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Mouck Ha rpade.

Bce wmetoabl nepebopa B NPOCTPAaHCTBE COCTOAHMM MOryT ObITb
cMogenupoBaHbl C MNOMOLWbLI  crieaywoLwero  TeopeTuko-rpacgoBoro
npouecca:

Ha4anbHasi eepwiuHa S cCOOTBETCTBYET ONMUCAHUIO Ha4yas/lbHO20 COCMOSIHUSI.
BepwuHbl, HenocpeaACTBEHHO cneaywliMe 3a A[aHHOW, MNONy4YalwTcA B
pe3ynbTaTe UCNOJfIb30OBaHUA onepaTopoB, KOTOPbIe NPUMEHUMbI K ONNCaHUIO
COCTOSIHUA, aCCOLMMPOBAHHOIO C 3TOU BEPLUNHOMN.

OnpegeneHue 1. NycTb y - HEKOTOPbLIN cneuuaribHbIA onepaTtop, KOTOpbIn
CTPOUT BCe BepLUMHbI, HEMOCPEeACTBEHHO crieaylowue 3a aaHHou. byaem
Ha3bliBaTb Mpouecc NPUMEHeHUs1 onepatopa Yy K BepLIMHE pacKkpbimuem
BepwuHbl. OnAa Kaxaou pacKkpbiBaeMOW BepLUMHbI AeraeTcsa MnpoBepkKa,
ABNAETCA NN BepLlUNHA LeNneBOM.

OnpepeneHne 2. OT Kaxaou OoYepHEM BepLUMHbI K poaUTeribCKOU uayT
yKasaTenu, Kotopble Nno3BONsAOT HAUTU NYTb Ha3ad K Ha4yalbHOW BepLUMHE
nocrne oOOHapyXeHuUA ueneBOW BepwuHbl. BepwuHbl w ykKasartenu,
NOCTPOEHHbIe B npouecce nepedbopa, obpasyoT noaaepeBO BCEro HesIBHO
onpeneneHHoro paepeBa NPOCTpaHCTBa cocTosiHUWA. [laHHOe nopaepeBO
Ha3blBalOT depesomM rnepebopa.

OnpepeneHue 3. Pewarwuwyro nocnenoBaTeNnibHOCTbL OOpa3yloT oneparopsbl,
KOTOpble CBA3aHbl C AyramMu nyTu OT LeneBON BEepPLINHbI K Ha4YaribHOM.




Cnenown nepebop.

NMpn nonHoM onucaHuMn npouecca nepebopa HeoO6XoAMMO 3HaTb
NOpPSAAOK PACKPbITUS BEPLUUH.

OnpepenexHvne 4. [lonnHbiM nepebopomM Ha3blBaeTcsA npouecc
nepedopa, npM KOTOPOM pacKpbiTUe BepWwUH NPOU3BOAUTCA B
nopsigke nx NOpPoXaeHus.

OnpepeneHue 5. MNMpouecc nepedopa e anybuHy (depth-first process)
XapaKTepn3yeTca TeM, UYTO BHauvane pacKpbiBaeTCA Ta BepLUMHA,
KoTopasa Oblna nocTpoeHa caMoU nocrnenHen.

lNMpoueccbl nonHoro nepebopa u nepedopa B rnmyouMHy Ha3biBaloOT
npouenypaMu crnenoro nepedopa, NOCKOSIbLKY pacrnosfioXeHue uenwu
He BJIUSIET Ha NOPSAAOK PAaCKPbITUS BEpPLUUH.

Jlerko nokasatb, YTO B MeToAe MOJSIHOro nepebopa HenpemMeHHOo
OyaeT HamgeH caMbil KOPOTKMM NYyTb K UEeNeBOU BepliuHEe npwu
YCNOBUU HanNMumsa Kak MUHUMYM oOpfHoro peweHus. Cnepyet
OTMETUTb, YTO NMPU OTCYTCTBUU pPeLUeHUN AnAa cnyvyasd 0eCKOHe4YHoro
rpacha peanu3yrwOWMU MNOJSIHbLIU Nepedop anroputTM HUKOrga He
3aBepLInUT CBOKO paboTy.



MeToa nonHoro nepebdbopa.
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NMpumep : urpa B 8.

HYCTb 3aAaHO UCXOoAHOe pacnoJsioXxeHue

¢dmwek Ha none (cMm. npeAabla. NEKUUIO) : LleneBoe pacnonoxeHue :
2 183 1123
1164 8 4
7 - 5 7 6|5

Ana Kaxgonm ouvepeaHOU BeplUHbl rpad)a COCTOSSHUM ee  [Oo4vYepHue
BEpPLUMHbI CTPOATCA B crieaylolieM nopsiake : nepBoM CTPOUTCSH BepluMHA
AnS nepemMeLleHns nycTtou KIreTKu esiego, BTOPOU — AN nepemMeLleHus
NyCTOU KIeTKU 88epX, TpeTbeu — AN NepemMelieHUss MNYyCTON KNeTKU
enpaeso, nocriegHen — AnA nepemMeLleHns nNycTou KNneTkn eHu3. [insa Kaxxaowu
HOBOW BepLUUHbI onpenensaeTca BO3MOXHOCTb ee nocrpoeHus. Kputepumn
AOMYCTUMOCTM  MNOCTPOEHUA  BepLUMHbI, OOYepHen AnA  TeKylew
(@aonyctumocTn o4vyepeaHoro xoaa) : nycrasi KfieTka He OOMKHA OKa3aTbCH
3a npegenamMmuv nosns, a COOTBETCTBYHKLlee paccMaTtpMBaemMon LOOYEepPHEWU
BeplUMHEe pacrnofioXxeHne QuLIeK He AOMKHO ObiTb 3KBUBaNEHTHbIM
pacnonoxeHur dQuWeK AnA BepLUHbl, POAUTENbLCKON ANS TeKyleun
(Bo3BpaT K npeabiaywien KoHdurypauumm duwek Hepgonyctum). [epeBo
COCTOSIHUM MNpPU UCNONb3OBaHMM MONHOro nepedopa AnAa wurpbl B 8
npeacrtaBsrneHo B [1] Ha cTp.56. B ykazaHHOM NOCTaHOBKe 3agayuv Mmeem
onTUMaribHoe pelleHne U3 NATU WaroB, B Mnpouecce MOUCKA KOTOPOro
packpbiBaeTcsa 26 n ctpoutcs 46 BepLUUH.



MeTopn paBHbIX LeH.
OnpefeneHue 6. NycTe HaM 3agaHa PyYHKUMA CTOMMOCTHU ﬁ(”r:”;)

nepexoAa OT BepWMHbI 72 K HEKOTOPOW crneayiowen 3a Hew

BepwuHe ;. MeToa paBHbIX LUEeH XapakTepusyeTcA TeM, YTO ANA
KaXXAOW BEpPLWMUHbI 11 B AepeBe nNepedbopa HeoOXOAUMO NMOMHUTBL
CTOMMOCTbL MYTU OT HaYanbHOW BeplWUHbI S K BepwuHe h. MycTb
&n) - cToumocTs NyTU OT BEPLUMHbI S K BepLUMHe h B AepeBe
nepebopa. B Metoae paBHbIX LeH BeplUMHBI pPacKpbiBakOTCA B
nopagKke BospacTaHUA CTOMMOCTH gln),

AnA cnyyvaa aepeBbeB (He Npou3BONbHBIX rpadoB !) nepeﬁoEa B

cuny ¢AUHCTBEHHOCTHU NYTHU MWHUMan bHOU ANMWHbBI pr"HI{LIIr‘IFI g(”)
ABNACTCA CTOMMOCTBHIO NYTH HaMMeHbLLEN AINMUHBI.

3ameyaHme. B 1O BpemMsa kKak B anropumtme noucka no MeToay NOJIHOro
nepeb6opa pacnpoCTPaHAITCA JIMHUU PaABHOW ANMHbLI NYyTU OT HAdalibHOWM

BepPLUHbLI, NP MNCNOJIb30OBAHUN MeTOAAa PaBHbLIX LEeH pPacnpoCctTpaHAIOTCAHA
JIMHUN paBHOVI CTOMMOCTU NYTMW.



Bnok-cxema anropurma.
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MeToa nepebopa B rnyouHy.

CornacHo OnpepgeneHvio 5, npu ucnonb3oBaHMM nepebopa B rmyouHy B
nepBylo oyepeab pacKpbIBalOTCA NocnegHne U3 NOCTPOEHHbIX BEPLUMH.

OnpepneneHue 7. (rnybnHa BeplnHbI B Aepese).

1) FnybuHa KopHA aepeBa paBHa HY-HO.

2) nybumHa nwbGou nocneaywolwen BeplUHbI AepeBa paBHa rnyouHe
poAUTENbLCKON BepLUMHe, YBeSNIMYeHHON Ha 1.

OnpepneneHue 8. BepwimHou ¢ Haubonblien rnyomMHon B aepese nepedopa a
HEeKOTOPbIN MOMEHT CIYXXUT pacKpbiBaemMasi B AaHHbIA MOMEHT.

Onpepenenue 9. NpaHu4YHas anybuHa npu ncnonb3oBaHMU MeToAa nepedopa
B rmyoOuMHy BBOAUTCSA B LieNnsaX oTce4YeHuUsn 3aBeaomMo Gecnorie3HbiX nNyTen B
AaepeBe U opraHusauum npoueaypbl eozepama. Npn NoCTpoeHUU BepLUnHbI C
rmyoMHon, npesBblllaloOWen 2paHU4dHyro, crnepywowen Oyaer packpbita
BepLllMHa HaMbonbLen rnyouHbl, He NpeBbIWaloLWen rPaHUYHOro 3Ha4YeHuUs.




Briok-cxema Ans Metoaa nepebopa B rny6uny. My noucke uenesoro
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MeTona nonHoro nepebopa.
HdepeBo COCTOSAHUM npwu
MCNONb30BaHUM NONHOro
nepebopa ana wurpol B 8
npeacrtasneHo B [1] Ha cTp. 61.

B npouecce noucka
ONTUMaribHOro peleHns 6bINo
NOCTPOEHO yXe 34, a

pacKkpbIiTo 18 BepLUUH.



NMepebop Ha Npon3BOSIbLHLIX rpadax.

Mpu ucnone3oBaHWUKM MOMHOro nepedopa ANA MNPCOU3BOMNBHOrO
rpacda, He ABMNAKOLWErocA AEpPeBOM, ANA KaXAOW BHOBb
NOCTPOEHHOWU BepLWUHbl chneayeT NPOBepATb €€ Hanuvue B
cnuckax Open u Close, nockonbKy oHa Morna noABUTbLCA Tam
paHblle B pesynbTaTe PacKpbIiTUA HEKOTOPOW APYrou BeplUMHbL
B cnyvyae NpUCYTCTBUA BHOBb MOCTPOEHHOW BeplMHbI B Open
unu Close ee He HYXKHO BHOBbL NOMeLLaTh B cnucok Open.

B uenAX NnpUMeHUMOCTU MeToAa paBHbIX LeH K NPOoU3BONbHOMY
rpacgpy cam MeToq MoaUULUPYeTCA cneAyHOLWUM OOpasoM.

1) B cnyvyae NpUCYTCTBUA BHOBb MOCTPOEHHOW BeplMHbI? B
cnucke Open noOBTOPHOro ee BHECEHUA B Oﬂ:en He npousBoaAT,

HO COOTBETCTBYHILAA €W BenuYMHa gl CPaBHUBAETCA C
Nony4YeHHOW paHee ANA APYroro MNyTM WU e€cnu  3Ha4YeHue
CTOMMOCTU ANA HOBOro NyTU K oOKasblBaeTCcA MeHblUe, TO OHO
3aNoMMWHAETCA C CONYTCTBYHLEM OOHOBNEHWUEM YKasaTeneun.

2) B cnyyae nNpuUcyTCTBUA BHOBb MOCTPOEHHOU BeplwMHbI® B
cnucke Close cocyYUTaHHoe paHee 3HAYEeHWEe CTOMMOCTM MYTU K
HeWn y)ke MUHUMAankbHO.



Ncnonb3oBaHue 3BpUCTMYECKOM MHopMaLmu.

OnpepeneHne 10. 3epucmuyeckyro (nomorarwlyd HaUTU pelueHue)
UHbopMayuro NN 38puUCMUKy ANA 3aaavum, npeacrasnsemMon B Buge rpadca,
COCTaBNAT 3MMNUPUYECKUE MnpaBuria, KOTopble MNO3BONIAKT YMEHbLUUTb
o6beM nepebopa Ha ocHoBe crneuncunkn camomn 3agaum.

CnocoO6bl ncnonb30BaHUA 3BPUCTUYECKOU MHdOpMaLUu :
1) MoaudmumpoBaHHbIN onepaTop v;

2) PasmelweHue BHOBb NOCTPOEHHbIX BepwuH B cnucke Open ansa Mmetoaa
nepeodopa B rnyouHy;

3) Ucnonb3oBaHMe OLEHOYHbIX (PYHKUMM AnA nepeynopaaovyMBaHUA Ha
Kaxgom Lware cnucka Open.

B OonblUMHCTBE MpPaKTUYECKUX 3agad npeacraBnsieT WHTepec MUHUMU3ayusi
KoM6uHayuu N3 CTOMMOCTM NMYTU OT HavyanbHOW BepLUMHbLI K LeneBON U CTOUMOCTMU
nepebopa AnA HaxoXxAaeHusa 3Toro nytun. HaubonblwMKM MHTepec npeacTaBnsloT
MeToAbl Nnepebopa, NpU KOTOPbIX YKa3aHHasA KOMOMHaUMA MUHUMU3UPYETCA, Oyay4un
ycpeaHeHHOW No BCeMy MHOXECTBY pellaeMblX 3agau.

OnpegeneHue 11. NoBoOpAT, YTO OAMH MeTOoA nepebopa obnapaeT 6onbLien
3BPUCTUYECKON CUINION, YeM [OpYyrom, ecqiu OH umeeT Oornee HU3KYHO
yCpeAHeHHY0 KOMOUHALUMOHHYI0 CTOMMOCTb.




Ucnonb3oBaHMe OLEeHOYHbIX (PYHKLUMN.

Omnpenenerrie 12, Oyenounaa ¢yuxyua oO0eCcTIeUHBaeT BO3IMOKHOCTE
PAHKMPOBAHMA BePIIMH — KAaHIHIATOB HA PACKPBITHE € ILEIBH BBIABJIEHIHA
TOM BepIMMHBL, KOTOpad ¢ HauMOOIbINel BepOATHOCTBIO HAXOAHWTCH HA
ONTTHMAITEHOM ITYTH K IlelTeBoi BepIlHHE.

[Iycrh 3aaHa HeKOTOpad TPOM3BONBHAA QYHKINET / , KOTOopad MOMKET OBITH
HCIIONB30BaHA JJIA  VIIOPAAOYEHHA BepIIMH Tepel HX PacKpPBITHEM.

OO003HAUNM Yepes I (”) 3HAUEHHE 5ToH PVHKIMH Ha BepIHHE 2.

Omnpenenentie 13. ANMTOpHTMOM yhropaooyenHo20 nepebopa (ordered-search
algorithm) OyaeM HazBBaTh HEKOTOPEIH MepeOOpHBIT aNTOpPHTM, B KOTOPOM
IBT OUEPeJHOTO PACKPBITHA BRIGHpaeTcs Ta BepIUHMHA cImicka Open, AT

KOTOPOH 3HaueHHe QYVHKIH J  OKazbIRACTCH HANMEHEITIM.

Metopn yIopgmoueHHoTo mepedopa nmogo0eH MeTOIY PaBHBIX II€H, OJHAKO M
obeclieueHI €ro IPHMEHHMOCTH K ITPOM3BONLHBEIM TpadamM HeoOXOTHMO
IPEeIyCMOTPETh  TI€peMeIlleHHsd  BepImMHBI M3 crmicka Close (¢
COIYTCTBYFOLIHM HM3MEHEHHEM yKasarened !) B Clyuae HaXOXKIeHHA HOBOIO

IIVTH K BECPINHHE CO CHHARCHHCM 3HAYCHITH BCIIHYHHEL f CHITY TOI'O, HTO f ( )
MOZECT 3dBHCCTE OT ITYVTH H3 SKn HARe NI BCPIHH 3 CTICKA Close.



AnroputmMm ynopsano4veHHOro nomcka.

Brnok-cxema - CM. NpUroXxeHue.

Cnepyetr OTMETUTb, YTO MHOXECTBO NMOpOXAaeMbIX afiroOpuTMOM BepPLUMH
U yKasateneum oodbpasyroT gaepeBo (aepeBO nepedbopa), Ha NIMCTbAX ITOro
AepeBa pacrnonoXxeHbl BepLlwuHbl U3 cnucka Open.

PaccmoTtpum paboty anroputma Ha npumMmepe urpbl B 8. Bocnonb3ayemcs
criegyroLwien oueHo4YHou pyHKLuMen :

f(n) = g(n)+ W(n), roe A
é(n) - ANMHa NyTM B AepeBe nepedbopa OT HayanbHOU BepLIUHbI A0
BEepPLWMUHbI 1, @ W(n) - YNCNO (PpULLEK, KOTOPbIE NneXxaT He Ha CBOeM MecCTe B
OonucaHnn COCTOSIHUA, CBAA3aHHOIO C BEPLUNHOM £.
Ona vrpbl B 8 Mbl 6yaem npegnonaratb, YTo ¢ 00sfblle BEePOATHOCTbLIO
Ha ONTUMManbLHOM MNyTM HaAXOAUTCA Ta BepLIMHA, KOTopasas uMeeT
HaMMEeHbLUYH OLIeHKY.

NMocTpoeHne AoYepHUX BEPLUMH A1 KaXOOU o4vyepenHOM BepLUUHbI AepeBa
COCTOSIHUN — B COOTBETCTBUU C NpaBunamMmm Ha cnange 5.

Kak BuaHO w3 npeacraBrnieHHoro Ha cnauvae 14 pepeBa, NpUMeHeHue
ynopsaao4vyeHHoOro nepebopa Ans noucka ueneBoro pacnosfioxeHus ¢puwek B
urpe B 8 AaeT TOT Xe NyTb pPeleHUs, YTO U MeToA NOSIHOro nepeodopa, HO
NPUMeHeHne OoueHOYHOU (HYHKUUM BeAeT K 3HAYUTEeNbHOMY COKpalLeHUIo
Yyucna pacKkpbITUN BEepPLUMH.
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CBouncrea oL,eHOYHOU PYHKLIUMU.

OnpeAenumM oLieHOYHYI0 pyHKUMIO/ Tak, YTOBbI 3HaYeHMe f(n) ans
nobon BeplMHbI 17 NpeacTaBnAno cobo CyMMY OLEHKU BefIMYMHbI NyTU
MUHUMaANbLHOWU CTOMMOCTU OT HavyaribHOM BEPLUUHbI 5 K BEPLUMHE 17 U OLLeHKU
BEJIMYMHbI NMYTU MUHUMMANbHOW CTOMMOCTUM OT BepLWWHbI 1 K LeneBou
BepwuHe. Takum o6pasom, f(z) npepcraBnsieT co60M OLEHKY BeNUYMHbI
nyTM¥ MMUHUMANbLHOW CTOMMOCTU MNpPU YCINOBUU, YTO ITOT NYTb MPOXOAMUT
yepes BepLUUHY n.

Myctb (byHKuMﬂk(n_ n. )naeT AEeNCTBUTENbHYIO BENUYMHY NYTU MUHUMASIbHOMN
177
CTOMMOCTH MeXAy ABYMsi NPOM3BOSIbHLIMU BepluMHamm /1, v 71,

BennumHa nyTM MMHMManbHOW CTOMMOCTYM OT BeplUMUHbI 7; [0 uenu :
h(n.)=min k(nl. i ), 2oe T — mHOJICECMBO  YeNedblX EePUIUH (2)

njeT
CTOVIMOCTb onTnmanbHOIo nyTu oT Haqaanoﬁ BepLIJVIHbI S A0 uemnu I'IpVI
yC.l'IOBVIVI, YTO OH I'IPOXO.D,VIT '-lepe3 Bepuley n.

f(n)=gln)+h(n), 20 e
g(n) - AeNcTBUTENIbHasA CTOMMOCTb ONTUMAsIbHOro NYTU OT Ha4aribHOWU
BEpPLUMHBbI s O HEKOTOPOM NMPOU3BOJSIbHOU BepLlunHbI n. OTClOAa cnepyeT, YTo
AenCcTBUTeNbHasA CTOMMOCTb ONTUMANbHOro NyTU OT BEPLUUHDLI s K Lenu (bes
AONQITHUTENbHbLIX OrPaHNYeHUI Ha NPOMEXYTOYHbIe BePLUUHbI) f(S) _ h(S)
g\n)z g((nsr- no onpeneneHuio.



OnTnmanbHbLIN aNnropnuTm nepeodopa.

Byaem paccmaTpMBaTh BBEAEHHYIO HAMU paHee OLeHOYHYI0 DyHKLMI0O |
B KayeCcTBe OLleHKMU q:)yHKu,MM /. MycTb Hala oLleHKa AaeTCA BbIPAXEHUEM :

| 7()= 2(n)+ ), 0¢ @

g —oyenka ons g, a h — oyenka onsi h B copepxaTtenbHON UHTeprnpeTauum é(n)

€CTb CTOMMOCTb NyTU OT HayanbHOM BepLUHbI S A0 n B AepeBe nepebopa,
nosiy4yaeTcs nocrie CyMMMpPOBaHUA CTOMMOCTEN AYyr Ha NyTU MO yKasaTesriam
OT n Hasaa K S.

lNMpu BbIYMCIIEHNN OLEHKHN l;(n) ans h(n) ucnonb3yeTtca noodas
aBpucTtunyeckasa uHgopmauusa, cBsazaHHasa ¢ camoun 3agavyen. B panbHeuwem
Oypem Ha3bIiBaTb }: aBpucTnyeckon pyHKLuen.

HasoBem anroputm ynopsAoYeHHoro nepeﬁopa B KOTOPOM UCNONb3yeTCs

oLueHOYHaa PyHKUMA f(n) ( )+ h( ) , anrOPUTMOM A .
MNpu 4, =0 anroputm /" coBnapaeTt c anrOpUTMOM PaBHbIX LieH.

N

Tenepb noxameM 4YTO ecnu h - IPON3BOJIbHAaA HNXHAA rpaHula Ans ]’l
TO alfiropuTm A TaKXKe HaxoAuUT ONTUMasibHbIN NyTb K LeJIn.

OnpepeneHue 14. byaem HasbiBaTb anroputMm nepedopa AONyCTUMbIM, €Crnu
ANA npou3BOSfibHOro rpada OH OKaH4YMBaeT CBOK pPaboTy MNOCTpOeHUem
ONTUManNbHOro NMyTM K LeneBOoM BepluMHe (NMpu YCrNOBUU CYyLLECTBOBaHUSA
Takoro nyTwm).




OonyctumocTtb anroputma A'.
Jlemma 1. Ecnu ana Bcex BepwunH 7 rpada nepebopa BbINOJIHAETCA ycnoBue

N *
h(n)< h(n) , To B NIOGON MOMEHT BpeMeHM [0 TOro, Kak anroputm 4  3aKOHUUT
CBOI0 paboTy, Ha NO6OM ONTUManbLHOM NYTU P OT BEpPLUUHBI S kKuenmu

CylLecTBYeT OTKPbITasi BEpLMHA 711 , OISt KOTOPOW f (n)é £(s)

3ameyaHue. OTKpbITON BepPLUIMHON Mbl OyaemM Ha3biBaTb NHOOYHO BepLUMHY
cnucka Open, BepLWUHbI U3 cnucka Close Mbl OyaemM Ha3biBaTb OTKPbITbIMU, a
He3aKpbITOM — TaKyr0 BepLIMHY, KOTopasa nnbo HaxoautcAa B cnucke Open,
nuobo eLle He Obisla NOCTpPOeHa B npouecce nepebdopa.

[oka3aTenbCTBO iIeMMbl 1 cneayeT U3 onpeaeneHni oueHOYHOWN (hyHKLMM f

7 CTOVIMOCTVlf( ) ONTUMarbHOro NyTU OT Ha4yaribHON BEpPLUUHbBI S A0 uenwu
P YCNOBMUM, YTO OH MPOXOAUT Yepe3 BEPLUNHY 71

Teopema 1. Ecnu ansa Bcex BepwMH” rpadpa nepedGopa BbINOMHAETCA yCrioBUue

h(n)<h(n) wecnu cToumocTu Bcex ayr NPEeBOCXOAAT HekOTopoe Marioe
MONOXUTENbHOE YUCIIO O , TO aNroOpUTM A AOMNYCTUM.

[okasaTen-cTBO _Teopembl 1 CTPOUTCA METOAOM OT MNPOTUBHOIO C
npUMeHeHMeM AOoKa3aHHOM nemMmbl 1 ANs Tpex cry4vyaes, Korga anropuTtm A

He HaXOAMUT ONTMMAaNbHbIU NYTb OT HaYaribHOM BEPLUUHLI K LlefieBON : anropuTtm
3aBepwmn paboTy M He Hawesn uerieBoM BepLUMHbl, HET OKOHYaHUA pPaboThbl
anropuTmMa n OKOH4YaHue Ha uesnieBou BepLiuHe 0e3 AOCTUXKEeHUA MUHMUMANbHOW
CTOMMOCTMW.



OnTumanbHOCTbL anroputma A*.

OnpepeneHnue 15. byaem roBoputb, 4TO anroputm 4 6onee nMHoOpMNpoBaH,
yemMm anroputMm B, ecnu ucnonb3yemass B anroputme A 3IBpUCTUYECKas
UHpopMauma NPUMEHUTENbHO KO BCEeM BepluMHaM n, He SBRSIOULIMXCA
LeneBbIMU, NMO3BOJNIAET BbIYUCHATL TaKyK HWXHIOK rpaHuuy Ans h(n) :
KoTopasi BcrAy CTporo Oonblue, 4YeM Ta, KoTopas BbluucnseTcss no
3BPUCTUYECKOUN UHOpPMaLIMN, UCNTONBb3YEeMOU B anroputme B.

byoem npegnonaratb, YTO AN NOObIX ABYX BEPWMH M U N, ANS KOTOPbIX
cywecTByeT AeNCTBUTENbHOE 3Ha4YeHne NyTu MMHUManbHOWU CTOMMOCTH k(m, n)
BbinonHsietcs ycnosue : i(m)— h(n) < k(m,n). UHbIMM cnoBamm, pa3HocTb
MeXAay oueHKaMum CTOMMOCTU nyTen OoT NoOOoU napbl BEPLUUH m U n A0 Lenun
AOJMKHA ObITb HUXXHEN rpaHnLen CTOMMOCTM ONTUMAaribHOro NyTHU OT m A0 n.

Mbl caoenaem npednosioxeHue O Hernpomugope4yueocmu NPUMEHEeHUs
3BPUCTUYECKOWN NH(pOpMaLUM NpU BbIYUCNEHNUM /; BO BCcex BeplUMHax rpada.

Ucnonb3ysa npeanonoxeHne o HENPOTUBOPEYUBOCTU, Mbl MOXEM AOKa3aTb B
o6Llem cny4ae, 4To Korga npu pabote anroputma A npoucxoouT packpbiTve
HEeKOTOPOM BEepLUMHbI, TO OKa3biBaeTCs, YTO OMNTUMArbHbIA MYyTb K 3TOM
BeplinHe YyxXe HaugeH. Takum oOpa3omM, BO3MOXHOCTb NepeoTKPbITUA
BepLNH, npeaycMoTpeHHaa waramu (*) um (**) anroputma ynopsgoyYeHHOro
NOUCKa, OKa3blBaeTCA M3NULIHENM U MOXeT ObITb yAaneHa U3 Hero, ecnu
yAOBNETBOPSAETCA NpeanosioXXeHne o HeNpPoOTUBOPEUYNBOCTMU.



Bbi6op aBpuctuyeckomn pyHKLUUMN.

Ucnonb3oBaHMe ycnoBus j —( rapaHTUpyeT AONYyCTUMOCTb, HO BeAeT K
cnenomMy nepe6opy. BbiGop B KayectBe  Haubonbluel U3 BO3IMOXKHbIX
HWXHUX FpaHUL AnA /i NpuBOAUT K TOMY, YTO pacKpbiBaeTCcsl HauMeHbluee
YUCIO BEpPLUMH, NP KOTOPOM eLle COXpaHAeTcs AONYyCTUMOCTb.

AOna papa 3agayv aBpUcTUYECKas cuna anropMtMma MoxeT ObITb NOBbILLIEHA
LLleHOM OTKa3a OT AONYyCTUMOCTU NPU UCNONb3OBaAHUMU B KavyecTBe /
HeKoTopoun (pyHKUNN, He ABMAIOLWENCA HNKHEN rpaHuLen gns /.

Mpumep : Ans urps! B 8 doyHKUMA /(1) = W(n) ecTb HUXHARA rpaHuLa Ans h(n)
Ho ropaspo nyuiuyto oueHky aaet dyHkuus i(n)= P(n) , rae P(n) - cymma

paccTosiHUM Kaxpon dduwkn oT “cBoero mMecta”’ (6e3 ydeta duwek,
pacnonoXeHHbIX Ha ee nyTu). HegoctatoK : He YyYUTbIBaeTCA AOJMKHbLIM
obpasom TpyAHOCTbL OobMeHa mMecTtamum ABYX coceaHux cuwek. Hanbonee
yAadHa ans vrpbl B 8 crieayollasn oueHkKa :

hA(n): P(n)+3*5(n), 20e (5)
S(n) — YNCIO OYKOB, YYuUTbiBalOLWee NOPAAOK pacnonoxeHusa cuwek. AAna ero
BbIYUCIIEHMA TMPUMEHUTESIbHO K 3afaHHOM KOoHdwmrypauumm Heobxoaumo
nocrnefoBaTesibHO NPOCMOTPETb BCe HeueHTpalribHble (PULLKU U 3a KaxAayH
¢dmKy, 3a KOTOpON He maeT Ta puwiKa, KOTOpasda AOJMKHA UATU B LeneBOM
KOHJurypaumm, HaumcnsaeTca 2 oyka, B NPOTUBHOM cny4vyae — 0 oykoB. 3a
¢mwky B ueHTpe — 1 ouko. OgHako B 3TOM cny4vae pyHKUMA 7 He paet
HUXXHEW rpaHuubl ans /.



OueHo4Hasa pyHKUUA ANa urpbl B 8.

PaccMoTpuMm npumep ucnonb3oBaHUs NpeasiodkeHHOU HaMUu 3BPUCTUYECKOMN
¢dyHKUMM (5) B oueHouHOM hyHKUMK (4) Ana cneayrowero crny4vyasa urpbl B 8 :

—

NMocTpoeHue AoYepHMX BepLUMH ANA KaXAOU ovyepeaHOM BepLIUMHbI AepeBa
COCTOSIHUM — B COOTBETCTBMM C npaBurnamm Ha cnavpge 5. Paccmotpum
BTOPYIO U TPETbI U3 pacKpbiBaeMbiX BepliuH ([1], cTp.79).

90 1L 211]6]| n=2Pn)=1+1+3+2+1+2+1+0=11

’g g S(n)=2+2+2+2+2+2+2+1=15
Coznacto (5), h(n)=11+3*15 =11+ 45=56, (n)

Llenesasi
KOoHpuz2ypayusi

HavanbHasi
KOHGpuaypayus

N

1, f(n)=57

2 (16| n=3Pn)=1+1+3+1+2+2+1+0=11
3 f,‘ g’ S(n)=2+2+2+2+2+2+2+1=15

ey

Coznacho (5), h(n)=11+3*15=11+45=56, 3(n) =1, f(n)="57

Ucnonb3oBaHMe  3BPUCTUYECKOM pyHKLUMU (5) NMPUMEHUTENBHO K
paccMmaTpuBaeMoMy cnydaro urpbl B 8 gaeT pewiarowmm nyTb AriMHou 18 waros.




3BpI/ICTI/I‘-IeCKa$I Cuna anropmrmMma ynopaano4yeHHOro noncka.
3aBUCUT OT TpeX BaXHbIX (paKTOPOB :

1) CrToumocCTb NyTW;

2) Yuncno packpbiBaeMbiX B npoLecce Noucka nyTu BepLUUH;

3) OO6GBbem Tpebyembix ANA noacyeTa 3HaYeHUN PYHKLUUKN /I BbIYMCHIEHUNA.
Bbi60op cooTBeTCTBYIOWEN /; MO3BOSSAET NOslyYaTb KOMIPOMUCC MeXAay
3aTUMun 3-mMA (hakTopamm, MaKCUMMU3NPOBaTb IBPUCTUYECKYIO CUMY anropuTma.

A6COJ1I-OTHI:IVI MWHUMYM YMCria PacKpbITUN BepLUUH obecneuynBaeT Takas
dyHKUMA h KOTOopasi B TOYHOCTU coBnagaet ¢ /1 .

B criyyae oyHKLMM /; , OTAIMYHOI OT HWKHEN rpaHuLbI ANs ;, 3BPUCTUYECKas

cuna anroputmMa MoOXeT ObITb yBennyeHa Kak Onarogapsi yMeHbLUEHUIO
obLero yucna packpbiBaemMbiX BeplunH (LeHOH OTKasa OT AONMYyCTUMOCTH),
TaK U 6narogaps yMeHbLUeHU0 00 bemMma BbIYUCTIEHUMN.

B psge criyyaeB 3BpUCTUYECKasA cuna oyHKUMM /I MoXeT ObITb NOBbILEHA
YMHOXEHMEM ee Ha HEKOTOPYIO MOJIOXKUTENbHYK KOHCTaHTY, 6onbLyto 1
(npu gocTaTO4YHO OOSLLIOM MHOXUTENEe g(n) =0 ). Takon BbIGOp NnpuBeaeT

K Hegonyctumomy (cornacHo Teopeme 1), HO, TeM He MeHee, CMOCOOHOMY
yAOBNETBOPUTENbHO paboTtaTtb anroputMmy (Korga npocTto TpebyeTcsa NpocTo
HaUTU KaKOU-HNOYAb NYTb K Lien1n, a ero CTOMMOCTb 3Ha4YeHUS He UMeeT).




Kputepumn kayectBa padboTbl MeToaoB nepebopa.
1) LleneHanpaBneHHOCTbL Nepedbopa — MNO3BOJNIeT y3HaTb, B Kakoun Mepe
nepedop maeTr B HanpaBrieHMM Uefiu, a He BeAeTcs NO HexenaTesibHbIM
HanpaBneHusaM. OnpeanensaeTcA COOTHOLEHUEM :

L
P=— ,rpe (6)
T

L — pnuHa HaugeHHoro Nyt Ao uenu, a 7 — obLlee YNCNO NOCTPOEHHbIX B
TeyeHue nepedopa BeplUMH (BKNOYas LeneByr, HO UCKIOYasl HaYanbHYH).

NoBbilweHne UWHPOPMUPOBAHHOCTU onepaTopa y AaeT Oonee BbICOKYH
LerieHanpaBneHHOCTb, KOTOpas B npeaene CTPeMUTCH K eauHULE.

Cnenoun nepedbop xapakrepusyetTca MasibiIMy 3Ha4YeHUAMN P.
Kak npaBuno, ysenn4yeHue L BegeT K ewe 6onee obicTpomy pocTy T.

2) ®akTop 3dhdheKTMBHOro BETB/IEHUA B — OCHOBaH Ha npeacTtaBfieHUU O
aepeBe € rnyouMHou, paBHOU AfIMHE NYyTU U oOWMM 4Yucriom BepwunH T (6),
npu4YeM y Kaxaou BepLUMHbI UMeeTCA B TOYHOCTU B AOYEePHUX BEPLUUH.

BcBsA3aHC L U T COOTHOLUEHUSAMM ) I
B+B*+.. +B" =T (7)

B * 1=
P (B"-1)=T (8)



B3anmocBs3b KputepueB Ka4decCTBad.
3aBMcMMoCcTb B oOoT T AnA  pasfMyHbIX 3Ha4YeHMNn L npwu

ucnonb3oBaHun haktopa 3chcpeKTMBHOCTU BEeTBNEHUA MOXET ObITb
npeacraBrieHa nuHenHou auarpammon ([1], cTtp. 87). BennuuHa B,
6nuskaa K 1, cOOTBeTCTBYeT TOYHO HamnpaBJfIeHHOMY K Lenu
nepebopy, KOTOpbIKU Mario OTBETBNAETCA Ha Apyrue HarnpaBJrieHUS.

Kyctoobpa3Hbin rpacd nepebopa xapakTepusyeTcA BbICOKUM
3HavYeHuewm 5.

LleneHanpaBneHHOCTb P CBfizaHa € B W AnNMHOU nytm L
COOTHOLUEeHUueMm :

_ L*(B-1)

e B*(B* -1)

(9)

B ton mepe, B Kakom B mano 3aBucuT OT AOJIMHbI NYTU OO0 Lenwu,
BerivinHa B MoXxeT ObITb Mcnorib3oBaHa ANA npeackasaHus TOro,
CKOJIbKO BepLUMH ObINfI0 Obl NOCTPOEHO Npu nepedope TON UM NHOW
ANWHBLI.
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