3apaavya KOMMUBOSIXKepa

[aHa matpuua (cjj) nonapHbIX pacCTOSSHUN Mexay ropodaMu, 1<1,j <n.

HanTn KOHTYP MUHUMANbHOMN ONINHbI, TO €CTb LMK/, NPOXOASLNN Yyepes
Ka>kAyt BepPLNHY POBHO OAMH pa3 U MMEKLWNA MUHUMANbHbIN BeC.

http://www.ing.unlp.edu.ar/cetad/mos/TSPBIB home.html
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TpyAaoeMKOCTb NOJZIHOro nepebopa

DaHTaCTUYeCKNM KOMIMbIOTEP:

Ky6 co cTopoHOM 1 KM.

OnepaTnBHas NamMaTb — KOJIMYECTBO a4eek
pa3MepoM B aTOM BOAOpPOAA.

Bce onepauunn obMeHa NpoxoasT CO CKOPOCTbIO CBETA.

MpoussoanTEeNnbHOCTL — 10°% onepaunin B CEKYHAY.

Bcero BapunaHTtoB (n —1)! TpyaoeMKocCTb n!.

Ona n= 100 nonyyaem 10%°% onepauuii.

0100

Bpema cuyeta 1 CEeKYyHA.

Ynpa)xHeHue. [punaymaTtb anropmtMm AUMHAMMUYECKOrO NMporpaMMmpoBaHUS
AN peleHns 3aaa4m KOMMUBOSIXKEpPaA C TPYAOEMKOCTbIO O(n22n).
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3apgaun Mapuipytvsaumm

J — MHOXECTBO KJ/IMEHTOB
K — MHO>XeCTBO rpy30BMKOB

Qkx — rpy3onoaAbeMHOCTb rpy3oBuka kekK ﬁ <«
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CocTtaBnieHue pacnMCaHuM Ha OAHOM CTaHKe

[laHO n peTanen nm oAuH CTaHOK, cj — AJINTENbHOCTb NepeHanagkn CTaHka
ana obpaboTtkm j-n petann nocne i1-n aetanu, pj — AJUTENbHOCTb
06paboTku j-n aetanmu.

HanTu nocnenoBaTeNlbHOCTb 06paboTKM AeTanen, UMEKLLYd MUHUMalb-
HYIO CYMMapHYI A/IUTENbHOCTD.

In In-1 . I

AETAJIN CTaHOK
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PacKpou pyJIOHHOro Mmartepmasia C pUuCyHKoOM

[JaHo 6eCKOHeUHbIN PY/IOH C pPUCYHKOM B 1M U pa3Mepbl n KYCKOB
0<sj<1 — Hayano Kyckaj, 0<fj<1 — KOHeL Kycka j. Hauyano pynoHa u
KOHeLl, packposi — fo.
Hantm nocnepnoBaTeslbHOCTb OTpe3aHUs KYyCKOB C MUMHUMAaJIbHOMN OJIMHOWN
MCNOJ1Ib30BAHHOIO MaTepuana
s ={1hel” s, e Sk

J L’ J l

3anavya KomMmumBos kepa ana (n + 1)-ro ropoaa.
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AnroputMmyeckas C/10XXHOCTb

3a4a4yun pacrno3HaBaHUSa — 3a4a4u C OTBETOM «0a» UNN «Hem».
MpuMep: ecTb NN B rpacde raMMNbTOHOB LIMKA?

Knacc NP — kJjlacc 3agayd pacno3HaBaHWA, B KOTOPbIX MOXHO MPOBEpUTb
OTBET «0a» 3a NOJIMHOMUA/IbHOE BpeMS.

NP-nonHble 3a4a4ymn — camble TpyaHble 3aaa4un B NP, T.e. ecnum cyuwlecTtByeTt
TOYHbIN MNOJIMHOMUASIbHBIA ANTrOPUTM 4SS peleHnss OAHOW U3 HUX, TO
CYLLEeCTBYeT TOYHbIN MOSIMHOMUANBbHbLIN anNropuTM ANs peleHus Bcex 3aaaud
n3 knacca NP.

NP-TpyaHble 3agayn — 3a4adyn KoTopble MOryT He nexatb B NP, HO KoTO-
pble He npowe NP-NosHbIX.

Knacc P — knacc 3a4a4 pacrno3HaBaHUA, KOTOPbIE MOXHO PeLInTb MOJIMHO-
MWaNbHbIM aNrOPUTMOM.

[Mpobnema P = NP? ctouTt $1 MAH. http://www.claymath.org/millennium/
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TeopeMma 1. 3agaya KoMMuBoOsixepa sBnserca NP-TpyaHou paxe B Cny-
yae, koraa (cjj) — eBKIMAOBbl PacCTOSIHUSA Ha MJOCKOCTU, TO eCTb MaTpuua
CUMMETpPUYHA U YOOBNETBOPHAET HEPABEHCTBY TPeyrosbHUKa

cij<cCik + Ckj, 1<1, J,k<n.

Teopema 2. Ecnu cywecTtByeT NpUOBIMXKEHHbIW MOJIMHOMUANbHbBIA anro-
PUTM A M KOHCTAHTa 1, 1 <r < oo Takme, 4to AaAn4 nboro npmumepa I 3agaumn
KoMMuosixxepa sepHo A(I) <r OPT(I), To P = NP.
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HNoka3aTtenbcTBO. PaccMoTpuMm NP-MonHyo 3agadvyy B raMMNbTOHOBOM UUKNeE:
naH rpad G = (V, E), npaBaa iK1, YTO OH COAEPXUT raMUNbTOHOB UMKN? Ecnu
YCNOBUS TeOpeMbl BEPHbI U TakKne A U r CyLWeCcTBYIT, TO Mbl NOYYUM TOYHbIN
NO/IMHOMMANIbHbIN ANrOPUTM pelleHnd 3a4adun 0 raMuIbTOHOBOM uukne. o 3a-
naHHoMmy rpady G = (V, E) NoCTpouM npuMep 3ajayvyn KOMMMUBOSIXKEPA, NOJIOXMNB

|, ecnn (7)ekE, B
¢ {nr, ecnn ()¢ E, n=V].

[TpUMEHUM anropuT™M A U NOCMOTPUM Ha OTBET. Ecnu monyuynmnu uukn AauvHbI n,
TOo rpad G, OYEBUIHO, COAEPKUT raMUIIbTOHOB LMK/,

Ecnn anvHa uymkna 6onblle n, TO OHA He MeHble 4yeM n-r + (n — 1), Tak Kak
BK/ItOUAET BeC XOTHA 6bl 0OAHOIr0 U3 «TAXenbIx» pebep. Ho B 3TOM cnyvyae rpad
G He MOXEeT MMETb raMWIbTOHOB UMK/, TaK Kak anroput™ A owmnbaeTtcsa He
bonee yeM B rr pa3 M OTBET B 3aJla4e KOMMUBOSHKepa He AOJIKEH MPEBOCXO-
OVUTb N-r, €CIM raMUNbTOHOB LMK/ eCcTb. MTak, anroputMm A Bceraa AaeT npa-
BUNbHbIX OoTBET AN NP-nosHOM 3agaun M MMeeT NOSIMHOMUANIbHYIO TPYAOEM-
KOCTb, TO eCTb P = NP. =
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AnNroputMbl JIOKaJZibHOro cnycka

Myctb C — ramunbToHOB UukN. N(C) — OKpPEeCcTHOCTb MOJIMHOMUASIbHOMN
MOLLHOCTU, T. €. YMUC/IO 3J/IEMEHTOB OKPECTHOCTU MOJIMHOMMUAIbHO OrpaHu-

4yeHo.
a b
C d d

Buibnpaem B C gBa HeCMeXHbIX pebpa n 3aMeHdaeM UX ApYyrmMum Tak, 4Ttobbl
CHOBa MNOJSIY4YUSICA raMUNbTOHOB UMK, Bcero Takmnx cocegen n(n—3) / 2.

[lpMepbl OKPEeCTHOCTEN:

OKpeCcTHOCTb 2 —3aMeHa
a b

AHANOrM4HoO NMoJjily4aeM OKpPecTHOCTU 3 — 3aMeHa, 4 —3aMeHa U T.A4.
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CTaHAApTHbIN aJICOPUTM JIOKaJIbHOIO CNyckKa

1. Bbibpatb Co — HavanbHbIN UUKA U BblYMCANTb ero annnuy F(Co), 1 := 0.
2. Hantn Haunydwero cocega Ciy1 ansa uukna Ci :
F(Ci+1) = min {F(C) | Ce N(C))}.
3. Ecnn F(Cis1) < F(Ci), TO MONOXUTb 1:=1+ 1 U BEPHYTbCSA Ha 2,
nHade STOP, Ci— nokanbHbIN MUHNMYM.

JIoKanbHbIN CMyCK MOXeET I'IOTpe6OBaTb SKCMOHEHUMNAJTbHOIO 4YncCJsia waroas.

NMorpewHoOCTb JIOKAaJibHbIX ONTUMYMOB

Teopema 3. [lycTb A — anropmuTM NIOKaNbHOro cnycka n okpectHoctb N(C)
NMeEeT NOJIMHOMMNASIbHYO MOLWHOCTb. ECnm cywecTtByeT KOHCTaHTa r, 1<r < o
Takasi, yto Aang nwboro npumepa I 3agaynm KOMMUBOSIXKEpa cnpaBensimieo
HepaBeHcTBO A(I) <r-OPT(), 10 P = NP.
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NokasaTtenbcTrBo. (AHANOrM4YHO npeabiayuweMmy) PaccMOTpuM 3aaady B
raMUIbTOHOBOM LMK/IE N MOSYYUM TOYHbIA MOJIMHOMUANBbHbLIA aNropuTM ee
peweHus. CHoa no rpady G = (V, E) cTponM MmaTtpuuy

] ecnn (ij)ekE, B
CU_{nr, ecnn (ij) ¢ E, n={Vl].

BbibnpaeM npousBosibHbI UMk Co. Ero AnvHa B XyAlleM ciiyyae paBHa
F(Co)=(nr)n.

Ha KaxXaoM Lare JIoKaJIbHOro Crnycka 4acTb «TaXesnbiX pebep» 3aMeHsaeTcs
Ha nerkue. Npun caMoM AJIMHHOM CNyCKe OOHO «TsaxXenoe» pebpo 3aMeHseT-
CA Ha OAHO fierkoe. 3HaunMT 4Ynucno waros (BO3BpaLlEeHUN Ha Mn.2) He npe-
BOCXOAUT n. Kaxabln war nMeeT noJIMHOMMANbHY TPYAOEMKOCTb, TaK Kak
okpecTtHocTb N(C) uMeeT MOJIMHOMMUANbHYIO MOLWHOCTb. CrneaoBaTenbHO,
anropmntM A aBnsieTCa NnoJIMHOMMaNbHbIM ANA AAHHOMO Kjlacca NpuMepoB W,
KakK crneayeT M3 gokasaTesibCTBa npeabiaylien TeopeMbl, A — TOYHbIA an-
roput™m. 3HaunT P = NP.
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DBpUCTUYECKUNE aJIrOPUTMbI
Anroput™m As «Aan B 6nmxamwmin M3 HeENpPomaeHHbIX ropoaoB>»

1. Bbibupaem npoun3BObHbIN FrOpoA 1i.
2. Haxoamm 6nmxanwmn ropog K i;, obo3HayaeM ero i U rNoMeyaem ro-

poa, ii:

c; : =minc;
L1 A |
172 J#1, 1

3. Ha k-M ware Haxoaum 6nmxanwunm ropoa K ik, 0603HavyaeM ero ik+1 U

]’.

noMevyaeM ropog ik :

= min C;
. . k

J7L el

C o o
Uelje 41

Teopema 4. na nmoboro r > 1 HangeTcsa npuMmep I 3agayn KOMMUBOSA-
»Xepa TakKou, 4To
Ap(I)>r OPT(I)

Aaxke npu ycnoBuK, 4YTo cjj < Cik + Ckj, ANa BCceX 1<1,J, k<n.
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TpyAaHbIN NpuMep Ana anropmtma Ag

NMmeeTca 15 ropoaos, pacnosioXeHHbIX Ha OKPYXHOCTM AJIMHOW 15 eanHu,
OPT(I) =15.
Anroput™Mm Ag nony4daert 27 eanHuu:

13 Jdexuyua 3. 3adaua xommusoswcepa. Hacmw 1



BepoATHOCTHbIA aHaNor aaropurMma As

Anroput™ Asp(a), a>1.
Ha k-M ware ¢popMmpyeM Cnmcok KaHanaaToB
Ik(a):{j;til, zklcl]_a min ¢; ]}
_]-‘/—'ll, lk
Cneaoywowmn ropoa ik+1 BblbupaeTcs M3 cnucka KaHAMAATOB ClyYaWHbIM
obpaszom.

Mpn o =1 nony4dyaeMm anropnt™ «am B 6nmxanwimm m3 HeNnpomnaeHHbIX ro-
POLOB>.
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NTepaLuMnOHHbIN aJITOPUTM

Anropnt™ Ap(a) NPpUMEHSIETCA HECKO/bKO pa3 M ANS KaXAoro pelleHUs
MCNONb3YETCSA CTaHAapTHas npoueaypa J/oKanbHOro cnycka. Jlydwuin us
HaAEHHbIX NOKasbHbIX ONTUMYMOB MPEeAbABASETCSA B KaUeCcTBE OTBETA.

1. Monaraem F := «©
2.For t:=1,..., T do
2.1. [MpnmeHsaem anropnt™ Ap(a) n nonydaem umkn Ct.

2.2, [IpUMEHSAEM aNrOpUTM JIOKAJSIbHOrO CMyCKa C HadaslbHbIM peLleHUneM
Ct.
2.3. Ecnn nonyyeHHbI nokasbHbil MUHUMYM C; MeHblue pexkopaa,

T.e. F(C,)<F", To meHsem pekopa F*:=F(C,).

Ygennumeaa T wu o, 6yaeM nonydaTtb Bce 6osiee n 6osee TouHble pelle-
HUA.
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OnTuManbHoOe pewieHue 3agaum ana n = 532
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PaccTrosiHMe OT JIOKaJIbHbIX ONTMMYMOB A0 rno6anbHoOro

900
800
700
600
500
400
300
200
100

0

200

300 400 500
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NMouck c yepeayrouwmmmmncsa okpectHoctamum (VNS)

1. BoibpaTb HayanbHoe peweHue C, nonoxutb F*= F(C), onpeaenntb
CUCTEMY OKpecTHocTen N, ..., Nk.

2. [loKa He BbIMO/JIHEH KPUTEPUIN OCTAaHOBKW, AeNaTb CreaytoLlee:
1.1. Monoxutb k :=1.
2.2. NMoBTopAaTb noka k< K:

1.2.1. Bbibpatb peweHne C’ B okpecTHoCTU Ni(C) cnyyanHbIM
obpa3om;

1.2.2. lpMeHNTb NOKaJibHbIXA CMYCK C OKPeCTHOCTb N1, B34B C’
B KayecCcTBe CTapTOBOW TOYKMU, U MOSYUUTb JIOKANbHbIA MU-
HUMYM. O6o3Haumnm ero C";

1.2.3. Ecam F(C") < F(C), To nonoxutb C:= C"n BEepHYTbCA Ha 2.1,
MHa4de NosioXxuTb k :=k + 1.
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Pe3ysnibTaTbl YNCJ/IEHHbIX 3KCNepuMeHTOB

Jlydliee HanaeHHoOe pelleHune BpeMs cuyeTa

b 2-0pt VNS 2-0opt 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
CpenHee 1887,87 1768,67 285,63 244,97
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ANroputMbl C rapaHTUPOBAHHOM TOYHOCTbIO

OctoBHOe pepeBo. [aH cBa3Hbin rpad G = (V, E), kaxaomy pebpy
ecE npunucaH BeC we = 0. Hantn B G OCTOBHOE AepeBO C MUHWUMAsbHbIM
CYMMapHbIM BecoM pebep.

AnroputMm Kpyckana Ak AAeT TOYHOe pelleHue 3a4ayun n HMXXHIOK OLIEeHKY
A8 3a4a4vyn KOMMUBOSAXepa:

Ak(I) < OPT(I).
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BoHON 06X04 OCTOBHOIO AepeBa

N

O

| == \J(

O6x0AMM OCTOBHOE [A€peBO MO NpaBuiy anroputMma «lMouck B rnybuHy».
Nony4yaeM MaplpyT, NpPoOXoAsilMA Yepe3 BCe BepllMHbl. JINCTbA nocella-
I0TCS OAMH pa3, HO BHYTPEHHME BEPLUMNHbI MOCELLATCS HECKOJIbKO pas.
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NepecTponka OCTOBHOIO AepesBa

0 Y 0 /\
¥/< — ,

[BM>keMcs BAOMb CTPENIOK M NOMeYaeM BeplnHbl. Ecnn ouepeaHas Beplin-
Ha Yy)XXe noMeyeHa, TO MpPOMNYCKaeM ee U [ABUraemMcsl Aasjblue, Mnoka He
HaNgeM HENMoMeYeHHYH BepLUMHY WMIN HEe BEPHEMCS B MEPBYIO BEPLUUHY.
Llenouky Ayr pAns TMOMeYeHHbIX BeplWH 3aMeHseM NpsAMOW Ayroun
B HEMOMEUEHHY0 UM NEPBYIO BEPLUMHY.
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OueHKa TOYHOCTHU aJiropuTMa

Teopema 5. Ecnun maTtpuua (cij) yaoBneTBopsieT HEPABEHCTBY TPeyroJibHU-
Ka, TO aJroputM nepecTtpormkn ABOMHOro obxoaa OCTOBHOro AepeBa Asr

nony4yaet NaMUIbTOHOB LMK He 6osiee 4yeM B 2 pa3a XyXe ONTUMasIbHOro
ans ntoboro npumepa I 3a4a4m KOMMUBOSIXEpPA, TO eCTb

Ast (I) <2 OPT(I).
Joka3aTtenbcTBOo. [ ANVHbI ABOMHOrO 06X04a UMeeM
2Ax () < 2 OPT().

[lycTb HOBOe pebpo e, He coaepXauleecd B ABOWMHOM o0bxoae, 3aMeHseT
uenouky pebep {ey, e,,..., ex}. 13 HeEpaBeHCTBa TpeyrosibHUKaA CleayeT, 4YTo

k
w, < Zwei ,
1=1

Toectb AsT () <2Ax(I)<2O0OPT(). =
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TeopemMa 6. NMonyyeHHas oueHKa TOYHOCTU
Ast (1) <2 OPT(D)
ABNAETCA HEeYy4llaeMOoMn.

Noka3saTenbCcTBO. [lpnBEAEM NpUMEP CEMENCTBA MCXOAHbIX AaHHbIX 3a4a-
YM KOMMMUBOSIXKEpPA, HAa KOTOPOM OLLEHKA 2 AOCTUIaeTcss aCUMMNTOTUYECKMU.

PaccMOTpuM cnepywoLlmin npuMep Ha naockoctu ¢ 3(n +1) BeplIMHaAMMK:

cEl ©® 01 ¢
{,o ® ® ° ® o,}
) 1 1 b 1o
o o0 o0 o0 ® 0 o’
1 g 1-¢ Fo
L ~ _J
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[na aToro npyMmepa MMHMManbHOE OCTOBHOE AepeBO MMEET BUA:

OnuvHa octoBHoro aepeBa Ax=n+n+1)(1 - ¢ + 2¢

ANropuT™M nepecTtpomkn ABOMHOIro obxoaa NOAy4YUT pelleHne

[OnvHa atoro NamMunbTOoHOBA uUkna Asr=2n+2n(1— &)

OnTumanbHoe peweHune 3agaun OPT(I) = 2n +2.
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Takum 06pa3oM, Nnpun — © U £— 0 nonyyaem Asr(I) / OPT() > 2. W

YnpaxxHeHue. Ecnn maTtpuua (cij) yaoBneTBopsieT HepaBEHCTBY TPeyrosib-
HMUKQ, TO CYLWEeCTBYET aJiIrOpUTM NnepecTtpornkn ABOMHOro o6xoaa OCTOBHOIO
nepesa, KOTOpbiKM nosiydaeT NaMunibTOHOB UMK He 6onee yem B 1,5 pasa
Xy)Xe onTumanbHoro ans nwboro npumepa I 3agadnm KOMMUBOSIXKepa, TO

ecTb Ast (D) £1,5 OPT(]).
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