HukHMe oLleHKHU B 3a/1aue KOMMHBOM?KEPA

IIpumuTuBHanA ouenka. [liara 3a Bele3n q; = ming;;, i = 1,..., n.

179
]-‘/—'l J

IInara 3a Bbe3n b —mm(cl] -a;) j=1,...,n.
i#]

n n
Teopema. OPT(c;;) 2 Zai + ij.

JlokazaTeabeTBo. [Tonoxum c; —a;, 1<i,j<n. Torna

ij = Cij

n
OPT(c;;) = OPT(c )+Za AHaJIOTUYHO, CU— l’]-—bj, 1<i,j<n, nu
i=1

OPT(c;;) = OPT(C )+Za +Zb]_2a +Zb H
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O1eHKa JUHEHHOr0 POrpaMMHPOBaAHUSA

1, ecm u3 ropoa i €M B TOPOJT j

BBeneMm nepeMeHHbIE  X;; =
7|0 BIIPOTHBHOM CiTy4ae

n n
MarteMaTu4yeckass MOA€JIb min Z Z Cii X
i=1 j=1

-

~
Il
[y

IIPU OTPAHUYECHUSIX x; =1 jeJ,

n
le-j =1, ielJ,
j=1
Z ny- >1, VS cJ,S#3, (uckmouyeHue MoaIuKiIOB)
ieSjeJ\S

x;€10,1}, ijeJ.
3amenss x;€{0,1} Ha 0 <Xx; < 1, noayyaem 3aaady JUHEWHOIO NPOrpaMMHUPOBa-
HUSI, KOTOpas aeT HUKHIOK OLICHKY JIJII ONTUMYMa, HE XYK€ MPEbIYIIEH.
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1-/lepeBbs A1 CHUMMETPUYHBIX MATPHUI

XOTUM HAWTHU raMWJIBTOHOB IIMKJI MUHUMAJIBHOTO Beca. HeoOXo1uMo HAUTH:
— POBHO 7 pedep,
— KOTOPBIE TOKPHIBAIOT BCE BEPIIHHBI,
— UMEIOT MUHUMAJIbHBIA CYMMapHbIA BEC U
— KaxkJ1asl BepIlIMHA UHLIMJICHTHA POBHO JBYM peOpaMm.

3aMEHUM TOCJIETHEE YCIIOBUE HA CIIEIYIOLIEE:
— OJIHA 3aJ]JaHHas BEpIINHA UHIUJICHTHA POBHO JIByM peOpam.
OcnmaOuim ycaoBUs, 3HAYNUT, ITOTYYUM HUKHIOKO OILICHKY.

AJroput™m nocrpoeHus 1-gepesa

1. YanseM 3agaHHYI0 BEPIIMHY U CTPOUM OCTOBHOE JIEPEBO MHUHHUMAJIbHOTO Be-
ca (anroput™ Kpyckana, [Ipuma).

2. JlobaBysieM J1Ba peOpa MUHUMAJILHOTO BECa, MPOXOMAIIAX YEpe3 3aJaHHYIO
BEPIINHY, MMOJy4YaeM |-1epeRo.
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3amada 0 HA3HAYCHUAX

JlaHo: 7 pabouyuXx, 7 CTaHKOB,

Cjj — BPEMs BBIIIOJIHEHUA PAOOTHI i-padOYMM Ha j-M CTaHKE.

HaiiTtu paccTaHoBKY paO0O4YuX IO CTaHKaM ¢ MUHUMAJIbHBIM CYMMapHBIM pa004YuM

BPEMEHEM.

IlepemeHnHbIC 3a1a4M: Xjj :{

MaTteMaTuuecKass MoJ1eJb:

IIPU OTPAHUYECHUSIX

0 B IpOTUBHOM ClIy4ae

. n n
min Z Z Cl'jxl'j

i=1 j=1

1, ecay pabouyril [ HOTYYUJII CTAHOK j

Jlekyus 9.
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OnTuManbHOE pENICHUE 3aJa4d O HA3HAYCHUAX JACT HIXKHIOKO OLICHKY IS 3a4a4d
KOMMMBOSKEPA, HE XYKE UEM OIICHKA | —IepEBBEB.
Onpenenenue. Ilycte A = (A4y,..., 4,) — HEKOTOPLIX BEKTOP. DINEMEHT C;; Ha3bIBa-

ercsa A-munumanvnovim, e c;; — A; < ¢ — Ay 101 Beex 1< k< n.

Teopema. IlycTh g1t HEKOTOPOTro A CyIIECTBYET HA0OOP A-MHUHUMAIbHBIX JIEMEH-
TOB (C1 j(1)s--+> Cn j(n)) IO OJHOMY B KaXX[0W cTpoke u cronodue. Toraa 3tor Habop

ABJICTCA OIITUMAJIBHBIM PCIICHUCM 3aJ1a4N.

Joka3zaTeabcTBo. Pemenue (¢ j),. .., Cpjn)) ABIAETCA JOIIYCTUMBIM U

n n n
2 <iity = 2. €y = Aji) + 2 4;-
i=1 i=1 =

B mpaBoii yacTH PaBEHCTBA IEpBasi CyMMa SBJISETCS MHUHUMAJIBHOM Cpeau BCEX

HOITYCTUMBbIX HaBHaquHﬁ, a BTOpasd CyMMa ABJIACTCA KOHCTaHTOﬁ, TO €CTb I11I0JIYy-

YCHHOC PCIICHHUC ABJISICTCA OIITUMAJIBHBIM. u
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Onpenenenue. s Bektopa A BbIACIMM B KaXJAOW CTPOKE IO OJHOMY
A-MAHHUMAJIbHOMY DJIEMEHTY U Ha30BeM €ro A-ochnoeoiui. Jlpyrue A-MUHUMAaJIbHBIC
3JIEMEHTBI OyJieM Ha3bIBaTh aibmepHamueHvimu A-ocnoeamu. Yucio cTonOIOB

MaTpulibl ¢;; 03 A-OCHOB Ha30BEM OegheKkmom.

O0mas uaes ajaropurmMa

Hauunaem ¢ A = 0. Ha kaxxom 3Tane ajaropurMma jaedekT yMeHbInaercs Ha 1, T.e.

He OoJsiee YyeM 3a 1 HTAIOB HaWIEM ONTUMAJIbLHOE PEIICHUE 3a]IaUH.

Onucanue 0JJHOIO dTANAa

1. BeiObepem crombder; 6e3 A-0CHOBBI 1 0003HAYUM €10 S| .
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2. Yeenmmunuth Ag  Ha MaKCHUMalbHOE O TakK, YTOObI BCe A-MHHUMAJIbHBIC dJie-
MEHTbI OCTAINCh A-MUHHUMAJIbHBIMU (BO3MOKHO o0 =0). Ilonyyum 1y HEKO-
TOPOH CTPOKHM i1 HOBBIM A-MHUHUMAJIbHBIH 3JIEMEHT C; g , HA30BEM €0 allbTep-

HATUBHOM OCHOBOM JJI1 CTPOKH I].

®
®

X

X i
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3. Jlis ctpoku iy cronoen j(i1) ¢ A-OCHOBOM MOMETUM METKOH S5.

A YRR

®
®

®
®

X

4. YeemnuuMm Ag u Ag Ha MakCHMManbHOE O TaK, YTOOBI BCe A-OCHOBBI OCTa-
UCh A-MUHUMAJIbHBIMU 3JIEMEHTaMHU.

Haiimem HOBYIO albTE€pHATHBHYKO OCHOBY B OJHOM M3 CTOJIOOB S| win 5. IlycTh
OHa OKa3ajlach B CTpoke Ip. [lomeTum cronden j(ir) MeTkoi S3 u OyJaemM mpoao-
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»KaTh 3TOT MPOILECC 10 T€X MOP MNOKa HE BCTPETHUM CTOJOCI] C ABYMS MU Oojiee ocC-
HOBaMH.

\Y)

Ay

®

AY
X
X

X
X

®

®

5. CtpouM HOBBIM HA0Op U3 A-OCHOB. 3aMEHOM OCHOBBHI B CTPOKE HA30BEM Clic-
IYIOIIYIO OIIEPALUIO: aJbTEPHATUBHAA OCHOBA CTAHOBUTCA OCHOBOM, a cTapas

IepecTaeT ObITh OCHOBOIA.
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5.1. IlpousBeneM 3aMe€Hy OCHOB B CTPOKE, TJE€ JICKUT MOCICAHAS allbTCpHA-

THBHAs1 OCHOBa (cTpoka i;). Torma B crondue j(i;) 4MCiIO OCHOB YMEHb-

IIIUTCA HA 1, HO OCTAaHCTCH ITOJIOXKUTCIIbBHBIM.

83

AR

—®

®

®
®

"

I

B cron0ue, rae nosiBuiaach HOBasg OCHOBA, BO3bMEM CTapyI0 OCHOBY U B 3TOM CTpPO-

K€ TOE MPOBEJAEM 3aMEHY OCHOB U T.J. A0 TEX IOP, MOKA HE JOOEpPEMCS JI0 CTOJIO-

-10-
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na S;. B urore, cronbern S; MOJy4UT OCHOBY, a YMCJIO OCHOB B cTOJIONE j(i))

YMEHBIIUTCS Ha 1.

S3

\Y)

S

®

®

®
®

®

Yupaxuenune. OLeHUTh TPYJAOEMKOCTh aIrOpUTMa PEIICHUS 3a/1a4l O Ha3HAUYCHU-

ax. [Ipuaymars alrOpuTM pELIEHNs 3a1a4U C TPYIOEMKOCTBIO 0(n3).
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MeToa BeTBEH U I'PAHUII

B oCcHOBE MeTOZ1a JICKUT NMPUHIUI «PA3IACIIAN U BIACTBYI.

Ilycte D — MHOKECTBO JJONYCTUMBIX PELIEHUN 33241
min {f(x) | xeD},

U JJIS JIFIOOOT0 TTOAMHOXKECTBA d — D yMeeM BBIYUCIISATD:

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

UB(d) — BepxHI0I0 OIICHKY 1)1 MUHUMYMa f(X), X€d,

T. C.

LB(d) <min {f(x) | xed} < UB(d), nnsa mwoborod c D.

-12- Jlekyusa 9. 3adaya kKommueosxcepa. Yacmeo 2



OcHoBHAA Hjaeoa

IIycTh X — TEKYILIMN PEKOPJI U CHavaJia f(x*) = UB(D). Boruucnsiem LB(D) u, ec-
mu LB(D) = UB(D), To STOP, X — ONTHMATBLHOE pelIeHue 3aaa4d. B mpoTuBHOM
ciaydae pazouBaeM D Ha nmoaMHOXKecTBa D =d; U .... U d}. {14 Kaxxa0ro 1mo/i-

MHOXecTBa BerunciseMm UB(d)), LB(d;),i=1,..., k.
Ecnu f(x*) > UB(d;), TO MeHsIEM PEKOP.
Ecim LB(d;) > f(x*), TO BbIOpachIBacM

d;, tHa4e JpoOUM d; Ha TIOJIMHOKECTBA.

Tak kak D — KOHEYHOE MHOKECTBO, TO

IIPOLECC KOHEYECH U JJAaCT TOYHOE pellie-
HUE 3aJIa4U.
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Onucanue MeToaAa

Ha kaxgowm 11are nmeercs
*
— PEKOpIA X ;
*
— OPOCMOTpPEHHas YacTh P C D, 115 koTopo f(x) > f(x ), xeP;

— pasOuenue MHoxectBa D | P Ha noAMHOXKeCTBa d; ,d; ,....d; .

IIar cocToutr B cieayriem.

1. BbeiOpatTh 351eMeHT pa30ueHUs1, HallpuMep, dik ;

2. BpuuciauTh UB(d,-k ). Econ f(x7) > UB(dl-k ), TO CMEHUTb PEKOP X

3. Berunucanuth LB(dik ).
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3.1.Ecau LB(dl-k )> f(x"), TO 106ABUTH dik K P ¥ IEpEeNTH K CIECAYIOEMY Iary.

3.2.Ecau LB(d i )< f(x7), HO B MHOXECTBE dik yJaJIOCh HAWTH HaWIy4IIHH
aneMeHT X: f(X)=min{f(x)|x¢e dik }, TO J100aBUTH dik K P; eciu
F(x*)> f(X), To HOI0KUT X =X.
3.3.Ecau LB(dl-k )< f(x7), HO ’neMeHT X HaiiTH He yHalIoch, TO pa3OUBacM dik
Ha MOAMHOXECTBA d; =d; \J..Ud; ¥ IEPeXoanuM K CIeyoueMy Iary,
m

nMes HoBoe pazouenue ais D | P.
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Metoa B&I 1iis1 3a1aun KOMMUBOSIZKEPA

Pa3bueHue MHOXecTBa [D IpeJCTaBIsSCTCS B
BHJIc OMHAPHOTO JepeBa.

Kaxmon BepminHE aepeBa COOTBETCTBYET
YAaCTUYHBIN TYP Y CIIMCOK 3aIPETOB.

Hanpumep, BepiinHe dg COOTBETCTBYET
yacTU4HbIN Typ 1,5 1 3anpetsl {4,3}

Ha BBIXOJl U3 ropoja J.
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Metoa B&I ai1st 3apauyu KOMMUBOSIKEpa

HpI/IMI/ITI/IBHa}I HWOKHAA OOCHKA JJIs1 BCPIIWHBI ACPCBA,

HanpuMmep, dg Ipu n = 35

5 4 C15
LB(d6) = (15 + Zai + Zb]
i=2 j=1
3ajadya 0 Ha3HAUCHUIX
5
LB(dg) =cys +Zcij(i)’ IIPH C53 = C54 = C51 = 100, / A
% [l
/ \ / \/ \

Bepxnss oneHka — anroput™ «Mau B Onvkalimmmn.
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Bb100p nepeMeHHOM 1JIS1 BETBJIEHUSA

OcHOBHAs WAed — yrajaarb ONTUMAIBHOE PEIICHUE Ha
IMOAMHOKECTBE dik Y BETBUTHC IO Jyram 3TOro Typa:

® JIJIs YAaCTUYHOrO Typa ij,..., iy BBIOMpAEM MHUHH-
MaJlbHbIM  JJIEMEHT B  CTPOKE [y  MaTPHUIbI
c,f]'- =cjj—a;=bj, j# i,k

® /I 4YaCTUYHOTO Typa Ii,..., iy CTPOUM BEPXHIOKO
OIICHKY Y BETBUMCS 1O ayre (iy,..., ij1).

® I YaCTUYHOTO Typa Iy,..., [, pelIacMm 3aj1ady O Ha-
3HAYCHUIX U BETBUMCSA BJIOJIb IIMKJIA, IIPOXOIAIIETO
yepes3 BEPILUUHY .
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Bb100p noagMHoOkecTBA U3 pa3ouenus D \ P

JIB€ OCHOBHBIC CXEMBI:

® MHO20CHOPOHHAA CXeMa 8€meJIeHUsA, KOTAa BhIOMpaeTCs MOJIMHOXECTBO d’
TaKoe, UYTO

LB(d’)=min {LB(d)) |i=iy,..., i¢}.
Cpenu 31eMeHToB pa3oueHus D \ P = a’,-1 U ---dik BBIOMPACTCS MOAMHOXKECTBO

C HAUMEHBIIIEW HU)KHEW TPAHULICH.

® 0OHOCHMOPOHHAS CXeMA 6eM6eHUs, KOT/Ia BCETIa BEIOMPaeM MOCIICTHUN
dIeMeHT d' =d; .

IlepBas cxema TpeOyeT MHOTO OIEpaTUBHOM MNaMSTH, HO B CPEIHEM IIPOCMATPUBACT
MEHBIIIE BEPIIUH, YeM BTOpas. Bo3aMokHa KOMOMHALIMS 3TUX CXEM: CHadaja IepBasi,
[I0Ka XBATAECT MAMATH, 3aTEM BTOPAA.
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Binsinue 0CHOBHBIX 3JIEMEHTOB Ha TPYAOEMKOCTDb

Bepxuss ouenka UB
Hwxusada ounenxka LB
CxeMa BETBJICHHUS U BBIOOP IIEPEMEHHOM JIJIs1 BETBIICHUS

f(?[ :)\\\\\~"“-\\--"‘\\=..-
OPT /h
—
—
HLiY
I R
| | | | |
1 2 3...... HUrepanun

H= min LB(d))

Liye. ol
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3agaua kommuBos:kepa B UnTepHer

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

e 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 MmapuIpyTu3sanuu

JlaHo: MHOXeCTBO KJIMeHToB J = {2, 3, ..., n},
j=1—rapax,
MHOK€CTBO Ipy30BUKOB K = {1,..., m}
O — rpy30004bEMHOCTH K-ro rpy30BuKa
¢; — BEC Tpy3a 1Sl j-TO KIIMCHTA
C;j — PACCTOSHUC MKy KIUCHTAMHU [ U J.

HaiTu: HaOOp IUKJIOB, HAYMHAIONIMXCS M 3aKaHYMBAKOIIMXCS B rapaxe j = 1 (mo
OJTHOMY IIMKJIy Ha TPAHCHOPTHOE CPEACTBO) TAKOW, YTO CyMMAapHasl JJIMHA
IIUKJIOB ObLIa Obl MHUHMMAJIbLHOM U IO3BOJMJIA Obl OOCIYXHUTh BCEX

KJIMEHTOB JAHHBIM HA0OOPOM TPAHCIIOPTHBIX CPEACTB.
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MartemaTnueckass MOJaeJab

IlepemMeHHBbIC 3a1a4U

{ 1, ecnm TpaHCHOPT Ak MOCEIIACT KJIMEHTA j Cpa3y MOCje KJIMEHTA i,
xijk -

0 B IPOTHUBHOM CiIy4ac

i = { 1, ecnu TpaHCHOPT k MOCEIIaeT KIWCHTA I,
ik =

0 B OPOTHUBHOM CiIy4ae
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Moaeanb

mln ZCZJ le]k

ijeJ kekK
I, i=2,...,n
IIPU OTPAHUYCHUSIX Z Vik =y, 51
keK a
D Vindi <Ok, kekK
ieJ
le]k :Z.le'k = Vik > iEJ,kEK
J J
szjk <|§|-1, nnsg Bcex S < {2,...,n}, keK

ijeS

yl’kE{O,l}, xijke{o,l}, i,jEJ, kek.
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Bo3MoxxHBIC 000011II€EHUSA MOIEJIN

. KaXplii KIIMEHT UMEET «BPEMEHHOE OKHO», B T€UEHHUE KOTOPOTO TPAHCIIOPT-

HOC CPpCACTBO AOJIKHO €TI0 IIOCCTUTD.

. KitneHTsl MOI'YT HC TOJIBKO II0JY4YaTh IIPOAYKIOHUIO, HO N OTIIPABJIATH €C B I'a-

pax.

. O6CHY)KI/IBaHI/IC KIMCHTOB IIPOUCXOJUT HC MI'HOBCHHO, 4 B TCUCHHUC OIIPCIC-

JICHHOT'O BPEMEHH: pa3rpy3ka, 3arpy3ka, ohopmMiIeHUE TOKYMEHTOB U T.II.

. TpaHCTIOPTHOE CPEACTBO MOYKET HECKOJBKO pa3 BEPHYTHCS B rapax (IPOUTH

HECKOJIbKO ITUKJIOB).

. TpaHCTIOPTHOE CPEJICTBO MMEET BPEMEHHOE OKHO (pabo4uil JIeHb BOJWTEIS)

JJISL O6CHy}KI/IBaHI/I}I KIIMCHTOB.
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LlesieBbIe QYHKIIMM

e (CymMapHOE€ pacCTOSIHUE WIM pacxo] O€H3WHa (KaKI0€ TPaHCHOPTHOE
CpeaCcTBO UMeET cBOM pacxoj Ha 100 km).

e 3apmiata BOAUTENCH W SKCIUTyaTallHOHHBIE PACXOJbl HA TPAHCHOPTHHIE
CpE/CTBA.

e OnTumuzamnys IIapKa TPaHCIOPTHBIX CPEACTB (paCHIMPUTh HJIW CY3HTh,
3aMECHMTH TSHKEJIbIE Ha JICTKHE WM HA000POoT, ...).

® OnruMaibHOE PasMCIIICHUC rapaxceﬁ, X KOJINYCCTBO U BMCCTHUMOCTD.

CucteMbl NOJJECPKKU PEIICHUN MO ONEPAaTUBHOMY YIPABJICHUIO TPAHCHOPTHBIMU
CpPEACTBAMM, 3aMEHa BOJUTENEH, (HOPC-MaKOPHBIE OOCTOSITENILCTBA, W3MEHEHHUS
MOTPEOHOCTEN KIIUEHTOB,. ...
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