ajipec 3j1eMeHTa Ne 2, TOTOM O0OpaTHUThCS K 3JeMeHTY Ne 2 M y3HATh afipec
ajieMeHTa Ne 3... ¥ Tak jajiee, Ioka He A06epeTech 0 MOCJeIHEro 3JeMeHTa.
CBsi3aHHbI€E CITUCKH OTJIMYHO MOAXOASAT B TEX CUTYALIUSIX, KOT/1a JaHHbIE JOJIX-
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Hbl YUTAThCS MOCJI€OBAaTEbHO: CHayaJsIa Bbl YUTAETE OAMH 3JIEMEHT, 110 afpecy
MepexXoMTE K CJIeAYIoleMYy 3JIeMeHTY U T. 1. Ho eciu BbI HaMepeHBbI IPbIraTh 110
CIIMCKY TyJa-CIo/ia, JePXXUTECH MOJablie OT CBSI3aHHBIX CIIMCKOB.

C MaccuBaMH [1eJ10 0OCTOUT cOBepIlieHHO uHauye. PaboTasi c MacCMBOM, BbI 3a-
paHee 3HaeTe aipec KaXK0ro ero 3jeMeHTa. /JonycTUM, MaCCUB COEPXKUT MATh
3JIEMEHTOB Y BBl 3HaeTe, YTO OH HauMuHaeTcs ¢ aapeca 00. ITo kakoMy aapecy
XPaHUTCS MATbIN 371€MEHT?

MACCHB U3 NATH DAEMEHTOB

r—f_—J\—ﬂ

NATHA

ao ol 02 03 o&F

[TpocTeiiuiast MaTeMaTHKa Ja€eT OTBET: 3TO azapec 04. MaccuBbI IpeKpacHO I0X0-
ST JJ1s1 YTEHHS 3JIEMEHTOB B IIPOM3BOJIbHBIX MO3UIIMAX, TOTOMY YTO OOpalleHHe
K JI0O0MY 3/IEMEHTY B MacCHBe IIPOMCXOJUT MTHOBEHHO. B CBsI3aHHOM CITHCKe
3JIEMEHTBI HE XPAHSITCS PSAAOM APYT C APYTOM, [IO3TOMY MTHOBEHHO OIIPEAEIUTh
TIO3HIIUIO i-I0 3JIEMEHTA B IIAMSATH HEBO3MOXHO — HYXHO 00paTHThCS K MEPBO-
MY 3JIEMEHTY, YTOOBI MOJIYYUTh aipec BTOPOro 3JIeMEHTa, 3aTeM 0OPAaTUTHCS KO
BTOPOMY 3JIEMEHTY JIJIsl I0JyYeHH s aJipeca TPEThero — M TaK Jiajiee, II0Ka Bbl He
nobepetecs /10 i-TO.

TepMmuHonorus

JJIeMeHTbl MaCCHMBA MIPOHYMEPOBAHbI, IPHYEM HyMepalysi HaunHaeTtcs ¢ 0, a He
c 1. Hanpumep, B 3TOM MaccuBe 3HaueHure 20 HaxoauTcs B mo3uliuu 1.

[10]20130[40}

6 1 2 3

A 3nauenue 10 HaxoauTcs B no3ulinu (. HeonbITHBIX MPOrpaMMUCTOB 3TOT aKT
0OBIYHO BBOIMT B CTYIOp. TeM He MeHee BHIOOp HYJIEBOM Ha4YaJbHOM MO3UIMH
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yrnpollaeT HarmucaHue Koja rmo pabote ¢ MacCUBaMH, MIO3TOMY ITPOrPaMMMUCTHI
OCTAaHOBUWJIMCh Ha 3TOM BapuaHTe. IIouTH BO Bcex sA3bIKaX MPOrpaMMHUPOBaHMSI
HyMepallus 3JileMeHTOB MaccuBa HaunHaeTcs ¢ 0. Bckope Bbl K 9TOMY MPUBBIK-
HeTe.,

[To3uuus aieMeHTa Ha3bIBaeTCsl ero utHoexcom. Takum o6pa3oM, BMECTO TOTO
4yTOOBI TOBOPUTh «3HayeHue 20 HAXOAUTCA B MO3UIMH 1>, IpaBUJIbHO CKa3aTh
«3Hauenue 20 umeet uHaekc 1». B 3Tol KHUre TEPMUH «MHIEKC» O3HAYaeT TO
Xe, YTO U «IIO3ULUS».

Huoxe npuBeneHb! mpuMepbl BpEMEHU BbINIOJIHEHUSI OCHOBHBIX OINepalui ¢ Mac-
CUBaMH U CITMCKaMHM.

yTEWe | 0Q) O(n)
. _.!._— _ _
scTaskh | O®) ow

MACCHBY  { Cmcky

O = NHHERHOE BPEMA
O (3) = NOCTOAHHOE BPEMSA

Bonpoc: noyeMy BcTaBKa 3JieMeHTa B MaccuB TpedyeT BpeMenu O(n)? I1peanosio-
>KMM, Bbl XOTUTE BCTaBUTh 3JIEMEHT B Hauasi0 MaccuBa. Kak OblI BbI 9TO c/ies1aiun ?
CKoJIbKO BpeMeHH Ha 3To noTpebyeTcsi? OTBeThl Ha 3TH BOIIPOCHI Bbl HalijieTe
B CJIEAYIOILEM pa3zeJie!

YnpaxHeHus

2.1 [lonmycTuM, BBl CTPOMTE IIPUJIOKEHHE JJI51 yIIpaBJieHUs (pUHaHCaMU.

1. nPoaYKTH
2. KMHO
3. BEAOCHNELHBA KAYB
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ExxenHeBHO BbI 3alMChIBaeTe Bce CBOM TpaThl. B KOHIle Mecsilia BbI aHAJIH-
3MpyeTe pacXxoabl M BbIYMCJISAETE, CKOJBKO AeHer ObLIO moTpadyeHo. Ilpu
paboTe ¢ JaHHBIMH BBINOJIHSETCS MHOX€ECTBO OIlepal[iii BCTABKH M OTHO-
CUTEJIbHO HEMHOTO onepanuil YyteHus1. Kakyio CTpyKTypy UCI0JIb30BaTh —
MaCCHUB HUJIH CITUCOK?

BCTaBka B cepeanHy CNUCKa

[IpenmosioxuM, Bbl pEIIMJIN, YTO CIIMCOK 3ajay JO0JKeH 60Jibllle HAIOMHUHATh
KaseHaapb. IIpexae naHHbIe J00aBJISAIUCh TOJbKO B KOHELl CIIMCKa, a TENepb
OHM JOJKHBI 100aBIATHCS B IOPSAAKE UX BHINTOJTHEHHUS.

(] obEL
[] TPEHMPOBKA

CJ  uAEnWTHE

~ () ] 0

| KYNHTDb YAR

HeynopagoyeHHbIN YnopapoueHHbIN

YTo sydIne nMoaoUAeT AJsI BCTAaBKH 3JIEMEHTOB B CepPeIMHY: MACCHUBBI UJIM CITHCKH ?
Co cnucKoM 3a7aya penraeTCss U3MeHEeHHEM yKa3aTeJisl B [IpeAblAYyIIeM 3JIEMEHTE.
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A nipu paboTe ¢ MaCCHBOM MPHUAETCS CIBUTaTh BHU3 BCE OCTAJIbHbIE 3JIEMEHTHI.

+
Hag.:)ys;a;::; - "':"?.;ﬂ» NO3TOMY 3TY 3ALAYY
BCTABHTDL CIOLA MPHOETCA COBUHYTD
& BHH3

%

A ecyii cBOOOIHOrO MeCTa He OCTaJIOCh, BCE TaHHBIE MPUAETCS CKOMMPOBATh
B HOBYIO 00j1acTh MaMsiTi! B o61neM, CiucKy Jiyyllle MOAXOAST /ISl BCTaBKH
3JIEMEHTOB B CEPEIUHY.

YapaneHue

Yro, ecsii Bl 3aXOTUTEe yAAIUTh 3jJeMeHT? M cHOBa CMCOK Jiyyllle MOAXOAUT
IIJIsl 9TOM onepaluy, IOTOMY 4YTO B HEM IOCTaTOYHO H3MEHUTD YKa3aTeJb B IIpe-
AblAYylIEM 3jieMeHTe. B MaccHBe NpH yAaleHUH 3JIeMeHTa BCe MoCjeayIolHe
3JIEMEHTBI HY>KHO Oy/IeT CIBUHYTh BBEPX.

B oTsimune oT BCTaBKH yAajieHHe BO3MOXKHO Bcerza. IlonbiTka BCTAaBKU MOXKET
ObITH HEYIaYHOH, €CJIM B MIaMATH He OCTaJIOCh CBOOOAHOro Mecta. C yaieHneM
noA0OHbBIX Tp0bJIeM He ObIBaeT.

Huoxe npuBeseHbl MpMMepbl BpeMEHH BBITTOJIHEHWS OCHOBHBIX Onepalui ¢ Mac-

CHUBaMH U CBA3dHHBIMHU CIITUCKaMH.

MACCHBH 1 CMHCKH

YTEHNE
ke | 0w | Ow
YOAAEHHE O-Lh) I—Qa)q
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3aMeTHuM, YTO BCTAaBKa U y/AaJIeHHe BBINOJIHSIOTCA 32 BpeMsi O(1) TOIBKO B TOM
CJIy4ae, eCJIM Bbl MOXKe€T€ MTHOBEHHO ITOJIYYUTb AOCTYII K YAAJISIEMOMY 3JIEMEHTY.
Ha npakTike 06bIYHO COXPaHAIOTCS CChLIKHY Ha IEePBbIH U IOCJIe THUIH 31EMEHTBI
CBSI3AHHOTO CITMCKA, [I03TOMY BpeMsl YAaJIeHUS 3TUX 3JIEMEHTOB COCTABUT BCETO

o(1).

Kakasi cTpykTypa JaHHBIX HCITOJIb3YETCS Yallle: MAaCCUBbI MJIM CITUCKKU? OYeBHIHO,
3TO 3aBUCHUT OT KOHKPETHOTO Cl{€HAapHs UCITI0JIb30BaHUS. MacCUBHI UpEe3BbIYAHO
MOMYJISAPHBI U3-3a TOTO, YTO OHU MOAAEPXKUBAIOT IPOU3BOJIbHBIN J0CTyI. Beero
CYILECTBYIOT JBa BH/Ia JOCTYIIA: NPOU3B0bHbIL U nociedosamenvrviid. Ilpu mo-
CJIeOBATEJIbHOM JOCTYIIE 3JIEMEHTHI YUTAIOTCSA 110 OJJHOMY, HAYMHAas C IIePBOrO.
CBsi3aHHbIE CITMCKH MOMJIEPKUBAIOT TOJILKO I0CJ/IeJ0BaTe/IbHBIN JOCTYIL. EC/1 Bbl
3aX0TUTe Mpo4YuTaTh 10-i 3/;1EMEHT CBA3aHHOrO CIIMCKA, BAM IIPUAETCS IPOYUTATD
nepBble 9 371eMEHTOB U NIEPENTH 10 ccbikaM K 10-My ajiemeHTy. 51 4yacTo roBopIo,
YTO MacCHBBI 00J1a1a10T 60j1ee BHICOKOI CKOPOCTBIO UTEHUS; 3TO OOBICHSETCA
T€M, YTO OHHU MOJIEP>KUBAIOT IMPOU3BOJIBHBIN AOCTYI. MHOTHMe peajibHble CUTYa-
IIMK TPeOYIOT MPOM3BOJILHOTO JOCTYIIA, IO3TOMY MacCHMBBI YaCTO IIPUMEHSIOTCS
Ha MMpaKTUKe. TakKe MaCCUBBI ¥ CIIUCKH UCIOJb3YIOTCS AJIS1 PeAIN3al[UuM APYTUX
CTPYKTYP AaHHBIX (0 KOTOPBIX Oy/IeT paccka3aHO B KHUTE JjaJiee).

YnpaxkHeHus

2.2 /lonycTuM, BBl ITHULIETE MPUJIOXKEHHUE 17151 IPHEMA 3aKa30B OT IOCETUTEJIEN
pectopaHa. [IpuiioxxeHue 10KHO XpaHUTD CITMCOK 3aKa30B. OpUIIMaHTbI
100aBIAIOT 3aKa3bl B CIIMCOK, a TOBapa YMTAIOT 3aKa3bl U3 CIIMCKA U BbI-
IOJIHAIOT MX. 3aKa3bl 00pa3yIoT ouepeib: OPUIIMAHTHI J00aBISIOT 3aKa3bl
B KOHell oYepeu, a moBap Oepet nepBblii 3aka3 U3 oyepeayd U HAUMHaAET
TOTOBUTb.




52

2.3

2.4

2.9
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Kaky1o CTpYKTypy MlaHHBIX Bbl ObI HCIIOJIb30BAJIM JJIS1 peaIM3allK 3TOM
oyepeau: MacCUB UJM cBsi3aHHBI# criucok? (IToackaska: cBsizaHHbIE CTUCKH
XOPOIIO MOAXOAST AJ1s1 BCTABKH /yIaJIeHHs, 2 MaCCUBbBI — JIJISI TPOU3BO.JIb-
HOTO JIOCTYIa K 3JieMeHTaM. YTo U3 3TOro noHasoOMTCs B JTaHHOM CJIy4yae?)

[IpoBeneM MbICJIeHHBIH skcnepuMeHT. JlonycTtuM, Facebook xpaHur
CIIMCOK MMeEH MoJib30BaTesied. Korga KTo-To nbiTaeTcs 3alTH Ha CauT
Facebook, cicrema nbiTaeTcst HaiiTH MM 110JIb30BaTe . ECJIH UMS BXOIUT
B CIIMCOK MMEH 3aperucTPMPOBaHHBIX I0Jb30BaTe el TO BXO/ pa3pella-
etcs. [Tonb3oBaTesu npuxoasT Ha Facebook mocraTouno yacro, moatoMy
IIOMCK I10 CIIMCKY MMeH I0JIb30BaTe el 6y IeT BhIOTHATHCA YyacTo. Byaem
cyuTaTh, uTO Facebook ucrnosp3yer 6MHapHBIM MOMCK A5 TIOMCKA B CITH-
cke. BuHapHOMY OMCKY HEOOXOAUM IIPOU3BOJIbHBIM JOCTYII — aJTOPUTM
[0JIXKeH MIHOBEHHO 06PaTUThCA K CPeIHEMY 3JIEMEHTY TeKYIle# YacTH
CIIMCKA. 3Hast 3TO 06CTOSTENBCTBO, KaK Obl Bbl peai30BaIM CITMCOK MOJIb-
30BaTeJIeil: B BUjle MaCCUBa UJIU B BHJl€ CBSI3aHHOTO CITUCKa?

[Tonb3oBaTte v TakXKe JOBOJBLHO YaCTO CO3/1al0T HOBbIE YUYeTHbIE 3aITUCH Ha
Facebook. ITpeanoJioxum, Bbl pellinIg UCII0JIb30BaTh MAaCCHUB JJIs1 XpaHe-
HUs CITMCKa MoJib3oBaTeneil. Kakumu HejoctaTkaMu 06/1a1aeT MacCUB 1S
BBITIOJTHEHU ST BCTABKHU ? JIONMYCTUM, BB HCIIOJIb3yeTe OMHAPHBI MOKCK /15
HAX0JXXIeHHUsI YYETHBIX JaHHbIX. UTO Mpou3oiiieT npu 106aBJIeHUH HOBBIX
10Jib30BaTejied B MaCCUB?

B neiictButenpHocTH Facebook He ucmosib3yeT HU MacCHB, HU CBSI3aHHBIH
CMMCOK JIJIA XpaHeHUsI MH(OpMaAIlMU O MOJib30BaTesAX. PacCMOTpUM ru-
OpUIHYIO CTPYKTYPY AaHHBIX: MACCUB CBSI3aHHBIX CITUCKOB. MIMeeTcst Mac-
CUB U3 26 asieMeHTOB. KaXX/IbIii 3/71EMEHT COIEPXKUT CChIJIKY Ha CBSI3AaHHBIN
crnucoK. Hanpumep, nepBbiii 3/1eMeHT MacCMBa YKa3bIBaeT Ha CBA3aHHbIM
CIIMCOK BCeX MMEH I10JIb30BaTeJIel, HAYMHAIOIUXCs Ha OyKBY «A». BTopoii
3JIeMEHT yKa3bIBaeT Ha CBSI3aHHbIH CIMCOK BCeX HMEH M0JIb30BaTeJIel, Ha-
YMHaIKXCcS Ha OYKBY «B», U T. 1.

CéazanHbitdl cnucok co Bcemu umeHamu

._..l_p[ _ -—1—-—‘:[ ”| '_—]——‘*_ j e+ noAb3oBameneii Ha SykBy «A»»
4 -—-tﬁ i -

.._|_.|JL ) -y '} MateHa noavsoBameneii

- - . — _ Ha OykBy <«B»
=L 1= s ...

MACCHB
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[IpeanoJioxuM, moab3oBaTesb ¢ uMeHeM «Adit B» peructpupyercs Ha
Facebook u BbI X0THTE 106aBUTH €T0 B CITIMCOK. Bbl oOpalnaerech Kk aJie-
MeHTY 1 MaccuBa, HaxOJUTe CBSI3aHHBIN CIIMCOK 3J1eMeHTa 1 1 1o0aBJisieTe
«Adit B» B xoHell criicka. Temepb mpeAno0KHUM, YTO 3aperHCTPHUPOBaTh
HYHO moJjib3oBaTesia «Zakhir H». Bu ob6paiaerech k aneMeHTy 26, Ko-
TOPBIN COAEPKUT CBA3aHHBIM CMIMCOK BCeX MMEH, HAUMHAIOIMUXCS C «Z»,
1 nposepsieTe, npucyTcTByeT au «Zakhir H» B aToM crimcke.

Tenepb cpaBHUTE 3Ty THOPHUIHYIO CTPYKTYPY JaHHBIX C MaCCUBaMH U CBSI-
3aHHBIMHU CIIMCKaMH. Byer i oHa ObIcTpee UM MeJJIeHHee KaX a0 uc-
XO/IHOM CTPYKTYphI IpU nMoucke U BcTaBKe? [IpuBoauth «O-60Jbl10€» HE
HY>KHO, IPOCTO BbIOEpUTE OHO U3 ABYX: OBICTPEE UJIK Me/IJIEHHEE.

CopTupoBka BbI6OpOM

A Tenepb 06bEUHUM BCE, YTO BBl Y3HaJIH, BO BTO-
POM aJITOPUTME: COPTUPOBKe BbI60poM. UTOObI OC-
BOUTH 3TOT aJITOPUTM, BbI JI0JIXKHBI IOHUMATh, KaK
paboTaloT MacCUBBI M CIUCKH U «O-60b1I0E>.
JlonycTiM, y Bac Ha KOMIIbIOTEpE 3anucaHa My3bl-
Ka ¥ [JIs1 KaXI0T0 UCIIOJHUTENST XPaHUTCS CYeT-
YMK BOCITPOU3BEEHUI.

CYETYMK 80C-
_*’_37 T MPOMSBEDEHMA
- RADIOHEAD | 156
KISHORE KUMAR | 141
THE BLACK KEYS | 35
NEUTRAL MILK HOTEL | 94
BECK | ag
THESTROKES | 61
~ wneo {111
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Bbl x0THTE OTCOPTHPOBATh CIIMCOK IO YOBIBAHHMIO CYETYHMKA BOCIIPOU3BEIEHMI],
yTOOBI CaMble JIIOOMMbIe UCIIOJTHUTEHN CTOSIJIM Ha nmepBbIX MecTaX. Kak aTo

caeJsaTh?

OaHO 13 BO3MOXXHbBIX pPellleHUl — MPOUTH IO CIIMCKY U HAUTU UCIIOJHUTEJIA
C HauOOJIBIIMM KOJIMYECTBOM BOCIIPOU3BE€HH. ITOT UCIIOJHUTEb 100aBJIsI-
eTCsl B HOBBI CITUCOK.

CYETUMK B80C-

_ V‘ﬁ“‘_ I::gl;l::.t:sncna SCHCOKSR NMPO3BELEHNA
RADIOHEAD | 156 T RADIOMEAD | 156
_ KISHORE_KUMAR | 141 - '
THE BLACK KEYS | 35 =) ]
NEUTRAL MILK HOTEL | 94
_ BECK | 88 - S I
~ THESTROKES | 61 - ~
WILCO | 111 —_ = —
" SOABUE 8CETo 2. ROSABASEM
BOCMPOH3BELEHNA RADIOHEAD

8 HOBHIA CMHCOK

IToToMm TO XXe caMoe IPOUCXOAMUT CO CJAEeAYIOIUM IO KOJIUYeCTBY BOCIIPOU3Be-
NEeHUN UCIIOJITHUTEJIEM.

CYETYHK 80C-

- CYETYMK 80C-
~ 3 pokseEaER TCMHCOK® npokseenenuh
o RADIOHEAD | 156 _
 KISHORE KUMAR | 141 KISHORE KUMAR | 141
THE BLACK KEYS 35 o
— —_— T - —
NEUTRAL MILK HOTEL | 94
' BECK | 39 -
" THE STROKES | &1 -
T wite 111 - ;
- AE-
1. CA YOURR 2. NOITOM o“oékb'
* LCMOAMMTEAD AYOURM "\
" GECTOY cq 6 HOBD
no KOAM mE““\\ - AAET
50@?0\\35 "R CAWCOR
|SHORE KUM
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[Iponomxast 1eiCTBOBATh TaK, MBI ITIOJIy4aeM OTCOPTUPOBAHHbBIN CITUCOK.

5 _CYETYMK 80OC-
. T |mPoM3sELEHHA
RADIOHEAD 156
i
KISHORE KUMAR [ 141
wiLco  F111

NEUTRAL MILK HOTEL | 94

™ el

BECK 8_8 |

THE STROKES 61
THE BLACK KEYS | 35

A Tenepp nonpobyeM OLIEHUTHb IPOUCXOsIIIee C TOYKH 3PEHUSI TEOPUH BbIYHUC-
JIEHU ¥ TOCMOTPHM, CKOJIbKO BpeMEHH OYIyT 3aHMMAaTb onepanuu. HarmoMHuM,
yTo BpeMsi O(n) 03HavaeT, YTO BbI 110 OJJHOMY pa3y oOpalaeTech K KaKIOMY
3JieMeHTy cnucka. HanmpuMep, mpu mpocToM Moucke Mo CIUCKY UCIOJIHUTeeN
KKl i1 HCIIOJTHUTEIb Oy/1eT TPOBEpPEeH OJUH pa3.

1. RADIOHEAD
2. KISHORE KUMAR

3. THE BLACK KEYS n
aremMeHmob

4. NEUTRAL MILK HOTEL

5. BECK

6. THE STROKES

1. WILCO

YT106BI HAUTH UCTIOJTHUTEJISA C HAUOOJIBIIUM 3HAYEHHEM CYETYMKA BOCIIPOU3-
BeJleHH s, HeOOXOMMO IMPOBEPHUTDb KaXblil 3/ieMeHT B ciucke. Kak BbI yxke
BUJIEJIH, 3TO Aenaetcs 3a BpeMst O(n). Utak, uMeeTcst onepaliusi, BbINOJIHsIEMast
3a BpeMs O(n), 1 ee He0OXOIMMO BBITIOJHUTD 71 Pa3:
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1. RADIOREAD

2. VISHORE KUMAR 2. THE BLACK KBYS L THESTIRES
3. THE BLACK KEYS 3. NEUTRAL MILK HOTEL

4. NEUTRAL MILK HOTEL % 4 npck S

5. BECK 5. THE STROKES

6. THE STROKES 6. WILCO

3. WILCO

O (») Q ny QO

SN A —" ol

n 3IAeMeHmo8

YMeHbLIeHne KonuyecTBa npoBepsieMbIX 311IeMeHTOB

Bo3HHKaeT 3aKOHOMEPHBIN BOMPOC: MPHU KAXKIOM BBIITOJITHEHUU ONEepaIliin
KOJIMYECTBO 3JIEMEHTOB, KOTOPhIE HYKHO MPOBEPUTH, cokpamaercs. Co
BPEMEHEM BCE CBEJIETCS K MPOBEPKE OAHOro 3aemMeHTa. Ilouemy xe Bpe-
MsI BBIIIOJIHEHUS BCe paBHO oueHuBaeTcs O(n?)? DTo XOpOoIIMii BOIPOC,
M oTBET HA HETO CBSI3aH C POJIbI0O KOHCTAHT B «O-00ib110M». Tema Oyaer
0oJiee MoApoOHO pacCMOTPEHA B IJ1aBe 4, HO 51 KPaTKO OOBSICHIO CYyTh. BhI
IIpaBbl, BaM JICHCTBUTEIILHO HE HY>KHO KaXKbIl pa3 IPOBEPATH BECh CIIH-

COK U3 n 3neMeHToB. CHayaja MpoBEPSIOTCS # 3JIEMEHTOB, IOTOM 71 — 1,
n-2...2,1. Bcpeanem npoBepseTcst CIIMCOK U3 /2 X n ameMenToB. Ero
BpeMs BBIMOJHEHHUA cocTaBUT O(n X /2 X n). OQHaKO KOHCTAHTHI (TaKUe
KakK 1/2) B «O-00JbIIOM» UTHOPUPYIOTCS (€IIe pa3: 3a MOJHBIM 00CYXKIe-

HHEM OOpaIaiTech K IIaBe 4), MO3TOMY MbI IPOCTO UCHOab3yeM O(n X
n) mm O(n?).

Bce a3to Tpebyet BpeMenu O(n x n), uau O(n?).



MNpumep koaa 57

ANropuT™MbI COPTUPOBKH O4€Hb M0JIe3HbI. Hanmpumep, Tenepb Bbl MOXKETE OTCOP-
THPOBaTh:

0O KMeHa B TeJle(OHHOM KHUTE;
0O JaTbl MyTelIeCTBUY;
Q coobleHus 3J1eKTPOHHOI MOYTHI (OT HOBBIX K CTaphiM ).

AJITOPUTM COPTHPOBKH BBIOOPOM JIETKO OOBSICHIETCS, HO Me/IJIEHHO paboTaeT.
bricTpasi coptupoBka — 3¢ PeKTHBHBIN AJITOPUTM COPTUPOBKH, KOTOPBIH BBINOJI-
Hsetcs 3a BpeMs O(n log n). Ho MbI 3aiiMeMcst 9Toit TeMoii B cJieiyoleii riase!

[lpumMep Koaa

Mebl He 6y/1leM MPUBOAUTD KOJ COPTHPOBKH MY3bIKAJIbHOIO CIIMCKA, HO HaIH-
CaHHbIN HUXKE KOJ [IeJIaeT HEUTO O4YeHb MOX0XKee: OH BHIMOJIHSET COPTUPOBKY
MaCCHBa IO Bo3pacTaHuio. HanuieM ¢pyHKIHIO AJi1 MTOMCKA HAUMEHbIIEro
3JIeMeHTa MacCHUBA:

def find Smallest(a r r):
smallest = arr[0] D CORTTITTRPPREIEPRRRE AnA xpaHeHUA HauMeHbLIero 3HaYeHUA
smallest_index = © s G AnA xpaHeHuA MHAECKCa HaUMEeHbLero 3HaYeHnA
for i in range(1, len(arr)):
if arr[i] < smallest:
smallest = arr[i]
smallest index = i
return smallest index

Tenepb Ha OCHOBe 3TOM (PYHKI[MHM MOXKHO HAIMMCaTh (PYHKI[MIO COPTHPOBKH BblI-
oopoM:

def selectionSort(arr): y SIITETET CopTupyer maccus
newArr = []
for i in range(len(arr)):
smallest = indSmallest(arr) <.-oooeee HaxoAUT HauMeHbWKUK INeMeHT B Maccuse

newArr.append(arr.pop(smallest)) u pobaBnnaer ero B HOBbIA Maccus
return newArr

print selectionSort([5, 3, 6, 2, 10])
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LLiInapranka

Q

Q

[TamMs1Th KOMIIBIOTEPA HAIIOMUHAET OTPOMHBIH KA C AUUKAMU.

Ecau BaM notpebyeTcsi coxpaHUTh HAOOP 3JIEMEHTOB, BOCIIOJIb3yHTECh MacC-
CHBOM HJIM CITUCKOM.

B MaccuBe Bce 3/71eMEHTBI XPaHSTCS B TAMSTH PSIZIOM APYT C IPYTOM.

B cniicke a/1eMeHTBI pacnpeessiioTCsl B MPOU3BOJIbHBIX MECTAX MaAMSITH, IIPH
3TOM B OJTHOM 3JIEMEHTE XPAHUTCS aIPEC CJIEAYIOLIEr0 3JIEMEHTA.

MaccuBbl obecrieunBaoT OBICTPOE YTEHHE.
Cnucku obecreynBaioT OBICTPYIO BCTaBKY Y BBIIIOJTHEHHE.

Bce asieMeHTBI MaccuBa JOJIKHBI ObITh OJJTHOTUITHBIMU (TOJIBKO 1I€JIble YHMCJIa,
TOJIbKO BellleCTBEHHbIE YKCJa U T. 1.).



Pekypcus

B 3TOM rnase

v Bbl Y3HaeTe, UTO Takoe peKypcus — MeToa NporpaMMupo-
BaHUSA, UCNONb3YEMbIA BO MHOMMX aNropuTMax. 3TO BaXKHas
KOHUeNuua ANs NOHUMAHUNA AanbHeWWuX rnas KHUMK.

v Bbl HayuuTech pa3busaTb 3a4a4n Ha 6a30BbIM U peKypcUB-
HbIM CNyyain. B cTpaterun «pasaensin u snacteym» (rna-
Ba 4) 3Ta NPOCTas KOHUEeNuuUs UCNonb3yeTcs AN pelleHus
6onee cnoXxHbIxX 3aaau.

IJTa rj1aBa MHe CaMOMY O4YeHb HPaBUTCS, IOTOMY 4YTO B Heil paccMaTpHBaeTCs
pexypcust — 3JIeTaHTHBIM MeTO/I pellieHus 3a1ay. PeKypcHsi OTHOCUTCS K YHUCJTY
MOMX JIIOOMMBIX T€M, HO BbI3bIBAET Y JIOJ€il MPOTHBOpeYrBhie YyBcTBA. OHH
160 000XKaloT ee, 1160 HEHABUAT, MO0 HEHABU/ST, ITOKA HE MOJIIOOAT Yepe3
napy-TpoOMKY JieT. JINYHO SI OTHOIIYCh K TpeTbeMy Jiarepio. YToObl BaM ObLIO
Ipollle OCBOUTD 3TY TEMY, 1 ]aM HECKOJIbKO COBETOB:

Q InaBa comepXXUT MHOXeCTBO IMpUMepoB Kojia. CaMOCTOSITEJIbHO BBITIOJTHUTE
3TOT KOJ M IOCMOTPHTE, KaK OH paboTaer.

Q Mbl 6yaeM paccMaTpuBaTh pEKYpPCUBHbIE QYHKIMHU. XOTs ObI OIMH pa3 BO3b-
MUTe OyMary M KapaHjail U pa3bepuTe, Kak paboTaeT peKypcUBHasi PYyHK-
uust: «Tak, s nepenaio GyHKIUM factorial 3HaYeHUe 5, TOTOM BO3Bpalllalo
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yIpaBJjieHHe U nepeaalo 3HayeHne 4 QyHkuum factorial, KoTopas...» U T. 1.
Takoit pa36op MOMOXXET BaM IOHSTh, Kak paboTaeT peKypcUBHasi (PYHKIIHUS.

B 3To0ii ri1aBe Takxe npuBoAUTCS 60JIbIIIOE KOJIUYECTBO NceBAoKoaa. [Icesdoxod
npeacTaBJisieT co60i BBICOKOYPOBHEBOE ONMCaHKe peliaeMoi 3afgayu. OH 3a-
nucbiBaeTcs B popMe, HOX0XKeiH Ha MPOrpaMMHBIN KO, HO B O0JIbllIel CTereHH
HAIIOMMHAET €CTeCTBEHHbIH S3bIK.

Pekypcus

JlomycTuM, Bbl pa3bupaeTe yyJiaH cBoei 6a0yIIKKM M HaThIKAeTeCh Ha 3araJOYHbIN
3allepThIi YEMO/IaH.

BAOKEHHBE
KOPOBKH

L soAburg
KOPOBKA
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B kopoOke JiexxaT qpyrue KopoOKH, a B HUX JieXKaT MajleHbK1e Kopobouku. Koy
HaxoauTcs rae-to TaM. Kakon aJropuT™ noMcka KJjipova npeajoxure Boi? Io-
AyMaiTe Haj aJrOpUTMOM, ITpeXx /e YeM IMPOAOIKUTh YTEHHE.

OnHO U3 pelneHu MOXET BbITJISAETD TAK:

| crokuTh |
| 8CE KOPOBKH
B KYYY
— 4

" TOKA B KYYE
OCTATCA KOPOBKH

| ECA
MOUCK

I 3AKOHYEH! |

1. Cn0XuTb Bce KOPOOKH B KyuY.
2. B3sTb KOPOOKY ¥ OTKPBITb.

3. Ecsiu BHyTpHU JieKMT KOpoOKa, 106aBUTD ee B Kyuy /IS TOCJIeAYIOLIEero mo-
MCKa.

4. Ecav BHYTDH JIEXXHUT KJIIOY, TIOMCK 3aKOHYEH!

5. IloBTOPHUTS.
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Ectb u AJIbTEPHATHBHOE PELLIEHUE.

1. ITpocMOTpeTh coaepKuMoe KOPOOKH.
2. Ecam BbI HalizieTe KOpoOKY, BEepHYThCS K HIary 1.
3. Eciu BbI HaliieTe K104, TOUCK 3aKOHYEH!

Kakoe pelreHne kaxercsi BaM 6oJiee mpocThiM? ITepBoe pellieHre MOXXHO IOCTPO-
UTb Ha I[UKJIE while. [Toka ky4ya KOpoOOK He IycTa, B35ITh OYEPEAHYIO KOPOOKY
Y IIDOBEPUTH ee COAEPKUMOE:

def look_for_key(main_box):
pile = main_box.make_a_pile_to_look_through()
while pile is not empty:
box = pile.grab_a_box()
for item in box:
if item.is_a_box():
pile.append(item)
elif item.is_a_key():
print "found the key!"

Bropoii cioco6 ocHoBaH Ha peKypcHH. Pexypcueti Ha3biBaeTCs BbI30B PyHKIHE
caMoii ce6s1. Bropoe pelieHre Ha IICeBAOKOAE MOXXET BhITJISAETD TaK:

def look_for_key(b ox):
for item in box:
if item.is_a_box():
look_for_key(item) ) CEITERPRPRE Pexypcua!
elif item.is_a_key():
print "found the key!"
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Ob6a pelleHHs AeJ1Ial0T OJHO M TO XK€, HO BTOpPOe pellleHHe KaxkeTcs MHe 6oJiee
MOHATHBIM. PeKypcusi mpuMeHsieTCsa TOraa, KOria pellileHre CTaHOBUTCS OoJiee
NMOHATHLIM. [IpMeHeHHe peKypCcHH He yCKopsieT paboTy mporpaMmbl: HoJiee
TOro, pellleHHe ¢ I{UKJIaMH HHora paboTaeT ObicTpee. MHe HpaBUTCS OJHA I[H-
tata JIu Kosgyaiia c caiita Stack Overlow: «I{ukibl MOTyT yCKOPUTD paboTy
nporpaMMbl. PeKypcusi MOXeT YCKOPUTH paboTy nmporpaMmmucrta. Beibupaiite,
YTO Ba)KHee B Balllei CUTyallu!»'

Pekypcus ucnoJib3yeTcsi BO MHOTHX HY>KHBIX aJITOPUTMaX, TO3TOMY Ba>KHO IO-
HUMAaTb 3Ty KOHIUEIILUIO.

ba30oBbin cny4aun
N PEKYPCUBHbBIN CNyYau

Tak kak pekypcuBHast QYHKIIMSA BbI3bIBaeT caMa cebd,
NPOrpPaMMMCTY JIETKO OLIMOUTHCS U HanmucaTh pyHK-
IIUIO TaK, YTO BO3HMKHET OeCKOHeyHbIi UK. IIpen-
II0JIOXKUM, Bbl XOTHTE HanmUcaTh QYHKLMIO JJIs1 BbIBO-
J1a 00paTHOro OTCYeTa:

Ee Mo)xHO 3anucaTbh B peKY PpCUBHOM BU/IE:

def countdown(i):
print i
countdow n(i-1)

BBeaute aTOT KOA M BBIMOJHUTE ero. M TyT BO3HMKaET npobieMa: 3Ta PyHKI[Hs
BBITNIOJIHSETCS OecKOHEeYHO!

SD3BATb COUNTDOWN
5 i-1

beCcKOHeUYHbIN
{UKN

PRINT I

' http://stackoverlow.com/a/72694,/139117
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> 3...2...1...6...-1...-2...

YTtoObI IpepBaTh BbINOJHEHHE clieHapus, HaxxmuTe Ctrl+C.

Koraa BblI muiieTe peKypcuBHYI0 (pyHKIIHIO, B Heif HeOOXOAMMO YKa3aTh, B Ka-
KOIf MOMEHT CJIefyeT NpepBaTh peKypcHio. BoT noueMy xaxcdas pexypcuenas
dynxyus cocmoum u3 deyx wacmeii: 6a3068020 CAyUas u PeKypPCuUsHOZ0 CAYUAA.
B pexypcuBHOM ciydyae QYHKIIMS BbI3bIBaeT caMma ceOs. B 6a30BoM ciyuae
dYyHKI[US ceOs1 He BBI3bIBAET... YTOOBI IIPEAOTBPATUTD 3alIUKJIHBAHHUE.,

JlobaBuM 6a30Bblii c1ydaii B @YHKIMIO countdown:

def countdown(i):

print i

if i <=0: <iieeee Ba3oBuiA Ccay4van
return

else: e PekypCcuBHbIA Cayvan

countdow n(i-1)

Teneppb pyHKIMSA paboTaeT Tak, Kak ObLJIO 3ayMaHO. ITO BHITJISAAUT IPUMEPHO
TaK:

ECAH i <=1 | | s NPOTHBHOM CATHAE :b}—— ,
PABOTA 38ATb COUNTDOWN aA
3AKOHYEHA | L—— 1‘~ - —
U PEKYPCHBHBIR
BA30BbIA CAYYAR

CAYUYAR
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Crek

B aTom pasnesie paccmMaTpuBaeTcs cmex 8b130806. KOHIeNMs CTeKa BbI3OBOB
MrpaeT BAXXHYIO PoJjib B IPOrpaMMHPOBaHUH BOOOIIE; KpOMeE TOTO, ee BaXKHO I10-
HUMAaTb IIPH UCNOJIb30BaHUU PEKYPCHH.

[Ipeanosnoxxum, Bbl ycTparBaeTe Be4epUHKY ¢ 6apOekio. Bl cocTaBsieTe ciu-
COK 3a/1a4 M 3alMChIBaeTe Jiejia Ha JUCTKaX.

[ToMHuUTe, KOra MBI paCCMaTPUBAIM MAaCCUBBI U CIIMCKH, Y Bac
TOXKe ObLT CIMCOK 3aa4? 3ajauu, TO eCTh 3JIEMEHTHI CITUCKa,
MOXKHO OBILJIO 100aBJISATh U YAAJISITh B IPOU3BOJIBHBIX ITO3U-
uusix cnucka. CTomnka JUCTKOB paboTaeT Kyaa npoie. HoBbie
(BCcTaBJIEHHBIE) 3JIeMEHTHI 00aBJSIOTCS B HA4aJIo CIIHUCKA,
TO €CTh Ha BepX CTONKHU. YUTAaeTCs TOJIbKO BEDXHUH 3JIEMEHT, M OH UCKJII0YaeTCs
13 crucka. TakuM 06pa3oM, CIMCOK 3a/ay MoIepXKUBaeT BCEro ABa AeiCTBUA:
3anecenue (BCTaBKa) U u3eneuenue (BbiBeieHUE U3 CIIMCKa U YTEHHE. )

SAHECEHHUE H3BAEYEHHE
(HOBBIA SAEMEHT (BEPXHHR JAEMENT

NOBABAAETCA BHBOLUTCA H3 CTONKH
HA BEPX CTOMKM) M UNTAETCH)

[TocMoTpuM, Kak pabOTaeT CIIMCOK 3a/1ay:

SAIAYA HA AUCTKE HATIHCAHO:
H3BAEKAETCA <KYMATDb ENY>.
H3 CTOMKM HYKHO KYMHTD

BYAOUKH, BYPTEPH
H TOPT
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Takast cTpykTypa AaHHBIX Ha3biBaeTcsi cmexom. CTek — MpocTasi CTPYKTYypa JaH-
HBIX. A Telepb caMOe HEOXXHIaHHOE: BCE 3TO BpeMsI BhI IT0JIb30BAJIUCh CTEKOM,
He nog03peBasi 06 3ToM!

CTexk Bbl30BOB

Bo BHyTpeHHeli paboTe Balllero KOMIbIOTEPa UCIIOJIb3YETCS CTEK, Ha3bIBAEMBbIIA
cmekoMm 6b130806. JlaBaliTe IOCMOTPUM, KakK OH pabotaeT. IIpeanonoxuM, nme-
eTCs MpoCTast QYHKUUS:

def greet(name):
print "hello, " + name + "!"
greet2(name)
print "getting ready to say bye..."
bye()

JTa QYHKIUS IPUBETCTBYET BaC, MMOCJIE YETO BbI3bIBAET JIBE JAPYTrHe QYHKIIHMH.
Bot atH aBe QyHKIMU:

def greet2(name):
print "how are you,
def bye():
print "ok bye!"

+ name + "?"

Pa3bepeMcsi, YTO MIPOUCXOAUT ITPH BbI30Be PYHKIIHMH.

NPUMEYAHMUE

B a3bike Python print Toxe asnserca dyHkunen. Ytobbl He YCNOXHATL Nnpumep,
Mbl cAenaeM BuA, YTo 3Ton yHKUMK HeT. MpocTo noabirpanuTe Ham.

L L EL. =B aaE B
™ T T ST T

ITIpearnoJsioxxuM, B mporpaMMe KUCIOJIb3y€eTCs BbI3OB greet("maggie™). CHauasa
Balll KOMIIBIOTED BbIAEJISIET OJI0K ITaMSITH AJI9 3TOrO BbI30Ba (QYHKIHH.
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3aTeM 3Ta IaMATb UCI0Jb3YyeTcs. [lepeMeHHOI name IIpHMCBAaUBaEeTCs 3HAUYEHHUE
"maggie"; OHO AOJIXKHO OBITh COXpAaHEHO B MAMSITH.

GREET
NAME: | MAGGIE

Kaxapiii pa3, Koraa Bl Bbi3biBaeTe (PYHKIIMIO, KOMIIBIOTEP COXPaHseT B NaMSTH
3HA4YeHMsI Bcex NepeMeHHbIX JJIs1 3TOro BbI30Ba. [lajiee BLIBOAUTCS IPUBETCTBUE
hello, maggie!, ImOCJIe Yero cjeayeT BTOPOH BbI3OB greet2("maggie”). M cHOBa
KOMITbIOTEP BbIIeJIsIeT OJIOK MaMSATH A5 BbI30Ba DYHKIUH.

TEKYWHA
86308

PYHKUMHU
o

Bai koMmnbioTep 06beIMHSET 3TH 6JIOKU B cTeK. BTopoii 6/10k co3maeTcst Hax
nepBbiM. Bl BEIBOAUTE cOOOIeHHE how are you, maggie?, mocJe Yyero BO3-
BpalllaeTe yrnpaBJjieHHe U3 Bbi3oBa (pyHKIMU. Korna aTo nmpoucxoaur, 6JI0K Ha

BEPIINHE CTE€KA U3BJIEKAETCS N3 HETO.

Terepb BepxHMii 6JIOK B CTEKEe OTHOCUTCS K QYHKI[UU greet; 3TO O3HAYAET, YTO
Bbl BEPHYJIMCh K QYHKLIUHM greet. [IpH Bbi3oBe PyHKIIMHU greet2 QYHKIUA greet
elle He OvL1a 3asepuena. 30eCb-TO U CKPHIBAE€TCSI HCTHUHHBIM CMBICJI 3TOTO pa3-
J1eJ1a; K020a 6bl 8bl3bléaeme PYHKUUIO U3 0pyzoll PYHKLUL, BbI3bI8AIOUAS PYHKUUA
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NPUOCMAHABIUBAEMCS 8 YACMUYHO 3a8ePUeHHOM cocmosiiuu. Bce 3HaueHUs niepe-
MEHHBIX 3TOH (PYHKI[MH OCTAIOTCSI B MaMSTHU. A KOrja BbIOJHEHUE (PYHKIUU
greet2 OyaeT 3aBepllIeHO, Bbl BepHETeCh K (PYHKLIMHU greet U IPOAOJIKHUTE ee
BBITIOJIHEHHE C TOTO MECTa, Iie OHO npepBasiock. CHaYaja BLIBOAUTCS COOOIIIEHHE
getting ready to say bye.., ITOCJIe YETO BbI3bIBaeTCs PYHKIUS bye.

MAGGIE

Bjok nnsa atoit dyHKIMM q00aBIsieTCs HAa BEPIIMHY cTeka. /laree BBIBOAUTCS
coob1ieHHe ok bye! C BBIXOJ0OM U3 BbI30Ba QYHKIIUH.

i
1 NAME: MAGGIE

YnpasiieHue cHOBa Bo3BpalljaeTcs GYHKIUH greet. [[esaTh 60Jibllle HEYETO, TaK
4YTO yIpaBJieHHe BO3BpalllaeTcsl U U3 PYHKIUU greet. ITOT CTEK, B KOTOPOM CO-
XPaHSJINCh IlepeMeHHbIe pa3HbIX PYHKIIMM, HA3bIBAETCS CMEKOM 8bl30808.

YnpaKHeHus

3.1 Ilpeamnosioxum, UMeeTCs CTEK BbI30OBOB CJIEAYIOIIETO BUAA:
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YTO MOXHO CKa3aTh O TEKYI[EM COCTOSSHUM IPOTPaMMBI Ha OCHOBAaHUHU 3TOrO
CTeKa BbI3OBOB?

A Temepb MOCMOTPUM, KaK paboTaeT CTeK BHI30BOB C PEKYPCUBHBIMU (PYHK-
LUSIMH.

CTeK BbI30BOB C peKypcmen

PexypcuBHbIe YHKI[MH TOXE UCIOJIb3YIOT CTEK BbI30BOB! [locMOTpHUM, Kak 3TO
nejaeTcsl, Ha MpuMepe (pyHKIIUHM BbIYUCIeHUs paKkTopraia. Bei3oB factorial(5)
3alMchiBaeTcs B BUe 5! ¥ onpeessieTcs cieaylomumM obpasoM: 5! = 5*4*3*2*1.
[To ToMy xe mpuHIUITY factorial(3) cooTBeTcTBYeT 3*2*1. PexypcuBHasi pyHK-
{11 1JIS1 BBIYMCJIeHUs (paKTopHaJia YMcJa BITJISIAUT Tak:

def fact(x):
if x ==
return 1
else:
return x * fact(x-1)

B nporpamMmy BKJI04aeTcs Bbi30B fact(3). [IpoaHanu3upyemM aToT BbI3OB
CTPOKY 3a CTPOKOM U MOCMOTPHUM, KaK U3MeHsIeTCS CTeK BbI30BOB. CTOUT Ha-
IIOMHHTb, UYTO BepXHUI OJIOK B cTeKe coobllaeT, Kakoii BbI30B fact sIBJIsieTCsl
TEKYLIUM.

kod CTEK 8630808
fact@3 Frcr ] TEPBHA BH30B FACT.
e - ,) o £ 1251 3HAYEHHE X PABHO 3

\f Xa=]: :"f;_l

else: .

-------------—\_—- -— = - - - -

. " ERT
PEXYPCHOHAIA return X % fact (x-1) EaEa

Bbl3081

C1E

nl— L L o - [
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CERYAC TEKYUHM
CTAA BTOPOR 86308
FACT. SHAYEHHUE %
PABHO 2

Oro, 3TO YKE TPE-
THR 86308 - MPH-
YEM HH OOHH 8308
0 CHX MOP TAK

H HE 3ABEPBHACA]

BH308 PYHKUMHM,
TOAbKO 4YTO BEP-
HYBHKA YMPABAEHKE

'nasa 3. Pexypcus

BO3BPAUAET 1

.'-""'\-\___________.:Y

ratuen %% fadt &x-D

AHAYENHE % PABHO 2 —

——— BEPXHHA BH30B SYHK-
| T 5 [~ UHH - TOT, KOTOPHIA
if x+-1: FAcT B ZAHHBA MOMEHT

< 13| ABAJETCA TEKYUHM
T T T e e m e =~ - -.'F;.—' ;l— B OBOUX BH\30BAX CYUE-
s hE5—] CTBYET NEPEMEHHAS
else: L= 1< C UMEHEM %, KOTOPAS
[ 3| "MEET 8 3THX BL30BAX
e mem oo LELST O pASHHE SHAYEHNA
- FACT
XT3 25 {0 x 57010 s308h
return X% factx-1) -FAICT «— BHYTPH 3TOTO BH30BA
2 121 HEBO3MOXHO - W HA-
FACT | 0BOPOT
X132 |
FACT
X 11
FACT
I-F }: = . 1 r "--:',: z |

FACT

k3

return X x facl®&D

Xis 3

7 ]

3TOT 86308
BEPHYA 2

AR e e—

«— BO3BPAUAET 6

NEPBHA BAOK, KOTO-
V" Poik BYLET H3BAEYEH
M3 CTEKA:; 3TO O3HAYA-
ET, YTO HMEHHO 3TOT
86308 NEPBHIM BEPHET
YMPABAEHHE

"~ BO3BPAUAET 1
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371eCh BaXXHO, YTO KaXkIblii BHI30B CO3/a€T COGCTBEHHYIO KOTHIO X. O6paruthbes
K NEpeMEHHOM x, MPUHaA/IeKallell [pyroi pyHKIMH, HEBO3MOXKHO.

CTek UrpaeT BaXXHYIO poJib B PeKypcHH. B HauaibHOM pUMepe ObLIM IIPeICTaB-
JIEHBI /1Ba PEIIEHUSI IOMCKa KII0Ya. BcrioMuuTe, Kak BBITIISIE TepBBIif;

CAOXNHTD
BCE KOPOBKM

B KYYy

-

NOKA 8 KYYE
OCTAIDTCA KOPOBKH

B sToM c1yyae Bce kKopoOk Jiexat B OIHOM MeCTe U Bbl BCer/la 3HaeTe, B KAKUX
KOpOOKax ellle HY>KHO UCKATh KJIIOY.

CAEZYIOUASA KOPOBKA,
8 KOTOPOA 86 BYLRETE
HCKATb KAIDY

KYYA KOPOBOK

Ho B pekypcMBHOM pellleHHH HUKaKOi Ky4H He CyLUECTBYET.
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P -

NPOBEPHTD
KARILBA

NPEAMET
 KOPOBKE

CRRN, NOWCK
ANRORYENY

Ecau Kyum HeT, TO Kak Balll aJITOPUTM Y3HAET, B KAaKUX KOPOOKax ele HY>XHO
uckaTtb? IIpumep:

Ef n:,L A\
B MPOBEPAETE BHYTPU OBHAPYAXUBAIDTCSH
KOPOBKY A KOPOBKH B8 U C

-ﬁ.
6 MPOBEPAETE B HER AEXKHT
KOPOBKY 8 KOPOBKA D
q§§£ F’_J -
Bbl MPOBEPAETE OHA NYCTA

KOPOBKY D
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K 9TOMY MOMEHTY CTEK BbI30OBOB BbITJIAJAUT IIPUMEPHO TaK:

KOPOEKH, KOTOPHIE
EWE HYXHO NPOBEPHTD

«Kyya kopo60K» XpaHUTCS B cTeKe! ITO CTeK He3aBepIlIeHHbIX BbI30BOB (PYHK-
LIUH, KQKIbII U3 KOTOPBIX BeJeT COOCTBEHHbIH He3aKOHYEHHBIMH CITMCOK KOPOOOK
n1s noucka. CTek B JaHHOM cJiy4ae 0COOEHHO yI00€eH, MOTOMY YTO BaM He HY K-
HO OTCJIEXKMBATh KOPOOKH CaMOCTOSITEJIbHO — CTEK /JeJIaeT 3TO 3a Bac.

Ctek yaobeH, HO y HEro eCTh CBOsI 1leHa: COXpaHeHHe BCel MPOMeXYTOYHOMH
MH@OpPMallM1 MOXKET MPUBECTHU K 3HAYUTEJIbHBIM 3aTpaTaM NaMsTh. Kaxablii
BbI30B (PYHKIIUM 3aHMMaeT He MHOIO MaMsTH, HO €CJIM CTEK CTAHET CJIMIIKOM
BBICOKHM, 3TO Oy/ZeT 03Ha4yaTh, YTO Balll KOMIIBIOTEP COXpaHsieT HHPOPMALIUIO
10 OYeHb MHOTUM BbI30BaM. Ha 3TO# cTaguM eCTh 1Ba BAPUAHTA:

Q HepenncaTb KO C UCITOJIb3OBAHHUEM IIHUKJIA.

0 MHoraa Mo>XXHO BOCIOJIb30BaTbCS TaK Ha3blBaeMOUN X80CMOB0U peKypCuel.
ITO HeImpocTasi TeMa, KOTopasi BBIXOAUT 32 paMKH KHUTH. Bro6aBok oHa nmoa-
NePXKUBAETCS JAJIEKO HEe BO BCEX SI3bIKAX.

YnpaxHeHus

3.2 IlpeamnosioxuM, Bbl CJIy4allHO HAlIMCAJIN PEKYPCUBHY 0 QYHKIMIO, KOTOpas
6eckOHeYHO BbI3bIBaeT caMy ceOs. Kak Bbl yxxe BUI€e/H, KOMIIbIOTEP BBbI-
nessieT MaMsITh B CTeKe MPU KaXKI0M BbI30Be (PYHKI[UM. A UTO MPOU30NAET
CO CTEKOM IpH OECKOHEYHOM BbITTOJTHEHUH PEKYPCHH ?
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LLInapranka

Q Korxa dyHK1us BbI3bIBaeT caMy cebsi, aTo
Ha3bIBaeTCS PEKYypPCHUEMN.

O B kaxaoi peKypcuBHON YHKIIUHU AOJIKHO
OBITh IBa Cy4asi: 6a30BbIi U peKypPCUBHBIH.

O Crek nmoaaep>XvBaeT ABe ONepallu: 3aHe-
CeHHe U U3BJIeYeHHe 3JIEMEHTOB.

O Bce BbI30BbI GYyHKIIMI COXPAHSIIOTCS B CTe-
Ke BbI3OBOB.

O Ecau cTek BBHI30OBOB cTaHeT OYeHb OOJBUIUM, OH 3alMeT CJIUILKOM MHOTO
MMaMSTH.



bbiCTpasa copTnpoBKa
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B 3TOM rnase

v Bbl y3HaeTe 0 cTpaternn «pasaensu u snacreywn». Cny-
YaeTCs Tak, YTO 33a4aya, HAA KOTOPOM Bbl TPyAUTECD,
He pellaeTCs HU OAHWUM U3 MU3BECTHbIX BaM anropuTMOB.
CTONKHYBLWWCL C TAKOWU 33Aayei, XOpownn NporpaMMmucT
He cnaeTcs. Y Hero CywecTsyeT Lenbiid apceHan NpueMos,
KOTOpble OH NbITAETCA MCNONL30BATL ANA NONYyYEHUs pe-
weHus. «Pasgensin n BnacTtsyn» — nepsas obuias crpa-
Terns, ¢ KOTopo Bbl NO3HAKOMUTECD.

v [anee paccMaTtpuBaeTcs bbicTpas copTMpOBKa — 3ne-
FAHTHbIN @anNropuTM COPTMPOBKMK, YacTO NPUMEHSIEMbIA HA
npakTnke. ANroputMm 6bICTPON COPTUPOBKU MUCMONbL3YET
CTpaTeruio «pasaensin n BnacTeywu»,

e 0 @ & ¢ & 0 & 6 ¢ 0 ¢ O ¢ O O O O 0 0 06 0 O 0 O O O O 0 O O 0" B OO O O O O O 0 O 0% 0 O 00 0 0 S 0 O 0 o o0

[Ipeabiayinas riasa Oblj1a MOCBsIEHa peKypcuHu. B 3Toii riiaBe Bbl BOCIOJIb3Y-
eTeCb HOBBIMM 3HAHUSIMU JJIS1 pellieHusI TpaKTUYeCKUX 3aaa4d. Mol ucciaenyem
MPUHLIMI «pa3/essiii ¥ BJAaCTBYil», XOPOIIO U3BECTHBIH PEKYPCUBHBIA METO/I
pellieHud 3a7ay.

B 3T0i1 rmaBe MbI OocTeNEHHO A0OMpaeMcs 40 MOJHOILEHHBIX aJrOPUTMOB.
B KOHIIe KOHILIOB, aJITOPUTM HE OCOOEHHO I0JI€3€H, €CJIM OH CITIOCOOEH pelaTh
3a/1auyy TOJILKO OJHOIO THIIA, — «pa3/eJisii U BJacCTBYii» IIOMOraeT BbIpaboTaTh
HOBBIM MOAXOJ K pelIeHUIO 3a1a4. ITO BCEro JUlb ellle OAUH UHCTPYMEHT B Ba-
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meM apceHaste. CTOJIKHYBIIUCDH C HOBOH 3a/jlauel, He BlaJanTe B CTynop. BMecto
3TOr0 CIIPOCHUTE ceOsl: «A HeJb3sl JIM PELIUTDb 3Ty 3a7a4y, IPUMEHUB CTPATErHIO
“pasmensii U BIacTBY ?»

K KOHI11y 3TOH I/1aBbl Bbl OCBOMTE CBOM MEPBBIN Cepbe3HbIN aJITOPUTM «pa3aesisii
M BJIACTBYii»: Obicmpyto copmuposxy. ITOT aITOPUTM COPTUPOBKH pabOTaeT Ha-
MHOTr0 ObICTpee COpTHPOBKH BIOOPOM (0 KOTOPOI paccKa3biBajIoCh B rjiaBe 2).
OH sBJIsAETCSA XOPOUIUM IPUMEPOM 3JIETAHTHOTO KOAA.

«Paspensun n snacreymn»

B03MO0XHO, BbI He Cpa3y IOiMeTe CYTb CTpa-
TEeruu «pasfeysii U BJACTBYH», IO3TOMY
Mbl pacCMOTpPUM TpHU npumMmepa. CHayaja
s IpyUBeay HarasAAHbIN npuMep. [IoToM MBI
pa3bepeM MpUMep KOJa, KOTOPbIHA BbITJIsI-
OUT He TaK KpaCcUBO, HO, MOXaJYyH, BOC-
npuHUMaetcs npoie. B 3aBepiieHune 6yaer
paccMOTpeHa ObICTpasi COPTHPOBKA — aJITOPUTM
COPTUPOBKH, UCNOJIb3YIOIMN CTPATETUIO «pa3aessii
Y BJIACTBY M ».

IIpencraBeTe, 4TO Bbl hepMep, BaelONMN 3eMeIbHbIM YYaCTKOM.

1680 M
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BbI X0THTE paBHOMEPHO pa3e/IMTh 3eMJII0 Ha OJUHAKOBbIE K8adpamHvie Y4acT-
K. YYaCTKH JOJDKHBI ObITh HACTOJIBKO OOJIBIIMMHU, HACKOJIBKO 3TO BO3MOXKHO,
TaK YTO HU OJHO U3 CJIEAYIOIIUX pellleHU1 He OAOMUET.
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e [ [

BCE YYACTKM

HE KBAZPATHBE MCA')\“E‘:";?&E DOAKNY BHTb
OLHHAKOB bIMH

Kak onpeznesnts Hanbob1IMiE pa3Mep KBajpaTa A5 yyacTka? Bocnosb3yiitech
cTpaTeruei «pasaensiii U BJacCTBYii»! AIropuTMbl Ha 6a3e 3TOi cTpaTeruu siB-
JISIIOTCS pEKYPCHUBHBIMU.

PelieHue 3a1aun MeTOAOM «pa3feisii U BJAACTBY» COCTOUT U3 ABYX 1IAroB:

1. CHavasa omnpezeisieTcsi 6a30BblIii CIydyaii. ITO AOKEH ObITH MPOCTER I
CJly4yay U3 BCEX BO3MOXXHBIX.

2. 3amaya IeJMTCS UJIM COKpAIlaeTCs 10 TeX Mop, IoKa He OyeT cBeleHa K Oa-
30BOMY CJIy4Yalo.

A Tenepb BOCNOJIb3yeMCsI CTpaTeruen «paszesisiii U BJAaCTBYi» [JIs1 TOMCKA pe-
lIeHUs 3TOM 3aaaun. KakoB caMblit 60JIbIIONH pa3Mep KBaJpaTa, KOTOPBIM MOXKET
MCII0JIb30BATbhCA ?

J11s1 HayaJia Hy>KHO onpeaeJuTh 6a30BbIii caydyail. CaMasi mpocTasi CHTyalust —
eCJIM IJIMHA OJHOM CTOPOHBbI KpaTHA AJIMHE APYTrOil CTOPOHBL.

50 m
25
T —

A5 M

|ZSM

[IpeanosioxuM, AJTHMHA OJHOM CTOPOHBI COCTABJISAET 25 M, a JIMHA ApYyroit 50 M.
B 3TOM cilyyae pa3Mep caMoro 60JIbIIIOrO yYacTKa COCTaBJISAeT 25 M % 25 M, U Ha-
JieJ1 TocJie JeJieHUst OyIeT COCTOSATh U3 BYX YYaCTKOB.
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Ternepb HYXXHO BBIYMCJIUTH PEKYPCUBHBIN Caydyald. 31eCh-TO BaM Ha IOMOILlb
Y IIPUXOJUT CTPaTerusi «pa3aessii ¥ BJIacTByil». B COOTBETCTBUU C Hell IIpU
Ka)X/IOM PEKYPCHBHOM BbI30BE€ 33/]a4a J0/KHA coKkpauiatbcsa. Kak cokpatutp
3Ty 3aj1auy? [lJis1 Hayaj1a pa3MeTHM caMbie OOJIbIlIME YYACTKH, KOTOPbIE MOXHO

HCITOJIb30BATh.

18 HEPACNPE-
DEAEHHBA
YYACTKA 0CTATOK 1247
- I il = gl | e
|
-
g e
-3 [ | [
O L ; [ I
N - _
640 M 640 M 400 M

B rcxoaHOM Haziesie MOXKHO pa3MecTUTD JiBa yyacTka 640 x 640, 1 ele ocraHeTcs
MeCTO. TyT-TO M HaCTymnaeT MOMEHT UCTUHBI. HepacrpeaeieHHbI OCTaTOK — 3TO
TOXKe HajieJl 3eMJIH, KOTOPbI HY>KHO pa3/ie/InTb. lax nouemy 6vt He npumMeHums

K HEMY mOom Jce anzopumm?

s S b 640 M

HOBHIA HALEA, KOTOPHA TOKE
HYXHO PASBHTD HA YYACTKM

Wrak, Mbl Hayanu ¢ Hagena 1680 x 640, koTopblii HeoOX0AMMO pa3AeUTh Ha
yyacTkd. Ho Teneps pasaenuts Hy>XHO MeHbIIMH cerMeHT — 640 x 400. Ecau



«Pa3aensn n sBnacreyi» 79

Bbl HaiieTe caMblif 60JIbIION YYaCTOK, MOAXOASAIINM [JIsl 9TOr0 pa3Mepa, 3TO
OyaeT caMblii 60JIBIIION YyYacTOK, NOAXOAAIIMI OIS Bceil pepMbl. M bl TOJIBKO
YTO COKpaTUIH 3aiauy ¢ pa3mepa 1680 x 640 no 640 x 400!

Anroputm EBKnuaa

«Ecau BBl HalieTe caMbli OOJIBIION Y4aCTOK, MOAXOSIINM A1 9TOTO pa3-
Mepa, 3TO OyJEeT caMblid OOJIBIIOW YYaCTOK, HOAXOSIIAN JUIST BCEU (ep-
Mbl». ECIM HCTMHHOCTH 3TOr0 YTBEp>KJEHHUS i BaC HEOUYMBHJHA, HE
oropuantecb. OHa JIEHMCTBUTEIBHO HeOoueBHAHA. K coxaneHuro, a0Kas3a-
TEJIBCTBO IMOJYYUTCS CIHIIKOM JJIMHHBIM, YTOOBI €r0 MOXHO OBLIO OBI
MPUBECTH B KHUTE, IOATOMY BaM MPUAETCS MIPOCTO MOBEPUTHh MHE Ha CJIO-
BO. Ecnu Bac mHTepecyeT /10Ka3aTelabCTBO, MOUIIUTE «alropuT™M EBKIH-
na». Xopouiee o0bsiCHEHUE coqepxuTcsa Ha cailte Khan academy: https://
www.khanacademy.org/computing/computer-science/cryptography/
modarithmetic/a/the-euclidean-algorithm.

|
}“ﬂ M [IpMMeHUM TOT Ke aJrOPUTM CHOBA. EcaiM HayaTh
- c yyactka 640 x 400, To pa3aMepbl caMOro OOJIBIIIOrO
| I 400 M KBaJpaTa, KOTOPbIM MOXHO CO3/1aTh, COCTABJSIOT
400 x 400 m.
|
L—-‘.,-_..._.-l"

400 m

OcTtaetrcst MeHblIUH cerMeHT ¢ pa3aMepaMu 400 x 240 m.

i il
L

Wi 20 M
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OTceKas 110/1eJIeHHY10 YaCTh, Mbl IIPUXOUM K ellle MeHbllIeMY pa3Mepy CETMEHTa,
240 x 160 M.

240 M
240 M

BA30BHIA CAYUYAR!

Jre, 1a Mbl IpUILLIK K 6a30BoMy caydaio: 160 kpatHo 80. Ecain pa3dbuth 3TOT
CerMeHT Ha KBaJpaThl, HUYEro JHUIIHEro He ocTaHeTcs!

W

VTak, AJiss MCXOAHOTO Haze 1a 3eMJIM caMblii 00JIb1IOM pa3Mep ydacTka Oyaer
paBeH 80 x 80 M.
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BcriomHuTe, Kak paboTaeT CTpaTerus «pasaeisii ¥ BJaCTBYil»:
1. OmnpexennTte nmpocTednii cay4aii Kak 6a30BbIi.
2. Tlpunymaiite, kak cBeCcTH 3a/iayy K 6a30BoMY cJ1yyalo.

«Pa3ziejisii ¥ BJIaCTByH» — He IIPOCTOM aJITOPUTM, KOTOPBIH MOXXHO ITIPUMEHHUTD
nJist pellieHus 3azayu. Ckopee, 3TO NOAXO/ K pelIeHHIo 3aaayu. PaccMoTpuMm
ele OJAUH IIpUMep.

1

[2 4 | & IMeeTcss MacCUB YHCEJL.

Hy>Ho npocyMMHUpOBaTh BCe YHMCJAa U BEpHYTbh cyMMY. CaesiaTh 3TO B I{MKJIE
COBCEM He CJIOXHO:

def sum(arr):
total = ©
for x in arr:
total += x
return total

print sum([1, 2, 3, 4])

Ho xak cesath TO )Xe caMoe C MCII0JIb30BaHUEM peKypPCUBHOM QYyHKIIMH ?

Illar 1: onpenenuTts 6a30BbIi ciayyaii. Kak BeIMISAAUT caMblii MPOCTOM MacCHB,
KOTOPBIM Bbl MOXeTe MoJay4uTh? [logymaiiTe, Kak HOJIXKeEH BHITJISAAETh NIPO-
CTeHIIUI cJydaii, 1 mpoaospkaiTe yntaTh. Ecin y Bac 6yaetr maccuB ¢ 0 uiu
1 3;1eMEHTOM, OH CYMMHUPYETCS HOCTaTOYHO IIPOCTO.
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_] O JAEMEHTOB = CYMMA PABHA O

BA30BLIA
1 JAEMEHT = CYMMA PABHA 7

CAYYAR _‘ﬂ J
—_ _—

Ntak, c 6a30BBIM CJIy4yaeM Mbl ONIPEAeTUINCS.

IIar 2: kaXxablit peKypCUBHBIN BbI30B TOJKEH MPUOJIMKATh BaC K IIyCTOMY Mac-
cuBy. Kak ymeHbmmTh pa3mep 3agauyn? Oa1H U3 BO3MOXXHBIX CITIOCOOOB:

som(Z[4]8)) = 12

2 + sm(&[E]) = 2+1p =12

B mo6oM ciyuyae pe3ysbraT paBeH 12. Ho Bo BTOpoii Bepcuu QYHKIIMHU sum
[epeiaeTCs MEHbIINMA MAaCCUB. A 3TO 03HAYAET, UTO Bbl COKPATUJIN pa3Mep CBOei

3agayu!

DyHKI M sum MOXeT paboTaTh 10 ceayiolleit cxeMme:

NOAYYHTD

JCMHCOK

B MPOTHBHOM CAYYAE PE3YAbL-
TAT PABEH CYMME NMEPBOTO |
YHCAR B8 CMUHCKE H CYMMDBI
OCTAABHOTO CIMTHCKA

' ECAM CTHCOK
| nvcT, 8EP-
HYTb O

__ peearwwrrtoar-l-wrww
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A BOT KaK 3TO BBITJIA/IUT B IEHCTBUU.

PESYATAT
OBA 3THR VP
;ﬁmbnn____} 5umq:§'4 5_) ,‘1 2 :
| T
\1+5“Hfﬁ-ﬂ> 2 +1% =12
J T

4
SAOBBIA l'.M”-lhﬂlJ

cum( @) = 6,

BcnioMHMTE, UTO ITPU PEKYPCUHU COXPAHSETCS COCTOSTHHE.

HH OIHH U3 ITHUX

8530808 PYHKUMM HE BRCMOMHHUTE, YTO PEKYPCHUA
3ABEPIHTCA 10 TOTO, COXPAHAET COCTOAHME ITHX
KAK BY.LLET OBHAPYXKEH YACTHYHO 3ABEPHEHHBIX
BA30BbLIA CAYYAR!) BH30808 PYHKLMH
— [ ) ! #
" 1 -
\EUMU'E 45-) _1.2..
) o

2+sum(46) 2+19 =12
J t
4+somE) 446 =18
J

BA30BLIA CAYUYAR) J

_ Sum(@.) = 6.

NEPBLIA 86308 PYHKUMM,
KOTOPHIA BYQET PEAABHO
3ABEPWEH
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Koraa Bbl nuweTe peKypcuBHylo pyHKUMUIO, B KOTOPOX 3aAeCTBOBaH Maccus, ba-
30BblM CNy4YaeM 4acTo OKas3bliBaeTCA NMyCTOM MaccuB UM MAacCuMB U3 OAHOrO 3ne-
MeHTa. ECnu Bbl He 3HaeTe, C Yero HayaTb, — HauyHUTe C 3TOro.

Mapa cnoB o (hyHKLMOHANLHOM NpPOrpamMM1MpPOBaHUN

3a4ueM NPHUMEHATh PEKYPCHIO, €CIH 3aJada JIETKO PEIacTCs C IUKIOM?
BriosiHe pe3oHHBIM BoOIpoc. UTo K, Mmopa MO3HAKOMHUTBCA C (DYHKIIHO-
HAJIBHBIM IIPOTPAMMHUPOBAHUEM!

B s3bpIkax (hYHKIIMOHAIBHOTO IpOrpaMMHUpOBaHHUS, Takux kKak Haskell,
IIMKJIOB HET, MO3TOMY Il HamMCaHUs MOAO0OHBIX (DYHKIIUN MPUXOIUTCS
IPUMEHATH peKypcHio. ECiiu Bbl XOpOIIIO TOHUMAETE PEKYPCHIO, BaM OY-

AET Tpolle Hu3y4daTh (YHKIHOHAJIBHBIE SA3bIKH. Hampumep, BOT Kak
BBIMIAAUT PyHKIMSA sum Ha si3eike Haskell:

Sum [] = O B PP Base case
sum (x:xs) = x + (sum xs) <o TR

Ha mepBbIil B3rJIsI KaXKeTCsl, 4TO ogHAa (DYHKILMS HUMEET JiBa OIpEeIie-
Hus. [IepBoe onpeeneHue BBIMOIHICTCS 111 0a30BOro Ciiydas, a BTOpOe
- IUIsE PEKYPCUBHOIO ciy4dasd. DPYyHKIUIO TAKXKE MOMXKHO 3alMucaThb Ha
Haskell ¢ ucrmonp3zoBanmemM KoMaHabl 1 f:

sum arr = 1f arr == []
then O
(

else (head arr) + (sum (tail arr))

Ho mepBoe omnpeaeneHue mpoile yuTaercsa. Tak Kak peKypcHs ITHPOKO
npuMeHseTcs B s3bike Haskell, B Hero BkIIOYeHBI BCEBO3MOXKHBIC
ya00CTBa JJIs €€ UCIOoIb30BaHus. Eciiu BaM HpaB UTCS PEKYPCHUS WX BB

XOTHUTE U3YYUTh HOBBIH S3bIK - MpUcMOTpUTeCh K HAskell.

-—e s e e o b e
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Ynpa>KHeHus

4.1 Hanumwure Koa A1 GYHKIMHU sum (CM. BBIIIIE).

4.2 Hanumure peKypcuBHYIO QYHKLHIO /15 NTOACYETa
3JIEMEHTOB B CITHCKE.

4.3 HaiiauTte HauboIblIee YUCJIO B CITUCKE.

4.4 TlomHuTe 6MHapPHBII MOMCK K3 riaBbl 1? OH Toxe
OTHOCHUTCSI K KJIaCCy aJITOPUTMOB <«pa3iesIai ¥ BjIacTByi». CMoXeTe Ji Bbl
ornpeeauTh 6a30BbIi M PEKYPCUBHBIN Cay4aii 111 OMHAPHOTO ITOMCKA?

bbICTpasa copTupoBKa

BricTpast COpTHPOBKAa OTHOCHTCSI K aJITOPUTMaM COPTHPOB-
k. OHa paboTaeT HaMHOro 6pIcTpee COPTHPOBKH BHIGOPOM
¥ 4aCTO MPUMEHSIETCS B peanbHbIX mporpaMmax. Hanpumep,

B cTaHZapTHYI0 6u61noTeky C BXOZUT PYHKIMS C UMe-
HeM qsort, peayin3yiolas ObICTpYyI0 COPTHPOBKY. BricTpas
COPTHMPOBKA TaK)Xe OCHOBaHa Ha CTPAaTErMH <«pasfesi
Y BJIaCTBYil».

Bocnosb3yeMcst ObICTPO COPTUPOBKOM AJISI YIIOPAIO-

yeHUs MaccuBa. Kak BBIT/ISIAUT CaMbId MPOCTOM MaCCHUB,

C KOTOPBIM MOXET CIIPABUThCS aJITOPUTM COPTHPOBKH
(MoMHMTE NMOACKA3KYy U3 Ipeabiayllero pasaena)? He-
KOTOpble MAaCCHBHI BOOOIIe He HYXIAalOTCS B COPTH-
POBKe.

[ _] <— TIYCTOR MACCHS
COPTHPOBATD

TAKHE MACCHB b

HE HYXHO < MACCHB C OZHMM SAEMEHTOM
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[IycTble MACCUBBI M1 MACCHBBI, COJEPXKAIMe BCETO OUH 3JIEMEHT, CTaHYT 6a30-
BbIM CJIy4aeM. Takve MacCHUBbI MOXHO IIPOCTO BO3BpalllaTh B HCXOJIHOM BUE —
COPTHUPOBATb HUYETO HE HYXKHO:

def quick sor t(array):
if len(array) < 2:
return array

Teneps nepeiieM Kk MaccuBaM 6oJibliiero pasMepa. MaccuB U3 IBYX 371EMEHTOB
TOXXE COPTUPYETCS 6e3 0cOOBIX TPOOIEM.

ECAM NEPBBIA SAEMEHT MEHbUE
BTOPOTO, MEHAEM WX MECTAMM

T 1 ‘:'t < CPABHHBAEM 2BA JAEMEHTA.

A KakK HacyeT MacCHBa U3 TPeX 3JIEeMEHTOB?

[ToMHMTE: MBI MCIIOJIB3YEM CTPATErHIO «pasfesdil U BaacTBYii». CenoBartesib-
HO, MaCCHB JI0JIXKEH pa3ZieJIsiTbCS 10 TeX MOP, MOKa MbI He MpuaeM K 6a30BOMY
cJay4alo. AJITOPUTM OBICTPOiI COPTUPOBKHU paboTaeT TaK: CHayajla B MaCCHBe
BbIOMPAETCS 3IEMEHT, KOTOPbIN HAa3bIBAETCS 0NOPHLIM.

ONMOPHBA
IAEMEHT

O ToM, Kak BbIOpaTh XOpOULIUI OMOPHBIN 3JIEMEHT, OyeT paccka3aHo JaJee.
A noka npeanosioXuM, YTO OIMIOPHBIM CTAHOBUTCS MEPBbIN 371eMEHT MacCHUBa.

Tenepb Mbl HAXOUM 3JIEMEHTHI, MEHbIIIE ONIOPHOTO, U 3JIEMEHTHI, OOJIbIIIHE
OIIOPHOTO.
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YHCAN, YHCAR, BOABUME 33
MEHbBOMKE 33 (MNYCTOR MACCHSB)
OMNOPHbLIA
JAEMENT

ITOT npoliecc Ha3bIBaeTCs pasdenenuem. Tenepb y BaC UMEIOTCH:
O IIOAMACCHUB BCEX 3JIEMEHTOB, MEHbIINX OMIOPHOTO;

O OIIOPHBIN 3JIEMEHT,

QO IMOAMACCHUB BCEX 3JIEMEHTOB, OOJIBIINX OMOPHOTO.

JIBa nmogMaccuBa He OTCOPTUPOBAHbl — OHM IIPOCTO BbIAEJIEHBI U3 UCXOAHOTO
maccuBa. Ho ecsiu 661 OHU 6bL11 OTCOPTHPOBaHBI, TO IIPOBECTH COPTUPOBKY BCETO
MacCCHBa ObILJIO Obl HECJIOXHO.

Ecyin 651 mogMaccuBbl ObIJIM OTCOPTHPOBAHBI, TO KX MOXHO ObLIO ObI 00bEIH-
HUTb B MOPAAKE «JI€BbIM MOAMAaCCHUB — OIMOPHbINA 3JIEMEHT — MpaBbId MOAMacC-
CHB» M MOJIYYUTb OTCOPTUPOBAHHBIA MacCCHUB. B HallleM IpUMepe MOoJy4yaeTcst
[10, 15] + [33] + [] = [10, 15, 33], TO €CTb OTCOPTUPOBAHHBIA MACCHUB.

Kak orcoptupoBaTh nogMaccuBbl? Ba3oBblii cayyaii ObICTPOil COPTUPOBKHU
yXKe 3HaeT, KaK COpTUPOBAThb MaCCUBBI U3 [IBYX 3JIeMEHTOB (JIEBBIH ITOIMACCHUB)
M MyCThle MacCUBbI (MpaBbii moaMaccuB). CiienoBaTeIbHO, €CJIM TPUMEHHUTD
aJITOPUTM OBICTPOIT COPTUPOBKH K JBYM MOAMAaCcCHBaM, a 3aTeM 00BbeIUHHUTD
pe3yJIbTaThl, ITOJYYUTCSI OTCOPTUPOBAHHBIA MACCUB!

quicksort([15, 10]) + [33] + quicksort([])
> [10, 15, 33]  CCEECICRTRRT LT IEER OTCOpTMPOBAHHBLIA MacCHB
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ITOT MeTo/, paboTaeT MpH JIIOOOM OIMOPHOM 3JjieMeHTe. /lonmycTHM, BMecTo 33
B KaueCTBe ONMOPHOTo ObLI BBIOpaH 31eMeHT 15.

16] 15> 133

Ob6a moaMaccHBa COCTOSIT M3 OMHOTO 3JIEMEHTA, a BBl Y)Ke yMeeTe COPTHPOBATh
Takue rnmoaMaccusBbl. [TosyvaeTcsi, 4To BBl yMeeTe COPTHUPOBATh MAaCCUBBI U3 TPeX

3JIEMEHTOB. JTO JleJIaeTCs TakK:
1. BrIOpaTh OITOPHBII 3JIEMEHT.

2. Pa3jgennTh MacCHB Ha JBa ITOAMACCHBA: 3JI€MEHThI, MEHbIIIME ONIOPHOTO,
M 3JIEMEHTBI, OOJIbIIIE OTIOPHOTO.

3. PexypcuBHO MpUMEHHUTD OBICTPYIO COPTHPOBKY K IBYM IOJMaCCHBaM.

Kak HacyeT MacCHBa 13 YeThIpeEX 3JIEMEHTOB?

3316157

I[IpeanosoxuM, OIIOPHBIM CHOBA BLIOMPAETCS 3JIeMEHT 33.

[BT7] G [ ]

JleBbI# 10IMACCUB COCTOUT U3 TPEX 3J1eEMEHTOB. BHI yKe 3HaeTe, KaK COPTUpYeT-
Cs MACCHB U3 TPEX 3JIEMEHTOB: HYXKHO PEKYPCUBHO IIPUMEHHUTD K HeEMY OBICTPYIO
COPTHUPOBKY.
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[14] }517] <Al
[F]<> 151

CJICZIOBaTeJIbHO, Bbl MOXeETe OTCOPTHUPOBATh MaCCHB U3 H9E€TbIPEX 3JIEMEHTOB.
A eciim BbI MOJKETE€ OTCOPTHPOBATh MAaCCHUB U3 YETDBIPDEX 3JIEMEHTOB, TO BbI TaK-

K€ MOXETE OTCOPTUPOBATb MACCUB U3 MSTH 3JIEMEHTOB. [Touemy? Jomyctum,
MMEETCS MAaCCHUB U3 NSITH 3J1eMEeHTOB.

315 ]2]1]a]

Bot kak BbIT JIAOAT BCe BADHUAHTHI pa3J€JIEeHUs 3TOro MacCuBa B 3aBUCHUMOCTH OT
BbI6p3HHOF O OITOPHOroO 3JIeMEeHTa:
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Bce atu mogMaccuBsl cogepxat ot 0 10 4 3J1eMeHTOB. A BbI yXe 3HaeTe, KaK
OTCOPTHPOBAaTh MacCUB, cofepxaiiuii or 0 10 4 371eMEHTOB, C HCII0JIb30BaHMU-
eM 6bIcTpoii copTupoBkH! TakuM oOpa3oM, HE3aBUCUMO OT BbIOOpa OIMIOPHOTO
3JIEMEHTA Bbl MOXKETE PEKYPCHUBHO BbI3bIBaTh OBICTPYIO COPTUPOBKY AJsI ABYX
I10/IMaCCHBOB.

Hanpumep, npeanoioxkuM, YTo B Ka4yeCTBe OIIOPHOTO BhIOMpaeTcsl 3JieMeHT 3.
Bbl npuMeHsieTe OBICTPYIO COPTUPOBKY K IOJIMaCcCHBaM.

%SO;t(rz']'i;D <3> Gl(’im:t (s |4—__>

[ToaMaccuBBI OTCOPTHPOBAHBI, U Tellepb U3 HUX MOXKHO coOpaTh OTCOPTHPOBAH-
HbI# MaccuB. PenieHne paboTtaeT faxke B TOM CJydae, €CJIM BbIOpaTh B KayecTBe
OINOPHOI0 3JIEMEHT J:

ot dsj"z'\i ;_) OX T )
\’

1213]4] &[]
Y
[+ 12]3]als)
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tak, pemenne pabotaeT He3aBUCUMO OT BbIOOpa onopHoro ajemMeHTa. Cieno-
BaTEJIbHO, BBl MOXK€Te€ OTCOPTUPOBATh MAaCCUB U3 IMATH 3JiIeMEHTOB. I1o ToHn Xe
JIOTHKe Bbl MOXKeTe OTCOPTHPOBATh MAaCCHUB U3 IIECTH 3JIEMEHTOB U T. .

[JokasaTenbCTBO NO UHAYKLUU

BBl TOJIBKO 4TO MO3HAKOMUJIACH C METOJIOM JIOKAa3aTeIbCTBA 110 UHIYK-
1uu! DTO OMH U3 CIIOCO00B, AOKa3bIBAIOIIMX, YTO Balll CIIOCO0 padoTa-
eT. Kaxknoe MHAYKTUBHOE JOKA3aTEIbCTBO COCTOUT M3 JIBYX HacTeu: Oa-
3bl (0A30BOro Ciiydasl) ¥ MHIAYKIHOHHOIO MEpPeXxoda. 3BYYUT 3HAKOMO?
JlormycTumMm, s X04y A0Ka3aTh, YTO MOTY IOJHATHCS HA CAMbBIA BEPX CTpe-
MSIHKH. ECJIM MOM HOTM CTOSAT Ha CTYNE€HBKE, TO 51 MOT'Y MEPECTaBUTh UX
Ha CJIEIYIOIIYK CTYNEHBKY, - 3TO MHAYKIIMOHHBIA Iepexo. TakuM o00-
pPa3oM, €CJIM s CTOIO Ha CTYIIEHBKE 2, TO MOTY HOJAHSTHCS Ha CTYNEHBKY 3.
Yto kacaercs 0a30BOTO ciiyyas, s ceiyac CTOr Ha CTyrneHbke 1. M3 3Toro
CIIEIYET, 4TO S MOTY MOJHATHCS HA CaMbIil BEPX CTPEMSHKH, KOKIBIA pa3
MOJHUMAsICh Ha OJIHY CTYIICHBKY.

AHaJIOTUYHBIE PACCYKACHUS IPUMEHUMBI K OBICTPOI cCOpTUpOBKE. Pabo-
TOCHOCOOHOCTbH aIrOpUTMa JJIsi 0a30BOTr0 ClIy4dasi - MACCUBOB C Pa3MEpPOM
O u 1 - ObLIa IPOJEMOHCTPHPOBaHa. B HHAYKIIMOHHOM IIEPEXO0/e S MOKa-
3aJ1, 4TO €CJIu OBICTpasi COPTUPOBKA pabOTAET JJId MAacCHBa M3 OJHOTO
3JIEMEHTA, TO OHA OyJIeT paboTaTh JJIsl MacCCHUBA M3 2 AJIEMEHTOB. A €ClIH
OHa padoTaeT AJIs1 MACCUBOB U3 2 3JIEMEHTOB, TO OHA OyAEeT paboTaTh I
MAaCCHUBOB W3 3 3JEMEHTOB W T.J. M3 3TOro MOXXHO clienaTh BBIBOJI, YTO
OBICTpasi COpTUPOBKA OyJI€T padOTaTh JJIsI BCEX MAaCCUBOB JIIO0OI0 pa3zMe-
pa. 51 He Oyay moapoOHO paccMaTpUBaTh J0Ka3aTeIbCTBA MO MHAYKIUH,

HO 3TO MHTEPECHBIN METOJI, KOTOPBIA UJET pyKa 00 pyKYy CO CTpaTerueu
«pas3zensdai U BJIaCTBYM».
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A BOT KaK BBHITJIAQUAT NIPOrPaMMHBIi KOJ OBICTPOI COPTHPOBKH:

def quicksort(array):

if len(array) < 2: 5a30Bbif CAYy4ai: MACCHBLI C O U 1 3neMeHToM
return appay B T TTIT IR yme "orcopmpo.anu"
else:
pivot = array[@] <«:-eoeeeeen PexypcuBHbiK Chyyan n
. ot OAMacCCHUB BCEX 3/IeMEHTOB,
less = [1 for i in array[1:] if i <= pivot] « MeHbLLIMX ONOPHOFO
greater = [1i for i in array[1:] if i > pivot] <o Moamaccus scex anemeHTos,
6onbwKx onopHoOro

return quicksort(less) + [pivot] + quicksort(greater)

print quicksort([10, 5, 2, 3])

CHoBa 06 «O-6onbwoM»

AJIrOpUTM OBICTPOIT COPTUPOBKH YHHKAJIEH TEM, YTO €r0 CKOPOCTh 3aBUCHUT OT
BbIOOpa onmopHOro ajseMeHTa. IIpexe yeM paccMaTpuBaTh OBICTPYIO COPTH-
POBKY, BCIOMHHMM Hau0oJiee THITHYHbIE BAPDHAHThl BpEMEHH BBIMOIHEHUS 115

«O-60JB1110E>.

BUHAPHBIA NPoCTOR B
NPUMEP BCTPAA COPTHPOBKA 3AZAYA O KOM-
AATOPHTMA:  MOWCK nonCK COPTMPOBKA  3LBOPOM  MWBOAKEPE

e iy 0w oGy ow . o
15 2.3¢ 1c 3.3¢ 10 ¢ 4.2 qus
190 p.6c (1 d 664 ¢ 16.6 mun 2.9x 18"+
1Q)ﬂ¢ 1c 190 ¢ q96c¢ 23.F uac 1.210%55)

OueHKM ANA MeANEHHOr0 KOMNbIOTepa, BbinonHAwuero 10 onepaunn B CeKYHAY

Ha rpadukax npuBegeHbl npUMepHbIe OLIEHKHM BPEMEHU ITPH BbINOJTHEHUHU
10 onepaiuit B cekyHay. OHM He MPeTEeHAYIOT Ha TOYHOCTbD, a BCEro JHUIIb JAI0T
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[IpeJCTaBJIe€HHE O TOM, HACKOJIbKO pa3jiMyaeTcs BpeMs BbINIOJIHEeHUA. KoHeuHo,
Ha IPaKTHKe Balll KOMIIbIOTEP CIIOCOOEH BBINOJHATD ropa3zio 6obmie 10 onepa-
UMHA B CEKYHAY.

Jlo1s1 KaXkJI0ro BpeMEHM BBHIMTOJIHEHUS TaK)ke IPUBEEH MPUMEP aJIrOPUTMA.
BosbMeM aJropuT™M COPTUPOBKH BBIOOPOM, O KOTOPOM BBl Y3HAJIM B IJiaBe 2.
OH ob6J1anaeT BpeMeHeM O(7?), ¥ 3TO IOBOJIBHO Me/IJIEHHBIN aJITOPUTM.

JIpyroii aJropuT™M COPTUPOBKH — TaK Ha3bIBaeMasi COPMUPOBKA CAUSAHUEM —
pabotaet 3a BpeMst O(n log n). Hamuoro 6sicTpee! C O6bICTPOIl COPTHPOBKOIA
neyio o6CTOUT coXHee. B xyaiieM ciaydae ObIcTpasi COPTHPOBKa paboTaeT 3a
Bpems O(n?).

HuyyTs He nydie coptupoBku BeibopoM! Ho aTo Xyaimmii ciyyai, a B cpeIHEM
ObICTpasi COpPTUPOBKA BBINOJIHSAETCS 3a BpeMsi O(n log n). BeposiTHO, BbI CIIpO-
CUTE:

QO 4YTO B IaHHOM CJIyyae MOHUMAETCS MOJ «XYOWUM> U «CPEOHUM» CITydyaeM?

Q ecuu ObICTpasi COPTHPOBKA B CPeJIHEM BBINOJIHsETCS 3a BpeMsa O(n log n),
a COPTUPOBKA CJIUSIHUEM BHITIOJIHsAeTCA 3a BpeMst O(n log n) Bceraa, To mo-
yeMYy ObI He MCIT0JIb30BaTh COPTHPOBKY CJIMsiHMEeM? Pa3Be oHa He GbIcTpee?

CopTtnpoBka cnusiHuem n bbiCTpasi COpTUPOBKa

JlonycTtuM, y Bac uMeeTcsl mpocTasi QyHKIMA AJ1 BbIBOAA KaXXOTr0O 3J1€eMEHTa
B CITUCKE:

def print_items(list):
for item in list:
print item

Jta GyHKIUS MOCjaeI0BaTeIbHO NepedrpaeT Bce 3JIEMEHTHI CITUCKA U BBIBO-
muT UX. Tak Kak QYHKI[Us nepe6bUpaeT BECh CIIUCOK, OHA BHIMOJIHAETCS 3a Bpe-
Ms1 O(n). Terepb IpeAIOI0KUM, YTO Bbl UBMEHUWIU 3Ty QYHKIIHIO U OHA eJjaeT
CEKYH/IHYIO nay3y Iepe BHIBOJOM:

from time import sleep
def print_items2(list):
for item in list:
sleep(1)
print item
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[lepen BbIBOAOM 3jieMeHTa QYHKIUA AesaaeT nay3y HPOAOKUTEIbHOCTDIO
B 1 cexyHay. IlpeanosoxuM, Bbl BBIBOAUTE CIIMCOK M3 MSATU 3JIEMEHTOB C HC-

I0JIb30BaHHEM 00enX QYHKI[HIA:

[2]a]6 ]3]
+

Fvin‘t. items: 24693 1¢

Prin‘t..items25 <AY3A> 2 <AY3A> 4 <navans 6 <nAY3a> R <MAY3N> 1¢

Ob6e GpYHKUMHU MIPOXOAST IO CIIMCKY OJAUH pa3, U 06e BBINOJHAIOTCA 3a Bpe-
Msa O(n). Kak BbI 1yMaeTe, Kakast U3 Hux pabortaet 6bicTpee? S qyMaio, print_
items paboTaeT HAaMHOro ObICTpee, IOTOMY YTO OHA He JieJIaeT Nay3y Iepe Bbl-
BOJAOM KaXkJoro ajeMeHTa. CjenoBaTe/IbHO, aXke IIPH TOM, YTO 06e PYHKIUH
MMEIOT OJHHAKOBYIO CKOPOCTh «O-60JIbllIOE», peasibHO print_items paboTaer
osicTpee. Koraa Bbl ucnosibadyete «O-6osb1oe» (Hanpumep, O(n)), B neiicTBU-
TeJIbHOCTH 3TO O3HA4aeT CJeayIollee:

C*h
SUKCHPOBAHHBIA J
MPOMEXYTOK
BPEMEHH

31eCb ¢ — HEKOTOPbI (PUKCUPOBAHHBIM IIPOMEXYTOK BPpeMEHH JJIsl Balllero
aaroputMa. OH Ha3bIBaeTcs koncmanmou. HanpuMep, BpeMsi BBINTOJIHEHUS
MOJET COCTaBJATh 10 munrnucekyno * n njs print_items npoTuB 1 cekynovt * n
IJIs1 print_items2.

OO6BIYHO KOHCTAHTA UTHOPUPYETCSI, TOTOMY YTO €CJIM ABa aJITOPUTMA UMEIOT
pa3Hoe BpeMs «O-60JIbl10€e», OHA pOJIH He urpaert. /[Jiss mpuMepa Bo3bMeM OU-
HapHBIH 1 POCTOM MouckK. JlonycTuM, Takie KOHCTAHThI IPUCYTCTBYIOT B 000MX
aJITOPUTMaXx.

'Iﬁimc:‘i‘r '{‘h_ 1C*Lo«3_n |

"NPOCTOR MOHCK EMHAPHBIA NONCK
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[lepBas peakius: «Oro! ¥ npocroro noucka KoHCTaHTa paBHa 10 MUJLIMCEKYH-
naMm, a y 6uHapHoro nmoucka — 1 cekyHzaa. ITpoctoii mouck HamMHoro 6bicTpee!»
Ternepb NMpeAnoI0XK1M, YTO IMTOMCK BEIETCS MO CIIUCKY U3 4 MUJIJIMAPAOB 3JIEMEH-
TOB. Bpemst OyeT TakuM:

nrocToh nouck  § 1Pme ¥ 4 wirminear = 463 gy

BMHAPHBIA MOMCK ‘ 1::. % 32 32 CEKYHIH

Kaxk BuauTe, 6MHapHBIN IOKMCK BCe paBHO paboTaeT HaMHoro ObicTpee. KoHcTaH-
Ta HY Ha YTO He MOBJIMSIIA.

OpHako B HEKOTOPBIX CJIydYasix KOHCTaHTa Moxcem UMeTb 3HaueHue. OQUH U3
IPUMEPOB TaKOro poJa — ObICTpasi COPTHPOBKA M COPTHPOBKa CJIUSIHUEM. Y Obl-
CTPOi COPTUPOBKH KOHCTAaHTa MEHbIIIE, YEM Y COPTUPOBKH CJAUSTHUEM, I03TOMY,
HECMOTPS Ha TO 4TO 00a aJiropuTMa XapakTepu3ylotcs BpemeneM O(n log n),
ObICTpasi COpTUPOBKa paboTaeT ObIicTpee. A Ha MpaKTHKe ObICTpasi COPTHPOBKA
paboTaeTt ObICTpEE, MIOTOMY YTO CpeJHMI CIyYail BCTpeYaeTcsi HAMHOTO Yalie
Xy ALIETO.

A Tenepb OTBETHUM Ha ITePBBIM BONPOC: KAK BBITJIAAUT CPEAHUN CJIy4ail 1o CpaB-
HEHMIO C XyIIUM?

CpeaHun 1 Xyawnn cnyyam

BricTpoaeiicTBre OBICTPOI COPTUPOBKH CHJIBHO 3aBUCUT OT BhIOOpa OIIOPHOTO
asieMenTa. [Ipeano ioxuM, oropHbIM BCETa BHIOMPAETCS NEPBBIii 3JIEMEHT, a Obl-
CTpasi COpPTUPOBKA IIPUMEHSIETCS K YHce 0mcopmuposanHomy MaccuBy. beictpas
COPTHPOBKA He NMPOBePSIET, OTCOPTUPOBAH BXOIHOI MAaCCUB UJIH HET, U BCE PABHO
NbITAETCS €T0 OTCOPTUPOBATb.
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O6paTHTe BHUMaHUE: HA 3TOT pa3 MacCUB He pa3leJfeTCs Ha ABE IOJOBUHBL.
BmecTo aTOro oaMH U3 ABYX MOAMAcCHBOB BCeraa IMycT, TAK YTO CTEK BHI30OBOB
IOJIy4a€TCsl OYEHb AJIMHHBIM. Tenepb NpearnonokKM, YTO B Ka4eCTBE OIIOPHOTO
Bcerza BhiOupaeTcst cpenHuii ajieMeHT. [IocMOTpUM, KaK BBINJISIANT CTEK BbI30BOB
B 3TOM CJIy4ae.
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Crex HamHOro kopoye! MaccuB KaXIblil pa3 JeJuTCs Ha/[BO€, 103TOMY TaKoe
KOJTM4ECTBO peKYPCUBHBIX BbI30BOB U3JIMLIHe. Bbl 6bicTpee no6upaerech 10
6a30Boro cilyyas, ¥ CTeK BbI30BOB 1oJiyyaercsi 60jiee KOPOTKUM.

IlepBbIit M3 pacCMOTPEHHBIX IPUMEPOB OMUCHIBAET XyALIUI ClileHapHi, a BTO-
poit — Jiy4iuii. B xyauem ciiyyae pasmep creka onuchIBaeTCS Kak O(n). B nyy-
eM ciy4ae oH coctaBuT O(log n).

Tenepb paccMoTpum nepsbiit ypoBeHs creka. OQUH 3J1eMEHT BBIOMPAETCs OIop-
HbIM, a OCTa/IbHbIE JJIEMEHTHI AEJIATCS HA MoAMacCUBLL. Bbl nepe6upaere Bce
BOCEMb 3JIEMEHTOB MaCCHBa, MO3TOMY IepBasi ONepalusi BbIOJIHSETCS 3a Bpe-
M O(n). Ha aToM ypoBHe cTeka BHI30BOB BbI 06paTUIMCh KO BCEM BOCHMHU
dsieMeHTaM. Ho Ha camoM zeJte BbI o6paraerecs K O(n) saneMeHTaM Ha KaXKI0M
YPOBHE CTeKa BbI3OBOB!

b osonx | [1-.'2 31475 6|7 ‘aﬂ
N 2

CAYYAAX %
| IOEGEEREE

O(n)
JAEMEHTOB

[asxe ecm MaccuB GyneT pasjiesieH APyrUM CIIOCO6OM, BBl BCE PaBHO KaKIbIil
pa3 obpaiaerech Kk O(n) aileMeHTaM.
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8 JAEMEHTOS,
m. e. O(n) IAE-
MEHTOB

8 IAEMENTO8,
m. e. O(n) IAE-
MEHTOB

TOKRE O(n)
JAEMEHTO8

COpTMPOBKA

{
{

BERELE

fs]7]8]

1 E_lf:‘s'_[ E

6

e

M Tak, 3aBepliieHre KaXX10ro YpoBHsi TpeOyeT BpeMeHu O(n).

PASLLEAEHHE 3TOTO
YPOBHA MOTPEBOBAAOD
BPEMEHH O(n)

BPEMA O(n)

ABBREREE

REBRABAED

BPEMA O(n)

RARE 3TOT
yROBERD JAHAR

LPEMA O()

B atoM nmpumepe cyiectByior O(log n) (c TexXHUYECKOI TOYKHU 3peHUs Ipa-
BUJIbHEE CKa3aTh «BbICOTA cTeka Bbi30BOB paBHa O(log n)») ypoBHeii. A Tak
KaK KaXX1bli ypOBEHb 3aHUMAaeT BpeMsi O(7), TO BECb aJITOPUTM 3aMMET BpeMs

e e

1G] )

~

| KOAHYMECTBO

YPOBHER:

LO(Log w)

O(n) * O(log n) = O(n log n). ITo cueHapwmii syyniero cayyas.

B xyauieM caydae cymectByioT O(7) ypOBHEH, [IO3TOMY aJITOPUTM 3aMET BpeMsi

O(n)* O(n) = O(n2).

A Temnepb clOpnpu3: JIYUILlIHi c/Iy4yai TaKXKe sIBJIsieTCsl cCpeAHUM. Ecyii BbI Bceraa
OyaeTe BoIOMpPaTh ONMOPHBIM 3JIEMEHTOM CJIy4YailHbIi 2/1eMEHT B MacCHBe, Obl-
CTpasi COpTHPOBKa B cpeiHeM 3aBepuinuTcs 3a BpeMst O(n log n). 310 oauH u3
CaMbIX OBICTPBIX CYIIECTBYIOLMX aJTOPUTMOB COPTUPOBKH, KOTOPBII 3a0HO

SIBJISIETCS XOPOILIMM IIPUMEPOM CTpPaTeruu «paszessii U BJIacTBYH».
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YnpaxHeHUs

3anuniure «O-60blI0€e» IJ KaXXA0M U3 CIAeAyIoUUX onepaiuii ?

4.9 BbIBog 3HaUeHMs KaXXJIOro 3JleMeHTa MaCCHUBa.

4.6 YaBoeHMe 3HAYEHUS KaXXIOTrO 3JIeMEHTa MacCHUBa.

4.7 YaBoeHMe 3Ha4e€HMs TOJbKO IIEPBOTO 3JIEMEHTA MACCHBA.

4.8 Cospanue TabaMibl YMHOXXEHHU 1151 BCEX 37IeMEeHTOB MaccuBa. Hampumep,
eCJIM MaCCUB COCTOMT U3 3J1eMeHTOB [ 2, 3, 7, 8, 10], cHayas1a KaXxaAbli 3Jie-
MEHT YMHOXA€eTCs Ha 2, 3aTeM KaXXblil 3JIeMEHT YMHOJXaeTcs Ha 3, 3aTeM
HA7UT. L

QO Crparerus «pasaensi

M BJAaCTBYH» OCHOBa-
Ha Ha pa30MeHUU 3aJayu
Ha yMeHblIawuuecs ¢par-
MEeHTbI. ECJIM Bbl MCIIOJIb3yETE
CTpaTeruio «pasiaeasii M BJja-
CTBYii» CO CIMCKOM, TO 6a30BbIM
cJy4yaeM, CKopee BCEro, siBJsieTCs
IyCTOM MAaCCHB MJIM MAaCCUB U3 OJTHOTO
3JIeMeHTA.

Ecnu BBl peasinayere aaroput™ 6bICTPOIf COPTUPOBKH, BbIOEpHUTE B KAaYeCTBE
OIIOPHOTO CJIyYyaiiHblii 3/ieMeHT. CpeiHee BpeMsl BHITIOJIHEHHSI OBICTPOI cop-
THPOBKHU cocTaBiseT O(n log n)!

KonctranTbl B «O-60/1b1I0M» HHOTJAa MOTYT UMeTh 3HayeHue. IMeHHO 1o
3TOH NMPUYMHE ObICTpasi COPTHPOBKA OBbICTpee COPTUPOBKH CIAUSTHUEM.

[Ipu cpaBHEHMM NMPOCTOM COPTUPOBKH ¢ OMHAPHOM KOHCTAHTAa IOYTH HUKOT1a
poJii He urpaert, noromy yto O(log n) cauIIKOM CHUIbHO TpeBocxoauT O(n)
110 CKOPOCTH IpH O0JIBILIOM pa3Mepe CITMCKa.



Xew-Tabnuupbl
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B 3TOM rnase

v Bbl y3HaeTe 0 xew-tabnuuax — OAHOM M3 CaMbIX nones-
HbIX 6a30BbIX CTPYKTYp AdHHbIX. Xew-Tabnuubl HaxoaaT
MHOXXECTBO NPUMEHEHUW; B 3TOU rNaBe pacCMaTpUBaIOTCS
pacnpoCTpaHEHHbIE BapuaHTbl UICNONb30BAHUS.

v Bbl 3yunte BHYTpeHHee yCTpOUCTBO xew-Tabnuu: pea-
NU3auuio, Konnusmm n xew-9OyHKUMKU. 3TO NOMOXET BaM
NOHATb, KaK aHaNM3upyeTcs Npon3BOAUTENBHOCTb XeLl-
Tabnuupbl.

® & © &6 & O & O & O & ® & O & 0 & & 0 O O S PO S O S O G OO S OB P S PO G &G 00 BSOS 0SS 000 e

[IpeacraBsbre, YTO BbI ITpoAaBel] B MaJIEHbKOM Mara3uH4YH-
kKe. Koraa kJMeHT MokKynaeT ToBaphbl, Bbl IPOBepsieTe UX
lleHy 1Mo KHure. Eciu 3anucu B KHUre He YIOpsiI0Y€EHbI
1o asipaBUTY, TO IMOKMCK CJOBa <«aleJIbCUHbI» B KaXXaA0H
CTpPOKe 3aiiMeT cJMIIKOM MHOro BpeMeHU. DakTuyecku
BaM NMPUAETCS MPOBOAUTDb MPOCTOM MOMCK M3 IJIaBHI 1,
a JIJIsl 3TOr0 HY>KHO MPOBEPUTh KaXXAyIo 3amuch. [IToMHUTeE,
CKOJIbKO BpeMeHH 3To 3aiiMeT? O(n). Ecau e kHUra ymno-
psifoueHa 1o ajagaBUTYy, Bbl CMOXETe BOCIIOJb30BAThCS
OMHAPHBIM MIOMCKOM, BPeMsI KOTOPOTO COCTAaBJISIET BCETO
O(log n).
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- I — T o
ARUN ...2.4°% | rPyam .. #9 ¢
MOAOKO.. 1.9 $ ARUN ...2.49%
rPYWK ... FA ¢ | moAoko.. 1.99¢%
OTCOPTHPOBAHHMIA HECOPTHPOBAHHBIA
CMHCOK CNHCOK
~3 s,
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= =
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BPEMA ) BPEMA

Ha Bcskuii cayyait HanmomHIo, yTo BpeMst O(n) u O(log n) — naneko He OAHO
1 1O Xke! [Ipeanonoxxum, Bel MoXxeTe nmpocMoTpeThb 10 3anucel B KHUTe 3a ce-
KyHAay. B cienyiomeit Tabauile moka3aHo, CKOJIbKO BpeEMEHHU 3aiiMeT IPOCTOM

1 OMHapHbBIi ITOHUCK.

l(OI\N‘-IE.C'I'.BOI
A | Oy | Oltog

o HEOBXOZHMO MPOBEPHT

160 19c  ]_ dc € oc,100 = # cTPOK

1009 | 1.66muH | ¢ . HEOBXOLMMO MPOBEPHTD
— N —| ————" L0G,1000 = 10 CTPOK
100909 1 16.6 mun y e

"~ L0G,10000 = 14 CTPOK
=2 C

Bbl yxxe 3HaeTe, YTO OMHApHbBIN MOUCK paboTaeT oyeHb ObicTpO. Ho mouck
NAHHBIX B KHUTe — TOJIOBHAasi 60JIb [JIs1 KAaCCHPa, JaXke eCJIM ee COIEePKUMOe
OTCOPTHPOBaHO. IIoka BbI JIMCTaeTe CTPaHUI[bI, KIHEHT NOTUXOHbKY HaUyMHaeT
BbIXOAUTh U3 cebs. Topa3no yamob6Hee ObII0 ObI 3aBECTH ITOMOIIHHILY, KOTOpas
IIOMHHUT BCe Ha3BaHMsS TOBApOB U 1ieHbl. Toraa HUuYyero UCKaTh BOOOIIE He MPHU-
JIETCS: BbI CITpallliBaeTe ITIOMOIIHHUINY, 2 OHa MTHOBEHHO OTBEYaer.
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&1 UEHTQR

Bama nomomauia Marru Moxet 3a BpeMsi O(1) cooOIIMTh 1IeHY JII0O0To TOBa-
pa, He3aBUCUMO oT pa3mepa kKuuru. OHa paboraer elie 6bicTpee, YyeM OMHAPHBII

ITOUCK.

NPOCTOR  BUHAPHBIR
MOKCK NOHCK

Otod | 06

e | 1c MTHOBEHHO

MITTH
KOAWYECTBO

JAEMENTOB |
B KHATE 1§ O

——
199

10 ¢ _1.6 MHH 1c i MTHOBEHHO

e

10009 | 16.6 M | _-2 ¢ | MrHOBEHHO

T

e

IIpocTo uyno, a He neByuikal U rae B3sath Takyio Marru?

O6paThMcst K CTPYKTypaM AaHHbIX. [Toka BaM U3BeCTHBI JiBe CTPYKTYPbI JAHHDIX:
MacCUBBHI U clTUCKU. (O cTekax s He TOBOPIO, IOTOMY YTO HOPMAJIbHbBIM IOUCK
B CTEKe HEBO3MOX€EH.) KHUTY MOXXHO peain3oBaTh B BUJIE MacCHBa.

| .__G;\Lu, 2 .44)\("_“°"°"°' 149 \ oo D;D_J

' B pycckoM nepeBo/ie apple nepeBeeHO Kak amnesibCHH, a He Kak si0J10K0, 4TOOBI CJIOBO HaYyWHa-
JIoCb Ha OYKBY <«a». — IIpumeu. nep.
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Kaxxapiit 3/ileMeHT MaccHBa Ha cCaMOM JleJie COCTOUT U3 BYX 3JIEMEHTOB: Ha3Ba-
HHUSI TOBapa U ero 1eHbl. EcJIM 0OTCOpTHUpOBAaTh MAaCCHUB 10 UMEHH, BBl CMOXKETE
IIPOBECTH 110 HeMY OMHAPHBII MOMCK AJ1s1 ONpe/ie/ieHUs LieHbl TOBapa. JTO O3Ha-
yaeT, YTO MOMUCK OyaeT BoinoJiHAThCs 32 Bpemss O(log 7). Ho Ham HYXHO, UTOOBI

NOMCK BbINoJIHsJICcA 32 BpeMsi O(1) (apyrumu cjoBaMu, Bbl XOTHTE CO3/aTh
«Marru»). B aToM BaM IOMOTyT XelI-(pyHKIMH.

Xelw-PyHKUnn

Xem-pyHKIMSA MPEACTaBIsAeT CoO00# HyHKIMIO, KOTOPAs MOJy4aeT CTPOKY'
¥ BO3BpallaeT YUCJIO:

aHAMACTES —» F
«MPHBET> .,} f-‘L
AEAADS 4 2

t KEL-PYHKUHA

. Uum. 0. ..

B HayuHOi1 TepMHUHOJIOTMH TOBOPAT, YTO Xell-QYyHKIHs «0TOOpaXKaeT CTPOKH
Ha yKcay. MOXHO NOAYMaThb, YTO HAUTH 3aKOHOMEPHOCTH NOJTYYEHUS TUCEJI
U1 TT0JlaBaeMbIX Ha BXOJ CTPOK HeBO3MOXHO. O1HaKO Xel-pyHKLHs J0KHA
COOTBETCTBOBATb HEKOTOPbIM TPeOOBAHUAM:

g OHa fo/kHa GbITh [OC/Ief0BaTebHOM. [[omycTHM, Bbl Niepeaiu el CTpo-
Ky <«aneJbCHHBI» U MOJTYYUJIH 4. ITO 3HAYMT, UTO KaXX/JbIi pa3 B OyaAyLIEM,
repenaBasi el CTPOKY «arneJibCUHbI», BbI 6ynerte noJsiyyathb 4. bes aToro xeu-
Tabymia 6ecrosesHa.

O Pa3HbIM cji0BaM 40XKHBI COOTBETCTBOBATh pa3Hble yucsa. Hanpumep, xemr-
($yHK14s, KOTOpasi Bo3BpalilaeT 1 17151 KaXXA0ro MoJyuYeHHOro CJI0Ba, HUKY 1A

| Tlom «CTPOKOit» B JaHHOM CJlyyae C/leyeT MOHUMATh Jifo0ble JaHHble — M0C/IEA0BATE/IbHOCTD
6aiTOB.
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HEe TOAUTCH. B Hjeajie Kax0€e BXO0JHO€ CJIOBO JOJIX)KHO OTO6pa)KaTbCH Ha CBO€
YHUCJIO.

WTak, xeu-QyHKIHUA CBA3bIBAET CTPOKH C YMCJIAMHU. 3a4eM 3TO HY>KHO, CITPOCHUTE
BbI? Tak Be/lb 3TO MO3BOJIUT HaM peanu30BaTh « Marru»!

HauyHeM c nmycToro maccuna:

T I

d12 3 4

Bce 1ieHbI 6YAyT XpaHUTHCSI B 3TOM MAaCCHBe; IlepefiaiuM Xelll-(pyHKIUH CTPOKY

«dIlI€eJIbCHUHDbI».
<AMEALCHHb» -a»i'l!iydﬂlliéb- Eg'

Xeur-pyHKLMS BblIaeT 3HaueHHe «3». CoXpaHUM lieHY alleJIbCUHOB B 3JIEMEHTE
MacCHBa C UHJIEKCOM 3.

AMNEABCHHb
- R
L - logz
1 2 3 4

Jlo6aBuM Mosoko. [lepenaaum xeur-pyHKIMH CTPOKY «MOJIOKO».

MOAOKO AMEABCHHB
NS ¥
fanl ] Joof |

51 2 3 4
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[IpomoJikaiiTe 1eiicTBOBaTh TaK, U CO BpeMEeHEM BeChb MacCUB OYyJIeT 3alOoJIHEH
1leHaMH Ha TOBapHlI.

]orfenloa e

A Terniepb BbI CIIpallIMBaeTe: CKOJIbKO CTOUT aBOKalo? VickaTh B MaccuBe HUYEro
He HY>KHO, IPOCTO NepeaiTe CTPOKY «aBOKa0» Xell-(pyHKILHUH.

«ABOKALLO> =Y %-‘ 4-

Pe3ysabraT nmoka3biBaeT, YTO 3HaYeHHE XPAHUTCS B 3JIEMEHTE C UHIEKCOM 4.
U oHO, KOHEYHOo, TaM U HaxoauTcs!

ABOKALO = 149

L Y Y/

[

'I1,+ft 0.#4 ‘2.+Qlﬂi£‘+l 1. —l -

-

/ ( \

Xeu-pyHKIUHUS cooO1aeT, e XpaHUTCS LieHa, ¥ BaM BOoOllle He HY)KHO HUYETO
uckaTh! Takoe pelieHue paboTaer, IOTOMY YTO:

0 Xeul-GpyHKIMS HEU3MEHHO CBSI3bIBAET Ha3BaHKeE C OMHUM HHAeKcoM. Kaxx/bIii
pa3, Korja oHa BbI3bIBAETCSA [JIsI CTPOKU «aBOKa/0», BbI MoJIy4aeTe 06paTHO
OJTHO U TO XXe yucJio. [Ipu nmepBoM BbI30Be 3TOM (PYHKIMM Bbl y3HAETe, I/€
cJeyeT COXpaHUTD 1LleHy aBOKaJ[0, a IIpH MOCJeIYIOUIMX BbI30BaX OHA CO-
o011[aeT, I/ie B3SITh 3TY 1[EHY.

0 Xeu-¢pyHKIUS CBSA3bIBAeT pa3Hble CTPOKHU C pa3HbIMHM HUHAEKCaMU. «ABOKa-
J10» CBA3BIBAETCS C UHIEKCOM 4, a «M0OJIOKO» — ¢ uHAekcoM 0. /{1 kaxxaon
CTPOKH HaXOJUTCS OTAeJibHasl MO3UI[US MAacCUBA, B KOTOPOU COXpPaHsIeTCs
1leHa TOro ToBapa.



106 nasa 5. Xew-Tabnuupbl

QO Xew-@yHKIMUS 3HaeT pa3Mep MacCUBa U BO3BpalllaeT TOJIbKO JIeHCTBUTEIb-
Hble MHAEKChl. TaKUM 00pa3oM, ecJiM JJIMHA MacCHBa paBHA S 3JIEMEHTaM,
xeuI-(pyHk1usi He BepHeT 100, moTOMY 4TO 3TO 3HaYeHHE He SIBJISIETCS AeH-
CTBUTEJIbHbBIM UH/IEKCOM B MacCHBe.

[Tosapasssiio: Bl co3panu «Marrus! CBsixxkuTe BoeAUHO Xell-(pYHKIHUIO U Mac-
CHUB, Y BbI ITOJIyYHUTE CTPYKTYPY AAHHBIX, KOTOpasi Ha3bIBAETCS Xewu-mabauyei.
Xem-TabM1ia CTaHeT MePBOil H3YYeHHOM BaMHM CTPYKTYPOii IaHHBIX, C KOTOPOM
CBsi3aHa JIOIOJHUTE IbHAS JIOTHKA. MacCUBbBI M CITMCKH HAMPSIMYIO OTOOPaXKaloT-
Cs1 Ha aJipeca MaMsITH, HO XelI-TabJIUIbl yCTpoeHbl 60Jiee YMHO. OHH ONpeIeIsIiOT
MEeCTO XpaHEHHUS 3JIEMEHTOB IIPH ITOMOIIHU Xelll-PYyHKI[HH.

BeposiTHO, xelI-TabHLIbI CTAHYT CaMOii IT0JIE3HOM U3 CJIOXKHBIX CTPYKTYP JaH-
HbIX, C KOTOPbIMU Bbl MO3HAKOMHUTeCh. OHU TaK)Ke U3BECTHbI MMOJ APYTUMU
Ha3BaHMUSAMMU: «aCCOIHATUBHbBIE MACCHUBBI», «CJIOBapU», «OTOOpakeHUA», «Xelll-
KapThl» UJIK IIPOCTO «XelIn». XelI-TabIuLbl HCKIIOYUTEIbHO OBICTPO paboTaioT!
[ToMHHTE OnMKMCaHHe MAaCCUBOB M CBA3aHHBIX CITMCKOB M3 I'1aBbl 2?7 O6palieHne
K 3JIeMEHTY MacCHBa NMPOUCXOAUT MTHOBEHHO. A Xelll-TaGJIHIbI UCIOJIb3YIOT
MacCCHBBI IJIs1 XpPaHEHUs JaHHBIX, I03TOMY IIPH OOpalleHUH K 3JIeMEHTaM OHU
He YCTYNalOT MacCHBaM.

Cxopee Bcero, BaM HUKOI'1a He IIPUAETCS 3aHMMaTbCs pean3anueil Xe-rabmi
CaMOCTOSITEJIbHO. B 11060M NpUJINYHOM si3bIKE CYLIECTBYET pealu3alis Xell-
Tabsui. B Python Toxe ecTs xel-Tab1u1ibl; OHU Ha3bIBAIOTCs crosapsamu. HoBas
xenI-tabauila co3naeTcsa pyHkiueii dict:

e

NYCTAS
XEL-TABAHUA

>>> book = dict()

book — HOBas xeui-tabuna. J{Jo6aBuM B book HECKOJIBKO L€H:

>>> book["apple"] = 0.67 i AnenbCUHbI CTOAT 67 LeHTOB

>>> book["milk"] = 1.49 D ETRTTTTRITLIRRRRE Monoko crout 1 gonnap 49 yeHTos
>>> book["avocado"] = 1.49

>>> print book

{'avocado': 1.49, 'apple': 0.67, 'milk': 1.49}
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[Toka Bce npocTo! A Tenepsb 3alpOCUM 1[eHY aBOKaJ0:

>>> print book["avocado"]
1.49 B P P ue"a aBoKaao

Xem-tabauIla COCTOUT U3 KJIOYel U 3HAYeHUIA.

B xere book UMeHa NPOAYKTOB SABJSIIOTCS KJIIOYaMH,
a 1leHbl — 3HaueHUsIMHU. XelI-Tabau1a CBSI3bIBAET
KJIIOYM CO 3HAaYEHUSIMHU.

B cienyioineM pasesie nmpuBeeHbl IPUMEPBI, B KO-
TOPBIX XelI-Tab/IUILIbl MPUHOCAT O0JIBLIYIO MOJIb3Y.

YnpakHeHus

OueHb BaXXHO, YTOOBI Xell-(pYHKLUU ObLIIH MOCJIe0Ba-
TeJIbHBIMH, TO €CTh HeH3MEHHO BO3Bpall(a/ii OAUH U TOT
’Ke pe3yJIbTaT [JIsl OAMHAKOBBIX BXOAHBIX JaHHbIX. Eciu
3TO ycJoBHe 6yIeT HapyllleHo, Bbl HE CMOXKeTe Haii-
TH CBOIf 3JIeMEHT MOCJIe TOTO, KaK OH OyJIeT MoMelleH

B Xel-Tab auiy!

Kakue u3 ciaenymomux QyHKIHUH SIBASIOTCS MOCAeJ0BAaTEbHBIMHU?

107

D1 Ff(x) =1 =t Bo3spawaer "1" ana no6bix BXOAHbIX 3HAYEHUN

9.2 f(x) = rand() <o Bo3spaujaer cnyyanHoe 4ucno

9.3 f(x) = next_empty _S1ot() <o Bo3Bpawaer HHAEKC Cneaylouero
5.4 f(x) = len(x) Bo3spawaer gauny  MYCTOro 3neMenTa B xew-tabauue

NONYYEHHOMU CTPOKH

[1lpuMepbl UCNOMb30BaAHUA

Xem-tabIM1bl TOBCEMECTHO TPUMEHSIOTCS Ha ITpakTHKe. B aToM pa3aese npen-

CTaBJIEHbl HEKOTOPbIE IIPUMEPHI.
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Ncnonb3osaHue xew-tabnuvy ana nomcka

B Bamiem TeniedoHe ecth y1o6Hasi BCTpoeHHas! Tesie(pOHHAsT KHUTA.

C KaXXIbIM UMeHeM CBSI3bIBAeTCS HOMep Tejie(pOHa.

BADE MAMA —> S\ €@ 4328
ALEX MANNING —=> 484 234 4633

JANE MARWN —> 4|5 567 3534

[Ipeamnosioxum, Bbl XOTUTE IIOCTPOUTD TaKyIo TejJepoHHYI0 KHUTY. IMeHa mozaeit
B 3TON KHUTe CBS3bIBAIOTCS C HOMepaMHU. TesiepoHHAs KHUTA JOJDKHA MOAI€ep-
XXMBATH cjeaywouue GyHKUUM:

Q ZxobaBjieHHe HMEHHM YesloBeKa U HoMepa TeJsiepOHa, CBI3aHHOTO C 3TUM HMe-
HeM;

Q II0Jy4Y€HHe HOMEpa TeJIe(bOHa, CBs13aHHOTO C BBEA€HHbIM HMEHEM.

Takas 3amaya uaeaIbHO NOAXOAUT s Xem-Tabaul! Xeur-tabJauiibl OTJIUYHO
paboTaloT, Koraa Bbl XOTHUTE:

O co3AaTh CBSI3b, 0OTOOPAXKAIOIIYIO OAUH OOBEKT HA APYTOii;
0O HalTHU 3HAYeHUeE B CIIMCKE.

[TocTpouts TesepOHHYIO KHUTY, B 0011IEM-TO, HecJI0)KHO. HauHuTe ¢ co3naHus
HOBOM XelI-TaOJIULbI;

>>> phone_book = dict()
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Kcratu, B Python npegycMoTrpena cokpalieHHas 3alMCh JJIsi CO3JaHUA Xelll-
TaG/IMII: OHa COCTOUT U3 IBYX (PUTYPHBIX CKOOOK:

>>> phone_book = {} - To xe, uto phone_book = dict()

Jlo6aBUM B Tesie(pOHHYIO KHUTY HECKOJIbKO HOMEPOB:

>>> phone_book["jenny"] = 8675309
>>> phone_book["emergency"] = 911

Bot u Bce! Tenepb npeanoJioxKuM, YTO Bbl XOTUTE HAUTHU HOMep TesiedoHa [[xeH-
HY (Jenny). IIpocTo nepenaiTe KJio4 xeuy:

F=my .
>>> print phone_book["jenny"] [ —m——2 ‘L*"“*:Hﬁ
8675369 B PP HOMep Meuuu ENN\{ %6153¢q 1l
A Teneps MpeJICTaBBTE, UTO TO XKE CAMOE BaM IIpH- 1 EMER | i. all l

E
L1JIOCH OBbI IeJIaTh C MACCUBOM. r kit S S "y

T REW-TABAHUA

Kak 651 BbI 3TO caesianun? Xeu-TabaULbl YIIPO-
KAK TEAE®OHHAA KHHTA

IAIOT MO/IeJIMPOBaHNe OTHOILIEHUH MeXay 00b-
eKTaMH.

Xeur-TabJIMLbI UCIIOJIb3YIOTCS JJISI IOMCKa COOTBETCTBUI B ropa3fo 00JblieM
Maciutabe. Hanpumep, mpeacraBeTe, YTO Bbl XOTHTE MEPENTH Ha BeO-CalT — J0-
nmycTum, http.//adit.io. Balll KOMIIbIOTEP I0JXKEH TPEOOPA30BaTh CHIMBOJIMYECKOE
M4 adit.io B IP-aapec.

ADIT.10 -> |73.255.243.5%5
Jlns1 mo60ro nmocelaeMoro Beb-caiita ero ums npeobpasyercs B [P-aapec:

GOOGLE.COM > 74,125, 234.133
FACEBOOK.CoM» |#3.252 .,124.6
SCRIBD.COM = 23.235, 4F.|2S
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CBsi3aTh cuMBoJIMYeckoe uMs ¢ IP-aapecom? MaeanbHas 3agayva 1Jis Xell-
Tabsui! ITOT mpoliecc HasbiBaeTcst npeobpa3osanuem DNS. Xeu-tabauubl —
BCEro JIMIIb OUH U3 CITIOCOOOB pean3aluu 3TOH PYHKIHOHATbHOCTH.

NckntoueHne aybnukaTos

[IpeamnosioxxuM, Bbl pyKOBOUTE U30UpATETIbHBIM y4aCT-

KoM. EcTecTBeHHO, KaXkiblii ©U36MpaTes b MOXET MpO- L —
|l | A4 TOAOCO-
BAHNA

roJI0COBaTh BCero OAMH pa3. Kak mpoBepUTh, UTO OH He
roJjiocoBaJs paHee? Korga yesoBek mpUX0UT rOJI0COBATh,
Bbl y3HaeTe ero MOJIHOe UMs, a 3aTeM IpOBepsieTe 10 CITH- .

CKy yKe IPOT0JI0COBaBIINX U3bUpaTeeii. |n_ beded

Ecsi1 UMst BXOAUT B CHUCOK, 3HAYHUT, ITOT YeJIOBEK YoKe ITPOroJiocoBajl — FTOHUTE
HarJielia! B npoTBHOM cJlydyae Bbl 100aBJisieTe UMSI B CITUCOK M pa3pellaeTe eMy
IIPOroJIOCOBaTh. Tenepp NMpeAIoJIOXKUM, YTO XKeJaloIUX MPOorojocoBaTh MHOTO
M CIMCOK Yy>Ke IPOroJI0COBAaBIIMX JJOCTATOYHO BEJIHUK.
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Kaxapiii pa3, korga KTo-TO MPUXOAUT F0JIOCOBATh, BbI BIHY XK I€HbI IPOCMATPH -
BaTb 3TOT I'MTaHTCKUH CIIUCOK U MPOBEPSATH, rOJ0COBaJ OH WaH HeT. OJHAKO
cyuiectByet 6oJiee 3¢ peKkTUBHOE pellleHHe: BOCII0JIb30BaThCs XelleM!

CHayvaJia c0o3/1a{uM Xelll IJIs1 XpaHeHUsi ”HpopMaLuK 00 yke ITPOroJjioCoBaBIINX
JIIOAAX:

>>> voted = {}

Koraa KT0-TO MPUXOAUT rOJIOCOBaTh, IPOBEPLTE, IPUCYTCTBYET JIU €r0 UMS
B Xellle:

>>> value = voted.get("tom")

(DyHKUKS get Bo3BpallaeT 3HaYeHHe, €CJIU KJII0Y "tom" MPUCYTCTBYET B Xell-
Tabsmile. B mpotuBHOM ciiyyae Bo3Bpanaetcsi None. C moMouibio 3Tol pyHKIIUH
MO>XHO IIPOBEPUTH, TOJIOCOBAJI U30HpaTe b paHee UK HeT!

W3BHPATEAD
MPUXOLINT
TOAOCOBATD

NPOBEPHTD,
MPHCYTCTBYET
|AH HMA YEAOBE-
KA 8 XEWE |

[ 1A fﬁ RET: |

LONYCTHTD
wgrﬂokfb { K TOAOCOBA-!
HHIO

\

ZIOBABHTDL §
HMS H3BHPA-
TEAA 8 XEU ]

[ e o el —rpm
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Ko/ BBITJISIUT TaK:

voted = {}
def check_voter(name):
if voted.get(name):
print "kick them out!"
else:
voted[name] = True
print "let them vote!"

[laBaiiTe mpoTecTHpyeM ero Ha HECKOJbKHX IIPUMepax:

>>> check_voter("tom")
let them vote!

>>> check_voter("mike")
let them vote!

>>> check_voter("mike")
kick them out!

Koraa ToMm npuxoauT Ha y4yacTOK B IIEPBBIM pa3, IporpaMMa pa3peliaetr eMy
nporosiocoBaTh. [loroM npuxoaut Malk, KOTOpPbIN TOXeE A0IMYCKaeTCs K roJI0Cco-
BaH110. Ho moroM Maiik nesiaet BTOpYIO MOMBITKY, U HA 3TOT pa3 y HEr0 HU4ero
He IOoJIy4aeTcsl.

Ecsin 6b1 HMeHa MPOroJIoCOBaBIIMX XPAHUJUCh B CIIMCKE, TO BBHIMOJHEHHE
QYHKIMU CO BpeMeHeM 3aMeJIUJIOCh Obl, MOTOMY YTO (PYyHKI[MH MPHUIIOCH
6bI MPOBOAUTH IPOCTOIT MOUCK IO BCceMy CIUCKY. Ho MMeHa XpaHsATCS B Xelll-
TabJulle, a Xelll-Tab1MIia MTHOBEHHO COO001IaeT, MPUCYTCTBYET UMsI U301 paTeist
B criicke uiu HeT. [IpoBepka n1y61MKaTOB B Xelll-TabJiMile BBITOJHSETCS OYEHb
OBICTPO.

Acnonb3oBaHue xew-Tabnuubl KakK K3wa

[Tocneqnuit npuMep: KalmimpoBanue. Eciu Bbl pa-
6oTaeTe Haj CO3/[laHHEM BeO-CaliTOB, BEPOSITHO, BBI
y>Ke CJIbIIIAJU O MoJib3e KamunpoBaHus. O6mas
ujesi K3IIMPOBAHUS TaKOBa: AOMYCTHUM, Bbl 3aX0-
JIMTe Ha caliT facebook.com:

1. Bol oOpaiiaeTecsh ¢ 3anpocoM K cepepy Face-
book.
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2. CepBep HEH4I0JITO 33IyMbIBA€TCsI, TEHEPHUPYET BEO-CTPAHULLY H OTIIPABJISIET
ee BaM.

3. Bbl monyyaere Be6-CcTpaHMILY.

BEB-CTPAHHUA

CEPBEP

Hamnpumep, Ha Facebook cepsep MoxeT cobupaTh HHGOPMAIHMIO O JEHCTBUAX
BCeX BalllMX py3eii, yTOOBI NMpeacTaBUTD ee BaM. Ha To, 4ToObI cob6paTh BCIO
uHGOpMaLIMIO U NlepeaTh ee BaM, Tpebyerca mapa cekyHa. C TOUYKM 3peHus
I10/1b30BaTeJIsl, IMapa CEKyH — 3TO oyeHb qoyro. OH HayuHaeT aAyMath: «[Touemy
Facebook paboraer tak meanenHo?» C apyroii ctroponsl, cepsepam Facebook
NPUXOAUTCA 00CIYKMBATh MUJIJIMOHBI JIIOZIell, U 3TH Mapbl CEKYH A HUX
cymmupyiorcsi. Cepsepsl Facebook TpyasiTcst B oJiHyI0 iy, YTOOBI CTEHEPH-
poBaTh Bce 3TH cTpaHuLbl. Hesb3st in kak-To yckopuTh paboty Facebook nmpu
TOM, YTOOBI CepBEPDI BHITIOIHSAIN MeHbllle pabOThI?

[IpencraBbre, 4TO y Bac ecTh ILJIEMSIHHUIIA, KOTOpasi IPUCTAET K BaM C BOIpO-
cami o ni1aHeTax: « CKOJIbKO KMJIOMeTPOB OT 3eMJu A0 Mapca?», «A cKoJIbKO
KuJioMeTpoB 10 JIyHbI?», «A 1o IOnuTtepa?» Kaxkabiii pa3 Bbl BBOAMTE 3aIIPOC
B Google u coobiaete eit orBeT. Ha 3T0 yX0AuT napa MUHYT. A Telneps npen-
CTaBbTe, YTO OHA Bcerja crnpamuBaeT: « CKOJIbKO KUJIOMETPOB OT 3eMJH IO
JIyHbi?» /l0BOJIBHO OBICTPO BbI 3allOMHHaeTe, yTo JIyHa HaXoAUTCS Ha pac-
crosiinu 384 400 kunometpoB ot 3emiau. Mckats nHdopManuio B Google He
HY>HO... BbI IIPOCTO 3alIOMUHAaeTe U BbiJaeTe OTBeT. BOT Tak paboTaeT Mexa-
HU3M K3LIMPOBAHUS: CAUT MPOCTO 3allOMHUHAET JaHHbIEe, BMECTO TOI0 YTOOBI
NepecYMThiBATh UX 3aHOBO.

Ecsu Bb1 Bourtu Ha Facebook, To Bechb KOHTEHT, KOTOpPbBIii Bbl BUJUTE, aJallTH-
pOBaH crielMaabHO A7 Bac. Kaxkaplit pas, koraa Bbl 3axoauTe Ha facebook.com,
cepBepaM IPUXOAUTCS AyMaTh, KAKOH KOHTEHT Bac MHTepecyeT. Ecju jxe BbI He
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BBeJIM yyeTHbIe JaHHble Ha Facebook, To Bbl BuanTe cTpanuny Bxoqa. Bee mosb-
30BaTeJIM BUAST OJHY U Ty )Ke cTpaHully Bxoaa. Facebook mocrosiHHO mostyyaer
OMHAKOBbIE 3aMPOCHI: <5 ellle He BollIeJ Ha CAaWT, BbIIAiTE MHE TOMAIIHIOKIO
cTtpaHully». CepBep nepecTaeT BHINOJHATH JHUIIHIOI pab0OTy U reHepHpOBaTh
IOMAIIHIOI0 CTPAHMUIy CHOBa M CHOBAa. BMecTO 3TOro OH 3anoMHuHaeT, KaK Bbl-
TJIAAWT JOMAIIHSS CTPAHUIIA, M OTIIPABJISIET €€ BaM.

BX0L I
HE —r = _
BHMNOAHEH 2
P - , -
IH"-‘: COXPAHEHHASA
Y BEB-CTPAHHUA
\ onn 1 r r
BHMOAHEH ' CEPBEP _ B
PABOTAET ~— - _

4

/ )

BEB-CTPAHHUA

Takoif MexaHU3M XpaHeHUs Ha3bIBaeTcs xawuposaruem. OH obJIafgaeT AByMs
peruMYyIeCTBAMU:

QO BHI MTOJIy4YaeTe BeO-CTPaHUIy HAMHOTO ObICTpee, KAaK M B TOM CJIy4ae, KOraa
Bbl 3a[IOMHUJIM paccTosiHve oT 3emJin 10 JIyHbl. Koraa nieMsiHHULIA B cJle-
AYIOIINI pa3 3a1acT BONPOC, BaM He NMPUIETCsS T'YIJIuTh. Bbl MOXeTe BbIIAThH
OTBET MTHOBEHHO;

Q Facebook npuxoaurcs BuimoJIHATH MeHbllIe paOOTHI.

KamupoBaHue — cTaHAapTHBIN crIocob yckopeHHsi paboThl. Bece kpymnHble Be6-
caiThl MPUMEHSIOT K3IIMpOBaHHe. A K3llMpyeMble JaHHble XpaHSTCS B xelle!

Facebook He mpocTo kamupyeT A0MalIHIO cTpaHully. Takxke K3IHUPYIOTCS CTpa-
HULbl «O Hacy», « YCJI0BUSA UCIIOJb30BaHUSI» U MHOTHe apyrue. CJieoBaTebHO,
Heob6xoaMMO co3aaTh ¢BsA3b URL-aapeca cTpaHUIbl M JAHHBIX CTPAHUIIBL.
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facebook. comfabovt —> LAHHHE CTPAHHLY C KHSOPMAUNER O FACEBOOK

focebooK.com  —=% DAHHBE DOMAUHEA CTPAHHUH

Kormaa BblI moceinaete crpaHuny Ha caite Facebook, caiiT cHayana mposepser,
XPaHUTCS JIM CTPAHUIIA B Xellle,

SAMPOC URL
C FACEBOOK

URL

I
{ NMPUCYTCTBYET
! 8 XEWME?
LA: L‘ HET:
. ' CEPBEP BHMOA-
oTAPABAAIOTCA . HAET HEKOTOPYD
OAHHBIE W3 KIWA | ' PABOTY
T
Bot kak 3To BBITJISIAUT B KOJ€:
cache = {}
def get_page(url):
if cache.get(url):
return cache[url] <. Bo3BpawjanTca KIWKUPOBaHHbIE fAAHHbIE
else:
data = get_data_from_server(url)
cache[url] = data  <C:---ooeoeeeeeene JlaHHbIe CHaYana COXpaHAIOTCA B K3we

return data

31ech cepBep BHIOJIHSET PaOOTY TOJIBKO B TOM ciyyae, ecii URL He XxpaHUTCS
B K311e. OJHaKo nepe/| TeM, KaK BO3BpalllaTh JaHHbI€, Bbl COXPaHseTe UX B K3IIIE,
Koraa noJsib3oBarteJib B cleAyounii pa3 3anpocut Tot ke URL-aapec, naHHbie
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MOXCHO OTIIPaBUTD U3 K3111a (BMECTO TOrO YTOOBI 3aCTaBJIATh CEpBEP BHIIIOJHATD
paboty).

LLInapranka

XelllM XOpOUIO MOAXOASAT AJIsl pellleHU s CJeIYIOIUX 3a1aY:
O MozeJMpOBaHHE OTHOULIEHUI MeXay 0ObeKTaMH;
Q ycTpaHeHHe NyOJIMKATOB;

O K3lIMpOoBaHHE/3alOMHMHAHKE JaHHBIX BMECTO BBIIOJIHEHUSI paOOThHI HA Cep-
Bepe.

Konnu3uu

Kak s1 y>xe cka3aJjl, B 60JIbIIMHCTBE SI3bIKOB CYL[ECTBYIOT CBOU XeIl-TaOJIMIbI.
BaM He HY>XHO 3HaTh, KaK HallMCaThb COOCTBEHHYIO PeaTM3allfIo, TO3TOMY s He
O6yay HaZoJro OCTaHABJMBAThCS Ha BHYTPEHHEM CTpoeHHHU Xeml-tabauu. Ho
O6bICTpOeficTBHE-TO BaXXHO Bceraa! UToObl MOHATH OBICTPOAEHCTBUE Xelll-
TabJIM1I, HeOOXOAMMO CHaYaJIa MMOHSTh, UTO TaKoe KOJLTU3MU. B ciaeayoommx aByx
paszeJiax pacCMaTPUBAIOTCS KOJIJIM3UHU U ObICTPOAEHCTBHE Xelll-TabJIHLI,

[Ipexcae Bcero, 1 HEMHOXKO IPUYKPAaCHJI 1eHCTBUTEbHOCTD. S cKa3aJl, YTo Xelll-
$yHKLMS Bceraa orobpaXkaeT pa3Hbie KJIIOUHM Ha pa3Hble MO3UIUN B MACCHBE.,

MOAOKO

™~

ATEABCAHE ————r

PYHKUHKA

ABOKALO
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Ha camMoM fesie HanmrcaTh TaKylo Xell-pyHKI[UIO TOYTH HeBO3MOXHO. PaccMmo-
TPUM MPOCTOM NMPHUMep: IOMYyCTHUM, MaCCUB COCTOUT Bcero U3 33 siueekx.

SEEARNARNNARNARNNARNARNARRRRRNRAN

0 1 2 3 4 5 6 3 8 9 10 1 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 23 28 23 30 3 32

U xeu-pyHKUMSA OUYeHb MPOCTasi: 3JleMEHT MacCHBa MMPOCTO Ha3HayaeTcs 10
a/ipaBUTHOMY TIIPU3HAKY.

KAID-
KAD= " yy Ha
EYELY .gs TETERLILL
W KAIDYH HA o >
L v RN
] E | HERR
O 1 2 3 4 5 6 3 &8 39 10 11 12 13 14 15 16 13 18 19 20 21 22 23 24 25 26 2% 28 29 30 31 A

06t -

Mo>eT ObITb, BBl yXK€ IOHSIJIK CYTh Mpo0jieMbl. Bor
XOTHUTE IIOMECTUTD lleHYy aneJbCUHOB B Xell. /lJis
3TOrO BbIJeJIsieTCs IlepBasi siyerkKa.

AMEABCHHB J

[Tocse anesibCMHOB B Xell 3aHOCUTCS LieHa OaHaHOB. /[J11 6aHaHOB BblAEJIAETCA
BTOpas siyerKa.

0.6% 039 r_

AMEABCHHH T AL BAHAHB

[Toka Bce nmpekpacHo! Ho Temneps B Xelll Hy>XHO BKJIIOYUTD 1leHY aBokajo. U 1
aBOKaJI0 CHOBa BbI/eJISAETCS NepBas siueika.

L{}i&‘;‘*' 0,3'_=|.-l _.

AMEABCHHB? 2 A_ BAHAHb
ABOKALZO?
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O HeTt! JaeMeHT yxe 3aHAT anejibcuHaMu! UTo ke nesarb? Takast cutyalnus
Ha3bIBAeTCS KOAAU3UEU: IBYM KJIlI04YaM Ha3HA4yaeTCs OJUH 3JIEMEHT MaCcCHUBA.
Bo3nukaeT npob6JieMa: eCJid COXpaHUTh B 3TOM 3JIEMEHTe 1[eHYy aBOKaa0, TO OHA
3aMnMILIEeTCsT HA MECTO 1IeHbI aneJibcHHOB. M korzia KTo-HUOY b CIPOCHUT, CKOJIBKO
CTOST ameJIbCUHBI, Bl BMECTO 3TOr0 cood1uTe 1ieHy aBokano! Kousuu — He-
NMpUATHAS WITYKa, 1 BaM MPUIETCS KaK-To pa3dupaTrbcsi ¢ HUMH. CyllecTByeT
MHOTO pa3HbIX cTpaTeruii oopaboTku ko au3uii. IIpocreiinias U3 HUX BBITJISAUT
TaK: eCJIM HECKOJIbKO KJIIoYei 0TOOpaXkaloTcsl Ha OJJUH 3JIEMEHT, B 3TOM 3JIEMEHTE
CO3/1aeTCA CBSI3aHHBIN CITUCOK.

o e e
! -] _cuuab 0.6% *:"-7{*_'50"*-“0,1.4_‘_‘ ]

S
r 3

UEHA T~
SAHAHOB |

B 3TOM npuMepe 1 «aneJbCUHbI», U «aBOKaJ0» OTOOPaXKAIOTCS HA OANH 3JIEMEHT
MaCCHMBa, I03TOMY B 3JIEMEHTE CO3/1aeTCs CBSI3aHHbIN cIUCcOK. Eciiv BaM notpe-
byeTcs y3HaTh LieHy 6aHAHOB, 3Ta onepalys Mo-MpeXXHeMY BbIITOJIHUTCS OBICTPO.
Ecau norpebyetcs y3HaTh 1ieHY anejbCUHOB, paboTa MOMHIET YyTh MelJIeHHee.
BaM npuaeTcst IpoBeCTH MOMCK M0 CBA3aHHOMY CIIHMCKY, YTOObI HAMTH B HEM
«anejbCUHbI». ECJIM CBA3aHHBIM CIIMCOK MaJl, 3TO HE TaK CTPALIHO — IOHUCK
Oy/eT orpaHUYeH TpeMsl MJIK YeThIpbMS 3jieMeHTaMU. Ho npeanoioxuM, 4To
Bbl paboTaeTe B CllelIMAJIM3MPOBAaHHOM JIaBKe, B KOTOPOIi MPOJAIOTCA TOJIBKO
MPOAYKThI HA OYKBY «a».

A“Enb_ Ty —.. Ly - T ) T - ™1 ™ —
—‘*:"’ll_cuuu lom ——{hookrgo} 1.4 | el HnuaCH 399 | ~Jfvsrurocy

C RCE ITH SAEMEHTH
' 2 HE HCMOAB3YIOTCS
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Oany munyTy! Bes xenr-ra6Jivija MoJIHOCThIO MyCTa, KPOMe OJHOM siueiikHu.
U sTa siyeiika cofiep>KUT OTPOMHBII CBsI3aHHBIN cITMCOK! KapIi 3/1eMeHT 3TOH
Xell-TabJIUIbI XPaHUTCS B CBAI3aHHOM cricKe. CUTYyalMsl HUYYTh He JIyyYllle TOH,
KOr/la Bce JaHHble Cpa3y XpaHsTCS B CBSI3aHHOM cnucke. PaboTra ¢ JaHHBIMU
3aMe/lJISIeTCS.

M3 sToro npumepa caeayioT Ba BaXXHbIX YPOKa:

Q evlbop xew-Pynkyuu deticmsumenvro saxcen. Xeur-GpyHKIHs, 0TOOpaXxalo-
masi Bce KJIIOUM Ha OJMH 3JIeMEHT MacCUBa, HUKY/a He roauTtcs. B uageane
xell-QYHKILUS JOJKHA paclpeesATh KJII0YM paBHOMEPHO 10 BCEMY Xelly;

QO ecJM CBSI3aHHbIE CMIUCKU CTAHOBSITCA CJIMIIKOM JAJMHHBIMM, paboTa C xell-
TabyMEeN cUIbHO 3aMeiisieTcsl. Ho OHM He CTaHyT CJMIIKOM JJIMHHBIMU 1pu
UCNOAbL30BAHUU XOPOWeU Xeul-pYyHKuu!

Xell-pyHKIMH UTPAIOT BAXKHYIO pOJib. Xopoliasi Xell-(pyHKIUS CO3/1aeT MUHU-
MaJIbHOe YKCJI0 KOJLTH3ui. Kak ske BbIOpaTh Xopolyio xell-QyHKuuo? O6 aToM
B cJeayloneM pasjeJie!

BbicTpoaencTeme

['maBa Hayasach c mpUMepa Mara3uH4YMKa. Bbl X0TeJIM IOCTPOUTh MEXaHU3M, KO-
TOPBIif MTHOBEHHO BbIJIa€eT 1[eHbl Ha MPOAYKThL. UYTO XK, XelI-Tab Uil paboTaioT
o4yeHb OBICTPO.

CPEQHMA  XYLuHA

CAYYAR  CAYYAR

| — ) |I
nonck | (D) | OLn)

BCTABKA| Ow | O

| YZAAE- ! Ok
YA | Ow | Q™)
BHUCTPOLEACTBHE
XEL-TABANU

B cpenHeM xeln-Tab MIIbl BHIOJIHSIOT JII0ObIe oniepaliuu 3a BpeMsi O(1). Bpems
O(1) Ha3bIBaeTcs1 nOcMosinnbim. PaHee IIpUMepbI IOCTOSTHHOTO BpEMEHU BaM ellle
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He BCTpeYyauchb. OHO He O3HAYaEeT, YTO OMNepaI[UH BLINOJHSIIOTCS MTHOBEHHO;
IIPOCTO BpeMsl OCTaeTCsl IOCTOSTHHBIM He3aBHCHUMO OT pa3Mepa XelI-TaOIHIIbI.
Hanpumep, Bbl 3HaeTe, YTO MPOCTOM MOUCK BHITIOJIHSAETCS 3a TUMHEHHOE BPEMSI.

QM
NHHERHOE BPEMSA
(MPOCTOR MOMCK)

BuHapHbIit morck paboTaet ObICTpPee — 3a JOrapu(PMHUUYECKOE BPEMS:

QLogm
AOTAPHSMHYECKOE BPEMA
(GMHAPHBIA MOKCK)

Ilouck nJaHHBIX B XCIII'T36JII/IHC BBIIIOJIHAETCA 34 IIOCTOAHHOE BPEMHAI.

oW
NOCTOAHHOE BPEMA
(XEB-TABAWUD)

Buaute ropusoHTaabHylo JUHHIO? OHA 03HAyaeT, YTO NMpH Ji0OOM pa3mepe
xemr-tabauupl — 1 3jieMeHT Wi 1 MUIIHap/ 3JIEMEHTOB — BbIOOpPKA AaHHBIX
3aliMeT ofHaKoBoe BpeMsi. Ha caMoM ziesie BbI yKe CTaIKUBAJIMCh C TOCTOSTH-
HbIM BpeMEeHeM: I0JIyYeHHe 3JIeMEHTa U3 MaCCHBa BBINOJIHSETCS 3a TOCTOSTHHOE
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BpeMst. OT pa3aMepa MaccuBa OHO He 3aBUCHUT. B cpeHeM ciyyae Xel-Tabin1ibl
paboTaloT IeiCTBUTENbHO OBICTPO.

B xyaureM ciyyae Bce onepaiuu ¢ xelr-tabsiniieii BoIMOIHAIOTCS 3a BpeMst O(n)
(/1MHeliHOe BpeMsl ), a 3TO OYeHb MeIIeHHO. CpaBHUM XellI-TabJIMIbl C MACCHBA-
MU U CITUCKaMH.

REW- RED-

TABAKUN TABAKUD ces-
(CPEOHNA (XYANMA MAC- 3AHHHE
CAYYAR)  CAYYAR) CHBHI  CMHCKM

NOKCK | DWW Owy 20(1) Q).

e {00 0w 10w |0

B3arsisiHuTe Ha cpelHUi caydait as xeum-tabaui. [Ipu moucke xeur-tabauLibl
He YCTYNaloT B CKOPOCTH MacCUBaM (I0Jy4eHUe 3HaueHUsI 1I0 UHAEKCY). A IpU
BCTaBKe M yJaJIeHUH OHHU TaK XKe ObICTPBI, KaK ¥ cBsi3aHHbIe criucku. [Toyyaercs,
YTO OHH B3sLJIM Jiyuliiee oT 06eux cTpykryp! Ho B XyaiieM ciydae xelr-tabuibl
Me/IJIEHHO BBIMTOJIHSIIOT BCE 3TH ONlepal[iM, TO3TOMY OYeHb BaXXHO M30eraThb
Xy ALLEro cjaydast ObICTPOJAeCTBHUS IpU paboTe ¢ Xelll-TabaulaMu. A JIJIst 9TOrO
cnenyeT u3berath KOIU3UM. /{151 mpeaOTBpallleH!s KOJIJIU3Uii He0OOXOIUMBI:

0O HU3KUHA K03(pPUUMEHT 3aM0THEHUS;

0 Xopolias xeu-QyHKIUA.

NPUMEYHAHME

|
|
|
MaTepuan cneaytoulero pasaena He spnseTcs obasaTtenoHbiM. Peub NOMAET O TOM, :
KaK peanu3oBaTb Xew-Tabnuuy, HO BaM HUKOrAa He NpuaeTca AenaTtb 3TO CaMO- |
croaTenbHO. Kakon 6bl A3blk NPOrpaMMUpoOBaHUA Bbl HU BbIOpanu, B HEM HaupeT- :
CA rotoBas peanu3auus xew-tabnuu. Bol MOXeTe BOCNONL30BATLCA BCTPOEHHOW |
peanu3auunen xew-Tabnuubl, He COMHEBAsACb B TOM, YTO OHa MMEEeT XOpOoLYIo 3¢- :
(EeKTUBHOCTb. A B CrieayiolleM pasaene Mbl 3arnsHeM BO BHyTpeHHee YCTPOMCTBO |
xew-Tabnuu. :

"
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KoachduumeHT 3anonHeHus KOAHYECTBO IAEMEHTOB

8 XEW-TABAHUE
KoadduiineHT 3anoHeHUsI XelI-TaOIUIbI BHIYUCISAET- —— = .
OBWEE KOAHYECTBO

Cs1 110 IIPOCTOM (popMYy.Ie€. IAEMEHTOB

Xen-TabIuLbl MCIIOJIb3YIOT MACCUB /ISl XpPaHEHUS JaHHBIX, IIO3TOMY JJISl BBI-
yycjaeHus KoapuiMeHTa 3al0JTHEHUS MOXHO MOACYUTATh KOJUYECTBO 3a-
NOJIHEHHBIX 3JIEMEHTOB B MaccuBe. Hanpumep, B cienywoueii xeur-tabanige
k03(pUIMEHT 3an0IHeHus paBeH %/, uim 0,4.

SAHATHE SAEMEHTH
{ "

(el Tef ]

KOISPUUMENT
3AMOAHEHHA = ¥/,

Ckaxxure, KakoB K03(phHUIMEHT 3aTI0JTHEHUSI 3TOH TaOIMI[bI?

[_12¢}

KOIPPUUMKENT
SAMOAHEHHA

Eciu BbI oTBeTHIIN «'/,» — Bce npaBuJbHO. ITo k03¢ duLMeHTy 3anoJHEeHUs
MOJKHO OLIEHMTb KOJIMYECTBO MYCTHIX AYEEK B XelI-TaOJIHIIE.

[Ipeanosioxum, B Xel-tab uile Hy>XKHO coxpaHuThb 1ieHsl 100 ToBapoB u xell-
Tabsu1a cocrout u3 100 ssreMeHnTOB. B s1yuieM ciydae KaxxaoMy ToBapy OyaeT
BblJI€JIEH OTAEJIbHBIN 3JIEMEHT.

UEHA ANEADb-
CHHOB

( —
LEHA )ﬁA] 0.69 l—_im- 2. ..

MOAOKA




BbbicTpoaencTaue 123

KoadduineHT 3anosiHeHUs 3Toit Xell-TabJu1bl paBeH 1. A eciu Xell-Tabsmia
coctout Bcero u3 50 asiemeHTOB? Toraa ee k03apUIIUEHT 3aM0JTHEHUS Oy AeT
paBeH 2. BoiiesiMTh MOJA KaXAblid TOBAp OT/JEJIbHbIN 371eMEHT HU NIPU KaKUX
YCJIOBUSIX HE yJaCTCs, TOTOMY UYTO 3JIEMEHTOB MONpocTy He XBaTuUT! Koadpdu-
IIMEHT 3anoJiHeHus 6oJibllie 1 03HaYaeT, YTO KOJIMYECTBO TOBAPOB MPEBBIIIAET
KOJIMYECTBO 3JIEMEHTOB B MaCCHBe,

C pocToM Ko3dPHlLIMeHTa 3all0JTHEHHS B XellI-TaOJIHIly MPHUXOAUTCS 100aBJISATh
HOBBbIE 3JIEMEHTHI, TO €CTh U3MEHSATh ee pa3Mep. [IpeacTaBuM, 4To 3Ta Xeul-
TabJyM1a npubIMXKaeTcs K 3alI0JTHEHHUIO.

[a]3]1] |

\h_________v.-l--....__.-f"
KOOPPHUKHEHT

3AMOAHEHHA = %,

Xemur-rabamily Heo6XoauMo paclIMpuTh. PaclinpeHne HaunHaETCs ¢ CO3aHus
HOBOro MaccuBa 6oJblero pa3Mepa. OObIYHO B TAKOM CJIy4ae CO3aeTCsI MaCCUB
B/IBOe OOJIbIIIEr0 pa3Mepa.

TIITI]

Tenepb Bce 3TH 3/1eMeHTHI HEOOXOAMMO 3aHOBO BCTAaBUTh B HOBYIO XelI-TabJIHILY
¢yHKIUeHN hash:;

EOENEN

 KOIPPHUHEHT SAMOAHEHHS = %/,

Hosas Tabnuua umeet xoadduuuenT 3anonnenus */,. lopasno ayyie! C MeHb-
IIUM K03 DUIMEHTOM 3arpy3KH YMCJI0 KOJJIM3UI yMEHbLIAETCS, U Ballla TabJIu-
11a HaunHaeT pabotaTh 60.1ee apdekTHBHO. XOopollee NpUOIHKEHHOE TPaBUJIO;
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u3MeHsiiTe pa3mep Xell-Tabu1bl, Koraa Ko3¢dGULIMEHT 3a0THEHUS TPEBbIIIAeT
0,7. Ho Beap Ha n3MeHeHHe pPa3MeEPOB YXOAUT MHOTO BpeM€EHH, CKaXKeTe BHI,
1 b6ynere abcomoTHO npaBai! /la, u3MeHeHHe pa3MepoB TPeOYyeT 3HAYUTEIb-
HBIX 3aTPaT PECYPCOB, IO3TOMY OHO He JOJIXHO IPOMCXOAUTD CAULIKOM YacTo.
B cpeanem xem-tabauibl pabortaiot 3a BpeMss O(1) maxe ¢ U3BMEHEHHEM Pa3-
MEPOB.

Xopouas xew-pyHKuums

Xopomas xen-¢pyHKIUs J0)KHA obecriednBaTh paBHOMEPHOeE pacnpezieieHHe
3HaYeHUH B MacCCHUBe.

[2] {sle] [w]ea] ]

LTI T
=

T LY.

s

e

Kakyio xen-@yHKIuIO cunTaTh Xopoiuei? K cyacTbio, BaM 06 3TOM HUKOIZIa He
npUAeTCs 6€CIOKOUThCSA — MYCTh 00 3TOM OECIIOKOATCS MOXUIble OopoaaThie
YMHUKH, CUASLIME B MOJYTEMHBIX KOMHaTax. Ec/in BaM HHTepecHa 3Ta TeMa,
nouiute nHpopmauuio 06 aaroputme SHA (KopoTkoe omnicaHue nmpHBeIeHO
B nocJjeqHel rjaBe). Bol MoXeTe MCIOJIb30BaTh 3TOT aJIfOPUTM B CBOel XellI-

(10)%450:90050%8
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YnpaXXHeHus

OueHb BaXKHO, YTOOBI Xen-PyHKIUH obeclieynBaId XOpolliee pacipeaeseHHe.
OHHU OOJIKHBI pacnpeaessiTb 3Ha4eHUsI KaK MOXHO Iupe. XyAIKK caydyan —
xeur-QYHKIHS, KOTOpasi OToOpaXkaeT BCce 3HAYEHUSI Ha OJHY MO3UIIMIO B Xell-
Tabsui1Le.

[Ipeanosoxum, UMeIOTCst YeThipe Xell-PyHKIMH, KOTOpbIe MOJIY4aloT CTPOKH:
1. IlepBast pyHKIUs Bo3BpaliaeT «1» 1Jis1 J1060r0 BXOAHOIO 3HAYEHH .
2. Bropas pyHKLMs Bo3BpalllaeT AJIMHY CTPOKH B KaueCTBe UHIEKCA.

3. TpeTbst pyHKILIMs BO3BpallaeT NepBblii CHMBOJI CTPOKH B KaueCcTBe UHAEKCa.
TakuM o0Opa3oM, Bce CTPOKH, HAUMHAIOLHECS C «a», XEIIUPYIOTCS B OJHY
IO3ULIMIO, BCE CTPOKH, HAUMHAOIKeCs ¢ «b» — B APYryio U T. 1.

4. YerBepTtasi QyHKI[MS CTAaBUT B COOTBETCTBHE KaXK10M OyKBe IIPOCTOE YHCJIO:
a=2,b=3,c=5d=7,e=11ur. 1. Jas crpoku xem-dyHKI[Hel CTAHOBUT-
Cs1 OCTATOK OT JieJIeHHsI CYMMBI BCceX 3HaueHHU I Ha pa3Mep xelila. Hanpumep,
ecsi1 pa3mep xemia paBeH 10, To 1/ cTpokHU «bag» 6ymeT BBIUMCIIEH HHIEKC
3+2+17%10 = 22%10 = 2.

B kakoM 13 3THUX NMpUMepoB Xell-(pyHKIUHN OyaAyT obecrneunBaTh Xopoliee
pacnpezeneHue? CunTaiiTe, 4yTo Xenl-TabJmia cogep>xurt 10 3;1eMeHTOB.

5.0 TenedoHHas KHHMra, B KOTOPOH KJIIOYaMHU SIBJISIIOTCS UMEHA, a 3HaYEHMSI-
MU — HOMepa TeslepoHOB. 3aaH caenyloluii cnucok uMmeH: Esther, Ben,
Bob, Dan.

5.6 Cssa3b pa3mepa OaTapeiiku ¢ HanpsikeHHeM. Pa3dMmepsl 6aTapeek: A, AA,
AAA, AAAA.

9.7 CBs3b Ha3BaHUM KHUT C MMeHaMH aBTOpOB. Ha3zBaHust KHUT: «Maus», «Fun
Home», « Watchmen».
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LLInapranka

BaM moyTH HUKOr/Ia He IPUETCS PeaIn30BaTh XelIl-TabIHMIy CaMOCTOSATEIBHO.
$I3bIK MporpaMMuUpoBaHusi, KOTOPBIH Bl UCITOJIb3Yy€ETe, JOJDKEH MPEIOCTaBUTD
HeoOX0IMMYI0 peasn3aliiio. Bbl MoXxeTe mosib3oBaThes xeu-Tabauiamu Python,
¥ NpY 3TOM BaM OyzieT obecrieueHa MPOU3BOIUTENBHOCTb CPEHErO CIyYasi: Io-
CTOSTHHOE BpeMs.

Xe-Tab/M1ibl Ype3BbIYaAHO I0JIE3HBI, TOTOMY YTO OHM 00ECIIEYHBAIOT BBICOKYIO
CKOPOCTbH OIlepaliii ¥ MO3BOJISIOT MO-pa3HOMY MOJEJIHPOBaTh JaHHbIe. Bo3-
MO>XHO, BCKOP€ BBISICHUTCS, YTO BbI IOCTOSIHHO MCII0JIb3y€ETE UX B CBOel paboTe.

0 Xem-tabunna co3maercss 00beIMHEHHEM Xelll-(DyHKIIMH C MACCHBOM.

O Ko/uu3uM HexeslaTeabHbI. Xeul-(pyHKIUSA J0)KHA CBeCTH KOJTMYECTBO KOJI-
JIU3UUA K MUHUMYMY.

0 Xem-Tabyuiibl 00ECIIEYNBAIOT OYEHD OBICTPOE BBINOJIHEHHE TOMCKA, BCTABKH
U yOaJIeHUSs.

0 Xew-TabauLbl XOPOLIO MOAXOAAT A/ MOAEJTMPOBAHUS OTHOLIEHUH MEXIY
0ObeKTaMHU. '

O Kak Ttosbko k0apduiineHT 3anogaHeHus npesbiiaeT 0,7, mopa U3MeHSITh pa3-
MeP Xelll-TaOJIU1LIbI.

0 Xem-TabIuLbI UCIIOAb3YIOTCA [IJIs K3UIMPOBAaHUSA JaHHBIX (HalpuMep, Ha
BeO-cepBepax).

Q Xeur-tab Il XOPOIIO MOAXOAAT A1 OOHApYyXeHUs NyOIUKATOB.

8 ANPEAA 13 MAPTA

10 OKTABPA




[TONCK B LLUNPUHY
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B 3TOM rnase

v Bbl HayunTeCb MoaenupoBaTb CETU NPU NOMOLKU HOBOW
abCTpaKTHOM CTPYKTYPb! AdHHbLIX — rpados..

v Bbl ocBOUTE NOUCK B WNPUHY — anNropuTM, KOTOPbIN Npwu-
MeHseTCa K rpadam AnNa nony4yeHus OTBETOB Ha BONPOCHI
Buaa «Kakon KpaTyanwun NyTb BEAET K X?»

v Bbl y3HaeTe, yeM HanpaBneHHble rpadbl OTANHAIOTCA OT
HEeHanPaBNEHHbIX.

v Bbl 0CBOWTE TONONOrMHYECKYIO COPTUPOBKY — APYroMn anro-
PUTM COPTUPOBKM, PaCKpbIBAIOLWMIA CBA3U MEXAY Y3NaMMU.

@ 6 0 6 & & & ¢ 06 0 06 2 06 2 0 2 & 2 0 2 0 060 00 00 O 2 00 0 0 0 00 O 0 00 0 2 s s 0 0 00 00 H 2 s e s 0 0 0 0 00

JTa rjaBa nocssinieHa rpadpaM. CHavaJjia Bbl y3HaeTe, YTO Takoe rpad. 3aTteM
51 MOKaXKy MEPBBIH aIrOpUTM, paboTaomuii ¢ rpadamMu. OH Ha3bIBAETCS NOUCKOM
6 wupuny (BFS, Breadth-First Search).

[Touck B LIMPHUHY MO3BOJISIET HANTH KpaTyaiilllee pacCTOSTHUE MEX Y ABYMsI 00b-
ekTaMu. OJIHAKO CaM TEDMHH «KpaTyaiiliee pacCTOSSHHE» MOXKET UMETb MHOTO
pa3Hbix 3HauyeHU 1! Hanpumep, ¢ moMouip1o norMcka B MIMPUHY MOXKHO:

0 HamMcaTh IpOrpaMMY JJIsl MTPHI B IANIKH, KOTOpasi BIYKC/ISET KpaTYaini
MyTb K MOOEE;
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QO peau30BaTb IPOBEPKY NMPaBONUCAHUS (MUHUMAJIbHOE KOJIUYECTBO U3MEHE-
HU, Tpeobpa3yommx ollIMO0YHO HAIMMCAHHOE CJIOBO B MPAaBUJIbHOE, HATIPH-

mep AJITOPUODOM -> AJITOPUTM — oaHo usmMeHeHnue);

Q HaifTu 6/kaiiiiero K BaM Bpaya.

OHM U3 CaMBbIX I0JIE3HBIX AJITOPUTMOB, U3BECTHBIX MHE, paboTaIoT ¢ rpadaMu.
BHuMaTe/JIbHO MPOYMTaiiTe HECKOJIBKO CJIEIYIOUIUX IJIaB — 3TOT MaTepHUall He-

OJHOKPATHO ITPUTOJUTCS BaM B pabore.

3HaKOMCTBO C rpadamu

"
—

[IpennosioxuM, Bbl HaxoauTechb B Can-MpaHIMCKO U XOTUTe J00paThCs U3
Teun-ITukc k Mmocty 3os10Thie BopoTa. Bbl HaMepeBaeTech 1oexaTb Ha aBToOyce

C MUHUMAJIbHBIM KOJIMYECTBOM II€PECAIOK. Bo3Mo>xHbIe BapUAHTDI:

BOPGTA

 ABTORYL e 3AA

LATOEYC W 33
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Kakoii airopuT™ Bbl ObI UCIT0JI30BAIH JJIs1 TOUCKA MYTH C HAUMEHbIIUM KOJIU-
4YeCTBOM IIaroB?

MoxxHo Ji1 ciesiaTh 3To 3a oAuH mar? Ha caegyioiieM pucyHke BbliejIeHbI BCeE
MeCTa, B KOTOpPbIe MOXHO J00paThCs 3a OJJUH LuAr.

MOCT

SOAOTHE
BOPOTA

MocT Ha 9Toi1 cXeMe He BbIJIEJIEH; IO HETO HEBO3MOXKHO J0OpaThCs 3a OJUH 1IIaT.
A MOXHO 11 1oOpaThCs 10 HETO 3a /IBa 11ara?

30AOTHE
BOPOTA

1 cHoBa MOCT He BbIJIeJIEH, 2 3HAYHUT, 0 Hero HEBO3MOXXHO J00paThCst 3a Ba
mara. Kak HacueT Tpex maroB?
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Ara! Ha atot pa3 MocT 3osi0Thle BopoTa BbifesieH. CienoBaTeIbHO, YTOOBI 10-
opatbcs u3 TBuH-IIuKc K MOCTY 1O 3TOMY MapLIPYTY, HEOOXOUMO CAeaTh TPU
mIara.

30A0THE
BOPOTA

Ectb u Apyrue MapuipyThl, KOTOpbie IIPUBEAYT BaC K MOCTY, HO OHM AJIMHHee
(4eThIpe miara). AJIrOpUTM OOHAPYKUJI, UYTO KpaTYaIINi My Th K MOCTY COCTOUT
M3 TpeX 1aroB. 3alaya TaKOro THIa Ha3bIBaeTcs 3adaueli noucKka Kpamuauulezo
nymu. Yacto TpebyeTcst HANTU HeKU KpaTYalIlIMii My Th: MyTh K JOMY BallIero
ApYra, IyTh K nobejie B 1axMaTHO MapTuu (3a HaMMeHblliee KOJIMYECTBO X0I0B)
U T. 1. AJITOPUTM [JIs PellleHUA 3a1a4M NMTOUCKa KpaTyaulero ImyTH Ha3blBaeTcs
NOUCKOM 8 WUDUHY.

Yrobbl HAaWiTH KpaTYaiiuii nyTh U3 TBUH-ITukc K MocTy 3os10ThIe BOopoTa, Ham
IPUIILJIOCH BBINOJIHUTS /IBa 1IAra:

1. CMozenupoBaThp 3aJ1auy B Bu/jie rpada.
2. Peuutb 3a71a4y METO/JIOM NMMOUCKA B LIUPUHY.

B cienyionieM pa3saeie s pacCKaxy, YTo Takoe rpadbl. 3aTeM OyIeT pacCMOTpPEH
60Jiee MOAPOOHO MOUCK B IUPHUHY.
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Y10 Takoe rpad?

[padp Monenupyet Habop cBsizeir. I1pen-
CTaBbTe, YTO BBI C IPY3bSIMU UTPaETe B I10-
Kep U XOTUTE CMOJIEJTUPOBATh, KTO KOMY
ceiiyac gosixxeH. Hanpumep, ycioBue
«Anekc nomxeH PaMe» MOXHO cMoze/IH-
pPOBaTh TaK:

A TOJIHBIHM rpad MOXeT BBITJIAAETD TaK:

@ fpad 3apomKeHHOCTEH
npu urpe B nokep

Anekc nomxken Pame, ToM qomxeH Aauty M T. . Kaxapiii rpag coCTOUT U3 Y3108
1 pebep.

Y3EA Y3EA
J PEEPO A%
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Bot u Bce! ['padpbl cocTosAT U3 y3J10B 1 pebep. Y3es MOXeT ObITh HAPSIMYIO CO-
eIMHEeH C HECKOJIbKUMH JIPyTUMH y3JIaMH. DTH y3JIbl Ha3bIBAIOTCA cocedamu. Ha
aToM rpade Pama siBsisieTcst coceoMm Astekca. C Apyroi CTOpoHbI, AIMT COCEIOM
AJiekca He SIBJISIETCSI, TIOTOMY YTO OHM He COeIMHEeHbI HanpsiMylo. IIpu atom Aaut
saBJsieTcsi cocenoM Pamel u Toma.

I'padbl HCMIOB3YIOTCS 7151 MOJIETUPOBAHUS CBsI3eii MeX /1y pa3HbIMH OObEKTaMU.
A Tenepb NOCMOTPHUM, KaK paOOTaeT MOUCK B IIUPUHY.

[TOUCK B WUPUHY

B rnaBe 1 yxxe paccMaTpuBaJICsl IPUMEDP aJrOPUTMa MOMCKA: OMHAPHBIN TO-
ucK. [ToMck B LINpUHY TaK)Xe€ OTHOCUTCS K KaTErOpPUM aJrOPUTMOB IMMOUCKA,
HO 3TOT aJIrOPUTM paboTaet ¢ rpadpamu. OH MOMOraeT OTBETUTH Ha BOIPOCHI
IABYX THUIIOB:

Q Tun 1: cyuecTByeT JiM MyTh OT y3ja A K y3uy B?
Q TUn 2: KaK BBITJISIAAT KpaTYaUIIMM MY Thb OT y3ja A K y3ay B?

Bbl yxe Buaes i npuMep NOMCKa B LIMPUHY, KOr/1a Mbl IPOCYMTHIBAJIM KpaTyau-
it myTh U3 TBUH-IIukC k MocTy 3os10Thie BopoTa. 3T0 6b1J BOnpoc THMa 2:
KaK BBIJIAAUT KpaTyaimuii nyTh? Tenepb pazbepeM paboty ajaroputma 6oJee
MoAPOOHO C BOIPOCOM THIA 1: CylIeCTBYeT JIU My Th?

[IpeactaBbTe, YTO BBl BbipalljiBaeTe MaHro. Bol uleTe npoaasiia, KOTOPbIH
OyzeT nmpojaBaTh Ballld 3aMeyaTe/ibHble MAHTO. A MOXET, IpoaBel] HailaeTCs
cpeau BalIMX KOHTaKToB Ha Facebook? /1 Hayasa CTOMT moucKaTh cpeau

Ipy3eH.
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BOE KAIP

AAKCA

[Touck NpoUCXOaUT BIIOJTHE TPUBUAJIBHO.

CHayaJla Hy>KHO ITOCTPOUTD CITMCOK Jpy3ei IJIsl MOMCKaA.

Tenepb HY>)XHO 0OPAaTUTHCS K KaXIOMY Y€JIOBEKY B CIIMCKE
Y IPOBEPUTD, TPOAAET JIU 3TOT Y€JIOBEK MAHTO.

T A _LA: SABEPUHTD
O 506 | AANCA MPOLAET
G kAP =¥ MAHTO? \
LRSS HET
_...'_’.r
v
0A: SABEPUWHTD
R 7
506 MPOLAET
e =% MAHTO? ST
O kAP
I,

KA3P MPODAET -7 OA: SABEPUWHTD

MAHTO? _
S HET: HHKTO H3 OPY3EN

HE MPOLAET MAHTO




134 naea 6. Mouck B WNPUHY

[IpennosioxxuM, HU OAUH U3 BalIMX pYy3ed He NMpOoJaeT MaHTo. Ternepb MOUCK
IpOA0JIXKAETC CpeAy Apy3eu BallluX ApY3en.

Kaxxapiii pa3, korzia Bbl IpoBepsieTe KOro-TO U3 CIIMCKA, BbI J0O6aBJIsieTe B CITMCOK
BCeX ero JIpy3enu.

AA: 3ABEPWHTD
7 a b0b
E-AAlich AAMCA MPOLAET —s HET: OBABHTL {0, KA3P

0 506 | ~>maHro? BCEX OPYSEA “ONETTH-
O KAIP AANCH 8 CMUCOK o
SN, MOUCKA e T

NETTH JOBAB-
AEHA 8 CMHCOK

B takoM ciiyuyae nouck BeJeTCsl He TOJIBKO Cpeldy ApYy3el, HO U Cpeau Apy3ei
apy3ei Toxe. HamoMHUM: HY»KHO HaliTH B ceTH XOTs Obl 0JHOTO ITPO/{aBLia MaH-
ro. Eciu Anuca He nmpogaeT MaHro, TO B CITMCOK J00aBJISIIOTCS ee ApYy3bsi. ITO
O3HayaeT, YTO CO BpeMEeHEM BbI IIPOBEpUTE BCeX ee ApYy3eil, a IOTOM UX Apy3ei
u T. 1. C 3TUM aJITOPUTMOM NMOMCK PaHO WJIM MTO3HO MPOMAET IO BCeii CeTH, ITOKa
Bbl BCe-TaKH He HATKHETEeCh Ha IMpOo/iaBlia MaHTO. TaKOil aITOpUTM U Ha3bIBAETCS

[IOMCKOM B LIUPHHY,.
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[ToMcK KpaT4yanwero nNyTu

Ha Bcsikuit caiyyait HAIOMHIO [iBa BOIIPOCA, HA KOTOPbI€ MOXXET OTBETUTh ajro-
PUTM [IOMCKA B LINPUHY:

Q Ttun 1: cymecTByeT Ju nyTh oT y3Ja A k y3ay B? (EcTs /im nponaselr MaHTO
B Ballleil ceTu?)

0 THUMN 2: KaK BHIMJISIAUMT KpaTYalui myTh oT y3sa A K y3ay B? (Kro u3 npo-
JaBI[OB MAaHI'O HAXOAUTCS OJIM)KE BCETO K BaM?)

Bbl yxe 3HaeTe, Kak OTBETUTHb Ha BoIpoc 1; Ternepb nonpobyeM OTBETUTh Ha
BoIpoc 2. YaacTcs i BaM HaWTu OJmokaitiiero rmpoaasiia MaHro? byaeM cuu-
TaTb, UTO BalllX APY3bS — 3TO CBSI3U N1€PBOTO YPOBHS, a APY3bsl Apy3€eil — CBsI3U
BTOPOT'O YPOBHS.

CBs134 MepBOro ypoBHS NpeAINOUYTUTEIbHEE CBsI3ei BTOPOro YPOBHS, CBSA3U
BTOPOrO YPOBHSI IpeAIoYTHUTE/IbHee CBSI3el TpeThero ypoBHA U T. 4. OTciona
CJeyeT, YTO IOMCK M0 KOHTAKTAaM BTOPOTO YPOBHS He 10/1XKeH MPOU3BOIUTh-
cs1, IOKa Bbl He Oy/leTe MOJTHOCTBIO YBEPEHBI B TOM, YTO CPeIM CBS3€l IepBOro
YPOBHSA HET HU OHOr0 NpojAaBlia MaHro. Ho Beb NOKCK B LIMPUHY HMEHHO 3TO
v AejaeT! [IoMCK B LIMPUHY pacIpOCTPAHAETCS OT Ha4aJIbHOM TOYKHU. A 3TO 03-
HayaeT, YTO CBsI3U IIepBOro YPOBHS OYyT MIPOBEPEHBI 10 CBsI3eii BTOPOro YPOBHSI.
KoHTpobHBI BOIpocC: KTo 6yaeT mpoBepeH nepBbiM, Kiap uau Anymxk? OTBerT:
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Kn3p siB/1sieTcst cBsI3bI0 IEPBOTO YPOBHS, @ AHYI)K — CBSI3bI0 BTOPOT'O YPOBHSI.
CnenoBarenbHo, Kiap 6yzner nmpoBepeHa nepBoji.

Takyxe MOXHO OOBSICHUTDH 3TO MHAYe: CBSI3U NMEPBOro YPOBHS 100aBJISAIOTCS
B CITMCOK MOHCKA PaHblile CBI3ed BTOPOr0 yPOBHSL.

BOB
1YPO-) kAP
BEHD ] AAHCA

AHYLLK
2 YPO- I'\EI'TM
BEHD

MOHHK

o /

Bbl nBUraeTech BHU3 MO CIIMCKY U IpOBeEpsieTe KaXKI0ro
YyeJjioBeKa (SBJISIETCS JIM OH MPOAABLIOM MaHro). CBs3u
IIepBOTO YPOBHS OYAYT IPOBEPEHHI 10 CBSI3eil BTOPOIO
YPOBHSI, TaK YTO Bbl HaliJieTe IMPoiaBlia MaHTo, OJIMXKali-
mero K BaM. IToMck B IMpUHY HAaXOAUT He TOJIBKO MYyTh
13 A B B, HO 1 KpaTyallIUH MY Th.

O6paTuTe BHUMaHHUE: 3TO YCJIOBUE BBIITOJIHAETCS TOJbKO
B TOM CJIy4ae, eCJIM IOMCK OCYIIECTBJISAETCS B MOPSIKE
nob6asJieHus ofeil. Jpyrumu caoBamu, ecau Kiaap 6bi1a

nobaBJieHa B CITUCOK 0 AHYIXa, To mpoBepka Kap no/kHa ObITh BBINOJIHEHA
10 TIPOBEPKHU AHYXa. A UYTO IIPOU30UIET, €CJIM Bbl IPOBEPpUTE AHY/I>Ka PaHbllle,
yeM Ki13p, 1 006a OHM OKaXKYTCS MPOJaBLiaMKi MaHT0? AHY/IK SIBJISIETCS CBSI3bIO
BTOpOro ypoBHs, a Kiiap — cBsi3bio nepBoro ypoBHs. B pe3yssraTe Oyaer HalizeH
NpojaBel] MaHro, He Omkaiiuuii K BaM B ceTH. CJieJoBaTeIbHO, IIPOBEPSITH CBSI-
31 HY)XHO B nopsiike ux aobassieHus. /lJist onepaiuii Takoro poja cyuecTByer
criel[MajIbHasl CTPYKTYpa AaHHbIX, KOTOPasi Ha3bIBAa€TCS 0uepeovio.

Ouyepeau

Ouepeab paboOTAET TOYHO TaK XKe, KaK
U B peasibHOU ku3HU. [Ipennoso-
>KUM, BbI C IPYTOM CTOUTE B OUepeu
Ha aBTOOYCHO# ocTaHOBKe. Eciin BhI
cToMTe OJIMXKe K Hayasly od4epenu, TO
BBI IIEPBBIM csieTe B aBToOyc. CTpyK-
TYpa AaHHBIX ouyepenu paboTaeTr aHa-
JoruyHo. Oyepeau 4eM-TO MOXO0XKHU
Ha CTEKHU: Bbl He MOXKeTe oOpallaThCs
K IIPOM3BOJIbHBIM 3.JIEMEHTaM ouepe-
au. BMecTo 3TOro nojiep>KuBaroTCs
BCEero [Be olepallluu: noCmaHo8Ka
8 ouepedv U ussaeueHue u3 ouepeou.
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A1213) @/ @m’qilaml

A 1T
NOCTAHOBKA 8 OMEPELD H3BAEYEHHE W3 OYEPEOM
JAEMENHT L0BA8- JAEMEHT H3BAEKAETCA
AAETCA 8 OMEPELD H3 OMEPELOM

Ecau BBl nocTaBUTE B o4Yepelb IBA 3J1EMEHTA, TO 3JIEMEHT, J0OABJIEHHBIH Mep-
BbIM, Oy IeT U3BJIeYeH U3 Ouepe Iy paHbliie BTOPOro. A Belb 3TO CBOMCTBO MOXKHO
MCIT0JIb30BaTh [JIs1 peain3aliuu cliucka noucka! Jlioau, no6aBjieHHble B CITUCOK
nepBbIMH, OyAYT U3BJI€YEHBI U3 OYepear U MPOBEPEHDI ITEPBbIMMU.

Ouepenb oTHOCUTCA K KaTeropuu cTPYKTyp AaHHbIX FIFO: First In, First Out
(«IMepBbIM BOLIIEJI, IEPBBIM BbINIEJ»). A CTEK IPUHALJIEAKUT K UUCTY CTPYKTYP
naHHbIX LIFO: Last In, First Out («ocjeaHuM npuiieJi, iepBbIM BBIIIET» ).

t1l2]3)4
- 4 1.5
FIFO LIFO
(«MEPBH\M BOUEA, («MOCAELIHHM BOWEA,
NEPBHIM BHNEA») NEPBLIM BHILEA»)

Teneps, korja Bbl 3HaeTe, Kak paboTaeT o4epeab, MOXKHO IEPEXOIUTh K peasu-
3al[UM NTOUCKA B ITUPUHY!

YnpaxHeHuns

[IpyMeHUTE aJTOPUTM MOUCKA B IIUPUHY K KaXAOMY U3 3TUX rpac¢oB, YTOOBI

HaWTU PelIeHUE.
KOHEY

6.1 Hanaure anuHy KpaTyauiiero nyTyu oT
HayaJbHOTO 10 KOHEYHOTOo y3Ja.

HAAYAAD
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6.2 Haiiaure nnnMHy KpaTyaiiliero myT oT «cab» k «bat».

KOHEL
HAYAAO
Peanusauusa rpadga
Jlns Hayana Heo6XOAMMO peasn3oBaTh rpagd 506 KAIP

Ha MPOrpaMMHOM YypoBHe. Ipad cocTouT u3
HeCKOJIbKMX y3710B. Yl KaXXabIi y3eJs coeAuHs-
eTCs C COCeJHUMHU y31aMu. Kak BbIpa3uTh OT-
HOLIEeHHe TUna «Bbl —> 600»? K cuacTpio, BaM
y>Ke U3BeCTHA CTPYKTYpa AaHHBIX, CIIOCOOHas
BbIPaXXaTh OTHOLIEHUS: Xeul-mabauyal

BcnnoMHuTe: Xeui-Tabauila cBs3biBaeT KJIOY
co 3HaueHHeM. B 1aHHOM ciryyae y3es 10JKeH
ObITH CBSI3aH CO BCEMHU ero COCeasIMU.

TN |

T | AAHCA |

| Bo | BOB |
: KAIP

L - - ' _ .l
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A BOT Kak 3To 3anucbiBaeTcs Ha Python:

graph = {}
graph["you"] = ["alice", "bob", "claire"]

O6paTuTe BHUMaHKE: 3JIEMEHT «BbI» (you) oToOpakaeTcst Ha MaccuB. CjieoBa-
TeJIbHO, Pe3yJIbTaTOM BbIpaXKeHUs graph["you"] SIBJISIETCA MaCCHB BCEX BalIMX
cocenei.

[pad — Bcero uib HA6OP y3J10B U pedep, MO3ITOMY JIJisl IIpe/icTaB/leHus rpada
Ha Python Huuero 6osbiie He moTpedyeTcs. A kak HacyeT Gosbliero rpacga, Ha-
IIpUMEP TAaKOIro?

Kon Ha s3bike Python BHITISIUT TaK:

graph = {}

graph["you"] ["alice"”, "bob", "claire"]
gr‘aph[llbobll] [llanujll, llpeggyll]
graph["alice"] = ["peggy"]
graph["claire”] ["thom", "jonny"]
graph["anuj"] = []

graph[“peggy"] = []

graph["thom"] = []
graph["jonny"] = []
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KOHTpO/IbHBII BONMPOC: BaXKeH JIM MOPAAOK 100aBJieHUs Map «KJIOY—3Ha-
yeHues» ?

BaxkHo J11, KaKy10 3aMKCh BbI OyeTe UCI0JIb30BaTh, — TAKYIO:

graph["claire"] ["thom", "jonny"]

graph[“"anuj”] = []

WJIH TAKYIO:

graph["anuj”] =
graph["claire"]

[]
= ["thom", "jonny"]

BcnoMHuuTe npeabiayuyio riaasy. OTBeT: HeT, He BaxkHO. B xem-Tabunax ase-
MEHTBI He YIIOPSIA0OYEHBI, TO3TOMY J00aBJISITh Haphbl «KJI0Y—3HaY€HHE» MOXKHO
B JII0OOM TIOPSIIKE.

Y Anynaxa, Ilerru, ToMa u /I>)xoHHu coceneit HeT. /IMHUM CO CTpeJIKaMM yKa-
3bIBAIOT HA HUX, HO He CYIIECTBYeT CTPEJOK OT HUX K APYrUM y3JjaM. TakoH
rpacg Ha3bIBaeTCA HANPABIEHHbIM — OTHOLIEHUS AEUCTBYIOT TOJIbKO B OAHY
ctopony. UTak, AHy )X siBJIsieTcsi coceioM Bo6a, Ho Bob He siBJisieTcs coceioM
AHymxa. B HeHanpaB/ieHHOM rpade CTpesIOK HeT, M KaXXAblii U3 Y3JIOB SIBJISIET-
Cs1 COCeJIOM IO OTHOIIIeHUIO ApYT k aApyry. Hanpumep, oba cieayomux rpada
3KBUBaJIEHTHBI.

HAMPABAEHHOA TPA® HEHANPABAEHHOIA TPAD
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Peann3auuna anroputMma

HanoMH10, Kak paboTaeT peajin3anusi.

N _ 1. CO3OATb OYEPELD
[mm:n OB | ¥AIP i C HMEHAMH NMPOBEPAE-

o e e R MBIX AZER
N 4 2. N3BAEYD H3 OYEPELM
¥ OYEPELHOTO YEAOBEKA
%ﬂ = | 605 | maﬂ
2  _1
o s 3.TPOBEPHTb, ABAAETCA AW
: . 3TOT YEAOBEK MPOZABLIOM
f MAHTO
7
%MELI, HJL
B 4.5. LOBABHTb BCEX COCELEN
4 A, SABEPUNTD: 3TOT0 YEAOBEKA 8 OYEPELD
b,
l_ﬁq'ﬁ, 'i. H'.'-I'L?FJ m
T J 4
5. JHKAL

6. ECAH OYEPEDDL MYCTA,
B BAWEA CETH HET
MPOZABLIOB MAHTO

Bce HaunHaetcs ¢ co3nanus ouepeau. B Python ans cosmanus dsycmoponneii
oyepeou (1eKa) uCnoab3yercss GyHKIUS deque:

from collections import deque
search_queue = deque() < Co3panune HOBOW Ovyepeam
search_queue += graph["you"] < ooee Bce coceau n06aBNAIOTCA B ouepeAb NOUCKA
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HanoMH10, 4To BeIpakeHue graph["you"] BepHET CIIMCOK BCEX BAllIMX COCEEH,
HanpuMep ["alice", "bob", "claire"]. Bce oHM n00aBJISIIOTCS B OYeEPEb ITO-
HUCKa.

A Tenepb paCCMOTPHM OCTaJIbHOE;

while search_queue: <« Noka oyepeab He nycra...
person = search_queue.popleft() < U3 OuepeAn U3BNIEKAeTCA NepBbIN YenosekK
if person_is_seller(person): <« NposepnaeM, ABNAETCA U ITOT YenoBek
NPOAABLOM MaHro
print person + " is a mango seller!"  «:::veeeee lla, 3to npoaasey maHro
return True
else: h _ h o Het, He aBnaetca. Bce Apy3bAa 3Toro ye-
search_queue += graph[person] <. noseka 406aBNAIOTCA B OYepeAb NOUCKA
return False <« Echu BbinonHexue aowno

AO 3TOU CTPOKHU, 3HAYUT,
B OuepeAu HeT NPOAABLA MaHIro

M nocnenHee: HyHO onpeaeauTb QYHKIMIO person_is_seller, KOTOpas CO-
oO111aeT, SIBJIIeTCs JIM YeJIOBeK IpojiaBlioM MaHTo. HanpuMep, hyHKIMS MOXKET
BBITJISI/IETh TaK:

def person_is_seller(name):
return name[-1] == 'm’

Jta QYHKUUS MpOBepseT, 3aKaHYUBaeTCs JIU UMsI Ha OYKBY «m», U €CJIU 3a-
KaHUYMBAETCS, ITOT YeJIOBEK CUMTAETCs poAaBIoM MaHro. [IpoBepka 10BOJIBHO
rJIymnasi, HO JIJIsl Halllero IpuMepa coiiieT. A Ternepb IIOCMOTPHUM, KakK paboTaer
IIOUCK B LIIUPHUHY.
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sewch.goeve = deque()
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TEKYUWEE COCTOAHHE
SEARCH_QUEUE

> eam e oy

_-_-'—-__

 [kA3F [505)

- can o © o -— - o> -

— ke P

U Tax nasnee. AITOPUTM IPOAOJDKAeT paboTaTh JI0 TeX MOp, MoKa:

0 He Oy/IeT HaiiieH mpoJaBell MaHro,

UJIn

Q ouyepelb He OMyCTeeT (B 3TOM CJIyyae NPO/aBlia MAHIO HeT).
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Y Anucel u boba ectb oaun o6muii apyr: Ilerrn. Caenosatenbto, Ilerru 6yaer
nobaBJjieHa B ouepe/b JBaXIbL: IIpHU 100aBJIeHUU APY3ei AJIMCBI U NpH 100aB-
JeHuu apy3eii bo6a. B pe3ysisrate Ilerri mosiBUTCS B ouepeau MOMCKa B IBYX

9K3eMILJIsIpaXx.
{ vA3P \HETTH lnr.rﬂl\
3

e

OA, NETTH BCTPEYAETCA
B OYEPELZMU MOUCKA

LBAXLH!

Ho npoBepuTs, siBjsiercs jim Ilerru npogaBiioM MaHro, JOCTaTOYHO BCEro OJIMH
pa3. [IpoBepsisi ee ABaXk1bl, BbI BHINOJIHSIETE JIMIIHIO, HEHYXXHYI0 paboty. Cile-
II0OBATeJIbHO, MOCJIe MTPOBEPKH YeJIOBEKA HY)KHO MOMETUTDb KaK IMPOBEPEHHOTO,

4yTOOBI HE MMPOBEPSATH €T0 CHOBA.

Ecnn aToro He ciesiaTh, MOXKeT BO3HUKHYTb O€CKOHEUHbIH UKL [1peamnosoxumM,

rpad BBITJISAAUT TaK:

B Hauasie ouepeapb MoMCKa COAEPIKUT BCEX BALIUX COCeEN.

METTH J
. |

Tenepsp Bbl npoBepsieTe [lerru. OHa He sABJIsieTCA MPOJAaBIOM MAHTO, IO3TOMY
BCE ee coce/u N00aBJISIIOTCS B 04Yepe/Ib ITOMCKA.
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B bl

A

Bbl npoBepsieTe cebs. Bbl He siBJIsieTeCh MPOAABIOM MaHI0, IIO3TOMY BCE Balllu
coceny 100aBJISIOTCS B ouepe/Ib IOMCKa.

.-——"‘"'———---
NETTH

U tak nanee. BosHukaeT 6€CKOHEYHBIH LIUKJI, IOTOMY YTO o4epelb IIoucka OyaeT
nooyepeaHO mepexoauThb OT Bac K Ilerrwu.

/‘*3

3

'\_.i/

IIpexnae yeM npoBepsiTh Yea0BeKka, caeayetr yoeauTbcss B TOM, YTO OH He
ObILI npoBepeH paHee. [[Jis1 3TOro Mbl 6y11eM BECTH CIIUCOK YXKe NMPOBEPEHHbIX
JoaeH.

-

{  YKE

0

A . nerrH
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A BOT OKOHYaTeJIbHasl BepCUS KO/Ja MOUCKA B LIMPHHY, B KOTOPOH YUYTEHO 3TO
00OCTOSITEJIbCTBO:

def search(name):
search_queue = deque()
search_queue += graph[name]
searched = [] B P
while search_queue:
person = search_queue.popleft()
if not person in searched: <«
if person_is_seller(person):
print person + " is a mango seller!"”
return True
else: Yenosek nomeyaerca Kak
search_queue += graph[person] yXKe nposepeHHbIH
searched.append(person) <.
return False

JTOT MaCCUB UCNONb3YETCA ANA OTCNCKUBAHUA
y)Ke NnpoBepeHHbIX NIoAeH

Yenosek NnpoBepAeTCA TONbKO B TOM Cayvae,
€C/NIW OH He NPOBEPANCA paHee

search("you")

[TonpobyiiTe BHIMOJHUTD 3TOT KOJ CAMOCTOSATENIbHO. 3aMeHUTe (PYHKI[HIO
person_is_seller yeM-TO 6oJiee cofiep>XaTeJIbHbIM U TIOCMOTPHUTE, BbIBEJIET JIU
OHa TO, YTO Bbl OXKHAJIH.

BpeMsa BbInONHEHUS

Ecau nouck npojaasiia MaHToO ObLJI BBIIIOJIHEH I10 BCEH CeTH, 3HAYMT, BbI ITPOIILIH
10 KaxJA0MY pebpy (HaroMHIO: peOpPOM Ha3bIBAE€TCSI COeJMHUTEIbHAS JIMHUS UJIH
JIMHUA CO CTPEJIKOM, BeJyllasi OT OZHOTO YeJIoBeKa K pyromy ). Takum oOpa3om,
BpeMsi BbIIIOJTHEHU I COCTaBJIsIeT Kak MUHUMYM O(xoauuecmso pebep).

Takxe B mporpaMMe I0JIKHa XpaHUThCS odepeab noucka. [JobaByieHne oaHoO-
ro 4yeJIoOBeKa B 04epeab BBINOJHAETCA 3a MOCTOsIHHOe BpeMs: O(1). BoinoJi-
HeHUe OlepaluM IJs KaXkJ0ro YeJioBeKa MmorpebyeT CyMMapHOro BpEMEHH
O(xonuuecmeo arooeti). Ilouck B LIMpUHY BBINOJIHSIETCS 3a BpeMst O(xouuecmso
odeti + Koauvecmeo pebep), YTo 0O6bIYHO 3anuchiBaeTcsi B popMe O(V+E) (V —
KOJIMYECTBO BepIIKH, E — KOJNYeCTBO pebep).
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YnpaXkHeHUs

[Tepen BaMu He6oJIb1IOM rPad MOEro yTPEHHETO paclopsiaKa.

3 rpaca BUIHO, YTO sI 3aBTPaKalo TOJIbKO IIOCJIe TOro, KaK mo4uiny 3yonl. TakuM
obpa3oM, y3es «Ilo3aBTpakaTh» 3aBUCHT OT y3J1a «I[IounCcTHTD 3yOBI».

C npyroi CTOPOHBI, AYI He 3aBUCUT OT YUCTKH 3yOOB, IOTOMY YTO S MOTY CHa-
yaJia MPUHSATH Ayll, a TOTOM MOYMCTUTH 3yOnl. Ha ocHoBaHMM rpada MOXKHO
copMyTUPOBAThb MOPAIOK, B KOTOPOM S A€UCTBYIO YTPOM:

1. IIpocHyThbCH.

2. IIpuHsaTh gy
3. IlounucTuthb 3yOHI.
4. Ilo3aBTpakars.

CrienyeT 3aMeTUTh, UTO IeMCTBUE « I IpUHATH AylI» MOXET IepeMelaTbCs B CIIU-
CKe, II03TOMY CJIeAYIOUIUH CITUCOK TOXKe 1eNCTBUTEJIEH:

1. IIpocHyTbCHA.
2. ITouucTuthb 3yOB5l.
3. IlpuHsaTh aym.

4. Ilo3aBTpakars.
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6.3 /lis kaxzaoro U3 caeAyolMX TpeX CIIUCKOB YKakuTe, JeCTBUTEJIEH OH
WUJIA HeIeCTBUTEJIEH.

|
A 6 B ;
1. NPOCHYTbLCA 1. NPOCHYTbBCA 1. NPHHATD YUl
2. NPHHATD YW 2. NOYHCTHUTD 3YbBb 2. NPOCHYTHCA
3. NO3ABTPAKATD 3. NO3ABTPAKATD 3. NOYHCTUTH 3Ybbl
4. NOYUCTHTDL 3YBb 4. PHHATDL 2yl 4. MO3ABTPAKATD

6.4 Hemnoro yBeanyuM ucxoaHnblii rpag. [locTpoiTte qecTBUTENbHBIA CITMCOK
IJ1s1 3TOro rpada.

IRAROEATE
DREL

Mo0>HO cKa3aTb, YTO 3TOT CIMIUCOK B HEKOTOPOM CMbICJIe OTCOPTUPOBaH. Eciu
3aZlaya A 3aBMCHUT OT 3afauM B, To 3amaya A HaxoauTcs B OoJiee Mo3aHeH Mo-
3ULIMY CIIMCKA. TaKkasi COpTUPOBKA HAa3bIBAETCS MoOnoaozuueckoll; pakTH4YecKu
OHa NPEeAOCTAaBJISIET CIIOCOO MOCTPOEHUS YIIOPSIJOYEHHOIO CITMCKA Ha OCHOBE
rpada. [IpeanonoxxuM, Bel MJIaHUPYeTe CBaAbOy U Y Bac cocTaBJjieH OOJIbIIOH
rpad ¢ MHOXXeCTBOM 3ajjay, HO BbI He 3HaeTe, ¢ Yero HayaTb. [IpoBeaure mono-

Jlozuueckyro copmuposxy rpada — M MOJYYUTE CIUCOK 3a7ay, KOTOpble MOXHO
BBITIOJIHATD OAHY 3a APYTOM.
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ﬂOHyCTI/IM, HMEETCA reHEQJIOTHYECKOE APEBO.

POLLHTEAN

BABYLKH
HOEQYWKH

[eHeasornyeckoe ApeBoO — ToXe rpad, IOTOMY YTO B HEM €CTb y3Jbl (JIIOAM)
1 pebpa. Pe6pa yka3bIBaloT Ha poauTeieil yenoBeka. EctecTBeHHO, Bce peOpa
HaIpaBJieHbl BHU3 — B TeHeaJIoTHUeCKOM JiepeBe pe6po, yKa3biBalolllee BBEPX,
He UMeeT cMbicJia. Beab Balll oTell HUKAK He MOXXeT OBbITh JeAYIIKOM Balllero

neayumKu!

POLKHTEAM

é @ . GABYLKH
Wy N DEQYWLKH

Takasi ocobast pa3HOBUIHOCTb rpada, B KOTOpPOi HeT pebep, yka3bIBaloLIUX B 00-
paTHOM HampaBJIEeHUH, Ha3bIBAETCS JepesoM.
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6.0 Kakue u3 ciaeqyomux rpadoB TakxXe SABIASIOTCS JepeBbSIMU?

A. B. C.

LLinapranka

Q

Q

[Touck B IIMPUHY MO3BOJISIET ONPEAEUTD, CyllleCTBYeT JiM MyThb u3 A B B.
Ecau nyTh cyuiecTByeT, TO MOUCK B LIMPUHY HAXOAUT KpaTYauIIUM MY Th.

Ecau B Baueii 3agaye TpebyeTcs HailTu «kpaTyaiiiiee X», monpooyiite cMo-
JIeTMPOBaTh CBOIO 3aJauyy rpadoM M BOCHOJIb3yUTECh MOUCKOM B LIMPUHY
J1JIs1 ee pelleHusl.

B HanpaB/ieHHOM rpade ecTb CTPEJIKH, a OTHOLLIEHUS IEUCTBYIOT B HAallpaBJie-
HUHU cTpesiku (Pama = Anut o3HavaeT «Pama qomkeH AqUTy» ).

B HeHampaB/ieHHBIX rpadax CTPeJIOK HET, a OTHOIlIEHHE UAET B 00€ CTOPOHBI
(Pocc — Paituen o3HauyaeT «Pocc BcTpevaetcs ¢ Panuen, a Paityesn BcTpeya-
eTcs ¢ Poccom».)

Ouepenu oTHocsiTcs K KaTeropuu FIFO («mnepBbIM BoliieJ1, mepBbIM BbIILIE» ).
Crek otHocuTcst K Kateropuu LIFO («mocienHUM mpuiiie, mepBbIM BBILIET» ).

Jlionei cienyet NpoBepsITh B IMOPSIAKE UX
no6aBjieHUsT B CIIMCOK MOKUCKA, TO3TOMY
CIIMCOK ITOMCKA J0JIXKEH ObITh 0POPMJIEH
B BU/le 0Yepey, UHauYe HalIEHHbINA MY Thb
He OyeT KpaTyaiIuM.,

[To3aboTbTECh O TOM, YTOOBI YK€ MPOBe-
PEHHbIA YeJIOBEK He MIPOBEPSIJICA 3aHOBO,
MHaye MOXKeT BO3HUKHYTb 6ECKOHEYHBbI i
IUKJIL.
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B 3TOM rnase

v Mbl NpoA0NXUM n3lyyeHue rpadoB MU NO3HAKOMUMCSH
CO B3BELEHHbIMK rpadaMu, B KOTOPbIX HEKOTOPbIM pebpam
Ha3Ha4yaTCca 6onblIne N MeHblune Beca.

v Bbl n3yunte anroput™ [enkcrpbl, KOTOpbIX NO3BONSET
NONy4YUTb OTBET Ha BONPOC «Kak BbIrNSAUT KpaTHanwum
NyTb K X?» ANs B3BeLWeHHbIX rpadoB..

v Bbl y3HaeTe 0 uuknax B rpagax, Ans KOToOpbIX anropuTtm
AenkcTpol He paboTaer.

® O & 0 & 0 0 0 46 0 & & 0 0 0 0 0 6 O S O S O s 0 0 0 0 s 0 s 0 s O 0 0 00 000 s 0 s 0O 00000 00 0 0 0 0 0 0 0 0 0 o0

B npeabiayiien riaBe Bbl Y3HaAIH, KaK HAUTH MYTh U3 TOYKH A B TOUKy B.

MOCT

MAITHE
BOPOTN

Haitnenublit myTh He 06513aTE€JIbHO OKAXXETCS CAMbIM OBICTPBIM. ITOT NMYTh
CUMTAETCS KpaTYar MM, IOTOMY YTO OH COCTOUT U3 HaUMMeHbIIero KoJuyecTBa
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cerMeHTOB (TpH cerMeHTa). Ho mpeanosioxum, ¢ KaXxpiM CETMEHTOM CBSI3bIBa-
eTCs IPOJOJKUTEBHOCTD NiepeMeleHusi. M Toraa BbIsICHAETCS, YTO CYILIeCTBYET
1 60J1ee OBICTPBIN MYTh.

B npeapiayieii riaBe paccMaTpUBaJICS MOUCK B IIMPUHY. DTOT aJITOPUTM HaXO-
IUT IIYTh C MUHUMAJILHBIM KOJIMUECTBOM CErMeHTOB (rpad Ha MepBOM PUCYHKE).
A ecyi1 BBl 3aXOTHTE HAalUTH caMblii OBICTpBIN My Th (BTOpOI rpad)? BricTpee
BCEro 3TO JieJIaeTCs P MOMOIIY APYTroro aJropuTMa, KOTOPbI Ha3bIBaeTCs
anzopummonm [euxcmpol.

PaboTta c anroputMoM [lenkcTpbl

[TocMOTpHM, KaK 3TOT aJroput™m pabotaet ¢ rpadoM.

KaxxaoMy pebpy Ha3zHauyaeTcsl BpeMs IepeMellleHUuss B MUHYTaX. AJITOpUTM
JleKCTpbl UCIIOb3YeTCs AJII MTOMCKA MYyTH OT Ha4Ya/JIbHOM TOYKHU K KOHEYHOM
3a KpaTyailliee BO3MOXXHOe BpeMsL.

IIpuMeHUB K 3TOMY rpady MOMCK B LIUPUHY, Bbl MMOJIyUYUTE CJAEAYIONIMA KpaT-
Yau UK NyTh.
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ITOT NyTb 3aHUMaeT 7 MUHYT. A MOXXET, CyLIECTBYET IIyTb, KOTOPHIA 3aiMET
MeHbllle BpeMeHH ? AJropuTM [[eKCTPbl COCTOUT U3 YeThIPeX IIaroB;

1. HaiTtu y3en ¢ HauMeHbllleid CTOUMOCTBIO (TO eCTb y3eJl, 10 KOTOPOTO MOXKHO
no6paThcst 3a MUHUMAaJIbHOE BpeMs ).

2. O6GHOBUTb CTOMMOCTH cocefieil 3TOro y3Ja (BCKope s1 00BbACHIO, YTO UMEETCS
B BULY ).

3. IloBTOpSATH, MOKA 3TO He OYyAeT caesiaHo A/ Bcex y3J10B rpada.
4. BbIYMCIUTH UTOTOBBIH MYTh.

IlIar 1: HaliTH y3eJ ¢ HaUMeHbllleid CTOUMOCTBIO. Bbl cToMTE B caMoM HauyaJe

U yMaeTe, KyJa HallpaBUTbCA: K Y31y A uiu K y3ay B. Ckosibko BpeMeHH 110-
HaZoOUTCs1, YTOOBI AOOPATHCS A0 KAXJAOr0 U3 3TUX y3JI0B?

Jlo y3na A Bbl 6ygete qobupaTbes 6 MUHYT, a 10 y3Ja B — 2 muny sl UTo kaca-

€TCsI OCTAJIbHBIX y3JI0B, Mbl O HUX ITI0KA HUYETO HE 3HAEeM. BPEMS
MEPEXOLA
Tak kak BpeMsi JOCTHXKEHUSI KOHEYHOTO y3J1a OCTaeTCs He- Y3EA K Y3AY

M3BECTHBIM, MbI CYUUTAEM, YTO OHO OecKkoHeUHO (BCKOpE Bb
YBUJIUTE NIoYeMY.) Y3es B — Gnxaiiinii... oH HaXoauTCs
BCero B 2 MUHYTax.
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Illar 2: BLIYMCINTD, CKOJIBKO BpEMEHH ITOTPEOYETCS A1 TOrO, YToOBI 10OpaThCs
o Bcex cocenieit B npu nepexode no pebpy us B.

% 5
YSEA BPEMA yrobw mo- " 5;’
"' A |s%] spaTbca o0 '
' =1 Y3AA A, TEREPD
B 12 { rresvercs - &2

KOHEY | 7 ] B8CErO S MuH

Oro, 1a MbI 0OHapyXHJIH 60Jiee KOPOTKHIA Ty Th K y3iy A! PaHblie 11 nepexoza
K HeMy Tpe60oBaIoch 6 MUHYT.

A ecnu uatu 4yepe3 y3es B, To cyuiecTByeT nmyTh, KOTOPBIif 3aHUMaeT BCETO
5 MUHYT!

HAYNAD KOhEL

Ecsin BbI Ha1Iu 60Jiee KOPOTKMiA My Th A1 coceqa B, 06HOBHTE €ro CTOMMOCTb.
B naHHOM cJly4ae Mbl HalllJIM:

O bonee kopotkuii myTh Kk A (cokpauieHue ¢ 6 MUHYT 10 5 MUHYT).

O boJjee kopoTkuit myTh kK KOHEYHOMY y3J1y (CcOoKpalleHHe OT 6ECKOHEYHOCTH
10 7 MUHYT).
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Ilar 3: moBTOpSsieM!

CHoBa miar 1: HaxoauM y3eJ1, IJIs Tepexoja K KoTopoMy TpebyeTcsi HauMeHblllee
BpeMsi. C y310M B paboTta 3akoHuY€eHa, T03TOMY HaUMEHBIIYIO OLEHKY BpeMEHH
MMeeT y3eJa A.

Y3EA BPEMA
A § | &
B 2

CENES

CHoBa mar 2: 00HOBJIIEM CTOUMMOCTH cocenei A.

HAYAAD 5

[IyTh 10 KOHEYHOTO y3J1a Tenepb 3aHUMaeT Bcero 6 MUHYT!

Anroputm /leiKCTpbl BBIMOJHEH AJI151 KAXXA0Tr0 y3Ja ( BBIIOJIHATD €ro 1711 KOHeu-
HOTO y3J1a He Hy>kHO0). K aToMy MOMeHTY BaM M3BeCTHO cJieylolliee:

Q Yrtobsl nobpaThes A0 y3aa B, Hy)HO 2 MUHYTBHI.
Q Yrtobbl nobpaThCs [0 y37a A, HY)KHO 5 MUHYT.

Q YTtob6nl 10O6paThCA 10 KOHEYHOTO Y3J1a, Hy’KHO 6 MUHYT.

Y3EA BPEMA

A__1S_
B |2
[ KOHEY | &
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[TocnenHuy mar — BbIYUCJIEHHME UTOTOBOTO IMYyTH — OTKJIAABIBAETCS 0 CIEAYIO-
Ilero paszaesia. A Mmoka s IPOCTO MOKaXy, KaK BBITJISIAUT UTOTOBBIN MYTh.

HAYAAO

AJITOpUTM NMOMCKA B IIMPUHY HE HAMAET 3TOT MyTh KaK KpaTYalllIUK, TOTOMY
YTO OH COCTOUT U3 TPEX CErMEHTOB, a OT HAYAJIBHOTO y3J1a 10 KOHEYHOT'O MOXKHO
n06paThCst BCEro 3a ABa cerMeHTa.

HAMRAD 3™, O
KPATYARLKA NYTH
C NOWCKOM B WHPHHY

&  KOHEL

B npeapiaymeit riaaBe Mbl KCIOJIb30BAJIM MOMCK B LUMPHUHY AJIs1 HAXO0XAEeHUSA
KpaTyanuero nyT Mexay AByMs To4kaMU. Toraa moa «kpaTdyailliuM nmyTem»
[IOHUMAJICSI Ty Tb C MUHUMAJIbHBIM KOJIMYECTBOM CErMEHTOB. C IpyroM CTOPOHHBI,
B alIroput™me /JeUKCTpbI KaXKIOMYy CETMEHTY IpHUCBaUBaeTCst YMCJIO (BEC), a ajl-
roput™ /leMkcTpbl HAXOAUT NYTh C HAUMEHbIIUM CYMMapHBIM BECOM.

“IMOCT

SOAOTHE
BOPOTN

MOCT
SIAOTHE
ROPOTA

8 MHKH

B3BEWEHHHA TPA® HEB3BEUEHHHA TPA®
(MNOHCK B WHPHHY)
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Ha Bcsikuit ciiyyar NOBTOPUM: aJITOPUTM [|eMKCTPbI COCTOUT U3 YeThIpeX LIATOB:

1. Haiitu y3es1 ¢ HauMeHbllleid CTOUMOCTBIO (TO €CThb Y3€JI, 10 KOTOPOTro MOXKHO
no6paThcsi 32 MUHUMAJIbHOE BpeMsI ).

2. IIpoBepuTh, cyllecTBYeT Jiu 6oJjiee lelieBblii MyTh K COCEASIM 3TOTO Y314,
M eCJIM CyLeCTBYeT, 0OOHOBUTb UX CTOMMOCTH.

3. TloBTOpPSATH, ITOKA 3TO He OyIeT clieIaHo A5 BCceX y3J0B rpada.

4. BblyHCIUTH UTOTOBBIN MyTh (00 3TOM B cieAyiolleM paszeJie!).

TepMUHONOrUS

A Xouy puBecCTH ellie HECKOJIbKO IIPUMeEPOB ITIPUMEHEHUs aJiropyuTMa /leMKCTphl.
Ho cHayasa ctouT HeMHOro pa3o0paThCsi C TEpMUHOJIOTHEH.

Korna Bbl paboTtaere ¢ aaroputMmoM [lefikcTphl, ¢ KaxabIM peOpom rpada cBs-

3bIBA€TCA YNUCJIO, HA3bIBAEMOE BECOM.

BECA

&6

I'pad ¢ BecaMu Ha3biBaeTCs 838ewennbim zpagdom. Ipad 6e3 BeCoB Ha3bIBAETCS
HEB38EULEHHBIM 2PAPOM.

B3BEWEHHHA TPA® HEB3BEWEHHHA TPAS
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{151 BBIYMCIEHUST KpaTYaHuIllero NyTH B HEB3BEILIIeHHOM rpade UCrnoJib3yeTcs
nouck 6 wupuny. Kpartyaiiiiie nmyTu Bo B3BellleHHOM Irpade BbIUMCSIIOTCS 110
anroputmy /lerkcTpsol. B rpadax Takyke MOTYT MPUCYTCTBOBATb UUKAbL:

UMKAL NYTb, Q
HAYHHAIOYHRCA

CY3NME®, (A

MOXET BEPHYTb-

ca K v3aYQ® G

IJTO O03HAyaeT, YTO BBl MOXKETE HayaTb C HEKOTOPOIO y3J1a, MepeMeaTbCs 10
rpady, a MOTOM CHOBa OKa3aTbCs B TOM e yaJie. IIpeanosoxuM, Bbl ULIETE
KpaTyaMlllIMi IMyThb B rpade, coaeprkallleM UK.

HAYAAO KOHEU

Ectb i1 cMBICT B mepeMenieHuH 10 HUKAY? YTo Xk, BbI MOXKETE MCII0JIb30BaTh
nyThb 6€3 MPOX0XX/IEHHS LINKJIA:

OBUHUA
BEC: 4

A MO>XeTe MPOUTHU IO LIUKJIIY:

OB HA
BEC:

13
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Bbl B 11060M ci1yyae oka3bIBaeTech B y3Jie A, HO LUK AoOaB/sieT JUIIHUM Bec.
Bbl qaxce MoxeTe 000MTH LIMKJI ABAXIbI, €CTH BAPYT 3aXOTHUTE.

Ho kxaxcabii pas, koraa Bbl IPOXOAUTE MO LIUKJY, BbI TOJIBKO YBEJIUYMBAETE CYyM-
MmapHbIii Bec Ha 8. CjieioBaTesIbHO, MyTh ¢ 00X0J0M LIMK/Ia HUKOTAa He OyneT

KpaTyail LI uM.

HakoHelr, BbI elle He 3a0blM Halile 00Cy)kJeHHe HallpaBJeHHbIX U HEHAMPaB-
JIEHHBIX rpadOB U3 I'J1aBbI 67

e m

HAMPABAEHHBIA HEHANPABAEHHLIA
rPA® TPA®

CaMo MoHsiTHe HeHanpaBJieHHOro rpada o3HayaeT, YTO KaXXIblii U3 IBYX y3JI0B
dakTHUECKU BeleT K ApYyroMy y31y. A 3To Luk!

LUHKA]

B HeHanpaBieHHOM rpade Kaxaoe HoBoe pedpo 100aBJIsieT ele OAUH UK. AJ-
roput™ JlefKCTpbl paboTaeT TONBKO C HANPABIEHHBIMU AUUKAUYECKUMU Zpadamu,
KoTOpble Hepeako obo3Hayaiorcs cokpaiednem DAG (Directed Acyclic Graph).
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AcTopust oagHoro obMeHa

Ho /10BO/IBHO TEPMUHOJIOTHH, TOPA PACCMOTPETb KOH-
KpeTHbIi NpuMep! ITo Pama. OH x04eT BIMEHSITh CBOIO
KHUTY 110 MY3bIKE HA TUAHUHO.

«51 Tebe maMm 3a KHUTYy BOT 3TOT IIOCTEP, — TOBOPHUT
Anekc. — Ito mos mobumas rpynna Destroyer. Unu
MOI'y aTh 3a KHUTY PeJKYIO IIJIACTUHKY Puka dctau
u ene $5». — «O, g cabiliana, YTO HA 3TOU IJIACTUHKE
eCTb OTJIMYHbIE IECHU, — rOBOpUT IMU. — [0TOBA OTAATH
3a I10CTEP UJIM MJIACTUHKY MOIO TUTApy MJIM YIapHYIO YCTAHOBKY ».

«Bcio X13Hb MeUTa UrpaThb Ha TUTape, — BOCKJIULIAET
BerxoBeH. — Cuyiai, s oTAaM Tebe cBOe MHAaHUHO 3a
M006yI0 U3 Belleit IMu».

[TpexpacHo! PaMa ¢ HEOOJIbILIMMU JOTIOJTHUTEIbHBIMU
TpaTaMM MOXET IIOMEHSATb CBOIO KHUTY Ha HAaCTO-
suee MUAHUHO. Ternepb OCTaeTCs MOHATh, KaK eMy

MOTPaTUTh HAUMEHBIIYIO CYMMY Ha IleroYyke 0OMeHOB. M130-

Opa3uM IMoJIyYeHHbIe UM TPeAJIOXKeHUs B Bue rpada:

bAC-
THTAPA

MOCTER EAPATRH

Y3nabl rpadpa — 3TO npeaMeThl, HA KOTOpble MOXeT MOMeHAThCs1 Pama. Beca
pebep npeACTaBASIOT CyMMY J0IL1aThl 32 06MeH. Takum obpa3om, Pama Moxxer
IIOMEeHSATb MocTep Ha rutapy 3a $30 uau xe MOMEHSATH MJIACTUHKY Ha TUTapy
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3a $15. Kak Pame BbIYHCIUTD MyTh OT KHUTU A0 MHAHUHO, IPU KOTOPOM OH
MOTPAaTUT HaUMEHbIITYI0 cyMMY? Ha nmoMoIb NpUXoAUT aaroputMm JelKkcTpsi!
BcriomuuTe, uTo anroput™ JleHKCTpbl COCTOUT U3 YeThIpeX 1aros. B aToM nmpu-
Mepe MbI BBIITOJTHUM BCE YEeThIpE 11ara, a B KOHIle OyJeT BIYMCJIEH UTOTOBBIM

MyTbh.

Y3EA  CTONMOCTb
NACTHHKA] S
Mocrer & !
r_rﬂ_“?" oo HE ZOXoZHAK
BAPABAH | ©o ] b 0 3THX Y3A08
e | oo ] | OT MhMtore

P

[Ipex e yeM HauMHATh, HEOOXOAMMO HEMHOIO MOAroToBUThCS. [locTpoiiTe Ta-
611y CO CTOMMOCTSIMH BceX y3J10B. (CTOMMOCTD y3J1a onpe/iesisieT 3aTPaThl Ha
ero JOCTHXKeHHe.)

Tabauia 6yneT oOHOBJISTHCA MO Mepe pabOTHl aaroputMa. [[yist BbIYHUCIEeHU S
MTOrOBOrO MyTH B TaOJMIy TaKk)ke HeOOXOAMMO 100aBUTh CTOJIOEI] «POJUTEIb>.

Y3EA POLONTEAD

I MARCTHHKA{ KHHTA

{MOCTEP | KHHTA

THTAPA |

NHAHUHO

BAPABAH -

Bckope s mokaxxy, kak paboTaeT aTOT cT0J10€ll. A ITOKa IIPOCTO 3alyCTUM aJIro-
DUTM.

Illar 1: HaliTH y3es ¢ HaMMeHbllIEX CTOMMOCThIO. B 1aHHOM ciyyae caMbli Je-
1eBbIif BapaHT 0OMeHa ¢ gomniatoit $0 — 3to moctep. Bo3MOXHO J11 MOJyYHTh
IIOCTep C MEHbIIIMMHU 3aTpaTaMH? ITO OYeHb BaXKHbIH MOMEHT, XOPOIIIeHbKO IT0-
AyMaiiTe HaJl HUM. YIacTCs JIM BaM HaiiTH cepuio oOMeHOB, pu KoTopoii Pama
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noJiyyuT noctep Mmedee 4eM 3a $0? IIpomgoskaiiTe untaTth, Koraa OyaeTe roToBbl
OTBETUTb Ha Bolpoc. [IpaBuyIbHbBINM OTBET: HET, He yaacTcsl. Tax kax nocmep s6.15-
emcsl Y310M C HAUMEHBULETL CMOUMOCTBIO, 00 KOMOP0o2o Moxcem dobpamucs Pama,
CHU3UTb €ro CTOMMOCTh HEBO3MOXHO. Ha mpoucxoasiiiee MOXHO B3IJIAHYTb
MHaye: IPEJII0JI0XK UM, Bbl eJleTe U3 JoMa Ha paboTy.

PREOTA

Ecsin BbI BHIOEpPETE MYTH K IIIKOJIE, 3TO 3aiiMeT 2 MUHYThI. Ecin BbI BbiGepeTe
IYThb K MIapKYy, 3TO 3aiiMeT 6 MUHYT. CyllleCTBYeT JIX Iy Th, IPU KOTOPOM BbI BbI-
OupaeTe MyTh K MApKy ¥ OKa3bIBaeTeCh B IIKOJIe MeHee YeM 3a 2 MUHYThI? ITO
HEBO3MOJXHO, TOTOMY YTO TOJILKO /ISl TOrO, YTOOBI IOMACTD B MapK, OTpedyeT-
cs1 6osiee 2 MUHYT. C Ipyroit CTOPOHBI, MOXKHO JIM HaTH 60Jiee ObICTPBINA My Th

B mapk? /[a, MoXxHo.

3TOT NYTbH
SAHHMAET
6 MHH

LIM € 40

3TOT NYThb SROAL
SAHUMAET

BCETO

3 MHKH

B aToM 3akiouaeTcs kJodeBast uzaes aaroputma /[edKcTpsl: 8 zpage uuemcs
nymsv ¢ HAUMEHbUWEU cmoumocmbio. [lymu k 3momy Y31y ¢ MEHBULUMU 3amPamamu
ne cywecmeyem!

BosBpaljaeMcst kK My3bikabHOMY nmpuMepy. BapuaHT ¢ moctepom o6./1a1aeT Hau-
MeHbllleli CTOUMOCThIO.



UcTopua oaHoro obMeHa 163

IlIar 2: BoIYHCINTD, CKOJIBKO BpEMEHH ITOTPeOYyeTCst /IS TOTro, 4YTOOBI 100paThCs
110 BCeX ero cocefieil (CTOUMOCTD).

BAC- CTOM-
nARCTHHKR , TATAP £y POONTEAL Y3EA  MOCTb
’v‘ N KHKTA - S
KHATA [NOCTEP | @& |
KHHTA ) | o E T S 7 T 5
N TR EAPSAN [ 75 7
oTep & R OAPABA T — Thuamio | oo

'9;

CronmMocTu Gac-rutapsl U 6apabaHa 3aHocsTca B Tabauiy. OHU OblIM 337aHbI
TIpH nepexo/ie yepe3 y3eJl IoCTepa, I03TOMY IOCTep YKa3bIBAeTCS KaK UX POJH-
TeJsib. A 3TO 03HAYaeT, YTO AJISA TOro, UTOOBI 106PaThCs 10 Oac-TUTAPHI, BbI IIPO-
XoZuTe Mo pebpy OT NOCTePa; TO XKe caMoe MPOUCXOAUT ¢ GapabaHOM.

CTOM-

POAMTEAD  Y3EA MOCTDb

T KHUTA NARCTHHKA = |

KHHTA nocter t & |

K ITHM Y3AAM OCTEP FHTAPA 3 |
NEPEXOLHM OT — Ll A M

Y3AA «NOCTEP» NOCTEP  |BAPABAH | 35

—  jHAHHHO | oo

CHoBa mar 1: j1acTUHKa — CJaeAYIOUMHA M0 cTOUMOCTH y3e ($5).

CHoBa mar 2: 0OHOBJISIIOTCSI 3HAYEHU S BCeX ero coceJien.

,1 ¢ CTOM-
= [KHUTA InARCTHHKA| 5
KHHTA | NOCTEP | ¢
] . o V) > TEELL - . - an I_
AANCERARA] THTAPA |96 -2 357
TIAKCTHARK] GAPABAH |49~ 2 §°
o — | nuainno | o
".’S T _ -
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CmoTpute, cTouMocTH 6apabaHa ¥ ruTapbl 0OHOBUJIMCH! ITO 03HAYAET, YTO
K 6apabaHy u ruTape AelleBJie MepeiiTH yepe3 pedpo, uaylilee OT MJIACTUHKH.

COOTBCTCTBeHHO, I[IJIACTUHKA HAa3HAY4d€TCA HOBbIM POAUTEJIEM oboux UHCTPY-
MEHTOB.

CJuieqyolui Mo CTOUMOCTH y3es — 6ac-rurtapa. O6HOBUTe HaHHbIE €ro Cco-
cemen.

CTOK-
MARCTHHEA BAC- POLHTEAb  Y3EA MOCTb
fewars | s |
KHura V| &
MARCTHHKA ] 23
NARCTHHKA 25 |
FHTAPA Y N3
NOCTEP BAPABAH e -

Xopol1110, Mbl' HAKOHEL[-TO BBIYMCIUINA CTOUMOCTD JIJISI THAHUHO MPU YCJIOBUH
o6MeHa rutapbl Ha MHaHUHO. COOTBETCTBEHHO, TMTapa Ha3HAYAETCS POJAUTEJIEM.
HaxkoHel, 3agaeTcss CTOUMOCTD MOCJeAHero y3ja — 6apabaHa.

th_ CTO“-
NAACTHHKA FUTAPA POOUTEAb _ Y3EA  MOCTb
== | KHHTA | NAACTHHKA| 5
KHUTA NOCTEP _ 2

CHHTA NARCTHHKA | THTAPA 20
NAACTHHKA | BAPABAH | 2§

— "GAPABAH | NHAHKHO [Z3s%

35 e s _ - >

NOCTEP BAPABAH

Okxka3abiBaeTcH, Pama mMoxet I[IOJIYYHUTb ITHAHUHO €1l€ A€LIEBJIE, IOMEHAB ylap-

HYIO YCTaHOBKY Ha MMaHMHO. TakuM 06pa3oM, camas dewesas uenouka o6 Menos
obotioemcsi Pame 6 $35.
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Teneps, kak a1 u obelan, He0OXOAUMO BBIYHUCIUTh UTOTOBBIN MyTh. K aToMy
MOMEHTY BBl Y)Ke 3HaeTe, YTO KpaTyaillinii myTh ob6oiaercs B $35, HO kak 3TOT
MyTh onpeAeauTh? /[ Hauaa BO3bMeM pOAUTEIS y3J1a «[THAaHUHO>.

POLNTEAb  Y3EA
KHMTA | NARCTHHKA .

.KHHFA | NOCTEP
o — .
UAEST"“K* " TUTAPA

NAACTHHKA { BAPABAH

wm | GAPABAH | MIMAHHHO

B kxauecTBe poauTeIs y3Ja «[IMaHUHO» YKa3aH y3eJ «bapabaH».

EAC-
NAACTHHKA
ARCTRHK 15 THTAPA
2 2
KHMTA
"
7% NHAHKHO
.1
TIOCTEF BAPABAH

A B KayecTBe poauTesis y3Ja «bapabaH» yka3aH y3esl «IIJIACTUHKA».

BAC-
NARCTHHKA — Cuminy

15

+5
NOCTER BAFAEAH
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CunenoBatesibHO, PaMa 06MeHMBaeT IJIaCTUHKY Ha 6apabaH. 11 KOHeYHO, B CaMOM
HauaJjle OH MeHsleT KHUTY Ha I1acTUHKY. [Ipoxo/s o poauTebCcKUM y3jaM B 00-
pPaTHOM HaIlpaBJIEHUU, MBI ITOJTy4YaeM IOJIHbIHN MY Th.

BAC-
NAACTHHKA THTAPA

KHHUTA HQ
AHHHO
p < MHAHNHH

NOCTEP > GATAEAH

Cepust 0OMeHOB, KOTOPYIO JOJIXKeH clielaTh PaMa, BBITISAANT TaK:

NARCTHHKA

> fi

FAFAGAH
NAACTHHKA

it > [

BAPABAH NUAHKHO

Jlo cux mop A UCHoJib30BajJ TEDMUH «KpaT4allInil myTh» 6oJiee UM MeHee
OyKBaJIbHO, IOHMMasd IO HUM BbIYKCJIEHHEe KpaTYaiillero myTu MeXay AByMs
TOYKaMM UJIM ABYMS JIIoAbMU. Hazerocy, 3TOT mpuMep MoKa3all, YTO KpaTyalullIun
yTh JaJieKO He BCerJa CBA3bIBaeTCsl ¢ GPU3NYECKUM PaCCTOSTHUEM: OH MOJXKET
ObITh HaNpaBJIeH HA MUHUMHK3A1[MI0 Kakoii-11nbo xapakTepucTuku. B Hauem
npuMepe PaMa XoTeJs1 cBeCTH K MUHMMYMY CBOH 3aTpaThl mpu obMene. Cracu6o
[leiikctpe!
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Pebpa c oTpulaTenbHbIM BECOM MARCTHHK

B npeapiaymeM npumepe AJieKC IpeaIoxKUI B 0OMeH 53

Ha KHUTY OJUH U3 ABYX IIPEIMETOB. CHHTA

[Ipeanonoxum, Capa npeanoxuaa oOMeHsTh IJa- o
CTHMHKY Ha IIOCTep Y IIPY 3TOM OHa ele u dacm Pame

$7. Pama HUYero He TpaTHUT IpH 3TOM 0OMeHe, BMECTO

sToro oH nmoay4ut $7. Kak nsobpasutp 3TO npeaso-

’KeHue Ha rpade?

NOCTEP

NAACTHHKA
CAPA IACT PAME
S / $7, ECAH OH
I’ MOMEHAET CB80I0
KHHTA Y ANCTHHKY
P HA EE MOCTEP

NOCTEP

Pebpo, Beayiiee OT NMIacTUHKU K MOCTEPY, UMeeT oTpuLaTeibHbIi Bec! Eciu
Pama moitneT Ha 3TOT 06MeH, oH nosyyuT $7. Tenepp K mocTepy MOXKHO J0-
OpaTbcs IBYMs criocobaM.

AARCTHHKA NARCTHHKA
5
{
KHHTA KT W
o
NOCTEP NOCTEP
EEA;TS:«':An#F ECAN PAMA WIET
, N0 STOMY NYTH,

OH MOAYHAET $0 OH MOAYYAET $2
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A 3Ha4YHUT, BO BTOPOM 0OMeHe MosBisieTcs: cMbIc — Pama mosydaet $2!

Teneps, ecu Bbl NOMHUTE, PaMa Mo)xeT oOMeHsITh TocTep Ha 6apabaH. U 3xech
BO3MOJKHBI JIBa Iy TH.

NAACTHHKA FLARCTRHKR
%,
KHHTA KHHTA u
BAPABAH &

NOCTEP 35 BAPABAN

NOCTEP ‘s
OBUYAA CTOHMOCTD. ; -

OBMEHO0B '

\

BTopoii nyTh oboiigercs Ha $2 peieBne, moaToMy HY)XHO BHIOpPaTh 3TOT MYTh,
BEPHO?

U1 3naete yto? Ecau npuMeHUTDh aaroput™m [erdkcTpol Kk atoMy rpacdy, Pama
BbiOepeT HeBepHbI MyTh. OH 10MHAET Mo 60Jiee JIMHHOMY NYTH. AJITOPUTM
JleiikcTpbl HE MOXKET MCII0Ib30BaThCs IPU HAJIMYHMHU pebep, UMEIOLNX OTPHU-
naTeJbHbIi Bec. Takue pebpa HapymaioT paboty agroputMma. [locMoTpuM, YTO
IIPOU30M/IET, €CJIM MOIIbITATbCS IPUMEHUTD aJITOPUTM [[eHKCTpBI K 3TOMY rpady.
Bce HaunHaeTcs ¢ nocTpoeHust TabIMIIbl CTOUMOCTEI.

\BAPABAH |00 |

CTOUMOCTH

Tenepsb HaiiieM y3es1 ¢ HaUMEHbIIEei CTOMMOCTBIO U 0OHOBUM CTOMMOCTH €TI0 CO-
ceneit. B aToM ciydae noctep oka3bpIBaeTCsl y3JIOM ¢ HaUMeHbllleif CTOUMOCTBIO.
M Tak, B COOTBETCTBUHU C AITOPUTMOM [{eHKCTPBHI, K IIOCTEPY HEB03MONMCHO NEPEL-
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mu 6oee deeanir cnocobom, uem ¢ onaamotii $0 (a BbI 3Ha€Te, YTO ITO HEBEPHO! )
Kaxk 6b1 TO HM 6b1710, OOHOBUM CTOMMOCTH €r0 COCeaeH.

NAACTHHKA

- 1
I NARCTHHKA I G

——

S | nocrer | B
5 I ' | 4--:.!
N BAPABAH |- 3§~} 4

i -

KHHTA

38

NOCTER CTOUMOCTH

[TosnyyaeTcs, 4TO Tenepb CTOMMOCTh bapabaHa cocTtaBiisieT $35.

[TepeiineM K cieayioiieMy o CTOMMOCTH Y3J1y, KOTOPbIii elie He ObL1 00paboTaH.

OOGHOBUM CTOMMOCTH €ero coceeil.

NAACTHHKA T o - Ii
< CTHHKA .
I L1
KHHTA W R T | -
- SN
BAPABAK!
NOCTEP 35 BAPABAH L_ . 35

CTOUMOCTH

Y3en «noctep» yxe 6bl1 06paboTaH, 0OTHAKO Bl OOHOBJISIETE €TI0 CTOMMOCTD.
ITO oYeHb TPEBOXHBII MPU3HAK — 00pabOTKa y3J1a 03HAYaeT, YTO K HEMY He-
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BO3MOJKHO J06paThCs ¢ MEHbIIMMHU 3aTpaTaMy. Ho BbI TOIbKO YTO Hawiu 6osiee
JleleBblii MyThb K mocrepy! Y 6apabaHa coceieii HeT, T03TOMY paboTa aJirOpuTMa
3aBepiieHa. Huxxe npuBeaeHbl UTOroBble CTOMMOCTH.

Inm-"1
CTHHKA 5

[ nocrer | =2

 HTOTOBHE
CTOMMOCTH

Yrtobnl go6paThca 10 6apabaHos, Pame notpe6oBanoch $35. Brl 3Haerte, 4TO
CyllecTBYeT IIyTb, KOTOPBIH cTOUT Bcero $33, Ho aroputM /leiKCTphl €ero He Ha-
X0AUT. Aroput™m JleiiKCTphI IPEIOI0XKHUII, YTO, IIOCKOJIbKY Bbl 0OpabaThiBaeTe
y3eJ1 «<[I0CTEP», K 3TOMY Y3JIy HEBO3MOXXHO 100paThCsl ObICTpee. ITO IMPeAIoIo-
»KeHue paboTaeT TOJIbKO B TOM CJIy4ae, eCJId pebep ¢ OTpHIlaTeJbHbIM BECOM He
cylllectByeT. CieloBaTeJIbHO, UCNOAb308aHUe anzopumma [elikcmpst ¢ epagonm,
codepacaujum pebpa c ompuyamerbHvimM 6eCoM, He803MONCHO. Eciin Bbl XOTHUTE
HalTH KpaTyaiiiuuii myTh B rpace, cogeprkaiieM pedpa ¢ OTpUIIAaTEIbHBIM BECOM,
IJIS1 3TOTO CYUECTBYET ClelUaJbHbIA aJrOPUTM, Ha3bIBAEMbIH A120pUMMOM
Benimana— Dopoa. PaccMOTpeHHe 3TOTO aJITOPUTMA BBIXOAUT 32 paMKHU 3TOH
KHHUTH, HO BbI CMOXKeTe HaliTH Xopollre onvMcaHus B VIHTepHerTe.

Peanu3auus

[TocMoTpHM, Kak aJiropuT™ [lefKcTpbl peanu3yeTcs B MporpaMMHOM Koze. Huxe
M300paxkeH rpad, KOTOPBIi OyAEeT UCIOJIb30BaThCS B 3TOM IIPUMEPE.
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J1151 peann3aliiy 3TOro NpuMepa MoHaA00SITCS TPU Xelll-TaOIUIbI.

v
s -
[, & | [
HAUAOT ST |
_ a_l .
| A |E 1 - - "
! L] ) | '_1__ | -
Y E l TV
| N — —
5|t b) [ B mmol
KOHEU} — o | | "‘°"Euf - ||
| _ - _ 1,
FPAS CTOHMOCTH POLUTEAN
(GRAPH) (COSTS) (PARENTS)

Xeur-tabauibl CTOMMOCTEM U poauTeeit OyayT OOHOBJISATHCS 110 XOAY paboThI
asroput™a. CHavasia Heobxoaumo peasmsoBaTh rpad. Kak u B riiase 6, 17151 3TOrO
OyzeT UCIoJib30BaHa Xell-Tabau1a:

graph = {}
B npeabiayuieii riaBe Bce cocen y3J1a ObIIM COXPaHEHBI B Xell-TabJulle:
graph["you"] = ["alice", "bob", "claire"]

Ho Ha 3TOT pa3 HeoOXOAMMO COXPAaHUTD KaK cocelel, TaK U CTOUMOCTD Nepexoa
K coceny. IIpeamnojioxxum, y Ha4aJbHOTO y3Jia eCTh Ba cocena, A u B.

HAYAAD
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Kak npeacraButh Beca 3Tux pedep? IloueMy ObI He BOCIIOJIb30BaThCS JPYroOM
Xeur-rabauuen?

] = {}
]["a"]
10"b"]

graph["start"
'1["a
llbll

graph["start'
graph["start"

n o
N O

3TA XEW-TABAKYA
COLLEPKHT LPYTHE
XEU-TABAKU B

LN
T Eall
B |2
-

NTak, graph["start"] saBisercs Xeu-tabaunei. /s mojyyeHus: Bcex cocenei
HayaJIbHOTO y3J1a MOXKHO BOCITOJIb30BaTbCA CJAEAYIOLIUM BbIpaXKeHUEM:

>>> print graph["start"].keys()
[llall, llbll]

OnHo pebpo BeeT U3 HAYaJILHOTO y3JIa B A, a Ipyroe — U3 HaYaJIbHOro y3Jja B B.
A ecJi1 BbI 3aXOTHTe Y3HaTb Beca 3THUX pebep?

>>> print graph["start"]["a"]
2
>>> print graph[“start”]["b"]
6

Bxu1touuM B rpag ocTajibHbI€ Y3JIbl MU UX COCENEN:

graph["a"] = {}
graph["a"]["fin"] = 1
graph["b"] = {}
graph["b"]["a"] = 3
graph["b"]["fin"]

graph["fin"] = {} <o Y KOHEeYHOro y3na HeT cocepen
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[TosiHas xeur-tabsinia rpada BHITJIAIUT Tak:

BCE
-, 3TO

L/ xew-

TABARUN

e

S —
FPA®
= Tax>xe moHagoOUTCs xell-Tabaunua /s XpaHEeHUsI CTOMMO-
M T1¢E CTel BceXx Y3JI0B.
1 I 2| Cmoumocmb y3j1a OIpelieisieT, CKOJIbKO BpeMeHH MoTpedy-
KOHEU[ oo |1 eTcs ans mepexona K 3TOMY y3i1y OT HaYasbHOTO y3Ja. Bel
i —_— 7 3HaeTe, YTO IepPeXo/] OT HAYaJbHOrO y3Jia K Y31y B 3aHuMaeT
CTOMMOCTH

(COSTS) 2 MUHYTBI. BBl 3HaeTe, 4TO /151 epexoja K y3.1y A Tpebyer-

cs 6 MUHYT (XOTs, BO3MOXXHO, Bbl HaiiieTe 60Jiee ObICTPBIi

nmyThb). Bbl He 3HaeTe, CKOJIbKO BpeMeHH MOTpeOyeTCs 1Sl JOCTHKEHUST KOHEYHO-

ro y3ja. Ecsiii cTouMOoCTb elije HeM3BeCTHA, OHa cCUMTaeTcst OeCKOHeUHO. MOXHO
JIY MIpeICTaBUTh Oeckoneurocmsd B Python? Oka3biBaeTcst, MOXHO:

infinity = float("inf")

Koxa co3manus Tabauibl CTOUMOCTEH costs:

infinity = float("inf")
costs = {}
costs["a"]
costs["b"] =
costs["fin"]

| S B o))

infinity
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J11a poauTteieii TakXe co3maeTcs oTAeIbHasA TabuLa:

i ——
HAUAAO

1; KOHEY | — ]_
— — )
POLMUTEAMN
(PARENTS)

Kon co3nanusi xeli-tabauiibl poguTesiei:

parents = {}
parents["a"] = "start"
parents["b"] = "start"

parents["in"] = None

HaxkoHell, BaM Hy>eH MacCHUB IJI OTCJIEXKUBAHUS BceX y)ke 00pabOoTaHHBIX Y3-
JIOB, TaK KakK OJWH y3eJl He J0KeH 00pabaThiBaThCsl MHOTOKPATHO:

processed = []

Ha s3Tom noaroroBka 3aBepiaercs. Ternepb oOpaTUMCS K aJITOPUTMY.

MOKA OCTAIOTCA HE-
OBPABOTAHHBIE Y3AH

| B34Th Y3EA, BAK-
FARUKA K HAYAAY

e
OBHOBHTbH CTOMMOCTH

DAA ETO COCEER

art ——
ECAH CTOMMOCTH
KAKMX-AHBO COCELLER
BHAN OBHOBAEHH, 06-
HOBMTb H POLLMTEAER

| S r -, e

NOMETHTb Y3EA
KAK OBPABOTAHHBIA
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CHauasa s1 IpuBeay KO/, a TOTOM MbI pa3bepeM ero 60Jiee moApOOHO.

Haiti y3en c HauMeHblWeNn CTOU-

node = find_lowest cost_node(costs) <. MOCTbI0 cpean Heo6paboTaHHbIx
while node is not None: <« iiiiiinee Echu o6paboTaHbl Bce yanbl, uukn while 3aBepwen
cost = costs[node]
neighbors = graph[node]

for n in neighbors.keys(): <€-::-oooooeien Nepe6patb BCex cocepen TeKyuwero y3na
new_cost = cost + neighbors[n] Echu K cocegy MOXKHO GbicTpee
if costs[n] > new_cost: <« A06parTbCA yepes TeKyw Ui ysen...
costs[n] = new_cost <. ...0OHOBHUTb CTOMMOCTb ANA 3TOrO y3na
parents[n] = node < 70T y3en CTaHOBUTCA HOBbIM poAUTeNeM ANA COCeAa
processed.append(node) <o Y3en nomeyaerca Kak o6paboTaHHbIN
node = find_lowest_cost_node(costs) <-::-ein Hantu chepyowun ysen ann

06paboTKU M NOBTOPUTL LIUKN

Taxk BeirsiauT anroput™ eiikcrpsl Ha s3bike Python! Koa dyHkuuu 6yaer
NpUBeJleH JaJiee, a MOKAa PACCMOTPUM IIPUMep MCIOJIb30BAHUS aJITOPUTMaA
B J€MICTBUU.

Haiiti y3es ¢ HauMeHblIed CTOUMOCTBIO.

"iE
El 2] €

de = inc!-‘.ow éLoos:Lno&(Costs) —~1 B

3‘(0’)! no f e S o
138t ® CTOHMOCTH
[Tosy4uTh CTOMMOCTD U COCE/IEN ITOrO y3JIa.
cost = costs [hode]
C‘o\\'lz

F\OC“’ heia"":»fg: 3\'0.1»‘\ [(mode] E"T : ;!}

r I A [T -1 |

NEIGHBORS - -
XEW-TABAMUA (=T 3~ — B ms]

FN | —
Fdl S | FN ||
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[TepebpaTthb coceneii.

for nin heia\\bors,kejs():

VA -

n COLZEPKHT «A» CMUCOK — )
vanos L _A_TFw ]

Y Kaxaoro y3ja uMeeTCcss CTOUMOCTb, KOTOpasi onpejeJisieT, CKOJIbKO BpeMeHU
notpebyeTcst AJs1 JOCTUXXKEHHUS 3TOr0 y3Jja OT Hayasa. 3/eCh Mbl BbIYHCJISEM,
CKOJIbKO BpeMeHHU NMoTpedyeTCst AJsl JOCTHXKeHHUs y3a A mo nmytu Havano >
Y3en B > ¥Y3en A (BMecto Hauasno > Y3zen A).

hew_cost = codl + neis\aborg[n]

A X hewcash = 24 >
CTOHMOCTb «B>, PACCTOAHHE = I
m. e. 2 OT 8 4O A: 3

CpaBHUM 3TH CTOUMOCTH.

i coftelnd > hew.cofl

- - !"'“—‘l- To
— T
B 12} "
CTONMOCTH

| A |85«
costsfr) < pewcost 1B | 2
T. |
cog 5 FIN | ©0
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Hosetii myTh npoxoaut yepes y3eJ1 B, mostromy B HazHauyaercs HOBbIM poauTesiem.

pare rits n] = hode
7 1

“A” Y

PARENTS

Mbl cHOBa BepHyIHCD K Havaiy nukia. Cleayomnmm coceoM B LnKJie for sB-
JIIETCS KOHEYHBIN y3ell.

-Eﬂr noin heiﬂhh-nﬁ.res'if-):
# e

v -
L'::ﬁ";%* A TFm

f*#qi

Cxo/IbKko BpeMeHH MOTpebyeTcs IS 1OCTHOKEHIUS KOHEYHOrO y3Ja, eCJIM UATH
yepes y3ea B?

hew-cas,'f. = c.oS't + he iﬂhhﬂffﬁ"]

V) \ 215
PACCTOSHHE .
2 OT 8 20 KOHUA: 7
5

Hotpebyercs 7 munyr. IIpenpinynias croumocts 6b11a 6eckoneunoii

, & 7/ MUHYT
ONPe/lIeJIEHHO MeHblIlle 6eCKOHEeYHOCTH.

| if C.oS'ts(_n] > V\ew_.cost:

ﬁ»l:.oolle/ \:].

NPEKLE CTOKMOCTDb 10-
COosTs CTUREHHA KOHEYHOTO Y3AA

BHAN HEONPEOQEAEHHOR
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KoHeuHoMy y3J1y Ha3Ha4yaeTCsi HOBasi CTOMMOCTb M HOBBIM POJAUTEIb.

A|S
ﬁﬂﬁtith] = ﬁEﬂJ_ﬂﬂ'f:t 1 B 2
e H‘T" -_?_jl : N ff?‘l‘ <
CoSTS
A | -
{ [l
arEntsth] : hn:]E". B .STA
P y T AN 1%
‘i g R B
PARENTS

[Topsimok, Mbl OOHOBUJIM CTOMMOCTH BCeEX cocejiel y3Ja B. Y3en nomeyaercs Kak
06paboTaHHBIH.

oncesseé.ar?ehc!(“"&> OBPABOTAHHBIE
‘c B'/‘ Y3AD: [ B

Haiitu cieayouiuii y3en a1 o6pabOTKH.

h
gAY
Hanﬁgﬁfw#m&
H“EQ Tuﬂ!ﬂﬂ'ﬁ.l r 2P
Ao
no-.-i'a. f‘Elmcl .Lawﬂ'.-:t- Lol _nade (_ﬂﬂﬂta;> I— |
7 YHE OBRN- T L2
' BOTAH
“P: i :F !

COSTS
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[osmyyuTs croumMocTs u coceneii y3Ja A.

cost = costs [nede]

5)‘

hei 3hbors z %Ya.?\\ {node)

T
N

gt

Y y3/1a A Bcero ofiMH COCel: KOHeYHbIH y3eJl.

fc:tf; ik heilﬂl'mhn'i. ke‘j&{:'):

£k F'.M“
Furd

Bpemst nocTuxenus koneynoro Yy3/1a COCTaB/IA€T 7/ MUHYT. CKOJIbKO BpEMEHH T10-
TpebyeTcst 71 NOCTUKEHUS KOHEYHOrO y3J1a, €CJIM UATH Yepe3 y3es A?

hew-cost = cosl + “e‘jthYS[V\]

A \ X
CTOWMOCTD CTOMMOCTD OT 541
nEpExoZA K & 10 KOHEYHOTO
oT HAUMAA: D Y3AA: 1 = §

if costs(w] >new_cost:

i, CTAPAA CTOM-

MOCTb MEPEXOA ﬁ:g"r‘:‘foc;:ﬂ
K KOHEYHOMY
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Yepes y3es A MoxxHO no6paThcs ObicTpee! OOGHOBUM CTOMMOCTD U POJUTEISI.

A5

cns't.-!.[ﬁ]z‘l"lﬂw-ﬂﬂ‘;t : E ¢2.;
. T“ ET 1 FiN -0- <

i CosTs

AR

FMHtE[_hjnhﬂJE B smn-_l.
CEEm’ “F'; F -7A\i| <

PARENTS

[Tocte Toro kak Bce y3Jibl OyAyT 0OpaboTaHbl, aJITOPUTM 3aBepliaetcst. Haaerocs,
3TOT IOIIArOBbIi pa360p MOMOT BaM Yy Thb JIyYllle HOHSATh aroput™. C QyHKIIMEeH
find_lowest_cost_node y3eJl ¢ HaMeHbllled CTOUMOCTbIO HAaXOAUTCS IMPOILIIE

npocToro. Koa BBITISIAUT TaK:

def ind_lowest_cost_node(costs):
lowest_cost = loat("inf")
lowest _cost_node = None
for node in costs: <. Nepe6bparb BCe y3nbl
cost = costs[node]

if cost < lowest_cost and node not in processed: <
lowest_cost = cost oo ...OH Ha3HaYyaeTCcA HOBbIM
lowest_cost_node = node V3N0M C HaUMEHbLWEeH

return lowest_cost_node CTOMMOCTBIO

Ecnu 370 y3en

C HaUMEHbLIEH
CTOUMOCTbLIO U3
yXe BUACHHbIX

“ OH ewe He 6bin
o6paboraH...
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YnpaxxHeHus

7.1 KakoB Bec kparTyaiilllero myTH OT HayaJjia 0 KOHIla B KaXX/IOM U3 CJIeAYIO-
mux rpagos?

HAYAAD

2%
B.
Hi'-lhu’l.ﬂ H.'UHEL[
F
C. HAYAO e
-1
LLInapranka

0 Ilouck B LiMpMHY BBIYMCJISIET KpaTYaHIIMKM MyTh B HEB3BELIIEHHOM I'pade.
Q Auroput™m [[eHKCTpbI BBIYMCASAET KpaTYalIIui My Th BO B3BEIIIEHHOM rpade.

Q AuroputM /leiiKCTpbl paboTaeT TOJILKO B TOM CJlydyae, eCJIM BCe Beca I10JI0-
)KUTEJIbHHI.

Q IIpu HanIMuYMM OTpULIATEJIbHBIX BECOB MCIIOJIb3YTe airOpUuTM beniMmaHa—
dopaa.



8 XXaaHble anropuTMebl

S & % & & 2 % 0 O & 0 0 & % O 6 O % P2 % 2 % O % O O O O O O O O 0 0 O O O 2 O 0 O 0 % e O 0 e s &

B 3TOM rnase

v Bbl y3HaeTe, kak 6paTbCA 32 HEeBO3MOXHbIE 3aAayn, He
nmetowme 6bICTporo anropuTMmuyeckoro pewseHna (NP-non-
Hble 334aun).

v Bbl HayuuTeCh y3HaBaTb Takue 3aaaqym U He TepsTb Bpems
Ha NOUCKK 6bICTpOro anroputMma (KOTOporo Bce pasHO
HeT).

v Bbl n0O3HAKOMUTECL C NPpUBNMKEHHBIMKU ANrOPUTMaMMU, KO-
TOPble MOMYT MCNONL30BaTLCA ANA ObICTPOro HaxXoXAeHUs
npubnmxeHHoro pewenns NP-noNHbIX 33aau.

v Bbl y3HaeTe 0 XaaHoW CTpaTernm — o4YeHb NpPOCToit CTpa-
TerMm peleHns 3agav.



3a4a4a COCTaBNeHUsa pacnucaHus

JlonmycTuM, uMeeTcst Y4eOHbIN Kjacc, B KOTOPOM HYXKHO
IIPOBECTH KaK MOXXHO 6OoJibllie ypoKOB. Bbl mosyyaere

CIIMCOK YPOKOB.
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NPEAMET C 10
_PHC. .a:oo" 10:00 |
| AHTA. | 9:30  [10:30
waT-KA [10:00 | 11:00 |
 HHe-KA [ 10:30 [ 11:30
MY3siKA| 11:00 | 12:00 |

IIpoBecTH B Kjacce 6ce ypOKHU HE MOJYYUTCS, IOTOMY YTO HEKOTOPbIE U3 HUX
repeKphIBAIOTCS 110 BDEMEHH.

9 q:30 10 10:30 11 11-30 12
) ) ) ) ) ) )
PHCOBAHHE
L S
AHTAHACKHRA A3bIK
-
MATEMATHKA
-
HHSOPMATHKA
I
MY3bIKA
R

TpebyeTcs MpoBecTH B KJlacce Kak MOXKHO OoJibiiie ypokoB. Kak oToOpaTh ypoky,
yTOOBI MOJIyYEHHBIH HabOp OKa3ayICcsi CaMbIM OOJIBIIUM U3 BO3MOXHBIX?

Bpoze 6b1 ciioxxHast 3aaaya, BepHo? Ha camoM zieie airoputM OKa3biBaeTCs Ha
yIUBJIEHHE MPOCThIM. BOT Kak OH paboTaer:

1. BriOpaTth ypoOK, 3aBepIIaIONHIiCs paHbllle BCeX. ITO MEPBbIii yPOK, KOTOPbIi
OyZeT IpOBE/IEH B KJIacce.

2. 3areM BbIOMpaAeTCs YPOK, HAUMHAIOUIUICS ITOCJIe 3aBeplleHHs ITIEPBOro Ypo-
ka. I cHoBa cienayer BoIOpaTh YPOK, KOTOPHIi 3aBeplliaeTcsl paHblie BCex
OCTaJIbHBIX. OH CTAHOBUTCS BTOPBIM YPOKOM B pacllMCaHUM.
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[IpomosxaiiTe meiicTBOBaTh IO TOMY XK€ IMPUHLMIIY — U BbI NMOJIyYUTE OTBET!
JlaBaitTe monpobyeM. PucoBaHue 3akaHYMBaeTcsi paHblile BceX ypokoB (B 10:00),
II03TOMY MBI BbIOMpaeM HMEHHO €ro.

PHC. | 8:00 | 10:00 |

INHTA. | 9:30 | 10:30

MAT-KA | 10:00 | 100 |

- HHP-KA | 10:30 | 11:30

|
MY3bIKA] 11:00 | 12:00

Tenepb HY>XHO HAUTH CJEAYIOUIMN YPOK, KOTOpbI HaunHaeTcs mnocJe 10:00
Y 3aBepIlIAETCS paHblile OCTaJIbHBIX.

| PHC. [ 3:00 | 10:00 i

o
AHTA. | 8:30 [10:30 | %K
{MAT-KA | 10:00 | 11:00 |/

HHP-KA | 10:30 |11:30

MY3BIKA [ 11:00 | 12:00 |

AHIJIMICKMA A3BIK OTIIaAaeT — OH MepeKphIBaeTcs C pUCOBAaHUEM, HO MaTeMa-

THKa noaxoaut. HakoHel, MHOpMaTHKa IepeKpbIBaeTCS C MATEMAaTUKOH, HO
MY3bIKa MOAXOUT.

{PHC. | 8:00 {10:00 |

[
'MAT-KA | 10:00 | 11:00

| AHTA. '9:30 110:30

HHS-KA [ 10:30 |11:30

L X A X &

]MYJHKA[ 1:00 [ 12:00 |
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MTak, 3TV TpU yPOKa JOJKHbBI TIPOBOANTDLCS B KJIaccCe.

:30 o . .
‘=I| 9 1' 10 ‘so 1} 11;30 1;2
PHCOBAHHE MATEMATHKA MY3bIKA

N“

< oueHb YaCTO CJIBIIIY, YTO ITOT AJITOPUTM NMOJO3PUTEIBHO IIPOCT. OH CJHMIIKOM
OueBMJIEH, a 3HAYUT, J0JKeH ObITh HENMPaBUIbHBIM. Ho B 3TOM 1 3aKJIIOYAETCS
KpacoTa JKaHbIX aJITOPUTMOB. OHU npocTbl! ZKaqHbli aITOPUTM NPOCT: HA KaX-
[IOM 1Iare OH BBIOMpaeT ONTHMaIbHbIH BapHaHT. B HalieM npiMepe Mpi BbIOODE
ypoKa BbIOUPaeTCsi TOT YPOK, KOTOPBIi 3aBEPIIAETCS PaHblle IPYTHX. B TexHu-
yeCKOIl TEPMMHOJIOTHHU: Ha KaXK/IOM Iare BBIOMPAETCS JIOKANLHO-ONMUMANLHOE
pewenue, a B UTOTe BbI TIOJTy4aeTe [106UIbHO-ONTUMAJIbHOE pelieHne. XoTUTe
BepbTe, XOTUTE HET, HO 3TOT [POCTO# a/IFOPUTM YCIIEUIHO HAXOAUT ONTHMATIBHOE
peleHKe 3a1a4y COCTABJIEHUS pacrnucaHus!

KoHeuHo, xa/[Hble aJITOPUTMBI paboTaloT He Bceraa. Ho oHM Tak mpocTo peanu-
3y1oTcs! PacCMOTpuUM Apyrou npumep.

3apaya O prok3ake

[IpencTaBbTe, YTO Bbl XKaHBIH BOPHILIKA. Bb1 3abpanuch
B MAra3¥H C PIOK3aKOM, U Tlepel BAMU MHOXKECTBO TOBapOB,
KOTOpbIe Bbl MOXeTe YKpacTb. OIHaKO eMKOCTb PIOK3akd
He 6ecKOHeuHa: OH BbIIEPXXUT He 6oJiee 35 PyHTOB.

Tpe6yeTtcs nogob6path Habop TO-
BapOB MaKCHMaJlbHO! CTOMMOCTH,
KOTOpble MOXKHO CJIOKUTD B PIOK3aK. KakoH alroOpuT™ Bbl
6yaeTe UCMOTb30BATDH?

1 cHOBa ’KaJHasi CTpaTerus BhITJISAUT O4Y€Hb IIPOCTO.
1. Bbi6paTh caMblii JOPOroM NMpeaMeET, KOTOPbIif TOMECTUTCSI B PIOK3aKe.

2. BribpaTh ciiefyOMUN 1O CTOMMOCTH IIPEAMET, KOTOpPBIi1 TOMECTUTCS B PIOK-
3ake... 11 Tak nanee.
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BoT To1bKO Ha 3TOT pa3 oHa He paboTtaeTt! [IpeanosoxuM, ecTh TpH NIpeIMeETA.

0=6] /MR

LT = o
MATHHTOPOH HOYTBYK ATAPA
3 3008
3 SYHTOB ¢ ;giﬁlmo $158 %
1. 5¢YHTOB

B prok3ake momMecTtsaTcss ToBaphbl 001MM BecoM He 60Jiee 35 ¢pyHTOB. CaMblii 10-
poroit ToBap — MarHuTo(oH, Bbl BhiOMpaeTe ero. Ternepb HU /I YETO APYroro
MeCTa yXKe He OCTaJIOCh.

3 5 $YHTO0B8 HE HCNOAB3YIOTCA

EMKOCTD
PIOK3AKA: 30 $YHTOB:
35 PYHTOB MATHHTO®OH

OBIJAA CTOHMOCTD:
$3000

Br1 Ha6pasiu ToBapoB Ha $3000. IToroaute-xa! Ecoin 661 BMecro MarHuTogoHa
BbI BbIOpaii HOYTOYK U TMTapy, TO CTOUMOCTD J0ObIYU cocTtaBuia 661 $3500!

15 $YHTOM:
THTATA

20 PYHTOB:
HOYTBYK

OBAA CTOUMOCTb:
$3500
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OueBHIHO, XaHasl cTpaTerusl He AaeT ONTUMAJILHOrO pellieHUs1. Brpouewm, pe-
3yJIbTaT He TaK YX JaJieK OT onTUMyMa. B ciienyioneii riaBe st pacckaiky, Kak Bbl-
YHCIUTD NPpaBUJIbHOE pellieHre. Ho Bop, 3abpaBiumiicsi B Mara3uH, Bpsi/l JIU CTaHET
CTPEMUTBCS K Uealy. «/]0cTaTOYHO XOPOLIEro» peluleHusl 10KHO XBaTUTD.

BTopoit npyumMep NpUBOAUT HAC K CJI€AYIOLIEMY BBIBOAY: MHOTAA UAEAIbHOE —
Bpar xopoiiero. B HEKOTOpBIX ciIyYasix 1OCTATOYHO aJrOPUTMA, CIIOCOOHOTO
PELIUTD 3ajayy JOCTAaTOYHO Xopoilo. M B Takux 06J1acTsSIX KaaHble aJTOPUTMbI
paboTaloT MPOCTO OTJIMYHO, IOTOMY UTO OHU ITPOCTO PEATU3YIOTCS, a MOJIy4YeH-
Hoe pellleHre 0OBIYHO OJIM3KO K ONITHUMYMY.

YnpaxKHeHus

8.1 Bbl pabotaete B pupMe 110 IPOU3BOACTBY MeOeIH U TN0CTaBJIseTe MeOeIb
1o Bceii ctpaHe. Kopobku ¢ Mebenpio pa3melnaoTcs B rpy3oBuke. Bee
KOPOOKH MMEIOT pa3Hblif pa3Mep, U Bbl cTapaeTech HauboJiee 3¢pHeKTHBHO
MCIT0JIb30BaTh JOCTYITHOE NMPOCTPaHCTBO. Kak BbIOpaTh KOPOOKH 151 TOTO,
yTOoOBI 3arpy3Ka MMesa MakCUMaabHYyI0 3pdekTuBHOCTh? IIpennoxure
XKaHY10 CTpaTeruio. byaer M nosydyeHHoe pellieHUe ONMTUMAIbHBIM?

8.2 Bbnl enete B EBporny, M y Bac eCTb CeEMb AHENX Ha 3HAKOMCTBO C JOCTOIPU-
MeyaTeJbHOCTSIMU. Bbl MpHcBanBaeTe KaXx /0l JOCTONPHUMEYATETbHOCTH
CTOMMOCTD B 6aJiiax (HaCKOJIbKO Bbl XOTHTE €€ YBUIETDb) U OllEHUBAETe
MPOJOJKUTEIbHOCTD Moe3aKku. Kak obecrneynTh MaKCUMMAJIbHYIO CTOU-
MOCTb (YBHIETbh BCe caMOe BaXXHOe) BO BpeMs noe3aku? Ilpensnoxure
XKaIHYIO cTpaTteruio. byaer M nmojgyyeHHoe pellleHHe ONTUMAIbHbIM ?

PaccMOTpHM ellle OAMH IPUMEP, B KOTOPOM 6€e3 JKaJHbIX aJITOPUTMOB NPaKTH-
yeCKH He 0OOMTUCH.

3a4a4a 0 NOKPbITUM MHOXECTBA

¥
Bbl oTKpbIBaeTe CO6CTBEHHYIO aBTOPCKYIO IPOrpaM-
MY Ha paZiMo U XOTHTe, YTOOBI Bac CJYLIAJIN BO BCEX 25
50 mrratax. Hy)xHo pemnTh, Ha KaKUX pagHOCTaHI[H- i !
sIX I0JDKHA TPAHCJIUPOBaThcA Balla nepefava. Kaxaas <o
CTAHLMSI CTOUT J€Her, I03TOMY KOJHMYECTBO CTaHLUMI He-
00X0IMMO CBECTH K MUHMMYMY. MIMeeTcs1 CIMCOK CTaHIIUA.
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PALNHO- DOCTYMHA
CTAHUMA B WTATAX

Kone |ionvuT]

KAWOD WA lID,MT

KTHREE | OR,NV,cA

KFouR | Nv,uT

KFIVE | CA,AZ |

. um.o. ..

Kaxc1as cTaHIMs OKpHIBaeT onpeeeHHbIii Habop 1ITaToB, 3T HabOphI Nepe-
KPbIBaIOTCH.

Kak HaliTu MUHMMaJIbHBIIM HaOOp CTaHIIU, KOTOPHIil Ob MOKpbIBaJ Bee 50 miTa-
TOB? Bpoze 6bl mpocTasi 3a7a4a, BepHo? Oka3bIiBaeTcsl, OHA YPe3BbIYAHO CJIOXK-

Ha. BOT Kak 3TO J1ej1aeTcs:

1. CocTaBUTb CIIUCOK BCeX BO3MOXXHbBIX MOAMHOXECTB CTaHI[MHA — TaK Ha-
3blBaeMOe cmeneHHoe MHoxcecmeaeo. B HEM coaepxaTcsi 2”7 BO3MOXHBIX

ITIOAMHO>KECTB.

2. M3 3Toro crnucka BbIOMpaeTcsi MHOXKECTBO C HAUMEHbIITMM HabOpOM CTaHI[HI,
nokpbiBaoIuMx Bce 5O mTaToB.
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MHOKECTBO 1 . MHOKECTBO S8 = MHOKECTBO 500

.*'
Mg
KTRFEE
ke

..um.o...

[Ipob6siemMa B TOM, YTO BBIYHCJIEHHE BCeX BO3MOXHBIX IMOAMHOXXECTB CTAHI[MI
3aiiMeT CIMIIKOM MHOro BpeMeHH. /IJI n cTaHIUi OHO moTpebyeT BpeMe-
HU O(2"n). Ecau ctaHuuit HeMHOro, ckaxkeM oT 5 10 10, — 3To gonyctumMo. Ho
MoAyMaiiTe, YTO IMIPOMU30MIET BO BCEX pACCMOTPEHHBIX TPUMepax MpH O0JIbIIOM
KOJIM4YeCTBe 3/ieMeHTOB. [IpeanosoxuM, Bbl MOXKeTe BIYUCIATD 1o 10 moamHo-
’KECTB B CEKYHIY.

He cywecmsyem anzopumma, xomopwiii 6yoem ebiuucaams noOMHOICECMBa C NPu-
emaemot cxopocmouto! UTo xe nenatn?

KOAWYECTB0 { HEOBXOLIHMOE
CTAHUN‘\ | BPEMA

5 3.2¢
19 1 1624¢
32 13.6 roan

168 | 4%13" ram

MpubnuxeHHblIe aNropuTMbl

Ha noMoliup npuxoasr xkagHbie aaropuT™Mbl! BOT Kak BBITJISAUT XKaJHbIH aJIro-
PUTM, KOTODBIi BbIJA€eT pe3yJbTaT, JOCTaTOYHO OJIM3KUI K ONTUMYMY:

1. BoiGpaTh cTaHIHIO, TOKPBIBAIOIY 0 HAHOOIbIlIee KOJIUYECTBO LITATOB, EIIle
He BXOJSIIUX B NMOKpbITHE. Ecaiu cTaHuMs 6yAeT MOKPBIBaTh HEKOTOPHIE
ILITAThI, yXKe BXO/siMe B MOKPBITHE, 3TO HOPMAJIbHO.

2. HOBTOpHTb, I[IOKAa OCTAIOTCA IITAaThl, HE BXOAAILLIHNE B IIOKPBITHUE.
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ITOT AJITOPUTM SIBJISIETCS npubsuxcennvim. Korna BbuMcIeHHE TOYHOTO pellle-
HUS 3aHUMAET CJIMIIKOM MHOTO BpEMEHH, IPUMEHSIETCS MPUOJINKEHHBIN ajro-
puTM. 3IEKTUBHOCTb NPUOIMKEHHOTO AJITOPUTMA OLlEHUBAETCH T10:

Q O6wICTpOTE;
Q O6/JM30CTH MOJyYEHHOTO PelleHUs K ONITHMAIbHOMY.

JKagHble aIrOpUTMBI XOPOLIH He TOJIbKO TEM, YTO OHM OOBIYHO JIETKO (hOpMY.JIH-
PYIOTCSI, HO M TEM, UTO IIPOCTOTa 0OBIYHO 0O0OpaynBaeTcst ObICTPOTOM BBINOJIHE-
HUs. B 1aHHOM cJily4yae )KaJHbI¥ aJITOPUTM BBITIOJIHsIETCS 3a BpeMs O(n”2), rae
n — KOJIMYECTBO pPaIMOCTAHI[UH.

A Temnepp MOCMOTPUM, KaK 3Ta 3a/la4a BBITJIAAUT B IPOTPAMMHOM KO[IE.

NoaroToBUTENbHBIA KOA

B aToMm npuMepe /1 MPOCTOTHI Oy AT HCIOJIb30BaTHCS HEOOJIbIIIOE ITOAMHOXE-
CTBO LLITAaTOB U CTAaHIIMH.

CHayaJjia cocTaBbTe CIIMCOK IIITATOB:

states_needed = set(["mt", "wa", "or", "id", "nv", "ut",
"ca", "az"]) o Nepepannblit Maccus npeobpasyeTca B MHOXECTBO

B 3Toi peanu3aiiuu s HCIOJIb30BaJI MHOXECTBO. ITa CTPYKTYpa JAaHHBIX MOXO-
’Ka Ha CITMCOK, HO Ka)KIbli 3JIEeMEHT MOJXKET BCTpeyaThCsI B MHOXKECTBe He 6o.1ee
OJTHOTO pa3a. Muoxcecmsa ne cooepicam oyoauxamos. I1peanosoxum, UMeeTCs

CJIeAYIOIUIA CITUCOK:

>»»> arr = [1, 2, 2, 3, 3, 3]

ITOT CIIMCOK NMpeoOpa3yeTcss B MHOXKECTBO:

>>> set(arr)
set([1, 2, 3])
3HayeHus 1, 2 1 3 BCTpEYaIOTCA B CIIUCKeE 10 OJHOMY Paay.

[1,2,2,3,3,3] NETG B0 —+ (1,2,3)

MHOXECTB0
MHOXECTBO
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Tax>ke MOHaZOOUTCS CIIMCOK CTAHI[MM, U3 KOTOPOro Oy 1eT BBIOMPAThCs MOKPbI-
TUeE. 1 pellinJI BOCIIOJIb30BATbCS XEllIEM:

stations = {}
stations["kone"]

set(["id", "nv", "ut"])
stations["ktwo"] = set(["wa", "id", "mt"])
stations["kthree"] = set(["or", "nv", "ca"])
stations["kfour"] = set(["nv", "ut"])
stations["kfive"] = set(["ca", "az"])

Kotroun — Ha3BaHMSA CTaHIIMM, a 3HaYeHUs — COKpallleHHble 0003HaYeHH 1IITa-
TOB, BXOZASIIUX B 30Hy oXBaTa. TakuM 06pa3oM, B JaHHOM ITpUMepe CTAHIUA kone
BelllaeT B wtaTax Aitnaxo (id), HeBaga (nv) u FOta (ut). Bee 3HaueHus ABJISIOT-
cs1 MHOXecTBaMHU. Kak BBl BCKOpe YBUANTE, XpaHEHHE JaHHBIX BO MHOXKECTBaX

yrpoiaet padory.

HakoHel, HaM MOHAaAOOUTCS CTPYKTYpa AaHHBIX I XpPaHEHHUSI UTOTOBOTO Ha-
6opa CTaHLHIA:

final_stations = set()

BblyucneHmne oTeeTa

Tenepb HEOOXOAUMO BBIYHCJIUTh HAOOP UCIIOIb3yEMbIX CTaHIUii. B3rasiHuTe Ha
aMarpaMMy M IonpooOyiiTe npeacka3aTh, KaKMe CTAaHIIMY CJIEAYET HCII0/Ib30BaTh.
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YutuTe, YTO NMPaBUJIBHBIX PellleHHI MOXeET ObITh HECKOJIBKO. Bl epebupaeTte
BCe CTaHI[UM U BhIOHpaeTe Ty, KOTopas 00CIy>KMBaeT O0JIbllle BCETO IITAaTOB, He
BXOJSALINX B TeKylllee MOKpbITHe. ByneM Ha3bIiBaTh ee best_station:

best_station = None
states_covered = set()
for station, states_for_station in stations.items():

MHOXeCTBO states_covered COE€pPXHUT BCe IITAThI, 00CTy)KMBaeMble 3TOM CTaH-
IIMeif, KOTOpBIE ellle He BXOASAT B TeKyllee nokpbiThe. IIUKI for nepebupaet Bce
CTAHLIMHY M HAXOJUT Cpead HUX HauJdyulyo. PaccMOTpuM TeJsio 1iuKaa for:

covered = states_needed & states_for_station HoBbiX cuHTakcuc! Ita onepayus
if len(covered) > len(states_covered)  <C-.-::ooooeiiiinn Ha3blBaeTcA "'nepeceyeHnuem
best_station = station MHOXecTB"

states_covered = covered

B Koxe BcTpeyaeTcsi HeOObIYHAS CTPOKa:

covered = states_needed & states_for_station

Yro 31€Ch MPOUCXOAUT?

MHO)XXecTBa

JlonyCcTuM, MMeeTCsI MHOXKeCTBO C Ha3BaHUSIMH (PPYKTOB.

ABOKALO
NOMHIOP BAHAY

OPYKTH

Tak>xe MMeeTCs1 MHOXKECTBO C Ha3BaHUSIMH OBOILIEM.

CBEKAA  MOPKOBb
NOMKHLIOP

OBoUH
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C ABYMSA MHO>KE€CTBAaMHU MOKHO BbIIIOJIHUTD PpAd HHTEPECHBIX onepaunﬁ.

JAEMEHTH, KOTOPHE JAEMEHNTH, KOTOPHE
ABAAITCA PPYKTAMM ABAAIDTCA PPYKTAMM
HAH OBOLJAMM A OBOUAMM

ABOKALO
CBEKAN MOPKOBb

NOMIAOP bBAHAH

OBLELOMHEHMUE NEPECEYEHHKE

JAEMEHTH, KOTOPHE ABAAITCA
PPYKTAMH, HO HE OBOU AMM

CBEKAA

MOPKOB b
nomnaok

ABORALOD
BAHAH

PASHOCTb

0 O6beauHeHHe MHOKECTB O3HayaeT CAUSHUE 3JIEeMeHTOB 000MX MHOYKEeCTB.

O Ilox onepanueit nepeceyeHrsI MHOXXKECTB TOHUMAETCS MTOMCK 3JIEMEHTOB,
BXO/ISIII[UX B 062 MHOXKeCTBa (B JaHHOM CJIy4yae — TOJIbKO IIOMMJIOP).

Q Ilox PAa3HOCTbIO MHOXXECTB IIOHUMAETCA UCKJ/IIOYEHHNE U3 OJHOI'O MHOXXECTBA
9JIEMEHTOB, IIPUCYTCTBYIOLIUX B IPYIOM MHOXXECTBE.

[Ipumep:

>>> fruits = set(["avocado", "tomato", "banana"])
>>> vegetables = set(["beets", "carrots", "tomato"])

>>> fruits | vegetables ~ <o O6beauHEHNE MHOXKECTB
set(["avocado", "beets", "carrots", "tomato", "banana"])
>>> fruits & vegetables -« MNepeceyeHue MHOXKeECTB
set(["tomato"])

>>»> fruits - vegetables <« Pa3HOCTb MHO)XeCTB

set(["avocado", "banana"])
>>> vegetables - fruits <«---iiieieeen Kak Bbl AymaeTe, Kak GyAeT BbirnAfeTb pe3ynbrar?
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Euge pa3 HAIITOMHIO OCHOBHbIE€ MOMEHTBI:
O MHOX>XECTBa ITOX0XXH Ha CITMCKH, HO MHO>XXECTBA HE COAEPXKAT lIy6JII’IKaTOB;

0 C MHOXeCTBaMH MOXCHO BBINIOJIHSTh pa3/iMYHbie HUHTEPECHBbIE ONepalul —
BBIYHCJISITD UX 0ObeIMHEHHE, TIEpeceYeHHe U Pa3HOCTb.

BepHeMcAa K koay

[IponomxuM paccMaTpuBaTh UCXOAHBIN ITPUMED.

IlepeceyeHrne MHOXECTB:

covered = states_needed & states_for_station

MHO0XeCTBO covered COOEPXXHUT LITAThI, IPUCYTCTBYIOIIME KAK B states_needed,
TakK U B states_for_station. TakuM 06pa3oM, covered — MHOXKECTBO ILITATOB, HE
BXOJSIMX B MOKPBITHE, KOTOPBIE MTOKPbIBAIOTCS TeKYllel cTaHlUel! 3aTeM Mbl
NpoBepsieM, MOKPHIBAET JIK 3Ta CTaHI[Ks OO0JIbIIe ITAaTOB, YeM TEKYIIasi CTAHLHS
best station:

if len(covered) > len(states_covered):
best station = station
states covered = covered
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Eciu ycioBue BbINIOJHSIETCS, TO CTAHLIUA cOXpaHsieTcs B best_station. Hako-
Hell, ToCJIe 3aBeplleHus I[MKJa best_station J06aBJIsieTCs B UTOTOBBIi CITMCOK
CTaHLIMH:

final_stations.add(best_station)

Taxxe He06X0AMMO OOHOBHUTD COJlepXKUMOe states_needed. Te LITAaThI, KOTOPHIE
BXOJSAT B 30HY NMOKPBITUS CTaHLIMH, OOJIbIIEe HE HYKHBI:

states_needed -= states_covered

ks npoaoJkaeTcsi, HOKa MHOXECTBO states_needed He cTaHET 11ycThIM. [1o.1-
HBIM KO/ LIMKJa for BBITJISIAUT TaK:

while states_needed:
best_station = None
states_covered = set()
for station, states in stations.items():
covered = states_needed & states
if len(covered) > len(states_covered):
best_station = station
states_covered = covered

states_needed -= states_covered
final_stations.add(best_station)

OcTaetcs BbIBECTH cOoiep>KUMOe final_stations:

>>> print final_stations
set(['ktwo', 'kthree', 'kone', 'kfive'])

ITOT pe3yJibTaT COBIAJAaeT C BalllUMHU OXXUAaHUSIMU? BmecTo ctaHuui 1, 2, 3
M 5 MO>XHO ObLJI0 BbIOpaTh cTaHUMU 2, 3, 4 1 5. CpaBHUM BpeMs BBINIOJIHEHUSA
XKQTHOTO aJITOPUTMA CO BpEMEHEM TOYHOI0 aJIrOPUTMa.

Qb O(r*)
KOAHYECTBO TOYHBIA XALHBA
CTAﬂuuR | AATOPHTM \ AATOPHTM
5 32¢ | ,g.
19 | 192.4 ¢ | 19 ¢
3?2 { 43.6rom | 1924 ¢
109 4% 18" rog 16.6F mun
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YnpaxHeHus

I[JIH KaXXZ0ro U3 NIpuB€A€HHbIX HHUXXE AJITOPUTMOB YKAXHUTE, SABJIAECTCA 3TOT
AJITOPUTM XKaJTHbIM HJIU HET.

8.3 DbricTpasi copTHpOBKa.
8.4 Ilouck B LINPUHY.

8.9 Anaroputm [[eHKCTPpHI.

NP-nonHble 3a0a4u

[[JIH PEIICHHUA 3ada4YH O IIOKPBITHUHX MHO>KECTBA HCO6XOIII/IMO BBIYHUCJ/IUTDb KAXX0€
BO3MO>XXHO€ ITOAMHOXXECTBO.

MHOKECTBO 1 . MHOXECTBO 8 . = MHOKECTBO 500
Fa ha
Sy Vst .
ol B
e g %
.. um. 0. .. BT

BeposTHO, BB BCIOMHMJIM 33/1a4y 0 KOMMUBOsKepe U3 r1aBbl 1. B aTo 3anaye
KOMMUBOSIXKeP JA0JKEH ObLJT IOCETUTD MSATh Pa3HbIX TOPOIOB.

AMAPH 5%,"”‘“
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KoMMMBOsIKep NbITaeTCS HAMTH KpaTYarIIM My Th, KOTOPbIX BKJIIOYUT BCE MSATh
ropoaoB. YToOb! HAWTH KpaTyaillliMii MyTh, CHa4Ya1a HEOOXOAUMO BBIYHUCJIUTD
BCE BO3MOJXHbBIE ITYTH.

129 193 Lo5

MHAK
MHAB LLEL

CKOJIbKO MapIIPYTOB HEOOXOAMMO BBIYHCJIHUTD JJIsI ISAITH TOPOIOB?

3aaada 0 KOMMUBOSHXEpe — Liar 3a WwaroMm

HauneM c majioro. /lonmycTuM, ropoioB BCero ABa. BeIOMpaTh NPpUXOAUTCS BCETO
U3 ABYX MapuUIPyTOB.

HAYHHAEM HAYHHAEM C CAH-
C MAPHHA S PAHUMKCKO

@ O o

O O

A3 MAPHHA 8 CAH- A3 CAH-®PAHUMUCKO
OPAHYUMCKO 8 MAPHH

JIOrHYHO CIIPOCHUTB: B 3aJ1aue 0 KOMMUBOSIXKepe CYILeCTBYET JIM KOHKPETHBIN
ropo/, C KOTOPOro Hy>KHO HaYMHaTh? [onycTM, KOMMHUBOSIKep XuBeT B CaH-
MDpaHIMCKO U A0JXKEH MOCETUTD ellie YyeThipe ropoaa. CaH-MpaHIMCKO J0DKEH
ObITh IIEPBBIM TOPOJIOM B MaplLIPYTE.

OaHaKO B KAKMX-TO CUTYaLMSAX HayaJIbHbIM ropo/ He 3a/iaH. [lonycTuM, BhI pa-
6oTaete B Kypbepckoii cayxoe FedEx u mo/kHbI 10CTaBUTh MaKeT B Mpeaeax
ropoja. [TakeTt nepeBosutca u3 YUukaro B oauH u3 50 punmanos FedEx. 3atem
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nakeT OYyJeT NeperpykeH B MalllMHY, KOTOpasi pa3be3)KaeT 10 pa3HbIM MeCTaM
1 I0CTaBJisieT akeThl. B kako# ¢punas oTrpy3uTh naket? Ha aToT pa3 Havyasib-
Hasi TOYKa HeU3BEeCTHA, U B 3aiaye 0 KOMMHUBOSIXKepe BaM IIPUAETCSI BBIYMCIUTD
KaK OIITUMAaJIbHbIH My Th, TAK U HAYAJIbHYIO TOUYKY.

Bpems BoinosiHeHHst 06enx Bepcuii oquHakoBo. OHaKO OTCYTCTBHE OIpeieJieH-
HOrO0 HayaJIbHOTO ropojia YIpollaeT IMpUMep, IO3TOMY s BbIOEpY 3Ty BEPCHIO.

/IBa roposa = ABa BO3MOXXHBIX MapuIPyTa.

CKONbKO MapLlpyTOB?

Ha mepBbift B3I MOXKET I0KA3aThbCs, YTO ITO OAWH MapuipyT. Passe
paccrosiaue CO>MapuH He coBnamaet ¢ paccrossuuem Mapuu>CD?¢ He

Bceraa. B HekoTophix ropojaax (B ToM uncie u B CaH-DpaHIMCKO) MHOIO
yJIHUIl C OJHOCTOPOHHUM JIBUJKEHHEM, M TOTJ]a BaM HE yJ1aeTCsl BEPHYThCS
0 TOMY IIYyTH, II0 KOTOpPOMY BBl IIpuexajaud. MHorga mnpuxoauTCs
IpoeXaTh JUIIHIOW Mapy MUJb, YTOObI HANTH BbIE3] Ha mIocce. Tak 4To
3TH JIBa MapIIpPyTa HHOT/1a HE COBIAIAIOT.

Tpu ropoaa

Teneppb 106aBUM K ABYM ropojam eiie oguH. CKOJIbKO BO3MOXXHBIX MapIIPyTOB
CYILIEeCTBYET B 3TOi KOHPUTYypallUU?

Eciu HayaTh B bepkiiy, Bbl MOXKeTe MOCETUTD JIBa TOPOA.

HAYHHAEM
8 BEPKAM:
@ BEPKAN 8"'\"

MAPHH MAPHH

CAH-GPAHUMCKO CAH-OPAHLKCKO
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Bcero mectb BO3MOXXHBIX MapuaipyToOB: 110 Ba AJ1A KaXXA0ro ropojaq, ¢ KOTOporo
Bbl MO>XXE€TE HAYaTh.

HRAYHHAEM
8 BEPKAM: HAYUHAEM
BEPKAM B8 MAPHHE: BEPKAM
@ BEPKAU
BEPKAN
Mg<: @ng ©
MALPEH
MAPRA
" CAH-
CAH-OPAHUHCKO  CAH-®PAHUHCKO - GPAHLMCKO
H-GPAHLMHCK ®PAHLUHUCKO .

HAYHHAEM B CAH-
®PAHUKCKO:

BEPKAN PEPKAN
PHH

9
Mﬂggj MA

CAH-®PAHLHKCKO CAH-OPAHUHCKO

WTak, Tpy ropoaa = 11ecTb BO3MOXXHbIX MapIIPyTOB.

YeTbipe ropoaa

Jlo6aBuM eie oaguH ropog — MOpemonT. Tenepp AONYCTHM, YTO Bbl HayaJu
c OpeMoHTAa.

HAYHHAEM 80 GPEMOHTE:

ECAH BTOPOR TOPOL — BEPKAM: ECAH BTOPOR TOPOLL — MAPMHH:
MAPHH ‘ MAPHH

MAPHH
MAPHH 2) EERKAN
EEP AN FEPKAN REPKAN
CAH- CA-
o PAHUHCKO OPAHLNCKO CAH-GPRHUNCKD  \CAH-®PARLACKD
OPEMOHT

SPEMOHT SPEMOHT SPEMONT
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ECAK BTOPOR TOPOL — CAH-®PAHUHKCKO:

MAPHH @ HLJI.PHH

BEPKAK BERKAN

CAH- CAH-
GPAHUKCKO GPAHUKCKO

GPEMONHT
GPEMONHT

MpbI 3HaeM, 4To BO DpeMOHTEe HAYUHAIOTCS IeCTh BO3MOXXHbIX MapuIpyToB. Oro!
/la OHM O4YeHb MOX0XKHU Ha IIECTb MAapPUIPYTOB, KOTOPbIe Bbl BBIYMCJIUJIM PaHEE,
Korza ropoaoB Ob110 Bcero Tpu! Toibko Temepb BO BCEX MapUIPYTaX MOSBUJICS
NOMoJHUTEbHBIM ropoa, MpemonT! HaunHaeT nposiBasIThCSI 3aKOHOMEPHOCTb.
[IpeanosoxuM, U3 YeTbIpeX ropo0B BbiOMpaeTcst HayalibHbIi ropox DpeMoHT.
OcTtaertcs ellle Tpy ropoza. M Bbl 3HaeTte, UTO AJis1 lepeMellleHUsT MeXY TPeMs
ropoJaMu ecTb 1IeCTb pa3HbIX MapiupyToB. MTak, ecin HauaTh ¢ DpeMoOHTa,

CYLIEeCTBYIOT 1IECTb BO3MOXKHBIX MaplIPyTOB. Tak)ke BO3MOXXHO Ha4aTb C OJHOTO
M3 JPYTruXx ropoioB..

HAYHHAEM HAYHHAEM
B8 MAPHHE: B8 CAH-OPAHUMUCKO:

6 BO3MOXHBIX
©  MAPWPYTOB

< 6 BO3MOKHBX =
MAPLPYTOB

RAYHHAEM
B8 BEPKAM:

6 BO3MORHBX -
MAPLPYTOB

YeTbipe BO3MOXHBIX HayaJbHBIX FOPO/Ia, IIECTh BO3MOXXHbBIX MapUIPYTOB /JIs1
KaXXI0r0 Ha4aJIbHOTO ropoja = 4 x 6 = 24 BO3MOXXHbIX MapuIpyTa.
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3aMeyaeTe 3akoOHOMepHOCTb? Kaxkablii pa3, Koraa Bbl 100aBJisieTe HOBBIM rOpoI,
yBeJIMYMBAETCS KOJIMYECTBO BbIYMCJISIEMbIX MAaPIIPYTOB.

KOAHYECTBO
roP0L08

1 —*:L.|I»|u|1f:m_Fi‘r_________.__._.__,‘hu

APUPYT QAS KAKZOTO HAUAAA =2 MAPLPYTA
) —» 2 HAYAABHBIX TOPOZA * 1 M . AR = £

2 =
3 —> 3 HAYAAbHBIX TOPOOA * l;jlfﬁi"m = & MAPLPYTOB
4 —> & MAUNAHBIX TOPOZA % ¢ MAPUPYTOB = 24 MAPLPYTA

e
Il;,..---—
S — 5 HAYAABHBIX TOPOMNOB % 24 MAPILPYTA » 12O MAPLPYTOB

CKOJIbKO BO3MOXKHBIX MapIIPyTOB CYIIECTBYET [JIs1 lleCTH ropoaoB? 720, roBo-
pute? /la, BbI mpaBbl. 5040 a5 7 ropoaos, 40 320 asst 8 ropoaos.

Takast 3aBUCHUMOCTD Ha3biBaeTCs pakmopuarvroi (IOMHUTE, YTO 00 3TOM ro-
BopuJioch B riaBe 3?) Utak, 5! = 120. JJonyctum, ectb 10 ropoaoB. CkoJbKO
cyuiectByeT Bo3MOXHbIX MapuipyToB? 10! = 3 628 800. Yxe ans 10 ropoaos
NPUXOIUTCS BBIYUCATD 60Jiee 3 Murruonoé BO3MOXHBIX MapuipyToB. Kak Bu-
IUTE, KOJIMYECTBO BO3MOXXHBIX MapLIPYTOB CTPeMUTENbHO pacTeT! BoT moyemy
HEeBO3MOXKHO BBIYMCJINTh «IIPaBUJIbHOE» pellleHHe 3a/ja4hd 0 KOMMHUBOSIXKepe IpH
oyeHb O0JIBIIIOM KOJIMYECTBE FOPO/IOB.

Y 3agaun 0 KOMMHUBOSDKepe U 3aj1aye MOKPbITUSI MHOXKECTBA €CTh KOE-YTO oOl1ee:
Bbl BBIYMCJISIETE KaXK10€ BO3MOXXHOE pellieHUe U Bb16npaeTe KpaTyaiiliiee/MUHHU-
MasbHOoe. Obe 3TH 3a71a4M ABASIOTCA NP-noiHbMU.

[MpnbnuxeHHoe pewieHue?

Kak BBITTSAUT XOPOIIWH MIPUOIMKEHHBIN aJTOPUTM JJId 3a1a4i O KOMMHU-
BOSDKEpPE? ITO HOKEH OBITh MPOCTOM aJrOPUTM, HAXOISIIUN KOPOTKHUM
nyTh. [lonpoOylTe CaMOCTOSATEIBHO HAMTHU OTBET, MPEXKAC YEM IIPOA0JI-
KUTh YTCHHUE.

S OBl clenan 3TO NPUMEPHO TaK: HavaJdbHBIA TOPOJI BBIOMPACTCS IPOU3-
BOJIBHO, IOCJIE YE€TO KK pa3, KOrJa KOMMHMBOSKEP BBIOMpPAET CICHy-
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IOIMIA TOPOJI, OH IIEpEMEIAETCS B OJIMKAUIIINN TOPOJI U3 TEX, YTO OH €I
HE nocemai. JlonyctumM OH HauMHAeT B MapuHe.

MAPUH
BEPKAU

40 ALk

H"l.'ijl'b tﬂ,‘-ﬂ"b

CAt | HL;J':IHH
SPAHUMCEE
|
AG
-|,I..l,"-l j‘llb' P Eﬁ-".f""ﬁ

AR
ANETD

CyMMmapHO€ paccTosgHue - 71 Muiag. MOXKET 3TO HE CaMbIid KOPOTKHM
yTh, HO OH JJOCTATOYHO OJIM30K K HEMY.

KopoTkoe 06bsicHeHie NP-110JTHOTBI: HEKOTOpbIE 3aIa4M ITPOCJIaBUINCh CJI0XK-
HOCTbIO CBOEro pelureHus. 3ajadya 0 KOMMHBOSI)XKepe M 3aja4ya O IMOKPBITUH
MHOXXeCTBa — JIBa KJIaCCUYECKHX MpuMepa. MHoOrue 3KCrepThl CYMTAIOT, UTO
HaIKcaTh OBICTPBIN aJITOPUTM JJIS1 pellleHUs TaKKUX 3a/1a4 HEBO3MOXHO.

Kak onpeaenntb, uTo 3aaada ssnserca NP-nonHoun?

JI>)KOH noa6upaeT UrPOKOB i1 CBOEH KOMaH/bI IO
aMepUKaHCKOMY ¢yTO0Jy. Y HEro eCTb CIIUCOK HYX-
HbIX Ka4yeCTB. XOpOIIIO UTPaeT B HanaJeHWH, XOPOLIO
UrpaeT B 3alllMTE, XOPOIIO UrpaeT Mo A0XKIEM, XO-
POIIIO UTPAET NOJ AaBJE€HUEM U T. . TaKXe UMeeTcCs
CIIMCOK UTPOKOB, B KOTOPOM KaXX/[blif UTPOK 00.J1aaeT
olpeeIeHHbIMU KaueCTBaMH.
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HTPOK KAYECTBA

M3TT GOPTE RB

wWR KOPOWO HTPAET
BPEHIAAH MAPUWAAA NOL QABAEHHEM

AAPOH POLLKEPC QR / :8;01"12 5",{ :,:EM

JI)kOH XoueT noagob6paTh KOMaH/y, KOTOpasi 06/1aaeT roJTHbIM HAOOPOM KayecTB,
HO pa3Mep KOMaH/Ibl orpaHu4YeH. « MUHYTKY, — oco3HaeT [[>)kOH, — HO Belb 3TO
3ajlaya NOKPBITHS] MHOXeCTBa!»

MITT

J11s1 co31anust koMaHabl [[)KOH MOXKET BOCIIOJIb30BAaThCS TEM K€ IIPUOJIMXKEHHBIM
aJITOPUTMOM:

1. Haiitu urpoka c 60/ IbIIMHCTBOM KayeCTB, KOTOPbIE ellle He ObLIN peain30-
BaHBI.

2. IloBTOpPATH 10 TEX MOP, MOKA He Oy YT peasiM30BaHbl Bce KauyecTBa (MU ITOKa
He KOHYaTCsS CBOOOIHbIE MeCTa B KOMaHe).

NP-nosnbie 3agayu BcTpeyaoTca odyeHb YacTo. M 6b110 ObI MOJI€3HO, €CTIN OB
BbI MOI'JIA [TOHSITD, UTO pelllaeMasi 3aja4a siBasiercss NP-nosHoi. B aToT MoMeHT
MOXXHO ITPEKPAaTUTh IIOUCKH U/I€a/IbHOTO PellIeHUs U IIePeTH K PellleHUIO C TIPU-
MeHeHHeM NpubIMxKeHHOro ajroputma. Ho onpenenuts, siBjsieTCs M Ballla
3agaya NP-nmoJjiHoi1, HermpocTo. OObIYHO pa3anyust MeXAY JIErKO pelllaeMbIMU
u NP-nosiHbIMM 3a1ayaMu BecbMa He3HauuTeabHbl. HanpuMep, B npeAbiayunx
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rJ1aBax s MHOTO FOBOPMJI O KpaT4YalIIUX NyTsX. Bbl 3HaeTe, KaKk BBIYMCJIUTD
KpaT4YaMIIUK MyTh U3 TOYKHU A B TOUKY B.

ABTOBYC we 44

ABTOGYC W AL

Ho ecsi1 BbI XOTUTe HAUTH KpaTYaMIIUHM MY Th, COEAUHSAIOIIUN HECKOJIBKO TOYEK,
TO 3TO YyXKe 3a/laya 0 KOMMUBOsIXKepe, KoTopas siBjsieTcss NP-nmosnHon. Kopoue
roBOpS, He CYILECTBYET IIPOCTOr0 Criocoba onpeeNTh, IBISETCS JIM 3a/aya,
c KOoTOpoii Bbl paboTtaere, NP-nosiHoi1. Hecko/ibko XxapaKTepHBIX IIPU3HAKOB:

Q Balll aJITOPUTM OBICTPO paboTaeT MpH MajJOM KOJHYECTBE 3JIEMEHTOB, HO
CUJIbHO 3aMeJIJISIeTCS IPU YBeJIMYEHUH X YUCIIa;

Q dopMyJHpOBKa «Bce KOMOMHAIMK X» 4acTo YKa3biBaeT Ha NP-moJiHoTy 3a-
oavu,

0 BaM IPUXOAUTCS BBIYUCJSTh BCe BO3MOXXHbIe BApHAHThI X, TIOTOMY 4TO 3a-
a4y HeBO3MOXKHO pa30UTh Ha MeHbIIMe noa3agayn? Takas 3amaya MOXET
oka3aTtbcsa NP-1noJyiHOH;

0 eCJU B 3a/laye BCTpeuyaeTCs] HEKOTOpasi MOCJaeq0BaTebHOCTb (HampuMep,
10CJIe0BaTEJIbHOCTb TOPOAOB, KaK B 3a/laye 0 KOMMUBOSIXKepe) U 3a7jaya He
MMeeT MPOCTOro pellleHM s, OHa MOXKeT oKa3aTbCsi NP-1moiHOH;

0 ecJHd B 3aJaye BCTpPeYaeTCsi HEKOTOPOe MHOXECTBO (HanmpuMep, MHOXKeCTBO
pPaJAMOCTaHI[MI) U 33/1a4a He UMeET IMPOCTOr0 pellleHHsl, OHa MOXKET 0Ka3aThCsl
NP-nosiHoIA;

0O MOXHO Ji4 IlepedOpMYJIMPOBAaTh 3a7layy B YCJOBUAX 3aJauyd MOKPbITUS
MHO>KeCTBa MJIM 3aJlayd 0 KOMMHBOsi)Kepe? B TakoM ciiyyae Bala 3aaya
onpezesieHHO siBJisieTcs N P-nioyiHOM.
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YnpaxHeHus

8.6 IlourtasiboH HOJIXKeH AOCTaBUTh nMUMcbMa B 20 noMoB. EMy HY>XHO HauTH
KpaTyaWlluUW MyTh, Mpoxoasiui yepe3 Bce 20 qomoB. ABJsieTcs U 3Ta
3aga4ya NP-nonHoit?

8.7 IlIMmeeTcst 3amaya moMcKka MaKCUMaJIbHOM KJAuKU B MHOXECTBe JioAen (KJIH-
KOI1 Ha3bIBaeTCSsI MHOXXECTBO JIIoAel, KaXXIbld U3 KOTOPbIX 3HAKOM CO BCEMU
ocTaJIbHBIMU ). SIBAsieTcs M 3Ta 3agaya NP-nmosHoun?

8.8 Bui pucyere kapty CIIIA, Ha KOTOpPO# IBa COCETHUX LLITAaTa HE MOTYT OBITh
OKpallleHbl B OMHAKOBbIH LiBeT. TpebyeTcss HAUTH MUHUMaJIbHOE KOJInye-
CTBO L[BETOB, IPH KOTOPOM JIf0ObI€ 1Ba COCEAHUX 1ITaTa OYAVT OKpallleHbl
B pa3Hble LiBeTa. S BJssercs Jiu 3Ta 3agaya NP-1iosiHon?

lLInapranka

Q sKaamble aITOPUTMBI CTPEMSITCS K JIOKAJIbHON ONITUMHU3alMH B pacyeTe Ha To,
YTO B UTOTe OYAET JOCTUTHYT IJI00AIbHBIM O TUMYM.

O Y NP-nosnHbIX 3a/1a4 He CYIIECTBYET U3BECTHBIX ObICTPBIX pellleHUH.

0 Ecmm y Bac uMmeetcss NP-noJiHast 3afaya, Jiy4lie BCEro BOCIOJIb30BaThCs PH -
OJIMXKEHHBIM aJITOPHTMOM.

0 JKaaHble aropUTMBI JIETKO PEATU3YIOTCSA U OBICTPO BBIMOJIHSIOTCS, TO3TOMY
M3 HUX MM0JIYYaloTCS XOpOoIle NPpUOJIMXEHHbIE AJITOPUTMBI.



[InHaMu4yeckoe
NnporpaMMmpoBaHue

B 3TOM rnase

v Bbl oCBOMTE AMHAMMYECKOe NporpaMMnpoBaHne — MeToA
peleHus CNOXHbIX 3a4ad, Pa3bmBaeMbiXx Ha NoA3aaduM,
KOTOpble peLatoTcs B Nepsylo ovepeab.

v PaccMaTtpuBsaloTcs npuMepbl, KOTOpbIE HAay4aT BaC UCKATb
peLleHnsa HOBbIX 33lay, OCHOBAHHbIE HA METoae ANHAMK-
4eCcKoro NporpaMM1UpOBaHUS.

3aAa4ya O ploK3ake

BepHemcs K 3aa4ue o prok3ake U3 rJiaBbl 8. Y Bac
eCTb PIOK3aK, B KOTOPOM MO>XHO VHECTH TOBapbl
06111HM BecoM 110 4 ¢yHTOB.




3aaaya o prok3ake

=]']
MATHHTOSOH HOYTBYK FHTAPA
‘3:‘“5 $288¢ $158 ¢
SYHTA 3 oyuTA 1 eyt

EcTb Tpu npeaMeTa, KOTOpble MOXXHO YJIOXHUTh B PIOK3aK.

207

Kakue npeaMeTsl cieyeT MOJ0XHUTh B PIOK3aK, YTOObl CTOUMOCTD JOOBIUM OblTa

MaKCUMaJIbHOMN?

[lpocToe pelueHue

[IpocToii aIrOpUTM BBITJISIAUT TaK: Bbl llepebHpaeTe BCe BO3MOXHbIE MHOXKECTBa

TOBAPOB M HAXOJHUTE MHO>XXECTBO C MaKCHUMaJIbHON CTOMMOCTBIO.

A ~ CMATHHTO- e
FHTAPA FHTAPA HOH FHTAPA
. . 3 x MATHHTOGOH
marhuTo- | - L uovrevk HOVTEYK

HOYTBYK

- $OH

W HE omeWaETca 3599

,
MAKCHMAABHAA
CTOKMOCTD

Y HE NOMEWAETCA W HE MOMEWAETCA
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Takoe pelnerue paboTtaeTt, HoO oueHb MeasieHHO. [{y1s1 3 nmpeaMeTOB IIPUXOAUTCS
obpaboTaTth 8 BO3MOXHBIX MHOXECTB, 1711 4 — 16 u T. A. C xaxabIM 1obaBJisie-

MBIM IPeAMETOM KOJIMYECTBO MHOXXECTB yiBauBaeTcsi! ITOT aITOPUTM BBITOJ-
HseTcs 3a BpeMs O(2”n), 4YTO 0YE€Hb, 04eHb MEeJIEHHO.

3 NPEAMETA: A npeameTa: % MPEGMETOR:
[ % — - S
3 | B
BO3MOKHBIX L IR
MHOXECTS 16 Al
BO3MOXHBIX ]
e MHOXECTS |
s I
1l #hh Fh 35
L *-ﬁ'#-'{.h""‘
Sgaitas BOSMOKHBIX
pil MHOXECTBA

J171s1 1060r0 CKOJIbKO-HUOYIb 3HAUUTETbHOTO KOJIMYECTBA MPEAMETOB 3TO He-
npueMJieMo. B riase 8 BbI BUEH, KaK BRIYUCIAIOTCA NpUbIUNEHHbIE PEILIEHN.
Takue pellleHUs 6JIM3KH K ONMTUMAJIbHBIM, HO MOTYT He COBIAAATh C HUMHU.

Kak ke BbIYMCJIUTDh ONNTUMAJIbHOE pelleHue?

[AnHaMunyeckoe NporpaMMmMpoBaHme

Omeem: c TOMOIIbIO JMHAMUYECKOro MporpaMMHUpoBaHusi! /laBaiiTe MOCMOTPHUM,
Kak paboTtaeT aToT Metos. IIpolienypa HaunMHaeTcs ¢ pellleHUs MoA3aaay C I0-
CTEMeHHbIM IePEXO0/IOM K pellleHUIO MMOJHON 3aayH.

B 3as1auye 0 prok3ake Ha4yaTb CJIeIyeT C pellie-
HUS 337144 JJIsS MeHblllero prok3aka (MJau
«IMOJIPIOK3aKa» ), a IOTOM Ha 3TOM OCHOBE
TIOIbITATbCSl PELIMTh UCXOAHYIO 3a7a4y.

Hunamuueckoe npozpammuposanue — 0o-
CMamouyHO CAONCHASL KOHUENUUS; HE 020D-
yaumecsp, eCiu nocie nepsozo NPoOUmMeHUs
ymo-mo ocmanemcs Henowsmuoim. I1pu-
Mepbl IIOMOTYT BaM pa300paThCs B TEME.
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Jl/1s1 Hayasia s MoKasKy BaM aJITOPUTM B ielicTBUU. Ilocie aToro y Bac HaBepHsika
MOSIBUTCSI MHOTO BompocoB! S mocTapaloch OTBETUTh Ha HUX.

Kaxxp1ii aJiIrOpuT™M AMHAMUYECKOTO ITPOrpaMMHUPOBaHUST HAUMHAETCS C TabJIu-
bl. BOT Kak BBIMIAAMT TabJIMIa A1 33/1a4H O PIOK3aKe.

CTOABYH NPEACTABAADT
PASMEPH PIOK3AKA
OT 1 .10 4 $YHTOB

L S _""'l_
1234

I ]
no oaqHoR FTHTAPA | - |
CTPOKE ¥ |
1y MATHHTOSOH | | | -
KAXZOTO | - -
NPEOMETA
HOYTBYK |

CTpoku Tal./IMIIbI IIpe/ICTABJISIOT MTPEAMETHI, a CTOJI0I1IbI — EMKOCTD PIOK3aKa OT
1 1o 4 pyHToB. Bee atn cT0161bI HYXHBI, TOTOMY YTO OHU YIPOIIAIOT BbIYHC-
JIeHHe CTOUMOCTEN «I10/1PIOK3aKOB».

B ucxoaHoM coctosinuu Tabauina nycra. HaM npeacTouT 3amoIHUTh KaXAYIO
syeiiky Tabauusl. ITocse Toro kak Tabsuia 6yaeT 3anoTHeHa, Bbl MOJYYHTE OT-
BET Ha CBOIO 3a/1a4y. [ToxasyiicTa, BHUMaTeIbHO pa3bepUTech B MPOMCXOISIIEM.
Hapucyiite co6cTBEHHYIO TabJIHILY, 4 MBIl BMECTE €€ 3alOJTHHUM.

Crtpoka uTapa

TouHas (popMy.a A1 BbIYMCJIEHUSI 3HaYeHUl B Tabaulle OyeT MpUBeleHa
Io3/lHee, a MOKa orpaHMYMMCS oOIIUM onrcalHueM. HauHeM c epBoii cTpOKH.

FHTAPA

MATHHTOSOH

HOYTBYK !
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Crtpoka cHaO)keHa TOMETKOIi «TUTapay; 3TO 03HA4YaeT, YTO BbI MBITAETECH YJIO-
XKUTb TUTApPYy B PIOK3aK. B KaXX0#l ssuerKe MPUHUMAETCS IIPOCTOE PELIEHHUE:
KJIAaCTb TUTApy B PIOK3aK UK HeT? [IoMHUTe: MBI MbITaeMCSI HAUTH MHOXXECTBO
3JIeMEHTOB C MAKCUMaJIbHON CTOMMOCTbIO.

B nepBoii siuelike eMKOCTb pioK3aka paBHa 1 ¢yHTy. [uTapa Takxe BecHUT
1 PyHT — 3HAUMUT, OHA MOMECTUTCS B prok3ak! MiTak, CTOUMOCTb 3TOIl STYEHKHU

coctaBisieT $1500, a B plok3ake JIeXXHUT rUTapa.

HauyHeM 3anoJiHATD sTYEHKY.

1 2 3 4

F;\SOO i
FHTAPA | T -
- i
MATHHTOSOH
HOYTBYK

[To ToMy >ke MpUHLIMITY KaXkAas ssyelika B TabJIMIle COAEPXXUT CIIHCOK BCEX dJIe-
MEHTOB, KOTOpPbI€ MOMENAIOTCS B PIOK3aKe Ha JaHHbIA MOMEHT.

[TocMoTpuM Ha caeayoyIo syerky. Ha 3TOT pa3 eMKOCTb prok3aka COCTaBJ/IsSIET
2 pyHra. [IoHATHO, YTO rUTapa 31eCch MOMeCcTUTCA!

1 2 3 4

-;|500| »\500 ! li
THTAPA ! | T e
= |
MATHHTOPOH | | B _
HOYTBYK | .
! —

[Ipouienypa nmoBTOpsieTCs AJIsl OCTAJIbHBIX siueeK CTPOKU. BcmoMHMTE, 4UTO TeKy-
111eif IBJISIETCS MepBasi CTPOKA, MO3TOMY BbIOMPATh IPUXOIUTCS MO.1bKO U3 OIHO-
ro npeaMeTta — rutapsl. CynuTaiTe, YTO ABa APYTUX NpPeAMeTa ITOKA HeJOCTYIIHBI.



3aaadya o plok3ake 211

1 2 3 4

I a1s00 | $\500 | #1500
r r_

[#1500
FHTAPA | T r

MATHRTOROE | | S E—

HOYTBYK |

Bo3MoXHO, K 9TOMy MOMEHTY BbI CJIeTKa COUTHI ¢ TOJKY. [louemy Bce 3TO Aena-
eTCsI [1JIs1 PIOK3aKOB C eMKOCTbIO 1, 2 U T. A1., €CJIH B 3a/]aue pedb UET O PIOK3aKe
c eMKOCTbIO 4 PpyHTa? [ToMHMTE, 4YTO 51 rOBOpUJI paHee? MeToa AMHAMHUYECKOTO
IPOrpaMMMPOBAHUSI HAYMHAET C MaJIbIX 3a/ay, a 3aTeM ITepeXOaUT K OO0JIbIION
3aziaue. BblI pelllaere noji3azayu, KOTOpbie IOMOTYT B pellieHMH 00Ib110M 3a1ayH.

YuraiiTe manblie, U CUTyalys IOCTENEHHO MPOSICHUTCH.

[Tocse Toro kak nepBasi CTpoKa Oy et 3ano iHeHa, Tabuia 6yaeT BHIIISAETD TaK:

1 2 2 4

21800 | $1500 | #1500

el

-$_\$°° r

reTaPR +opyor| o r)| .

MATHHTO®OH - ]
HOYTBYK

[ToMHMTE, YTO MBI CTPEMUMCST 0OECIIEYNTh MAKCUMAJIbHYIO CTOUMOCTD IpeI-
METOB B PIOK3aKe. Ima cmpoKa npeocmasisem meKyuwyio AyHuyro OUeHKy Max-
cumyma. Vitak, Ha JaHHBIA MOMEHT U3 3TOM CTPOKHM CJIeAYeT, YTO [JIs1 PIOK3aKa
C eMKOCTbIO 4 PyHTa MAaKCUMaJIbHasi CTOUMOCTb ITpeaAMeToB cocTaBUT $1500.

1 2 — g L HABA TEKYWAS

[$1s00| #1500 | #1500 | #1500 & OUEHKA TOTO,

FHTAPA A i 4YTO CAELYET
KPACTb: THTAPY
MATHHTOSOH N . 3A $1500

HOYTBYK
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Bbl 3HaeTe, 4TO 3TO pelleHHe HEOKOHYATeIbHO. B mpouecce paboThl aaropurma
OlLleHKa Oy/ieT yTOYHSThCSI.

MarHuTodoH

3aiiMeMcs ciaeaylolend CTPOKOM, KOTOpasi OTHOCUTCSI K MarHUTO(OHY. Temneps,
KOT/la Bbl IlepeNLI KO BTOPOil CTPOKe, MOSIBJSETCS BBIOOP MEX Iy MarHUTo-
¢dOHOM M ruTapoil. B KaXK101 CTPOKE MOXKHO B3SITh IIPeJMET 3TOi CTPOKHU WJIH
1IpeIMEThI, HAXOASI[HECS B BEDXHUX CTPOKax. TakuM o6pa3oM, ceifuac HeJib3s
BbIOpaTh HOYTOYK, HO MOXKHO BbIOpaTh MarHuTogoH u/uau rutapy. Haunem
C IepBOH siyerKHU (PIOK3aK ¢ eMKOCTbIO 1 pyHT). Tekyias MakcUMasIibHas CTO-
MMOCTbD NPeAMETOB, KOTOPbIE MOXKHO IOJIOXKUTh B PIOK3aK C eMKOCTbIO 1 pyHT,
cocrasisier $1500.

‘ﬁ 31500 £\1500 |¢|Soo' !#lSoo
FUTAPA r r | r r

MATHHTOSOH o

HOYTETH

bpaTtb MarHuTOopOH UK HET?

EMKocTb prok3aka coctasiisieT 1 pyHT. [IoMecTtutcst Tyna maruutodoH? Hert, on
cauikoM TspKesi! Tak kak MarHuTo(OH He MOMeIAaeTCsl B PIOK3aK, MAKCMMATb-
Hast olleHKa Ay 1-pyHTOBOro piok3aka ocmaemcs paBHoit $1500.
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1 2 3 4

h;::' ¥\S00 | ¥1500 #iSoS_!I
r“TAPA _| _r o I- I- "_r_.'
. :
41500 !
MATHHTOPOH ¢ ri
HOYTBYK |
. i} }

To >xe camoe MpOMCXOAUT CO CcIAeAYIOUIUMU ABYMS KjeTKaMu. EMKOCTb 3TuX
pPIOK3aKoB cocTaBisieT 2 U 3 ¢pyHTa cooTBeTcTBEHHO. CTapasi MaKCUMaJbHas
CTOMMOCTbD 1151 00enx siueek Obita paBHa $1500.

1 2 3 4

_r.tls‘ot’] ;;goo ..$‘.lsoo $1500
FHTAPA 1 r | I':. | r r
W LR ;
$1500 | #1800 #1500
MATHHTOSOH _r r, _r.__
HOYTBYK '
| B o

MaruuToOH Bce paBHO He MIOMeN[AeTCsl, TAK YTO OLIEHKA OCTAeTCSI HEU3MEHHOM.

A ecnu eMKOCTb ploK3akKa yBesudyuBaeTcs 10 4 ¢yHTOB? Ara, MarHuTOQOH
HaKOHeI[-TO BoiaeT B piok3ak! Ctapas MakCMMaJibHasi CTOMMOCTD Obljla paBHa
$1500, HO ectu BMecTO ruTaphbl MOJIOXKUTh MATHUTO(OH, OHAa YBEJIUUUTCS 10
$3000! bepem MmaruuTodOH.

1 2 3 4

$1500 | #1500 _‘tsoo- [ 41500

FHTAPA LT rne ., r M
oo mans [f1300 [33555°

S00 | 00 |. -

MATHRTOSOH  [F1SeP 1127 M 5 10U

HOYTBYK
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O1ieHKa TOJIbKO YTO o6HOBUIAch! MIMest plok3ak eMKOCTbIO 4 (pyHTa, BbI MOXETE
IIOJIOXKUTH B HETO TOBapbl CTOMMOCTBIO 10 KpaitHeit Mepe $3000. 113 Tabiuibl

'naBa 9. luHaMn4yeckoe NporpaMMmMpoBaHue

BHUAHO, YTO OLI€HKA ITIOCTEIIEHHO BO3PACTA€T.

FHTAPA

MATHHTOPOH

HOYTBYK

HoyT6yk

A Tenepb npojeJiaeM To e 1t HoyToyka! HoyTOyk Becut 3 pyHTa, MO3ITOMY
OH He ITOMEeCTUTCA B PIOK3aK C eMKOCTbIO 1 uau 2 pyHta. OneHka /s nepBbIX

1 2 3 4
1 $1500 #lgo;: ictsoo 41500
| rlll 1 r i_ l' ——
g.t—oo.nsoo $1500 I:féoo'o’, «
rf . r Tl m
| &
| 1

IBYX siyeeK octaercsd Ha ypoBHe $1500.

1 Z 3

s 3 yHTOB cTapas oueHka coctasisisia $1500. Ho Tenepb Bol MOXXeTe BbI-
opaTb HOYTOYK, KoTopsliit crouT $2000. CirenoBaTe IbHO, HOBasi MaKCHMaJlbHas

oreHka paBda $2000!

FTHTAPA

MATHHTOPOH

HOYTBYK

FHTAPA

HOYTBYK

MATHHTOPOH

r [ €= CTAPAA OUEHKA

HOBAA OUEHKA

HTOTOBOE PEMEHWUE

4

$\§oo. F1500 ' $1500 $1500 |
.,'l,.. ]
{.q;tu #I-;‘lﬁ"!' | $1s00 | $3000
S r M
-3 1 , .
$1g00 |F1500 '
l' I r | | |

1 2 3 4

[#1500 #1500 | $1500 [ $1500
(Flar
i_-.::-u '#\goo $n;}oo $3000
oo M1 g T I M
Slfoo.*“#‘r":' -’1"7-‘60'?"' |
I rl" "Ry .
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[Tpu 4 pyHTaX cCUTyalMsi CTAHOBUTCS MO-HACTOSALIEMY HHTEPECHON. ITO OYEHD
Ba)kHas YacTb. B HacTosiee BpeMs onieHka coctabiisieT $3000. B prok3ak MOXXHO
I10JIOXHUTb HOYTOYK, HO OH cTouT Bcero $2000.

mw $2 000
HOYTBYK

$ 3000

MATHHTOPOH

Tak-Tak, crapas ouenka 6nu1a ay4uie. Ho nocroiite! HoyTbyk BecuTt Bcero
3 dpyHTa, Tak uTO 1 PYHT ele cBobomeH! Ha 310 MecTo MOXHO elie YTO-HUOY Ib
TI0JIOXKUTh.

$3000 wif$2000 L 7 [

MATHNTOPOH HOYTBYK CBOBOLHOE
MECTO

HA 1 SYHT

Kakyio MakcMMaJIbHYI0 CTOUMOCTb MOXHO pa3MecTuTh B 1 ¢pyHTe? [la BBI Xe
y>Ke BbIYMCJIUJIY ee!

1 2 3 4

hsnulﬂ-"lsnn $'usn-::- :Flsn-u
I r y T p T r
o = AT N 5
WA 41500 | $1500 | 1500 ¥3000
PR ey 1 1.
M LTD‘*'EL“'T‘. 'ln,,!..- . Jr At i ‘_J.
.'I:Lr""qu ¥1co0 |$'S°0 [FZ000.
T o H |

B cooTBeTCTBHM ¢ IIOCJIe/JHE OLIEHKOM B CBOOOJHOM MecTe eMKOCTbIO B 1 pyHT
MOXKHO pa3MecTUTb rutapy croumoctbio $1500. CienoBareibHO, HacToOsIIIEE

CPaBHEHHE BbITJIAANUT TaK:

$3000 wmn { $2000 41500

HOYTBYK

MATHHUTOPOH

THTAPA
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Bbl yauBasiiMch, 3a4eM MBI BBIYMC/ISIEM MaKCUMaJIbHYIO CTOMMOCTD [IJISl PIOK-
3ak0B MeHblIlei eMkocTu? Hazeloch, Tenepsb Bce cTano Ha cBou MecTa! Ecim
B PIOK3aKe 0CTaeTcs CBOOOJHOE MECTO, Bb MOXKETE MCII0Ib30BaTh OTBETHI Ha 3TH
1oA3aJayuy AJIsA OIpefieJIeHHsI TOTO, YeM 3alOJTHUTD 3TO MPOCTPaHCTBO. BMecTo
MarHuTo¢OHa Jy4llle B3STh HOYTOYK + rutapy 3a $3500.

B 3aBepiarolieM cOCTOSHUM TabJH1a BBITJIAIUT TaK:

1 2 3 4

LT r ¥ r

% ¥ 3 —_—
MATHHTOSOH |95 [Ysso |sis00_ [¥5000
L. I "-———L..___‘_ M

~ v N~y

HOYTBYK | $15co |$1500 [$2000 | $2500°

2 S ¥ L
N
OTBET!

HTak, MBI OJy4H/IM OTBET: MAaKCMMaJibHasi CTOUMOCTb TOBapOB, KOTOPbIE IO~
MeCTATCS B plok3ak, paBHa $3500 — gJist rutapbl M HOyTOYKA.

B03MO0>XHO, BBl TOAYyMaJIy, YTO S BOCIIOJIb30BaJICSA APyroi ¢popMyJon AJiA
BBIYUCJIEHUSI CTOMMOCTH IOCJIeAHEeN SYEUKH. ITO CBSI3aHO C TeM, UTO 5 ONy-
CTHUJI HEKOTOPBIE JIMIIHUE CJI0XXHOCTH IPHU 3alOJJTHEHUHU MPeAbIAYLINX sYeekK.
CTOMMOCTD Kax /01 SYEHKHU BEIYUCISAETCS MO MOCTOSTHHOI opMy.Jie, KOTOpas
BBITJISIIUT TaK:

CTOA- 1. NPELLLAYWYHR MAKCHMYM (JHN-IEHHE 8 CELL [i..|J [,])
CTPOK%I BEUY MAN
ceLL(®] ESJ = MAKCHMYM 2. CTOMMOCTD TEKYWETO JAEMEHTA +

CTOMMOCTDb OCTABHETOCA MPOCTPAN CT7Q A

ceLL-1](j — 8EC NPEAMETA]

[IpuMeHss 3Ty GopMyJTy K KaxJa0i siyeiike TabJHUIbI, BB TOJy4YUTE TAKYIO
e Tabauny, kak y MeHs. [IoMHUTe, YTO s1 TOBOPHUJ O pellleHUH NoA3aaay?
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Bb1 06benunnIM peLeHust ABYX MoA3ajay AJIs pEIleHHs elne OAHOI, 6oJbieit
3alayH.

3aAaya 0 ploK3ake: BOnpocChl

BaM Bce el1ie kaXxeTcst, 4TO 3TO KakKoii-To pokyc? B aTom pas-
liesie 1 OTBeUY Ha HEKOTOPbIE YAaCTO 3a/aBaeMble BOIIPOCHI.

Yto nponsonaeT npu no6aBneHUn 3nemMeHTa?

[IpeacTaBbTe, YTO BB YBUAEJHU YE€TBEPTHIA MpeaMeT, KOTOPBIM TOXX€e MOXXHO 3a-
CYHYTb B plok3ak! BMecTe co BceM npeabiayuM 106poM MOXKHO TaKXKe YKPacCTb
iPhone.

[Ipuaercst i1 mepecYUTHIBATH BCE 3aHOBO C HOBBIM NpeaMeToM? HeTt. HanoMHIo,
4YTO AUHAMMUYECKOE IIPOrpaMMUpPOBaHHUE MOCJIe10BaTEJbHO CTPOUT pellleHHUe Ha
OCHOBaHHUM BallleH o1leHKHU. K HacTosmeMy MOMEHTY MaKCUMaJIbHble CTOUMOCTH
BBITJIAAAT Tak:

1 2 3__4

FHTAPA [;ISDO $15068 | $H1 500 ${S500

MATHHTOPOH

HOYTBYK
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ITO 03HayaeT, YTO B PIOK3aK C eMKOCTbhIO 4 GyHTa MOXHO YIIaKOBaTh TOBAapPbl
ctoumocTbio 10 $3500. M BhI MmoJiaraju, YTO 3TO HTOroBbIii MakcuMyM. Ho na-

BaiiTe J06aBMM HOBYIO CTPOKY AJis iPhone.

1 2 3 4

500 | -$\§oo #1500 | $1s00
FUTAPA r . r r ‘
® . | $2000
$\s0d> | ¥isod $is00
MATHHTOPOH r - | r M |
$isoo '5\5.» $2000 | $3500
HOYTBYK r r 4 0T
R :
IPRONE i |
R

HOBHIA OTBET

Oxkas3biBaeTcs, B TabyMiie MosBJIsieTCsA HOBBI MakcuMmym! Ilonpo6yiite 3amno-
HUTb MOCJIEAHIOIO CTPOKY, IIpeXx /e Y4eM YUTATb AaJIblIIe,

Haunem c nepBoii siueiikn. iPhone caM mo ce6e momeliaercs B prok3ak ¢ EMKO-
ctbio 1 ¢pyHT. Crapsiit MakcumyMm Ob1a1 paBeH $1500, Ho iPhone crout $2000.

3Hayut, 6epem iPhone.

1 2 3 4

FUTAPA #\so;r ' #\sc;o :nsor':. I. #uioor .

MATHHTOSOH #\-s": _Nso: .¥.lso.br !t?m_);

HorTev | ¥15°0 i\sﬂ; | #ase0 T‘Bsroo |
IPHONE I*z‘:o;)
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B caenyioiueit siueiike MOxHO pa3aMecTuThb iPhone u rurapy.

Ir.;‘soo -$_ISoo ' ;\sbo | $|s500
| T r r r
| $1500 | $1500 | $1500 ¥ 3000
r r r M
£\500| .ﬂgoo i 2000 | $3500 |
r+t r 1 n HT
t$z°°° .$35<>o

1!!["

[ns siueiiku 3 HUYero yyyllero, 4eM CHOBa B3Th iPhone BMecTe ¢ TUTApOH, Bce
PaBHO HE HAMJETCS, MO3TOMY OCTaBUM 3TOT BapHaHT.

A BOT B 1ocJieiHel siueiike CUTyalusi CTaHOBHTCS 60Jiee MHTepecHOM. TeKyuuii
makcumyM paseH $3500. Bor cHoBa Moskete B3siTh iPhone, 1 y Bac elne ocraHercs

CBOOOIHOE MecTO Ha 3 pyHTa.

$3500  wm $2000 +F _? ? :'

HOYTBYK+THTAPA [PHONE CBOBOLZHOE
MECTO
HA 3 SYHTA

Ho stu 3 ¢pyHra MoxxHo 3anoauuth Ha $2000! $2000 ot iPhone + $2000 us
crapoii noazagaun: moaydaercs $4000. HoBbrit MakcuMyM!

BoT kak BbIrIsquT HOBast 3aBepLIAlONIas TAOIMIIA.

{51500 | #1500 | 31620 | #1800 |
r r r r
¥1500 | 1500 $1500 | ¥3000 |
r{r r| M
$1500 | §1500 | F2eco | #35%

_ r i r . H R T
‘r$3$oo $3500 _#35005}$4-000 i
I I rjyr rf{l H |
| A 3

1

HOBHIA OTBET
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Bormnpoc: MoxeT i1 3HayeHue B CTO0LE yMmenbuumbca? Takoe BO3MOXHO?

A

g

MAKCHMAABHASR I
CTONMOCTb #1500 |
YMEHBWAETCA .
8 NPOYECCE $3000
PABOTH ]

ITonymaiiTe Hax OTBETOM, IpeXxJe YeM MPOAOKUTh UTEHHUeE.

Omeem: Het. I1pu KaXX10it UTepallM1 COXPaHSETCS TeKyllasi OlleHKa MaKCHUMYMa.
ITa olleHKa HU IIPU KaKUX YCJOBHUSIX He MOXET ObIThb MeHblle ImpelblayIei!

YnpaXxHeHuns

9.1 IlpenmonoxuM, kK mpeaMeTam gqobaBuJics eie ogud: MP3-nmieep. OH Becut
1 pyuT U ctout $1000. Ctout i 6paTh ero?

YTo npousonaeT npm U3MeHeHnU Nopsaka CTpok?

M3menutcst M oTBeT? [{ONMyCTUM, CTPOKH 3aIOJIHSIIOTCS B IPYTOM MOPSIKE:
MarHuTodoH, HOYTOYK, rutapa. Kak 6yaet BoirisaaeTs Tabiua? 3arnojJHUTE
TaOJIMIY CAMOCTOSITEJIBHO, ITIPEXJe YEM JIBUraThCS JaJIbllIeE.

Tabau1a JOJIXKHA BBITJISIAETD TAK:

1 2 3 A
T —]
MATHHTO®OH | & & % *3°°;.
' |
. | $2.000 & .
HOYTBYK | 8 | B | H-’$3°°‘;ﬁ,
1 W
4, Ty
FHTAPA #1500 | $1500 $20006 [ $3500
| ] Fj Hlmwr




YnpaxHeHus 221

OTBeT He u3MeHuJICcss. OH He 3aBUCHUT OT IOPSiIKa CTPOK.

MOXXHO N1 3anonHATL Tabnuuy no ctonbuam,
a He N0 CTpOKaMm?

[Tonpobyiite camu! B maHHOI 3a1aye 3TO HY HA UTO HE BJIMSIET, HO B IPYTHX 3a-
Aayax BO3MO>XHbI U3BMEHEHUSI.

Yto npousonaer npu aobaBneHnn MeHbLLEro 3neMeHTa?

JlonycTuM, Bbl MOXKETe BbIOpATh OXKepesbe, KoTopoe BecHT 0,5 pyHTa U CTOUT
$1000. IToka cTpykTypa TabIMIbI TPEATIOIATAET, YTO BCE Beca SIBJISAIOTCS LieJIbl-
MM yucJaaMu. Tenepsp Bbl peliaete B3sATb oxepesbe. OcTtaercs eme 3,5 pyHTA.
Kakyio MakCMMaJIbHYI0 CTOUMOCTbh MOXXHO pa3MecTUTh B ob6beMe 3,5 pyHTa?
HeusBecTHo! Bbl BBIYMCIISIIM CTOUMOCTD TOJIBKO JJIs1 PIOK3aKOB C EMKOCTBIO
1, 2, 3 u 4 pyHTa. Tenepb NpUaEeTCs ONpeaeATb CTOUMOCTD AJIsl PIOK3aKa Ha

3,5 ¢pyHTa.

3-3a oxepeJibsi MPUXOAUTCSA MOBBICUTh TOYHOCTD NPEACTAaBJIEHHUS BECOB, I10-
3TOMY TabJIHIa JODKHA U3MEHUTHCSI.

o5 1 15 2 25 3 35 4
T 1 '

FHTAPA

MATHHTO®OH ]

HROYTBYK ]

OXEPEAbBE ]

MOXHO N B35ATb YaCTb NpeaMeTa?

JlonycTuM, Bbl HamoJiHseTe PIOK3aK B MPOAYKTOBOM Mara3uHe. Bol MoxeTe
YKPAaCTb MEIIKH C YeyeBULer U pUCOM. Ecji BeCh MEIIIOK HE ITOMEILIAETCS, €0
MO>KHO OTKPBITb M OTCHINATh CTOJIbKO, CKOJIBKO YHEceTe. B 3TOM ciiyyae BHI yXKe
He JelCTBYyeTe 110 NPUHIUIY «BCE€ UJIM HUYET0O» — MOXXHO B3AATh TOJIBKO 4YacTh
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npeaMeTa. Kak pelmrdTp Takyio 3ajayy METOJIOM JHHAMHUYECKOTO IPOrpaMMH-
pOBaHUA?

Omeem: HUKaK. B peleHUH, MOJy4eHHOM METOAOM AMHAMHUYECKOTO IIPOrpaM-
MHMPOBaHHs, Bbl JIHOO 6epeTe mpeaMeT, 1M60 He OepeTe. AJTOPUTM He TIpeay-
CMaTpHMBaeT BO3MOXKHOCTD B3ATh I0JIOBHHY NpeaMeTa.

OnHako mpobJieMa JIETKO pelaeTcsl ¢ MOMOIIbIO KagHoro aaroputMal CHa-
yajia Bbl OepeTe caMblif LIeHHbIH MpeAMeT — HaCTOJIbKO 6OJIbIIYIO €ro 4acTh,
HAaCKO0JIbKO BO3MOXHO. Kora caMblit 11eHHBbIN npeaMeT OyaeT McyepraH, Bbl
6epeTe MaKCHMAJIbHO BO3MOXKHYIO YaCTh CJIEAYIOLLEro 10 I[eHHOCTH NpeaMeTa

U T. O

JomycTiM, Bb MOXKeTe BIOMPATh U3 CJIeAYIOLIMX TOBapOB.

I i AR
KNHOA 0AA PHC
$6/PYHT $3/SYHT $2/PYHT

(DyHT KHHOA CTOMT JOPOXe, YeM (PYHT JII0O0Oro JPyroro ToBapa. A pa3 Tak — Ha-
bupaiiTe CTOJILKO KMHOA, CKOJIbKO cMoXeTe YHecTH! U ectn BaM yaacTcst HAaOMTh
MM CBOM PIOK3aK, TO 3TO M OyZleT jyylllee U3 BO3MOXHBIX pPellleHHIA.

PIOK3AK
HABHT
KHHOA

Ecau kMHOa KOHYHUTCS, a B PIOK3aKe ellle OCTaeTCs1 CBOOOJHOE MECTO, BO3bMUTE
CJIeAYIOLLUH 10 HEHHOCTH TOBap M T. [I.
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OnTUMM3aumMAa TYpUCTUYECKOro MapLipyTa

[IpencraBeTe, UTO BBl MpUexaau B JIOHAOH Ha BBIXOAHBIE. Y Bac ABa IHSI, a MECT,
KOTOPbIE XOUYETCS MMOCETUTD, CIMIIKOM MHOro. [To6bIBaTh Be3/e He MOJTYy4YUTCH,
[I03TOMY BbI COCTaBJIsieTe CITMCOK.

DOCTONPHMEYATEABHOCTD  BPEMA  OUEHKA
BECTMHHCTEPCKOE ABBATCTBO |, OHS |
TEATP «FAOBYC» v, 204 6
HALHOHAABHAA TAAEPEA 10Ewb 9
BPHTAHCKHA MYSER 2ans | Q
COBOP CB. MABAA v/, na 3

JJ1s1 KaXx10M JOCTONPUMEYaTeJIbHOCTH, KOTOPYIO BBl 3aXOTUTE YBUETD, BbI YKa-
3bIBaeTe, CKOJIbKO BPeMEHH 3aiIMeT OCMOTP M HACKOJIbKO CHJIBHO BBl XOTHTE ee
yBuzeTb. CMOXeTe JIX BBl IOCTPOUTh ONTUMAJIbHBIA TYPUCTHUECKUI MAPLIPYT
Ha OCHOBAHHUHU 3TOrO CIIMCKa?

J1a 3TO BCe Ta Xe 3a1aya O plok3ake! BMeCTO orpaHMYeHHON eMKOCTH PIOK3aKa —
orpaHMYeHHoe BpeMs. BMecTo MarHuTOOHOB U HOYyTOYKOB — CIIMCOK MECT,
KOTOPbIE Bbl XOTUTE NOCeTUTh. Hapucyiite Tabuuy JMHAMHYECKOTO IIPOrpaM-
MUPOBAHUS IJIA CIIUCKA, IIPEXe YeM JBUTaThCA JajibllIe.

BoOT Kak I0JI)KHA BBITJISAEeTh 3Ta TaO/IM1A;

BECTMHHCTEP Z |

TEATP «FAOBYC» |

HAUWOHAABHAA TAAEPEA

EPUTAHCKHA MY3ER |
COBOP CB. NABAA l | | -
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Br1 u306pa3u.ii ee npaBusbHO? Tenepsb 3anonnuTte. Kakue nocrtonpumeyaresib-
HOCTH BbI BbibepeTe? OTBeT:

% I s 2
| 7 )
13 13 -t3:

| =, o] - ok

i:t -t‘*‘t"hzl!
ENC TR e
72 N A I A B

EPATAHCKHR MYSER | :}“: 1% e, I;:,m, | 2,2

BECTMHHCTEP | :?'b,' ? [ :}-.-J'

TEATP «[AOBYC»

HAUHOHAABHAA TAAEPEA

- y; '-.: :l" . ” E 1
cobop co. NAeAr | B s 15 6s 2‘ wuﬁ}
| » 4 :
T
OTBET:

BECTMHHCTEPCKOE ABBATCTBO,
HAUKWOHAABHAA TAAEPEA,
COBOP CB. NABAA

B3anmMo3aBUCUMbIE 3N1EeMeHTbl

[IpeanosioxuM, Bbl XOoTUTe moceTUThb Ilapuk u 106aBUIM B CBOIT CITUCOK Mapy
3JIEMEHTOB.

SRPEAEBA BAUHA 1], oAY &
AYBP AL 9
HOTP-LAM 1o | 4

Ha ux nmoceinienue norpedyercsi MHOrO BpeMEHH, IOTOMY YTO CHayasia MPUAETCS
npuexaTb U3 JIoHaoHa B [Tapux. Ilepee3n oTHuMaeT noyaHs. Ecju Bbl 3aX0TUTe
IIOCMOTPETD BCe 3 JOCTONPUMEYATETbHOCTH, OCMOTP 3aiiMeT 4,5 THSI.

Cromn, Heb6osb1Iast monpaBka. Bam He o6s13aTesibHO npue3xaTh B [lapux paau
KaXk 101 gocTonpumeyaTebHOCTH. [1ocsie Toro Kak Bbl TaM OKaXXeTeCh, KaXK/Ibli
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nocJIeAYIOIU 3JIeMeHT 3aiiMeT Bcero ouH AeHb. CiieioBaTe IbHO, MOTpedyeTcs
1 neHb Ha KaXKAYI0 AOCTONPUMeEYaTeJbHOCTb + 1 JeHb Ha nepee3bl = 3,5 AHS,
a He 4,5.

Ecym BbI nosioxute JiidesieBy OallHIO B CBOM «PIOK3aK», To JIyBp cTaHeT «/1e-
meBJie» — OH 3aiiMmert Bcero 1 neHb BMecTO 1,5 nHs. Kak cMoaennpoBaTh 3TO
00OCTOSITEILCTBO B JUHAMHUYECKOM IIPOrpaMMHPOBaHUH ?

Huxkak. /[uHaMHuyeckoe nmporpaMMHUPOBaHMe — MOIIHBIM METO/, CITOCOOHBIII pe-
IIATh MO/33aJaYy U UCII0JIb30BaTh MOJYYEeHHbIE OTBETHI JIS pellleHUs 60JIbLIOiM
3ajaun. JJuHamuuecxoe npozpammuposanue pabomaem moabko 8 mom ciyuae,
ecau xaxcoas nodadava asmoHOMHA, Mo eCmb He 3asucum om opyzux nod3aoay.
113 sToro cjaenyer, 4To y4ecTb noe3aKky B [Tapux B airoputMe JMHAMHUYECKOTO
IpOorpaMMHMPOBaHUSA He yJaCTCA.

MOXeT N1 0Ka3aTbCs, YTO pelleHne Tpebyet
bonee ABYX «NOAPIOK3AKOB»?

MoJXeT 0Ka3aThCsl, UTO B JYYIIEM pellleHUU JOXKHBI OTOMPAThCs OOJIbIIIE JBYX
5JIEMEHTOB. B TeKyieM BapuaHTe aJiroputMa 0ObeIUHSIOTCA He 6oJiee IBYX
«IIOIPIOK3aK0B» — 6oJiblle AByX X He ObiBaeT. OIHAKO BIIOJIHE BO3MOYKHO, UTO
Y 3THX «II0JPIOK3aKOB» OYIYT COOCTBEHHbIE «ITOAPIOK3aK1».

N

- ()
(6
ol

a
TPEX «nomPK3AKoss 1o MO PO <10
Tt He WOXET PIOK3AKH», KOTOPHE
T 0 COMEPKAT COBCTBEH-

HOIE <MOAPIOK3AKH»
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BO3MOXHO NK, YTO NpU NydLlLEM peLleHUun B prok3ake
OCTAeTCs NycToe MecTo?

AN [a. [IpeacraBbre, YTO BBl MOXETE TaKXXe€ IMOJIOXUTD
B PIOK3aK OpHJIJIMAHT.

BpusinaHT o4yeHb KPYMHBbIA: OH BecUT 3,5 pyHTa
M CTOMT 1 MUJIJTMOH JI0JIJIApOB — HAaMHOTO 60JIblIIe, YEM
nobble Apyrue npeaMeTsl. Be3ycioBHO, HYXHO OpaTh

BPHAAHANT. |
CTOMMOCTDb $1 000 000, nMeHHo ero! Ho B PIOK3adKe€ OCTA€TCA €1I€ ITYCTOE MECTO
BEC 3,5 $YHTA Ha 0,5 PyHTa, U B HEM HUYErO HE TOMECTHUTCS.
YnpaxHeHus

9.2 IlpexamnosioxuM, 4To Bel coOupaeTech B Typiioxod. EMKOCTD Bailero piok-
3aKa cocTaBJisieT 6 GYHTOB, M Bbl MOXKeTe B3ATb MPEAMETHI U3 CJIeAYIOLLero
CIMCKa. Y KaXKJ0ro rnpeaMera UMeeTcsl CTOMMOCTb; YeM OHa BbIlIe, TEM
Ba)kKHee IpeIMET:

BoJa, 3 pyHTa, 10;
kHura, 1 pyHr, 3;

ena, 2 dpyHra, 9;

o O O 0O

KYPTKa, 2 PyHTa, 5;
O kxamepa, 1 pyHT, 6

Kak BbIrIss AT ONTUMa IbHbII HAaOOp MpeaMEeTOB JJIst [T0Xo1a?

Camas anvHHas obuias NoacTpoka

Mpbl paccMOTpeiM OAHY 3aa4yy AMHAMUYECKOro Mpo-
rpaMMUpoBaHusi. Kakue BbIBOJbI U3 HEe MOXKHO cle-
JIaTh?

O /AunHaMuueckoe nmporpaMMHpOBaHHE TPUMEHSIETCS
IJIST ONTUMHU3ALMHY KaKOH-THO0 XapaKTEPUCTUKH
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Npu 3a/laHHbIX OrpaHMYeHUsIX. B 3anaue o prok3ake TpebyeTcss MAKCUMHU3U-
pPOBaTh CTOUMOCTb OTOOpaHHBIX ITPEAMETOB C OTPAHHYEHUSIMH 110 EMKOCTH
PIOK3aKa.

0 /luHaMHYyecKoe IporpaMMHUpOBaHUe pabOTaeT TOJbKO B CUTYaI[UsIX, B KOTO-
PhIX 3aJjaya MOXKET ObITh pa3bKMTa Ha aBTOHOMHBbIE MT03a/1a4H, HE 3aBUCSIIHE

IpYT OT ApYTa.

[TocTpouTs pelnreHre Ha 6a3e AUHAMHYECKOro MPOrpaMMHUpOBaHUs ObIBaeT He-
npocto. B aToM pa3mesie Mbl cOCpeJOTOMMMCS Ha 3TOii TeMe. Heckosibko o61mx

peKOMeHAALNH:

O B KaXXJOM pellleHHH U3 06J1acTH IMHAMHYECKOTrO POrpaMMHUPOBaHHS CTPO-
UTCSA TabIMLA;

0O 3HayeHUs syeek TabHIIBI OOBIYHO COOTBETCTBYIOT ONTUMHU3HPYEMOIl xXa-
pakTepucTuke. a5 3agayn o piok3ake 3HaYE€HUS MPeACTaBJISAIN 00IYIO
CTOMMOCTD TOBApOB;

0 Kaxzaas siyeika MpeACTaBJIsieT MT0A3a4aqy, T03TOMY BbI JJOJDKHBI IIOyMaTh
0 TOM, KaK pa3buTh 3aJa4y Ha NMoA3afayrd. OTO IIOMOXKET BaM OIPEAeUThCS

C OCAMM.

PaccMoTpuM ellte oAMH npumep. [{onycTuM, Bbl OT-
KPbLIH caiT dictionary.com. [Tonb30BaTe b BBOAUT
CJI0BO, a CaliT Bo3BpaulaeT onpenaeneHue. Ho eciu
T10J1b30BaTeJIb BBEJI HECYILECTBYIOIEE CJIOBO, HYXK-
HO IIpe/I0JIOKUTh, KAKOe CJ0BO UMEJIOCh B BUAY.
Anexc uiet onpexenenne «fishs, Ho oH cayyaitHo
BBeJI «<hish». Takoro cji0Ba B cji0Bape HeT, HO 3aTO
y BaC eCTb CIIMCOK MOX0XHX CJIOB.

CAOBA, MOXOXHE HA “HISH™:

o FISH

o VISTA

(DTO Hecepbe3HbIi IpUMeEp, TO3TOMY CIIMCOK OTPaHUYEH BCETO ABYMSI CJIOBAMH.
BeposiTHO, Ha MpaKTHUKe TaKOH CMMMCOK OyIeT COCTOATh U3 THICAY CJIOB. )
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WTtak, Asekc BBeJ cTPOKY hish. Kakoe cJ1I0BO OH XOTeJ1 BBECTH Ha CaMOM JIEJI€:
fish vim vista?

MNocTpoeHune Tabnuubl

Kak moJixHa BeITJISAAETh TaOIM1a I/ 3TOM 3amayu? Bul 10KHBI OTBETUTD Ha
cJIeayIol1e BOIIPOCHI.

0 Kakue 3HayeHHSsT JOIXKHBI COIePKATHCS B AYeHKax?
0 Kak pa36uth 3Ty 3aauyy Ha noiA3aaayu?
Q KakoB cMbIcs oceit TabIHIbI?

B 1MHaMH4eCcKOM IIpOrpaMMHPOBAHUH Bbl MTBITAETECHh MAKCUMHU3UPOBATh HEKO-
TOPYIO XapaKTepUCTUKY. B 1aHHOM cily4ae uieTcs caMas AJIMHHast MOACTPOKA,
o61as B AByX cjoBax. Kakyio o6iyio nmoacTpoky coxepxar hish u fish? A xak
Hacuer hish u vista? VIMeHHO 3TO Tpe6yeTCst BHIYMCIIUTD.

Kak roBopuJioch paHee, 3HaueHHS B SY€KaxX 0OBIYHO MPEACTABJISIOT Ty XapaKTe-
PUCTHKY, KOTOPYIO BbI IIbITa€TECh ONTHMH3NPOBaTh. BeposiTHO, B JaHHOM CJiy4yae
3TOi XapaKTEPUCTHUKOI Oy IeT YMCJIO: IJIMHA CaMOii AJIMHHOI IMOJCTPOKH, OOIIIei
IJIs IBYX CTPOK.

Kak pa3zesuTh 3Ty 3afa4y Ha noa3agayu? Hampumep, MOXXHO 3aHSThCSI CPaB-
HeHHeM MOACTPOK. BMecTo Toro 4to6s1 cpaBHUBATD hish U fish, MOXHO CHayaJa
cpaBHUTH his ¥ fis. Kaxxaas s4eiika 6yaeT coaepxarh IJIMHY CaMOMi JJIMHHOM
IOJICTPOKH, 001Iel A1 IBYX MOACTPOK. Takoe pellleHHe TaKXe MOACKa3bIBaET,
YTO CTPOKAMM U CTOJIOIAMH TabOJIHIIbI, BEPOSITHO, OYIYT ABa CJOBAa. A 3HAYMT,
TabJiM1[a Oy IeT BHITJISIIETh IPUMEPHO TaK:

H \ S H
r R

=R
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Eciu y Bac rojioBa uZIeT KpyroM, He oropyaTecb. ATO CJIOXKHBIM MaTepuaa —
cOOCTBEHHO, HMEHHO MO3TOMY s OOBSICHSIO ero B KoHIle KHUTH! Huxe Oyaet
NPUBEJEHO YIIPaXKHEeHHe, YTOObI Bbl MOTIJIM CAMOCTOSITE/IbHO ITOTPEHUPOBAThHCS
B IMHAMHUYE€CKOM MPOrPaMMHUPOBAHUM.

3anonHeHue Tabnuupbl

Ceiiuac BBl yXe JOCTaTOYHO XOPOILIO IPeACTaBJIseTe, KaK JOJKHA BbITJISAETh
Tabsuna. [lo xakoi popMyJie 3anOJHSIOTCS stueiiky TaGIuIbl? Mbl MOXeM He-
MHOTO YIIPOCTHUTb CBOIO 3a/1a4y, IOTOMY 4TO y>ke 3HaeM pellieHre — Yy hish u fish
uMeeTcs 001ast MoACTPOKa AJIUHBI 3: ish.

OnHako 3TOT (paKT HUYErO He TOBOPUT O TOM, Kakasi PopMyJa AO0JKHA HC-
10Jib30BaThCs. [IporpaMMHUCTBI MHOTAA IIYTAT 00 HCIOJIb30BAaHUH aJITOPUTMA
DeitnmaHa. Arzopumm Deunmarna, Ha3BaHHBIA 10 UMEeHH U3BECTHOTO (PU3UKaA
Puyapaa DeitHMaHa, paboTaeT Tak:

1. 3anucatbh GOpMYJIMPOBKY 3a/1a4H.
2. XOpollleHbKO MOAYyMaTh.

3. 3anucaTb pellleHHe.

Jla, mporpaMMHCTBI — OOJIbIINE Y THUKH!

[To npaBae roBopsi, MPOCTOro CIIoco6a BHIYUCIUTH GOPMYJTY AJIs1 JAHHOTO CJIyYast
He cyuecTByeT. BaM npuaercs akcriepuMeHTHPOBAaTh U MCKaTh pabOTOCIIOCOOHOE
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pemeHue. IHOraa aJropuTM IpeaocTaBIsieT HE TOYHbIH pelLenT, a OCHOBY, Ha
KOTOPYIO Bbl HapallliBaeTe CBOIO HEIO.

[Tonpob6yiiTe NMpeaoXUTh pellleHre 3TOH 3alauM CaMOCTOSTEbHO. J[alo moj-
CKa3Ky — 4acTb TaOJIUIbI BBITJISAAUT TAK:

H \ S H

F ol 0 b _
‘ | —
¢ | | (210

o L1 13

YeMy paBHBI Ipyrue 3HaueHUsi? BcioMHMTe, 4TO Kax/Jaasl siueilka COAepXUT
3HaueHue noodsadauu. IlloueMy sueiika (3, 3) conepxut 3HayeHue 2? [louemy
siyeiika (3, 4) conepxuT 3HayeHue 07

[TonbiTaiiTech BoIBECTH (GOPMYJy CAMOCTOSITENIBHO, IIPeX /e YeM MPOAOKUTD
yuTaTh. /laXke ecJiM BaM He yAaCTCS MMOJYYUThb MPaBUJIbHbIHA OTBET, MOM 00bsIC-
HEHHUS MOKAXXYTCsI BAM HaMHOTo 0oJiee MOHSTHBIMHU.

PeweHue

M ToroBasi Bepcusi TaOJIMI[bl BBITJISIAUT Tak:

O |
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@
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o | o_-';
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CaMas anuHHasa obuwan NoACTpoKa

A 310 MOs1 pOpMY.JIa 1151 3AMOJIHEHUS STYEEK:

1. ECAK BYK8 b
HE COBMALZADT,

s oM 1S H
Flolojjp |o
R O o (o
o I_O_ © 1!2-_ 9 |
H TE) O '/D 3

__ f—

2. ECAH OHW COBMALADT,
TO 3HAYEHWUE PABHO
SHAYEHHIO AYERKH
HABEPXY CAEBA +1

Ha nceBaokone ata popmysia peasnsyercs Tak:

1f word_a[i] == word_b[j]: B PRSI

Cell[i][j] = Cell[i-l][j-l] + 1 3 SR
else:

cell[(i][j] = o

byksbl coBnaganor
bykBbl He coBnaaanor

AHajorn4yHas TabJmia 115 CTPOK hish u vista:

v | S T A
hwlofolojo]o
| Jol1Jo|olo]
s|(o]o]2]olo,
H(O]o]ololo
e 1

T

OTBET

231
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BaxHbIl1 MOMEHT: B 3TOH 3a/laue OKOHYATEJbHOE pellleHHE JaeKO He BCerja Ha-
XOAMTCS B IOcJeAHel siueiike! B 3aaye o piok3ake Mnoc/ieiHsis siueiika Bceraa
COIEP)XUT OKOHYaTeIbHOe pelieHre. Ho B 3a1aue morcka camMoii AJIMHHOM o011el
NOJICTPOKH pellleHHe OIpe/Ie isieTCsl CAMbIM OOJIbLIIMM YKCJIOM B TabOJIMIIE — U 3TO
MOXKeT OBITb He ITOCJIeIHSIS, a KaKasi-TO Jpyras siueika.

BepHeMcst k HCXOHOMY BONPOCY: Kakasi CTpoKa 6Jsimxe K hish? Y cTpok hish
U fish ecTb 001Last MOACTPOKA AJIUHOM B TPU OYKBbI. Y hish u vista ecTb oblas
noacTpoka u3 AByx 6ykB. Ckopee Bcero, Ajiekc XOTeJl BBECTH CTPOKY fish.

Camasa anvHHas obwas nognocneaoBaTeNbHOCTb

[IpeamnosioxuM, Ajiekc BBeJ CTPOKY fosh. Kakoe cJIoBO OH UMeJ B BUAY: fish
N fort?

CpaBHMM CTPOKH 10 (hopMy.Jie caMOii AJTMHHOM 0011 €eil MOACTPOKH.

F O S H F O s H
Filiolo|o] ejtjololo
ofof2]olo} . 1 [o]o]olo]
R10|0jO 10 s |loJotl]o
TlO O OC?_ H rO C_;d 2

JlmmHa noacTpok oanHakoBa: aBe 6ykBbl! Ho fosh npu aToM 6J1uxe K fish:

Fo S H
L4 =
Flsn s
pos

ForT 2
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MBI cpaBHMBaeM caMylo JJIMHHYIO OOIIYIO 700CmpoKy, a Ha CaMOM JeJie HY>KHO
CpPaBHUBATh CaMyIO JJIMHHYIO OOIIYIO 7200n0C1e008ameabHoCmb: KOJNYECTBO
OYyKB B IOCJIEL0BaTEJIbHOCTH, OOLIMX IJISI ABYX CJI0B. Kak BBIYHCIUTD CaMyIO
JUTMHHYO 00IIYIO MTOANOC/IeA0BaTEJIbHOCTD?

Huxxe npuBeneHa yacTUYHO 3ano/IHeHHas Tabuua as fish u fosh.

F O s H
1T

F i) _
\ | |
sl Ttil2]2
H |1

CMoxeTe JiM Bbl onpeeiuTh GopMyay ajs 3Toi Tabauub? Camast AIMHHas
o6111ast TOAIOC/IeI0BaTeIbHOCTh UMEET MHOTO 00II[ero ¢ CaMOi IJIMHHO# 0b111eit
MOACTPOKOIf, U UX POPMYJIBI TOXKeE OYeHb MOx0xHu. ITonpodyiiTe peuTh 3agayy
CaMOCTOSITEJIbHO, a S IPUBEY OTBET HUXe.

Camas AnvHHasa obuwas noanocnenoBaTenbHOCTb —
pelleHne

OkoHuYaTeIbHast BEPCUS TaOJIUIIBI:

F O s H F O s H
— ' - ] - T i \_-_-l
Flmtu-'.,'.-,,\ Fitb!l ! )
’ Ly L2 2 M
O ] ._I 1 }_ ’ Js \ 4 2
e |71 F2p2+2 G |4t | 272
—3 15 —X 5 E
i 2 | - | 2
T[]z :1 e
CAMAA LAHHHAA OBWAS CAMAA LANHHAA OBIAS
NOQNOCAEROBA- NO.QNOCAELROBA-

TEABHOCTDb = 2 TEABHOCTDb = 3
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A Tenepb Mos1 GOpMYyJia A5 3alIOJIHEHUSI KaXK 101 SYEeHKHU:

g cosge
(OTAHYAETCS
W CAEBA OT CAMOR
1. ECAH BYKeH ZAHHHOR OBER
HE COBMALAIOT, NOLCTPOKH)

BOIBPATD ERALUEE

SHAYEHHE
A\B s+
i ]

2. ECAH BYKBbH COBMALALT,
.3HA‘-IEHHE PABHO SHAYEHHID
AMEAKH HABEPXY CAEBA +1
(KAK W 8 C/\Y‘ME C CM\OR
OAHHHOA 12|-ELIl

Mo TPOROR)

Ha nceBmokoae ata dpopMyJia peatu3yeTcs Tak:

if word_a[i] == word_b[j]: < byKsbl cOBRaganoT
cell[i][]j] = cell[i-1][]j-1] + 1

else: B ByKBbl He COBNapawT
cell[i][j] = m a x(cell[i-1][]j], cell[i][]-1])

[To3apasiisito — BbI cripaBUIKCh! Be3ycioBHO, 3TO ObljIa OHA U3 CaMbIX CJIOXK-
HbIX I'JIaB B KHUre. Haxoaur jiu iMHaMuyecKoe nporpaMMHUpOBaHue IIpaKThye-
CKOe NpuMeHeHHe? /[a, HAaXOdHUT.

Q bBuosoru ucmnosp3yoT caMmyio JJIMHHYIO OOINYIO0 MOAMOC/I€A0BaTENbHOCTD
nJis1 BoisiBJieHUs cxoactBa B 1Hensx [ HK. ITo aToil MeTpuke MOXXHO CyaUTh
0 CXOJICTBE [IBYX BU/IOB )KMBOTHBIX, IBYX 3a00ieBanuii u 1. 1. Camast JJTMHHAS
ob11ast MOANOC/IeI0BATEIbHOCTD UCIIOJIb3YETCS AJISI MOUCKA JIEKApCTBA OT
pacCcesiHHOIO CKJiepo3a.
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O Bbl korma-HHMOYAb MOJIB30BAINCh KJIIOYOM diff (HalmpuMmep, B KOMaHe git
diff)? ITOT KJIIOY BBIBOAUT MHPOPMAIHIO O Pa3TUYUSIX MeXAY AByMs (pau-
JIJaMH, a IJI1 3TOT'0 OH UCIOJIb3yeT AMHaAMHU4Y€eCKO€e MpOorpaMMHUpOBaHHUeE.

O Mbl TakXKe YIIOMMHAJIU O CXO/ICTBe CTPOK. Paccmosnue Jlesenwmetina olieHU-
BaeT, HACKOJIbKO MOX0XH /IBe CTPOKH, a [JIsI eIO BbIYMCJIEHUS TPUMEHSIETCS
AUHAMHYECKOe MporpaMMUpoBaHue. PaccTosiHUe JleBeHIITEHA UCITOIb3Y -
eTCSI B CaMbIX pa3HbIX 00J1aCTsX, OT MpoBepku opdorpaduu A0 BbIABIEHUS
OTIPaBKHM I10JIb30BaTeJeM JaHHbIX, 3al[UII[EHHbIX aBTOPCKUM IIPaBOM.

0 Bbnl xoraa-Hubyap paboTanu B NpUJIOKEHUH, IOAAEPKUBAIOLIEM IIEPEHOC
cnoB, HanmpuMmep Microsoft Word? Kak onpeaeuTs, rae cieayeTr pacCTaBUTh
nepeHoChl, YTOObI JJIMHA CTPOKHU OCTaBajiach 6oJiee UJIM MeHee TOCTOSTHHOM?
/luHaMMnyeckoe nporpaMmmupoBaHue!

Ynpa)kHeHUA

9.3 Hapucyiite 1 3amoiHUTe TaOJULY /I BBIYUCJIEHHUS CaMOil IJIMHHOM 00-
1ei MOJCTPOKHU MeXay cTpokaMu blue u clues.

LLiInapranka

O /IumHaMuH4yecKoe MporpaMMHUPOBaHHE IIPUMEHSETCS NPU ONTUMMU3AllUU He-
KOTOPOM XapaKTEePUCTUKH.

Q /luHaMHYyecKoe MporpaMMHpOBaHHe pabOTaeT TOJBKO B CUTYaI[UsIX, B KOTO-
pbIX 3a7a4a MOXeT ObITh pa3buTa Ha aBTOHOMHbBIE M0A3aJayH.

O B kaxaom pemreHnu u3 o6JacTH AMHAMHUYECKOro IPOrpaMMHPOBaHUS CTPO-
UTCA Tabaua.

0 3HauyeHUS siueeK TaOIUIbI OOBIYHO COOTBETCTBYIOT ONITUMU3NPYEMOI XapakK-
TePHUCTHUKE.

o Kaxnpas syeiika IIpeACTAaBJIACT 11043a4a4y, I03TOMY Bbl JOJI’)KHbBI ITIOAYMATb
O TOM, KAdK p336I'ITb 3a1a4y Ha I1oa3aaavu.

0 He cymecTtByeT equHou ¢pOpMyJbl A1 BBIYUCIEHUS pELUIeHU METOA0M [H-
HaMH4YeCKOro NporpaMMHUpPOBaHUS.



ANroputM k bavxxkaniumnx
coceaeu

B 3TOM rnase

v Bbl HayuuTecb CTpouTb cUCTEeMbl Knaccudukaumm Ha base
anroputMma k bnumxanwmx cocenen.

v Bbl y3HaeTe 06 nssneyeHnm NpuU3HAKoB.

v Bbl y3HaeTe 0 perpeccuu: NporHO3MpoBaHUK Yucen (Ha-
npuMep, 3aBTpawHMX BUpxeBbiIX KOTUPOBOK MK ycnexa
dunbMma y 3purtenen).

v Bbl NO3HAKOMUTECL C TUNUYHLIMKA CLEHApPUAMKU UCNONb-
30BaHUA U OrpaHnyeHnaMu anroputma k 6nmxanwmnx co-
ceaemn.

AnenbCuHbl U rpeundpyTsl

B3rasinute Ha 3TOT PpyKT. YTO 3TO, aneabCHH
WU rperndpyTt? S ciblian, 4To rperundpyThl
0OBIYHO KpYIIHEe, a MX KOXKypa UMEEeT KpacHO-
BaTbIM OTTEHOK.



AnenbCcuHbl U rpenndpyTol 237

Mo MBICJTUTEIBHBINA MIPOLIECC BHITJISAAUT IPUMEPHO TAK: Y MEHsI B MO3re Cyllle-
CTByeT Hekoe nosobue rpaduka.
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Kak npaBuJio, KpyIiHble ¥ KpacHble (ppYKTbI OKa3bIBAIOTCS rpernppyTaMu. ITOT
dpykT 60bIIOK U KPACHBIH, TO3TOMY, CKOpee Bcero, aTo rpeiingpyrt. Ho uro,
€CJIM BaM 1omnaaeTcs GpYyKT BPOJie TAKOro?
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Kak xnaccuguyuposams stor ppykr? OauH u3 crnoco6oB — pacCMOTPETh CO-
cezeit aToit Touku. Bo3pMeM ee Tpex GimkaiInx coceex.
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Cpenu cocezeit 60Jbliie aneJbCHHOB, YeM rpeitndpyToB. Cjie0BaTeNbHO, 3TOT
dpYKT, CKOpee BCEeTo, siBJseTCs anejbCUHOM. [1o3apaBiisieM: Bbl TOJBKO YTO
NIPUMEHUJIN aJITOPUTM k baunxcatiwux cocedeii nns xkaaccuguxayuu! B ueaom
aJIrOPUTM pPabOTaeT Mo AOBOJIBHO IIPOCTOMY ITPHHIIUITY.
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1. B MOAYYAETE 2. bb NPOBEPAETE ETO 3. CPEIM COCELER ANEABCHHOB
HOBBIA PPYKT LAS 3 BAKKARLHX COCELER BOAbME, YEM TPEAMN$PYTOB,
KAACCHOUKALHH MO3TOMY $PYKT, CKOPEE BCETO,

ABAAETCA ANEABCHHOM

Anroputm k 6amxkaitmux cocegeit mpoct, Ho nmoJje3en! Eciu Bbl mbiTaeTech
BBINIOJIHUTD KJIacCUPHUKAIUIO Yero-aubo, cHavyaa nmonpobyiiTe NpMMEeHHUTD
anaroput™ k 6mxkanmux coceneit. PaccMorpum 60J1ee peaTucTHYHBIN IPUMeEP.
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[locTpoeHne pekomeHaaTenbHOW CUCTEMDI

[IpeacraBsere, yTo Bbl paboTaere Ha caiite Netflix 1 XoTHTe IOCTPOUTD CUCTEMY,
KoTopasi OyJeT peKoMeH10BaTh UIbMBI .15 BalllMX MoJib3oBarteseir. Ha Bbico-
KOM YPOBHe 3Ta 3a/laya [10X0Ka Ha 3alauy ¢ rperdndpyramu!

MHpopMalys 0 KaXKJ0M 10J1b30BaTe/le HAHOCUTCA Ha rpaduK.
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[TonoxeHue 1oJib3oBaTE/ IS orpeaeadaerca ero BKyCaMu, ri03ToMy I10J/7ib30BaTEJ/IN

C [I0X0XKMMHM BKYCaMM pacnoJjiararoTcs HeJaseKko JApyr ot apyra. [Ipeanonoxum,
Bbl XOTHUTe NopekoMeHA0BaTh (pujbMbl [Ipusinke. Haiiaure nsith nosab3oBaTesie,

OMOKaRIINX K Hell.
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Y [xacrtuna, [xen-Cu, /Ixo3eda, /lanca u Kpuca nmoxoxxue BKycbl. 3HA4HT,
Te (PUJIbMBI, KOTOpble HPABATCSA UM, C 60JIbIIONH BEPOSTHOCTBIO IOHPABATCS

u [Ipusiake!

[Tocsie TOro Kak y Bac MOSIBUTCSI TaKasl JUarpaMMa, MOCTPOUTh PEKOMeEH/1a-
TeJIbHYIO CHUCTEMY OyzieT Hec10)kHO. Eciin [[)kacTHHY HpaBUTCS KaKOM-HHOY b
pubM, NIOpEKOMEHAYHTE 3TOT puabM IIpUsHKe.

BAM MOXET
NOHPABHTHCA
r-rl""'_iui **&** .{:’.-5"-4".-{
i“‘: Lﬁh LY 1.1 - NPEBOCXOLZHO < o
3 ! by
{ 2. EMY NOHPABHACA 3. PEKOMEHOYEM
L DXACTHH SHABM 3TOT $HALM
CMOTPHT $HABM A

OnaHako B KapTHHE He XBaTaeT OJHOr0 BaXXHOTO pparMeHTa. Bol olieHMBasIy, Ha-
CKOJIbKO OJIM3KH BKYCHI IBYX ITOJIb30BaTe ieil Ha rpaduke. Ho kak onpenejinTh,
HaCKOJIbKO OHU OJIM3KHU?

N3BneyeHmne npu3HakoB

B npumepe c rpeingpyTaMu Mbl CpaBHMBaAIX PPYKThI HA OCHOBAHUM MX pa3Mepa
Y 1[Be€Ta KOXYPbl. Pa3aMep U LIBET — npu3Haxu, 110 KOTOPbIM BEAETCS CPABHEHHE.
Tenepp npeanosoXuMm, 4To y Bac ectb Tpu ppyKTa. Bol MOXKeTe U3BJIeUb U3 HUX
MH@OpMaIHIO, TO eCTb IIPOBECTH M3BJieUeHHE TTPU3HAKOB.

PASMEP: 2 2 A
YsET: 2 ' 5
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JlaHHbIe TpeX (PPYyKTOB HAHOCSTCS Ha rpadHuk.

P

LBET

B

PASMEP

M3 nuarpaMMbl xopo1o BUAHO, UTO pykThl A 1 B moxoxu. /[aBaiite uamepum
CTETNIeHb UX CXOACTBA. /[/1s1 BBIYUCIEHUS PACCTOSHUS MEXIY ABYMSI TOYKaMHU
npuMeHsieTca ¢popMyaa Iludaropa.
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Hanpumep, pacctosinne mexay A u B BeiyucisieTcs Tax:
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PaccrossHue mexay A u B paBHo 1. /I[pyrue pacCTOsIHUSI BBIUMCJISIIOTCSI aHAJIO-
TMYHO.

(Dopmyﬂa PacCTOSIHUS MMOATBEPXJAAeT TO, YTO Mbl BUAUM: MeXAY PPYKTaMH A
1 B eCcTh CXOACTBO.

JlonycTuM, BMecTo GpYKTOB Bbl cpaBHHBaeTe noJib3oBareieii Netflix. [Toabs3o-
BaTeJieil Hy)KHO OyZieT Kak-To HaHeCTH Ha rpa¢uk. Cyie10BaTeIbHO, KaXKA0I0O
110J/1b30BaTe I HyXKHO OyaeT nmpeoOpa3oBaTh B KOOPAMHATBHI — TaK Xe, KaK 3TO
ObLIIO ceJIaHO A1 PPYKTOB.

Koraa Bbl cMOXeTe HAaHECTH MOJIb30BaTe el Ha rpaduK, Bbl TAKXKE CMOXETE U3-
MEPHUTDb PACCTOSIHUE MEXY HUMH.

HauneM c npeobpa3oBaHus moJjib3oBaTeieii B Habop yuces1. Korzga nosib3oBaTenb
peructpupyetrcs Ha Netflix, mpeanoXxure eMy OIleHUTb HECKOJIBKO KaTeropHi
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(UIBMOB: HpPaBSITCSI OHHM JIMYHO eMYy MJIH HeT. TakuM 06pa3oM y Bac MOSIBJISIETCS
Habop OILIEHOK JJIsl KaXKA0ro noJjib3oBaTes!

NPUAHKA N XACTHH | MOPSEYC
KOMELHA 3 4 2
BOEBHK 4 3 5
LPAMA 4- 5 '
YRACH | | | 3
MEACZPAMA 4 ' 5 | '

[Tpusanka u [[>kacTuH 000KalOT MeJIoAPaMbl U TepPIIETh He MOTYT yXachl. Mop-
deycy HpaBsiTcss 60€BUKH, HO OH He JIIOOUT MeJIopaMbl (XOpoIHii 60eBHK He
IOJIKEH MpepbIBaThCA CJAallaBONl pPOMAaHTHUYECKOH ClieHOo# ). IIoMHHUTe, KaK B 3a-
nade 00 anejbCHHaX U rpeiindpyTax KaKablii GpYKT IpeACTaB/IAICS JBYMS YHC-
JaMu? 31ech KaXablii 10JIb30BaTe b MPEICTABJISETC HAOOPOM U3 MSATH YHCEJL.

,1,4-)

MaTtemaTuk CKaX€T, 4HTO BMECTO BbIYHUCJ/IEHHUA PACCTOSSHUA B IBYX H3MEPEHHUAX
Bbl TEIIEPb BBIYNCJ/IAETE PACCTOSSHHUE B ITATH U3MEPEHUAX. TeM He MeHee (bOpMyJIa
PaCCTOAHHUSA OCTAECTCA HEeHM3MEHHOH.

| T __ _

(o _15' +(|:,'_.55 ,..(tl-tjﬂ:d. ~cl._.j +(E',—ej




244 Tnasa 10. AnroputM k 6nmxanwmx coceaen

[TpocTo Ha 3TOT pa3 UCHOIb3YETCSI HAOOP U3 MATH YHCEJI BMECTO ABYX.

DopMysia paccTOSSHUS YHHBepcajbHa: JaXke eCJIM Bbl UCII0JIb3yeTe Habop U3
MUJIJIMOHA YMCeJI, paCCTOSIHUE BBIYMCIISIETCS 10 TOM Xe ¢opMy.ie. EctecTBEHHO
CIIPOCUTD: KAKOM CMBICJI Ilepe/laeT METPUKA paccmosHus ¢ naThio yucaaMu? OHa
COO0II[aeT, HACKOJIbKO OJIM3KH MeX Y cO00i 3TH HaOOPhI U3 MSATH YHUCEJI.

Wl (3-4) ;[; ~3) +(4-5) + (‘“'}t*“(‘l' -5)

i

=wf|+{+\+o+|

=
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ITO paccrosiHUe Mexay [Ipusukoit u /[>KacTUHOM.

Bkychl IIpusiuku 1 [[>kacTUHA MOX0XHU. A HaCKOJIbKO pa3jMyaloTCs BKYCHI
[Ipusinku u Mopdeyca? BoiuucauTe pacCTOSIHUE MEXIY HUMH, MPexXe 4yeM
IIPOJIOJKUTh UTEHHE.

CkosbkO y Bac noayyusaoch? Ilpusinka 1 Mopdeyc HaxoasTcsi Ha paCCTOSIHUU
24. ITo 3TOMY pPacCTOSIHUIO MOXHO MOHSATh, YTO y IIpusinku 6osbuie ob1ero
¢ /I>xacTuHOM, 4yeM ¢ MopdeycoMm.

[IpexpacHo! Temepp nopekoMeH10BaTh (puyibM [IpusiHKe Oy €T HECTOXKHO: €CIIN
J[>KacTUHY IMOHpaBUJICA KaKOM-TO PUIbM, Mbl peKOMeHayeM ero IIpusiHke, u Ha-
060pOT. BbI TOJIBKO YTO MOCTPOUJIH CHCTEMY, PEKOMEHAYIOIYIO (PUIBMBL.

Ecau Bbl aBasetech mosab3oBatesieM Netflix, To Netflix moctosgsHHo HanmoMuHaeT
BaM: «[loxanyiicTa, oleHuBariTe 6oblie GpuabMoB. YeM 60.b1Ie GUIBMOB BbI
OLIEHUTE, TeM TOYHee OyAYyT HAlllM peKOMeHJaluu». Tenepp Bbl 3HaeTe Mo4YeMY:
yeMm OoJ1blIe (pUIBMOB BbI olleHHBaeTe, TeM TouHee Netflix onpenenser, ¢ kakuMu
II0JIb30BaTEISIMH Y Bac 001LHe BKYCHI.
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YnpaxxHeHUs

10.1 B npumepe ¢ Netflix cxoxcTBo MeXay ABYMs I0JIb30BaTeJSIMH OLIEHH-
BaJIoch 10 opMyJie paccTosiHUA. Ho He Bce moJib30BaTe M OL[EHUBAIOT
¢buIbMBI OMHAKOBO. J[ONMyCTHM, eCTb ABa Noab3oBates, Moru u [Tunky,
BKYCbI KOTOPBIX coBnaznaioT. Ho Moru crasut 5 6am10B mo6omy usbmy,
KOTOPBIi eMy noHpaBuJcs, a [Iunku 60s1ee pa3bopurBa M CTaBUT <IISATEP-
KHM» TOJIbKO caMbIM JIydiiuM ¢puibMaM. Bpozie 6b1 BKYChbl OIMHAKOBBIE, HO
10 METPUKE PAacCCTOSIHUS OHU He SIBJSIOTCS coceaAsiMU. Kak yyecTh pa3su-
YyMsl B CTPaTETUsIX BbICTABJIEHUS OLIEHOK ?

10.2 ITpeanonoxumM, Netflix onpenensier rpynny «aBTopuTeToB». CKaXxeM,
KBenTuH TapaHTHHO M Y3c AHIEPCOH OTHOCATCA K YMCJIY aBTOPUTETOB
Netflix, mo3aToMy UX Ol[eHKH OKa3bIBalOT 60Jjiee CUJIbHOE BJIMSHHE, YEM
OlLIEHKH PSIIOBBIX MOJIb30BaTeseil. Kak 1BMeHUTb cCTeMY PEKOMEH a1y,
YyTOOBI OHA YYMThIBaJIa MOBBIIIEHHYIO LIEHHOCTD OLIEHOK aBTOPUTETOB?

Perpeccus

A Ternepp NpeAIoJ0XHUM, YTO IIPOCTO NMOPEKOMEHI0BaTh (PUIbM HEAOCTATOYHO:
Bbl XOTUTE CIIPOrHO3MPOBaTh, KaKy1o OlleHKy IIpusinka nmoctaBuT puibMy. Bo3b-
MMTe S 110J1b30BaTe e, HaXOASAUINXCS BOJM3H OT Hee.
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KcraTw, 51 yXe He B epBblii pa3 roBOpIO 0 «O/Kaiux nsati». B uncie «5» Het
HMYEero 0COOEHHOTO: C TAKMM e YCIIEXOM MOXCHO B3SITh 2 OJIHXKAM KX M0J1b30Ba-
teseit, 10 un 10 000. [I03TOMY-TO aJIrOPUTM U Ha3bIBAETCS «aJITOPUTMOM & 6J11-
XKaNIIMX M0JIb30BaTeIeii», a He «aITOPUTMOM S5 OJIMXKAMIIINX I0JIb30BaTE /€M » !

JlonycTuM, Bbl IIbITae€TECh YraAaTh OlleHKY IIpusiuku a1 punpbMa «MaeanbHbii
rojoc». Kak atot ¢pusabm ouenunnu [>xactuH, [xei-Cu, Ixo3ed, Jlanc u Kpuc?

DKACTHH @ §
DKER-CH © 4
LXO3E® - 4
NMHC :© K
KPHC © 3

Ecyi¥ BBIMUCIUTD cpeHEe apU(PMETUYECKOE UX OLIEHOK, BbI ITONYUMUTE 4,2. Takoin
METOJI TPOTHO3UPOBAaHUsI Ha3bIBAETCs pezpeccueii. Y anroputMa k 6ivxaiimmx
coceJieit eCTb 1Ba OCHOBHBIX ITPUMEHEHUSI: KJIaCCU(PHUKALUSA U perpeccusi:

0 Kjaccu@uKalus = pacrpeziesieHHe M0 KaTeErOpUsiM;
Q perpecus = IpOrHO3MpOBaHHe OTBeTa (B YHCJIOBOM BbIPAXKEHHH ).

Perpeccust ype3BblYaiiHO 10Je3Ha. IIpeacraBsre, YTO Bbl OTKPBIJIM MaJIEHBKYIO
Oy104HY10 B Bepkiin 1 KaX/blii IeHb BbIIleKaeTe cBeX Uil Xyie6. Bl mbITaeTecsh
npeackas3aTh, CKOJIbKO OyXaHOK cjeayeT ucieyb Ha cerofgHsi. ECTb HECKOJIBKO
IIPU3HAKOB:

0O norojaa no mkajue ot 1 10 5 (1 = miaoxas, 5 = oT-
JINYHas );

Q Npa3aHUK UJM BbIXOAHOMU? (1, ecau ceroaHs
Npa3aHUK UM BbIXOAHOH, 0 B IPOTUBHOM CJIY-
yae);

O NOpOXOAST JIU ceroaHs cnopTuBHbie UTpbI? (1 = aa, 0 = HeT).

1 BbI 3HaeTe, CKOJIBKO OYXaHOK XJieb6a ObLIO MPOAAHO B MPOLIJIOM IPH Pa3HBIX
COYeTaHMSIX TPU3HAKOB.
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B)(5,1.2)-389 [E)(3,1.D - 248

BYANHOK,

S L 208 B 8 1) - 280

BYXAHOK

.(495 25 150 (2:¢)¢) = 50

BYXAHOK BYXAHOK

CeroHsi BBIXOAHOM M Xopouasi noroga. Ckojibko 6yXaHOK Bbl NMPOJaaUTe Ha
OCHOBaHHWH TOJIbKO YTO MPUBEAEHHBIX JaHHBIX? Mcnosb3yeM agroput™m k 6im-
Kalux coceneit s k = 4. CHayasta ornpenesiuM 4eThipex OJIHKaiIIMX coceeit

IIJIST 3TOU TOUKU.

4,1,4) =)

Huxe nepeunciensl pacctossHus. Touku A, B, D u E sBasiioTcst 6/1v>kaliiuMu.

T

A
B.
o

D D DN

D —
E. —
¢

Boruucisas cpeaHee apugmMeTryeckoe MpoiaX B 3TH IHU, Bbl IToay4yaeTe 218,75.
3Ha4YUT, UMEHHO CTOJIbKO OyXaHOK HY>XHO BbIIleKaTh Ha ceroaHsi!
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Bnn3ocTb KOCUHYCOB

Jlo cux mop MbI UCIOJIB30BaI (POPMYIY PACCTOSIHUS JJISI BBIYHACIICHUS
CTEIIEHU CXOJCTBA JIByX moib3oBarenei. Ho saBsercs nu 3ta hopmyiia
nyumen?! Ha mpakThke Takke 4acTO NMPUMEHSICTCS METPUKH OJIM30CTH
KOCUHYCOB. JlomycTuM, JBa MOJIb30BaTENs MOX0KH, HO OJUH U3 HUX 00-
Jle€ KOHCEpPBAaTHUBEH B CBOMX oOIllcHKax. O0ouM mMOHpaBWICA (PUIbM
Manmoxana [lecam «Amap AxOap AHTOHW». [lon mocTaBui OLEHKY 5
3B€3/1, HO POoyeH orieHn TonbKOo B 4 3Be3/bl. ECiii UCMOJIB30BaTh (POPMY-
JIy PAcCTOSHUS, 3TH JIBA MOJB30BATENSI MOTYT HE OKAa3aTbCsA COCEIISIMM,
HECMOTPS Ha CXOJCTBO BKYCOB.

MeTprka 011M30CTH KOCMHYCOB HE U3MEPSIET PACCTOSTHUE MEKAY JIBYMS
BEKTOpaMHu. BMeCTO 3TOro 0OHa CpaBHMBAET YIJIbI IBYX BEKTOPOB U B II€-
JIOM JIYYIII€ MOJXOUT JIJIS MOJI0OHBIX ciy4yaeB. TeMa METpUKUA OJITM30CTH
KOCHUHYCOB BBIXOJIUT 32 pAMKH 3TOW KHWUTH, HO BaM CTOUT CAMOCTOSITEIIb-
HO TTOUCKAaTh MH(POPMAIUIO O HEW, €clii OyJIeTE MPUMEHATh aJrOPUTM k
OJIVOKAUIIIUX cocenei!

Bbibop npu3Hakos

YTo6bI Momo6paTh pEKOMEHJALMH, BbI ITpe/Jiara-
eTe 110JIb30BaTeJISIM CTaBUTh OL[€HKH KaTETOPUSIM
duaIbMOB. A ecsi1 ObI BBl BMECTO 3TOTO MpeJJa-
rajii UM CTaBUTh OLIEHKH KapTHHKAM C KOTaMH ?
HaBepHoe, BaM ObI yay10ch HaiiTH M0JIb30BaTE-
Jiei, KOTOpbI€ CTaBUJIM ITIOX0XHE OLIEHKU 3TUM KapTHHKaM. OHaKo y Bac I10Jy-
yusiach ObI camast IIoXast peKOMeHaTeIbHasi CHCTEMA B MUPE, TOTOMY YTO 3TH
«TIpU3HAKH» He UMEIOT HUKAKOr0 OTHOIIIEHHUS K MX BKyCaM B 00J1aCTH KMHO!

Vu npeacraBeTe, YTO Bbl IIpe/JaraeTe MoJjb30BaTesIM OLlEHUTb (QUJIbMBI A1
dopMrpoBaHUA peKOMEHAAIUI1 — HO TOJIbKO «cTopuio urpyuek», «icropuio
Urpyiek-2» u «Vctopuio urpymek-3». TH OLLEHKU HUYEro He CKaXyT BaM
0 BKYycCax I10JIb30BaTeen.

Koraa Bel paboTaeTe ¢ aaropuTMoM k O6JIMKaiIIuX coceneit, oueHb BaXKHO Ipa-
BUJIBHO BBIOpaTh MpU3HAKHU AJIsI CpaBHEHHs. [1ox mpaBUIbHBIM BEIOOPOM IIpH-
3HAKOB CJieyeT IOHUMaTh:
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O NpU3HaKH, HANMPSAMYIO cBsi3aHHble ¢ PUIbMaMM, KOTOPbIE Bbl NbITa€TECH
pPEeKOMEH/10BaTh;

QO MNpHU3HaAKH, He colepiKalllie cMellleHus (HalpuMep, eCJIM NpeJaraTh 110Jib-
30BaTeJIsIM OlLleHHBaTh TOJIbKO KOMEIHH, Bbl He MOJIyYUTe HUKaKOi MHPOP-
MallM1 00 UX OTHOWIEHHHU K O0eBHKaM).

Kak BbI AyMaeTe, OLIeHKH XOPpOILIO MOAXOAAT AJ1s1 peKOMeHAaluu GpuaibmMoB? Bos-
MOXHO, s1 moctaBiI «[Ipocityike» 6oJiee BBICOKYIO OLIEHKY, 4eM « OXOTHHKaM 3a
HeJIBUXKUMOCTBIO», HO Ha CAaMOM JieJie 51 ITPoBeJI 60JIbllie BpeMEHH 32 IIPOCMOTPOM
«OxoTHHKOB>. Kak yay4muth pekomeHaareabHyto cuctemy Netflix?

BosBpamasicb K IpuMepy ¢ IeKapHei: CMOXeTe JIM Bbl IPUAYMAaTh JBa XO-
POLIMX M JBa MJOXHX NPHU3HaKa, KOTOPble MOXHO ObIJIO OBl BHIOpATH A/
IPOrHO3MPOBaHKUA 0O6beMa BbIlTeYKH? B03MOXHO, HY)KHO Bbileyb I100O0JIbIIIE
xs1eba 1ocJie pexkjaamMbl B razete. am yBeauunTh 06beM IIPOU3BOACTBA 110 I10-
HeleJIbHUKaM.

B ToM, 4TO KacaeTcst BLIOOpa XOpOILIHUX MPHU3HAKOB, He CYIIeCTBYET € JMHCTBEHHO
npaBHJIbHOrO oTBeTra. TiaTe bHO MpoayMaiiTe Bce PaKTOpbl, KOTOpble HE0OXO-
IVMMO Y4eCTb IMPHU MPOrHO3UPOBAHUH.

YnpaxHeHus

10.3 ¥ cepsuca Netflix MunInoHsl noJsib3oBateseii. B npuBegeHHOM paHee
IpUMepe peKoOMeHAaTeIbHas CUCTEMAa CTPOUJIACh IJIS MATH OJIMXKaHIINX
cocener. [1aTb — 3TO caumkom Mano? CIUIIKOM MHOTO?

3HAaKOMCTBO C MAlWWHHbLIM 0by4yeHuem

MaJio Toro, 4yTo aJropuTM £ OJIMXKaHIIMX cocezeit moJe- @ 3
3eH — OH OTKPBIBA€T My Th B BOJIIIIEOHBIN MUP MAaLIMHHO-

ro ooyyenusi! CyTb MalIMHHOTO OOy4YeHUs] — clejlaTh &3
Ball KOMITbIOTEp 6oJiee pa3yMHbIM. BbI yxe BUaeu
OAWH NpUMEP MAUIMHHOTO 00y4YeHHs: MOCTPOEHHE
pekoMeHaaTeIbHOM cucTeMbl. B aTOM pa3nene 6yayT
PacCMOTPEHbBI APYrye MPUMEPHI.
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OCR

Coxkpamenne OCR o3navaer «Optical Character Recognition», To ecTh «omn-
TUYECKOe paclio3HaBaHUe TeKCTa». FIHaye roBops, Bbl 6epete poTorpaduio
CTPaHHIIBI TEKCTA, 3 KOMIIBIOTEP aBTOMAaTHYECKH NMpeobpa3yeT u3obpaxeHue
B TekcT. Google ncnoswayer OCR g1s ouudposku kuur. Kak paboraer OCR?
[l711 nprMepa BO3bMeM cieayouyio udpy:

Kak aBTOMaTH4ecKH OInpeaeuTh, UTO 3TO 3a LiMdpa? MOXHO BOCIIOIb30BAThCS
asroput™MoM k 6 tmxaifimmx cocenei:

1. Ilepebepute H306paXkeHHst HMPP U U3BJIEKUTE IPU3HAKH.

2. IlonyyuB HOBOe H306paXkeHHe, U3BJIEKUTE TPU3HAKH U IIPOBEPLTE OJIHIKal-
IIUX cocelen.

I[To cyTH 3TO Ta Xe 3aAaya, UTO ¥ 3a/1aya KJIacCU(PUKAI[UH anleJIbCUHOB M TPeNII-
¢dpyToB. B 061mem cayyae anroputMbl OCR oCHOBaHBI Ha BhIIEJIEHUH JIMHUH,

TOYEK U KpPHUBbIX.

AHHNA TOYKA
¥

« KPHeMS v
— TOUKA o AN
A
P~ kpusas TO4KA

3aTeM ITIPHU ITOJIYY4EHHNH HOBOTO CHMMBOJIA U3 HErO MOXXHO M3BJIEYDb TE€ X€ ITpU-
3HAKH.

M3Bneyenue npusHakoB B OCR nmpoucxogut HaMHOTO CJI0)KHee, YeEM B IPUMeEPE
¢ ¢ppyktamu. OQHAKO BaXXHO ITIOHMMATh, YTO aXKe CJIOXXHbIE TEXHOJIOTUH CTPO-
SITCS1 HA OCHOBE TMPOCTBIX UAell (TaKUX, KaK aJrOPUTM k OJIbkaiIInX coceeit).
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Te >xe MPUHLUIIBI MOTYT HUCITI0/Ib30BaThCA /I paclio3HaBaHUs PeYd MM pacllio-
sHaBaHus UL, Korga Bel otnipasJisieTe portorpaduio Ha Facebook, nHoraa cairy
XBaTaeT co0Opa3uTEJbHOCTH JJISI aBTOMaTHYECKOM IIOMETKH JIIofieil Ha GoTo.
Jla aTo MalIMHHOE 0Oy4YeHue B JeHCTBUH !

ITepsoiit mar OCR, B xoxe KoTOporo nepebupaioTcsa H300pakxeHus PP U po-
MCXOJUT U3BJIeyeHHe IIPU3HAKOB, Ha3bIBAETCS MpeHuposkoi. B 601b1IMHCTBE
AITOPUTMOB MallIMHHOTO 00yYeHUsT IPUCYTCTBYeT (pa3a TPEHUPOBKH: IIpex e
YyeM KOMITbIOTEP CMOXKET PeLIUTh CBOIO 3a/1ayy, ero HeoOX0AMMO HaTPEHUPOBaTh.
B cienyiolieM npuMepe pacCMaTpUBaeTCs CO3JjaHUe CllaM-(pUJIbTPOB, 1 B HEM
TOXXE €CTb LIar TPEHUPOBKH.

[locTpoeHue cnaM-PunbTpa

CnaM-¢$HUaBTPBI UCIIOJb3YIOT APYTol MPOCTOUN aJIrOPUTM, Ha3bIBaeMbIA HAUG-
HoM Kaaccuguxkamopom baiieca. CHavyama HauBHBIH KJaaccudukaTtop baieca
TPEHUPYETCS Ha TaHHBIX.

TEMA CMAM?

«H3MEHHTE MAPOAb» HE CNAM

«Bbl BHHTPAAH MHAAHOH» CAM

«COOBUHTE CBOA MAPOAL» CMAM

«HUTEPHACKHA NPHHY TOTOB NEPEBECTH BAM MHAAKOH» CNAM

«C QHEM POXZEHHAL> - HE CMAM
!

[Tpeanos10)kuM, Bbl MOJYYUJIH coobuieHre ¢ TeMoi «IlosyynTe cBOH MUJIJTUOH
npsMo ceitdac!» Ito cnam? [IpeasoxeHne MOXXHO pa36UTh Ha CJIOBa, a 3aTEM
JJ1S1 KQXXI0r0 CJI0BAa MPOBEPUTh BEPOATHOCTh MPUCYTCTBUSA 3TOTO CJIOBA B CIIAMO-
BOM coobmeHny. Hanpumep, B Hallleit 04eHb MPOCTOM MOEJIN CJIOBO <« MWILIUOH>
BCTpeYaeTcs TOJIbKO B ciame. HauBHbIN KyaccudukaTop baileca BelyUCasieT
BEPOSITHOCTD TOT0, YTO coob1eHHe ¢ 60JIbIIOH BEPOSATHOCTHIO SIBJISIETCS CIIAMOM.
Ha npakTuke OH MpUMEHSIETCSI IPUMEPHO JJIA TeX XKe IeJIeH, YTO U aJITOPUTM K
OJMKaMIIMX coceneii.
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HanpuMep, HauBHBIN KJaccudukaTop balieca MoXxeT HCIOJIb30BaThCS IJIsI KJIac-
cudukaMy PpYKTOB: eCTh OOJIBIION U KpacHbIi PpykT. KakoBa BeposTHOCTD
TOr0, YTO OH OKaXkeTcs rpern@pyToM? ITO MPOCTOH, HO BecbMa 3(pPEKTUBHBIN
aJITOPUTM — U3 TeX, YTO HaM HpaBsITCs O0JIblie BCEro!

NporHo3bl Ha GupXxeBblX Toprax

EcTb oHa 3a1a4a, B KOTOpOH TPYAHO AOOUTHCS ycIexa MalllMHHBIM 0Oy4YeHueM:
TOYHO CIIPOrHO3MPOBATh KyPChI aKIIMii Ha 6upxe. Kak BbIOpaTh XOpolIxe mpH-
3Haku? [IpeamosioxXxuM, Bbl TOBOPUTE, YTO €CJIU KYPC aKLIUA pOC BYepa, TO OH
OyneT pacTH ¥ cerogHsi. XOpOUIM 3TO NMpU3HAK WU HeT? VM, peaAnosoxuM,
BbI YTBEpXK/1aeTe, UTO KypcC Bcerzaa cHuxaetcst B Mae. Cpabotaer uim Het? He cy-
IIlECTBYEeT rapaHTHPOBAHHOTO crioco6a MPOrHO3UPOBaTh Oy Aylllee Ha OCHOBAHUHU
NPOILIbIX JaHHBIX. [IporHo3upoBaHKe OyaylIero — CJaI0XHOE €10, a TP TAKOM
KOJIMYeCTBe NepeMeHHBIX OHO CTAHOBUTCS ITOYTH HEBO3MOXKHBIM.

MPOLABARTE!

MPOMABARTE!
MPOLABARTE!

LLInapranka

Hanetoch, BbI XOTs ObI B OOIMX YepTaX MOHSIIHA, YTO MOXHO CJIeJIaTh C MIOMOILbIO
aJrOpuTMa Rk O/MMKalIIuX coceqeil 1 MalIMHHOrO oby4yenusi! MauinHHoe 00y-
yeHHe — MHTepecHast 00J1acThb, M IPH XKeJIJAaHUHM B Hee MOXKHO 3aiiTH IOCTaTOYHO
rJ1y60KO.

Q AJTOpUTM k O/MKalIuX cocefieil npuMeHsieTcsl IJisl KyacCUdHUKaILUK U pe-
rpeccud. B HeM HcIoJib3yeTcs mpoBepKa k 6.1MXKalIIuX coceien.
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Knaccudukauusa = pacnpeziejieHHe 10 KaTETOPUSIM.
Perpeccus = nporaodupoBaHUe pe3yJibTaTa (HapuMep, B BUe YUCJIA).

«/3B/1eyeHeM IpU3HAKOB» Ha3bIBaeTCs peobpa3oBaHMe 3j1eMeHTa (Ha-
npuMep, QpyKTa UJIM MMOJb30BATEJIS ) B CIIMCOK YUCEJI, KOTOPble MOTYT HC-
I10JIb30BaThCS JJIs1 CPABHEHUS.

KauyecTBeHHBI BHIOOP MPU3HAKOB — Ba)XHasl YaCTh YCITEIIIHOTO aJIrOPUTMa R
OJIMKAUIINX cocellei.



YTO nanbuwe?

B aTol rnase

v [puBoanTCs KpaTkuin 0630p 10 anroputMoB, KOTOPbIE He
paccCMaTpuBaNuUCL B KHWre. Bbl y3HaeTe, ANs Yero Hy»XHbl
3TU ANrOpUTMbl.

v 51 NOpeKOMeHAYI0 KHUIU, KOTOpbleé CTOMT YMTaTb Aanblue
B 3aBUCMMOCTU OT TOro, Kakue TeMbl NpeaACTaBNAIOT UHTe-
pec Ansa Bac.

[epeBbs

BepHeMcs Kk npuMepy ¢ OMHAPHBIM I10O-
uckoM. Koraga nosib3oBaTesib BBOAUT
cBoe UM Ha caiite Facebook, caiit noJ-
)KEH NPOBEPUTDH COAEPKUMOE OOJIBIIOro
MaCCHBa, YTOOBI y3HaTh, CYIIECTBYET JIU
I10JIb30BaTeJIb C TAKUM MMeHeM. Mbl BbI-
SICHMJIH, YTO IJIA HaXOXAEHUS 3HaUYeHUS
B MaccHBe OBICTpee BCEro BOCIOJIb30BaTh-
cst OuHapHbIM NToucKoM. OHAKO 3/1€eCh




Adepesbs 255

BO3HHMKaeT NMpobJjeMa: KaXKIblii pa3, KOrjia Ha caiiTe peruCTpUpYyeTcsi HOBbIM
[0JIb30BaTeJ/Ib, MPUAETCS 3aHOBO COPTHPOBATh MAaCCUB, TOTOMY YTO OMHAPHBIM
IIOMCK pab0OTaeT TOJIbKO C OTCOPTHPOBAaHHBIMM MaccuBaMM. Hackosibko yno6Hee
OBIJIO ObI BCTABUTh ITOJIb30BaTeJIsl B IPaBUJIbHYIO TYEKY MacCHBa, YTOOBI IIOTOM
ero He MPHUIIJIOCh COPTHPOBATh 3aHOBO! VIMeHHO 3Ta uies 3aj10)keHa B OCHOBY

CTPYKTYPbI JaHHBIX 6UHAPHO20 Oepesa NoUCKa.

BI/IHapHOe AEPEBO ITIOUCKA BBITJIAAUT TAK:

SR
ONED

Jns1 kaxaoro y3ja Bce y3JIbl JIEBOTO MOJ€PEBA COAEPXKAT MEHbUUE 3HAUEHMU S,
a BCe y3JIbl IPaBOro NojaaepeBa — 60ibuwe 3HAYEHUS.
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[IpenmosioxuM, Bol uillete y3ea Maggie. [louck Ha4MHaeTCs ¢ KOPHEBOTO Y3J1a.

Mb! Hauu y3en Maggie! B iesiom npolieaypa noucka HarnoMMHaeT OMHAPHBIH
nouck. Ilouck ajleMeHTa B OMHapHOM JiepeBe ITOUCKA 8 cpedHem BBIIIOJTHSETCS
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3a BpeMst O(log n), a B xyodwem cayuae — 3a BpeMst O(n). Ilouck B oTcopTHpO-
BaHHOM MaccHBe BblnosiHsieTcs 3a BpeMst O(log n) 6 xyodwem cayuae — ka3anoch
Obl, OTCOPTHPOBaHHBIi MaccuB 3¢ dexkTrBHee. OTHaKO OMHAPHOE JePEBO ITOMCKA
B cpeHeM paboTaeT HaMHOTO OBICTpee NPH YAaJIeHHH M BCTaBKE 3JIEMEHTOB.

BUHAPHOE LEPEBO
MOUCKA

nouck  Oltoqw) | O(Logw)
BCTABKA () O(togw)
YAANEHHE () () D

MACCHB

Y 6uHapHbBIX 1E€peBbEB MOMCKA ECTh U CBOM HEOCTATKU: BO-TIEPBbIX, OHU HE O/I-
Jep>XUBAIOT IIPOM3BOJIbHBIN AocTyN. Bbl He cMoxeTre nmorpeboBath: «BhinaliTe
MHe i-if 3JIeMEHT 3TOro aepeBas. KpoMe Toro, B Tab/Mile NpUBEIEHO cpedHee
BpPeMsI BBITNIOJTHEHHUS OTepalHif; OHO 3aBUCHUT OT COAJITaHCHPOBAHHOCTH JIepeBa.
JlonycTuM, Balile 1epeBo He cOalaHCHPOBAHO, KAaK Ha CJIeAyIoleM PUCYHKe.

Buaure, kak AepeBo nepekolieHo BrpaBo? dpPeKTUBHOCTb TAKOrO JepeBa
OCTaBJISIET XKEJIATh JyYIIEro, MOTOMY YTO 3TO AepeBo He cOoaaHcupoBaHo. Cy-
IECTBYIOT Criel{MabHbie OMHapHBIE JepeBbs IOKCKA, ClIOCOOHBIE K caMOOasIaH-
CUpOBKe (KakK, HallpuMep, KpaCHO-YepHBIE IepPEBbS ).
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['ne e ucnoab3yoTcsd OuMHapHbie AepeBbs Moucka? B-aepesbs, ocobast pa3Ho-
BUHOCTh OMHAPHBIX A€PEBbEB, OOBIYHO MCIOJIb3YIOTCS AJIS XpaHeHUsT HHPOPp-
MallMH B 6a3ax JaHHBIX.

Ecnu Bac uHTepecy1oT 6a3bl JaHHBIX UJIHM O0JIee CJI0XHbIE CTPYKTYPhI JaHHBIX,
MOUIMTE HHPOPMALIMIO MO CJEAYIOIUM TEMaM:

Q B-ZEPEBBS;
0 KpacHO-YepHbIe JepeBbS;
O Kyuw;

Q cKoueHHbIe (splay) mepeBbsi.

NHBEpTUpPOBAHHbIE NHAEKCHI

[lepen BaMM CHJIBHO YNIPOLIEHHOE 0ObSICHEHHE TOTO, KaK paboTaeT MOMUCKOBasI
cucrema. /lomycTUM, UMEIOTCSI TPH BeO-CTPaHMIIbI C POCTHIM COAEePKHUMBbIM.

’ ’ :
LJE

Comn® S
A 8 C

o 1
[TocTpoum xeni-TabIHIy /1Jist ITOTO COAEPKUMOTO. FT_ M [AB

KitoyaMu xen-taOJIuiibl IBJISIIOTCS CJI0Ba, a 3HaYeHU s
YKa3bIBalOT, HA KAKUX CTPaHUI[aX BCTPEYAETCS KaXJ0€e
c10B0. Tenepp MpeaAnoI0XuM, 4To I0JIb30BaTE/Ib HILET ] WE
c10B0 hi. [TocMOTpHM, Ha KaKHX CTPaHHUIaX 3TO CJIOBO

! I L]
BCTpeYyaeTcs. _,7
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Ara, CJIOBO BCTpeyaeTCsl Ha cTpaHUlLax A U B. BoiBeneM 3TH CTpaHULBI B pe-
3yJibTaTax nmoucka. Mu npeanosiodkxum, YTo mOJIb30BaTe b HLIET CJOBO there.
Brbl 3HaeTe, 4TO 3TO C€J10BO BcTpedaeTcst Ha ctpaHuiiax A u C. HecioxHo, BepHO?
IJTO oYeHb MoJIe3Hasl CTPYKTYpa JaHHBIX: Xelll-Tab/Iu1a, CBA3bIBalollasi CJI0Ba
C MECTaMH, B KOTOPBIX 3TH CJIOBA BCTpeYaloTCs. Takast CTpPYKTYypa AaHHBIX, Ha-
3bIBaEMast UHBEPMUPOBAHHBIM UHOEKCOM, YACTO UCIIOJIb3YETCS AJIS IOCTPOEHU
NOMCKOBBIX cucTeM. Eciiu Bac MHTepecyeT 06J1acTh NMOMCKA, 3Ta TeMa CTAHET
XOpollled OTIIPaBHOM TOYKOM /I AaJIbHEUIIEro U3yYeHU .

MNpeobpa3zosaHune Pypbe

[IpeobpazoBanne Dypbe — AeHCTBUTEJbHO BbIAAIOIMICS aJITOPUTM: BeJIH-
KOJIETTHbIX, 3JIETAHTHBIA U UMEIOLIU MUJIJIMOH MPAKTUYECKUX IPUMEHEHU.
Jlydmast aHasorus ajs npeoopasoBanuss Dypbe NpUBOANTCS Ha caiite Better
Explained (oT/imuHbIi Be6-caiiT, Ha KOTOPOM IIPOCTO OOBSICHSIETCS MaTeMaTHye-
CKasl TeOpHsl): €CJIM Y BaC eCTb KOKTeMJIb, mpeobpa3oBanre Dypbe coobinaer, U3
KaKHX MHIPeIHNEeHTOB OH cocTouT'. VIsin 1/1st 3a1laHHOI necHU npeobpa3oBaHue
pa3zeJisieT ee Ha OTAeJIbHble YaCTOTHI.

OKa3bIBaeTCs, 3Ta MPOCTasA Uaes] HAXOAUT MHOXKECTBO NMPaKTUYECKUX ITpUMe-
Henuil. Hanpumep, eciiu rmecH0 MOXXHO pa3JIOKHUTh Ha YaCTOThI, BbI MOXKETE
YCUJIUTDb TOT AMaNa30H, KOTOPbIA BaC HHTEPeCYeT, — CKa)KeM, YCUJIUTb HU3KHe
YacTOThI M MPUTJAYLIUTH BbicOKHe. [Ipeobpa3oBanue Dypbe nmpeKpacHO Moj-
XOJMT JJ11 00pabOTKM CUrHaI0B. Takyke OHO MOXKET IIPUMEHSTHCS AJIs CKATUSA
MY3bIKH: CHauasia 3ByKOBOi ¢aiin pa3buBaeTrcst Ha cocTaBJsiomue. IIpeobpaso-
BaHKe Dypbe cooblaeT, KaKoW BKJIaJ BHOCHT KaX/1asi COCTABJISIONIAs B MY3bIKY,
YTO MO3BOJISIET UCKJIIOYUTD HecyllecTBeHHbIe cocTaBJsiomue. Co6CTBEHHO,
MMEHHO TaK paboTaeT My3bIKa/bHbIi popMaT MP3!

My3blka — He eITMHCTBEHHBIN BU LIU(PPOBLIX CUTrHaN0B. Ipadpuyeckuin pop-
MmaT JPG Takxe MCIIOJIb3YeET CXXaTHe ¥ pabOTaeT 10 ToMy ke MpuHIumy. [1peos-
pa3oBaHue (Dypbe TaK)Ke NIPUMEHSIETCS A1 TPOTHO3UPOBAHU S 3eMJIETPSICEHU
v aHasm3a JJHK.

C ero nomoIbio MOXKHO ITOCTPOUTh aHastor Shazam — npuoXxeHne, KOTOPOe Ha-
XOIMT NeCcHH 1o oTpbiBKaM. [Ipeo6pa3oBanne Dypbe oueHb YACTO MPUMEHSAETCH
Ha nmpakTuKe. [IouTn HaBepHSKa Bbl C HUM ellle CTOJIKHETeCH!

' Kalid, «An Interactive Guide to the Fourier Transform,» Better Explained, http://mng.
bx/874X.
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[lapannenbHble anropuTMbl

Cuienyolye TPY TEMbI CBSI3aHbI C MACIITAOHPYEMOCTBIO X 00pabOTKOM 6OJIBIIMX
06beMOB JaHHBIX. Koraa-To KoMnploTepbl CTAHOBUJIMCH BCe OBICTPEE U ObICTPEE.
Ecsin BbI X0TeJiH, YTOOBI Balll aITOPUTM paboTas ObICTpee, MOXKHO OBLIO MOA0-
XKJIaTb HECKOJIbKO MECSIIEB Y 3aMyCTUTh IIpOrpaMMy Ha 60./1ee MOIITHOM KOMIIbIO-
Tepe. Ho ceityac 3ToT nepuoa noaouies K KOHIY. CoBpeMeHHble KOMIIbIOTEPHI
M HOYTOYKM OCHAII[alOTCSI MHOTOs1,IEPHBIMU TpolieccopaMu. YToObl aaropuTm
3apaboTas 6bicTpee, HEOOXOAUMO NPeoOpa3oBaTh €ro B POPMY, MOAXOASIIYIO
J1J1s1 TTapaJlJieJIbHOTO BHIMTOJIHEHHUS cpa3y Ha Bcex siapax!

PaccmoTtpum npocrtoi npuMep. Jlydiiee BpeMsi BbITIOJTHEHUS AJIs1 aJITOPUTMA
COPTUPOBKH paBHO Npubn3uTeabHo O(n log n). U3BecTHO, 4YTO MaccUB He-
BO3MOXXHO OTCOPTHPOBATh 3a BpeMsi O(n), ecau moavKo He 80CN0Ab308AMbCSA
naparienvhovim anzopummonm! CyliecTByeT napasjeibHasi Bepcusi ObICTPOIi cop-
TUPOBKH, KOTOpasi COpPTUPYeET MacCHB 3a BpeMsi O(n).

[TapanenbHbIi aIrOPUTM TPYAHO pa3paboTaTh. M Tak ke TpyaHO yOeauThCs
B TOM, YTO OH paboTaeT NMPaBUJbHO, U OHATb, KAKOH IMPUPOCT CKOPOCTH OH
obecreurBaeT. OJHO MOXKHO 3asiIBUTh TBEPO: BLIMTPHIII [0 BpeMeHU He JIMHEEH.
CnenoBaTesibHO, €CJIM ITPOIIECCOP Balllero KOMIbIOTEPA UMEET JIBA S1ipa BMECTO
OJTHOTO, U3 3TOTO He CJIefyeT, YTO Balll aJIFOPUTM IO BOJIeOCTBY 3apaboTaeT
BIBO€ ObICTpee. ITO OOBSICHSIETCS HECKOJIbKMMU TPUYHHAMMU.

Q Jampambvl pecypcos Ha ynpasieHue napaiieiu3mom — A0MYCTHUM, HYXKHO
otcopTupoBaTh MaccuB U3 1000 asremeHnToB. Kak pa3buTh 3Ty 3agavy AJis
BBINOJIHEHUSI HAa ABYX siipaXx? Boigeanth kaxaoMy siapy 500 ajieMeHTOB,
a 3aTeM 0OBEAUHUTD IBa OTCOPTHPOBAHHBIX MACCHBA B OAMH 00JIbIIOI OTCOP-
THpOBaHHbIH MaccuB? CIMsIHUE ABYX MaCCUBOB TpeOyeT BpeMEHHU.

Q Pacnpedenenue nazpysxku — n0onycTuM, Heo6xoaquMo BbIMoJHUTH 10 3aaay,
M Bbl Ha3HaYaeTe KaXxaoMy sapy 9 3agad. OaHako sapy A mocTaioTcs Bce
NPOCTHIE 33J]a4H, TO3TOMY OHO BBINOJIHSET CBOIO paboTy 3a 10 cekyH, Toraa
KaK siApo B crnpaBUTCS €O CJI0XHBIMU 3aJjla4aMM TOJIbKO 32 MUHYTY. JTO 03-
Hayaer, 4To s1Apo A uesbix 50 ceKyH/ IpOoCTauBaEeT, MoKa siApo B BbInoJiHsIeT
Bcio paboTty! Kak opranusoBaTh paBHOMEPHOE pacipeaeieHre paboThl, YTOObI
oba siipa TPYAMJIUCH C OJUHAKOBOI MHTEHCUBHOCTbHIO?

Ecsau Bac uHTEpecyeT TeopeTU4YeCcKasi CTOPOHA MPOU3BOAUTEIBHOCTH U Mac-
IITAOMPyEMOCTH, BO3MOXHO, ITapaJijieJibHble JITOPUTMbI — UMEHHO TO, YTO BaM
HYXHO!



MapReduce 261

MapReduce

OnHa pa3HOBUIHOCTbH NapaJljie IbHbIX aJITOPUTMOB B IIOCJIeIHEE BPeMsI CTAaHOBHUT-
cs1 Bce OoJiee NOMYJIAPHOM: pacnpedenentsvie arzopummst. KoHeyHo, mapajiesib-
HBII AJITOPUTM YAOOHO 3aIyCTUTh Ha KOMIIBIOTEPE, €CJIM /ISl €r0 BbINIOJHEHUS
norpedyeTcsi OT ABYX J0 YEThIpeX si/iep, a eCJIM HYXXHbI COTHH siep? Toraa a-
TOPUTM 3aIMChIBAETCS TaK, YTOOBI OH MOT BBIMOJTHATHCS HA MHOXKECTBE MaIlIKH.
Anroputv MapReduce — u3BecTHBII IpeACTaBUTE b CEMENCTBA pacipe/ie IeH-
HBIX AJITOPUTMOB. [1J1s1 paboThl C HUM MOXHO BOCITOJIb30BaTbCS MOIIYJISIPHOM
CHCTEMOI ¢ OTKpBITHIM KogoM Apache Hadoop.

Ana Yyero Hy>XHbl pacnpeaeneHHbie anropuTMbl?

[IpeamnoJioxxum, uMeeTcs TabJIMIa ¢ MUIJIMApAaMH UJIH TPUJIJIMOHAMM 3aIu-
ceil 1 BBl XOTHUTe NPUMEHUTh K Hel CJA0XHBIK Bonpoc SQL. BeimoJHUTD
ero B MySQL He yaactcs, motoMy 4yTo MySQL HayHeT «TOPMO3UTb» yXKe
1ocJjie HeCKOJIbKUX MUJIIMapaoB 3anuceii. Micnonb3yiite MapReduce yepe3
Hadoop!

n, npeanosioxXuM, BaM HY»KHO o6paboTaTh AJIMHHBIN criMcok 3agaHuit. O6-
paboTka Ka)/joro 3agaHus 3anuMaet 10 cekyHz, Bcero Tpebyetr o6paboTku
1 MuIIMOH 3amanuii. Ec/iu BBIMOTHATD 3Ty paboTy Ha OJHOM KOMIIbIOTEPE, OHa
3aliMeT HeckoJIbKO MecsieB! Ecau 6b1 ee Mo HO Ob1J10 BBITOJIHUTD Ha 100 Ma-
IIHHAX, paboTa 3aBepIIHIACh ObI 32 HECKOJIBKO THEH.

PacrnpeneneHHble aJITOPUTMBI XOPOIIIO paboTaIOT B T€X CUTYallMsX, KOria BaM
HY>KHO BBITIOJIHUTD O0JIbIIOH 00beM PabOTHI M Bbl XOTHTE COKPATUTb BPEMSI €€
BbINOJIHEHHS. B ocHOBe TexHoJsloruu MapReduce Jiexar aBe npocTbie HAEH:

PYHKLMS OTOOpa)KeHMsI map U PYHKIIMSI CBEPTKHU reduce.

OyHKUMA map

(DyHKLUMS map MPOCTA: OHA MOJy4YaeT MAaCCHB U MMPUMEHsEeT OAHY (PYyHKI[HIO
K KaXKI0MYy 3JieMeHTy MaccuBa. CKaXkeM, B CJIeIYIOLIEM IPUMeEpe MPOUCXOIUT
yABaMBaHUE KaXAO0ro 3JieMeHTa B MaCCUBE:

>> arrl = [1, 2, 3, 4, 5]
>>> arr2 = map(lambda x: 2 * x, arrl)
[2) 4) 6) 8) 10]
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MaccuB arr2 Tenepb COAEpPXUT 3HaueHHUs [2, 4, 6, 8, 10] — BCe 3J€MEHTHI
arrl yBeJMYMUJHUCDH BABOe! YaBoeHHe BBINOJHSIETCS JOCTaTOYHO ObicTpo. Ho
IpeCTaBbTe, UYTO BHIIMIOJHEHHE TPUMeHsIeMOi ¢hYHKUUH TpebyeT 6oJiblie Bpe-
MeHM. B3rjissHuTe Ha cieayIolmmii nceBaoOKOI;

>>> arrl = # Cnucok URL
>>> arr2 = map(download page, arrl)

HNmeetcs cnucok URL-aapecos, Hy>KHO 3arpy3uTh KaXx/1yl0 CTPaHHUILY U COXpa-
HUTD COJIep>KUMOe B arr2. [{J1s1 KaXX10ro aapeca 3arpy3ka 3aHUMaeT napy CEKYHI.
s 1000 agpecoB notpebyeTcst mapa yacoB! A Temepb MpeACTaBbTE, YTO Y BaC
uMeercs 100 MalIMH ¥ map aBTOMaTHYECKH pacrpeessieT paboTy Mexxay HUMHU.
Toraa B 0605t MOMeHT OyayT 3arpyxathbcst cpa3dy 100 cTpaHuI] OTHOBpPEMEHHO,
1 paboTa rnoiaeT HaMmHoro opicTpee!

dyHKuMsa reduce

DyHKIUSA reduce HHOrAA COMBAET Jitofiel C TOIKY. M iest 3akyiio4aeTcs B TOM, 4TO
BeCh CIIMCOK 3;IEMEHTOB «COKpalllaeTcsi» A0 OAHOTO 3jeMeHTa. HanmoMHIo, 4To
(QYHKLIMS map IePeXOqUT OT OJHOTO MaCCHUBa K [PYrOMY.
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C dyHKuUel reduce MacCUB NpeoOpa3yeTcsi B OHH 3JIEMEHT.
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NYZ4
15

[TIpumep:

>»> arrl = [1, 2, 3, 4, 5]
>>> reduce(lambda x,y: x+y, arrl)
15

B maHHOM cjly4yae Bce 3/1eMEHThI B MaCCHBE ITPOCTO CyMMUpYIOTcs: 1 + 2 + 3 +
4 + 5= 15! 5 He 6yny paccMaTpuBaTh CBEpPTKY OoJiee MOAPOOHO, TOTOMY YTO
B IHTepHETEe XBaTaeT pyKOBOJCTB I10 3TOI TEME.

MapReduce 1cnoJib3yeT 3TH Be MPOCThI€ KOHIIEMI[UH J1JIs1 BBINOJTHEHHUS 3aIpO-
COB Ha HECKOJIbKUX MaluHaX. [Ipy ucnoap3oBaHuK 60J1bIIOro Habopa JaHHbIX
(MusmmapApl 3anuceit) MapReduce BbigacT OTBET 32 MUHYTHI, TOT/Ia KaK Tpa-
TULMOHHOM 6a3e JaHHBIX Ha 3TO MOTPEOYIOTCS MHOTHE YaCHI.

®dunbTpbl bnyma n HyperLoglog

[IpeacraBere cebst Ha MecTe caiita Reddit. Korga mosib3oBatens myOIuKyeT
CCBLJIKY, HY>KHO IIPOBEPHUTD, MyOJIMKOBAMACh JIK 3Ta CChlJIKa paHee. MicTopuy,
KOTOpBIE ellle He MYOJIUKOBAIUCh, CYUMUTAIOTCS O0Jiee IEHHBIMU.

W npencraBeTe ce6st Ha MecTe moruckoBoro 6ota Google. O6pabaTbhiBaTh Be6-
CTpPaHMILy HY>KHO TOJIbKO B TOM CJIy4Yae, eCJIM OHa ellle He oOpabaThiBaslach paHee,
MTak, Hy>XHO MpOBEepUThb, 0OpabaThiBajIaCh JIM CTPaHUIIA PaHee.,

Wnu npexacrasbre cebst Ha MecTe bit.ly — cepsuca cokpaieHuss URL. ITosab3o-
BaTeJM He JOJKHBI IEPEHANPaBJsITbCS Ha BPeIOHOCHbIE CAalThl. Y Bac UMeeTCS
Ha6op URL-anpecoB, KOTOpble CUMTAIOTCS BpEAOHOCHBIMU. Terepb HYXKHO BbI-
SICHUTh, He HallpaBJisieTcs Jid noab3oBaTe b Ha URL-anapec u3 atoro Habopa.

Bo Bcex aTuX IpruMepax BO3HMKAaeT oaHa IpobiieMa. IMeercst oueHb 60JIbIION
HaOOp JaHHBIX.
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[TosiB/1sieTCSI HOBBIIt OOBEKT, U BBl XOTUTE Y3HATh, COAEPXKUTCS JIU OH B CYyIile-
CTBYIOIIeM Habope. ITa 3a7iaya OBICTPO peliaeTcsl MpH nmoMoinyu xema, Ha-
npuMep, npeactaBeTe, 4To Google co3gaeT 60b1I0I Xell, KJII0YaMH KOTOPOTO

SIBJISIIOTCSI Bce 00paboTaHHbIE CTPAHUIIBL.

(N
| Fm'nmhm-\ ?Ei\\
| aditin \“'-"E \

Kak y3HaTp, o6pabaThiBajics Jiu caiiT adit.io? Hy>Ho 3arjissHyTh B Xelll.

a.dito —»¥es

Y adit.io uMeeTcs cBOIt K104 B Xeule, a 3Ha4YHUT, agpec yxe oopabaTbiBajics.
CpenHee BpeMs obOpaleHHs K 3J1eMeHTaM B xel-Ta6uie coctasisieT O(1). Ta-
KMM 00pa3oM, Bbl Y3HAJIM O TOM, YTO CTPaHHUIIA adit.io yxe IPOMHAEKCHPOBaHa
3a 1ocTOsTHHOe BpeMsi. Hemnnoxo!
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BoT TOJIbKO 3TOT X€lll IOJIyYUTCS TPOCTO 0zpomibim. Google HHAEKCHPYET TPHII-
svonbl BeO-cTpanuil. Eciu xemn cogepxut Bce URL-agpeca, nHIEKCHpyeMbie
Google, oH 3aiimeT cauiikoM MHoro Mecta. Y Reddit u bit.ly Bo3HuKaeT aHa-
JoruyHas npob6.eMa. CTaJIKHUBasACh C TAKUMU 0ObEMaMU JaHHBIX, TPUXOIUTCS
neiictBoBaTh H0Jiee H306peTaTeIbHO!

dunbTpbl bnyma

Jls1s1 penieHust mpo6J1eEMbl MOXKHO BOCIIOJIb30BATHCS 8EPOSMHOCHLIMU CIPYK -
mypamu 0axnbix, KOTOpbie Ha3biBaloTCA puavmpamu bayma. OHu 1alOT OTBET,
KOTOPBIif MOXXET OKa3aThCS JIOXKHBIM, HO C 00JIbILIONH BEPOSITHOCTHIO SIBJISIETCS
npaBUJIbHBIM. BMecTO Toro 4To6bl obpamaThCs K Xeumy, Bbl CIIPpallliBaeTe
y ¢unsrpa bayma, obpabareiBasics m aTotr URL-agpec panee. Xemi-tabauia
nacT TouyHblii oTBeT. DuibTp BiiyMa maeT oTBET, MpaBUJIbHBII C BHICOKOIi Be-
POSITHOCTBIO:

0O BO3MOXXHBI JIOKHO-ITOJI0XKHUTEIbHBIE cpabaThiBaHUs. DUIBTP CKAXKET: «ITOT
caifT ye o6pabaThIBaJICS», XOTS 3TOrO He OBLIO;

Q JIOXXHO-OTpHUIIaTe/IbHble CpabaThIBAHUA UCKIIOYEHBI. Eciu GuibsTp yTBepXK-
IIaeT, YTO caiiT He 00pabaThIBAJICS, BbI MOXETE OBITh B 3TOM YBEPEHHI.

Qunsrpsl BiiyMa xopoliy TeM, YTO 3aHUMAIOT OYeHb MaJIo MecTa. XelI-Tabuile
npuiiock 6b1 xpaHuTs Bce URL-anpeca, o6pabaTeiBaeMbie Google, a punsrpy
bayma 3to He Hy>xHO. DuabTphl biiyMa oueHb y10OHBI TOT1a, KOTIa He HYXXKHO
XPaHUTbh TOYHBIN OTBET (KAaK BO BCEX IPUBEAEHHBIX npuMepax). Hanpumep,
bit.ly MmoxeT cka3atb: « Mbl MoJsiaraeM, 4To CAiT MOXKET OKa3aThCSI BPEJOHOCHBIM,
OyabTe 0cCOOEHHO BHUMATEIbHBI».

HyperLoglLog

[IpyuMepHO Tak Xe AeHCTBYeT APYrol aJropuTM, KOTOPbIii Ha3bIBaeTCs
HyperLogLog. [Ipeanosnoxum, Google xoueT noicUuTaTh KOJIMYECTBO YHUKALD-
Hbix TIOUCKOB, BBITIOJIHEHHBIX 110JIb30BaTe/IsIMU. /1M Amazon Xo4eT nNoaCcYMUTaThb
KOJIMYECTBO YHUKAJIbHBIX ITPEAMETOB, IPOCMOTPEHHBIX MM0OJIb30BATEJISIMH 34
CEerOAHSIIHUN NeHb. [[19 mosy4eHUus: OTBETOB Ha 3TH BOINPOCH NMOTPeOyeTCs
oyeHb MHOTO MecTa! Tak, B mpuMepe ¢ Google npuaercs BeCTH XypHal Bcex
YHUKQJIbHBIX BAPUAHTOB IMoUCcKa. Koraa nosap3oBaTesib UTO-TO UIIET, Bbl CHaYasIa
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IpoBepsieTe, IPUCYTCTBYET JIM YCJIOBHE B XYyPHaJIe, U €CJIM HET, J00aBJIseTe €ro.
Jlaxce 711 OAHOTO IHS 3TOT XKy PHAJI TOJyYUTCS TUTAHTCKUM.

HyperLogLog annpokcuMupyeT KoJIMueCTBO YHUKAIbHbBIX 3JIEMEHTOB B MHOX€-
ctBe. Kak 1 pusibrpel biyma, OH He JJaeT TOYHOTO OTBETA, HO BBIIA€T JJOCTaTOYHO
OJIM3KUI pe3yJIbTaT C UCITOJIb30BAHMEM MaJION YacTH ITaMSTH, KOTOPYIO OOBIYHO
3aHHMMaeT TaKasl 3a/a4a.

Ecau BBl ucnoabs3yete 60Jibliine 06beMbl JaHHBIX M BaC YCTPauBaIOT MPUOJIH-
»KE€HHbI€ OTBETbI — BOCITI0JIb3yiiT€Ch BEPOSITHOCTHBIMH QJITOPUTMaMHU!

Anroputmbl SHA

[ToMHKTE Mpollenypy XelIMpoBaHUS U3 IJ1aBbl O? Ha Bcsikuii ciyyait ocBexy
Ballly [TaMsITh; UMEETCSI KJII0Y, Bbl XOTUTE [IOMECTUTD CBSI3aHHOE C HUM 3HAYEHHE
B MaCCHB.

T T

O 1 2 3 4 5 6 % 8 8 10 11 12 13 14 15 16 13 18 13 20 21 22 23 24 25 20 2% 28 23 30 31 &

JJIeMEHT, B KOTOPOM pa3MelllaeTcsl 3HaueHue, OnpeiesisieTcs Xeul-QyHKIUen.

KAID-

KAID-
YK HA
EYESY L» Yu HA YW HA
“A» KADYN HA oyKey oy
| [ EYKeYets RN

SRENEEEI 1]
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3HauyeHue COXPaHsAETCS B COOTBETCTBYIONIE TO3UIMHA MaCCUBa.

ost] -

AMEABCHHB 7
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XemnpoBaHue MO3BOJISIET BBINOJHATh IIOMCK € TOCTOSIHHBIM BpeMeHeM. Koraa
BaM MMoTpeOyeTcs y3HaTh 3HaueHHe, CBSI3aHHOE C KJIIOYOM, Bbl CHOBA ITPUMEHSI -
eTe xelll-(pyHKIIMIO, M OHa 3a BpeMsi O(1) coobiiiaeT, Kakyio MO3UIHIO CJieyeT
IIPOBEPUTb.

Xel-QyHKIMA J0JKHaA 00eclieunBaTh JOCTATOYHO PaBHOMEPHOE paclipejie-
JieHue. Mtak, xell-(pyHKIMs MoJIy4aeT CTPOKY M BOo3BpalllaeT HOMeP STYerKH,
COOTBETCTBYIOILIUH 3TOI CTPOKe.

CpaBHeHue hannos

OnHy 13 pa3HOBUAHOCTEN Xell-PYHKIMHA cocTaBser aaroputM SHA (Secure
Hash Algorithm). OH nosyyaeT cTpoKy ¥ Bo3BpalllaeT Xell-KO/l 3TOi CTPOKH.

“hello” = 2cf244b

B03M0>xHO, TEPMHHOJIOTUSI HE HACTOJbKO MPOCTa, HACKOJIbKO XOTEJI0CH OBbl.
Anroputm SHA — xein-GyHKIUS; 3Ta QYHKIIUS FreHEPUPYET Xelll-Ko, KOTO-
pbIH NpejicTaBJisieT cOO0H KOPOTKYIO CTPOKY. Xell-(pyHKIMs IS Xell-TabIuil
npeoOpa3yeT CTPOKY B MHJeKC MacCHBa, Toraa kak SHA npeo6pasyeT cTpoOKy

B IPYTYIO CTPOKY.

s xaxnoii ctpoku anroput™ SHA reHepupyeT cBoi YHUKAJIbHBIN XellI-KO/I,.

“hello” = 2cf24db

“algorithm™ = bleblec.
({4 ?q,f»swwd " '9 Se %%4 8‘1

NPUMEYAHMUE

Xew-koabl SHA nOCTaTOYHO ANUHHBbIE. 3A4eCb NPUBOAUTCA TONLKO HaAYano.
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Anroputm SHA no3BoJisieT ornpeaeuTh, COBNANAIOT JIX ABa (aiia. Takast BO3-
MOXHOCTb OCOOEHHO IOJIe3Ha AJig oYyeHb 60bmux ¢aiinos. JomycTuM, y Bac
uMeeTcs 4-rurabaiTHbIN Qaita U Bbl XOTHTE POBEPUTD, XPAHUTCS JIM Y Balllero
Apyra TOYHO Takoii xe ¢aiiys. BaM He npuaercs nepechbliath 60J1b110# daiia Mo
3JIEKTPOHHOM IMOYTe; BMECTO 3TOr0 MOXXHO BBIYMCJIUTD Xeui-Koasl SHA aByx
(paitJI0B U CPABHUTD HX.

LAl REB-KOL ET0 XEb-Kog

V-4

OLHHAKOBHE XEUW-KOLb,
OLHHAKOBHE PARABI

NpoBepka naponew

Anroput™M SHA Tak>xe MOXeT HUCII0JIb30BaTbCS AJI1 CPABHEHHUS CTPOK IPH OT-
cytcTBUM uHopMaluu 06 ucxoaHoii ctpoke. HanpuMep, ToibKo IpeacTaBbTe,
yto cepBuc Gmail arakoBan xakepamu! Bain maposib ctan 1o6b14eii 3/10yMBbIII-
JeHHUKOB? A BOT 1 HeT. Google XpaHUT He MCXOIHBIH MMapOJib, a TOJbKO XEII-KO/I
napoJisi no anroputMy SHA! Korna Be1 BBoguTe napoJib, Google xemupyer ero
M CpaBHMBAeT pe3yJIbTaT C Xell-KOZ0M, XpaHAIIMMCS B 6a3e JaHHBIX.

'l .
“a.\:c'lz\?”—? “15 Co»13J,:’ - ‘ vsen ] — J

part | beaidy KEQ-KOH COB-
BAD MAPOAL AEL-KOL NAZAT, NAPOAD
MAPOASA CPABHHBAETCA MPABHABHIAL
C XEB-KOOO0M,
XPAHAWUMCA

8 BA3E LZAHHBIX
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CpaBHUBAIOTCSI TOJbKO XEII-KOAbl — XPaHUTD MapoJib He HYXXHO! AJITOpUTM
SHA ouyeHb 4aCTO MCHOJb3YIOTCS AJISI XeIIMPOBaHUS MapoJied. XeurnpoBaHHUe
SIBJIIETCA OJJTHOCTOPOHHHUM: BBl MOXXKETE IMOJYYUTDh XelI-KO CTPOKH...

abc123 —» 6cal3d

...HO He CMO>XeTe BOCCTaAaHOBUTb UCXOJAHYIO CTPOKY IO Xell-KoAay:
? “— 6 Ca 13 d,

DTO 03HAYAET, YTO JaXKe €CJIU 3JI0YMbILILIEHHUK MOXUTUT Xeui-Koabnl SHA c cep-
BepoB Gmail, oH He CMOXXeT M0 HUM BOCCTaHOBUTD HCX0HbIe mapou! Ilaposb
MO>KHO IpeoOpa30BaTh B Xelll, HO He HA00OPOT.

[Ton repmrHoM SH A ckpbiBaeTcs 1iesi0e ceMeHCTBO aaroputMmoB: SHA-0, SHA-1,
SHA-2 u SHA-3. Ha MoMeHT Hanncanust kHury B aaroputMax SHA-0 u SHA-1
ObLI 0OHapYXeHbI c1abocTu. Eciu Bbl mpuMeHsieTe aaroput™ SHA 11s xemu-
poBaHus napoJieii, Boioupaiite SHA-2 niu SHA-3. B HacTosiiee BpeMst «30.J10-
TbIM CTAHAAPTOM» XeIIMPOBaHHUs NapoJieil cuntaeTcss PyHKUMA berypt (XoTs
MleaJIbHOI 3a1IMTHI He ObIBaeT).

JlokanbHO-4YyBCTBUTENbHOE XeLnpoBaHMe

Y xemupoBaHuss SHA ecTb elile 0JHa BaxHasi 0COOEHHOCTD. OHO SIBJISIETCS
JIOKANbHO-Heuyscmeumenvuovim. I1pearnonoxumM, UMeeTCs: CTPOKa, /I KOTOPOii

reHepupyeTcsl Xell-KOI:

505 3 cd635F

Ecyin u3BMeHUTb B CTPOKE BCEro OAMH CUMBOJI, a IOTOM CTeHEPUPOBaTh Xelll 3a-
HOBO, CTPOKa IOJTHOCTbIO U3MeHsieTcs!



270 naea 11. YTo AanbLe?

U 3To XOpouo, II0TOMY 4YTO CpaBHEHHE xeller He IMTO3BOJIUT daTaKYIOIIEMY OIIpe-
AEJINTb, HACKOJIBKO OH O6JIN30K K B3JIOMY I1aPOJIs.

NHoraa TpebyeTcst 00paTHBINM pe3y ibTaT: JOKaJIbHO-4yBCTBUTEIbHAS (DYHKIIMS
XelrpoBaHus. 3/1eCh Ha IIOMOIIb IPUXOAUT aJIrOpUTM Simhash. I1Ipu He3HayYH-
TeJIbHOM H3MeHeHUH cTpoku Simhash reHepupyeT xel-Ko/I, KOTOPbIii IIOYTH He
OTJINYAETCS OT UCXOAHOTO. ITO MO3BOJISIET CPAaBHUBATh XELI-KO/IbI U OIPEAEIATS,
HaCKOJIbKO IOXO0XH JIB€ CTPOKH, — BeCcbMa I10JIe3Hast BO3MOXHOCTb!

0 Google ucnonbsyer Simhash a1s BoisiBI€HUS 1YOJIMKATOB B IpOIECCE MH-
JIEKCUPOBaHHUSI.

Q IlpenoxaBaresb MOXeT HCNOJb30BaTh Simhash 1151 o6HapyXkeHus nIaruara
(konupoBaHus pedepaToB U3 MIHTepHeTA).

Q Scribd mo3BossieT nosib3oBaTeISIM 3arpyKaTh JOKYMEHTbI HJIM KHUTH, YTOOBI
OHH CTaJId JOCTYIIHBI /11 APYruX noJib3oBaTeneir. Ho Scribd He xouer, 4yToOBbI
110J1b30BaTe M pa3Melliayid HHPOpMaIKIO, 3aAIUIIEHHYIO aBTOPCKUM IIpaBoM!
C nomorsio Simhash caiiT MoxxeT 0OHapyXHUTb, YTO OTIIpaBJeHHas HHGOP-
Malus moxoxka Ha kHury o I'appu IloTTepe, 1 Ipu 0OHapy>XeHHHU CXOACTBA
ABTOMAaTHYECKH 3alPETUTD €€ pa3MeEIleHHE.,

Simhash ucnosnb3yercs a.151 BIsIBJIEHUS CXOJCTBa MEXYy (parMeHTaMH TEKCTA.

O6MeH kniovamu Audpdu—XennmaHa

Anzopumm lugppu—Xenarmana 3acnyxuBaet YIIOMUHAHU S, IOTOMY YTO OH
M3SL[HO pelllaeT JaBHO M3BeCTHYIO 3agavy. Kak 3amudpoBaTh coobiieHue
TakK, YTOOBI €r0 MOT ITPOYUTATh TOJIbKO TOT YeJIOBEK, KOTOPOMY aJpecOBaHO
cooOb1eHue?

[Ipoiue Bcero onpeaesuTh NOACTaHOBOYHBbIN miudp: a =1, b =2 u 1. 1. Ecan
I10CJIE ITOrO s OTIIPABJIIO BaM coobuieHue «4,15,7», BbI CMOXKeTe Ipeobpa3oBaTh
ero B «d,0,g». Ho uTo6bI 3Ta cxeMa cpaboTasia, He0OO6X0JMMO COTJIacOBaTh LIH(P
MeXIy CTOpoHaMH. /loroBOpUThCs O MK pe 1Mo 3JIEKTPOHHOI M0YTe HEBO3MOX-
HO, TIOTOMY YTO 3JI0YMBILIJIEHHUK MOXXET IIEPEXBATUTD COOOIIEHHE, y3HATD KD
1 pacindpoBath coodeHus. Jaxe ecau nepegath Utudp MpH JUYHOI BCTpeye,
3JIOYMBILIJIEHHUK MOXKET yraJiaTh MU@P, €CJAU OH JOCTATOYHO MPOCT. 3HAYMT,
1rudp NpUaeTCs exeaHeBHO MeHATb. Ho Toraa HaM npuaercst exxeJHEBHO ITPO-
BOJIUTD JIMYHbIE BCTPEYH AJIsi U3BMeHeHUsT udpal
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Jlaxce ecJii BaM y1acTCs €XXKeTHEBHO U3MEHSITh TP, TOA0OHBIE MPOCThIE M-
PbI IOCTaTOYHO JIETKO B3JIaMbIBAIOTCA METOI0M I'py6o0ii cuibl. [lonycTHM, S BUXY
coobenue «9,6,13,13,16 24,16,19,13,5». 4 npeanonararo, 4To Npy WKPPOBaHUH
MCII0JIb3YyeTcs MoAcTaHOBKaa=1,b=2 u T. 1.
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Cpaboraso! [Togo6Hbie nmpocThie mKu¢phl B3J1aMbIBAIOTCS JOCTATOYHO JIETKO.
Bo Bropyio MupoByio BoitHy B [epMaHHM HCIT0JIb30BAJICSI HAMHOTO 60JIee CJI0X-

HbIH wndp, HO U OH ObLJ B3JIOMaH.
Anroput™ Anddu—XennmaHa perraet obe n1pob.JieMbl:

QO 3HaHue Mdpa o6enMu cTopoHaMu He obOs3aTesibHO. CiieloBaTeIbHO, UM He
MPUAETCS BCTPEYAThCS M COTJIACOBBIBATD IIUQDP;

Q pacuiudpoBaTh 3alIM@poBaHHbIE COOOIIEHHS YPE38bIUAliHO CTI0KHO.

Anroput™m /Iuddpu—XenamaHa UCTIOJIb3yeT ABA KJI0Ya: OTKPbIThIN U 3aKPbI-
Toiii. OTKPBITHIN KJII0Y U3BeCcTeH 06euM cTopoHaM. Ero Mo)xHo ony6J1MKOBaTh
Ha caliTe, OTIIPaBUTb 3JI€KTPOHHOM TIOUTOM APY3bsIM U BOOOIIE CAeJIaTh C HUM
BCe, YTO BaM 3abuiaropaccyauTrcs. Ero He Hy>xHo ckpbiBaTbh. Koraa apyras
CTOPOHA 3aX04YeT OTIIPABUTH BaM COOOIIleHHe, OHA 3alIUdpPYyeT ero ¢ NpUMeHe-
HMEM OTKPBITOr0 KJIo4a. 3amudpoBaHHoe cO00IEHHEe MOXHO paciindpoBaTh
TOJILKO C 3aKPBITBIM KJII0YOM. IIpH yCc/10BHH, UTO BbI SIBJISIETECH €IMHCTBEHHBIM
BJIaJeJIbI[eM 3aKPBITOrO KJl04a, HUKTO APYroil pacuindpoBaTh cooOlIeHNe He
cMOXeT!
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Anroput™ [Iudpdpu—XennMaHa npoaoKaeT MIPUMEHSTHCS Ha IIPAKTHKE BMECTe
c ero HaciaeAHUKoM RSA. Ecyu Bbl HHTepecyeTech KpUNITOrpaduei, airOpUuT™
IndPpu—XenamMaHa cTaHeT XOpoOIIel OTIPABHOM TOYKOM: OH 3JIETAHTEH U He
0Cc000 CJIOXEH.

JInHenHoe NporpaMMmnpoBaHue

Camoe Jsiyuliee s mpubeper HarnocJieok. JInHelHOe mporpaMMHpPOBaHKe — OJHA
M3 caMbIX MHTEPECHBIX 00J1acTeif, KOTOpble MHE U3BECTHBHI.

JInHeitHOe MporpaMMUpOBaHKe UCIIOJIb3YyeTCA A MAKCMMHU3ALMHU HEKOTOPO
XapaKTePUCTUKHU IPH 3aJaHHbIX OrpaHMYeHUsX. IIpeanosoxumM, Bama Komia-
HUS BbINTyCKaeT JBa MpoAyKTa: pybamku U cymMmku. Ha pybamiky Tpebyercs 1 M
TKaHU ¥ 5 myrosuil. Ha usrorossieHre cyMKH HEOOX0IMMO 2 M TKAHH U 2 MyTO-
BUIIBL. Y Bac ecTh 11 M TKanu ¥ 20 nyrosuu. Py6anika npuHocut npubsiib $2,
a cymka — $3. CkoJibko pybailiek ¥ CYMOK CJIeyeT U3TOTOBUTD JJIs1 IOJIyYeHUs
MaKCHMaJIbHOM MpUOBLIN?

31ech MbI IIBITAEMCSI MAKCUMHU3HUPOBATh IIPUOBLIb, a OTPAHNYEHHS OIIPEAEISIIOT
KOJIMYECTBO UMEIOIIMXCS MaTePHUAJIOB.

JIpyroii mpuMep: Bbl MOJUTHUK, MbITAIOIMIUHACS MOJYYUTh MAKCUMAJbHOE KO-
JIN4eCTBO roJiocoB. MccieqoBaHUs MOKa3alH, YTO HA KAaX bl rOJ0C XUTeJIs
Can-DpaHuucko TpebyeTcsi npuMepHO Yac paboThl (MapKETHHT, .1CCJIeJOBaHUS
M T. I.), a HA KaXKabli roJioc xxurtenss Yukaro — 1,5 yaca. BaM HyXHbI rojoca
kak MUHUMYM 500 xxuteneit Can-@paHuucko 1 kak MUHUMYM 300 >xuTeeit
Yukaro. B BameM pacnopsixxenuu 50 gHerd. Kpome Toro, 3aTpaThl Ha XXHUTeJs
Can-®panuucko coctasasior $2, a Ha xutenss Yukaro — $1. Bam 6romxer
coctaBaseT $1500. Kakoe MakcHMabHOE KOJIMYECTBO I'OJIOCOB Bbl CMOJXKETE
noaydyuth (CaH-DpaHuucko+Yukaro)?

Ha sTot pa3 Bbl CTPEMUTECH K MAKCHUMYMY I'OJIOCOB ITPH OTPAHUYEHHUAX 110 BpE-
MEHHU U J€eHbIr'aM.

Bo3moxxHO, Bbl AyMaeTe: «B 3Toil KHMre MHOTO rOBOPUJIOCH O BOIIPOCAaX ONITUMU-
saiuy. Kak oHY cBSI3aHBI C IMHENHBIM IPOrpaMMHPpOBaHieM?» Bce aaropuTmsl,
paboTatouiue ¢ rpadaMu, MOTYT OBITh peaIM30BaHbl CPEACTBAMH JTUHEHHOTO
nporpaMMHpoBaHus. JINHeliHOe MporpaMMHpOBaHe — HaMHoro OoJiee od1as
00.J1aCTh, a 37241 ¢ rpad)aMu COCTABJISIOT ee IIOJAMHOXECTBO.
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B iMHEeHHOM NMPOrpaMMHUPOBAHUH UCITOJIb3YETCS CUMNAEKC-Memod. ITOT a-
TOPUTM JIOCTAaTOYHO CJIOXEH, ITI03TOMY s He MMPUBOXY ero B KHuUre. Ecin Bl
MHTepecyeTeCh 33layaMU ONTUMHU3ALUH, TOUIIMTEe HH(POPMALIMIO O JIMHEHHOM
IpOrpaMMHUpPOBAHUH!

3nunor

Hanertoch, 3TOT KpaTkHii 0630p Moka3asi, Kak MHOTO BaM ellle ITPe/ICTOUT y3HaTb.
41 cyuralo, yTo JIYYIIMi CIOCO0O Y3HATh YTO-TO — HAUTH TeMY, KOTOpasi Bac HHTe-
pecyeT, 1 U3y4yuThb ee. Hazeroch, 3Ta KHUra 3aKJiaablBaeT JOCTATOYHO HaZe)KHYIO
OCHOBY [JIsI 3TOTO.
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[naBa 1

1.1

1.2

1.3

1.4

1.5

1.6

IMeeTcst OTCOPTUPOBAHHBIM CIIUCOK M3 128 MMeH, U BbI HIllETE B HEM 3HA-
yeHHe MeToAoM OuHapHoOro noucka. Kakoe MakcuMmaabHOe KOJIMYECTBO
IIPOBEPOK JJISI 3ITOrO MOXeET NoTpe6OBaThCS ?

Omeem: 7

[IpeanonoxuM, pa3Mep crimcka yBeanyuics BaBoe. Kak uameHUTCs Mak-
CHUMaJIbHOE KOJIMYECTBO MPOBEPOK?

Omeem: 8

M3BecTHa paMuiIus, Hy)KHO HAUTH HOMeP B TeJle)OHHOM KHUTe.,

Omeem: O(log n)

13BecTeH HOMep, HYXXHO HaWUTHU (paMUuInIO B TesedoHHOU kHure. (I1ox-
CKa3Ka: BaM IPUAETCS MPOBECTH IMOUCK 110 BCell KHUTE!)

Omeem: O(n).
Hy>Ho npouyuTaTh HOMepa BceX Jitojleil B TeJ1e(pOHHOM KHUTE.

Omeem:. O(n).

Hy>xHo npountath TesiepOHbI BCEX JIoAeH, paMUIUU KOTOPbIX HAQUMHAIOT-
cs1 ¢ OykBol «A». (Bonpoc ¢ nogBoxom! B HeM 3aeiicTBOBaHbI KOHIIENLIMH,
KOoTOphle 60J1ee mogpoOHO paccMaTpuBaloTcs B riaBe 4. [IpounTaiite ot-
BeT — CKOpee BCero, OH BaC yAUBUT!)
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Omeem: O(n). Bo3MOXHO, KTO-TO MOAyMaeT: «S Aesaio 3TO TOJIbKO AJIs
oqHOM u3 26 OYKB, a 3HAYUT, BpeMs BHIIIOJIHEHUA JOJXKHO OBITh PaBHO
O(n/26).» 3anloMHUTE MPOCTOE MpaBuJIo: B «O-60J1b1110€» HTHOPUPYIOTCS
YyHuCJa, 3a1eICTBOBAaHHbIE B OIlepallusiX CJ0XE€HUS], BHIYUTAHUS, YMHO-
XKeHUs Uau aeaeHus. Hu oqHo U3 cieayiommux 3HaueHUi He sIBJISETCS
npaBuIbHOM 3anuchio «O-6osblioes: O(n + 26), O(n — 26), O(n * 26),
O(n / 26). Bce onu axkBuBasieHTHbl O(n)! Ilouemy? Eciu Bam nHTEpecHO,
HaiiauTte pa3aen «CHoBa 00 “O-060J1b1I0M”» B IJ1aBe 4 ¥ POYMUTAITE O KOH-
CTaHTaX B 3TOM 3amucH (KOHCTAaHTA — 3TO MPOCTO YHCJIO; B 3TOM BOIIPOCE
26 siBJIsIeTCSA KOHCTAHTOM ).

[[naBa 2

2.1 /[lomycTuM, Bbl CTPOUTE NIPUJIOXKEHHE [JIs1 yIIpaBJeHUs: (PUHAHCAMM.

4. NPOLYKTH
2. KHHO

3. BEAOCHNEDHbI
KAYB

E>kelHEBHO BbI 3aIIMChIBaeTe BCE CBOM TPaThl. B KOHIIe Mecsilia BbI aHAJIH-
3UpyeTe pacxobl U BHIYHCIAETE, CKOJIBKO JeHer ObL10 norpadeHo. [Ipu
paboTe C JaHHBIMU BBIMTOJIHAETCSI MHOXECTBO OIlepaliii BCTaBKH U OTHO-
CUTEJIbHO HEMHOTO onepaliui yteHHusl. Kakyio CTpyKTypy MCII0JIb30BaTh —
MaCCHUB UJIM CIIMCOK?

Omeem: B naHHOM cJiydae TpaThl 400aBJIAIOTCA B CIIMCOK €XXeIHEBHO,
a YyTeHHe BCeX JaHHBIX MPOUCXOAUT OAUH pa3 B Mecsll. [[Jig MacCHUBOB
XapaKTepHO OBICTpPOe YTeHHe U MeJJIeHHas BCTaBKa, a AJIsi CBSI3aHHbIX
CIIMCKOB — MeJIJIEHHOE YTeHHe U ObICTpast BCTaBKa. Tak Kak BCTaBKa OyaeT
BBIINIOJIHATHCSI HAMHOTO 4allle, YeM YTeHHE, eCTb CMBICJI BOCII0JIb30BaThLCS
CBSI3aHHBIM crmckoM. Kpome Toro, uyteHue B CBSI3aHHBIX CITMCKaX ITPOHCXO-
IUT MeJJIEHHO TOJIbKO IPH OOpallleHUH K CIYYalHbIM 3JIEMEHTAM CITMCKa.
Tak kak YMTaThCs OYIyT BCE 3JIEMEHTHI CITMCKA, CBSA3aHHBIN CITHCOK TaKXXe
HEILJIOXO CIIPaBUTCS C YTeHUeM. MITak, CBSI3aHHBIM CIIMCOK CTaHET XOPOIIMM
pellieHHeM 3TOHM 3a1a4H.
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2.2

2.3

OTBeTbl K YNnpa)HeHUaM

JlonycTuM, BbI ITHIIETE IPUJIOKEHHe IJ1s IIpreMa 3aKa30B OT IIOCETUTe el
pectopaHa. [IpunoxeHue 0JKHO XPaHUTDb CITMCOK 3aKa30B. OpHUIIMAHTDI
n06aBJISAIOT 3aKa3bl B CIIMCOK, a IIOBapa YUTAIOT 3aKa3bl U3 CITMCKA U BbI-
MOJIHAIOT UX. 3aKa3bl 00pa3yIoT o4yepeab: O(pUIIHAHTbI 40OABJSIOT 3aKa3bl
B KOHeI[ oYepe/iH, a oBap OepeT MepBbli 3aka3 U3 oyepear U HAaUMHAEeT
TOTOBUTb.

Sz

'H_H."'HTH = QMEPEDL AMKAIOR — HGMH
o® a4
kpha0T Hraes EN Gy
ﬂzﬂ b KOHEN ﬁ:ﬁ? % Mg
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Kakylo cTpykTypy IaHHBIX Bbl ObI HCIIOJIb30BaJIH LI Pea3aliiu 3TOM Oue-
peay — MacCUB UK cBsi3aHHbIN criucoK? (IToackaska: cBsi3aHHbIE CITMCKU
XOPOILIO MOAXOAAT /11 BCTaBKH/y1aJIeHUs], @ MaCCUBBI — [IJIS1 IIPOU3BOJIb-
HOTO IOCTYyIa K 3j1eMeHTaM. YTo 13 3TOoro NoHagoOMTCs B JaHHOM CJiy4yae?)

Omeem: CBsizaHHBIN cIIMCOK. BcTaBka mpoucxoauT oyeHb yacTo (oduiu-
aHTBI 106aBJISIIOT 3aKa3bl ), a CBSI3aHHbIE CMTMCKH 3((EKTUBHO BBIMOJIHSIOT
aTy onepaiuio. Hu nouck, Hu npou3BOJbHBIA JOCTYII (CUJIbHBIE CTOPOHBI
MaCCHBOB) BaM He ITOHaA00sTCsI, IOTOMY 4YTO ITOBAap BCErJa U3BJIEKAET U3
ouepeay MepBbIM 3aKa3.

[IpoBenem MbiciieHHBbI akcniepuMeHT. JJonmyctuM, Facebook xpanur
CIIMCOK UMeH IoJib3oBaTeseii. Korga KTo-To npiTaeTcs 3aiiTH Ha CalT
Facebook, cucrema noiTaercs HailTu uMA nosib3oBaTensa. Ecay uMs Bxoaut
B CIIMCOK MMEH 3aperuCTPMPOBaHHBIX M0JIb30BaTe e, TO BXO/ pa3pelia-
ercs. [Tonb3oBatenu npuxoasaT Ha Facebook qocTaToyHo YyacTo, HO3TOMY
IIOMCK I10 CIIMCKY MMEH I10JIb30BaTes e Oy AeT BBIOJIHATLCS YacTo. Bynem
cyuTarthb, 4TOo Facebook ncrnosb3yer 6MHapHBIN MOMCK A5 IOMCKA B CITH-
cke. BuHapHOMY IMOMCKY He0OXOIUM MPOM3BOJIbHBIN JOCTYIT — aJITOPUTM
I0JDKEH MTHOBEHHO OOpaTUTBHCS K CPeHEMY 3JIeMEeHTY TeKylllei YyacTu
CIKCKa. 3Hast 9TO 0OCTOSATEILCTBO, KaK ObI Bbl PeaIM30BaIM CIIMCOK I10JIb-
30BaTejiel — B BUZIE MaCCUBa UJIU CBI3aHHOIO CITMCKa?
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Omeem: B Buje OTCOPTUPOBAHHOTO MaccuBa. MaccuBbI 00OecrneYnuBaioT
IIPOU3BOJIBHBIM JOCTYN — BBl MOXK€T€ MTHOBEHHO IOJyYUTh 3JIEMEHT U3
cepenuHbl MaccuBa. Co CBSI3aHHBIMM CITMCKAMU 3TO HEBO3MOXKHO. UTOOBI
TMOJIYYUTD 3JIEMEHT U3 CePeUHbI CBI3aHHOIO CITMCKA, BaM IPUAETCS HaYaTh
C MepPBOro 3JIEMEHTA U NMEPEXOAUTD MO CChIJIKAM 10 HYXXHOTO 3JIEMEHTA.

[Tosib30BaTe 1M TaKXKe JOBOJIBHO YaCTO CO3JAI0T HOBbIE YYETHBIE 3alICH Ha
Facebook. IIpeamnosoxuM, Bbl pellInJIM UCIIOJIb30BaTh MAaCCUB JIJIsSI XpaHe-
HMS CITMCKa noJib3oBaresieil. KakuMu HeoctaTkaMu 00/1a1aeT MAaCCUB J1J151
BBINIOJIHEHUS BCTaBKU? [[onmycTuM, Bbl MCIIO/Ib3yeTe OMHAPHBIN MOUCK JJI5T
HaXO0X/IEeHUS YYeTHBIX JaHHbIX. YTO mpou3oiigeT npu 100aBJIeHUH HOBBIX
1oJb30BaTesIeil B MaCCUB?

Omeem: BcTaBKa B MacCUB BBINIOJIHsIETCSI MelJIeHHO. KpoMe Toro, eciiv Bbl
MCIT0JIb3yeTe OMHAPHBIN MOUCK JJIS1 HAaX0XJAEHUSI UMEH I0JIb30BaTeJeH,
MaCCHB HeOOXOIHUMO OTCOPTHPOBaTh. IIpeAIo0XuM, 0JIb30BaTe b 110
umenu Adit B peructpupyercsa Ha Facebook. Ero uMs 6yaer BcraBiieHo
B KOHell MaccuBa. CJie[oBaTeJIbHO, MACCUB HYXKHO OyJIeT COPTUPOBATh IpU
KaXK/10i BCTaBKE HOBOT'O UMEHU!

B neiicrButesnsnoctu Facebook He ucnosib3yeT Hu MacCuB, HU CBSI3aHHBIM
CIIMCOK JIJIs1 XpaHeHUus1 HHPOPMaAIUH O MOJIb30BaTesaX. PaccMOTpuM ru-
OpUAHYIO CTPYKTYPY AaHHBIX: MAaCCUB CBSI3aHHBIX CIIMCKOB. MIMeeTcs Mac-
cuB U3 26 as1eMeHTOB. KaXk bl 371eMEHT COIEP>KUT CChIJIKY Ha CBSI3aHHBIN
criucok. Hanpumep, nepBbiil 371eMEHT MacCMBa YKa3blBaeT Ha CBS3aHHBIN
CIIMCOK BCeX MMEH I0JIb30BaTe Iel, HAUMHAIOL[MXCS Ha OYKBY «A». Bropoii
3JIeMEHT YKa3bIBaeT Ha CBSI3aHHBII CIIMCOK BCeX UMEH I0JIb30BaTeJIei, Ha-
YHHaMuUXcsA Ha OyKkBY «B», u T. 1.

CBASAHHLIR CMHCOK CO BCEMM

"ol Tz DT+ TRDAT 4> ...\ MMEHAMH OABSOBATEAER

HA BYKBY «A»

| ——

HA BYKBY «p»

A BCE| o “BETH"| +-J—{“BRENDA" ] *-i—u,,.BMMEHA NOAb30BATEAER

T [ — - ecopy | 1l FcarTn

MACCH8

[IpeanosioxuM, nmoJsb3oBaTteb ¢ uMeHeM «Adit B» perucrpupyercs
B Facebook 1 BbI XxoTHTE 106aBUTH €ro B clucoK. Bol obOpaiaerecs K aJie-
MeHTY 1 MaccuBa, HaXOAWTe CBSI3aHHBIHM CITUCOK 3jieMeHTa 1 1 106aBJisieTe
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«Adit B» B xonery ciucka. Tenepp MpeanooxuM, 4YTO 3aperMCTPUPOBATh
HY>XHO nosb3oBateJisi «Zakhir H». Bbl o6paliaetech k ayieMeHTy 26, Ko-
TOPBI COAEPXKUT CBSI3AHHBIM CITMCOK BCEX UMEH, HAUMHAIOIIUXCS C «Z»,
U IIpoBepsieTe, MPUCYTCTBYeT iU «Zakhir H» B aTOoM crniucke.

Tenepb cpaBHUTE 3Ty TMOPUAHYIO CTPYKTYPY AaHHbIX C MACCUBAMH U CBSI-
3aHHBIMHU CITUCKaMH. By/ieT oHa ObICTpee WJIM MeJIeHHee KaXX10i UCXO/-
HOM CTPYKTYPHhI IIpU MOUCKE U BcTaBKe? [IpUBOAMTH BpeMs BbINOJIHEHUS
«O-060Jb1lI0E» HE HYXXHO, TPOCTO BhIOEPHTE OJHO U3 ABYX: ObICTPEE UJIU
Me/lJIEHHEE.

Omeem: Ilouck — MeaseHHee, YeM IJIs1 MAaCCUBOB, M ObICTPeEe, YeM 1151
CBSI3aHHBIX CTMCKOB. BcTaBka — ObICTpee, ueM J1JIs MAaCCHUBOB, U C TAKOH e
CKOPOCTBIO J/Is1 CBSI3aHHBIX CTUCKOB. MITak, ruOpuaHast CTpyKTypa ycTymna-
eT MaCCHBY II0 CKOPOCTH IIOMCKa, HO 10 KpaifHelt Mepe He XyJKe CBSI3aHHbIX
CITMCKOB /UL BCETO OCTaJIbHOTO. /[ajiee B KHUTe OyeT pacCCMOTPEHa pyrasi
ruOpuIHas CTPYKTYpa JaHHBIX, Ha3biBaeMas xell-tabsuieir. OHa aacT He-
KOTOPOE IMpeICTaBIe€HHE O TOM, KAK CTPOUTH CJIOXKHbIE CTPYKTYPbI IaHHbIX
13 60JIee MPOCThIX.

YTo ke B eficTBUTEJIBHOCTH HUCIOab3YeT cepBUc Facebook? BeposiTHo,
NeCATOK pa3HbIX 0a3 JaHHBIX, 32 KOTOPBIMU CTOAT pa3Hble CTPYKTYPb
NAHHBIX: XelI-TaO IUIbI, B-epeBbs U T. I. MaccUBBI M CBSI3aHHbIE CITUCKH
CTAHOBSITCS CTPYKTYPHBIMU 3JIEMEHTAMH JIJIsI IOCTPOeHUsI OoJtee CI0XKHbBIX
CTPYKTYP JAaHHBIX.

[naBa 3

3.1 Ilpeanonoxum, UMeeTCs CTEK BbI3OBOB CJIEAYIOLIETO BUA:

TREET2
“WRME: | MAGGIE
I GREET
_NAME: | W&

YTO MOXHO CKa3aTh O TEKYIIEM COCTOSAHUU MPOIPaMMbl HA OCHOBaHUU
3TOr0 CTeKa BbI3OBOB?
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Omeem: HekoTopblie Hab/MIOAEHHS, 0 KOTOPBIX Bbl MOTJIU Obl YIIOMSIHY Th:
* CHayaJia BbI3bIBaeTcsd QYHKIUS greet /11 IepEMEHHOI name = maggie;

e 3aTreM (YHKIUS greet BbI3bIiBaeT (PYHKIIUIO greet2 IJisl IEpeMeHHOH
name = maggie,

* Ha 9TOW cTaauu (PYHKLMS greet HAXOJUTCS B He3aBEPLIEHHOM, TPH-
OCTaHOBJIEHHOM COCTOSIHUM;

* TeKYIIUM BbI30BOM (DYHKIIUM SIBJISIETCS BbI3OB greet?2;

* II0CJIEe 3aBepIleHU S 3TOrO BbI30Ba (PYHKIIUA greet MPOAOJKUT BbIMOJI-
HeHUe.

3.2 Ilpeanosioxum, Bbl CJIy4YaitHO HAMMCAIA PEKYPCUBHYIO QYHKIUIO, KOTOpast
O6eCKOHEYHO BbI3bIBAET caMy ceOs1. Kak Bbl yke BUAETH, KOMIBIOTEDP BbI-
NeJIsIET MaMSITh B CTEKE IIPH KaXX/OM BbI30Be QYHKI[UM. A YTO MPOU30MIET
CO CTEKOM ITPH OECKOHEYHOM BBITIOJIHEHUH PEKYPCHUH?

Omeem: Ctek 6yneT pactu 6beckoneuHo. Kax ol mporpamme BbieIsIeTCS
orpaHuM4YeHHbI 00beM NMaMATH B cTeke. Korjga Bce mpocTpaHcTBO OyaeT
MCUYepIIaHo (a paHO WJIM MO3JHO 3TO MPOU3OK/IET ), MPOrPaMMa 3aBePILIUTCS
C OIIMOKOI1 mepenoJHEHUSI CTEKaA.
4.1 Hanummure koa a1 @yHKUUM sum (CM. BBILIE).
Omeem:
def sum(list):
if list == []:
return 0
return list[0] + sum(list[1:])
4.2 Hanumure peKypcUBHYIO PYHKIIUIO AJIS1 MOJCYETa 3JIEMEHTOB B CITHCKE.

Omeem:

def count(list):
if list == []:
return 0
return 1 + count(list[1:])
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Hajiiagure HauboablIee YUCJIO B CIIMCKE.

Omeem:

def max(list):
if len(list) == 2:
return list[0] if list[@] > list[1] else 1list[1]
sub_max = max(list[1:])
return list[@] if list[©@] > sub_max else sub_max

[ToMHHUTE OMHAPHBI MTOUCK U3 IJ1aBbl 1? OH TOXe OTHOCUTCS K KJIacCy aJi-
TOPUTMOB «Pa3iesisii ¥ BjaacTBy». CMoXKeTe JIX Bbl ONpeAeIUTh 6a30BbIi
¥ PEKYyPCHUBHBIH cJIy4yai aAJ1s8 OMHapHOTO MOUCKa?

Omeem: Ba3oBbiM ci1ydyaeM AJisE OMHAPHOTO ITOMCKA ABJISE€TCA MACCHB,
coJiepXKalui BCero oAuH 3JjieMeHT. Ec/IM HCKOMBIHN 3JIeMEeHT COBIaJaeT
C 3JleMEeHTOM MAaCCHUBA — Bbl HAlLJIX ero! B NpoTUBHOM cjyyae 3J1€eMEeHT
B MacCHUBe OTCYTCTBYET.

B pexypcHBHOM ciiyyae 11 6UHAPHOro IOMCKA MACCHUB AEJIUTCS MOIO0JIaM,
OJlHa MOJIOBHHA OoTOpachiBaeTcs, a AJIs APYyroii MOJOBUHBI POBOAUTCS
OMHaApPHBII MOUCK.

3anumure «O-60.1b1110€» 1715 KaXI0i U3 CIeAYIOLIMX OIepaluii.

4.9

4.6

4.7

4.8

BbiBoj 3HaYEeHH ST KaXXI0ro 3JieMeHTa MaCCHUBa.

Omeem: O(n).

YIIBOCHI/IC 3HAYEHHNSA KaXXI0TI'0 3JIEMEHTA MACCHBaA.

Omsem: O(n).

YaBoeHue 3HayeHHUS TOJBKO IIEPBOI'o 3JIEMEHTA MAdCCHUBA.

Omeem: O(1).

Co3paHue TabM1Ibl YMHOXEHHS /ISl BCeX 3JIeMEHTOB MaccuBa. Hanpumep,
ecJIM MaCCHUB COCTOMT M3 3JIeMeHTOB [2, 3, 7, 8, 10], cHayana Kaxx/bii aJie-
MEHT YMHOXXA€eTCS Ha 2, 3aTeM KaXKbIi 3JIeMEHT YMHOXKAeTCsl Ha 3, 3aTeM
Ha /U T A

Omeem:. O(n?).
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[naea 5
Kakue u3 ciaegyonux QyHKIUA SBISIOTCS MTOCIeI0BaTETbHBIMU ?

9.1 f(x) =1 oo Bo3spawaer "1" ana nobbix BXOAHbIX 3HAYECHUN

Omeem: DOyHK1IUA NTOCIeq0BaTe /IbHA.

5.2 £(x) = rand() o Bo3Bpalyaer cAyyaifHoe YHCNo
Omeem: DyHKUMSA HeMOCJIe10BaTe IbHA.

Bo3spauiaet HHAEKC cheayouero

3.3 f(x) = next_empty_slot() = < NyCTOro anemenxTa B xew-rabnuye

Omeem: DyHKIMSA HENOCIEA0BATEIbHA.

5.4  F(x) = 1len(x) o Bo3spawaer AnnHy NOAYYEHHOH CTPOKH

Omeem: DyHKIMA OCTEA0BaTEIbHA.

[IpeanosioxuM, UMeIOTCS YeThipe Xelll-QYHKIUHU, KOTOPbIE MOJIYyYaloT
CTPOKH.

1. IlepBast pyHkuus Bo3BpalaeT «1» 1Jst 11060ro BXOJHOTO 3HAYEHU .
2. Bropas ¢pyHKIMA BO3BpalllaeT AJUHY CTPOKHM B KaueCTBe UHIEKCA.

3. Tpetbs GyHKIMsA BO3BpalllaeT mepBblii CHMBOJI CTPOKH B KauyeCTBE UH-
nekca. TakuM o6pa3oM, Bce CTPOKH, HAUMHAIOIIHUECS C «a», XEITHPYIOTCS
B OJIHY TO3UI[MIO, BCE CTPOKH, HAYMHaIoLIHecs ¢ «b», — B APYTyI0 U T. .

4. YerBepTas ¢pyHKIUUSI CTAaBUT B COOTBETCTBUE KaX10i OykBe Mmpo-
croeuncino:a=2,b=3,c=5d=7,e=11u T a. [lus cTpoxu xem-
(pyHKIHEH CTAHOBUTCS OCTAaTOK OT JIeJIEHUSI CYMMBI BceX 3HaUEHUH Ha
pa3Mep xema. HanpuMmep, ecan pasmep xela paBed 10, To a5 cTpokH
«bag» 6yaet BbiuncaeH uHaekc 3 +2 + 17 % 10 = 22 % 10 = 2.

B xaxom u3 3THX npuMepoB xell-pyHKIUH 6y ayT oOecrneynBaTh XOpOIlee pac-
npeaesenne? Cuuraiite, yTo Xeu-tabauia cogep>xut 10 3J1eMeHTOB.

9.9 TenedoHHast kHHUra, B KOTOPOH KJII0YaMH SIBJISIIOTCSI MM€EHA, a 3HAUYeHUSIMH —
HOMepa TeJiehOHOB. 3a/laH cJeaylolui cnucok uMeH: Esther, Ben, Bob, Dan.

Omsem: Xem-pyukuuu C u D obecneunBaioT xopolliee pacrpe/ieieHue.



282  OtBeTbl K YyNnpaXkHEHUAM

3.6 CsBs3b pasMepa Oatapeiiku ¢ HanpsikeHHueM. PasMmepsl O6aTtapeek: A, AA,
AAA, AAAA.

Omeem: Xew-pyukuuu B u D obecnneunBaioT xopoliee pacrpenaeieHHe.

5.7 CBs3b Ha3BaHM 1 KHUT ¢ MUMeHaMH aBTopoB. HasBaHust kHUr: «Maus», «Fun
Home», «Watchmen».

Omeem: Xem-¢pyukuuu B, C u D obecneynBaioT Xopolllee pacipeaeeHHE.

[[haBa 6

[IpyMeHHTE aJITOPUTM IIOMCKA B IIMPUHY K KaXKIOMY M3 3TUX TpadoB, 4TOOBI
HAWTHU pelleHue,

6.1 HaiiauTe 11MHY KpaTyaiilllero MyTH OT HA4YaJbHOTO J0 KOHEYHOIO y3J1a.

KOHEL

HRYAAD

Omeem: [IniHa KpaTyaHulllero nyTy paBHa 2.

6.2 Haitaure n1MHy KkpaTyaiiliero myTH ot «cab» k «bat».

(s
@ @ KOHELL

o

HAYAAO

Omeem: [I1MHa KpaTyaiilliero myTH paBHa 2.
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6.3 Ilepex Bamu HebobIIOI Irpach MOEro yTpeHHErO pacopsiaKa.

FRHATE
LTI

nPo-
CHYTHLS

TPAKATD

st KaXJ10ro U3 cJeayloluX TpeX CIIMCKOB YKaXXUTe, JeCTBUTEJIEH OH
UJIU HeJeHCTBUTeJIEeH.

A. B, C.
1. NPOCHYTBCA 1. NPOCHYTBCA 1. NPUHATD YW
2. NMPHHATD YW 2. NOYUCTHTD 3YBH 2. NPOCHYTHCA
3. NO3ABTPAKATD 3. NO3ABTPAKATD 3. NOYHCTHUTD 3YBH
4. NOYNCTUTDH 3YBH 4. NPUHATD aYW 4. NOABTPAKATD

Omeemuwi: A — HepelictBuTtelieH, B — aencrtBurenel; C — HeleliCTBUTEJIEH.

6.4 HemHoro ysesanuum ucxoansiii rpag. Iloctpoiite AeicTBUTENBHBIN CIIUCOK
1J1s1 3Toro rpada.

FTARGSATH
OREL

Omeem: 1 — IlpocHyTbcst; 2 — Caenatsb 3apsaaky; 3 — IIpuHsaTts gy, 4 —
[Tounctuts 3yonr; 5 — Opetbes; 6 — YmakoBaTtb 06ex; 7 — [To3aBTpakarts.
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6.9 Kakue u3 caeayomux rpa¢doB Takxe SIBJISIOTCS IepEeBbIMH?

A. . C.

Omeemui: A — nepeBo; B — He nepeBo; C — aepeBo. B nocieaHeM npumepe
JepeBO MPOCTO MOBEPHYTO HAaOOK. /[epeBbsi COCTABJSIOT MOAKATETOPHIO
rpadoB, II03TOMY JII000e JepeBo ABJseTCs rpadoM, Ho rpad He obOs3aTeb-
HO SIBJISIETCS IEPEBOM.

[naBa /

7.1 KakoB Bec KpaTyaiiliero myTy OT HayaJia 10 KOHIIA B KaXX/IOM U3 CJieyIO-
mux rpagoB?

A. 8|

HAYAAO
= '|. KOHEU

-?_

Eﬁ_

HAYAAO KOHEU

C.  HAYAAD
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Omeemwvi: A — 8; B — 60; C — kaBep3HbIi BONPOC (KpaTYaUIIUK MYyTb He
CyLIECTBYeT U3-3a HAJTUYHS LIMKJIa C OTPULIATEJIbHBIM BECOM).

[naBa 8

8.1

8.2

8.3

8.4

8.9

Bsl paboTtaete B pupmMe Mo Mpou3BOACTBY MeOeIU U IMOCTaBJIsIeTe MeOeIb
no Bceil ctpaHe. Kopobku ¢ Mebesbio pa3MmelnaloTcsa B rpy3oBuke. Bee
KOPOOKH UMEIOT pa3Hblii pa3Mep, U Bbl cTapaeTech HanboJiee 3HEKTUBHO
MCIT0/Ib30BaTh JOCTYITHOE MPOCTpaHCcTBO. Kak BhIOpaTh KOPOOKH [1JisS TOTO,
yTOoOBI 3arpy3kKa MMeja MaKCUMabHYI0 apdekTuBHOCTH? [Ipeanoxure
XaJHYIO cTpaTeruio. byaer i nosnydyeHHoe pellieHHE ONMTUMATIbHBIM?

Omeem: XXanHasa cTpaTerus 3aKJI0YaeTCsI B TOM, YTOObI BHIOpATh CaMyIo
00J1b11IyI0 KOPOOKY, TOMEIIAIOMIYIOCS B OCTaBLIEMCSI IPOCTPAHCTBE, U I10-
BTOPSITD 3TO JI0 TeX I0P, II0Ka €11[e€ MOXXHO BhIOpaTh XOTs1 Obl OIHY KOPOOKY.
Her, Takoe penieHne ONTUMAIbHBIM He OYIET.

Bul egete B EBpony, U y Bac ecTb 7 AHEH Ha 3HAKOMCTBO C IOCTOIIPHUMe-
4YaTeJbHOCTSAMU. Bbl NpucBanBaeTe KaXX 10M JOCTONIPUMEYATEeIbHOCTHU
CTOMMOCTbD B bOasiax (HacKOJIbKO Bbl XOTHUTE €€ YBU/ETh) U OlleHHBaeTe
IPOJI0/KUTETBHOCTD Moe3KH. Kak o6ecreynTh MaKCMMaJIbHYIO CTOMMOCTb
(YyBUAETb BCe caMOe BaXKHOe) BO BpeMs noe3aku? Ilpeanoxure xaaHyio
cTpateruio. byaer i moysiyyeHHOe pellleHHe ONTUMAJIbHBIM?

Omeem: BpiOupaiiTe 10CTONIPHUMEYATETbHOCTD C HAMOOJIbIIIEH CTOUMOCTBIO
B 6aJslj1aX, KOTOPYIO BhI YCIIeeTe IOCETUTDb B OcTaBlieecss BpeMsi. OcTaHo-
BUTECH, KOTla TAKUX JOCTONpUMeYaTebHOCTel He ocTaHeTcs. Het, Takoe
pellleHre ONTUMAIbHBIM He OY/I€eT.

151 KaXxoro u3 I[TPUBEAEHHBIX HNXXE aJITOPUTMOB YKaXXHTE, ABJISAETCA JIN
3TOT aJITOPHUTM >KAdJAHbIM UJIN HET.

bricTpasi copTupoBKa.

Omeem: Her.

ITouck B LIMPHUHY.

Omeem: [1a.

Anroput™M [leHKCTPBI.

Omeem: [1a.
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8.6

8.7

8.8
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IToutanboH goXKeH mocTaBUTh MUcbMa B 20 qoMoB. EMy HYy)XHO HaWUTH
KpaTyallM{ MyThb, MPOXoAsAlIUi yepe3 Bce 20 momoB. ABisieTcs M 3Ta
3agaya NP-noyHOH?

Omeem: [a.

HNMeeTcs 3agaya moMcka MakCMMaJIbHOM KUKy B MHOXKeCTBe JiloJel (KIu-
KOW Ha3bIBAaeTCsI MHOXKECTBO JIio1eH, KaX bl U3 KOTOPHIX 3HAKOM CO BCEMH
OCTaJIbHBIMMU. ) SABJsieTcA Jy 3Ta 3a4a4a NP-1noiHoi?

Omeem: [la.

Bai pucyete kapty CIIIA, Ha KOTOpOii iBa COCEIHUX LITaTa HEe MOTYT OBITh
OKpallleHbl B OIMHAKOBBIIA 1[BeT. TpebyeTcss HAMTH MUHMMAJIBHOE KOJIHYe-
CTBO I[BETOB, IIPH KOTOPOM JII0ObI€ Ba COCEHUX IITaTa OYAYT OKpalleHbI
B pa3Hble 1[BeTa. SABJsieTCA M 3Ta 3aaa4a NP-noysiHOn?

Omeem: [la.

[[naBa 9

9.1

9.2

[IpeanosioxumM, K npeameraM gobaBuJics eie oauH: MP3-nieep. OH BecuT
1 dyut u crout $1000. CTouT 1 OpaTh €ro?

Omeem: [1a. Bl cMoXeTe 1oJIoKUTh B piok3ak MP3-meep, iPhone u ru-
Tapy obieii croumoctbio $4500.

[IpeamnoJsioxum, 4To BBl coOMpaeTech B Typroxod. EMKOCTb Balllero pIok-
3aKa cocTaBJisieT 6 QYHTOB, U Bbl MOXKETE B35ITh IpeIMEThl U3 CJIeAYIOIErO
CIIHACKA. Y KaXJI0ro npeaMeTra UMeeTCs CTOMMOCTD; YeM OHa BbIllle, TEM

Ba)kHee MpeaMeT:
* Boaa, 3 pyHTa, 10

 Knura, 1 pyHT, 3

* Ena, 2 pyHnra, 9

* Kyprtka, 2 dyHTa, 5

 Kawmepa, 1 pyHT, 6

Kak BBITJIAAUT ONTUMaJIbHBIH HA0OP NMPeaMETOB /Il ToxXoaa?

Omeem: Bo3bMUTE BOAY, eIy U KaMepy.
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Hapucyiite u 3anoyiHuTte TabauLy AJs BHIYUCIEHUS CaMOM JJIMHHOM 00-
el MoACTPOKU Mexay cTpokamu blue u clues.

Omeem:

L 5
O O

@)
@

—

-

E
0
)
o
=

o

M

|_.
le(clcjo|n

OO
jo{N|C

naBa 10

10.1

10.2

B npumepe ¢ Netflix cxoacTBo Mexay ABYMs M0JIb30BaTeIsIMU Oll€HHU-
BasoCh 1o popmy.Jie paccTosiHus. Ho He Bce MoJib30BaTe/IM OLleHUBAIOT
buIbMBI OIMHAKOBO. JlONyCTHM, eCTh [Ba Hoyb3oBaTess, Vloru u [TuHky,
BKYCBI KOTOPBIX coBrazaoT. Ho Moru ctaBut 5 61108 1060My bHIbMY,
KOTOPBIH eMy MOHpaBuJics, a [InHku 60s1ee pa3zbopunBa U CTaBUT <«IISITEP-
KM» TOJIbKO CaMbIM JIydinuM ¢puabMaM. Bpoze 6b1 BKyChl OIMHAKOBBIE, HO
10 MeTPUKe PaCCTOSTHUSI OHM He SIBJISIIOTCS coceAssMU. Kak ydyecTb pa3Jiu-
yKusl B CTPATErusix BbICTaBJIEHUS OLIEHOK?

Omeem: M0XHO BOCIOJIb30BAaTbCSI HOPMAAU3ayueu: Bbl BBIYUCJISAETE Cpell-
HIOIO OLIEHKY JIJIS1 KaXKI0ro YeJIoBeKa M MCII0JIb3yeTe ee I MaclTabupo-
BaHUA OlleHOK. HanpuMep, Bbl ornpeaesniy, 4To cpeaHss olleHKa [ITuHku
paBHa 3, a CpeHsIs OlleHKa Moru — 3,5. COOTBETCTBEHHO OLleHKH [TMHKH
HeMHOI'0 yBeJIMYMBAIOTCS TaK, YTOOBI ee CpeaHsIsl OlleHKa ToXXe Obljla paBHa
3,5. Ilocsie aTOrO OlLIEHKM MOXXHO CPaBHUBATD 110 €IMHOM 1IIKaJIe.

[Ipeanosioxum, Netflix onpegensier rpynny «aBTopuTeToB». CKaxeM,
KBeHTuH TapaHTMHO U ¥Y3C AHIEPCOH OTHOCSATCS K YMCJY aBTOPUTETOB
Netflix, mo3ToMy HUX OlleHKM OKa3bIBalOT 60Jjiee CHUJIbHOE BIHSHHE, YEM
OLIEHKH pSI/IOBBIX M10JIb30BaTeied. Kak I3MEHUTDh cMCTeMY peKOMeHAalluH,
yTOOBI OHA YYHUTHIBAJIA MOBBIIIIEHHYIO IIEHHOCTh OL[eHOK aBTOPUTETOB?
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Omeem: [Ipy npMeHeHHH aIrOPUTMa & 61MXKaimMX coceeit MOXHO yBe-
JIMYUTDb BEC OLIEHOK aBTOPUTETOB. IIpearonoxum, y Bac Tpoe cocenent: /1xo,
J131iB u Yac Annepcon (aBroputet.) OHu nmoctaBuM GuibMy «loabd-Kry6»
olleHKHU 3, 4 1 5 cOOTBETCTBEHHO. BMecTo TOro 4yToOb! BHIYUCIIATh CpeIHee
apudmeTHyeckoe ux oueHok (3 + 4 + 5 / 3 = 4 3Be3abl), BBl MMPOCTO IO-
BBIILIA€Te BeC OLleHKH Yaca AHiepcoHa: 3 +4+5+ 5+ 5 /5 = 4,4 3Be3 bl

10.3 VY cepsuca Nettlix Mmuinonsl noab3osareseil. B npuBeaeHHoM paHee

puMepe peKOMeHaTeIbHasi CUCTeMa CTPOMJIACh IS MATH OJIM>KaMIINX
cocened. IIsater — aro cauiukom Mano? CAUIIKOM MHOTO?

Omeem: CiuuikoM Majio. Eciiu orpaHMYMTBCSI MaJIbIM YHCJIOM COCEel,
CYLECTBYET BbICOKAsi BEPOSITHOCTD TOT'O, YTO Pe3YJIbTaThl OyIyT UCKaXKe-
Hbl. CyIl[eCTBYeT XOpolliee SMIMPUYECKOe MPaBUJIO: AJist N I0JIb30BaTeJiei

cjaenyet paccMatpuBaTth sqrt(N) coceneil.
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