3agaya KOMMHBOSIZKEpPaA
Jlana marpuna (c;;) MonapHeIX pacCTOAHUN MEXAY ropoaamu, 1 < i, j < n.

HaiT KOHTYp MUHUMAJIbHOU JUIMHBI, TO €CTh LIMKJI, TPOXOAAIINNA YEPE3 KAXKIYIO

BEPILIMHY POBHO OJWH Pa3 ¥ UMEIONINNA MUHUMAJILHBIN BEC.

http://www.ing.unlp.edu.ar/cetad/mos/TSPBIB _home.html
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TpyaoeMkocTh IOJHOIO IEepedopa

DaHTACTUYECKUIN KOMITBIOTED: 1 xm

Ky0 co ctopoHoii 1 km.

OnepatuBHas NaMsATh — KOJHYECTBO  SAYEEK
pa3MepoM B aTOM BOAOPOJIA.

Bce omnepariun oOMeHa IPOXOIAT CO CKOPOCTBIO CBETA. §§

[Ipou3BOAUTEIILHOCTD — 10”2 OIepali B CEKYHIY.

Bcero BapuanTtoB (n —1)! TpynoemkocTs n!.

st n = 100 mosmyqgaem 10">2 OTICpaLni.

Bpemst cuera 10" cexynp.

Ynpaxuenue. Ilpuaymars aaropuTM JAUHAMHYECKOrO HPOrPaMMUPOBAHUS  JIJIS
peIIeHHs 3a1a91 KOMMHBOSDKEPA C TPYI0EMKOCThI0 O(n2").
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3agaum MapumIpyTHU3aluA

J — MHOKECTBO KJIMUEHTOB

K — MHOX€ECTBO IPy30BUKOB

O — TPY30I0abEMHOCTh I'Py30BHUKa k€K
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CocraBjieHMe paciuCcaHuil HA OTHOM CTaHKe

JlaHo n nmeraneyd ¥ OAWH CTaHOK, C; — JJIMTEIBLHOCTh NEPEHAIAaIKH CTaHKa [

00pabOTKH j-¥ J€TaM MOCIIE i-k AeTal, p;— JIUTEILHOCTE 00PaOOTKH j-I JETalIN.

HaiitTu  1mocieoBaTelIbHOCTh O0paOOTKM JieTajieid, HMMEIOUIYI0 MHUHUMAaIbHYIO
CYMMAapHYIO JUIMTEIbHOCT.

in in—l <o il

ACTAaJIN CTaHOK
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Packpou pyJIOHHOT0 MaTepuaja ¢ pUCYHKOM

JIaHo OCCKOHEUHBIN PYJIOH C PUCYHKOM B 1M U pa3Mepsl # KyCKOB

0<s;<1 — Havano Kyckaj, 0<f;<1 — xonen xKycka ;. Hauano pyynona u xoHei
packpos — fj.

HaiTu 1mociieoBaTeIbHOCTh OTPE3aHUS KYCKOB ¢ MUHUMAJIbHOU JUIMHOW MCIIOJIb-
30BAHHOTO MaTepuaa

o s;i—Jis ecnu s 2 f,
Yo \l+s;— f;, ecmm s; < f;

3ajmadya KOMMHUBOsKEpa 11 (# + 1)-ro ropoja.
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AJITOPUTMHUYECKAA CJI0KHOCTh

3ajauu pacnmo3zHaBaHUS — 337a4U C OTBETOM «0a» WK «Hemy. [Ipumep: ecTh 1 B
rpade raMuIbTOHOB IIUKJI?

Kiaace NP — knacc 3amau pacrio3HaBaHusi, B KOTOPbIX MOXHO IPOBEPUTH OTBET
«Ja» 3a MOJIMHOMUAJILHOE BPEMS.

NP-noJyiHbIe 3aga4uM — caMble TpyAHbIEe 3agauud B NP, TO €CcThb e€ciu CyliecTByer
TOYHBIA MOJUHOMHUAJIIBHBIN AJITOPUTM JUJIS PELIEHUS OJHOW W3 HUX, TO CYLIECTBYET

TOYHBIM OJUHOMHUAJIBHBIN AJITOPUTM JUJIS PEIIECHUS BCEX 3a1a4 u3 kiaacca NP.

NP-Tpyasblie 3aa4d — 3a71a4d KOTOPbIE MOTYT HE JiexkaTtb B NP, HO KOTOpbIE HE
npoie NP-noiaHbIX.

Kiaace P — kiacc 3amau pacrio3HaBaHusi, KOTOPbIE MOXXKHO PEIIUTh MOJIWHOMHAIb-
HBIM AJITOPUTMOM.

IIpo6aema P = NP? crout $1 mum. http://www.claymath.org/millennium/
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Teopema 1. 3amaua xkommuBosKEpa ABIsieTcss NP-TpyaHOW maxe B ciiydae, KOrjaa
(Cjj) — €BKIMIOBBLI PACCTOSHUA HA IUIOCKOCTH, TO €CTh MaTpHlla CHMMETPHUYHA W

YIOBJIETBOPSIET HEPABEHCTBY TPEYTOJIbLHUKA

ci<ciptey ,1<ijk<n.

Teopema 2. Ecnu cyliecTByeT NPpUOIMKEHHBIN MOJIUMHOMMAIbHBIA alroputM A u
KOHCTaHTa r, 1 < r < oo Takue, 4YTO JJIs J000r0 nmpumepa [ 3agaud KOMMUBOSIKEpa
BepHO A(]) <r OPT(l), To P =NP.
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Joka3zareabcTBo. PaccMorpuMm NP—moiHYIO 3a1a4y B TaMUJIBTOHOBOM IUKJIE: JaH
rpad G = (V, E), npaBaa ju, 4TO OH COJCPKUT TaMUILTOHOB LUKI? Ecin ycinoBus
TEOPEMbI BEpHBI M TaKue A U 7 CYIICCTBYIOT, TO MBI IIOJYYUM TOYHBIN ITOJTUHOMHU-
alIbHBIM aJITOPUTM PEIICHMS 3aauyd O TaMUJIBbTOHOBOM Hukie. I1o 3amanHomy rpady
G = (V, E) nocTpoum npumMep 3a7auyd KOMMHUBOSKEPA, MTOJT0KUB
Cij:{l, ecin (?'].')eE, —

nr, ecau (ij)¢ E,
[IpumMeHuM anroput™m A U MOCMOTPUM Ha OTBET. ECu MOMy4YuId LUK JJIUHBI 7, TO
rpad G, 04EBUIHO, COJICPIKUT TAMUILTOHOB UK.

Ecnu qivHa nukia 0oJblie 7, TO OHA HE MEHbIIIe 4yeM #-r + (n — 1), Tak Kak BKJIrOYa-
€T BEC XOTs Obl OJJHOI'O U3 «TsDKEIbIX» pedep. Ho B aToM ciydae rpad G HE MOXKET
MMETh FaMUJIbTOHOB IIMKJI, TaK KaK alrOpUTM A olmbaeTcs He 0ojiee ueM B 7 pa3 U
OTBET B 33J1a4€ KOMMHUBOSI)KEPA HE JOJDKEH MPEBOCXOAUTH M-F, €CIIM IaMUJIbTOHOB
UK ectb. MTak, anroputM A Bcerga AaeT NMpaBWIbHBIA OTBET It NP—momHOM
3aJ1a4YU ¥ UMEET NOJIMHOMUAIBHYIO TPYI0EMKOCTh, TO €CTh P = NP. u
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AJITOPUTMBI JIOKAJIBHOI'0 CIIyCKA

IIycte C — raMuiabTOHOB IUKJI. N(C) — OKPECTHOCTH MOJIUHOMMAIBHON MOIITHOCTH,
T. €. YUCJIO BJIEMEHTOB OKPECTHOCTHU MOJUHOMHUAIBHO OTPAaHUYEHO.

a b
d
BrioupaeM B C 1Ba HECMEXKHBIX peOpa M 3aMEHSIEM MX JIPYrdMHU Tak, 4TOObl CHOBA
MOJIYYMJICS TaMUJIbTOHOB IUKJ. Bcero takux coceneit n(n—3) / 2.

IIpuMepbI OKPECTHOCTEM:

OKpECTHOCTH 2—3aMEHa
a b

C d

AHAJIOTUYHO TTOJIy4YaeM OKPECTHOCTH 3— 3aMeHA, 4—3aMeHa U T.JI.
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CraHaapTHbIA AJITOPUTM JIOKAJIBHOIO CITYCKA

1. Beiopats Cy — HavaabHBIA IIUKJ U BRIYUCIUTh ero mmHy F(Cy), i .= 0.
2. Havitn Hamnydmero cocena Ciyq g nukna C; :
F(Ci1) = min {F(C) | Ce MC)) ;.
3. Eciu F(Cisp) < F(C;), TO TON0XUTH i ;=i + | 1 BEpHYThCS HA 2,
nHaue STOP, (C; — JIOKaJIbHBII MUHUMYM.

JIokanbHBIN CIIYCK MOJKCT HOTpe6OBaTI) IKCIIOHCHIOMAJIBHOT'O 4YMUCJIa IIarosB.

HOFpeIIIHOCTI) JOKAJIBbHbIX OIITUMYMOB

Teopema 3. IIyctb A — anropuT™M JOKaJIbHOIO CIycka U okpecTHOCTh N(C) nmeet
MOJIMHOMHAJIbHYO MOIITHOCTB. Ecian cymecTByeTr KoHCTaHTa r, 1 < r < oo Takas, 4To
U151 TF00oro nmpuMepa / 3a1auu KOMMHUBOSDKEpa CIIPaBeIJIMBO HEPABEHCTBO

A(D) < r-OPT(I), To P = NP.

-10- Jlekuma 8. 3apaya KoMMuBOsiXKepa. Hactb 1



Jloxka3zaTeabCcTBO. (AHAJTOrMYHO mpeapiaymeMy) PaccMoTpuMm 3aiayy B raMUIIBTO-
HOBOM IIMKJIE U MIOJIYYMM TOYHBIN MTOJUHOMMUAIIBHBIA AITOPUTM €€ pemeHus. CHOBA
o rpady G = (V, E) ctpouM MaTpuily

_JL, ecmn (H)eE,
Clj_{nr, ecmn (ij) ¢ E, n=Vl-

BriOupaeM mnpousBojbHbIM 1uka Cy. Ero mimHa B XyJlmieM cliydae paBHA
F(Cy)=(nr)n.

Ha xaxgoMm 1iare JOKaJIbHOIO CIyCKa YacTh «TSHKEIBIX peOep» 3aMEHSAETCS Ha JIET-
kue. [Ipyu camoM JIIMHHOM CITYyCKE OJHO «TSXKEJIoe» peOpo 3aMEeHsIeTCsl Ha OJHO JIET-
KO€. 3HAYUT YMCJIO IIaroB (BO3BpallleHUM Ha I1.2) HE NMpeBocXoauT n. Kaxkaplil miar
UMEET MOJMHOMHUAIBHYIO TPYJIO€MKOCTh, TaK KaK OKpecTHOCTh N(C) UMEET MOJINHO-
MUAJIBHYI0 MOIIHOCTh. CIIEI0BATENBHO, AITOPUTM A SBJIAETCSA MOJIAHOMHUAIBHBIM
U1 TAHHOIO KJjacca MPUMEPOB M, KaK CIEAYyeT U3 J0Ka3aTelbCTBA IPEAbIAYIICH
TEOPEMBI, A — TOYHBIM AITOPUTM. 3HA4YUT P = NP. u
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IBPUCTHYECKHE AJITOPUTMBI
Aaroputm Ay «Aam B 0OJIMKANIIUNA U3 HENPOUIEHHBIX FTOPOJI0B)

1. BriOupaem npou3BOJILHBINA FOPO .
2. Haxoaum Onmxaiiinii ropofd K i, 0003Ha4aeM ero i, ¥ IoMedaeM ropoJi i;:

= minc; ;

C: :
l L]
j; il 1]

Ll

3. Ha k-M mare HaxoauMm OJIM>KaWIIUKA rOpoJl K i, 0003Ha4YaeM €ro iy U nomeya-
€M TOpPOJI I :
= min c¢; ;

. 7Y
JE yeensy,

Cikik+l
Teopema 4. J[;1sa nmo0oro » > 1 HaiaeTcs npuMep / 3a7a4d KOMMHUBOSIKEpPA TaKOM,

qToO
Ag(D) > r OPT(])

JIaXKe MPU YCIOBUU, YTO C;; < i + ¢y, A BeexX 1 <1i,j, k<n.

-12- Jlekuma 8. 3apaya KoMMuBOsiXKepa. Hactb 1



Tpyaublii npuMep aia aaropurma Ag

Nmeerca 15 ropomoB, pacroJIOKEHHBIX HA OKPYXHOCTH JUIMHOM 15 enuHwuI,
OPIT(I) =15.

ANTOpuTM A onyvaeT 27 € UHUIL;

Cis 1 Cs
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BepoATHOCTHBIM aHAJIOT aJiropurMa Ay

Anroput™ Agp(a), a> 1.
Ha k-M miare ¢hoopMupyeM CIIMCOK KaHAUJAaTOB
I ()= {j # ] eeeslf | Ci, <a mmn Cl'kj}
J#l ool
Crenyroniuii ropoy iy, BBIOMpaETCs U3 CIMCKA KaHIUIATOB CIyYaliHBIM 00pa3oM.

IIpn o= 1 nonydaeM anroputm «Mam B OJIMKANIINAN U3 HEIPOHICHHBIX TOPOJIOBY.
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UTepaniMOHHBIN AJITOPUTM

Anroput™  Ag( o) NpUMEHSIETCSI HECKOJIBKO pa3 U JIJISI KOKAOTO PEIICHUS] UCTIOJIb3Y-
€TCsl CTaHAApTHas MPOLEAYypa JOKAIbHOrO cnycka. JIydnnil u3 HauJAEeHHBIX JIOKAJIb-

HBIX ONITUMYMOB TNIPEIBSBIISICTCS B KAUECTBE OTBETA.
1. Tlonaraem F := oo
2.For t:=1,....,T do
2.1. Ilpumensiem anroputm Ag( ) u noaydaeM nuki Cy.
2.2. IlpuMeHsieM aliTOPUTM JIOKAJIbHOT'O CITYCKA C HaYaJIbHbIM pemeHuem C;.

2.3. Eciin nmostyyeHHBIN JTOKaIbHBI MUHUMYM C; MEHbLIE peKopaa, T.€.

F(@t) <F", 1o MeHseM pexopn F = F(@).

VYBenuuuBas T u o, OyaeM moaydaTh Bce Oojiee U 00jIee TOUHBIC PEIICHUA.
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OnTuMajbHOE pelieHre 3a1auu 1A n = 532
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PaccrosiHUe OT JIOKAJIBHBIX OITUMYMOB /10 IJ1002JI6bHOI0

900 — . . . .
800 | '
700
600 |
500 |
400 +
300 |
200 | -
100 7 -
O | | | | |
0 100 200 300 400 500
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IHouck ¢ yepenyrwmumucs okpectHocTamMu (VNS)

1. BreiOpath HauanbpHOE perienue C, monoxuts F* = F((C), onpeaeauTb CUCTEMY

OKpecTHOCTEN N, ..., Ng.
2. Tloka HE BBITIOJIHEH KPUTEPHUM OCTAHOBKH, JIEIATh CICAYIOIIEE:

2.1. Ilonoxwuts k ;= 1.
2.2. IloBTopsTh noka k < K:
2.2.1. Beiopats penienue C’B okpecTHOCTH Ni(C) ciaydalHBIM 00pa3oMm;

2.2.2. IlpuMeHUTH JIOKAIBHBIA CIIYCK C OKPECTHOCThEO Ni, B3iAB C’ B
Ka4eCTBE CTAPTOBOW TOYKH, W IOJYUYUTH JIOKAIBHBIN MUHUMYM.

Oo6o031aunM ero C”;
2.2.3. Ecmu F(C") < F(C), To nonoxwutk C := C" 1 BepHYyThCA Ha 2.1,

WHaYe MoJIOXKUTh k .=k + 1.
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Pe3y.111>TaT1>1 YUCJICHHBLIX YKCICPUMCEHTOB

n

Jlyuiiee HaMJIEHHOE pPEeLIEHUE

Bpewms cuera

2-opt VNS 2-opt VNS

100 825,69 811,95 0,25 0,17

200 1156,98 1132,63 3,88 2,82

300 1409,24 1376,76 12,12 9,35
400 1623,60 1577,42 46,13 34,37
500 1812,08 1756,26 110,64 91,00
600 1991,56 1925,51 204,60 173,07
700 2134,86 2089,33 347,77 259,06
800 2279,18 2190,83 539,94 462,23
900 2547,43 2342,01 699,33 624,74
1000 2918,10 2483,95 891,61 792,88
Cpennee 1887,87 1768,67 285,63 244,97
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AJITOPUTMBI ¢ TAPAHTHUPOBAHHOM TOYHOCTBHIO

OctoBHOe aepeBo. [lan cBa3ublii rpad G = (V, E), kaxaoMy peOpy ecFE npunucad

BeC W, > 0. Halitu B G 0CTOBHOE JIep€BO C MUHUMAJIbHBIM CYMMapHBIM BECOM pedep.

Anroputm Kpyckana Ax maer TOYHOE PEIICHWE 33aJa4d M HUKHIOKO OLICHKY IS

3aa491 KOMMHUBOSKEPA.

Ax(D) < OPT(]).
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JIBoiiHOM 00X0 OCTOBHOI'0 JiepeBa

OO0Xx0IMM OCTOBHOE AEpeBO MO IpaBuily ajaropurma «llouck B rmyouny». Ilomydaem
MapIIpyT, OPOXOAANINNA YEPE3 BCE BEPIIUHBI. JIMCThA MOCENIAKOTCI OAWH Pa3, HO
BHYTPEHHHUE BEPIIMHBI IOCENIAIOTCS HECKOJILKO Pas.
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IlepecTpoiika OCTOBHOIO IepeBa

0 —~ D
\NZ———

D —> ,

I[BI/I)KCMCH BAOJIb CTPCJIIOK M IIOMCYACM BCPIIMHLI. Ecnn oucpcaHasd BCPIIHNHA YiKC

Q

N

O

ITIOMCYCHA, TO IIPOITYyCKACM €C U IBHUI'AaCMCA NAJIBIIC, IIOKA HC HaﬁﬂeM HCIIOMCYCHHYIO
BCPIIMHY HWJIN HC BCPHCMCI B IICPBYIO BCPIIMHY. L[CHO‘IKY Ayr AJpl IIOMCYCHHBIX

BEPILMH 3aMEHIEM NPSIMOX AyTrOU B HEMIOMEUYEHHYIO WJIHM TIEPBYIO BEPIIUHY.
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O1eHKAa TOYHOCTH AJITOPUTMA

Teopema S. Eciau marpuna (c;;) yAOBIETBOPSET HEPABEHCTBY TPEYIONbHHKA, TO

aJTOPUTM MEPECTPOMKH JBOMHOIO 00X04a OCTOBHOIO JiepeBa Agy mojrydaer I aMuib-
TOHOB IIMKJI HE OoJiee 4eM B 2 pasza XyxkKe ONTHUMAaJbHOro s J00oro mnpumepa [/

33724 KOMMHBOSKEpa, TO €CTh
Asr (I) £2 OPT(I).
Jloka3zaTeabcTBO. 11 JIMHBI JBOMHOTO 00X0/1a HMEEM

2 Ag (I) < 2 OPT(I).

IIycth HOBOE PeOpO e, HE coAep:Kalleecs B JBOMHOM 00XO0Je, 3aMCHSET IICTOYKY

pedep {ei, ey,..., e;}. I3 HepaBeHCTBA TPEYTOJIbHUKA CIEAYET, UTO

k
We <D W, , 10 ecTb Asr (1) <2 A () <2 OPT(]). g
i=l1
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Teopema 6. [lonydeHHast olieHKa TOYHOCTH
Asr (1) <2 OPT(])

ABJISIETCS HEYIYUYIIaEMOM.

Joka3zareabcrBo. IlpuBeneM npuMep cemMencTBa HCXOJIHBIX JAHHBIX 3aJ1a4d
KOMMMBOSIKEPA, HA KOTOPOM OLICHKA 2 JOCTUTAECTCS ACUMIITOTUYECKH.

PaccmoTpum crienaytromnuii npuMep Ha ITOCKOCTH ¢ 3(n +1) BepmmrHamu:

&l ® ® 1 ¢
{o ® ° ® ® 0}
1 1
{ 0
\ [ N ) [ N ) [ N ) o O ®
W ~ JH—/H—J H_IH_J
1 c l-¢ s l1-¢
NG ~ )
n
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Jl71s1 5TOrO NprMepa MUHUMAJILHOE OCTOBHOE AE€PEBO UMEET BU/IL;

I : : : I

JlnnHa ocToBHOro aepeBa Ax=n+(n+1)(1 — &) +2¢

AJITOpUTM NEPECTPOMKH ABOMHOIO 00X0/1a MOJTYYUT PEIICHUE

BN

Jnvna storo I'amunbeToHOBa ukiaa Agy~2n+2n (1 — &)
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OntumansHoe pemenue 3agauu OPT1(]) = 2n +2.

Takum obpazom, mpun — o© u &€—> 0 nonydyaeM Asr([)/ OPT(I) > 2 =

Yuopaxunenne. Eciin marpuna (c;;) yIOBIETBOPSET HEPABEHCTBY TPEYTOJILHUKA, TO
CYIIECTBYET AJITOPUTM IIEPECTPONKHU JBOMHOIO 00X0/1a OCTOBHOTO JIEpEBa, KOTOPHIN
nojgydaeT ['aMUJIBTOHOB LMK HE Oojiee 4eM B 1,5 paza XyXe ONTHUMAaJIbHOIO IS
m000ro npuMmepa I 3a1aum KOMMHUBOSIKEPA, TO €CTh

Agr (I) < 1,5 OPT(D).
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