3agaya KOMMHBOSIKEpPa

Jana marpuna (c;;) MonapHeIX pacCTOAHUN MEXAy ropoaamu, 1 <i,j < n.

HauT KOHTYp MUHUMAJIBHOU JUIMHBI, TO €CTh LIMKJI, HPOXOIAAIINN YEPE3 KAKIYIO

BEPIIMHY POBHO OJIMH Pa3 U UMEIOIIUN MUHUMAJILHBIU BEC.

http://www.ing.unlp.edu.ar/cetad/mos/TSPBIB _home.html
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TpyaroeMkocTh MOJHOIO IEepedopa

daHTaCTUYECKUH KOMIIBIOTED: 1 xm
Ky0 co ctopoHoii 1 km.
1 kM

OnepatuBHass NOaMATb — KOJHYECTBO  STUEEK
pa3MeEpPOM B aTOM BOAOPOAA.
Bce omnepariun oOMeHa IPOXOIAT CO CKOPOCTBIO CBETA.

52 . %&:
[TpousBoauTeIbHOCTL — 107" onepamnuii B CEKyHIY.

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

st n = 100 momy4aem 10">2 OTICpaIni.

Bpemst cuera 10'” cexynan.

Ynpaxuenue. Ilpuaymarb aaropuTM JAUHAMHYECKOrO HPOrPaMMUPOBAHUS  JIJIS
pEIIeHHs 3a1a491 KOMMHBOSDKEPA ¢ TPYI0EMKOCThI0 O(n2").
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3agaum MapumIpyTU3aluA

J — MHOKECTBO KJIMEHTOB

K — MHOXECTBO IPy30BUKOB

O — Tpy30II0JbEMHOCTb I'Py30BUKA k€K ﬁ -« @

Jlekyua 8. 3adauya Kommueosxcepa. Yacme 1



CocraBjieHMe pacluCcaHUil HA OTHOM CTaAHKe

JlaHo n peranew M OOWH CTAaHOK, Cjj — JIJIMTCIIBHOCTh IEPCHANIaIKU CTaHKa JUIs

00pabOTKH j-¥ J€TaM MOCIIE i-k AeTalu, p;— JIUTEILHOCTE O0PaOOTKH j-i JeTallu.

HaiitTu  1mocieIoBaTelIbHOCTh OOpabOTKM JieTajeid, HMMEIOIIYID MHUHUMAaIbHYIO
CYMMAapHYIO JUIUTEIbHOCTD.

in in—l <o il

ACTAJIN CTAaHOK
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Packpou pyJIOHHOT0 MaTepraJjia ¢ pUCYHKOM

JlaHo OCCKOHEUHBIN PYJIOH C PUCYHKOM B 1M U pa3Mepsl 7 KYCKOB

0<s;<1 — Havano kyckaj, 0<f;<1 — xonen xKycka ;. Hauano pyynona u KoHeu
packpos — fy.

HauTu mociemoBareabHOCTh OTPE3aHUSA KYCKOB ¢ MUHUMAJIbHOM JUIMHOW MCIIOJIb-
30BAHHOTO MaTepuala

. s —Jis ecnu s 2 f,
Yo |\l+s; — f;, ecmm s; < f;

3ajmadya KOMMHUBOsDKEpa 11 (# + 1)-ro ropoa.
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AJITOPUTMHUYECKAA CJI0KHOCTh

3ajaun pacnmo3HaBaHUsA — 337a4U C OTBETOM «0a» WK «Hemy. [Ipumep: ecThb 1 B

rpade raMuIbTOHOB IIUKJI?
Kiaace NP — knacc 3amau pacrio3HaBaHusi, B KOTOPbIX MOXHO IPOBEPUTH OTBET
«1a» 3a MOJIMHOMUAJIbLHOE BpEMH.

NP-nmoJyiHbIe 3agauM — caMble TpyaHbIEe 3agauud B NP, TO €cTh e€ciu CylecTByeT
TOYHBIN MOJUHOMHUAIIBHBIN AJITOPUTM JUJISI PELICHUS OJHOW W3 HUX, TO CYLIECTBYET

TOYHBIM MOJMHOMHUAJIBHBIN AJITOPUTM JUJIS PEIIEHUS BCEX 3a1a4 u3 kiaacca NP.

NP-Tpyasblie 3aja4u — 3a71a4d KOTOpPbIE MOTYT HE Jiexkath B NP, HO KOTOpbIE HE
npoie NP-moiaHbix.

Kiaace P — kimacce 3amau pacrio3HaBaHusi, KOTOPbIE MOKHO PEIIUTh MOJIWHOMHUATb-
HBIM AJITOPUTMOM.

IIpobjema P = NP? ctout $1 miH. http://www.claymath.org/millennium/
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Kakmue U3 cjieaylomux yrBepKJIeHUH sIBJISIOTCSH BePHbIMHU?

1. Ecnu 3apada gBisierca NP-mOaHOM, TO HE CYHIECTBYET TOYHOTO ITOJMHOMHUAIb-
HOTO aJITOPUTMA JIJISI €€ PEIICHUS.

2. Ecnu 3agava saBisgercss NP-1iosHOM, TO MOKa HUKOMY HE YAAJIOCh HAWTU TOYHBIM

OJIMHOMHAJIbHBIN AJITOPUTM IJIsA €C PCIICHMS.

3. Eciiu 3amaua siBiasietcs NP-monHOM, TO MaJIOBEpOSITHO, YTO KTO-HUOYAb KOTja-

HUOYAb HAlJIET TOYHBIN ITOJUHOMHUAJIBHBIA aIrOPUTM IS €€ PEIICHUS.

4. Eciim HEKoTOpas 3anada sABJsieTcss NP-IoJTHOM, M yJacTCsl HAUTH TOYHBIA MOJIH-
HOMMAJIbHBIN aJrOpPUTM JUJIS €€ PEIICHMs, TO MPOBEpPKa rpada Ha raMUJIbTOHO-

BOCTb OyJIET IIPOCTOH (pa3peinmmMoii 3a MOJMHOMHUAIIBHOE BpEeMS )

5. Eciin nyist Hekotopoit NP-1ojiHON 3a7aumn OyAeT IOoJydeHa SKCIOHEHIHaIbHAas

HWXKHSA OLIEHKA TPYJO0EMKOCTH TOYHOIO petieHus, To P # NP.

-/- Jlekyusa 8. 3adavya Kommueosaxcepa. Yacmeo 1



Kakmue u3 ciieayomux jmarpaMmmM BepHbI?

a) 0)

NP-nonHble

OC)

NP-nonHble

NP
@

NP

NP-nonHble

Jlekyua 8. 3adauya Kommueosxcepa. Yacme 1



Teopema 1. 3amaua xoMmuBOsKEpa sABIsieTcss NP-TpyaHOM maxke B cilydae, KOrja
(C;j) — EBKIMIOBBLI PACCTOSHUA HA IUIOCKOCTH, TO €CTh MaTpHlla CHMMETpHYHA W

YAOBJICTBOPACT HCPABCHCTBY TPCYI'OJIbHHUKA

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

Teopema 2. Eciu cyliecTByeT NpUOIMKEHHBIN MOJIWHOMMAIBHBIA alrOpUT™M A U
KOHCTaHTa r, 1 < 7 < o0 Takue, 4YTO JJIs JI000ro nmpumepa [ 3ajauyd KOMMHBOSIKEpa
BepHO A(]) <r OPT(I), To P = NP.
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Joka3zareiabcTBo. PaccMoTrpuM NP—T0IHYIO 3aa4y B TaMUJIBTOHOBOM IIUKJIE: JaH
rpad G = (V, E), npaBaa ju, 4TO OH COJCPKUT raMUILTOHOB LUKI? Ecin yciaoBus
TEOPEMbI BEpHBI M TaKue A U 7 CYIISCTBYIOT, TO MBI IIOJYYHUM TOYHBIN ITOJTUHOMU-
aNbHBIA aITOPUTM PEIISHMS 3aaud O TaMUJIBbTOHOBOM Hukie. I1o 3amanHomy rpady
G = (V, E) nocTpoum npumep 3ajaud KOMMHUBOSKEPA, ITOJT0KUB
Cij:{l, ecin (?'].')eE, V.

nr, ecau (ij)¢ E,
IIpumMeHuM anroputMm A U MOCMOTPUM Ha OTBET. ECIu MOay4Yuiad MUK JJIUHBI 7, TO
rpad G, 04EBUIHO, COJICPIKUT FAMUILTOHOB LIUKIL.

Ecnm qivHa nukna 0oJblie 7, TO OHA HE MEHbIIIe 4yeM n-r + (n — 1), Tak Kak BKJIrOYa-
€T BEC XOTs Obl OJHOI'O M3 «TsHKebIX» pedep. Ho B aToM cinydae rpad G HE MOXKET
UMETh FaMUJIbTOHOB ITUKJ, TaK KaK alropuT™M A ommbaeTcs He 0oJjiee ueM B 7 pa3 U
OTBET B 3aJadye KOMMMUBOSIKEPA HE JOJLKEH NPEBOCXOAUTH A7, €CIM IaMUJIBTOHOB
UK ectb. MTak, anroputM A Bcerjga AaeT NpaBWIbHBIM OTBET it NP—momHOM
3aJ1a4YU ¥ UMEET NMOJIMHOMHUAIBHYIO TPYHJOEMKOCTh, TO €CTh P = NP. W
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AJITOPUTMBI JIOKAJIBHOI'0 CIIyCKA

IIyctb C — ramMmunbTOHOB UK. N(C) — OKpPECTHOCTbH IOJUHOMHAIBHON MOIIIHOCTH,
T. €. YUCJIO BJIEMEHTOB OKPECTHOCTU MOJUHOMHUAIBHO OTPAHUYEHO.

a b

1 d
BrioupaeM B C 1Ba HECMEXKHBIX peOpa M 3aMEHSIEM UX JPYTUMHU Tak, 4TOObl CHOBA
MOJIYYMJICS TaMUJIbTOHOB IUKJI. Beero takux coceneit n(n —3) / 2.

IIpuMepsbI OKpPECTHOCTEM:

OKpECTHOCTh 2—3aMEHa
a b

C d

AHAJIOTUYHO TTOJIy4YaeM OKPECTHOCTHU 3— 3aMEHA, 4—3aMeHa U T.]I.
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CraHaapTHbIA AJITOPUTM JIOKAJIBHOIO CITYCKA

1. Beiopats Cy) — HavanbHBIN UK U BBIYUCIUTH ero aauny F(Cy), 1 .= 0.
2. Hawtu Hannmyuamero cocena Ciyp s nukia C; :
F(Cip) = min {F(C) | Ce MC)) .
3. Ecmu F(Ci1) < F(C;), TO NONOXUTB [ :=1+ | 1 BEpHYThCA Ha 2,
nHaue STOP, C; — JOKaIbHBIN MUHUMYM.

JIokaIbHBIN CITyCK MOET MOTPEO0OBATH SKCIIOHEHIIMAIBHOTO YK CJIa 11aroB..

HOFpeIHHOCTI) JOKAJIBbHbIX OIITUMYMOB

Teopema 3. [IycTh A — alropuT™M JOKaIBLHOTO CITycKa U okpecTHOCTh N(C) umeer
MMOJIMHOMHAJIbHYIO MOIITHOCTB. Ecin cymecTtByetr KoHCTaHTa 7, 1 < 7 < oo Takas, 4To
115 Iro0oro npuMepa / 3aj1auu KOMMHUBOSDKEpa CIIPaBeIJIMBO HEPABEHCTBO

A(D) < r-OPT(I), 1o P = NP.
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Jloxka3zaTeabCcTBO. (AHAJTOrMYHO mpeapiaymeMy) PaccMoTpuMm 3amauy B raMuJIbTO-
HOBOM IIMKJIE U TIOJIYYMM TOYHBIN MTOJUHOMUAIIBHBIA AITOPUTM €€ pemeHuss. CHOBA
no rpady G = (V, E) ctpoum MaTpuily

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

BriOupaeM mnpousBojbHbIM 1Huka Cy. Ero pgomHa B XyJlmieM ciiydae paBHA
F(Cy)=(nr)n.

Ha xaxgoMm 1miare JOKaJIbHOIO CIyCKa YacTh «TSHKEJIBIX peOep» 3aMEHSETCS Ha JIET-
kue. [Ipu caMmoM JJIMHHOM CITYyCKE OJHO «TSXKEJI0e» peOpo 3aMEeHseTCsl Ha OJTHO JIeT-
KO€. 3HAYUT YMCJIO IIaroB (BO3BpallleHUM Ha I1.2) HE mpeBoCXoauT 1. Kakapli mar
UMEET MOJIMHOMUAUIBHYIO TPYJIOEMKOCTh, TaK Kak OKpecTHOCTh N(C) UMEET MOJIUHO-
MUAJIBHYI0 MOIIHOCTh. CJIE0BATENBbHO, AITOPUTM A SBJIAETCS MOJTMHOMHUAIBHBIM
I TAHHOTO KJlacca MPUMEPOB M, KaK CIEAYET U3 JI0KA3aTEJIbCTBA IPEABbIAYILIECH
TEOPEMBI, A — TOYHBIM AITOPUTM. 3HAYUT P = NP. B
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IBPUCTHYECKHE AJITOPUTMBI
Aaroput™m Ay «Aau B 0JIMKAUIIUNA U3 HENMPOUIEHHBIX FTOPOJI0B)

1. BriOupaem npou3BOJILHBINA FOPO .
2. Haxoaum Onmxaiiiiuii ropof K i, 0003Ha4aeM ero i, u moMedaeM ropoJi ij:

= minc; ;

C: :
l L]
j; il 1]

Ll

3. Ha /k-M mare Haxoaum OJM>KaWIIUKA rOpojl K iy, 0003HAa4YaeM €ro ixy| U momeya-
€M TOPOJ I :
= min ¢; ;

i Jj"
.. . k
JFEL eensly,

Cikik+1
Teopema 4. J[;1a mo0oro » > 1 HaigeTcs npuMep / 3aa4d KOMMHUBOSIKEpA TaKOM,

YyTO
Ag(D) > r OPT(])

JIaXKe MPH YCIIOBUM, YTO C;; < iy + ¢k, I Beex 1 <1, j, k<n.

-14- Jlekyua 8. 3adauya kommusosaxrcepa. Yacme 1



Tpyaublii npumMep ajaa aaropurmMa Ag

Nmeerca 15 ropoaoB, pacrioIOKEHHBIX HA OKPYXKHOCTHM JUIMHOWM 15 enuHu,
OPIT(I) =15.

Anroput™ Ag noaydaer 27 e1uHUILIL;
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BeposATHOCTHBIM aHAJIOT aJiropurMa Ay

Anroput™m Ag(a), a> 1.
Ha k-M miare ¢hopMupyeM CIIMCOK KaHAUJAaTOB
[ (a) :{j Z 1]yl |Cikj <a min Cikj}
J#El el
Crenyromnuii Topos ij+; BBIOMpAETCS M3 CIMCKA KaHIUIATOB CIy4aiiHBIM 00pa3oM.

IIpn o= 1 nonydaeM anroputm «Mam B OJIMKaNIINAN U3 HEMPOHICHHBIX TOPOIOBY.
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NrTepaniMOHHBIN AJITOPUTM

Anroput™M Ap( o) IPUMEHSETCS HECKOJIBKO Pa3 M JJId KaKJI0r0 PELICHUS UCIOIb3Y-
€TCsl CTaHAApPTHAs MPOLEaYypa JOKAIbHOr0O cnycka. JIydninii u3 HahuJAEHHBIX JIOKAJIb-

HBIX ONITUMYMOB MPEABSBISECTCS B KAUECTBE OTBETA.
1. Tlonaraem F = oo
2.For t:=1,..., T do
2.1. Ilpumensiem anroput™m Ag( ) n nonydaeM muki Cy.
2.2. IIpuMeHsieM aliTOPUTM JIOKAJIBHOT'O CITyCKa C HAaYaJIbHBIM pereHuem Cy.

2.3. Eciii mosty4yeHHBIN JTOKaIbHBI MUHUMYM C; MEHBLIIE peKopaa, T.€.

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

YeeauuuBas T u o, OyaeM moaydaTh Bce Oojiee U 00jIee TOUHBIC PEIICHUS.
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OnTuMajJbHOE peleHne 3a1auu 1A n = 532
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PaccrosiHue OT JIOKAJIBHBIX OITUMYMOB /10 IJ1002JI6HOI0

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

1. BreiOpath HauanbpHOE pemieHue C, nonoxuts F* = F(C), onpeaeauTb CUCTEMY

OKpecTHOCTEN N, ..., Nk.
2. Tloka HE BBITIOJIHEH KPUTEPHUM OCTAHOBKH, JIEJIATh CICAYIOIIEE:

2.1. Ilonoxwuts k ;= 1.
2.2. IloBTopsTh noka k < K:
2.2.1. Beiopats pemienue C’B okpecTHOCTH Ni(C) ciaydailHBIM 00pa3oM;

2.2.2. IlpuMeHUTH JIOKAIBHBIA CIIYCK C OKPECTHOCThO Ni, B3AB C’ B
Ka4eCTBE CTAPTOBOU TOYKH, U TOJNYYUTH JIOKAIBHBIN MUHUMYM.

Oo6o03HaunM ero C”;
2.2.3. Ecmu F(C") < F(C), To nonoxwuth C := C" 1 BepHYyThCA Ha 2.1,

UHAaYe MOJOXUTh k .=k + 1.
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Pe3y.m)TaT1>1 YUCJICHHBIX YKCIICPUMECHTOB

n

Jlydiiee HaWIECHHOE PEIICHUE

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 25477,43 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 TOYHOCTHIO

OctoBHOe nepeBo. [lan cBa3ublii rpad G = (V, E), kaxaomy pedpy e€FE npunucan

BeCc w, > 0. Halitu B G 0CcTOBHOE JIep€BO C MUHUMAaJIbHBIM CYMMapHBIM BECOM pedep.

Anroputm Kpyckana Ax AaeT TOYHOE PEIICHUE 3aJa4yd W HWJKHIOK OICHKY s

3a1a91 KOMMHUBOSKEPA.

Ax(I) < OPT(D).
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JIBoiiHOM 00X0/1 OCTOBHOI'O JiepeBa

OO0x0auM OCTOBHOE ASPEBO MO IpaBuiry ajaropurma «llouck B rmyouny». Ilomydaem
MapIIpyT, OPOXOAAIIMNA 4Yepe3 BCE BEPIIUHBI. JIMCThA MOCEMIAOTCS OAUH pa3, HO
BHYTPEHHUE BEPIIMHBI OCEUIAKOTCI HECKOJIBKO Pas.
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IlepecTpoiika OCTOBHOIO iepeBa

0 —~ D
\NZ———

D —> ,

I[BI/I}KCMC}I BAOJIb CTPCJIIOK H IIOMCYHACM BCPIIHNHLI. Ecnn oucpcaHasa BCPIINHA YKC

Q

N

O

ITIOMCYCHA, TO IIPOITYyCKACM €€ U IBHUI'aCMCA JAJIBIIC, IIOKA HC HaﬁHeM HCIIOMCYCHHY1O
BCPIIMHY HNJIN HC BCPHCMCI B IICPBYIO BCPIIMHY. HCHO‘IK}’ Ayr Al IIOMCYCHHBIX

BEPIIMH 3aMEHIEM NPSIMON AYTrOU B HEMIOMEUYEHHYIO WJIHU TIEPBYIO BEPIIUHY.
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O1eHKa TOYHOCTH AJITOPUTMA

Teopema S. Ecau marpuna (c;;) yAOBIETBOPSAET HEPABEHCTBY TPEYIONbHHMKA, TO

aITOPUTM MEPECTPONKH JBOMHOrO 00X04a OCTOBHOIO JiepeBa Agy mojrydaet I'aMuib-
TOHOB IIMKJI HE OoJjiee 4eM B 2 pasza XyxkKe ONTHUMAJbHOro s J00oro mpumepa [

33724 KOMMHUBOSKEPA, TO €CTh
Asr (I) £2 OPT()).
Jloka3zaTeabcTBO. 1 JIMHBI JBOMHOTO 00X0/1a UMEEM
2 Ax () £2 OPT().

IIycth HOBOE pPeOpoO e, HE coaep:Kalleecs B JBOMHOM OOXOJe, 3aMCHSET IICTIOYKY

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

k
We < D W, , 10 ecTb Asy (1) <2 Ak () <2 OPT(I). ®
i=1
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Teopema 6. [TomydeHHas oLieHKAa TOYHOCTH
Agsr (1) <2 OPT()

ABJISIETCS HEYITYUYIIaeMOM.

Joka3zareabcTBo. IlpuBeneM npuMep CeMencTBa HCXOIHBIX JAHHBIX 3aJ1a4d
KOMMMBOSIKEPA, HA KOTOPOM OILICHKA 2 JOCTUTAETCS ACUMIITOTUYECKH.

PaccMoTpuM cienyroniyi mpuMep Ha INIOCKOCTH ¢ 3(n +1) BeplInHaMu:

&l ® ® 1 ¢
{o ° ® ® ® 0}
1 1
3 r1-¢
\ [ N ) [ N ) [ N ) o O Qo /
g ~ JH_IH_/ H_IH_J
1 e l-¢ & l1-¢
NG ~ )
n
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J1J1s1 3TOTO IIpUMEpPa MUHUMAJIBHOE OCTOBHOE JE€PEBO UMEET BU:

I : : : I

JlnnHa octoBHOrO nepeBa Ax=n+(n+ 1)(1 — &) +2¢

AJITOPUTM NEPECTPOMKH ABOMHOIO 00X0/1a MOJTYYUT PEIICHUE

BN

Jlnuna storo I'amunbToHOBa MKNa Agr~ 2n+2n (1 — &)
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OnTtumansHoe pemenue 3agaud OPT(]) = 2n +2.

Takum oopazom, mpun — «© u &€ — 0 nonydyaem Agr (/) / OPT(I) > 2 N

-28- Jlekyusa 8. 3adavya Kommueosaxcepa. Yacmeo 1



Bomnpocel

o Anroput™M VNS MOKHO IPHUMEHSITH K JIF000H 3a/1aue KOMOMHATOPHOM ONTHMHU-
3aumu (/{a unu Hem?)

e AJITOPUTM JBOMHOrO 00X0Ja OCTOBHOIO J€pPEBa BCErJa OIIMOACTCS U HE MO-
KET 1aBaTh ONITUMAJIbHOE PEIICHUE ABYX KOMMUBOSIKEPOB (/{a uru Hem?)

e TeopeMy 6 MOKHO TOHMMATh TaK: JJIs 3aja4l KOMMHUBOSIKEPaA C HEPAaBEHCTBOM
TPEYTOJIbHUKA HEJIb3sl IIOCTPOUTH MOJHMHOMHUAIBHBIA aJrOPUTM C ITOTPEIIHO-
CTbI0 MeHbIe 2 ([{a unu Hem?)
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