YACTb

OCHOBBbI
ANTOPUTMUSALIUA

" 4

-

Fmnaea 1

CTpyKTypHasi opraHu3sauus
OaHHbIX

OGpaborka MHbOpMAlMKM HA MEPCOHANBHBIX 3IEKTPOHHBIX
peraucuTensHbix Mamunax (IIDBM) Tpebyer, 41065 ee cTpyKTypa Obla
onpenenesa u TouHo mpencrasnena B [IDBM. WUudopmauus, npeacra-
BJIEHHas B OpPManH30BaHHOM BH/IE, IPUTOAHOM UL aBTOMaTHU3HPOBAHHOM
00paborky, Ha3siBaeTcs danmbimu. CTPYKTYpa NAHHBIX ONPENCIACT HX
CEeMaHTHKY, a TakKe crocobbl OpraHu3ali JaHHBIX H YTIPABICHHA HMH.
[Tpu MCTIONB30BaHHK KOMIIBIOTEPA UL XPAaHEHH U 00paboTKH JaHHBIX He-
0OXOAMMO TOYHO OTPEAETHTE THIl M CTPYKTYPY JAHHBIX, a TAKXKe HAHTH
crioco6 Hanbosee ecTeCTBEHHOro uX npexacTasneHus. CTPyKTYphl JaHHBIX
1 ANTOPHTMBI CJTy’KaT TeM MaTepPHAJIOM, H3 KOTOPOTO CTPOATCS NPOrpaMMBIL.

Be3 mOHHMAaHHUs CTPYKTYP AaHHBIX M aITOPUTMOB HEBO3MOXKHO CO3/1aTh
Ccepbe3Hbli NPOTrPAMMHBIH IPOJYKT — OHH CITYKaT 6a30BbIMH JIEMEHTAMH
niobo#t nmporpammbl. B opranusanuu CTPYKTYp AaHHBIX M MpPOLEAYP
ux 00paboTKH 3a/10)KeHa BO3MOXKHOCTH MPOBEPKH NPABUILHOCTH paboThI
nporpamMmal.

p (%

OCHOBHbIE NMOHATUA CTPYKTYP
OaHHbIX

KoMmnproTep onepupyeT TOIBKO C OAHHM BHAOM JaHHBIX —
C OTAENbHBIMY OUTaMH, MIM ABOMYHBIMH LMdpaMu, U paboTaeT ¢ ITUMH
JAHHBIMH TOJBKO B COOTBETCTBMM C HEH3MEHHBIM HabOpOM anropuTMOB,
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KOTOPbIE ONPEAENAIOTCA CHCTEMON KOMaH/L LIEHTPaIbHOO NpoLeccopa. 3a-
Ala4H, KOTOPBIE PELUAIOTCS C MOMOLUBIO KOMIBIOTEPA, PEAKO BBIPAXKAKOTCS
Ha a3bike OuTOB. Kak npaBunio, naHHble HMEIOT OPMY YMCEN, IUTEp, TeK-
CTOB, CHMBOJIOB H Oonee ClI0XKHBIX CTPYKTYP THIIA NOCEA0BaTeNbHOCTEH,
CMUCKOB M epeBbeB. Eule pasnoobpasHee anropuTMbl, MpUMEHsEMbIe 115
PelUECHUA PA3MUHBIX 3a/1a4; (aKTHYECKH AJINOPUTMOB HE MEHbILE, YeM
BbIYHCIIMTE/IbHBIX 3aJ1ay.

Crpykrypa aaHHbIX, paccMaTpuBaemas Ge3 y4eTa ee npecTaBleHHs B
MaUIMHHON NaMATH, Ha3bIBaeTCA abcmpakmuoi, unv ao2uveckoi. TTons-
THE «pu3uYecKas cmpykmypa 0aHHbIX» OTPAXKAET CNocod GU3HUECKoro
MPEACTABICHHUA JAHHBIX B MalUMHHOW namatv. Bceneacrsue paznuums
MEX/y JIOTHYECKOH ¥ COOTBETCTBYIOLIEH el PU3nUecKol CTpyKTypamu B
BBIYMCIIMTEILHON CHCTEME CyLLECTBYIOT MPOLEAYPbl, OCYUIECTBAAIOLHE
oTOOpakeHHe OruYecKoi CTPYKTYpbl B QH3HYECKYIO, M Ha06OpOT.

Hanpumep, 10cTyn K 3neMeHTy JBYMEPHONO MaccHMBa Ha JIOrHYECKOM
YPOEiic peaiu3yercs yKasaHueM HOMEPOB CTPOKHM M cTonbua B NpsAMOyrosib-
HOHM Tabsulie, Ha nepeceyeHnt KOTOPBIX PAcoNOKEH COOTBETCTBY IOILMIA
anemMeHT. Ha (pu3MyeckoM ke ypoBHE K 31eMEHTY MacCuBa AOCTYN OCy-
LLECTB/IAETCA ¢ MOMOLLUBIO (yHKLUMH aapecalii, KOTOpas NMpH W3BECTHOM
HauaJbHOM ajpece MaccKBa B MAalUMHHON namsaTH nmpeobpasyer Homepa
CTPOKH M cTONOLA B aJJpec COOTBETCTBYIOLLEND 3JIEMEHTAa MaccuBa. Takum
00pa3s’oM, Kax1yro CTPYKTYpYy AaHHBIX MOXHO XapakTepH30BaTh €€ JIOrH-
4eCKUM (abCTpakTHBIM) U (PU3HUECKUM (KOHKPETHBIM) MpeACTaBIeHUAMH,
a TaKXKe COBOKYMHOCTbIO ONepaLnii Ha 3TUX ABYX YPOBHAX MpPeACTaB/IEHHUA
CTPYKTYpbI (puc. 1.1).

OueHb 4acTo, roBops O TOH MM MHOM CTPYKTYpPE JAAHHBIX, UMEIOT B
BHAY €€ JIOrHYeCKOe Npe/ICTaB/IeHHe, TaK Kak (pU3MYecKoe NpeACTaBieHHe
00BIYHO CKPBITO OT nporpammucta. Tak kak Gu3Mueckas CTPYKTypa AaH-
HBIX peanu3yeTcs B MALUMHHON NamMATH, UMEIOLLEH OrpaHUYeHHbIH 00beM,
TO NMPH U3YYEHHH TAKOH CTPYKTYpPhl JOJIKHA YYUTBIBATHCA Mpobiema pac-
NPeAEsIeHUs U YIIPABJIEHUSA MAMATEHIO.

CTpyKTypbl JaHHbIX, IPHMEHAEMbIE B aITOPUTMaX, MOTYT ObITh Ypes-
BbIYaHHO CIOKHBIMH. B pesynbrare BbIGOp NpaBUILHOrO MpeACTaBIeHUs
JaHHBIX 4aCTO CIYXKHUT KJIKOUOM K YJJa4HOMY NMPOrpaMMUPOBAHUIO U MOXKET
B OO/blUEH CTENEHM CKasbiBaThCA Ha MPOM3BOAMTENLHOCTH MPOrpaMMbl,
YeM JeTajii UCMOJb3yeMOro aJiroOpuT™a.

[Ton empykmypoii dannpix B oblueM ciyyae MOHUMAKOT MHOXECTBO
3N1EMEHTOB JIaHHBIX U MHOXKECTBO CBsA3ei mexay Humu. Takoe onpenene-
HHE OXBAThIBAET BCE BO3MOXKHbBIE MOAXO0/bl K CTPYKTYPH3aLMUHU AAHHBIX, HO
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Onepauny Hap, NOrM4ecKoi CTPYKTYpon

I b i oy I

Noruyeckas CTpyKTypa AaHHbIX

]

Onepauun Hap prU3n4ECcKoin CTPYKTYPO

I ' I :

duanyeckan CTpykTypa AaHHbIX

Puc. 1.1. YpoBHH npeACTaBIEHUS CTPYKTYPbl AaHHBIX

B KaXk/10# KOHKPETHOI 3ajaue MCroJib3yOTCs Te MW HHBIE €ro acneKThl.
[TosTOMY BBOAMTCS JOMOJHUTENbHAs KiaccuduKkauns CTPYKTyp NaHHBIX,
HanpasJeH|s KOTOPOii COOTBETCTBYIOT Pa3iM4HbIM aCMeKTamM HX paccMo-
tpeuus. [Ipexae yem NpUCTynarh K M3yYEHHUIO KOHKPETHBIX CTPYKTYyp
JNAaHHbIX, JaauM HMX o6uyio kiaccupukaluuio Mo HECKOJbKHM MpH3Ha-
kam. TlousiTe «u3nueckas CTPYKTypa JaHHBIX» OTpaxaeT crnocod ¢u-
3M4eCKOro npeacTasieHus AaHHbIX B namati [I19BM u HasbiBaeTCs eile
CTPYKTY PO XpaHeHuUs, BHYTPEHHEN CTPYKTYpOH MK CTPYKTYpOii NaMsATH.
PaccMOTpeHMe CTPYKTYpbl JaHHbIX Oe3 y4eTa ee MpeAcTaB/ieHus B nams-
TH KOMIBIOTEpA HA3bIBAETCS aOCTPAKTHOM, UITM JIOTHYECKOH, CTPYKTYPOH.
B o6liem ciyyae MexIy JOruueckoil ¥ cooTBeTcTByiOLel eif dusnye-
CKOif CTPYKTYpaMH CyILECTBYET pasjinyue, CTeneHb KOTOPOro 3aBUCHUT OT
caMoii CTPYKTYpbl U OCOBEHHOCTEH TOH Cpe/ibl, B KOTOPOi OHa J0JKHA
ObITh OTpaXkeHa. BcnencTeue TOrO pasnuyus CyIIECTBYIOT MPOLELypbl,
OCYLIECTBAAIOUME 0TOGpaXKEHHE TOTHUECKOH CTPYKTYPhl B (QU3HUECKYIO
¥, HAoBOPOT, (PU3HUECKOH CTPYKTYpPBI B JOrMYECKYHO. OTH NpPOLELYPEI
ofecrneunBaioT, KpoMe TOro, A0cTyn K pU3WYeckuM CTPYKTypam W BbI-
MOMHEHWE HaJl HUMM Pa3NM4HbIX ONepalui, npuyeM Kaxaas ornepauus
paccMaTpUBAeTCs PUMEHHTENBHO K JIOTHYECKON WK (pU3NIECKOH CTPYK-
TYpe AaHHBIX.

Pasnuuaior npocthie (6a3oBble, MPUMHUTHBHBIE) CTPYKTYpPbl (THMbI)
JAHHBIX U HHTEPUPOBaHHBIE (CTPYKTYPHPOBaHHbIE, KOMIO3UTHBIE, CTI0XK-
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Hbie). JIpocmbimu Ha3bIBAIOTCA TakHe CTPYKTYPbl AAHHBIX, KOTOpbIE HE
MOTYT ObITb pacuieHeHbl Ha COCTaBHble 4YacTH, GOnbliMe, 4Yem GHTbI.
Hnsi u3nueckoit CTPYKTYpPbl BaXHBIM ABASETCS TO 0GCTOATENBCTBO, YTO
B JIAaHHO#H MAalUMHHOH apXMTEKType M B JIAHHOM CHUCTEME IPOrpaMMHpo-
BaHWA BCErAa MOXHO 3apaHee 3HaTh, KakoB OyaeT pasmep BbIGPaHHONO
MPOCTONO THMA M KakoBa CTPYKTypa ero pasmeulieHus B namatu. C jo-
FMYECKOH TOYKH 3PEHMS NMPOCThIE JAHHbIE SBSIOTCA HEACMMBbIMU e/u-
HHUHLUAMH.

Humezpuposannsimu Ha3bIBalOTCs TaKHE CTPY KTYpPb! JAHHBIX, COCTaB-
HbIMHM HaCTAMH KOTOPBIX ABAKOTCH IPYTrHe CTPYKTYPbl AAHHBIX — MPOCTHIE
WITH, B CBOKO O4epelb, MHTerpupoBaHHbie. HMHTerpupoBaHHbIE CTPYKTY-
Pbl JAHHBIX KOHCTPYHPYIOTCSA MPOrpaMMHUCTOM C UCITOIb30BAHHEM CPEACTB
MHTErpalny 1aHHbIX, NPEIOCTaBISEMbIX A3bIKAMU NTPOrpaMMUpoBaHus. B
3aBHCHMOCTH OT OTCYTCTBHUA MJIM HANUYMs SBHO 3a1aHHbIX CBA3EH Mexay
JJIEMC TaMH IaHHBIX CNEAYET pasNu4varh Hecea3Hbsle cmpyKmypsl (BEKTO-
pbl, MAaCCHBBI, CTPOKH, CTEKH, O4YEPEIH) U CA3HbIe CmPYyKmypbl (CBA3HbIE
CITUCKH),

1.2

Knaccudukaumus cTpykTyp AaHHbIX
No NPU3HaKy U3AMEHYUBOCTHU

BaxkHbli npU3HaK CTPYKTYpbl JaHHBIX — €€ W3MEHYMBOCTb,
T.€. U3MEHEHHWE YHCJIa INIEMEHTOB M (MJIM) CBA3EH MEXIy 3eMEHTaMH
CTPYKTYpbl. B onpejenesnu u3aMEHYHBOCTH CTPYKTYpbI He OTpaXkeH dakT
M3MEHEHHUA 3HAYEHUH JNIEMEHTOB JJAHHBIX, MOCKOJbKY B 3TOM Clly4ae Bce
CTPYKTYPbI IaHHBIX UMeNHU Obl CBONCTBO H3MEHYUBOCTH.

ITo npu3Haky M3MEHYMBOCTH Pa3NUYalOT CTPYKTYphl Oazoesie, cma-
mu4ecKue, norycmamudeckue, Ounamuyeckue n haiinoesie. Knaccudu-
Kauus cTpyKTyp AaHHbIX (CJI) no npusHaky M3MEHYMBOCTH NMpUBEAEHA Ha
puc. 1.2. ba3oBble CTPyKTypbl AaHHBIX, CTATUYECKHE, MONYCTATUYECKHUE U
JAHHaMHYeCKHE XapaKTepHbl I ONEPAaTUBHON NaMATH U YacTO Ha3bIBaKOT-
Csl OMepaTUBHBIMHU CTPYKTypamu. DaiioBble CTPYKTYpPbl COOTBETCTBYIOT
CTPYKTYpaM JaHHbIX A/ BHELIHEH NaMATH.

Bexkmop (o1HOMEPHBIH MAaCCHB) — CTPYKTYpa JaHHBIX ¢ PUKCHUPOBaH-
HBIM YHCJIOM 3JIEMEHTOB OJJHOIO M TOIO XKe THUTA.
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CTpyKTYpb! fl@aHHbIX

l
| | | B! l

MpocTble Mony- dannosble
UHamMu4eckue .
6asoBble Cranpiecan craTuyeckue A (dpannst)
Yucnosble BexkTop Crekun NuuenHble Mocneposa-
CBAi3HblEe TENbHbLIE
CvMBOnbHbIE F cnuckn
MaccuBbl Ouepeaun Egg.:.‘;,?]g’
Noruueckue PasseTBneHHble
MHoxecTsa CBA3HbIE KomGuHmpo-
CNUCKH BaHHOIO
MepeuncneHue Odeku nocTyna
WMHTepBan 3anucu Mpadbl OpraHu3o-
BaHHblE
Ykasatenn  |Tabnuupl CTpoku [epesbs paspenamu

Puc. 1.2. Knaccudukauus cTpyKTyp JAaHHBIX M0 MPU3HAKY U3MEHYHBOCTH

Maccue — 1noceoBaTe/IbHOCTb JIEMEHTOB OJIHOIO THIIa, Ha3biBae-
Moro 6a30BbIM.

MHocecmeo — takas CTPyKTypa, KoTopas npeacTapser coboi Habop
HEMOBTOPAIOLMXCS AaHHBIX OJIHOrO ¥ TOrO e THNA.

3anuce — KOHEYHOE yNopsAA0YEeHHOE MHOXECTBO MOJIeH, XapaKTepH-
3YIOLMXCA Pa3u4HbIM THIIOM JaHHBIX. .

Tabnuya — nocnei0BaTebHOCTD 3aM1cei, KOTOPbIE UMEIOT OAHY U TY
ke OpraH13aLuio.

Cnuckom Ha3bIBaeTCA YIOPAAOYEHHOE MHOXKECTBO, COCTOsLLEE U3 Me-
PEMEHHOTO YKCIIa MEMEHTOB, K KOTOPbIM MPHUMEHNMBbI ONEPaLnH BKIIKOYE-
HUA, uckmoueHus. Crnucok, OTpaKaloLLUid OTHOLIEHHS COCEeACTBA MEXIY
3NIeMEHTAMH, Ha3bIBAETCs JIMHEHHBIM.

1.3.
JIHenHble U HenNUHewuHble
CTPYKTYPbIl AaHHbIX

HanoMHHM, 4TO CTPYKTYpbl JQHHBIX TPEACTaBNAOT CO0OM
OTHOILIEH NS, 3a/laHHbIE HA MHOXKECTBAX JIaHHBIX.
[Mycts X — MHOXKECTBO JAHHBIX, Y — MHOXECTBO 3HAYEHUH JaHHBIX:

X i} unpuorom wu(z)={Tiiz, € X, T;€Y}.
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Ecnn na mHoxecTse p(x) 3anano otHowenue S(z) < u(z), To Gyaem
Ha3biBaTh 3TO OTHOLUEHME CTPYKTYpOil JaHHbIX, a p(x) — obnacTbio
onpezeNeHus CTPYKTYPbl JaHHbIX.

CrpyKTypa JaHHbIX Ha3bIBAETCS MPOCMOU, €CIIA MEXLY 3HAYEHHAMM
JIaHHBIX CBA3M OTCYTCTBYIOT, T.e. S(z) = 0 n u(z) # 0.

PaccmoTpuM pasnnunble KnaccupUKauMu CTPYKTYpP AaHHBIX JUis TOrO,
4TOOBI OMPENENUThL BUJL CTPYKTYP JAaHHbIX, Hauboee aieKBaTHO MpeCcTa-
BJISIOLLMX HH(OPMALIKIO, @ TAK)KE MECTO, KOTOPOE OHHM 3aHKMAIOT B 0OLLEH
cucreMe kiaccudukaluuu CTPYKTYp AaHHBIX.

BakHbli NpU3HAK CTPYKTYPb! JAHHBIX — XapakTep YNOops104eHHOCTH
ee 3NIEMEHTOB.

[To sTOMY npu3HaKy CTPYKTYpPbl MOXHO JeNIUTh Ha IUHEUHO-YNOPAOO-
uei vle, WU TUHEHHble, U HeluHelnHble cmpykmypeol (puc. 1.3).

CTpYKTYpb! AaHHbIX

l l

JInHenHble HennHenHble
— KapTte3sunaHckue (npsimoyroneHble) +— [epeBbs (ApeBoBUAHbLIE)
— CTpoyHbie (Tuna psaa) — padchel (rpachoBbie)
— CnuckoBble L— CnneteHus (nnekcol)

Puc. 1.3. JIuneiinbie ¥ HeNMHEHHBIE CTPYKTYPbl AaHHBIX

B 3aBMCHMOCTH OT XapakTepa B3aMMHOIO pacnoJiOKEHUS 3NIEMEHTOB B
namati [T9BM nuHeiiHble CTPYKTYpbl MOXKHO pa3fe/IuTh Ha CTPYKTYPbI €
MOCJIE0BATE/IbHBIM PACIIPEAETIEHUEM UX JNIEMEHTOB B NMaMATH (BEKTOPBI,
CTPOKH, MacCHUBbI, CTEKH, O4EPEAN) U CTPYKTYPbl C TPOU3BOJIbHBIM CBA3aH-
HbIM pacnpeaesieHUEM 3JIEMEHTOB B MaMATH (OAHOCBA3HbIE, ABYXCBA3HbIE
1 MPOYHE CITUCKH).

JIuHeliHbIe CTPYKTYPbI JaHHBIX. JIuHeuHble CmpyKmypsl OQHHbIX
(CII) — 310 CTPYKTYpbl, B KOTOPBIX CBSI3U MEXAY JIEMEHTaMH HE 3aBUCAT
OT BBINOJHEHUS Kakoro-nubo ycnosus. JInHelHble CTPYKTYpbl noapase-
JISIFOTCA HA TPH THUMA: KapTe3MAHCKUE, CTPOUHBIE M CITUCKOBBIE.
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e KapresnaHckue, WIH MPAMOYroibHbIE, CTPYKTYPbl Ha3BaHbl TaK Mo
cnocoly 3anucH JaHHBIX B BUJIE NPAMOYroibHbIX Tabnuu. Hanpumep:

g ic Ao
A=16 2 1 0 )| — marpuua;
8 5 10 6

B = (9, 3, 6, 5) — BexTop;
Z={7, 6, 0, 2, 3} — MHOXECTBO JIEMEHTOB.

e CTpouHbIe CTPYKTYpPbl — OJHOMEPHbIE, AMHAMHUYECKH H3MEHAEMbIE
CTPYKTYPBI JaHHBIX, Pa3iMyatoLuecs crocobamu BKIIHOYEHHS W HCKIIHOYe-
HUsA 31eMeHTOB (puc. 1.4).

CTpoyHbIe
2 v
Crex Oexk
\ 4
Ovepepnb

Puc. 1.4. CtpouHbie CTPYKTYpPBI JaHHbBIX

Cmek — 3T0 Nocnea0BaTeIbHOCTh, B KOTOpOﬁ BKJIOYEHHUE U UCKJTHOUEC-
HHUE 3JIEMEHTA OCYLUECTBJIACTCA C OIHOM CTOPOHBI NOCNEN0BATE/IBHOCTH

(puc. 1.5).
> »
L o
1>,

Puc. 1.5. Cxema aocryna K 3/1eMEHTaM CTeka

Crek

ANNNNN\\N

IlycTb, Hanpumep, JaHO MHOXeCTBO snementoB {2, 5, 7, 1,9,3} u
sajgan anroput™ pabotel creka (X, X, X,Y,X,Y,Y). Torma nocne
paboTel AITOPUTMA B CTEKE OCTAHETCS YUCIO 2.

H3BecTHbIE NpPUMEPBI CTEKAa — BWHTOBOYHBIA NAaTPOHHbIH Marasu,
JKENIE3HOAOPOXKHBIH pazbe3al 1 COPTUPOBKU BaroHoB (puc. 1.6).
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Crexkosbit YMaCTOK

Puc. 1.6. Crek Ha xene3HbIX Joporax

Ouepedb — 1OCNEA0BATENILHOCTh, B KOTOPYIO BKJIOYAKOT 37IEMEHTHI
¢ Of i CTOpPOHBI, a MCKIO4atoT — ¢ apyroii (puc. 1.7). CrpykTtypa
¢yHkunonupyetr no npuHuuny FIFO (nepsbiM mpuiuen — NepBbIM 00-
CyXKUBaeTcH).

KoHey

HoBbii J# Havano

Puc. 1.7. Cxema aocTyna K 31eMEHTaM 04epean

Jex — nuHeiiHas cTpykTypa (mocneaoBareibHOCTh), B KOTOPOit one-
pauny BKJIFOYEHHUS U MCKIIFOYEHMS 3IEMEHTOB MOTYT BBIMIOJIHATBCS Kak €
OJIHOTO, TaK U C APYroro KOHLa MocieaoBaTebHoCTH (puc. 1.8).

Aek

Puc. 1.8. Cxema aocTyna K 3J1eMEHTaM Jieka

B cnuckoevix cmpykmypax NOTMYeCKHi MOpsA0K AAHHBIX onpene-
nsercs ykazarensamu. Jlobas criMckoBasi CTPYKTypa MpeACTaBseT coboii
HAaGOp 2MEMEHTOB, KaXbIi H3 KOTOPBIX COCTOMT U3 ABYX MOJEH: B OHOM
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W3 HUX Pa3MeELLeH IEMEHT JIaHHBIX UM YKa3aTe/lb Ha Hero, a B IPyrom —
yKa3areib Ha Clie/lyloLHii 3NeMEeHT CIHCKa.

Heauneiiubie cTPYKTYpbl AaHHBIX. Heauneinsie cmpykmypst oan-
notx — 310 CJI, y KOTOpBIX CBA3H MEXJY 3JIEMEHTaMHU 3aBMCAT OT BBI-
MOJIHEHMUS ONpeAeieHHOro ycnoBus. TIpuMepbl HETMHEHHbIX CTPYKTYD —
JiepeBbs, rpacdbl, MHOTOCBA3HBIE CITHCKH.

. ,Jpesoeudnue CmpyKmypbl — 3TO HEPAPXUUYECKUE CTPYKTYPBbI, CO-
CTosALLME U3 Haﬁopahepmvm u pebep, Kaxas BEpLUMHA COIEPIKUT omnpe/e-
NIEHHYI0 MHDOPMALIMIO M CCBUIKY Ha BEPILMHY HHXXHEro YpoBHs. [Jepeso —
3TO COBOKYIHOCTbH 3/IEMEHTOB, Ha3blBAEMbIX y31aMu (OJMH U3 KOTOPBIX
onpesieNieH Kak KopeHb), W OTHOLIEHWi, 00pa3sylolnx HepapXuyeckyio

CTPYKTYpy Y3108 (puc. 1.9).

Puc. 1.9. JIpesoBuanas cTpykTypa (1epeBo)

Bepiuunta, pacnonaraioiascs B Hy/JIeBOM YPOBHE, Ha3bIBaeTCs KOPHEM
JepeBa (Hymepaums ypoBHei MOXeT HauuHaThes ¢ 1). B kopeHb He BXOAUT
HU oHoro pebpa. BepuinHbl, U3 KOTOPBIX HE BLIXOAUT HU OHOrO pedpa,
Ha3bIBAIOTCA aucmoeamu (Bepwnnsl 8, 9, 5, 6, 7). JlepeBo, U3 Kaxaou
BEPILUMHBI KOTOPOTO BLIXOAMT TONBKO MO /iBa pebpa, Ha3biBaeTCA OUHAPHbIM
(puc. 1.10).

e I'pagher npencraBnsioT coboi COBOKYMHOCTD JABYX MHOXECTB: Bep-
wuH 1 pedep. I'pa — 310 COXKHAA HETMHEHHAsA MHOTOCBSA3HAA AMHAMK-

yeckas CTPYKTypa, oTobpaxkatoluasi CBOMCTBA M CBA3M CJOXKHOIO 0ObeKTa
(puc. 1.11).

2-— 1837 . 17
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Puc. 1.10. bunapHoe nepeso

(=)
£x
(o)

Puc. 1.11. Tlpumepsi rpadoBbix cTpyKTyp

MHorocssi3Has cTpykTypa obsiaaeT clie 1y FoLKHMH CBOHCTBAMM:

1) Ha kaxaplii anemMeHT (y3en, BepiinHy) MOXKET ObITh MPOM3BOJILHOE
KONMYECTBO CCHUIOK;

2) KaKAbIA 3NIEMEHT MOXET WMETh CBA3b C JIHOOBIM KOJMYECTBOM
JAPYrUX 3JIEMEHTOB;

3) kaxas cBa3ka (pebpo, Ayra) MOXKET UMeTh HanpaBJieHHE U BeC.

TunuuHBIMK rpadamMu SBIAIOTCS CXeMbl aBHATMHUI M CXEMBI METPO, a
Ha reorpaMyecknux KapTax — u300paXkeHue KeNe3HbIX WIH aBTOMOOHIIBb-
HBIX Jopor. BriOpaHHble To4kH rpada Ha3bIBAIOTCS €r0 epuIUHaAMU, A
COEMHSAIOLLME UX TUHUK — pebpamu.

e Cnnemenue (MHOTOCBA3HBIH CITUCOK, MJIEKC) — 3TO HENWHElHas
CTPYKTypa AaHHBIX, O0ObEANHSAIOIAA TaKHE NMOHATHS, KaKk JAepeBo, rpad
CIMUCKOBasi CTPYKTYypa.

OcHOBHOE CBOMCTBO CIUJIETEHHIt, OTIIMUHOE OT APYIHX THIOB CTPYK-
TYP, — HaJIMYHE Y KAKIOro JEMEHTa CIJICTEHUS HEeCKONbKHX MoJjeit ¢
yKasatesiiMH Ha JIpyrue 3IeMeHThbI TOro xe cruiereHus (puc. 1.12).
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Puc. 1.12. MHOrocss3Hbli CrMCOK (CrijeTeHHE)

CnjieteHue — CBA3b NIEMEHTOB, OCHOBaHHasA Ha CIUIETEHUM yKa3a-
tened. Kaxaplii aneMeHT CruleTeHus MOXKeT cojiepxarh WHpopMaLuio o
KOJIMYECTBE nosei ¢ ykasarensMu v popmare nons AaHHeiX. ITnekchbi (crue-
TEHHUS) UCMONB3YIOTCS JUIA MPEeACTABACHUs pa3IMYHbIX CEMEHCTB CBs3eH

MEXAy HHAWBHUAYYMAMHU U BllaJ€blaMH, OTPaXKaroT NMPOU3BOACTBEHHBIE,
OTpacli€BbIC CBA3HU U T.II.

Konumponwnusie gonpocuoi

Y10 Ha3bIBaeTCA CTPYKTYpPOi NaHHBIX?
Yro Takoe nornueckas v pusnueckas CTPyKTypa JaHHbIX?
Yem paznuyaioTcs NpocTblie H MHTErPUPOBAHHBIE CTPYKTYPbl JaHHbIX?

HazoBute 0CHOBHBIE OCOOEHHOCTH CTaTHYECKMX, NnonyCcTarHY4€CKHUX H OHu-

HAMHYECKHX CTPYKTYP.
IMepeuncnure OCHOBHBIE THIbI CBA3HBIX CITUCKOB.

Jaiire onpeneneHue JIHHEHHBIX U HETUHENHBIX CTPYKTYP.

UeM pasiM4aloTcs CTeK, ouepenb W aek?

B uem 3akmouaeTcs 0CHOBHaA 0COOEHHOCTh APEBOBUAHBIX CTPYKTYp?
[NpuseanTe npumepsl rpadoBbIX CTPYKTYP.

2 19

2 B W »

& R



Fhasa 2
Moaenu o6eKkToB U NPoLEeccoB

[Tpy n3yuyennn HHPOPMATHKH YACTO NPUXOAUTCH 3aHUMATLCS
o0beAMHEHHEM KaKuX-TMOO CXOJAHBIX MO CBOMCTBaM CylUHOCTEH (06bek-
moe) B pa3zjIMuHbIe Tpynnbl (KJacchl) B 3aBUCUMOCTH OT TOro, obnaaaior
OHHM WJIM HET KAKMMHU-TO NPU3HAKAMH MJIM CBOMCTBaMH (Hampumep, Bbije-
NS TUMbI CIOKHbBIX AAHHBIX WK METOJ0B ONUCAHUA aNropuTMoB). Takoi
NPUEM Ha3bIBAETCH KAACCUpUKayuel, T.e. pacnpeae/leHHeM OAHOTHITHBIX
00bLEKTOB B COOTBETCTBHH C BblJI€/IECHHBIMU CBOMCTBaMHU (MPHU3HAKaMH, Ka-
TErOPHUsAMH, Kjlaccamu).

MoeT oka3zarbcsi, YTO y OOBEKTOB HECKONbKO OOLIMX CBOWCTB, HE
3aBMCUMbIX JIPYr OT Jpyra, TOrja pacnpeiensite WX MOXHO MO pa3HbIM
KJjacch  MKaUMOHHBIM MMpU3HAKaM, T.e. TNPOSABIAETCS MHOXECTBEHHOCThb
kiaccudUKalmii 118 OAHOM U TOM ke rpynnbl 06bEKTOB.

Ob0vekm — npocTeiflias COCTaBAAOLIAS CJIOXKHOMO O0beAMHEeHH,
obnanaroluas cneayroumrMi Ka4yeCcTBaMu:

e B pamMKax JaHHO# 3a/lail OH HE UMEET BHYTPEHHEro yCTPOCTBa U
paccMaTpUBaeTCs Kak eAHHOE LIEJoE;

e y Hero umeetcs Habop cBoiCTB (aTpubyTOB), KOTOPBIE H3MEHSAKOTCA
B pe3yJibTaTe BHELUHUX BO3/IEHCTBHUH;

e OH MIGHTH(ULIMPOBaH, T.€. UMEET UMs (Ha3BaHHE).

Hanpumep, otaensHoe NpeAnpuaTie B pamkKax 3KOHOMHMKH rocyiap-
CTBA MOXKET CUMTATBLCA MPOCTLIM IEMEHTOM, T.e. 0OBEKTOM, C HEKOTOPBIM
HabopoM napaMeTpoB, /s rOCyAapCTBa CYILECTBEHHbIX: XapakTep U 00beM
BbIMyCKaeMOit Npo/y KM, MECTOHAXO0X/IeHHUE, NOTPeOHOCTH B PECYPCHOM
obecrneueHnH, KONMYeCTBO paboTHMKOB U T.4. [1pu 3TOM He BKIOYAIOTCS B
paccMOTpeHHe CTPYKTypa NpOU3BOACTBA, KOJMYECTBO MPOU3BOACTBEHHBIX
NMOMELLUEHHU, TMYHOCTH PYKOBOAUTENEN, LIBET 30aHUI M MP.

B npyroii 3agaue, rae Tpebyercss HaiTH ONTUMANBHYIO CXEMY Npo-
M3BOJACTBA KOHKPETHOIO MpPEANpPHATHSA, PACCMATPUBATL €ro Kak NpocToi
3neMeHT, 6e3ycnoBHo, Henb3s. [IpoHMkHOBeHHe BriyOb YCTpOHCTBa ue-
ro-nubo, BooOlle roBops, Ge3rpaHMyYHO, MO3TOMY BCEraa MPHUXOAMUTCH
OCTaHaBJIMBAThCA HA HEKOTOPOM «YPOBHE MPOCTOTHI», KOTOPBIHA NMpUEMIIEM
115 JaHHOM 3a1a4u. Takum 00pa3oM, OTHECEHHE KaKMX-TO COCTaBJIAIOLLMX
CIIOKHOTO 0ObeanHeHUss K 0ObeKkTam €CTb He YTO MHOE, KaK ympolle-
HUE peabHOI CUTyauuH, T.e. MoaenupoBaHue. OOBEKT — MOJE/IbHOE
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npeacrasieHue. Boinenerne 00bEKTOB W3 COCTABNAIOLMX CIOXKHOTO 00b-
eIMHEHHS TIPOW3BOAMTCA HA 3Tane MOCTPOEHHA MOJAENH MNPH PELIEHHH
NpaKkTHYEeCKOM 3a1auH. 2

Knace — 510 MHOXeCTBO 00beKTOB, oOnajarouX OJJHUM MITH He-
CKOJIBKMMH OJIMHAKOBBIMU arpuOyTaMu; 3TH aTpuOyThbl Ha3bIBAKOTCS nolem
ceoucme Kaacca.

Cpenau arpubyToB 00beKTa BCeria MMEIOTCs Te, KOTOpPbIE ONpeeftoT
XapakTep ero cea3eil (B3aMmozeiicTBHsA) ¢ APYrMMH OObEKTaMH, Cliejlo-
BaTe/IbHO, OKa3bIBAIOTCA CYLIECTBEHHBbIMH IS 0ObeAMHEHUS OOBEKTOB,
1 Haobopot, yacTe arpulyToB oObekTa 11 O0beAMHEHHS MOXET ObITh
HecyuecTBeHHoit. Hanpumep, yuebHas rpynna oObeAMHAET TIOAEH, MOCTY-
MUBILWX B OJHO BpeMs B JaHHOe yuyeOHoe 3aBeIeHNE; HECYLLIECTBEHHBIMU
OKa3bIBAOTCSA POCT, LBET IM1a3 W BOJOC M NMPOYHE MHIAUBHMYaslbHbIC Ka-
YyecTBa.

Cucmema — COBOKYMHOCTh B3aUMOJEHCTBYIOLLIMX KOMITOHEHTOB, Ka-
OB U3 KOTOPBIX B OTAEALHOCTH He obnajnaer CBOWCTBAMM CHCTEMbI B
1IEJIOM, HO SIBJISIETCS €€ HEOThEMJIEMOH YaCThIO.

YenoBek M31aBHa UCMOB3YET MOIEJIMPOBAHKE A1t UCCNIeI0BaHUS 00b-
€KTOB, fABJIEHUH M MPOLECCOB B padinyHbIX obnactax. MoaenupoBaHue
[OMOraeT MpPUHUMATh 00OCHOBaHHBIE M MPOAYMAHHBIE PELUEHHsA, Npe-
BUAETH MOCNEACTBUS CBoeil aeATenbHOCTH. [loHATHE «KOMMBIOTEPHOE
MOJZIe/IMPOBaHKe» BBECHO JUIA TOro, 4ToObl OTPA3sHUTh MCIOJIbL30BAHNE B
3TOM MpPOLIECCE MOIIHONO COBPEMEHHOrO CpeicTBa nepepaboTkH MHQOp-
MAaLMK — KOMITBIOTEPA.

Mooens — ynpolieHHOe NpeJcTaBleHue 0 pearbHoM o0beKTe, npo-
1iecce WK siBeHuH. MoennpoBaHue — MOCTPOEHHUEe MoJeNel uid ucce-
JIOBaHHUS M U3yU4eHUsi 0OBEKTOB, MPOLIECCOB MITU SBIEHMIA.

Jlns 4yero co3naBath MOZENb, a HE UCCIIE0BATh CaM OpUTrHHaN?

Bo-nepBbiX, MOXXKHO MOJAENMPOBaTL OPUrHHAJ (MPOTOTHIT), KOTOPOIo
YK€ HE CYLIECTBYET WJIM €ro HET B AEHCTBUTEILHOCTH.

Bo-BTOpBIX, OpUrHHAT MOXET MMETh MHOTO CBOWCTB M B3aMMOCBA3EH.
Jns u3yueHus Kakoro-nu6o cBOiiCTBa HHOTAA MOJIE3HO OTKA3aThCs OT MEHEe
CYLUECTBEHHBIX, BOBCE HE YUMUThIBAs UX.

Jliobas knaccudukauus HauuHaeTcs ¢ BbAENEHHs OOLIMX CBOWCTB
(NpU3HAKOB) H, BO3MOXKHO, ONpeJe/IeHHs UX 3HAYEHH i, 10 KOTOPhIM 00beK-
Tl OyyT pacnpeaensTbes B pazauuHble rpynmnsl (knaccsl). Ilpencrasnena
knaccudukams Moxet ObITh B rpaduueckoit popme (B Buae rpaga) v B
TeKcToBO# (opme (B BHAe TabNHLL HIIU CITUCKOB).
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Moaenu CTpyKTypHble
U pyHKUMOHaNbHbIE

Cocmoanue npomomuna — 370 COBOKYTHOCTb CBOHCTB €ro
COCTABHbIX YacTei, a Takxe ero cobctBeHHbIX. COCTOSHUE — «MOMEH-
TanbHas» ¢ortorpadus npororuna Ans BbIOPAHHONO MOMEHTA BPEMEHHM.
C TeueHHWEM BpPEMEHM COCTOSHHE MOXKET M3MEHATBLCA, TOrAA roBOPAT O
CYLLUECTBOBAHUM rpoyecca. B cOOTBETCTBUMU CO CKa3aHHBIM BO3MOXKHO I10-
CTPOCHHE MOOenU COCMOAHUA U Moldenu npoyeccos. Mojenu nepsoro
TUNA HA3bIBAKOTCS CHIPYKMYPHBIMU, BTOPOTO TUIA — (DYHKUUOHATbHBIMU
MOOCAMU.

[T, mepaMu CTPYKTYPHBIX MoJeNeil ABNAIOTCA YEPTek Kakoro-iumodo
YCTPOHCTBA, CXeMa KOMIbIOTEpPa, ON0K-cxema anroputma u np. Ilpumepom
dyHKUMOHANBHBIX MOJieNell ABNSETCA MaKeT, AEMOHCTPUPYIOLLHii paboTy
yero-nubo. BakHelmmnm knaccom GpyHKUMOHANIBHBIX MOJENENR ABIAIOTCS
UMUMAUUOHHbIE MOOCIU.

HMMUTALMOHHOE MOJEIIMPOBAHHE — METOJ MCCIIeIOBaHUsA, OCHOBAH-
HbIH Ha TOM, YTO W3yYaeMblii MPOTOTHI 3aMEHSETCs €ro MUMHUTATOPOM
(narypHoit M MHGOPMALIMOHHON MOJENBIO), C KOTOPBIM U TNMPOBOAATCH
SKCMEPUMEHTBI C LeNIbI0 ToydeHus nHdopmauun 06 0co6eHHOCTAX Mpo-
TOTHIIA.

[TpuMepoM HATypHO HMMHUTALUMOHHON YCTAHOBKH MOXET CJYXXHTb
a’poavMHaMuyeckas Tpyba, Mo3BONAOLIAs MCC/IEN0BaTh BO3AYLUHbIE MO-
TOKH, OOTEKalolMe TPAHCIIOPTHOE CPEACTBO (CaMoneT, aBTOMOOMIIb, Te-
MJ0BO3 M Mp.) NpH ABMXKEHUHU. B KauecTBe MMHUTATOPOB MOIYT BBICTY-
naTh M MareMaTH4YeCKWe MOJEJH, pean30BaHHble Ha KoMmbiorepe. B
HacTosllee BpeMsi UMEHHO MMHUTALMOHHOE MOJEIMPOBAHUE OKa3biBaeTCs
BaYKHEHIIMM METOAOM UCCIIEIOBAHNS U MPOTrHO3MPOBAHUA B HayKe, JKOHO-
MHKE W IpyTMX oTpacisx 3HaHuil. [Ipumepamu ABisIOTCA MOAEIMPOBaHHE
MOCNeACTBUI sA€pHON BOWHBI, MPOrHO3 MOrofbl, 3KOHOMHYECKHE Mpor-
HO3bl U TP.
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2.
Mopgenu HaTypHble
U UH(OpMaLIMOHHbIe

Mozenu MOXKHO OTHECTH K OZIHOM M3 JIBYX TPYMNI: HATypHbIe
(MarepuanbHbie) U HH(OPMALIMOHHBIE (HeMaTepHaibHble) — puc. 2.1.

n 4
.

Moaenu

HarypHbie MHopmaumnoHHbie

Nopobus Tpenaxepb! || 3p3aup! HenpepbiBHbIE 3HakoBble

T e

PopmanuaoBaHHbIi | | HedhopmanusoBaHHbIN
A3bIK A3bIK

Puc. 2.1. Knaccudukaums moaenei

[Mpumepamu namypusix modenei nopobus ABNAOTCA: UrpyLIKa, Ma-
HekeH, ¢ororpadus m T.n. K HaTypHbIM MOJENsM-TpeHaxkepaM cliejyer
OTHECTH pa3iuHbIe YCTPOICTBA, NPUMEHAEMbIE NPH MOAMOTOBKE JIETYH-
KOB, BOJAMTENIEH M JPYruX, KOTOPbIE UMUTHPYIOT HEKOTOPYIO CUTYALMIO,
TpeOyIoLLY 10 NPUHATHSA peLUeHHii U aeiicTBHIi, U Mo3BoNAOT OTpabaThIBaTh
METO/IbI €€ pa3peLleHHs.

Modenu-3p3aybl — 310 B NEPBYIO O4epeib NpoTe3bl, 3aMEeHSIOLLINE U
4aCTHYHO BhINONHAOUME QYHKUNHY HACTOSLLMX OPraHoB.

Mamepuanwvusvie Mooenu viaye MOXXHO Ha3BaTh NMPeAMETHbIMH, HU3H-
YeckUMH. OHM BOCNPOMU3BOAAT reoMeTpUYecKne U ¢pusnyeckne cBOiCTBa
OpUrHHaNla U BCerjia UMEIOT peansHoe BoruouleHne. Hugopmayuonnan
MO0enb — COBOKYNMHOCTb MH(pOpMaLIMK, XapakTepu3ylolas CBOWCTBA U
cocTosHHe oObeKTa, npouecca, ABNeHHs, a TAK)KE B3AUMOCBA3b C BHELLIHUM
mupoM. MHdopmaunoHHbie MOieNH B CBOKO Ouepeb NoApasaeNatoTCs Ha
3HAKOBbIE N HeNnpepbIGHbIE.,

[Tpumepom HenpepbiBHOH HHDOPMALMOHHONH MOAENH MOTYT CIYXHTh
maremaruueckas GpyHkuus 1 ee rpaduk.

3HakoBble HHOPMALIHOHHBIE MOZEIH MOXHO ObLIO ObI Ha3BaTh Tak-
Xe NMCKPETHLIMH, MOAYEPKHBAA TO 0OCTOATENLCTBO, YTO HHGOpPMaLMs B
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HUX TIpe/ICTaBlieHa B JMCKpeTHOW (opme, T.e. MOCPEACTBOM HEKOTOPOro
andasuTa M A3bika. SI3bIK MOXKET ObITb OOBIYHBIM Pa3rOBOPHBIM — C He-
dopmanuzosannvim cunmaxcucom. Tlpumepamu MojeneH, NOCTPOEHHBIX
MOCPEJACTBOM TAKOTO A3bIKa, ABNAIOTCS pa3sNM4HbIE OMUCAHUA, XapaKTepH-
CTHKH, MHEHHS, TOJIKOBAHHA U TIP.

dopmanu3oBaHHble A3bIKM WMEIOT (PUKCHPOBaHHBIH HAbOp Jiekchye-
CKMX eauHML (C/I0B) M xecTkuil cuHTakcuc ¢pas. MMeHHO 3TMM obec-
neuyuBaeTcs OJHO3HAYHOCTH MOHUMaHHUs CMbicia (pa3 U UCMONHEHHS CO-
JepKalMxcs B HUX ykaszanui. Ilpumepom mojeneid, npeacTaBieHHBIX
NocpeAcTBOM (POPMAM30BAHHBIX A3BIKOB, MOKET CNY)KHTh MareMaruue-
CKOE ONHCaHHe CYLIECTBYIOLLEro B MPUPOJE HIIH yesoBe4eckoM oblecTse
SIBJICHUS, NIPOLIecca; 3anKuch axMaTHON NMapTUK; HOTHAs 3aMnCh YCIbILIaH-
HBIX 3BYKOB M np. TTocTpoeHune 3HakoBOH MOJeNH ABAAeTCs 00A3aTebHbIM
3TAanoM peLieHus MPaKTHYeCKo! 3a1auu ¢ MOMOLLBIO KOMNbIOTEPA; B Aallb-
Hefiliem, roBops O MojieNAX B MH(popmaTuke, OyaeM noapasyMeBarb HMEH-
HO WH(MOPMALMOHHbIE 3HAKOBBIE MOJIEIH.

Henb3s Ha3biBaTh MOJENSAMU MOHTXKHYIO CXEMY HOBOIO KOMIMbIOTE-
pa, 610k-cXeMy paspabarblBaeMOii NPOrpamMMbl MIH MJaH CO31aBaeMOro
JINTEpaTyPHOIO MM HAay4HOTO MPON3BEeHHS — NpaBHiibHee ObLIo Obl HC-
Mob30BaTh KAKOM-TO HHOM TEPMHUH, Hanpumep npoexkm. Eciu sxe npoaykr
TBOpUECTBa 00/1aaeT NPOTOTHIIOM (HampUMep, 3TO MOPTPET HITH Me3ax ¢
HATypbl), TO OH MOXET CUMTATLCS MOAEIbIO, MPUYEM 3TO MOTYT OBITH Kak
HaTypHble, Tak U HHPOPMALIMOHHBIE MOJEJIH.

PaccmoTpum rpaduyeckyio ¢opmy Mozenu (puc. 2.2), COOTBETCTBYtO-
Lieif cleayoIeMy CJIOBECHOMY OMUCaHHIo: «A y4uTCs B OAHOMH rpymnmne
¢ B u C, no ve ¢ D u E, xotopsie y4arcs B Apyro# rpynme». 3aech
M = {A,B,C,D}, a otHoweHneM R GyaeT «y4unTbCs B OAHOH rpynme.

Puc. 2.2. 'paduyeckas popma Monenu
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BepuunHamu rpada sBAsSIOTCSA MEMEHThl HECYLIEero MHOXeCTBa, a €ro Jy-
raMH — OTHOLLEHHS.

OueBHHO, paccMaTPHBaEMOE OTHOLLIEHHE TPAH3UTHBHO, YTO OTpaXKe-
HO MapHBIMK MYHKTHPHBIMU JyraMH, cBs3biBatolumMu B u C'.

g
Knaécudukaums moaenemn

PaccmoTpum Haubonee pacnpoCTpaHEHHbIE IPH3HAKH, 110

KOTOPBIM KJIaCCU(PHULIMPYIOTCS MOJEIIH:

e 0051acTh UCNIONB30BAHUS;

e YYET B MOZIeJIM BpeMEHHOTOo (pakTopa (AMHAMUKH);
e OTpaC/ib 3HAHUH;
e Ccnioco0 NpeAcTaBleHUs MOJENEH.
Knaccugukayua no obnacmu ucnonv3oeanun:
® yyebuble MoOeau — HaMIAAHbE MOCOOUS, pa3IMuHbIE TPEHAXKEPSI,
oOyuarouiye nporpamMmmbi;
® HAYYHO-MeXHUYecKue mooeau CO3AalT AN UCCIIEA0BAHHs NPOLEC-
COB U fABJICHUH;
e U2POBbIE MOOENU — ITO BOCHHBIE, IKOHOMHYECKHE, CIOPTHBHbIE H
JIENIOBBIE UTPbI;
® UMUMAYUOHHbBIE MOOENU HE TPOCTO OTPAXKAKOT peanbHOCTb, a HMHU-

TUPYIOT ee. DKCNepUMEHT JMO0 MHOrOKpaTHO MoBTOpseTcs, JMOO mnpo-
BOAMUTCSA OJHOBPEMEHHO CO MHOTMMH APYTMMH MOXOXKUMH OOBEKTaMH, HO
NMOCTaBIEHHBIMU B Pa3HbI€ YCIOBHUS.

Knaccughuxkayusn c yuemom pakmopa epemernu. Moaenu MoxxHO pas-
JIeNUTh Ha cmamuyeckue (3T0 Kak Obl OAHOMOMEHTHBI cpe3 HH(OpMaLIUK
no o0beKTy) ¥ QuHamuyeckue. JluHamMuueckas MoJe/b MO3BOJAET YBUAETh
M3MeHeHHUs 0ObeKTa BO BpEMEHH.

PaccMoTpuM cxemy kiaccuukanuu Moaenei rno crnocody npeacras-
nenus (puc. 2.3).

Bepbansnan mooens — uHGOPMALIMOHHAS MOJIE/b B MBICJIEHHON WIIH
pasroBopHoii ¢popme. K Takum MoaensiM MO>KHO OTHECTH M MJIEH0, BO3HUK-
wywo y uzobperarens, U My3blKalbHYIO TeMY, U pudMy, TPO3BYUaBLLIYIO
Mnoka eLle B CO3HaHWH Y aBTopa.

3nakoean modens — WHGOPMaUUMOHHAS MOJE/b, BbIpaXKEHHas cre-
MaJIbHBIMM 3HAaKaMH, T.€. CpeJICTBaMM JitoOoro ¢opmasbHOro fA3biKa (pu-
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Mopenu

. v

MartepuanbHbie MHdopmaunoHHbie
3HakoBble Bepb6anbHble
KoMnbloTepHble HekomnbloTepHble

Puc. 2.3. Knaccudukauus moaenei no cnocoby npeacrasieHus

CYHKH, TeKCTbl, rpaduku, cxembl). [To ¢dopme npeiacraBieHus MOXHO
BBIJIEJINTH CIEAYIOLIME BUAbI MH(HOPMALIMOHHBIX MOJEIEH:
eomempuyeckue — rpapuyeckue GopMbl ¥ 0ObEMHBIE KOHCTPYK-

MM

® C/106eCHble — YCTHBIE U MUCbMEHHBIE OMUCAHUA C MCMOJIb30BAHHEM
MILTHOCTPaLMi;

e Mamemamuyeckue — maremarnyeckue Gopmyisl, oTobpaxkaroime
CBA3b Pa3/IMYHBIX MapamMeTpoB 0ObeKTa WK npolecca;

e cmpykmypHbie — CXeMbl, rpadHUKH, TabJIHLBI U T.1.;

e Jl02UYecKUe — MOJIENIHA, B KOTOPBIX MPE/ICTABNIEHBI Pa3JIYHbIE Bapu-
aHTbl BbIOOpA EHCTBHII HA OCHOBE YMO3aK/IIOYEHHUH U aHaIN3a yCIIOBHiA;

e cneyuanvHble — HOTBI, XUMUYecKue GopmyJibl U T.11.;

® KOMNbIOMEPHbIE U HEKOMNbIOMEPHbIE MOOC/IU.

24.
JTanbl MOgenupoBaHuA

MozenupoBaHue ABNSETCA OAHUM M3 KJIHOUYEBBIX BU/IOB Aes-
TenbHOCTH uenoBeka. OHO Bceraa B TOM WM MHO# (opMe MpeaLIecTByeT
mobomy aeny. MoaenipoBaHHe 3aHMMAET LIEHTpaNbHOe MECTO B HCCie-
noBaHUM obwekTta. OHO Mo3BosiseT 000CHOBAHHO NMPUHHUMAThL PELUEHHE.
Pewenue no6oii 3a1aun pa3duBaeTcs Ha HECKOJIbKO 3TanoB. Mozenuposa-
HHE — TBOPYECKHIA MPOLIECC U 3aKIIFOUHUTB €ro B (JopMasibHbIe paMKH O4€Hb
TpyaHO. B 06LieM BH/E ero MOXKHO MPeACTaBUTh Mo3TanHo (puc. 2.4).
Bce aTansl OnpeaensoTca NOCTaBIEHHON 3aja4ed U LeIAMH MOJIE/H-
poBaHMs. PaccMOTpUM OCHOBHBIE 3Tarlbl MOIEIMPOBaHHs MOApoOHee.
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T RN NRREEINERENa.

e

| atan.
MNMocraHoeka 3agaqm
]
Il atan.
Pa3paborka mogenu
l
Il atan.
KoMnbioTepHbIA 3KCNEepUMEHT
’ : I
IV aran.
Pesynbrarsl AHanus pesynbTaTtos Pesynerarsl
COOTBETCTBYIOT Lienu He COOTBETCTBYIOT Lenu

V aran.
MpuHATUE peleHnn

Puc. 2.4. Dransl MoaeHpOBaHHUA

Dtan I. Mocmanoska 3a0auu. Onucanue 3agaun. OnpeneneHue Le-
7 MOAENMPOBAHUA. AHANNU3 0OBEKTa MOAEIHPOBAHHS.

O rtan ll. Pazpabomrxa modenu. Ha 3TOM 3Tane BBIACHAKOTCSA CBOW-
CTBa, COCTOSHWA, AEHCTBUS M JPYyrMe XapaKTePUCTUKH DIIEMEHTAPHBIX
obbekToB. DopmupyeTcs npeacraBieHHe 00 3MEMEHTApPHBIX 00bEKTax.
BriGop Haubonee cyLecTBEHHOI WHOPMALIMK MPH CO3AaHUK MH(OpMa-
LIMOHHO# MOJIEJIH U €€ CI0KHOCTh 00YC/IOBNIEHBI LIEIbHO MOJETMPOBAHHA.

Dran Ill. Komnviomepuuviui sxkcnepumenm. TecTupoBaHHE — I1PO-
1iecC MPOBEPKH MPaBUIIBHOCTH MOJEIIH.

Ortan IV. Ananuz pesynomamos mooenuposanus. IlpuHsaTue peuie-
HHS, KOTOPOE J0JIKHO ObITh BBIPaOOTaHO HA OCHOBE BCECTOPOHHErO aHa-
nu3a Nnoay4eHHbIX pe3ybTaToB.

OTtan V. Koneunas yeno mMooenuposanus.

2.5.
CBoucrBa anropurma

Anzopummom HazbiBaeTcs cuctemMa (GOpMaNbHbIX MPaBUIL,
YETKO M OJHO3HA4YHO OMpejensiolas NMpoUEce PEeLIeHUs TOCTaBIeHHOH
3aJla44 B BUJIE KOHEYHOH NOCae10BaTe/IbHOCTH AeHCTBUI MK onepauui.
CeoiicTBa, KOTOPBIMH JOMKEH 00N1a1aTh aJrOpUTM:

1. Koneunocmo (punumnocms) anzopumma. ANropuT™ JOJDKEH MpU-
BOAMTE K pPelleHHIo 3a1a4un obs3arenbHO 3a koHeuHoe Bpemsl. Tlocnenosa-
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TEJILHOCThb NpaBuil, NpuBeALIas K 6ecCKOHEYHOMY LHKITY, alrOPUTMOM He
SIBJIACTCSA.

2. Onpedenennocmo, WA 0emepMUHUPOBAHHOCMb, AN20pUMMa. ITO
CBOMCTBO O3HAYaeT, YTO HEOAHO3HAYHOCTh TOJIKOBAHUS 3alMCH aJirOpUTMa
HEe0MyCTUMa.

3. Pesynemamusnocmo ancopumma. 1loa pe3ynbTaTUBHOCTBHO MOHM-
MaeTcs A0CTYMHOCTh Pe3y/bTara peLueHus 3a1a41 IS NoJib30BaTeNs, HHbI-
MH CJIOBAMH, aJINOPUTM J0JIXKEeH 00ecneunTh Bblaayy pesysbrara peLueHHs
3aja4yM Ha rnevarb, Ha 9KpaH MOHUTOPA HAH B (ait.

4. Maccosocmb ancopumma. IT0 03HAYAET, €CJIM MPABUJIBHBIA pe3yb-
TarT Mo aNrOPUTMY MOJIyYeH Ui OJIHUX UCXOAHBIX J@HHBIX, TO NPaBUJIbHbIN
pe3y/nbTaT Mo 3TOMY K€ ajlrOpUTMY AOJKEH ObITb MOSYYEH M AN APYTHX
MCXOAHBIX JAHHBIX, JOMYCTUMBIX B JAHHOW 3ajaye.

5. D¢ gexmusnocmo ancopumma. Tloa 3¢ (PeKTUBHOCTHIO aNropuT™Ma
Oyne' NOHMMAaTh Takoe €ro CBOMCTBO (KauecTBO), KOTOPOE MO3BOMAET
peunTh 3aa4y 3a nmpuemnemMoe ams papaboruuka Bpems. K napamerpy,
XapakTepu3sytouiemy 3¢ (heKTUBHOCTb arOpUTMa, CIeAyeT OTHECTH TaKxke
00beM NaMaTH KOMIBIOTEPA, HEOOXOAMMBIN NS peLIeHHs 3a/1auu.

2.6.
Buabl anroputMoB
U UX peanusauusa

B 3aBUCMMOCTH OT LieJIM, HaYaJIbHBIX YCJIOBUI 3a1a4i, My TeH
ee pelleHus, onpeaesieHus AeicTBHiA pa3paboTunKa alropuT™Mel NMoApas/e-
NIAKOTCS Ha MEXaHMYECKHE, HITH IETEPMUHHPOBAaHHbBIE (KECTKHE), U rHOKHe,
WJIK CTOXaCTHYECKUE (BEPOATHOCTHBIE U 3BPUCTHUECKHE).

Mexanuueckuii ancopumm 3aaaeT onpenesieHHble AeicTBHsA, 0003Ha-
yas WX B €IMHCTBEHHOMN MOC/EN0BaTEeNLHOCTH, obecneynBaroLei oaHo-
3Ha4YHbIA TpeOyeMblit (MICKOMBIH) pe3ynsTaT B TOM Ciy4ae, €Ci BbInoJ-
HSIOTCS YCJIOBUS npoliecca, A KOTopeix pa3paboraH anroput™. K takum
alropuTMaM OTHOCATCS alropuTMbl paboThl MAlMH, CTAHKOB, JIBUraTe-
JIeH ¥ T.1.

Beposmnocmmuuiii (cmoxacmuyeckuit) arzopumm Nipe/iiaraet nporpam-
My peLLEHHUs 3a/1a4M HECKONBKUMH My TAMH WK cnioco6amu, MpUBOJASLLIMMH
K JOCTHXKEHHUIO pe3ynbTara.

Depucmuyeckuii arzopumm (OT rPEYECKOro C0Ba «IBPUKa» ) — ITO Ta-
KO# aJIrOPHUTM, B KOTOPOM AOCTHXKEHHE KOHEYHOIO pe3ysibTara OAHO3HAYHO
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HE OMpeJeJIeHO, TakK e Kak He 0003HaYeHa BCA MOc/eI0BaTe/IbHOCTh Neii-
CTBHH. B 3THX anropuTmax MCrob3yIOTCS yHUBEpCA/bHbIE JTOrHUECKHE
npoueaypsl ¥ cnocoObl NPUHATHS pellieHHi, OCHOBaHHbIE HA aHAJIOTHUAX,
accouManMsX W MPOUUIOM OMBbITE peLIeHHs MOoXoxux 3agau. [lpu pea-
JU3ALUH IBPUCTHYECKUX AJITOPUTMOB OONBLIYIO POJIb MUrpaeT MHTYHLIHS
paspaboTuuka.

B nporpammipoBaHuH anropuTMbl MOAPA3AEAIOTCA HA TPH THIA:

e qunetinbiii — Habop koMaH ] (YKa3aHHit), BbINOIHAEMBIX [10C/I€10Ba-
TEAbHO APYT 32 APYTOM;

® Pa3eemEAAIOUWUUCA — AJITOPUTM, COEpXKaLMi X0Ta Obl OAHY Mpo-
BEPKY YCJIOBHS, B pe3y/bTaTe KOTopoi obecnieunBaeTcs rnepexoa Ha OQUH
M3 BO3MOXHBIX BAPHAHTOB PELLECHUS;

® YuKAUYeCKui — anropuT™, NpeaycMaTpuBatOLMii MHOTOKpaTHOE
NOBTOPEHUE OJIHOINO M TOTO XK€ AEHCTBUSA (OJHUX U TeX e onepauui) Haa
HOBBIMH HCXOJHBIMHM JaHHbIMHU. K LIMKIMYECKUM anropuTMaMm CBOJIMTCS
OONBIIMHCTBO METOAOB BbIYMCIIEHHH U Nepebopa BApHAHTOB.

Bcnomozamenvruiii (MOXYMHEHHBIH ) aNMTOPUTM — 3TO aNFOPUTM, paHee
pa3paboTaHHBbIH 1 LIETMKOM MCTIONB3YEMBIii PH AIFTOPUTMH3AIIMH KOHKPET-
HOM 3aja4m.

B 3aBrcMMOCTH OT CTeneHM AeTanu3aluy, NOCTaBIEeHHBIX Liesieil, Me-
TOJIOB ¥ TEXHUYECKHUX CPEJCTB PELUEHHS 3a1a41 UCIOJIb3YOTCS pa3iniHble
dopmbl npeacTaBIeHUs aNropuT™MOB. Bce BapuaHTBI NpeIcTaBIeHns aro-
PUTMOB MOTYT ObITh 0OBEIMHEHBI B €IMHYIO KNACCHPHKALIMOHHYIO CXEMY,
n3o0paxkeHHY10 Ha puc. 2.5.

Ha npaxruke Hanbonee pacnpocTpaHeHbl CleayoLHe CrocoObl:

® CJIOBECHBIIf;

¢ hopMYJIBHO-CIIOBECHBI;

o ONIOK-CXEMHBIiA;

e MCEBAOKO;

® CTPYKTYpPHBIE AUarpamMmmbl;
® SA3bIKH NPOrpaMMHPOBAHHS.

CnosecHslii cnocob — coaepkaHue 3TanoB BLIMUCIEHHI 3a1aeTcs Ha
€CTECTBEHHOM A3bIKE B MPOU3BOJILHOMI (hopMe ¢ Tpebyemoii neTanusauuei.

Hanpumep, nycts 3a1an maccuB uncen. TpeGyeTcs NpoBEpUTE, BCE Jin

4MC/ia MPUHAIEKAT 3aJaHHOMY OTpe3Ky, KOTOPbIi 3a1aeTCsi rpaHuLaMH
Anu B.

[Tar 1. BeiGupaem nepsblii aneMeHT MaccHBa — K Luary 2.
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Cnocobbl npeancraeneHusa anropuTtMoB

EcrtecTBeHHOE NpeacTasneHue dopmanbHoe npeacrasneHne
Mpadpuyeckasn | [CTpouHas (A3bIkoBas) AnropuTMUYECKUEe CUCTEMbI
it sk iy LA [ TP ]
x
< 1] D 0
|| 3 3 L Sleglle_||ZallZa
0 (= = g =Qil1 8%
b= - sl gl e 2 |£s||zd||28||z2]|82||8¢
21 % sl 3|l 2|28 |25(|E£2||22||8E||eE||2E
S || ¢ Sl gl 2|23 |8%||34]||s3||58]|2a]|24
x 223 2 o) o ||&xS 2sllm - [22]|al|[8e]l|xe
o ollL ||e | |£8||=0||ak||ec||2E||SE
- = @ el g elIT e S0 |E®
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Puc. 2.5. Knaccudukanus cnocobos npeacTasieHus alropuTMoB

[ITar 2. CpaBHMBaeM: BbIOpaHHBIA IEMEHT MacCHBa MPUHAMIEKHUT
MHTEpBAJTy — €CJIH «/1a», TO K Lary 3, eciiu «HeT» — K wary 6.

Iar 3. Bece aneMeHThl MaccuBa nmpocMoTpeHsl? Ecamn «aa» — To K
lary S5, eClii «HeT» — TO K wary 4.

[ITar 4. Beibupaem cneayroLmii aneMeHT — K ary 2.

[IIar 5. ITeyaTh cooblieHUs: BCE EMEHTbI NPUHAANIEKAT HHTEepBa-
Ny — Ha war 7.

[Iar 6. ITeyath cooOLIEHUS: HE BCE ANEMEHTBI MPUHAMIEHKAT UHTEP-
Bajly — Ha war 7.

IIar 7. Konew.

I[Tpu sTOM criocobe 3amucu anropuT™Ma OTCYTCTBYET HAMISIAHOCTD BbI-
YHCIUTENBLHOIO NMPOLEcca, Tak Kak HeT I0CTaTO4HO hopMan3aLHH.

DOpMYNbHO-CTIOBECHBLI CNOCO6 — 3a]aHUE WHCTPYKLMH C MCMOJb-
30BaHMEM MATEMATHYECKUX CHMBOJIOB M BBIP@KEHHH B COYETAHHU CO
CJIOBECHBIMHU MOACHEHUAMH.

Hanpumep, BBIMMCIIUTE MJOLLA/AL TPEYrOJbHUKA M0 TPEM CTOPOHAM a,
b, c. JIaHHBI1 aNTOPUTM MOKET OBITH MPEACTABIEH CleLyOLKMM 00pa3oMm:

[lar 1. BeluucauTs nonynepumeTp Tpeyronsuuka p = (a+b+c¢)/2.
llar 2. Bouucauts S = 1/p(p —a)(p—b)(p — ¢).
[l ar 3. Haneuarars pe3ynsTar S ¥ NpeKpaTHTh BbIYUCIIEHHS.
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ITpu ucnone3oBanum 3toro cnocoba MoxkeT ObITh JOCTUIHYTA JtobOas
CTeneHb AeTanu3aunu 6onee HarmsaAHO, HO He CTPOro opmMaiTn30BaHHO.

bnok-cxemnotit cnocob — 310 rpaduueckoe nzobpaxkeHue anropuT™a,
B KOTOPOM KaXK/blii 3Tan npouecca 00paboTKH JaHHBIX NMPEACTaBNSETCA B
BHJE reoMeTpuueckuXx Guryp (6710K0B), HMEIOIMX OMPeeNIEeHHYK) KOH-
¢urypauuio B 3aBUCHMOCTH OT XapakTepa BBINOJHAEMbIX onepauuii. B
Tabn. 2.1 npuBeneHsl Haubonee yacTo ynorpebdiseMple GI0KH.

&

.

Tabnuua 2.1

leomeTpuueckue purype! 610K-cxem

Hassauue cumBona

O06o3HaueHnue

ITosicHeHue

IMpouecc

BuiunucaurensHoe AeHCTBHE WM TMO-
CJIEI0BATENLHOCTL ACHCTBUIA

Pewienue

bnok npoBepkH yCnoBHsA, HUMEIOLLHA
OAWH BXOA M PAN ANLTEPHATUBHBIX
BBIXOZOB, OJIMH M3 KOTOPBLIX MOXET
ObITh AKTUBH3UPOBAH TOCHE BBINOJI-
HEHUs YCITOBHMA

Moaudukaums

Moandukauus KoMaHabl WK FPYMIbI
KOMaH/1 C LIEJBI BO3AEUCTBHA HA HE-
KOTOPYIO MOCAEAYIOMY0 (YHKLIHIO

[TpenonpeaeneHHbIi
npouecc

ITpouecc, cocTosniA U3 OAHONH UK
HECKOJIbKMX onepauuid (uaros) noju-
NporpaMmsl WK MOIYS

BBoa-BeiBOI

BBoa-BbiBox MH(OpMalLMH, NpH KO-
TOPOM OTCYTCTBYET HEOOXOJMMOCTH
B ONMCAHUM (PAKTUUECKOTO HOCHTENS
JIaHHBIX

[Tyck-ocranos

Ha4ano unu koHeu anropurma, BXos
(BBIXOA) MOANpPOrpaMMbI

JIMHHK NOTOKA JAAHHBIX

OtobpaxkaeT NMOTOK AaHHBIX WM YII-
paBneHus (npu HeoOXOAMMOCTH MoO-
ryT ObITh 100aBNEHBI CTPEJIKH-YKa3a-
TEJH)

Coenmnnurens Hcnonedyerca ans obpbiBa JMHUH U
O NPOIOKEHUS €€ B JAPYrOM MecTe

010K-CXEMBI
KomMmeHTapwuit CumBon ucnone3yior ans aobasie-

HHSl KOMMEHTApPHEB WM MOSCHUTE/b-
HBIX 3anUce

Pacemotpum npumep Gnok-cxembl 3agauu, 4718 KOTOPOH paHee npe-
CTaBJIEH CJIOBECHBII anroputm (puc. 2.6).
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Hert 4

Mevatb
coobLeHun,

4YTO He BCe
ﬁooﬁmeume Z/Z—-- s
npuHagnexar

quanaaony

Na

“ e
er Mevatb
coobuieHus,

4yTO BCE
ﬁoﬁmeuwe 1// -------------------------- b Y
npuHapnexar
@ u:manaaony

Puc. 2.6. Bnok-cxema anropurma

ITcegdokod mpenctasiseT coboit COBOKYMHOCT oneparopoB A3blKa
MPOrpaMMHpPOBaHKs W €CTECTBEHHOTO A3bIKA. 3anuch anropuT™Ma B BUIE
NICeBI0KO/A MPECTABICeHA HUXKE!

BpiGupaeM nepBbid AEMEHT (i =1)

IF A > z; wm z; > B THEN neuarb coobleHHs ¥ BBIXOA Ha KOHEU
ELSE nepexoz K CleayoweMy EMEHTY

IF maccup He konunncs THEN nepexon Ha MpOBEPKY WHTEpBAa
ELSE neuars cOOOLIEHUs, YTO BCE AIEMEHTbI BXOIAT B HHTEPBAJ

KoHeux

[Ipu 3amucy anropuT™Ma Ha NCEBAOKOAE KAKOC OTAENBHOE Mpeao-
SKEHUe MOXKET HauMHAThCA €O 3Be3104KH (*). ANPOPHTM CTPOMTCH TaKUM
06pa3oM, uTO pasGueHue MpoaoskaeTes 10 Tex Mop, noKa Kakapli Luar
aNropuTMa He CTAHET J0CTATO4HO MOHATHBIM.
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IIpumep. Bouucnuts npu 3a1aHHOM

i sif 28 ecnu  z < 0;
J ik Lo o BOIRE < Zadalh

Pewenue.

* Beog (z)
Ecamz <070
TN NS
HHa4ye '
Ty=z4i

KOHELl MPOBEPKH YCJIOBUS
BbIBOZ (Y)

KOHELl aJiropuTMa

»

* ¥ ¥ ¥ ¥ ¥ *

Cmpykmyphbie Ouazpammust MOTYT UCTIOJIB30BATHCA B KAYECTBE CTPYK-
TYPHBIX OJIOK-CXEM, U1 MOKa3a MEeXMO/YIBHBIX CBA3EH, U1l OTOOpaKEH U
CTPYKTYp aHHBIX U cucTeM 06paboTky naHHbIX. CylIeCTBYIOT ClieyoLIHe

CTPYKTYypHbIe Auarpammel: auarpamMmel Hacen — lIHeli nepmana, Baphbe,
Jbxekcona, MDCUL u ap.

IIpumep. 3anaH ogHOMEPHBI MacCHB M3 MOJIOKHUTENBHBIX W OT-
puuarenbHeIX yucen. Tpebyercs onpeaenuTs YaCTHOE OT AEJEHUs CYMMBI
MOJIOKUTENIBHBIX JIEMEHTOB HA CYMMY OTPHULIATENBHBIX 3JIEMEHTOB 3TOrO

maccuBa. Cnipasa ot auarpammsl (pHc. 2.7) NPUBOASATCS COOTBETCTBY FOLLIUE
oneparopsl a3bika Turbo Pascal.

S1=0 .. 81:=0;
S2=0 S2 :=0;
i=1, N FOR1:=1TON DO
?A()<0 IF A[l] <0 THEN
Ol S1=81+A() S1:=81+A][l]
ELSE
H| S2 =82 +A(i) S2 =82 +A[l];
?2S81<>0 IF S1 <> 0 THEN
Al R=S2/S1 R :=82/S1; ...

Puc. 2.7. Inarpamma MOCH/]
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7
Ba3oBble KaHOHUYeCKue
CTPYKTYpbl anropuTMoB

Jins peanu3aluy anropuTMOB Ha [1DBM ucnons3yercs ai-
FOPUTMHUYECKHH A3blK — HabOp CHMBONIOB W NpaBuil obpazoBaHus M
MCTONKOBAHWA KOHCTPYKLMIT M3 3THX CHMBOJIOB /ISl 3aMTUCH aNIrOPUTMOB.

Jlio6y10 nporpamMmy MOXHO Hanucarb, HCNOJb3yA KOMOMHALMK TPeX
6a30BbIX CTPYKTYP:

e C/IE/IOBAHMSA, HIIH NOCNEA0BATEIBHOCTH ONEPaTOPOB;

e BETBJICHHUS, HJIM YCIIOBHOIO ONneparopa;

e NOBTOPEHMS, MK ONEPaTopa LKA,

[MporpamMma, COCTaBlNEHHAs W3 KAHOHMUECKUX CTPYKTYP, Ha3bIBACTCA
pe.) IAPHOU NPOZPAMMOH, T.C. MMEIOLIIEH OMH BXO/L U OAMH BBIXO/.

[MockoAbKY @IrOpUTM OnpesenseT nopaioK 06paboTkn MH(pOPMALIMH,
OH JIOJKEH COJIepXaTh, ¢ O/IHOH CTOPOHBI, neiicteus no obpabotke, a
¢ Apyroii — MOPAAOK MX CEJ0BaHMA, Ha3bIBAEMblil HOMOKOM ynpaec-
NeHUA.

PaccmoTpeHHbie Bbile 610K, CBA3AHHbIE C 06paboTKOi AaHHBIX, J1€-
NATCA Ha npocmbie W ycaoeHeie. OCOGEHHOCTH MPOCTOrO JIEiCTBUSA B TOM,
4TO OHO HMEET OJIMH BXOJ1 M OIWH BBIXOJ1, B OT/IMYHME OT YCJIOBHOTO, obnapna-
JOLIIErO ABYMS BBIXOZAMH B 3aBUCHMOCTH OT TOTO, MCTHHHBIM JIH OoKaxeTcs
ycnosue. [TpocToe aeficTBye He 03HAYALT, HTO OHO e/INHCTBEHHOE, — 3TO
MOeT ObITb HEKOTOpas MocC/eA0BaTEIbHOCTD NnelcTBUM.

YacTh anropuT™Ma, OpraHu30BaHHas Kak rnpocToe JeiicTBue, T.e. UMe-
jowasi OAMH BX0J (BbIMOJHEHHE HAYMHAETCA BCEraa ¢ OJIHOro M Toro xe
neficTBHS) ¥ OMH BbIXOA (T.e. nocne 3aBepiieHus JaHHOTO 6noka Bceraa
HAuMHAeT BBIMOMHATHLCS OIHO M TO e JeiCTBHE), Ha3bIBACTCA Gynxyuo-
HanbHbIM BIOKOM.

U3 31010 OnpeaeneHus, B YaCTHOCTH, CNEAYET, YTO KaKIO0E npocroe
neiicTeue ABNSETCA GYHKUMOHATBHBIM 6/I0KOM, 3 YC/IOBHOE — HET.

CornacHo NOJ0KEHUAM CTPY KTy PHOIO NporpaMMUpOBaHHs MOXKHO Bbl-
JENUTH BCErO TPH Pa3In4HbIX BAPUAHTA OpraHn3aluy NoToKa yrnpasfieHus
neiicteuaMu anroput™a. [10TOK ynpasieHUs MOKET obnajarh cieayoLu-
MH CBONCTBaMH: -

e KaXk/blil 0JIOK BBINOJHAECTCA HE fonee 0HOrO pasa,
e BLINOJHAETCA KaXbli 6JI0K.
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[Torok ynpaBieHus, B KOTOPOM BBIMOJHAKOTCS 00a 3TH CBOMCTBA,
Ha3bIBAETCS JIUHEHUHbIM, B HEM HECKONbKO (DYHKUMOHAIbHBIX ONOKOB
BBINOMHAIOTCA NOce 0BaTeNbHO. JInHelHOMY MOTOKY Ha A3bIKke OJ10K-CcXeM
COOTBETCTBYET CTPYKTYpa, NokazaHHas Ha puc. 2.8.

—— s, i s, ey

"

-

Puc. 2.8. JIunelHbId MOTOK yripaBacHUs

OueBHAHO HECKOJIBKO OJI0KOB, CBA3aHHBIX JIMHEHHBIM TOTOKOM YTpaB-
NeHUs, MOTYT ObITh 00beIMHEHBI B OIMH (DY HKLIMOHANbHBI 0710k (puc. 2.9).

>|:>—» S,S, +—»

l
|

Puc. 2.9. ®yHkunoHanbHeli 610K

Bropoit TMNM moTOKa ynpaBieHUs Ha3bIBAETCsl 6emeeHuem — OH
OpraHM3yeT BbINOJIHEHHE OIHOINO U3 ABYX (pyHKUMOHANBHBIX OJIOKOB B 3a-
BUCHMOCTH OT 3HA4Y€HUs NMPOBEPSIEMOro JIOrMueckoro ycaoBus. [TpoBepka
P npencrasnsercs npeoukamom, T.e. GyHKUMEH, 3aarolieit Tornueckoe
BBIPQXXEHHE WUJIM YCJIOBHE, 3HAYEHUEM KOTOPOro MOXET ObITh ucmuxa AN
N0ACh.

Ecnun ctpykrypa conepxut asa (yHKUMOHaANBHBIX O61oka (57 u S2),
BETBJIEHWE HasbiBaeTCs noausim (puc. 2.10); BO3MOXHO CyLLIECTBOBaHHE
HenonHo20 BETBIIEHUA — MPU 3TOM OJUH 610K OTCYTCTBYET (pHcC. 2.11).

Het Oa

>?¢

Puc. 2.10. TTonHoe BeTBiIeHHE
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Na

.

Puc. 2.11. HenonxHoe BETBIECHHE

Hepexniouamens — BbIGOP OAHOIO BapHaHTa 13 MHOXKECTBA BOSMOZAC
HBIX aILTEPHATHB. B 3aBUCHMOCTH OT 3Ha4eHHs P BBINONHAETCA OZHO M3
neiic amii A, B, ..., Z (puc. 2.12). Ilocne BeiOOpa BapuaHTa NPOUCXOAHT
Nepexojl K BbIMONHEHHIO ClIe/lyOLe ypaBsioLleH CTPYKTYpBI.

—> A

. B
YO W

e Y

P Z

Puc. 2.12. Cxema nepekoyarens

IToemoperue — MHOTOKPAaTHOE BbIMOIHEHHUE (dparMeHTOB aJropuT-
ma (nporpammsi). Takoi THN MOTOKA yMpaBICHHS Ha3bIBAETCH YUKIU-
yeckum — OH OPraHM3yeT MHOrOKpaTHOE NOBTOPEHHUE (dyHKIMOHAJIb-
HOro 6J10Ka, MOKA JIOTMYECKOE YCJIOBHE €ro BBIMONHEHUA ABNACTCA MC-
THHHBIM.

Jleiicteue A GyneT NOBTOPATHLCA 0 TEX NOP, NOKA 3HAYEHHUE NpeMKara
P Gyner ocTaparhcsi MCTHHHBIM (puc. 2.13). [Mostomy B aefictBun A
JIOJDKHBI M3MEHATHCS 3HAUYeHHUs MEPEMEHHBIX, OT KOTOPbIX 3aBHCHT ) A
NPOTMBHOM CJTy4ae MPOU30HIET 3aUMKINBaHHE.
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ActuHa

Noxb

Pwc. 2.13. Cxema uukna ¢ npeaycioBueM

Beuucnenue npeankara P MoXeT NpOU3BOAMTLCS MOCIIE BBINOJIHEHUS
nedcTBHA A, B 3TOM ciyuae aeiicTeie A 6yeT BBINONHATECSA XOTS 661 OMH
pas (puc. 2.14).

Jloxb

HhcTtuHa

A »

Puc. 2.14. Cxema umkna ¢ nocTycioB1Hem

ANrOpHTM Ha3bIBAETCA CIPYKMYPHBIM, €CIIH OH TIPEACTABIAET CO00i
KOMOMHALIMIO U3 TPEX PacCMOTPEHHBIX BbIlllE CTPYKTYpP (OHH Ha3bIBAIOT-
ca bazosvimMu anzopummuyeckumu cmpykmypamiu). Be3yclnoBHO, He Bce
aJITOPUTMBI ABJIAKOTCA CTPYKTYPHBIMH. OHAKO HMEHHO CTPYKTYpPHbIE aJi-
ropuT™Bl 001a1a10T PSJIOM 3aMeyaTelIbHBIX NPEUMYILECTB MO CPaBHEHHIO
C HECTPYKTYPHbIMH:

® NOHAMHOCMb W NpOCcMoma BOCTIPHATUS aNropuTMa (MOCKOJIbKY He-
BEJIMKO YHCJIO MCXOIHBIX CTPYKTYP, KOTOPbIMH OH 06pa3oBaH);

® npoeepsemocmy (U1 NPOBEPKH JIFOOOH U3 OCHOBHBIX CTPYKTYp 10-
CTaTOYHO YOEAUTLCSA B MPABUIBHOCTH BXOAALUMX B Hee (DYHKLIMOHAbHBIX
6nokoB);

® MOOughuyupyemocms (OHa COCTOMT B POCTOTE U3MEHEHHS CTPYKTY-
PBl AINOPUTMA, MOCKOJIBKY COCTaBIAIOILME OIOKHM OTHOCHTENILHO HE3aBH-
CHUMBI).

Ilocne BBeAEHHBIX onpeneneHnii MOXHO cOPMyTMPOBATH CTPYKTYp-
Hylo Teopemy boma — JDkakonuHu: sobou anzopumm modcem Goimo
ceeden k cmpyxkmypromy. WHBIMH CIOBaMH, mo6omy HecmpykmypHomy

anzopummy modicem 6bimb NOCMPOEH IKEUBAIEHMHBLU eMY CIPYKMYPHbLI
anzcopumm.
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2.8.
NMonHoe nocTpoeHue anropurMma

B nocnennue roael 60sblloe pacnpocTpaHeHHUE MoJyuusa
KOHLIENLMsA CTPYKTYpHOTO nporpammupoBaHus. [loHsTHE CTPYKTYpHOrO
NMPOrpaMMHUPOBaHUS BKJIIOYACT ONpeeIeHHbIe MPUHLKUIBI TIPOEKTHPOBa-
HHS, KOJAMPOBAHMSA, TECTUPOBAHMA M JOKYMEHTHMPOBAaHUA NpOrpaMM B
COOTBETCTBHH C 3apaHee OrpeJe/leHHOM KeCTKOH AMCUHUIUIMHON.

ITosHOE NOCTpOEHHE aNropuT™Ma NpelycMaTpUBaET MOC/IEA0BATENILHOE
BBITIOJIHEHHE CJIEAYIOLLMX 3TanoB:

1) nocTaHOBKa 3a/1a4u;
2) NOCTPOEHHE MOAEINH;
) pa3paboTka ajiropuTMa;
4) npoBepkKa NpaBUIBHOCTH AJITOPUTMA;
5) peanu3auus, T.e. MPpOrpaMMHUpOBaHHE aNrOpPUTMa,;
6) aHau3 anropuTMa M ero CJI0KHOCTH;
7) npoBepka (0Ti1aaKa) NporpamMmmai;
8) cocTaBneHUe JOKYMEHTALUH.

He Bce 3TH 3Tanbl 4eTKO pa3inuMMbl MeKy co00ii, 0cOOEHHO 3Ta pas-
JIMYUMOCTD JIeNIaeTCs Maso 3aMETHOW MpH MporpaMMHpPOBaHUH MPOCTHIX
3anau (puc. 2.15). Tlpu nporpaMMHpOBaHMM MPOCTHIX 3a/la4 HEKOTOpPbIE
3Tanbl MOTYT BOOOLLE HE BHIMOJHATECS — HACTOJIBKO OYEBHAHBI X pe-
3yNbTAThI.

UcxoaHble
AaHHbIe

1
1
1

I |

3BM H Pewenue

O6bekT | 3apa4ya HHMoaenbH AnroputM HMporpamma

MakeT npuknaaHbix NporpamMmm

AHanns
peLueHus

Puc. 2.15. Dransl peweHus 3aaa4 Ha OBM
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[Tpu nporpaMMHpOBaHUH CIOXKHBIX, OOBEMHBIX 33134 HEKOTOpbIE M3
BBILLIENIEPEUHCIEHHBIX ITANOB MPUXOAUTCSA BBINOJHATE HE B TOM MOPAIKE,
Kak BbILLE YKa3aHO, WM BbIMOIHATE UX HE OJIMH pas3.

PaccmoTrpum Gonee nmoapoOHO Kaxablii M3 TANoOB MOCTPOEHHUA ANIN0O-
puT™A.

IMocTranoBka 3aaaun. [lpexae ueM NOHATHL 3aJauy, €€ HYXKHO TOYHO
copmynupoBarh. ITO yci0BHE amo 1o cebe He ABIAETCA JOCTATOYHBIM
JUIS TOHUMAHMUS 3a1a4M, HO OHO abCoNOTHO HeoOXOAUMO.

O6bIYHO npouecc ToYHOH (GopMyTHPOBKM 3adaYH CBOAMTCA K MocTa-
HOBKE MPaBUJILHBIX BONPOCOB. [lepeuncium HeKOTopbIe Mosie3HbIE BONPO-
Chbl U1 TJIOXO C(hOpMYNHPOBAHHBIX 3a/1a4:

e [IoHATHa M TepMHUHONIOrKSA, HMCMONb3yeMas B IpeABAPUTEIbLHOH
¢dopmynupoBke?

e Yto naHo? Yto HyxHO HalWTH?

¢ Kak onpenenuts peweHue?

o Kakux nanHbIX He XBaTaeT WK, HA00OPOT, BCE JIM NEepeYUCIEHHbIE B
(hopMynUpOBKe 3a/1auu JaHHbIE HCMONB3YOTCS?

o Kakue caenanbl nonyuieHus?

Bo3MOXHBI M JApyrue BOMPOCHl, BO3HMKAKOLIKE B 3aBUCHMOCTH OT
KOHKPETHOM 3a/1a4Hu. '

ITocTtpoenne moaean. 3ajaua 4eTKO MOCTABIEHA, TEMNepb. HY)KHO
chopMynupoBaTh Ul Hee MaremaTHyeckyro monens. Beibop Mosenw
CYLIECTBEHHO BIMAET HA OCTAJIbHBIE ATANbI B POLIECCE PELLICHHUS.

Bei6op Mozenu — B GonbLieii cTeneHn HCKyCcCTBO, YeM Hayka. [1pasna,
ecy Bbl OyieTe BCcTpeyaTbes ¢ THOBO# 3a/1aueii, TO ONbIT, NPUOOpPETEeHHbI#H
paHee, He norpedyer OT Bac 0coboro TBOpHECKOro NMOAXoAa, U B 3TOM
cnyvae kak pa3 Oyzaer yaobHo M Lenecoobpa3HO BOCMOJNIb30BATLCA paHee
HapaboraHHbIMU npaBunamu. [ToaToMy M3yueHue yAauHbIX mMozenei —
3TO HaWJTy4LIMi cnocob npuobpecT ONbIT B MOAETMPOBAHUH.

Ilpuctynas k pazpabotke Moaenu, cneayer 3aaarhb, no KpaiHei mepe,
J1IBa OCHOBHBIX BOMpoca:

1. Kakne maremaruueckue CTpyKTypbl Oonblue BCEro MOAXOAAT JUIs
3anauun?

2. CyluecTBYIOT I pelUeHHbIe aHAJIOTHYHbIE 3a/1auu?

BTopoii Bonpoc, BO3MOXHO, caMblil Mosie3HbIH BO Bceit MaTemaTruke. B
KOHTEKCTE MOJIE/IMPOBAaHUA OH YacTO JAET OTBET Ha nepBbiii Bonpoc. Jlei-
CTBHUTENIbHO, OONBIIMHCTBO pellaeMbIX B MaTEMaTHKE 3a/iay, Kak rpaBuJlo,
ABNAIOTCA MOAMUKALMAMHU paHEee peLlIEHHbIX.
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CHauana Hy>KHO pacCMOTpeTh NepBblit Bonpoc. Mbl A0JKHBI ONMHUCATh
MaTeMaTH4YeCcKH, YTO Mbl 3HAEM M YTO XOTHM HaiTH. Ha BbIGOp cooTBeT-
CTBYIOLLEN CTPYKTYpbl OyAyT OKa3biBaTh BAUSHUE clieayloline GakTopsl:

® OrPAHUYEHHOCTH HALUMX 3HAHWUH OTHOCUTENILHO HEOOJBIIUM KOJIU-
YECTBOM CTPYKTYD;

e y100CTBO Npe/CTaBACHHS;

e MIPOCTOTA BHIYUCIIEHHH;

e MOJIE3HOCTh Pa3/IMYHBIX OMepaluil, CBA3aHHbIX C paccMaTpUBaeMoi
CTPYKTYPOM WJIM CTPYKTYpPaMH.

CnenaB npo6HbIi BEIOOP MaTeMaTHueCKOi CTPYKTYpbl, 3aAaqy cieay-
eT nepeopMyIMpOBaTh B TEPMUHAX COOTBETCTBYHOLIMX MAaTEMAaTUYECKHUX
00beKTOB. JT0 OyaeT olHAa M3 BO3MOXCHBIX MOJEJEH, €ClkM MBI MOXEM
YTBEPANTEILHO OTBETUThL HAa BOMPOCHI:

e Bcs nu BakHas nH(opMauus 3aaady XOpoLLo ONMcaHa MareMaT1ye-
CKl1 14 oObeKTamMu?

e CyulecTBYyeT JIM MaTeMaTH4yeckas BeJIMYMHa, acColuupyemas ¢ uc-
KOMBIM pe3yJibTaToM?

e BoisiBUIM M MBI Kakue-HUOYb MOJIe3Hble OTHOLIEHUsA MexXay o0b-
eKTaMMu Moaenu?

e MoskeM 1 Mbl paboTarh ¢ Moaenbo? YnoOHo U ¢ Heil paborars?

PaspaGoTka aaropurma. Beibop metona paspaboTku ajropurma 3a-
YacTyl CHUJIBHO 3aBHCHUT OT BbIOOpa MOAENM M MOXET B 3HAYMTENIbHOM
CTEerNneH! MOBJIUATEL Ha 3G PEeKTUBHOCTh aIFOpUTMa peLueHus. JlBa pasnuy-
HBIX aJITOPUTMA MOTYT ObITh NPaBU/ILHBIMH, HO OY4EHb CHJIBHO OTIIMYATHCS
no 3¢)eKTUBHOCTH.

IpaBuabsHOCTHL ajaropuTMa. JlokaszaTelbCTBO MPaBUIBHOCTH aro-
pUTMa — 3TO OAWH M3 Haubonee TPYAHBIX, @ MHOTAA U OCOOEHHO YTO-
MUTENILHBIX ITAMOB CO3/aHus anroputMa. BeposTHo, Haubonee pacnpo-
CTpaHeHHbI TpHeM J0Ka3aTeNnbCcTBa NMPaBHUJIBHOCTH MPOrpaMMbl — 3TO
MPOroOH ee Ha pa3HbIX TecTax. Ecu BblAaHHbIE MTPOrpaMMOii OTBETBI MOTYT
OBbITh MOATBEPXKAEHBI U3BECTHBIMU MJIH BLIYUCICHHBIMH BPYYHYIO JaHHbI-
MM, BO3HHMKAET MCKYLIEHHE CIEeNaTh BbIBOA, YTO Mporpamma «pabotaeT»
npaBuibHO. OIHAKO 3TOT METO/| PEKO UCKJIFOYAET BCE COMHEHHS; MOXET
CYILECTBOBATH CNy4ail, B KOTOPOM Mporpamma He paboTaer.

PaccmoTpuM criefyouyo ofLly0 MeTOAMKY AOKa3arelbCTBa MNpa-
BMJILHOCTH ajroputMma. [Ipearnonoxkum, 4To anropuT™ OMHUCaH B BHJE
MOCJe/10BaTeILHOCTH 11AroB, AonycTiM, ot wara 0 go wara m. Ilocra-
paeMmcsi TMpeJIOKUTh Hekoe 000CHOBaHWE NMPABOMEPHOCTH JUIH KaXA0ro
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wara. B yacTHocTH, MoxkeT noTpeboBaTbest (GOPMYJIMPOBKA Y TBEPIKACHHS
06 ycnoBusX, AEHCTBYIOLMX A0 H TOC/€e NMpOoiHAeHHOro wara. 3areMm ro-
cTapaeMmcs MpeUIoKUTh 10Ka3aTe/IbCTBO KOHEYHOCTH arOPUTMA, MPH 3TOM
OyayT npoBepeHbl 8ce MOAXOAALLME BXOAHBIE JAHHbIE U MOJTyY€HbI 6ce Mo/
XOJALME BBIXOAHBIE JAHHBIE.

Jlpyroi MeToa A0Ka3aTebCTBa NPaBHUIBHOCTH alirOPUTMa, KOTOPbIH He
MMEET CMeLMaTbHOrd Ha3BaHHs, COCTOUT B cretytoueM. [l kaxaoro uu-
KJ1a, KOTOPbIii HMEETCS B Nporpamme (aJiropuTMe), BPY4HYHO (Hanpumep,
Ha KaJbKyJIATOpe) MOACYHUTHIBAIOTCA [BE KOHTPOJIbHbIE TOUKH. ECiin KOH-
TPOJBHBIE TOUKH COBMAJAKT CO 3HAYEHUAMH, BbIAAHHBIMH MPOrpaMMON,
MOXHO OBITh YBEPEHHBIM, UTO BCE LMKJIBI B Mporpamme paboTaroT rnpa-
BUIBHO. IToueMy peub MAET O ABYX KOHTPOJbHBIX TOukax? Jlesio B TOM,
YTO MEepPBOE KOHTPOJILHOE 3HAUEHHE B MPOrpaMMe MOXKET ObITh BBIYHCIIEHO
MpaBHJIbHO, @ 3aTEM B 3TOM LIMKJe OyAyT NpOMU3BEAEHbI HEKOTOPbIE HEKOP-
PEKTHbIE AEHCTBHS, KOTOPBIE MPUBEAYT K MCKAXKEHHUIO BCEX MOCIIEAY FOLLMX
pesynbraroB. CoBnageHWe BTOPONO KOHTPOJBLHONO 3HAY€HWUs Kak pas U
MOATBEPKAAET, YTO B JAHHOM LIMKJIe HEKOPPEKTHOCTH HeT. Takum obpa-
30M, JIBa KOHTPOJIbHbBIX BbIYMUCIEHHS JODKHBI ObITh CAENaHbl IS KaX/10T0
LIMKJIa TPOrpaMMBbl.

CnenyeT noguepkHYThb U TOT (paKT, 4TO MPaBUIILHOCTh AJITOPUTMA ELLEe
HUYEro He roBOPUT O ero 3pGPeKTUBHOCTH. B 3TOM cMbIC/E HCHEepIbI-
BalOLLME AJITOPUTMBI, MJIH, KaK MX €LIe Ha3bIBaOT, ajJrOPUTMbl MOJIHOIO
nepeGopa, peako ObIBAIOT XOPOLIMMH BO BCEX OTHOLIEHHUSAX.

Peanuzauus anropurma. Kak TOJNIBKO alrOpUTM BEIPAXKEH, I0MYCTHM,
B BUJIE MOCJIE0BATEIbHOCTH LIAroB U Mbl YOE€HJIUCE B €r0 MPaBUjIbHOCTH,
HACTaeT 4yepe] peald3aluuy anropuTma, T.e. HarucaHus NMporpaMMbl s
KOMMBIOTEPA.

[1pu 3TOM BO3HHMKAIOT ClieyoLHe NpodIeMsl.

e OyeHb YacTO OTAENBHO B3ATHIN LIAr aIrTOPUTMA MOXKET OBbITh BbIpa-
*eH B (hopme, KOTOPYIO TPYAHO MEPEBECTH HEMOCPEACTBEHHO B KOHCTPYK-
WU fA3bIKA MpOrpaMmMupoBaHus. Hampumep, OAMH M3 LIAroB ajaropurma
MOJKET OBITh 3arucaH B BU/e, TpedyoLLeM Lesloi MoAnporpaMmel [ijisi CBO-
el peasiu3aLvHm.

e Peanuzauus MOXET OKa3zaTbCs TPYAHBIM NPOLECCOM MOTOMY, YTO
nepea TeM, KaK Hamucatb MporpaMmmy; HEOOXOAMMO MOCTPOUTHL LEIYHO

CUCTEMY CTPYKTYP AAHHbIX /s MPEACTABIEHNUS BAXHBIX ACMIEKTOB MCIOJIb-
3yeMOi MOJENH.
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Ytobbl caenatk 310, HEOOXOAMMO OTBETHTh, HANMpPUMEpP, HA TaKWe
BOMPOCHI:

KakoBbl OCHOBHbIE NepeMeHHble?

Kakux ouu Tunos?

CKOJBKO HY)KHO MacCHBOB M Kakoif pasMepHOCTH?

HmeeT 11 cMbICH N0NB30BATHCS CBA3HBIMHM CITUCKaAMU?

Kakne Hy>xHBI noanporpaMmbl (BO3MOXHO, Ye 3anucaHHbie B Ma-
MSATH)?

KakuM f3bIKOM MporpaMMUpOBaHUs MOJb30BaTHCS ?

KoHkpeTHas peanusaius MOXeT CyLIECTBEHHO BJMATL Ha TpeGoBaHu
K MaMATH U HA CKOPOCTb aJIOPUTMA.

3aMeTuM, 4TO OAHO JeJI0 — J0Ka3aTh NMPaBUIbHOCTb KOHKPETHOMO
anropuMTMa, ONMMUCAHHOIrO B CJIOBECHOH (hopme, Apyroe — JA0Kasarb, YTO
Jaras MallMHHas Nporpamma, npearnoioKUTENbHO ABIAIOLIAACA peanu-
3aLuei 3TOro ajaropuTMa, Takke npaBuabHa. Iloatomy He00X0AMMO OYEHb
TLIATENBHO CeAUThb, YTOOBI Npoliecc npeobpa3oBaHus MPaBUILHOIO anro-
puTMa (B crioBecHOl opme uin GopMe cxembl airOpuT™Ma) B MporpamMmy,
HaNMUCaHHYH Ha AJITOPUTMHUYECKOM f3bIKe, 3aC/TyKUBAJl IOBEPHS.

2.9.
MMaBHble NpUHUUNLI CO34aHUA
3t peKTUBHbLIX anNnroputMoB

Kaxapiii, kTo 3aHHMaeTcs pa3paboTkoil anropuTMOB, A0/KEH
OBJIaJIETh HEKOTOPLIMU OCHOBHBIMH METOaMU U MOHATUAMHU. [lepen tem,
KTO KOrAa-TO CTOJIKHYJICS C TPYAHOH 3aaayeid, BcraBas Bornpoc: «C yero
Hayatb?». OAMH M3 BO3MOXHBIX MyTeH — MNPOCMOTPETh CBOM 3amnac
o0LMX aNrOPUTMUYECKMX METOOB JJIsi TOro, YToObl NMPOBEPUTH, HEJb3S
JTH C MOMOLLBIO OHOTrO M3 HUX chOpPMYTMPOBATh PELLIEHUE HOBOM 3aJa4H.
Hy, a ecnn Takoro 3amaca HeT, TO Kak Bce-TakM pa3paboraTh XOpouiuid
anroput™? PaccMOTpuM TpHu oOLIMX METOAA pelueHHs 3a/ad, MoJe3HbIX
71 pa3paboTKu aJropMTMOB.

[TepBbIii METO/A CBA3aH CO CBEACHUEM TPYAHOM 3a]a4yM K nocine-
JoBarebHOCTH Oonee npocThix 3a4a4. KoHeuHo, MBI HajieeMes Ha TO, 4TO
Gonee mpocThie 3a4a4M Jerdye noanaoTcs obpaborke, ueM NnepBOHayYalb-
Has 3ajjaya, a TaKXKe Ha TO, YTO pelleHHEe NepBOHAYalbHON 3a1a4i MOXET
ObITh MOJTyYeHO U3 pelueHuii aTuX Gonee npocThix 3ana4. Takas npouenypa
Ha3bIBAETCA MEMOOOM YACMHBIX YeNeu.
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DTOT METOJ BBINIAMAMT OueHb pasymHo. Ho, kak M GONBLIMHCTBO
oOLMX METONOB pelleHHs 3ajay WIH pa3paboTKH anropuTMOB, €ro He
BCEr/a JIErko NMepPeHeCTH Ha KOHKPeTHYIO 3anauy. OcMbicieHHbIH BbIOOP
Oonee MpOCTHIX 3aa4 — CKOpee, HCKYCCTBO MJIM MHTYHLMS, YeM Hayka.
He cyuwectByet obuero Habopa npasui Juls OnpeaeneHns Knacca 3anau,
KOTOpbIE MOXHO pellaTh ¢ MOMOLIBIO TAaKOro nojaxoza. PasMbiuneHne
Haa mobol KOHKpeTHOH 3ajayeil HaYMHAEeTCs ¢ MOCTAHOBKH BOMPOCOB.
YacTHbIe LENH MOTYT ObITh YCTAHOBIEHBI, KOIJA MOMy4YeHbl OTBEThl Ha
CNeayHOLLHe BOMPOCHI:

1. MoxxemM 1T MBI PELIWTh 4acTh 3ajauyu? MOXHO JIH, UrHOPHPYS
HEKOTOpbIE YC/IOBHS, PELUNTH OCTaBLIYIOCH YacTh 3a1a4n?

2. MoxeM N1 Mbl PELLNUTH 3334y AN HacTHbIX ciyvaeB? MoXHO N
paspaboTaTh alrOPMTM, KOTOPBIi AaET pellieHHe, YI0BIETBOPAIOLILEE BCEM
YCJIOBHSIM 3a/1a4¥, HO BXOJIHbIE JAHHbIE KOTOPONO OrpaHHYEHbl HEKOTOPbIM
NOJAMHOXECTBOM BCEX BXO/HBIX JaHHBIX?

3. EcTb 7M1 4TO-TO, OTHOCALUEECs K 3aJaye, YTO MBI HEAOCTaTOYHO
xopowo mousnu? Ecnu nonbiTarecs MmyOke BHHKHYTb B HEKOTOpbIE
0COOEHHOCTH 3aja4d, CMOXKEM JIM MBI YTO-TO Y3HaTb, YTO MOMOXET HaM
MOAOWTH K pelueH I0?

4, BeTpeyanuch 1M Mbl C OXOXKEH 3a/1auei, pelieHHe KOTopoit H3BecT-
HO? MOXKHO M BHAOM3MEHHT €€ pelleHHe IS pellieHus Hawei 3a1aumn?
B03MOXHO JIM, YTO 3Ta 3aJja4a SKBUBAJIEHTHA U3BECTHOM HEPELIEHHOH 3a-
naue?

BTtopoii meTojn pa3paboTku alrOpUTMOB M3BECTEH Kak Memoo
noovema. ANropuT™ NoJbeMa HaYMHACTCSA C MPUHATHSA HAYallbHOrO Npej-
MOJIOKEHHS WM BBIMMCIIEHUS HAYaJlbHOTO PeLIeHHs 3a7aun. 3aTemM Hauu-
HaeTCs HACKOJBKO BO3MOXHO ObICTpOE ABH)KEHHE «BBEPX» OT HA4allbHOIO
pelleHus MO HAMpaBleHHUIO K JydyluM peiieHusm. Koraa anroputm 1o-
CTUIHET TaKOM TOUKH, U3 KOTOPOii 00JIbLIE HEBO3MOKHO JIBUraThCs HABEPX,
anropuT™ octaHaBnupaercs. K coxaneHuto, Mbl He MOXKEM BCerja rapaHTH-
pOBaTh, YTO OKOHYATEIbHOE PeLleHHUE, NONYYEHHOE C MOMOLLUBIO aIrOpUTMa
noabema, OyaeT onTHMabHBIM. DTa CUTyaUHs 4acTo OrpaHU4YMBaeT npu-
MeHeHHe MeTo/a MoaAbema.

Boo6ie MeToasl nogbema ABIAKTCA «rpyObiMu». OHM 3anOMHUHAIOT
HEKOTOPYIO LIENb M CTApAIOTCs CAENaTh BCE, YTO MOTYT M [JIE MOTYT, 4TOObI
noAoiTH GaKke K 1enu. DTo JenaeT UX HECKOJIbKO HeAaJbHOBUAHBIMH.
HenansHOBHAHOCTH METOAA NMOABEMA XOPOLIO MIUTHOCTPUPYETCS Cleyto-
M npumepoM. Ilycts Tpebyercs HaiiT MakcumyM dyHkunn y = f(x),
nipecTaBNeHHoi rpadukom (puc. 2.16).
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Puc. 2.16. Unmoctpaumns Merona noabeMa

Ecnn HayanbHOE 3HaYeHHWE apryMeHTa T paBHO a, TO METOJ MoAbemMa
LT ycTpeMieHue kK onvxkaiiluei uenu, T.e. K 3Ha4eHHI0 QyHKLHH B TOUKE
T = b, TOrga kak NOJJIMHHBIA MakCMMyM 3TOi (YHKLUMH HAXOAWTCA MpH
T = c¢. B 1aHHOM ciyyae MeTo/ NoAbEMa HAXOAUT JOKaIbHbIA MaKCUMYM,
HO He rnobanbHblii. B 3TOM UM 3akntoyaercs «rpybocTb» METOAA MOAbLEMA.

Tpetuit MmeTo M3BECTEH Kak ompabameliéanue Hazao, T.e. pa-
6oTa 3TOro anropuTMa HauMHaeTcs ¢ LeNH UM PeLIeHUs 3a/1a4yu U 3aTeM
OCYyLIeCTBASETCA ABMKEHUE K HA4allbHO MOCTaHOBKE 3a/1a4M. 3areMm, eciiu
3TH AeiicTBUS 00paTHMBbl, MPOU3BOAUTCA ABH)KEHHE 0OPATHO OT NMOCTAaHOB-
KM 3a1a4¥ K peLLEHHIO.

T et T o e by

e
N — oo
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Konmponuvnuie sonpocoi

Haiite onpenenexnne obbekTa, kjiacca, CHCTEMbI, MOJEJH.
Ha3oBuTE OCHOBHBIE THIIBI MOAENEH.

Uto Takoe HMHTALUMOHHOE MOJENHPOBAHHUE?

Kakue knaccudukaumm Mmoaenei CylecTByOT?

VKaXMTe OCHOBHbIE 3Tarbl MOAEIUPOBAHUS.

YTo Takoe anroputm?

[TepeuncnuTe CBOMNCTBA AITOPUTMA.

Kakwue 3Tans! BbINOMHAIOTCA MPH MOJHOM MOCTPOEHHH aNiropuTMa?
Yro Takoe 610k-cxema anroputma’?

Haiite onpenenexue GpyHKUHOHANBHOIO 6noka.

. Kakoit anroput™ Ha3bIBaeTCa CTPYKTYpPHBIM?
. HazoBuTe raBHble NPHHLIMIIBI, JieXKallue B OCHOBE co3AaHUs 3P PEKTHBHBIX

aJIrOPUTMOB.



Fnasa 3

IBONOLUUA A3LIKOB
nporpaMmMmmMpoBaHUA

Jnsa npeobpa3oBaHus TEKCTA B NOC/IEA0BATEIbHOCTE MALLMH-
HBIX KOMaH[ HeoOXofuMma NnpoMexKyTouHas nporpamMma, Ha3biBaeMas KoM-
nunamopom. Ha 3rane koMnuisuMu NpoM3BOAMUTCSA TAKXKE pacrpeieieHue
JIaHHBbIX B OTIEpaTMBHOM 3arioMuHaroLem ycrpoiictee (O3Y) I19BM; npu
9TOM BMECTO MMEH NEPEMEHHbIX MOACTABAKTCA OTHOCUTEIbHBIE aapeca
AueeK, B KOTOPBLIX pacnoyaraiorcs JaHHbIe.

AGconoTHBIE ajipeca AaHHbIM NPUCBAMBAET OMEpalMOHHAas CUCTEMA
npu pa3meunieHun nporpamMmel B O3Y koMnbroTepa rnepej ee UCrosb3oBa-
HHUEM.

Jns Bcex A3bIKOB BLICOKOIO YPOBHSI OOLMM SABJSETCA TO, YTO OHM
OpPHMEHTUPOBAHbl HE HA CUCTEMY KOMAaHJ TOW WM WHOW MalllMHbI, a Ha
CUCTEMY ONEpPaToOpPOB, XapaKTEePHbIX A 3alMUCH OMNpeAeseHHOro Kjacca
aJIrOpUTMOB.

3.1.

Knaccudumkauma A3bIKOB
nporpaMMupoBaHuUA

no ¢pyHKUMOHaNIbHOMY
Ha3Ha4YeHuo

Mo pyHKuMOHANEHOMY Ha3HAUEHHIO A3BIKM NPOrpaMMHUpOBa-
HUS BBICOKOTO YPOBHS ACNAT HA npoOaeMHO-0pueHmuposaniibie v ynueep-
canonote. TlepBbie npeaHasHaYeHbl 1A peLieHus cneunduyeckux 3anay
u3 HekoTopo# orpacnu 3Hauuil. [lpumepamu asnstorcs: FORTRAN —
A3bIK PELUEHUA CAOKHbBIX HAYYHBIX U HHXeHepHbIX 3aaa4; COBOL — a3bIk
JUIS pelleHUsl SKOHOMUYECKHUX M KOMMepueckux 3anay;, LISP — s3bIK,
MCMOJIb3yeMblii B PEeLUeHHH 3aa4 UCKYCCTBEHHOro uHte/iekra. K yHu-
BepcanbHbIM A3bikaM oTHocATCs PASCAL, BASIC, C (C++), Java, a
TaK)Ke COBPeMEHHbIE Cpe/lbl BU3yalbHOro nporpammupoBanus DELPHI,
VISUAL BASIC w ap. DTH A3bIKM NO3BOJAIOT peLUMTH N00YI0 3a1auy, Xo-
TS TPYAOEMKOCTh PellieHHs KOHKPETHOH 3afa4yM B pasHbIX f3blkax Oyner
pasnuyaThes.
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3.2.

Knaccudukauusa s3biKoB
nporpaMMupoBaHMUsA NO napagurme
(koHUenuuu) u mMeToaonNoOrun
nporpaMmMupoBaHuUs

Jpyroii npusHak, B COOTBETCTBMM C KOTOPbIM BO3MOXKHA
KiaccupuKkaluus A3bIKOB MPOrpaMMHUPOBAHUS, SABISETCS napaouzma (KOH-
uenuus) nporpaMmupoBanus (tabn. 3.1), T.e. COBOKYMHOCTb OCHOBOIO-
nararoux uaeid M noaxoAaoB, ONPEeAeNsiOlMX MOJAENb NpeACTaBleHHs
JJAHHBIX U X 00paboTKH, a TAK)KE METO0JIOTMH MPOrpaMMHUPOBaHU.

Tabnuua 3.1
OcHoBHbIE pa3/inyusa B Napaaurmax

| lapaaurma IIpeacraBnenue Hcnonnenne Cs3b yacren
nporpaMmu- | NpPOrpaMM M JaHHBIX NporpaMMel NporpaMmbl MEXIY
pOBaHM coboit
ITpouenypuoe | ITporpamma u nauusie | [Tocnenosarens- | BoaMoxHa TONLKO
npeacTasnsior coboit | HOE BBLIMONHEHHUE | YUEPE3 COBMECTHO
OTIE/NbLHBIE, HE CBS- oneparopoB obpabarbiBaeMble
3aHHBIE APYT C JPYrom JlaHHbIE
JJIEMEHTBI
OObeKTHO- Jlanusie ¥ meroasl ux | [Tocnenosarens- | OTaenbHLIE YacTH
OpHeHTHpO- | 00pabOTKM MHKaNCy- | HOCTh COOBITHI | MPOrpaMmbl MOTYT
BaHHOE JIMPOBaHBI B pamKax W peakuui HacNea0BaTh METO/bI
eMHOro obbeKkTa 00BEKTOB Ha OTH | U JJEMEHTBI JAaHHbIX
COOBITHA JpYr y aApyra
Jlornueckoe | Jlanusie u npasuna ux | [IpeoGpazosanue | Pasbuenue nporpam-
o0paboTku o0beauHe- | JIOrM4eCKoro MBI Ha OTJAE/bHbIE
Hbl B paMKax eJMHoro |obpa3oBaHMA B | HE3aBUCHMBIC 4aCTH
JIOrMYECKOTO CTPYKTYP- | COOTBETCTBHH 3aTPYAHUTENBHO
Horo oOpa3oBaHus C JIOrMYECKUMH
npaBuIamMu

M3BecTHO, 4TO MH(OPMALIMOHHBIE TEXHONOTHU SBNAIOTCA ONHOW U3
Haubonee 6bICTPO pa3BUBaIOLLMXCS 0OnacTeli coBpeMeHHOi xu3Hu. Hosbie
TEXHOJIOTHH, TPOEKThbI, Ha3BaHUs ¥ abOpeBHaTyphl MOSBIAKOTCA €1Ba JIN
He Kax<Abli JeHb. B HacTosliee Bpems B pacnopskeHUH mporpaMmucTa
MMeeTCsl I0BOJIbHO OOLLIUPHBIN CMEKTP A3bIKOB-HHCTPYMEHTOB, U3 KOTOPBIX
2151 1060 KOHKPETHO#M 3a1a41 MOXKHO BbIOPATH TOT, 4TO MO3BOJIMT PELINTD
ee ONTUMAJIBHBIM My TEM.

A3vik npozpammuposanus — Habop KIOYEBBIX CJIOB (CJ0Bapb) M
cucTeMa MpaBuil (rpaMMaTHYeCKUX U CHHTAKCHUYECKHUX) A KOHCTPYHPO-
BaHHs OMEpaTopoB, COCTOALIMX M3 IPYMNI MM CTPOK yKces, OYKB, 3HAKOB
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MpernuHaHus M APYrMX CHUMBOJIOB, C MOMOLIBIO KOTOPBIX JIKOAW MOTYT
coobuiate KomnbloTepy Habop komaHj. XpOHOJOrMs CO3JaHUs A3bIKOB
nporpaMMHpOBaHus NpescTaBieHa B Tabn. 3.2.

Tab6bnuua 3.2

XpoHONIOrUS CO31AHHS A3BIKOB NPOrPAMMHPOBAHUSA

+ Ton co-
S3bik e Bun ABTOp ['eorpadus coznamus
®oprpau (Fortran) 1954 | A | Ixou bakyc Amepuka
Jlucn (LISP) 1958 F | )xon Makkapru AMepuka
Anron-60 (Algol 60) 1960 A | Tlurep Hayp+ Mex 1y HapoaHbIHA
KoGon (Cobol) 1960 | A |TIpynmna asropoB Me:x 1y HapoHbI#
Cumyna (Simula) 1962 B |Kpucren Huraapa+ Espona
beficuk (Basic) 1963 A | xon Kemenu+ AMepuKa
U1/l (PL/T 1964 | A | dxopax Paguu AMepuka
Anron-68 1968 A | Ansan Baitnrapren+ | MexayHapoaHbii
[MTackans (Pascal) 1971 C | Huxnayc Bupr Espona
®opr (FORTH) 1970 | A4* |Yapabs Myp AMepHka
Cu (C) 1972 | C* | dennuc Putum Amepuka
Smalltalk 1972 B | Anau Keit AMepuka
Iponor (Prolog) 1973 E | Anan Konsmepo+ Espona
Ana (Ada) 1980 | H* | Jxun Uwbua+t AMepHka
Cut++ 1984 | H* | bropu Crpayctpyn AMepuka
Java 1995 H | xefimc I'ocnuur Amepuka
AT (APL) 1957 I |Kenner A#iBepcoH Amepuka
Cnobon (Snobol) 1962 I | Pans¢ I'pucyonn Amepuka
Cetn (SETL) 1969 I | xex llIsapu Amepuka
Scheme 1975 F |Tait Ctun+ Amepuka
Icon 1977 I | Pans¢ I'pucyonn AMepuka
Moayna-2 (Modula-2)| 1979 | D* | Huknayc Bupr Espona
Oxkkam (Occam) 1982 | G* | dasua Maii+ Espona
Common Lisp 1984 | F |TIaii Crunt AMepHKa
Objective C 1986 | H* | Bpan Koke AMepuka
Obepou (Oberon) 1988 | D* | Huknayc Bupr Espona
Monyna-3 (Modula-3)| 1988 | H* | buaa Kancos+ AMepuka
Limbo 1996 | D* | lennuc Purum Amepuka
C# 2000 | H* | Aunepc Xeinbchepr+ | Amepuka

Yenosubie 0603HaYeHUA:
A — npoueaypHoe nporpaMMHpOBaHHE,

B — 00beKTHO-OPHEHTUPOBAHHOE NMPOrpaMMHPOBaHHE,

C — CTPYKTYPHOE NpOrpaMMHpPOBaHHE;
D — moaynbHoe (KOMINOHEHTHOE) NPOrpaMMHpPOBaHHE;

E — nornyeckoe (pensiuMoHHOE) NMporpaMMHPOBaHHE;
F — (pyHKUHOHANBHOE NMPOrpaMMHPOBaHHE;

G — napanenbHOE NMporpaMMHpPOBaHHE;

H — cmecs napaaurm: B+ C + D + G,

[ — cneuManu3upoBaHHbIE A3bIKH,

* — noaepXKKa CHCTEMHOTO MPOrPaMMHPOBAHHS;

+ — A3bIK NPOrpaMMHPOBAHHA CO3/1aH HECKOJILKHMH aBTOPaMH.
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3.3.

Knaccudmkaums s3bikoB
nporpaMmMupoBaHuA No Tunam 3agav

SA3bIKM MpOrpaMMHUPOBaHUST MOXKHO Kjiaccu(pHUUMpOBaTh MO
TUMaM 3aJay CleAyoLKuM 06pa3zom:

e 3aoauu uckyccmeennozo unmennexkma — Lisp, Prolog, Multilisp,
Commonlisp, Peghan, Planner, QA4, FRL, KRL, Qlisp;

e Ilapannenshste gbruucnenus — Fun, Apl, Alfl, PARAIfl, ML, SML,
PPL/1, Hope, Miranda, Occam, PFOR, Glypnir, Actus, napamienbHblii
Cobol, OBC-JIATIUC, OBC-Muemoxon, OBC-Anron, OBC-®optpaH,
PA(1), PA(G);

e 3aoauu eviuucnumenvHou mamemamuxu u usuku — Occam,
PFOR, Glypnir, Actus, napannenshsiii Cobol, OBC-JIAITUC, OBC-MHue-
mokoa, OBC-Anron, OBC-®optpaH, PA(1), PA(G);

e Pazpabomka unmepgheiica — Forth, C, C++, Accembnep, Makpo-
accemonep, Simula-67, OAK, Smalltalk, Java, PIII;

e Pazpabomka npozpamm-obonouex, paspabomka cucmem — Forth,
C, C++, Accembnep, Makpoaccembnep, Simula-67, OAK, Smalitalk, Java,
eI

e 3a0auu eéviuucnumenvrozo xapakmepa — Algol, Fortran, Cobol,
Ada, PL/1, ®okan, Basic, Pascal,

e Oghopmnenue 0oKymenmos, 00pabomka 60NbUIUX MEKCHMOBLIX
Qaiinos, op2anu3AUUA GUPMYATLHBIX MPEXMEPHLIX uHmepgheicos 6
Humepneme, pazpabomka 6az oaunvix — HTML, Perl, Tcl/Tk, VRML,
SQL, PL/SCL, Informix 4GL, Natural, DDL, DSDL, SEQUEL, OBE, ISBL.

* 3k ok

B HacTosilee Bpems CyLecTBYIOT NpOrpaMMHO-arnaparHble KOMIiek-
Cbl, MO3BOJISAOIIME OPraHW30BaTh MapaiebHOE BbIMOJIHEHHE Pa3IHYHBIX
yacTeil OJHOrO ¥ TOr0 ke BbIYUCIUTENILHOIO NpoLecca.

B ocHoBe (hyHKLIMOHAJILHOTO NMPOrpaMMUPOBaHHS JIEXKHT MpeJcTaBe-
HUE MporpamMMbl B BUAe Matematuueckux GyHkuui. CylIecTByHOT A3bIKH
C JIEHWBOMN U C SHEPrMUYHON CEMaHTHKOMH: B A3bIKAX C SHEPrUYHON CeMaH-
THUKOI BBIYMCJIEHUS] MPOU3BOAATCA B TOM K€ MECTe, I/ie OHH OMNHCaHbl, a
B CJlyyae JIeHUBOW CEMAHTHKH BBIUMCIEHHE MPOU3BOJANTCS TOJIBKO TOI/A,
Koraa oHo Heobxoaumo. [Tporpammel Ha A3bIKax JIOTHYECKOIO NpOrpaMmMH-
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pOBaHMs BBIpaXKeHbI Kak ()OpMyJibl MATEMATHUECKOMA JIOTUKH, @ KOMITUIIATOP
MoJIyyaeT CIAeACTBHS U3 HUX.

B nocneanee BpeMsi B CBSI3M ¢ Pa3BUTHEM HHTEPHET-TEXHOJIOTHH MO~
NYYHITH PacnpoCTPaHEHHE CKPUMTOBbIE A3bIKK. XapaKTEepHbIMU OCOOEH-
HOCTSIMH JIaHHBIX A3BIKOB SIBJIAIOTCA MX MHTEPIPETHPYEMOCTh, NPOCTOTA
CHHTAKCHCA M Nerkas paciuupseMoctb. OHU MAEANBHO MOAXOAAT s HC-
MoJIb30BaHMs B 4aCTO M3MEHAEMBbIX TPOrpaMMax MM B Cily4asx, Koraa s
BBIMOJIHEHMS ONIEPATOPOB A3bIKA 3aTPaYUBAETCs BPEMS, HECONOCTABUMOE C
BpeMeHeM uX pas3bopa.

Konmpononvie éonpocut

Haiite onpeneneHte anropuTMHYECKOro fA3bIKa.

Yro Takoe koMnunsaTop?

Knaccuduuupynre A3b1kH NpOrpaMMHUpOBaHHUS.

Yro Takoe napaaurma?

HazoBuTe nepeblii anropuTMHYECKUI A3bIK.

Tepeuncnure napaaurMel A3bIKOB MPOrpaMMHPOBAHHUA.

B uem 3akioueHa OCHOBHas OCOOEHHOCTb OOBEKTHO-OPHEHTHPOBAHHBIX

A3bIKOB?

HasoBuTe A3bIkH A1 00pabOTKH JaHHBIX.

Hasoeute Pascal- u C-nogo6HEIE A3bIKH.

10. Kakue anropur™MHyeckue A3bIKH UCMONb3YHOTCA UTS PEleHUs 3a/1a4 mMare-
MatHkd ¥ Qusuku? s peleHus 3ana4y BIYHUCIHTENBHOTO Xapakrepa?
Jlns pewieHus 3a1a4 UCKYCCTBEHHOTO MHTELIEKTA?

11. Yem pa3nmuaiorcs A3bIKH C IEHHBOH M SHEPTMYHOM CEMAHTHUKON?

12. HasoBute xapakrepHble 0COOEHHOCTH CKPUNTOBBIX A3bIKOB.

SOV, St b

O 00

lnaBsa 4
DYHKUUA CNOXHOCTU anropmuTtma

CyuiecTByeT psal BaXKHbIX NPUYMH I8 aHAJIM3a aJlrOPUTMOB.

OnHol U3 HUX ABNAETCH HEOOXOAMMOCTD MOMYYEHHUs OLIEHOK MJIM MPaHHMLL

s 06bema naMaTH WM BpeMeHH paboTel, KOTOpoe NMoTpedyeTcs alropuT-
My JUisi ycrnelHoi 06paboTKi KOHKPETHBIX JaHHBIX.

JIns OLlEHKM KayecTBa anropuTMa BBOAUTCS NMOHATHE CIONCHOCHb A1-

2opumma, Wnu obpatHoe NoHsATHe — Ihhexmuenocms anzopumma. Yem

4— 1837 49



Oonbluee Bpems n 0Obem namsTi TpeGyloTes AIs peanusaluy anropuT-
Ma, TeM DOJIbLue ero CN0KHOCTb H COOTBETCTBEHHO HUKE 3PDEKTHBHOCTD.
CnokHOCTb anropuT™a 1IeNMTCS Ha BpEMEHHYIO H eMKOCTHY10. BpemeHHas
CJIOXHOCTb — 3TO KPUTEPHH, XapakTepu3yiolinii BpeMeHHbIe 3aTpaThl Ha
peanu3aumto anroputMa. EMKOCTHas C10)KHOCTb — KpUTEpHid, XapakTepH-
3YIOLUMI 3aTpaThl MaMATH Ha Te e Lenan. B 3aBHCMMOCTH OT KOHKpETHOI
(popMbI 3THX KpUTEPHEB CI0KHOCTH AJITOPHTMA B CBOKO OYEpE/lb MOpas/e-
NAETCA HA npakmuueckylo W meopemuyeckyio. IlpakTHYecKas BpeMEHHAs
CIIOXKHOCTb OOBIYHO OLIEHMBAETCA BO BPEMEHHBIX €JMHMUAX (CEeKyHb,
MHJIMCEKYH/Ibl, KOJTMYECTBO BPEMEHHBIX TAKTOB MPOLIECCOPA, KOIHYECTBO
BBIMOJIHEHHA LIMKJIOB M T.N.). IlpakTHueckas eMKOCTHas CIIOXHOCTh BbI-
paxaeTrcs, Kak Mnpasujo, B OuTax, Oaiitax, cimoBax U T.n. CnocoOkl
NMpe/ACTaBIeHUs TEOPETHYECKON CI0KHOCTH aNropurma ByayT pacemoTpe-
HLI Aanee.

[lepeuncnnm ocHOBHbIE haKTOPLI, OT KOTOPBIX MOYKET 3aBUCETH CJIOXK-
HOCTb aJIFOPUTMA:

e ObICTPOAEHCTBHE KOMMBIOTEPA M €10 eMKOCTHBIE PECYPChI (B MEPBY IO
ovepe/ib — 00beM onepaTuBHOI NamaTh). B camom siene, 4em HUXKE TaKTo-
Bas 4acTOTa Mpolieccopa U MeHblie 00beM OrnepaTiBHOTO 3aMOMHHAOLLIET0
YCTPOHCTBA, TEM MEJAJIEHHEE BBIMONHAOTCS apu(MeTHUYECKHEe W JIOrHye-
CKHe ornepaluu, TeM yaile (ans OonblINX 3aa4) MPUXOANTCA 00pallaThes
K MEAJICHHO AEUCTBYIOLIEH BHEILIHEH MaMATH, U, CleA0BaTe/bHO, Oonblue
BPEMEHH YXOAUT Ha peau3aLuio anropuTma;

e BLIOpaHHBIN A3bIK NPOrpaMMUpPOBaHMA. 3ajaya, 3anmporpamMmupo-
BaHHas, HanpuMep, Ha sA3bike Accembnepa, B oflieM ciyyae peluTCs
ObicTpee, YeM 110 TOMY K€ CAMOMY aJIFOPUTMY, HO 3anporpaMMHpPOBaH-
HOMY Ha f3blKe OoJiee BbICOKOrO ypoBHs, Harnpumep Ha [lackane;

e BbIOpaHHBII MaTemaTHyeckuii MeTo GopMyIMpOBaHUs 3a/1a4u;

® MCKYCCTBO M OMBIT NporpaMmucta. B obuiem cnyyae no oAHOMy H
TOMY K€ aJIFOPUTMY OMBITHBIH MporpaMMHUCT HanuuieT 6osee 3PPeKTUHBHO
paboTalolLly 0 MporpamMmmy, Yem ero HauMHarUIHUi KoJJera.

Jlnsa pelieHHss MHOrMX npo6ieM CyLlecTByeT MHOXKECTBO Pa3/IM4HbIX
anroput™oB. Kakoil U3 HUX BbIOpaTh U pelleHus KOHKPeTHO# 3aaa4uun?
ITOT BONPOC OYEHb TLIATENbHO NpopabarkiBaeTcs B NPOrpaMMHUPOBAHKH.
¢ ¢deKTUBHOCTE NMPOrpaMMBl ABISETCS OYEHb BaKHOW €e XapaKTepHCTH-
koi. O¢deKkTHBHOCTL MPOrpaMMbl UMEET ABE COCTABMAIOLIME: MNaMATh
(unu npocTtpaHcTBO) U BpeMs. [IpocTpaHcTBeHHas 3 HEeKTUBHOCTb U3Me-
pAeTcs KOJIMYECTBOM NamsTH, TpeOyeMo# IS BBIMOJHEHUS NPOrpamMMmal.
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Komnetorepsl 06/1a1at0T orpaHuueHHbIM 00bemom namsaTi. Ecin ase npo-
rpamMMbl Peain3yloT WAEHTHUUYHbIE QYHKLHMH, TO Ta, KOTOpas MCMOIb3yeT
MeHbLIHH 00beM MaMsATH, XapakrepusyeTcs OonbLlel MpOCTPaHCTBEHHOM
3¢ dekTuBHOCTBI0. MHOMIA NaMsTh CTAHOBUTCS JOMHHUPYIOLUUM (aKTo-
poM B oueHke 3ddexTnBHOCTH nporpamM. OIHAKO B MOCEAHHE rO/bl B
CBSI3M ¢ OBICTPBLIM €€ y/eleBIeHHeM 3Ta cocTapsoas 3pdpekTuBHOCTH
MOCTENEHHO TEPSIET CBOE 3HAUCHHUE. BpemenHas 3¢GeKTHBHOCTb NpOrpam-
Mbl OTIpeJenseTcs BpemeHeM HEeOOXOAMMBIM 115l €€ BbITIOJIHEHMS.

Jlyumnii cnoco® cpaBHeHHs 3(PDEKTUBHOCTEH aNrOPUTMOB COCTOMT
B COMOCTABJEHHUH WX TMOPSAKOB CJIOKHOCTH. DTOT METOJ MPUMEHUM Kak
K BpEMEHHOM, Tak W TMPOCTPaHCTBEHHOMN CNOXHOCTH. [lopsaok cnoxHo-
CTH aJropuTMa BhipaXkaeT ero 3G (eKTUBHOCTh 0OLIYHO Yepe3 KOIU4eCTBO
obpabarbiBaeMbIX AaHHbIX. Hanpumep, HEKOTOPBIH aAroOpuT™M MOXET Cy-
LIECTBEHHO 3aBMCETH OT pa3Mepa obpabarbiBaemMoro maccusa. Ecnn, Ha-
npumep, BpeMsi 06paboTky yaBauBaeTcs ¢ YIABOEHHEM pa3mepa MaccHBa,
TO TOPSIOK BPEMEHHON CIOXKHOCTH aNropuTMa OmnpesieNisieTcst Kak pas-
mep maccuBa. [Topsiaok anropuTMa — 310 QyHKIMS, JOMUHHpYIOLLAs Haj
TOYHbIM BbIPAXKEHHEM BPEMEHHO# cnokHocTH. DyHkuus f(n) nmeer no-
pagok O(g(n)), ecnu MMeeTcs KOHCTaHTa kK M CYETHHMK ng, TakWe, 4TO
f(n) < kg(n) ans n > ng. JeiicTBuTenbHoe BpeMs eCTh GyHKUMS, 3aBH-
csillas OT AJIMHbI MacCHBA. .

Hanpumep, M3BECTHO, YTO TOYHOE BpeMs 06paboTKKM MaccHBa onpese-
NSIeTCsA U3 ypaBHEHUs

JeitctBuTenbHOe Bpems (JLinHa maccua) =
= JlnuHa maccuga’ + 5 - Jnuna maccusa + 100.

I'py6oe 3HaueHne OnpeseNnseTcs BCIoMOraTebHoi (yHKUMEH:

Ouenka Bpemenu (Jauna maceusa) = 1,1 - [lnnHa MaccuBa’.

OyHkIMs cnokHocTH O BbIpaXKaeT OTHOCHTENBHYIO CKOPOCTb anro-
pUTMa B 3aBMCHMOCTH OT HEKOTOpOW NepeMeHHOH (MM NepeMEeHHBIX).

CywiecTByIOT TPU B@XKHBIX NpaBuia Iy onpeaeneHus QyHKUUH CIOXK-
HOCTH:

1. O(kf) = O(f).
2. 0(fg) = O(f)O(g) mn O(f/g) = O(f)/0(g).
3. O(f + g) pasua nomunante O(f) u O(g).

3neck k 0603HauYaeT KOHCTaHTY, a f U g — (QyHKUMH.
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[TepBoe npaBuI0 AeKIapHPYET, YTO MOCTOAHHBIE MHOXHTEIH HE UMEIOT
3HAYEHHUSA JUIs ONpeaeeHUs NOpaaKa CIOKHOCTH, HanpUmep:

O(1,5N) = O(N).

M3 BToporo npasuna cineayet, 4To NopAAOK CA0KHOCTH POU3BEAeHHU
JABYX (yHKUMIH paBeH MPOU3BEACHHIO X CIIOXKHOCTEH, Hanpumep::

O(17N -N) = O(17N)O(N) = O(N) O(N) = O(N : N) = O(N?).

M3 TpeTbero npaBuna ciaeayert, YTo NOpPAAOK CI0KHOCTH CYMMBI (pyHK-
LM onpeenseTcs Kak nopsajok AOMUHAHTBI MEpBOro M BTOPOro ciarae-
MBbIX, T.€. BbiOMpaeTcs HaubonbLmii NopsAAoK, HanpUmep:

O(N°® + N?) = O(N?).

41.

Buabl hyHKUUKU CIOXHOCTHU
anropuTMoB

@ynxyun croycrnocmu O(1). B anropurMax KOHCTAHTHOM
CNOKHOCTH OOJILIUMHCTBO Onepauuii B nporpamMme BbINOJHAETCA OAUH
WM HeckosbKko pa3. JIoboit anroput™m, Bceraa Tpedyrowuii He3aBUCUMO
OT pa3mepa JAHHBIX OJHOIO M TOrO € BPEMEHH, UMEET KOHCTaHTHYIO
CJIOKHOCTb.

Dyuxyus croncrocmu O(N). Bpems paboTbl porpaMmbl JHHEHHO,
00bIYHO KOT/1a KaXKBIi 37IeMEeHT BXOHBIX AaHHbIX Tpebyercs obpaborars
NULUB JIMHEAHOE YKCIo pas.

Dyuxyua cnoncnocmu O(N?), O(N3), O(N %) — nonuHomuans-
Has (QYHKLHSA CIOXKHOCTH.

Dynruun croycnocmu O(logy N), O(N logy N). Takoe Bpems
paboThl UMEIOT Te aJrOPUTMBbI, KOTOpble AENAT Oonbliyto npobiaemy Ha
MHOXXECTBO HEOOBbLINX, & 3aTEM, PELLIMB UX, 00bEINHSAIOT pEeLLEeHHS.

Dynkyun croncnocmu O(2Y). DxcnoreHumuansHas cnoxHocTs, Ta-
KHE arOPUTMBI Yallle BCero BO3HUKAIOT B pe3ybTare NnoAxoaa, HMeHyeMo-
ro «metoa rpyooi cuib.
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4.2 t
BpemeHHas hyHKUMUSI CIIOXHOCTH

[TporpammucT n0MKEH yMETh NPOBOAUTH aHAM3 AJITOPUTMOB

M ONPEAeNATh UX CIOXKHOCTb. BpeMeHHas CIOXHOCThL aNropuTMa MOXET
ObITb MOCYHUTAHA HEXO/S W3 aHAIM3A Er0 YNPAB/AIOLINX CTPYKTYP.

Anroputmsl 63 UMKIOB U PeKypPCUBHBIX BbI30OBOB MMEKOT KOHCTAHT-
HYIO CIIOXXHOCTb. Ec/iM HET peKypCHH M LIMKJIOB, TO BC€ yMNpaBisioLiHe
CTPYKTYPBI MOTYT ObITh CBEIEHbI K CTPYKTYPaM KOHCTAHTHO# CIOXKHOCTH.
CrnepoBarenbHO, ¥ BECh aTOPUTM TaKXKe XapaKTEPU3yeTCs KOHCTAHTHOM
CIOXHOCTBI0. OnpeneneHue CIOXHOCTH alrOPUTMa B OCHOBHOM CBOAMTCA
K @aHaIU3y LUMKIIOB M PEKYPCHBHBIX BbI30BOB.

Hanpumep, paccMoTpum anroput™ o6paboTKH 371eMEHTOB MacCHBa:

For i:=1 to N do
Begin

End;
CnoxHnocts 3Toro anroputma O(NV), Tak Kak TeJIO0 LMKJIA BBIMOHAETCS
N pas, u cnoxHocTs Tena uukna pasia O(1). Ecnu oiMH LMK BIOXKEH B

Apyroi u 06a MKa 3aBUCAT OT pa3Mepa OJHOM U TOit Xe nepeMeHHOH, To
BCS KOHCTPYKLIMS XapaKTepU3yeTcs KBaApaTU4HO! CIOXKHOCTBIO:

Fori:=1 to N do
For j:=1to N do
Begin

TENO LMK
End;

CnoxHocTb 3Toit nporpammel O(N?2).

4.3

AHanu3 PyHKUUM CNOXHOCTHU
no nporpamme

Cywectsytor aBa cnocoba aHanmu3a CloXHOCTH aJIrOPUTMA:
BOCXOAALIMIA (OT BHYTPEHHUX YNPaBJSAIOWINX CTPYKTYp K BHEIUHMM) H
HUCXOAALLMI (OT BHEILIHUX CTPYKTYP K BHYTPEHHHUM).

Kak npasuno, okono 90% Bpemenu paboTel mporpammesl TpeGyer
BBINOJIHEHHE MOBTOpPeHHI M TONBKO 10% cOCTaBNAIOT HENOCPEACTBEHHO
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BbIYMCIEHHUA. AHAIU3 CIOXKHOCTH MPOrpamMM MokasbiBaeT, Ha Kakue ¢par-
MEHTBI BbINAJatOT 3TH 90% — 310 UMKl HaubonbleHd ryOuHbI BIO-
keHHOCTH. [ToBTOpeHHus MOryT ObiTh OPraHM30BaHbl B BUJE BJIOXKEHHBIX
LIMKJIOB WJIM BJIOXKEHHOW peKypcuH. ITta WHPOPMALIUA MOXKET MCIOJIbL30-
BaTbCsl IPOrPaMMHUCTOM 15t ocTpoeHus 6onee 3¢ GeKTHBHON NporpaMmal
cneayrowum obpazom. [lpexae Bcero MOXHO MOMNBITATHCA COKPATUTh
rnyOMHY BIIOXXEHHOCTH NMOBTOPEHMH. 3areM clelyeT pacCMOTpPETh BO3-
MOYKHOCTb COKpALLEHHs KOJIMYeCTBa ONEpaTopoB B LMKIAX ¢ HAHOONbLLEF
rnybuHoi BnokeHHOCTH. Ecnu 90% BpeMEHH BbIMOJIHEHHS COCTAaB/AET
BbINOJIHEHHE BHYTPEHHUX LIMKJIOB, TO TPUALATHITPOLEHTHOE COKpaLLEHHE
3THX HeOOJIbLUMX CEKLMI MPUBOAUT K 27-NPOLIEHTHOMY CHHXKEHHIO BpeMe-
HU BBIMOJIHEHHUS BCEH MpPOrpammbil.
OueHuM cnokHOCTh nporpammbl « Tpoitku [Mudaropay:

(" | Writeln('Beeaute orpaHuyexue’);
ReadIn(N);
small:=1;

("While small < N do
begin
B { next:=small;
¢ While next <= N do
begin
c{ last:=next;
~ While last <=N do
begin
(" if (last<=small*2) and (next<=small*2) and
D< (last*last=small*small+next*next) then
begin

writeln(small);
H< writeln(next);
writeln(last);

k end;

J{ inc(last);
end;

K -[inc(next);
\_ end;
L { inc(small);

- L end;

m
NG
®
-
o
m
P
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O(H)=0(1)+0(1)+0(1)=0(1);
O(I)=0(N)-(O(F)+0(J))=0(N)-O(nomunants ycnosus)= O (N);
0(G)=0(N)-(0(C)+0(I)+0(K))=0(N)-(0(1)+O(N)+0(1))=0(N?);
O(E)=0(N)-(0(B)+0(G)+0(L))=0(N)-O(N*)=0(N");
O(D)=0(A)+0(E)=0(1)+0(N*)=0(N?).

CnokHOCTb fanHoro anroputma O(N3).

44.
OueHka anropuTma
OuHapHoOro noucka

[TpousBeaemM OLeHKy aroputMa GHHAPHOIO MOMCKA B MACCH-
BE 10 NPUBEAEHHON Mporpamme:

function search(low, high, key: integer): integer;
var
mid, data: integer;
begin
while low <= high do
begin
mid:=(low+high) div 2;
data:=a[mid];
if key=data then
search:=mid
else
if key < data then
high := mid-1
else
low:=mid+1;
end;
search:=-1;
end;

[MepBas uTepauus LUHKIA MMEET Jen0 co BceM cnuckom. Kaxaas ro-

CneAyoLas HTepaLus AeNUT nononam pasmep maccusa. Tak, pasmepamu
CMHUCKA U1 ANrOPHTMA SB/IAIOTCA

n n n n n



B koHLEe KOHLOB Oya€ET Takoe LeNoe m, YTO 2% <2umn < 2™l Tak

n
KaK 1m — 3T0 NEpBOe LeN0e, A1 KOTOPOro — < 2, TO IOJ)KHO OBITH BEpHO

n
ey 2 unu 2™ < n. U3 storo cnenyet, uto 2™ < n < 2™+, Bosemem

norapudm Kaxx10f yacTH HepaBeHCTBA U monyunM m < logon < m + 1.
Orciona O(logyn).

4.5.
TeopeTuyeckas U npakTruyeckas
(pYHKLIMM CNOXHOCTHU

Ins oueHkH 3¢(PEeKTUBHOCTH aANrOPUTMOB HCMONb3YETCs
(dyHKLMS CIIOXKHOCTH aJIrOpUTMa, KoTopas 0003HauaeTcs 3arnaBHO# Oy KBOJ
«O», B KpymblX ckoOkax 3anucbiBaercs aprymeHT. Hanpumep, ¢yHk-
ums cnoxkuoctd O(n?) untaercs kak QYHKUHMA CIOXKHOCTH Nopsaka n2.
DYHKLUMA CIOKHOCTH alroput™Ma — 3T0 QYHKLHMA, KOTOpas Oonpeaenser
KOJIMYECTBO CPaBHEHMIH, MEPECTAHOBOK, a TAK)KE BPEMEHHbIE U PeCypCHbIE
3aTparbl Ha peaiu3auuio anroputma (puc. 4.1).

n nIogzn n? n’ e
1

| 1 1 1 1 ’

Puc. 4.1. Pan 3HaueHHit PyHKUMHK CTOKHOCTH

Oyukuus f(n) B psage ciyyaeB MOXET MMETh JOCTATOYHO CJIOX-
HYI0 aHAJIMTHYECKYHO (opmy. TTockonbKy Ans BpeMEHHOH TEOPETHYECKOH
CIIO)KHOCTH OoJiblliee 3HaueHHe UMEET He CTONBKO BUA QYHKLMH, CKOJIBKO
MOpPAIOK €€ POCTa, TO BO MHOTMX MAaTeMaTHYeCKHX AMCLMIUIMHAX, B TOM
YKCle U B TEOPUH anropuT™MoB, GyHkumio f(n) onpeaenstor kak O(g(n))
M rOBOPAT, YTO OHA Mopsaka g(n) aAns GONAbIIKX N, €CH

lim i(n_) = const # 0,
n—o0 g(n)
rae f(n) m g(n) — akcnepuMeHTanbHas M TeopeTHueckas (yHKUHH

cnoxHoct. Tlpu atom ecin f(n) = O(g(n)), To npeaen OTHOLIEHHS
paBeH koHctante M Ttoraa Qyukuus f(n) wumeer nopsmok O(g(n))
(«O 6onbLIOEY).
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Mpumep 1. Monuxom f(n) = 2n° + 6n* + 612 + 18 umeer O(n®),
TaK Kak
. 2n°+6nt+6n2+18
lim =

n— 0o nd

2.

IIpumep 2. Onpenenuts (QyHKUHMIO CIOKHOCTH aNrOpUTMa M0
pe3ynbTaraM KCIepUMeHTa!

»

N | KonuuecTBo cpaBHeHMi
6 54

Pewenue. Brauane HaiizieM 3KCIEpUMEHTANBHY IO (QYHKLMIO CIIOXHO-
ctu O,.

OKCnepuMeHTaNlbHas (PyHKLHUSA CIOXKHOCTH anropuT™Ma NpUHUMAeT cJie-
JAYIOLUHA psAJ 3HAYEHUH:

an, anlogyn, an?, an®, ae®, an!

Jns npaBuiIbHO NMoaoOpaHHOR 3KCepUMEHTaNBHON DYHKLUUK a = 1,
OJIHaKO Ha npakTuke aonyckaercs 1 < a < 2;

a) nponyctum, O, = an, Toraa an = 54, 6a = 54, a = 56—4 (He ynoBne-
TBOpsAeT ycnosuio 1 < a < 2). |

[Ipn a = 1 3HaYeHHe 3KCMEPUMEHTAIbHON (YHKLMHM COBMAJaeT Co
3Ha4YeHHEM TeOPEeTHUYECKO PYHKLHMH COXKHOCTH;

6) nonyctum, O; = anlogyn, Torna anlogyn = 54, ablog, 6 = 54,
54

i —
6log,6 log,

(a > 2, He y10B/IETBOPAET YCIIOBHIO);
6 Y. P

B) ponyctuM, O, = an?, Torna an? =54, a-36 = 54, a = 2% 5

36
(a < 2 — ynoBneTBOPAET YCIOBUIO).

Takum 06pa3zom, IkcnepuMeHTaNbHAas (PyHKLMSA CII0KHOCTH UMEET BUJL
0,(1,5n2).

Haiinem Teopetnueckyto GyHKIHIO C0KHOCTH:

2

. Osin) | Hanyign2 g
nl_l_’néo S const # 0, nlgréo i const # 0,
g 1,.5n2
nanéo b const # 0.

Orcrona Teopetuyeckas dyHkuus cnoxsoctd — O(n?).
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YACTb E

ANITTOPUTMbIl OBPABOTKWU
CTPYKTYP OAHHbIX

FnaBa 5
MeToAabl COPTUPOBKU

VYnopsgoyeHue 3JIEeMEHTOB MHOXKECTBA B BO3PACTAKOIIEM HIIH
yOBIBaIOILEM MOPAIKE HA3bIBACTCS COPMUPOBKOU.
C ynopsao4eHHBIMH JIEMEHTaMH TIPOILE paboTaTh, YEM C IPOU3BOJIb-
HO PacnoJIOXKEHHBIMU: JIETYe HAUTH HEOOXOUMBIE 3JIEMEHTBI, HCKITIOYHTB,
BCTaBUTh HOBble. COPTHPOBKA MPHUMEHAETCA MPH TPAHCIALMH [IPOrPaMM,
NpH OpraHM3alnu HabopOB JAHHBIX HA BHEIIHMX HOCUTEJISAX, [IPU CO31aHUH
OubnuoTek, Karanoros, 0a3 JaHHBIX U T.1.

AJITOPUTMBI COPTHPOBKH MOXXHO pa3OUTh Ha CIEAYIOLIHE TPYIIbl
(puc. 5.1).

MeTtoabl COpTUPOBKK

Copruposka CoptupoBka
B NIMHEAHBIX CTPYKTypax B HENUHENHbIX CTPYKTypax

v
[ Bcraaxw"ij [ Bbi6OpoM J [:?)Emeuom ] liTypHMpHaﬂ

L— NMupamuaanbHas
— pocTan MpocTon — CTaHaapTHbIN
BCTaBKa Bbli6op obmeH
— Mertop Lenna
— BuHapHas
BCTaBKa — Metoa Xoapa

Puc. 5.1. AIropuT™MBbI COPTHPOBKH

OO6BIYHO COPTHPYEMBIE NIEMEHTHI MHOXXECTBA HA3bIBAKOT 3ANUCAMU W
obo3nagator yepes ki, k2, - . ., kn.
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5.1.
CopTupoBka BbiIbopom

CoprupoBka BeIGOpPOM COCTOHT B TOM, YTO CHaYaia B Heyro-
PAAOYEHHOM CNMCKE BbIOMpAETCs M OTAENAETCS OT OCTANbHBIX HAMMEHb-
WHi snemeHT. TTocne 3Toro MCXoaHbIH CMMCOK 0KA3bIBAETCA H3MEHEHHbBIM.
M3MeHeHHBIH CMCOK MPHHUMAETCS 32 HCXOAHBIN M NPOLIECC NPOIOIKAET-
Cs 10 TeX Nop, noka Bce 3MemMeHTbl He OyayT BbiOpaHbl. O4eBHAHO, YTO
BbIOpaHHbIE 3NEeMEHTBI 00pa3syoT ynopsA04eHHbIA CITHCOK.
Hanpumep, Tpebyercs HaiiTH MUHHMANBHBIH 3/IEMEHT CIUCKA

{5, 11, 6, 4, 9, 2, 15, 7).

IMTpouecc Beibopa nokaszan Ha puc. 5.2, rae B Kax/J10#i CTpoOUKe BBIMH-
CaHbl CpaBHUBaeMbie napel. Boibupaembie 3NeMEHTBI ¢ MEHBLIMM BECOM
obBeneHsl kpyxkoM. HeTpyaHo BHAETH, YTO YHCIIO CPAaBHEHHUH COOTBET-
CTBYET HA PUCYHKE YHMCIY CTPOK, @ YUCIIO NepeMelleHHi — KOJHYECTBY
M3MEHEHH BbIOPAHHOIO NEMEHTA.

{5,11,6,4,9,2,15, 7}

(2) - MUHUManNbHbIA aNeMeHT

Puc. 5.2. Copruposka Beibopom

BbiOpaHHbI# B UCXOAHOM CITUCKE MHHUMAJIBHBIH 2IEMEHT pa3MeLlaeTcs
Ha NnpeJHa3Ha4eHHOM €My MECTe HECKOJIbKHMH CrocobamMHu.

e MUHHUMaNBHBIA 3NIEMEHT NocCe i-ro NPOCMOTpa NepeMeLaeTcs Ha
i-e MecTo HoBoro cnucka (i =1, 2, ..., n), a B MCXOIHOM CITUCKE Ha MECTO
BbIOpaHHOTO 3J7IeMeHTa 3aluChIBAeTCA Kakoe-TO O4YeHb Gonbuioe 4HCo,
npeBocxonsiiee no BenuyuHe moboii anemeHT cnucka. Ilpu stom pinnHa
3a/1aHHOTO CMHMCKA OCTAETCA NMOCTOsAHHON. M3MeHeHHblH Takum oBpasom
CMUCOK MOXKHO MPUHHUMATH 332 HCXO/HBIMH.
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o MUHUMaNBHBIH 3NIEMEHT 3anuChIBAETCA Ha i-€ MECTO HCXOAHOIo
cnucka (i =1,2, ..., n), a3nemMeHT C i-ro MecTa — Ha MecTo BbIOPaHHOIO.
[Tpn 31OM OYEBMIHO, YTO YXe YAOpPAAOYEHHBbIE 3NEMEHTHI (a OHM OyayT
pacnonoXkeHsbl, HAYHHas C NEPBOro MeCTa) UCKIIKOYAKOTCA U3 AalibHeH e
COPTUPOBKH, MO3TOMY JUIMHA KAXOro NMOCJEAYHILLEro cnucka (Crnucka,
Y4acTBYIOILLEr0 B KaXKJOM IMOC/EAYIOLEM NMPOCMOTPE) A0/MKHA ObITh Ha
OJINH 3JIEMEHT MEHbILIE NMPebIAYLIEro.

o BLiGpanHbiit MAHUMATBHBIN SMEMEHT, KaK U B npeabIAyLLIEM cllyyae,
NnepeMeLIlaeTCs Ha i-€ MECTO 33/JaHHON0 CIUCKa, a YToOBbl 3TO i-€ MecTo
0CcBOGOAUNIOCH ANA 3aMUCH OYEPEeAHOT0 MUHMMAJIBHOIO 3JIEMEHTA, JieBas
OT BbIOPaHHOIO 3MEMEHTa YacTh CIMHUCKA NMEepPeMeIaeTCs BIPaBo Ha OJIHY
MO3ULMIO TaK, 4TOOBI 3aMoJIHWIOCE MECTO, 3aHMMaeMoe 110 ITOro BbiOpaH-
HbIM IEMEHTOM.

CnokHOCTH METO/1a COPTUPOBKH BeIGOpoM nopsaka O(n?).

5.2.
CopTupoBKa BCTaBKOW
M COPTUPOBKA CITIUAHUEM

B 3ToM meroae u3 HeynopsAoYeHHOH nocieaoBaTe/ibHOCTH
3NEMEHTOB BLIOMPAETCA NMOOYEPEAHO KAX/bl JNIEMEHT, CPaBHUBAETCH C
NpebILY LLUHM, YXKE YIOPAA0YEHHBIM, H MOMELAETCs Ha COOTBETCTBY I0L1Iee
MecCTO.

CoprupoBka BeTaBkoii. Takyio cOpTHPOBKY pacCMOTPHM Ha npumepe
3a/1aHHON HeYNopAA0YEHHOH NOCIe0BaTeNLHOCTH 3IEMEHTOB:

{40, 11, 83, 57, 32, 21, 75, 64)}.

Ilpoueaypa copTHpOBKM OTpaxkeHa Ha pucC. 5.3, rae Kpy>KKOM Ha Ka-
MAO0M FTane o6Be/ieH aHAM3UPYEMBIil ANMEMEHT, CTPENKOH CBEpXy oTMeve-
HO MECTO MepeMeIeHHs aHATM3HPYEMOTO IEMEHTa, B PAMKY 3aKJIOYeHbl
YNOPAAOYEHHBIE YACTH NOC/IENA0BATENLHOCTH.

Ha 1-m arane cpaBHMBalOTCA /iBa HayalbHbIX 3neMeHTa. TTockonbky
BTOPOH EMEHT MEHbILE NEepBOro, OH NEepeMeLLaeTcs Ha MeCTo NepBoro
S/IEMEHTa, KOTOPBIH CABUIraeTcs BNpaBO Ha OAHY no3uuuio. OctanbHas
4acTh NOCNEN0BATEILHOCTH OCcTaeTcs 6e3 H3MEeHeHHUs.

Ha 2-m srane w3 HeynopsaoueHHOH MocnenoBareibHOCTH BbIOHpa-
€TCH MIEMEHT W CPABHHBACTCH C ABYMS YNOPANAOYEHHBIMH paHee dNeMeH-
Tamu. Tak xak o Gonblie NpeabUIYIIHMX, TO OCTAeTCs Ha MecTe. 3areM
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AHAIH3HPYIOTCA YETBEPTHIH, NATbIH M NMOCHEAYIOLME DNEMEHTHI 10 TeX
nop, rnoka BeCh CNHCOK He OyAeT ynopsjao4eHHbIM, YTO UMEET MECTO Ha

nocneaHeM 7-M 3rane.
40, 83,
83,
83

5
5
2-n 11, 40,83, 57, 32, 21, 75,
11, 40, 83,57, 32, 21, 75, 64

3-n 11, 43_‘ 83,%? 32,21,75,64
: . 83)32, 21, 75, 64

4-i . 11440, 57, 83,(32) 21, 75, 64
[11, 32,40, 57, 83) 21, 75, 64

5-n 11432, 40, 57, 83,21 75, 64
11, 21, 32, 40, 57, 83|75, 64
6-n 11,21, 32, 40, 57;83,(75) 64
11, 21, 32, 40, 57, 75, 64

7-n 11,21, 32, 40, 57}75, 83,%
(11, 21, 32, 40, 57, 64, 75, 8

Puc. 5.3. CoprupoBka BCTaBkoi

T, 32, 21, TS,

dTtan
1-a 5, 64
T, 52, 29,75, 0%

/ 5,64

CoprupoBka causinmeMm. Pa3HOBHAHOCTBIO COPTUPOBKH BCTaBKO#
asinsercs Metoa ¢poH Helimana, unu coptupoBka causHuem. Maes merona
COCTOMT B CHEyIOLIeM: CHauyajla aHaJIM3UpYHOTCs NEPBbi€ 3/IEMEHTBI
060MX MaccHBOB. MeHbLUNI 3/IeMEHT NepenuchbiBaeTCs B HOBbI MAcCHB.
OcTaBLUKICH NIEMEHT MOCeI0BaTe/IbHO CPABHUBAETCA C 3/IEMEHTAMU M3
Jpyroro mMaccuBa. B HOBBbIii MaccuB mocje KaXxa0ro CcpaBHEHUs nonajaer
MeHbLUMi anemeHT. [lpouecc npopomkaercs A0 UCYEPNaAHUsA INEMEHTOB
OJJTHOrO M3 MAacCHBOB. 3aTeM OCTaTOK JApyroro Maccusa JOMHMCHIBAETCH
B HOBbIH MaccuB. [lonydeHHbI HOBBIA MAacCHB YNOpsAJ0YE€H TakKUM XKe
00pa3oM, Kak HCXOZHBIE.

[TycTh MMEIOTCS J1Ba OTCOPTUPOBAHHBIX B NMOPAJAKE BO3pacTaHUs mac-
cusa p[1], p[2], ..., p[n] u q(1], ¢(2], ..., g[n] u nmeetca mycToit maccus
r(1],7[2], ..., 7[2n], kOTOpBIi MBI XOTHM 3aMOJHNTL 3HAYEHUAMH MACCHBOB
P U ¢ B nopsjake Bo3pacTanus. Jlnsa CIUAHUS BINONHAOTCA CELyOLIME
neiicTBuA: cpaBHUBatoTCs p(1] 1 g[1] M MeHblUee U3 3HAYEHN 3aNUCbIBACT-
cs B r[1]. TIpeanonoxum, uto 370 3HaveHue p[1]. Torna p[2] cpaBHHBaeTCs
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¢ g[1], n MeHbluee U3 3HaueHuii 3aHocuTeA B 7[2). TIpeanonokum, 4To 310
3Hauenue ¢[1]. Toraa Ha cienyioleM are CPaBHUBAIOTCA 3HaYEHUs p[2]
¥ q[2] ¥ T.1., MOKa Mbl HE JOCTUTHEM IPaHMLL OAHOTO U3 MaccuBoB. Toraa
OCTaTOK APYroro Maccupa NpocTo AOMHMCHIBAETCH B «XBOCT» MAaccHBa 7.
[TpuMep cnusiHus 1By X MacCHBOB NOKa3aH Ha puc. 5.4.

CnoXHOCTh METOJ1a COPTHPOBKH BCTaBKoii mopsaka O(n?).

~

g8’
CopTtupoBka o6mMeHOM
M WenKepHasa COpTUPOBKA

CoprupoBka o6MeHOM. DTO METOJI, B KOTOPOM 3JIEMEHThI CITUCKA I10-
clleioBaTeNbHO CPABHUBAIOTCS MKy cOO0W U MEHSIOTCH MECTAMU B TOM
cllyyae, ecliv MpeALecTBY O aneMeHT Gonblue nocneaytowero. Tpe-
OyeTcs, Haripumep, MPOBECTH COPTHPOBKY CITUCKA METOAOM CTaHAAPTHOIO
oOMeHa, UM METOAOM «My3blpbKay:

{40, 11, 83, 57, 32, 21, 75, 64}.

O6o3HauuM KBaapaTHbIMU ckoOkamu €O cTpenkamMu 44 obmeHuBae-
MbI€ JIEMEHTBI, a |__j — CpaBHUBaeMble dNeMeHThl. [lepBsiif aTan coptu-
POBKHM MOKa3aH Ha puc. 5.5, a BTopo# 3tan — Ha puc. 5.6.

HeTtpyaHo BuaeTh, 4TO nociie Kaxaoro npocMoTpa Crucka Bee 3e-
MEHTbI, HQYMHAs C MOC/IEAHEro, 3aHUMAKOT CBOM OKOHYATE/IbHbIE MO3ULIMH,
MOITOMY HUX HE ClIelyeT NPOBEPATH MPH Cley oKX npocMoTpax. Kaxabii
NOCJAeAYIOLMHA MPOCMOTP UCKIIOUAET OYEPEAHYHO MO3ZULMIO C HAICHHBIM
MaKCHMMAJIbHBIM JIEMEHTOM, TeM CaMbIM YKOPaYMBas CIHCOK.

[Mocne nmepBoro mpocMoTpa B NnoclejHel no3vuMu okasancs 60Jib-
LM 2MemMeHT, paBHbii 83 (McKIOuaeM ero U3 AasibHellero paccMorpe-
HUs). BTOpoi npocMOTp BBIABISET MAKCUMAbHBIA 3NEMEHT, paBHbIA 75
(cM. puc. 5.6).

[Tpouecc COpPTHPOBKM TNMPOAO/DKAETCH A0 Tex nop, noka He Oyayr
c(hopMHpOBaHbI BCE 2NIEMEHThI KOHEUHOrO CrMcka MO0 He BBIMOJIHUTCA
ycnoBue AiiBepcoHa.

Ycnoeue Aieepcona: ecnu B Xoae COPTUPOBKM MPH CPaBHEHHMH
MEMEHTOB He ObIN0 C/eNaHO HH OJHON NMepecTaHOBKH, TO MHOXECTBO
CYMTAETCH YNMOPAAOYEHHBIM (ycioBHe AHBEPCOHA BBIMOJIHAETCA TOJbKO
npu ware d = 1).
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WexoaHblin cnncok 40. 114 |83 | 57 |32 |21 |75 | 64
1t1;"Tr
s
51'7__8,3
3283
MepBbiid Npocm 4
p pocmoTp 211_ 8? :
75 | B3
R
64 | 83
MonyyYeHHbIA CNcok 11 |40 | 57 |32 |21 |75 | 64
Puc. 5.5. Copruposka o6mMeHoM (riepsblii npocmoTp)
WexoaHbin cnucok 11 | 40 | 67 (32 [21 | 75 | 64
Ll t)
11 | 40
At
40 | 57
.l
32 | 57
2'1‘"3'7
Bropo# npocmotp -
o | &S
I [198
75
MonyuerHbIi cincok 11|40 |32 |21 |57 |64 |@D

Puc. 5.6. Copruposka o6meHom (BTopoit npocmorp)

CnoxHOCTh MeToa cTanaapTHOro obmena O(n?).

Ileiikepnasi coprupoBka. O4eBHAHbIN NPHEM YITyULLIEHHS ANTOPHT-
Ma CTaHJapTHONO oOMeHa — 3anOMHMHaTh, ObLIH WIH He Gbliu nepecTa-
HOBKM B npouecce Hekoroporo npoxona. Ecnaum B nocneasem npoxone
NepecTaHOBOK He GbLIO, TO AIrOPHTM MOXKHO 3aKaH4YMBaTh. ITO YTyd-
LIEHHE, OAHAKO, MOXKHO OMNATH XKe YNYYLIHThb, €C/IH 3aNIOMUHATH HE TONbKO
caMm dakT, 4To 06MEH UMeN MECTO, HO M MONOKEHHE (MHAEKC) nocneaHero
oOMeHa. SIcHO, 4TO BCe Mapbl COCEAHMX 3MEMEHTOB BbILLE ITOMO MHAeKca k
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[ =5 &i5 a3 yke ynopsao4eHsl. [103ToMy npocMOTpPbl MOKHO
R=887 7 4 3aKaH4YMBATL HAa ITOM HMHAEKCE, a He MATH JI0
dgrtl 111 3apaHee Onpe/esieHHOro HIKHEro npejaena as 1.
44 06 06 06 06 Hanpumep, maccus {12, 18, 42, 44, 55, 67, 94,
55 44 44 12 12 06} ¢ nMOMOLIBIO YCOBEpLIEHCTBOBAHHOM «Imy-
12 55 12 44 18 3bIPLKOBOI» COPTHPOBKM MOXHO YMOPAMOYHMTE

3a OJMH NMPOCMOTP, a AN COPTHUPOBKH MaccH-

Si li 2‘?; 12 :,2; Ba {94, 06, 12, 18, 42, 44, 55, 67} Tpebyercs

18 64 18 55 55 CeMb MPOCMOTPOB. ITO NMPUBOAMT K MBICIIH: Ye-

06 18 67 67 67 peoBaTh HanpasjieHHe NMOCIeA0BaTe/IbHbIX MpPO-

67 67 94 94 94 cMoTpoB.  Moaudukaumeid COpTUPOBKH CTaH-

NapTHBIM OOMEHOM SIBIACTCS WlelKepHAaAn, WIN

Puc. 5.7. Cxema YeHOUNHAA, COPMUPOBKA.
i i Ha puc. 5.7 npuBeaeHa cxema LIEHKEPHOR COPTH-
COPTUPOBKH

POBKH BOCbMHU KJIKOUEA.

5.4.
CoptupoBka Lenna

B metone lllenna cpaBHMBalOTCA HE COCEAHME BJIEMEHTHI,
a IEMEHTbI, pacnojiokKeHHbie Ha paccTosHuU d (rae d — war Mexay
CpaBHMBAEMbIMH 3JIEMEHTAMH).
Ecnu d = [n/2], To nocne kaxaoro npocMoTpa war d yMeHbLIAeTCs
paBoe. Ha nocneanem npocMoTpe OH cokpataercs Ao d = 1.
Hanpumep, nycTb AaH CIMCOK, B KOTOPOM 4YHCJIO 3JIEMEHTOB Y€THO:

{40, 11, 83, 57, 32, 21, 75, 64}.

CriucoK JUTMHBI 1 pa3bupaercs Ha n/2 yacteil, T.e. d = [n/2] = 4, rne
[ ] — uenas yacTh uucna.

I[Tpu nepBOM MPOCMOTPE CPABHUBAIOTCA JIEMEHTbI, OTCTOALLME APYT
ot apyra Ha d =4 (puc. 5.8), Te. k1 u ks, ko w k¢ w Ta. Ecnu
k; > ki 4, TO IpoucXoanT o6MeH Mexay nosuuuamu i u (i + d). Tlepex
BTOPBIM MPOCMOTPOM Bbibupaercs war d = [d/2] = 2 (puc. 5.9). 3arem
Beibupaem war d = [d/2] = 1 (puc. 5.10), T.e. UMEEM aHATIOTHIO C METOIOM
cTaHaapTHOro obmeHa.

CrnoxHocTs metoaa llenna 0(0,3n(logyn)?).
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McxogHblh maccus AD.1 4% 1.83 L 57 .132. 121 75 | 64
t )
b, . 40
L J
11 4 21 |4
Ward=4 75 b 83 |
57 64
MonyyeHHbIn Maccus St 441,75 {87 |40 121..| 83. | 64
Puc. 5.8. Meron lllenna (war d = 4)
McxoaHbii maccue -1 TO I 57 |40 | 2 83 | 64
[ |
32 | p . :
11 . 57 4
Ward=2 40 | 4 £ 4
21 l 57 |
75 1 83 |
57 64
Puc. 5.9. Meron lllenna (war d = 2)
McxoaHbin cnucok 2.4 011401215175 |57 | B3 | 64
, Mst AL
11 3%_ ﬂ
32 0
27 140 b,
Ward=1
40 73 \
57 7@__ LL,
75 | 83
- JIRG
64 | 83
Mony4eHHbIit CIMCOK 11 [32 |21 |40 |57 | 75 | 64

5‘

Puc. 5.10. Meron Illenana (ward = 1)
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5

5.

BbicTpasi copTupoBka
(copTupoBka Xoapa)

B mertone GbicTpoii COpTHpPOBKH (PUKCHpYETCs Kakoh-nbo
K1to4 (6a30BbIit), OTHOCHTENILHO KOTOPOTO BCE 3IEMEHTHI € 00JIbIIMM BECOM
nepemellaoTcs BNPaBo, a ¢ MeHbIUUM — BneBo. [Ipu 3TOM BeCh CUCOK
3JIEMEHTOB JIEJIUTCA OTHOCHTENBHO 6a30BOro Kiwoya Ha e yactu. Jlns
Ka)kK10H YyacTu npotuecc nopropsetcs. [ToscHUM METON Ha MPUMEpE.

Ha puc. 5.11 npeacraeneHs! 3tansl ObicTpoit copTHpoBKH Xoapa. B
NepBOii CTPOKE YKa3aHa UCXOAHas NMOCe10BaTeIbHOCTb.

i iy €«<—— |
Homep lpumedaHue
wara
40 |11 |83 |57 | 32| 21| 75| 64| WcxoaHblit cnucok
1 21 g8 e g DU MY 8 N M st ' ky < K,
O o I 4@ | kK
< O 11 T o = SO __._—-r——@i O6MmeH;
@< et k. > k.
B
4 (AD-o{----4----{----1 k<K
5 >/ ObmeH;
'\
k> k,
6 L32) ObMmeH;
@e e
7 YN O6MmeH;
57 k> ky
4-1 41192 57 | 83| 75| 64 | MonyueHHsI cnncok
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Puc. 5.11. Meroa Xoapa




[lpumeM nepBblii 3NeMEHT MOCNEN0BaTEILHOCTH 32 Ga30BbIi KIIHOU,
BbIACJIMM €ro KBaaparom u 06o3HaunM ko = 40. YcraHoBuM 1Ba ykazarens
i M J, U3 KOTOPBIX ¢ HaYMHAeT oTcueT ciesa (i = 1), a j — cnpasa (j = n).

CpasnuBaem 6a30Bblit ko4 kg ¥ TeKyLUuii Koy k;j. Ecnm ko < k;,
TO YCTaHaBIMBaeM j = j — 1 W MPOBOAMM CNEIyIoLlee CpaBHEHHE ko W
k;. TlpopomkaeM yMeHbLIATh j 40 TEX MOp, NOKA He JOCTHTHEM YCJIOBHS
ko > k;. Tlocne sroro mensiem Mectamu kitouu ko u k; (cM. war 3 Ha
puc. 5.11). i

Teneps HaunHaeM U3MEHATH MHAEKC ¢ = ¢ + 1 M CPaBHUBATH SIEMEHTBI
ki u ko. Tlpomomkaem yBenHueHWe i 10 TeX MOp, Moka HE MONyYMM
ycnosue k; > ko, nocne uero cnenyet oomeH k; u ko (cm. war 5). CHosa
BO3BpalllaeMcs K MHAEKCY j, yMeHbluaeM ero. Yepenys ymMeHbLIeHHE j U
yBEJHYEHHE %, IPOOJIKAEM 3TOT NpoLece ¢ 060UX KOHLIOB K CepeiMHe 10
TE€X Mop, NOKa He Noay4yuM ¢ = j (cMm. war 7).

B omiuune oT npeaplaylMx pacCMOTPEHHBIX COPTHPOBOK YKe Ha
[epBOM 3Tarie UMEIOT MECTO JBa (hakTa: BO-NepBbIX, 6a30BbIii kitou ko = 40
3aHAJ CBOE NMOCTOAHHOE MECTO B COPTUPYEMOI MOC/Ie0BATEIbHOCTH, BO-
BTOPBIX, BCE JMEMEHTHI ClieBa OT kp OyayT MeHblue Hero, a cripaBa —
Gonbiue Hero. Takum 06pa3oM, MO OKOHYAHMK MEPBOTO 3TANa HMEEM:

o, 11,32 40| 57, 83,75, 64
JleBas yacth [TpaBas yactb

Yka3zaHHas poLe/lypa COPTHPOBKHM MPUMEHSETCS HE3aBHCHMO K JIEBOI
Y NpaBoOii YacTaM.

Cnoxnocts Metona Xoapa: O(nlogyn).

5.6.
TypHUpHas copTupoBka

ONEMEHTBI HCXOHOTO MHOXKECTBA MPEACTABNSAIOTCS TUCThS-
MM ziepeBa. HIX monapHoe cpaBHeHHe MO3BOJSET ONPEAEUTE MUHUMAb-
HBIA (MakCHMalbHBIN) 2NeMeHT. MeToa TYpHUPHOI COPTUPOBKH OCHOBAH
Ha NMOBTOPAIOLUMXCS MOMCKAX HAMMEHBLUEro KJlo4a Cpeid M 3JIEMEHTOB,
Cpeaw oCTaBIUMXCA . — 1 aneMeHToB U T.A4. Hanpumep, caenas n/2 cpaBhe-
HUH, MOXKHO OTIPE/IENINTH B KaXAO0M nape kimoyeil MeHbLii. C MoMowbio
n/4 cpaBHEHHWH — MEHBLINIA U3 Naphl yXe BHIGPAHHBIX MEHBLUHX W T.JI.
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[Tponenas n — 1 cpaBHeHH, MOXKHO NOCTPOUTE JiepeBo BbiGopa (puc. 5.12)
W MIEHTH(QHULMPOBATHL €r0 KOPeHb KaK HAMMEHBLUMH KoY.

/°6\06
g, - \ o

18

12

Puc. 5.12. Tlosropsiowmecs BoIOOpbI CPEAN KIOUEH

Cnenytowmit 3Tan COPTUPOBKM — CMYCK BAONb MYyTH, OTMEYEHHOrO
HaMMEHBLUUM 3JIEMEHTOM, U MCKJIIOYEHHE €ro U3 JiepeBa MyTeM 3aMEHbI
nubo Ha nycToif 3NMeMeHT (AbIpKY) B CaMOM HH3Y, NTMOO Ha JNEMEHT U3
COCEHEH BETBU B MPOMEXYTOUYHBIX BeplUMHaxX (puc. 5.13).

gL E T
L
e 2 S

94 18 67

Puc. 5.13. UcknoueHre HaMMEHBIIEro KJK4a

DeMEeHT, nepeABHHY BLUMICS B KOPEHb JepeBa, BHOBb Oy/IeT HauMEHb-
LIKM (Tenepb y>Ke BTOPbIM) Ki1H04OM (pHc. 5.14), 1 €ro MOXKHO UCKITHOUHUTD.
[Tocne n TakuX 1IAroB JEPEBO CTAHET MYCThIM (T.€. B HEM OCTaHYTCH OAHH
JIbIPKH ), K TIPOLIECC COPTHPOBKH 3aKaHYMBAETCH.

CBoe Ha3BaHHME TYpPHUpPHAs COPTHPOBKA MOJIy4yHJia, MOTOMY HTO OHa
MCIOJIb3YETCS MPH MPOBEAEHUH COPEBHOBAH Ui, TYPHHUPOB H OJIMMITHAL.

HMpumep 1. JlaHo ucxonHoe muoxectso {al, a2, a3, a4, a5, ab,
a7, a8}. OcyLiecTBUTb TYPHHUPHYIO COPTHPOBKY.
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Puc. 5.14. 3anonHeHue aAbIpkH

IMpoussoauTcs nonapHoe cpaBHeHHe BepulMH JaepeBa (puc. 5.15).
HaiiieHHbiit MUHHMAaJIBHBIH 3IEMEHT 3aMeHsAeTCs CTeliHalbHbIM CHMBOJIOM
M w nomeuiaetcs B pe3ybTHPYIOLIEE MHOXKECTBO (pHcC. 5.16).

az=min(al, a2) | .4 6| | a7 a8
a3 = min(a3, a4)

a2 a3 a4 ab a
as = min(as, ab) \ / \ / \ / \ /
4 a3 as

a8 = min(a7, a8) :

a3 as
ad

a3 = min(a2, a3)
a5 = min(a5, a8)

a5 = min(a3, a5)

Puc. 5.15. TlepBolii aTan TypHUPHOIT COPTUPOBKH

Ha nocneayrouux stanax HaiiieHHble MUHUMAJIBHBIE 2JIEMEHThI [TOMe-
LIAIOTCA B pe3ybTHPYIOLLEe MHOXeCTBO (puc. 5.17).

.y
NMupamupganbHasa copTupoBka

JaHHblii THIT COPTHPOBKM 3aKJTIOYAETCS B MOCTPOEHHE MHUpa-
MHaaneHOro Aepesa. IlupamunansHoe nepeBo — 310 GUHApHOE JepeBo,
obnanatoliee TpeMs CBOHCTBaMU:
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al a2| | a3 a4 M a6 | | a7 a8
N .
a2 a3 M a8
P o

a3l
M

Puc. 5.16. YianeHue MUHUMAaNBLHOIO 3J1EMEHTA

/
AL

ab

M

a8

ail a2
Nl
a2

a3 a4
Nl
a3

\/

a3

e B BEpLUMHE KaXAOH TpWaJbl pacrnosaraercs 3MeMeHT ¢ GoNbLINM

BECOM;

e IUCThbs GMHAPHOIO JAepeBa pacnojararTcs JH6o B OJHOM YpPOBHE,

a3

ab | | a7
A o il
a6 a8
TR el o

ab

\/

!

ad

a3

Puc. 5.17. Dtansl TypHUPHOH COPTUPOBKH

nubo B ABYX coceaHuX (puc. 5.18);

e JIUCTbS HUXKHEINO YPOBHA pacrnojiararoTcs JIEBEE JIMCTLEB Oonee BbI-

COKOT'O YPOBHS.

B xone npeobpa3oBaHus 3ME€MEHTbI TPUAA CPAaBHHUBAIOTCS JBaXKbI
(puc. 5.19), npu 3TOM 2neMeHT ¢ GONbIIMM BECOM MEpeHaeT BBEPX, a C

MEHBLUIUM — BHH3.
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Puc. 5.18. bunapHoe nepeso:
a — NUCThS Ha OIHOM YPOBHE;
6 — JIUCTbS HA COCEIHUX YPOBHSAX

Puc. 5.19. CpaBHeHue 31€MEHTOB TpHaa:
| — nepBoe cpaBHEHHUE; 2 — BTOPOE CPABHEHHE

NMpumep. Jlano ucxoaHoe mHoxecteo {2, 4, 6, 3, 5, 7}. B xone
COPTHPOBKH MOC/IE/I0BaTENBHO CPABHUBAIOTCS 3EMEHTBI TpHa. TTpn aToM
3M1eMeHT ¢ 6OMBLIMM BECOM MEPEMELLAETCS B KOPEHD AepeBa.

TMocne 3aBeplueHHs 3Tana COPTHPOBKH 3EMEHT, HAXOAALLMICS B KOPHE
JepeBa, NMOMELAETCs Ha MECTO MOCJEJHEero 3MeMeHTa U B JajbHefileM
HE paccMarpuBaeTcs. MeToa MMpamMMaanbHOM COPTUPOBKH MOKa3aH Ha
puc. 5.20.

B pesynsrare GyaeT Mony4yeHo ynopsaoyeHHoe MHOXecTBO {2, 3, 4,
5, 6, T}.

Konmponsnute géonpocut

Y10 noHMMaeTcs noa COpTHPOBKO#H?

KakoBbl 0COOEHHOCTH COPTHPOBKHM: BCTaBKOMH, BbIGOpOM, 0OMeHOM?
KakoBbl ocob6eHHocTH coprupoBkH Lllenna u Xoapa?

KakoBbl 0COOEHHOCTH COPTUPOBKM TYPHHPHOH M MUpamMHaanbHON?
KakoBa OCHOBHas uaes LeHKepHOH COPTUPOBKH?

K kakoii rpynmne MeTonoB OTHOCHTCS copTupoBka ¢oH Helimana?

B 4yeM COCTOMT METOJMKA aHanKH3a CIOKHOCTH aJIrOPHTMOB COPTHPOBKH?
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0@ 00 =\ () =

e o => MakcumanbHbii 3N1eMEeHT MEHSETCA MecTamu

C nocnegHUM 3nNneMeHToOM MHOXecCTBa

O ON
> ()() = 00 (2)(3) >
S

e 6 7 5 6 7 6 7
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4| =p|3]||4
8 6 7 5 6 7

Puc. 5.20. [TupamunansHas cOpTUpOBKa

FnaBsa 6
MeToabl noucka

[TpeameTs! (00BEKTBI), COCTABJIAIOLLME MHOXKECTBO, Ha3bIiBa-
FOTCS €ro 21eMenHmamu. DIEMEHT MHOKeCTBa OyeT Ha3bIBaTbCA KAI0YOM
1 0003HauaThbCsl NATUHCKOM OYKBOH k; C MHAEKCOM, YKa3bIBalOLLUM HOMED
3NIeMEHTA.

ANropuTMBI MIOKCKA MOXHO pa3buTh Ha crieyroluue rpynimsi (puc. 6.1).
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MeTtoas! noncka

P N

OcHoBa OcHOBaHHble
[ HA cpaaueuu'::rnemeﬁ J ( Ha UMpPOBLIX CBOWCTBAX J

Knoven
— lNocneposarensHbii Mo Gopy
— BuHapHbIA XewwposaHve
— Mo GuHapHomy aepesy
— duboHauumes

— WHTepnonAuUOHHbLIN

Puc. 6.1. Meroas! noucka

3anaua noucka. Iycts 3anaHo MuoxecTso kmoueit {ky, ko, k3, ...,
kn }. Heo6xoanMo oTbicKaTh BO MHOMXKeCTBE Koy k;. TMonck MoxkeT ObITh
3aBEPLUCH B JIBYX Cyuasx:

e KJIIOM BO MHOXECTBE OTCYTCTBYET,
® KJIIOY HallieH BO MHOXKECTBE.

6.1 -
MocnepoBaTenbHbLIA NOUCK

B nocneposaresbHOM NOKCKE HCXOAHOE MHOXKECTBO HE yIo-
PANOYEHO, T.. MMEETCs Npon3BoNbHbIH Habop kmoueit {ki, k2, k3, ...,
kn }. MeToa 3akniouaeTcs B TOM, YTO OThICKHBaeMblit Koy k; nocneaosa-
TEJIbHO CPABHHBAETCA CO BCEMH AeMEHTaMKU MHOXecTBa. [Tpu 3TOM nouck
3AKAHYMBACTCH AOCPOUHO, ECITH KJTKOY HaHIeH.
ANrOPUTM NOKCKA CBOJAMTCA K MOCEA0BATENbHOCTH LIAINOB:
lar S;. [HavansHas ycranoBka.] YcTaHoBUTB 1 := 1.

War S2. [Cpasuenne.] Ecau k = k;, anroput™m 3akaHuuBaeTcs
YAQUHO.

IWar S3. [[Mpoaswxenne.] Yeenuunts i Ha 1.
ar S;. [Koweu ¢aitna?] Ecnu i < N, To BepHyThes K wary S;. B
NPOTHBHOM C/ly4ae anropHT™ 3aKAHYHBACTCH HEYAAuHO.
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6.2.
BuHapHbIN NoUck

B OuHapHOM noucke HCXOAsLUEe MHOMXKECTBO JOJIXKHO ObITh
YNOpsI04Y€HO MO BO3PACTAHMIO, HHBIMHU CJIOBaMH, KaXbIM MOCeNY 0L
ko4 Oonblie npeapiayuiero, T.e. k) < ko < ks <ks <...<knp—_1 < kn.

OTbICKMBAEMBIii KJIHOY CPAaBHUBAETCS C LIEHTPAJIbHBIM 3JIEMEHTOM MHO-
JKECTBA, €CJIM OH MEHBLLE LEHTPATBHOIO, TO MOUCK MPOAO/HKAETCS B JIEBOM
MOJAMHOXECTBE, B IPOTUBHOM Cllyyae — B MPaBOM.

Meouanou nocnedosamensHocmu W3 n 3MEMEHTOB CUHUTAETCH 3Je-
MEHT, 3HaU€HHE KOTOPOro MeHblle (UK PaBHO) MOJOBUHBI T 3JIEMEHTOB W
OosibLie (MM paBHO) APy roi NOJIOBUHBIL. 3aaa4y Moucka MeauaHbl MPUHSATO
CBA3bIBATh C COPTHPOBKOM, TaK Kak MeJiMaHy Bcerga MOXKHO HaiTH cneny-
HO11TMM CIIOCOOOM: OTCOPTHPOBATH 1 3NEMEHTOB M 3aTeM BbIOpaTh cpeiHuit
3NIEMEHT.

B anroputme K. Xoapa s HaxoAeHUs MeAMAHbI MCMOJB3YETCH
onepauus pasiefeHus, NpumMeHsemas npu 6bicTpoid copTupoBke, ¢ L = 1,
R =n u c a[k], BbIGpaHHbIMH B KayeCTBE pa3fe/IsiOLIEr0 3HAYEHUS .
[TonyuaroTcs 3Ha4eHUs UHJEKCOB U §:

1) pazpensitouiee 3HaueHue x ObILIO CIMUIKOM Majlo; B pe3yibrare
rpaHyLia MEXIY JBYMS 4acTAMHM HHXXe MCKOMoro 3HayeHus k. Tlpouecc

paszienieHus cieyeT MOBTOPHUTD UIS 3NeMeHTOB ali], . . ., a[R] (puc. 6.2);
< 2
L ey k R

Puc. 6.2. CmelueHue rpaHulibl BNEBO

2) BbibpaHHas rpaHuia r Obuta cnviikoM Benuka. Onepauuto paszbue-

HHS Clie[lyeT NMOBTOPUTh Ha noamaccuse a[L), .. ., a[j] (puc. 6.3);
< 2
L k j i R

Puc. 6.3. CMeuleHHe rpaHuiibl BNpaBo
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3) 3HaueHue k nexut B uHTEpBane j < k < i: anemeHT a[k] pasnenser
MacCHB B 3aJaHHOH MpPONOPLHMH W, CNEJOBATENLHO, ABISETCS MCKOMbIM
(puc. 6.4).

IA
v

T

L ' J k i R
Puc. 6.4. ['panuua onpeaeneHa TO4HO

[Tpouecc pa3bueHus NOBTOPAETCS A0 MOSABACHUS MOCAEIHEro cliyyas.

LleHTpanbHblil 3neMeHT Haxoautcs 1o Qopmyne Nypqa = [n/2] + 1,
rAe KBaaparHble cCKOOKM 0003HAyaloT, YTO OT AeNeHUs Oepercs TOJIbKO
Liesas yacTb, ApobHas yacTb otOpaceiBaetTcs. B MeToae 6MHapHOro nomcka
aHAJIM3UPYIOTCS TOJNBKO LIEHTPAbHbBIE SIEMEHTBI MOIMHOXECTB.

IIpumep 1. Bo MHOXECTBE 371€MEHTOB OTBICKATb KJIHOY, PaBHbIi
653. B kBaaparHbiX CKOOKax BbIAENEHbI MHOXXECTBA AHAJIM3UPYEMBIX
anemMeHToB. LieHTpaibHbIe 31EMEHTHI MOAMHOXXECTB MOAYEPKHYThI.

[MTouck knroua K = 653 ocyuiecTBaseTcs 3a YeThipe Luara:

(061 087 154 170 275 426 503 509 512 612 653 677 703 765 897 908]
061 087 154 170 275 426 503 509[512 612 653 677 703 765 897 908]
061 087 154 170 275 426 503 509[512 612 653]677 703 765 897 908
061 087 154 170 275 426 503 509 512 612(653)677 703 765 897 908

IMpumep 2. JlaHo ynopsao4eHHOE MHOXKECTBO 3/IEMEHTOB
{7, 8, 12, 16, 18, 20, 30, 38, 49, 50, 54, 60, 61, 69,
75, 79, 80, 81, 95, 101, 123, 198}.
HaiiT Bo MHOXecTBe kitod K = 61.
Iar 1. Nopra=[n/2] +1=[22/2] +1=12;
{7, 8, 12, 16, 18, 20, 30, 38, 49, 50, 54, 60, 61, 69,
75, 79, 80, 81, 95, 101, 123, 198};

K V k12 (3Ha4ok «V» 0003HayaeT CpaBHEHHE JIEMEHTOB: YUCEJl, 3Haue-
Huit). ITlockoneky 61 > 60, nanbHe#IIMi NMOMCK BBINOJHSEM B MPaBOM
NOJMHOXECTBE.

Mlar 2. Nyyra = [n/2] +1=[10/2] +1 = 6;

{61, 69, 75, 79, 80, 81, 95, 101, 123, 198};
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KV kig. Tlockoneky 61 < 81, nansHeiitunii moucKk BBIMONHIEM B JeBoM
MOAMHOXECTBE.

U.Ial' 3. Ng_n-Ta:[n/2]+1:[5/2]+1=3;
{61,69,75,79,80}:

K Vkis. [Tockoneky 61 < 75, nanbHeifnii NOMCK BBINONHSEM B JIEBOM
MMOJAMHOKECTBE.

{61, 69};

KV k14. Tlockoneky 61 < 69, nansHeimmit nouck BBIMIOJIHAIEM B JIEBOM
NMOJAMHOXECTBe.

[Tar 5. {61}. KV k3. Tak xak 61 = 61, nenaem BBIBOA: MCKOMBIii
K104 HalieH noa Homepom 13.

6.3.
duboHayyMeB NOUCK

B 3TOM nmoucke aHanM3MpyrOTCS MEMEHTBI, HAXOAALUMECS B
MO3NLIMAX, paBHBIX yucnaM @ubonayun. Ynucna GuboHayyu nonyyarores
[0 CNEAYIOLIEMY MpaBuily: KaXA0e MOC/eyolee YHCIO0 PaBHO CyMMe
ABYX MpPeabIay1HX YUCEN, HANpUMep:

Lk 2ds i Boid Rl it

TTouck nponomiaercs 1o Tex mnop, noka He GyaeT HaiizeH MHTEpBaN
MEXIy ABYMs KIJIHOUaMH, IJIe MOXET pacronaratbCs OTbICKMBAEMBIH KITIOY.

DuboHayuneB MOMCK TNpeAHA3HAYaeTcs JUIA MOMCKA aprymenta K
Cpean pacroIOKEHHbIX B MOpsAKe Bo3pactaHus kmouer K < Ko < ...
L T

Hnsa ynobctBa onucaHus npeanonaraercsi, 4to n + 1 ecTh YHMCIO
®ubonayuu Fi. 1. Tloaxonsieil HayanbHOi YCTAHOBKOM JaHHBIH MeTOx
MOXKHO cJieNlaTh NPUTrOAHBIM IS TFOO0r0 n.

Fi. [HavanbHas ycraHoBka.] VeranoButs i:= Fi, p = Fy_,, g=
:= Fj_. (B anroputme p W ¢ 0603HayaloOT MOC/ENOBATENBHBIE YHCAA
®uboHayuu.)

F;. [CpaBnenne.] Ecnmu K < K, 1o nepeiitn na F3; ecnu K > K;, 10
nepeiti Ha Fy; ecnn K = K;, anropuT™ 3aKkaHuMBaeTcs yAauHo.

78



F3. [Ymenbiuenue t.] Ecnu ¢ = 0, anropuTm 3akaH4MBaeTCs HEy1a4HO.
Eciu g # 0, TO yCTaHOBUTH % := i — ¢, 3aMeHuTb (p,q) Ha (g,p —q) W
BepHYTbCs Ha Fo. "

Fy. [YBenuuenue ¢.] Ecnu p = 1, anroput™ 3akaH4uMBaeTcs HEyaa4HO.
Ecin p # 1, ycraHoBuTh i =i+ g, p:=p— @, ¢ 1= ¢ — P ¥ BEPHYThLCA
Ha Fz.

IMpumep. Jlago HCXOIHOE MHOXECTBO KJTHOUEH
{35 54850181 004,185,119, 21, 22,.28,.33,:35.37,742,145, 48, 52}.

[lycTs OThICKMBaEMbIii KiTtou paBeH 42 (K = 42).

IMocnenoBarenbHOE CpaBHEHWE OTHICKMBAEMOro Kitoua Oyaet npoBo-
JUTBCS € 3JIEMEHTAMM MCXOJHOIO MHOXKECTBA, PACMOIOKEHHBIMU B M103U-
uMsAX, paBHbIX yncnam @ubonauum: 1, 2, 3, 5,8, 13,21, ...

Mar 1. K ~ ky,42 > 3, oTbICKMBaeMbIi KJIKOY CPAaBHUBAETCA € KIIHO-
YOM, CTOSILIIMM B MO3ULIMH, paBHOH unciy ®uboHauuu.

[Iar 2. K ~ kg, 42 > 5, cpaBHEHHE NPOAOJKAETCS C KJIKOYOM, CTOSA-
MM B MO3ULIMKU, paBHOii creaytouiemy unciay PuboHauuu.

Hlar 3. K ~ k3, 42 > 8, cpaBHeHHE NPOJIO/KAETCS.

Iar 4. K ~ k5,42 > 11, cpaBHEHHWE NPOJOJIKAETCH.

lar 5. K ~ kg, 42 > 19, cpaBHeHHe NpOLOJIKAETCA.

lar 6. K ~ k13,42 > 35, cpaBHeHUE NPOAOIKAETCS.

Iar 7. K ~ kg, 42 < 52, HaiineH uHTEepBal, B KOTOPOM HAXOAMT-
Csl OTHICKMBAEMBIi KJIHOY, T.€. OTBICKMBAEMbIii KJIFOY MOXET HAaXOAMTLCS B
MCXOIHOM MHOXeCTBe Mexay nosuuusamu 13 u 18, te. {35, 37, 42, 45,
48, 52},

B HaiiieHHOM MHTEpBasie MOMCK BHOBb BEAETCS B MO3ULMAX, PABHBIX
yucnam OuboHayuu.

6.4.
MHTepnonsuMoHHbLIN NOUCK

HcxoaH0e MHOXKECTBO OIKHO ObITE YNOPAA04YEHO N0 BO3pa-
CTaHWIO BeCcOB. [lepBoHauanbHOE CpaBHEHUE OCYLUECTBIAETCSA HA paccTo-
STHMM wara d, KoTopslii onpeaensiercs no gopmyse:

- [4 —éi(ff;im)] ,
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rae ¢ — HOMEp NMEPBOro pacCMaTpUBAEMOro JJIEMEHTa;

7 — HOMEP MOC/IEIHEr0 PaCCMaTPUBAEMOrO 3/IEMEHTA;
K — OTBbICKMBaeMbIH KJTHOY;

K;, Kj — 3HaueHus Kio4eil B NO3ULMAX & U J;

[] — Lenas 4acTh Yucra.

Hnes mertona 3aknouaercs B cheayroueM: iwar d MeHseTcs mocle
Ka)K110ro 3tana rno ¢Gopmyie, npuBeaeHHoM Bbille (pUc. 6.5).

d

i+ d J
Puc. 6.5. Cxema HHTEPNONALIMOHHOIO NMOUCKa

Anroput™ 3akaHuyuBaeT paboty npu d = 0, Npu 3TOM aHAIU3UPYIOTCH
COCEHHE 3MIEMEHTBI, MOCJIE Yero MPUHUMAETCS OKOHYATENBHO pPeLleHHe O
pe3ynbTaTax Nnoucka.

OTOT METOA MpeKpacHo paboTaet, ecliM UCXOJHOE MHOXKECTBO Mpea-

cTaBiseT coboi apupMeTHIECKy O MPOrPECCUI0 UITH MHOXKECTBO, NPUOIH-
YKEHHOE K HEeH.

IIpumep 1. JlaHO MHOXKECTBO KJIHOUEH:
{2, 9, 10, 12, 20, 24, 28, 30, 37, 40, 45, 50, 51, 60, 65, 70, 74, 76}.

[Tyctb uckomblii kimou K = 70.
Onpenenum wwar d 1 UCXOAHOMO MHOXKECTBA Kitoueid (2 = 1; j = 18):

ik [(18—1)(70—2)] o

16— 2

CpaBHHBaeM KJIKOY, CTOSIl.l.lHﬁ noa wectTHaauaTrbiM nopsuucoamM HOMCPOM B
JIAHHOM MHOXKECTBE ¢ HCKOMBIM KJIFOYOM: kig V K; T0 = 70; kou HaiaeH.

IIpumep 2. JaHO MHOXKECTBO KJIIOYEIA:
{4, 5, 10, 23, 24, 30, 47, 50, 59, 60, 64, 65, 77, 90, 95, 98, 102}.

TpeOyetcs oTbickarh ka4 K = 90.
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lar 1. Onpeaenum war d 1)1 UCXOAHOTO MHOXKECTBA KJTtouei (i = 1;

j=dTh
(17 =1)(90 — 4)
: [ 102 — 4
CpaBHHBaeM KJTKO4, CTOHIJ.lHﬁ noa nATHaaAuaTrbiM IMOPAAKOBLIM HOMEPOM,

C OTbICKHBaeMbIM KitouoM: kis V K, 95 > 90, cnenoBarenbHo, CyKaeTcs
obnacTb noucka: .

{4, 5, 10, 23, 24, 30, 47, 50, 59, 60, 64, 65, 77, 90, 95}.
[ITar 2. Onpeaenum war d ans MHOXecTBa Kiroueii (1 = 1; j = 15):

g [(15 —9;)92—4)] h.

CpaBHUBaeM K104, CTOSILLMIA MO YeThIPHAALATHIM MOPAAKOBBIM HOMEPOM,
C OTBICKHBaeMbIM KmouoM: ki4 V K; k14 = K; 90 = 90; ko4 HalaeH.

6.5.
NMouck no buHapHoMmy nepesy

JlepeBo ABOMYHOrO Moucka Ais MHOXeCTBa yucen S — 3To
pasmMeyeHHOe bunapHoe depeso, KX A0 sepuiuHe KOTOPOro CONMOCTAB/IEHO
YUCNO U3 MHOXECTBA .S, MpUYeM BCE MOMETKH YAOBJIETBOPSAIOT CEAYyHO-
LIEeMy MPOCTOMY MpaBuily: «eciau OGonbllie — HanpaBo, €C/IM MEHbLIe —
HaJIeBO».

Hanpumep, ans vabopa uucen {7, 3, 5, 2, 8, 1, 6, 10, 9, 4, 11} no-
ayuutes 6uHapHoe aepeBo (puc. 6.6). Jlnsg Toro 4To6bl MPaBUILHO Y4eCTh
MOBTOPEHMSA YKCEJ, MOXKHO BBECTH AOMOJIHUTENBHOE NoJie, kKoTopoe OyaeT
XPaHUTh KOJIMYECTBO BXOXKEHWH [T KaXKIOro uuca.

bunapHoe aepeBo, cooTBeTcCTBYlOllee OUHAPHOMY TOHMCKY Cpeau n
3anucei, MOXXHO MOCTPOUTH CheayrowuM obpasom: npu n = 0 aepeso
ceoautcs K y3ny 0. B mpoTHBHOM ciiyyae KOpHEBBIM Y3JI0M siBiisieTcs (1 /2],
NeBoe MOJIePEeBO COOTBETCTBYET OUHApHOMY AepeBy ¢ [n/2] — 1 y3namu, a
npaBoe — JiepeBy ¢ (/2] y3namu u YMCIaMu B y3/laxX, YBEIMYEHHBIMH Ha
[n/2] (puc. 6.7).

Yucno y3nos, NOPOXKAEHHBIX OTAEIBHBIM Y3JI0M (YHCIIO MOANEPEBbEB
JIAHHOIO KOPHA), Ha3bIBAETCA €r0 CHMENeHbl0. Y3en C HYJIeBO# CTeneHbIo
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tree-root

7//0 LN
3 ( 8 | nil o
2 nil S e | & 10| »
1 | nil { nil 4 | nil | nil 6 | nil | nil 9 | nil| nil 11 | nil | nil

Puc. 6.6. JlepeBo ABOMYHOrO MoMcka

Puc. 6.7. bunapHoe nepeBo, coorBeTcTBylolee GHHAPHOMY NMOUCKY (n = 16)

Ha3bIBAKOT AUCMOM, WIIN KOHUEEbIM y310M. MaxkcumaibHOe 3Ha4YeHue
CTENMEHU BCEX Y3JI0B JAaHHOTIO JAepeBa Ha3bIBACTCs CHICHEHbIO Oepesa.

Anzopumm noucka no éunapromy depegy: BHauane apryMeHT Mo-
MCKa CpaBHMBAETCA ¢ KJIKOYOM, Haxoaswumcs B kopHe. Ecnu aprymeHT
COBMAJIaeT ¢ KJIKOYOM, MOUCK 3aKOHYEH, €CJIM HE COBMAJAET, TO B Clyyae,
KOT/la apryMeHT OKa3bIBa€TCsl MEHbLIE KJIKOYA, MOUCK MPOAOKAETCS B Jie-
BOM MOJUIEpEBE, a B Cilyyae, koraa bonblie Kioua, — B TPaBOM MOALEpeBe.
VBenM4YMB ypoBeHb Ha 1, MOBTOPSAIOT CpaBHEHHWE, CUMTAs TEKYLUHil y3en
KOpPHEM.
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Hcnonb3oBanue cTpykTypbl GMHapHOro aepeBa MO3BONSET OBICTPO
BCTABJIATh W YAAQIATH 3aMUCH U MPOBOANTH 3(p(PeKTUBHBIA MOMCK MO Ta-
Onuue. Takas rubkocThb JocTUraETCs JOOABIEHHEM B KAXKIYHO 3aMKCh ABYX
nojieit A XpaHeHUs CChUIOK.

Ilycte naHo GuuapHoe nepeBo mowucka (puc. 6.8). Tpebyercs mno
OGuHapHOMy JepeBy oTbickaTh Kitou SAG.

.

AQl PIS

D
Yy

CAN G{ LEO SCO VIR
G b @

Puc. 6.8. bunapHoe aepero

:
2\

[Tpu mpocmoTpe OT KOpHA JepeBa BHAHO, YTO MO nepBoii Oykse
natuHckoro angasura HazBaHue SAG 6onbuie yem CAP. CrnenoBarenbHo,
JanbHewui nouck 6yneM OCyIecTBIATh B NPaBOd BETBU. ITO CJIOBO
6onblue, yem PIS, 3HauuT, cHOBa naeM BrnpaBo; OHO MeHble, ueM TAU, —
MJEM BJIEBO; OHO MeHbLue, ueM SCO, nonanaem B y3en 8. Takum o6pazom,
Ha3BaHue SAG nomkHO HaxoauTecs B y3ne 8. Ilpu 3TOM y3ibl Aepesa
MUMEIOT CTPYKTYPY, NpeAcTaBiaeHHY10 B Tab. 6.1.

Ta6bnuua 6.1

CrpykTypa y3.,10B aepeBa
] HudopmaumonHas Vkazarens Ha JieBoe Vkazarens Ha npaBoe
4acThb NIOJUIEPEBO noJ/IepeBo
(MOXET OTCYTCTBOBATh)
LLINK RLINK
KEY.
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IIpumep. [NycTh faHO HCXONHOE MHOXKECTBO KIHOUEH
{2,4,5,6,7,9, 12, 14, 18, 21, 24, 25, 27, 30, 32, 33, 34, 37, 39}.

McxonHoe MHOXeCTBO Knioueii 10/KHO GbITh YNOPSI04EHO MO BO3pa-
CTaHMIO.

Ot nuHeiiHOro cnucka nepexoanuM K MOCTPOEHHIO GMHAPHOTO JiepeBa
noucka (puc. 6.9). B naHHOM cnyuyae KOpHEM JepeBa SBISETCH LEH-
TpallbHbIi 3NeMeHT MHOXeCTBA Noyra = [n/2] + 1, rne n — konuvecTBo
3NIEMEHTOB MHOXECTBA. BeplLunHOi no neBoii BeTKe ABIAETCS LIEHTPAb-
HbIH 3JIEMEHT JIEBOrO MOJMHOMKECTBA, & MPaBOi — MPaBOro NOAMHOXKECTBA,
U T.A

OrtbickuBaemsiii knoy K = 24,

HcxonHoe MHOXecTBO MmMeeT 19 aneMeHTOB. Nyjpq = [19/2] 4 1 = 10.

Ilouck knoua K = 24 no GuHapHOMY JiepeBy OT KOpHS 10 JICThEB

10 <a3aH Ha puc. 6.9.
o 24 > 21
o 24 < 32 9

24 <27
OIOCIOIOMOIOIOIO

OB O Fide .

Knioy HanpeH

Puc. 6.9. bunapHoe nepeBo noucka

IIpeoGpaszoBanue nNpon3BoJALHOIO AepeBa B GuHapHoe. Yropso-
YEHHbIE IEPEBbS CTENEHH 2 HA3bIBAIOTCS OUHAPHbIMU Oepegbamu. Bunap-
HO€ [IEPEBO COCTOMT U3 KOHEYHOTO MHOXKECTBA 1EMEHTOB (Y3/10B), KaXK1blii
M3 KOTOPBIX TMOO MmycT, IM60 COCTOUT U3 KOpHA (y3n1a), CBA3aHHOIO C JBY-
Msl pa3inuHbIMH OUHAPHBIMH JIePEBbAMH, Ha3bIBAEMBIMH J1€6bLM U NPAGLIM
noooepesom KopHa. JlepeBbs, y KOTOpbIX d > 2, Ha3bIBAIOTCA d-apHLIMU.
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ITpeoBpasoBaHne NPOM3BONBHOIO AepeBa C YNOPsA04EHHbIMH Y371aMH B
OnHapHOe epeBo CBOAMTCA K cleaylowmnM aeiicteusam. CHauyana B KaxaoM
y3/1€ HCXOJIHOIO JepeBa BbIYEPKHUBAEM BCE BETBH, KPOME CaMbIX JIEBbIX BET-
Bei. [Tocne aToro B nonyuusluemes rpade coeqnHseM ropu3oHTaNbHBIMH
BETBAMH T€ Y3JIbl OJHOMO YPOBHs, KOTOpbI€ SABIAIOTCA «OpaTbsiMu» B
HcXonHOM Jepese. ([ToscHUM, YTO €CiM HECKOJIBKO Y3JI0B MMEIOT 001Lero
npeaka, TO Takue Y3/1bl Ha3bIBalOTCA «OparbsiMu»). B monyuusluemcs
TakuM 06pa3oM JiepeBe JIEBbIM MOTOMKOM KaXKAOrO Y3/a T CUMTAeTcs
HENOCPeACTBEHHO HAXOAALLMIACSA MOA HUM Y3€eJ1 (ECJIM OH €CTh), a B Ka4eCTBe
NpaBoro NoToMKa — COCEJHUN crnpaBa «Opart» s T, €C/iU TaKOBOM
umeetcs. Ha puc. 6.10 nokasaHsi 3tansl npeo6pazoBaHUsi TAaKMM CIOCOGOM
HeKoToporo d-apHoro Jaepesa B OUHapHoe.

bk

a

8
Puc. 6.10. Dransl npeoGpasosanus d-apHoro sepesa B GuHapHoe (a—2)
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I[Tepexon oT npou3BONIBLHOIO epeBa k ero OWHAPHOMY 3KBHBAJIEHTY He
TOJIbKO O0JIEr4aeT aHanu3 JIOrMYeckoi CTPYKTYpbl, HO TaKXke YMpolaer
MalIMHHOE NpPEe/ACTABEHHE, T.e. PU3NYECKYIO CTPYKTYpPY AepeBa.

CoanancupoBaHHoe OHHAPHOe AepeBo. BriHapHOe IepeBo Ha3bIBaET-
cs cbanaHcupoBaHHbIM (B-balanced), ecnv BbicOTa 1€BOIO NOAJIEPEBA KaK-
JI0r0 y3/1a OTJINYAeTCs OT BbICOThI MpaBoro He 6onee yem Ha 1 (puc. 6.11).

(K
(8) (E) (H) (M)
D WG © @O O ¢
0000 0,000 Oé@@
(1911

00000

Puc. 6.11. Tlpumep cbanaHcHpoBaHHOIO AepeBa

C6anaHcupoBaHHble OMHApHbIE AEPEeBbA 3aHUMAIOT NMPOMEKYTOUHOE
MOJIOKEHUE MEXAY ONTHMaNbHbIMK OMHAPHBIMU J€PEBbAMM (BCE BHELLHHE
y3Jibl KOTOPBIX PACMONIOKEHBI HA ABYX CMEXHBIX YPOBHAX) H NMPOU3BOIb-
HbIMU OMHAPHBIMH JEPEBbIAMH.

PaccMoTpuM crieayroulyo CTpyKTypy y3/10B cbanaHcupoBaHHONO Ou-
HapHoro aepesa (Tabin. 6.2).

Tabnuua 6.2
CrpykTypa y3.i0B c6a1aHCHPOBAHHOIO AepeBa
o VkaszareJib Ha JieBoe Vkazarenb Ha npasoe CGM;}{%’:‘?‘)&;;': —
NoAIEPEBO No1EPEBO yana
KEY LLINK RLINK B
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B — nokasarens c6alaHCUPOBAHHOCTH y3/1a, T.€. Pa3HOCTh BBICOT
npaBsoro 1 nesoro noaaepesa (B = +1; 0; —1).

[Ipu BoccTanoBneHun 6anaHca aepesa Mo BBICOTE YUHTLIBAETCS MOKa-
3arens B (puc. 6.12).

E Bknioyaemasn
BepLuMHa

Puc. 6.12. Jlepebs ¢ nokaszarensmMu c6anaHCUpPOBAHHOCTH Y3J10B

Cumsonbl +1, 0, —1 Ha puc. 6.12 yka3sblBaloT, 4TO JIEBOE MOAAEPEBO
BBILLE MPABOro, NOAAEPEBbA PABHBI 110 BLICOTE, NMPABOE MOAAEPEBO BhILLE
JIEBOTO.

6.6.
NMouck no 6opy

Ocobyto rpynny MeTozoB noucka obpasyer npeacraBieHHe

KITioue B BUJe noceoBarebHoCTH Ludp 1 Oyks. Paccmorpum, Hanpu-

Mep, UMEIoLIHeCs BO MHOIMX cioBapsax OykBeHHble Bbiceuku. Torma no

nepBoii OGykBe JaHHOTO CIOBa MOXHO OTHICKATh CTPAHHLbI, COAEPKALIHE

BCE CJIOBA, HAYMHatoulecs ¢ 3Toi OykBbl. Pa3BuBas uaeto moOyKBeHHBIX

BBICEYEK, MONYUYHM CXEMY MMOMCKA, OCHOBAHHYIO Ha WHJIEKCALIUU B CTPYK-
Type 6opa (TepMHH HCTIONB3YeT YacTh CJI0Ba BLIGOPKA).

Bop npencrasnser coboii m-aproe nepeso. Kaxpiii y3en ypoBHs h —

3TO MHOXECTBO BCEX KIKOUeH, HAYMHAIOLLMXCS C ONpe/ie/IeHHOM nocneso-

BaTENLHOCTH M3 h JuTep. Y3en onpexenser m-nyTeBoe pa3BeTBICHUE B
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3aBUCHMOCTH OT (h+1)-it nurepsl. CrpykTypy 60pa MOXHO NMpeACTaBHUTh
B BUae Tabn. 6.3.

Tabnunua 6.3
Crpykrypa Gopa

VYanel
1 2 3 ] N

CumBOBI

[Tpoben (=)

[Tpoben () — obsa3arenbHbIi CUMBON TabMULIBI.

B nepsom y3ne 3anuceiBaetcs nepsas Oyksa wid uudpa iova. Bo
BTOPOM Yy3/ie K Hel aobasnsercs ewie oaAuH cumBon M T.A. Ecau cnoso,
Hd'MHawouleecs ¢ onpeaeneHHoi 6ykebl (UMGpPbI), €AMHCTBEHHOE, TO OHO
Cpasy 3anuchbiBaeTCs B EPBOM y3Je.

ITpumep 1. JlaHOo MHOXECTBO

{A, AA, AB, ABC, ABCD, ABCA, ABCC, BOR,
C, CC, CCC, CCCD, CCCB, CCCA}.

Ot ucxomHOro MHOXecTBa nepeizieM k nmoctpoeHuto 6opa. Hcxonmsiii
angpasutr — {A, B, C, D}.

BOR — enuHcTBeHHOE cnoBo Ha OykBy B, W oHO nobykBeHHO He
pazbouBaeTcs. :

VY3nbl 60opa npeacTaBnstoT coboi BEKTOPBI, KaXKaas KOMIIOHEHTA KOTO-

pbIX npeacTasaseT coboit 6o Koy, MO0 cChiKy (BO3MOXKHO NYCTYHO0) —
Tabn. 6.4.

Tabnwnua 64
Ipumep noucka no Gopy
C Yanel
MMBOJIbI
1 2 3 4 5 6 7
o A_ AB._ ABC. e e
A 2 AA ABCA CCCA
B BOR 3 CCCB
C 5 4 ABCC 6 7
D ABCD CCCD
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V3en 1 — kopeHb, ¥ nepsyto OykBy cieayer UckaThb 34eChb. Eciu
nepBoii okasanacek, Hanpumep, Oyksa B, To U3 TabnuLbl BUAHO, YTO €My
cootBercTByeT ¢yioBo BOR. Ecnn xe neppas 6ykBa A, TO mepBblii y3en
nepeAaeT ynpasleHue K y3y 2, rie aHaJIorHuHbIM 00pa3oM OThICKHBaeTCs

BTOpas OykBa. Y3en 2 yka3bIBaeT, YTo BTOpbIMU OykBaMu OyayT - (npoben),
A, Burn.

"
IIpumep 2. Tlycts 3a1aHO MHOXKECTBO CJIOB: BOCK, COK, 0Ca, CTO,

CE€B, BEK, OCT, COTKa. HOCTPOHM m-apHO€ ACPEBO ANIA 3TOro Crnucka
(puc. 6.13).

(o}
(&
m k a m .

Puc. 6.13. m-apHoe aepeso

Ha ocHoBe aHanu3a 3Toro aepeBa MoxeT ObITb MocTpoeHa Tabn. 6.5.

Tabnuua 6.5
Ipumep noucka no Gopy
CHMBO/JIBI Yane!
1 y ! 3 4 5 6
C (2) (6)
0] 3) (5) BOCK
T cTO COTKa ocT
K COK
A oca
B 4
E CeB BeC
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Cretyer OTMETHTB, 4TO NpH MoCcTpoeHuH 6opa NopALok GyKB B NepBOM
cTosidLe Tabnuupl MOXKET GbITh NPOU3BONLHBIM. ECTECTBEHHO, uYTO IS
Kax/10ro KOHKpETHOro nopsi/ika Oyks 3anosHeHue TabnuLb! OyAeT pasHbIM.
Homyctum, i Hauwero npumepa B CMCKE CNOB HY)KHO HaiTH ClOBO
«ocT». CnoBo HauMHaeTcs Ha OykBy «0». CMOTPHUM IEpece4eHre NepBoro
cronbua co cTpokoi, 06o3HaueHHoit 6ykBoii «o». Tam 3amucaHa cchblika
(3); cnenoBarenbHo, obpallaemes K TpeTbeMy cTonbiyy 6opa. Bropas 6ykea
cioBa «ocT» — OykBa «c». Ha nepeceueHnn Tperbero cronbua U cTpoKHu
¢ OyKBO#i «C» 3anucaHa ccblika (6), KOTopasi OTIPABIAET HAC Ha POCMOTP
LecToro ctondua 6opa. B atom cTos61e BUAMM 1Ba CIOBA: €OCT» M €OCA.
Ho nockosneky TpeTheit OykBoii HCKOMOTO ciioBa ABseTcs 6yKBa «T», TO Ha
CTpoke, 0003Ha4eHHO 3TOi OYKBOIi, HAXOAUM CJIOBO KOCTY.

6.7.
NMouck xewmnpoBaHuem

B ocHOBe noucka nexuT nepexod OT UCXOAHOrO MHOXKECTBA

K MHOXKECTBY Xell-yHkunii h(k). Xew-dyHkuns umeeT cieay o BUA;
h(k) = k mod m, rae k — xmo4; m — uenoe yucno; mod — 0CTaTok oT
LIeJIOYMCIIEHHOTO IeNIeHUH.

Hanpuwmep, nycts nano muokectso {9, 1, 4, 10, 8, 5}. Onpeaenum
ans Hero xew-yHkuuto h(k) = kmod m.

e [Tycte m = 1, Torna h(k) = {0, 0, 0, 0, 0, 0}. MHoxecTBO XeLu-
(yHKUMI COCTOUT U3 HYJIEH.

o [Tycte m =20, Torna h(k) = {9, 1, 4, 10, 8, 5}. MHOXecTBO XeL-
({yHKLUHI NOBTOPSIET UCXOAHOE MHOXECTBO.

e [TycTe m paBHO NONOBHHE MAKCUMANIBHOTO Kito4a m = [Kmax /2],
rornan = [10/2] = 5; h(k) = {4, 1, & 0, 5 ¥

Xel-(pyHKUMsA yKa3blBaeT ajpec, Mo KOTOPOMY ClieyeT OThICKMBATh
K04, J{ns pasHeIx Kitouei xeul-QyHKUNSA MOXEeT MPUHUMATh OAMHAKOBhIE
3HA4YEeHUsl, TaKkas CUTyalus Ha3biBaeTcs xoanusuen. Takum oOpazom, NOUCK
XeUIMPOBAHUEM 3aKJIIOYAETCA B YCTPAHEHUH KOJIIM3MH METOAOM Lieno4ek
(puc. 6.14).

IMpumep 1. JlaHo mHOkecTBO Kmtoueit {7, 13, 6, 3, 9, 4, 8, 5}.
Haiitu kmou K = 27.

Xew-¢pyHkuus pasHa h(k) = kmod m; m = [13/2] = 6 (tak kak 13 —
MakcumansHelii kimou); h(k) = {1, 1, 0, 3, 3, 4, 2, 5}. Jns ycTpaHeHus
KOJUIM3WiA mocTpouM Tabdi. 6.6.
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Puc. 6.14. YcrpaHeHHe KONM3HIA METOLOM LIENOYEK

Tabnuua 6.6
Paspewienue Koaau3ui
h(k) Llenouku kmo4en h(k) Lleno4ku Knouei
0 6 3 3,9
1 7,13 4 4
2 8 5 5

TMonapHbIM CpaBHEHHEM MHOXKECTBa Xell-QyHKUHMHA 1 MHOXECTBa HC-
XOIHBIX KJIIO4ei 3anonHseM Tabnauuy.

TTpu >TOM Xewl-(GyHKLMS YKa3blBaeT ajpec, Mo KOTOPOMY ClelyeT
OTBICKMBATh Kitod. Hanpumep, eciin oTbickuBaeTcs kmou K = 27, Toraa

h(k) = 27 mod 6 = 3.

70 3HAYUT, YTO Kmou K = 27 MOXeT HaXOAUTHCA TOJIBKO B CTPOKe, rae
h(k) = 3. Tak kak ero Tam HeT, TO JaHHbIA KJ1H04Y OTCYTCTBYET B HCXOAHOM
MHOXECTBE.

Mpumep 2. JlaHo MHOXKECTBO KITHOYEH
{71y 8,4;i14;9; 16,3, 4}.

Haittn kmoy K = 14,
Xeuw-dyHkuus pasua h(k) = k mod m, rae m = [16/2] = 8 (Tak kax
16 — MakcuManbHbIi Kio4). CneaoBarenbHo,

hk)={7,1,0,5,6,1,0,3, 4}.
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JAnst paspeluenns Konnusmii, KoTopbie MPHUCYTCTBYKOT BO MHOXECTBE
Xel-(yHKUMH, moctpouM Tadn. 6.7.

Tabnuua 6.7
Paspewenne konausumii
h(k) [lenoyku knoueii h(k) Llenouku knoueii
0 8,16 5 5
1 1,9 6 14
3 3 7 T
4 4

Ipyn 3anonHenun Tabnuibl yCTAaHOBMM COOTBETCTBHE MEXNIY HCXO[-
HBIM MHOXKECTBOM M MHOXeECTBOM Xell-yHkuuii. TTouck ocymecrsnsercs
no tabnuue: K = 14; h(k) = 14mod 8 = 6. Do 3HauuT, uto KMoy K = 14
MOXXET OBITb TONBKO B CTPOKE €O 3HaueHuem h(k) = 6.

6.8.
Anroputmbl noucka
crnoBecHo uHdopmayum

B HacTosee Bpems HalMuue CBEPXMPOU3BOANTENHBIX MHU-
KPOMpPOLECCOPOB M JIELIEBU3HA JNEKTPOHHBIX KOMMOHEHTOB MO3BOJISIOT
Jenath 3HaUMTENbHbIE YCTIeXH B alTOPHTMHYECKOM MOJENUpOBaHUH. Pac-
CMOTPHUM HECKOJIbKO aJirOPUTMOB 06paboTKH CIIOB.

Anroput™ Knyra — Moppuca — Iparra (KMII). J{anHslit anro-
PUTM NONy4aeT Ha BxoA cnoBo X = z[1]z[2]...z[n] n npocmarpusaer ero
cJieBa Hanpaso, 6ykBa 3a OyKBOif, 3aMOJIHSS MPH TOM MAaCCHB HaTypasbHbIX
uncen [[1]...1[n], rae I[i] — nnuua cnosa (z[1]. .. z[i]). Takum o6pazom,
l[i] ectb nnuHa HauGonbluero Hayana cnosa z[l]...z[i], onHoBpeMeHHO
SIBNISIOLLETOCS €ro KOHLIOM.

IHIpumep. HUcnonedys anroputm KMII, onpenenuts, SBaseTcs Jin
cnoBo A noacnosom ciosa B.

Pewenue. Tlpumenum anroputm KMIT x cnosy A#B, roe # —
crneunanbHas OykBa, He BcTpevatoiasca Hi B A, Hu B B. CnoBo A sBisercs
MOACI0BOM ciioBa B Torza v Tojbko Toraa, Korjaa cpeid Yucesl B MacCHBe
[ 6yneT uucno, paBHoe LyiMHe cioBa A.

[Tpeanonoxxum, uto nepsble @ 3HaueHuit [[1]...1[i{] yxe HalaeHsl.
Yuraetcs ouepenHas Oyksa cinoBa, T.e. z[i + 1], u Beiuncaseres I[i + 1].
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Jlpyrumu cnoBamu, HyXHO onpenenuTb Havyana Z cnosa z(1]...z[i + 1],
OJZIHOBPEMEHHO sBNfIOUIMecs ero koHuamu. W3 HuX cnexyer BbiGparhb
camoe JJIHHHOE (puc. 6.15).

1 i %1

MpouutanHan 4actb X

L o e I\ i

ko ¥ i = N

& F 4

Puc, 6.15. Ananus cnosa

[Tonyuaem cneayroumii cnoco6 oTeickaHus ciioBa Z. PaccMoTpuM Bce
Havana cnosa z[1]...z[i], aBnsiomecs oaHOBPeMEHHO ero koHuamu. M3
HUX BbiOepeM moaxoasiie — Te, 3a KOTOpbIMHU cneayeT Oyksa z[i + 1].
N3 noaxopsummx BbiGepem camoe anuHHoe. [lpunucaB B ero koHeu
z[i + 1], monyuum uckomoe cnoso Z. Temepb mopa BOCMOJb30BaThCH
CJIeNTaHHBIMH MPUNOTOBJIEHUSAMH U BCTOMHHUTB, YTO BCE CJIOBA, ABJISAOLLMECS
OJIHOBPEMEHHO HayajaMi ¥ KOHLAMH JIaHHOMO CJIOBA, MOXHO MOJYUYUThb
MOBTOPHBIMHM NMPUMEHEHUAMH K HeMy (yHkuun L.

[Tonyuum cneayrowuii pparMeHT nporpammei.

i==1; 1[1]:=0;
{ra6nuua I[1]..1[i] 3anonHena npaBunbHO }
while i <> n do begin
len:= I[i];
{len — nnuua Havana cnosa z([1]...z[i], kotopoe sBnsercs
€ro KOHLIOM; Bce Gosiee ATHHHBIE Hayana
OKa3aJICh HEeMOAXOAALLHMH }
while (x[len+1]<>x[i+1]) and (len>0) do begin
{nauano He moaxoauT, NpUMeHseM k HeMy QyHKuMIO |}
len:=lI[len];
end;
{Hawnm noaxoasuiee cnoBo WK yGeAHIHCH B €r0 OTCYTCTBHH }
if x[len+1]=x[i+1] do begin
{x[1]..x[len] — camoe anMHHOE MoaXOAALLEE HAYANO}
I[i+1]:=len+1;
end else begin
{noaxomswmx Her}
I[i+1]:=0;
end;
=i+l
end;
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IpenctaBum anroput™, KOTopbIii N03BONAET MPOBEPUTD, ABNSETCA JIU
cnoBo X = z[1]...z[n] nogcnosom cnosa Y = y[1]...y[m].

Pewenue. Boravcnsem tabnuuy [[1]...1[n], kak panbliue.

J:=0; len:=0;
{len — nnuna MakcumansHoro Hauana cnoea X, OIHOBpPEMEHHO
saBnstowerocs konuom crosa y[1]...y[5]}
while (len<>n) and (j<>m) do begin
while (x[len+1]<>y[j+1]) and (len>0) do begin
{Hauano He moaxoawT, NpUMeHsEM K HEMY dyHkumio [}
len: = I[len];
end;
{Hawnm nonxonsuee cnoBo WM Y6eAUTHCH B €10 OTCYTCTBHH }
if x[len+1]=y[j+1] do begin
{ x[1]...x[len] — camoe mnuHHOE noaxoasee Hauano}
len:=len+1;
end else begin
{nonxomAwmx Her}
len:=0;
end;
| Fan i
end;
{ecnu len = n, cnoeo X BeTpeTHIOCk; MHAYe Mbl JIOILUTH A0 KOHLA
cnopa Y, Tak u He BcTpeTus X }

Aaroputm Boiiepa — Mypa (BM). DTOT alropuT™ JIeNaeT To, YTO Ha
MepBbIi B3I/ KaXKETCS HEBO3MOXCHBIM: B THITMYHON CUTYallMH OH YHTAET
JIALIB HEOOJBLLYIO YacTh BceX OyKB C/IOBA, B KOTOPOM MILETCS 3aaHHbIii
obpaszeu. IlycTs, Hanpumep, oTbickuBaeTcs obpasey abed. TTocMoTpuM Ha
YeTBEPTYIO OyKBYy ClOBa: €CJH, K MpUMEpY, IT0 OyKBa €, TO HET HUKAKOM
HeoOX0AMMOCTH uMuTaTh nepeble TpH OykBel. (B camom aene, B oGpasie
OYKBbI € HET, MOITOMY OH MOXKET HA4aThCs HE paHblLie MATOH OyKBbI.)

IlpuBenem camblit MPOCTON BapHAHT 3TOrO aNrOPMTMA, KOTOPBIH He
rapaHTHpyeT ObicTpoii paboThl Bo Bcex ciyyasx. [lycts z[1]...z[n] —
obpasell, KOTOPbI HaAO0 UcKaTh. [l KaKAOro CHMBOJIA S HaiiemM camoe
npaBoe ero BXOxJeHHe B cioBo X, T.e. Haubonbluee k, MpU KOTOPOM
z[k] = s. Otu cBeneHus OyaeM XpaHUTb B MacCHBe pos[s]; ecu cuMBon s
BOBCE He BcTpevaercs, To OyaeT ya06Ho npeanonoxuts pos(s] = 0.
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Pewenue.

ITpuHsTH Bee pos|s| paBHbimMu 0

for i:=1 to n do begin g
pos[x[ill:=i;

end;

B npouecce noucka 6yaem XpaHuTh B iepeMeHHO last Homep OykBbI B
CJIOBE, MPOTUB KOTOPOI CTOUT nocnenHsis Oyksa obpas3ua. Buauane last =n
(nnuHa obpasua), 3atem last nocreneHHO yBeIMUNUBAETCS.

last:=n;
{Bce npeasiaymMe nonoxkenus obpasua yke npoBepeHsi }
while last <= m do begin {cnoBo He koHuHIOCH }
if x[m] <> y[last] then begin {nocnennue GykBb! pasubie}
last := last 4 (n — pos|[y[last]]);
{n — pos[y[last]] — muHnmanbHbIi caeur o6pasua, NpH KOTOPOM
nanporuB y(last] Bctaner Takas e GykBa B o6pastie.
Ecnu Takoii OykBbl HET BoOOI1lE, TO CABUraeM
Ha BCIO UIMHY obpazua}
end else begin
{ecnu HbIHEWHEE NONOKEHHE TOJIXOMIHT, T.€. €CIH
x[i]...x[n] = y[last — n + 1]...y[last],
TO COOOIIMTE O COBNAIEHNH }
last:=last+1;
end;
end;

Aaropurm PaGuna. 3ToT anropuT™ 0CHOBaH Ha npocToii uaee. [pen-
cTaBuM cede, UTo B CJIOBE JUIMHOK T nileTcs obpasew AnuHOi n. Beipexem
OKOLLKO pa3mMepom n 1 OyaeM ABUraTh €ro no BXOAHOMY cioBy. IIpu aTom
npoBepsieM, He COBMAJAET JIN CJIOBO B OKOLIKE C 3aJaHHbIM 00pasiiom.
CpaBHuBarb no OykBam jaonro. Bmecto 3Toro (ukcuMpyem HEKOTOpYO
(GyHKLHMIO, ONMPEAENeHHYI0 Ha cloBax JIMHOA n. Ecnu 3HayeHus sToH
(GyHKLMHM Ha CJIOBE B OKOLUKE M Ha obpasue pa3iuyHbl, TO COBMAJAEHUA
HeT. Toneko ecnu 3Ha4€HUA OAMHAKOBBI, HY)KHO NIPOBEPATL COBMNAAEHHE N0
OykBam.

Bbiurpsiil npu TakoM MOAXOZAE COCTOMT B cieaytoiiem. YTtoObl BbI-
YUCIUTH 3HaueHWe (PyHKLMH Ha CIIOBE B OKOLUKE, HY>KHO NpPOYECTb BCE
OyKkBbI 3TOrO cnoBa. Tak yx Jiyduie uX cpasy CpaBHUTh ¢ o6pa3uoM. Tem
HE MEHee BBIMIPbILI BO3MOXEH, TAaK KaK MpH CABMIE OKOLIKA CIOBO HE
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MEHSAETCs MOJIHOCTBIO, a KLk nobaBnsercs Oykea B KOHUE W yOupaercs
B Hauane. 3ameHMM Bce OykBbl B CIOBe W 00Opasiie WX HOMEpamH, npej-
CTaBIIAIOLMMHU cOOOM Lenbie yucna. Torna ynoGHo dyHkuuMeii sasnsercs
cymma uudp. (Ilpu casure okouika Hy>kHO 106aBHTh HOBOE YHCIO W Bbl-
yecThb nponasiiee.) Bribepem HekoTopoe uuco p (kenareNbHO NPOCToe)
M HEKOTOpBIA BbIYET T MO Moaymo p. Kaxkaoe cnoBo AnMHON n npen-
CTaBMM Kak MOCJIe10BaTeNbHOCTb LIEJIbIX YUCEN (3aMEHUB OYKBbI KOJAMM).
OTH yucna OyneM paccMarpuBarh Kak KO3(G(UIMEHTB MHOMOYJIEHA CTe-
neHd n — 1 W BBIYKUCIUM 3HAYEHWE 3TOrO MHOTOYJIeHa MO MOAYJIO P B
Touke r. OT0 M OyAeT oaHa U3 dyHKUMI cemeiicTBa (I KaXKAOW mapsbl
P W T ToJjiyyaercs, TakuM obpa3oM, cBos yHkuus). CHBUr OKOllIKa Ha
| COOTBETCTBYET BLIMMTAHMIO CTAPLIETO YjeHa (2™~ cliefyeT BbIMMCIHUTD
3apaHee), YMHOXEHUIO Ha T U fobaBneHuIo cBoOoaHoro neHa. Crenyto-
liee coobpaxkeHWe roBOPHUT B NOJb3Y TOrO, YTO COBMAAEHHUS HE CIIMILKOM
BEPOSATHBI.

[TycTe yucno p GUKCHPOBAHO U K TOMY ke mpocroe, a X M Y —
ABa pa3iMYHBIX CJIOBA JUIMHOW n. Toraa UM COOTBETCTBYIOT pas/iMyHbIE
MHOrouseHsl (mpeanonaraeM, 4TO KOAbl BCeX OYKB pasiMyHbl — 3TO
BO3MOJKHO, eciiu p 6onbiue yncna Oyks andasura). CoBnaaeHue 3HaYeHHU
($YHKUMM O3HA4yaeT, 4YTO B TOYKE T 3TH ABa Pa3MYHbIX MHOrOYJIeHa
COBIMAJAIOT, T.€. UX pa3HOCTh obpautaercs B 0. Pa3HOCTh eCcTh MHOIOYNEH
cteneHu n — 1 ¥ uMeeT He 6onee n — 1 kopHeil. Takum obpa3om, ecnu n
MHOIO MEHBbLLE P, TO Y Clly4yaifHOro  Majo LIAaHCOB NONAcThk B HEYAA4YHY O
TOYKY.

Konmponsnsie eonpocoi

Y10 noHUMaETCA NMOA NOUCKOM?

KakoBbl 0COOEHHOCTH NMOCNEN0BaTeNLHOrO H OMHapHOro NMoMcka?
KakoBbl 0COGEHHOCTH HHTEPMONALMOHHOIO H GHUOOHAY4YHEBOroO NOUCKa?
KakoBbl 0COOEHHOCTH MOUCKa 1Mo GuHapHOMY nepeBy?

KakoBbl 0coOOeHHOCTH noucka no 6opy M XelwupoBaHHuem?

B ueM COCTOMT METOIMKA aHATH3a CIOKHOCTH aNrOpUTMOB MOUCKa?

B ueM 3ak/r04aeTcs 0COGEHHOCTh AITOPUTMOB MOWCKA CloBeCHOH HHoOp-
mMauuu?

YTo Takoe KomIHu3ua?

Kako#t METOI MCIONb3yeTcs /IS paspelieHUs KONMH3HH?

10. Yro onpenenset rokasaresib c6anaHCHPOBAaHHOCTH y3na aepesa?

11. Ha3oBuTe aNropuTMbl MOMCKA CIOBECHON HH(pOpMaLHK.
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FnaBsa 7

UTepaTuBHbIE U peKypCUBHbLIe
anropuTMbi|

O} heKTHBHBIM CPEICTBOM NPOrPaMMHMPOBAHUA JUTS HEKO-
TOpOro knacca sanad-ssnsercs pekypcus. C ee MOMOLIBIO MOXKHO pe-
LIaTk C/I0XKHbIE 3a1a4H YUCIEHHOTO aHan3a, KOMOUHATOPHKH, aJINOPUTMOB
TPaHCJIALWH, OnepaLuii Hajl CIIMCKOBBIMH CTPYKTYpamu # T.A. [IporpaMMmbl
B 3TOM CJly4ae MMEKT HeOOIbLIKME 00BEMBI MO CPABHEHUIO C UTEpaL1el 1
TpeOyIOT MEHbLLE BPEMEHH Ha OTIIA/KY.
Ilon pexypcueii nonnmator cnioco6 3ananus GpyHKLUMH Yepes camy cebs,
Hanpumep cnoco0 3azaHus pakropuana B Buae

nl=(mn-1)n.

B nporpaMmupoBaHuM NOA peKypcHBHOM npoueaypoit (dyHkuueil)
MOHUMAIOT crocob obpareHus npoueayps! (pyHKUMK) K camoii cebe.

Tlon umepayueii nonumaioT pesynsraT MHOTOKPATHO MOBTOPSEMOV
Kakoii-n1ubo onepauuu, Hanpumep npeacTasneHue Gakropuana B BUE

bl B 3= 4y .

Cpeau wmpokoro knacca 3afad yao6Ho NMpeacTaBisTh ¢ UCMONb30Ba-
HHUEM peKypPCHBHBIX npoueayp (hyHKLUMI) Te 3a1a4u, KOTOPbIE CBOAATCS Ha
Moj3aaa4u TOro JKe TUIMaA, HO MEHbLIEH pa3MepHOCTH.

O6was MeToanKa aHaJIU3a PeKypCHH COAEPXKUT TPHU dTana:

1. TTapameTpusaums 3anaum, 3aKHOYAIOLIAACS B BbIIENEHUU pa3ivy-
HBIX 3/IEMEHTOB, OT KOTOPbIX 3aBUCHT PELUEHUE, B YACTHOCTH PasMePHOCTH
pewaeMoi 3amauun. Ilocne kaxa0ro pekypcHMBHOTO BbI30Ba Pa3MEPHOCTD
JI0JKHA yOBIBATH.

2. Tlouck TpUBMANBHOrO Clly4as M ero pewenue. Kax npaBuno, 310
KJIIO4€BOH 3Tar B peKypCHu, pa3MEPHOCTD 3a1a4M NPU ITOM 4acTo paBHa 0
um 1.

3. Jlexomno3uuus o6Liero ciyyas, UMeroLIas LebK NPUBECTH 3a1a4y
K OJIHOM MJIM HECKOJIbKMM 3a/1ayaM TOrO K€ THMa, HO MeHblueH pazmep-
HOCTH.

PaccMOTpuUM NMOHATHE TEPATUBHONO M PEKYPCHBHOTO arOPUTMOB Ha
npuMepe BelYMCIeHUs (pakTopuana.
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[ 4
WUTepaTtuBHbIN anroputm

Haubonee npocToii 1 ecrecTBeHHO# (hPOpMOii NpeacTaBiieHus
UTEPaTHBHOTO aJIrOPUTMA MPHU peasi3alMi Ha KOMIbIOTEpPE ABNAETCHA €ro
OMHCaHHe C UCTIOJIL30BAHHEM LIMKJIA.

PaccMoTpuM anroput™ UTEpaTMBHOIO AINOPUTMA BhIYUCIIEHHSA (akTo-
puana n!
B cooTtBeTcTBUM ¢ onpesieneHueM PyHKUMH ! uMeeM

" i ecnn n=0;
I O b SRt Sl R e

BHauane B 3aBUCMMOCTH OT TE€KyLIEro 3Ha4€HUsl MPOMCXOAUT BbIOOpP Cro-
coba Boluucnenus n!. Ecau n =0, 10 nepemenHas fctrl npuHumaer
3HadeHue 1. Ecnun n # 0, B UMKIIe BblYUCSETCS Npou3BeaeHue 1-2-...-n.
[lepeMeHHas i — 3TO NapaMeTp LKKJIA, KOTOPbIH NMOCIEA0BATENBLHO NPHHH-
MaeT 3HaueHus 2, 3, 4 ¥ T.A. 10 7 BKJIOUYUTENbHO. [{ns KaXaoro sHa4yeHus
napameTpa UHKJIa BbIMONHAETCS TEI0 LUKJIA:

fetrl:= fetrl*i.

IMocnenosarenbHOCTE UTEpaLMii uMKia Ans n = 6 nokaszasa B Tabn. 7.1.

IMox wrepaumeii uukna OyeM NOHUMATD BbINOJIHEHHE TeJA LMKNA V1S
KOHKPETHOIO 3HaYeHUs MapameTpa LMK,

IMporpamma coctouT K3 npouenypbi-pyHkuun FACTORIAL u ocHoB-
HOJ nporpamMmbl. B 0CHOBHO#1 nporpamMme NPOMCXOAMT BBOJ 3HaYeHus IV,
BbI30B Mpoueaypbl-QyHKUNH U Neyars pesysbTara.

{WreparusHoe BbluKcnenue dakropuanal

PROGRAM FI;

VAR

FAC: LONGINT;

N: INTEGER;

{ Dynkums sbiuucnenus dakropuana}

FUNCTION FACTORIAL (N: INTEGER): LONGINT;
VAR F: LONGINT;

I: INTEGER;
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Tabnuua 7.1

Tlowarosoe Boiuucaenue pakropuana

7.

Wrepaunn Cocrosinue
1 fetrl n
1-5 urepauus 12 i : "
i<n- fetrl:= fetrlxq
2 2 6
2- [ g
A HTEepaLus =141 . % ; "
i<n— fetrl:= fetrlxq
3 6 6
3' 4 PEKE
| u?-epauml i:=1+1 | Y g ;
i<n- fetrl:= fetrlxd
4 24 6
4-3 urepaums t:=1+1
i<n— {fct'rl = fetrlxq . - o
9 120 6
5-1 urepauus i=i+41
i<n— {fctrl = fetrlxq 6 S 2
6 720 6
BEGIN
IF (N=0) OR (N=1) THEN FACTORIAL:=1 ELSE
BEGIN
P=l;
FORIL:=2TON DO
F:=F*I;
FACTORIAL:=F;
END;
END;
{OcHosHnas nporpamma}
BEGIN
WRITELN ('BBEIUTE 3HAYEHUE N”)
READLN (N);

FAC:=FACTORIAL(N); {Bsi3oB ¢yuxuuu FACTORIAL}
WRITELN( ®PAKTOPHUAII =’, FAC);
READLN;

END.
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[ i %
PeKkypcuBHbLIN anroputm

PekyppeHTHbIE COOTHOLLEHHS 0BOBHO YacTO BCTPEYaKOTCs
B MaTE€MaTH4YECKUX BbIpaKEeHUAX. PeKypcus B onpeaeneHHH COCTOUT B TOM,
4TO ONpeaesseMoe NMOHATHE ONMpPEeaesSeTCs Yepe3 camo 3TO noHsTue. Pe-
KYPCHS B BBIYMCIIEHHAX BBICTYNaeT B opMe peKy ppeHTHBIX COOTHOLUEHHHA,
KOTOpbI€ MOKA3bIBAIOT, KaK BBIYUCIUTH OYEpEeJHOE 3HAYEHHE, MCMOJb3ys
npeabiayLHe.
Hanpumep, pekyppeHTHOE COOTHOLLEHHE Z; = T;_9 + Tj_1,TAex] = 1,
T = 2, 3a/1aeT NPaBUJIO BHIYUCIIEHHS TaK Ha3biBaeMbIX unces PuboHayym.
JpyruM npuMepoM peKkyppeHTHbIX COOTHOLIEHHH MOryT CIYXXHMThb
NpaBuJia BbIYKCIIEHUS YJIEHOB apH(PMETHUYECKOH NpOorpeccuu

an+1 = apn +d,
rae d — pa3sHOCTh NPOrpeccHy, 6O reoMeTpUYECKOi NporpeccHu

an41 = qan,

rae ¢ — ko3¢ dULUHeHT nporpeccuu.
PekypcuBHOe npeactaBineHue pakroprana MMeeT BUAL:

nl=(n-1)!n.

[TpoBenem aHanu3 pekypCMBHOTO BbIYHC/IEHHS (aKToprana.

1. TTapametpu3sauus. B naHHOM cnydae UMeeTCs BCEro O/IMH MapaMeTp
n — LeJI0e YHUCIIO.

2. TMouck TpuBmansHoro ciy4das. Ilpy n =0 wim n = 1 3HaueHue
¢dakTopHana paBHO 1, 4TO COOTBETCTBYET BBIXO/Y M3 PEKYPCHH.

3. JlekoMnio3uius obuuero cayyas: n! BEIYMCNAETCA Yepe3 MEHbLIYIO
pa3MepHOCTB 3TOi e 3anaun (n — 1)

[MokaxkeM anropuT™ BeluMcieHus pakropuana aia n = 4 (puc. 7.1).

CHayana oOpasyeTcs Tak Has3blBaeMblii peKypcuBHbIH ¢peiim 1 npu
n = 4. @peiim — CTPYKTypa, COAepxallas HEKOTOPYK WH(OopMauuio.
Jlns 3Toro ¢peiiMa OTBOAUTCA NaMATh M B HEM (PUKCHPYIOTCS BCE 3HAYEHUA
nepemeHHbIX Tena GyHkunu npu n = 4. OTMETHM, 4TO B PEKypPCHBHOM
dpeiiMme (PUKCHPYIOTCS 3HA4Y€HHs BCEX TNEPEMEHHBIX (yHKUHH, Kpome
ro0anbHbIX.

3arem npoucxoauTt Bei3oB Factorial(n) npu n = 3. O6pasyertcs dpeiim
2, rae (pUKCHPYIOTCS 3HAYEHHs MepeMeHHbIX Tena (yHKUMH npu n = 3.
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®penm 1

n=4 o nnes (T g e . »
if n>0 then Factorial:= Factgrial(3)*4
else Factorial:=1

....................

®peinm 2

il R
if n>0 then Factorial:= Factqrial(2)*3
else Factorial:=1

Vg
& :
o R R
n=2 E......i. ....... E I
if n>0 then Factorial:= Factqrial(1)*2
else Factorial:=1 &
i
LRI
®penm 4
IR l
if >0 then Factorial:= Factarial(0)*1
else Factorial:=1 &
|
v :
T SRR e R
n=0 ;
ifn>0then |

else Factorial:=1

Puc. 7.1. PexypcuBHoe BblMHCIeHHE (pakTopHana

I[Tpu 3ToM dpeiiM 1 Takxke xpaHuTcs B namati. U3 dpeiima 2 nporcxoaut
obpauenune k Factorial(n) npu n = 2. B pesynsrare 310r0 obpalueHus
obpasyercs ¢peiiM 3, rae QukcHpylOTCA 3HAY€HHs MNEPEMEHHBIX Tena
GYHKUMH MU . = 2 ¥ T.A. JI0 TeX MOp, MOKa MPH O4epeAHOM 00paLIEHHH K
¢yukuuu Factorial ycnoeue n > 0 He npumer 3HaueHue false.

D10 npousoiiger B ¢peiime 5. B atom (peiime nosyuuM 3HaueHHe
Factorial = 1 u nepefaauM 310 3Ha4eHKe B Gpeiim 4.

TMocne atoro dpeitMm 5 OyaeT yHHYTOXKEH, Tak Kak oOpauieHHe
Factorial(n) npu n = 0 Gyaer BbINMONHEHO.
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B ¢peiime 4 Beruncinm 3nauenne Factorial(n) qns n = 1. TMocne storo
Nepesaanm 310 3HaYeHHe BO dpeiim 3, a ppeiiM 4 GyneT 3akphIT, Tak Kak
obpawenue k Factorial(n) npu n = 1 6yaer 3akoHueHo.

Tak Oyner cBopaumBarbes Lenouka QpeiiMoOB B MOC/IE0BATENBHOCTH,
00paTHOH TOM, B KOTOPOii MX MOPOXIAH, N0KAa HE CBEpHEM dpeiim 1.
Ilocne aToro BeuKcneHue (yHKIMH OYIET OKOHYEHO.

[Tporpamma pekypcHBHOrO alropuT™Ma BeluKcieHus (akropuana 6yaer
MMEThb BUJI:

{ PexypcuBHoe Bblumcienne gpakTopuana}
Program FR;
VAR
fac: longint;
n: integer;
{ OyHkuMs BbluMCneHns dakTopuana}
Function factorial (n: integer): longint;
Begin
If (n=0) or (n=1) then factorial ;= 1
Else factorial := factorial (n-1)*n;
End;
{OcHoBHas nporpamma}
Begin
Writeln(’BBeauTe 3HayeHue n’);
ReadIn(n);
fac: = factorial(n); {Bbi3oB pynkunn FACTORIAL}
Writeln(’dpakropuan = ’, fac);
Readln;
End.

DyHKUMSA BbIUMCIIEHUs aKTOpUana UMeeT clelyrole 0COOEHHOCTH:

e MPYU BBIYMCIIEHUH (akTopHaia NMPOUCXOAUT oOpaiieHue yHKLHH
K camoii cebe (MOAYEPKHYTO B BBIPAXXEHHHM), HO ¢ MEHBLUMM 3HAYEHHEM
apryMeHTa n — 1 no cpaBHEHHUIO C MEePBbIM BHI3OBOM 7

factorial := factorial(n — 1) * n;

e [PH BBIYUCIIEHHH (haKTOpHaa He UCTIONB3YETCS LIMKJI, YTO ABNSETCS
CYLLEeCTBEHHOH 0COOEHHOCTBIO pEKYPCHBHOIO arOpHTMa.

PaccMOTpHM nociie10BaTeNbHOCTb AEHCTBHUI PH peKypPCHBHOM BbIYH-
cneHuu akropuana s n = 3:

1) BHELIHMIi BBI30B M3 OCHOBHOM nporpammsl factorial(3);

2) nepBblii pekypcuBHbIi BbI3oB factorial(2) B oneparope

factorial := factorial(n — 1) x n,

rae He MPOUCXOAT HUKAKHE BbIYHCIIEHHS — TOJIBKO BbI30B (MOAYEPKHYTO);
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3) Bropoii pexypcuBHblii Bb30B factorial(1);

4) nonyyenue 3Hauenns factorial(1) :=

5) BO3BpaT U3 BTOPOro PeKypCHBHOTO BbI30BA U BblUHC/IeHHE (hakTopu-
ana factorial(2) := 1%2 = 2;

6) BO3BpaT M3 NEPBOTO PeKyPCHBHOIO BbI30Ba M BbIYHCIIEHHE (aKTOPH-
ana factorial(3) :==2%x3 =6;

7) BO3Bpar B OCHOBHY1O nporpammy fac := 6.

3ameyanue B nporpaMMmy peKypCHBHOIO BbIYHCIEHHA (PAKTOpHANIA MOX-
HO 100aBUTL CTAHAAPTHYIO (PYHKLIMIO TEKYLIEro BpeMeHH

GETTIME(Var Hour, Minute, Second, Sec100: WORD).

7.3,
PekypcuBHbIe CTPYKTYpPbl AaHHbIX

Cnucok — Habop 2JIeMEHTOB, PacroJIOKEHHbIX B ONpeAe/eH-

HOM MOpPsAJKE.

CnMcoK O4epeIHOCTH — CMHMCOK, B KOTOPOM MOCHEAHWI MOCTynao-
LIMid 37IeMeHT J00aBNAETCA K HW)KHEH 4acTyu crnucka.

Cnucok ¢ HCroNb30BaHMEM yKa3aTresieid — CIMCOK, B KOTOPOM KaXK/1bli
3NIEMEHT COAEPXKMUT yKa3aresb Ha CNe/ly oLl IEMEHT CITUCKA.

OnHoHanpas/ieHHbIH ¥ ABYHANpaBieHHbIA CMIMCOK — 3TO JIMHEHHbIN
CMHCOK, B KOTOPOM BCE MCKJIIOMEHHS U JI00aBIeHHUs MPOUCXOMIAT B JIIOOOM
MEeCTe CMHCKa.

OpnHoHanpaB/ieHHbIH CUCOK OTJIMYAeTCs OT By HANPaBA€HHOro Chuc-
Ka TOJILKO CBA3bI0, T.€. B OJHOHANPABIEHHOM CIIUCKE MOXKHO NepeMeLLaThCs
TOJILKO B OJIHOM HanpaBjieHMH (M3 Hayajla B KOHell), a B JByHarpaBJCH-
HOM — B Jito6oM (puc. 7.2).

10—%.!20— 3 |+ 4 |+ 5

1 4 2 <« 3 <> 4 «> 5

6
Puc. 7.2. OnHoHanpaBieHHBIA U JBYHaMpaBAeHHbIA CIIHCKH
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Ha puc. 7.3 u 7.4 nokasaHo, kak 100aBnseTcs W yansercs 3MeMEHT U3
JByHanpaslieHHOro cnucka. [1pu nobasnenuu HoBoro snemeHTa (0603Ha-
yeH V) cBasb oT 3 uzeT k N, a-oT N k 4, a cBa3b Mexay 3 u 4 ynansercs.

B onHoHanpaBneHHOM cnucke CTpykTypa A00aBneHHs W yJaJieHus
TaKas ke, TOJIbKO CBA3b MEXY eMEHTaMH OIHOCTOPOHHSIS.

...................

...................................

\ /
: \ /
A\ / \ 7 N\ 7
\5,\\// LW \,Q
\/
1 > | 2 | > | 3 |[TeH | 4| o | 5
/ T X o
/ \ ? 4 X' \
/ \
’ \

Puc. 7.4. Ynaneuue 3neMeHTa U3 CriMckKa

Ouepedb — TN JaHHBIX, TPH KOTOPOM HOBbIE JAHHBIE pacnoiaralTcs
C/IeIOM 3a CYLIECTBYIOLUMMHU B MOPSAKE MOCTYIUIEHHUS; MOCTYMUBLUKHE
NEPBLIMH JaHHBIE NPU 3TOM 00pabaTbiBalOTCs NMEPBLIMH.

Ouepeb HHOTIA HA3BIBAKOT LIMKIIMUYECKOM MaMATHIO UJIM CITUCKOM THMNA
FIFO («first-in-first-out» — «nepBeIM NMpHLLIEN — NepBbIM 00CTyXKHBaeT-
csn). JIpyruMu clioBaMHM, Y o4Yepesid eCTb 'oJioBa U XBOCT.

B ouepenu HOBbIA 3neMEHT JA00aBnsAeTCs TONBKO € OAHOMO KOHLA
(puc. 7.5).

Bknouynuts WeknouuTs

Hauyano | 1% Brtopon H—'[ Tpetn | &> KoHey

Puc. 7.5. Ctpykrypa ouepeau
104



YnaneHue aneMeHTa NPOMCXOAMT Ha ApyroM KoHue. B naHHoM ciyuae
3TO MOXET ObITh TOJNBKO 4eTBepThIi dneMeHT. Ouepeab — Mo CyTH OJ-
HOHaNpaBNeHHBIH CMHUCOK, TOJBKO A00aBNEeHHE U UCKITIOYEHHE 3IEMEHTOB
MPOMCXOAMUT HA KOHLIAX CMUCKA.

Cmex — NUHEHHBII CIUCOK, B KOTOPOM BCE BKJIKOYEHHS U MCKIIIOYe-
HUS JenalTcs B oaHOM KoHue crmucka. Crek HasbiBatoT (push-down)
CMUCKOM, PEBEPCHBHOM NaMATHIO, FHE30BOH MaMATBIO, MarasnHOM, CIHc-
koM tuna LIFO («last-in-first-outy — «mocneaqHum npuiuen — nepBbIM
obcnyxusaercs»). Crek — vacte namsatd O3Y xommnbroTepa, KOTO-
pas mpeJHa3HayaeTcs 111 BPEMEHHOro XpaHeHust 6aiToOB, HCMOJb3YyEMbIX
MHUKpornpoLueccopoM. JIeHcTBUSI CO CTEKOM MPOM3BOAATCSA MPH MOMOLUM
perucTpa ykasarens creka. Jlroboe noBpexxaeHHe 3TOiH YacTH NaMATH NpHU-
BOJMT K (haTanbHOMy cOO10.

Jloruueckas CTpyKTypa cTeka npe/cTaBieHa Ha puc. 7.6.

BkniounTs B Bropown Tpetui
epx | e——» o o—+—» Hus
UckniouunTb P cBepxy cBepxy

Puc. 7.6. Ctpykrypa creka

BaxHeiune onepauum A0CTyna K CTEKY — BKJIKOYEHHE DJIEMEHTOB U
UCKJIHOYEHHE 3JIEMEHTOB — OCYIUECTBIAIOTCA C BEPLUMHBI CTEKA, NMPUYEM
B KaXIblii MOMEHT I MCKJIIOYEHWS WIIM BKJIFOYEHHUS AOCTYINEH OAMH
3NEMEHT, HaXOAALMICA Ha BEPLUMHE CTeKa.

BepuinHa cteka agpecyercs ¢ MOMOLUBIO CIELUAILHOIO yKasaTels.
JIna BKJIIOYEHHMS HOBOTO 3MIEMEHTa B CTEK YKasaTeslb CHayaja rnepeme-
LIAeTCA «BBepX» (BO3MOXKHA M JApyras KOH(uUrypauus creka, Korjaa cTek
«HAACTPaMBAETCA CHU3Y») Ha JUIMHY CJOTa, WM sYEiKH, a 3aTeM 1o 3Ha-
YeHHIO yKaszatens (MHAeKkca) B CTEeK nomMelyaeTcss MHGopMalus O HOBOM
aneMeHTe. [1pu MCKIKOYEHUH 3TIEMEHTA M3 CTEKA CHavasla NMpoYHUThIBAETCS
nHbopMaLus 00 UCKITKOYAEMOM 3JIEMEHTE M0 3HAYEHUIO yKa3aTens (MHAeK-
ca), a 3aTeM YyKa3aTe/b CMeLlaeTcs «BHU3Y» (WM «BBEepX» NMpH oOpaTHOii
KOH(Urypauum cTexka) Ha oauH cyoT. CTek cYMTaeTcs MmycThbiM, €CJIM yKa-
3aTesib CMELUEH «BHU3» Ha JMHY OAHOH A4YelKH OTHOCHTEIBHO HUXKHEN
rpaHuupl cteka. CTek CUMTAeTCs MOJIHBIM, €C/TU BEPLUMHA CTeKa (yKa3arTeb
CTEKa) COBMEILLAETCs C BEpXHeil rpaHuLen cTeka.

Mpumep 1. Iycts umeeTcst MHOXKeCTBO aneMeHTOB {1, 4, 6, 9}
K CTEKy NMpUMeHeHa nocnenosarensHocts onepauuii: (I, I, O, I, O, O,
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I, O), rae cumBon I o3nayaer 3anuch eMEHTa B CTek, a cumpon O —

CYUTBIBAHHME JNIEMEHTA U3 CTEKA. DTarbl BLINOTHEHHS ONEpaLHii MokasaHbl
Ha puc. 7.7.

@ @@4 @ 64}1__9164&79164
JENIENERIER D

Puc. 7.7. Dransb! BeINONHEHUs Onepanmii

Hek (cTek ¢ IByMs KOHLAMH) — JIMHEHHBIH CMUCOK, B KOTOPOM BCE
RKJIFOYEHHS U UCKITIOYEHHS JieNaroTcs Ha 00oux KoHIax crnucka (puc. 7.8).
Clue OAMH TePMHH «apXuB» TNPUMEHAJCS K AEKaM C OrpaHUuYeHHbBIM
BBIXOJI0M, a JIEKH C OrPaHHYEHHBIM BXOAOM Ha3bIBAIH «MEPEYHIMMY», HITH
«peecTpammy.

BrrouuTtb Bknouutb
unu nnu
UCKIIOYUTL WUCKIIOYUTL
NeBbin b . Bropoi % Bropon i Mpasbin
KoHel cnesa cnpasa KOHeL

Puc. 7.8. Crpykrypa neka

Huknuuecku ceaszanuslil cnucok obnanaetr Toi 0COOEHHOCTHIO, YTO
CBSI3b €r0 MOCJIEAHEr0 y3/1a UAET Ha3al K NepBOMy Y3y cnucka (puc. 7.9).

2 o1 o ) | g I*—

Puc. 7.9. CtpykTypa UMKIMYECKH CBA3AHHOIO CMHCKA

B 3TOM ciiy4yae MOXHO MOJYYHTh AOCTYN K JIIOOOMY 3/I€MEHTY, Haxo-
JALIeMYCS B CIKCKE, OTNpaBssach oT Noboit 3agaHHoi Touku. [Ipu aTom
He MPUXOAUTCS Pa3nuyarh B CIUCKE «MOCAEIHUIT» MW «MepBBIAY y3e.
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7.4.
Buabl o6xopna
OMHapHbLIX AepeBbLEB

Ha6op cnoco6a 06xo/1a iepeBa n03BoseT BBECTH OTHOLLIEHHUE
nopsaka Ui y310B iepeBa.
Haubonee pacnpoctpaHeHsl Tpu cnocoba obxoja y3noB Jepesa
(puc. 7.10), KOTOpBIE NOAYUMIH CIIEAYIOLIHE HA3BAHUA:

e 00x0/1 B HanpagpieHHH ciieBa Hanpaso (00paTHbIi NOPAAOK, HHPHUKC-
Has 3arnuchb);

e CBEpXy BHU3 (MpAMOii NOpAAOK, NpeUKCHAs 3aMnCh);
e CHU3y BBepX (KOHLIEBO# MOPAJOK, NOCTPUKCHAA 3AMUCH).

K KNN (KopeHb — NeBas — MNpasas BepLumnHbl)
Mpsamon o6xopn + AB (npedmkcHan 3anuch)

NKN O6patHbih 06xon A+B (MHpUKCHaR 3anuce)

n n
o o NNK KoHueson o6xon AB+ (NnocTduKCHas 3anucek)

Puc. 7.10. Tpu pazanunsix 06xo0/1a 1o GUHAPHOMY JEPEBY U COOTBETCTBYIOLIKE (POPMBI

B pesynsrare obxona aepesa, npuBeaeHHOro Ha puc. 7.11, nopoxna-
I0TCS CIEYIOLLKE MOCNE0BATENILHOCTH MPOXOXKACHHS Y3/I0B:

abedefghi (npsmoit nopaa0k);
cdbfhigea (xoHueBOii NopsaIOK).

PexypCHBHO MOXCHO NpeCTaBUTL HE TOMBLKO AJIFOPUTM pelleHus 3aa-
uu, HO K obpabarbiBaeMyio HHDOPMaLHIO.

IMpumep. [Nycrs 3anaHo apudmeTHUECKOE BbIpaXKEHHE
(A= B)+C) + (D/(E"))).

B0O3MOXXHO OnMCaHue 3TOro apH(PMETHYECKOro BbIPAXKEHHA C MOMOUIbIO
OGunapHoro aepesa — puc. 7.12.

JIns npoxoXAEHHs 3TOro Aepesa B NPAMOM MOPsAAKe HaYHHAEM C Kop-
Hs (y3en +). 3arem npoiiaemM B nNpAMOM nopsake nesBoe nomaepeso (c
KOPHEM, NMOMEYEHHBIM *) W Janee npaBoe Nojaepeso B MPAMOM MNoOpsakKe
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Puc. 7.11. Cnocobsl o6xona GunapHoro aepesa

Puc. 7.12. BuHapHoe aepeBo Uis ONUCAHHA apH(METHYECKOIO BhIPAKEHH

(c kopHeMm, nomeueHHbiM /). TIpoxoxaeHue JIEBOro noaaepesa B NpAamMoM
Mopsiike HAYMHAETCs C KOpHA (TIOMEYEHHOro *), 3aTeéM ClieAyeT npsiMoe
MPOX0X/IEHHE ero JIEBOro NnoepeBa (Nopox/atoliee nocie0BaTelbHOCTb
—AB) w nanee npasoro noajepesa (nocienosarensHoctb C). TTostomy
BCA 10C/EA0BATebHOCTb, NOPOX/aaemMas NMPOXOXKIEHHEM JIEBOrO Mojje-
peBa OCHOBHOIO KopHs, Gyner *—ABC. AHanoru4Ho nmpoxokaeHue B
NPAMOM TOPSAKE NPABOro MOJIEPeBa C KOPHEM, TTOMEUEHHBIM /, MOPOX/a-
et nocnenosarenbHOCTh /D % * EF', Takum 06pa3oM, NPOXOXKAEHHE BCETO
JiepeBa B MPAMOM MOPsAKE MOPOKAAET MOCEN0BATENBHOCTD

+ x—ABC  |D*xEF
K JI I .
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[TpoxoraeHue 3Toro Aepesa B 00paTHOM W KOHLIEBOM MOpsAAKaX Mopo-
)KJ1aeT COOTBETCTBEHHO MOCJIEI0BATENBHOCTH!

A-BxC + DJ/Ex+F
J K 1

AB-Cx DEFxx] +
! I K

(nHUKCHas);

(nocrdukcHas).

3aMeTHM, YTO BO BCEX TPEeX BBIPAKEHHUAX MOPAAOK BXOXKAEHHUS nepe-
MEHHBIX COBMAaJaeT; MEHAETCA TOJNBLKO MOpAAOK 3HakoB onepauuii. Tlpu
3TOM HY OJIHO W3 3THUX BbIpakeHU He uMeeT ckoOOK, U, TakuM 06pasom,
€C/IM He 3a/laHbl NpaBuIIa NPUOPUTETA, 3HAYEHUE NMPUBEAEHHOTO BbILLE Bbi-
paxceHUsi B MHPUKCHOM dopme Helb3s BBIYUCIUTD OJHO3HAYHO.

Jna GunapHoro aepeBa Ha puc. 7.13 umeeM cneayioliMii NopsaoK
obxoza y3no0s:

ABFHGIJKCDE — nns npamoro o6xoza;

HFBGJIKACDE — nns obparHoro o6xoza;
HFJKIGBEDC A — nns koHuesoro o6xoaa.

P_’lAl
i, ichy: b \
Bl @|C
@|F |G @|D
GIH|@ / D|E|D
2|J|2 @I\ K|@
6

Puc. 7.13. Tlpumep noruyeckoit CTpykTyphl (@) M CNMCKOBOrO npeacrasicHus (6)
GunapHoro aepesa

Koumpaonensie éonpocet

1. Y70 nowumaercs noa pekypcueit u urepaumeii B maremaruke?
2. KakoBbl 0COGEHHOCTH HTEPATHBHOIO aropuT™Ma’?
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3. KakoBbl 0COGEHHOCTH PeKYPCHBHOTO aropUTMa?
B uem cocTouT MeTonuka ananu3a peKypcHBHOTO anropurma?

5. B kakux ciyyasx uenecoobpasHo HCNoNb30BaTh PeKypCHBHbIH MM uTepa-
THBHBIA anropuT™?

6. TIpuBenuTe NpUMeEpbl HTEPALIMK H PEKYPCHH.

7. Bce NM A3bIKM NPOrpaMMHMPOBAHHA NAIOT BO3MOXHOCTH PEKYypPCHBHOMO

BbI30Ba npoueayp?

Ykaxurte Bubl 006xo1a OUHAPHBIX J1€pPEBbEB.

[TpuBennTe npumep pekypcHBHON CTPYKTYPbl JAHHBIX.

10. Yro Takoe yka3arenu M AMHAMHYECKHE MEPEMEHHbIE B ANNOPHTMHUUYECKHX
A3bIKax?

s

o g0

Flnhasa 8

OcHoBHble onpeaeneHusn
Teopuu rpacosB

Teopus rpados naer npocToi, AOCTYMHbIA U MOLHBIA MH-
CTPYMEHT MOCTPOEHUA MoJiesielt U pellueHHs MHXKeHepHbIX 3aaa4. B HacTo-
slllee BpeMs CyLIeCTByeT MHOXeCTBO npobnem, rae Tpebyercs mocTpoUTh
C/IOJKHbIE CHCTEMbI C MOMOLLBIO OMpE/eNIEHHOro YNopAAOYeHus UX ane-
mMeHTOB. Cr0/1a OTHOCATCA MNJIaHMPOBaHHUE NMPOMBILLJIEHHOrO NPOM3BOACTBA,
3a/la44 TEOPUHM CeTeBOro riaHupoBaHus W ynpasnenus (CITY), Taktu-
YeCcKHe M JIOrM4eckHue 3aaadu, npobiemMbl MOCTPOEHUSA CHUCTEM CBA3U U
MCCeq0BaHus NMPOLECCOB nepeaaun MH(popmauuu, BeIGOp ONTUMANBHBIX
MapLIPYTOB ¥ MOTOKOB B CETAX, METO/IbI TOCTPOEHHS ANEKTPUYECKUX CETe,
3a71aud WAeHTUHHUKALMK B OpraHM4ecKoit XUMHUH U cnocobbl MOCTPOEHUs
nepekouaTebHbIX cXeM. TakuMU ke ABNAKTCA 60110 KPyT SKOHOMH-
yeCcKHX 3a1au, npobreMsbl BbIGOpa CTPYKTYpbl COUMANIBHBIX MPY I, UTPOBbIE
3a/]auM ¥ rOJIOBOJIOMKM M T.A. Takum obpasoM, 061acTb BO3MOXKHBIX MPH-
MeHeHH#t Teopuu rpadoB O4YeHb LIMPOKA.

I'pap (cets) G = (V, E) cOCTOUT U3 KOHEYHOTO HEMYCTOr0 MHOXe-
cTBa M BeplMH (M > 1) ¥ KOHEYHOr0 MHOXKECTBA 72 HEYNOPAAOYEHHBIX
nap anemeHToB (u, v) (n > 0), Ha3biBaeMbIx pebpamu (puc. 8.1).

JBe BEpPIIMHBbI U ¥ ¥ SABIAIOTCA cMedcHuimu, ecnu B rpade G cyuie-
cTByeT pebpo (u, v); B NPOTUBHOM ciyyae u U v Hezasucumel. T1po pebpo
(u, v) Tak)Ke TOBOPAT, YTO OHO UHYUOCHMHO BEPIIMHAM U U V.
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Puc. 8.1. I'padosas crpykrypa

TIpuBeaeM OCHOBHbIE ONpeae/IEHHS.

I'pad Ha3bIBaeTCA @bIpOIHCOCHHBIM, €CIIH Y HErO HET pebep.

I'pad Ha3biBaETCS CEA3HBIM, €CITU 115 THOOBIX ABYX BEPLUMH CYLLIECTBY-
€T MyTb, COeAUHAIOLLMI 3TU BEPILIUHBI.

[NMoarpad HasbiBaeTcs ocmosHbIM nodzpaghom, ecni MHOKECTBO €ro
BEPLUMH COBIMAJAET C MHOXKECTBOM BEPLUHH HCXOAHOTO rpada.

I'pansio zpagha, n306pa>keHHOroO Ha HEKOTOPOIi MOBEPXHOCTH, Ha3bIBa-
€TCsl YacThb MOBEPXHOCTH, OrpaHuueHHas pedpamu rpada.

IMycmeim HnaseiBaetcs rpag 6e3 pebep;

Honneim HasbiBaeTcs rpad, B KOTOPOM Kax/ible JBe BEPLUWHbI CMEX-
Hble (puc. 8.2).

Puc. 8.2. ITonuslii rpad

I'pad Ha3bIBaETCA NMOMAHBIM, €CNU Ka/ble ABE pa3iMuHbIe BEPLUWHBI
€ro CoeIMHEHbI OTHUM U TOJILKO OJJHUM pebpoM.

Mocm — Tovka couneHeHus rpada, yaaneHue KOTOpoid (M Bcex
MHLMAEHTHBIX el pebep) YyBEJUYMBAET YMC/IO KOMIIOHEHTOB CBSI3HOCTH.
Hanpumep, ecnu ceTh NnocTaBieHa B COOTBETCTBUE KOMMYHHWKALMOHHBIM
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JIMHHAM (TPAHCTOPTHBIE CETH, JMHUH JNEKTPONepeaauu, TenedoHHbIe

JMHHM M TI.), TO YAaleHHe MOCTa W3 CETH COOTBETCTBYET Pa3pbiBy
KOMMYHHKauu# (puc. 8.3).

4
Va

Puc. 8.3. Bucayas v1 ¥ H30/1MpOBaHHAas Vs BEPILMHBI

PeGpo, coeannsioLLee BepLIMHY camMy ¢ co00ii, Ha3bIBaeTCA nemaeil.

Ecnun ceTb COCTOUT W3 KOHEYHONO MHOXECTBA BEPLIMH ¥ MHOMXECTBa
y MOPSIZIOYEHHBIX Nap [u, v] pa3NMyYHBIX BEPLUNH, TO TaKas CETh Ha3bIBaeTCs
opuenmuposannoii (opzpagom) (Hapuc. 8.4V (G3) = {u, v, w, z, y, 2}
nE(Gs3)= {[u’ U]: [U7 w]a [v, z], [.’L‘, w]’ [w, y], [w’ z]a [za ’U]}

u X
x o
v w y
Ga
z

Puc. 8.4. Oprpag

Ipu paborte ¢ opueHTHpoBaHHO# cethio G = (V| E) anementsl V
0OBIYHO HA3bIBAKOT y31amu, a snemeHtsl £ — dyeamu. Ecnm [u, v] —
Jlyra OpMEHTHPOBAHHOI CETH, TO Mbl TOBOPHUM, YTO u — JIeBblii cocea v, a
v — MNpaBbIil cocel u.

B OonblIMHCTBE NPUMEHEHUI MOXKHO Oe3 MoTepu CMbIC/IAa 3aMEHHUTD
HEHArpaBJIEHHYO AyTy Ha AByHanpaBleHHYIO, a ABYHANMpPABIEHHYIO — Ha
JIBE€ OJIHOHAINpaBJieHHbIe AyTH, HalpUMep Tak, Kak NOKa3aHo Ha puc. 8.5.
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Puc. 8.5. Jlyru rpada

B3eewennan cemp — 310 Takas ceThb, pebpaM MM ayram KOTOpO#
NOCTaB/EHbI B COOTBETCTBUE ACHCTBUTENbHbBIE YACIA UJTH BEJTMYUHBI, IPU-
HUMaloLLKE AeicTBUTENbHbIE 3HaYeHHs (puc. 8.6). [1pu nuzobpakeHuu cetu
BECa MJIM BeCOBbIe KO3 PULIMEHTHI He 0053aTeNbHO AOHKHBI COOTBETCTBO-
BaTh MaciuTtaly u3obpakeHus.

14

17
11

6

Puc. 8.6. B3BewenHas cetb

Ecnun e BepluMHBl coeauHsAOTCA Gonee 4em onHUMM pebpom, To
Takue peOpa Ha3bIBAIOTCA KpamHsIMu, UIM myasmupebpamu. Tpad
C KpaTHbIMM peOpamu Ha3bIBalOT Myasmuzpaghom, rpad ¢ KpaTHbIMH
pebpaMu ¥ NeTnsMu — nceeoozpaghom.

8.1.
U3omopduam rpachos

JIBa rpada Ha3bIBAIOT WU3OMOPEHBIMU, €CIIH CYLUECTBYET
B3aUMHO-OJHO3HAYHOE COOTBETCTBME MEXAY WX BEPLUMHAMH, @ HMEHHO:
4yucio pebep, COeAMHAIOLLMX JItOOble ABe BEpLUMHBI OAHOIO rpada paBHO
yucny pebep, COEAMHAOLIMX COOTBETCTBYOLLME BEpPLUMHBI ApYroro rpada.
Tpu rpada uzomopdHsl (puc. 8.7) npu COOTBETCTBHUH:

APy 0B apaRypn€' Tl « \Dr @ B 0 F U
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Puc. 8.7. Uzomopdusie rpadei

[Tonsatue muzomopdusma uia rpadoB MMEET HarsAAHOE TOJIKOBAHHUE.
IMpencraBuM pebpa rpadoB 3MaCTHUHBIMK HUTSAMH, CBA3BIBAIOLIMMHU Yy3-
nel-BepiuuHbl. Toraa n3oMopgu3M MOXKHO NPEACTaBUTh Kak NepeMeLlieH e
y310B W pactskenne Huteil. TTokaxkewm, uto cnenyrowme asa rpaa Ha
puc. 8.8 uzomopdHsl.

d C g

a b ] f
Puc. 8.8. Uzomopdusie rpads

IleiicTBUTENbHO, OTOOpaxeHne a «» e, b« f, c > g, d & h, aBnsito-
uieecs H30MOp(HU3MOM, NETKO NMPEACTABUTL Kak MOAM(MUKALMIO NEPBOro
rpada, nepeaBUraioLLyto BepuiuHy d B LEHTP PHCYHKa.
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8.2.
CreneHb BeplunHbI rpada

Cmenens eepuunst v, obo3zHavyaemas kak d, wmm deg(v),
paBHa 4uciy peGep, MHUMAEHTHbIX BbIOpaHHON BepwMHE, T.e. dy =
= deg(v) = |N(v)|. Takum ob6pa3zom, ecnu BepuwinHsl B G (puc. 8.9)
pacronoXuTh B Mopaake w, v, T, 2, u, Yy, t, TO UX COOTBETCTBYIOLIHE
crenenu pasubi 4, 4,2, 2,1, 1,0, re. dy =4, dy =4, dz =2 u .0, Tlpu
onpeJeSieHHH CTeNeHu BepluHbl rpadya neTns y4uThIBAETCS JBAXKbI.

Z v

w

Puc. 8.9. Ucxoauwiit rpad

Ha puc. 8.9 BepwimHbl ¥ ¥ Y TYNHKOBBIE, @ BEPUIMHA t — HM30JIMPO-
BaHHas.

BepuinHa v HasbIBaeTCs mynukoeoi eepuwiunou, ecnu deg(v) = 1;
ecan deg(v) = 0, TO rOBOPSAT, YTO U — U30NUPOBAHHAA GEPUIUHA.

I'pad HasbiBaeTcs K -CBA3HBIM, €C/IM KaX/1as ero BepLIMHA CBf3aHa C
K npyramMu BepLIMHAMM; TPH 3TOM rOBOPAT O €1ab0- H CHIIBHOCBA3HBIX
rpadax (puc. 8.10).

HHoraa CBA3HOCTL ONpeensioT Kak XapakTepUCTHKY HE Kax/IoM, a
0/1HO# (MpOM3BONBHOI) BepLIMHLIL. Toraa nosBAsAOTCA ONpeaeeHus Tuna:
rpa¢ Ha3biBaeTcs K -CBA3HBIM, €C/M XOTs Obl 0/1Ha €ro BEpLIMHA CBA3aHa C
K npyruMu BepLUHHAMH.

B paze cnyvaes CBA3HOCTb ONpeesioT Kak 3KCTPeMabHOe 3Ha4YeHHe
KOJIHYECTBEHHOM Xapakrepuctuku. Hanpumep, rpad ssnsercs K-ceas-
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Puc. 8.10. Heceasubiit rpad

HBIM, eciv B rpage cyuecTByer XoTs Obl 0OHa BepliHHa, CBA3aHHasA ¢ K
CMEXHBIMH BEPLUMHAMU U HE CYLIECTBYET HU OAAHOM BepLUMHbBI, CBA3aHHO
¢ 6onee ueM K cMexxHbiMK BepiMHaMu (puc. 8.11).

Puc. 8.11. CsssHocTb BepiuuH rpaga

Pezynapuesie zpaghoi — rpadbl, y KOTOPbIX CTENEHb KAKA0H BEPLUMHbI
oauMHakoBa (puc. 8.12).

% @

a 6
Puc. 8.12. Perynspusie rpadsi: a — crenexu 3; 6 — creneHu 2

BBe/ieM B paccMOTpEHHE TMOHATHE — uHeapuanm cemu. WHBaphaH-
ToM cet G Ha3bIBAETCA NMapaMeTp, UMEIOLIMA OHO M TO ke 3HaYeHHe
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Ans BeeX ceteil, usomopdHbix G. Cpen cambiX O4EBHAHBIX HHBAPHAHTOB
OTMETHM ClefyIoLIue:

® YHCJIO BEPLUHH;

e yKcno pebep;

® YUCJIO KOMITOHEHT;

e MOCNE0BATE/IBHOCTb CTENEHEH, T.€. CIMCOK CTEneHeil BeplUHH B
yObiBaroLeM nopsiaKe 3HaUEHHH.

Hanpumep, ans ARYX NATHBEPIUMHHBIX ceTeil Ha puc. 8.13 Bce yeTbipe
M3 TIEPEYMCIIEHHBIX BbIlIEé MHBAPMAHTOB COBMANAIOT, HO 3TH CETH HE
M30MOPQHBI.

Sy 'y 5

Puc. 8.13. IIpumep HensomopHbIX ceTei

JABynoabnblii rpad. ['pad HaszbiBaeTCs ABYAONBHBIM, ECJIM MHOXECTBO
€ro BepLIMH MOXXHO pa3ObuTh Ha [1Ba HenepeceKaloLuXcs NoAMHoXecTBa V;
1 V3 Tak, uto kaxxnoe pebpo rpada G coemHseT Kakyo-11M60 BepLIHHY W3
V1 ¢ kako#-nu6o BepuunHoii u3 Vo. Takue rpadst o6o3uauaior G(V, 13).
JABynonbHbIA rpad MOXXKHO ONpeaenuTb B TEPMHUHAX PACKPACKH ero BepLUUH
JIByMs LIBeTamMH (HanpumMep, CHHUM 1 KpacHbiM). [1pu aTom rpad Ha3biBalOT
JBYIONIbHBIM, €CJTH KXAYIO €ro BEpLUMHY MOXXHO OKPacCUTh KPACHbIM MJIH
CHHHUM LIBETOM TakK, 4ToObl Jtoboe pebpo MMeNo OJMH KOHEL, KpacHbIi,
Jpyroii cunHuii (puc. 8.14).

B aBynonsHOM rpade coBcem He 00s3aTesnibHO, YTOObI KaXcaas BEpLUWHA
u3 V] coeamusnack ¢ Kaxaoi BepuinHoin u3 Va.

Ilnockwmii rpad. ITnockum rpadom HasbiBaloT rpad, H306parkeHHbIH
Ha MJOCKOCTH TaK, YTO HHMKakue ero JaBa pebpa reoMeTpuuecku He mne-
peceKalTcs HUrAe, KpoMe WHUWAEGHTHON UM o0oum BepwuHbl. [pad,
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Puc. 8.14. [Isynonshsie rpadst

Puc. 8.15. [TnanapHbie rpagsl

n3omopdHbIH miockoMy rpady, HasbiBalOT naanapnsim. Bee Tpu rpada
(puc. 8.15) nnaHapHsbl, HO TOJLKO BTOPO# U TPETHH MJIOCKHE.

TpuauryaupoBanubiii rpad. Ilnockui rpag HasbiBaeTCs MakCH-
MaJILHO MJIOCKHM, €CJIM HEBO3MOKHO 100aBUTh K HEMY HM OJHOro pebpa
Tak, uyToObI nojyuyeHHbl rpad 6bi1 nuockum. Kaxaas rpaHb B mioc-
KOM MpeACTaBJIeHHH MaKCMMalbHO NIJIOCKOro rpaga MMeeT TPH BepLUH-
Hbl. MakcuMabHO MIOCKKI rpad Ha3bIBaeTCs elle TPHAHTYIHPOBAHHBIM
(puc. 8.16). Onepauus AOMONHEHHsS HOBBIX pebep, B pesyabTare KOTOpo#

a 6

Puc. 8.16. [1nockuii (@) ¥ TpHaHrynMpoBaHHbIH (6) rpadsl
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B TUIOCKOM NpEACTaBNEHHH KaXJas rpaHb MMEET POBHO TPH BEpLUMHBI,
Ha3bIBACTCS mpuanzynayueu zpaga.

Ilpumeuanue. CymecTByeT TONBKO OIMH TPHAHTYJIMPOBAHHBIN rpad ¢
YeTHIPbMsl BEPLIMHAMM M TONBKO OJIHH C MATHIO BEPLIMHAMH.

8.3.
Nonstue nogrpada

Cers G' = (V',E') asnserca noacersio cetn G = (V, E),
ecin V' C V u E' C E (puc. 8.17). Ecnu V! =V, To rosopsr, uto G/ —
ocrtoBHas noacetb G. Ecnnv € V, 10 G — v 0603HauaeT noaceThb, BepIuMHb
koTopoii ecTb V' — {v}, a peGpa — Bce pebpa B E, He HHLIMAEHTHBIE U, T.€.
G — v nonyy4aetcs u3 G BblYEPKMBAHUEM U M BCEX MHLIMEHTHBIX U pebep.

Puc. 8.17. IMoacers G’ cetu G

8.4.
LUuknbl Ha rpade

MapuupyT Ha rpade G = (V, E') u3 BepiLMHBI 1] B BEPLIHHY
Up — 3TO KOHEYHas MocjeaAoBareNbHOCTh BepuimH W = uy, ua, ..., uy,
TaKHX, 4TO (Ui, Ui+2) € E(G) mna kaxnoro i, 1 < ¢ < n — 1. MapuwpyT
W 3aMkHYT, €cnu u1 = Up; B NPOTUBHOM ciiydae mMappyT W oTKpsiIT.
MapuupyT Ha3bIBaeTCs NMyTeM, €CIM HU OJIHA BepluMHa (U, ClieloBaTe/bHO,
HU OiHO U3 pebep) He nosiBnsieTcs B W Gonee oaHoro pasa (puc. 8.18).
Ha puc. 8.18 uwvrwywzvwvu ects MapuipyT; 3aMUch UVIWZ — MYTh,
a VTWzY — UMK
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Puc. 8.18. MapiupyTbl U LHMKIIBI

IJens — He3aMKHYTBIi MapLpyT (nyTb), B KOTOpoM Bce pebpa (ayru)
MOMapHoO pa3NHyHbI.

I{ukn — 3aMKHYyTas 1enb (B HEOPUEHTHPOBAHHOM rpade).

Konmyp — 3aMKkHyThIi Ny Th (B OpUEHTHPOBaHHOM rpade).

Ipocmoii nymb (yenv) — TyTh (LiENb), B KOTOPOM HH OJHA Ayra
(pebpo) He BcTpevaeTcs ABAXKAbI.

Ipocmoit yukn (KoHmyp) — UMK (KOHTYP), B KOTOPOM BCE BEPLUHHBI
MOMapHoO pa3jMyiHbI.

Caa3Hblii rpad 6e3 UMKIOB Ha3biBaeTCs depesom. ClOBO «AepeBO» B
Teopuu rpadoB O3HauaeT rpad, B KOTOPOM HET LMKIOB, T.e. B KOTOPOM
Heb3s M3 HEKOTOPOH BepLIMHBbI MPOWTH MO HECKOJIBKMM pa3jIniHbIM
pe6Gpam M BepHYThCS B Ty e BeplunHy. ['eHeanornyeckoe aepeso Oyner
JePEeBOM M B CMbIcNe TeopuH rpadoB, eciiu B 3TOM ceMeHcTBe He Gbiio
6pakoB Mex/y poACTBEHHHKaMH. JlepeBbsi 0COOEHHO 4acTO BO3HUKAIOT Ha
npakTHKe Npy U306 pakeHnH pasnuuHbIX nepapxuii. Ha puc. 8.19 nokasano
Oubnelickoe reHeanoruyecKoe 1epeBo.

EHoxX Madpycaun

ABernb KauH
Cud

Apam

Puc. 8.19. 'eHeanoruueckoe A€peBo
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I'pag sBnseTcs nepeBoM TOraa W TONBKO TOTAA, KOrAa Kaxaas rapa
Pa3/IMYHBIX BEPILUWH COEAUHAETCS OAHOW M TOJIbKO OAHOW uenbsto. Ecnu
BCe BepLIMHbI rpada G npuHaanexar aepeBy T, TO CUUTAETCS, UTO AEPEBO
nokpsiBaet rpag G, T.e. UMeeM MokpsiBatollee aepeso (puc. 8.20).

)=

Puc. 8.20. I'pad (a) v ero nokpeiBaiollee aepeso (6)

['padb! sBnAOTCS BechMa y0OHBIM CPEICTBOM ONMMCAHUs M ONTUMH3a-
LIMH aJITOPUTMOB BBIYHUCIIEHHS.

B kavecTBe npuMepa paccCMOTPUM BBIYHCJIEHHE KBaAPATHOIO MOJMHO-
ma az? + bz + ¢ mo cxeme Tophepa (puc. 8.21).

ax?+bx + c

Puc. 8.21. I'pad BeiuMCICHHS KBaApaTHOTO MOAMHOMA 1o cxeme [opHepa

[MocTpoum rpad, nzobpaxaroliii OTHOLIEHHE AeTMMOCTH Ha MHOXe-
cree {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}. TlpuHumn Takoi: eciau OT OJHOrO
YKCa 0 APYroro ecTh LeNb, Beayluas BBEpX, TOraa BTOPOE YHCIIO Ae/THT-
cs Ha nepBoe (puc. 8.22).
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Puc. 8.22. I'pa¢, n3obpaxaioummii OTHOIEHHE ACTUMOCTH
Ha MHOXECTBE

JitnepoB uuKA. L{MKn Ha3bIBAaeTCS SHJIEPOBBIM, €CIIM OH MPOXOANT
yepe3 Bce peGpa M NpH ITOM TOJBKO MO ofiHoMy pasy. ['pad, conepraiumii
3i1epOB LMK, HA3IBAETCA i IepoBbIM rpadom.

3agaua 1. Uepes ropoa Kanuuuurpan nporekaer peka Ilperens,
ombiBatowias octpoB. Ha peke umeercs ceMb MocToB (puc. 8.23). Moxer
J111 MeLexo 00T BCe MOCTBI, MPO#i/IA MO KAKAOMY TONBKO OMH pa3?

Puc. 8.23. 3anaya 0 MOCTax:
a — PUCYHOK MOCTOB; 6 — rpadoBas Moa€eib

Pewenue. DiinepoB LMK B rpade cyumecTByeT TOrAA U TOJIBKO TOTAA,
koraa rpad CBA3HBIH M BCE €10 BEpLUMHBI HMEIOT YETHBIE CTENEHH. B rpade,
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HMeroLeM Gonee ABYX BEpLIHH C HEYETHOI CTENeHbo, Takoro 0bxosa He
CYLIECTBYET.

3apava 2. HauepTuTh pHCYHOK, HE OTpbIBas KapaHjaul OT Oymaru
W He mpoxoas NUHUI0 ABaxabl (puc. 8.24). Lludpamu nokasaH oauH U3
BapMaHTOB MOCTPOEHHS dityiepoBa LUKA.

Puc. 8.24. I'padel, conepxauiue UMKIbL:
a — SANepoB UMK, 6 — HEIANEPOB LMK

Kpurepuit Hannuus 3iineposa uukna B rpade: cBA3HbIiH rpad sBnseTcs
31epOBLIM TOIZA M TOJILKO TOTJA, KOr4a CTENEHW BCEX €ro BEepLIMH —
YETHEIE YHCHa.

lamuabTroHoB muka. B 1859 r V. TamunstoH mpuayman wurpy
«KpyrocBeTHOe MyTelecTBHE», COCTOALLYIO B OTHICKAHMHM TaKOIrO MyTH,
MPOXOAALLEro Yepe3 BCe BEPLUMHBI (ropoja, MyHKTbl Ha3HaueHus) rpa-
¢a, u3obpaxeHHOro Ha puc. 8.25, 4ToObI MOCETUTh KXY BEPLIMHY
OJIHOKpPaTHO W BO3BpaTUThCA B HUCxoaHyr. Ilytu, obnaparouime Takum
CBOWCTBOM, Ha3bIBAKOTCS 2aMUIbMOHOBLIMU YUKIIAMU.

Puc. 8.25. Urpa «KpyrocseTHoe nyTeiecTBue»
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Hanpumep, Ha rpade (puc. 8.26) umeeTcs raMUJIBTOHOB LMKIT: 1 — 2 —

3—4-5-6-1.

Puc. 8.26. 'aMUIETOHOB LMK

8.5.
Linknomaruueckoe yucno rpaca

Luxnomamuueckum yucaom rpaa Ha3pIBAETCS YUCIIO, paB-
HOe YBeJIMYEHHON Ha €QMHULYY Pa3HOCTH MEXAY KOJIMYeCTBOM pebep H
KOJIMUECTBOM BEpPLUMH rpada: v = n —m + 1, rae n — KonM4ecTBO pebep;
M — KOJTMYECTBO BEPLIKH.
[{nknoMaTHyeckoe uucio rpada nokasbiBaeT, CKONbKO pebep Hano
YAQIUTDb U3 rpacda, 4ToObl B HEM HE OCTANOCh HH OIHOTO UK.

3agaua 1. Jlau rpad, y koroporo m = 6, n = 9 (puc. 8.27). Onpene-
JNIUTh, CKONIBKO pebep Ha rpade Hy»HO ynanuTh, YTOOBI B HEM HE OCTaNlOCh
HHM OJTHOTO LIMKJIA.

Puc. 8.27. Ucxonnsiit rpad
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Jns 3ananHoro rpada unkiomaruyeckoe yucaoy=9—-6+1=4. dro
O3HAYaeT, YTO eC/H Ha rpade yaanuth 4 pebpa, TO B HEM HE OCTAHETCS HMU
oaHoro uukna. Toraa ocToBHeli noarpag GyAeT UMETh BUI, NOKa3aHHBIN
Ha puc. 8.28.

Puc. 8.28. Ocroeublit noarpad

3anaua 2. Kakoe MUHMMaJbHOE YHCIIO0 ABEPEH HYXKHO CJe1aTh B 3aMKe
(puc. 8.29), yToOeI MOMacTb BO Bce KOMHATHI (ABEPh — OAHO pebpo).

Puc. 8.29. Cxema 3amka (BuA CBEPXY)

Pewenue. Konnuectso BepunH m = 14, xonuuectso pebep n = 21.
[{uknoMarnyeckoe uucno v = 21 — 14 + 1 = 8. CnenoBarenbHO, B 3aMKe
HY>XHO cJieJlaTb BOCEMb JIBEpEH.

Hapsany ¢ uuMkiaoMatuueckuM 4YHCIOM B TEOpHHM rpadoB BBOAMUTCS
NOHATUE KOYUKNIOMAMUYECKO20 YUCAA, KOTOPOE PABHO MOJIHOMY YHCITY
pebep B 0cTOBHOM AepeBe rpada.
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Hepeeo — 310 HeOpHEHTHUpPOBaHHas CBA3Has ceTb 6e3 uuknoB. Ha
puc. 8.30 npuBeaeHbI pa3IMYHbIE JEPEBbS.

Puc. 8.30. [IpeBoBHAHBIE CTPYKTYPbI

OpueHTHpOBaHHAA CETh ABNAETCA AEPEBOM TOI/a M TOJILKO TOTAA, KO-
rjia OHa JEPeBO C JyraMH, pacCMaTpMBaeMbIMH Kak HEOPHEHTHPOBAHHbIE
pebpa. AuMkIu4eckas OPMEHTHPOBaHHaA CETh He 00najsaeT OpUeHTHPO-
BaHHBIMH LMkiamu. Hanpumep, nepeBo Ha puc. 8.31 MOXHO omucarh
cnenyoumm obpazom:

T = {1, Ta}s B d2 e T o Bt b 1o Al aaia R, 1)

Ts = {5}, ‘Te=4{6¥, "Ty=HT7}); "Ta={1THH (2)
Ts = {8, To, Tio}, To={9}, To={10}. 3)

B sBHOM BHJI€ 3TO ONMUCAHWUE BBINIAAUT TaK:

T ={1, {2, {3, {5}, {6}, {7}}, {4, {8, {9}, {10}}}}}-

1

Puc. 8.31. Jlepero
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8.6.
MNpencraBnexHue rpacos B MOBM

Ouepranuem rpada cuurtaercs mobas TOMONOrHYECKH CBS-
3aHHas 00nacTe, orpaHHyeHHas pebpamu rpada. J[s MHOMMX NPUIOKEHHI
BCE y371bl rpada A0/mKHbI COBNAAATh € y31aMKU TEXHOJIOrHYECKo# ceTku. B
3TOM ciiy4ae peGpa rpacda MOryT npeAcTaBisTh COOO0H KpUBBIE THHHUH, IYTH
MJIH JIOMaHbIC JIMHUH, COCTOSALIME U3 OTPE3KOB NMPAMBIX. BaXKHO MOMHHTS,
YTO CETb MOXET ObIThb M300paXkeHa MHOTMMH Pa3IMYHLIMH criocobamu;
HanpuMep, CETH, NPUBEJICHHbIE HA puc. 8.32, — n3oMopdHbie.

OmO20
(D—(6)8
bo

Puc. 8.32. Cnoco6s! n3o6paxenus ceTu

I'padbi B [I9BM mMOXkHO NpeacTaBuTh TpeMs crniocobamu: maTpuueit
CMEXHOCTH, MAaTPpULIEH MHLIMACHTHOCTH W BEKTOPOM CMEXHOCTH.

Matpuua cmexunoctn. Jlioboii rpap G = (V, E) ¢ M Bepiunnamu
MOXeT ObITb MpeacTaBneH MaTpulleii pasmepa M x M npu ycnoBuu, 4to
BepLIMHaM G' NPUIHCaHbI NIPOU3BOJILHBIE METKH.

Ecnu BepuwnHel G 0003HaueHsl v, V2, ..., Upf, TO EMEHTDI @j;
MaTpHIbl CMEXHOCTH A onpezensiorcs cneayowum obpazom:

i. g K, ecnu v; M vj CMEXHBI,
J 0, ecnm v; M vj HECMEXKHBDI.

3necy K — Bec pebpa, coeMHSIOIEro JaHHble BepiunHbl. Ha puc. 8.33
NpeACTaBeHsl rpad U MaTpyiia CMEXXHOCTH, ONHCHIBAIOLIAS €rO.

Marpuua cMeXHOCTH HEOPHEHTHPOBAHHOTO rpada ABNSAETCH CHMMe-
TPUYHOM.

Martpuna manuaenTHocrn. Ecnu BepunHel rpada 0o603HaueHb! vy,
V2, ..., UM, a pebpa — MeTKaMM Z1, T2, . .., TN, TO MATPULIA HHIHACHT-
HOCTH OMNpEeJeNIAeTCs CeAyIOLUM 00pa3omM:

. 1, ecnn pebpo T; HHUMAEHTHO BEPLUHHE V;;
710, eciu peGpo z; HE HHLMAEHTHO BEPUIMHE U;.
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Vv, | vl v | v
v, - 2 - 9
A= v, 2 - -  §
v, | = | - | -] 6
vy 9 7 6 -

a 6

Puc. 8.33. Marpuua cmexHocTH (a) ana rpada (6)

YacTo B MarpHilax CMeXHOCTH H WHLUMAEHTHOCTH BMECTO HYNA CTaBAT
«—» (nna HarnsaHoct). Exvauusl B Matpuuax (puc. 8.34) mMoryT GbITh
3aMeHeHbl LeJbIMH YHUCJIaMH, XapakTepu3ylolluMH Beca pebep, Takas
MaTpulia Ha3bIBAETCA Mampuyeil oyenKu (6ecoe).

e 1 e e
v, 1 1 - 1
B=| v, 1 - 1 -
W, T e - - 1
v, ¢ = 1 1 -
a 6

Puc. 8.34. Marpuiia HHUMAEHTHOCTH (MHUMACHUM) (@) AN rpaga (6)

Ha puc. 8.35 npuBeeHbl MaTpHLbl HHUMACHUHH 11 OPUEHTHPOBAH-
HOrO ¥ HEOPUEHTUPOBAHHOTO rpados.

Mozenb CHCTEMBI YacTO MPEICTABISETCS OPHEHTHPOBAHHBIM rpagom
G = (V,E) ¢ MHOXeCTBOM BepIIMH V' ¥ MHOXECTBOM JyT E — ynops-
JIOYEHHBIX Map HOMEPOB CMEXHBIX BepinH [, j], E = [41, 71), -+ +» [iny dn)-
O61iee KONMMYECTBO TAKHX nap 0603Ha4MM Kak Q.

OnuuM K3 crnocoboB MPEACTABIEHHs TOMONOrUHU ABIAETCS MaTpulia
usomopdHocTu D, B cTpoKax KOTOPO# MpeACTaBieHbl HOMEPa BXOAALLMX
(C NIIOCOM) ¥ BBIXOAALIMX (€ MHHYCOM) AyT.
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A8 8 s36H
- 5 i T o o A A
tl-4<t 00 0 0 O
1 2L 0 40000
310 4% =41 0.0.,0
” 4la" 8 0 1.1 .00
Sro-o"0 0 -1-1 1
3 , 6 80 6 0. D' 0 1 <1

a
3 4 R R TR
SR T 40 el 0 6.0
1 SR B i i U A R N
31010 U8 0 08 0
4100050, 8.9 711 0
2 6l B d0ud 0 10 1
gioie D080 0 1 1

6

Puc. 8.35. T'padb! 1 ux MaTpuLibl HHUKAEHUWIA:
a) OPMEHTUPOBaHHBIH rpad; 6) HEOPUEHTHPOBAHHBIH rpad

Jlna rpada, npuBeneHHoro Ha puc. 8.36, MaTpuLbl CMEXHOCTH U
M30MOP(HOCTH UMEIOT BUJL:

or 0000 1 +6 T
b I e % Y b
0100 0.0 - C Ml N ¢
R_001000’ gah +3 St
gudie.1 0 o +4 B
oSy 071 o +5 .

M36bITOYHOCTB XpaHUMO# WHGOPMALMK B MATPHLIE CMEXXHOCTH (HyJle-
Bbl€ 3HAYEHHS) KOMIEHCHPYIOTCH MPOCTOTOM BBIYMCIMTENBHBIX aJITOPUT-
MOB ¥ CKOPOCTBIO NonyueHus TpebyeMoit HHpopMaLMKu U3 MaTPULIBI.

Jpyroii cnoco6 npeactaBneHus rpada — 6eKmop cCMeHCHOCHIU, KOTO-
phlii BBIAAET CIUCKH Y3JIOB, C KOTOPBIMH JaHHBIH y3en (BEpLUMHA) CBA3aH
HenocpeacTBeHHO. [[ns rpada, uzobpaxeHHoro Ha puc. 8.37, Takoe onu-
CaHMe MOXHO MPeACTaBUTL B BUAE CTPYKTYphI (Tabnuubl). B konoxke S
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WS
w w, W,
1 2 3
K x
1 s (W 3 A

Puc. 8.36. Moaens cuctemsl B hopme rpada

S Cnuncok CMeXHbIX y3nos
1 2 5 6
2 1 3
3 2 4 5
4 3
5 1 3 ¥
6 1 5 ‘4
7 5 6
a 6

Puc. 8.37. I'pad (a), npeacTaBneHHbIA BEKTOPOM CMEXHOCTH (6)

MpeacTaBNeHbl HOMEpA Y3JI0B, Jajiee B CTPOKE Tab/MLbI CEAYeT CIHCOK
coceaHHuX y3noB. ITo 3Toi MpUYMHE YHCIIO KONOHOK B KX/AO0H M3 CTPOK
pa3H4HoO.

IpeacrasieHne ApeBOBHAHBIX cTPYKTYp. [1pu npeacrasneHnu npe-
BOBH/IHBIX CTPYKTYP B MALIMHHO#M MamMATH B BU/IE CBA3HOIO CITMCKA KaX /bl
371EMEHT CITUCKA MOXKET COIEPXKaTh TPH MOJIS, B OAHOM M3 KOTOPBIX XPaHAT-
sl JaHHbIEe, COOTBETCTBYOLIME 3eMeHTy (6a30Bbli THIT), 2 B ABYX OCTaB-
LIMXCS MOMAX — YKa3aTe/H JIEBOrO U MPaBoro NOToMKoB y3Jia (puc. 8.38).

Konmponsnsie éonpocoi

Jaiite onpenenenue rpagda.

YTo Takoe cTeneHs BepuinHbl rpada?
Uem xapakrepusyercs HzoMopdusm?
Kaxoit rpa) Ha3biBaeTCs perynsapHbiM?
UYTo Takoe WHBApPHUAHT CeTH?

Kaxkoii rpa¢ Ha3biBaeTCs ABYAObHBIM?
Jlaitte onpenenenune noarpada.

20 G . W L s
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Homep | Onement | JleBbii | Mpasbiii
CTPOKU NOTOMOK | NOTOMOK
1 A 2 3
2 B 6 i
3 Cc 0 4
4 D 0 5
5 = 0 0
6 ” 8 0
¥ G 0 9
8 H 0 0
9 / 10 11
10 J 0 0
11 K 0 0
6

8. Yto noka3sbiBaeT LUHKJIOMATHYECKOE YKCIIO rpada?

9. Yem MapLupyT OTIIHYAETCA OT LMKIA?

10. B uem paznuuue dinepoBa H raMUJILTOHOBA LIMKJIOB?
11. OnuuMre cnocodsbl npeacrasneHus rpagos B [I3BM.
12. VYkaxuTe cnocobbl MpeacTaBleHHs IPEBOBUAHBIX CTPYKTYP.

CBOMCTBaMH.

lnaea 9
AnNroputMbl NOCTPOEHUNA
OCTOBHOro (NOKpbiBaloLWero)
aepesBa ceTu

Puc. 8.38. Tlpencrasnexue NpeBOBUAHON CTPYKTYPbI:
a — JiepeBo; 6 — Tabnu4HOE NpeacTaBieHHe

JlpeBoBUaHAA CTPYKTypa XapakTepusyeTrcs cCleayouiuMH

1) cyuiecTByeT €QMHCTBEHHBIH 3MEMEHT, WM y3es, Ha KOTOpblii He
CCBIJIAETCS HUKAKOW APYroi 3NEMEHT U KOTOpbIi Ha3blBaeTCs KOPHEM;
2) HauMHas C KOPHA U clielys Mo onpeseNeHHOoN Lienoyke ykasarenen,
COIEPXKALUMXCA B AMEMEHTAX, MOXXHO OCYLIECTBUTh JOCTYN K JHOOOMY

3NEMEHTY CTPYKTYpBbl;

3) Ha KaX<plii JIEMEHT, KpOME KOPHS, UMEETCs €IMHCTBEHHAs CChLIIKa,
T.€. K&X/bIi JIEMEHT aJpecyeTcs €AMHCTBEHHBIM YKa3aTeJieM.

9.
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¥Y3en y, KOTOpbIA HAXOAUTCA HENMOCPEACTBEHHO MO/ Y3JIOM T, Ha3bIBa-
€TCsl HEMOCPEACTBEHHBIM HOMOMKOM T; €CIIH T HAXOJUTCH Ha YPOBHE i, TO
FOBOPSAT, YTO Y pacnosioXeH Ha YpoBHe ¢ + 1. Hao60poT, y3en £ Ha3biBaeTcs
HEMOCpPeACTBEHHBIM NpeakoM y. CuuTaeTcs, 4TO KOpeHb AepeBa pacnosio-
JKeH Ha ypoBHe 1. MakcuMaJibHbli ypoBeHb kakoro-nubo aneMeHTa epesa
Ha3bIBAETCSA €r0 2IYOUHOU WK 6bICOMOU.

Yucio HEMOCPEeACTBEHHbIX NTOTOMKOB BHYTPEHHENO Yy3Jia Ha3bIBaeTCA
ero cmenenbto. MakcumalibHas CTeNeHb BCEX Y3JI0B €CTh CTEINEHb IepeBa.
Uucno BeTBei, Uiin pedep, KOoTopble HY)KHO NPOHTH, YTOOBI MPOABUHY THCA
OT KOPHS K HEKOTOpOMY Y31y Z, Ha3blBaeTcs ANMHON MyTH K z. KopeHb
MMEET JUTMHY MyTH 1, ero HemocpeACTBEHHbIE NMOTOMKH — JMHY MYTH
2 u T.A. Boobuue, y3en Ha ypoBHe i MMeeT JIMHY NMyTH i. J[nuHa myTH
JiepeBa OnpeeNseTcs kak CyMMa JUTH myTeii Bcex ero y3ioB. OHa Takoke
Ha3bIBaeTCs AJIMHON 6HYymMpeHHe20 nymu.

Ecnu 31€MeHT HE UMEET NMOTOMKOB, OH Ha3bIBACTCA MEPMUHATbHbIM
INeMEeHMOM, WA JUCHIOM, A DNIEMEHT, He ABJAIOLIMACA TEPMHUHAIBHBIM,
Ha3bIBAETCA GHYymMpeHHUM y3nom (puc. 9.1).

O
0 CED .
@B

a

6

Puc. 9.1. Tpeacrasnenuns ApeBOBHAHOH CTPYKTYPbI:
a — BIOXEHHOE MHOXECTBO; 6 — JEPeBO
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[Tpeanonoxum, 4T0 HeOOXOAUMO MPUHATHL peLUeHHe, CBA3AHHOE C Op-
raHu3alue CeTH KOMMbIOTEPOB B Pa3/IHYHbIX TEPPUTOPHANIBHBIX MYHKTaX.
OTO pellieHHe ABNSETCS JOBOJBHO CIOXKHBIM M 3aBUCUT OT 60JbLIOrO
KOJTHYEeCTBA (PaKTOPOB, KOTOPLIE BKJIKOYAIOT BBIYMCIIMUTENbHBIE PECypChl,
JOCTYIMHBIE B KOXKJAOM NMYHKTE, COOTBETCTBYIOILME YPOBHHU NoTpebHOCTE,
NMUKOBBIE Harpy3KH Ha CUCTEMY, BO3MOXKHOe HeaddeKTHBHOE UCTTOb30Ba-
HHE OCHOBHOIO pecypca B CHCTEME M, KpOMe TOro, CTOMMOCThL npeaia-
raemoii cetu. B aty "CTOHMOCTB BXOISAT: npuobpereHne 000pyOBaHUS;
NpoKJafaKa JIMHUI cBA3M; obcnyxuBaHHe cucTeMbl M T.A. Heobxoaumo
ONpEeAEsIUTh CTOMMOCTb TaKOH CETH.

HeTpynHo BuaeTh, 4To chopMynupoBaHHas 31eCh 3ajaua HMEET MHOMO
Apyrux aHanoros. Hanpumep, TpeGyercs COeAMHUTH HECKOJIBKO HAceseH-
HBIX MYHKTOB THHUAMH TeNeOHHOMN CBA3H TaKUM 00pa3oM, 4ToObI Bce 3TH
NYHKTBI ObUTH CBA3aHbI B CETb U YTOObI CTOMMOCTH MPOKJIAAKH KOMMYHH-
Kauui 6b11a MUHUManbHOH. BMecTo TeneoHHbIX THHUIT MOXKHO NrOBOPHUTH
O MpoKJaakKe BOAOMPOBOAHBIX KOMMYHMKaLMi, O CTPOMTENIbCTBE JOpPOr
¥ T.A. Pewenne noaoOHBIX 3a1a4 BO3MOXKHO C MCMONB30BAaHUEM TEOPHH
rpados (ceteit).

Iycte G = (V, E) — cBsA3HBIl HEOPHEHTHPOBAHHBIN rpad, coaepika-
LKA UUKIBI, T.e. 3aMKHYTbIE MapUIpyThl, e V' — MHOXECTBO BepLUHH, a
E — mHoxecTBo pebep. OcTOBHBIM (NOKPBIBAIOLIMM) IEPEBOM Ha3bIBAET-
cs noarpad, He coaepxallMil UMKJIOB, BKIKOYAKOLIMI BCE BEPLUMHBI HCXO-
Horo rpada, A1 KOTOporo cymma BecoB pebep MUHUManbHa (puc. 9.2).

A

a 6

Puc. 9.2. I'pa¢ (a) u ero octoBHOE epeBo (6)

133



[{uknomarnueckoe 4UCIO 7y NMOKa3bIBAET, CKONBKO pedep Ha rpade
HY>XKHO yJanuTh, 4TOObl B HEM HE OCTalOCh HHM OJHOINO UMKJIA: 7y =
=n-—m+ 1, rae n — konu4ecTBo pebep; M — KONUUYECTBO BEPLUMH.
Hanpumep, ans rpada, usobpaxeHHoro Ha puc. 9.2, uUMKIOMATHYECKOE
YUCIO paBHO ¥ =n—m+1=8 — 5+ 1 =4. D10 3HaYUT, 4TO €C/IK Ha
rpage yoparb ueTbipe pebpa, TO B HEM HE OCTAHETCs HU OJHOro LMKJa, a
CyMMapHblit Bec peOep Oyzaer paBeH 7.

J1s MoCTpOeHUs OCTOBHOIO JiepeBa rpada UCronb3yTcs anroOpuTMbl
Kpyckana u [Tpuma.

9.1.
Meton Kpyckana

Ha puc. 9.3 nokaszaHa cxema anroputMa Kpyckana.

i )
Havano
\{ )

I
SORT e,

Het BrntouuTts e,
Ws=Ww, W,
Het W=V
S
| na

W= o

Puc. 9.3. Cxema anroputma Kpyckana
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bnok SORT e; npennonaraet npeaBapuTeIbHYIO COPTHPOBKY BECOB
pebep B mopsake MX Bo3pacTaHus. B Hauane paboOTBl anropuTma npej-
MoNaraeTcs, YT0 B UCKOMOM OCTOBE HE MPOBEACHO HHU OAHO pedpo (T.e.
OCTOB COCTOUT M3 H30JIMPOBAHHOTO MHOXECTBA BEPLUUH V1, V2, ..., Um,
e ™m — KOJW4ecTBO BepuiuH rpada). TToatomy cuuTaercs, 4To MHOXe-
crBo W umeer sua: Wy = {{v1}, {v2}, ..., {vn}}, rae {v;} o6o3nauaer
MHOXECTBO, COCTOSLIEE U3 €AMHCTBEHHONH M30JIMPOBAHHON BEPLUMHBI V;.
[TpoBepka v, v; € W, npeanonaraer ycraHoBneHue ¢akra: BXOAAT JIH
BEPLUIMHBI Vg, ¥; BO MHOXECTBO W kak M301MpOBaHHbIE WM OHU CaMu
BXOJAT B MOJAMHOMXECTBA NMOCTENEHHO YBEJIMYMBAIOLLMXCS CBA3HBIX Bep-
e Wy, W, kaxknoe u3 kotopeix umeer suy: Wi ={..., vg, ...} u
VVI = {, v, }

Ecnu o6e BepuinHbl Vg, v; COAepkKaTcs B OHOM U3 noamMHokecTB Wy,
W, To pebpo (k, l) B ocTOB He BKIHOYAETCS, B MPOTUBHOM CJiy4ae JaHHOe
peOpo BkJIoHaeTcs B ocToB, a MHOkecTBa Wy, W) obbeaunsiores. Pabora
anroputmMa Kpyckana 3akaHuuBaercs, korga mMHoxkectBo W cosnaner
MO MOUIHOCTH C MHOXeCTBOM V' — MHOXeCTBOM BcexX BepiuuH rpada.
HerpyaHo Buaerb, 4TO 3TO NpoM30ijeT, KOraa BCe BepiuuHbl rpada
OKaXyTCs CBA3HBIMM.

Ha puc. 9.4 nokazana pabGora anroputma Kpyckana. PeGpa pac-
CMaTpHUBAIOTCA B MOPA/KE BO3pacTaHUs BecoB (Tekyllee peOpo nokasaHo
cTpenkoii). Pebpo BktOuaeTcs B OCTOBHOE €PEBO, €CJIM OHO HE CO3aaeT
LIMKJIA ¥ CBA3BIBAET BEPLIMHBI, MPUHAAJIEKALIHE PAa3HBIM MHOXKECTBAM.

IIpumep 1. [Toctpouts ocTOBHOE AepeBo rpada, 3aaHHOro MaTpu-
LIei CMEXHOCTH

R A2 N 10
0 |S0O[ 0 [25]10

G
1
2 00| 0 |25} 0 |30
3
4
5

0 [25] 0 [50 (35
26| 0 [50] O [ 15
10 130 (35(15] O

Jlns MOCTpPOEHMsi OCTOBHOINO CBSI3HONO JAepeBa MHHUMAJILHOIO Beca
ucnons3yercs anroput™ Kpyckana.

[Iar 1. ITepBoHayanbHO KaXkaas BepLIMHA MCXOAHONO rpada rnome-
LAeTCs B OJHOZEMEHTHOE TMOJAMHOXECTBO, € BCE BEPLUMHBI M30JIHU-
pOBaHBI.

Iar 2. Pebpa copTupyloTcs no BO3pacTaHMIO BECA.
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Puc. 9.4. Dransl nocTpoeHus 0CTOBHOrO aepeBa anroputMoM Kpyckana

[IIar 3. Pe6po BkAtOUaeTcs B OCTOBHOE JIEPEBO, EC/IH OHO CBS3bIBAaET
BEPLUMHBI, MPUHAAJIEKALME PA3HBIM MHOXECTBaM.

[llar 4. AnropuT™ 3aKkaH4YMBaeT paboTy, koraa Bce BepLUMHbI 00beaH-
HAIOTCS B OJJHO MHOXKECTBO, [PU 3TOM OCTaBLUHeCs pedpa He BKJIOYAKTCS
B OCTOBHOE JI€pEBO.
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PaccMoTpum peanusaiuuio 3Toro ajiropuTMa Ha npumepe nocTpoeHuUs

OCTOBHOTIO JiepeBa MUHUMAaNBHOIO Beca s rpada G (tabn. 9.1).

TaG6auua 9.1

DTanbl NOCTPOEHUS OCTOBHOTO AepeBa MeToaom Kpyckana

No Boinonusembie MHOXeCTBO BEpILUH ['pad
n/n JiefcTBHA
1 |Tlocrpoum ocToBHO# | Kakaas Bepiinna McxonHoro | v/ V
noarpad, coaep- rpada nomewaercs B OHO- 20 M1
KaWMA TONBKO  « | 3JIEMEHTHBIE MOJMHOXKECTBA: ®
M30JIMPOBAHHbBIE {(Vi}, {Va}, {Va}, {Va}, {Vs} Ve
BEPLUMHBI Vv V
3@ ®' 4
2 |Haiigem pebpo OG6pa3syercs cBA3HOE NOAMHO- | v/ v
: 20 R 1
MHHUMaJLHOrO Beca |xkecTBo epwnH: {Vi, Vs}. y
(B naHHoM cinyyae | OHO2NEMEHTHBIE MOJAMHOXKE-
Ry5) u no6asum ero |crsa sepunn: {Va}, {V3}, Vs
B OCTOBHO# 10, V.
0CTO arpad | {Va} Voo oVs
3 |Cpeam ocraBuinxcs |OO6pasyercs CBA3HOE MMOAMHO- | / vV
: 20 R 1
pebep Haiinem pebpo | kecrso sepumnn: {Vi, Vs, Va}. 15
MHHMMAJILHOIO Beca | OZIHOAIEMEHTHBIE MOAMHOXKE-
(B nanuom cayuae | crsa sepunn: {Va}, {Va} Va\Rys
Ry4s) n nobasum ero V Vv
B OCTOBHO# noarpad 3e 4
4 |Cpeam ocraslumuxcs | Co3naercs BTOPOE CBA3HOE Vv v
. 2 R 1
pebep naiinem pebpo | noamuoxecrso: {Va, Va}. 15
MUHUMaIbHOIO Beca | CyluecTByeT Takxke neppoe
(B NAHHOM Cilyyae | CBSI3HOE TMOAMHOXECTBO: Rys Ve Rys
R33) u nobasum ero | {Vi, Vs, Vi} Y V
B OCTOBHO# noarpad 3 4
5 |Cpeau ocrasiinxes |Tak xak oaHa BepuIMHA
pebep Haitaem pebpo | pebpa BXOAMT B OAHO
MMHHMMAJIBHOMO BECa |CBA3HOE NMOAMHOKECTBO, a
(B manwHOM ciyyae | apyras BEpLUIMHA B Jpyroe
R25) n no6aBum ero | CBS3HOE MOAMHOXKECTBO, 3TH
B OCTOBHOH noarpad | noAMHOKECTBA 00bEJAMHAIOTCS
B €IMHOE CBA3HOE MHOXECTBO:
{Vla V51 ‘/41 V?r VS}
6 |TTonyuen rpad, KoTOpbIi ABISETCA:
® 0CMOGHBIM, TAK KAK BK/IIOYAET BCE BEPLUMHDI;
® C6A3HbLIM, TAK KAK BCE BEPUIMHBI B HEM MOXHO COCMHHMTh MaplUpyTaMH;
® Jepesam, TaK Kak B HEM OTCYTCTBYIOT LIMKIIbI;
® 2paghom MUHUMANLHO2O Geca, TaK KaK B HETO Moce10BaTe/IbHO BKITIOYAIUCH
pebpa, OTCOPTHPOBAHHBIE M0 BO3PACTAHHIO.
7 |MonyueHHOE OCTOBHOE CBA3HOE AEPEBO 06/1a1aET MUHHMA/IbHBIM BECOM: F15 +
+ R4s + Ras + Ras = 10+ 15 + 25 + 30 = 80.
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Ilpumep 2. Tlycts nana cxema Mukpopaiiona. Heobxoaumo coeau-
HUTb JloMa TesiepoHHBIM KabeneM Takum o6pa3om, 4ToOkI ero JuinHa Gbina

MHUHHMMaNbHOH. CXeMy MHKpopaiOHa MpeACTaBUM B3BELIEHHBIM rpadom
(puc. 9.5).

Puc. 9.5. I'pajuueckas cxema MUKpopaiioHa

Onpenenum LukIoMaTHueckoe yucio rpapa y=n—-—m+1= 10—
— 6+ 1 =35, 1.e. Ha rpade HeOOXOAMMO yIaNUTh NATH pedep.

[lepBoHauanbHO KaXkaas BepLIMHA HCXOHOTO rpada noMeLaeTcs B o-
HO3JIEMEHTHOE MOJAMHOXKECTBO, CYUUTAEM, YTO BCE BepLUHHbI M30JIMPOBaHBI,
T.e. He cBs3aHbl (Tabn. 9.2).

Tabauua 9.2
Peanusauuns merona Kpyckana
PebGpo Bec MHuoxecTBa BEpILIMH Onepauus
{Vi}, {V2}, {Vs}, {Va}, {V5}, {Ve}

(Vz, Vg) 1 {Vz, Va}, {V1}, {V4}, {Vs}, {Ve} Bxouenue
(Va, Vs) 1 {Va, Va}, {Va4, Ve}, {Va}, {Vs} BknioueHue
(Vi, Va) 2 {Va, V3}, {(V1, Vi, Vs}, {Vs} BkntoueHue
(Va, V) 2 {Vi, Va, Va, Vi, Vs}, {Vs} Bkniouenue
(Va, Va) 2 HUcknioueHue
(Va, Vs) 3 Wi, Vo, Va, Vy, Vs, Ve} BxknroyeHue

PeGpo BKJI0YAETCS B OCTOBHOE JAE€PEBO, €CIIH OHO CBA3BIBAET BEPLIHHBI,
NpUHAIEKALLHE Pa3HbIM MOAMHOXKECTBAM, NPH 3TOM BEPLIMHBI 00be1H-
HAKOTCS B HOBOE MOJIMHOKECTBO.

B Tabnuily nocienoBaTenbHO BKIIOYalOTCs pedpa B mops/ike Bo3pacTa-
Hus X BecoB. Pebpo (Va, V3) cBa3bIBaeT ABe BEPLUMHBI, MPHHALEKALUKE
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pasHeiM moamHoxkectBam {Vo} u {V3}. Tloatomy pebpo Bkitouaetcs
B OCTOBHOE JEPeBO, a BepLIMHbI O0BLEAUHSIOTCA B OJHO MOAMHOXECTBO
{Va, V3}. .

Pebpo (Vi, V) Takke cBS3bIBAaeT BEPLUMHBI U3 Pa3HBIX MOAMHOXKECTB,
OHO BKJIOYAETCS B OCTOBHOE [IEPEBO, @ BEPLIHHbBI 06pa3ylOT NOAMHOXECTBO
{Va, Vs}.

Bepuumnsl V5 u V4 HaxoasTesi B OAHOM MOAMHOXKECTBE, 03TOMY pebpo
(Va, Vi) uckniouaercs M3 pacCMOTPEHMS.

AnropuTtwm 3akaHuuBaet paboTy, koraa Bce BepLliHbl 00beANHSAIOTCS B
OZIHO MHOXECTBO, MPH 3TOM OCTaBLLIHeCs pebpa He BKIH0YalOTCs B OCTOBHOE
JepeBo.

IMocnenoBarenbHO NpocMaTpuBas TabuLly, MOJYyYUM CXEMY COeaMHe-
HUs Tenle(pOHHBIM KabeneM JOMOB B MUKpOpaiioHe (puc. 9.6).

Puc. 9.6. Cxema npoxnanku tenedoHHoro kadens

IMIpumep 3. [lycts naHa cxema KOMNBIOTEPHON ceTH (puUc. 9.7).
Heo6xoauMo COeMHUTL KOMNBIOTEPBI TAKUM 00pa3oM, YTOObI JTHHA
NpOBOAKH ObllTa MUHUMAJIbHOM.

Puc. 9.7. CxeMa KOMMBIOTEPHOMH CETH
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Onpezaenum LMKIOMaTHYECKOE YKCIO0 rpada:
Yy=n—-m+1=8-5+1=4.

OTO 3HauMT, YTO Ha rpade Tpebyercs yraniuTh YeTbipe pebpa.
Pewienue nokasaHo B tabin. 9.3.

Ta6bnuua 93
Peaau3sauusn meroaa Kpyckana
Pe6po Bec MHoxecTBa BEpLIHH Onepaumus
{Vi}, {2}, {Va}, {Va}, {Vs}

(W1, V) 1 {vi, Va}, {Va}, {Va}, {V5} Bkiioyenue
(V1, Va) z {V1, Va, Va}, {Va}, {Vs} Bkniouenue
(Vz, V4) 3 {V], V2, ‘/3, V4}, {V5} Bkniouenue
(Vs, Vi) 4 Hckniouenne
(Va, Vi) 6 {(V, Vo, V3, Vi, Vs} Bkiiovenue

OcraBiunecs yeTbipe pedpa UCKITIOUAKOTCA U3 paccMOTpeHus. B urore
MoJy4YHUM OCTOBHOE AepeBO MUHUMAJILHOIO Beca (puc. 9.8).

Puc. 9.8. Cxema cOeAMHEHHUS KOMIMBIOTEPOB

ITpoBenenHoe uccnenosanue Metona Kpyckana nokasano saggexrus-
HOCTb €ro MCMOJIb30BaHHU I MOCTPOEHHUA OCTOBHOIO AepeBa MHHHMAb-
HOrO Beca B3BELUEHHON0 HeOpHEeHTHpOBaHHOro rpada (cern). JlaHHbIiH
MeTo[ To3BonseT obpabarhiBaTh CHIBHO CBfA3HbIE rpadsl ¢ GonbLMM
YKCNIOM BEpLUMH, YTO HEOOXOAMMO B MpaKTHKe pa3pabOTKM M CO31a-
HUS 3QPEeKTHBHBIX anropuTMOB pelueHus Ha [19BM wupokoro knacca

3anad.
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9.2.
MeTtopn MNMpuma

B metone Ipuma oT MCX0AHOro rpada nepexoauM K €ro
MPeACTABNEHUIO B BUAE MaTpullbl cMexHocTH. Ha rpade Boibupaetcs
Npou3BONbHAsA BepluuHa. BeibpaHHas BeplunHa oOpasyeT nepBOHauallb-
Hblil (hparMeHT OCTOBHOrO AepeBa. 3areM aHANIU3UPYHOTCA Beca pebep OT
BbIOpaHHOI BepLUMHBI 10 OCTABLIMXCA HEBbIOpaHHbIX BepluHH. BuiGupaet-
¢ MMHUMMasbHOE pebpo, KOTOPOE yKa3bIBAET Ha CAEAYOLLYIO BbIOpaHHYHO
BepiwnHy, ¥ T.4. [Ipouecc npopomxkaercs 40 TeX Mop, Noka B OCTOBHOE
JepeBo He OyyT BKJIHOUEHBI BCEe BEPLUMHBI HCXOAHOTO rpada.

Oransl paboTs! anroputma [Ipuma nokasassl Ha puc. 9.9.

Puc. 9.9. Dransi nocTpoeHus 0CTOBHOIO aepesa anroputmom [puma
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Ilpumep 1. TlycTs naHa cxema komnbloTepHo#i cetu (puc. 9.10).
HeobxonuMo coeaMHUTL KOMMBIOTEPbI TakuM 06pa3om, 4ToObI ATMHA
NPOBOAKH Oblla MUHMUMAJILHOM.

Puc. 9.10. Cxema KOMIIBIOTEPHOI CETH

OnpenenuM uMkiomaruyeckoe uucio rpadga: y=n—-m+1=8 —
— 9+ 1 = 4. Pewenue nokaszaHo B Tabn. 9.4.

Tabnuua 94
Peanuszauus metroaa Ipuma
BriGpaHHble HeBbiOpaHHbIE BEPLIMHDI

BEPLLMHBI Vi Vs Va Va
Vs 10 (6) 7 11
Va (1) : 7 3
i * * (2) 3
£ : v - 3)

Puc. 9.11. Cxema npoknanku
kabens
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[Ipu npocmorpe crpoku Tabn. 9.4
HAax0AMM MHHHUMAJIbHYIO BEIHUYHHY
Beca pebpa, Bbiaensem ee, U Oonb-
e 3TOT CTo/NbeL, B KOTOPOM Haxo-
JIUTCS 3Ta BeNMYMHA, B paccMmoTpe-
HMHU He y4acTByeT. Jlns nmoCTpoeHus
OCTOBHOIO JiepeBa HeoOX0AMMO Mpo-
CMOTpeTh CTONOLBI TabnULbl CHU3Y
BBEpX M 3adUKCHUpOBAThH MEPBOE MO-
siIBJIeHHE MUHMMAJIBHOM BEJIMYHMHBI.
B uTtore nony4yum OCTOBHOE JEPEBO
MHHUManbHOro Beca (puc. 9.11).



IIpumep 2. INocTpouTs OCTOBHOE AEPEBO MHHUMAJILHOIO BECa /LIS
~ rpada, nokasaHHoro Ha puc. 9.12.

Ta6bnanua 95
Peaausaumns meroaa lNpuma
B:gﬁ::: . Vol ValVa| Vs | Ve | VA
Vi 201-1-1<123|MD
Va 4)|9(16] 25|23 | ¢
Va2 ¢« 1(9)[16] 25 | 23 | +
Vs sl*|@]| 25|23 ]
Vi s |o ||| 23| »
Puc. 9.12. Mexomwiii rpady Vs o[ o] ¢ @I

B tabn. 9.5 B ckobkax ormeueHbl BoIOpaHHbIE MUHUMAJIbHBIE JIEMEHTBI.
3areM B Kax/10M cTonbue PUKCHPYIOTCA NepBbie NOABIEHHA MUHHMAbHbIX
anemeHToB (oTpaboTka Hazaa), NpH ITOM B UCKOMOE OCTOBHOE JIEPEBO
MUHMMAaJILHOIO Beca BoiayT pebpa (2,7),(3,7),(4,3),(5,4),(6,1)u(7,1).
[Mopsnok npocmorpa cronbuos paboueit Tabnuusl Ge3pa3nuueH; BaxHO,
yto6bl HU oanH cronbeu He 6bu1 nponywen. Monyuyennoe B pesynbrare
BBINOJIHEHUA AINOPHTMA OCTOBHOE JlepeBo n3obpaxeHo Ha puc. 9.13.

B ocToBHOE AiepeBO A0/KHBI BOHTH BCE BEPLUMHbBI HCXOAHOIO rpada,
OTCIO/1A CICAYET, YTO B KAYECTBE HaYaNbHOMN BEpLUMHBLI (T.€. nepBoi BbIOpaH-
HOM cTpoKK) MoXxeT ObITh BbiOpana mobas sepuwmna rpada. B tabn. 9.5 8
KayecTBe HavaNbHOM B3ATa BeplunHa |.

Puc. 9.13. OcTosHOe AcpeBO MHHHMANBLHOIO BECa
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IIpumep 3. [NocTpouts ocToBHOE Aepeso rpada (puc. 9.14) meto-

Aom Tpuma.
Tabnunua 9.6
Peasuzauusn meroaa Mpuma
Buibpannas | Hebibpannbie Bepuintbi
BepwuHa [ V4 | Vo | Va | Vs | Ve
Va 4 ” Bo)-82)-1 8
Vs 4 7 8 | » | 4
Ve (4) 1177 S5 K% [
Wi * (2) § el
Va o | () [Rw ]

Puc. 9.14. Hcxoausiit rpad
B tabn. 9.6 noka3ansl waru BeinoaHenus Meroaa Ipuma. TTpocmotp

cTon1610B Tabn. 9.6 cHM3y BBEpX MO3BOJAET ONpeaeuTh pebpa, BKIoUeH-
HblE B OCTOBHOE A€PEBO MMHMHaNbHOro Beca (puc. 9.15).

5 6

Puc. 9.15. OcroBHoe aepeso rpaja

Konmponsnuie sonpocet

YTO NOHMMAETCA MOA OCTOBHBIM AEPEBOM?

Kak onpeaensercs A/IMHA BHYTPEHHEro myTH?

YT0 Takoe TEpMHUHAIBHBIH IEMEHT?

Vkaxkute GOpMyJTy [1S BEIYUCIIEHUS LMKIOMaTHYECKOrO YUCa.

Kakosel ocobeHHocTH MetonoB Kpyckana u [Tpuma?

KakoBbl KpuTepuHu 3aBeplieHns pa6otsl meTonos Kpyckana u [Mpuma?

B 4yeM COCTOMT METOOMKA aHanM3a CI0KHOCTH aIrOPUTMOB MOCTPOCHUA
OCTOBHOTO iepesa rpada?

it il e ol g
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Fnhasa 10

ANroputMbl HaxoXxaeHus
Ha rpacpax KpaTyavwmx nyten

3ajiaua oTeICKaHMsA Ha rpade KpaTyailiero nyTH UMEET MHO-
rOYMCJIEHHBIE MTPaKTHyeckue npunoxenus. C pewieHnem nogobHoi 3aga4uu
MPUXOAMTCS BCTPEUATLCA B TEXHHKE CBA3M (HampuMep, npu TenedoHn3a-
IIWW HaCEeJIeHHBIX MYyHKTOB), Ha TpaHcnopre (Mpu BbIOOpe ONTUMAJIbHBIX
MapLIpyTOB JOCTaBKHU I'py30B), B MMKPOJIEKTPOHUKE (NIPH NPOEKTHPOBa-
HUH TOMOJIOTUU MUKPOCXEM) U T.J.

ITyTe Mexay BepwiMHamu ¢ U j rpada cUMTaeTCs KpaTyaiilinM, eCiiu
BEPLUWHBI ¢ M J COEAMHEH bl MUHUMAJIBHBIM YKCJIOM pebep (cnyuyaii He B3Be-
LIeHHOro rpada) WiK eciiv cymma BecoB pebep, COeAMHSIOLUX BEPLUHHBI
© ¥ J, MUHMMaJIbHA (47151 B3BelIEeHHOro rpaga).

BaxxHbIM nokasarenem anroputMa saensercs ero agpgektuBHocTs. [Tpu-
MEHHUTEJILHO K MOCTaB/IEHHOH 3a1aye 3(EeKTUBHOCTh aNrOPUTMa MOKET
3aBMCETb B OCHOBHOM OT JBYX MnapameTpoB rpacda: uucia ero BepLIMH
M 4yucnia BecoB ero pebep. Paccmorpum Tpu anroputma s onpejene-
HUA Kpar4yaWllero pacCTOsHMsA MexAy BepluMHamu rpada: MocTpoeHue
JiepeBa pelleHui, MeTo] AMHAMHMYECKOro NMpOrpaMMHUpPOBaHUS U METO/
JlefKCcTpbl.

10.1.
NMocTpoeHue nepeBa peleHnn

MeToa nocTpoeHus aepeBa pelueHnit 0ObIMHO UCTONb3YeTCs
JUIS. HaXOXKJEHMs Kpar4aiiiero myTH B OPHMEHTHPOBAHHOM rpade, npu
3TOM OT MCXOAHOro rpada nepexoisT K MaTpule CMEXKHOCTH. 3arem
MPOCMATPUBAIOT CTPOKH MATPHLIbI CMEXHOCTH, U rpad Mociea0BaTebHO
«pacciauBaeTcs» B JI€PEBO PELICHMI.

IIpumep 1. Haiitu kparyaiiiumii nyTh OT BepLUMHBI 1 10 BepLIMHBI
6 B rpade, n3obpakeHHoM Ha puc. 10.1.

B MaTpuLie CMEXHOCTH BECOB JaHHOTO rpada CUMMBOJ «ITpoYepk» 000-
3Ha4yaeT OTCYTCTBHE CBA3HOCTH MEX/1y COOTBETCTBY IOLUMMH BEPLUMHAMM.
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YaNe Vb Ve Vs Ve
Yot torrn g8 iges '
V2 SRR TS
Vol o RO O 7
Vacl -mropimpi = 16774
Y fooumbiates ahim 2
Vg § mormvadrak Tofimorir

Puc. 10.1. I'pad) 1 cooTBeTcTBYIOLIAs €MY MaTpPULIA CMEXHOCTH

Puc. 10.2. JlepeBo nepebopa peiLicHHiA

IMonHoe nepeBo nepebopa, MOCTPOEHHOE MO JAaHHOMY alrOpHTMY,
u3obpakeHo Ha puc. 10.2.

W3 puc. 10.2 HETPYAHO BUAETh, YTO KpaTyaiiLuMii MyTh U3 BEPLUMHBI 1
B BepluMHY 6 paBeH 7 1 umeet Bua (1 —2 -5~ 6).

M pumep 2. Haiitn kparvaiitmii myTs OT BepLUHHbI 1 10 BepLIMHEI
6 B OpHeHTHpOBaHHOM rpade, H3o6paxenHom Ha puc. 10.3.
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. AN A Vs Ve
V1 8 8 4 e A
V,| - o & 6 WA
Vil - 3 - 2 - 10
V| - - - s 1
V5 - - - - - 4
Vel - - - e Aol

Puc. 10.3. I'padp u cooTBeTCTBYIOWAs €My MaTpHIla CMEXHOCTH

IlocnenoBarensHO NMpocMaTpuBaeM CTPOKH MATPHLIbI CMEXHOCTH W
cTpoum nepeBo pewleHuid. [lonHoe aepeBo nepebopa n3zobpaxeHO Ha
puc. 10.4.

2 B
(2) (3)
14 11 7 6 3
(4) () e RO
17 15 15 13 10 9 7
(8) (&) OECRONO
21 16, 14 14 13
O ) © © &

Puc. 10.4. [lepeso nepe6opa petieHnii

I[epeso pemeHnifl MOKa3bIBa€T BCE BO3MOXKHBIC MY TH. Hmeercs nesatb

BapUaHTOB MyTel OT nepBoii A0 wectoi BepiuinHbl. Kparuaiumii myTs
paBen Vi — V3 — V4 — V.
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10.2.
Metoa AnHamMuyeckoro
nporpaMmMmpoBaHuUA

MeTtoa AMHAMHUYECKOrO MporpaMMUpoOBaHusi OCHOBaH Ha Mo-
LIArOBOM ONTHMM3ALIMK LENeBOi (yHKUMH, e B KauecTBe ueneBoi dyHk-
LIMM MOXET ObITh CTOMMOCTB, PECYpPCHbIE 3aTpaThl, (PUHAHCOBO-3KOHOMHM-
YyeCKHUe 3aTparhl, a TAKXKE Kparyaiiune nyTu.
PaccMOTpHM NnpUMep TOMOJIOMMYECKOH ONTUMH3ALUH,

Mpumep 1. [ycrs nana kapra mectHocTH (puc. 10.5). Pasbusaem
KapTy MECTHOCTH KOOpAWHATHO# ceTkoid. lllar ceTku BbIOMpaeTcs MCxXoas
M3 YCJIOBHS TOUHOCTH. Y3/1bl KOOPAMHATHOH CETKH CYMTAeM BepLUMHAMH

rpada.

(s

Puc. 10.5. Kapra mecTHOCTH

[TpocrasisieM Beca pebep MCXOAs M3 TOTO, Kakas Lejb MpecienyeTcs.
TTocTpoeHue My TH OCYLUIECTBIAETCA U3 KOHEYHON BEpPLIMHBI B HaYallbHYIO
HCXOA M3 Cle/lyFOLLUMX NIPUOPUTETHBIX HaNpaBieHuii: BHU3 1 BMPaBo (pH
JBMYKEHHUH K KOHEUHOH BEPLUHMHE).

Ha nepBoM Tare ABUKEHHs A0 KOHEUHO# BepLuHbl B BBIHYXKIEHHBIE,
T.e. BHU3 ¥ BripaBo (puc. 10.6,a). Ha mocnenyrolyx warax Hanpasji€HHE
JIBMKeHUs onpeensieTcs onTuMusaumeit anuu nytei (puc. 10.6, 6).

B pesynbTare BbIMOJIHEHHs Onepaluii onpeaenseTcs AMnHa My TH Mex-
Ay BeplLIMHAMH (22 eaUHHLbI) U TPAEKTOPHSA IABHKEHHS (no cTpenkam) —
puc. 10.6, 6.

Memoo OuHaAMUYECK020 NPOZPAMMUPOBAHUA PACCMATPHUBACT MHO-
rocTajuiiHble MPOLECCH MPUHATHA peleHus. IIpu nmocTaHOBKE 3aiaiH
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Puc. 10.6. BuiGop kparuaiiwero nyru:
a — nepsbli war; 6 — BTOPO#H 1Iar; 6 — TPAECKTOPHS MyTH

AMHAMHYECKOIO NpOrpaMMHUpPOBaHHs (POPMHUPYETCS HEKOTOPBIH KPUTEPHIA.
[Ipouecc pasbuBaercs Ha cTaauu (Lark), B KOTOPbIX NPUHUMAIOTCH pe-
LIEHHS, MPHUBOASALLME K JOCTHXXEHHIO 00LIeil nocTaBneHHoM uenu. Takum
00pa3oM, METOA ANHAMHYECKOTO POrpaMMHPOBaHHS — METO/ OLLIAr0BOj
ONTHMH3ALUHU.

Beesem QyHkuuio f;, onpeaensioulyio MHHUMANBHYIO JUTMHY MYTH
M3 HavyalbHOW B BepuinHy i. OGo3HauuM yepes S;; IUTHHY MyTH MEX.y
BEPIUMHAMM © U J, @ fj — HaAUMEHBLIYIO JTHHY MYTH MEX1Y BEPLUMHOI j
M HayaJbHOM BEPLUMHOM. '

BuiGupas B kauecTse i TaKyio BepIIHHY, KOTOpas MUHUMHU3UPYET CYMMY
Sij + f, nonyuyaem ypasHeHue

fi=min(S;; + f;) o f; = min(Sj; + f;).

TpyaHOCTS pelueHHs JaHHOTO ypaBHEHHs 3aKJIFOYAETCs B TOM, YTO He-
M3BECTHas (QYHKLMA BXOAMT B 00e yacTH paBeHCTBa. B Takoii cuTyaumu
MPUXOANTCS NPUGEraTh K K1aCCHYECKOMY METOAY MOCIIe0BaTe bHbIX NPH-
OnmxeHuii (MTepauuit), HCNoNb3ys peKyppeHTHYI0 Gopmyny:

£ = min(s;; + £9),

k
rae fJ( ) _k-e npubdnmxkeHue QyHKLUUH.
Bo3moxkeH Apyroi noaxoa k peLieHuto NocTaBieHHOMN 3a7auu ¢ OMO-
LLbIO MeTO/a cTpaTeruid. I1pu ABH)KEHUM M3 HAYaIbHOM TOUKH © B KOHEYHY O

k nonyuaercs npubnuxenue fi(o) = Sik, Tae S;x — IIHHA TTYTH MEXIY
TOYKaMH i ¥ k.
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Cnenyrouiee npubnmieHne — MOUCK pelieHus B Klacce AByX3BEHHBIX
nomaHblX. JlanbHeiluue npubavkeHUs MILYTCS B KJIAcCe TPEX3BEHHBIX,
YETBIPEX3BEHHBIX U APYTHX JIOMAHBIX.

ITpumep 2. Haiitu, ncnons3ys Metoa AMHaMUYECKOro NPOrpaMmu-
poBaHMs, kpaTuailiKii nyTh MeXKay BepiinHamiu 1 1 6 B rpacde Ha puc. 10.7.

VW) Vo M 96 O,
vi[- 2 4 5 - -
V| - - - 4 3 -
V| - - - - - 7
V|- - - - 86 4
V|- - - - - 2
Vil - = - - -

Puc. 10.7. I'pad v cooTBeTCTBYIOLLAsA EMY MATPHULIA CMEKHOCTH

[TepBblii aTan anropuT™Ma — MOUCK JUTMHBI MUHUMAJIBHOTO My TH. Jlns
BepiurHbl 1 uMeem f1 = 0, Tak Kak Juid 3TOH BEpLUHHBI HUKAKOH MyTh eLle
He npoiinen. UmeeM fo = min(S12 + f1) =2+ 0= 2. AHanorn4Ho umeem
f3 =min(S13+ f1) =4+ 0= 4. U3 puc. 10.7 BUAHO, 4TO U3 BEPLUNHBEI 1 B
BepLIMHY 4 BO3MOHBI aBa nyTh: (1 —4) u (1 — 2 —4), noatomy QyHKUHS
f4 Oynet umeTh BUA

fa =min{S14 + f1, Soa + f2} =min{5+0, 4+ 2} =min{5, 6},

OTKy/1a BbIOMPAETCA MHHMMAJIBHOE 3HaYeHHe GyHKUMH fq = 5. AHanorny-
HBIM CrIocoGoM onpeaensetcs 3HadeHue GpyHkumit fs u fe:

f5 = min {S25 + f2, Sa5 + f1}=min{3+2, 6+ 5} = min {5, 11};

fe = min {Ss6 + f5, Sa6 + fa, S36 + f3} =
=min {245, 4+5, 7+4} =min{7, 9, 11}.

M3 nocneaHuX COOTHOLLUEHWI HAXOAMM, YTO MMEHOT MECTO ClEAyHOLHe
MHUHUMaNbHbIE 3HaueHus: fs = 5, fg = 7. Takum oOpasom, B pe3ynbTare
BBINOJIHEHHS TIEPBOrO 3Tana ajropuT™Ma HaiiieHo, YTo Kparyanlui myTh
u3 BeplunHbl 1 B BepunHy 6 paseH 7.

Ha Bropom 3tane anroputma GyieT HailieHa NOCIe0BaTeIbHOCTE BEp-
LIVH, Yepe3 KOTOPbIe MPOXOAHUT BbIYHCIIEHHBIH MMHHMMAabHbIH TyTh. Jns
YTOr0 HEOOXOAMMO HalTH MOC/IeA0BATENBHOCTL TeX (yHKUHH, KOTOPBIM
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COOTBETCTBOBaN BbIOMpaeMblii MUHMMYM. Jns QyHKuMM fg MUHHMYyM
BBIYMCIIANCA Yepe3 3HAYEeHHE (byuxuuu f5. B cBoIO ouepens, MUHHMYM
GyHKUMM f5 ObLT BBIYKMCIIEH Yepe3 MHHUMAIBLHOE 3HAYEHHE dbyHkumm fo,
a QyHKUMH fo — uepe3 MHHMMANbHOE 3HaueHne byHkunu fi. Cremo-
BaTe/IbHO, «OTPabOTKa Ha3a[» OT KOHEUHOM BepLIMHBI 6 MCKOMOrO MYTH
A0 €ro HauanbHOW BEPIUMHBI 1 MO3BONSET yKa3arh MOCIEA0BATENbHOCTD
MPOXOAUMBIX MpPH 3TOM BeplunH rpada — (1 — 2 — 5 — 6).

IIpumep 3. Onpepenuts kparuaiiwmii myTs M3 BepmuHbl 1 B
BepiunHy 10 ans rpaga, npeacrasnenHoro Ha puc. 10.8.

Puc. 10.8. B3pewieHHbI# opueHTHPOBaHHBII rpad)

HauaneHbie ycnosus: f; =
Haxoaum nocnenosarensHo 3HaueHus GyHkuuu f; (B yCNOBHBIX €H-
HULAX) U1 KaXK10# BEPILIMHBI OPUEHTHPOBAHHOIO rpada:

fo=min{S21+ fi} =3+ f1=34+0=3;
fa=min{S31+ fi} =4+ fi=44+0=4;
fa=min{Suy+ fi}=2+f1=2+0=2;
fs =min{Ss4 + f1, S56 + fo} =min{5+2, 1+4} = 5;
f6 =min{.5'6f;+f4, S63+ f3, Se2+ f2} =min{2+2, 6+4, 3+3}=4;
fr=min{S75 + f5, S76 + fe} =min {6 + 5, 8 +4} = 11;
fo=min{Ses + f5} =12+ 5=17;
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fs = min {Sse + f6, Sg9 + fo} =min{7+4, 6+ 17} =11;
fio =min{S10,7 + f7, S108+ fs, S1w0,9+ fo} =
= min {4411, 3411, 1T+ 17} =14,

JlnuHa Kparyaiiulero myTH coctasnseT 14 ycnoBHbIX eauHuu. Jlns
BbIOOpA ONTHMANBHOM TPAEKTOPUH ABUKEHHS ClIENyeT OCYLIECTBUTE Mpo-
cMotp (yHKuMii f; B o6patHoM nopsake, T.e. ¢ fip. Ilycts f; = fi0. B
JIAHHOM Clly4yae

flo=min{4+ fr7, 3+ fg, 11+ fo} =min{4+11, 3+11, 11+17} =14.

[Tonyuaem, uto 3 + fg = 14, Te. f; = fg. 3Haumut, u3 BepwuHsl 10
cnenyer nepeitH k Bepiunte 8. Umeem f; = fg. PaccmoTpum dyHKuMIO

fe=min{7+ fo, 6+ fo} =min{7+4, 6 + 17} =11,

Te. fj = fe U T.4.
TakuM 06pa3om, monyyaem KpaTdyaiLuuii MyTe OT BEPLIMHBI 1 K Bep-
wuHe 10:
(1-4—6—8-10).

PaccMOTpeHHBIi METOM ONpe/ieNieHis KpaTyaiiuero myTH MOXeT ObiTh
pacrpoCTpPaHeH M Ha HEOPHUEHTHPOBaHHbIE rPadbl.

MMpumep 4. Jlns rpaca (puc. 10.8) HaiiTu kpaT4aiiLuui nyTs OT BEp-
wmHel 1 1o BepumHbl 10, paccmarpuBas rpad kak HEOpHEHTHUPOBaHHBIMH.
Matpuiia CMeXHOCTH BECOB rpaga B 3TOM Clly4ae MMEET BHA!

1 2 3 4 5 6 7 8 9 10
1 - 3 4 ’ - - - - - -
2 3 - - - - 3 - - - -
3 4 - - - - 6 - - - -
4 2 - - — 5 2 - - - -
5 - - - 5 - 1 6 - 12 -
6 - 3 6 2 1 - 8 ; - -
3 - - - 6 8 - - - 4
8 £ = - - - 7 - - 6 3
9 vk = - - e - - 6 — 11
10 o o~ - - — - 4 3 11 -
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3anuiem BbipaxeHus s GyHKUMM f;:

f1=0;

fo=min{f1+3, fe+3}; fz=min{f; +4, fo+6};
fa=min{fi +2, fs+5, fo+2};

fs=min{fs+5, fo+1, fo+12, f7+6);

fo=min{fo+3, f3+6, fa+2, fs+1, fr+8, fa+7};
fr=min{fs+6, fo+8}; fe=min{fs+7, fo+6)};
fo=min{fs +12, fs+6}; fio=min{f7 +4, fs+3, fo+11}.

YkasaHHbI€ LeseBble QYHKUMH NPEACTABNSIOT cOBOi CHCTeMy NHHeli-

HbIX anreGpaniecknx ypaBHeHHii (B mpuMepe umeercs 10 ypaBHeHHi 1 10
HEU3BECTHBIX).

PaccMOTpUM o1H U3 BApHaHTOB ee pelueHus, yuuThbiBasd, uto fi = 0.
Torna umeem:

f2=3; fa=4 fi=min{2, fs+5, fo+2}=2;
fs=min{7, fe+1, fo+12, fr+6} = min {7, fe+1};
fo=min{6, 10, 4, fs+1, fr+8, fs+7} =min{4, fs+1} =4.

[loacraBus BeipaxkeHHe Ans fg B f5, monyuum
fs=min{7, 4+ 1} =5.
Torna

fr=11; fg=min{l1, fo9+6};
fo=min{17, fg+6}; fio=min{15, fs+3, fo+11}.
IMoncrasnsas fg B fg, monyyaem
fs=min{11, 17+6, fs+6+6} = 11.

OxoHuarensHo umeem: fg9 = 17; f10 = 14.
Takum obpa3som, kpatyaiitumit myTs pased (1 —4 — 6 — 8 — 10).
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10.3.
MeTton [lenKkcTpbl

Anroputm JleKCTpbl NpeAHa3HaueH JUlsd HAXOXKJIEHHUs Kpart-
yaiiLero MyTH MeX/1y BeplUMHAMH B HEOPMEHTUPOBAHHOM rpade.

WUnes anropuTMa creayrouias: cHavana BblOepeM MyTh 0 Havalb-
HOM BepLUMHBI PABHBIM HYJIO, W 3aHOCHM 3Ty BEPLIMHY BO MHOXECTBO
BLIOPAHHBIX BEpLIMH, PACCTOAHHE OT KOTOPBIX JI0 OCTABLIMXCA HEBbl-
OpaHHBIX BEpLUMH onpeaeneHo. Ha kaxaoM cieayroliem 3Tane Haxoaum
CJIElYIOLLY IO BEIOPaHHYHO BEpLUMHY, PACCTOAHHE 10 KOTOPOH HauMeHblLlIee
M COeJMHEHHYIO peOpoM ¢ Kakoil-HUOyaAb BEPLUMHOW M3 MHOXECTBa He-
BbIOpaHHBIX (3TO paccTosHHe GyAeT paBHO PACCTOAHMIO 10 BbIOPaHHOI
BEPILMHbI MJIOC AJIMHA pedpa).

Ipumep 1. Haiitu kparyaifiumii nyTk Ha rpae ot BeplimHbl L 10
BepiunHel D (puc. 10.9).

Puc. 10.9. B3pelueHHblil HEOPUEHTHPOBaHHBIHA rpad

3anuiueM aJirOPUTM B BUJIE MOCJIE0BAaTEIbHOCTH LIAroB (Tabn. 10.1).

Ta6auna 10.1

MeTon JleiikcTpbl (MepBblii war)

BriGpanHas IyTs 10 HeBriOpaHHbIE BEPILIHHbI
BbIOpaHHOM
e BEPUINHBI B G | N R 110 S| M| A
L 0 (7) | oo | 10 [ o0 | 00 | 0 | @ | &
B 7
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lar 1. Onpeaenstorcs paccTosiHus OT Ha4yalbHOMH BepiIMHbI L 110
BCEX OCTaJIbHBIX.

Ilar 2. Beibupaem HanmeHbluee paccrosHue ot L 1o B, HaiifeHHas
BepiIMHa B npuHUMaeTcs 3a BHOBb BeiOpaHHyl0. HaliienHoe HanmeHbLIee
paccTosiHue nobasiseTcs K AnMHaM pebGep OT HOBOIi BepllHbl B 10 Bcex
octanbHbIX. BeiOupaercs MunumansHoe pacctosuue ot Bno N. Hoas
BepunHa N npuHUMaeTtcs 3a BbiOpanHyo (Tabn. 10.2).

"4

-~

Tabnuua 10.2

Meton [leiikerpsl (BTOpOit miar)

BoibpanHas IyTs 10 HeBbiOpaHHbIE BEPLIMHBI
BLIOpaHHOM
BEpIvHS BEPLIMHBI B G N R D 5 M A
L 0 {(7) 1~o0 10 o0 00 00 00 o0
B ¢ L 16 | (10) | o© 00 00 o0 34
N 10

JUs HarsAAHOCTH B JalibHELIeM BMECTO 3HaKa 0o Oy/1eM CTABUTh 3HAK «—».
[Tar 3. Onpexnenstorcs pacCTOAHUA OT BepluMHbl N JIO BCEX OCTaB-

wuxcs (3a ucknrouenuem L u B) (tabn. 10.3).
Tabawuua 103

MeToa [JdeiikcTpsbi (TpeTHii war)

BriGpannas Bﬂﬁ)’g;}i‘;ﬁ HeBbiGpaHHbIe BEPILIMHBI
acpiissS st menun | B L G | N | BRI D|.S | M| A
L 0 £71% " oo 10 o0 o0 o0 o0 00
B 7 * 16 |(10) | co | oo | o0 | oo | 34
N 10 * | (16) * 41 0 o0 0 34
G 16

Paccrosnue ot BepunHbl L yepe3 BepunHy N a0 BepuintHbl G
paBHO 18. Drto paccrosHue Gonblue, uem paccrosuue LB + BG = 16,
MO3TOMY OHO HE YUYMTBIBAeTCs B JanbHeiuem. [Tponomkas aHamornyHble
NoCTpOeHHs, nocTpouM Tabn. 10.4 (BeNNYMHbBI, YKa3aHHbIE B KBAJPATHBIX
ckoOkax, He yunTbiBatoTcs). Takum o6pa3om, HaitieHa AniMHa KpaTyaiiero
nyTi Mexxay BepiunHamu L u D (44 ycnoBHbIE eIUHULIBI).

Tpaekropus nyTH onpezaensercs cneayoumm obpazoM. OcyuiecTsrs-
eM oOpaTHbIf NMPOCMOTP OT KOHEYHOI BepLIMHBI K HayanbHOH. [Ipocma-
TpHBaeM cTobel, COOTBETCTBY LM BepILMHE, CHM3Y BBEpPX M (hHKcHpyeM

155



nepBoe NosiBIeHHe MUHUMAaIbHOW BeNHYMHbL. B cronbue, cooTBeTCTBY!10-
wem BepwinHe D, BnepBbie MUHUMAJbHAA JUIMHA 44 NOsBUAAchk CHU3Y B
YeTBEpTOii CTpoke. B 3TOi cTpOKe yKa3aHa BeplUHHa S, K KOTOpO# cieyer
nepeiTy, T.e. CIEAYIOLMM HYXKHO paccMaTpHBaTh CTOJ0€EL, COOTBETCTBY-
lOLLMit BepLInHE S.

Ta6bnuua 104

Tabauunan peanusauuns meroaa Jdedxkcrpsol

Bei6pannas| [lyTs 10 HepbiOpaHHble BEpPLIMHBI
BbIOpaHHOM

BCPIINRR N seonmia | 'H 1T & TN TN D S M A
L 0 D1 =t 0= . o - -
B 7 * 16 | (10) | - - - - 34
N 10 x |(16)| = | 4] - - - 34
G 16 el 1| - 1_6(';},)1 SRg A i T
S 29 * « | os | 4 27:_*:1‘117 ;, "  "' ; ?; 27_-255 (34)
A 34 T G T [34?15] e
R 41 ] bl 41‘:‘_13 - | @2 | »
M 42 . * Sl :t"‘ B [451‘_‘%1] * * *

B 3TOM cTonblle MUHUMaNbHas J/IMHA, paBHas 27, yKa3biBaeT cieay-
foutyto BepuuHy G, k KOTOpoii cneayet nepeiitu, u T.A4. Takum obpasom,
nomyuaem Tpaexroputo nytu: (L — B -G —§— D).

Mpumep 2. Haiitu kparuaiiumit myTs Ha rpade mexay 1-i u 7-#
BepiurHami (puc. 10.10).

OnpezensieM CleayIOLLyO BbIOpaHHYO BEpLIMHY, pacCTOAHHE 110 KO-
TOPO# HauMeHbLLEe, U COEIMHEHHYIO peOpOM C OZIHO¥ M3 BEPLUHH, MpPH-
HaJIeXKalUMX MHOXECTBY HEBbIOpaHHBIX. DTO paccTosHue OyAeT paBHO
PACcCTOSHHIO /10 BLIGPAHHOI BEPLIMHBI MJIKOC AUTMHA pedpa (tabn. 10.5).

Ocy1ecTBseM 00paTHBbIH MPOCMOTP OT KOHEHHOH BEPLUIMHBI K Ha4allb-
Hoii. [TpocmarpuBaem cTonbell, COOTBETCTBY FOLUHF BEPLIMHE, CHH3Y BBEPX
1 GHUKCHPYEM MEPBOE NOABIEHHE MUHHMA/IbHOH BETHYHHBI.

Kparuaiiwunii myTs npu 31om 6yzer pasen (V7 — Vs — Vo — 11).
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0 | 3|12 | oo lw|o]w
23| 0 | 25| @ [ 22| o | © | 35
121251 0 | 18| ® | ® | ® | ®
w | © | 18] 0 | © | 20| © | ®
|2l D]23]114| ©
W | | 2023 0 |24
| | o |14124| 0 | 16
o [35| o | o |w|o|[16] 0

Puc. 10.10. I'pad) u coorBercTByIOWLIas eMy MaTpuLia CMEXHOCTH

Tabnuua 10.5

Tabanunas peanusauus meroaa Jdeiikcrpol

BeiGpannas ITyTts no ¥ HeBbiGpaHHbIe BEpLIHHBI
BbIOpaHHOM

BCpLIMHA BEPLUMHBI | %) Vs Vi Vs Ve Vy Vs
i 0 23. . 1.4128) - - - - -
Va 23 ot | (30) | 45 - - 58
V3 12 23) | * | 30 - - - -
Va 30 gl L e | 49| 50 - 58
Vs 45 s e x| v | 50) | 59 | s8
Vs 50 sl L o Ly ] 59 | 58)
Vs 58 ol B sl v (39 :

10.4.

Anroputm ®nonpa

IMycte B marpuue A[i,j] 3anucanbl qmHel pebep rpada
(anemenT A[i, j] paBeH Becy peGpa, COEIMHSAIOLIENO BEPLINHBI C HOMEPAMH i
u j. Ecnin ke Takoro pe6pa HeT, To B COOTBETCTBYHOLLEM 3JIEMEHTE 3alUCAHO
HekoTopoe ouyeHb Gonbuioe yucno. IMoctpoum Hosble matpuubl Cyli, 7]
(k=0,...,N). DOnement marpuusl Ci[i,j] GyneT paBeH MHHMMAJILHO
BO3MOXXHOM JUTMHE TaKOro MyTH U3 ¢ B j, YTO B KAUECTBE MPOMEKYTOUHBIX
BEPUIMH B 3TOM TMyTH MCIOJIB3YIOTCS BEpIUIMHBI C HOMepamu oT 1 jo k,
T.€. PaCCMaTPUBAIOTCS MYTH, KOTOPBIE MOTYT MPOXOAUTH Y€pe3 BePLUMHBI
¢ HoMepamu OoT 1 10 K, HO 3aBeIOMO He MPOXOAAT Yepe3 BEPIUUHBI C
Homepamu oT k+ 1 o N. B martpuuy 3anuceiBaeTcs JUIMHA KpaTyaiiero
13 Takux nyteil. Ecnm Takux myTeii He CyIECTBYET, 3aHUCBLIBAETCS TO He
GonbLIOE YHCNIO, KOTOPBIM 0003HAYaeTCs OTCYTCTBUE pebpa.
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Ecnu Beiuncnena marpuua Ci_q[i, j], To anementsl Matpuupst C[i, 7]
MOYKHO BBIUMCIIUT MO clieaytoleii hopmyne

Ck[i)j] - min(ck—l[iﬁj]:ck—l['i’k] + Ck—-l[k:j])-

B camoM Jerne, pacCMOTPUM KpaT4ailliiii My Tk U3 BEPLUHHBI ¢ B BEPLUUHY
j, KOTOpbI B Ka4yeCcTBE MPOMEXYTOYHbIX BEPLIMH HMCMONb3YyeT TOJBKO
BEPLUMHBI ¢ HOMepamu oT 1 10 k. Toraa BO3MOXHO JBa Cilyyas:

© OTOT MYTh HE NMPOXOAMT Yepe3 BepLiuHy ¢ HomepoM k. Toraa ero
MPOMEKYTOUHBIE BEPLIMHBI — 3TO BEpLUHHBI ¢ HOMepamu oT 1 o k — 1.
Ho Toraa AnMHa 3TOro NyTH yxke Beiuucnena B anemente Cy (i, j];

e 5TOT MYTh MPOXOAMT 4epe3 BepluuHy ¢ HomepoM k. Ho toraa ero
MO>XHO Pa30MTh Ha JIBE YaCTH: CHayasla U3 BepLUMHBI ¢ JOXOAMM ONTHMAlb-
HBEIM 00pa3oM J0 BEPLUHHBI k, UCTIONB3Ys B KayeCTBE MPOMENKYTO4HBIX
BEPIUMHBI ¢ HOMepamu oT 1 10 k — 1 (AnMHa Takoro ONTHMAaJbHOIO MyTH
Boiuncnena B Ck_1 (i, k]), a MOTOM OT BepIUMHBI k MM B BEPLUKHY j OMSATH
e ONTUMaJIbHBIM CITOCOOOM, UCIONB3Ys B KaUeCTBE MPOMEKYTOUHBIX BEP-
LLIMH TOJIBKO BepIuMHbI ¢ HoMepamu ot 1 10 k (Ck_1[k, j]).

BriGupas 13 3THX JBYX BapHaHTOB MMHUMAaNbHBIH, nomyyaem C[i, j].

TMocnenoBarensHo Beluncass marpuusl Cp, Cp, Ca U T.A0., NOAYYUM
uckomyto Marpuiy Cy KpaTyailiMX paccTOSHMA MEXIY BCEMH mapamH
BEpPLUWH B rpade.

AnroputM @roiia MOXHO CBECTH K NMOC/IE10BATEIbHOCTH LIAroB.

T[TpucBouTs ¢;; = 0 ans Bcex 1 = 1, 2,...,n U Cjj =00, €CU B rpade
OTCYTCTBYET Ayra [z, Z;).

ITpuceoenue HauANbHBIX 3HAYEHUU.

Iar 1. Ilpucsouts k& = 0.

MWar 2. k=k+ L

Ilar 3. Jlns Bcex i # k, Takux, 47O C;f 7 00, H s BCeX j # k, Takux,
4TO Ci) # 00, ¢ij = min {¢ij, Cik + Ckj)-

Ilposepka Ha oxoHuaHue.

Ilar 4. Ecnu k = n, To Marpuua [c;;| AaeT ANMHbI BCEX KpaTyaiiumx
nyTeii. OctaHoBka. MiHaue nepeiiTy k wary 2.

10.5. .
Anroputm UeHa

Tycts rpad 3anan Marpuieii A[i, j]. Bepuuna s BeiOpaHa kak
HayanpHas. Haiigem anMHbI & HAWMEHBLIMX MyTeH 10 KaKAOH BEPLIMHbI
OT BepuInHBbI s (pebpa B OJIHOM MyTH MOTYT MOBTOPATLCS HEO/IHOKPATHO),
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NPU YCAOBHH, YTO 3TH IYTH CyLecTBYIOT. Pesynbrar Oyaer XpaHUTbCA B
matpuue B pa3smepom N x k, rae N — KOJIMYECTBO BEPIIMH. DJIEMEHT
maccuBa Bli, j] paeH j-My 110 JUIHiHe NyTH 10 BEPIUMHBI 1.

Jha kaxnoi BepiumHbl B MaccuBe C' OyleM XpaHHTb KOJNMYECTBO
YK€ HalJeHHBIX 10 Hee HauMeHbLIMX nyTel. H3HayaibHO BCe 3neMeH-
Tbl MaccuBa C' paBHbl Hynio. Bee anemenTsl Matpuisl B aenaemM paBHbIMH
Kakoi-Hubyab 6onblIoi KoHCTaHTe, 3aBeIoMO 60bILEH BCeX BO3MOKHbIX
nyreii. Bo Bpems ucnonHeHus anroputMa B Marpuue B Oyaem XpaHuTb
nyyime k nyTei 10 Kax/a0# BepLUMHbI, HallIcHHbIE BO BPEMS HCIIOJIHEHUS,
npu 3Tom nepsbie C|[i] nyTei /Ui BepLunHBI ¢ yike HalI€HbI OKOHYATENBHO
(anemenTsl Marpuupsl B — Bli, 1], B[i,2], ..., B[i, k] ana Bcex i ynopsao-
YEHBI B BO3PACTalOLIEM NOPAJKE).

CneposarenbHO, MOXKHO A€HCTBOBaTHL ClEAYIOLIMM 00pa3oM: NycCThb
YK€ Hal 1eH bl KaKMe-TO KpaTyaidLumre ny T, Toraa YToObl HANTH Ceay IOLLMI
no JUiMHe, nonpobyem YUTHHUTL KaX/bld U3 yike MOAY4YEeHHbIX Ha OJIHO
pebpo. Haiinem Haukparyailiumii W3 HUX, NPUYEM OKAHYMBAIOLLMIICA Ha
BEPLUMHY, A0 KOTOpO# HaiaeHo menee k nyrteit. Ero MoXHO BHOCHTHL B
Tabnuuy pesynbrara.

Anroputm Mena MOXHO CBECTH K NOC/IEI0BATEILHOCTH LIATOB.

IIpuceoenue navanbhbix 3HaveHuu. _

Ilar 1. Haiitu P'. Ilpucsouts k = 2. Ecau cyliecTByeT TOAbKO
oauH kparyakwmii myts P!, Bkmounts ero B cnucok Lo M nepeiTu K
wary 2. Ecnu Takux nyTeil HECKOJIbKO, HO MeHblue, YeM K, BKIKOUYHTH
OIMH ¥ HUX B CNUCOK L., a ocTanbHbie B cnucok L. Iepeiit k wary 2.
Ecnm cymectsyer K unu Gonee kparuaitumx nyteit P!, To 3anaya pelena.
OcranoBka.

Haxooicoenue omxnonenuil.

IWar 2. Haiitn Bce otknoxenns PF (k—1)-ro kparuaiiero nyTw
P*=1 nns Beex i = 1,2,..., Qx—1, BLIMOJHASA T4 KAXAO0ro 1 waru ¢ 3-ro
no 6-i.

[Tar 3. lNposeputsb, cOBNaaaeT 11 nNoanyTh, 00pa3oBaHHbIi NEPBLIMMU
i BepwuHamu moboro us P7 myreii (j =1,2,...,k—1). Ecmm na,
TO NMPHCBOHTH c(zf_l,:rz 4+1) = 00; MHaye Huyero He u3MmeHsTsb. (TMpu
BBIMOJIHEHUH aNrOpuTMa BepiinHa T 0603HavaeTcs s.)

Iar 4. Haittu kparvaitume mytn S5 or 25!

i K t, uckmoyas u3
paccMOTPEHHs BEPLUHHbI S, xf‘l, :cg‘l, T :t:f'l. Ecnu cywecrtsyer
HECKOJIbKO KpaTyailuMx nyTeii, To B3ATh B KaYecTse Sf OJIMH M3 HHUX.

War 5. Mocrpours P u nomectnts P B cnucok L.
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[ITar 6. 3aMeHUTb 3/1eMEHTHI MAaTPULIbl BECOB, U3MEHEHHBIE Ha Luare
MX MePBOHAYAIbHBIMHM 3HAYEHUAMM W BO3BPATUTHCA K 1uary 3.

Buvibop xpamuatiwux omxnoneHuil.

[Tar 7. Haiitu xparyaiwmnit myTe B cnucke L. OO6G03HaYUTHL 3TOT
nyts P* u nepemectuts ero us Ly B Ly. Ecim k = K, To ocTaHOBKa.
Cnucok Ly — cnucok K -kpaTyailiuux nyTei.

Ecnu k < K, To npucBouts k = k + 1, nepeiitu k wary 2. Ecnu B L
umeeTcs Oonee ueM oiMH Kpardaiuuii myts (h-nyTe), TO momecTUTh B Lo
no60# U3 HUX ¥ MPOJOIKATh BEIYMCIIEHHUS O TeX NMOp, MOKa YBEAHUYEHHOe
Ha h 4ucno nyTeid, yxke Haxousummxcs B L, He coBnaaer ¢ K unu He
npeBbICUT ero. Toraa — ocTaHOBKa.

10.6.
Anroputm Bennmana — Poppaa

[Mycts B Mmarpuue A[i,j] 3anucansl QHHBI pebep rpada.
Haiinem kparuaiilive paccTosHMs OT 3aJaHHOM BEPLUMHBI S J0 BCeX
ocTalbHbIX BepuiuH rpada. Anroput™ Bennmana — @opaa pewraer sty
3a/1a4y JaXe Npu Haauduu pebep oTpuuarensHoro Beca. O603HaYuM yepes
MunuCt(s,v, k) HAaMMEHBILYIO CTONMOCTB MPOE3/ia U3 S B I/ MeHee YeM ¢ k
nepecagkamu:

MueCr(s,v,k+1)=min{MunrCt(s,v,k), MuaCr(s,i,k)+ Ali,v]}.

Uckomeim otBeTom siBnsercs MurCr(s,i,n) ana Beex ¢ = 1..n.

Uto0bl HATH HE TOJBKO JUTMHBI HAMMEHBLIUX MyTei A0 BCEX BEPLIHH,
HO M caMM 3TH NyTH, MCMONb3yeM cneiytowmii npuem. IlapamnensHo
C BbIUMCIIEHHMEM MaccuBa x OyaeM BbuuciaaTe marpuwy D[i,j]. Ecnm
MeX/y BEpPLIMHAMH § W j CYLIECTByeT NyThb, TO B 3JIEMEHTE MaccHBa
D[j,0] Gymer XpaHMTCS KONWMYECTBO BEPLIMH B 3TOM MYTH, a LeENo4ka
BEpLUNH, cCOCTaBNeHHas u3 anementos ¢ D[], 1] no D[j, D[j,0]], Gyner atum
cambIM nyTeM. [lyThb 10 BEPIIMHbBI § COAEPXKHUT €IHHCTBEHHYIO BEPLUMHY
(D[s,0] = 1; D[s,1] = s). Jns BbrumcieHus marpuusl D mortpebyercs
JIOMOJIHUTh TEKCT MPOLEAY Pbl:

k:=1;
for i := 1 to n do begin x[i] := a[s][i]; end;
{vuBapuant: x[i] := MuHCT(s,i,k)}
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O6o3Hauum yepes MurCr(s,7, k) HaMMEHbLLYIO CTOMMOCTB MPOE3za
M3 s B © MeHee yeM ¢ k nepecaakamu. Toraa BbINOJHSETCS Takoe
COOTHOLLIEHHE: s

for i := 1 to n do begin D[i,0]:=2; D[i,1]:=s; D[i,2]:=i; End;
D[s,0]:=1; while k <> n do begin

e

for i := 1 to n do begin
forj:=1ton do begin
if x[i] > x[j]+a[j][i] then begin
x[i] := x[jI+a[j][il;
D[i]:==D[j];
D[i,0]:=D[j,0]+1;
D[i,D[i,0]]:=i;
end;
end
{x[i] = MunCn(s,i,k+1)}
end;
k=k+1;
end;

Konmponvnsie éonpocot

.

. B uem ocobeHHoCTL NocTpoeHus aepesa pereHui?

2. Yro noka3slBaeT NepeBO pELUEHHI?

3. Kakum 06pasom ucronb3yercs MeTOA ONTHMM3ALUMM JUTA OMNpeaeneHus
Kpar4ailuero myTH 1o Kapre MECTHOCTH?

4. B peweHnn Kakux NPUKNAIHbIX 3aa4 MCTIONB3YIOTCA ANFOPHTMBI onpe-
AeneHus B rpade KparTyaiux pacCTOAHHI MEXY 3aJaHHBLIMM BEpLIN-
HamMKu?

5. Moxet i GbITb IpUMeHeH anropuT™ JeikcTpbl K ONpeneneHnio Kparyaii-

LIEr0 pacCTOsHUA B OPHEHTHPOBAHHOM rpade?

Kak pa6oraer anroput™m JeikcTpsl?

7. Kak paGoTaer ajroputm NMHAMHYECKOTO NMPOrPaMMHMPOBAHHS MPUMEHH-
TENILHO K 3a/1a4e onpenesieHus B rpade KpaTyalliMX pacCTOSHHIA Mex Ty
BEpLUHHAMHU?

8. B uem ocobeHHoCTh anroputma dnoiina?

9. B uem ocobeHHOCTh anroputma HMena?

: 10. Vkaxkure OCHOBHO# NMPHHLMN MOCTpoeHHs anroputMa Bennmana — ®opaa.

11— 1837 161
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lnasa 11
3BpUCTUYECKME anTOPUTMbI

DBPUCTHYECKHI ANrOPUTM — 3TO ANTOPUTM, B KOTOPOM
Ha OMpe/e/IeHHOM JTarne MCMoMb3yeTcs MHTYWumMs paspaborunka. Eciun
pelieHue, NPUHATOE pa3paboTYMKOM, OKKETCS HEBEPHBIM, PE3ybTaT BCE
paBHO GyzeT monyueH, HO 3a Gobluee uucio waros. Takum obpasom,
B IBPUCTHYECKHX QJINOPHTMAX MOXHO YBEJIHYMTB CKOPOCTb NOJYy4EHHs
NpaBH/ILHONO pe3ysibTara.
K 9BPMCTHUYECKMM aJropuTMaM OTHOCATCSA: BOJIHOBOI, JBYXIy4eBOH,
YeThIpeX/y4eBOii, MapLIPy THbIA, alrOPUTMbI COCTAB/IEHHS PACMHCAHHA.

11.1.
BonHoBou anroputm

BonHOBO# anropuT™, Win anroputm Jin, nepBoHaYaibHoO UC-
0/b30BANICA JUTA MOMCKA MyTH B NaGMPHHTE WM B UrPOBbIX 3ajayax. B
HacTosLlee Bpems anropuT™ JIu (BoJIHOBOI) AB/IAETCA OCHOBHBIM B MMKPO-
31eKTPOHUKE JUTS TPACCHMPOBKHM (COEAMHEHMA) IEMEHTOB HHTErpaJIbHBIX
cxeM. OcoBeHHOCTh anropuT™Ma COCTOMUT B CJICY HOLIEM:
e B 1aGUpHHTE (Ha NO/I0XKKE) BbIOMPAIOTCA /1BE TOUKH A (HayanbHas)
u B (koHeuHas). M3 HauyanbHOl TOYKH B YEThIPEX HANPaB/ICHUAX BBIXOANT
BosniHa (puc. 11.1). Lndpamu obo3HayaeTcs HOMEP (poHTa BOJIHBI WJIK €€
NyTeBble KOOPANWHATHI;
e NyTeBbIE KOOPJAMHATHI ONPEAENAOT ar pacnpocTpaHEHHs BOJHBI.
Kaxblii 21eMeHT nepBoro GpoHTa BOJHBI ABIAETCA UCTOYHUKOM BTOpHH-
Ho# BonHbl (puc. 11.2).

Puc. 11.1. Hanpasneuns
pacrnpocTpaHeHus Jy4eH : Puc. 11.2. Bropoii ()pOHT BOJIHBI
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DneMeHTBl BTOporo (poHTa reHepupyior Tpetnit GpoHT  TA. OT
3anpeLueHHBIX 3IEMEHTOB BOJIHA He pacnpocTpansercs. [Tpouecc npoaon-
KAETCA 10 TeX Nop, noka He OyaeT JOCTUTHYT KOHEYHbIH MEeMeHT.

Tpaexropus nyTu onpeaensercs 06paTHbIM NIPOCMOTPOM, OT KOHEUHO-
ro Kk HavaneHoMy. Ilpu 5TOM 3aaa10TCS NPUOPUTETHI ABUAKEHUS:

BBEPX, BHM3, BIEBO, BIMPaBO.

Ot T0ro, B Kakom MopsajKe 3ajaHbl IPUOPUTETHI, 3ABUCHT CKOPOCT
peleHuns 3a1a4u.

ITpn nocrpoennn Tpaektopuu ucnonb3yoTes ABa NpUHLMNA:

® IBUXKEHNE OCYLUECTBAAETCS CTPOrO M0 3a4aHHBIM MPHOPHUTETAM;

® [IpU MOCTPOCHUHU TPACCHI, T.€. TPACKTOPUM JABUKEHUSA, 3HAYEHUS
MyTeBbIX KOOPAUHAT JO/KHBI YMEHBILIATHLCH.

Mpumep 1. Tlycrts 3anan nabupunt, rae 3anpeieHHbIC eMEHTbI
3awrpuxosanbl. Haltv nyts mexay snementamn H u K

Ha nepsom atane or Ha4ajbHOroO 51€MEHTa TPACChI MCXOAMT BOJHA,
KOTOpas OCTaHaB/IIMBACTCA, AOCTUIHYB KOHEYHOro anemenTa (puc. 11.3).
Boska pacnipoctpansercs no ueThipem HanpaBaeHUAM: BBEpX, BHI3, BNpa-
BO W BeBO. [TepBbiii GpoHT BONHBI NpeacTasseT co6oil ueThipe eAHHHLB.
Cneayrowmit poHT npescrasnsior co6oii pacnpocTpaHeHne BOAHbI Ha 0/1-
HY KNETKY OT 3/IEMEHTOB Npe/bILyLero ppoHTa B CTOPOHBI OT HAYATLHOTO
anementa. TIpu pacnpocTpaHeHHH BOJIHBI 31€MEHTaM NPHCBAMBAIOT 3Ha-
ueHus Homepa dponTa (2, 3, 4  .a.). Ecan anement sanpeuenusiii, T

-

N
N =N
NN

N

-
WIN| -

0| s

a 6

Puc. 11.3. Pacnpocrpanenne Boans! (@) u nocrpoenne Tpacchl (6)
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K HEMY 3TO HE OTHOCHTCS — BOJIHA PACMpOCTPAHIETCs TOJILKO MO He3a-
MpeLIeHHBIM 37IEeMEeHTaM CeTKH. Takke BOJIHA He pacrnpocTpaHseTcs 3a
rpaHHLibl KOOPJAMHATHOH CETKH.

CnefyroLMM 3TanoM SBASETCS HAaXOXKAEGHHWE TYTH, TMPHYEM TOUCK
BEJIETCS OT KOHEYHOro anemeHTa (puc. 11.3). Beibupatorcs npHopuTeTHbIE
HarnpaslieHHs JABWXXEHHs OT KOHEYHOro 3JIeMEHTa K HayalbHOMY: BBEpX,
BJIEBO, BHM3, BMpaBo. Tpacca MpOKIAAbIBAETCA € YYETOM YMEHbLICHHS
MyTeBbIX KOOPAWHAT.

Mpumep 2. [Mycts 3aaaH NaOUPUHT, [€ 3aMpPEIICHHBIE EMEHTDI
3alTpuxoBanbl. HaiiTh myTh mexay snemeHTamMH A ¥ B BOJHOBBIM
anroput™moM (puc. 11.4).

6 10| 9| 8 10

5 7 9 | 10

4 5| 6 8|9|B

3|2 4|5 7218 10
L a3 b e 6 E

1 A 1| 28 3s a8 5 6 | 7|8

9 3 7

3 o 41 510 819 1|10

Puc. 11.4. Tpaextopus nyTH Mexly S1EMEHTAMH AuB

Ha mepBOM 3Tamne OT 3NeMeHTa A pacnpoCTpaHAeTCs BOJIHA 110
TeX 1op, Moka OHa He JOCTHTHET KOHEYHOro 3/1eMEHTa B. Ha BTOpOM
3Tane BHIGUPAIOTCA TPUOPHTETBI JABHXEHUS OT KOHEUHOH TOUKH B «x
nauanpHoii A. [TprHopuTeTH BEIOMPAIOTCS HCXOAA W3 B3aHMHOIO pacrosio-
SJKeHUS HAYAILHOTO M KOHEUHOro aneMeHTa. [1peanonokum, 4To BelOpaHs!
napagoKcasbHble (JTOrHYeCKH HEeBEpHbIE) NPUOPHTETBI : BBEPX, BIPaBo,
BHHM3, BEBO. B 3TOM cnyuae Tpacca Bce paBHO OyieT MOCTPOEHa, HO 3a
GoJibLIee YUCIIO 1AroB (CpaBHEHHIA).
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11.2.
AByxny4eBoW anroputm

B 1ByxjlyueBOM anropuT™Me M3 HAYANBLHOTO M KOHEUHOro
JIEMEHTOB OJHOBPEMEHHO BBIXO/AT M0 /1Ba Jyya, Tpacca CYUTAETCA Npo-
BEACHHOM, eC/IH NepecexaloTcs /1Ba PasHOMMEHHbIX yua (OT pa3HbIX
HCTo4HMKOB). Ecim Wa myTw nyua BCTpeuaeTcs 3anpelueHHbIi nemMenT,
ero 06Xo/1 OCYLUECTBAACTCA M0 BTOPOMY NPHOPHTETHOMY HarnpaBiaeHHIo,
XapakTepHOMY JUIA Nyuel, BBIXOAALIMX U3 OAHON TOUKH.

Ecnu e o6a nanpasnenns okasbiBaiotcs 3a6/10KHPOBAHHBIMH 3anpe-
LUEHHBIMHU 3NIEMEHTaMH MO0 JOCTUrHYT Kpail KOOpAMHATHON CeTkH, TO
ABHKEHHE JIyua MpeKpalaeTcs.

BeiGop Hanpasnenus aBuxkenus nyuell npoMCXOaNT MCXOAS M3 HHTY-
Humyu paspaborynka. CyuiecTBYIOT 4YeThipe BapHaHTa pacrpocTpaHeHHs
Jlyuel, KOTOpbIe ONPEAENAIOTCA NOCE BbIYUCACHUS 3HAYEHHH o 1 [3:

iy 1, eecnu X, -Xp>0; i 1, eciu Y4 -Yp > 0;
10, ecnu X4-Xp<O; 10, ecnu Y4 -Ys <0,

rne (X, YA) — KoopauHaThl HAYANBHOIO ANEMeHTa;
(XB, YB) — KOOpPAMHATHI KOHEUHOIO EMEHTA.

Hcxons n3 snauennit o u 3 BeiGupalor Hanpasnenms nyueii (puc. 11.5).

a=0, f=0

a=1, =0

a=0, fi=1

a=1, f=1

B

A

A

B

B

A

Puc. 11.5. Bapuantst pacnipoctpanenns nyueii

MMpumep 1. Ocywmecrsuts TpaccHposky anementoB A u B, pacno-
NOXKEHHBIX Ha MOMIOKKE HHTErpaibHO# cxemsl (puc. 11.6).

B nanuom cnyvae X4 - Xp=3-10=-7, Y4 -Yp=9-2=17.
3Haunt, a =0, 8 = 1.

Kaxasiit u3 BYX mywedi, BBIXOASUIMX H3 OIHOMO 3M1EMEHTA, JBHIKET-
€4 NO 321aHHOMY NPHOPHTETHOMY Hanpasnenuio (puc. 11.5). Ecaun nyy
BCTPEYAET Ha MyTH 3anpeuieHHbli aneMeHT, To ero o6Xoa ocyulecTRIseT-
€A NO BTOPOMY NMpPHOPHTeTHOMY Hanpasnexuio. Eciau oba nanpasnenus
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6 3 6
5 4 5
4 B 567 4| 12
3 3] .1
2 2|11|{B
g

$ 2 3 4 B 6 HBiBgae

Puc. 11.6. TTocTpoeHue Tpacchl ABYXJIy4YEBLIM aJITOPHTMOM

OKa3bIBAKOTCS 3a0/IOKUPOBAHHBIMH 3alPeIeHHbIMKM 3IEMEHTaMH, TO JIBH-
skeHHe Tyua npekpaiaercs. [Tpu JOCTHKEHHH Jy4OM Kpasi KOOPAHHATHOI
CETKH OH 3aTyXaerT.

Tpacca cuuTaeTcs HaliIeHHOM, eClIi BCTPEYAOTCsA 182 pa3HONMEHHBIX
Jyya, T.e. T4 OT Pa3HbIX HCTOYHHUKOB.

Mpumep 2. OcylwEecTBUTb TPACCHPOBKY 3ICMEHTOB A n B, pacno-
JOYKEHHBIX Ha TMOIOKKE HHTerpasibHoi cxemsl (puc. 11.7).

B nanHoM cnydae X4 — Xp=2—-T7=—9, Yo—-Yp=7-2=5.
3naunt, « = 0, B =1. Hcxons u3 3HavyeHUd a W [ onpepensaoTCs
HanpaBJeHus ABIKEHUS Ny4el (pHc. L1150

Al1i2:3 5*
1 4 4
2 5|6|3
3 >
4* Lk

2T VES

Puc. 11.7. TpaccupoBka JABYX/Ty4€BbIM aJITOPUTMOM
(* — MyY NpeKpallaeT ABUKEHHE)
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1.3.
YeTbipexnyueBon anroputm

W3 HayabHON U KOHEUHOM TOueK BBIXOAAT OJHOBPEMEHHO
no uereipe ny4a (puc. 11.8). Jlyunm ABMXKYTCS CTPOro Mo 3afaHHBIM
HanpaBleHUAM U «3aTyXaloT», €ClIU JOCTUINN Kpasi KOOPAMHATHOMN CEeTKH

n1M60 BCTPETHIIN 3aMPBLUEHHBIH IEMEHT.
7 7
A % B

Puc. 11.8. Hanpasnenus asuxenus nyueii u3 touek A n B

\Q
\Q
\
\

\\\
\

IIpumep 1. OcyuecrtButs TpaccMpOBKY (COEAMHEHHE) 31EMEHTOB
MHTErpajibHOH CXeMbl YeThIPEXJlyYeBbIM anroput™Mom (puc. 11.9).

2&
1

Puc. 11.9. TpaccupoBka ueTbipexyueBbIM anropuTMOM

Ecnn niyy BcTpeuaer Ha myTy 3anpeLieHHbII 3MEMEHT WM J0CTUraeT
Kpast KOOPAMHATHOM CEeTKM, TO OH 3aTyxaet. Tpacca cuMTaeTcs HaiiJeHHO,
€CJIH BCTPEYaloTCA JIBA Pa3HOMMEHHBIX Jyya.

IIpumep 2. OcyuwecTBuTs TPacCHPOBKY 371€MEHTOB YeThIpexy-
4€BBIM anroput™om (puc. 11.10). B nannom npumepe Tpaccy nposecTH
HENb3s.
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T A | 1 & T 5

4
2 3
3 2
4* 1

3* 2 1.8 | 1 2 3*

Puc. 11.10. TpaccupoBka YeTbIPEXJYy4EBBIM aJIFOPHTMOM

11.4.
MapuwpyTHbIA aNropuTM

MapuupyTHbI a1rOPUTM MONYUYUs CBOE Ha3BaHHE, MOTOMY
YTO OCYLLECTB/IAET OJHOBPEMEHHO U popMUPOBaHUE (PPOHTA, U MPOKNANbI-
BaHWe Tpacchl. MICTOYHMKOM BOJIHBI Ha KQXK/IOM Luare SBASETCS KOHEUHbIHA
3MEMEHT y4acTKa TPacChl, MPOJIOKEHHON Ha MPEABbIAYLIMX LIarax.

B MapuipyTHOM ajlrOpuTMe pPaccMaTpHUBAIOTC BOCHMH3IEMEHTHAs
OKPECTHOCTb UCXOHOTO dneMeHTa (puc. 11.11).

o, I g T, [+
i, j—1 A i, j+1
b1, 721/ 171, J LT, T

Puc. 11.11. BocbMH3neMeHTHast OKPECTHOCTh

168



OT Kaxa0ro snemMeHTa OKpYKEHHs OLIEHMBAETCs paccrosHue d /10
KoHeuHoro anemenTa B: d = \/(z; — x)2 + (yi — yp)? wnu d = |z; — 3| +
+|Yi — Yl |

Takum oOpazom onpenensioTcss BOCEMb 3HAYEHWH PacCTOSHUMI, W3
KOTOPBIX BbIOMpaeTcs MUHUMalbHOE, DIEMEHT, 1U1si KOTOpPOro d 0Ka3anoch
MUHUMAJIbHBIM, CYMTaeM 3JIeMeHTOM Tpacchl. [Ipouecc moBropsaTcs A0
TE€X Mop, rnoka paccTesHue He OyaeT paBHbIM HYMO (d = 0), T.e. noka He
OyseT AOCTUrHYT KOHeuHblil sneMeHT. OO6X0[ 3anpelieHHbIX 31EMEHTOB
OCYLLUECTBJIAETCA UCXOAS U3 MHTYULIMU pa3paboTyuka.

IIpumep 1. OcyuwecTBUTL TPACCUPOBKY NIEMEHTOB MapLUPYTHBIM
anroput™mom (puc. 11.12).

7

6

5 9 B
4 1 4

3 3 A 4 8 10
2 5

1

1 2 3 4 5 6 7

Puc. 11.12. Hymepauus 31eMeHTOB, aHaIH3UPYEMBIX
B MApLIPYTHOM aJI'OPUTME

OnpeaennuM paccTOsHUS 2IEMEHTOB OKPECTHOCTH TOUKH A 10 Touku B:
di=\/(1-5)2+(4-5)2= V17, dy=/(2-5)2+(4-5)?= VIO,
dy=1/(1-5)2+(3-52=V, di=1/(3-572+(3-5)2="5,
V13.

ds=1/(1-5)2+(2-5)2= V25, ds=1/(3-5)2+(2-5)?

MuHHMaNBHBIM SBSETCS paccTosHue dy = /8. Jlanee cuntaem paccros-
HUS OT TOYKH B 10 TOYeK OKpPeCTHOCTH HaiiIeHHOH TOUKH:

d7 =2, dg=+/5.
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MununmaneHoe paccrostue d7. TTIpoBoauM BbIUKCIEHUS aasiee:
dy=1, dip=+v2, dg=0.

[Monyuunu mapwpyt (A —4 —7— B).

11.5.
FeomeTpuyeckaa mogenb
3apa4um o nabupuHre

IIpumep 1. B nabupuHte ¢ NpOM3BOJIBHBIMH TpPENAT-
CTBMSAMM HAiTH Kpar4aluuii MyTh MeX1y 3aJaHHbIMH ToukamMu S U T
(puc. 11.13).

Puc. 11.13. Hcxonubiii nabupunt

Pewenue. Tak Kak NMpenaTCTBUS HAa MECTHOCTH 00pasyloT MHOro-
YTONLHUKM WM Kakue-11MGo Jpyrue reoMeTpuyeckue Qurypsl (Kotopbie
C HEKOTOPBIMH TOrPELIHOCTAMH TOXEe MOXKHO M300pa3uTh B BUJE MHOrO-
yroJIbHUKOB), TO Kparyaiiluasi Tpacca OyJeT sBiATbCs JIOMAHOH ¢ y3namu
B BEpLIMHAX 3THX MHOMOYTOJIBHUKOB. 3BEHO JIOMaHOH — 93TO JMbO CTO-
pOHA MHOTOYrOJIbHUKA, MO0 NpsAMOJIMHElHbI OTPe30K, MPOXOAALIHH BHE
MHOIOYrOJIbHUKOB U COEMHSAIOLIMI JIBE BEPLUMHBI OAHOIO W TOTO e HIIH
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Pa3sHbIX MHOTOYTOJIBHUKOB. J[Ns pelueHuns 3Toil 3a1a4m HY>KHO NMOCTPOMUTh
CeTh (JIOMaHy10), a Tak)Ke COeIMHUTh TOYKH S U t C IPOCTPENMBAEMBIMH 13

HHUX BEPLIKHAMMU, €CIIU 3TH TOYKH HE ABJAIOTCS BEpLUMHAMU MHOTI0yrojb-
HHKOB.

@opmupoBaHHe CeTH, T.e. MaTpHLbl paccTosHui C' pasMepoMm n X n
(n — obuuee YMCO BepIIMH BCceX MHOTOYrOIBHUKOB MKOC JBa 115 yuera
crapra W (puHMLIA) mpeacTaBAsSeT COOOW TPOWHOM LMKA: BHELIHMIT MO
i — nepeGop BepUIMH, OTKyAAa CTPENAKT, cpeanuii o j (j ot i + 1 1o
n, 4YTOOBI HE MOBTOPATHCA) — 3TO MepeGop BEpIUMH, Kyaa CTPEsIOT, H
BHYTPEHHUH 1Mo k — 3T0 npoBepka, He nepecekaet Jiu k-si CTOPOHA KaKoro-
MO0 MHOTrOYroJbHKUKA OTPE30k coeauHenus (puc. 11.14).

Puc. 11.14. Hanpapnenus ctpens6bl U3 TOUKH 7 (MOKa3aHbI MYHKTUPOM):
(4, j1) He BXOAWT B ceTh, (%, j2) BXOAMT B CETh

[Tocnennee ycnoBue npoepsercs
no cTaHAapTHBIM (opMynam aHanm-
THYECKOI MeOMEeTpUH: 3anucChbiBaeTCs i
YypaBHEHHE MpPAMOM, Mpoxoasuei ve-
pe3 (i, j), M ypaBHEHHE NpsAMOii, Mpo-
xoasueit uepes KOHLbI oTpeska k. Pe-
LIEHHEM CHCTEMBI U3 ITUX JBYX ypaB-
HEHWUH HAXOJAMUTCH TOYKA MepecevyeHus
M yCTaHaBNMBAETCA, JI€XKMUT JIH TOUYKa
nepeceyeHuss BHYTPU paccMmarpuBae-
MbIX oTpe3koB (puc. 11.15). Ecnu na,
TO dj; = 00, KOHell LHKNa 1o k; eciu
HET MepecevyeHus 1Mo OKOHYAHNM LIHK-

na 1o k, TO BBIYMUCIAETCS €BKJIMA0BO Puc. 11.15. Onpenenenre To4ku
paccTosHue d;;. riepeceyeHHst OTPE3KOB
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[Tycte Mexay BeplUMHAMM © M j HE NMPOXOANT HUKAKOW CTEHBI, a j
M3 ¢ He npocTtpenuBaerca. YrtoObl NpeofoneTh 3Ty TPYAHOCTb, HYXKHO
BBECTH XapaKTEPUCTHKY I yIyla NMpensTCcTBUA g;, NpUcBouB g; = 0, ecnu
«BOTHYTBIA» yroi, Wi g; = 1, ecnu «BeInykAslii» yron. Tak, ans yrna c
BEPLIMHOM ¢ g; = 1, a Ans yrna ¢ BeplumnHoii j g; = 0.

Ecnu kpaiinue BepLlUMHbI T; U Tj43 (Tj, Ti+1, Ti+2, Ti+3 — MOCHE0Ba-
TeJIbHbIE BEPLUWHBI MHOIOYOJIbHUKA) JIeXKaT Mo OAHY CTOPOHY OT NpAMOIi,
NPOXOAALIEH Yepe3 COCEAHUE BEPLUUHBI Tj41, Tj4+2, TO gi+1 = Gi+2, MHAUYE
9i+1 7 9i+2:

(z — Ziv1)(Yi+2 — Yi+1) — (Tit2 — Zit1) (¥ — Y1) =0

Ecnu npu noacTaHoBke B 3TO ypaBHeHHe Touek (z;, y;) U (T;+3, Yi+3)
B JIEBOI YaCTH MOJIYHaAKOTCH YUCA C OIMHAKOBBIM 3HAKOM, TO Gi+1 = §i+2,
MHaYe g;4+1 7 Gi+2. llocie 3Toro uukna OyayT M3BECTHBI BCE §; TOYHO
MJIM C TOYHOCTBIO 10 Hao60opoT. OcTtaeTcs abCONOTHO YCTAHOBUTL g; XOTA
Obl A1 OAHOM BEpPLUMHBI. JTO JIErKO CAeNarh, MOTOMY YTO 3KCTpeMaibHas
BEPLUWHA UMEET gy = 1.

Ternepp MOXHO CMPaBMTHCA C BbILEU3NOKEHHOW npobnemoii. U3
BEpPLUMHBI ¢ HE MPOCTPEIMBAETCA HUKAaKas BepLIMHA J, 3alMLLEHHAs YTITIOM
C BeplIMHOMW 2. YToOBI HUCKIIOUUTHL U3 PACCMOTPEHHUS 3arOpOXKEHHBIE
BEPLUMHBI, HY>KHO OTCTYTHTB OT BEPLUMHBI ¢ 110 CTOPOHAM YIJ1a Ha BEJIHYHHY
£, 3aBEJIOMO MEHBILYIO, YeM AJHMHA CTOPOHbI, MOCTPOUB TaKUM 00pa3oM
Touku o U 3. Tlocne 3Toro Hy»Ho BBeCTH OMHapHY10 BenMunHy B, nonaras
B =1, ecnu oTpe3ku af U i) nepecekatorcs, 4 B =0, eciu o*rpesxu af u
iJ He nepecekatorca (puc. 11.16).

Puc. 11.16. XapakTepuCTHKH yriia npensTCTBUs

Bcero uMeeTcs YeTbipe BO3MOXKHOCTH:
1)B=1ug;=0;
2) B=0#ugi=1;
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) B=1lng=0;

4)yB=1ung;=1.

SIcHo, uTO BeplIMHA j He MpOCTpenuBaercss B ciyyasx 2 M 3 (npu
HeueTHOM B + g). Tenepb MOXHO MOCTPOUTD CETb.

[Toene TOro Kak ceTh MOCTPOEHa, MOXKHO MPUCTYNATh K HAXOKAEHHIO

Kparyailumx myTeii, BOCMO/b30BaBIUHUCH JIIOOBIM U3 PACCMOTPEHHbIX BbILLE
AJIrOPUTMOB (B 3aBUCMMOCTH OT MOCTABIIEHHOI 3aaaun) — puc. 11.17.

Puc. 11.17. Tpaekropus nytu B 1abupuHTe

11.6.

ANroputMmbl cocTaBneHus
pacnucaHus

[TpeaAnonoxum, 4To UMEETCA N OJMHAKOBBIX MPOLECCOPOB,
obosnaueHHbix Py, Py, ..., Py, u m He3aBUCUMBbIX 3ananuii Ji, Jo, ...,
Jm, KOTOpBIE HYXKHO BBINOJHUTE. [Ipoueccopsl MOryT paboTaTh OIHOBpe-
MEHHO, U 000e 3a1aHNne MOXKHO BBIMOJIHATEL Ha Ilo6oM npoueccope. Ecau
3aJlaHue 3arpy><eHo B MpoLeccop, OHO OCTaeTcs TaM 0 KoHLa 06paboTky.
Bpems o6pabotku 3ananns J; u3BecTHO M paBHO t;, i = 1,2, ...,m. Opra-
HU30BaTh 00paboTKy 3ajaHuii TakuM 06pa3oM, 4TOOBI BLINOTHEHHE BCErO
Habopa 3aanuit Gb110 3aBepILIEHO Kak MOXKHO GbIcTpee.
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Cuctema paboraer cineayrownm obpasom: rnepsblit ocBo6oaUBLUMICS
npoueccop OepeT U3 cnucka cieayoee 3aaanue. Ecnu oqHOBpeMeHHO
ocBoboKAalTCS ABa MM Gonee NMpoLeccopoB, TO BLIMOJHATE OYEpeAHOe
3a/laHue U3 crnucka OyieT npoueccop ¢ HAaMMEHbLIUM HOMEPOM.

IIpumep. Ilycte umeroTcs Tpu npoueccopa U WECTb 3aJaHUid,
BpeMsl BBIMOJHEHUS KaXA0ro U3 KOTOpbIX 1] = 2, tp =5, 13 =8, 14 =1,
iz = Dj =l .

PaccmotpuMm pacnucauue L = (Ja, Js, J1, J4, Je, J3). B Hauanb-
HbIit MOMeHT BpeMeHHu T' = 0 npoueccop P; HaunHaeT o6paboTky 3aaaHus
Jo, npoueccop P, — 3ananus Js, a npoueccop P3 —3azanus Ji. [pouec-
cop P3 3akaH4YMBaeT BbIMOJIHEHUE 3aaHus J1 B MOMEHT BpemeHu 1" = 2
1 HauuHaeT oOpabaThiBaTh 3anaHue J4, noka npoueccopsl P; u P» Bce
elle paboTalOT HAJ CBOMMH MepBOHAYa bHbIMU 3anaHuaMH. [Ipn T =3
npoueccop P3 onsATh 3akaHUMBaeT 3aaHue J4 M HauuHaeT oOpabarkiBaThk
3ananue Jg, koropoe 3aBepiuaercs B MomeHT T = 4. Torna oH HauMHaeT
BBIMOJIHATE MocneHee 3aaanue J3. Ipoueccopel P 1 P 3akaH4yMBaioT
sajanus npu T =5, HO, Tak Kak cnucok L TMycT, OHM OCTaHaBJIMBa-
totcs. Tlpoueccop P3 3aBepiiaer BbinojHeHue 3aaaHus J3 npu T = 12
(puc. 11.18). PaccmoTpenHoe pacnucaHie npouII-oCTPUPOBAHO BPEMEH-
HOI quarpaMMoit, M3BECTHOM Kak cxema (Ouazpamma) I'awma. O4YeBHAHO,
YTO pacrnucaHue He onTHMaNbHO. MoXHO noaoOpark onTHMalibHOE pacmu-
canne L* = (J3, Jo, Js, J1, J4, Jg), KOTOpOE MO3BONSAET 3aBEPIUMTEL BCE
3afanus 3a MUHMManbHoe Bpems 7% = 8 exunnn (puc. 11.19).

MOo>HO paccMOTpeThb APYroi THI 3a/a4 No COCTaBICHHUIO pacnUCaHus
U1t MHOTOMPOLIECCOPHBIX CHcTeM. BMecTo Bonpoca o ObicTpeiiiiem 3aBep-

Jy

P 5 ; | >t
P, J5 l »
2 : 1

J J J i
p 1 O . 3 A
3 | | | 1

2 1 1 8 T=q9

Puc. 11.18. Cxema anra: pacnucanue L
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Puc. 11.19. Cxema I'anta: pacnucauue L*

weHun Habopa 3anaHuii PUKCMPOBAHHBIM YHCJIOM MPOLIECCOPOB TeMnephb
NOCTaBMM BOMPOC O MMHUMAJILHOM YHCJIe MPOLECCOPOB, HEOOXOAMMBIX
JUTA 3aBepileHus AaHHoro Habopa 3ajaHuii 3a pukcupoBaHHoe Bpems 1.
Koneuno, Bpems T Oynet He MeHblle BpeMEHH BBIMOJIHEHHS CAMOT0 TPY-
JIOEMKOI'O 3aJIaHHS.

it
3agayva ynakoBKu

3azaya cocTaB/IeHUs paclUCaHUs SKBUBAJIEHTHA Cllely loLIe
3ajaue ynakoskH. ITycts kaxxnomy npoueccopy P; coorBercTByeT Ak B
pasmepa Tp. IMycTh kax oMy 3aaHuI0 J; COOTBETCTBYET MpeAMET pazMepa
ti, pABHOIO BpEMEHH BbINOJHEHUs 3aaauua J;, raei =1, 2, ..., n. Tenepn
JUIS pelieHus 3a7a4d MO COCTABJICHHUIO PAacCNMCaHUs HYXXHO MOCTPOWTH
AJNOPUTM, MO3BOJIAIOLMI Pa3MeCTUTh BCE MpeAMEeTbl B MHUHMMAabHOM
KonuuyecTBe AMKOB. KOHeYHO, HeNlb3s 3aMoNHATh ALLMKY CBepX UX 00bema
Ty, v npeaAMeTHI HeNb3s QPOOUTEL Ha YacTH.

[TycTe AaHO MHOXECTBO NMPEeAMETOB: ABAa M3 HUX MMEIOT pasmep 3 W
Tpu — pasmep 2. Kakoe TpeGyeTcs MUHMUMAJIBHOE KOJIMYECTBO SLLNKOB
pa3mepa 4, uroObl MOMECTUTH B HUX Bce mpeameTsl? OTBET NMokasaH Ha
puc. 11.20, rae 3alITpUXOBaHHbIE y4acTKU 0003HAYalOT MyCThbIe MECTa B
ALMKAX.

Jlns peleHus 3TOM 3a/1auM CYILECTBYET HECKOJIBKO MPOCTbIX IBPUCTHU-
YeCKUX airopuT™MOB. Kaxkablii U3 HUX MOXeT ObITb OMMCAH B HECKOJIBKHUX
cTpokax. PaccMOTpUM YeTbipe TakKUX ajiropuTma.
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Puc. 11.20. MunumanbHoe 4ucno SIMKOB pasmepa 4, Tpebyemoe
JUS pa3MELIEHHS NPEAMETOB pasMepamu 2, 2, 2, 3, 3

Aaropur™m 1 (nepsoe nonasuieecs pazmeujenue Ona 3a0aHHO20 CRUC-
ka). Ilyctb L — HekoTopslit nopsaaok npeamertoB. [lepseiii npeamer us L
knazem B Mk B1. Bropoii npeamer u3 L knagem B By, ecau oH Tyaa
nomewlaercs. B npoTHBHOM ciyyae kianemM ero B cleayowmii smuk By,
Boob6uie, ouepenHoii npeamer u3 L knaaeMm B swmk B;, Kyaa 3ToT npea-
MeT TTOMECTUTCS, MPUYEM MHAEKC ¢ HAUMEHBLUNA CPeiu BCEX BO3MOMHBIX.
Ecau npeaMer He nomellaeTcs HA B OAMH M3 k 4aCTHYHO 3anOJHEHHbIX
ALIMKOB, KJlageM ero B AWK By 1. DTOT OCHOBHO# Liar noBTOpseTcs,
rnoka cnucok L He OyaeT ucyepnas.

Anroput™ 2 (nepsoe nonaguteecs pazmeujerue ¢ ybviganuem). IToT
aJIOPUTM OT/IMYAETCS OT anropuT™a | Tem, 4To cnucok L ynmopsaoyeH ot
O0NBLIMX NPEAMETOB K MEHBLUUM.

Anroput™m 3 (yvwee pazmewjenue ons 3adannozo chucka). ITycts
L — 3ana”Hblii crnucok 3agaHuii. OCHOBHOM 1ar TOT e, 4YTO U B
anroputme 1, HO ouepeaHO# npeameT KnaleTcs B TOT ALIMK, 1€ OCTaeTcs
HauMeHblllee HEHUCNOJb30BaHHOE MPOCTpaHCTBO. Takum obpasom, eciu
ouepeaHOoii NpeaMeT UMEET, HanpuMep, pa3Mep 3 U eCTh YEThIPE YaCTHUHO
3aMoJIHEHHBIX AlKMKa pa3Mepa 6, B KOTOPbIX OCTanock 2, 3, 4 U 5 eaAMHMLL
He3aroJTHEHHOro MPOCTPaHCTBA, TOrAA MPEAMET KJIaeTCs BO BTOPO# ALIMK,
M TOT CTAHOBHMTCS MOJIHOCTbIO 3aMOTHEHHBIM.

Aaroput™ 4 (nyvwee pazmewenue ¢ yovisanuem). ITOT aNrOPUTM
TakoW ke, Kak M ajiroput™ 3, HO cnucok L ynopsjaoyeH OT GoJbLIMX
NpPeAMETOB K MEHBILUM.

Jlnsi 3a7aud YMakoBKH OblJI0 HalWAEHO HECKOJIBKO XOPOLIMX BEPXHMX
otieHok. OnHa U3 JIyylIuX, npuHaanexaas ['paxemy, BeIMISIUT CleLy0-
M obpasom. [Tycte Ng — MHUHHMAIBHOE YHCIIO HEOOXOAMMBIX 5ILIMKOB,
MOMY4YEHHOE MpU MOMOLM TOYHOro anroputma. Ecam NNz obo3HauaeT
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npubav>KeHHOe peLueHe, HalIeHHOe aJITOPUTMOM 2, TO 45 J1toboro € > 0
W poctaroyHo 6onbmoro Ny UMEET MECTO COOTHOILLIEHHE
N ag 1%

No < §+E.

TaknuMm 06pa3oM, anropuT™ 2 faeT pelieHue, KOTOpoe He MOXKET ObITh Xyxke
ontuManbHoro 6onee yem Ha 23%. OTO rapaHTMpOBaHHas OLIEHKa; IUIA
06O KOHKPETHOM 3a/1aun owmrbKa MOXKET ObITh HAMHOIO MEHBbLLE.

3anauyM ynakoBkH (M BOOOLLE HEKOTOPbIE IBPUCTHUYECKUE AJITOPUTMBI)
YAMBHUTEbHO 0OMaHuuBbl. Hanpumep, eciu Hy)KHO ynakoBaTh B ALIUKH
pasmepa 1000 npeameTsl pasmepamMu

L = (760, 395, 395, 379, 379, 241, 200, 105, 105, 40),

TO 3BPUCTHUYECKUH anroput™m 2 nortpelyer ans atoro Nyo = 3 suMka.
Jlerko npoBEpHTH, YTO 3TO HA CAMOM JieJie ONTHManbHoe peuieHne. Ho ecnun
YMEHBLIMTh pa3Mepbl KXI0ro npeaMeTa Ha 1, 4TO NPUBOAUT K CITUCKY

L' = (759, 394, 394, 378, 378, 240, 199, 104, 104, 39),

TO 3BPUCTUYECKUH anroput™ 2 yxe aact V49 = 4 sumuka. IT0 04eBHIHO
HE ONMTHMAJIbHOE U COBEPLUEHHO HEOXKHUIAHHOE pELIEHHE.

O6paruM BHMMaHHE Ha APYryr aHoMmanuio. [IpumeHss 3BpucTHue-
ckuii anroput™ 1, ynakyem L = (7, 9, 7, 1, 6, 2, 4, 3) B Amky pa3mepa
13. Haxomum, uto N4 = 3, kak nokasaHo Ha puc. 11.21; oueBuaHO, 4TO
3TOT pe3yJibTaT ONTUMAJIbHBIN.

~N (=N W

Puc. 11.21. OnTumanbHas ynakoBka

Yb6epem u3 crnucka mpeaMeT pasMepa 1, YTO MPUBOAMUT K CIHUCKY
L'=(7,9,7,6, 2,4, 3). Kazanock 661 J0/DKEH MOTYUHTLCSA Pe3ysbTaT
He Xyxe mpeabiayuiero. OpHako HETPyAHO YOeauTbes, 4TO pelueHHe
yXyAlaeTcs. DTo pelieHue nokasaHo Ha puc. 11.22.

Ha puc. 11.22 3amTpuxoBaHHble Y4acTKH MOKa3bIBAIOT HEUCITOJIB30-
BaHHbIe 00BEMBI Taphbl.

12— 1837 177



%/

“ 4
9

7

Puc. 11.22. Wcronb3oBaHue SBPHCTHYECKONO anropuT™Ma nepBoro
NONAaBIIErOCA pa3sMeLICHUA

1% 4.
3apaua o gxune

ITycTts HeoOxoauMo nepeceub Ha Jukune 1000-kunomeTpoByto
NyCTBIHIO, H3PACXO/IOBAB TIPU ITOM MUHMMYM ropiodero. O6beM TOMIHB-
Horo 6aka mxuna 500 i, roproyee pacxoayeTcs paBHOMEPHO, MO OAHOMY
nuTpy Ha kunometp. Ilpu 3TOM B TOYKE CTapTa MMEETCSl HEOrpaHMUeH-
HBII pe3epByap ¢ TOIUIMBOM. Tak Kak B MyCThbIHE HET CKJIA/IOB C NOPIOYHM,
HEeOoOXOAMMO YCTAaHOBUThH CBOM COOCTBEHHbBIE XPaHUJIMLLA W HAMOJIHATL X
TOIJIMBOM M3 Oaka MalluMHBI.

WUtak, uaes 3anayM scHa: HYXHO M3 TOYKM CTapTa OTbe3karb C
MOJMHBIM 5aKOM Ha HEKOTOPOE PaccTosiHME, YCTPauBaTh TaM NMepBblii CKIaj,
OCTaBJISTH TAM KaKoe-TO KOJMYeCTBO roproyero u3 6aka, HO Takoe, 4ToOb!
XBAaTHJIO BEPHYThCA Ha3al. B Touke ctapra BHOBb MPOHM3BOAWTCS MOJIHAS
3anpaBka M JieJliaeTcsi MOMbITKAa BTOPOH CKJIaa MPOABHHYTH B MYyCTHIHIO
nansiue. Ho rae o0ycTpauBars 3TH CKJla/ibl W CKOJIBKO NOPHOYEro OCTaBIIATH
B K&KAOM U3 HUX?

TMonoiiieM K 3TOii 3a7aue ¢ MOMOLIBIO METoa OTpabarbiBaHus Ha3al.
C KaKkoro paccTOSHUS OT KOHLA MOXHO rfepeceyb MyCThIHIO, HMes 3anac
roprouero B TouHoctH k GaxoB? PaccMoTpuM 3TOT BOMPOC AN k=
1,2, 3, ..., noka He OyAeT HaiIeHO TaKoe LeJIOE 7, YTO N NOJHBIX bakoB
no3posiseT nepeceyb BCO 1000-KHIOMETPOBYIO MYCTHIHIO.

Ilns k = 1 otBert, oueBHAHO, paBeH 500 KM, Kak MOKa3aHO Ha puc. | 1.23.
MoxkHO 3anpaBHTh MallMHY B Touke B ¥ nepeceyb OCTaBLUHECH 500 km
MyCTbIHK. SICHO, YTO 3TO Hanbosiee OTAANICHHAs TOUKA, CTApPTYs U3 KOTOPOH
MOXHO MPEOONeTh MyCThIHIO, UMes B TounocTi 500 11 roproero.
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Puc. 11.23. Cxema nyTH 4epes MycThiHIO

BHauane 6bina nocraeieHa yacTHas Lielb: KaKO€ PacCTOSIHHE MOXKHO
MPOeXaTh Ha 3alaHHOM KONHYECTBE TOMIMBA?

I[Tpeanonoxum, 4to k = 2, T.e. umeercs ABa nonubix Gaka (1000 ).
Bynem paccmarpuBarek 3TOT ciyuaii, onupasch Ha pesynstar And k = 1.
HanHas cutyauus uamoctpupyercs Ha puc. 11.23. KakoBo MakcHMasbHOe
3Ha4e€HHe T, Takoe, 4To, oTnpasisick ¢ 1000 n roprovyero u3 Touku 500 —
T1, MOXHO MEpPeBe3TH JOCTATOYHO rOPHOYEro B TOUKY, YTOObI 3aBEpPLUNTh
MOEe3JKY, KaK B cliydae k = 1?

Onun u3 cnocoboB onpenesieH s NMPUEMIIEMONO 3HAYEHUS T] COCTOUT
B cienyrouieM. 3anpasisemca B Touke 500 — x1, egeM 2 KMIOMETPOB
10 B u nepenuBaeM B XpaHHUIHLLE BCE rOPrOYee, KPOME JIMTPOB, KOTOPbIE
norpebytores 1y Bo3BpateHust B Touky 500 — z1. B aroii Touke Gak
CTAaHOBHUTCA MycThIM. Tenepb HamonHseM BTOpoi Oak, npoedkaem T
KuJioMeTpoB 10 B, 3abupaem B B roprouee, octaBieHHoe TaMm, U u3 B
enem B C' ¢ nonHeiM Gakom. OBliee MpoiIeHHOE pacCcTOSHHUE COCTOUT U3
TPEX OTPE3KOB MO I KMJIOMETPOB U 0AHOro otpe3ka BC' miuHoi 500 kM.
Torna x1 HaxoauM W3 ypaBHEHUs

3z1 + 500 = 1000.

Orciona naxomum pewenue: x; = 500/3. Takum obpazom, aBa Gaka
(1000 «2) no3BoNAOT Npoexarh

Do =500 + 2, =500(1+%).

3aMeTHM, YTO MCXOJHAs MPEANOChUIKA SABIAETCA HEAATLHOBUAHON U
rpy6oii. Korna umerores B pacriopsskeHun k 6akoB rOprOYero, Mbl MPOCTO
cTapaemcs MPOABUHYTHCS Ha3a/l KaKk MOXKHO JaJiblle OT TOUYKH, HaliAeHHOMH
s k — 1 6akos.

Paccmotpum k£ = 3. U3 kakoil Touku MOkHO BbiexaTh ¢ 1500
TOMJIMBA TaK, 4YTO MallliHa cMoxkeT noctaButh 1000 1 B Touky 500 — 21 ?
Bosppawasce k puc. 11.23, Haiinem HauGosbliee 3HAYEHHE T, TaKoe,
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4yTO, Bbie3xkas ¢ 1500 n Tonnusa u3 Touku 500 — 1 — T2, MOXKHO ObUIO
AoctaBute 1000 n B Touky 500 — z1. I1pu aTOM Bble3xkaem u3 Touku 500 —
T — x2, noezxaem 1o 500 — x;, nepennBaem Bce roproyee, Kpome 2 I,
¥ Bo3Bpauiaemcs B Touky 500 — z1 — 29 ¢ nyctbim Gakom. ITosropus
3Ty npoueaypy, 3arpatum 4zo 1 Ha npoe3s U ocrasuM 1000 — 4z9 n B
touke 500 — z;. Teneps B Touke 500 — z1 — 22 ocranock posHo 500 .
3anpasnsemcs nocneanumu 500 1 u enem B Touky 500 — x1, M3pacxoA0BaB
Ha 31O T2 1.

Ecnu naxoaumes B touke 500 — z1, TOo Ha npoe3n Oyaer 3arpayeHo
Sxo N TonnueBa. 3aeck ocTaBneHO B obuieid cnoxHoctH 1500 — Szo 1.
ITO KOJNMUYECTBO A0MKHO ObiTh paBHo 1000 n, T.e. zo = 500/5. U3 storo
3akaroyaem, 4to 1500 nMTpoB NO3BONAIOT MPOEXATH

g
D3=500+$1+.’EQ=500(1+§+-5-) KM.

IMpoaomkas HHAYKTUBHO npouecc oTpadarbiBaHUs Ha3aj, Moy4vaem,
yTO 1 6AKOB rOPIOYErO MO3BOJISIOT HaM npoexatb Dy, kM, rae

by 1
Dn—500(1+3+5+...+ 2n-1)'

Hy»HO HaiiTi HanMeHbllee 3HaueHue n, npu kotropom Dy > 1000. ITpo-
CThle BBIUMCIIEHUS MOKA3bIBAIOT, Y4TO 115 n = 7 umeeM D7 = 997,5 km, T.e.
cemb 6axoB, uau 3500 1, TonKMBa AaAYT BO3MOXXHOCTb npoexatk 977,5 KM,
TTonHbIi BocbMO#t 6ak — 3710 G610 Ob1 Yrke Gonblue, 4eM Ham noTpedyer-
cs1, uTo6b1 nepese3tu 3500 11 U3 TOYkK A B TOUKY, OTCTOALLYIO Ha 22,5 KM
(1000 — 977,5) ot A. I'lpu 3Tom ans poctaBku 3500 11 TonaKHBa k OTMETKE
22 .5 kM pocTtatoyHo 337,5 n. Takum o6pa3om, Ui TOro 4Tobkl nepeceyb
Ha MalunHe nycTbiHio U3 A B C, HyxHO 3837,5 11 roptoyero.

Tenepsb anropuT™ TPAHCTIOPTHPOBKH FOPIOYETO MOXKET OBITH MPEACTaB-
neH cnexytolum obpazom. Crapryem us A, umes 3837,5 1. 3pech kak pa3
JOCTATOYHO TOIUIMBA, 4TOObI mocteneHHo nepeBe3td 3500 1 K OTMeTke
22,5 KM, e OKaxkemcs ¢ MycTbiM Oakom M 3anacoM roproyero Ha ceMb
MOJIHBIX 3aMpaBoOK. DTOro TOM/IKWBA A0CTATO4YHO, yto6bl nepesestn 3000 n
K Touke, oTcTosieit Ha 22,5 + 500/13 km ot A, rae 6ak mMawmHbl OGyaer
onsTh NycT. ITocneayroune nepeBo3ky NpHBeYyT HAaC K TOYKE, OTCTOALLEH
Ha 22,5 + 500/13 + 500/11 km ot A, ¢ mycTbiM Gakom MawmHbl 1 2500 1
Ha cKyiaze.
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Ilponomkan Takum obpasom, Mbl npoasuraemcs Brepesa Grarojaps
aHanusy, NpoBeAeHHOMY MeToAOM OTpabaTbiBaHMs Hazaa. Bckope Mbl
okaxemes y ormerku 500(1 - 1/3) km ¢ 1000 1 Tonnusa. 3arem nepesesem
500 n B B, 3aneem ux B Gak mawmHbl M goeaem 6e3 ocraHosku a0 C.
Puc. 11.24 wamoctpupyet 3toT npouecc.

A 7 peiicos 5 peicos 3 peitca g -
. Yhatae, debeion iopriaghes - o 1
15 peicos

Puc. 11.24. Cxema peuieHus 3a4a4u o JKune

Bosnukaer Bonpoc, MoxHo s npoexars 1000 km, 3aTpaTus MeHbLue
yem 3837,5 n roprovero. OxasbiBaeTcs, 4TO Hesb3A. JUis 3TOrO MOXKHO
BbICKA3aTh CJEAYIOUMHA, 10BOJILHO NpaBaonoaobHeii 1080, OueBHaHO,
AeAcTBYs HaMTy41MM oOpasom i k = 1, npu k = 2 ucnone3yem njia s
k = 1 v 3arem BBOAMM B JieiicTBHe BTOPO#l G6ak ropiouero ans Toro, 4ToGbl
OKa3aTbCs Kak MOXKHO Aanbiue ot B. Ucxoanas npeanocsuika ans k 6akos
3AKJIIOYAETCA B TOM, 4TOOBI ONpe/e/IuTh, Kak AeHCTBOBATL HAMIYYLIUM
obpazom B ciyuae ¢ k — 1 GakaMH, ¥ OTOJBUraThbCs KaK MOXHO Aanblue
Ha3aJl ¢ NoMoLUbIO k-ro Oaka.

11.9.
3apavya 0 KONOBOM 3aMKe

I[TycTs konoBBIH 3amMoKk cocToMT M3 Habopa N nepexiioya-
Tenel, Kaxabli M3 KOTOPBIX MOXKET ObiTh B MOJONKEHWH «BKI» WIH
«BBIKIY. 3aMOK OTKPBIBACTCH TONLKO MPH OAHOM Habope nonoxeHuit
nepexiovaresnei, U3 koropbix He meHee [N/2] (uenas wacte ot N/2),
HanpuMep, HaXOAATCA B MONOKEHHM «BKM». [Ipeanonoxum, uto 3a-
Gbita koMOGMHaLMA, HO HeoOxoaMMO oTnepeTs 3amok. [IpeanonokuMm
TaKXkKe, YTO MOXHO nepenpoboBarh Bce KOMOMHALMK, YTO JUIS 3amka
¢ N nepexmouarensmu npuseaer k nepeGopy 2" Bo3MOXHBIX KOMGH-
Haumit. Hennoxwe GyayT waHchl pewmTs 3anady MOAHBIM nepeGopom
Bcex xkomOunaumii, ecnu, ckaxem, N < 10. A ecnu 3HauuTeNnbHO 60/b-
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we 10?7 3pech W NMpUroauTcs Mcnonb3oBaHue ycnosus [N/2], koro-
poe MO3BOJIUT MHOrMe KOMOMHALMU He MpocMaTpuBarh. BaxHo nHLIb
TaK MOCTPOMTH aNropuT™M mnepebopa koMOMHauui, 4TOOBI HE mnpomny-
CTUTb HYXHYIO W He HabupaTh Ty, KOTOpas 3aBeJOMO K yClexy He
MPUBEJET.

TTpomozenupyeM Kaxayro BO3MOXKHYIO KOMOMHALMIO BeKTOpoM U3 [V
Hynei w eaunuu. Ha i-m Mmecte Oyner 1, ecau i-ii mepekmouyaresb
HAXOAMUTCA B mnojoxeHuu «Bka» W 0, ecnu i-W nepekioyarenlb — B
MONOXKEHHH «BBIK/Y. MHOXECTBO BceX BO3MOXKHBIX /N -BEKTOPOB XOPOLLO
MOJIEJIMPYETCS ¢ TMOMOLIBIO CTPYKTYpbl, KOTOpas Ha3biBaeTcs GMHapHOe
(MM ABOMYHOE) AEPEBO.

Kaknas BepiuuHa k-ro ypoBHS 3TOro jAepesa OyleT COOTBETCTBOBAThH
onpeneneHHoMy HaGopy nepBbiX k komnoHeHT N-Bekrtopa. [lBe BETBH,
MAYILIME BHU3 M3 BEPLUMHBI 3TOTO YPOBHs, COOTBETCTBYIOT ABYM BO3MOX-
HbIM 3HaueHuaM (k + 1)-it komnoHeHTs! B N-Bektope. Eciin konnyecTso
nepekmouateneii B 3amMke paBHo N, To B Aepese mpocmotpa Oynet NV
ypoBHeit. Ha puc. 11.25 koHcTpyKums GuHapHOro aepesa n3obpaxkeHa
wis N =4,

KopeHb
YposeHb 0
1 0

YposeHb 1
1 10 01 00 YpoBeHb 2
111 110 101 100 011 010¢g 001 000 YpoBeHb 3

| el s e oy ] ol Attt R P |
'® ! '® ' @ ' YpoBeHb 4

--

1111 1110 1101 1100 1011 1010 1001E10(X):0111 0110 0101E0100: 001150010 0001 0000

- -

Puc. 11.25. bunapHoe aepeso

VerloBHe, 3aKIoualolieecs B TOM, YTO YKMCIIO Mepekitoyareneii B no-
OXEHUH «BKI» JOJDKHO ObITh He MeHblue [IN/2], no3sonseT He paccma-
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TPUBaTL TE€ HacTH JiepeBa, KOTOPbIE HE MOTYT NMPHUBECTH K MPaBUIILHOI
kombuHauun. Hanpumep, paccmorpum sepumny 00 Ha puc. 11.25. Tak
kak npasas BeTBb 000 He MOXET NPUBECTH K JOMYCTUMONH KOMOMHALNK,
HeT HeobxoanmocTH ee opmuposars. Eciiu kakne-To BepuMHBI, crey-
IOLLHE 32 pacCMaTprBaeMOii BEPLIMHOIM, He Y10BNETBOPAIOT OrpaHHYEHHIO
3a/1a4H, TO 3TH BEPLIMHbI HE HA/10 paccmarpuBath. B naHHOM cityuae Bep-
LUMHBI, HAXO/ALUMECA. BHY TPH Y HKTHPHBIX JIMHUH, HE HY)KHO HCCIIE0BaTh
¥ naxe GopMHpoBars.

Teneps, Bocnonb30BaBLIKCH 3TOM MOAENBIO IBOUYHOIO AEPEBA, MOKHO
U3JI0KHTB NMPOUEAYypPYy OTX0AA Ha3aj A 0Opa3oBaHUs TOJILKO TeX KOMOM-
Hallu#, B KOTOpPLIX 1o kpaiiHeit mepe [N /2] nepekniouareneii HaxoasTcs B
MONIOXKEHUH «BKJI». ANNOPUTM CBOJAMTCA K MPOCMOTPY JAepeBa B onpese-
JICHHOM nopsijike. JIBHKEMCA BHU3 110 JIepeBY OT KOPHSl, NPUAECPKHBASCDH
NIeBOW BETBH, 0 TeX MOP, NMOKa 3TO BO3MOXKHO. JIOCTHrHYB KOHEUHOI
BEPLUMHBI, aHANTM3UPYEM COOTBETCTBYHOULYIO KOMOMHauMio. Ecnu oHa He
MOAXOANT, NOAHUMAEMCS Ha O/IMH YPOBEHb U MPOBEPSEM, MOXKHO JiM Cry-
CTUTBCA BHU3 110 APYroi BETBH.

AJIrOpUTM 3aKkaH4MBaeT paboTy, KOr/a He 0CTaeTCs He MPOCMOTPEHHbIX
BETBEH.

OTOT NpUMEP MITIOCTPHPYET OCHOBHBIE CBOHCTBA, ObLIHE U BCex
IFOPUTMOB ¢ OTX0A0OM Hasaa. Ecnu moxHo cdopmynuposars 3anauy
TaK, YTO BCE BO3MOXHbIe pelieHus MoryT ObiTh 0OpasoBaHbl nocrpoe-
HHeM /N-BEKTOPOB, TO €e MOXHO PELINTh MPH MOMOLM NPOLEYPbI C
OTXO/I0M.

Konumponsnusie éonpocor

1. Kakosa TeopeTnueckas clioXHOCTb aINOPUTMOB, PACCMOTPEHHBIX B AAHHOJ
pabore?

2. HasoBute 0cOGEHHOCTH PaGOThI BOIHOBOTO M JTy4€BbIX AIrOPHTMOB?

Hasosure ocobennocTn pabotsl MapwipyTHOro anropurma?

4. Tlo xaxoi popmysie OCYWIECTBAAETCA BBIMMC/IEHHE PACCTOAHMA MENIY

JIByMsi TOUKaMH?

Kak Biuser BbIGOp NpHOPHTETOB Ha UTHHY Tpacchi?

6. B ueM 3aK1I09a10TCH NPUHLMIMBI COCTABIEHHS ONMTUMATBHOTO PACTTHCAHMS

paboTsl NapannenbHbIX Npoueccopos?

YKaxuTe OCHOBHBIE 0COGEHHOCTH 3a/1a4M YNaKOBKH?

[MpuseauTe NPUHUMMNBI pelieHHs 3ana4m o mkune?

Kak nocTpouts nepeso pewenuii B 3a1aue 0 KOIOBOM 3amke?

S

o

° %3
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Fmnasa 12

MeTtoa BeTBEeM U rpaHul.
3apgaya KOMMUBOSsKepa

Mycte M = {my, ..., my} — KOHEYHOE MHOXECTBO M
f: M — R — BewiecTBeHHO3Ha4Has GyHKUMS HA HeM; Tpebyerca HaiiTn
MHUHHUMYM 3TOH (PYHKLHH U 37IEMEHT MHOXKECTBA, HA KOTOPOM 3TOT MHHH-
MYM JOCTHIaeTCH.

Korja umeeTcs Ta WM MHAs JOMONHHUTENbHAas HH(OpMALIHA O MHOXeE-
CTBe, pellieHMe ITOH 3aa4M WHOTAA YAaeTcsi OCyLIeCTBUTh 6e3 MoIHOro
nepe6opa 3nemMeHTOB Beero Muoxkecta M. Ho wauue Bcero monHeli ne-
peGop NPoM3BOANTL MPUXOAUTCA. B 3TOM Ciyuae 06s3aTeIbHO BO3HUKAET
3aj1a4a, KakK JIydllie opraHu3oBaTh nepedop.

MeTo/ BeTBE M rpaHHLL MPUMEHHM B TOM Clly4ae, KOr/ja BbIMOIHAIOTCA
crietnuyeckne J0NOMHUTENbHbIE YCJIOBHA HAa MHOXECTBO M W MUHH-
MU3HPYEMYIO Ha HeM (DYHKLHMIO, & UMEHHO, MPEANOoN0okKHUM, YTO UMEETCH
BellleCTBEHHO3HAYHas Dy HKIIMSA  Ha MHOXKECTBE MOAIMHOXKECTB MHOXKECTBA
M co cneayrolMMH ABYMs CBOHCTBAMM:

1) ans moboro i @({m;}) = f(m;) (3necy {m;} — MHOKecTBO,
COCTOSILLEE U3 JIMHCTBEHHOIO 2JIEMEHTa M),

DeciuUCV C M, 10 ¢(U) > (V).

B 9THX YCJOBMSX MOXKHO OpraHu3oBaTh nepebop 3J€eMEHTOB MHO-
skectBa M ¢ LeNb0 MUHMMM3aUMK (QYyHKLUHM HA 3TOM MHOXECTBE Tak:
pa3o6beM MHOKecTBO M Ha yacT (/i06bIM criocobom) u BbiOepeM Ty U3
ero uacTeii ()1, Ha KOTOPOIi (hyHKLUS () MHHUMAJIbHA; 3aTeM pasoObeM Ha
HeCKOJIBKO uacTell MHOxecTBO §}; M BbibepeM Ty W3 ero yacreii {l2, Ha
KOTOpOIi (BYHKLMS ¢ MHHHMAaJIbHA; 3aTeM pa3odbem (12 Ha HECKOJIBKO Yac-
Teil 1 BbIOEpEM Ty M3 HHX, IJle MUHHMalbHA ¢, U T.JL., IOKA HE MPHJIEM K
KaKOMY-TIMB0 OJHONIEMEHTHOMY MHOXKeCTBY {mn; }.

TO OJHOEMEHTHOE MHOKECTBO {7M; } Ha3bIBAETCS PEKOPOOM.

DyHKUMS @, KOTOpas MCMONb3yeTcs MpH 3TOM BbIOOpE, Ha3bIBAETCS
oyenounoti. OuEBMIHO, 4TO PEKOpA He 00f3aH JOCTaBIATH MHHHUMYM
dyHKuMM f; OJHAKO BO3HWKAET BO3MOXHOCTH COKPATUTH nepebop npu
6naronpuATHLIX 0OCTOATEILCTBAX.

OnucaHHblil BbILLE NPOLIECC MOCTPOEHHUs PeKopAa COCTOAN U3 Mocjie-
OBATENLHBIX ITANOB, HA KAX/0M M3 KOTOPBIX (PHKCHPOBANOCH HECKOJIBKO
MHOXKECTB M BbIOMpanoch 3areM onHo u3 Hux. Ilycrts Ar, ooy Ay —
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MOAMHOXECTBAa MHOXecTBa M, BOSHUKILIME HA NPENOCeAHEM dTarne Mo-
CTPOEHMs PeKOpAa, M MyCTh MHOXECTBO Aj 0Ka3anoch BBLIOPAHHBIM C
MOMOLUBIO OLEHOYHOH (yHKLMH. VIMeHHO npu pasbueHun A; W BO3HUK
PeKopA, KOTOPBIi [71s onpeaeneHHOCTH 0603HaunmM uepes {m; }. CornacHo
CckasaHHOMY Bblle, (A1) < ¢(A4;),i=1,..., s; kKpome Toro, no onpese-
NeHuI0 oueHouHON yHkuuu, @(A1) < p({m1}) = f(my).

[Mpeanonoxum, o f(mi) < p(Asz); Torna ans moboro 3nemenTa m
MHOXecTBa M, npunaanesxaiuero MHoxecTBy Az, GyayT BepHbI HepaBeH-
ctBa f(m) < p(Az) < f(m); 210 3HAUMT, YTO MPU MONHOM nepeGope
aneMeHTOB U3 M 3nemeHThl u3 A yxke BOoOIIE HE HANO PacCMaTPUBATH.
Ecnu e HepaBeHCTBO f(m1) < (Ag) He ByaeT BbINOMHEHO, TO BCe Are-
MeHTbI U3 Az Hajo nocneoBaTeNbHO CPABHUTE C HANHAEHHBIM PEKOPAOM
M KaK TOJIbKO OTBILIETCS JIEMEHT, JAloLUii MEHblLIEe 3HAYEHUE ONTUMMU-
3Mpyemoil QyHKUWH, HA0 UM 3aMEHUTb PeKop/ M MPOJOIKHTE repe6op.
[Tocnennee nefcTeue Ha3bIBaeTCS yIyuuenuem pexopoa.

Memoo eemeeit u 2panuy cBi3aH ¢ ecTeCTBEHHOI rpaduyeckoil HH-
TeprpeTalren BCEro U3j0EHHOro: CTPOUTCS MHOIOYpPOBHEBOE J€PEBO,
Ha HW)KHEM YPOBHE KOTOPOIO pacrosarakoTcsi 3JieMeHThl MHO)kecTBa M,
Ha KOTOpPOM BETBH BEAYT K PEKOPAY W €ro yJyuYlleHUSM H Ha KOTOPOM
YaCTb BETBEH OCTAETCA «OTCEYEHHO), MOTOMY UTO UX Pa3BUTHE OKa3a-
JI0Ch HelenecooOpasHbIM.

HWnes mMeTona BeTBei M rpaHuL 3aK/HOYaeTcs B CO3JAHHHM HEKOTOPOIi
NpoLexypbl MOCTPOEHU OrpaHUYEHHOro aepesa nepedopa. [lpapna, B
KaKWX-TO OCOOBIX Clly4asX «OrpaHHYEHHbIH» MepeGop MOMKET COBMACTB
C MOJIHBIM: B 3TOM NPOAB/AETCA IBPHCTUYHOCTD METO/IA BETBEN U MPaHMULL.

[TycTb HMeeTcs KoHeuHOe MHOXeCTBO M BapHaHTOB pelieHus U ¢y Hk-
uns F', npuHuMaiollas pa3inyHble 3Ha4eHHs OT BBIOPAHHOTO BapHaHTA.
Tpebyetcs cpeu MHOXeCTBa BApUAHTOB HAWTH ONTUMANbHbI, T.€. TaKoii,
Ha KOTOpoM (pyHKUMs F' nprHMMaeT MakCMMaJIbHOE UM MUHHUMaJIbHOE (B
3aBMCUMOCTH OT TpeboBaHuil 3ajaun) 3HaYeHus. MeTo/1 BeTBell U rpaHuLl
OTBICKaHHsl ONTHMAJIbHOTNO BAPUAHTA COCTOUT U3 JIBYX OCHOBHBIX ITAIOB:

® BETBJICHUA, T.€. TIOCTPOEHHs AepeBa rnepedopa;

e OTCEYEHHs BETBEH, T.€. NMpPEKpalleHUsi MOCTPOEHHUs JiepeBa B Tex
BETBSIX, KOTOPbIE 3aBE€JIOMO HE COJAEPIKAT ONMTUMAJILHOIO PeLIeHHUS.

PaccMOTpUM OCHOBHBIE MPUHLMIBI METO/IA BETBEH M MPAHMLL Ha MpHU-
Mepe pelleHus 3a1a4M paciiM(pOBKH KPUNITOrpaMM U O PaaHUOaKTUBHOM
Lape.
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12.%.
PacwudpoBka kpuntorpamm

[MycTs nana kpunrorpamma
BEST + MADE = MASER.

3necy xaxaas Oyksa wudpyer Kakylo-10 OAHY UMPpPY M3 MHOXKECTBA
{0, 1,2, 3,4, 5, 6,7, 8 9}. TpebGyerca pacuundppoBars AaHHYIO KPHII-
Torpammy. Eciin BOCNonb30BaThes IepeBoM NnoaHoro nepebopa, To MOXKHO
0Ka3arsk, 4To BoceMb OYKB 1 aecATh uHdp MOryT ObITh CONOCTABICHBI APYT
C APYIOM PasIHuHbIMH CocobaMH, YHCI0 KOTOPLIX A0CTHIAET 3HAYEHHA
1814400. Oanako ecu BOCNONL30BATLCA ONpeie/IeHHbIMU CBOACTBAMM J1e-
CATHYHON CHCTEMBI CYHC/IEHHS, NPABHIAMH CNIOKEHHS IECATHYHBIX YHCe),
a TaKkKe OnepalHAMH BETBICHWA W OTCEYEHHS BETBEH, TO NPOCTPAHCTBO
NOMCKa B IaHHOM 3a/1a4e MOXHO KaueCTBEHHbIM 00pa3oM Cy3HTh.

Jlns ynobeTsa paccykaeHunii BBeeM cieaytolmne 0603nauenus: cronb-
bl 3alMpoBaHHbIX UKM(pP NpoHymepyem cnepa Hanpaso ot 1 a0 5.
Cumsonsl Py, Py, P3, P; 6yayt o603Ha4yaTh COOTBETCTBYIOULYIO UHdpY
nepeHoca U3 01Horo paspsaa B apyroif. Ecnn undpa i-ro paspsaaa 6onbiie
unn pasna 10, To P; = 1, B nporusHom cnyuae P; = 0 (puc. 12.1). Ove-
BHJIHO, YTO NPH CJI0KEHHH IBYX AECATHYHBIX LM(DP BETHYHHA NepeHoca He
MOXET NpeBbILIaTh OHOM eIMHHUILBI ClIe/lyIOLIero paspaja.

P, P, P, P, MNepeHocsl

B £ S T

5 | 4 | 3 | 2 | 1 | Homepapaspanos

Puc. 12.1. 3anaua o kpunrorpamme

HauyHeMm aHaiu3 ¢ NATOro paspaza. MoxkHO ynépénno yTBEPKAATh,
yto M = 1, Tak kak M He MOXKET PaBHATLCA HYNIO, TNMOCKOJbKY HE
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NPUHATO NUCaATh HY/Tb B HauaJlbHON MO3MLMH, TAKKE OYEBHJHO, 4TO M
He MOXeT ObITb Oosbiue eanHKLbL. Tak Kak B nsToM paspsiae M uennkom
obpasoBaHa 3HaueHuem nepexoca Py, To nonyyaem M = 1. Onpezene
KOpPeHb OrpaHH4YeHHOro JiepeBa noucka (puc. 12.2, a).

M=1,P=1 M=1,P=1 M=1,P,=1
d P3=0/\ P 1 P3=0/\ P,=1
B=A+9 A=0
B=9
6 6
M=1,P=1 M=1,P,=1
P3=OZ\ P,=1 P3=0/\ P,=1
A=0 A=0
B=9

B=9
P,=0 / \ P,=1 P,=0 P,= 1

2 0

Puc. 12.2. Dransl noctpoeHus aepesa nepebopa a1s paciunpoBKH KPHITTOMPAMMbI

OG6patasick K YeTBEPTOMY paspsily, HENb3s ¢ YBEPEHHOCThLIO CKA3aTh,
ueMy paBHO P3 — eauHuue unn Hymo. OtMetum oba BapuaHTa Ha
nepese noucka (puc. 12.2,6). JleBas BetBb: P3 =0, Tak kak Py = 1w
P3; =0, o B+ M pomxHo GbiTh paBHo A + 10. Ho wu3-3a Toro, uto
M =1, nonyuaercs, uto B = A+ 9. Ho B ne Moxer 6bITh Gonblie 9,
nostomy A = 0 (puc. 12.2, 6). Teneps npoananuzupyem GpparmeHT aepesa,
M300pakeHHBIit Ha puc. 12.2, 2.

Ecnu paccMmarpusars BeTBb Py = 0, TO HeTpyaHO BUaeTh, uto Po + E =
= 5. Tlockoneky P =0, A =0, 10 umeem E = S, uT0 3anpeiieHo
npaBuaMHi NMOCTPOEHUs KkpunrTorpammsl. CrneanoBatensHo, MyTh P3 = 0,
P, = 0 TynukoBblif, ero nanbiie npoao/kaTk He cineayer. Ecnu ke
ABUratbes 1o BeTBU Py = 1, nonyuaem 1 + E = S, v 3T0T NyTh, BO3MOXHO,
cnenyeT npocmarpusare aanee (puc. 12.2,0). Tlpopomkas aHanoruyHoe
MOCTPOEHHE, MOJYYHUM OFpaHHYEHHOE JepeBO MOUCKA /Ul AaHHOM KpHurl-
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Torpaduueckoii 3anaun (puc. 12.3). 3Be3noukamu 0603HauEHbI BETBH, HE
MUMEIOLLME MPOAOHKEHHUS.

M=1,P=1

T=210 T29 T=8

n nn
NN

w| 4 [nNo»

=E T=S8

%*

*

Puc. 12.3. OrpanunueHHoe aepeso nepebopa ais pacmu(ﬁpoaxu KPHUITOrPaMMBI

CrnenyeT OTMETUTB, YTO CHAYaJla B KQYeCTBE MPUHLIKUINA BETB/ICHHS HC-
NoONb30BaJICA MPU3HAK HAMYKS UM OTCYTCTBHUSA NMEPEHOCA, a 3aTeM, Koraa
3TOT MpU3Hak ObiN MCUEpraH, MPULLIOCH CeNaTh NONHbIA nepedop no
BCEM BO3MOXKHBIM 3HaueHHsM OykBbl E (nepeynciieHbl Ha pUCYHKe cneBa
Hanpago). Takum 0Gpa3oM, BMECTO MOJHOIO AepeBa nepedopa, conepxa-
ero okosio 1814400 nucTeeB, yaaeTcs NOCTPOUTH OrPaHUYEHHOE IEPEBO,
paccMOTpeHHe KOTOPOTO MO3BOJAET JIETKO HAlTH HY)XHOE peLIEeHHE. B pe-
3ynbTaTeé MOXHO C/ENaTh Clelylouuii BeiBoA. MHorue KOMOMHATOpHbIE
3a/1a4il CyLIECTBEHHO YIPOLIAIOTCS, €C/IM BMECTO KOMOMHATOPHO MOJTHOIO
fepeBa nepeGopa yaaeTcs 0CTPONTH OrPaHUYEHHOE 1ePeBo, 0043aTeNbHO
BKJIIOYAIOLLIEE NMPOCTPAHCTBO, COAEPKaLlee peLleHHE.
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12.2.
3apaya 0 paAMoOaKTUBHOM Lape

Paccmotpum 3asady 06 0TbICKaHWHM OAHOTO PAIMOAKTUBHOTO
luapuKa Cpead n OAWHAKOBBIX WapWkoB. B kauectBe npubopa, omnpe-
ACNAIOLUETO PAAHOAKTHBHOCTb, HCMONB3YETCA J03UMETP, /1BA Pa3nHyHbIX
MnoKa3aHus Ko'ropom (ecTh paiMOAKTUBHOCTb WJIK HET PaiMOAKTUBHOCTH)
€CTECTBEHHO MPUHATH 3a 3HA4YEHHUA OLUEHOYHOH (yHKLMH, HaNpUMep, 3Ha-
yeHus 0 uam 1. B nanHoM cnyvae TO4HOE 3Ha4eHME OLEHOYHOM (yHKLHMH
onpezeneHo Ha oboM NnoJMHONKeCTBe WAapHKOB. Beskoe noaMHoKeCTBO,
JUIA KOTOPOro 3HaYeHue OLEeHOYHOH QyHKUHMH paBHO HYIIO, MCKITHOYAETCS
U3 JlaJibHeHLIero paccMoTpeHus (nomeueHo *).

Ha puc. 12.4 npuseneno orpaHnyenHoe aepeso nepebopa s n = 100,
U3 KOTOPOro BUAHO, YTO KOJIMYECTBO UCNBITAHUHA (YUCI0 7) yAOBNETBOpsET
ouexkaM. CpaBHMM: B aJropuT™e MnoJiHOro nepeGopa B Xy/lueM Ciyuyae
npuunock 6s1 nposeputh 100 wapukos, T.e. ocywectsuTs 100 npo6. [{ns
OrpaHUY4eHHOro JIepeBa TakuX NpoBepoK noTpedyeTcs TONbKO 7.

Puc. 12.4. Orpannyennoe aepeso nepeGopa
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12:3:
3agauya KoMmMmuBosKepa

HMeeTcss HECKOJIBKO TOPOJAOB, COEAMHEHHBIX A0pOramu ¢
M3BECTHOM ANMUHOIA; TpebyeTcs yCTaHOBUTh, UMEETCA JIK My Th, AIBUTAACH M0
KOTOPOMY MOXKHO NMOOBIBaTh B Ka)<IOM ropojie TOJILKO OJIMH pa3 v MpH 3TOM
BEPHYTBLCA B rOPOJI, OTKY/a MyTh Obl Hauar («00X01 KOMMHUBOsSKEpPay»), H,
€CJIM TaKo# MyTh UMEETCs, YCTAHOBUTh KpaT4yalliui U3 HUX.
dopmanusyem ycioBue B TepMMHaX Teopuu rpados. Topoxa GyayT
BepiuMHamu rpada, a J0poru Mexay ropogamMmu — OPHEHTHPOBAHHBIMH
(HanpasneHHbIMK) peOpamu rpada, Ha KaXJ10M U3 KOTOPBIX 3a/1aHa BECOBast
dyHKIMA: Bec pebpa— 3TO VIMHA COOTBETCTBYIoLIE# fopory. ITyTs, koTo-
pblit TpeByeTcs HalWTH, — 3TO OPUEHTHPOBAHHbIH OCTOBHBII MTPOCTON LMK
MHUHKMMABHOTO Beca B OpMeHTHpoBaHHOM rpade (oprpade). (HanomHum:
LMK HA3bIBAETCS OCMOBHBIM, €CJIM OH MPOXOJAMUT MO BCEM BepLIMHaM rpa-
ha; LMK HA3BIBAETCS MPOCMBIM, €CIIH OH TPOXOAMT MO KaKAOH CBOEH
BEPLIWHE TOJIBKO OJWH pa3; LMK/ Ha3bIBAETCS OpPUCHMUPOBAHHBIM, €CIH
HaYyaso Ka)Ka0ro nocieayrolero pedpa copnaaaet ¢ KOHLOM MPeabIay LIe-
ro; gec LMKJa — 3TO CyMMa BECOB ero pedep; HakoHell, oprpad HasbiBaeTCs
nOHBIM, €CTM B HEM MMEIOTCS BCE BO3MOXKHbIe pedpa); Tak1e LMKIIbI Ha-
3BIBAKOTCS TAKKE 2AMUTIbIOHOBIMU.

OueBHIHO, B MOJHOM oprpade UWKIBI YKa3aHHOrO BbILIE THIMA €CThb.
3aMeTHM, YTO BOMPOC O HAJIWYMK B oprpade raMuIbTOHOBA LMKJIA 10CTa-
TOYHO PacCMOTPETh KaK YaCTHBIH Cly4ail 3afaii O KOMMHBOsKEpE A
nosHbIX oprpadoB. JIeACTBATENBHO, €CNH JAaHHBIA Oprpad He ABIAETCS
MOMTHBIM, TO €0 MOYKHO JOTONHUTE JI0 MOJIHOTO HEJOCTaKUMMK pedpamy
M KaXkoMy M3 100aBleHHbIX pebep NpHMnucaTh BeC 00, CUUTas, 4T0 00 —
3TO «KOMMbIOTEPHAst 0ECKOHEUHOCTBY, T.€. MAKCHMAJIbHOE K3 BCEX BOSMOXK-
HBIX Yncen. Ec/y BO BHOBb MOCTPOEHHOM MOJHOM oprpade HaiTH Tenepsb
neryajilunii raMUIBTOHOB LMK, TO PH HAJIMYMK Y Hero pebep ¢ Becom 0o
MOJKHO OyJ1eT FOBOPHTb, YTO B JAHHOM, HCXOTHOM rpade «uKiIa KOMMHBO-
skepa» HeT. Ecnu ke B OHOM oprpade erdyailini raMiiibTOHOB LMK
OKaXKeTcsl KOHEUHBIM 110 BECY, TO OH M OyaeT HCKOMBIM LIMKJIOM B HCXOAHOM
rpade.

Orciozia Cleayer, uTo 3a1a4yy KOMMHBOsKepa A0CTaTOMHO PELUTh s
MoNHBIX oprpad)oB ¢ BecOBOW (yHKUHEH. CdopmMynupyem Tenepb 3T0 B
okoHuaTebHOM Buzae: nycts G = (A, B) — nonHbli# OpHEHTHPOBAHHbIH
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rpap v v: B — R — BecoBas ¢yHKUMS; HAWTH MPOCTOI OCTOBHBbIIA
OPUEHTUPOBAHHBIN LMK («LIMKJI KOMMHUBOSYKEpa» ) MUHHMAJILHOIO Beca.

Mycrs A = {a1, ..., ap} — KOHKPETHBIH COCTAB MHOXECTBA BEPILIHH
u M = (m;;),4,j =1,...,p — BecoBas MaTpuua JaHHOro oprpada, T.e.
mij = v(ai,a;j), npuuem ais mo6oro i m;; = oo.

PaccmoTpum mcnonb3opanue MeToa BeTBeH W rpaHuLl JUIS pelleHHMs
3a/1a44 KOMMHBOSKEPa.

[lar 1. ®ukcupyem MHOXKECTBO Bcex 00X00B KOMMHMBOsKEpa (T.€.
BCEX NPOCTBIX OPHEHTUPOBAHHBIX OCTOBHBIX LMKJIOB). [TockonbKy rpad —
MOJIHBIA, 3TO MHOXKECTBO 3aBeZloMO Heryctoe. COMOCTaBUM €My YMCIIO,
KOTOpoe OyaeT urpath posib 3HaY€HWS HA 3TOM MHOKECTBE OLIEHOYHOM
(yHkuMM: 310 UMCTIO PaBHO CyMME KOHCTAHT NPUBEAEHMSA JAHHOH MaTPHLIb]
BecoB pebep rpada. Ecnu MHOKeCTBO Bcex 00XOHOB KOMMHBOsKEpaA
obo3HauuTh uyepes I', To CyMMy KOHCTaHT MpPUBEJEHHS MATPHIIbI BECOB
o6osnaunm uepes @(I'). TpueneHHyto mMatpuiy BecoB aaHHOro rpada
ClIe/lyeT 3anoMHuTh; 0003Hauum ee uvepe3 M;; Takum o6Gpazom, HuTOr
nepBoro ara: muoxecTsy I' Bcex 06x010B KOMMUBOs)KEpa COMOCTABIEHO
uncio @(I') u marpuua M.

[lTar 2. BeiGepem B marpuue M) cambiii Tskenslii HOMb ((hyHKUMIO
wrpada); nycts o crout B knerke (i,7); pukcupyem pebpo rpada (i, j)
W pasiennm muoxkectso I' va e wactu: na vacte I'; j)» COCTOSALLYIO W3
00X0/10B, KOTOpBIE NPOXOAAT 4Yepe3 pebpo (i,7), u Ha yacTb [+ (i) cocros-

Lyt U3 06X010B, KOTOPLIE He MpoXoasT yepes pebpo (i,7). ConocraBum
MHoxecTBy I'(; jy cnenyrowyro marpuuy My 1 B Matpuue M 3ameHum Ha
0O YMCJIO B KJIeTKe (j,i). 3aTeM B Mojy4eHHOI MaTpULIE BbIYEPKHEM CTPO-
Ky HOMep i U cTosbell HoMep j, NPUYeM y OCTaBLUMXCH CTPOK M CTO/IBLOB
COXPaHUM HMX MCXOJHble HOMepa. HakoHel, nMpuBeAeM 3Ty MOCHEAHION
MaTpULLY ¥ 3aNOMHUM CYMMY KOHCTAHT npuBefeHus. ITonyuexHas npu-
BesieHHas marpuua u Oynet marpuueit M 1. Tonbko YTO 3aMOMHEHHYIO
CYMMY KOHCTaHT npuseaeHus npubasum k (') u pesynsrar, o6o3Hauae-
Mblii B nanbHediem yepes o(I'; ;)), conoctasum muoxkectsy I'; ).

Tenepe MHOXECTBY I‘(w) TOXE€ COMOCTaBMM HEKYI0 mMatpuuy M o.
Jnis 5toro B marpuue M) 3aMeHHM Ha 00 4Kcio B kinetke (7,7) W nony-
YEHHYIO B pesynbrare mMatpuuly npuseaeM. CyMMy KOHCTAHT MPUBEIEHHUS
3aMoOMHUM, a TOJYYeHHYIO MaTpuily 0003HayuM yepe3 M 9. IlpuGaBum
3aMOMHEHHYIO CyMMY KOHCTaHT npuseaeHus K uuciay ¢(I'), u nonyyen-
Hoe uncno, obo3Havaemoe B JanbHeiilieM uyepes gp(I‘(1 ])) COMOCTaBUM
MHOXECTBY F(i -
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BeiGepem mesxay muoxectsamu I'(; ;) o FW TO MHOXECTBO, Ha
bl

KOTOPOM MHHHMMasibHa (QyHKUHMS @ (T.e. TO U3 MHOXECTB, KOTOPOMY CO-
oTBeTCTBYeT MeHbllee u3 uncen p(L'(; jy) u ‘P(FGT))'

3aMeTHUM Terneph, YTO B MPOBEACHHBIX PacCyAEHHAX MCMOTb30BaJICH
B KQUECTBE MCXOJHOIO TOJILKO OJIH (hakTHUeCKUi 0OBEKT — MpPHBEAECHHAsA
MaTpuia BecoB JAaHHoro oprpada. 1o Heit OO BBIAENEHO ONpeaeeHHoe
pebpo rpada u GbLIM MOCTPOEHBI HOBBIE MATPHLIbI, K KOTOPBIM, KOHEYHO,
MOXKHO BCE TO )K€ CaMO€ NMPUMEHHTb.

[Tpu KaXJI0M TakoM MOBTOPHOM MpUMEHEHUH OyaeT QpUKCHPOBATHCS
ouepeHoe pebpo rpada. YcnoBumces o Cleyoem 1eHCTBUH: NEpes TEM,
Kak B O4YepeJHOI MaTpuile BbIYEPKHYTb CTPOKY M CTOnOel, B Hel Hauo
3aMEHUTh Ha OO 4YKCJa BO BCEX TeX KJETKaX, KOTOpble COOTBETCTBYHOT
peOpam, 3aBeJOMO He MPHHAANEeXKAllMM TEM raMHUJIBTOHOBBIM LIMKIIaM,
KOTOpbIE MPOXO/AT Yepe3 yke OToOpaHHbIe paHee pedpa.

K BbIGpaHHOMY MHOXECTBY C COMOCTaB/IEHHBIMH €My MaTpuued ¥
YKCJIOM ( TIPUMEHHM JIO TeX TOop, MOoKa 3TO BO3MOXKHO, YKa3aHHbIH BbILLE
aJIrOPUTM.

Jloka3bIBaeTCsl, YTO B pe3yJIbTaTe MOJy4HTCs MHOXECTBO, COCTOsALIEE
13 eIMHCTBEHHOro 06X0/1a KOMMUBOSKEPA, BEC KOTOPOrO paBeH O4EPEIHO-
My 3HaueHuI0 GyHKIHH @; TaKUM 00pa3oM, OKa3bIBatOTCS BbINOJHEHHBIMH
BCE YCJIOBHS, 00CysKAaBLIKECs NPU ONMMCAHWH METOAA BETBEH U rpaHiuL.

[Tocne 3TOro OCyLIECTBIAETCS YayUlIEeHHE PEKOPAA BMJOTh A0 MOjy-
YeHUs OKOHYATEJIbHOTO OTBETA.

Kaaubiit aaroput™. Haiiti npubnmkeHHOe 3HaY€HHe KpaT4anLIero
Typa (TOU R) co ctroumocthio COST nist 3afa4 KOMMHBOsDKEpA € N
ropoaamu U marpuueit croumocti C, Ha4MHas ¢ BEPIIMHbI £

JKadnwiii arzopumm — anropuT™M HaXOXKAEHWs KpaTiyaHlIero paccTo-
SHMS MyTeM BbIOOpa caMoro KOPOTKOTo, elue He BbIOpaHHOro pebpa, npu
YCJIOBHH, YTO OHO HE 00pasyeT LUKJIA C yXKE BbIOpaHHBIMHU peOpamu. AJiro-
PUTM MCTO/b3YET CTPATErHio «uau B Orkailni ropoa». «KagHbIM» 3TOT
aJrOPUTM Ha3BaH MOTOMY, YTO HA MOCJEAHNX LIarax NPUXOANUTCS KECTOKO
pacrnjayuBaThCs 3a XKaJAHOCTb.

IMar 1 (Uanumanusauus). TOUR :=0; COST := 0. Tlomeruts
sepunHy U kak «BbiGpanHyion, Te. V :=U, rae V — Tekyluas nepe-
MeHHas, @ BCe Jpyrue BepIIMHbI — KaK «He BbIOpaHHBIe).

[lar 2 (Tocewehne Bcex ropoaos). FOR i :=1TO N — 1 DO.
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Ular 3 (BsiGop crenyiowero pebpa). Tlycrs (V, W) — pebpo ¢
HaUMEHBLIEH CTOMMOCTHIO, Bedywee u3 V B mobyio «HEBBIOpAHHYO»
sepumny W. TOUR :=TOUR+ (V,W); COST := COST + cC(V,w).
[Tomeuaem W kak «BbiGpannyion, e. V := W,

W ar 4 (3asepwenue typa). TOUR := TOUR + (V, U); COS8T =
COST +C(V,U).

Ha puc. 12.5 nporianiocrpupoana nocnenosarensHocTs BBIMOHEHUS
AQHHOTO /INOPUTMA 15 rpadha, MMEIOLLErO MATh BEPIUKH (TYp HaYMHAeTCS
¢ BepiuHbl 1). TlpoiineHHsle BepLMHBI 0603HAYEHDI YEPHBIM KBaJpaTH-
KOM, a He npoiaeHHble — kpyxkoM. JKaHblii anropuT™ s AaHHOro
rpaca Hawen Typ co CTOMMOCTBIO 14, XOTS ONTUMANbHBIA TYp UMEET CTO-
uMOCTh 13. SlcHo, uTO «rpyGblii anropuT™M» MPUMEHHTENBLHO K 3axaue
KOMMHUBOS)KEPaA HE BCEria HAXOAUT TYP ¢ MUHMMATbHOM CTOUMOCTBIO.

1

\
2 2
5 3
3
2 -
4 3
a 6 @
1 1
\ M
2 5 2 2
9 5 3
2 2
4 1 3 4 .1 3
2 0o e

Puc. 12.5. Wnmocrpauus pabots! sxkaanoro anropuT™a:
@ — CTOUMOCTb = (; 6 — cTOUMOCTb = 1; 8 — CTOUMOCTb = 4
2 — CTOUMOCTh = 6; 0 — cTOUMOCTb = 7; e — cTOMMOCTb = 14

JKaznHelit anropuT™ OCHOBaH Ha Haee noabeMa. Llene — waiitu Typ ¢
MHHHMAaJIbHOM CTOMMOCTBIO. 3aaya cBejleHa K Habopy 4acTHBIX Lenei —
HaliTH Ha KaXAOM Liare «caMblif JAeleBbIi ropoji, 4Tobbl MOCETUTH
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ero ceayouMM. ANTOPUTM HE CTPOMT MjaHa Bhepea; TeKylwi BbIOOp
nenaercs Ge30THOCHTENBHO K ey OLMM BbIOOpam.

JIns MpOM3BONIBHOM 3324 KOMMHBOSDKEpa € N rOpOJamu TpebyeTcs
O(n?) onepauwuii, uTo6bl 06paboTaTh MaTpHLly ctoumocrteii C. Tloaromy
HIDKHAS TPaHMLA CIOKHOCTH JIIOOOro anropurma, cnocoOHOro aatb He-
TPUBHANbHOE BO3MOXKHOE peLleHHe 3TOH 3a/1a4u, paBHa O(n?). HerpyaHo
NPOBEPUTH, YTO ISl IK0OOI pasyMHOH peanusaliii Waros 1-3 Tpebyetcs
He Gonblue yem O(n?) onepauuit. '

JlepeBsiHHBIIi aArOpUTM. B OCHOBE JIEPEBAHHOIO ANFOPUTMA JIEKHUT
NOCTPOEHHE OCTOBHOIO JIEPEBA, KOTOPOE, C YUETOM IBPHCTHHECKHUX TTOAXO-
N0B, Mpeobpa3syeTcs B TYp KOMMHBOSXKEPA.

PaccMOTpUM 3Tanbl PelieHUs 3a7a4yd KOMMHBOsKEpa ACPEBAHHBIM
aarOpUTMOM.

[lar 1. [Toctpoum Ha BXOAHOM CeTH Kparyaiiliee OCTOBHOE ACPEBO
1 yaBoum Bce ero pebpa. Ilomyuum cea3Hbll rpad G ¢ BepuIHHAMH,
UMEIOLLMMH TOJIBKO YETHBIE CTENEHH.

Ilar 2. TToctpoum 3iinepoB UHKN G, HauKHas C BEPLUMHbI 1. Huxn
3a/1aeTCs MePeUHEM BEPIINH.

[ITar 3. PaccMoTpuM nepeyeHb BeplIMH, HauWHad C 1, n Gynem
BBIUEPKMBATh KXY BEPLUKHY, KOTOpas MOBTOPAET yKe BCTPEUYEHHYIO B
nocnenoBarebHOCTH. OcTaHeTCs Typ, KOTOpBIi U SBISETCS pPe3yjbTaToM
paboThl aNropuT™MAa.

NMpumep. Jlana nonHas ceTh, 3alaHHas cneayrowmeit Marpulen
CMEXHOCTH:

BepiuHHbI 1 2 3 4 5 6
1 - 6 4 8 7 14
2 6 - 7 11 7 10
3 4 7 — A 3 10
4 8 11 4 — 5 11
5 7 7 3 5 - 7
6 14 | 10 | 10 | 11 7 -

HaiiTi Typ KOMMHBOSKEPA XKaAHbIM 1 1CPEBIHHBIM AITOPHTMAMH.

Pewienue. Ecny cripaBeuiiBO HEPABEHCTBO TPEYrONbHUKA, TO
d[1,3] < d[1,2)+d[2,3] n d[3,5] <d3,4]+d[4,5].
C0KHB 3TH J1Ba HEPABEHCTBA, MOy YHM :

d[1,3] + d[3,5) < d[1,2] + d[2, 3] + d[3,4] + d[4,5].
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INo HepasencTBy TpeyronbHuka nomyumnm, d[1,5] < d[1,3] + d[3, 5]. Okon-
yarenbHO UMeeM

d[1,5) < d[1,2] + d[2, 3] + d[3,4] + d[4, 5].

Hrak, ecnu cnpaBefnvBo HepaBeHCTBO TPEYTrONbHUKA, TO AT KaX A0
LeMH BEPHO, YTO PacCTOAHHE OT Hauana A0 KOHLA LEMd MeHblue (MM
PaBHO) CyMMapHOii uHe Bcex pebep uenu. ITto 060611eHHe pacXoxKero
yOexaeHus, 4To npsamas Kopoue KpHBOii.

Kaomwiii anzopumm (nam B Gnvkaiiunii ropon ) naer typ 1 — (4) — 3 —
(3)=5-(5)—4—(11)—6—(10) — 2 — (6) — 1, re 6e3 ckoGOk NOKa3aHbI
HOMepa BepLUKH, a B ckoOkax — 1iHHbl pebep. JlnuHa Typa pasHa 39, Typ
nokasaH Ha puc. 12.6, a.

(2)

O

a 6

Puc. 12.6. ['aMUITOHOB LMK, TOCTPOEHHBIH KaaHBIM (a)
M JIEPEBAHHBIM (6) aNropuTMamMu

Hepeeannviii arzopumm BHauane CTPOUT OCTOBHOE JEPEBO LUTPHXOBOI
NUHUWeH, 3areM siinepoB uMkn 1 —-2—-1-3-4-3-5-6-5—-3—1,
3ateM Typ 1 —-2-3-4—-5-6—1 mmHoit 43, xoTopblii nokasau
CIUIOIIHOM TMHMelH Ha puc. 12.6, 6.

12.4.
Mpumepsb! pelweHus
3aaum KOMMUBOSXKepa

IIpumep 1. Pewnts MeTonom BeTBeil U rpauuu 3anavy
KOMMHBOsDKepa Ui rpada, coxepxkawero 6 sepiuuH. ITycTe MCXOmHBII
OpPHEHTHPOBaHHBIH rpag 3aaH MaTpULiell CTOUMOCTH:
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TR B o
o0 | 6873124 (70| 9
58 |00 | 16 | 44 | 11 | 92
63| 9 |00 |86(13]18
76 | 00 | 52 | 70
60|18 | 3 | 45|00 | 38
16 | 82 |11 | 60| 48 | 00

Ci=

S UL b W=
p—
‘s]
w
o

Hauansnoe npugedenue mampuysl cmoumocmu. TlycTe nMmeeTCs
HEeKOTOpas uMcJioBas MaTpuua. JIpueecmu cmpoky 3TOH MaTPHULLbI 03HA4ACT
BbIAEJIUTh B CTPOKE MUHMMAJIBHBIH 3NIEMEHT (€ro Ha3bIBaOT KOHCManmot
npusedenus) U BbIECTh €T0 U3 BCEX JIEMEHTOB 3TOH CTPOKH. B pesyabrare
B 3TOi CTPOKE HAa MeCTe MUHMMAJILHOTO JJIEMEHTa OKKETCs HyJb, a BCE
OCTaNbHBIE IEMEHTHI OyAyT HEOTpHlaTeNbHbIMK. MarpHilia CTOMMOCTH
Ha3bIBAETCH NpuUBeOeHHOU, €CTA OHA UMEET B KaX10H CTPOKE M KKAOM
cTonGue X0Ta O onuH Hymb. CyMMa KOHCTAaHT TNpHBEJEHHs oOpasyeTt
HIKHIOK MPAHHYHY IO OLEHKY CTOMMOCTH JI000ro BO3MOXKHOIO Typa.

Botuucnenue Qynkyuu wmpaga. Oyuxuus wrpaga — 3T0 MHO-
JKECTBO YMCeJl, BEIYMCICHHBIX VIS KOXKAOTO HyJs NPUBEAEHHOH MaTpHLbI
MOCPEACTBOM CyMMHPOBAaHHA By X MHHHMAJIbHBIX YHCEI U3 TO# CTPOKH H
U3 TOro CTONOLA, B KOTOPBIX PACMONOKEH HYJEBOH JNEMEHT.

Boibop pebpa éemenenun. s BETBIEHUS HeoOXxoauMoO BbIOHpPATh
pe6po, KOTOPOMY COOTBETCTBYET MakCHMaJlbHas ¢ynkuus wrpada. Ecnu
CYLIECTBYET HECKONBKO OAWHAKOBBIX MAKCHMANIbHBIX 3HauYeHui QyHKLHH
witpada, BLIGOP Cpean HUX MOXKET ObITh NPOU3BONIEHBIM.

Becom 31eMenma Mampuybl Ha3blBaOT CyMMY KOHCTAHT NPHUBEACHUA
MaTpHLIbl, KOTOpasi MOJTyYaeTCs U3 JaHHOH MaTPHLLbI 3aMEHOM aHanu3upye-
MOTO AEMEHTA Ha 00. CJIeI0BATENbHO, BHIPOKEHHE CaMblil MANCENbLU HYllb
B MATPHLIE O3HAYAET, YTO B MATPHLE NOJCUNTAH BEC KXK/OTO HYJIA, a 3aTEM
(bUKCHPOBAH HyJlb C MAKCHMAJIEHBIM BECOM.

Botuucnenue 2paHuHOU OUEeHKU ON1IA 6emeu, coomeemcmeyoueil He
8KNI04eHUI0 pebpa ¢ myp. OTa OLEHKA BbIMHUCISETCS KaK CyMMa rpaHUYHON
OLIEHKH, COOTBETCTBYIOILEH NpeabiayLemMy y3my Aepesa nepebopa, H
BbIOpaHHOMY 3HAYEHHIO QyHKLMH wrpada.

Boiuucnenue ZpaHudHoil OUEHKU OnA eemeu, coomeemcmeylouien
extouenuio peépa é myp. JIns BbIYUCTEHUSA FPaHHYHON OLIGHKH HEOOXO-
JUMO: \

e BLIYEPKHYTh B MaTPHLIE CTOMMOCTH CTPOKY H cronbew, COOTBETCTBY-
jolMe BoIOpaHHOMY pebpy;
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® CKODPEKTHPOBATh MONYYSHHYK) MATPHLY TakuM oOpasoM, 4To-
Obl YCTPaHHTL BO3MONHOCTH JOCPOYHOTO 3aBEplIEHHs Typa (ycTpaHuTh
LUKIIbI);

® C/ieNIaTe npuBe/eHHe (€C/ii HeoOX0AMMO) MOy YeHHOH MaTpHLbl, U
€CJIH KOHCTAHTa NPUBEICHUA OTIIMYHA OT HYJI, CJIOKHUTh 3TY KOHCTAHTY €
rPaHHYHOM OLIEHKOH NMpeabIayLIero y3a.

Ilposepka na oxkbnuanue pewenua. Ecnv CKOppeKTHpOBaHHas Ma-
TPHLIA UMEET pa3mep 2 X 2, a y3en AepeBa, KOTOPOMY COOTBETCTBYET 3Ta
MaTpuLia, UMEeT MHHUMAJIHYIO TPaAHHYHYIO OLIEHKY, TO pellleHHe 3aaa-
YM 3aKaHYHMBAETCA: JIBA OCTABIUNWXCA HYJS 3TOM MaTPHLIbI COOTBETCTBYOT
ABYM TOCJIeTHUM pebpam, KOTOpbie BKITIOYAKOTCS B TYP HENOCPEACTBEHHO,
NPH 3TOM CTOMMOCTE Typa He U3MEHAETCS.

Pewenue. Cnauana npuBOaMM MCXOHYIO MATPHIly NO CTPOKaM (Ma-
tpuua Ci.):

ok e il o o 0 B R
1|loo|59(64][15|61[ 0] 9
24700 | 5133| 0 [81]11

Cic=|3|54|0 |co|77| 4| 9|9
410 (1759|000 (355317
5[57115| 0 |42 |00 | 55| 3
65|71 0 49|37 |00 |11

B nocneaxem cronbue 3toii MaTpuiibl h; 3anncaHbl KOHCTaHTBI NPHBe-
JIEHUA MO CTPOKAM.

TTonyyeHHyi0 MaTpuily HeoOXOAWMO MpHBECTH 10 cTonbuam. B pe-
3yneTare nosny4aem marpuity Cj, B KOTOpOi#i B CTpoke /i 3anucaHbl KOH-
CTaHTBI NPUBEZICHHUA MO CTONOLAM:

Ll 3141516

1 {oo0|59(64]01([61]0

2 |47 |oo| 5 |18 0 | 81

o' —| 3|54 0|c0f62)4]09
171410 [17]|59]| 00|35/ 53
5(57(15] 0 |27 |0 | 55

6 | 5|71]0(34|37]| 0

hi | 0] 0|0 [15]0[0
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CyMMma KOHCTaHT npuBeieHus H 1aeT HUKHIOW MPaHUYHYIO OLEHKY
CTOMMOCTH BCEX TYpOB:

H:Zhﬁ—ZhJ—=9+11+9+17+3+11+15=75.
1 J

Boluncisem s pebep, momedeHHbIX Hylem B Marpuue C), 3HaueHus
dyHKumii wrpada, koTopsle 0603HaY MM cHMBOJIOM Djj:

Dig=04+9=9; Dy = 174521225
D=3+ a=" Ds3 =15+ 0= 15;
D3s =4+4+15=19; Dg3 =5+4+0=25.

MakcuMaibHoe 3HaueHHe QyHKUMU wrpada paBHO 22, Ha OCHOBaHHMH
yero B kayecTBe pebpa BeTBIEHHUs BbIOH-
paem pebpo (4,1). PasbuBaeM MHOXe-
CTBO BCeX TypoB R Ha [1Ba M0JJMHOXECTBA!
{4, 1} — MOAMHOXECTBO BCEX TYpPOB, B
KoTOpoe BXOAUT pebpo (4, 1), n noaMHO-
KeCTBO Bcex Typos {4, 1*}, B xoTopoe
pe6po (4, 1) He Bxoaut. CTpouM nepBblii
dparMeHT OrpaHMYEHHOro Jepesa nepe-
Puc. 12.7. Tlepbiii dhparment 6opa (puc. 12.7). Ilpu 3TOM rpaHu4Has
OrpaHHYEHHOrO JepeBa nepebopa  OUEHKA B BETBH {4, 1*} HaxoUTCsA HE-
MOCPeACTBEHHO Kak cymma 75 + 22 = 97.
BoiuepkiBaeM B Marpuue C| HETBEpTYIO CTPOKY H MeEpBbIi cronbel, a
yToBbI 3aNPETHTh JOCPOUHOE 3aBepLIEHHE Typa Mo pedpy rpada (1,4),
Becy 9Toro peGpa MPHUCBOWTH 3HaueHHe 00. B pesynbrare nono6Hoii
KOPPEKTHPOBKH MOJTy4aeM MaTpuLLy

Wil e Y
1 |59 |64 | 00 |61 ] 0
2 |oo| 5 |18] 0 |81
Co=| 3|0 |c0|62]4]09
5 a5 0| 27| o] 55
6 | 71] 0 [34]37]|
h, |00 [18[0]O

Ee HeoOX0aMMO NPHBECTH 10 YeTBEpTOMY CTONOILY (KOHCTaHTa MpHBE-
nenus hg = 18), B pesysibTaTe Hero nojiy4aeM NpuBEACHHYIO MAaTPHLL Cs
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H BBIYHMCJISIEM PPAHHYHYO OLIEHKY B BETBH
{4, 1}, xoTopas 6yner paBna 75 + 18 = 93
(puc. 12.8). ‘
CpaBHuBaeM OLEHKH B JIUCTBAX H
MPUXOAHM K BBIBOJLY, YTO BETBJIEHME [1eJIe-
Co00pasHO MpoaosKaTh B JIMCTE C OLIEH-
koi 93. Tak kak 3TOMY JIMCTYy COOTBeT-
ctByeT Marpuua C), To ¢ Heil HeoOX0aMMO
NMOCTynaTh Kak ¢ MCXOAHOM MaTpHLEi, T.e.
BBIYUCTIATE JUIS Hee 3HaueHust ByHKLMi
wrpada, BbIOMpaTh MaKCUMabHOE 3HaYe-

@

Puc. 12.8. Tlepsbiii pparment
OrPaHUYEHHOrO JIepeBa
nepebopa ¢ rpaHHYHBLIMH

OLIEHKAMM B JIMCTBAX

(@)

HHe LWTpada u Ha ero OCHOBE BLIOHPATH Cllefylollee pebpo BETBIEHHUS:

et 5 [ 6
1[59[64]c0|61]0

Ch=| 2|0 | 5| 0] 0|81
3|0 o044 4]0
5[15| 0| 9 | oo |55
61711 01]16]37|

Hna marpuupl Cy umeeM cieayroLiye 3HaueHns (yHkuMi wrpada:

D16 =59+ 9 = 68; D3y =4+ 15 =19;
Doy =0+9=09; D53 =9+0=09;
Dos =0+4=4; D35 =16 + 0 = 16.

BribupaemM makcumanbHOe 3Ha-
ueHne 68, KOTOPOMY COOTBETCTBYET
pebpo BerBnenus (1,6), nocne ue-
ro MOXHO MOCTPOUTH BTOPOIi (hpar-
MEHT OrpaHHYEHHOIO AepeBa nepebo-

pa (puc. 12.9). ) 97
3areM MPUCTYNaemM K BblYMCIIe- @

HHUIO 'PaHUYHONW OLEHKH B y3nie Je-
pesa {1, 6}. Jlnst aToro BeuepkuBa-
em B Marpuue C') nepsyio cTpoky W
wecToi cronben, a Takke npeanpu-
HUMaeM Mepbl JUIS UCKITIOYEHHUs J10-
CPOYHOrO 3aBEPLICHNS Typa MaTpH-
usl C3.

(@)

o e

Puc. 12.9. Bropoii ¢pparment
OrpaHHYEHHOro Aepesa nepebopa
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B camoM Jene, Kk JaHHOMY MOMEHTY B TYp
BKJTIOYeHO pebpo (4, 1) u ecTh npeanoxe-
HHe BKIIOYMTH B Hero pebpo (1,6). W3
puc. 12.10 BMAHO, YTO JAOCPOYHO 3aBep-
wuTh TYp Moru 6bl pebpa (6,1) u (6, 4).
Opnnako anemenT (6,1) B marpuue C3 yxe
OTCYTCTBYET, C/e0BaTe/IbHO, 3Ty «POJib»
MOYKET BBIMOJHUTL NHLIL neMeHT (6,4),
MO3TOMY 3aMeHsieM ero cuMBosiom 0o. Tlo-
che 3Toro okoHuarensHo marpuua C3 6y-

Puc. 12.10. Uckmouenue
JIOCTPOYHOIO 3aBEPIICHHS

Typa

JET UMETb BH!

I N R
Flea | 80T Y
C3=C3=| 3| 107 o0 44 | 4
5115 01 9 | e
6|71 0 | 0| 37

Marpuua C3 oka3anach NpUBEIEHHON (MO3TOMY €€ MOXKHO, Kak 3TO
ObIIO paHee NMPUHATO AJIA NPHUBE-
JIEHHBIX MATPULL, TOMETHTb LUTPH-
XOM), a CJie10BaTe/IbHO, OLEHKA B
° yane (1,6) ocraeTcs HeM3MEHHOM
(puc. 12.11).
BeluncnseM 3HaueHUs QyHKUH#H
wrpada ans matpuub Cy:

97 93
@ @ D24 =0+9=9;

Dys =0+4=4;
D3y =4+15=19;

161 93
@) (@) pa=sro-s

Puc. 12.11. Bropo# ¢parMeHT Dg3 =37+ U= 37,

orpaHMYEHHOro Jepesa nepedopa

Ha ocHoBe BBIYHMCJIEHHBIX 3HA4€-
C rpaHHYHBIMH OLIEHKAMH B JIHCTBAX

HUI OrpezenseM cleaytoLiee pe-
6po BeTBeHMs (6, 3) M BBIYKCIAEM MPAHUYHY IO OLEHKY B TOM y3ne aepesa
nepeGopa, KOTOPOMY COOTBETCTBYIOT Typbl, HE COACPKALINE pebpa (6, 3)
(puc. 12.12). TIpy1 3TOM BETBEHNE MPOAOIIKACTCSA OT y3nia C MUHUMAJIbHOM
OLIEHKOIA, paBHO# 93.
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Puc. 12.12. Tperuii ¢pparment orpannderHoro aepesa nepebopa

BoiuepkuBaem B Marpuie Cj LIECTYIO CTPOKY W TpeTHii cronber n
KOPPEKTHPYEM €€ Ha HCKJIIOYEHHE NOCPOYHOro 3aBeplueHHs Typa. ITo
AOCTUraeTcs NPUCBaHBaHUEM CHMBOJIA OECKOHEYHOCTH 3JieMeHTY. (3,4).
I[Tocne storo nonyuaem marpuuy Cy, a MOC/IE €€ NPUBEAEHUS — MarT-
puuy Cj:

7 4 D 2 4 3

C4= 2 o0 0 0 ¢ 0114: 2 o0 0 0
3 0 00 4 3 0 00 4

Sabu S b8 1 oo 5 6 Q.1 oo

Tak kak marpuua Cy He Gbl1a NpHBe/ieHa, TO FPaHHYHAs OLEHKA B y3Jie
{6, 3} yBenuuuBaeTcs 1no CpaBHEHHIO € TIPEABIAYLIMM Y3/IOM BETBIEHHUS
Ha 9 W craHoBuTcA paBHoii 102. Tpetuit ¢parMeHT OrpaHHYEHHOro
nepesa nepebopa ¢ rpaHUYHBIMK OLIEHKAMH B JIMCTBAX OyJIeT MMEThb BUJ,
M300pakeHHBII Ha puc. 12.13.

PaccmoTpenue aepeBa, npuBeeHHOro Ha puc. 12,13, nokasbiBaer, 4To
BETB/IEHHE HY>KHO MPoJomkaTh U3 y3na {4, 1*}, Tak kak rpaHMuHas oLeHka
Tam MeHblue (97), yem B y3/1e, U3 KOTOPOro BETBJIEHHE OCY LLIECTBSAIOCH 10
cux nop. Ilono6Has cuTyaums Ha3bIBAaeTCs nepeckokom, U B 3TOM Cllyvae
MOXKET OKa3aThCA, YTO BCE MOJTy YEHHbIE 10 CUX MOP JaHHbIe OYy T y TEpsHBI.
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Puc. 12.13. Tperuii (pparMeHT OrpaHHYEHHOIO JepeBa
nepeGopa ¢ rpaHM4YHBIMH OLIEHKAMH B JIMCTBX

Wtak, nepexoaum k yany {4, 1*}, koTopoMy COOTBETCTBYET MaTp1La

1 2 3 4 5 6
10| 6873|247 70719
2|58 | 00| 16| 44 [ 11 | 92
3163 9 | oo |8 |13 | 18
4 | 00| 34|76 | 00| 52|70
5160 | 18| 3 | 45 | oo | 58
6|16 | 82 | 11 | 60 | 48 | oo

Marpuua C He npHBe/ieHa, ¥ N0Ce BbIMOIHEHHUA ONepaLiy MpUBEAE-

Hust monyvaem marpuiy Cx:

1012 o 3uled §u Sobaeus
1|00 |59 64| 0 [61]0
2|42 | 00| 5 | 18| 0 | 81
3149 | 0 |0 |62] 4 9
4 o0| 0| 42| 0| 18] 36
5 52]15] 0 | 27| 00| 55
O O LIS e o - s e M

VY marpuiisl Cs
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CyMMa KOHCTaHT npuBeieHus OyleT paBHa 97, uTto
COOTBETCTBYET BBIUMCIIEHHO paHee uepe3 QyHKLHUIO wrpada rpaHuIHON




oueHke B y3ne {4, 1*}. Dror dakt noaTBEPKAAET NPABHIBHOCTD BBIMOJ-
HEHHBIX BBIYHCIIEHHUIA.

Beruncnsiem ans Marpuust Cy 3Hauenus yHkuuii wrpada:

Djy=0+18=18; Dy =18+4+0=18;

Dig=0+9=09; D33 =15+0=15;
Days =5 +4=0; Dg1 =0+ 42 = 42;
D3; =4+0=4; Dg3=0+0=0.

OuepenneiM peGpom BeTBieHHs U3 y3na {4, 1*} Gymer pe6po (6, 1),
TaK KaK €My COOTBETCTBYET MAKCHMAJbHOE 3HaueHWe (hYyHKIMHU LUTpa-
¢a. Tlocne xoppekTnpoBkn Marpuupsl Cf (pebpy (1, 6) npunucbiBaetcs
OeCKOHEeuHbIi BeC) M BEIYUCIIEHUsS TPAHHYHBIX OLIEHOK OKOHYATEeNbHBIIT ye-

TBEPTHIi (parmMeHT nepeBa nepebopa GyaeT UMETh BUJ, MPEACTABIEHH bl
Ha puc. 12.14.

Puc. 12.14. Yereproiii PparmeHT orpannueHHoro aepesa nepeGopa
C FPAaHHUYHBIMHU OLICHKAMH B JINCTHAX

M3 3Toro pucyHka BUAHO, YTO MUHUMAaJIbHAs MpaHHyYHas oleHka (102)
nmeeT MecTo B y3ne {6, 3}, noatomy uenecoobpasHo ocyecTBHTL 0Opart-
HbIH «(MEPECKOK» B 3TOT y3en W MPOAOIKATh JaibHeillee BETBIEHUE U3
Hero. DTOMy y3/ly COOTBETCTBYET paHee BbluMcieHHas Marpuua C) ; na-
AuM et 1nist ynoGeTBa CKBO3HOH Hymepalu HoBoe o6o3Hauenne Cs = Cf.
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Beruncnum ans Matpuusi Cg 3HaueHns dyHKumit wrpada:

Dyy =0+0=0; D3y =4+ 6= 10;
Dos =0+4=4; D54 =640=6.

MakcumansHoe 3Hauenne dyHkuum wrpada, pasHoe 10, cBA3zaHO ¢
pebpom (3,2), nostomy BbiOMpaeM ero B KayecTBe pebOpa BETBIEHHA,
NpoaoKas NOCTPOEeHHE AepeBa U3 IMCTa ¢ rpaHM4HO# oueHkor 102,

IMocne uckmrouenus u3 Matrpuiisl Cf TpETbeii CTPOKH, BTOPOIo €To/01a,
a Takoke ee KOPPEKTHPOBKH, MoJlyyaeM npuseaeHHyio marpuiy Cr:

4 5
Or=l:2 Y'a8iPD
gy 00

Tak xak marpuua C7 yxXe MpHBeIEHa W MMEET pasmep 2 X 2, TO
pebpa (2, 5) u (5, 4) HEMOCpPeACTBEHHO
BKJIKOYAEM B TYp, PU 3TOM IpaHHYHasA

o ° ouenka 102 He U3MeHseTCs.
OkoHuaresnbHblii BUA Typa NMpeAcTas-
ned Ha puc. 12.15, a orpaHW4eHHOE
o o nepeBo nepebopa — Ha puc. 12.16.

Jlerko MpoOBEpPHTH, YTO CyMMa BECOB

° e pebep, BoweaunX B Typ, paBHa 102,

YTO MOATBEPXKIAET MPABUIILHOCTH MO-
Puc. 12.15. OntumanbHelii TYp JIy4eHHOIO pelleHMA.

IMpumep 2. Peunts 3a1auy KOMMHBOSXKEPA, MCTONB3YS ATOPHTM
JlutTna, Ans rpada u3 6 BeplIMH, 3aJaHHON0 MaTPULICH CMEXHOCTH

1 2 3 4 5 6
1 6 4 8 7 14
21 6 =l 7 11 7 10
C=Tryre s 7 HEs] 4 3 10
4| 8 111! & s 5 11
5.7 7 3 5 = iz

6| 14 | 10 | 10 | 11 7 L

O6wasi uaes MeToja: HYXHO pa3lefluTh OrpOMHOE 4HMCIO MepedH-
paeMbIX BAPUAHTOB HA KJIACCHI M MOJY4HTh OLEHKH (cHu3y — B 3ajaue
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Puc. 12.16. OkoHuarenbHbIi BUI OrpaHHYEHHOrO Jepesa nepebopa

MHHHMMH3aLlHH, CBEPXY — B 3a]1a4€ MAaKCUMU3ALIMH) /IS 3THX KJ1aCCOB, YTO-
Obl HMETH BO3MOXHOCTB OTOPACKIBATE BAPHAHTHI HE 110 OZTHOMY, a LeJIbIMH
knaccamMH. TpyAHOCTb COCTOMT B TOM, YTOGBI HalTH Takoe pasaeneHue
Ha KJacchl (BETBM) M TaKHe OLEHKH (rpaHMLibl), 4TOObI npouenypa 6nina
3¢ ¢eKTHBHOIA.

Bynem tpakrosare C;; kak ctoumocTs npoesaa u3 ropoza : B ropof j.
HomnycTum, uTo A06pEIt M3p roposa j M3aaN ykas BbINIa4MBATE KaXI0MY
BbECXABILEMY B rOPOJ KOMMHMBOSDKEPY 5 AOMI. DTO 03HAYAET, 4TO JIt060i
Typ MOJCLIEBEET Ha 5 A0, MOCKONBKY B JIIOGOM Type HYXKHO BbEXaTh
B ropoz j. Ho nockonbky Bce Typbl pABHOMEPHO MOAELLEBENH, TO npex-
HHIl MUHUMaNBHBIA Typ GyAeT W Tenepb CTOWTH MEHbLLE BCEX. J1o6pbiii
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’Ke MOCTYNOK M3pa MOXHO MPECTaBUTh KaK YMEHbILIEHHE BCEX YhCes j-ro
cronbua marpuubl C Ha 5. Ecnu 61 M3p X0Te CMPOBAZAMTE KOMMHUBOSIKE-
POB 3 j-IO N'OPO/A M YCTAHOBMI Harpay 3a Bbie3)l B pasmepe 10 non., ato
MOJKHO 6b1110 GBI BbIpa3uTh BoiynTaHieM 10 W3 BCeX 3/IEMEHTOB j -1 CTPOKH.
JTO CHOBA H3MEHMIIO OBl CTOMMOCTB KaXI0T0 Typa, HO MUHMMANbHbIA Typ
ocTancsa 66l MMHMUMaNbHBIM. MTak, AoKasaHa clieaytoulas JeMMa: Gulyu-
mas n0byio KOHCMAaHNy u3 6cex 3NMeMeHmos Mobou CMpoKu ulu cmonbya
mampuysr C, ocmasnsiem myp MuHUMQIbHOIM.

Jins anroputMa yaoGHO nomyuuTs nobonblue Hylei B MaTpuue C, ne
uMest B Hell OTpULIATEbHBIX Ykcel. [l 3TOro BbIYTEM U3 KaX/I0H CTPOKH
ee MUHMMAbHBII 271EMEHT (3TO Ha3bIBAETCS MPUBEAEHHEM MO CTPOKaM):

1 |+2:18] 4161631
1=l 210(4]3]10] 4
ol ot 11T I'5°|1TH1E
Ci=|3|114} 11|01 71%S
4lal7]10} 111714
5l 4|40 2F=1]1418
6|l 71313[4(0 =17

a 3aTeM M3 KaKI0ro ctosidna nojydyeHHOW Marpullbl BbIYTEM €ro MHHH-
MaJIbHbIii NMEMEHT, OJy4HB MaTpPHILY, PUBEIEHHYIO N0 CTONOUAM:

112 3|4 88
1 0olo| 31316

o | o W 1 | a1 e

31| 2 P ofo}'3
=T Ts o i 113
54121011 0

6l 71113130} ¢
h;J0|2]0[1[0]4

TTpouepkyu MO JAMAroHaIn O3HAYAIOT, YTO W3 rOpoAa i B rOpOA ¢ Mpoexarb
Henb3s. 3aMeTHM, YTO CyMMa KOHCTaHT NpUBEEeHHA M0 CTPOKaM paBHa L
cymma o cronbuam 7,

R=Y hi+) hj=21+7=34
i j
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JAnsi Typa U3 LecTH rOPOJ0B BbIAEAEHHBIX JNEMEHTOB, BKIIOUYEHHBIX B
TYP, OJDKHO OBITh LIECTh, TAK KaK B TyPe M3 LUECTH FOPOJOB €CTh LIECTH
pebep. Kaxnwiii cTonGew nomken coaepkarh POBHO OAMH BbAENCHHbIII
AMEMEHT (B KX/l rOpOJl KOMMHBOSIKED BbeXan OIMH pa3), B KaXJOi
CTPOKE NOJDKEH OBITH OJMH TaKoif 3MeMEeHT (M3 KaXA0ro ropoaa KOMMH-
BOSDKEp BbleXas ofiWH pa3). Kpome Toro, Beiie/IeHHbBIE 3IEMEHTHI JJ0/KHBbI
OMUCHIBATL OAHH Typ,-a CyMMa YMCEJl BbIJEJIEHHBIX IEMEHTOB €CTh CTOM-
MOCTb Typa.

B npuBesenHoii MaTpuie He0GXOAMMO MOCTPOUTD NPABHILHYIO CHCTE-
MY BBIACJIEHHBIX JIEMEHTOB, T.€. CHCTEMY, YIOBIETBOPSAIOLLY IO BbILLIEONH-
CaHHBIM TPEOOBAHMAM, M 3TH BbILEEHHBIE 3MEeMEHTHI OylyT 0003HAYEHbI
HYJNISAMH, TOrAa JUIA 3TOM MaTpHLbl MOJYYUM MHHUMaNbHBIA Typ. Takum
00pa3oM, MHHUMaNbHBII Typ He MOXKET ObiTh MeHbIle 34 (OLleHKa CHU3Y
JUIs BCEX TYpOB). :

Teneps npuCTYNMM K BETBIEHHIO, OLEHMBAS HYNEBbIE EMEHTHI.
Paccmotpum Hyne B knetke (1, 2) npusenennoit marpuupl Cy. Ol
O3Ha4aeT, 4YTO UeHa nepexona u3 ropoaa 1 B ropoa 2 pasua 0. A ecnu
KOMMHBOsDKep He noenet u3 ropona |1 B ropoa 2? Toraa Bce paBHO HYKHO
BbEXaTh B NOPOA 2 3a LEHbI, YKa3aHHbIE BO BTOPOM CTONOLE; AeLieBne
Bcero 3a 1 (u3 ropoza 6). Jlanee, Bce paBHO Hajlo OyzieT BblexaTh W3 ropoaa
1 32 ueHy, ykasaHHylo B NepBoOii CTPOKe; Jeliesse BCero B ropox 3 3a 0.
Cymmupys 5T 1Ba MUHUMYMa, MMeeM 1 +0 = 1: eciiu He exaTh «I10 HyJTIo»
u3 ropoza 1 B ropoa 2, To Ha/0 3anaaTHTh He MeHblue 1. TakuM o6pazom
BBIMUCIAETCA QyHKUMsa wTpada. OueHKH Beex Hysieil 10Ka3aHsl B MaTpHLIE
C3 npaBee u Bbille HyIs (OLEHKH, PABHBIE HYJIO, HE YKa3bIBATHCE):

Uil 3 8] 5. 6
Il ot 01 31 3| 6
21+0- e 1 | 41 11| o

C3=311 | 2 =40} 0| 3
4t 4451011 1 [ 3
Rbedoibail 0l b 1l 0
AR SL il 3L .3 gl e

BribepeM MakcHManbHYH U3 ITUX OLEHOK (B PUMEPE €CTh HECKOJLKO
OLICHOK, paBHBIX €IMHHULIE, BoiOepeM nepByto U3 HUX B kiieTke (1, 2)).

Hrak, Beibpano HyneBoe pebpo (1,2). Pazobbem Bce Typel Ha jBa
MHOXecTBa — BKJOHalowue pedpo (1, 2) u He Bkouaroume pebpo (1, 2).
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B nepsoM ciyuae HeobXxoaumMo paccmoTpers Matpuily Cy ¢ BBIYEPKHYTO
NepBoii CTPOKOI U BTOPBIM CTOJNOLIOM:

o M e e
0 i o D
Cy=p3ll fimal 010 ] 3
41 4 1,012l 1 ] 8
51 440§ 1 el 0
8 S .| 0 s

JIONONHUTENBHO B YMeHbLUIEeHHO MaTpuiie Cy MOCTAB/IEH 3aNpeT B KJIETKe

(2, 1), Tak kak BbIOpaHO pebpo (1, 2) M 3aMbIKaTh MPEKAEBPEMEHHO Typ
pebpom (2, 1) Henb3s.

YMEHBLIEHHYI0 MAaTpHLly MOXXHO TNPHBECTH

35 Ha 1 no mepBomy cTONOLY, MPU 3TOM TYp,

o oTBevaroLLuii eit, 6yaeT crouts 35. Pesynbrar

BETBJIEHUI M MOyUYEHHsl OLIEHOK MOKa3aH Ha

35 35
@ @ puc. 12.17.
Bo ¢parmenTe aepesa nepebopa peuieHHH

XHsisl BEPIIMHA — MHOXECTB X B;
Puc. 12.17. ®parmenT BEPRHEG ¥ AT B RO
nepesa nepebopa HWXKHSS NleBas — MHOXKECTBO BCEX TypOB,
peLueHHmii BKIouaoux pebpo (1, 2); HWXKHAA npa-
Basi — MHOKECTBO BCEX TYpPOB, He BKJIoyarowux pebpo (1, 2).
TIpogomkuM BETBlEHHE BeBb-BHM3. [l ITOrO OUEHMM HYIH B
matpuiie Cs:

1 4| 516
2-1- 8441 i) 4418

3 | 1
Gt 310 i 0» 01| 3
41 310V =1 1] 3
513101 =]0
616330 [=

MakcHManbHas oleHka B knetke (3, 1) pasna 3. Takum oGpasom,
OLIEHKa TS MPaBoii HIKHell BepiunHbl Ha puc. 12.18 Oyaer pasHa 35 +
+3=238. Jlna OLEHKM NeBoil HiKHel BepumHbl (puc. 12.18) HyxHO
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Puc..12.18. Bropoii aTan nocrpoeHus aepesa
peLeHnH

BblUepkHYTh M3 Martpuubl Cs ctpoky 3 u cronbeu 1, mony4uB mar-
puuy Cg:

Tl 3 ['4165 ] 6
2 Mg ol el
Ce=|4|0' L=111 3
51.0 1 1.8 0
B.]03 bkl I

B 3Ty MaTpMily HYKHO MOCTaBUTB 3anpeT B KNeTky (2, 3), Tak kak yxke
nocrpoeH ¢parmeHT Typa u3 pedep (1,2) u (3,1) U HyKHO 3anpPeTUTH
npexaeBpeMeHHoe 3aBepiueHue Typa (2,3). Marpuua npuBoAKTCS M0
cronbuy Ha 1, TakuM oOpaszom, Kaxablif TYp COOTBETCTBYIOLLErO Kjacca
(Te. Typ, comepxkauuii pebpa (1, 2) u (3, 1)) crouT 36 yCIOBHBIX €IMHHULL.
Jlanee

3495 | 6
2 P | o
Cr=|4|0' il 1 | 3
5|0 |02 ol o
TERR

Tenepe onenuBaem Hynu B npuBefeHHoi matpuue C7. Hynb ¢ makcu-
MasibHO#t oueHkoi 3 HaxoauTes B knetke (6,5). OTpuuarenbHblii BapHaHT
umeeT oueHky 38 + 3 = 41. Jlna nonyyeHus OUEHKH MOJIOKHTENbHO-
ro BapuaHTa ypaansem ctpoky 6 u cronbeu 5, cTaBMM 3amper B KJeT-

Ky (5,6):

3146

2 3 | 0°
Cs =
714 o3 PNl 3

5|10 |0°

14— 1837 209



Marpuua Cg npuBeieHHas, clieI0oBaTeIbHO, OLEHKA MOJ0XKHUTENbHOrO Ba-

pHaHTa He YBEJMYHUBaAETCH.

Puc. 12.19. OrpanuyeHHoe

e

210

Ouenuas Hyau B Matpuie Cg, noiyyaeM BeTBlIeHHE 10 BbIbopy pebpa
(2,6), oTpMuaTeNbHbIH BapuaHT noiayyaetr oueHky 36 + 3 = 39, a ans
MoJIyueHUs OLIEHKH ONTHMANBLHOINO BAPHAHTA BbIYEPKHBAEM BTOPYIO CTPOKY

JepeBo nepebopa

U wiecToit cronberl, monyuas mMarpuiy Co:

Co=|4]|0 | =
5| —-10

B Marpuuy Hano A00aBUTH 3anpeT B KieT-
Ky (5,3), Tak KaKk yxxe MOCTPOEH (pparMeHT
Typa [3,1,2,6,5] ¥ Hago 3anpeTHTh Npexe-
BpemMeHHOe 3aBepuienne Typa (5,3). Tlocne
npeobpa3oBaHuii mony4unace Matpuua 2 X 2 ¢
HyJIEBBIMHM JJIEMEHTaMH MO AMaroHamu. Oie-
MEHTBI, NoMe4eHHble Hynem (pebpa (4,3) w
(5, 4)), aBTOMaTH4YECKHM BKJIIOHAKOTCA B TYp, HE
MeH$isi €r0 JUTMHBI.

Takum ob6pasom, nonyueH Typ: (1—2—-6—-5—
4 —3—1) croumocTsio B 36 (puc. 12.19). Tlpu
JIOCTH)KEHMM HM3a Mo JiepeBy nepebopa kiacc
TYpOB Cy3HJICS IO OAHOIO TYpa, a OLEHKA CHU3Y
TpeBpaTuiach B TOYHYIO CTOMMOCTb.

Konmponuwvnoie eonpocsi

S 0.0 s W e

Kakoe MHOXECTBO Ha3bIBaeTCs pekopaom?

B 4eM CyLIHOCTD yayullieHus pexopaa?

VYKaxxuTe rMaBHbIH MPHHLIMI KaHOrO aNropuTMa.

B 4em 0COGEHHOCTB JEPEBSHHOTO anropuTma?

Kak ctpoutcs aepeso nepefopa ans paciunuppoBky Kpuntorpamm?
HazoBuTEe OCHOBHBIE NPHHLMIBI METO/1A BETBEH H MPaHHLI.
CdopmynupyiiTe ycnosue 3ana41u KOMMHBOSKEPa.

YTO 03HAYAET «TPUBECTH MATPHLL MO CTPOKam»?

Uro Takoe GpyHkuus wrpada?

Kak HCKIIo4aeTcs J0CpOYHOe 3aBeplueHHe Typa?

Yo Takoe HWKHAA FPaHHYHas OLEHKa?



Fhasa 13

MoaenupoBaHue
C UCNOJNIb30BaHMEM reHepaToposB
Clrly4yanHbIX Yyncen

MHorue sSBIeHHs B MPUPOAE, TEXHUKE, IKOHOMHUKE U B Jpy-
X 061acTaX HOCHT ‘cllyvaitHblii Xapaktep. B 3TOM ciyuyae BenMuMHa,
NMPUHUMAIOLIAs CBOM 3HAYEHUS B 3aBUCUMOCTH OT UCXO/I0B HEKOTOPOI'O HC-
neiTaHus (ONbITa), HA3bIBACTCS CIYYAUHOU BENUYUHOU.

[Tycte X — nauckperHas ciyvaiiHas BeJIMYMHA, BO3MOXHBIMH 3Haue-
HUAMM KOTOPO#i ABASIIOTCS YKCha T1, T2, - . . , In.

O603Hauum uepe3 p; = P(X =x;),i =1, 2, ..., n, BEPOATHOCTH 3TUX
3HAUEHHUH, T.e. P; — BEPOATHOCTb COOBITHA, COCTOALIErO B TOM, 4TO X
NPUHUMAET 3HAYEHHE ;.

3aKoH pacnpeaeNeHrs MOJHOCTBIO 3a7aeT JMCKPETHYIO Clly4aiHYo
BenMunuHy. OJHAKO 4YacTO 3aKOH pacnpe/iesieHUs ClyyailHOW BEHYUHbI
Heu3BeCTeH. B Takux cuTyauusx ee OMMChIBAKOT YUCIIOBBIMU XapaKTepH-
CTUKaAMH.

13.1.
Yucnosble XxapakTepUCTUKHU
CJly4YauHbIX BENTUYUH

CnyyaiiHble BEJIMYUHBI XapaKTEPU3YOTCS CIIEAYIOLUMMH YH-
CJIOBBIMH NapaMeTpamu:
o Mamemamuueckoe oncudanue M (X ) — 310 cTaTHCTHYECKOE Cpell-
Hee cilyyailHOW BEJIMYMUHBIL:

n
M(X)=) zpi,
i=1

rae T; — 3HaYyeHue ClyyailHOH BEeNMUYMHBI, p; — BEPOATHOCThH MOABICHHS
aToii BenuuuHbl. [Ipu aToM
n
E P: = 1
g=1

Jinst paBHOBEPOSTHBIX COOBITHIA
1 n
M(X) =~ }_“{ zi.
| b
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e Jlucnepcus — 310 MaTeMaTHYECKOE OXKMIAHHE KBAJApaTa OTKJIOHE-
HHS CNy4YaiHOM BeJIMYHHBI OT €e MaTeMaTH4YeCKOro OKMAAHHA:
n

o 2
D(X) =) (zi~M(X))’p:
g==]
e KopeHb KBapaTHbIfi U3 QUCMEPCHU HA3bIBAETCS CPEOHUM Kéaopa-
muynsim omraonenuem o( X ) ciyyailHOH BeJIMYMHBI, T.€.

7(X) = /D(X).

e Kosghghuyuenm xoppenayuu onpenensercsa s AByX MOTOKOB CJTy-

YaHBIX BEJTUYHH:
R(X,Y) = M(XY) —-M(X)M(Y)‘
o(X)o(Y)

Koapduument koppensuuu onpeaened Ha orpeske [—1;1], te. —1 <
< R(X,Y) &1,

[ToToku cnyuaiiHelx BeMuKH, s kotopsix R(X,Y') = 0, HaseiBatoTCs
HeKOppPeNupoBaHHbIMU (HE3ABUCUMBIMUL).

PaccMOTpHM anropuT™bl Uisi J€TEPMUHHUPOBAHHON BBIOOPKH Cllyuaii-
HBIX YHCEJI.

13.2.
MeTton cepeauHbl KBagpaTta

OnMH U3 paHHUX FeHepaTopoB CJy4alHbIX YKCelN, NMPUHAL-
nexcawmii oy ¢oun Heiimany (1946), u3BecTeH Kak mMemoo cepedunbl
keaopama.

MeToa Mcnonb3yercs AJis reHepaluu k-pa3psaiHbIX NMCEBAOCIYYaiHbIX
uncen. JlomkHo ObITh 3aaHO k-pa3psaHOe HayalbHOE 4MCIO Zo (Ans
yn00cTBa NpeanonaraeM, uto k 4eTHo). ITO YKC/IO BO3BOANTCA B KBA/IpaT,
M NOJTy4aeTcs Yueho y. Yucno y A0MKHO uMeTh 2k paspsaaos. Ecau uncno
pa3psl0B MeHblle 2k, TO YHCNIO ¥ JIONONHACTCA CeBa Hy/IsAMHU. 3aTeM B ¥
BBIAENAIOT cpeiHue k pa3psaioB, KOTOPBIE U 1AIOT HOBOE ClyyaiHOE YHCIIO.

AJIrOPUTM CBOJMTCS K BbINOJHEHHIO CTIEAYIOLIMX 11aroB.

LT ar 0. Ueuumnanusauus: T := Io.

IIar 1. OcHoBHoii uuki: FOR j:= 1 TO m DO war 2; Stop.

Iar 2. l'eHepauus HOBOMO CHy4alHOro 4YMCHa T;: Y := z?; xj =
(cpennue k pa3panos uucna y); ¢ := z;. (Uucno y Gyzer umersb 2k pas-
PAIOB, a CleAyoLIee Cy4aiHOe YHCIIO T MOoNy4aeTcs, €C/IH yAaIHTh 1o
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k/2 pa3psamoB ¢ Kaxaoro koHua y. JlecaTHuHas TOuKa noMeLuaeTcs nepej
MepBbIM Pa3spsOM YMC/A T; A0 NOCTYIUIEHHS €ro Ha BBIXOJ Clly4aiHOro
reseparopa.)

Mpumep 1. TTonyunts Tpu cryyaiHbIX YKCIa METOAOM CEpeaHHbI
kBagpara. Beibepem k = 4; 7y = 3167. Torna:

1o = 3167; y = 10029889;

‘.z = 0298; y = 00088804;
rp = 0888; y = 00788544
13 = {885.

IHIpumep 2. Ina k =4 uzxo= 2134 nony4uTs nepBbie BOCEMb M1CEB-
JNOC/y4aifHBIX YHcell, BbIpabOTaHHBIX AJIFOPUTMOM CEPEAMHbI KBaJpara, B
untepsane (0; 1):

x2 =04553956, =z =0,5539;
2% =30680521, x5 = 0,6805;
x5 = 46308025, 3 = 0,3080;
z3 = 09486400, x4 = 0,4864;
z3 = 23658496, x5=0,6584;
x2 = 43349056, z6 = 0,3490;
r3 =12180100, x7=0,1801;
x% = 03243601, g =0,2436.

HecMoTpst Ha BUAMMYIO CITy4aifHOCTb YKCell, FeHepUPYEMbIX aJirOpPHUT-
MOM, €My CBOMCTBEHHbI HEOCTaTku. B camoM zene, ecnu B nocnenosa-
TEeNBbHOCTH Koraa-Hubyas nossurca uucno 0,0000, To Bce cnenyrouue 3a
HUM yucna OyayT Taioke pasHbl 0,0000. Takum o6pazom, MHOrO€ 3aBUCHT
OT HayaJbHOrO BbiGOpa k ¥ .

13.3.
JInHEeNHbIN KOHrpY3HTHbLIN MeToA

MeToa ucnonb3yeTcs Ui reHepauuu MnocieaoBaTe/bHOCTH
T1, T2, ..., Ty U3 M NceBAOCHyYaiiHbIX unucen. JlomkHbI ObITh 3a/1aHbI
cleayIoUe BXOAHbIE 3HAaYEeHH:
e b — 1eNIoUMCNIEHHBII MHOXKUTENDB, b > 1;
e () — HavyalbHOE clly4aifHoe Liesioe Yuciio o > 1;
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e k — war, k > 0 uenoe;
e ™. — LIEJIOYUCIIEHHBIH MOayNb, m > T, b, k.
CnyuaiiHble YKclia FeHEPUPYIOTCS M0 peKyppeHTHOH dopmyne:

z; = (brj—1 + k) mod m.

ANFOPUTM CBOAMTCA K BBIMOJHEHHUIO CJIElYIOLIMX LLAroB.
[Ilar 1. OCHOBHON UHKII:

FOR j:=1 TO m DO war 2; war 3; Stop.
IIlar 2. leHepauus HOBOro Heo6paboTaHHOIO Cily4aiHOro YHCa:
x; := (bzj—1 + k) mod m.

Yrrcno xj JOMKHO Niexkars B nonyuHTepsane 0 < z; < m. Io onpenenenuto
JUis uenbix @ ¥ m (a mod m) eCTb OCTAaToOK OT LEJIOYHUCIEHHOrO AeNeHHs
a Ha m. Hanpumep, 5 mod 3=2, 7mod 3=1, 9 mod 3=0.

Ilar 3. leHepauus CleayOLIEro Cly4yaidHOro 4uena: yj := zj/m
(y; Gyner nexars B monyuntepsane 0 < y; <1 n obnanars TpebyeMbIM
pacrnpeaeslieHHeM).

Mpumep 1. Tlonyunte TpU CiyHaiHbIX YMCNA JIMHEAHBIM KOH-
rpySHTHBIM MeTonoM. BeiGupaem zo =27; b=15; k= 10; m =40. B
pe3ynbTare:

z1 = (5-27+ 10) mod 40 = 145 mod 40 = 25;
z9 = (5-25+ 10) mod 40 = 15;
z3 = (5154 10) mod 40 = 5.
Mpumep 2. Ina k=0, m= 210 b =101, z¢ = 432 nonyuuThb

nepBbi€ BOCEMb HCCBﬂOCﬂyqaﬁHle YyHucen, Bblpa60TaHHb!X JIMHEHHBbIM
KOHTIpY3HTHBIM METOAOM, MPH 3TOM

624

21 =624, y1= 1550 =0,610;
560

22 =560, Y= 1o5r =0,546;
' 240

z3 =240, y3= 155, =0,234;
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688

T4 =088 " g4 = 1023 =m ). B3
£55- 880, y5= i%s—;{ = 0,859;
rg =816, ys= -1% = 0, 796;
:;; L R %52—64 = 0, 486
B G gy Ig[% =0,923.

CywecTByer Takoii BbIbop napameTpos k, b, m, o, Npu KOTOPOM ajro-
put™ OyneTr reHepupoBarh 4ucia Ha otpeske [0; 1], npeacraeasioumecs
HEMpEeACKa3yeMbIMU M YIOBJIETBOPSAIOLIME OMNMPEACIEHHBIM CTaTUCTHYE-
CKMM KpuTepusaMm. JIis Bcex NpakTHYEeCKUX LieJieit 3TH YKhclia OKa3bIBalOTCA
MOC/NEA0BaTENIBHOCTEIO HAONIOAEHUI PaBHOMEPHO pacnpenesieHHO# ciy-
YaiitHOW NEepeMeHHOM.

13.4.
MonsapHbIn MeTOA
reHepauum cny4vyamHbIX Yucen

Meton ucnonb3yeTcs JUTA TeHepauud ABYX HE3aBHCHMbIX
cly4aifHbIX Yucen ¢ HopManbHbIM pacnipesenenneM N (0,1) u3 aByx He3a-
BUCHMbIX PaBHOMEPHO pacnpe/ieNieHHBIX cly4aiiHbIX uucen. Pacnpejene-
nue N(0,1) npeobpasyercs B N (i, 02) ¢ HCMIONB30BAHHEM LIEHTPASKHOIA
npeaeNbHON TeOpeMbI.

ANropuT™M CBOAMTCA K BBIMOTHEHHUIO ClEAYIOLMX 1IaroB.

IITar 1. ['eHepauus AByX paBHOMEPHO pacrnpesieNieHHbIX Cly4aiHbiX
yucen. [eHepupyloTcs ABa HE3aBUCHUMBIX CyYalHBIX YMClA U] H U2 C
pacnpepenenuem U(0,1); vy := 2uy — 1; v := 2u2 — 1; (v1 ¥ V9 UMeroT
pacnpenenenue U(—1,1)).

Ilar 2. Boiuucnenue 1 nposepka s: s := v? + v2; IF s > 1 THEN
GOTO ar 1.

2ln s 2lns
Iar 3. Beluucnenne ny Mng: ny :=1, 1M 1= Vo[ — '

IIar 4. Stop. (n1 U n pacnpeaeneHbl HOPMaIbHO.)
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