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[Tpumep. [lan B3BemweHHHH oprpad (puc. 4.52). Hafitu kparuaiimmi
raMHJIbTOHOB LIHKJI.

Pemenue. Cnoco6 1. PaccmoTpum anroputm GsnxKaiiliero cocena
(Nva — Nearest vertex add) '. Haunem nBu»eHue mo rpady 13 IpoH3BOJIb-
HOH BepILHHBI, HapUMep W3 BepLIHHBI a. Beibrpas U3 ABYX BO3MOXKHBIX
oyr, a — f 1 a — b, KOPOTKYIO OYTY,
a — b, nnvHOW |, nanee 100 BepLIMHBI
c nBuraeMcs 0e3 pasBeTBJeHHH: a —
— f — d — c¢. U3 ¢ HampaBsasemcs
no GoJsiee KOPOTKOW JOpore B g, 3aTeMm
B b W Bo3Bpamaemcss B a. CymmapHas
JUIMHa LMKaa paBHa 1 4+ 3 4+ 8 + 1 +
+ 3+ 3 = 19. Anroput™m OGuKalIero
cocefa He TapaHTHPYeT OINTHMaJbHOrO
peweHusi. PelieHne 3aBUCUT OT BblGopa
HauaJibHOH BepUIMHBI W OT BbIGOpA
HampaBJieHHUsT JBUXKEHUsS TPH HaJUUHH
JIByX U 60Jiee HaNpaBJeHUH OIMHAKOBOTO Beca. [IpoBepUM pyryIo BeplIUHY
B KaueCTBe HayaJbHOH.

Ecnv HauuHaTh nBUXKEeHHE U3 b B CTOPOHY @ MO JIyre BECOM 3, TO LHKJ
b—a— f—d— c— g— boOyner coBnasath ¢ HalHIeHHbIM, OTINYASACH
TOJIBKO HayajoM oTcyeTa. [Ipu BbGOpe HampaBjeHHs b — g, TaKKe BeCOM
3, mosyunM uuKa b — g — ¢ — d — f — a — b, uMeloui Bec 3 + 3 +
+1+1+43+3=14. dToT UMKJ, HAUMEHBIINH MO BeCy, MOXKHO NPHUHATDH 32
OKOHYaTe/JbHBIH OTBeT. B HeHCTBUTENBHOCTH, CyMMapHBId Bec 14 sBjsieTcs
HaWMeHbIIUM JJIsT 3TOH 3aJayHu.

M3BecTHa olleHKa ajaroputma GJrkaiiiero cocena [2] s rpada, Beca
KOTOPOTO YIOBJIETBOPSIIOT HEPABEHCTBY TpeyrosabHuka (cMm. ¢. 81):

Puc. 4.52

CNva < 0, 5([ln n] + 1)Copt;

T Copt — BEC ONTHMAbHOIO MapiupyTa. B Hamem ciydae xoapduuueHT B
sTolt ouerke 0,5([Inn] 4+ 1) = 1.
CooTBeTcTBytOlILas nporpamma ajsi Maple nana Ha c. 145.

Cnoco6 2. Paccmotpum anroputm Gauxadielt BctaBku (Nvi — Near-
est insert) [2]. [TocTpoeHune 1KKIa HAauHeM C JIOGOH BEpPIIMHBI, HAIPUMED
c. [IpucoeIHUM K ¢ BeplIMHY, 00pasyiollyo BMecTe ¢ Hel LUK, M3 Tpex
BO3MOXHBIX BapHaHToB, ¢ — d — ¢, ¢ — g — C U ¢ — b — ¢, BO3bMeM
caMbli KOPOTKHH, ¢ — g — ¢, aauHo# 9 (puc. 4.53). Koneuno, mMoxkHO
BbIOpaTb U BapuaHT ¢ — b — ¢ Takol xe mjuHb. Ha caenyiomem mare
MOXKHO NO0aBUTb JIUOO BepILIHHY d, BCTaBJsSASA AYTH g — d U d — ¢ BMECTO

! AHaJIOTHUHBLH 10 CTPATErHH AIrOPUTM MCIOMb30BAJICS [J15 ONPeieNeHHs 0CTOBA
HavMeHbllero Beca (cm. c. 79).
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IyTH g — ¢, qu60 b yXKe ¢ AByMsl BapHaHTAMH LHMKJIOB. ¢ — ¢ — b — ¢
ug—b— c— g. BoibupaeMm UUKJ HaUMeHbIIEH AJUHBL: ¢ — b — ¢ — g
(puc. 4.54). AHajOrMuHO MOC/AE0BATENbHO BCTABJSIEM B LMK/ BEPIIUHBI d,
f, a (pucynku 4.55-4.57). B pesyabrare mosydaeMm LUK/ AJUHOH 3 + 3 +
+1+3+8+3=21

®)

Puc. 4.53 Puc. 4.54

Puc. 4.56 Puc. 4.57

Pesysnbrat masnek oT onTuMaJjpHOH AJauHB 14. B pamkax sTtoro agaro-
pPUTMa MOXHO JOOWTbCS MeHbIIEH IJHHBI, MeHssl HauaJbHYH BEepUIMHY H
HampaBJ/ieHHs B TOYKaX BETBJIEHHUS PelIeHHs.

M3BecTHa olleHKa aJropuTMa OsHxkKakiied BcTaBkd [2] mist rpada, Beca
KOTOPOTO YAOBJIETBOPSIFOT HEPABEHCTBY TpeyrosbHuka (cMm. ¢. 81):

CNvi < 2Copts
Tle Copt — BEC ONTHMAIBLHOTO MaplIpyTa.

Cnoco6 3. OgHUM M3 MeTOOB HCKYCCTBEHHOTO MHTeJsJeKTa SBJseT-
csi MypaBbuHBIE anroputm Mapko Jlopuro !. OcHoBHasi ujest aaroputMa
TMIOACMOTPEHa B MPHPOJE M UMHTHPYET ABHXKeHHe KOJOHMH MypaBbeB. [lo
(hopMe 3TOT aNroOpuTM MOX0XK Ha kaaHbli Nva (cmoco6 1) U B HEKOTOpO#H
CTeNeHH sBJsieTcs ero o6obuieHHeM. Eciu B anroputme GsnKaliiero co-
cefla BbIOOp HasbHeHIIero MyTH NPOUM3BOAMUTCS, UCXOAS U3 MUHHMAaJbHOIO
pacCTOSIHUS 10 OuepefHOH BEepIIMHBI, TO 3[eChb BHIOOPOM YIPaBJseT CJay-
yaliHasi (YHKLHS, HANpaBJsIoOLlas ABUKEHHE OT TEKYLIEro MOJIOXKEHHs C

"Marco Dorigo [33].
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6oJbLIeH BEPOATHOCTBIO B BEPILIHUHY j C HAUOOJBIINM 3HaU€HHEeM HEKOTOPOH
dyHKuMK Pjj j, (Tme ¢ — HOMep BepIIMHEI, B KOTOPOH INPOU3BOIUTCS BEIGOD,
k — HoMep MypaBbsi, IBHKYyllerocsi mo nyram rpada). Kak u B Nva, Bo
BpeMsl ABMXKEHHsl CO3[aeTcsl CIUCOK MpPOHIeHHBIX BEPLIMH, UTO [103BOJSET
uszbexkaTb MpexaeBpeMeHHOro 3auuk/auBaHus. [lpuBenem Bua (yHKUUH,
YIOpPaBJISOLLEN EPEXON0OM U3 NAHHOH BEPLUMHBI ¢ B BEPLUUHY j:

ranh
Pyi= =2 (4.4)
ZTimnim
m
rie 7;,; — KoaudecTBO (hepomoHa (pheromon), ocTaB/eHHOrO MypaBbSIMH
Ha ayre [i,j]; m;; — BenudMHa, obpaTHas Becy (mJjuHe) Iyru [¢,j];
a, f — >mnupudeckre KodpduuueHTel. PyHKUMA Fjj ) MOACKa3blBaeT

MypaBbl0 HOMEp BEpIUHHBl j, B KOTOPYIO OH MAOJKEH HampaBuTbcs. B
3HameHatesie (4.4) cTOUT HOpMHUpYIOWIKH KO3(duULMeHT, TakoH, 4To 0 <
< P < 1. MHgekc m B cymme mpoGeraer 1o BCeM HENPOHAEHHBIM
BepLIMHAM, CMEeXHBIM C 4. B peajbHOCTH MypaBeH oOCTaBJsieT cJaef
(dbepomoH) BO BpeMsl TNPOXOKIEHWs MYTH, U UeM dallle OH BO3BpALLAETCs
B HCXOOHYIO TOUKY (@ 3TO BO3MOXKHO, €CJIH OH BEIOMpaeT ONTHMAaJbHBIE
NyTH), TeM dYeTde cJjel. B MaTemaTHueckoil ke Monenn OYHKUHA T
YBeJIMYHMBAETCS TOJIBKO IO 3aBeplLIeHHH MaplIpyTa Ha BeJHYHHY, 0O6paTHO
IPONOPLIHOHAJbHYI0 AJMuHe MapuipyTa. I[lpy o = 0 anroputm cosmnajaer
¢ Nva — wMmypaBell pyKoBOACTByeTCs TOJbKO AJWHOH mytd. [lpu [ =
= 0 ocHOBOH misi BbIGOpa MYTH SIBJSETCS TOJBKO OIBIT (KOJHYECTBO
(hepoMoHa, UK «T1yOUHA CJefa») TPedbAyIIHX MypaBbeB-UCCaeI0BaTeNeH.
BakHo oTMmMeTHTh elle OAHO OTAWYMe OT ajaroputmMa Nva. Bribop
NyTH TPOM3BOAUTCH He IO MaKCUMyMy OGYHKOMH DPjjp, a ClIydyadHbIM
06pa3oM, HO Ha cJydail, KOHeuHo, BJMseT 3HaueHHe Fjjj. IlosicHuM 3to
Ha npuMmepe. IlycTb MypaBeil k mopomles K HeKOTOpoH BeplinHe 8 H
OOHapY>KUJI, YTO Mepel HUM 7 BO3MOXKHBIX MyTed K CeMM BeplIMHaM (Ha
y’Ke TIpOiJeHHble OH BHHUMaHHs He obpamaer). Kyma uatu? Mypase#
noBepsieTcss caydawo. OH  «myckaeT pynetky» (puc. 4.58). B kako#

Puc. 4.58

CEKTOp «IIapUK» 3aKaTHUTCs, TyAa U UATH. OnHaKo pysneTKa, pa3MedyeHHas
¢dynkuuedt Pgjr, j = 1,..,7, uMeeT HepaBHble ceKkTopa. Uem Osnxke
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BepLIMHA U 4yeM IIyOxe Tyna cjell, TeM OoJblie ceKTop. Takum o6pasom,
MypaBell HCIOJb3yeT U OMNBIT [PeNIIeCTBEHHUKOB (7;;), U 3APaBbH CMBIC]
(mi5), U cny4alHBIA (aKTOp, T.e. BCe KaK B XKH3HH.

Jlaist Toro 4To6bl He NPONYCTUTb ONTHMaJ/bHOE pellleHHe, B MypaBbHHOM
a/JrOpUTMe MPeJyCMOTPEHO «HCIapeHHe» ciaela. DTO JOCTUTaeTcsl BBeleHH-
eM Ko3((hHLHeHTa p B UTepaTHBHOU (opmyne 7;; = (1 — p)7;;, IpUMeHsIo-
1lefica rmocJse KaxkIoro HukJaa o6xopa rpada.

B anroputMe #efcTByeT LeJiasi KOJIOHUS MypaBbeB. MaTeMaTHuecKH 3TO
03Ha4aerT, 4To B KaXKJIOM LMKJe 00X0fa ABHKEHHe IPOU3BOAUTCS U3 Pa3HbIX
BepILIMH He3aBUCHMBIM 00pa3oM.

3/iech NpUBeLEH caMblil MPOCTOH BapHaHT airopuTMa. AJIrOPUTM MOXKeT
ObITb yayulieH. JJis yCKOpeHHsl CXOAMMOCTH MHOTAA BBOAST TaK Ha3blBae-
MBIX 24umHbix MypaBbeB [33]. B [7] mpuBeneHb Hausyulire KOMOHHALUH
napaMeTpoB « U f3.

CooTtBeTcTBylOLIast mporpamMMa aJsi Maple naHa Ha c. 148.

Cnoco6 4. Anroput™m oTKura. DTOT ajJrOPUTM, KaK M MypaBbUHbBIN
aJITOPUTM, OTHOCHUTCS K BEPOSITHOCTHBIM METOAaM pelleHHs. KiodeBbM
MOMEHTOM B TaKHMX MOAXOAX SBJsETCH CJAydalHBId BbIOOp OOHOrO U3
HEeCKOJIbKMX BO3MOXKHBIX DEIleHHH BMecTO aHaslu3a KaxKIoro. DTO M03BO-
JIeT COKpaTHUTb BpPEeMsl CueTa, a BpeMs cyeTa B HEKOTOPbIX 3ajJadax Ha
rpaax vMeeT MpUHLUNUANbHOe 3HadeHue. [Ipoctoii mepebop miasa 3anmay,
CIOXKHOCTb KOTOPBIX (BpeMsi cueTa) pacTeT IO MOKa3aTeJbHOMY HJH (ak-
TOPUAJbHOMY 3aKOHY B 3aBHUCHMOCTH OT INMOpPSiiKa rpada, MOxKeT Haxe AJs
He6oJIbIIHNX TpaoB OKa3aTbCsl HENONMYCTUMO AJHUTeNbHbIM. OleHKa 3ToH
XapaKTePUCTHKU B KaxKIOM NPUJIOKeHUH cBosi. Hanpumep, /s MoGHJIbHO-
ro po6oTa !, BHIMOJHSAILIEr0 MaHeBp B MOMCKE ONTHMAlbHOTO pelleHHs,
GOpPTOBOM KOMIBIOTEP [OJKEH peliaTh 3aJauy KOMMHBOSKEpa 3a [0JH
cekyHzbl. [Ipsamoli ke mepe6Gop BapHaHTOB MPH MATHU-AECATH MyHKTaxX Ha-
3Ha4YeHHs1 BO3MOXKEH TOJIbKO 332 HECKOJIbKO MHHYT, UTO B JIAHHOM CJyuae
HUKaK HerpremJsemo. [Ipy onTHMH3aUNK TPOEKTHPYEMBIX B J1a60paTOPHBIX
YCJIOBUSIX TEIJIOBBIX, TA30BbIX, 3JEKTPUYECKUX HJM TPAHCIOPTHBHIX CeTel,
KaK TIpPaBHJIO, C COTHEH WM Oojee BeplIHMH (Y3JIOB), NMPOEKT MOXKET 3a-
TSHYTbCSl Jla’ke Ha MHOTHMe Tofbl. MIMeHHO M03TOMy aKTyasbHbl BEPOSIT-
HOCTHBIE MOAXONBI, NAMOLIHE, MOXKeT OblTb, HE caMble TOUHbIE, HO BIIOJHE
JOMYCTUMble pellleHHs. PacCMOTPUM MeTOof OTXKHra, 0ObIUHO H3ydaeMbld B
Kypcax TEOpHH MCKYCCTBEHHOT'O MHTEJJIEKTa.

O6pasHoe Ha3BaHME JHLIb OTUACTH MEPEfaeT CONEePKAHUE U CBA3BIBAET-
csl ¢ mpoleccoM 06pa3oBaHusl CTPYKTYPbl MeTaJia Mpyu HarpeBaHHH U AaJib-
HeHleM oXJaKIeHuu. F3BecTHO, 4TO TOMBKO KOHTPOJHPYEMOe OXJ1aXKIeHHe
NPUBOOUT K JKeJaeMOH CTPyKType MetasJa. [Ipu Gosbliel Temmepatype
CTermeHb CBOOOABI YacTHI (B HalleM cjJydyae — KOJHUECTBO BapHaHTOB

'Mo6H/bHbIe POGOTH M MeXaTpPOHHbIE CHCTeMbl: MaTtepuasbl HayuHOH MIKOJIbI —
koH(pepeHuun. — M.: Man-so Mock. yH-ta, 2000.



90 Aneopummot [naBa 4

peleHusi) GoJiblie, MPH MeHblIed — MeHblle. Ecau AaTh BO3MOXKHOCTb
AJTOPUTMY CJIyYaiiHO BHIGHPATh pellieHHe, ONTHMa/bHOe Ha KaXKIOM Luare
(>KagHBIE aJArOPUTM), TO MOXKHO MPOMYCTHTb XOA, HE JYULIHH J0KAJbHO, HO
JaIHUH B pe3ysnbTaTe 60Jiee ONTHMAJBHOE PEllIeHHE.

B MeTone oT:Kura oyepeiHOl NOPSALOK CJEOBAHHUS MO MApLIPYTY MEXKIY
ropoiaMi BbIOHpaeTCsl CayudaiiHO, HeGOJIbIIMM H3MEHEHHEM NpelbloyLIero
peLlIeHHs], MPENOI0KHUTENBHO OnTHMa bHOr0. CaMblil IPOCTOH BapHaHT H3-
MEHEHHs1 — MepecTaHOBKa ABYX Cly4alHO BbIOPAHHBIX FOPOJOB B MapLIpyTe
cnenoBaHusi. Ecay mosydeHHBIH MapLipyT Jydlle BCeX CYLIeCTBOBABIIMX
paHee, TO 3TOT MapuwpyT Gepercs 3a odyepenHolt ' . Ecan MapipyTt xyxe,
TO caMblfi TPOCTOH BapHaHT — 3TO He OpaTb ero (3aueM yXymamiaTb
peuenre?). OnHAKO TaK pelleHHe MOXKET 3aKaTUThCS B OAMH M3 JIOKaJIbHBIX
MHHHMYMOB, KOTOPBIMH H300MJYIOT Mono6Hble 3anauu (puc. 4.59). imenno

200
150
100

50

o 20 40 60 80 100

Puc. 4.59

[03TOMY MJIOXOMY pellleHHI0 Hano nath wwanc. llaHc 3ToT (MM, mpaBHJb-
Hee, BEPOSITHOCTh) PaCCUUTHIBAETCS MO (PopMyJie

P =exp(—AL/T),

rie AL — noJoXuTesNpHasi pa3HOCTb MeXIy KayecTBOM TECTHPYEMOro U
paHee MOJIy4eHHOI0 ONTHMaJbHOIO pellieHHH, T° — HeKOTOpBIH MOCTOSTHHO
yMeHblaouuiicss napamerp (ycioBHo — Temmepatypa). B ciayuae sana-
Y¥ KOMMHMBOSKEpPa KayeCTBO OLIEHWBAeTCs NJIMHON MapuipyTa. OueBHIHO,
YTO 4YeM MeHbllle TeKyllee pellleHHe MOPTHUT MHUHHUMYM M 4eM OoJblie
TeMIepaTypa, TeM 00Jbllie BEPOSITHOCTb MPHHSATHS «[IPOOHOr0» BbIXOJIA W3
JIOKaJbHOTO MHHHUMYMa.

CHMKeHHe TeMIlepaTypbel OObIYHO MPOU3BOLUTCSA MO (dopmyne Tiyi =
=al, e 0 < a<l1.

CooTBeTcTBylolLas nporpamma ajs Maple nana Ha c. 152.

1I/IHOI‘ILa HOJIy‘-IeHHbIﬁI BAapHaHT CpaBHUBAETCA C MPEAbIAYIIHUM.



