3amaua KOMMHBOSKEpPa
HaHa mMaTtpuna (c;;) DONapHBIX PaCCTOSHUM MKy ropojamu, 1 <i,j < n.

Hatu koHTyp MUHUMAIBHOMR JJIMHBEI, TO €CTh IUKII, IPOXOASAIIUN Yepe3 KaKIyI0

BEPILIUHY POBHO OJYH Pa3 U UMEIONIUI MUHUMAJIbHBIN BEC.

http://www.ing.unlp.edu.ar/cetad/mos/TSPBIB _home.html
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TpyaoeMKoOCTH MOJHOIO Iepedopa

daHTACTUYECKUM KOMNbHOTEP: 1 kM

Ky0 co croponoii 1 km.

OnepatuBHas NaMsATh — KOJMYECTBO  SYECEK
pa3MepoM B aTOM BOJOPO/Ia.

Bce onepanun oOMeHa MpoXosT CO CKOPOCTBIO CBETA. %

IIpon3BOIUTEILHOCTD — 10°2 OIepani B CEKYH/IY.

Bcero BapuanToB (n-1)! TpynoemkocTs n!.
st n=100 nomydaem 10"? OIIEpaIUH.
Bpemst cuera 10" CEKYH/I.

Bonpoc. MoHo a1 npuyMaTh TOYHBINA aITOPUTM IS PELICHHS 38141 KOMMHU-

BOSDKEpA C TPYLOEMKOCThI0 O(n°2")?
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3agaun MmapumpyTusanuu oo ==
a— \

J — MHOKECTBO KJIMEHTOB

K — MHOX€ECTBO IPy30BUKOB

O — Tpy30II0JbEMHOCTb I'Py30BUKA k€ K ﬁ -« @
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CocrapjieHyMe paclucaHuid HA O[THOM CTaHKe

ﬂGHO n I[GTEU’ICfI n OAHWH CTAHOK, C; — JIMTCIBHOCTh INICPCHAJIAAKH CTAaHKa I

00palbOTKH j-W AETaJU MOCIE -1 IETANH, p; — IIUTEIBHOCTh 0OPAOOTKH j-ii IeTallu.

Hautu  1nocienoBarenlbHOCTE 00paOOTKHM ACTajici, HMMEIONIYI0 MUHHMAJIBHYIO

CYMMAapPHYIO JUIMTEILHOCTb.

Iy In-1 . I

ACTaJIN CTaHOK

4 Nekums 10. 3aaaua kommumsosxepa. YacTb 1



Packpou pyJIOHHOT0 MaTepuaJja ¢ pUCYHKOM

LaHo GeckoHEUHBIH PYJIOH ¢ PUCYHKOM B 1M M pa3Mephl # KyCKOB

0<s;<1 —mavayno kyckaj, 0<f; <1 — xonen kyckaj. Hauano pyysona u konen
packpost — fj.

Hautu mnocnenoBatenbHOCTh OTPE3aHMS KYCKOB ¢ MUHMMAJIBbHOM JITMHOM HCIIOJIb-
30BAHHOTO MaTepuaa

— fi, ecmn s < f;

3amaya KoMMMBOsKepa 11 (n + 1)-ro ropoja.

s Ji ecnu s; 2 f;,
= I+s;
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AJITOPUTMHUYECKAA CJI0KHOCTH

3aAaaum pacnosHaBaHUA — 3aJa4u C OTBETOM «da» WIH «Hemy. [Ipumep: ecTh nn

B rpad)e raMuIbTOHOB LIUKJI?
Knacc NP — kiracc 3amad pacriosHaBaHHs, B KOTOPHIX MOJKHO IPOBEPHTH OTBET
«a» 3a NOJIMHOMUAIIBHOE BPEMSI.

NP-nonHbie 3aaaum — camble TpyAHbIe 3agaud B NP, TOo ecTh eclin CyliecTByeT

TOYHBIM MMOJTWMHOMUAJIBHBIA AJTOPUTM IS PEUICHUA OJHOM U3 HUX, TO CYIIECTBYET

TOYHBIN OJUHOMUAIBHBIN AJITOPUTM JUJIS PELIEHUS BCEX 3a1a4 u3 kiaacca NP.

NP-TpyaHbIe 3aaa4u — 3a1aui KOTOPBIE MOTYT He JexkaTh B NP, HO KOTopbie He

npoute NP-1oJHbIX.

Knacc P — knacc 3agau pacrio3HaBaHUs, KOTOPbIE MOXKHO PEIINTH ITOJTMHOMHUAIIb-

HbIM aJITOPHUTMOM.

TTpobnema P = NP? crout $1 mum. http://www.claymath.org/millennium/
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Teopema 1. 3anaua komMMuBoOsDKepa siBisercs NP-TpynHoii naxke B ciaydae, Kornaa
(C;j) — EBKIMIOBBEI PACCTOSHUA HA IUIOCKOCTH, TO €CTh MaTpHlla CHMMETpHYHA W

YAOBJICTBOPACT HCPABCHCTBY TPCYI'OJIbHHUKA

ci<ciptey ,1<i,j,k<n.

Teopema 2. Ecnu CymEecTBYET NMPUOJIMKEHHBIM MOJMHOMUAIBHBIA alIrOpuT™M A H

KOHCTaHTa 7, 1 < 7 < oo Takue, 4To I JIoOOro npumepa / 3aj1auu KOMMHUBOSHKEpa
BepHO A(]) <r OPT(I), To P = NP.

Bonpoc. Ocranercs nu BepHBIM 3TO yTBEp)KIEHHE MPU 3aMEHE KOHCTAHTHI 7 Ha

n, e p(n)

dyukuuu 2”°, e , TJI€ p(n) TpOU3BOJILHBIN ITOJIMHOM OT #7?
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Loka3atenbcteo. PaccMorpum NP—monHyio 3agady B raMHUIbTOHOBOM IIHKJIC: JTaH
rpadp G = (V, E), npaBaa Ji, 4TO OH COJIEP>KUT TaMUJIBTOHOB IUKJ? Ecin ycimoBus
TEOPEMBI BEPHBI U TaKU€ A W ¥ CYIIECCTBYIOT, TO MbI IIOJYYHUM TOYHBIM MOJIWHOMH-
aJIbHBIN aJrOPUTM PEILICHHUS 3aJaud O raMHJILTOHOBOM IuKJje. Ilo 3amanHomy rpady
G = (V, E) noctpouM mpumep 3aj1a4d KOMMHUABOSDKEPA, MOJI0KHUB
Cij:{l’ eclu (?]:)EE, —

nr, ecau (ij)¢ E,
[IppuMeHUM anroput™m A ¥ MOCMOTPUM Ha OTBET. ECiIM moay4yusiv UKIT JJIUHBI A, TO
rpad G, 0O4EBUAHO, COACPKUT TaMUILTOHOB ITUKII.

Ecnu nyivHa mukia 0oJjbliie #, TO OHAa HE MEHbIIE yeM n-r + (n — 1), Tak KaK BKJIFOYa-
€T BEC XOTS OBl OJHOIO U3 «TsKENIbIX» pedep. Ho B aToM ciyuae rpad G HE MOXKET
MMETh FaMUJIbTOHOB IIUKJI, TaK KaK alrOpuTM A olmbaeTcs He 0ojiee ueM B 7 pa3 U
OTBET B 3aJ1ay€ KOMMHBOSHKEpA HE JOJKEH NPEBOCXOAUTH -7, €CIM IaMHUJIBTOHOB
UK ecTh. MTak, anroputM A Bcerjaa aaeT NpaBWIbHBIM OTBET 1Jisi NP—moaHOH

3aJ1a4¥ U UMEET NOJIUHOMHUAIIBHYIO TPYJIOEMKOCTh, TO €cTh P = NP. W

8 Nekuus 10. 3aaaua kommumsosxkepa. YacTs 1



AJITOPUTMBI JIOKAJBHOI'0 CIIyCKA

IIyctb C — ramMmunbTOHOB UK. N(C) — OKPECTHOCTH MOJUHOMHAIBHON MOIIHOCTH,
T. €. YUCJIO JIEMEHTOB OKPECTHOCTHU MOJMHOMUAIILHO OTPAHUYEHO.

a b
d
BrioupaeM B C 1Ba HECMEXKHBIX peOpa M 3aMEHSEM MX JIPYTUMHU Tak, 4TOOBI CHOBA
MOJIYYMJICS TaMUJIbTOHOB IUKJ. Becero takux coceneit n(n—3) / 2.

TTpumepsbr okpecTHOCTeMW:

OKpECTHOCTh 2—3aMEHa

a b

C d

AHJIOTMYHO NOJyYaeM OKPECTHOCTH 3— 3aMeHa, 4—3aMeHa U T.J.
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CTaHJaApPTHBIA AJITOPUTM JIOKAJBHOI0 CMYCKA

1. Beiopats Cy) — HavaabHBINA IUKJI U BRIYUCIUTh ero mmHy F(Cy), i .= 0.
2. Havitn Hamnydmero cocena Ciyq asa nukna C; .
F(Ci1) = min {F(C) | Ce MC)) .
3. Eciu F(Cis) < F(C;), TO TON0XUTH [ ;=i + | 1 BEpHYThCS HA 2,
nHaue STOP, C; — JIOKQIbHBII MUHUMYM.

JlokanbHBIN CIIYCK MOZKCT HOTpe6OBaTB OKCIIOHCHIMAJIBbHOT'O 4YMUCJIa IIaros.

TTorpewHoOCTb NOKANBHLIX ONTUMYMOB

Teopema 3. Ilyctb 4 — aiaropuT™m JIOKaJIBHOTO CITyCKa U OKpecTHOCTh N(C) umeeT

MOJIMHOMHAJIbHYO MOIITHOCTB. EcCiu cymecTByeTr KOHCTaHTa », 1 < r < o0 Takas, 4To

1715 100010 rmpuMepa / 3agauu KOMMHUBOSDKEpaA CIIPaBEIJIMBO HEPABEHCTBO

A() <r-OPI(), To P=NP.
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Loka3atenbcTBo. (AHamoruyHo npeapiaymemMy) PaccMoTpuM 3agady B raMUIbTO-

HOBOM IIMKJIC M TOJIYyYUM TOYHBIN MOJUHOMUANLHBIN anropuT™M ee perieHus. CHoBa
o rpady G = (V, E) ctpouM MaTpuily

{1, eciu (ij) € E, n=lV|.

C..: .
’ nr, ecmu (ij)gE,

J

BeiOupaeM mnpousBojbHbIM 1ukia Cy. Ero mimHa B XyJlieM clydae paBHA
F(Cy)=(nr)n.

Ha xaxgoMm 1miare JOKaJIbHOIO CIyCKa YacTh «TSHKEIBIX PeOep» 3aMEHSAETCS Ha JIET-
kue. [Ipy caMmoM JJIMHHOM CITYyCKE OJHO «TSIPKEJI0e» peOpo 3aMEHSEeTCSl Ha OJHO JIET-
KO€. 3HAYUT YMUCJIO IIaroB (BO3BpAIlCHUU Ha M.2) HE NPEBOCXOAUT 7. Kaxkapii mar
MMEET MOJIMHOMUAIBHYIO TPYJIOEMKOCTh, TaK KaK OKpeCTHOCTh N(C) UMEET MOJIUHO-
MHAJIBbHYI0 MOIIMHOCTh. (CIeIOBaTENbHO, ANTrOPUTM A SBISAETCA IOJIUHOMHUAIBHBIM
U4 TAHHOT'O KJjacca MPUMEPOB M, KaK CIEAYyET U3 JOKA3aTEIbCTBA IPEAbIIYIICH

T€OPEMBI, A — TOYHBINK anropuT™M. 3Ha4uT P = NP. W
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IBPUCTHYECKHE AJITOPUTMbI

Anroputm A «Mau B 6nmxavlumia U3 HenpouaeHHbLIX ropoaoB>

1. BriOupaem npou3BOJILHBIN FOPO .
2. Haxoaum Onmxaiiiinii ropof K i, 0003Ha4aeM ero i, u IoMedaeM ropoJ i;:

= ming; ;

C. [ ]
l
J#i, 1/

L,

3. Ha k-M mare HaxoauMm OJIM>KaWIIUA TOpOJ K i, 0003HA4YaeM €ro ixr; U nomeya-
€M TOpPOJI I :

= min c¢; ;

C. .
Ll . . L]
JEL sl

Teopema 4. Jlns moOoro > 1 Haligercs npumep / 3a1a4u KOMMHUBOSDKEpa TaKOH,
4TO
Ag(l) = r OPT(I)
JaXe MPU YCIIOBUH, UYTO C;; < Cjr + Cyj, IS BCEX 1<i,j,k<n.
(CneactBue T€OpEMEI 27)
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Tpyaublii npuMep AJd ajaropurmMa Ag

Nmeerca 15 roponoB, pacIoJIOKEHHBIX HAa OKPYXHOCTH JUIMHOM 15 enuHwuI,
OPIT(I) =15.
ANTOpUTM A onyvaer 27 €AUHUIL;
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BepoATHOCTHBIM aHAJIOT aJIropurMa Ay

Anroput™ Agp(a), a> 1.
Ha k-M miare ¢hopMupyeM CIMCOK KaHAUJAaTOB
I ()= {j # ] eeeslf | Ci, <a mmn Cl'kj}
]ill ’oo-,lk
Crenyroniuii ropoy iy, BBIOMpAETCs U3 CIMCKA KaHIUIATOB CIyYaliHBIM 00pa3oM.

IIpn o= 1 nonydaeM anroputm «Mam B OJIMKaNIINAN U3 HEIPOKICHHBIX TOPOJIOBY.
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UrTepaniMOHHBIN AJITOPUTM

Anroput™  Ag( o) NPpUMEHSIETCS HECKOJIBKO pa3 U JJISI KOKAOTO PEIICHUS] UCTIOJIb3Y-
€TCs CTaHAApTHas MPOLEAYypa JOKAIbHOrO cinycka. JIydninii u3 HauJAEeHHBIX JIOKAJIb-

HBIX ONITUMYMOB MIPEABSBIISICTCS B KAUECTBE OTBETA.
1. Tlonaraem F = oo
2.For t:=1,....,T do
2.1. Ilpumensiem anroputm Ag( ) nu noaydaeM nuki Cy.
2.2. IlpuMeHsieM aliTOPUTM JIOKAJIbHOT'O CIYCKA C HaYaJIbHbIM pereHuem Cy.

2.3. Eciiy nmosty4yeHHBIN JTOKaJIbHBI MUHUMYM C; MEHbLIIE pEeKopaa, 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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OnTumanbHoe pellieHue 3aaaum ana n = 532
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PacctogHue oT nokanbHbIX onTumymoe Ao rnobanbHoro

900
800
700
600
500
400
300
200
100

0

200

300

400 500

17
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IHouck ¢ yepeaywmmumucs okpectTHocTaMu (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.

18
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Pe3ynbTaThl YMCNEHHBIX 3KCNEepUuMeHTOB

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
Cpenuee 1887,87 1768,67 285,63 24497

19
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AJITOPUTMBI ¢ TAPAHTHPOBAHHOM TOYHOCTBHIO

OctosHoe paepeso. [lan cBasHbl rpad G = (V, E), kaxxaoMmy pedpy e E npunucas

BeC W, > (0. Haiitu B G OCTOBHOE JIEPEBO C MUHUMAJILHBIM CYMMapHbIM BECOM pedep.

Anroputm Kpyckana Ax maer TOYHOE PEIICHWE 33aJa4d M HUKHIOK OILICHKY IS

3aa491 KOMMHUBOSKEPA.

Ax(I) < OPT(]).

(D10 mipocto ?!)

20 Nekums 10. 3aaaua kommusosxepa. Yactb 1



JIBoiiHOM 00X0 OCTOBHOI'O 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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IlepecTpouKa 0OCTOBHOIO /iepeBa

0 )
\\JZ——

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 5. Eciau Matpuna (c;;) yHAOBIETBOPSET HEPAaBEHCTBY TPEYIOJIbHHKA, TO

JITOPUTM MEPECTPONKHU IBOMHOIO 00X0/4a OCTOBHOTO AepeBa Agy nosrydaet ['aMuiib-
TOHOB IIUKJI HE 0OoJiee 4eM B 2 pasza XyxXe€ ONTUMaJIbHOrO i Jiro0oro npumepa [/
3aJ1a4 KOMMHBOSI)KEPA, TO ECTh

Asr (1) <2 OPT(D).
Loka3atenbcTso. /g MIMHB IBOHHOrO 00X01a HMEEM

2 Ag (I) < 2 OPT().

[Iycts HOBOE peOpo e, HE cojepskalleecs B ABOMHOM O00XO0JI€, 3aMEHSIET 1EHOYKY

pedep {ej, ea,..., e;}. I3 HepaBeHCTBA TPEYTOJIbHUKA CIEAYET, YTO

k
We <D W , To ecth Asr (1) <2 Ak () <2 OPT(]). ®
i=1
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Teopema 6. [lonyuyeHHas olleHKa TOUHOCTH
Asr (I) < 2 OPT(])
ABJISIETCS HEYIYUYIIaEMOM.

Hoka3atenbcteo. IlpuBenem mnpumep ceMEMCTBA HCXOAHBIX JAHHBIX 3aJa9M

KOMMUMBOAKEPA, HA KOTOPOM OIICHKA 2 HOCTHUTACTCA aCUMIITOTHYCCKH.

PaccMoTpuM clieayromnuii mnpuMep Ha IJI0CKOCTH ¢ 3(n +1) BeplnHamu:

E{® ®1l ¢
{o ° ° ° ° 0}

) 1 : r1-¢
. @ L o0 L ® o o /

\ 1Y J\_Y_IH—J \_Y_IHI_J

& l-¢ e 1€
G J
b
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Jl71s1 5TOrO NprMepa MUHUMAJILHOE OCTOBHOE AE€PEBO UMEET BU/IL;

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

AJITOpUTM NEPECTPOMKH ABOMHOIO 00X0/1a MOJTYYUT PEIICHUE

B

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

Takum oopazom, mpun — © U & —> 0 nonydaeM Asr (/) / OPT(I) > 2. N

YnpaxHeHue. Ecnu marpuna (c;;) yIOBIETBOPSAET HEPABEHCTBY TPEYTOJILHUKA, TO

CYILIECTBYET aJIrOPUTM HEPECTPOMKH JBOMHOIO 00X0Jia OCTOBHOIO JIEPEBa, KOTOPIH
nojaydyaeT ['aMUJIBTOHOB LMK HE Oojiee 4eM B 1,5 pasza Xyke ONTHUMaJIbHOIO JIJIs
mr000ro mpuMepa I 3a1auu KOMMHUBOSIKEPA, TO €CTh

Asr (D) < 1,5 OPT().
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