HukHMe OLIeHKH B 3a/1aue KOMMHBOM?KEP A

TTpyumutmeHaa oueHka. Ilnara 3a BbIE3[ a; = min Cij» i=1,...,m.
J#l
[lnara 3a Bbe3n b; = n;m(cl] -a;) j=1,.
i# ]

n n
Teopema. OPT(c;)2 ) a;+ ) b;.
i=1 j=1
HokasatenbcTteo. [lonoxum c;

_a.

i» 1<i,j<n. Toraa

ij = Cij

n
OPT (c;;) = OPT(C )+Za AHAJIOTUYHO, c]— lf-]-—bj, 1<i,j<n, m
i=1

OPT(c;;) = OPT(c}; )+Za +ij _Za +Zb m

BOﬂpOC. N3MeHnTCA 11 HUXKHAA OLICHKA, CCJIM CHAa4adJla B3siTh IIJIATY 34 BbC3/, d

3aTEM IUIATy 32 BbIE3]?
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O1eHKa JUHEHHOI0 MPOrpaMMHPOBaAHUSA

1, ecnmm u3 roposia i €AeM B TOPOJT j

BBenem nepeMeHHbIE  X;; =
7|0 BIPOTHBHOM CiTy4ae

n n
MaTtemaTtuueckas mopenb min Z Z Cii X
i=1 j=1

n
IPU OTPAHUYEHUSIX Z xj =L jeJ,
i=1

n
le'jzl, iGJ,
J=1

Z inj >1, VScJ,S #J, (ucknroueHue MoaALuKIOB)
ieSjeJ\S
x;€10,1}, ijeJ.
3amenss x;€{0,1} Ha 0 <x; < 1, noayyaem 3aaady JUHEWHOIO NMPOrpaMMHUPOBa-

HUS, KOTOPAS 1A€T HUKHIOK OLIEHKY JUUISI ONITUMYMA, HE XYK€ NPEAbITYIIEH.
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1-/lepeBbs Al CHUMMETPUYHBIX MATPHUI

XOoTHUM HaAWTH raMHWJIBTOHOB IIUKJI MUHUMAaJILHOTO Beca. HeoOXxommumMo HalTH:
— POBHO 7 pedep,
— KOTOPBIE ITOKPHIBAIOT BCE BEPIIHHBI,
— AMEOT MUHUMAJIbHBIN CYMMAapPHbBIA BEC U
— Ka)kJiasi BEpIIMHA UHIIUACHTHA POBHO JIBYM peOpam.
3aMEHHM MOCJIEHEE YCIOBHE HA CICAYIOIICE:
— OJHa 3aJJaHHas BepIlIMHA HHIMACHTHA POBHO JIBYM peOpaM.
Ocnabuiu yCiaoBus, 3HAYUT, MOJTYYUM HUKHIOKO OLICHKY.

ANroputm noctpoeHus 1-pepeea

1. Yaansem 3ajaHHy10 BEPIIMHY U CTPOUM OCTOBHOE JAEPEBO MUHUMAJILHOIO Be-
ca (anroput™M Kpyckana, I[Ipuma).

2. JlobaBnsem nBa peOpa MUHHUMAaJILHOIO BECa, MPOXOJSIIUX 4Yepe3 3aJlaHHYIO
BEPUINHY, MMOJy4YaeM |-1epeBo.
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3amauya 0 HA3HAYCHHUAX

OaHo: 7 paboumnx, 7 CTAHKOB,
Cjj — BPEMs BBIIIOJIHEHUA PAOOTHI i-padOYMM Ha j-M CTAaHKE.

Hautu paccranoBky pabo4ux 1o CTaHKaM ¢ MHHUMAJIbHBIM CyMMapHbIM paOo4uM

BPEMEHEM.
1, ecny pabo4Mii i MOJTYy4HJI CTAHOK ]

TTepemeHHbIEe 30paum: x;; =
7|0 BTUpPOTUBHOM CiTydae

MaTtemaTtuudeckaa moaenb: min ) > CiX;j
i=1j=1

n
[IPU OTPAHUYECHUIX Zx-- =1, 1< <n,

x;€10,1}, 1<i,j<n.
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OnTuManabHOE PENICHUE 33J]a4M O HA3HAYCHUAX JACT HUKHIOKO OILICHKY I 3aJa4d
KOMMMBOSKEPA, HE XYKE UEM OIICHKA | —IEpEBHEB.
OnpeapeneHue. Ilycte A = (4,,..., 4,) — HEKOTOPBINA BEKTOP. DIEMEHT C;; HA3bI-

BaeTCd A-MUHUMANbHBLIM, eciu ¢;; — A; < ¢ — Ay 1 Beex 1< k< n,

Teopema. Ilycts mins Hekotoporo A cyuniectByeT HaOOp A-MHUHHMAJBHBIX 3JI€-
MEHTOB (C1 j(1,---» Cn j(n)) IO OJHOMY B KaXXJ0M CTpOKe U croisbie. Toraa 3ToT Ha-

60p ABJEICTCA OIITUMAJIBHBIM PCIICHUCM 3a1a4H.

Hokasatenbctso. Pemenue (¢jj),..., Cyjmn) ABIACTCA TOIYCTUMBIM U
n n n
2.ty = 2. Gy = Aj) + 24
i=1 i=1 j=1

B mpaBoil 4yacTu paBeHCTBA MEpBas CyMMa SIBIAETCS MUHUMAIILHOM CPEIU BCEX

HOITYCTHUMBbIX HaBHa‘IeHI/Iﬁ, a BTOpasg CyMMa ABJIACTCA KOHCTaHTOﬁ, TO €CTb IIO0JIY-

YCHHOC PCIICHUC SABJIAACTCA OIITUMAJIbHBIM. H
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OnpepeneHue. Jlia BekTOopa A BBIIEIMM B KaXJI0H CTPOKE II0 OJHOMY
A-MUHUMAaJILHOMY 3JICMEHTY M Ha30BeM ero A-0CHOBOW. [lpyrue A-MHUHHMaJIbHBIC
3JIEMEHTBI OyJeM Ha3blBaTh GJIbTEPHATUBHBIMU A-OCHOBAMM. Uucio cTonaduos

MaTpuIibl ¢;; 0€3 A-OCHOB Ha30BEM AE(PEKTOM.

Obuwaa naes anropytma

Hauunaem ¢ A4 = 0. Ha kaxxaom 3Tane aaropurma Jie)eKT yMEHbIIaeTcs Ha 1, T.e.

He OoJjiee YyeM 3a 1 HTAIOB HaJIEM ONTUMAJIbHOE PEIICHUE 3a/IauH.

OnucaHue ogHOro atana

1. Beibepem cromnber; 6e3 A-0CHOBBI 1 0003HAYKM €TI0 S].
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2. Yeenmmunuth Ag  Ha MaKCHMAabHOC O TaK, YTOOBI BCe A-MHHMMAJIBHBIC BJIC-
MEHTBI OCTaINCh A-MUHUMAaJIbHBIMHA (BO3MOXKHO O =0). [lodydnm J1si HEKO-
TOPOH CTPOKHM i1 HOBBIM A-MHUHUMAJILHBIN JJIEMEHT C; g , HA30BEM €T0 allbTep-

HATUBHOM OCHOBOM JJIs1 CTPOKH I.

®
®

X

X i
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3. s ctpoku iy ctonoen j(i1) ¢ A~-OCHOBOM MOMETHM METKOH S5.

\Y)

S1

®
®

®
®

®

®

I

4. YeemuuuMm Ag u Ag  Ha MaKCHManbHOE O TaK, YTOObI BCe A-OCHOBBI OCTa-

JINCh A-MUHUMAaJIbHBIMU DJICMCHTAMU.
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Haiinmem HOBYIO albTE€pHATHBHYK) OCHOBY B OJTHOM M3 CTOJIOIOB S| win S,. IlycTh

OHa OKazajach B CTpoKe ip. IlomeTum cronbern j(ip) MeTkoM S3 U OyaeM mpoaoJi-
’KaTh 3TOT MPOILECC 10 T€X MOP MOKa HE BCTPETHUM CTOJOCI] ¢ ABYMS MU Oojiee oc-
HOBaMHU.

AR

83
X & "
X

X
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5. CtpouM HOBBIM HA0Op U3 A-OCHOB. 3aMEHOI OCHOBEI B CTPOKE Ha30BEM Clic-
OYIOIIYO ONEpalHI0: aJIbTEPHATUBHASL OCHOBA CTAHOBUTCS OCHOBOM, a cTapas
nepecTaeT ObITh OCHOBOM.

5.1. IIpousBeneM 3aMeHy OCHOB B CTPOKE, TJI€ JIEKUT IMOCIIECIHSAS albTEepHA-

THBHAsi OCHOBa (CTpoka i;). Torma B crondue j(iy) YMCIO OCHOB YMECHb-

IIUTCS HA |, HO OCTAaHETCA MOJIOKUTEIIbHBIM.
S3 AR

—® |

®

®
®
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B cronOie, rjae mosiBuiaach HOBasi OCHOBA, BO3bMEM CTapy0 OCHOBY M B 3TOH CTpPO-

K€ TOXKE MPOBEJIEM 3aMEHY OCHOB U T.J. JI0 T€X IOp, ITIOKa HE J00epeMcs 10 CTOJI0-

na S;. B urore, cronbern S; MOJy4UT OCHOBY, a YMCJIO OCHOB B CTOJIONE j(i))

YMEHBIIUTCS HA 1.

A

\Y)

Ay

®

®

®

®

®

A

YnpaxHeHue. OueHuTh TPYIOEMKOCT aJIrOpUTMa PELICHUS 3aJa4l O Ha3Ha4e-

3
Husx. [IpyaymMaTh anropuTM pelieHus 3aJa4u ¢ TPyI0eMKOCThIO O(n).

1
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MeToa BeTBEH U I'PAHUII

B ocHOBE MeTOZ1a JICKUT NMPUHIUI «PA3IACIISAN U BIACTBYI.

Ilyctb D — MHOKECTBO JONYCTUMBIX PELIEHUN 3a]a4U1
min {f(x) | xeD},

U JJ1s1 JIFOOOTr0 MOAMHOXKECTBA d — D yMEEM BBIYUCIISITH:

LB(d) — HWXHIOI0 OLICHKY /Ul MUHUMYMa f(x), xed,

UB(d) — BepxHI010 OIICHKY I MUHUMYMa f(X), X€d,

T. C.

LB(d) £ min {f(x) | xed} < UB(d), nnsa moboro d < D.
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OcHoBHAA Ujaeoa

IIycTh X — TEKYIIUU PEKOPJI U CHavaJia f(x*) = UB(D). Boruucnsiem LB(D) u, ec-
ma LB(D) = UB(D), To STOP, X — ONTHMAIBHOE pelieHue 3ajaaun. B mpoTuBHOM
ciy4dae pazouBaeMm D Ha mogMHOkecTBa D =d| U .... U di. {15 Kaxa0ro Mno/i-

MHOXecTBa BerunuciaseM UB(d)), LB(d;),i=1,..., k.
Ecimn f(x*) > UB(d;), To MEHSEM PEKOP/I.
Ecin LB(d;) > f(x*), TO BbIOpachIBacM

d;, ntHa4e JpoOUM d; Ha IIOJIMHOKECTBA.

Tak kak D — KOHEYHOE MHOKECTBO, TO

IIPOLIECC KOHEYECH U JIJACT TOYHOE pellie-
HUE 3aJ[a4U.
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Onucanue MeToaa

Ha xaxxnom mare nmeercs
*
— PEKOPA X ;
*
— IPOCMOTpPEHHAs YacTh P C D, nj1st KoTopoi f(x) > f(x ), xeP;

— pasOuenue MHoxecTBa D | P Ha HOAMHOXKeCTBA d; ,d,; ,....d; .

lar coctouT B cneayrouem.

1. BbeIOpaTh 2j1eMEHT pa30ueHHUs, HallpuMep, dik ;

2. BpruuciuTh UB(dik ). Ecmu f(x7) > UB(dik ), TO CMEHHUTbH PEKOP]I X

3. Bpruuciauthb LB(dik ).
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3.1.Ecimm LB(dl-k )= £(x7), To 106aBHUTE dl-k K P v IEPEUTH K CIIEAYIOUIEMY 1Iary.

3.2.Ecom LB(d i\ )< f(x"), HO B MHOXeECTBe dik yIAJIOCh HAWUTH HAWTYYIIUN
aneMeHT X: f(X)=min{f(x)|x¢e dik }, TO J100aBUTH dik K P; ecnu
(x> f(X), To HOI0KUTH X =X.

3.3.Ecau LB(dl-k )< f(x"), HO ’;eMeHT ¥ HaiiTH He yHalIoch, TO pa3dUBacM dik
Ha MIOAMHOXECTBA d; =d; \J..Ud; ¥ IEPEeXoauM K CIeyoleMy Iary,

k+m

uMesi HoBoe pazouenue 1isa D | P.
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Metoa B&I' 1151 3apaun KOMMUBOSIZKepa

Pa30ueHune MHOKecCTBa [ IIPEACTaBIsACTCS B D
BHIC OMHAPHOIO ACPEBa.

Kaxmon BepmrHe AepeBa COOTBETCTBYET
YAaCTUYHBIN TYpP U CIIMCOK 3aIIPETOB.

Hanpumep, BepuinHe dg COOTBETCTBYET

yacTUYHBINA Typ 1,5 u 3anpeTsl {4,3}

Ha BBIXOJl U3 ropoja J.
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Metoa B&I' 1151 3apaun KOMMUBOSIZKepa

HpI/IMI/ITI/IBHaH HMOKHAA OCHKA JJIs1 BCPIIWHBI ICPCBA,

HanpuMmep, dg Ipu n = 35

5 4 C15
LB(d6) = C15 + Zai + Zb]
i=2 j=1
3ajgadya 0 Ha3HAUCHUIX
5
LB(dg) =5 +ch-j(i), IIPH C53 = C54 = C51 = 100, / A
% [l

Bepxnss oneHka — anroput™ «Maum B Onvkalimmin.
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Bb100p nepeMeHHOM JIS1 BETBJIEHUSA

OcHOBHas Haed — yrajgarb ONTHUMAaJbHOE PEIICHUE HA
MOAMHOKECTBE dik 1 BETBUTHCA I10 JyraM 3TOTO Typa:

e JIJIS YAaCTUYHOrO Typa ij,..., [y BBIOMpAEM MHHHU-
MaJlbHbIM  DJIEMEHT B  CTPOKE Iy  MaTpPHIbI
cl'-]’- =cjj—a;=bj, j# i,k

® JUI1 4YaCTUYHOTO Typa Ii,..., Iy CTPOUM BEPXHIOKO
OIICHKY M BETBUMCS 1O AyTe (i1,..., i)

® JJIs1 YaCTUYHOTO Typa Iy,..., [} pelIacMm 3aj1a4yy O Ha-
3HAYCHUIX U BETBUMCSA BJIOJIb IIMKJIA, ITPOXOAAIIECTO
yepes3 BEPILIUHY .
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Bp10op nmoamMHo:xecTBa U3 pazouenusi D \ P

JIB€ OCHOBHBIC CXEMBI:
® MHOIOCTOPOHHAA CXemMa BeTBNIEHUSA, KOraa BeIOMPACTCs MOAMHOKECTBO
d’Takoe, 4TO
LB(d”) =min {LB(d;) | i=1i,..., iy}.
Cpenu sneMeHToB pasouennst D\ P =d; U...d; BbIONPACTCS MOJMHOXKECTBO

C HAUMEHBIIIEH HUXKHEW TPAHULIEH.

® OAHOCTOPOHHAA CXeMa BeTBJIEHUSA, KOIra Beeraa BeIOupacM MOoCIeTHAN
dIeMeHT d' =d; .

IIepBas cxema TpeOyeT MHOTO ONIEPAaTUBHOM MaMSITH, HO B CPEIHEM ITPOCMATPUBACT
MEHBIIIE BEPIIUH, YeM BTOpas. Bo3aMo)kHa KOMOMHAIIMS 3TUX CXEM: CHadaja IepBas,
ITIOKa XBaTaeT IIaMsITH, 3aT€M BTOpasl.
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BiausiHue OCHOBHBIX 3JIEMEHTOB Ha TPYAOEMKOCTDb

Bepxnss ouenka UB
Hwxusda ounenxka LB
Cxema BeTBJICHUS U BBIOOP IIEPEMEHHOM /ISl BETBJICHUS

f()C*)\\\\‘--\\\--"“\=..-
OPT /h
—
—
HlY
I I I I I
I I I I I
1 2 3...... Hreparnun

H= min LB(d))

L1y.. ol
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3agaya koMMuBoOsi:kepa B UHTepHeT

e TSPBIB Home Page
http://www.ing.unlp.edu.ar/cetad/mos/TSPBIB _home.html

o The Hamiltonian Page: Hamiltonian cycle and path problems, their generalizations
and variations

http://www.ing.unlp.edu.ar/cetad/mos/Hamilton.html

e Fractal Instances of the Traveling Salesman Problem
http://www.ing.unlp.edu.ar/cetad/mos/FRACTAL_TSP_home.html

e DIMACS: The Traveling Salesman Problem
http://www.research.att.com/~dsj/chtsp/
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3agaya MapuIpyTU3alnuu

HdaHo: MHOXKecTBO KiIueHTOB J = {2, 3, ..., n},
j=1—rapax,
MHO>KECTBO I'py30BUKOB K = {1,..., m}
Q) — Irpy3000AbEMHOCTbH k-ro rpy30BHKa
¢; — BEC Ipy3a ISl j-TO KIUCHTA

C;j — PACCTOSTHUC MKy KIUCHTAMU I H J.

Haitu: HaOop LMKIOB, HAUMHAOIIUXCSA M 3aKaHUYMBAIOIIMXCSA B rapaxe j = 1 (1o
OJIHOMY IIMKJIy Ha TPaAHCIIOPTHOE CPEJCTBO) TaKOH, UTO CyMMapHas JJUHa
IUKJOB OblJa Obl MHUHUMaJIbHONW M MO3BOJMIIA OBl OOCIYKHTh BCEX
KJIMEHTOB JJAHHBIM HA0OPOM TPAHCIOPTHBIX CPEICTB.
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MarteMmaTuueckas MojJaeJb

TTepemeHHbIe 3aaa4m

{ 1, ecnau TpaHCHIOPT k mOcCeNIaeT KJIMEHTA j cpa3y MOcCie KJIUEHTA I,
xijk —

0 B OpPOTHBHOM CJyYac

1, eciu TPAHCIIOPT k TIocelaeT KJINEHTA I,
Vik =

0 B OpPOTHBHOM CiyYae
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Moaenb

min ZCZJ le]k

ijeJ kek
1, i=2,..,n
IIpU OrPaHUYCHUIX Z Vik =Y, i1
keK a
D vindi <Ok, kekK
ieJ
injk :ij'l'k = Vik>s iEJ,kEK
J J
ng'jk <|§|-1, nms Bcex S < {2,...,n}, keK

ijeS

yi€{0,1}, x;3€{0,1}, ijeJ, kek
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Bo3MokHBIEC 00001IIeHUA MOIEN

. KaXp1ii KIIMEHT UMEET «BPEMEHHOE OKHO», B T€UEHHE KOTOPOTO TPAHCIIOPT-

HOC CPCACTBO AOJDKHO €I'0 IIOCCTUTD.

. KimneHtsnl MOI'YT HC TOJIBKO II0JY4YaTb IIPOAYKIOHUIO, HO N OTIIPABJIATH €C B I'd-

pax.

. O6C.Hy}KI/IBaHI/IC KIMCHTOB IHPOUCXOJUT HC MI'HOBCHHO, 4 B TCUCHHUC OIIPCIC-

JICHHOTO BPEMEHHM: pasrpy3Ka, 3arpyska, ohopMaeHHe JOKYMEHTOB | T.1I.

. TpaHCTIOPTHOE CPEACTBO MOYKET HECKOJBKO pa3 BEPHYTHCS B rapax (IPOUTH

HECKOJIBKO IIUKJIOB).

. TpaHCTIOPTHOE CPEICTBO MMEET BPEMEHHOE OKHO (paOo4uid JIeHb BOJWTEIS)

JJIST O6CJ'IY)KI/IBaHI/I}I KIIMCHTOB.

25
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LlesieBbIe QYHKIIMM

e (CymMapHOE€ pacCTOSIHUE WIM pacxo] O€H3MHa (KaKI0€ TPaHCHOPTHOE
CpeacTBO UMeeT cBor pacxoj Ha 100 km).

e 3apmiata BOAUTENEH W SKCIUTyaTallMOHHBIE PACXOJbl HA TPAHCHOPTHBIE
CpeACTBa.

e OnTumuzamys IIapKa TPaHCIOPTHBIX CPEACTB (pacCIIMPUTh HIU CY3HTh,
3aMEHMTH TSDKEJIbIE Ha JICTKHE HUJIM HA000POoT, ...).

® OnruMaibHOE pasMCIICHUC rapameﬁ, X KOJINYCCTBO U BMCCTHUMOCTD.

CucteMbl NOJJIEPKKU PEIICHUH MO ONEPAaTUBHOMY YIPABJICHUIO TPAHCHOPTHBIMU
Cpe/ICTBaMH, 3aMeHa BojuTele, (OpC-MaKOpHbIE OOCTOSTEIBLCTBA, W3MECHEHMS
MOTPEOHOCTEN KIIUEHTOB,....
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