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OO60CHOBBIBAIOTCS MEPBBIEC aJITOPUTMBI C KOHCTAHTHBIMU OLIEHKAMK TOUHOCTH JIJISI CEpUY aCUMMETPUYHBIX
ITOCTAaHOBOK 3a7a4 MapIIpyTU3alliu: 3a1a4d O IITEHHEPOBCKOM LIMKJIE, 3a1a4l KOMMUBOSTKEpa ¢ TIpu3a-
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TeJIbHBIM TIOCTAHOBKAaM AaCUMMETPUYHOIN 3amayd KOMMMBOSDKEpAa U IPOPBIBHBIE  Pe3yJIbTaThl
O. CBeHccoHa, . TapHascku, JI. Bera u B. Tpay6, V. BureHa B o6yactu 3¢ heKTUBHOI alIPOKCUMUPY-
€MOCTHU JaHHOI1 3a1a4u. AJITOPUTM IIJISI 3a/1a4M O MOKPBITUM Tpada orpaHMYEHHBIM YMCJIOM [IUKJIOB OTTH-
paeTcs Ha TEXHUKY, CBSI3aHHYIO ¢ OoJiee ITyboKoil Mogudukaiueit monxoma CeeHccoHa-Tpayo6.
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1. BBEAEHHUE

B crarbe mpuBeneHnl HemaBHUE aBTOPCKUE pe-
3yJIbTaThl B 00JIACTU TIOJJMHOMMAIBbHON aImpOKCH-
MUPYEMOCTU aKTyaJIbHBIX 3aJa4 KOMOMHATOPHOI
ONTUMU3ALIMHU, 3aJaHHBIX Ha peOEepHOB3BEIIEHHbBIX
OPUEHTUPOBAHHBIX Tpadax ¢ acCUMMETPUYHBLIMU
(GYHKIUSIMA TTOTEPH U SIBISTIOIIUXCSI 0000IIEHUSIMUA
KJIaccuueckmx 3amad KoMmmmuBosikepa (Traveling
Salesman Problem, TSP) [1] u MapumipyTuzaiuun
TpaHcriopta (Vehicle Routing Problem, VRP) [2].

Hccnenyemoe cemeiicTBO 3amad BKIodaeTr NP-
TpyAHbIE B CUJIBHOM CMBICJIE 3adaul, YCIIEIIHOCTb
MIPOEKTUPOBAHMS AJI1 KOTOPBIX TOYHBIX aJITOPUTMOB
C TTOJIMTHOMHUAJIBHOM TPYTOEMKOCTBIO BBUIY M3BECT-
HOIi runote3bl P # NP npeacTaBisieTcsi COMHUTE b-
HoM. [ToaToMy HanboOBIINIT UHTEPEC B 0OJIACTU aJl-
TOPUTMHUYECKOTO aHaJin3a NTAaHHBIX 3a1ad CKOHIICH-
TpUPOBAH BOKPYT METOJIOB, OCHOBAaHHBIX HA TOM UJIN
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WHOM KOMITPOMUCCE MEXIY ITPOU3BOIUTEILHOCTHIO
Y TOYHOCTBIO TTOJTyJdaeMbIX pEIIeHUI.

Hapsiny ¢ TpaaulinuoHHBIMU METOIAMU BETBJIEHUS
(branch-and-bound, branch-and-cut, branch-and-
price) [3], @BpUCTHKaAMU U MeTasBpuUcTUKamu [4], 3a-
METHOE MECTO CPeAy MOAXOA0B K aIrOPpUTMUUYECKO-
MY aHaJIU3y PTUX 3a]a4 3aHUMAIOT NPUOAUICEHHbLE aN-
eopummbt |5, 6], obramarolire almpUOPHBIMH Teope-
TUYECKUMMU OLIEHKaMM TOUHOCTU U TPYAOEMKOCTH.

ITo ompeneiieHNIO TIPUOIMKEHHBIM aJITOPUTMOM
C OLIEHKOI TOYHOCTH ((haKTOPOM amIpOKCUMAIINH)
o > 1 mag 3amayvd KOMOMHATOPHOM MWHUMM3ALUU
Ha3bIBACTCS MOJIMHOMMUAILHEIN aJTOPUTM, HAXOISI-
MU 11T TPOU3BOJIbHOM ITOCTAHOBKM 3adadM JIOITY-
CTUMOE€ peIllIeHUEe, CTOUMOCTh KOTOPOIO IPEBHIIIIAET
ee onTHUMajbHOE 3HadyeHUE He OoJjiee YeM B O, pas.
B o61iem ciyvae dakTop annpokcuMaluu o = o)
aBIIsieTcsT PYHKIIMENH OT pasmepa MCCIeIyeMOM Io-
CTAaHOBKU 3aJa4M (KakK IMpaBUJIO BEIpaXkaeMoro B Tep-
MMHAaX 4Kciia BepIINH COOTBETCTBYIOIIETo rpada 7).
ITosToMy 0CO0OTrO MHTEpEca 3acCIyKWUBAIOT KOMOM-
HaTOpHbIE 3aJa4yu, TPUHAIEXKAIUEe alMpOKCUMa-
OUOHHOMY Kitaccy APX, misi KoTopbIX 000CHOBaHO
CYIIIECTBOBAaHME TIPUOJMKEHHBIX aJITOPUTMOB C
(GUKCHUPOBAHHOM OLIEHKOI TOYHOCTHU O, = const.

Kak m3BecTtHO, Mempuueckue Bepcur OOJILIIMH-
CTBa KCCJIEAYEeMBIX HaMU 3aJa4d, MOCTAaHOBKU KOTO-
pPBIX 3aMal0TCSI HEOPUEHTUPOBAHHBIMU rpadaMu ¢
HEOTpULATEIbHBIMY (PYHKIIUSIMUA TPAHCIOPTHBIX 3a-
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TpaT, YIOBJIECTBOPSIONIUMUI HEPAGEHCMEY Mpeyeo.lb-
HuKa, 00J1aga0T TAKUMU TPUOJIMKEHHBIMU aJITOPUT-
Mamu. O00CcHOBaHME 3TOro (pakTa BOCXOOUT K KJIac-
cugecknM pesynbrataM H. Kpucrobnneca mn
A. Cepmiokona [7, 8] nys 3amauyn KOMMUBOSTKEpa 1
M. XaiimoBu4a 1 A. PunHoit Kana mj1st 3agayu mMapii-
pyTM3allM TPAHCIOPTHBIX CPEICTB OrPaHWYCHHOM
rpy3ononbeMHocTu (Capacitated VRP, CVRP) [9].

B 10 Xe BpeMst BOMpOC 0 BO3MOXHOCTHU MOJIUHO-
MUAJIbHOU amnmpOKCUMUPYEMOCTU aCUMMETPUYHBIX
IMOCTAaHOBOK MAapIlIPyTHBIX 3a/1a4 B KJlacce aJropuT-
MOB ¢ KOHCTAaHTHBIMU OlLIECHKaAaMW TOYHOCTU JOJITUE
roabl ocTaBajicsl OTKPHITEIM. Tak, BIIoTh 10 2018 T.
HAWJIy4YIIUM MO TOYHOCTH JIsI aCUMMETPUYHOM 3a-
ayn komMmuBostkepa (Asymmetric Traveling Sales-
man Problem, ATSP) cuurancs amroputMm [10] c
o = O(logn/loglogn). ITpopbIBHBIM pe3yJbTaTOM B
9TOM HampaBjJeHUM cTaja padora O. CBeHcCCOHa,
4. TapHaBcku u JI. Bera [11], B KoTOpoii ITpemioxKeH
MepBblii MPUOJMXKEHHBIM aJropuTM IS 3aJauyu
ATSP ¢ ¢puxkcupoBaHHBIM (haKTOPOM amIpoKcHuMa-
LIMU. YCOBEpIIEHCTBOBAHHAsI BEPCUSI 3TOTO TEXHMU-
YECKH CJIOKHOTO B OOGOCHOBAHUU U B PEATU3ALMY aJl-
ropurtma rpejacraniieHa B padore B. Tpayo u 1. Bu-
reHa [12] u uMmeeT OLEHKY TOYHOCTU 22+ € s
MPOM3BOJIBLHOTO € > 0.

B maHHOIT cTaThe MpUBEACHBI TEpPBBIE MTPUOIH-
>KEHHBIE aJITOPUTMBI C KOHCTAHTHBIMM OLIEHKAMM TOY-
HOCTH JIJIsSI CEpUM aCUMMETPUYHBIX TIOCTAHOBOK 3a1a4
MapIIpyTU3aLMU: 3aJa4i O INTEMHEPOBCKOM IIUKIIE,
3a7a4M KOMMMBOSDKEpA ¢ ITPpU3aMU, 3aJa4i O MTOKPhI-
THU Tpada OrpaHNYECHHBIM YMCJIOM LIMKJIOB U JIp.

B GonblIMHCTBE CBOEM IpEaIOXEHHBIE B padoTe
aJITOPUTMbI OCHOBAHBI Ha ITOJIMHOMUAJIBHOM CBEJIE-
HUU UCCIIEAYEMOI 3a1a4r K OJHOM WU HECKOJbKUM
BCIIOMOTaTeJIbHBIM ITocTaHoBKaM ATSP ¢ rmociemyio-
M TIpUMeHeHreM ajroputMa CBeHccoHa-Tpayo0.
WNnest nomoGHOro cBeaeH!sI, KOHEUHO XK€, He SIBJISIET -
Ccsl HOBOM U MpHUMEHsUIach B OoJiee paHHUX paboTax
(cM., Harmp., [16]). OgHaKO MOJyYeHHbIE aBTOpaMU
JIaHHOW CTaThU Pe3yJbTaThl OIEPEKAIOT U3BECTHHIC
10 TOYHOCTH AMIIPOKCHUMAIINH.

HckimoueHe COCTaBIIsAET alllpPOKCUMUPYEMOCTh
3a7a9M O TIOKPBITUM rpada orpaHUICHHBIM YHUCIOM
LIMKJIOB B Kjacce MOJUHOMUAIBHBIX aJrOPUTMOB C
buKcupoBaHHBIM (haKTOpPOM, OOOCHOBaHHME KOTO-
poii TToTpeboBano 6oJiee TTyOOKOM amanTalliy Moz -
xopda, ImpeajioxkeHHoro B padorax [11, 12].

IMonHbIe BepcMM MPENCTaBICHHBIX PE3YyJIbTaTOB
OITyOJIMKOBaHBI B HEJaBHMX paboTax aBTopoB [13—15].

2. 3AJIAYM O IUITEMHEPOBCKOM LIMKJIE
N CEJIbCKOM ITOYTAJIbOHE

3agaguMcsl TIPOU3BOJIBHBIM peOepHO-B3BEIIECH-
HBIM OpUeHTUPOBaHHBIM Tpacdom G = (V, E,c) c He-
OTpMLIATEJIbHOM BECOBOIl (PyHKIIMEN, yIOBIESTBOPSI-
IOILIEH HEPABEHCTBY TPEYTOJIBHUKA: IJIS1 TPOU3BOJIb-
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HbIX nayr (v,u), (u,w) u (v,w) CIIpaBELINBO
COOTHOILIEHUE
cv,w) < c(v,u) + c(u,w). (1)

B 3apaue o mreitHepoBckoM 1ukie (Steiner Cycle
Problem, SCP) TpeGyercsi moCTpouTh MMHUMAJb-
HBI MO BECy 3aMKHYTbIIA MaplIpyT, MOCELIaIni
BBIIEJIEHHOE MOAMHOXECTBO T C V' TepMHUHaJIbHBIX
BeplIMH. 3amadya OYEBMUAHO TpydHOpellaeMa, ITIO-
CKOJIbKY B YaCTHOM ciiydae npu |T| = n coBmaaaer ¢
KJIaCCMYEeCKOM 3amadeil KoMMuBosDkepa. B cBoio
oyepenb B TaAKXKe TPYIHOPELIAEMON 3a1a4e CeJIbCKO-
ro noytanboHa (Rural Postman Problem, RPP) He-
00XOIMMO TIOCTPOUTH 3aMKHYTBIII MapIIpyT MHUHU-
MaJIbHOM CTOMMOCTH, BKJIIOUAIOIINI KaXIylo Tep-
MUHAJIBHYIO NOYry W13 3aJaHHOro IOIMHOXECTBA
R c E. C nomombio n1o6asiaeHns (PUKTUBHBIX BEp-
IIIMH Ha AyTW 13 BBIIEJICHHOTO MOAMHOXECTBA U pa3-
JIeJICHUSI TPAHCIIOPTHBIX U3AEPXKEK MEXIY MHIYLIN-
pOBaHHBIMU AYraMKd BO3MOXHO OOOCHOBAThb CBEIE-
Hue RPP kx momxomsieit mocranoBke SCP [13] ¢
COXpaHEHMUEM CTOMMOCTH HOIYCTUMBIX PEIICHUIA,
YTO rapaHTUPYET aIllIPOKCUMUPYEMOCTb TaHHBIX I10-
CTAHOBOK C OJJHUM U TeM ke (haKTOPOM.

Teopema 1. Cywecmeosarnue O.-npuUbAUICEHHO2O
aneopumma 0ns 3adauu ATSP ¢ nepasencmeom mpe-
YeonvHUKa eaevem annpokcumupyemocms 3aday SCP u
RPP 6 kaacce O.-npubAuICeHHbIX NOAUHOMUANHBIX A1~
20pummos.

3. 3AJAYUN MAPIIIPYTU3ALINN
TPAHCITOPTHbBIX CPEACTB C
HEJEJIWMBIM CITPOCOM

3amaya MaplIpyTU3allMy 3aKII0YaeTcs B IMOKCKE
Habopa 3aMKHYThIX MapUIPyTOB MWHUMAJIbHOTO
CYMMapHOTO Beca IUISI UICHTUYHBIX 110 TPy30ITOab-
€MHOCTU TPaHCIIOPTHBIX CPEACTB, HAYMHAIOIIMXCS
Ha CKJIalie U YIOBJIETBOPSIOIIMX B COBOKYITHOCTHU
CIIPOC BCEX MOTPEOUTETICIA.

YcinoBrUe acCMMMETPUYHOM 3adayd MaplipyTh3a-
I C OTpaHUYECHUEM Ha IPY30IOABEMHOCTD U HEOI -
HOPOIHBIM OTpedbuTenbckuM crupocoM (Capacitated
Vehicle Routing Problem with Unsplittable Client
Demands, CVRP-UCD) 3agaercsa ynopsimoyeHHOI
napoii (G,D), tne G = (V,E,c,d) — B3BELICHHBIA
OPMEHTUPOBAHHBINM CUIBHO CBSI3HBIN rpad, B KOTO-
poM V = X U {0}: X — MHOXeCTBO noTpeduTesein u
{O} — cxnan, BecoBas dyHkuus ¢ : F — 7, onpene-
JISIET TPAHCIIOPTHBIE U3IEPXKKU U YIOBICTBOPSIET He-
paBeHCTBY TpeyronbHUKa (1), dyakuus d : X — 7,
3a/laeT MOTPEOUTENILCKUM crIpoc, a ) — rpy30moab-
€MHOCTb UMEIOIINUXCS B pACHOPSIKEHUU TPAHCTIOPT-
HEBIX CPEICTB.

JoImycTUMBIM MaplIIpyTOM B UCCIEAyeMOI 3anade
sBJIsIETCA yropsinoueHHas napa R, = (I1;,d,), B koro-
poit II; = 0, x;,...,x;,0 — uuK1 B rpade G , BO3MOX-

TOM 514 2023
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Puc. 2. lo6aBiieHue UKTUBHBIX BEPIIIMH Ha IyTy U pedpo.

HO, TTOCEIIAIOIINIf HEKOTOPhIE BEPIIUHBI 00JIee OMHOTO
pasa, d;: X —» 7, — dbyHKuus cripoca, YIOBJIETBOpPsie-
Moro B BepumHax I1;, Tak 4to dj(x; )€ {0,d(x; )} mns

J =1,/ 1 BBIMOJHSETCSI OTPAHUYCHUE HA TPY30MONb-
/
€MHOCTb Zdi(xij) < D. Bec (ctouMocTh) MapuipyTta
j=
R coBragaer ¢ CcyMMapHO# CTOMMOCTBIO BXOASIIUX B
Hero nyT. 3agaya COCTOUT B TIOCTPOEHUM MHOXKECTBa
JOIYyCTUMBIX MapuIpyToB S = {R,,..., R,;} MUHUMaJIb-
HO¥M CYMMapHOM CTOMMOCTH, YAOBJIETBOPSIONIUX CO-
BOKYITHBIN TTOTPEOUTEILCKUIA CITPOC.

Agropur™m 1

1. BergenuMm MHOXecTBO 7' V', comepxKaliiee mo-
TpebuTeseil ¢ HEeHYJIEBBIM CIIPOCOM M OCOOYIO BEp-

IuHy-ckaan 0.

NOKJIAIbI POCCUMCKOMN AKAJIEMUU HAVK. MATEMATUKA, MH®OPMATHUKA, TTPOLIECCHI YITPABJEHUS

2. I[TocTpouM mJis1 ucxogHoro rpaga 1 MHOXKECTBa
TepPMUHAJIbHBIX BEPIIUH 7' O -TIPUOJNKEHHOE pellie-
Hue C 3a1a4u O IITEMHEPOBCKOM LIMKJIE.

3. Omnpenenum paszbuenue nukiaa C Ha MakKCH-
MaJIbHO TOJIHbIE MO BKIIOYEeHUIO (parmeHTol U,
U,,...,U, 7 cregyomux 3a HAMU BBIIEJIEHHBIX MO-
TpebuTesei ¢ HeHyJeBbIM cripocoM O,,0,,...,0,,, TaK
YTO CYMMAapHBIN CITpOC BEPIINH B JTI0O0M U3 dpar-
MEHTOB pa3oueHus He rpeBocxogut D (puc. 1).

4. ITocTpoMM MHOXECTBO MapILUPYTOB R,,..., R, .,
KaK HaObOp KpaTyalilux UMKINYEeCKUX MaplIpyTOB,
KaXIbIi1 U3 KOTOPBIX COAEPKUT (hparMeHT UJIU BbIIE-
JICHHOTO TIOTpeOuTeNIsl U3 pa3dbueHus, yaoBIeTBOPSI-
€T UX OOIIMI1 CIIPOC U CONEPXKUT CKJIIA.

5. HaiipeHHOe cemeiicTBO MapuipyToB S =
={R,,...,R,,,} ©ICKOMOE.

ToM 514 2023
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Puc. 3. (a): moyueHme mpoToTuma xpedTta %B (BomHMCTas TUHMA) 111 S = {v1,v,}; (6): ckaTie nonMHoXecTs L € £ 3 n nony-

YeHMe 3MIepoBa MyJIBTUMHOXeCTBa peGep B rpade G' ¢ moMolbio (K, 1)) -aIroputMa; (B): pesysibrar npuMeHeHust A% rgp 11st
MHOXeCTBa L, ¥ IOTTOJTHEHNe pe3yabrata £ -1yTeM (ITyHKTUPHAs! JIMHUST).

B mmaHe mocTpoeHuUsI alTOpUTMOB C TapaHTUPO-
BaHHBIMU OLIEHKAMM TOYHOCTU IBOMCTBEHHAS IIJIsI
3aJauyyd MapuipyTu3aliu MOCTaHOBKAa — 3TO 3ajaya
o0xoma Iyr 1 pebep co CIpoCcoM Ha CMeIIaHHBIX rpa-
dax (Capacitated Arc Routing Problem, CARP) [16],
B KOTOpPOII TakxKe TpeOyeTcsl ITOCTpOUTh HAbop 3a-
MKHYTBIX MapIIpyTOB, OTBEYAIOIINX OrpaHUYCHUSIM
Ha Ipy30N0AbEMHOCTD U ITOJITHOCTHIO YIOBIIETBOPSIIO-
IIMX BeCh 3aJaHHbIi CIIPOC, HE pa3rpaHU4MBasI Tpe-
OOBaHMS MEXXIY TPAHCIIOPTHBIMY CPEICTBAMU B Iap-
ke. HeTrpyaHo moka3zaTts [ 13] ¢ moMoliibio rpeo6pazo-
BaHUSI MCXOOHOTO rpada, n1odaBJIeHUS (PUKTUBHBIX
BEpIIMH Ha AYTd U pedpa ¢ HEHYJIEBBIM CIIPOCOM U
pasaeaeHs TPAHCIIOPTHBIX U3AEPKEK MEXKITY MHIIM -
JIEHTHBIMU HOBBIM BeplIMHAM Ayramu (puc. 2), 4To
acmmMeTpuaHble ToctanoBK CARP 1 CVRP-UCD

JOKJIAJIbI POCCUMCKOW AKAJEMUU HAVK. MATEMATUKA, UH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUSA

SKBHUBAJICHTHBI, B pe3yJibTaTe 3amada obxoma IyT
MMEET TOT 3Ke KO3 PUIIMEHT arnmpOKCUMAaIINH.

Teopema 2. U3 cyuwjecmeosanus O,.-npubAUICEHHO20
aneopumma onss ATSP caedyem, umo

(i) anreopumm 1 cmpoum (300 + 2)-npubaudsxcenroe
peuterue 3adauu ACVRP-UCD;

(ii) 3adaua CARP ra cmewannvix epagpax obaadaem
NOAUHOMUANBHBIM NPUONUNCEHHBIM ANCOPUMMOM C TMEeM
Jce haKmopom annpoKcumMaruul.

OtMmeTtum, uto 3HayeHue 3o+ 2 gjiast CARP ¢ He-
PaBEHCTBOM TPEYroJbHMKA CYIIECTBEHHO YIy4IllaeT
MPEabIYyINNIA U3BECTHBIN pe3ynbTat 80, - (C +1) + 27
[16], tone C — 3TO KOJIMYECTBO KOMITOHEHT CBSI3HOCTHU
B rmoarpade, MHAYLIMPOBAHHOM AyraMy 1 pedpaMu ¢
HEHYJIEBbIM CIIPOCOM, a O, MO-TIpeXXHeMY, Koadhu-
OoueHT armrpokcumanm ATSP.

TOM 514 2023
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4. SAJAYA KOMMUBOAXEPA C [TPU3AMU

B pa6ote [14] o6ocHOBaHa MOJIMHOMUAILHAS aTl-
MIPOKCUMHUPYEMOCTh ACUMMETPUYHON 3amaur KOM-
muBostkepa ¢ npuszamu (Prize Collecting Traveling
Salesman Problem, PCATSP) B ki1acce aaroputMoB ¢
KOHCTAaHTHOM OlLleHKOI1 TouHOoCTU. IIpenmokeHHbIi
aBTOpaMy aJrOPUTM OMNMpPAETCs Ha IOJUHOMUAIb-
HOE CBeIeHME K BCIOMOraTeJIbHOM IIOCTaHOBKE
ATSP, monydaemMoii B pe3ybTaTe OKPYIJICHUS OIITH-
MaJIbHOTO peIleHUs BEIIECTBEHHOM pejlakcalluu uc-
XOOHOM 3aJa4yu.

3amaguMcs IIOJIHBIM OPUEHTUPOBAHHBIM rpagom
G = (V,E,c, ) c HepaBEeHCTBOM TPEYTOJIbHUKA OTHO-

CUTETHHO BecoBOi dyHKIMM ¢, T:V — R, 3amaer
mTpadbl 32 HEMoceneHUe A0MYCTUMbBIM MaplIpyTOM
BepiinH. Tpebyercss mocTpouTh Mapuipyr R =
i€ X, THe k = 0,n, 151 KOTOPOTO
CTOMMOCTbD C YYETOM 1ITpacdhOB MUHUMAJIbHA:

k
cost(R) = Dele)+ D, mv).
=1

VeV \{xy,- X }

= Xis€, X505 X;

OueBUIHO, YTO B YACTHOM CJIydae IIpu JOCTaTOY-
HO OOJIBIINX 3HAYECHUSX IITPadOB WIS BCEX BEPIIUH
3aJaHHOTO Tpada 3agaya KOMMHUBOSDKEpa C IpU3aMu
SKBUBAJICHTHA KJIACCUYECKOM 3a1a4ye KOMMUBOSIKE-
pa, Kak CIIeACTBUE, SIBISIETCS TPYAHOPEILIaeMOii 1axe
Ha eBKJIMIOBOM miockoctu [17]. B pabore [18] mns
METPUYECKOM MOCTAaHOBKU 3aJayM ObLI MpPeIjIoKeH

g—HpI/I6J'II/I}KeHHBH71 aJITOPUTM, UCTIOJIB3YIOIITUI UICIO

OKpPYIJICHUS IPOOHBIX pEelIeHU I pejlakcalliy 3a1a9u
LIeJIOUMCIIEHHOTO JJUHEeTHOTO MpOorpaMMHUPOBaHUS U
anroput™ Kpucropuaeca—CepaiokoBa Oj1s1 MHIYLI-
poBaHHOI MeTpudeckoir TSP B KauecTtBe “yepHOro
sika”. Bocmonb3dyeMcsi aHaJIOTMYHBIM TOAXOA0M
IIPU IIOCTPOEHUM aJITOPUTMA C KOHCTaHTHBIM (haKTO-
pOM amnmpoKCUMAalUU [Jisg OOIlleil MOCTaHOBKU
PCATSP.

PaccMoTpuM  BcmioMorartejibHYylO  MOCTaHOBKY
PCATSP,,,, ¢ IOMOIHUTEIbHBIM OTPAHUYECHUEM: TTPO-
WU3BOJIbHBIN JOMYCTUMBIIA MaplIpyT MPOXOAUT Yepes

R=

BepLUMHBI {i, v} C V. Jlerko BUIETh, UTO ONTUMYM UC-
XOIHOM 33aJa4d COOTBETCTBYET MUHUMYMY CpPEIM pe-
IIEHU#T BCEBO3BMOXHBIX MOocTaHOBOK PCATSP,, ,, nmn
3HAYCHMUIO LIEJIEBOM (PYHKIIUU IJIST “ITyCTOro” Mapii-
pyta R.,,, HC MOCEIIAIONIETO HU ONHOW BEPUIMHBI.
Hast PCATSP,, ,, ucrnosnb3yem CIIEAyIoIyio MOJelb

3aJ1a4y LIeJI0YHUCIIEHHOTO JIMHEMHOIO MPOrpaMMUpPO-
BaHUS:

min c,x, + ) ,(1-,) Q)

e =
x(@ (W) = x(& (W) (we V), (3)
xS =2V Sniuv)=1), 4
x(8(S)) = 2y, (S cV\lu,v}, we S), (%)
x, €2, y,€{0,1}, (6)
Yo =¥ =1 (7)

orpanuueHus: (3) oOecrneyumBalOT 3MJIEPOBOCTH, a
(4), (5) — cBI3HOCTb MHAYLIMPOBAaHHOTO TToArpada, B

CBOIO OUepenb y, YKa3blBaeT, MOCeIIaeTCs JIM BepIn-
Ha v € V' IOIyCTUMBIM MapIIpyTOM.

AJaropurm 2

1. ConoctaBum ucxonHoii 3amaue PCATSP cemeii-
CTBO BCIIOMOTaTENbHBIX MOcTaHOBOK PCATSP,, ,, st
BCEBO3MOXHBIX {1, v} C V.

2. JIng Kaxmou 3agauyv M3 ceMeicTBa Hangem
(X,¥)y,, — ONTUMAIbHOE pEIIeHHUEe COOTBETCTBYIO-
et PCATSP,,, BellecTBeHHOI penakcaiuu ¢
OTPaHWYEHUSIMM B BHIE HEpaBeHCTB x, =0 U
0 < y,, =< 1. Boimenium mHoOXecTBO BepuiuH 7;, ,, CV/,

IJId KOTOPBIX 3HAYCHUA _)_/ HC MCHEC

, 1 HAaJIEM
o+1
o-npubnkeHHoe pemenue R, ., 3anaun ATSP Ha

UHIyIMpoBaHHOM noarpade G[T,, ,,]-

3. Pemntenue onpenensieTcst CASIYIOIINM COOTHO-
LIeHUEM

arg min{cost(R,, ,,)}, ecnu min{cost(R,,,,) + an},

wev )

R..,, B IPOTUBHOM cCJly4ae.

Teopema 3. Areopumm 2 nHaxooum (o + 1)-npubau-
acennoe peuterue 3adayu PCATSP.

JJ1g TIepevrcIIEeHHBIX BhIIIE PE3yIbTaTOB UCIIOIb-
30BAaJiCd MOAXO/I, OCHOBAHHBINM Ha IMTOJTMHOMUATLHOM
CBEIEHUM MCCIeNyeMoil 3amayn K OOHON WM He-
CKOJIBKMM BCITOMOTaTeIbHBIM ITOCTAHOBKAM 3aJauu
ATSP. Tlpn mocTpoeHWM anTopuTMa IS 3aJadd O
MOKPHLITUM Tpacda OrpaHUUYEHHBIM YUCIOM IUKIIOB

NOKJIAIbl POCCUMCKOMN AKAJJEMUU HAVK. MATEMATUKA, MH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUS

obpaTuMcs K OoJiee MIyOOKOM amanTaluu MOaXona
CseHccoHa-Tpay0.

5. 3AJAYA O ITOKPBITHUHU I'PADA
OT'PAHUYEHHBIM Y1 CJIIOM IIUKIIOB

3amaya 0 MOKPHITUM MMHUMAJbHOW CTOMMOCTU
rpacga He 6ojiee yeM k nukiamu (Minimum-weight
k-Size Cycle Cover Problem, Min-k-SCCP) saBuser-
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Cs1 U3BECTHOI KOMOWHATOPHOM 3amayeii, 3aHUMAalo-
el “ImpoMexXyTOuHOe” MOJIOXKEHUE MEXIY ITOJIU-
HOMHJAJIBHO pa3pelInMoii 3agadeii 0 Ha3HAYCHUSIX U
NP-TpynHOIi B CHIIBHOM CMEICJIE 3adauyeii KOMMUBO-
stxepa. Kak nsBectHo [19], cummeTpruyHast Bepcusi 3a-
JIa4 IIPY IIPOM3BOJIBHOM (PUKCUPOBAHHOM K HaClIeIy-
€T aIlpoOKCHUMAalIMOHHbBIE CBOiicTBa 3amauu TSP:

— anMmpoOKCUMUPYEMOCTh 3a/1a4/ B OOIIIEM cliydae
¢ (hakropom o = €(2") Biever paBeHCTBO P = NP,

— METpUYECCKasd IMTOCTaHOBKa 3adadyM OOITyCKacT
arfrpoKkcuManurio ¢ KOHCTaHTHBIM (l)aKTOpOM;

— B KOHEYHOMEPHBIX YMCJIOBBIX MPOCTPAHCTBAX
buKcupoBaHHOI pa3MEpPHOCTH 3amada alpoOKCH-
MUpyeMa B Kjacce MOJUHOMUATBHBIX TPUOIMKEH-
HBIX cxeM (PTAS).

O06paTtuMcs K aCMMMETPUIHOM ITOCTAaHOBKE 3a/1a-
4u, yCJIIOBUE KOTOPOI 3aaeTcsl yIopsiAioueHHO na-
poii (G,c), tne G = (V,E) — OpUEHTUPOBAHHBII
rpad, B KotopoM |V| > k, a CTOUMOCTH mepeMele-
HUS 110 TIPOU3BOJIBLHOM iyTe e = (i, V) ONPEAesIIoTCs
BecoBoil hyHKIMeE ¢ : £ — R, , yioBieTBopsitoLei
HepaBeHCTBY TpeyroabHuka (1). TpebyeTcs mocTpo-
UTb OCTOBHBIN 3i11epoB noaMyJsTUrpad 6e3 n3oau-
poBaHHBIX BepiivH (V, F') € G MUHUMAJILHOW CTOU-

MocTH ¢(F) = ZCExe, YHCJIO KOMIIOHEHT CBSI3HOCTHU
ecF
KOTOPOTO HE NMPEBOCXOIUT K. 30ECh U HUXKE UCTIOJb-

3yeM X, U151 0003HAYEHUSI KPATHOCTU BXOXIECHMUS 1y-
T4 e B MYJIbTUMHOXECTBO F .

INpennaraeMblii MOAXOO OCHOBAH Ha IOCTEIOBA-
TEJIbHOM CBEICHUU HCXOMHOM MOCTAHOBKU K all-
IIPOKCUMALIMM BCIIOMOTAaTeIbHBIX 3a7a4, IEPBYIO U3
KOTOPBIX JOTOBOPUMCSI HA3BIBATh CHEUUAAUSUPOBAH~-
noil 1 o6o3Hadath Min-k-SCCP,. Ycnosue 3amaun
Min-k-SCCP, 3anaerca xoprexeM (G,c,S), rae
S cV,|S| = k,aMHOXeCTBO MOTTYCTUMBIX PEeIICHUI
CTECHEHO JOTMOJHUTEIbHBIM OTPaHUYCHUM: KaxKaast
KOMITIOHEHTa CBSI3HOCTU NPOM3BOJBHOTO HOIYCTH-
Moro noarpada IojKHAa UMETh HEITyCToe Iepecede-
HUE C TOAMHOXECTBOM 5.

Jlemma 1. Jlis npoussonvHoeo @ukcuposanHoeo

k > 1 annpoxcumupyemocmo 3adauu Min-k-SCCPy 6
Kaacce NpuOAUICEHHBbIX AA2OPUMMOE C (PaKmopom
o = 1 eaeuem noAuHOMUAAbHYIO ANAPOKCUMUPYEMOCb

3adauu Min-k -SCCP ¢ moii sce ouerKkoil mouHocmu.

Bocnoab3yeMcsl cTaHIapTHBIMUA 0003HAYECHUSIMU

S'W)={(v,u)e E:veU,ug Und(U)=8§W\U)
TSI ICXOISIIIIETO M BXOOSIIIETO pa3pe30B, MOPOXKIae-
MBbIX HEMYCThIM IoAMHOXecTBOM U C V', U uX 00b-

enuHeHus d(U) = 8" (U) U § (U). B uactHOM ciryyae
U = {v} nmoroBopuMcsl MCNOJIB30BaTh COKpPAIICHUE

&(v) = d({r}).

JOKJIAJIbI POCCUMCKOW AKAJEMUU HAVK. MATEMATUKA, UH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUSA

3armmmem 11 3agadn Min-k-SCCP cnenyto-
LIIYIO MOZENb LIEJIOUYMCIEHHOIO JIMHEIAHOTO IMporpamM-
mupoBaHus (ILP-Monenn):

min Z(:exe )]

x@ (V)= x(@ (1) =0

x(dU)) =2
(@2UcV\S)vU ={u:uecl)),

(ee E).

veV), (10)

(1)

x,eZ, (12)

3neck neneBas GyHKIMS (9) BeIpaxkaeT CTOMMOCTh
rckoMoro roarpada, orpanuueHue (10) rapaHTUpy-
€T ero 3iIepoBOCTh, a orpannyeHue (11) obecreun-
BaeT OTCYTCTBHE M30JIUPOBAHHBIX BEPIINH U BBHIIIOJ-
HEHUE OrpaHUYEHUST HAa YMCJIO KOMIIOHEHT CBSI3HO-
ctu. JIoroBOprMCS UCIOIb30BaTh 0003HaYeHUsT P u
9) 1S BellleCTBEHHOI pellakcalluy JAaHHOM MOIETN 1
JIBOMCTBEHHOM K HE¥ 3aJadyy JUHEUMHOTO Mporpam-
MUPOBaHUSI.

I1o ananorum ¢ mogxomoMm, IIPEMIOXEHHBIM B pa-
ootax [11, 12], cBemem pajiee 3agady MOCTPOCHMUS
MPpUOIKeHHOTO ajiroputMa uist 3anauv Min-k-SCCPg
K almpoKCUMALIUN CUAbHO AAMUHAPHbIX TIOCTAHOBOK
JTaHHOW 3amadu. YCJIOBHE CHMJIBHO JJAMWHAPHOM IO-

cTaHOBKM 3amaun Min-k-SCCPg 3apmaercsa Kopre-
xem $ = (G, 4, k,S,x,y), te:

G = (V,E) — ciJIbHO CBSI3HBIIA OPUEHTUPOBAH-
HBIH rpad, |V]> k;

S — k-31eMeHTHOE ITOAMHOXECTBO V' ;

¥ — namuHapHOE ceMeiicTBo! MoIMHOXeCTB V\S,

IUISE KaXKI0Oro 3jieMeHTa [ KOTOpOro MHAYLUMPOBaH-
Hbli1 oarpad G[L] cuabHO CBSI3€EH,;

x : F — R, — nomnyctMoe perieHue moacrucTeMbl
(10)—(11), yooBieTBOPSIOLIEE COOTHOILEHMIO x(&(L)) =
=2 npu KaxiaoMm L e &£;

y — otobpaxenune & — R,.

M3 xiaccuyecKrx COOTHOIIEHUIA ABOMCTBEHHO-
CTU CJIEAYET, YTO IIPOU3BOJIBHBIN KOPTeX S MHAYLI-
pyeT MocTaHoBKY (G, ¢,.S) 3agaun Min-k-SCCPy, Be-
coBasi (byHKIIMSI ¢ KOTOPOI 3a7aeTCsl COOTHOIIIEHEM

e=tl= Y, y (eck),

Le%:ecd(L)
a ONTUMAJIbHOE 3HAYEHUE BELIECTBEHHOU penakca-
umu P ,,, M IBOMCTBEHHOI K Hell 3a1auy JINHEHOTO
MporpaMMupoBaHusi 9,,, — COOTHOLIEHUEM

I CemeiicTBO monMHOXeCTB ¥ Ha3BIBAETCH JTAMUHAPHBIM, €CIH
IUISE TIPOU3BOJIBHBIX A, B € & BBIMOJIHSIETCS OIHA U3 TPEX allb-
TepHaTVB: AC B,BCc Aunu AN B=.
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=Y ex, = Y 2y, = OPT(D,,,).

ecE Le¥

(13)

Jlemma 2. Ilycmob 0as Hekomopoeo o, = 1 cyuwecmey-
em NOAUHOMUANBHbLI AA20PUMM, CONOCMABAAIOULULL
NPOU3BOAbHOLI  CUAbHO — AAMUHAPHOU — NOCMAHOBKE

$=(G,4,1,8,x,y), | <k npubnuxcennoe peuwenue,

CMOUMOCMb KOMOP020 He NPesocxooum ocz c,x,. To-
ecE
2da 0aa 3adauu Min-k-SCCPg cywecmeyem noauro-

MUAABHBLI ANOPUMM, HAXOOAUWUL 04 NPOU3B0AbHOIU
nocmanosxu (G,c,S) donycmumoe peuiernue cmoumo-
cmu c¢(F) < o - OPT(P).

TakuM 006pa3oM, anMmpPOKCUMUPYEMOCTh HCXO-
Hoit 3amauu Min-k -SCCP Hamu penynpoBaHa K 3a-
Jlaye MOCTPOCHUSI IPUOJIMKEHHOro ajJropuTMa Ijis
CUJILHO JJAMUHAPHBIX IOCTAHOBOK 3ama4u. J1Jist oru-
CaHUs BTOTO aJITOPUTMA HaM MOTpedyeTCs HECKOb-
KO JIOITOJIHUTEJIbHBIX ONpeIe/IeHUi 1 0003HAYCHUIA.

Hyctb u,ve Vu We £ U{l} — MUHUMAIbHOE
MO BKJIIOUEHUIO MHOXECTBO, colepxaliiee o0e Bep-
wrHbl. [Tyt P, ,, COEMMHSAIONIMIA BEPUIMHbBI & U V B
CuJIbHO cBsI3HOM Toarpade G[W'] rpada G u noce-
AUl Kaxnoe monMHoOXecTBo L € & He Goiee
OOHOro pasa, HasbiBaeTcss & -nymem. BecoBoii xa-

paktepucTukoit £-nytu B,, Mexny BepLIMHAMU

z 2y; .

u,v € W HazoBeM BenMuuHy Dy, (u,v) =

Le&:LcW,
LNP, 2D
LHuamempom muoncecmea WHazoBeM Benmyuny Dy, =
= max Dy, (u,v).
uyveW

Xpebmom HazbIBaeTCsl CBI3HBIN 3IepOB MYJIbTU -
noarpad B < G, BkotopoM V(B) N L # & nist ipo-
u3BoibHOTO Le £, ={Le £ :|L| > 2}. Ynopsino-
yeHHYyI0 T1apy (¥, B) Ha30BeM gepmebpanbHOI.

Bcnien 3a pa6otoii [12] (k,m)-ajroputrMoM s
MPOU3BOJIBHBIX K,T = () TOTOBOPUMCS Ha3bIBaTh aJl-
TOPUTM C TOJVMHOMUAIBHON TPYLOEMKOCTBIO, JI0-
CTpavBawIluii XxpebeT B TMpPOM3BOJBLHON BepTe-
opanbHOi TTapsl ($, B) Mo CBA3HOTO ditepoBa MomI-
myabTurpada (V, E(B) U F'), Tak 4TO

¢(F") < xLP($) +1 2V
veV\V(B):{vie s

rae LP 3amaercs coorHoteHueMm (13).

Jlemma 3. /[na npouseoavhoix k > 1, € > 0 u kaacca
eepmebpanvhbix nap ($,B), ede $ = (G, <L, k,S,x,y) —
CUABHO AAMUHAPHAA hnocmaHoeka 3adauu Min-k-
SCCPg u B — npoussonvHulii xpebem, cooepicaujuli
noomuoxcecmeo S, cyujecmeyem (K,M)-a1eo0pumm npu
K=2umn=14+e¢.

NOKJIAIbl POCCUMCKOMN AKAJJEMUU HAVK. MATEMATUKA, MH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUS

IlepeiineM K onMcCaHUIO aJAropuTMa IJis CHJIBHO
JJaMMHapHO# 1moctaHoBku Min-k-SCCPg. B kaue-
CTBE MapaMeTpPOB BBICTYMAIOT (K,T))-JITOPUTM, NO-
CTpaMBawIuii XpebeT B IO OCTOBHOIO CBSI3HOTO
siinepoBa roarpada, n anroputM CBeHccoHa-Tpayo

A rgp TSI TTIOUCKA MPUOTVKEHHBIX PEIICHUI BCTIO-
MOTaTeIbHBIX CWJIBHO JIAMUHApPHBIX ITOCTAaHOBOK
ATSP, Ha BBIXOIIe aITOPUTM CTPOUT CBSI3HEIN 3iiIe-
pos noamyinwstTurpad (V, F) rpada G . OcHoBHas unes
3aKJII0YaeTCsl B TIOCTPOEHUM COOTBETCTBYIOIIEH HC-
XOIHOM MOCTAaHOBKMU $ BepTeOpabHOM Maphl, B KO-
TOPOI BCE BEPIIMHBI 13 MHOXECTBA S IIPUHAMIEKAT
XpeOTy, IPUMEHEHUU K IIOCTPOEHHOM mape (K, 1) -aj-
ropuT™Ma, B Cly4yae, €CJIM pPe3yJbTUPYIOIIUN MomI-
MYJIBTUTpa(d HE SIBISICTCS OCTOBHBIM U 3IJIEPOBBIM,
JIOTIOJITHEHUM €r0 BCIIOMOTaTeJIbHBIMU MapIIpyTaMu

u & -myTaMu.
Anaroputm 3
1. [TocTpouM 3aroToBKY xpebTa 95 .

1.1. BetoepeM Takue u*,v* € V', nyist koropsix Dy, =
= Dy (u*,v*), ¥ IOCTPOUM TIYTb F,. .

1.2. IlpoHyMepoBaB IIpOM3BOJBHLEIM 0OOpa3oM
BEPILUMHBI 3aJaHHOTO MHOXECTBA V,...,V, € §, TO-
crpouM & -nytu P.,,P ..., P, , N IOIy4NM 3aro-
TOBKY xpe61a B = Fu s U B, UP, , ...UP, . 1y-
TEM MOCJ/IeIOBaTeIbHOIO OObEAMHEHUS ITyTei (puc. 2).

2. [IpoBepum, nocemaet i 9B Bce MHOXKECTBA U3

JaMuHapHoro cemeiicta L € £_,. Ilycte £5 — ce-
MEMCTBO MaKCUMaJIbHbIX IT0 BKJIIOUEHUIO MHOXECTB

Le %_, cpenu Tex, 4TO OCTAINCh HEMOCEIEHHBIMM
noarpadpom RB. Ecnu £ = I, mapa ($,RB) saBnsercs
BepTeOpaibHOM. [IpuMeHuB K HEW (K, T))-aJroOpuTM,
MOJy9MM MYJIBTUMHOXECTBO Oyr F'" u mepeiimem K
3aBeplaionieMy mary 7. B mpotuBHOM cirydae mpo-
JIoJKaeM BBIYMCJIEHUS C 11ara 3.

3. Chopmupyem BepreGpaiabHylo mapy ($',%B).
st aToro nepeiineM K HOBOIT TTOCTaAHOBKE

‘%' = (G',g" k’ S’ x" y')

nyTeM cxkartusi kaxnoro L e £5 B COOTBETCTBYIO-

Y10 TOTOJTHUTEIbHYIO BepIIMHY v,. B pe3ynbraTte
TaKoOTO TTpeoOpa3zoBaHus MoyyaeM HOBBIN oprpad

G=[mcriv| Uwl|-E\ EL,

LES}@ Leﬂfga LESf@

HOBOC€ JIJaMMWHaApHOC CEMEMCTBO

£E'=§B\{Le§£:(EIU€§B%:LQU)}U{VL},

Le¥y

He BKJIloYalolliee MHoxecTBa L € £ 5 1 UX MOIAMHO-
>KECTBA U JOIIOJTHEHHOE CUHITIETOHAMMU {v; }.
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OmpenennM x' KaK x Ha MHOXeCTBO nyT rpada G,

a IBOMCTBeHHbIE TepeMeHHbIe y' : &' — R, 3amagum
CIEOYIOIIUM 00pa3oM:

.|y, eecmmLe £NEy
i yo+D,/2,

ITo mocTpoeHmto ($',9B) — BepTeGpaTbHas mapa.

B IIPOTUBHOM CJiy4dac.

4. IlpuMeHUM (K, 1)-JITOPUTM K BEpPTEOPATbHOMI
mape ($',98) ¥ mosyduM 3iJIepOBO MYJBTHUMHOXE-
CTBO pebep F' Brpade G' (cM. puc. 2).

5. Bepnemcs x noctaHoBke $. [IpuMeHUB anro-
put™ A% 75p, TOCTPOUM MPUOIMKEHHOE pELICHUE
3amauyd KOMMMBOsDKepa UISI Kaxaoro Ioarpada
G[L], MHOyIMPOBAHHOIO MNPOM3BOJbHBIM MHOXE-
ctBoM L € £z, MHOXECTBO Ayr KOTOPOrO Ha30BeM
F,. [Ins coxpaHeHUs 2JIEPOBOCTA OKOHYATEIbHOTO
penieHus nonoaHuM ero & -niytsimMu P, (cM. puc. 2).

Kogé/ll{)eCTBO BBI30BOB aroput™Ma A * ¢, paBHO | £ 5| =
= n).

6. O6’be,E[I/IHI/IM BCE€ ITOJYYCHHBIC MYJIBbTUMHOXKEC-

crBaB F" = ( U @& v PL)] U F'.

Leéf@
7. lonoxxum F = E(RB) U F".
PesynbraToM pabOTHI ajJiropuTMa SIBIISIETCS Diie-
pos noarpad (V, F).

ITo nocTpoeHuto, AJITOpUTM 3 HaAXOAUT NOITYCTU-
MO€ pelleHue sl 3aJaHHOU CUJIBbHO JIAaMWHAPHOU
MTOCTAaHOBKM $ 1 06J1amaeT MOJIMHOMUATBHOM TpyI0-
eMKOCTbhI0. BepxHsisl olleHKa ero akTopa ammpok-
cUMalluy MpUBeJeHa B ClIeayollelt JeMme.

Jlemma 4. [lycmo 0as 3a0annbix K, = 0 cywecmey-
em (K,M)-areopumm &ﬁ(m). Toeda ons npou3eonvHoIl
cunvHo aamurnaproii nocmanosku Min-k-SCCPg aneo-
pumm 3 Haxooum 3a NOAUHOMUAALHOE 8PEMS peuleHue
WV, F) cmoumocmu

c(F) <
_ (Bk+mn+2)-LP®, npuk <2x+n
T l(x+ &k +2)-LPY,

(14)
B IPOTMBHOM CJIyyae.

OCHOBHOI pe3yJbTaT JAaHHOIO pasdesia CIeAyeT
n3 jemMm 1—4.

Teopema 4. /[1s npouszsonvhvix k =1 u € > 0 3ada-
ua Min-k-SCCP donyckaem annpokcumayuro  Kkaacce
OL-IPUOAUNCEHHBIX NOAUHOMUANBHBIX AAC0PUMMO8, 20e
oL onpedensemcs Kak

{22+€, ecau k <18 +¢,
o=

4+ k, B IIPOTUBHOM cCjiyyae.

JOKJIAJIbI POCCUMCKOW AKAJEMUU HAVK. MATEMATUKA, UH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUSA

6. 3BAKJIIOYEHUE

B pasButue nmuoHepckoro rnoaxoma CBeHCCOHa-
Tpay6 B 1aHHOI1 paboTe NpenIoKeHbI NePBbIE MOIMHO-
MUaJIbHbIE MPUOIVKEHHbIE aJlTOPUTMbI C (PUKCUPO-
BaHHBIMM T€OPETUYECKHMMU OLIEHKAMW TOYHOCTU IS
psila aCUMMETPUYHBIX MOCTAHOBOK MapIpPyTHBIX 3a-
Jlady KOMOMHATOpHOM ontumu3atuu. Cpeayd OTKPbITBIX
BOIIPOCOB OTMETUM IIpeAriojiaraeMoe pacIlpocTpaHe-
HUE TIpeMIOXEeHHOro TMoaxoda Ha 0Oojsiee IIUPOKUIA
KJlacc ONTMMU3ALMOHHBIX 33a1a4. Kpome Toro, mpen-
CTaB/ISIET MHTEPEC BOIPOC YTOUYHEHUSI HaWAECHHBIX
BEPXHUX OLIEHOK, B TOM 4YHMCJIE MyTeM MpOBEACHUS
YUCJIEHHBIX DKCIIEPUMEHTOB Ha COBPEMEHHBIX O1O-
JIMOTeKaxX TeKCTOBBIX MpuMepoB (Harp., [20]).

NCTOYHUK OPMHAHCUPOBAHUA

JlaHHOe uccaenoBaHue noaaepxkaHo Poccuiickum Ha-
y4HBIM (oHaoM, rpaHT Ne 22-21-00672, https://rscf.ru/
project/22-21-00672/.
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APPROXIMATION ALGORITHMS WITH CONSTANT FACTORS FOR A SERIES
OF ASYMMETRIC ROUTING PROBLEMS
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NOKJIAIbl POCCUMCKOMN AKAJJEMUU HAVK. MATEMATUKA, MH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUS

In this paper, the first fixed-ratio approximation algorithms are proposed for the series of asymmetric settings
of the well-known combinatorial routing problems. Among them are the Steiner cycle problem, the prize-col-
lecting traveling salesman problem, the minimum cost cycle cover problem by a bounded number of cycles,
etc. Almost all the proposed algorithms rely on original reductions of the considered problems to auxiliary
instances of the Asymmetric Traveling Salesman Problem and employ the breakthrough approximation re-
sults for this problem obtained recently by O. Svensson, J. Tarnawski, L. Végh, V. Traub and J. Vygen. On the
other hand, approximation of the cycle cover problem was proved by more deep extension of their approach.

Keywords: asymmetric traveling salesman problem, approximation algorithm, constant ratio, Steiner cycle
problem, Vehicle Routing Problem, Cycle Cover Problem

ToM 514 2023



