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O rongepenyuu

JanHasi koH(pepenuns nmpoxoaut B OmMcke B cenpMoi pa3. B atom ropy oHa mocss-
meHa namsTH npodeccopa Anekcannpa Anekcanaposuda KosiokosoBa, KOTOpbIH Ha Mpo-
Ts>keHUU 20 JeT Obl1 ee GeccMeHHBIM pykKoBopuTeseM. [IpeninectBytolire KOoH(pepeHLHH
nposonusnck B 1997, 2003, 2006, 2009, 2012 u 2015 rr. u umenoBasuch «[IpoGaembl
ONTUMHU3ALUN U SKOHOMHUYECKHE MPUJIOKEHHUS».

B Hacrosiiiee BpeMmsi mox 0OHOBJIEHHBIM Ha3BaHHeM «[IpoGsemMbl ONMTHMH3AUMKU U UX
npunoxenusi» (Optimization Problems and Their Applications — OPTA) sto mepomnpus-
THe BXOIMT B CEpPUI0 MEXIYHapOIHBIX KOH(EpeHLHH, NPOXOAsALIUX B CUOUPCKOM, ypasb-
CKOM M Ja/JbHEBOCTOYHOM perdoHax PoccuM M MOCBSILIEHHBIX MIHPOKOMY KPYTy BOMPOCOB
MCCJIEIOBAHUS OMepalii, MaTeMaTHUECKOr0 MPOrPpaMMUPOBAHUS, AUCKPETHOH ONTHUMH3a-
OUU U UX TpunoxeHud. LlensdmMu naHHbIX (OpPYMOB SIBJASIOTCS O3HAKOMJIEHHE C MOCJeN-
HUMH JIOCTHKEHHUSIMH B 00/1aCTH MaTeMaTH4YeCcKOro MporpaMMHpPOBaHUS U HCCJEeI0BaHHUS
ornepanui, o6CyKIeHHe aKTya bHbIX MPoOJIeM, BOSHHKAIOIIUX B 3THX 00/acTAX. DTO CIO-
coOCTByeT 000CHOBAHHOMY BBIOOPY HAIpaBJeHHUH HAYyUHOH NeATeNbHOCTH, POCTY MyOJiu-

KaLlMOHHOH AKTUBHOCTH, paClIMPEHHUIO KOHTAKTOB pOCCI/II;'ICKI/IX H BaPY6e)KHbIX Y4€HbIX.
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JOKJIAABI IIPUTJAIIEHHBIX ABTOPOB

COMBINATORIAL TECHNIQUES TO OPTIMALLY CUSTOMIZE
MACHINING/ASSEMBLY LINES

A. B. Dolgui

IMT Atlantique, Nantes, France
alexandre.dolgui@imt-atlantique. fr

Keywords: machining lines, assembly lines, line design, line balancing, combinatorial
optimization, MIP, graph theory, metaheuristics, heuristics.

Problems of combinatorial design of complex machining/assembly lines are
considered. Operations are partitioned into groups which are performed either by a
team of workers for manualy lines or by a piece of equipment for automated lines
(for example by a multi-spindge head). Constraints related to the design of worker
teams or spindle heads, working position and line configurations, as well as precedence
constraints related to operations, are given. Such problems consist in minimizing the
estimated cost of the corresponding machining/assembly line, while reaching a given
cycle time and satisfying all constraints. A decision support system is developed. Several
optimisation methods were implemented: MIP formulation, a constrained shortest path
approach, Branch and Bound techniques, metaheurstics and heuristics. The developed
decision-aid software tool is presented. Industrial examples are reported for different
types of lines.

© A. B. Dolgui, 2018
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PQSQ POTENTIALS AND TROPIC METHODS
IN MACHINE LEARNING

A. N. Gorban

University of Leicester, Leicester, UK
agl53@le.ac.uk

Keywords: machine learning, theory of PQSQ potentials.

We develop a new machine learning framework (theory and application) allowing
one to deal with arbitrary error potentials of not-faster than quadratic growth, imitated
by piece-wise quadratic function of subquadratic growth (PQSQ error potential). This
universal framework is able to deal with a large family of error potentials. We exploit
the fact that finding a minimum of a piece-wise quadratic function, or, in other words,
a function which is the minorant of a set of quadratic functionals, can be almost as
computationally efficient as optimizing the standard quadratic potential. The theory
of PQSQ potentials uses min,+ algebras and can be considered as a part of tropical
mathematics.

© A. N. Gorban, 2018



ﬂOI{/LadbL npueiauleHHolx aemopos

NEW APPROACHES FOR MULTIPROCESSOR SCHEDULING
PROBLEM WITH INCOMPLETE INFORMATION

V. M. Kotov

Belarusian State University, Minsk, Belarus
kotovvm@yandex.by

Keywords: combinatorial optimization, multiprocessor scheduling.

Combinatorial optimization problems come with various paradigms on how an
instance is revealed to a solving algorithm. The very common offline paradigm assumes
that the entire instance is known in advance. On the opposite end, one can deal with
the pure online scheme, where the instance is revealed part by part, unpredictable to
the algorithm, and no further knowledge on these parts is assumed. In between these
two extremes, and also highly relevant for many practical applications, are semi-online
paradigms, where at least some characteristics of the instance in general are assumed to
be known, for example, the total instance size or distributions of some internal values.
The well-known classical multiprocessor scheduling problem is a fundamental and well-
investigated scheduling problem both in the offline and the online setting. A set of n
independent jobs is to be processed on m parallel machines in order to minimize the
makespan. We present some approaches such as bunch techniques, a dynamic discrete
lower bound and other priority rules. These approaches allow to design online and semi
online algorithms with the best known worst-case performances.

© V. M. Kotov, 2018
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OPTIMIZATION, MODELING, AND DATA SCIENCES
FOR SUSTAINABLE ENERGY SYSTEMS

P. Pardalos

University of Florida, Gainesville, USA
pardalos@ufl.edu

Keywords: energy systems, optimization.

For decades, power systems have been playing an important role in humanity.
Industrialization has made energy consumption an inevitable part of daily life. Due to
our dependence on fuel sources and our large demand for energy, power systems have
become interdependent networks rather than remaining independent energy producers.
This talk will focus on the problems arising in energy systems as well as recent advances
in optimization, modeling, and data sciences techniques to address these problems.
Among the topics to be discussed are emission constrained hydrothermal scheduling,
electricity and gas networks expansion, as well as reliability analysis of power grid.
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3AJAYH PASMEIIEHUA

BEPXHAS T'PAHHUIA OJiId JUCKPETHOM 3AIAUU
KOHKYPEHTHOTO PA3MEIIEHUS TPEAIPUATHUNA
C MPEIINMCAHHBIM BbIBOPOM ITOCTABIIHMKOB*

B. JI. Bepecues!, A. A. Me/ibHKKOB?

1,2 Wucturyt matematuku uM. C. JI. Co6osesa CO PAH, Hosocu6upck, Poccus
L2 Hopocubupekuit rocynaperseHHsii yuusepeuretr, Hopocubupek, Poccus
!beresnev@math.nsc.ru, melnikov@math.nsc.ru

KiroueBbie cioBa: Mojiesd KOHKYpPeHTHOro pasmerienusi, urpa llltakenbbepra, BepxHsis
rpaHuLa.

PaccmarpuBaeTcsi MateMaThyeckast Mofie/ib, OTHOCSIIIASCSA K CEMeHCTBY MOjesield KOH-
KYPEHTHOTO pa3MelleHUs TPeANpUsTUH, MOCTPOEeHHBIX Ha ocHoBe urpnl llltakenbbepra,
B KOTOPOH [IBe COMepHHYAOLIHMe CTOPOHBI MOCJAEN0BATENbHO OTKPBIBAIOT CBOW MpPeINpH-
ITHSl, CTPeMSICh “3axBaTUTb MoTpedHTes el U MOJAYYUTb HaWboJblIYyI0 NpUOLLIL. B pac-
CMaTpUBaeMOH HHXKe 3ajade KOHKypeHTHoro pasmeleHus npeanpusatuit (CompFLP) uc-
MOJIb3YeTCsl MPAaBUJIO MPEATNHUCAHHOrO BBIOOPA MOCTABILIMKOB, MPH KOTOPOM [J51 0OCTYKH-
BaHHS 3aXBauyeHHOro notpebutess BeiOrpaeTcs HanboJsee NpeanoYTUTebHOE [J/151 JaHHOTO
NOTPeOUTE ST OTKPBITOE CTOPOHAMH TMPeNpPHUSITHE.

3anaua CompFLP ¢ npennucaHHbIM BBIGOPOM MOCTABIIMKOB paccMaTpuBanachk B [1].
s aTOM 3amauu npensiokeH Crocod BBIYMCJAEHUS BepXHel IpaHHIlbl ONTHMYMa AJis CJIy-
yasi, Koraa J0Xof, NoJy4aeMblil 0T 00C/YyKUBaHHUs NOTpeOUTe s, He YObIBaeT OTHOCHUTEb-
HO TIPeNNOYTeHHUH NaHHOTO MOTPeOUTENs.

B Hacroseil pa6oTe npepsaraetTcsi crnocod MOCTPOEHHs OLEHOYHBIX 3aa4y WU BbIUKC-
JIeHUs: BepxHUX rpanul ajs 3agaun CompFLP ¢ npennucaHHbIM BBIGOPOM IMOCTaBIIU-
KOB B ob1leM ciaydae. Crioco6 ocHOBBIBaeTcst Ha ucnosb3oBanuu 3agauun HPP (high-point
problem), mosnyuaemoit u3 3anauu CompFLP uck/itoueHreM 13 Hee TpeGOBaHHUS ONTHMAJ/b-
HOCTH pelleHHUsl 3aaud HUKHero ypoBHs. OCHOBHOH pe3ysbTaT COCTOUT B IOCTPOEHHH
ceMeicTBa [ONOJHUTEJNbHBIX OPaHWYeHHH a5 ycujeHHs 3anauu HPP, BbimosHseMmbix
IJIs1 IOTIYCTUMBIX pellleHHH ncxonHod 3amadyd CompFLP u “ctumynupytouux” nepemen-
Hble 3aJa4d HUKHEro ypOBHS NMPHHHUMATb ONTHMAaJ/bHble 3HAUEHMUS.

Cnucok aurepatypsbl

1. Bepecues, B.JI., MesnbHukoB, A.A.: ANropuT™ BeTBel U TpaHMI] A/t 3a1a4H KOHKYPEHTHOTO pa3MelleHHs penpH-
ATHH C NpeANUCaHHBIM BBIOOPOM MOCTaBIIMKOB. JIMCKp. aHAnU3 W uccren. onep. 21(2), 3-23 (2014)

* HccnenoBanue BHIONHEHO 3a cueT rpaHTa Poccuiickoro HayuHoro ¢onpaa (mpoekt 17-11-01021).

© B. JI. Bepecues, A. A. MenbHukos, 2018
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3adauu pasmew,enus

O 3AJIAUE RANDOM MST C BEPXHUM OTrPAHMUEHUEM
HA JTUAMETP OCTOBA*

3. X. I'umanu!, A. M. Ucrtomun?, E. 10. IlIun?

1.2:3 Pueruryr maremaruku um. C. JI. Co6onea CO PAH, Hosocu6upck, Poccus
! HoBocHGHpCKHIl TocynapcTBeHHEIH yHUBepenTeT, HoBocuGupek, Poceus
! gimadi@math.nsc.ru, ?alexeyistomin@gmail.com, ® katherinel5963@gmail.com

KuroueBble cjoBa: MHHHUMa/jbHOE OCTOBHOE [epeBO, rpad, ajropuTM, NPUOJHKEHHBIH,
TOYHOCTb, YCJIOBHS aCUMIITOTHYECKOM TOUHOCTH, NMOJUHOMHAJBbHBIM.

[Tyctb 3amaH nosHbIH HeopueHTHpOBaHHbIH rpad G, = (V, F') ¢ MHOXXeCTBOM BepILIHH
V ={1,...,n}, B KoTopoM Kaxjaomy pebpy e = (i,j) € F mpumucaHa cTOUMOCTb (Bec)

3anaua 3ak/ro4aeTcs B HaX0XJIeHHHU B rpade G, ocToBHOro nepesa D,, MHHHUMaJbHO-
ro Beca MPH YCJIOBUH OTPaHHUEHHOCTH ero nuamerpa. [lon iuamerpom uckomoro noarpada
G’ € G moHuMaeTcs IJMHA MaKCHMaJsbHOH, OTHOCHUTENbHO uucsa pebep, MPOCTOH LeNH
B G'. B ofiiem ciyyae naHHas 3ajnada sisasiercss N P-TpynHOH.

B pa6orax [1; 2] ata 3amaua paccMaTpuBasjach NPH OrPaHHUUEHUH Ha THAMETP CHHU3Y.
B HacrosimieM cooOlieHHH Mpeasaraetcs NPUONHKEHHBIH aiTOPUTM C YyYETOM BEPXHEro
OrpaHWYeHHs] Ha AMaMeTpP MCKOMOTO OCTOBHOTO JepeBa.

AnropuTMm pereHus 3afadyd C BepXHUM OrpaHUYeHHEM Ha IHaMeTp OCTOBA.

ITycts d — orpaHHueHHe CBEpXy Ha AMAMETP HCKOMOTO [epeBa.

1. Crpoum nens C(d) = (41,72, ,74,1) H3 d peGep. Brauasne B KauecTBe i, GepeM
NPOM3BOJIBHYIO BepIlHHy rpada u nogaaraem C'(0) = (i1). Korma moctpoena uens C(k),
k < d, B KauecTBe iy, Gepercs BepinHa BHe nenu C(k), GuKaiinas K iy.

2. Kaxayio Bepumny BHe renu C(d) coenunsieM KpaTuaHIIHM peGpoM C BepLIHHOH,
nexauteii BHyTpy enu C(d). B HTOre MOCTPOEHO OCTOBHOE JEPEBO C AHAMETPOM, He Tpe-
BBILIAIOLIUM d.

B noknane mpenmnosaraetcs MOJOXKHUTb pe3y/bTaThl BEPOSTHOCTHOTO aHanu3a pado-
Tl AJTOPUTMa KBaApaTHUYHOH TPYyLOEMKOCTH Ha CJy4alHBIX BXOAAaX, pacCMaTpHUBAeMbIX
B NPebIAYILHX paboTax ¢ HUKHUM OrpaHHUEHHEM Ha JHaMeTp.

Cnucox aurepatypsbl

1. Tumamu, 3.X., Cepmioko, A.M.: O6 oqHOM a/JropuTMe HaXOXKAEHHST MUHHMAJbHOTO OCTOBA C OTPaHHUUYEHHBIM CHH3Y
nuametpom. JlMCKpeTHBIH aHanu3 U uccaenoanue omnepauuit Cep. 1, 7(2), 3—11 (2000)

2. Tumanu, 2.X., llun, E.IO.: BeposTHOCTHBIH aHA/NU3 aropuTMa HAaXOXKIEeHHs B rpade MUHUMATBHOTO OCTOBHOT'O
JiepeBa ¢ OrpaHUYeHHBIM CHH3Y AHaMeTpoM. J{MCKpeTHBIH aHa/au3 W nccienoBaHue onepauui 22(4), 5-20 (2015)
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KnroueBbie cJioBa: 3ajlada pa3MmelleHud, Lelb, AepeBo, MOJIMHOMHAJIbHBIH aJITOPUTM,
NICEBAONOJUHOMHAIbHbBIU aJITOPUTM.

B knaccuueckoit NP-tpynHoii 3anaue pasmemienus (Facility Location Problem, FLP)
3agan n-BepwuHHbIA Tpad G(V,E), B Kaxno# BepmuHe i € V((G) HaXomuTCs MyHKT
c obbeMoM crpoca b(i) ¥ BO3MOXKHO OTKPBITHE TMpPenpusiThs cTouMmocTbio f(i). Has
Kaxkgoro peépa e € E(G) u3BecTHa CTOUMOCTb c(€) TPAHCIIOPTHPOBKH €IUHHUIbI TOBa-
pa BHOJb e. TpebyeTcss pasMeCcTUTb NPEANPUATHS TaKUM 00pa3oM, UTOOB! YAOBJETBOPUTD
CMpPOC U MUHHMH3HPOBATh CyMMapHble U3JIep:KKH, CBS3aHHbIE C TPAHCIIOPTUPOBKOH TOBa-
POB U OTKPBHITHEM TpeNNPHSATHH.

B noknane paccmaTpuBaloTCs CJAeNYIONIMe eCcTeCTBeHHble Moaudukauuu 3agadu FLP.
3anaua, rae 06beM MPOU3BOACTBA HA MPEATNPUSATHH, OTKPBITOM B ¢-i BepIINHE, He MPeBoC-
XOIMT 3aJaHHOH BeJHUMHBI a(i), B auTepaType u3BectHa Kak Capacitated FLP (CFLP).
3anauyy ¢ DOMOJHUTEJNbHBIMU OTPaHUYEHHUSIMU Ha MPOIMYCKHYIO clocobHOCTh pebep rpada
oynem HasbiBaTh Restricted FLP (RFLP). CooTBeTcTBeHHO, 3a1auy ¢ JOMOJHUTENbHBIMH
orpaHu4eHUsiMM 060ux THMoB HazoBeM Restricted Capacitated FLP (RCFLP).

[Ipensaraetcss TOYHBIH MCEBAONOJMHOMUANBHBINA alropuT™ peleHus sagaud RCFLP
IJI51 caydasi, Koraa UCXonHbli rpad — nepeso. las aByx caydaeB 3anadd RFLP na nuneit-
HOM rpade, e KaxKIblid KJIHEeHT HOJKeH ObITb 00CJy>KeH POBHO OfHHM MpPeNNpUsTHEM
HJIM JIOMYCKaeTCs HEeCKOJbKO MPeNNpUsTHH, COOTBETCTBEHHO, TOCTPOEHbl TOUHBIE aJro-
PUTMbI ¢ BpeMeHeM pa6oTsl O(n?).

Cnucok aureparypsbl

1. Gimadi, E.Kh., Kurochkina, A., Tsidulko, O.: On Exact Solvability of the Restricted Capacitated Facility Location
Problem. CEUR-WS. 1987, 209-216 (2017)
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1. Ilyete N = {1,...,n} — MHOXeCTBO MYHKTOB CIpPOCa; p — UHCJIO 3TallOB;
M, C N — MHOXeCTBO BO3MOXKHBIX MYHKTOB pa3MellleHHsl 3Tama 7r; g/ — CTOUMOCTb
OTKPBITHSl NPENNPUATHS 7-TO 3Tama B NMyHKTe ¢ € M,; ¢;; — 3aTpaTbl Ha TPAHCIOPT

eIMHULbI IPOAYKTA U3 i B j, i,j € N; b; — obbem crmpoca B nyukre j € N; 7 = (7),
rme m; — HOMep MyHKTa pasMeIleHHs 7-ro 3Tara, o6C/TyXKMBaIOLIero Crpoc B MyHKTe j;
€ My, 1 <r < p; 7r? =j,j € N; I"(m) — MHOXeCTBO OTKPBITHIX MPEANPUSATHH 7-T'0

srana. 3anaya p-FLP: HaliTH MUHUMYM q)yHKuHH

Y Y aeyn Y Crpry 1 D

r=1 el () JEN r=1

B o6wewm cayyae 3anaya p-FLP NP-tpyanHa, nockosbky npu p = 1 oHa npeactaBJ/seT
KJaccHuecKyto 3anauy pasmerienusi (FLP).

2. B pab6ore [1] mast 3apaun p-FLP Ha npeBoBUIHOM ceTH OMUCAH aJrOPUTM C TOJH-
HOMHaJIbHOH TpymoeMkocTbio O(pn?). OnHako, 3TOT pesy/bTaT CJelyeT MPU3HATh HeBep-
HBIM, MOCKOJIbKY OH HEKOPpEeKTeH [ake B MpOoCTeHIleM cjaydyae, KOraa ceTb MpeacTaBjeHa
[enbio. IDTO BbITEKAeT W3 TPUBOAKMMOrO B HACTOSIIIEM COOOIIEHHWH COOTBETCTBYIOLIETO
KOHTprpuMepa AJs 3anaud 2-FLP Ha uenu.

3. [lpuBenem moJsoKUTEbHBIE TPUMEPBI TOJHHOMHAJNBHO PAa3pPEIINMbIX CJIyUyaeB 3a/a-
ud. B pabore [2] nas 3amaum pasmelleHHs Ha LENH NpeCcTaBJdeHbl TOUHBIE aJTOPUTMEI
¢ BpeMeHHO# caoxkHocTbio O(m?n) (mas 3apauu 2-FLP) u O(pn?) (nns sanaun p-FLP),
Te m — OrpaHHYeHHe CBEpPXY Ha YHCJO BO3MOXKHBIX MeCT pa3MelleHUs MpeATnpHsITHH
KaxkJoro stana. B padore [3] nns 3agauu 2-FLP Ha npeBOBHIHOH CeTH MOCTPOEH aJjro-
PUTM ¢ TpynoemKocTbio O(mn?).

Cnucox aurepaTtypsbl
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2. Tumamu, 2.X.: dbdeKkTUBHbIE aJTOPUTMBl AJS PelLIeHHs MHOTO3TANMHON 3aladd pasMellleHHs. JMCKp. aHaIM3 U
uccsen. onepauuit 2(4), 13-31 (1995)

3. Tumanu, 3.X., Kypoukun, A.A.: DpdheKTUBHBIH aJrOPUTM pelleHHs] OBYX3TAMHOH 3aaud pa3MelleHHsi Ha OpeBo-
BUIHOH ceTH. JIMCKp. aHanu3 W uccaen. onepauuil 19(6), 9-22 (2012)
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MOINPUIMPOBAHHAA TEOPEMA H3II-BUJIbAMCA
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KuaroueBble cjaoBa: rpag, MyabTurpad, nepeBo, Jec, (akTopu3alus, APeBeCHOCTD,
MOKPBIBAKOLIHUNA HHEKC.

HM3sBectHas Teopema Haw-Busnbsmca [1; 2] rsacut, 4to npu GUKCUPOBAHHOM LIEJOM
k > 1 mynerurpad G = (V, E) nomyckaet (akTopusaluio Ha k JecoB (pacKpacKy MHO-
)ecTBa pebep B k 1LIBeTOB, rie pebpa KaXKIOro LBeTa oOpasyloOT JieC) TOrAa U TOJbKO
TOrJa, KOraa AJsi Kaxkaoro nogmHoxectsa X C V' nopoxaeHHbiét moarpad G[X] comep-
XKUT He Gosee k(| X|—1) pebep. Hamu ycTaHOBJIEHO, UTO MPH HEKOTOPBIX AOMOJHUTEIbHBIX
OrpaHUYEHUSIX Ha MUHUMAJbHYIO CTeleHb MyJbTHUrpada 3Ty (pakTopU3aLuio MOXKHO BbI-
OpaTb TakKMM 00pa3oM, 4ToObl HHU OAUH M3 JIECOB He COfep:KaJs M30JMPOBAHHBIX BepILUHH.
Bosiee TouHO, HaMK [0Ka3aHa cJenyolas

Teopema 1 [3]: [Tycts G = (V, E) — myabturpa takod, uro |E(G[X])| < k(| X]|—1)
aJ1s1 Jirooboro noamHoxkectBa X C V', U BBIIOJIHEHO ONHO U3 YCJIOBHH:

(1) G — nBynosabHbH 1 6(G) > k;

(2) k=2wud(G)>3.

Torna G ponyckaet (pakTopusalUHio Ha k JiecoB 6€3 H30JHPOBAHHbBIX BEPILIHH.

Hamu nokasaHo, uto o6e HHXKHHE OLEHKM Ha MHUHHUMAJbHYIO CTeleHb MYJbTHUIpa-
(a B TeopeMe 1 ABIAIOTCSA Hey/aydllaeMbIMH, TO €CTb TeopeMa IepecTaeT ObITb BepHOH
NpU 3aMeHe B oleHKax k Ha k — 1 uiau 3 Ha 2. MBI BBIABUTaeM THIOTE3y O TOM, UTO
Jw6oi rpad G ¢ MHHHManbHOH cTeneHblo 0(G) > k + 1, yHOBJETBOPSIOUIMH YCIOBHIO
|E(G[X])] < k(| X|—1) nna mawoboro X C V, nonyckaer (akTopusauuio Ha k jecoB 6e3
U30/IMPOBAHHBIX BEPLIMH.

Cnucok gureparypsbl

1. Nash-Williams, C.St.J.A.: Edge-disjoint spanning trees of finite graphs. J. London Math. Soc. 36, 445-450 (1961)
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KuroueBblie cioBa: 5Heproa(p(peKTUBHOe epeBO, OTPaHUUEHHBIH OUaMeTp.

[Tycth 3amaH mpocTOi HeOpHEHTHPOBaHHBIN B3BelleHHBIH rpap G = (V) E), kaxmo-
My pebpy (i,7) € E KOTOpOro NMPUIHCAHO [Ba HEOTPHIATE/IbHBIX BeCa: SHEPrOEMKOCTD C;;
(ymesbHble MoTepy SHEPrUH Ha MOAJepKaHUe CBSI3H) U 3alepXKKa d;; (BpeMs nepefadu na-
Keta). TpebyeTcst MOCTPOUTH OCTOBHOE I€PEBO, KOTOPOE SIBJSIETCS PelleHHeM CJieqyIomiei
3a1ayy.

~ max ¢ — min; (1)
e J:(2,9)EN; (T) T
<
max > dy<D, (2)
(p.a)eP;;(T)

rae N;(T) — MHOXeCTBO BepIIMH CMEXHBIX C BeplIMHOH ¢ B mepese T, a P;;(T) — myThb
MeXX/Ay BepLIMHaMU ¢ U j B nepese 1.

3anaya (1)-(2) Bo3HHKaeT, Korja B GECIPOBOAHBIX CETAX B LEJASX IKOHOMHU 3IHep-
ruu TpebyeTcsl ONpeNesuTb MOLIHOCTb KaXXJIOro MepefaTydKa TaKUM 00pa3oM, UYTOOBI
NOJNYUYHUTh CBSI3HBIH rpad, B KOTOPOM CyMMapHble NOTePU SHEPrMH MHUHHMAaJ/bHbI, 2 MaK-
cuMaJjibHasl 3afiepKKa orpaHHdeHa cBepxy 3afaHHbIM yuciaoMm D. 3anada (1) NP-tpynna,
1 ee MPUOJIHKEHHOMY pPeIleHHI0 MOCBSIILEeH0 MHOXKeCTBO nmyoaukanuii [1]. 3anaue (1)-(2)
MOCBSIIIIEHO TOpa3no MeHble padot [2].

B cranmapre TDMA Bpemsi pa3buBaeTcsi Ha CJIOThl TaKMM 00pa3oM, YTO IJIUTEJb-
HOCTb OJIHOT'O CJIOTA JOCTAaTOYHA AJis Tepeaun coobleHus o Jrbomy pebpy rpada (T. e.
Bce d;; = 1). Jlna storo ciy4yas HaMH HpeNJOXKeH MPUOMHIKEHHBIH 3BPUCTHYECKUH aJl-
TOPUTM M TPOBEJEH ero arnoCTepPHOPHbIH aHa/NM3, MOKA3aBLIMH BHICOKYIO 3(h(PeKTHBHOCTb
NPeAJOXKEeHHOr0 MOAX04a B CPABHEHUH C JYYIIHMH U3BECTHBIMH METOAAMH.

Cnucok aureparypsbl
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BAaHHA$ OLlEHKA TOYHOCTH.

[Tycts I — KoHeuHoe MHOXecTBO, 2/ — OyneBa pelieTka BceX MOAMHOXKECTB MHO-
xectBa I. ®yukumsa mHoxkecTB f : 2! — R, HasbBaeTcsi cynepmoOyiapHOL, ec/u
fFIXUY)+ f(XNY)> f(X)+ f(Y) nnsa mobeix X,Y C 1.

Hacaedcmeennaa cucmema H Ha MHOxXecTBe I MOXKeT ObITb ONpefiesieHa Kak OyseBa
pereTka 2 ¢ BbimeseHHBIM ceMeiicTBoM A C 2!, o6samarmoimuM cBOHCTBOM HAaCJeNCTBEH-
Hoct: (X € A, X' € X) = X’ € A MHoxectBa ceMeiicTBa A HasblBalOTCS Hesa-
BUCUMbLMU, A BCE OCTajbHble MHOXKECTBa pewleTkH 2! — sasucumoimu mrosxcecmsamu
HaCJIeICTBEHHOH cUcTeMbl H.

PaccmarpuBatoTes 3afayv MUHUMH3AIUKM CYNEPMOAYJISPHBIX (DYHKLUHWH Ha HacJjaen-
CTBEHHBIX CHUCTEMaX, UaCTHBIMH CJIy4asiMH KOTOPBIX SIBJISIOTCS, HalpuMep, MUHUMU3ALH-
OHHas 3ajadya 0 p-MelHaHe W HEKOTOpble BapHaHThl 3aayH, u3BecTHOH Kak half-product
problem [3]. Bce paccMmaTtprBaemble 3aaur B o0iieM cayuae siBasiotcss NP-TpynHbIMH.

Jng 3apauym MMUHMMM3aLMKM HeBO3pacTalolled CynepMOAYASIPHOH (DYHKLHUH, SBJSIO-
mefics 06001eHMeM MHHHMH3ALUMOHHON 3afauyd O p-MeJhaHe, NOKa3aHbl TapaHTHUPOBAH-
Hble OLIEHKH TOYHOCTHU NPHUOJHKEHHOrO ajropuTMa — IHUCKPETHOrO aHaJjora ajropurma
HaucKopeHiero cnycka. Kak csenctBue ycTaHOBJIEHbl alloCTepUOpPHble TapaHTHPOBAHHbBIE
OLIEHKH TOYHOCTH aJropMTMa HauCKOpeHIlero crnycka Ajs oOlled 3amaud o p-MeiHaHe,
B psijie CJydaeB CyLIECTBEHHO YJyullaollde paHee MoJydeHHble OleHKH [1; 2].

Cnucok aureparypsl
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We consider a bi-objective optimization problem of choosing the buffers capacity in
a production system of parallel tandem lines, each consisting of two machines with a
single intermediate buffer. During operation of the system, the equipment stops occur
due to failures and these stops are random in the moments when they arise and in their
durations (see e.g. [2]). The product is accumulated in an intermediate buffer if the
downstream machine is less productive than the upstream machine.

We study the complexity of exact and approximate computations of a Pareto
front for the following two bi-objective problem formulations: (i) the expected revenue
maximization with minimization of buffers allocation cost and (ii) the expected revenue
maximization with minimization of the expected inventory costs. The expected revenue
is assumed to be an increasing function of the expected throughput V' of the system as
in [1].

On the one hand, fully polynomial-time approximation schemes for approximation
of Pareto fronts of these problems are proposed and an exact pseudopolynomial-time
algorithm is suggested for the first problem in the case of integer buffer capacity costs.
On the other hand, we show that both of these problems are intractable even in the case
of just one tandem two-machine line.

Bibliography
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In [1] an inference algorithm for monotone Boolean functions associated with
undirected graphs is developed. This algorithm can be interpreted in terms of
independent sets and used to solve the classical N"P-hard problem.

We introduce special notions of k—-vertex whose neighborhood is complete induced
subgraph, and (k, m)-vertex in the neighborhood of which there are absent m edges to
be complete induced subgraph. The algorithm is based on the following statement: if
the vertex v in the undirected graph G = (V,&) is a k—vertex, then there exists the
maximum independent set of vertices Smax C V such that v € Spax. Thus, at each step,
k—vertices can be included in the independent set under construction. Moreover, if at a
certain step the current set of vertices is empty, then the independent set found is the
maximum. Clearly, there are not always k—vertices. It can be shown that if the vertex
v is a (k,m)-vertex, then there exists a maximal independent set S such that v € S
and |S| > |Smax| —m. Then (k, m)-vertices can be included in the independent set under
construction, and the sum of the values of the parameter m of these vertices will be an
estimate of the deviation from the optimal solution.

Obviously, the algorithm can be used to solve the dual clique problem. Note
that computational experiments on complementary graphs DIMACS demonstrate good
results in terms of the quantitative characteristics of the solution and the time
complexity of the calculations.
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In the classical bin packing problem, a set of weighted items must be packed into
the minimal number of identical bins such that the sum of weights of items in each bin
does not exceed the bin’s capacity. In this paper, we continue to study a new variant of
the bin packing problem with a color constraint. We assume that each item has not the
weight but has some colors. The bin capacity limits the total number of colors for its
items. The goal is to pack all items into the minimal number of identical bins such that
the total number of colors in each bin does not exceed the bin capacity. It is NP-hard
problem in the strong sense and the classical bin packing problem can be reduced to it.

We design the branch-and-price method for this problem based on the large-scale
reformulation. Following this framework, column generation procedure is implemented
and additional stabilization constraints are added to speed up convergence of the
procedure. A hybrid VNS matheuristic with large neighborhoods is used for solving
the pricing problem. To obtain upper bounds, we consider the set of generated columns
as a core of this problem and apply commercial solver (GUROBI) to this core. We
illustrate this useful idea in computational experiments for instances with the number
of items up to 250. The core heuristic has found optimal solutions for all test instances
if each item has a random subset of colors. Moreover, integrality gap is O for this case.
Lower bound coincide with upper bound in the root of branching tree and such random
instances are easy for our approach. Therefore, we design a set of difficult instances
based on the following rule: all items have the same number of colors and each color
is used in the same number of items. For such regular instances, the integrality gap
is positive, up to 20%, the branching tree is nontrivial and the running time increases
rapidly if dimension grows. Nevertheless, the core heuristic produces optimal or near
optimal solutions with minimal deviation from the optimal value.
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In this work a new optimization model of competitive facility location and pricing is
introduced. This model is the extension of the well-known (r|p)-centroid problem [1]. In
the model two companies compete for the clients demand. Each client has a finite budget
and finite demand. First, the company-leader determines location of p facilities. Taking
into account the location of the leader’s facilities, the company-follower determines
location of r own facilities. After that, each company assigns price for each client by
two manner. In the first manner, the company set the price at which the competitor
cannot entice the client. In the second manner both companies divide the client demand
in two and assign maximal prices. The goal is to determine location of leader’s facilities
and set prices in which the total income of the leader is maximal. The simplified model
was considered in [2].

The results of the computational complexity of the model are presented. A few
number of special cases are considered. These cases can be divided into three categories:
1) polynomially solvable problems; 2) N P-hard problems; 3) problems related to the
second level of the polynomial hierarchy. In finally, the complexity of the minmax-2-
Sat problem is discussed. It is known, that 3v2-Sat problem is polynomially solvable
and 3V3,4-Sat problem is X%-hard [3]. In this work N P-hardness of the minmax-2-Sat
problem is proved.
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In a directed multigraph G = (V, E) a pair (u,e) consisting of a vertex u and an
arc e incident with this vertex is called an incidentor. It is convenient to treat an
incidentor as a half of an arc e adjoining the vertex w. A coloring of some incidentor
set is a mapping from this set to the set of colors (positive integers). An incidentor
coloring is called proper if adjacent (adjoining the same vertex) incidentors are colored
in different colors.

A proper incidentor coloring is a (k,[)-coloring if the difference between the colors
of final and initial incidentors of each arc is at least k£ and at most [. In a [ist coloring,
for every arc a set of admissible colors is given; so, both inicidentors of this arc must
be colored only by admissible colors. In general case, a list chromatic number is a
minimum cardinality of a set of admissible colors for each arc such that the list coloring
exists. But in case of incidentor (k,1)-coloring (where k& > 0) such definition is senseless;
therefore, there is an additional requirement that the set of admissible colors of every arc
is an interval of integers. So, a list incidentor (k,l)-chromatic number is the minimum
t such that for any assignment of admissible colors intervals of length at least ¢ for the
arcs there exists a (k,1)-coloring of incidentors using only admissible colors. We denote
this number by x{/i(G). This notion was introduced in [1] where bounds for x{5(G)
were proved for the multigraphs of maximum degree 2 and 4. The main result of this
paper generalizes some of these bounds for an abitrary even maximum degree:

Theorem. For every multigraph of even degree A and | > k + A/2 the bound

(G < 2+24-1-1
holds.
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We consider a variant of the reliable p-median problem on a network [1]. Unlike
the classical p-median problem, the objective is to find p nodes (medians) of a network,
assign each non-median node (each customer j) to r; distinct medians (facilities), and
each median nodes to r; — 1 other medians (facilities) so as to minimize the overall
assignment cost. As an example, consider a setting where facilities are located among
some remote cities, connected by a road network, in order to serve some demands
of their inhabitants. Since cities are distant from one another, the cost of assigning
customers to the facility located in their own city is negligible. Nevertheless, each
customer has to be assigned to r; distinct facilities, hedging against possible facility
failures. If there is no facilities located in customers’ own city, they have to be assigned
r; facilities located in other cities, otherwise to the facility located in their own city and
r; — 1 facilities in other cities. If the closest facility fails, a customer may be served by
other facilities which she/he assigned to.

We develop an algorithm for solving the reliable p-median problem by carefully
adapting and improving the approaches proposed in [2] for the classical p-median
problem. Our algorithm is based on consecutive searching for lower and upper bounds
for the optimal value. The procedure for finding lower bounds is based on a Lagrangean
relaxation and a specialized effective subgradient algorithm for solving the corresponding
dual problem. The information on dual variables is then utilized by core heuristic in order
to determine a set of primal variables to be fixed.
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The article deals with the problem of placing several rectangles with subzones in
a limited area of a plane with fixed objects under condition that specified criterion
is satisfied. Let us consider an area on the plane with a set of points with positive
weights and rectangles that must be placed in that area without intersections except
for the border. This is a generalization of the work [1] the aim of which is to place one
rectangle in such a way that the total weight of points in the area will be minimal.

The work [2] focused at the problem which involves allocating two rectangles
without selecting subzones of influence. It is proved that analyzing a discrete subset
of admissible solutions is enough for determining an optimum solution to the problem.
An algorithm of generation of a such subset and integer programming model are
developed. It has been proved in [3] that this subset is a set of classes of equivalent
allocations. The properties of these classes are studied.

This work considers a variant of placing a rectangle with the subzone of influence.
A combinatorial algorithm was developed to divide the feasible region into a finite
number of classes with the aim of reducing the original continuous problem to a discrete
one. The integer programming model of this setting is presented.
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The paper deals with NP-hard location problem of interconnected rectangular
facilities on the lines with forbidden gaps. Consider the parallel to axes OX lines
containing some fixed rectangular areas (forbidden gaps). Location in forbidden gaps
is not allowed. There are rectangular facilities, whose centers are connected between
themselves and with the forbidden gaps. The problem is to place the facilities on the
lines outside the forbidden gaps so that they do not intersect each other and the total cost
of connections between the facilities and between facilities and gaps is minimized [3].

[t is known that for one line the initial continuous problem is reduced to series
of discrete subproblems of smaller dimension. For finding of the local optimum of the
problem it is need to solve the subproblems [1].

In this paper a review of applications, models and methods of solving the problem
are described. A modification of the model for several lines from [3] is given. A branch
and bounds algorithm for solving the subproblems for one line is proposed. Results of
computational experiments for this algorithm, algorithm of search of the approximate
solution [2] and solving of the problem using a model of integer programming and
package IBM ILOG CPLEX are given.
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3agaua o pecypcoorpaHdueHHOM KpatuaiiieM nyTd B rpade (Resource Constrained
Shortest Path, RCSP) BosHuKaeT npu moucke onTHMaJbHBIX MapIIPyTOB B MYJIbTHCEPBUC-
HBIX TeJEKOMMYHHUKAIMOHHBIX CETSX, MPH 3TOM CETh MPEACTABJSETCS OPHEHTHPOBAHHBIM
rpacoM, BepIIMHBI KOTOPOTO COOTBETCTBYIOT y3J/aM, a AyTW — KaHazsam cBsizu. [Ipenmo-
Jlaraetcs, 4To BCsiKasi Ayra o6/aJaeT OCHOBHBIM BeCOM (IJIMHOHM WJIM BpeMeHeM MPOXO0XK-
JIeHUsT), a TaKyKe HEKOTOPbIMH JIOMOJHHUTENbHBIMU BECaMM, OTPa’KaIIUMU MOTPEOHOCTD
B pecypcax. Ipebyercsi HalTH KpaTuallUMH NyTb MeXAYy IBYMSl y3/JaMH CeTH, OTBeya-
IOLIMH 3alaHHBIM OTPAaHWUYEHUSIM HA WTOTOBblE PECYpPCHBIE 3aTPaThl, HEOOXOAUMbIE MIJIS
MPOXOXKJIeHUs1 hckomoro nmyTH. B obuiem cayuae 3agaua RCSP sBasiercss NP-TpynHo#,
a B cJydyae, KOrga HUCXOAHBIH OPUEHTUPOBAHHBIH rpad He CONEPKHUT LHUKJOB OTpHIla-
TesibHOTO Beca — NP-tpynHolt B ciaboM cmbicsie [1]. Bo3amoxHO ee omucaHue Ha si3bIKe
[1eJIOUHCJIEHHOTO JIMHEHHOTO MporpaMMHUpoBaHus [2].

B nannoii pa6ore RCSP paccmorpena nisi 604biinx rpagoB (¢ 4nuc/jaoM BepIUH 60-
nee 100000), npencraBjaeHHBIX B €BK/JIMIOBOM MpocTpaHCcTBe. PazpaboTaH 3BPHUCTHUECKUH
aJrOPUTM, OCHOBAHHBIH Ha METOJe JIOKAJIbHOI'O TIOMCKA W OPUTHHAJIbHOH MapKHPOBKe 3Jie-
MeHTOB rpada, npensoxeHHod B [3]. [IpuBeneHbl uncIeHHbIE SKCTIEPUMEHTBI, Pe3yJIbTaThl
KOTOPBIX MOKa3aJH BBICOKYIO 3(D(peKTHBHOCTb NPeaCTaBAEHHOrO ajJropuTMa.
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B pa6orax [1; 2] oTnpaBHO# TOUKO# MOCTPOEHHST aCHMITOTHUECKHU TOYHOTO aJrOPUTMa
pemenus 3agaun Max-TSP B MHOroMepHOM €BKJIMJOBOM MPOCTPAHCTBE SIBJISETCS MOCTPO-
eHHe MaKCHMaJIbHOTO B3BEILIEHHOT0 MapoCcoYyeTaHHsl, UCMONb3YeMOT0 B TPOLECCe pelleHHs
B KauecTBe "'CTPOUTEJNbHBIX JIECOB".

B HacrosleM noKJage NaH aCUMIITOTHYECKH TOUHBIH a/rOpuTM KyOHUecKoH Tpyno-
eMKOCTH C MCIIOJb30BAHHEM B KaueCTBE HMCXONHOH KOHCTPYKIHH IHKJIOBOT'O TOKPBITHS
rpada C' = (C4,Cy, ..., C),) MaKCUMAJIbHOTO CyMMapHOTo Beca.

Ecau uueno umukiaoB g = o(n), TO cHelHasbHOH MPOLUEAYPOH LHKJBl MOKPBITHS
C' ckJeMBalOTCS B OAMH TaMHUJbTOHOB LUKJ, BeC KOTOPOrO He MeHblle BeJUYUHBI
(1 — u/n)OPT. D10 faeT HAM aCUMITOTHUECKH TOYHOE pellieHHe, MPUUYeM KaK eBKJIHIO-
BOM, Tak ¥ MeTpuueckod 3amaun Max-TSP. Ha atom anroputm 3aBepiiaet cBow paboTy.

B cayuae p = O(n) anaroputm npomosxkaet pabdoty. M3 kaxporo uuknaa C; ynass-
IOTCS MO OHOMY MHHHMMaJbHOMY pebpy e;. Dopmupyem 2u-BepiinHHBIN moarpad G’ Ha
MHOXecTBe V' KOHLEBBIX BepLIMH yaaseHHbIX peGep. COBOKYNHOCTh yHaseHHBIX pebep
06pasyloT MaKCHMaJbHOe TapocoueTaHue B moarpade G’. [lokasaHo, 4TO ¢ HCHONB30BA-
HUEeM YTPOIIEHHOr0 BapuaHTa TexHUKH pabdot [l; 2] wenu C; \ e;, ¢ = 1,..., 1 MOXKHO
3aMKHYTb B FaMHJ/IbTOHOB LMK/, NAIOIIMH aCUMITOTHYECKH TOUHOE pelleHHe eBKJUI0BOH
3apaun Max-TSP.

OTtmetuM, uto B oTaingue oT [l; 2] aHanu3 paboThl MpeasoKEHHOTO aJropuTMa He 3a-
BHCHUT OT YETHOCTH WJIM HEUETHOCTH pa3Mepa HCXOLHOTO rpada.
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[Tyctb BepuiHaMu rpada SIBJSIOTCS TOUKH KOHEUHOMEPHOTO HOPMHPOBAHHOTO MPO-
CTpaHCTBa, a Beca peGep — pACCTOSIHUS MeXAY HUMH OTHOCHTEJbHO 3aJlaHHOH HOPMBI.
[Ipennonaraetcsi BbIIONHEHWE CTAaHAAPTHBIX aKCHMOM HOpPMBL ||z + y| < ||z|| + ||ly|| mas
BCAKKMX BEKTOPOB z,y € RF u || Az = || ||z|| ans aw6wix 2 € RF, A € R.

Cnenysi pabote [l], onpenenum crnennanbHy0 METPUKY, B KOTOPOH MO YIJIOM MEXIy
BEKTOPAMH & U Y IOHUMAETCsl PACCTOsSIHUE MeXIy BEKTOPOM x/||x|| ¥ OanKaHIIKM K HeMY
BekTopoM y/||y||. [Ipu & = Ay, a TakKe MpU paBeHCTBE HYJIIO HOPMbI OJHOTO M3 BEKTOPOB
YrOoJl MeXK1y HUMH [oJiaraeTcst HyJo.

Jlnist 3aaum 0HOrO KOMMHBOSsI2Kepa Ha MakcuMyM B padote [1] [llenmaiiep Ha ocHOBe
uneit u pabor [2; 3] Ha caydyall eBKJIMIOBA MPOCTPAHCTBA M3J0XKHUJ ACHMITOTHUECKH
TOYHBIH a/JTOPUTM pelleHHs 3a1a4d Ha Cjydyail BBeJeHHOH BBIIE METPHUKH.

B nokname acMMNTOTHYeCKH TOUHAsi Pas3pellinMOCTb paclpocTpaHseTcss Ha 3ajauy
HECKOJIbKUX KOMMHBOSI)KEPOB C HCIOJb30BAHHEM TeXHMKH [0Ka3aTeJbCTBa aCHMITOTH-
YeCKOH TOUHOCTH aJrOPUTMa pelleHHsl 3afaul O HeCKOJbKHX KOMMHBOSIKEPOB B MHOTO-
MEpPHOM €BKJIHI0OBOM MPOCTPAHCTBE U3 paGoThl [4].
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KnaroueBbie cJIOBa: JIOKAJbHBIH MTOUCK C qyepeayromruMUucad OKPEeCTHOCTAMUH, MHOTOKpPAaTHOE
[IoCeUleHHe, MaplIpyTU3alus.

B pa6ore paccmarpuBaeTcs 3amada MHOTMX KOMMHBOsiKepoB. OHa siBasieTcsi 06006-
ILleHHeM XOpOIIO M3BECTHOH 3aJayd KOMMHBOSIKEpPa M BOCTpeOOBaHa B peasibHbIX MpPH-
JoxeHUs1X. Ee pellleHMe M0O3BOJISIET CYLIECTBEHHO COKPATUTb JIOTMCTHYECKHUE H3IEePKKH.
B nanHo# paboTe ucc/enyeTcs peasibHas 3ajadya MaplIpyTH3allUM TOPTOBBIX INpelCTaBHU-
tened (TII) mna oGcnyKHMBaHHS KOHEYHOTO MHOXKECTBA KJIMEHTOB C OTpaHHYEHHEM Ha
OJUHY pabouel cMeHbl. B oTaiMune OT KjacCHUeCKOW 3aJauM KJHWEHThl Pa3jnyaloTcs 110
tunam. Kaxknplii Tun 3agaet yactoTy noceuleHuss TII ksiueHTa Ha NpOTSXKEHUHU BCEro
MJIAaHOBOTO MepHona (OAHO TOCelleHHe, 1Ba MOCEIEeHUs WM YeTblpe mnocelleHus). Ecau
TpeOyeTcs MOCETUTh KJHMEHTa HECKOJbKO pa3, TO KaxKAbld pa3 3TO MOJXKHO MPOUCXOIUTH
opuuM TII B onuH U TOT Xe HeHb Henesu. TpeOyeTcs COCTaBUTb pachnucaHue paboThl
kaxgoro TII, ynoBneTBopsiollee orpaHUYEHUsIM Ha IJMHY paboyeil CMeHbl U YYUTBIBAIO-
liee creur(PUKy pasJUYHBIX THMOB KJAUEHTOB. ONTUMU3UPYIOTCS TPAHCIOPTHBIE 3aTPaThl
U pellaeTcsl 3afadya MoMCKa MUHMMaJjbHOro umcsaa TII, moctaToyHOro nJisi BBIOJIHEHHS
Bcex pabor.

Jna naHHOH 3amauu paspabaTbiBaeTcsl MeTO[ JIOKAJAbHOIO MOUCKA C YepedyoLUMHUCS
OKpecTHOCTSIMU Ha si3bike C++. [Ipennonaraercs npoBefieHNe YUCAEHHBIX SKCIIEPUMEHTOB
Ha MCXOAHBIX NAHHBIX OJHOM POCCHHCKOM KOMIaHUM ¢ uncjaoM KaueHToB no 1000 u 10
TII, nnaHoBbI} Nepuoa — 4YeTbipe HeleJH.

* Pa6ota BbinosiHeHa npy prHaHcoBo# nopnepxke PODU (mpoekt 17-07-00513 A).
© II. A. Kononoa, U. H. Kynauenko, 2018
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KaroueBble cioBa: ONTHMaJjibHOE PEry/JMpPOBAHHE PACIMCAHUM, Ha3HaueHUs (JoTa BO3-
AYLIHBIX CYLOB, KPUTEPUH ObICTpOAeHCTBHS, 9(PPEeKTUBHBIN NapaMeTPpUUeCKUH aIrOPUTM.

[Ipencras/ieHbl OpUrHHa/NbHbIE TIOCTAHOBKA M aJTOPUTMBI PellleHUs] OAHOH U3 NPUKJIAL-
HBIX 3aJa4 TeOopuu pacnucaHui. PaccmartpuBaemasi 3ajaua ONTUMAaJbHOTO YIIpaBJeHUS
(JIOTOM aBUAKOMIIAHHWH 3aKJ/IOUaeTcss B TAKOM OINEPaTHBHOM peryJMpOBaHUM pachuca-
HUH, KOTOpOe MUHUMHU3HpPyeT MOTepPU aBUAKOMIAHUM OT HapylLleHWH 3afaHHbIX rpadu-
KOB [BUXKEHHS BO3[YIIHBIX cynoB. [laHHas 3agaua o6saanaet N P-NOJHOTOM U He MOXKET
OBITh pellleHa TOYHO MJisi CKOJbKO-HUOyIb peasibHbIX pasMmepHoctedl [1]. Ilpemsoxenbl
MOAM(HUKALHUHA NapaMeTPUYeCKOro 3((MeKTUBHOIO aJrOpuTMa ee NPUOJHIKEHHOIo pelle-
HUS, SIBJSIOLIMECS PACLIMPEHUSMU TOJOOHOr0 ajJropuTMa ONTHMHU3ALUMH pAaCNUCAaHUH CH-
CTeMbl HECBSI3aHHBIX MapaJljesbHbIX MPUOOPOB C 3afepKKaMH Hadaja 00CAYKUBAHUS MO
KpuTepHio 6bicTponelcTBUs Chax [2]. TlprBeneHsl comepkareibHBIN NpUMep NPUMeHEHHUS
aJTOPUTMOB U CTaTHCTHKA TeCTHUPOBAHUS MPOrPAMMHBIX peajiM3allu Ha JAaHHBIX MOPOXK-
nawiiei 3anauu [2; 3] no kputepuio Chay.

Cnucoxk aurepaTtypsbl
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under availability and resource constraints. [FAC-PapersOnline 50(1), 13096-13101 (2017)
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TepecTaHoOBKa, aJrOPUTM.

[Ipenniaraercs aHanuTH4yeckoe U YUCIEHHOE HCCJENOBAaHHE CJEAYIOIIEro ajJroputMma
nJist 3agaud KommuBosikepa (3K).
Agaroputm A_TSP (Bxon: nonusiii rpadp G = (V, E), dyukuusa W: E — R;

Boixon: monctaHoBKa Ha MHOXecTBe V).

IMar 1. Kaxnoil BepiiriHe v € V' MOCTaBUTb B COOTBETCTBHUE Mapy BeplliuH v_,vy. [TycTh
Vi ={vp:iveV}, Vo ={{v_:veV}, E = (V. xV)\{{vy,v_}:veV}. Pe-
WKUTh 3afauy o HasHauenuu (3H) Ha nBymosbHom rpade H = (V,.,V_,E) c BecoBoi
¢ynkuueit W. Ilyctb s — HaiineHHasi nonctaHoBka (HasHaueHue), C'(s) — MHOXKECTBO
MKJOB B MOACTAaHOBKe s. Jlasee OyneM 0003HA4aTh MHOXKECTBO BEPIIMH U MHOMKECTBO
pebep uukna c(s) € C(s) kak V(c(s)) CV u E(c(s)) C E cOOTBETCTBEHHO.
IIar 2. Iloka |C(s)| # 1, noBropsaTh war 3. MHaue HaiiieHHasi B pe3y/bTaTe pelIeHHS
3H noacraHoBKa MMeeT OfMH LMKJ, U COOTBETCTBYIOLLAsl el MepecTaHOBKA MPHHUMAeTCs
3a npubauxeHHoe pemieHue 3K. BepHyTsb s.
Ilar 3. [loctpouts rpag

G=|Cs), ) x o\ [ U trr)

reC(s)

¥ BECOBYI (YHKUHUIO 15 Beex r,t € C(s)

W(r,t) = » mi?eE( : min {W ({vi,u1}) + W ({ve, u2}),
F={u1,us}E()

W ({v1,ua}) + W ({v2,us })} = W vy, v9) = W (ur, uz)] .

Boinosnnuts anroput™ Aaroputrm A_TSP (G, W(r, t)>
Konen onucanus anaroputma A_TSP

© A. B. Taniokos, 10. ®@. Hrouesa, 2018
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KiroueBble cj10Ba: BHIUHCIHTE/bHAS CJI0XKHOCTD, KaJeHAapHOe MMJaHHPOBaHHe, THHAMH-
yecKoe MPOrpaMMHPOBaHHE.

B pabote paccmaTpuBaeTcs ciaenyollas 3ajfadya KajeHAapHOro niaHupoBaHus. KMwme-
eTCsl TIPOEKT, COCTOSIIHNN U3 1 B3aUMOCBS3aHHBIX Pa0OT, [/l BBIIOJHEHHUS KOTOPBIX Tpe-
OyIOTCSl CKJIaAupyeMble pecypchl m BUAOB. B3auMocBs3b Mexxay paboTaMu 3afaeTcsi OpH-
eHTUpoBaHHBIM rpadom G = (V| E), rme V — MHOXKeCTBO BepLIMH-padoT; nyra (i,j) € F,
ecau paboTa j He MOXKeT HauaTbCsl 10 3aBeplleHust paboThl . [las Kakaoi padotsl j € V
M3BECTHBI €€ JIUTeNbHOCTb p; € Z W NMOTPeGHOCTb ¢j, B pecypce r B KaXKAbIH NepHOL
BpeMeHH BbIMOJIHEHUSA, 7 = 1,...,m. {15 BeimosHeHHs paboT pecypc r B JilOOOH MepUOL
BpeMeHH MOXKHO NpuoOpecTH Mo oObIUHOM LieHe C'™, ecyqu 00beM MOKYNaeMoro pecyp-
ca He npesbimaet V", [Ipu npeBellIeHUU 3TOTO YPOBHSI YCTaHABJIMBAETCsl HOBAs LieHa
Cov°" 3a equHULy pecypca. Tpebyercs onpefequTb JONYCTUMOE paclyCaHUe BbIIOJHEHHUS
paboT MpoeKTa U IMJaH 3aKylOK PecypcoB, NMPHU KOTOPBIX CyMMapHble 3aTpaTbl Ha NMpHOO-
peTeHHe pecypcOoB MHUHHUMaJ/bHBEL. B paboTe paccMaTpuBalOTCS CJAydyal HEOPaHUYEHHOIO
U OrPaHUYEHHOTO CcKJsaja. B mepBoM c/ayyae B KaxKAblH IepUOl BpeMEHH MOXKHO CKJaaHu-
poBaTb J1000€e Koan4yecTBO pecypca. [Ipu orpaHuueHHOM CKJ/aje H3JHLIEK pecypca r, TO
eCTb pecypc, KOTOPBIH MpearnoJaraeTcs noTpaTUTh Mo3xKe, B KaXKbli MepHOJl BpEMEHU He
NOJKEH TpeBbIliaTh 06bema V" ckjana. Panee B psifie cyyaeB yCTaHOBJIEHA CI0XKHOCTD
3alayd. B yacTHOCTH, NMOKa3aHo, UTO MPU OTPaHUUEHHOM CKJaze Kak mnpu CoU¢ > Crorm,
Tak ¥ npu C2*" < O™ 3apaua NP-TpynHa, npu HeorpaHUueHHOM — IOJHMHOMMAJIb-
Ho paspeminma [l; 2]. B Hacrosieill paGoTe mponosiKeHO HCCJe0BaHHe NaHHOH 3aiauu.
[IpensioxkeHbl MOfeNH LEJOYUCTEHHOIO MPOrPAMMHUPOBAHUSA MAJSl CJAydasi OrpaHUUEHHOro
CKJaJa; pa3paboTaHbl aJrOPUTMbl AUHAMMUYECKOTO MPOrPaMMHPOBAHHS; BblIEJEHbl MaJio-
TPyZLOeMKHe YacTHble CJydaH.

Cnucok aurepaTtypsbl
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peOepHO HelepeceKarlllecss TaMUJIbTOHOBBl LIUKJIbI.

3anaua 06 m KommuBosikepax (m-PSP) siBasiercss 0600iieHHeM KJacCHUeCKOH 3a-
naun kommuposikepa (TSP) u 3akmiouaercss B moucke m pebGepHO HerepeceKarolUIuXcs
raMU/IbTOHOBBIX LIMKJIOB MUHUMaJbHOTO WM MaKCHMaJ/JbHOTO CyMMapHoro Beca. B HacTo-
Auled paboTe UccaenyeTcss HECUMMeETPHUHAas 3ajada 00 m KOMMHBOSIKEpPaX Ha MaKCH-
mMyM (m-APSP-max), B KoTOpoii 3aaHHBIN B3BeLIeHHBIH Tpad SIBJISIETCS OPHEHTHPOBAH-
HbiM. JlaHHas 3ajada, Kak M KJjaccuyeckas 3ajiada KOMMHBOSI)KepPa, OTHOCATCS K YHUCHAY
NP-tpynubix 3anau. [loatomy nespio paboThl sBaAseTc NOCTpoeHUe 3(P(HEeKTHBHOIO MpU-
OJIMXKEHHOTO aJiIropuTMa pellleHuss 3agaun m-APSP-max ¢ rapaHTHpOBaHHOH OIleHKOH
TOYHOCTH.

B Hacrosillee BpeMsl HAUYUILWH TPUOJIHKEHHBIA aJIrOPUTM /151 HECHMMETPUYHOH 3a-
Jla4¥ OIHOTO KOMMHBOsiKepa Ha MakcuMyM (ATSP-max) nmeeT rapaHTHpPOBaHHYIO OLIEHKY
touHocTH 2/3 [2]. Takke u3BecTeH MPUOJIHKEHHBIN aJTOPUTM C FApAaHTHPOBAHHOM OLIEH-
KOH TouHocTH 2/3 mast 3amauu 2-APSP-max [1].

Hamu Obln  paspabotaH 3(p(eKTUBHBIH NPUOIUKEHHBIH aJropuTM JJs  3aladyH
3-APSP-max, umeroliuii rapaHTHPOBaHHY0 OLleHKYy TouHocTH 3/5. Kak u anroputm B [1],
JAHHBIA AJTOPUTM OCHOBAaH Ha MOCTPOEHUM CIellMabHOH packpackd pebep rpada v Ha
NoCJIeAYIOLEeM BbIeNEeHUH Tpex pebepHO HerepeceKarolUXCcs YaCTHUUHBIX TYPOB J0CTa-
TOUHO GoJiblIOro Beca. B HacToslMil MOMeHT BefeTcsi paboTa Mo pa3paboTKe ajJropurma
nis 3anaun m-APSP-max, B ocHOBe KOTOPOroO JieXKaT YIMOMSIHYThble BBIIIE AJTOPUTM IJIs
3agaun 2-APSP-max u anroputm ans 3agauu 3-APSP-max.

Cnucok aureparypsbl
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We study the two-machine Open Shop problem with exact delays. An instance of the
problem consists of n triples (a;,1;,b;) of nonnegative integers where j is a job in the set
of jobs {1,...,n}. Each job j must be processed on each machine in a free order, a; and
b; are the lengths of operations on machines 1 and 2, respectively. The second operation
of job j must start exactly [; time units after the first operation has been completed. The
goal is to minimize makespan. In the standard three-field notation scheme the problem
is written as O2 | exact [;| Cpax. We also investigate the special case when the delays
take at most two distinct values which is written as O2 | exact [; € {L1, Lo} | Ciax-

When all delays are equal to zero the two-machine Open Shop problem with
exact delays is nothing but the no-wait two-machine Open Shop problem written
as 02 | no-wait | Cyax. NP-hardness of O2 | no-wait | Cpax was proved by Giaro
[1]. Sidney and Sriskandarajah [2] proposed an heuristic algorithm that solves
02 | no-wait | Cpax With a tight worst-case ratio bound of 3/2.

Our main results are contained in the following two theorems:

Theorem 1. The existence of an (1.5 — e)-approximation algorithm for solving
02 | exact l;| Cyax implies P=NP.

Theorem 2. The existence of an (1.25 — e)-approximation algorithm for solving
02 | exact l; € {L1, Lo} | Ciax implies P=NP.

Bibliography

1. Giaro, K.: NP-hardness of compact scheduling in simplified open and flow shops. European Journal of Operational
Research 130(1), 90-98 (2001)

2. Sidney, J.B., Sriskandarajah, C.: A heuristic for the two-machine no-wait openshop scheduling problem. Naval
Research Logistics 46(2), 129-145 (1999)
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In this study, one variant of multi-product scheduling problem [1] is considered. The
problem asks to find the optimal selection of a set of tasks to produce a given number
of products in required amounts, allocate the task on units, and for each unit find the
order of execution of tasks. The production rates for each task, the task-unit suitability
matrix, and the sequence dependent changeover times for task pairs are given.

For the one-unit problem, two combinatorial algorithms are proposed: a branch-
and-bound algorithm and a parallel dynamic programming algorithm [2]. The last one
is implemented using the CUDA library for running on a Graphical Processing Unit
(GPU). For the multiple-units problem, the both approaches are combined in a branch
and bound algorithm with bounds provided by the dynamic programming procedure.

The algorithms are compared with CPLEX solver applied to the considered problem
formulated as a mixed integer linear program. Although, the main limitation of using
the proposed algorithms is a requirement of large amount of memory, the experiments
showed their superior performance over CPLEX in terms of running time for rather
large sized instances. The advantage of parallelization and using the GPU is also
demonstrated.

Bibliography
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The Vehicle Routing Problem (VRP) is one of the most popular combinatorial
optimization problems which is closely related to the real life optimization challenges.
Being developed for more than 60 years the problem has been considered in many
different formulations. In real life goods distribution such constraints as fleet size
and mix, site-dependency constraints, hard and soft time windows, vehicle capacity
constraints are very important. In this paper we consider Capacitated Vehicle Routing
Problem with hard Time Windows. We propose a hybrid heuristic algorithm which
contains elements of ant colony optimization strategy and tabu search technique. Our
algorithm shows good performance and results for the well-known Solomon dataset.

* The research was funded by Russian Science Foundation (RSF project No. 17-71-10107).
© L. S. Bychkov, M. V. Batsyn, 2018
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We consider the routing flow shop problem being a generalization of the flow shop
and the metric travelling salesman problems. The jobs are located at nodes of some
transportation network, and the machines travel on the network to execute the jobs in
the flow shop environment. The machines are initially located at the same node (depot)
and must return to the depot after completing all the jobs. It is required to find a non-
preemptive schedule with the minimal makespan.

The routing flow shop problem was introduced by Averbakh and Berman [1]. It is
strongly NP-hard even in the single machine case as it contains the metric TSP as a
special case. Yu et al. [3] proved that the two-machine routing flow shop is ordinary
NP-hard when the transportation network is a tree with unbounded number of nodes,
i.e. the number of nodes is a linear function on the number of jobs.

In our paper we consider the two-machine routing flow shop under the assumption
that a transportation network is an arbitrary undirected graph with a constant number of
vertices. We present an exact polynomial-time algorithm for this case based on dynamic
programming. This stands in contrast to the complexity result for the two-machine
routing open shop problem that is NP-hard even on the two-node network [2].
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In the routing open shop problem [1] jobs are located at the nodes of a transportation
network while mobile machines travel between nodes to process jobs in the openshop-
like environment. Initially all the machines are located at the special node referred to
as the depot and have to return back after performing all the operations. The goal is to
minimize the finish time. Problem is known to be NP-hard even in trivial cases with
single machine or with two machines and just two nodes of the network (including the
depot).

One of the important direction of research of the problem is the optima localization,
i.e. the search of tight upper bound on the optimum in terms of the standard lower
bound. This question was partly studied for the two-machine case [1; 2; 3] where
certain efficient techniques were developed and successfully applied. However direct
generalization of those approaches for the greater number of machines seems to be
unlikely efficient. Similar research for a three-machine open shop (which is a special
case of a problem under consideration) required massive computer-aided enumeration
based on branch-and-bound method [4].

The goal of our research is to improve the techniques mentioned for the case of
three and more machines to make the optima localization problem practically solvable.
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The irreducible bin packing problem is denoted as IBP(m) and can be formulated as
follows. Given a set 7 of positive integers with the total sum at most mB, is it possible
to partition 7 into exactly 2m — 1 subsets such the total sum of elements of each set
does not exceed B while the total sum of the union of any two subsets is strictly greater
than B? Problem IBP(2) was introduced in [2], where its NP-completeness was proved
and a sufficient condition of efficientsolvability was described.

ROm||Ryax introduced in [1] is a natural combination of a metric TSP and an
open shop scheduling problem. Jobs are located at the nodes of an edge-weighted graph
G representing a transportation network. Mobile machines have to travel over G to
perform operations of all the jobs in an open shop environment and to return to the
initial location minimizing the finish time. A well-known job aggregation procedure can
be used to combine several jobs from the same node into a single job preserving the
standard lower bound. Such an aggregation can easily be seen as a case of bin packing
problem. It was shown in [2] that in some cases of RO2||Ryax the irreducibility of
an underlying IBP(2) implies the normality of an instance (i.e. the coincidence of the
optimal makespan and the standard lower bound). Using that fact a new polynomially
solvable subcases were described.

The goal of this research is investigating more general IBP(m) and its influence on
the normality of ROm/||Ryax-
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There are N technologically independent jobs of unit duration, the only type of a
resource is financial. For each job j =1,2,..., N a necessary investment k; is defined.
Cash is invested at the moment of the beginning of a job execution. Upon completion
of job j, an income ¢; is received. The investor possesses an initial capital K. There
is a possibility of crediting at rate r for the unit period of time. Reserve cash is placed
on the market under an alternative risk-free rate r,. For comparison of cash at different
times, we use discounting operation. It is required to draw up the schedule of execution
of jobs in which the net present value of the entire project will be maximum.

We will give an interpretation of this problem [1]. The investor plans to build
a cottage village of N houses. Each house is built independently of others, and the
beginning of its construction depends solely on financing. If cash is available, materials
can be purchased and workers can be hired. Upon completion of construction, the house
is put on sale. The cash received from the sale can be invested in the construction of
other houses. Use of the credits is possible. It is required to determine the start times
of the construction of each house so that the general profit of the entire project is
maximized.

In this paper, the continuous case for the purpose of identification of structure of
an optimal solution, a research of dependence of this structure from the initial capital,
profitability of jobs and a rate of liquidity is considered. A solution was obtained in an
analytical form.

In the discrete case, a pseudo-polynomial algorithm is proposed. The question of the
existence of a polynomial algorithm remains open.
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We consider the Euclidean Generalized Traveling Salesman Problem in Grid Clusters
(EGTSP-GC), a special geometric subclass of the famous Generalized TSP, introduced
by Bhattacharya et al. [1]. They showed that the problem is strongly NP-hard if the
number of clusters k& belongs to the instance and proposed the first polynomial time
algorithm with a fixed approximation ratio. In [2], we proved that EGTSP-GC belongs
to PTAS when k& = O(logn) and k =n — O(logn).

Meanwhile, being the special case of GTSP, for any fixed k&, EGTSP-GC can be
solved to optimality in polynomial time. Therefore, it seems interesting to describe
the most general case of the problem sharing this property. Recently [3], by virtue
of generalized pyramidal routes, we provided an optimal algorithm with O(n?®) time
complexity bound for the case of EGTSP-GC, which grid height does not exceed 2. In
this paper, we extend this result to the case of EGTSP-GC defined by a grid of any
fixed height.
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We consider a parallel machine scheduling problem with setup times and a storage
for each machine. We are given a set of jobs and set of machines. Each job consists of
a set of operations. Each operation corresponds to manufacturing a product of a certain
type. Each job should be assigned to one of parallel machines, i.e. all operations of this
job must be performed on this machine. The processing time and the cost of operation
depends on machine assignment. Moreover, each operation has a weight, each machine
requires the sequence-dependent setup times. A due date is specified for each job and
machine. Each machine has a storage with unlimited capacity. Initially, the storage of
each machine contains some quantity of products. We can use the products from the
storage instead of producing it. The machines are continuously available through the
planning period and can process at most one operation at a time. Once an operation is
started it must be completed without interruption.

The tardiness of job is defined as the positive time difference between the due date
of job on machine and the completion time of the last operation of this job. We want to
find a schedule which minimizes the production cost and the total weighted tardiness.

We design a matheuristic to solve the problem. At the first step we present an
integer linear programming formulation of the problem and we solve its linear relaxation.
After that we assign jobs to machines by rounding procedure. At the second step
we solve the corresponding scheduling problem for each machine separately using the
stochastic local search algorithm [1]. Computational results for real-world instances in
tile production are discussed.
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Many practical problems, for instance, transport or management and running of
industry process, require scheduling of tasks at a time. The given system of tasks must
be implemented by certain set of resources or by means/devices of services. Such tasks
belong to one of the areas of discrete optimization problem (the scheduling theory)
considered. As it is known, the problems of scheduling theory are of NP difficulty [1]
and only in the certain cases it has been managed to construct the algorithm of
polynomial difficulty [2].

In this paper the mathematical model and algorithm are constructed, for which task
implementation is possible by processors system, where processors are mutually half-
interchangeable, for which the set of additional resources and partially ordered set are
not empty, but for implementation of each task the necessary time is constant. On the
additional resources special conditions are used.

Under such conditions the effective algorithm is constructed to order the sequence
of tasks. The schedule length and maximal price of tasks implementation are considered
as the measure of the algorithm effectiveness. Algorithm can be used for planning the
educational process.
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The paper is concerned with the maximum lateness scheduling problem with parallel
identical machines. It is assumed that the tasks are partially ordered, have arbitrary
processing times, and the preemptions of tasks’ processing are not allowed. We consider
the case of the problem when the largest processing time does not exceed the number
of machines, which is a generalization of the NP-hard in a strong sense scheduling
problem P2|prec,p; = 1,2|Cpa: [1]. For the considered case of the maximum lateness
problem we obtain a tight worst-case performance guarantee for a polynomial-time
approximation algorithm that can be viewed as a modification of the Brucker-Garey-
Johnson algorithm [2]. The Brucker-Garey-Johnson algorithm was originally developed
as an exact algorithm for the unit execution time tasks and precedence constraints in
the form of an in-tree. We also strengthen the result, presented in [3]. We show that
for the Brucker-Garey-Johnson algorithm this ratio can be arbitrary close to two if the
maximum processing time is greater than the number of machines for any fixed number
of machines which greater than one. Despite of its role in the theory and practice [4],
it is much less known about this version of the maximum lateness problem than about
the other two cases: the case where all tasks have unit execution times and the case
where tasks have arbitrary processing times but can be processed with preemptions.
Our paper aims to bridge this gap.
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We consider the classical m-machine open shop scheduling problem posed by
Gonzalez and Sahni [1] in 1976 as follows. We are given a set of jobs {Ji,...,J,} that
should be processed on a given set of machines {Mj,..., M,,}. Each job consists of m
operations that should be processed in an arbitrary order on different dedicated machines
without overlapping in time and without preemption. The processing of operations on
each machine should not overlap, as well. We are searching for a feasible schedule of
minimum length.

As was shown in that seminal paper, the problem is binary NP-hard, while the
question on its strong NP-hardness (in the case of any fixed number of machines m > 3)
still remains open. In this paper we consider a special case of this problem known as a
proportionate open shop problem ((Om |prpt|Cmax)). In this problem, each job .J; has
m operations of the same length p;. This problem remains ordinary NP-hard even for
the three-machine case (due to a simple reduction from PARTITION, see Liu and Bulfin
[3]). However, no pseudo-polynomial time algorithm was known for this problem up to
now.

In our paper we show that the 3-machine problem (O3 | prpt | Chax) can be solved in
pseudo-polynomial time, thus establishing its ultimate complexity status (that remained
unknown for 30 years). We also design for this 3-machine problem a simple O(n)
heuristic with the ratio performance guarantee of 1, thus improving the known result
by Koulamas and Kyparisis [2] (a heuristic with performance guarantee of % and with
running time O(nlogn)).

For the general (Om|prpt|Cuax) problem we suggest an asymptotically optimal
heuristic with the ratio performance guarantee of 1 4+ =+ and the running time
O(n + mlogm).
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The asymmetric traveling salesman problem (ATSP) is one of the most popular
problems in combinatorial optimization. Given a complete directed graph where each
arc is specified by a positive distance, we search for a cycle visiting each vertex of the
graph exactly once and minimizing the total distance. In this paper, we consider the
bicriteria ATSP (bi-ATSP), in which every arc is associated to a couple of distances.

Optimal solution to a multicriteria problem is usually supposed to be the Pareto
set, which is rather big in real-world problems. So we consider the axiomatic approach
of the Pareto set reduction proposed in [1]. Here the author introduced an additional
information about the decision maker preferences in terms of so-called "quantum of
information”, reflecting the compromise between criteria. The method shows how to
construct a new bound of the optimal choice, which is narrower than the Pareto set.

The axiomatic approach of the Pareto set reduction does not widely investigated in
the case of discrete optimization problems. We apply this approach to bi-ATSP in order
to estimate its effectiveness (the degree of the Pareto set reduction). We identify series
of "quanta of information” that guarantee the reduction of the Pareto set for particular
cases of the bi-ATSP.

[t is well known that the bi-ATSP is intractable. To construct an approximation of
the Pareto set to the bi-ATSP we develop a genetic algorithm based on the scheme
proposed in [2]. Computational experiments are carried out on randomly generated
instances. The results of experiments show the degree of the Pareto set reduction for
various "quanta of information”.
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KualoueBble ciaoBa: cumOuoTHUecKasi a30T(UKCALUS, 3BOJIOLUHOHHAS HWIrpa, YIeJbHbIH
pocCT.

TpapnumoHHBEIH cnioco6 MareMaTH4ecKoro omnucaHusi 6060BO-pH300HaNbHOTO CUMOU-
032 B MaTeMaTH4eCKOH arpo3KOJIOTMM COCTOMT B MOCTPOEHHH CHCTEMHO-IHHAMHYeCKOH
MOJEJIH 11eJ0CTHOH cucTeMbl [1]. [l oObsicHEHHS] 3BOJIOLHMOHHOIO reHe3nca W 3BOJIO-
LLUOHHOH CTaOUJIbHOCTH HM3y4yaeMblX CUMOMOTHUECKHX OTHOLIEHHWH aBTOPAMH MOCTPOEHBI
U UCCJIe]IOBAHBl albTePHATUBHBIE MOJE/H C MCIOJAb30BaHHEM MaTeMaTH4eCcKOro ammnapara
TEOPHH ONTUMAaJBHOTO YIpPaBJEHUS W 3BOJIOLMOHHBIX Urp. PocT M pasBuUTHe B3aWMO-
NeACTBYIOINX areHTOB ONHCHIBAJUCh CUCTEMOH NHHAMHUECKHUX ypaBHEHHH, The KaxKIbli
areHT MpeacTaBs coO0H HeOrpaHUUEHHO PACTYLIMHA OpPraHu3M, CHOCOOHBIH TeHepupo-
BaTh ONMH KOHKpeTHBIH pecypc (yriepon usiu asoT). IIpu sToM nsia obecredeHus po-
cTa 000MM areHTaM IoJlarajucb HeoOXOAMMBIMU 00a pecypca. Takum obpas3om, oOLIUH
POCT OKa3blBaeTCsi BO3MOXKEH, TOJbKO €CJM areHThl OYAYyT B3aUMHO “NeJUTbCS” 4YacTbiO
NPOU3BOAMMOr0 UMHU pecypca B 0OMeH Ha pecypc, NPOU3BOAMMBIN MapTHEPOM I10 KOoOIle-
pauuu [2]. [lonydyeHHass Mopmesb aHAJUTHYECKH W YHCJIEHHO MCCJENOBaHA Kak 3anada
ONTHMAJIHOTO YIIPABJEHUS U MeTOAAMM 3BOJIOLMOHHBIX UIrp. [lokasaHo, 4TO B LIMPOKOM
KJlacce I0NylLleHUH 3¢ (eKTHUBHOe MOBeleHHe B3aUMOLEHCTBYIOIMX areHTOB OKa3blBaeTcs
HEaHTAarOHUCTUUYHBIM, U KaK ONTHUMAaJIbHOH, TaK U 3BOJIOLHMOHHO-CTA0U/IBbHOHN CTpaTerrei
OKa3blBaeTCsl OJHOBPEMeHHbIH cOa/laHCUPOBAHHBIA 3KCIIOHEHLHANbHBIA POCT 00OUX CHM-
OHOHTOB.
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KnwueBbie ciaoBa: OUCKpPETHasd OITHMHU3Allksd, JOTMYeCKHe OrpaHudeHUs, CJ0KHbIE
nu3neJqansa, 3CKU3HOe NMPOEKTUPOBAHHUE, KOJOPUCTHUECKHE DEIICHU.

B [1; 2] u npyrux pab6orax pasBHBaeTcCsl MOAXON K aBTOMATH3aLWH MPOEKTHPOBAHHUS
CJIOKHBIX M3[e/JHH, B UaCTHOCTH, O€XKJbl, OCHOBAHHOTO Ha NPUMEHEHHUH MojeJed Auc-
KPETHOH ONTUMH3ALHUH C JIOTUYECKUMH H PECYPCHBIMH OorpaHudeHussMd. CTPoOATCS U HC-
C/JedyloTCsl MaTeMaTHuecKue Moleau AJs1 (QOPMHUPOBAHHUS CEpUH U KOMIJIEKTOB LIBEHHBIX
U3JIeTUH.

B nanHO# pa6oTe MpomO/IXKAIOTCS HUCCAEOBAaHUS B YKa3aHHOM HampaBJjeHud. Ocoboe
BHUMaHHe YJeJsseTcsl ONTUMaJ/JbHOMY MOAGOPY KOJOPUCTUYECKHUX pelleHUH, MOCTPOEeHbI
COOTBETCTBYIOLHME MOJEJH LeJOYUCJEHHOT0 JUHEHHOro nporpaMMupoBanus. [Ipensoxen
U peasii30BaH aJrOPUTM IMOCTPOEHUS] CEPUH CJIOKHBIX H3JENHUH C YyYEeTOM KOJOPUCTHUKH,
OCHOBaHHBIM Ha JieKCMKorpaguueckoM nepebope OyJjeBblX BeKTOpoB. [IpoBomutcs skcre-
PHMEHT Ha peasibHbIX UCXOAHBIX JAHHBIX [/ NPOEKTHPOBAHUS HEKOTOPBIX KJ/aCCOB OJeX-

JIBL.
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1. Kousokosos, A.A., dpour, A.B.: ABroMaTH3al1si TPOEKTHPOBAHHUS CAOXKHBIX U3JEJIUH C UCTIOJIb30BAHUEM NHCKPETHOM
ONTHMH3ALUUK U HH(OPMALHUOHHBIX TexHosoruil. OMckuil HayuHblil BecTHHK 2(90), 234-238 (2010)

2. Kolokolov, A.A., Artemova, A.V., Adelshin, A.V., Kan, L.E.: Discrete optimization models for solving complex
products design problems. In: Proceedings DOOR 2016, Vladivostok, Russia, pp. 49-56 (2016)

* Pa6ora BbInosiHeHa MpH (rHaHCOBOH nopnepxke PODU (npoekr 16-01-00740).
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WMCCJIEJOBAHHUE W PASPABOTKA AJITOPUTMA PEHIEHUSA 3AIAUYU
YIPABJIEHUA BXOOHBIMHW U BBIXOOAHBIMU MATEPUAJIbHBIMUA
[IOTOKAMU IMTPOMBIIIJIEHHOT'O IMPEAIIPUATHUSA

H. B. Bapanoga!, 0. A. Mesenes?

L2 HopocHGHpCKHit rocyapcTBeHHEIH TeXHHUecKuil yHuBepenTer, HoBocu6upek, Poccus
!baranova.nina.v1@gmail.com, ?mesyan@yandex.ru

KuioueBble cioBa: 3a1auu ONTHMU3AlMH, yIpaBAeHHe BHEIIHUM MOTOKOM MPEeNNpUSITHS,
OPL, noructuka, npon3BoACTBO.

[anHasg paboTa nocBsillleHA H3y4YEHUI0 BO3MOXKHOTO TOBBILLIEHHS 3(P(EeKTHUBHOCTU
MPUMEHEHNUsT 3KOHOMMKO-MaTeMaTHUeCKHX Mofesed B cdepe JOTHCTUKH TMPenNpUsTHS
U yNpaBJieHHss NPOU3BOACTBOM. [lomoOHBle HcCcrenoBaHMS M Pa3pabOTKM MOTYT INpHMe-
HATbCS B KayecTBe CHCTEM MOJAEP:KKH MPUHSATHUS pelleHHi, B KOTOPBIX AeJalTcs Mpo-
THO3Bl W MJIaHbl MO 3aKyNKaM, MPOU3BOACTBY M cOBITY npeanpustus. Ilpeacrasnena 3a-
Jlaya yrpaBJ/eHHs BHEUIHHMH MaTepHasJbHbIMH TMOTOKAMU IpeNNpHsTHS, pacCMOTpeHHas
B paborax [l; 2; 3], U aNropuT™M ee pelleHHs. JTa 3agada Oblja AOMOJHEHA MPOU3BOMI-
CTBEHHOH COCTaBJSIIOLLEH, U, COOTBETCTBEHHO, OBbIJIM MOAW(HLMPOBAaHbI IOCTAHOBKA 3a/a-
UM U aJITOPUTM €ee pelleHHsl ¢ YYeTOM OIpaHHYeHHs Mo crnocobaM Npeodpas3oBaHUsl ChIPbS
U KOMIIJIEKTYIOILMX B peaju3yeMble ToBaphl. PagpaboTaHa U NpoTeCcTUPOBaHA Nporpamma
B cpezie paszpadotku IBM ILOG CPLEX Optimization Studio Ha si3biKe mporpamMupoBa-
Hus s ontumusanuii (OPL), peanusyroiias aaroputM pelleHHs] MOCTABJEHHON 3a1adyH.
Hanpasnenue nanbHeHIINX UCCAeOBAHUH JIEKUT B 00/1aCTH BbIOOpA LleH CObITA.

Cnucok aurepaTtypsl

1. Mesenues, I0.A.: MaremaTnueckHe MOfiesIM yIIpPaBJeHHs TOACHCTEMAMH JIOTHCTHKH Ha NPeNNPUATHAX. ABTOMATH-
3allisl U COBpPeMeHHble TexHoJsoruu 8, 46-55 (2008)

2. Mesenues, 10.A., INaenos, I1.C.: K nporpaMMHOl peasd3alud JeKOMIO3ULHOHHONO aJrOPUTMA peLIeHHs] OJHOrOo
KJlacca 3afa4 JUCKPeTHOU OMTHUMH3ALMHU C MoJyornpeaeseHHoN penakcauued. Mudopmaunontsie TexHosoruu 2(186),
54-59 (2012)

3. Mesenues, 10.A., TNasnos, [1.C.: Peanusauns aaroputma pelleHHs CHelHaJbHBIX 3ajau MOJYONpefeeHHOTO Mpo-
rpammupoBanusi ¢ ucnosbzoBanuem IBM ILOG CPLEX. Hayunbiit Bectuk HI'TY 4(45), 25-34 (2011)

© H. B. bapanosa, 0. A. Mesenues, 2018
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O9BPUCTHUKA KJIACCA OPT IJIA PEIIEHUWA 3AILAUU
TPAHCIIOPTHOM JIOTUCTUKH THITA “PICKUP AND DELIVERY’

)

E. M. Bponwreitn!, P. B. Tungynaun?

1 YepuMcKuMit ToCynapCTBeHHbIH aBUALHOHHEIH TeXHHUecKHi yHHBepcuTeT, Yda, Poccus
2 Bawkupckuil TocyapcTBeHHEIH yHHBepcHuTeT, Ya, Poccus
!pro-efim@yandex.ru, 2gramiz@mail.ru

KuroueBble cioBa: MapLipyTH3alus, 3BPUCTHKA, opt.

PaccmarpuBaetcs BapuaHT 3anaun VRP, B KoTopo#i npeanosaraeTcs HaJuyue IOJHOTO
rpaca, BeplIMHAMU KOTOPOTO SIBJASIOTCS MYyHKTBI MPOU3BOACTBA U MOTpeOseHHus, a ayra-
MH — COOTBETCTBYIOIIHE MyTH, C €MUHCTBEHHBIM TPAHCIOPTHBIM CPEICTBOM Or'PaHUUEHHOH
BMECTHMOCTH, KOTOpPO€e IOJIKHO 3abpaTh W NOCTABUTb T'Py3bl PA3JUYHOTO Beca, MpPHUEM
TPy3 OT KOHKPETHOTO MPOU3BOAUTENS A0JKEH ObITh NOCTABJEH OOHOMY KOHKPETHOMY IO-
TpebuTeso. 3agada oTHocUTCs K KJjaccy NP-cnoxubix. Takue 3agaun paccMaTpUBaJnCh,
Hanpumep, B [1].

B nuTeparype paccmaTpuBajJMCh pas3JdUHble BapUaHTbl MepeGOPHBIX aJrOpPUTMOB,
B TOM 4YHCJe, aJrOPUTMBI THUma 2-opt u 3-opt misi 3amauv KOMMHBOSKepa, CYTb KOTO-
pbIX 3aKJ04YaeTcsi B TOM, UTO U3 LHKJA yAAJSIOTCS ABa WM TPU pebdpa, a BMECTO HUX
BCTaBJISIIOT JBa WUJIM TPH IPyrux pedpa (Hampumep, [2]).

Jns paccmaTprBaeMbIX 3afiau MpesioKeHa 3BpUCTUKA 4-opt, 3aK/0daroLascs B TOM,
YTO B JOMYCTHMOM LHKJE CJyuyalHO BBIAEJSIOTCS JABe Mapbl BepIIHWH (MIPOMU3BOAMTEJb-
MOTpeOUTENb), KOTOPble Pa3bMBAlOT LMKJ Ha O yacTeil. 3aTeM BblieJEHHbIE BEPIIHHbI
U TOJIyUeHHble YaCTH MepecTaBJsIoTCs BCEMHM CNOCOOAMH, TMPU KOTOPBIX MOJydaeTcs J0-
nycTuMbld HUKA (Bcero ux 420). Cpenu Tex LHMKJOB, I/ KOTOPBIX BHIMIOJHSETCS Orpa-
HUUEHHEe HAa BMEeCTHMOCTb, HaXOAUTCH LMKJ MHHHUMaJbHOrO Beca. JlokasaHo, 4To mocJe-
NOBaTeJbHbIM MPHUMeHeHHeM MOM0OHBIX MPOLEAYp MPH JOOM HaYaJbHOM IHKJE MOXHO
NOJYUUTh JIOO0H nonmycTUMBbIA UKKJ. [I[poBefeH BBIUMCAUTENbHBIH SKCIIEPUMEHT.

Cnucoxk aureparypsl

1. Parragh, S., Doerner, K., Hartl, R.: A survey on pickup and delivery problems. Part II: Transportations between
customers and depot. Journal fur Betriebswirtschaft 58, 21-51 (2008)

2. Hooijenga, D.: Perturbation heuristics for the pickup and delivery traveling salesman problem [Internet].
Econometrie. Available from: http://hdl.handle.net/2105/30373 (2015)
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O MATEMATUYECKHX MOJEJIIX IMPUHSATHUSA PELIEHUU
B PAMKAX ITPOTPAMMBI «APKTUKA»*

3. X. T'umanu!, 1. B. Muwun?

L2 MreruryT maremaruku um. C. JI. Co6onesa CO PAH, Hosocu6upck, Poccus
! HoBocHGHpCKHIl rocynapcTBeHHEIH yHUBepenTeT, HoBocuGupek, Poceus
! gimadi@math.nsc.ru, mishindmv@gmail . com

KuroueBble cjoBa: NpUHSTHE pelleHMH, JIOTUCTHKA, 3afada pas3MelleHHs, MaplipyTH3a-
1M, KaJeHIapHoe MJIaHUPOBAaHHE, aJITOPUTMBI C OLEHKAMH.

B pamkax mporpammbl "ApkTHKa'mpennosnaraetcsi Co3gaHHe BOCbMH OINOPHBIX 30H,
OpPHEHTHPOBAHHbIX Ha pa3BuTHe CeBepHOr0 MOPCKOIO MyTH U POCT TPAHCIIOPTHPOBKH Ipy-
30B [I0 MOPIO ¥ peKaM, B TOM YMCJe Ha 3KCIOPT.

OneMeHTbl MPOrpaMMbl COfep:KaT B ceOe COBOKYMHOCTb CJIOXKHBIX HapOAHO-XO3SIH-
CTBEHHBIX NpobJieM, KOTOpble MHAYLUPYIOT Pl MaTeMaTHYeCKUX MojeJsed NPUHATHS pe-
LIeHUH Mo TakUM IpobJeMaM, KaK KaJeHAapHoe IJIaHMpOBaHHEe B yCJOBUSX OrpaHHYeH-
HBIX PeCypcoB M IUPEKTHUBHBIX CPOKOB, JIOTUCTHKA, pa3MellleHHe, MaplIpyTU3aLus U T. M.
B GosblinHCTBe CBOeM TakHe 3ajadyd SIBJASIOTCS TPyLHOpellaeMbIMH U TpeOYyIOT MpHBJe-
4eHUsl KBaNHU(UUUPOBAHHBIX CIELHUANHUCTOB 110 aHAJIU3y NAHHBIX U AUCKPETHOH ONTHUMH-
3allMH.

[Ipumepamu Takoro mnoaxofa SBJSIOTCA pa3paboTKa MPOrpaMMHO-MaTeMaTH4eCKOro
obecrieyeHrsl /151 TaKUX KPYNHOMACIITaOHBIX MPOEKTOB KaK MJaHUPOBAHHE CTPOUTEJIb-
ctBa BAM, ocBoeHue xo3siiicTBeHHOU 30HBI BAM, ocBoenue 3ananHo-CHOUPCKOro HedTe-
ra3oBoro Kommiekca u ap. [1].

AxTyanpHOH B paMKaX pasBHUTHS 3/JeMeHTOB NpoekTa "ApkTHuka' sBaseTcs 3ajnaua
KaJIeH1apHOrO IJIAHUPOBAHUSl C PECYpPCHBIMM M BpeMEHHbIMH OrpaHuueHHsIMH. B pabo-
Te [2] npensoxeHa cxema BeTBJIEHHsl, OCHOBaHHAsl Ha CIIHCKOBOM IPEACTaBJIEHHUH PaboT
eIMHUYHOHN [JUTEJBbHOCTH. B KauecTBe HHIXKHUX OLIEHOK HCIOJb30BA/IUCh [Ba aJTOPUTMA,
OCHOBaHHblE Ha peJlaKCallMK 3aJlaud CO CKJaJHMPyeMbIMH pecypcaMM M pelleHUM 3afaqyH
C BO30OHOBJISIEMBIMH PECYpPCaMH.

[IpencraBienHas B paboTe MaTreMaTH4ecKas MoJesb Pa3BUTHS APKTHYECKOrO pPernoHa
P® cornacoBana ¢ rocynapctBeHHo# nporpammoi passutusi Apktuku no 2020 ropa.

Cnucok aureparypsbl

1. Tumamu, D.X.: O HEKOTOPHIX MaTEMAaTHUECKMX MOMAEJSX H MEeTOoaX IJIaHUPOBAHUs KPYMHOMACIITAOHBIX MPOEKTOR.
Monenu u metonsl ontumuzaunu. Hayka, Hosocu6upcek (Tp. UM CO AH CCCP; Tom 10), 89-115 (1988)

2. Tonwapos, E.H., Mumun, I.B.: TouHbl#i anroput™m [IJs 3agadv KajeHIApHOTO MNJaHHPOBAHWS OTPAHHUEHHBIMH
pecypcamu. [lpuknanHas Matematika W gyHaameHTasbHas uHpopMatrka 4(1), 43-53 (2017)

* Pa6ota BbinosiHeHa npu puHaHcoBol nopnepxke PH® (npoekr 16-11-10041).
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UWCJEHHBIM MMOAXOA K MHOTOYPOBHEBOM OINITUMMN3ALIVU
MMPELIM3MOHHBIX KOHCTPYKLIUU

C. B. Hoponun!, A. H. Poranes?

! MUncruryT Bouncantensurx rexnosoruii CO PAH, Kpacnospexuit dumman, Kpacnosipek, Pocens
2 UueTutyT BRIYMCTHTENBHOTO Mofeanposanus CO PAH, Kpacnospexk, Poccus
! sdoronin@ict.nsc.ru, ?rogalyov@icm.krasn.ru

KiaroueBbie cJioBa: NpeurusrMoHHble KOHCTPYKUHWH, MHOIOypOBHEBAs OINTHUMH3ALMNS,
HapeTO-OHTI/IMa.HbeIe TEXHUYECKHE pelIeHH .

CTpyKTypHO-CJIOXKHbBIe MpPEIHU3HOHHBIEe (HanboJee BBICOKOH TOYHOCTH) KOHCTPYKIMHU
paccMaTpUBAIOTCA KaK MepapXUyeCKH CJIOXKHble CUCTeMbl, I/ KOTOPBIX (POPMYJIUPYIOTCS
TpeOOBaHUSl MPELU3UOHHOCTH U3TOTOBJEHUSI 3JeMEHTOB, (POPMUPOBAHUS YIPABJISIOUIUX
BO3MeHCTBUH, MPUOOPHOTO KOHTPOJIST MapaMeTpoB cUcTeMbl. OCOOEHHOCTH MpPUMeEHeHHUS
METOL0B MHOTOYPOBHEBOM ONTHMH3ALUU K KOHCTPYKIUAM TeXHUYECKUX 0OBEKTOB 3aKJIIO-
4aloTCs B TOM, UTO Ha BCeX MepapXUUeCKHUX YPOBHAX HeoOXoQuMMa MHOronapameTpuyeckas
ONTHMM3ALUS, IPUUEM CTPOrHe NMOCTAHOBKHU U pelleHUs] SIKCTpeMaJsbHbIX 3a7au 3aTpPyIoHU-
TeJbHbI. Bonpockl oNTHMHU3alLUK MPELU3NOHHBIX KOHCTPYKUUH B JUTepaType paccMaTpu-
BAIOTCS [/l KpakiHe y3KOro KJjacca TeXHUYECKUX OOBEKTOB.

[Ipennaraercst mpakTHYecKHH (YHUCJEHHBIH) MOAXON K MHOTOYPOBHEBOH ONMTHMH3ALUH
KOHCTPYKLHH, XapaKTepU3YIOUIMHCS pellleHHeM MHOTomnapameTpUyeckKux cJjaadodopmalu-
3yeMblX 3aJad Ha PasJMYHbIX YPOBHSIX HEPapXUHU C JAOMOJHUTEJbHBIMH TPeOOBAHUSMU
BBICOKOM TOYHOCTH KOHTPOJISI TAaPaMeTPOB U NMPUMEHSIOUMNCS [1JI LUMPOKOro KJjacca Tex-
HUUecKUX 00bekToB. [loaxon 3aksouaeTcss B JE€KOMIO3ULMM KOHCTPYKLUHH W Olpeje-
JIEHUW HepapXuuyecKWX YpOBHeH, MHOTOKPHUTepPHAJbHOH ONTHMHU3aLUM W MOJyYeHHH Ha
KaxaoM ypoBHe [lapeTo-onTUMa/ibHBIX TEXHHYECKHX pelleHHH. IDTta 3agava peliaercs
C WCMOJb30BAaHHMEM METOa aHa/ju3a HepapXuil ¢ MpUMeHeHUeM MapHbIX cpaBHeHHH. [Ipu
ONTHMH3aLUK KOHCTPYKLHH, NPELU3HOHHbBIE NTapaMeTpbl KOTOPBIX ONPene/sioTCs ¢ MOMO-
IbI0 YHCJIEHHOTO (KOHEYHO-3JIEMEHTHOTr0) MOJAEJNUPOBAHUS, HCIONb3YIOTCS pa3paboTaH-
Hble U MPaKTHUeCKH anpoOUpOBAaHHbIE METOABI M aJrOPUTMbI 0OPATHOTO aHaJ/M3a BBIYMC-
JIUTeJIbHBIX OLIMOOK, MO3BOJISAIOLIHME 00eCeYnTh NOCTOBEPHbIE OLIEHKH MPelM3UOHHBIX MNa-
pametpoB. [IpakThueckoe mpuMeHeHHe MOAXONA peanu3yeTcsl NJis 3aJaud MOUCKA OMNTH-
MaJIbHOTO KOHCTPYKTMBHOI'O BapHaHTa KPYMHOra0apUTHOIO NPELHU3UOHHOTO pedJeKTopa
napabo/MuecKol 3epKaJbHOH aHTEeHHbl Ha3eMHBbIX CHUCTEM CNyTHHKOBOW cBsidu. [lapamer-
paMH, K KOTOPbIM NPeIbSBJSIOTCS BBICOKME TPeOOBAaHHSA 10 TOYHOCTH OINpefeseHUs, SB-
JIAIOTCS MaKCHMaJsibHble 3HAaueHUsl abCOJIOTHBIX AeopMaluil W cpefHEeKBaapaTHYECKOTO
OTKJIOHEHHUS OTPaxKalllel MOBEPXHOCTH 3epKaJjia 0T UleasbHOro napadosionsa.

© C. B. Hopouun, A. H. Poranes, 2018
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O CTPYKTYPE MHOXECTBA JIOKAJIbHBIX OIITUMYMOB
SAITAYU OINITUMU3ALINU PASHMPOBAHHBIX AHTEHHBIX PEHIETOK

A. B. Epemees!, H. H. Twonun?, A. C. FOpxkos?

L2 YreruryT maremaruku um. C. JI. Cobonesa CO PAH, Omcxkuit dumman, Omck, Poceus
3 OMcKui1 HaYYHO-HCC/IENOBATENLCKMH UHCTUTYT puopocTpoenns, Omck, Poccus
! eremeevtmp@yandex.ru, 2nik.tyunin.92@mail.ru, % fitec@mail.ru

KiaroueBbie cjioBa: q)aSI/IPOBaHHbIe AHTEHHbIE pelIeTKH, 3adada OINTHUMH3AllMH, JIOKaJlb-
Hbl€ OIITUMYMHBI.

[TponoskeHo HccaenoBaHue 3aJayd ONTUMM3ALUU PEXUMOB PabOThl (ha3UPOBAHHBIX
AaHTEHHBIX peLIeTOK B CJydyae MHUTAHUS PasHbIX (PUAEPOB OT pa3HbIX ycuautesei. B pabdo-
te [1] mokasaHo, 4To 3Ta 3ajaua CBOAMTCS K 3a/laue KBaJpPaTHUHOTO MPOrpPaMMHPOBAHUS
C KBaJpaTHUUHbIMHU OrpaHHYeHUsIMU. B HacTosilell paboTe ykasaHHas 3afada CBOAMTCS
K 3ajiaue ONTHMH3alUK 0e3 orpaHUYeHHE MPU TOMOIIM MeTofa BHellHed Touku [2]. Pac-
CMaTpPUBAIOTCS pelLIeTKH LIMPOKOMOJNOCHBIX BepTHKanbHbIX aumojed (ILIBJI) u mwupoxo-
MOJIOCHBIX BepTHKadbHBbIX Hasayuarteseil (IIBH) ¢ koHdurypauueil Ka)kaoro uajaydaress
u3 pa6otsl [3]. [Ipu BbIGOpe BXOOHBIX MapaMeTPOB 3adadydl HCIOJb30BaH TPOTPaMMHBIH
komnieke NEC2.

Jlns KBagpaTHBIX pelleToK U3 ueTbipex uasyuaresei (2x2 IIBU), u3 yerbipex au-
nosedt (2x2 IOBJI) u u3 pmeBatu usnydarened (3x3 IBU) Bce sokanbHblE ONTHUMYMBI,
HalileHHble B pe3yJibTaTe BbIOJHEHUs I'PaJUeHTHOro MoJbeMa U3 CTa CJAydyalHO BbIOpaH-
HBIX HadyasbHbIX TOUEK, UMeJH PaBHble 3HAUeHHs LeseBoH (yHKUuH. Kpome Toro, ompe-
NeJS1/I0Ch KOJMUeCTBO JIOKAJbHBIX ONTHMYMOB Pa3JM4YHOH CTPYKTYpHl, T. €. HE 3KBHBA-
JIEHTHBIX C TOUHOCTbIO MO CABUra (hasbl Ha KOHCTaHTy. B cayuae pemetok 2x2 IIIBU
u 2x2 HIBJl 6bl710 06Hapy»KeHO MO TPH He 3KBHUBAJEHTHBIX MeXAY COOOH JIOKAJbHBIX
ONTHMYyMa, a B caydae pemietok 3x3 LIIBU — yetsipe.

Cnucok aureparypsbl

1. IOpxkos, C.A.: OnTuMu3auus Bo30YyxKAeHHs MepefaolnX (asUpoBaHHBIX aHTEHHBIX PELIeTOK AeKaMEeTPOBOTO OHa-
nasoHa nuH BogH. ¢. 46-53. OHUUII, Omck (2014)

2. Aoku, M.: Beenenue B Metonnl ontumusaiuu. Hayka, Mocksa (1997)

3. IOpkoB, C.A.: O BiusiHUH TOTEPb B 3eMJie Ha paboTy uerbipexanemeHTHOH PAP KB [uanasona. TexHuka paauo-
csizu 1(21), 79-81 (2014)
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HEWMPOCETEBBIE MU ATEHTHBIE TEXHOJIOTHHU
B CTPYKTYPHO-ITAPAMETPUYECKOM MOJIEJIMPOBAHWHA
TEXHOJIOTMYECKHUX CHUCTEM

I0. A. VUsawkun'!, U. I'. Baarosemenckuii?, M. A. Hukutuna®
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KiroueBble cjoBa: TexXHOJIOTMYeCKas CHUCTeMa, CTPYKTYpPHO-NapaMeTpUyecKHi aHamus,
CUTYaLlMOHHBIH aHa/u3, HMH()OPMaLUOHHblE TEeXHOJIOTHUH, HeHpOCeTH, MyJbTHAreHTHOe
MOJleJIMPOBaHHeE.

CyulecTBylolllee  HanpaBJ/eHHe  CTPYKTYypHO-NMapaMeTPUuecKoro  MOJeJHPOBaHUS
(CITIM) TexHOJIOTHYECKHUX CHUCTEM H CHUTYallMOHHOI'O aHajln3a JaHHbBIX, CBSI3aHHOE C HMX
CTPYKTypHU3alHeld M0 (YyHKLHOHAJIbHOMY WJH 1leJleBOMY INPUHLUIY U OlNpeleseHHeM
CBSI3ed MeXIy NapaMeTPaMHM COCTOSHHS CHUCTEMBbl, Ha OCHOBE CTAaTUCTHYECKHUX NAHHBIX
He Bcerga obecrneuynBaeT HeOOXOAMMYIO TOYHOCTb NPUHATHUS pelLleHUsl B 3anadax HIeH-
TU(PUKALUKU U TPOTHO3UPOBAHHSA M3-3a HEJOCTAaTOYHOCTU CTATUCTHUKH U HEaneKBAaTHOCTH
perpeccUOHHBIX OLIEHOK cBsideH. Mcrnosnb3yemble METOABI TACCHBHOIO HAKOIJIEHHUSI JAHHBIX
Y aKTUBHOTO 3KCIIEPUMEHTa B pea/lbHOM BPEMEeHU NeHCTBYIOLIEH TeXHOJOTMUYeCKOH CHUCTe-
MBI NIPAKTHUUYECKHU He peasn3yeMbl, TaK Kak TpeOyloT AJAUTEJbHOTO Mepuofa HabJIoaeHUs
WUJIM aKTHBHOTO 3KCIIEPUMEHTA C JOCTAaTOYHBIM YHCJIOM MOBTOPEHHUH.

B cBs3u ¢ 3TUM mpenJiaraeTcss HoBasi HH()OPMALMOHHAS TEXHOJOTUsl UIEeHTU(UKALKH
U NPOrHO3HPOBAHMS COCTOSIHUS CJIOXKHOH TEXHOJIOTHUYECKOH CHCTEeMbl C MCIOJb30BAHHEM
MeTOJI0B HUCKYCCTBEHHOI'O MHTEJIJIEKTa Ha OCHOBe HEHPOCETeBbIX M areHTHBIX TEXHOJOTHH.
OYHKIUSA MOLYJIS WM areHTa camMooOyueHHs 3aKJIUaeTcsi B yTOYHEHHH MepBOHAYa/b-
HO 3aJaHHBIX KO3((PHULHUEHTOB CBSiI3ed MeXK1Ay KOHTPOJUPYyeMbIMH MapaMeTpaMH COCTO-
SIHHASI W 1leJId U paclo3HaBaHUM aHOMaJbHBIX CHTyalMH B cucTeMe. 3afadya oOydyeHUS
pacro3HaBaHUIO CUTyalMH 3aKJ/04anach B UX KJACCU(HMKALMK Ha OCHOBE INpelbsBJeHUS
B peasbHOM BpeMeHH TeKYIHX COCTOSHMH CUCTeMbl MO NMPUHAAJNEKHOCTH K 00JacCTsM,
COOTBeTCTBYIOILUM PA3JIUYHBIM KAaTerOPHUAM NPHUHATHS PELUeHUS.

[Ipensiaraetcsi pasHOBHUAHOCTb apXHUTEKTYpPbl MCKYCCTBEHHOH HelipoceT XeMMHHTra
C MHOTOCJIOHHOH PeKyppeHTHOH CTPYKTYpOH, Kak CleLlHaJu3upOBaHHOE reTepoaccolua-
THBHOE 3aMOMUHAIIee YCTPOHCTBO ¢ mapaMu (x,y) CBS3aHHBIX MEXAY COOOH BXOMHOTO
U BBIXOJHOI'O BEKTOPOB.

[IpennioxenHass uHpopMalLMOHHAs TEXHOJOTHSl UCIMOJb30Balach B 3a4auyax UAEHTU(DHU-
KaUW{ U NPOTHO3WPOBAHHUS COCTOSIHUS TEXHOJOTHMYECKUX CHCTEM MHIIEBbIX MPOHU3BOJCTB
1 nepepabateiBatominx npennpustuid AIIK.

© 0. A. Usawkun, Y. T. Bnarosemenckuit, M. A. Hukutnna, 2018
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[Ipukaradnosie uccaredosarnus

HOBbBIE MOJAEJIM JVUHAMUKU LIEH
HA PBIHKE HEJIBUKWUMOCTHU*

A. A. Kpaxanés

Uucturyt matematuku uM. C. JI. Co6osea CO PAH, Hosocu6upck, Poccus
krahalyovanton@mail.ru

KuaroueBble cJjoBa: Mofesnb AWHAMMKH LleH, PBIHOK HEIBHXXUMOCTH, [I0JIOCPOYHOE
MPOrHO3UPOBaHUe LieH, Mofiesab n1UHaMuKu Crpana.

PLIHOK HEIBHXKHUMOCTH — 3TO MEPCINEKTHBHBIA CerMeHT 9KOHOMUKHU. Panee B [1] Oblin
paccMOTpeHbl HEKOTOpble MOAeNH (PYHKLUHOHHPOBAHUS 3TOTO PbIHKA B IPEAINOJOKEHHH,
YTO 3a/laHbl 1IeHbl U CIIPOC HA KBAPTHUPbl PA3JIMUHBIX BUIOB B KPAaTKOCPOUHOM TMeEpHOJE.
B Hacrosimie#t paboTe mpemsiaraeTcsi pacCMaTpUBaTh PBIHOK, KaK B3aHMOJEHCTBHE Tpex
rpynn cyObeKTOB, MPU 3TOM KaxKIbli CyOBEKT MOAeNUpYeTCsl 3ajauell MaTeMaTHUecKOoro
NpOrpaMMHUPOBAHUS, CTOXACTUUECKUMM MapaMeTpaMH KOTOPBIX, B TOM 4YHCJe SIBJASIOTCS
cripoc U UeHbl. [locTpoeHbl HOBblE METOMIBI HOJNTOCPOYHOrO MPOTHO3UPOBAHUS LIEH U TMpel-
JoxkeHus1. [l 9TOro MOCTPOeH aHaJjor Mofiesd nuHaMuku Cripaga [2] ¢ rapMOHHUUECKHMH
KoJ1eOaHUAMHU BUIA:

5(0) = exp(Y2 o) + 3 bisin ) 1 T,

7—,
i=1 i=1 ¢

rae ¢ 3TO MOMEHT BpPeMeHH MPOrHO3UpPyeMoro nepuona, 6;, 7; — NocTosiHHble KO3((ULIKeH-
Tbl, 0 — KO3()(PULHUEHT BOJATHJIBHOCTH, M — UUCJO CJaraeMblX B MOJUHOME, OMHCHIBAO-
l[eM TPEeHI, a n — YUCJIO0 rapMOHUK. Huesma m, n U BUI GYHKUUE ¢(t) 1 ¢)(t) BeIOHpatoTCs
B 3aBUCHMOCTH OT YMCJIA M3BECTHBIX 3HAUEHUH B PETPOCIEKTHBE, UTOOBI Hallle MpUOIHKe-
HUe MUHUMAaJbHO OTKJIOHSIJIOCH OT PETPOCIEKTHBBI. AJITOPUTMBI HAXOXKAEHHST YUCJIEHHBIX
3HAUEHHWH CJAy4YaHUHBIX TApaMeTPOB MOTYT HHTEPIPETHPOBATHLCS KAK pellleHHe CTOXacTHue-
cKoro An(ddepeHLHaNbHOIO YpaBHEHHUS.

B noknane 6ynyT npencTaBJ/eHbl pe3yJbTaThl pacyeToB, a Takxke OydeT MOKa3aHo, KakK
IVHAMHKA [IeH W MapaMeTPbl PblHKA BJAHUSIOT Ha (PYHKIMOHMPOBAHHE PbIHKA HEIBHKHMO-
CTH M Ha INpOoLecC COMVIaCOBAHUS MJAHOB CyOBbEKTOB 3TOrO PHIHKA.

Cnucok aurepartypsl

1. Xyropeuxkuii, A.B.: AHann3 KPaTKOCPOUHBIX PAaBHOBECHH HA PhIHKE XKHJIbsl C IPUJIOKEHHEM K pa3padoTKe XKHUJIMIIHON
nosintukd. PII9U, Mocksa (2001)

2. Aprembes, C.C., dkynnH, M.A.: MaremaTHyeckoe W CTaTHCTHUECKOe MopesnpoBaHue B (puHancax. UBMuMTI CO
PAH, Hosocu6upck (2003)

* Pa6ota BbinosiHeHa npu nopnepxke PTH® (npoext 16-02-00049) u PODU (npoekt 16-06-00046).
© A. A. Kpaxanés, 2018
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[Ipukaradnoie uccaredosarnus

[TPOBJIEMbI PASPABOTKW MOJIEJIEW YIIPABJIEHUS
TOPOLACKHUM ITACCAKHUPCKUM TPAHCIIOPTOM

C. C. KpigpipmaeBa

Keipreisckuil HanuonaneHbli yHHBepcuteT M. 2K. Banacarsina, Bumikek, Kuprusus
salia2003@mail.ru

KuroueBble cJjioBa: OpPOACKOH MAacCa>KMPCKUH TPaHCIOPT, UMHUTALMOHHOE MOJEJNHPOBa-
HHUe, ONTUMHU3aLlMOHHBIE MOJeJH, CXeMbl MapLIPyTOB TPAHCIOPTA.

Cucrema ropoxackoro maccaxkupckoro tpascropra (I'TIT) kpymHoro ropoma — 3TO
CJI0XKHAsl CUCTeMa, KOTopas BKJouaeT B cebsi 60Jblloe YMCJA0 B3aHWMOCBSI3aHHBIX U B3a-
UMOJEHCTBYIOLIUX 3a7ad, KOTOpble HeOOXONMMO pellaTb OfAHOBPEMEHHO. YIpaBJieHHe Ta-
KOH OOJIbLLION CHUCTEMOM C KaXXIbIM T'OJOM BCE YCJOXXHSIETCS B CBSI3U C POCTOM TOPOJIOB,
ypOBHEM aBTOMOOHMJIM3allMH, MEHSIOIIUMHUCS NOTPEOHOCTSMH I'paxKAaH B 0OCJYyKUBaHHUH.
B ropone buiikeke B HacTosilllee BpeMsi OCTPO CTOUT BOMPOC ONTHMH3ALKK MapLIpyTHOH
cetu. OHa B nocsiefiHMe TOAbl He MOJBeprajach HayuUHOMY HCCJEO0BAaHUIO U TeperpyxKeHa
AyOJUPYIOLIMMHU MapLIpyTaMU U YaCTHBIMHM MapLIpPyTHBIMH aBTOOycaMM MaJioro KJacca.
Jnsi pelienus 3anad, Bo3HuKawlux B cucteMme ['TIT, MoxHO Mcnosb3oBaTh pas3UuHbIH
MaTeMaTU4YeCcKHUi amnnapar, B YaCTHOCTH MaTeMaTHyecKoe MporpaMMHUpPOBaHHe, S5KOHOMET-
PHKY, TEOPHIO UT'P, TEOPHIO CHUCTEM MacCOBOTr0 0OC/YKUBaHHS, HIMUTALHOHHOE MOJENHUPO-
BaHMe U T. N. McciaenoBaHuio cyokHBIX B3auMocBsided (akTopoB B cucteme [TIT u ux
BJIMSIHUSA HA pe3yJbTaT ee (PyHKLHOHUPOBAHUS MOMOXKET pa3pab0TKa MMHUTALMOHHBIX MO-
nened. Ho HemocTaTKOM MMMTALlMOHHBIX MOJeJed fIBJSIETCS TO, YTO OHM JAAIOT MHOXKe-
CTBO HEONTUMAaJbHBIX pelleHUH, U3 KOTOPbIX HeOOXOAMMO BbIOpaTh Haugydllee. B cBs3u
C 3TUM TMpeACTaBJ/sSeT HHTEpPeC 00belNHEHHE UMUTALMOHHBIX U ONTHMH3ALUOHHBIX MOJe-
Jiell B elMHYI0 KOMIJIEKCHYI0 cucTeMy. HauboJsee 3(ppeKTHBHO HCMOJIb30BaHUE COYETAHUS
UMHUTALlMOHHBIX MOZIeJIell U ONTHMH3aLHOHHBIX B MHOTOYPOBHEBBIX CUCTEMaX MoJeJeH, KO-
r1a BBIXOAHAs MH(pOpPMALHS MOJeJeH MpeNlleCTBYOLUIMX YPOBHEH SBJSETCS BXOLHOH IJIS
MozeJiell mocyaenyomux. TakuM 06pa3oM, OCHOBHBIMU OTPaHUUYEHUSIMHA ONTHMH3allUOHHOH
3ajlayd OyAyT OTHAeJbHble MOKa3aTeJd cepBUCa MaccaxkKHUpckux ycayr. Mx ypoBeHb 3a-
JlaeTCsl B COOTBETCTBHUU C NpeAJaraeMblM MeTOAOM C NOC/edyIoLeld KOPPeKTHPOBKOH Ha
OCHOBe MOJeJIM BblOOpa CTpaTernu AOCTHKEHHUS ONTHMaJbHOTO YPOBHSI CepBHca Macca-
XKUpPCKUX yeayr [1].

Cnucox aurepaTtypsbl

1. CounasnbHo-3koHOMHYeckoe mosoxenue r. BUIIKEK, bumkekckoe I'YTC, Bumikek (2016)

© C. C. Kpigbipmaesa, 2018
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[Ipukaradnosie uccaredosarnus

OB OJIHOW CITELMAJIM3MPOBAHHOW CUCTEME
KOHTPOJId 3HAHUN

JI. B. Jlapuna

Owmckuil rocynapcTBeHHBIH yHHBepcuTeT UM. ©. M. [loctoeBckoro, Omck, Poccus
larinalv@omsu.ru

KnroueBble cioBa: AOUCKpeTHad ONTUMHU3alus, MaTeMaTHdeCKoe MOAe/JMpOBaHHE, TeCTH-
poBaHHUe, KOMIIbIOTEPHAA CHCTEMA.

CBoeBpeMeHHbIH U OTepaTUBHbIH KOHTPOJb B Tpolecce oOyueHHs C LEeJbI0 BCTYIH-
TesibHOrO [1], TPOMEXYTOUHOrO H HTOrOBOTO OLIEHWBAHUS YMEHHH M HaBBIKOB, a TakK-
K€ BBISIBJIEHHUS TPOOEJIOB B 3HAHHUSIX TOH WMJIM MHOW TeMbl, MO3BOJISIET CKOPPEKTHPOBATh
NaJIbHEUIINH X0 TPaKTUYECKHX 3aHATHH. YNOOHBIM HHCTPYMEHTOM, 00GeCHeuHBaloyuM
JIOCTAaTOYHO BBICOKOE KaueCTBO MPOBEPKH 3HAHWHU, NABHO CTaJd KOMITbIOTEPHBIE CHCTEMBI
TECTUPOBAHHS.

B Owmckom ¢ununane Mucruryra matematuku um. C.JI. Co6oseBa CO PAH u OmI'Y
uM. @.M. JIoCTOEBCKOTO Ha MPOTSXKEHWH HECKOJBKHUX JIET Pa3BUBAETCs TOAXOM K MOCTPO-
€HUIO CHCTEM KOMITBIOTEPHOTO TECTUPOBAaHUS 3HAHWH CTYAEHTOB, OCHOBAHHBIH Ha MCIIOJIb-
3oBaHuM auckpetHod ontumusauuu (A.A. Kosokosos, JI.A. 3aosepckas, B.A. Ilnanko-
Ba) [2; 3].

B nanHoii paboTe mpencTtaBieHa paspaboTaHHask aBTOPOM CIel[HAJU3UPOBaHHAsT KOM-
MbIOTEPHAsT CHCTeMa KOHTPOJIS 3HAHHWH CTYIEHTOB psila TyYMaHUTapHbIX (aKky/JIbTeTOB
OmI'Y no mucuunnuue "Hudopmatuka" [4]. B cucteme HCMosb30BaHbl MPENJOKEHHbBIE
MaTeMaTHYeCKHe MO AWCKPETHOH ONTHUMHU3ALMUH AJs PelleHus 3a1ad (pOpMHUPOBAHHUS
ONTHMAaJbHBIX TECTOB [5].

Cnucox aurepaTtypbl

1. Jlapuna, JI.B.: [IpoBesieHre BXOTHOTO KOHTPOJISI 3HAHHUH CTYLEHTOB 10 MH(OpMaTHKe ¢ MCNONb30BAaHHEM CIIELHANH-
3UPOBaHHON KOMMbIOTEPHOH cucTeMbl. OTKpBITOEe 06pasoBanue 2, 14-20 (2017)

2. 3aosepckas, JI.A., [lnankosa, B.A.: TlpumeHeHue mopesieil THCKPETHOH ONTHMM3ALHK [Jsi Pa3paGOTKU aBTOMATH-
3UPOBAHHOH cHcTeMbl KOHTpous 3HaHu#. Bectuuxk HI'Y. Cepusi: Mndpopmanuontele Texnosoruu 6(1), 47-52 (2008)

3. Komsoxkosos, A.A., Jlapuna, JI.B.: ®opmupoBaHue NpoBepoyHbIX TECTOB MO HH(OPMATHKE C HCIOJb30BAHHEM JHC-
KpeTHOH onTtumusauuu. Matepuans XIX MexnyHaponHo#i KoH(epeHuuu “IIpriMeHeHHe HOBBIX TEXHOJOIMH B 00-
pasoBanuu”, c. 326-327 (2008)

4. Komokosios, A.A., Jlapuna, JI.B.: PazpaGoTka KOMIbIOTEPHOH CHCTEMBI KOHTPOJISi 3HAHUH C HCIOJb30BAHHEM JHC-
KpeTHo# ontumusaunu. Becruuk Cu6l'YTU 1(37), 33-39 (2017)

5. Kosokonos, A.A., Jlapuna, JI.B.: PazpaboTka 1 nprMeHeHHe MoJe/Iell IUCKPETHOH ONTHMH3aLHH IPH GOPMHUPOBAHUH
TecToB 1o uHdopmatrke. BectHuk Omckoro ynusepcutera 2(60), 173-175 (2011)

© JI. B. Jlapuna, 2018
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[Ipukaradnoie uccaredosarnus

3AJJAYA BbBIBOPA 3AEMIIMKOM OINTUMAJIbBHOM CXEMBI
WUIIOTEYHOT'O KPEOWTA

C. A. Manax!, B. B. Cepsax?

! O6pasoBarenbHbIil eHTp passuTHs omapeHHocTH Ne 117, Omck, Poccus
2 Uucturyt matematuike uM. C. JI. Co6osiea CO PAH, Omckuii ¢uanan, Omck, Poccus
'malahsveta@mail.ru, ?svv_usa@rambler.ru

KiioueBble cjioBa: NHMCKpeTHas ONTUMM3alMsl, METON NHHAMHUECKOro MPOrpaMMHpOBa-
HUS, KPEAUTHI, PUCK.

3aeMUIUK, »Kejasi MPUOOPECTH KBApPTHUPY, BHOCHUT HEKOTOPYI CYMMY JeHEeXHBIX
CpPelCTB B KauecTBe MePBOHAYaJbHOTO B3HOCA, a4 HA HelocTawllylo cymMmmy Dy odhopmaseT
KpeouT Ha cpok 7' moi mpoueHTHYW cTaBky r. las kaxkporo momeHta t = 1,2,...,7T
BBEIEM CJELYIOLINe BEJUYUHb: [J); — 0OCTaTOK OCHOBHOIO N0JTa HA MOMEHT t; g; — pa3mep
BBITJIAaTl OCHOBHOT'O JI0JITAa B MOMEHT t; R; — pa3Mep JIeHEXHOH BHIMJIAThl (MaTex), Ko-
TOPBIH BKJIIOYAeT B ceOs BHIMJIATY YACTH OCHOBHOTO J0JITA gy U MPOLEHTOB, HAYUCJAEHHBIX
Ha OCTaTOK KpeawuTa, To ecTb R; = g; + Dy - r. [lousitHo, uto Dy = Dy 1 — g, Dy =0,
g1+ 92+ ...+ gr =Dy

J1s1 norauieHusi KpeIUTHON 3aM0/IKEHHOCTU OAHKH HCIOJb3YIOT Pa3JUUHblE CXEMBI.
Haubosee pacrnpocTpaHeHHBIMH SIBJASIOTCS cxeMa AW(QepeHLHPOBAHHBIX MJaTexeH, Ko-

rla OCHOBHOM [OJIT BBIMJIAYMBAETCS PAaBHBIMH YacTsMH ¢ = ¢ = ... = gr = Do/T,
U CXeMa aHHYMUTETHBIX IJIaTeXeH, NMPU KOTOPOH TJaTeXH B KaxKAbIH MOMEHT BpeMe-
HU MOCTOSIHHBL Ry = Ry = ... = Ry = R. [lonyckaeTrcs Takxke cXeMa CO CBOOOIHBIM

roralieHueM OCHOBHOTO [10J/ITa, KOTAAa BeJUYUHY ¢; 3aeMLUMK KaKAblil pas ompenessier
CaMOCTOSITEJIbHO, 00513aTe/IbHO BbINJIAYUBas MPU 3TOM IMPOLEHThl HA OCTAaTOK OCHOBHOTO
noJra.

[lepen 3aemuiukom BcTaeT mpobseMa BblOOpa CXeMbl MOTAllEeHHs KPeInuTa, Ha KaKylo
CYMMY M KakKOH CpPOK O(OPMHUT KpeIWT, KaKyl OCTaBUTb B pe3epBe Ha cJaydad Qopc-
Ma>KOpHBIX 06cTosATesNbCTB. B [1] Obla paccMoTpeHa 3ajaya MUHUMU3ALUKU PUCKA U BbI-
MJaT 3aeMIIMKa MPH aHHYUTETHOU cxeMe MoralleHus Kpeauta. B Hacrosiiiedt padore wc-
clenyoTcs ABe Apyrue cxeMmbl. ONHUcaHbl HEIOCTATKU U MPEUMYLIECTBA KaXKA0H U3 cXeM
B 3aBUCUMOCTH OT paclipefiesieHUsl 10xoAa 3aeMlurka. Ha ocHoBe MeTona qUHaAMHUeCKOro
NpOrpaMMHUpPOBaHUS pa3paboTaHbl aJlrOPUTMbI PelleHUs MOCTaBJAEHHBIX 3a1a4.

Cnucok aurepaTtypsbl
1. Manax, C.A., Ceppax, B.B.: Munumusanys BbIIIaT U PUCKA 3aeMIIHKa NP UIOTEUHOM KPeJUTOBAaHHH. ABTOMAT.

u Tesemex. 12, 155-166 (2017). In English: Malakh, S.A. Servakh, V.V.: Minimizing the payments and borrower
risk in a mortgage. Automation and Remote Control 78(12), 2222-2231 (2017)

© C. A. Manax, B. B. Cepsax, 2018
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[Ipukaradnosie uccaredosarnus

[TPUMEHEHHWE 2JIEMEHTOB KJIACTEPHOI'O AHAJIM3A
HA MHOXECTBE IPEJEJIbHO-IOIIYCTHUMBbIX 3HAUEHUWH
OCHOBHBIX XAPAKTEPUCTHUK HETPAIUIIMOHHBIX OBBEKTOB
YIJIEBOOLOPOIOB

1. B. Muases!, . U. Oywenun?, O. A. Kuganosa®

1,2,3 Cubupckuit HayuHO-HCCIENI0BATENLCKHE HHCTUTYT TeOJOTHH, Te0(H3HKH
U MUHepaJsbHOro cbipbsi, HoBocubupck, Poceust
'mdv@sniiggims.ru, 2dushenin@sniiggims.ru, ® kidanova@sniiggims.ru

KuroueBble cjioBa: KJacCTepHbIH aHanu3, ONTHUMHU3aLHUs, IPUHATHE pelleHUiH, MHOIOKpH-
TepPHUaJbHOCTbD.

B Hacroslell paboTe paccMOTpeH MeTOA OIpeleseHHUsl U KJacCH(HUKaLUMU MHOXKeCTBa
TIOPOTOBBIX 3HAUEHHWH MHOronapaMeTpuiyeckod (PyHKLHH UACTOrO AHCKOHTHPOBAHHOIO 10-
Xofa A/ 0ObEeKTOB TPYAHOM3BJEKAEMbIX HCTOUHHKOB YTJIEBOAOPOMOB MPH YCJIOBHH MHU-
HUMAaJIbHOU peHTabe/bHOCTH UX MPOMBILIIEHHOr0 ocBoeHus [4]. Ilasi oGecrieueHusi KOM-
MJIeKCHOW MHTepnpeTaluy MOJYyYEeHHOr0 MacCHBa AAaHHBIX K PACCMOTPEHHIO MpeJioXKeH
MOAXOA K pa3bHeHHI0 MHOXKeCTBA pellleHWH 3aJaud ONTHMH3allMU Ha KJacTepbl, yIOBJe-
TBOPSIIOILIHE UCXOAHBIM allpUOPHBIM orpaHudeHusim [1; 3].

[IpencraBseHHbIN B TOK/aae METOM MO3BOJNUT Ha 3Tanax PaHHEro MJIaHUPOBaHUS TOUC-
KOBBIX M 3KCILIyaTallMOHHBIX pabOT MO OCBOEHHI0 Help [2] HUCKJ/IOYUTH 3aBeOMO Herep-
CTeKTHBHblE OOBEKTHI (pacmoJjio’KeHHBblE HYKe TMpelesbHbIX TJyOWH, yAaJeHHble pajee
npefebHbIX PacCTOSTHUE He(TenpoBoaa, MPeBbIIAIOIINE TTPeIebHYI0 BA3KOCTb U T. 1I.).

Cnucox aurepatypbl

1. Buprokos, A.C., Pssanos, B.B., [lImakos, A.C.: Pelienue 3a1a4 KjiacTepHOro aHa/in3a KOJJEKTHBAMH aJrOPUTMOB.
2KypHaJsi BBIUMCINTENBHON MaTeMaTHKH U MaTeMatHdeckoil ¢usuku 48(1), 176-192 (2008)

2. Bopomunos, B.I'.: MatemaTudeckoe MonenupoBaHue B reojoruu. FznarenbctBo ToMCKOrO MOJMTEXHHUECKOTO YHHU-
Bepcuteta, Tomek (2001)

3. Manpenn, . [1.: KnacrepHbiii ananns. @uHaHchl U craticTka, Mocksa (1988)

4. Leonard, D., Long, N.: Optimal control theory and static optimization in economics. Cambridge University Press,
New York (1992)

© M. B. Muases, [. . Qywenun, O. A. Kunanosa, 2018
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MOJEJIMPOBAHHWE MHBECTHMLIMOHHDBIX ITPOEKTOB
B OBJIACTH PUTEMJIA CO CTOXACTUUECKMMMU ITAPAMETPAMU*

A. O. Hosukos

Wucruryt matemaruku uM. C. JI. Co6osea CO PAH, Hosocu6upck, Poccus
atemkal387@bk.ru

KuioueBble cioBa: MoOJesNHpOBaHUe HHBECTHULHOHHBIX MPOEKTOB, PUTEHJ, CTOXacTHue-
CKOe JIMHeHHOe MPOorpaMMHpPOBaHKe, MPOTrHO3HPOBAHHE.

Pureiin siBnsieTcss oqHOU M3 KpynHeHIIHMX oTpacjeidl uHBectuuuit B Poccun. Cyiue-
CTBYIOT pa3JiiyHble MaTeMaTHUeCKHe OMHUCAaHUS PA3BUTHS MPOEKTOB M3 NAHHOU 06JaCTH.
Panee B [1] 6bl1M M3JI0KEHBl MOJIE€JIb PAa3BUTHUSI PECYPCHOTO perhoHa, Gasupyroliascs Ha
NPUHLMIAX FOCYyIapCTBEHHO-UaCTHOTO MapTHEPCTBA, COOTBETCTBYIOLLAA el 3afaya JUHeH-
HOTO CTOXaCTHYeCKOro MPOrpaMMHpPOBAHHUS, B KOTOPOH MPeAronaraaoch, YTo OrpaHHYeHUs
Ha OIOJ’KeT B MOJeJH U3 [2] MOTYT caydaiiHbIM 06pa3oM BapbHpPOBAThCs B 3a1aHHOM MH-
TepBaJie, a TakxKe MeTOJbl pelleHHs MOLOOHBIX 3aaau.

B noknane OynyT M3/10KeHbl HOBble MOJEJ/H IJIaHHUPOBAHUS MHBECTHIIMOHHBIX MPOEK-
TOB B 00/1aCTH pUTeisa, CBSI3aHHBIE C NPOBeJeHUeM MPOMO aKTUBHOCTH B TOPrOBOH CETH.
JlaHHble MOfies M TakKe OCHOBaHBI Ha 3a/ladax JIMHEHHOTrOo CTOXaCTUYECKOro MPOrpaMMHU-
pOBaHHsl, PUYEM Pa3MepPHOCTb TAKUX 3aJau CYyleCTBEHHO OOoJblie, UeM pa3MepHOCTh 3a-
nad, npuBeieHHbIX B [1]. CroxacTHueckue mapameTpsl (HampuMmep, CIpoC) BapbUPYIOTCS
B 3aBUCUMOCTH OT INOBelleHUs pblHKa. [Ipensaraercs noaxon K pelleHUI0 JaHHOW 3aaaud,
OCHOBaHHBIH Ha pelyKIHUHU ee K JeTepPMUHHPOBAHHOH 3anaue. [Ipy unciaeHHOH mpoBepke
aJTOPUTMOB, peasiM3yIOUMX 3TO MOAXOM, HCIOJb30Bajach MH(GOPMALHUs O TPaH3aAKLHUAX
komnanuu OO0 "Xonupeh".

Cnucoxk aurepatypbl

1. Hosukos, A.O.: O6 ogHOM noaxoe K hOPMHUPOBaHHIO TPOrPAMMBI Pa3BUTHSI PErHOHA, YUUTHIBAOLIEH BOTATUIBHOCTD
6romxera. Tpynsl 12-i1 MexxayHaponHo# AsuaTckoll 1mkosbi-ceMuHapa "TIpoGieMbl ONTHMH3AUKH CJAOXKHBIX CUCTEM”,
c. 447-451. UBMuMTI CO PAH, Hosocutupck, (2016)
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KnroueBbie cioBa: OUCKpeTHasd ONTHMHU3alus, 3ada4d OITHMHU3ALlMKU Ha rpacpax, OIlTH-
MaJibHasgd COBOKYIHOCTb MapLIpPyTOB.

3agauu ONTUMHU3aLKK Ha rpadax 3aHUMaIOT 3HAaYUTEJNbHOE MECTO B 00/1aCTH JHUCKPeT-
HOU onTUMHU3aUuH [l; 2] ¥ UMEIT WHUPOKUEH KPYT MPUIOKEHHUH B PA3JHUUHBIX OTPACISIX.
B cBsi3u ¢ paciiupeHreM auanasoHa 3ajad, CBSI3aHHLIX C OocBoeHHeM ApkTuku [3; 4],
aKTyaJIbHOM CTAHOBHTCSI ONTHMM3alLMs MJAaHUPOBAHHUS Mepe6a3upoBaHUsl aBUALMK B MpPH-
OpeKHbIX 30HaX. BblnosHeHre OCHOBHOM 3aayM NOCTUraeTcsl MyTeM pelleHHs B Mpolec-
ce MJIAaHUPOBAHHUS LIEJIOTO Psila YaCTHBIX 3aJay, BaXKHOE MeCTO Cpeld KOTOPBbIX 3aHHMaeT
3afia4ya MOCTPOEHUS ONTHMAJIbHOM COBOKYITHOCTH MapILIPYTOB IepesieTa, 3P(PeKTHBHOCTD
pelleHusi KOTOPOH 3aBHUCHUT OT MPOMOJKUTENbHOCTH Tepeba3upoBaHus.

B nanHoii pa6oTe mpepsiokeHa MaTeMaTHuecKasi MOIEJb AJsi OCTPOEHUS ONTHMaJb-
HOHM COBOKYITHOCTH MapLIPyTOB, B KOTOPOH YUMTBHIBAIOTCS KOJHYECTBO W KJacC aspoipo-
MOB, MX IPONYCKHasi CIIOCOOHOCTb, 3amachl TOMaUBA. [y mpensoxeHHOH Moneau paspa-
60oTaHa MEeTONMKA HaXOXKIEeHHUsSI COBOKYMHOCTH ONTHMAJbHBIX MapIIPyTOB, OCHOBAaHHAs Ha
UCMO/b30BaHUU anroputMmoB [lefiketpel U Popna — PankepcoHa.
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OCJIABJIEHME HOCTATOYHOI'O ¥CJIOBUAI
JJI9 KOHCTAHTHOM CKOPOCTH TTPOLIECCA PA3PABOTKHU
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KuroueBblie cioBa: nporecc paspabotku [10, the open-closed principle.

B uccnenoBanuu [1] u3yyasach 3aBUCHMOCTb BpeMEHH pa3paGOTKH MPOrpPaMMHOIO
Kofla KakK (YHKLUHH OT KOJHYeCTBAa MaIlMHHBIX KOMaHa B 11 KpPYMHBIX MPOrpaMMHBIX
npoeKkTax. IMIUPUUYECKH OBbIJIO TOJYUYEHO, UTO JaHHAs 3aBUCHMOCTb alMpOKCHUMHpPYyeTCs
cTeneHHOM (DyHKUHeH ¢ mokazateseMm 1.5. [Toaydyaercsi, 4To CKOPOCTh pa3paboOTKH MagaeT
Mo Mepe pocTa pasMepa MpoeKTa.

B crathsx [2; 3] onucaHa MaTemaTHuecKasi MOJeJsb mpolecca pa3paboTKH MPOrpaMm-
HOTO obecreueHHs] Kak Ipolecca pelakTUPOBaHUs TeKcTa mporpammbl. C MOMOIIbIO JaH-
HOHM MoJeJiu TIOCTPOEH MPUMeEp Tpolecca pa3paboTKH, CKOPOCTb KOTOPOrO acCHMMTOTHUE-
cKkH mpubsaukaercs K O ¢ pocToM pasmepa MporpaMmbl, U CHOPMYJIHPOBAHO NOCTATOUHOE
yCJIOBUE, TPU COOJIIONEHUH KOTOPOTO CKOPOCTb pa3paboTKH He MagaeT HHXKe HEKOTOPOH
KOHCTaHTBI MPH J1II060M pasMepe MPorpamMMbl.

B noknane mpencraBsieH ocjabJeHHbIH BapUAHT J0CTATOYHOTO YCJOBHUS:

Teopema 1. B obosnauenusx cmameti [2; 3] npednosoxcum, umo
1C'>0,C e NdC; >03dk e NVn > k

- (Y. F@) > Y F@+ Y F.@)

aeGY aceBS a€Dn

Toeda npouecc paspabomiu Pr umeem KOHCMAHMHYI CKOPOCHDb.

JlaHHOe [0CTaTOYHOe YCJIOBHE Mpefsaraetcss B Buue ¢opmasbHoi (opmynupoBku The
Open-Closed Principle [4] B uactu “Software entities (classes, modules, functions, etc.)
should be ... closed for modification”.
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KnrwoueBbie ciioBa: KJjacTepusalus, rnapaJijie/ibHble BbIUHCJJACHHUA.

[Ipennonoknum, 4To HMeeTCss KOHEUHOe MHOXKeCTBO 00bekToB O, |O| = m, npudem
KaX bl 00bEKT XapaKTepHu3yeTcs HAOOpPOM M3 n MPU3HAKOB. 3ajaua pa3dreHHnst 00beKTOB
Ha k KJacTepoB MOXeT ObITb CBeJleHa K ONTHMHU3allMOHHON 3ajaue NoMcKa k Tak HasblBa-
eMBIX MeJIOMJIOB, H3BECTHOH TaKKe B JIUTepaType Kak 3ajada o k-MelHaHax (p-MefuaHe).
Takum o0Opa3oM, KJacTepbl ONpPeesiloTCS C MOMOLIbI0 BbiOOpa k MpeacTaBUTesNed KJja-

CTEPOB C1,Ca, ..., € O U MPUCOEIUHEHHUS KaXKI0ro oO0beKTa K OjukalllueMy MpeacTa-
BUTeEJIIO: minimiz% >, min d(xy,¢;), rae d(-) paccTOsSHHE MeXAY COOTBETCTBYIOLIUMH
C1,C2,--,CKE T =Lk

XapaKTepUCTHYeCKUMH BEKTOPAMH OTHOCHUTE/IbHO HEKOTOPOH METPHUKH.

B nokJsaze npenJsaraercs napaJiiesbHbld pacrpee/leHHbId aJrOpUTM [JIsl TOUCKA NPHU-
OJIMKEHHBIX pelleHUH YKa3aHHOW 3a/laud KJacTepusdaluu, NpPeAcTaBJeHHOH B BUJE 3a/a-
U{ [eJIOUHCJIEHHOT0 JIMHEHHOTO MpOrpaMMHPOBaHUs. AJITOPUTM peasM30BaH C MOMOLILbIO
unrepgeiicos MPI 1 OpenMP 1 ocHOBaH Ha YaCTUYHOM XpaHEHHWU MaTpULbl Nonap-
HBIX PACCTOAHUH MeXAy XapaKTePUCTHUECKMMH BEKTOPAMH C HCIIOJIb30BAHHMEM IOAXOMA
t-6/1MXKaUIIMX cocelledd, a TakXkKe MOUCKe HUXKHHUX M BePXHHUX OLLeHOK ONTHMAaJIbHOTO 3Ha-
yeHusl. B nok/1ane npuBoaATCA pe3ysabTaTbl TeCTUPOBaHHUS pa3pabOTaHHOIO aJropuTMa Ha
TECTOBBIX WM NPUKJAAHBIX 3a/auaX KJ/acTepu3auuu OOJbLIOH pa3MepPHOCTH, BBHIIIOJHEHHbIE
Ha BBIYUCIUTEJIbHOM KiacTepe «Axanemux B.M. Matpocos».
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KaroueBble ciioBa: MeTOI BeTBel W I'PaHUI, [1eJI0UYHCIEHHOE JIHHEHHOe MPOrpaMMHPOBa-
HUe, rpapuk o6opoTa.

PaccmarpuBaetrcsi 3agaua nocTpoeHus rpaduka o6opoTa NPUTOPOAHBIX COCTABOB
(J1eKTpOMI0E30B), KOTOPasi COCTOMT B YBsi3Ke MaplIPyTOB rpaduKka IBHXKEHHS B €IUHbIH
rpauk obopota. [Ipennonaraercs, 4To KaxKAbli MaplIpyT HAauWHAeTCs U 3aKAHUHWBAETCS
B OIHOM U TOM >Ke MYHKTe (IJIaBHOH CTaHLMH), U KaXKJIblH COCTaB €XKEIHEBHO BBIMOJHSET
OfIHO M TO Ke MHOXKeCTBO MapuipyToB. Kpome Toro, B rpaduke HOJKHbBI ObITh YUYTEHbI
BpeMsl, HeoOXO0AMMOe Ha TeXHHYECKHUH OCMOTpP 3JIeKTPOIoe3na, U BO3MOXKHOCTb CMEHBI
Opuraj Ha IJIaBHOM CTAaHUMHU C JBEHAALATHYacOBBIM HHTepBajoM. Heobxomumo, mocTpo-
UTb rpauK ¢ MHUHHMaJbHBIM UMUCIOM TpeOyeMbiX cocTaBOB. [laHHasi 3ajaua SIBJSIETCS
YIOPOIIEHHOH MOJeJ/bl0, BO3HUKAIOIIEH MPU COCTaBJeHUH rpaduka 060poTa MPUTOPOAHBIX
cocTtaBoB no craHuuu Hoocubupck-I'naBHbIM.

J1s paccMOTpeHHOH 3a4auu MpeaJiaraeTcss MeTOJ BeTBeH W TPaHHUll, KOTOPbIH MO3BO-
JIleT HAaXONWUThb TOYHOE pellleHHe 3aJauM Ha caydalHbix npumepax co 100 mapuipytamu
3a BpeMs, He mpeBbimamilee 10 MUHYT Ha MepCOHaNbHOM KOMIbIOTepe. HuxXHMe OLleHKH
1eJIeBOM (PyHKIMH CTPOSITCA MyTEM HAaXOXKAEeHHS MAaKCHMaJIbHOH KJIUKH B rpade KOH(PJIUK-
toB. [lokazaHo, 4To rpad KOH(MJIHUKTOB SIBJSIETCS MHTEPBAJbHBIM, W 3a/Jadya HaXOXKIEHHSs
MaKCUMaJ/JIbHOW KJIMKH pellaeTcsl 3a JHUHeHHOe BpeMs OT uMcaa MapuipyToB. HalineHsl
yCJIOBHSI OTCeUYeHHsl HelepCneKTUBHBIX BeTBell B AepeBe BeTBJeHus. [IpuBonutces cpaBHe-
H1e 3(D(PEeKTUBHOCTH NAHHOTO MeTofa C pelleHueM 3anaud naketom SCIP.

* Pa6ota BbinosiHeHa npH prHaHCoBoH nopnepke PODU (mpoekt 17-07-00513 A).
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AT RAILWAY PETROLEUM LOGISTICS MARKET™
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Keywords: logistics, railroad, transportation network, mixed-integer programming.

The railroad companies face a difficult problem in assigning empty freight cars based
on customer demand because these assignments depend on a variety of factors [1]. We
consider the transportation problem, which is inspired by petroleum logistics market
on the railroad network of the republic of Kazakhstan. A railroad company (carrier)
owns a fleet of oil carriages and provide transportation service on the railway network.
The nodes of the network may generally be divided into two groups: facilities and
consumers. Facilities produce a number of different products that has to be delivered
to the consumers. Delivery is made according to the pre-defined list of orders over a
planning horizon. Each order specifies the number of empty carriages which have to be
provided by the carrier on the facility for loading. Different types of products require
the carriages to be prepared (washed) according to the loaded cargo. Carrier aims to
deliver all the orders according to schedule minimizing the total expenses. The list of
orders and routes of delivery are fixed and given as an input, thus the expenses that
can be optimized consist mostly of the empty carriage run. Additional costs corresponds
to the washing process and storage of the unused fleet. The problem is to arrange the
movement of the empty carriages to satisfy all requests minimizing total costs.

In this work we propose a new model for this problem in terms of mixed integer
linear programming. The proposed model is highly flexible and able to meet the variety
of additional constraints which frequently arise in real life applications. We provide
an extensive experimental study of this problem under a different set of assumptions
both on randomly generated and real data instances, provided by Kazakhstan petroleum
carrier.
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transport network.

Large-scale rail company operation requires extensive service network (SN)
distributed in many regions. The complexity of keeping SN in working condition requires
its separation on fragments — regional SN. Each one ensures the operation of the
respective section of the rail network, called a polygon [1]. Responsible for support of
each regional SN has its center.

We investigated the problem of optimizing the number of regional support centers
and boundaries of their responsibilities in the company. The solution to these problems
is related to optimal graph partitioning [2]. We have developed methods for partitioning
large-scale networks taking into account the specifics of the Russian Railways
management system. This decomposition is based on the definition of the complexity
of managing the network and its polygons. In [1] conceptual and methodological
approaches to assessing the complexity of such management have been proposed.

Mentioned specifics and HP-hardness do not allow the use of standard approaches to
the solution of these problems [2]. Therefore we developed methods for local search and
heuristic optimization algorithms of finding the number of regional support centers
and the boundaries of their responsibility minimizing the maximum complexity of
regional management. These algorithms based on our proposed methods of network
reduction taking into account informal requirements and restrictions. The obtained
optimization results were used in programs of "Russian Railways" development, such
as the modernization of the Baikal-Amur mainline and the construction of high speed
railway Moscow—-Kazan [1].
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Keywords: physical exercise, linear regression, long space flight, locomotor training,
exercise.

This paper contributes to the problem of life support in weightlessness conditions
during manned flight in space. We consider an element of prospective autonomic decision
support system aimed at training control of cosmonauts on board. Using a linear
regression model [2], we propose a method of training optimization with respect to
personal preferences of crew members. This method is based on optimal choice of
treadmill mode of operation and the amount of axial load subject to maintenance of
the level of physical performance at the pre-flight level [1]. The results of tentative
computations based on the experimental data collected on board the International Space
Station are reported.
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Spare part inventories play an important role in modern life, keeping downtime of
advanced capital goods within reasonable limits and ensuring availability, safety and eco-
friendliness of different production and service systems. At the same time, spare parts
inventories have low turnover and form a substantial cost item in the production or
service budgets. One of the main reasons for the large costs of spare parts inventories
is the long replenishment lead-time, in particular for customized parts manufactured
using Traditional Manufacturing (TM) technologies like milling, drilling or molding.

In this research, we study a spare part supply system where both Traditional
Manufacturing and Additive Manufacturing (also know as 3D printing) are used for
replenishment of the spare parts inventories, see Figure 1. Demands for the spare parts
occur according to a Poisson process and the failed parts are immediately replaced
from the inventory, if available. If inventory is not available, items are backordered and
fulfilled when a spare becomes available (i.e., a replenishment is received from one of
the suppliers).

)
oo
:
3
© Inventory Addffiy
e

Fig. 1. System Diagram

Additive Manufacturing offers the advantage of shorter lead times, however,
at higher production costs. Moreover, Additive Manufacturing processes often have
uncertain yield, leading to the fact that not every produced part will satisfy the quality
control and can be used to replenish the inventory. In this paper, we propose a Linear
Programming (LP) based optimization problem that decides which of the processes to
use for replenishment of the inventory while minimizing the total (holding + backorder)
system costs.
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A model of optimization of expansion and prospective operating modes of power
systems is studied. The model takes into account different types of power capacities,
generation constraints, power capacities operation and expansion constraints, daily
load curves, network transmission loses and network capacities constraints. From
mathematical point of view this model is a large scale and sparse linear programming
problem and practically proved to be a very efficient tool for analyzing power systems
efficiency [1]. Standard solvers like CPLEX can be used for finding the solution.
However, as soon as number of nodes of the system is increased the problem is getting
harder for practical solution. So, we need an adaptation of well-known techniques with
more accurate implementation of the model specific. The constraint matrix is sparse
and has a block-wise structure which must be used in development of the solution
approach. We suggest to apply large scale linear programming methods from [2] and
[3] for solving the problem under consideration. Main details of the implementation are
described and preliminary computational results are given.
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We consider a new variant of counting problem that is related to Catalan numbers,
which constitute an important area of discrete and combinatorial mathematics. Catalan
numbers have various applications and interpretation in different disciplines, see [3;
4]. Amongst the applications, shuffling carts using a stack is widely adopted in the
teaching of Data Structures [2]. The problem is concerned with shuffling carts using
a capacitated stack. We formulated its recurrence relations and solve the relations for
two special cases to have their closed form. We adopt a characteristics equation as
a mechanism to derive the closed form of the defined recurrence relations. In the case

of size 2, the number of ways to shuffle n carts is given by 2"~!, while the solution for

size 2 is (% — ﬁg)(%)n + (% + ﬁ)(i%—;/ﬁ)n'
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Laser cutting is one of the major cutting processes used to manufacture sheet metal
products. Lots of researches [1; 2] on tool paths for cutting machines mainly deal
with contour by contour cutting. While constructing a path one needs to determine the
pierce point and the direction of contour passing. In this case only the length of idle
passes may be optimized. To solve this problem GTSP approach is used [3]. Resource-
efficient technologies for cutting sheet materials allow for the contours of cut-off details
to be overlapped. It allows reducing the material waste and shortening the length of
cuts. Common cuts are also the origin of one more set of precedence constraints.
These constraints can be formalized as one general formal restriction called as Ordered
Enclosing (OE) formulated in [4] for plane graphs that are the homeomorphic images of
the cutting plan. In this report we consider the common case of a cutting problem when
combination of contours is allowed. We review the polynomial algorithms for all the
possible restrictions: (1) part cut off a sheet does not require further cuts (constructing
of OE-route); (2) there are no intersections of cuts (constructing of NOE-route); (3)
there are some restrictions on placement of pierce points (constructing of PPOE-cover).
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In this report, questions of mathematical modeling of non-destructive exploitation
of renewable resources are discussed. This task is very relevant at the present time
[1]. We are based on the results of paper [2], where the unified approach to managing
such systems is presented. It consists in the following. The system being operated
varies in time and is described by some iterative process. The problem of its optimal
non-destructive exploitation is modeled by the following optimization problem: to find

¢ = max{c(u) | u € U}, (1)

where ¢,z € R, © = [x1,22,...,2,], ¢c(r) — some nonnegative scalar function, that
determines the income from the use of the elements of the system in quantities

T1,%2,...,%n, U — the closure of the set U = {u € R} | Xo(u) # 9},

Xo(u) = {zo € RY | t_%qu ri(xo,u) >0 (Vi=1,...,n)},

Tip1(xo, u) = (F(xt(xg,u)) —u)+, t=0,1,2... (2)
Here x(zo,u) = [24(xo,u), 24 (zo,u), . .., 2t (v, u)], zo(z,u) = z, 7 = max{z;,0}, 2+ =
lz7, 23, ..., 2}]. The mapping F is assumed to be concave on the nonnegative cone R’

of the space R".
In [2], the problem (1) is reduced to the following mathematical programming
problem:
max{c(u) |z = F(z) —u, x >0, u>0}.

In our work, we research the properties of an admissible set of this problem.
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In this work a new optimization model of sea shipping area is introduced. The set
of cargoes and the set of ports are given. Each cargo is delivered from the loading
port to the port of destination. The company needs to minimize the total delivery
cost of cargoes. She has a set of vessels. Each vessel can be loaded with any set of
cargoes as the cargo can be delivered by any set of vessels. Cargoes are of two types:
required cargoes and additional cargoes. It can be placed on the vessel in any volume
if the volume doesn’t exceed the capacity of the vessel. All required cargoes must be
delivered. If the company signs a contract of additional cargo then she must deliver it
in full. The profit from the delivery of additional cargo (contract price) is known. The
transport costs between any pair of ports and port charges for each vessel are given.
The objective is to find the best strategy for the company to minimize the difference
between the total transport and charge cost and the total contract price. This is one of
the vehicle routing problem [1].

A hybrid heuristics algorithm for the problem is presented. It is based on the local
search and greedy algorithm. The scheme of greedy algorithm can be described as
follows. For each cargo and each vessel we find the cost price of transportation. After
that for some order of cargoes we successively assign vessels with the lowest cost price
until the cargo is delivered in full. We use the local search to find the best order of
cargoes.
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Currently, effective logistics management is recognized as a key factor in improving
the performance of companies and their competitiveness. The econometric methods
used in practice do not provide the means for promptly solving a multitude of emerging
problems, in particular for effective operational management of a network marketing
organization [1]. In the paper, algorithms for analyzing and solving the problem of
distribution of goods by logistics centers [2], including decision support system in case
of incorrectness of the arising problem are proposed: (1) the method of regularization
of the decomposable distribution problem; (2) an effective algorithm for approximating
an indecomposable problem by a decomposable problem. The software implementation
of the proposed algorithms is easily encapsulated in the MS Office system [3].
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We study the problem of estimating a probability that a flow of a given capacity may
be transferred in a communication network. Network is represented by a random graph
with absolutely reliable nodes and unreliable links with given operational probabilities
and capacities. The algorithm for fast decision making whether a network is reliable
enough for transmission of a given flow is proposed. Case studies show applicability of
the proposed approach.
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Nowadays modern methods of artificial intelligence are widely applied in
pharmacology for computer modeling of new drug compounds with predetermined
properties. The development of innovative information technologies based on bioinspired
intellectual approaches for processing and analysis of big data, optimization and solution
of problems of prediction is actual. One of the important steps of prediction quantitative
structure — property/activity relationship is the allocation of informative descriptors to
reduce the size of descriptor space [1]. The swarm intelligence algorithms are actively
developing and used to solve optimization problems and characterized in ability quickly
and accurately solve problem of difficult search.

The statement of the problem is formulated as follows: it is necessary to develop
an information system for scientific research "SIIM" (Swarm intelligence for immune
network modeling) for creation an optimal immune network model of drug compounds
of sulfanilamide group based on swarm intelligence algorithms (ant colony algorithm
and particle swarm optimization) and solution the problem of pattern recognition using
artificial immune system (AIS).

The constructed optimal immune network models significantly improve the quality
of prediction at solution the problem of pattern recognition based on AIS and allow
quickly select the best algorithm for concrete set of descriptors based on the minimum
value of generalization error of AIS [2].
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We introduce a new optimization model to maximize the total operational profit
of a harbor logistic company on a given time horizon. The company has some local
providers who supply it by scrap-metal materials of different qualities. The materials are
manufactured into the high quality product and exported to abroad by different type of
ships. Company can send at most one ship per day. The total demand for the product
is known in advance according to a contract. The company has to pay to providers
according to piecewise linear prices, transportation cost to deliver all materials to depot
in harbor by heterogeneous fleet of vehicles (own or rented), keeping cost in depot,
manufacturing cost, the shipping cost, and payment for international declarations. The
goal is to find the best strategy for the company to maximize the total operational profit
to perform the contract. We present a mixed integer nonlinear programming formulation
for the model, linearize the objective function [1] and aggregate the set of providers
[2] to reduce the dimension of the problem. The CPLEX software can find optimal
solutions for 30 days time horizon in few seconds by personal computer. We conduct
computational experiments on real test instances and discuss how to use the model for
planning own fleet of vehicles, capacity of the depot, and price strategy for the company.
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Maintenance plays a very important role in the modern life ensuring availability,
safety and eco-friendliness of different production and service systems. At the same time,
maintenance costs form a substantial cost item in the production or service budgets. In
production systems, maintenance related costs can be typically anywhere between 15 %
and 70 % of the total production expenses.

In our research, we study supply systems for repairable spare parts, where
malfunctioned parts or components are immediately replaced by ready-for-use spares.
The failed components are sent to a repairshop, and once the repair is finished, they
are forwarded back to stock as good as new. The repairshop has several multi-skilled
parallel servers (technicians) that are capable of handling certain types of spares, see
Figure 1.
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Fig. 1. Repair shop architecture for 2 failure types and 3 Cross-Trained Servers.

To optimize the skill-server assignments and the inventory levels, we formulate the
problem as a stochastic nonlinear integer programming model and propose a two-stage
sequential solution algorithm. At the first stage, a genetic algorithm (GA) generates
a set of feasible pooled repair shop design schemes. That is the skill-server assignment
are generated as a union of mutually exclusive and total exhaustive multi-class multi-
server queueing systems. Thus, we exploit this fact and optimize each queueing
system separately. In the second stage, optimal inventory and capacity levels for each
independent system are calculated by using a queueing approximation technique and
a local greedy heuristic.

The performed numerical experiments show that the proposed two-stage approach
obtains high-quality solutions and has very good run-time characteristics.
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Utility network is a composite geographically distributed system that performs such
vital functions as providing consumers with energy and water resources, communication
facilities, information, route network, traffic, and other services. As a rule, the utility
network is considered to be a two-dimensional object located on a plane. However, such
a representation of networks does not quite comlpetely correspond to reality, since as the
basis of the design and construction of the utility network underlies the interaction of,
at least, two interrelated objects. In this case it is completely inconvenient to use graphs
and hypergraphs. Instead of them, other network models are used. For instance, there
are such mathematical objects as nested graphs, layered complex networks, hypernets.

An important point is that the laying of utility networks along the chosen tracks
(trenches, collectors, etc.) is carried out strictly according to the established rules and
regulations relating to the mutual arrangement of networks for various purposes. The
combined laying of the utility communications for various purposes is allowed in the
same collector only for communications which are compatible with each other in terms
of mechanical and electromagnetic influence.

Based on the hypernet approach, we solve the task of providing the connectivity of
given consumers with given sources on a given area, with minimization of laying and
maintenance costs and within given constraints. As a result, we propose a new method
for the selection of routes for the laying of the utility networks taking into account the
compatibility of different types of resources for placing them in the same track.

Also, we introduce an algorithm for obtaining not only the cheapest solution, but
reliable as well. As a reliability measure, the hypernet analogue of the 2-terminal
reliability is considered, under assumption that failures occur in a primary network,
and nodes in a secondary network should be connected. In this case we design a utility
network, in which each consumer should be connected with the necessary suppliers with
probability no less than a given reliability threshold. For this problem, we introduce the
ant colony algorithm.
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The paper [1] describes a model of trade flows to simulate interregional multi-
product trade flows. This work consider more general model based on multi-
regional input-output Leontief-Strout model and transportation network flow equilibrium
approach.

We use a general network equilibrium problem in a form of the following
optimization problem chl )dy + ZZ] L f g(2)dz — min under input-output
=10 Zij5,Np
Leontief-Strout condition Zx = Zb’"s ijk + y;, where z7; is a flow of r-th product
between regions 7 and j; brs is mput output coelficients for products r and s in a region
Js y; is a contibution of product r gross domestic product, and network flow condition

> hy =aj,i,5 =1,...,n, where x7; is a flow of product r between regions i and j;

fi =2 aphy,l =1,..., L is a total flow along the arc I; a;, equals unity if the arc
=1

| belongs to the path p, or zero otherwise, h; is a flow of the product r along path
p=1,...,P; P is the total number of routes between all pairs of regions i and j; P,; is
the number of routes from region i to j; L is the total number of arcs.

The objective function can be interpreted as the overall costs of transportation where
the first term corresponds to the costs associated with ¢(-) values as an increasing
cost function for total flows along the arc [. The second term in the objective function
corresponds to the costs g(-) which reflect the fact that transportation flows x;; between
regions ¢ and j are inversely dependent on the distance between them.
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In designing, especially in the early stages, the assumption about the crisp
parameters and the search of global maximum in the deterministic formulation are not
justified, since the parameters here are not crisp due to incompleteness of knowledge
and the lack of statistics and the fact that the design parameters are implemented in
the production with a certain tolerance. Objective functions may be too sensitive to
changes in parameters, and, moreover, these changes can lead beyond the admissible
range, i.e. the assumption of crisp parameters can lead to low efficiency and even to
the inadmissibility of the project. Thus, in the design, the goal is to ensure the least
sensitivity of the objective functions (ensuring the robustness of the objective functions),
and ensuring the admissibility of the design parameters (ensuring robust admissibility)
to small changes in parameters. Decisions that ensure the satisfaction of these two goals
are called robust. The procedure for finding optimal robust decisions is called optimal
robust design.

The paper considers the problem of optimal robust design in the presence of input
parameters with epistemic uncertainty, which is modeled as uncertain value in the
theory of uncertainty Liu. The models of optimal robust design for solving these
problems are proposed. The task of optimal robust design of the propulsion parameters
for supersonic maneuverable aircraft is solved using two models of optimal robust design
in the presence of input parameters with epistemic uncertainty. The obtained values of
parameters are in good agreement with the values of modern and newly developed
maneuverable aircraft. The paper shows:

— Pareto fronts shifted to less robust decisions with the increase of range of input
parameters, which implies a recommendation to the designer: more precisely define
the ranges of the input parameters;

— for a given range of the input parameters, the requirement of increase in robustness
leads to a deterioration of the objective functions;

— ensuring robustness is a more conservative method of evaluating the design
parameters than the evaluation of the optimum design parameters without
considering robustness.
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Selective comparison of the oil pipeline sections based upon datasets of multiple
in-line inspections [1] showed that there is a significant group of sections, whose 3d
position changed again and again after repairs. At the same time, the ever-increasing
volume of in-line inspections makes it impossible to analyze the spatial position of
each pipeline section over time. It provokes adapting methods of multidimensional data
analysis for automating detection of significant deviations in a spatial position of the
pipeline. First phase of data preparation algorithm includes checking the uniqueness
headers of dataset, lack of duplicates and gaps, lack of special characters, unprintable
characters and extra spaces. The second phase includes checking misses, as well as
significant and rapid changes in the data. Method of detecting significant deviations in
spatial position of the oil pipeline consists of four main steps: evaluating correlation
coefficients of datasets, selecting the grouping method [2], analyzing intra-group
statistics and assigning offsetting activities for each group of pipeline sections.
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We consider an academic load distribution problem in which in contrast to [1] each
training course consists of indivisible units that can be given to only one teacher [2].
The maximum and the minimum possible amounts of load are given for each teacher.
We propose models of integer linear programming (ILP) for various formulations of this
problem. In particular, we continue the research of the bicriteria model [2] in which one
optimization criterion is to minimize the maximal number of course assigned to each
teacher, and the other criterion is to maximize the total preference of "teacher-discipline”
relations. The cardinality of full set of alternatives for this problem is polynomial. In
addition, a variant of the problem is considered, which takes into account interpersonal
relations under assigning teachers to the same discipline. Finding a feasible solution
of the academic load distribution problem is NP-hard. We build an auxiliary IPL
problem which minimizes the largest deviation from the upper bounds of the teachers
loads. Using the auxiliary problem a search process of an academic load distribution
problem solution is constructed. Computational experiments using the CPLEX solver
with proposed ILP models are carried out on random instances and on tasks with real
data.
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[lycTb B eBKJAMIOBOM mpocTpaHcTBe RF 3amaHo KoHeUHOe CeMEHCTBO BEKTOPOB
V = {vy,...,v,} n BemecTBeHHOe unuci0 B. B mHOxecTBe V Tpebyercs HalTH MNOX-
MHOXecTBO X BEKTOPOB MHMHHMAaJIbHOH MOILIHOCTH, TaKOe, UTO HOPMa BeKTOPa-CyMMbl
3TOr0 MHOXKECTBa BEKTOPOB GoJibllle WM paBHa B.

| X| — min,
XCV (1)
> v‘ > B
veX

B pa6orax [1; 2; 3] paccmarpuBa/iuch OJH3KHE MO MOCTAHOBKE 3afadd OTHICKAHHS
MOJMHOXKeCTBa BEKTOPOB 3a/laHHON MOLHOCTH C MaKCHMaJiIbHOH HOPMOH BEKTOpa-CyMMBbI.
Cy1liecTBeHHBIM OTJIMUYMEM 3afadyu 1 siBseTcss TpebGoBaHHe OTPAaHWYEHHOCTH CHM3Y BeJH-
YUHBI BEKTOP-CYMMBI.

Wnest TouHoro anropuTMa pelleHHsl pacCMaTpUBaeMOH 3afaud ONMHUPAaeTCsl Ha HUCIOJIb-
30BaHHWE TOYHOI'O MOJHWHOMHAJNBHOIO aJrOPUTMa pelleHHs 3aayd OTbICKAHHS TMOJMHO-
’KeCTBa BEKTOPOB 3aJaHHOM MOIIHOCTH C MaKCHMaJbHOH HOPMOH BeKTOpa-cyMMbl [2].
B naHHOM coOOlIEHHWH C HCIOJb30BAHUEM IMOHSITUSI OOJacTed MPUHAAJNEKHOCTHU pelle-
HUSl JIOKa3blBaeTCs, UTO 3afada 1 MoxeT ObITb pelleHa C TOH Ke TPyLOeMKOCTbIO, 4TO
¥ B pabore [2].

Cnucok aureparypsbl

1. Babypun, A.E., Tumanu, 9.X., [nedos, H.M., ITatkux, A.B.: 3agaua oThicKaHHs MOJAMHOXECTBA BEKTOPOB C MaKCH-
MaJibHbIM CyMMapHbIM BecoM. [lHcKpert. aHanau3 W uccien. onepauuil. Cepus 2, 14(1), 22-32 (2007)

2. Tumanu, 3.X., [larkun, A.B., Puikos, M.A.: O nosvHOMHabHON pa3pelinMOCTH HEKOTOPBIX 3ajau BbIGOpa MOAMHO-
JKeCTBa BEKTOPOB B €BKJHAOBOM MPOCTPAaHCTBe (PUKCHPOBAHHOH pasMepHOCTH. [IMCKpeT. aHa/U3 W HCCJel. olepa-
uuit. Cepus 2, 15(6), 11-19 (2008)

3. Tumamu 2.X., PeikoB M.A.: PaHnoMu3npoBaHHBIE aJrOPUTM OTHICKAHHS MOIMHOXKECTBA BEKTOPOB C MaKCHMaJbHOM
€BKJIMI0BOM HOPMOE MX cyMMbl. JlucKpeT. aHain3 U ucchen. onepaunit. Cepus 2, 22(3), 5-17 (2015)

* Pa6ota BbinosiHeHa npu prHaHcoBo# nopnepxke PH® (npoekr 16-11-10041).
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OOHA 3AIAYA KJIACTEPM3ALIMHW C YACTHUYHBIM OBYUYEHHWEM
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'iljev@mail.ru, ?iljeva@mail.ru, *morshinin.alexander@gmail.com

KuroueBble cioBa: kJjacTepusauus, NpUOIUKEHHBIH aJrOPUTM.

B sadaue xaacmepusayuu tpebyerTcsi pa3bUTb JaHHOE MHOXKECTBO OOBEKTOB Ha
HECKOJIbKO MOAMHOXKeCTB (K.1acmepos) TOJbKO Ha OCHOBE CXOACTBa 0OBEKTOB IPYT C APY-
roMm. B mamnHHOM 00yueHUH 3aJauM KJacTepu3aldd OTHOCAT K pasneny obyuexus 6e3
yuumeas. Hapsny ¢ 3TUM paccMaTpUBalOTCS TakxkKe 3adauu Kiacmepudauuu ¢ 4acmut-
Holm 0byueHuem, B KOTOPbIX 4acTbh OOBEKTOB (KaK IpaBHJO, HeGOJbllIasi) H3HAUAJIbHO
pacrpenesieHa no kJjacrepam [1; 2].

PaccmarpuBaetcs caenyiomas gopManudands 3afayd KjaacTepu3alMHd ¢ YaCTHYHBIM
oOyueHHeM, sIBJSIOLIAsICS YaCTHBIM CaydaeM 3adauu Kiacmepusdauuu epaga [3; 4]. dano
MHOXKECTBO, COCTOsIlllee U3 1 0OBbEKTOB, KOTOPble HEOOXOAUMO paclpeiesnuTh Mo k KJa-
crepaMm, k < n. Cpenu 3anaHHBIX BbleJeHbl k 00BEKTOB, HUKaKHe [Ba U3 KOTOPBIX
He JOJ/DKHBI MPUHAJJEXaTh ONHOMY U TOMY ke KjacTepy. OTHoOLIeHHe CXOACTBA 3ana-
eTCsl C MOMOIILbI0 HEOPHUEHTHPOBAHHOTO rpada, BepPLIMHBl KOTOPOTO B3aWUMHO OAHO3HAYHO
COOTBETCTBYIOT 00beKTaM, a pedpa COeAUHSIOT MOX0XHe 00beKThl. Tpebyercs pasbUThb
MHOKECTBO BepLIMH Ha MONAapHO HerepeceKawllnecs rpymnmnsl (KJaacTepsl) Tak, YTOObl MHU-
HUMH3UPOBATh YHUCJIO0 pebep MeKIy KJacTepaMH M UHCJIO HeNOoCTaoLUX pebep BHYTPH
KJ1aCTepOB.

PaccmatpuBaemas 3anaua siasietess NP-TpynHo# npu jo6oM QukcrupoBaHHOM k > 2.
Hns cayuas k = 2 npenJsoxeH MOJMHOMUANbHBIE TPUOJIHUKEHHBIH aJrOPUTM, COCTOSIILIUN
U3 1ByX cTaaui. Ha nepBoii ctanuu ¢ NoMoLbio 3-NPUOIHAKEHHOTO aArOPUTMa CTPOUTCS
IOTyCTHMOE pellleHHe 3aiauu. Ha BTopol ctaguu K nosyueHHOMY pelleHHI0 pUMeHsIeTCs
npoLeaypa JoKaJbHOTO Moucka. KccnenoBanue ajnroputma nokasasno, 4TO NpPUMeHeHHe
JIOKQJIbHOTO TIOMCKA 3aMETHO yJydllaeT KauyecTBO MPUOJIHKEHHOTO pelleHUs.

Cnucok aureparypsl

1. Bair, E.: Semi-supervised clustering methods. Wiley Interdisciplinary Reviews: Computational Statistics 5(5),
349-361 (2013)

2. Chapelle, O., Scholkopf, B., Zein, A.: Semi-supervised learning. Cambridge, Massachusets, MIT Press (2006)

3. Kulis, B., Basu, S., Dhillon, I., Mooney, R.: Semi-supervised graph clustering: a kernel approach. Machine
Learning 74(1), 1-22 (2009)

4. Schaeffer, S.E.: Graph clustering. Comput. Sci. Rev. 1(1), 27-64 (2005)
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OB OJHOM 3AJAUE OINTHUMAJIbBHOTO CYMMHUPOBAHUS
3JIEMEHTOB HECKOJIbKHUX ITOCJIEJOBATEJIbHOCTEN™

A. B. Keapmanos!, JI. B. Muxaiinosa?, C. M. PoMaH4eHKo0?

1.2:3 Pueruryr maremaruku um. C. JI. Co6onea CO PAH, Hosocu6upexk, Poccus

! HoBocHGHpCKHIl TocynapcTBeHHEIH yHUBepenTeT, HoBocuGupek, Poceus

3

! kelm@math.nsc.ru, mikh@math.nsc.ru, ® rsm@math.nsc.ru

KiroueBble caoBa: ONTHMAaJbHOE CyMMHpPOBaHHe, IMO0CJeN0BaTe/JbHOCTb, MEPECTAHOBKA,
MOJIMHOMHAJIbHBIH AJITOPUTM.

PaCCManI/IBaeTCH caeaymoulasg aKCTpeMaabHasd

3agaua 1. JIAHO: coBokynHocTh {¢i1(n),...,gr(n)}, n = 1,..., N, comepxaruas
L nocnepoBatenbHocTed M3 RY u HaTypanabHoe uucao J, npuyem JL < N. HAUTHU:
Habop (ni,...,my;) HOMEPOB U MOCJENOBATEJNbHOCTb (71,...,7Ts), NEPECTAHOBOK Ha L

3JIEMEHTaXx, TakKHhe 4To
J L

Z Zgﬂj(i) (n(j_l)L-i-i) — max ,
j=1 i=1
IIPU OTPAHUYEHUAX

1<n, —np1<N—-1, m=2...,JL,

Ha 37eMeHTHl Habopa (ny,...,nyr).

3agaua cBsizaHa ¢ mpobJeMaMu aHagau3a BpeMeHHbIX psinoB (Time series analysis
problems) u nHAyUHpyeTCs, B UaCTHOCTH, ONHOH M3 MPUKJAAHBIX NMPOGJeM TUCTAHIIMOH-
HOT'0 MOHHUTOPUHTA (CKAHUPOBAHHS) COBOKYMHOCTH U3 L MOIBHXKHBIX 0OBEKTOB.

Panee B [1] 6bl1 060CHOBaH TOUHBIH MOJMHOMHAJbHBIA aJrOPUTM /I YAaCTHOTO CJIY-
yas 3agauu 1, B Kotopom m; = ... = my = (1,...,L). Bpemss pabotsl anroputma ectb
BesnunHa O(JLN?), uto He mpesocxogur O(N?).

B HacToswe# paborte ang 3amaud 1 npensiokeH MOJHHOMHAJbHBIA alrOPUTM, M03BO-
JISIOLIMH TIOyYUTh TOYHOe pelieHHe 3a BpeMs O(N?).

Cnucok aurepaTtypsbl
1. Kenbmanos, A.B., Muxaiinosa, JI.B., Xamunymanun, C.A.: AnocrepropHoe oGHapy»KeHHe B KBa3WUIepPHOTHUECKO#H

1noc/1e0BaTe/AbHOCTH NOBTOPSIIOLLErocsl Habopa 9TaNoHHbBIX (hparMeHToB. 2KypH. BbIUMC/. MaTeMaTHKH U MaT. (QU3UKH
48(12), 2247-2260 (2008)

* Pa6ora BbInosiHeHA MpH (rHaHCOBOH nopnepxke PODPU (npoekr 16-07-00168).
© A. B. Kenbmanos, JI. B. Muxaiiiosa, C. M. Pomanuenko, 2018
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PAHIOMHW3NPOBAHHBIE AJITOPUTMBI
JIJIS1 HEKOTOPBIX 3AJAU KJIACTEPU3ALIMU*®

A. B. Keabmanos!, A. B. [Tanacenko?, B. Y. Xanpnees?

123 Pueruryr marematuky uM. C. JI. Co6onesa CO PAH, Hosocubupck, Poccus
1,2:3 HopocuGupekuit rocynapeTBeHHHI yHuBepeuTeT, HoBocubupek, Poccns
! kxelm@math.nsc.ru, 2a.v.panasenko@math.nsc.ru, ® khandeev@math.nsc.ru

KnrwueBbie cJioBa: €BKJHWAO0BO IMPOCTPAaHCTBO, KJaCTepHU3allud, Np-pr,I[HaH 3ajaya,
paH}:[OMHSI/IpOBaHHbIﬁ aJITOPUTM, aCUMIITOTHYECKAd TOYHOCTD.

PaccmarpuBatorcss NP-tpynHbie [1; 2] B CHIBHOM CMBIC/e 3a1adH.
3agaua 1. /lano: N-3/1eMeHTHOe MHOXKeCcTBO ) Todek u3 R? ¥ HaTypajibHOE UHCJIO
M < N. Hatimu: nogmHoxectso C C )Y moiiHoctd M Takoe, 4To

> " [ly = 7(C)|]*> — min,

yel

rae y(C) = ﬁ Zyec Yy — UeHTPOHUA (reoMeTpUUeCKHU LeHTP) moagMHoxkecTBa C.

3agaua 2. /lano: N-31eMeHTHOe MHOXKecTBO ) Todek M3 R?Y u HaTypasibHOE UHCJIO
M < N. Hatimu: pasbuenue MHOXecTBa )) Ha JBa HemycThix Kaactepa C u )\ C Takoe,
4TO

D lly—g@)I>+1v\el Y vl — min,
yec yeV\C
rae |C| = M.

O6e 3amaud HWHAYUHUPYIOTCS, B 4YacTHoOCTH, mnpobsemamu Data mining, Pattern
recognition, Machine learning.

B pa6oTe mpensioykeHbl paHAOMHU3UPOBAHHBIE aJTOPUTMbI JJI pacCMaTpHBaeMbIX 3a-
nad. B ciyuae, korna M > BN, roe HekoTopast KoHcTaHTa 3 € (0, 1), I/si TPOU3BOJBHBIX
e>0wu~ye€(0,1) arroputmbl HaxoaAT (1 + &)-MpUOIHKEeHHbIE PellleHUs 3a1a4 C BeposiT-
HocTbio He MeHee 1 — v 3a Bpemsi O(¢/N). HaiineHsl ycsioBusi, IpU KOTOPHIX AJTOPHUTMBbI
HaxosT (1 + ey)-npubaukeHHble pelueHns 3anad 3a Bpemst O(gN?) ¢ BEpOSTHOCTHIO He
meHee 1 —yy, tne ey — 0w yy — 0 mpu N — 00, T. €. yCJOBUS, IPU KOTOPBIX aJTOPUTMBI
ACHMITOTHYECKH TOUHBI.

Cnucox aureparypsl

1. Kel’'manov, A.V., Pyatkin, A.V.: NP-completeness of some problems of choosing a vector subset. J. of applied and
industrial mathematics 5(3), 352-357 (2011)

2. Kel'manov, A.V., Pyatkin, A.V.: NP-hardness of some quadratic euclidean 2-clustering problems. Doklady
Mathematics 92(2), 634-637 (2015)

* HUccnenosanue 3amauu | nopnepxano PH® (nmpoekt 16-11-10041). MccnenoBanue 3agauu 2 nopnepxano POOU
(mpoektsl 16-07-00168 n 18-31-00398).

© A. B. Kenbmanos, A. B. [Nanacenko, B. M. Xanpees, 2018
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MMPUBJIMKEHHBIN [TOJIMHOMUAJIbHBIM AJITOPUTM [J19 3A JAUU
[TOMCKA TIOAIOCJIEAOBATEJIbBHOCTHU HAWBOJIbIIEN OJIMHBI
B MOCJIEJOBATEJIbHOCTU TOUEK EBKJIMJOBA ITPOCTPAHCTBA*

A. B. Keabmanos!, A. B. [Tatkun?, C. A. Xamunynaun®,
B. U. Xanpees?, 0. B. [llamapaun®, B. B. llenmaiiep®

12,3456 Pucturyr matemaruku um. C. JI. Co6omesa CO PAH, Hosocu6upek, Poccus
1.2:4 Hogocu6upckuii rocynapeTsennbiil yuusepcutet, Hosocu6upek, Poccus
! kelm@math.nsc.ru, 2artem@math.nsc.ru, > kham@math.nsc.ru,
4Xhandeev@math.nsc.ru, °orlab@math.nsc.ru, ® shenmaier@mail.ru

KuroueBble cjioBa: eBKJIMIOBO INPOCTPAHCTBO, HauboJsee NJHMHHAs MOANOCJEN0BATE/b-
HOCTb, KBaJapaTUuHbli pa3bpoc, NP-TpynHas 3amaya, noJMHOMHAJbHBIA MPUOIUKEHHBIH
aJITOPUTM.

PaccmarpuBaetcs cienyoiiee o6o6ienne NP-TpynHo# B CHIbHOM cMbIcse 3anaud [1].

3agaua 1. /lano: nocnenoBateibHOCTb Y = (yi,...,Yyy) ToUek U3 RY, HaTypasbHble
urcaa Tin, Tmax ¥ ubcao a € (0,1). Hadmu: nonMuoxectBo M = {ny,...,ny} CN =
{1,..., N} HauGosblIell MOLUIHOCTH TAKOE, YTO
Sy = aMIIP < > lly; — V)P,
JEM JEN

rae j(M) = ﬁ Siem¥i HYN) = % 3,0 ¥ — LEHTPOHIb (TeOMeTPHUYECKHe LEHTPbI)
MyabTUMHOXKeCTB {y; € V|i € M} u {y; € Y|i € N} cOOTBETCTBEHHO, NIPH OrPaHHUEHH-
X

Tooin <Ny — N1 K Tpax <N, m=2,..., M,

Ha 37eMeHTHl Habopa (ny,...,nar).

3ajaua WMHIYLUUPYeTCs, B YACTHOCTH, NpobJemoil LeH3ypupoBaHus naHHbix (Data
Editing u Data Cleaning Problem), npencraB/ieHHBIX B BHIe MHOIOMEPHBIX BpPeMEHHBIX
psOB (CHUTHAJIOB).

[IpensioxxeH MOJMHOMHAJBHBIE MPUOMHKEHHBIH aITOPUTM C OLIEHKOH 1/2 ero TOYHOCTH
n BpemereM pa6oThl O(¢N*(Tyax — Tmin + 1)), KoTOpOE He mpeBocxomut O(¢N?).

Cnucox aureparypsbl
1. Ageev, A.A., Kel'manov, A.V., Pyatkin, A.V., Khamidullin, S.A., Shenmaier, V.V.: Approximation polynomial

algorithm for the data editing and data cleaning problem. Pattern Recognition and Image Analysis 27(3), 365-
370 (2017)

* Pa6ora BbimosiHeHa npu (uHaHcoBoi nopnepxke PODU (npoekts 16-07-00168 u 18-31-00398) u PHD (mpoext
16-11-10041).

© A. B. Kenbmanos, A. B. [Tarkun, C. A. Xamunynaus, B. Y. Xaunees, 10. B. [llamapaun, B. B. lllenmaiiep, 2018
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MOJEJIM OIITUMHU3ALINUN
JIJIS1 BBISIBJEHUS 3AKOHOMEPHOCTE¥M B JAHHBIX*

M. C. Macuu!, JI. A. Kaszakosues?, A. A. Crynuna®

1,2:3 Cu6upckuil rocynapcTBeHHbIH YHHBEPCHTET HayKH M TexHoJorui uMm. M. ®. Pemernesa, KpacHosipck, Poccus
lis .masich@gmail. com, 2 levk@bk.ru

KuroueBble cioBa: ncesnoly/ieBasi ONTUMHU3alMs, pacllo3HaBaHUeE, JIOTHUECKHE aJITOPUT-
Mbl KJIaCCU(PUKALHH.

B pa6ore ucc/aenyroTcsi BONPOCHl BHISIBJEHHUS CKPBITBIX 3aKOHOMepPHOCTeH B Habopax
JNAHHBIX U UX HCIOJb30BAHUSA [JI MOANEPKKHU MPUHATHUS pelleHWH TMpPH pacrno3HaBaHHUH.
[lon 3aKOHOMEpPHOCTBIO B JAHHOM CJly4yae NOHHMaeTcsl TepPM, KOTOPBHIH TOKPbIBAET XOTS Obl
OfHO HabJloleHHe HEKOTOPOro KJacca U He MOKPbIBaeT HU OAHOTO HAaOJIOfEHHUsI APYyroro
Kaacca [1]. 3aKOHOMEPHOCTH SBJSIOTCSA 3/1€MEHTAPHBIMH OJOKAMH [Jis MOCTPOEHHS JIO-
TMYeCKHUX aJrOpUTMOB pacrno3HaBaHUs. 3ajaua BbIsIBJIE€HHs 3aKOHOMEPHOCTEH paccMaTpH-
BaeTCs KaK 3ajaya YCJIOBHOH ONTHMH3aLHUH MOHOTOHHBIX NCeBA00Y/IeBbIX (PYHKUMU. [ls4
CpaBHeHHS 3aKOHOMEPHOCTeH UCMOJb3YITCS TPU KPUTEPUS — MPOCTOTA, U30UPaTeNbHOCTh
M JI0Ka3aTeJbHOCTb, a TAaKXkKe MX BO3MOXHble coBMelleHusi [2]. PaccmarpuBaroTesi THIIBI
3aKOHOMEpHOCTEH, MOJyuyeHHble B COOTBETCTBUH C ITUMH KPUTEPUSMHU, KOTOpPbIE MPeACTaB-
JSIIOT HAauOOJbILIWH HHTEpeC IJis MOAAEePKKH NPUHSATHS pelleHUH NMpHU pacro3HaBaHHUH.

B paGoTe uccnenoBaH BONPOC MOMCKAa MH(POPMATHBHBIX 3aKOHOMEPHOCTeH Iocpen-
CTBOM (pOpMasiM3alMy 3TOTO MOMCKA B BHIE 3ahayd YCJOBHOH MceBrOOY/eBOH ONTHMH-
3auuu. [IpoBeneH aHann3 CBOWCTB MOAE/M ONTUMM3ALMMU U TpelJioKeHa HOBas ajbTep-
HaTUBHasl MOJeJb ONTHUMHU3ALHMH, NpeHa3HaYeHHas AJs TOUCKA CUJbHBIX 0XBATbIBAIOIIUX
3aKoHOMepHocTeH. Mcrosb3oBaHHe TakKMX 3aKOHOMEpPHOCTeH MO03BoJseT MoJydaTb KJac-
cuUKaTopsl ¢ ayyuleidl obobualled cnoco6HOCTHIO.

Paspa6oTaHbl anropuTmel nceBao0y/aeBoil ONTUMU3ALKH, He Tpebylollihe SBHOTO 3a1a-
HUS LeJeBbIX (DYHKLUMHU U OrpaHHYeHUH, NpeJHa3HAuYeHHble IJS PeLUeHHs MOCTABJIECHHOU
3alauHu.

Cnucok aureparypsbl

1. Crama, Y., Hammer, P.L., Ibaraki, T.: Cause-effect relationships and partially defined boolean functions. Annals
of Operations Research 16, 299-325 (1988)

2. Hammer, P.L., Kogan, A., Simeone, B., Szedmak, S.: Pareto-optimal patterns in logical analysis of data. Discrete
Applied Mathematics 144(1-2), 79-102 (2004)

* PaGora BbINoOJHeHa NPy (HUHAHCOBOH moxfep:Kke MuHuCTepcTBa oOpasoBaHusi U  Hayku PP (mpo-

exT 2.5527.2017/8.9).
© WU. C. Macuuy, JI. A. Kazakosues, A. A. Crynuna, 2018
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BbIIEJIEHUE TTAPTUUN 3JIEKTPOPAIMOU3IEJINN
AHCAMBJISIMU AJITOPUTMOB KJIACTEPU3ALIUU™

U. I1. Poxuos!, JI. A. Kaszakosues?, B. K. OpJos?

1,2,3 Cu6upckuit rocynapcTBeHHbIH YHHBEPCUTET HayKH M TexHoJoruil uMm. M. ®. Pemernesa, KpacHosipck, Poccus
? levk@bk.ru

KuroueBbie ciaoBa: aHcaMOJU aArOPUTMOB KJacTepusanuu, JPHU.

Jlns Kommn/ekTauMyd KOCMHUYecKOH OOpTOBOH amnmnapaTypbl BbICOKOHALEXKHBIMH 3J€K-
tTpopanuousnenusmu (APU) nposoputcs Gosbiuolt o6beM pabotr no ananuszy IPU [1].
[lapTus uamenuil no/KHa OBITh M3rOTOBJEHA M3 €IUHOH MapTHUU chipbs. Ilas pelieHus
3TUX 3a/lay MPHUMEHSIIOTCS pas3/vyHble aJrOpPUTMbl KJacTepu3alruy 0 MHOTOMEpPHBIM JaH-
HBIM pe3yJbTaToB TecTOoBbIX HcnbiTaHUH DPY. Ha npakTrike HEBO3MOKHO alpHOPHO Tpen-
CKasaTb, KakKOH K3 aJropuTMOB B KOHKPETHOM CJiyuyae MOKaxKeT HauboJiee aleKBaTHbIE
pe3yJbTaThl, U HUCIOJb30BaHHE aHCaMOJEBOTO MOAXOAA SIBJSETCS TMepPCleKTUBHbIM. AJro-
PUTMBI KJaCTepU3allMy /15 3aauM pasnesenus coopHoi naptuu DPU Ha nBe onHOpoLHBIE
MapTUH MOKa3bIBAIOT JOBOJIBHO BBICOKYIO TOUHOCTb. [Ipy yBequueHHH 4yHcaa OXHOPOIHBIX
NPOU3BOJACTBEHHBIX MapTHH B COOPHOH MapTHM TOYHOCTb najaet. [ss pasHeiXx HabGopoB
IAHHBIX HAWJydlIHe Pe3yJbTaThl IeMOHCTPUPYIOTCS PasHbIMHU ajroputMamu. s naptuu
OPU 30T122A, cobpaHHo# 13 6 OMHOPOAHBIX MAPTHH, JYUIIYI0 TOUHOCTh, T. €. COBMaje-
HMe pe3ysbTaTOB alropuTMa ¢ (PaKTHUECKUM COCTAaBOM, N0Ka3aJ/u CJelyIOlHe ajJropuTMbl
[2]: EM-Optim. - 95,44 %, k-Medoids-Optim. — 91,79%, EM - 90,09 %, k-Means —
76,53 %, k-Means(fast)-Optim. — 76,53 %. 3mecy "Optim.” — aJaropuTMbl C ONTHMHU3HPO-
BaHHBIMU TapaMeTpamu ajaroputma. [IpumeHeHne aHcam6Jss aJropuTMOB KJ/acTepU3alUH
1a/o CJedyiollde pe3yJbTaThl: U3 TPeX JYUIIMX MO TOYHOCTH asroputmoB — 95,04 %,
u3 At — 95,44 %.

Takum o6pazom, Kcrnosb3oBaHHEe aHCAMOJEBOrO MOAXOAA M03BOJSET A0OUThbCS OoJee
BBICOKOH aJeKBAaTHOCTH pe3ysbTaToB kJjaactepusauuud DPU. Ilpu sTom oTnesnbHble anro-
PUTMBI CIOCOOHBI MOKA3bIBATh Pe3yJbTaThl, MPEBOCXOASAIINE [0 TOUHOCTH Pe3yJbTaThl aH-
cambJisi, HO TOYHOCTb aHcaMOJ/isl BCe »Ke Bbillle, YeM yCpeqHeHHash TOYHOCTb OTAEJbHBIX
aJrOPUTMOB.
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Ponb crateu 3akiiouaercss B pa3paboTKe HOBOTO ajroputMma (Merona) (pakTOPHOIO
aHa/M3a, BKJ/IIOUallero B cebst NPOABUHYTYI0 MOJeJb B3aUMOOTHOILIEHHH (PAKTOPOB U HC-
XOJHBIX Ne€PeMeHHbIX, KOTld B MOJAEJH YYUTBIBAIOTCSA HE TOJIbKO JHHeHHble cjlaraeMble, HO
Y KBaJlpaTH4HbIE, T. €. Pa3JioKeHHe 0 BTOPOH cTeneHH. Takas MOAeJb OTHOCUTCS K KJac-
Cy HeJIMHEHHBIX CTPYKTYPHBIX Mojesell. AJIrOPUTM pacueTa Mo3BOJISeT CTPOUTh YTOUHSIO-
Y0 MOJEJIb, UCCJ/IEI0BATh BJIUSHHE HEJHHEHHOU COCTABJSAIOLIEH B (DAKTOPHOM BJIMSHHUH.
Takxke paspaboTaHa COOTBETCTBYIOLLAA IPOrpaMMa ¢ rpaduyecKuM HHTepheHcoM MoJb30-
BaTeJsl, CIIOCOOHAsA NMPOBOANUTh KBAAPATHUHBIHA (DAKTOPHBIA aHAJM3 HOBBIX NAHHBIX IO 3a-
Tpy3Ke HOBBIX JaHHbIX. [laHHasl cTaThs HOCUT KaK NPHUKJALHON, TaK U (PyHIAMEHTa/bHbIH
xapakTep. [Iporpamma 1 cOOTBETCTBYIOLINH BEIUUCAUTENBHBIH aJITOPUTM NPOTECTHPOBAHDI
Ha peaJibHbIX JaHHBIX, YTO [O3BOJIMJIO CPABHUTH MpeAbIAYILHe pacyeThl [0 3TUM AAHHBLIM
IJ1s JIMHEHHOro (haKTOPHOTIO aHaJ/IM3a C IpelJlaraeMblM B CTaThe KBaAPATHUHBIM.
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This work introduces a supervised classification algorithm based on a combination
of ensemble clustering [1] and kernel method [2]. The main idea of the algorithm
lies behind the expectation that the ensemble clustering as a preliminary stage would
restore more accurately metric relations between data objects under noise distortions
and existence of complex data structures, eventually rising the overall classification
quality. The algorithm consists in two major steps. On the first step, the averaged co-
association matrix is calculated using cluster ensemble [3]. It is proved that the matrix
satisfies Mercer’s condition, i.e., it defines symmetric non-negative definite kernel. On
the next step, optimal classifier is found with the obtained kernel matrix as input.
The classifier maximizes the width of hyperplane’s separation margin in the space
induced by the cluster ensemble kernel. Numerical experiments with artificial examples
and real hyperspectral image have shown that the proposed algorithm possesses
classification accuracy comparable with some state-of-the-art methods, and in many
cases outperforms them, especially in noise conditions.
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Factors influencing of accuracy of Person biometric identification based on
electrocardiograms were investigated. A statistical evaluation of the informativeness
of biometric features obtained from electrocardiograms was carried out. A comparison
of the accuracy of recognition of electrocardiograms of healthy subjects and individuals
with various disorders in the cardiovascular system was performed. The influence of
sample size and ECG recording time on the accuracy of recognition was studied. The
effectiveness of various methods of pattern recognition used in machine learning was
compared. The influence of different methods of recording electrocardiograms on the
accuracy of recognition was studied. The approach allows to substantially reduce the
dispersion of biometric features at the stage of preprocessing of the cardiac signal.

Various biometric methods of person identification are getting more popular.
Fingerprinting, face, voice and retina recognition are widely used in various security
systems. The vulnerabilities of traditional methods of biometric identification were
revealed over time. Researchers are increasingly turning their attention to such person
biometric features as electrocardiograms, electroencephalograms and DNA. The paper
is about some practical aspects of person identification using ECG. We investigated the
influence of sample size, duration of recognition, hardware quality and type of algorithm
of machine learning for accuracy of person identification.
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An analysis of existing literature on the problem of pattern recognition shows that
the task of constructing recognition algorithms in conditions of features correlations
has not been investigated deeply. This fact determines the relevance of the problem of
developing and researching recognizing operators in conditions of features correlations.

We consider the problems of constructing of an extreme recognizing operator in
the framework of the model considered in [1]. The problem of constructing extreme
recognizing operators in the framework of the considered model is formulated as the
problem of finding the optimal values of a set of parameters that ensure the maximum
accuracy of recognition in training [2].

To solve this problem, we propose a method based on the consistent application
of local procedures for calculating parameter values at each stage. The main idea of
this method is to consistently use various procedures to calculate the value of each
parameter in the recognition model under consideration. In this case, the value of the
corresponding parameter is determined at each stage. This process continues until the
error value is less than the specified threshold or the specified number of iterations is
not executed.

To test the efficiency of the proposed procedures for determining the values of the
parameters of an extreme operator, a model problem generated by the given distribution
parameters as well as the problem of recognizing of a person from photo portraits were
solved.
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We consider the well-known d-dimensional Orthogonal Packing Problem (OPP-d),
which can be formulated as follows. A set of d-dimensional items (rectangular boxes)
needs to be packed into a fixed container. The input data describe the dimensions of the
container W, € R, 1 < k < d, and the dimensions of the n items wf eR,, 1<k<d
for each item 1 <i < mn. We ask whether all boxes can be orthogonally packed into the
container without rotations.

Using the toolset of conservative scales introduced by Feteke and Schepers [1] we
are able to change the items’ sizes in the initial instance to obtain an equivalent instance
with the same solution. We present an effective algorithm for building equivalent
instances with certain properties.

We also consider the so-called raster model for OPP-d introduced by Belov, Kartak,
Rohling and Scheithauer [2]. It is a 0/1 ILP model in which number of variables and
constraints linearly depends on the total number of raster points over all dimensions.
Using our algorithm we construct equivalent instances with reduced number of raster
points. We also present an algorithm to find a lower bound on the minimum possible
number of raster points over all equivalent instances. For some instances, it proves that
it is impossible to reduce the number of raster points. Numerical results are presented.
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Fast approximation algorithms are proposed with modest approximation factor for a
problem which generalizes the known Disk Covering problem:
INTERSECTING PLANE GRAPH WITH Disks (IPGD): given a simple plane graph
G = (V,E) (with straight line edges), set Y C R? and a constant v > 0, find the
smallest cardinality subset C C'Y C R? on the plane such that each segment ¢ € E
is within Euclidean distance r from some ¢ = c(e) € C, or, equivalently, radius r disk
centered at c intersects e.
The IPGD problem is equivalent to the classical geometric HITTING SET problem with
the ground set Y C R? for family {{z € R? : d(z,e) < r} : e € E} of objects, where
d(z,e) denotes Euclidean distance between a point z € R? and a segment e € E. It is
NP-hard [1]. Quick constant factor approximation algorithms are designed for IPGD not
only in the general case of plane graph G, but also within classes of special proximity
graphs. We improve on the approximation factor of the algorithm from [2] using quite
general ideas while keeping modest order of its computational complexity.
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Many systems in the real world exist in the form of a network, such as
biological, social, the www, transportation etc., which are also called complex networks.
Community detection in a network refers to finding a subset of vertices (called clusters,
or communities) that are more densely connected among themselves than with vertices
in other communities. There is no precise definition of the community but there are
many ways to formalize this idea. One way to identify communities is to specify an
objective function to minimize or maximize. Various objective functions, also known as
quality functions, have been proposed such as multiway cut, normalized cut, minimum-
sum-of-squares, ratio cut, edge-ratio, modularity and recent exponential quality function.

In this paper we compare several such functions on small test instances where
comunities are known. Communities obtained by each objective function are evaluated
by other quality functions and ranked. Interesting observations are derived. For example,
the objective function that recognized structures of all instances, were ranked among
worst with respoect to other objectives.
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Today deep learning technologies have already proved their efficiency in great
number of pattern recognition tasks [1]. For the first time, we truly observed it
in 2012th within ImageNet image recognition challenge. From that moment, a rapid
evolution of convolutional neural network (CNN) architectures has been starting since
their first successes in various challenges including ILSVRC 2012. A number of novel
CNN structures was suggested last year, e.g. AutoML [2], Shift [3], CapsuleNets [4].
Inspired by the work on CapsuleNets, we present another technique to construct
neural network architecture called ViewpointNet. This net operates with the internal
abstraction called "view" ("viewpoint") which allows model to learn more focused
features in fully automated manner instead of averaging all the spatial (or another)
variations of target objects in images. Such network consists of two dependent parts:
one part aimed to recognize the "view" of the sample, called "encoder" and the other
part responds directly for the feature extraction ("decoder"). Experiments with the CUB-
200-201 dataset have shown that our architecture can give up to 10% accuracy gain
compared to the state-of-the-art CNNs. Moreover, our architecture demonstrates more
robust (and, hence, more than twice-times faster) convergence during optimization with
the given training set.
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The problem of the optical coherence tomography (OCT) data processing [1] is
addressed to support the development of glaucoma diagnostics tools. In order to develop
the 3D models of the optic nerve head reconstruction, the following parameters were
considered: nerve fiber layer thickness of peripapillary retina, diameter of optic nerve
head, the optic disc cup diameter, the thickness and structure of the prelaminar part and
the angle of inclination of the surface of the retina to the front surface of lamina cribrosa.
The complexity of constructing adequate models of optic disc structures is due to their
morphological diversity [1], the influence of the radial peripapillary plexus, the presence
of specific noises on OCT scans, speckle structures in the process of deformation of the
medium, and sampling periods of radial B-scans. We propose an effective approach to
the reconstruction of the optic disc structures including the following components. First,
effective mathematical morphology-based methods for scan preprocessing to reduce the
measurement noise and improve image resolution of successive radial OCT-scans are
developed. The second component consists in mapping the OCT-scans by searching
for key points on the optic nerve lattice membrane. To develop a method of robust
localization of the key points, segmentation and texture analysis of these layers were
carried out using the graph-cut method and the Haralic features. To match the key
points, noise-resistant RANSAC method was utilized to detect the capillaries shadowing
the optic disc cup structures. The final component consists in the direct construction of
a 3D model of the optic nerve head and peripapillary retina and the calculation of the
required excavation parameters. This task is solved taking into account the established
correspondence of key points using the means of photogrammetry. Proposed model will
enable the effect of the "slanting cuts" of the optic nerve effect assessment and forecast
the severity and rate of progression of glaucoma.
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The article deals with optimization problems in non-stationary networks (networks
with mobile nodes). Examples of these networks are transport networks in which
communication is carried out between moving objects, or between moving objects and
stationary roadside equipment. The main characteristics of the elements in this network
are the capacity of road sections, the intensity of flows, and the range of monitoring
devices.

Many publications about VANET problems are devoted to the analysis of algorithms
for the communication of receiving-transmitting devices located on moving objects.
One of the actual problems in this area is the task of the message transmission from
monitoring devices located in stationary nodes to all participants of the movement in
a given area. The transmission of instant messages is usually made by a broadcast
method.

This article provides a technique for solving the problem of an alerting the moving
objects using of a genetic algorithm and simulation. As a result, authors found an
optimal placement of devices in the nodes of the transport network, maximizing the
number of cars that will receive a message about the event no later than the time limit.
As a transport network model, an undirected graph is considered, in which it is possible
to place N notification devices in some nodes. To find the optimal placement, a genetic
algorithm is used. Each chromosome is a solution, i.e. it shows the some placement of
transmitting devices in nodes of the network. The fitness-function is calculated using
the simulation.

The proposed technique with using the genetic algorithm and simulation allows to
obtain an optimal placement of devices according to the maximum number of notified
vehicles. Research results can be used to solve applied problems: improving the provision
of drivers with information on the state of the road, monitoring traffic flows and so on.
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Fast numerical evaluation of forward models is central for a broad range of
inverse problems. Here we propose a method for deriving computationally efficient
representations of periodic solutions of parameterized systems of nonlinear ordinary
differential equations. These representations depend on parameters of the system
explicitly, as quadratures of parameterized computable functions. The method applies
to systems featuring both linear and nonlinear parametrization, and time-varying right-
hand side. In addition, it opens possibilities to invoke scalable parallel computations and
suitable function approximation schemes for numerical evaluation of solutions for various
parameter values. Application of the method to the problem of parameter estimation of
nonlinear ordinary differential equations is illustrated with a numerical example for the
Morris—Lecar system.
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rpadel, onpenessie GaceTsl.

[lycte m = 3k — 1, k > 5, k — HeueTHoe, t — veTHoe, 4 < t < k — 1. Mul onpe-
nensiem rpadp Gy = (Vi, Ey) Ha MHOXecTBe BepinH Vj = {1,2,...,3k — 1} u Ha MHo-
kecTBe pebep Fj. Hnsa onpenenenus Ej He0OXOIHMMO ONpeleNHTh HECKOJIbKO MHOXKECTB,
rle CJ0XeHHe U BblYMTaHWe Npou3BoauTcs 1mo mod (7hk — 1) U paccTosiHMe OT i 10 j
onpenessieTcsi caeayomUM obpasom: p(i,j) = p(j,i) = min{j —i,i + 3k —1—j,i < j};
S*={(k+2)/2—-(t—3)/2,....(k+2)/2+ (t —3)/2};

El={(v,w):w=v+quv=1,....3k—1,q=1,...,k—2};

Ef ={(v,w):w=v+k—1v=2k+1,...3k—1,1,... k+1;
(v=(3k+2)/2,w=>5k/2)};
E}={(v,w):ve S k+2<w<v+k—1}

Bl ={(v,w):veS* 2%k +v<w<3k—1}

B} ={(v,w) :v=(k+2)/2+(t—3)/2+1, (3k+2)/2<w<(3k+2)/2+(t—3)/2};

EY ={(v,w):v=(k+2)/2—(t—3)/2—1,5k/2 — (t — 3)/2 < w < 5k/2};

El ={(v,w):w—v<k—23k/2—(t—5)/2<v<3k/2
(bk—4)/2—(t—5)/2 <w < (bk — 4)/2};
EY={(v,w):w—v<k—23k+6)/2<v<(3k+6)/2+ (t—5)/2,

(5k +2)/2 <w < (Bk+2)/2+ (t — 5)/2}.

[locsie atoro Ej onpenensiercs tak: Ey = B} — U8 _,FL.

Teopewma. [lycmo 6 paccmompenmom sviwe epage Gy = (Vi, Ex), k > 5, u(v) = t,
v=1,... k+1upuw)=1v=~k+2,...,3k — 1. Toeda (G, ju) 2615emcs epagom,
onpedeastowum acemy mMHO202PAHHUKA AUHELHbLX NOPAOKOS.

Cnucok aurepaTtypsl

1. Bolotashvili, G., Demidenko, V., Pisaruk, N.: Fence facets from non-regular graphs for the linear ordering
polyhedron. Optimization Letters 8, 841-848 (2012)
2. Christophe, J., Doinon, J.P., Fiorini, S.: The biorder polytope. Order 21, 61-82 (2004)

© I'. T'. Bonoramsumu, 2018
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METO/ JIMHEAPHU3AILINHU
B 3AJJAYAX KBAHTUJIbHOM OINTUMUIALIUN*

C. H. Bacunbesal, 0. C. Kan?

12 MocKOBCKHII aBHALMOHHBIH MHCTHTYT (HAalHOHAMBHBIH HCCIe0BaTebCKHil yHHBepcHTeT), MockBa, Poccus
! sofia_mai@mail.ru, >yu_kan@mail.ru

KuroueBble cj0Ba: KBaHTHJbHBIA KPUTEPUH, AP0 BEPOSITHOCTHOHM Mepbl, METOA JIMHea-
pH3aLHH.

PaccmarprBaeTcsi 3aa4a ONTUMHA3AUMK KBAaHTUJIBHOTO KPUTEPUS € (PYHKLHEH NOTepb,
3aBUCSILIEH OT BEKTOpA CTPAaTeruy U BEKTOpA MaJblX CJAydyalHbIX napameTpoB. MaJble ciy-
YyalHble MapaMeTpbl MOAEJNUPYIOTCS KaK MOKOMIIOHEHTHOe MPOU3BelleHUe BeKTOpa MaJlblX
JIeTePMUHUPOBAHHBIX NTapaMeTPOB Ha CJaydalHbId BEKTOpP C 3aJaHHBIM 3aKOHOM pacrpefe-
JICHUS.

Pelenue 3afauu ONTHMHU3aUMK KBAHTUJIBHOTO KPUTEPHs B 0OLIEM HeJUHEHHOM CJy-
yae He NPEeACTaBJ/SeTCs BO3MOXKHBIM M3BECTHBIMM METOJAMH CTOXACTHYECKOIo IpPOorpam-
MHUpoBaHUS. PaszpaboTaHHBIA aBTOpaMHM MeTON 3aKJwoudaeTcsl B JUHeapu3aluud (DyHKLHUH
NOoTepb MO BEKTOPY MaJblX CJAydyalHbIX NapaMmeTpoB. BosHMKarlias npu 3ToM oluoOKa
N0 KBAHTUJIbHOMY KPUTEPUIO HMMeeT IOPSNOK KBaApaTa HOPMBl BEKTOpa MaJblX HeTep-
MUHUPOBAHHBIX MapaMeTpoB. 3afiaya ¢ JHUHEHHOH Mo cJaydalHbIM MapameTpaM (GpyHKLUHeH
NoTepb MOXeT OBbITh pellleHa C NpHMeHeHHeM fijpa BepOSTHOCTHOHW Mepel. fdnpo Bepo-
SITHOCTHOH Mepbl MOXKeT OBbIThb OIpefie/ieHO KaK lepecedyeHHe BCeX 3aMKHYTBIX MOJYNpO-
CTPAHCTB M3 NMPOCTPAHCTBA peaU3aluMi CIYYaUHOrO BEKTOPA, UMEKOLIHUX BEPOITHOCTHYIO
Mepy He MeHbllle YPOBHSI JIOBepUTeJbHOH BeposiTHOCTU. Ec/M rpaHuuy sigpa He ypnaertcs
MOCTPOUTh AHAJNMTHYECKH, IMpeAJsaraeTcsl MUCIOJb30BaTh €r0 BHELIHIOK IOJU3APaIbHYIO
annpokcumauuio. B cayyae MCno/sb30BaHUA TaKoOH alNpoOKCHMMAalMKM UCXOAHAA 3ajiada Mo-
KeT OBbITh CBeJIeHa K 3a/laye HeJIMHeHHOro nporpaMMupoBaHusl. B ciaydae, korna (pyHKUUS
NOTePb B JUHEHHOU MOJEJIM 3aBUCHUT JIMHEHHO OT BEKTOpa CTPATeruH, Takas 3ajada MoXxeT
ObITb CBelleHa K 3ajaue JIMHEHHOTrO NPOrpaMMHUpPOBAHHUS.

ABTopamu 6wl paspaboTaH mporpaMMHBIN Monysib ProKer, mo3BosisiomiMi HaXonHUThb
annpoKCUMAaLMIO Siipa BEPOSITHOCTHOHM Mepbl B IJIOCKOM CJlyyae M0 HMMeloLledcs BbIOOp-
Ke CJy4alHOro BeKTOpa C He3aBUCHUMBIMH, OMHAKOBO paclipefe/ieHHbIMU KOMIIOHEHTAMHU.
JIns1 mocTpoeHus: annpoKCHMaluWd HE0OXOAUMO BbIOPATh OJHO M3 MpeNJoKEeHHBIX pacrpe-
NeJeHUH KOMIIOHEeHT, yKa3aTb €ro napameTpbl, BBECTH 00beM BBIOOPKH M UHCJO BepOSIT-
HOCTHBIX OFPaHUYEHHUH, 3aJaI0ILKX [PAHH alllIPOKCUMUPYIOLLEro MHOXKecTBa. PesybraTom
paboThl MPOrpaMMHOI0 MOAYJISl SABJISIETCS BU3yaJbHOE H300pakKeHHe paHUILBl fpa Bepo-
STHOCTHOH Mephl B BUIe pucyHKa. Ha omHOM pHucyHKe MoxeT ObITh M300pakKeHo 10 Tpex
BHU3ya/NU3alMi fApa LJis PA3JUYHBIX YPOBHEH NOBEPHUTENbHOH BEPOSITHOCTH.

* Pa6ota BbinosiHeHa mpH ¢rHaHcoBo# nopnepxke PODU (npoekr 18-08-00595).
© C. H. Bacuspesa, 10. C. Kan, 2018
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MOJEJIM TOCYAJAPCTBEHHO-YACTHOI'O I[TAPTHEPCTBA
C HAJIOTOBbIMU JIbTOTAMM: UUCJIEHHBIM AHAJIU3 PEIUEHUI*

C. M. JlaBnuuckuii!, A. A. INanun®, A. B. Ilascynos?

1.2:3 Pueruryr maremaruku um. C. JI. Co6onea CO PAH, Hosocu6upck, Poccus
1avlin@math.nsc.ru, 2aapaninl1988@gmail.com, ®aplias@math.nsc.ru

KaroueBbie caoBa: wurpa Illrakenbbepra, IBYXypOBHeBble 3aJaud MaTeMaTHUeCKO-
r0 TpPOrpaMMHPOBAHHS, CTOXAaCTHUECKHH JIOKAJbHBIH TIOUCK, MPOrpaMMa OCBOEHHS
MHUHepaJbHO-ChIpbeBOH 0a3bl.

B noknazme n/1a pelleHusl KJ/IOYeBOH 3alaud CTpaTerdueckoro yrnpabBjeHUs — 3aja-
Yy pa3pabOTKH NPOrpaMMbl OCBOEHUS MHUHEpaJbHO-ChIPbeBOM 0a3bl — CTPOUTCS MOAEJb
(hopmMupoBaHUs 3((PEKTUBHOIO MeXaHHW3Ma MapTHEPCTBA, B paMKaxX KOTOPOrO roCyaapCTBO
JaeT HAJIOrOBble JIBFOTBl U OKa3blBaeT MOMOILb MHBECTOPY B CO3LAHHUM HUH(PACTPYKTYPHI
U peasn3alryd 4acTH HeOOXOAMMBIX MPHUPOAOOXPAHHBIX MeponpusaTuil. [das storo dopmy-
Jaupyetcs monesb IltakenbOepra, nMo3poJsllas yuecTb 0COOEHHOCTH HepapXHUH B3aHMO-
NelCTBUS roCylapcTBa U YaCTHOIO MHBECTOpPA B MUHEPaJIbHO-CHIPbEBOM CEKTOpe, M CTPO-
UTCSl OPUTHMHAJIbHBIA UTEPALlMOHHBIN a/JATOPUTM pelleHHs], OCHOBAHHBIH Ha BEPOSTHOCTHOM
JIOKA/JIbHOM ITIOMCKe.

Jlns neMOHCTpallMuM MeTONMKH HCIOJNb30BAHUS OMHUCAHHOTO WHCTPYMEHTApHUs CTPO-
UTCS MOJIHOPa3MepHBbIH MOJeJ/bHBIH MOJHUIOH, NMPo0Opa3oM KOTOPOro fiBaseTcss Habop M3
50 MecTOpOXKAEHHH TOJUMETAIHUECKUX pyl 3abaiKaabCKoro kpas. PeasbHble HaHHBIE
U Pa3MEpPHOCTH B TAKOM IOJIUTOHE MO3BOJIAIOT YYeCTh CeUHU(PUKY MOAENTUPYEMOro 00beK-
Ta U OTKPBIBAIOT BO3MOXKHOCTb MPAaKTHYECKOr0 M3ydyeHUs] CBOUCTB paBHOBecus mo lllra-
KeJbOepry. MeTonrMKa TaKoro HCCJ/eNOBaHUS OCHOBaHA Ha aHa/jM3e UyBCTBHUTEJbHOCTH
pelleH’H COOTBETCTBYIOLEH IBYXYpPOBHeBOH 3aaaud OyJieBOro NPOrpaMMHUPOBAHHUS K M3-
MeHEHHI0 OCHOBHBIX NapaMeTPOB MOJEJIH.

[IpoBeneH OOLIMPHBIA BBIYUC/AUTEbHBIH KCIIEPUMEHT, NE€MOHCTPHUPYIOILHHA BO3MOXK-
HOCTH Npe[JiaraeMoro MOAXOAa U CPaBHUBAIOLIUK pelleHUs] NBYXYPOBHEBOH U COOTBET-
CTBYIOILLEH OfIHOYPOBHEBOH 3a1ayH, B KOTOpPylo TpaHchopmupyetcss Mopesb Llrakens6ep-
ra B NPeANOJOXEeHUH O MONHOH HH(POPMHUPOBAHHOCTH IOCYNAPCTBA O TEXHOJIOTUSIX M BO3-
MOXKHOCTSIX MHBecTopa. UHcJeHHble pe3y/bTaThl MOKAa3bIBAKOT, UTO B PaMKaX MOCTPOEH-
HBIX MofeJsiell (POPMHPOBAHUSA MeXaHU3Ma B3aWMOAEHCTBUS IOCYNAPCTBO CJAOXKHBIM oOpa-
30M BBIOMpAET He TOJbKO MH(PPACTPYKTYPHBbIE U IKOJOTHUYECKHe MPOEKThbl, HO U OOBEKTHI
JIbTOTHOT'O HasIoroo0soKeHus. Takoe MoBefleHHe PALMOHAJNBHO, HO TpeOyeT BbIBEPEHHOIO
MOAXOMA K OIpe/eJIeHUI0 KOHKPETHOr0 pasMepa MOMOLIH.

* Pa6ota BbinosiHeHa npH ¢puHaHcoBol nopaepxke PTH® (npoekr 16-02-00049), PODU (npoekr 16-06-00046).
© C. M. JlaBnuucku#i, A. A. Tlanun, A. B. [lascynos, 2018
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JBOWYHBIE PEIIEHKWA HEKOTOPBIX CUCTEM
JIMHENHBIX YPABHEHUIT*

A. B. CenuBepcroB

Wucturyt npobsem nepenauu nHdopmaunu uM. A. A. Xapkesuua PAH, Mocksa, Poccust
slvstv@iitp.ru

KnrwoueBbie cJioBa: CyMMa TIIOOMHOXKECTBa, JINHEHHOoe YpaBHeHHUE, BepOHTHOCTHbIﬁ
aJITOPUTM, BBIYHUCJAHTEJAbHAA CJO2KHOCTD.

PaccmoTpum 3apmauy moucka (0, 1)-pelieHHE CHCTEMBI JIMHEHHBIX ajire6pandyecKux
ypaBHeHHU# ¢ UeabiMd Kod(duuuentamu. s ogHoro ypaBHeHus uucao (0, 1)-pelneHuit
BBIUMCJIMMO 32 ICEBIONOJHHOMHAbHOE BpeMs [l]; HegaBHO yJsydllleHa OLeHKAa BBIUHCJIHU-
TeJIbHOH cJioxkHOCTH TorcKa (0, 1)-pemennit [2]. M3BecTeH U npyroil MOAXon K pelIeHHIO
yToil 3amaun [3]. Hnis cucTeMBl ypaBHEHHMH JIeTKO HAHTH ONHO YpaBHEHHe C TeM Ke MHO-
xectBoM (0, 1)-pelieHuii, HO ero K03((UIHUEHTBl MOTYT OBITb OUeHb OOJBIIUMH LEJNbIMHU
YHCJaMH, Ja)ke eCJAM B HCXONHOH cHcTeMe BCe KOI((HUUHUEHTbl OJH3KM K HY/II0. DTO
MelllaeT HUCIOJIb30BaTh MCEBIONONHHOMUAIbHbBIE AJITOPUTMBI 11T CHCTEMBI YPaBHEHHUH.

OcHoBHON pe3ynbTaT: [laHO MOJIOXKHTEJbHOE UHUCJIO € H CHCTEMAa U3 m > 2 JIH-
HEHHBIX ypaBHeHHH (i(x) = 0 OT m NepeMeHHBIX C LeJbIMH KO3(P(PUIHEHTAMH, THe
l(X) = B + agrxy + -+ + Qgpx,. [lycTb mepBoe ypaBHeHHe HMeeT He GoJiee fi JIHII-
Hux (0, 1)-peleHuit, KOTOpble He CJAyXKaT pelleHUsIMH cHcTeMbl. Eciu caydaiiHble Leble
4HCTIA 7)a,. . .7}, HE3aBUCHMbl MU DPABHOMEPHO pacrpejie/ieHbl Ha MHOXKECTBE OT HYJS [0
N = [p/e], To ¢ BeposiTHOCTbIO He MeHee 1 — & Kaxpoe (0,1)-peleHre ypaBHEHHUS
(Nm(an + b) + 1)01(x) + n2la(x) + -+ 4+ Nmlm(X) = 0 CAYKHUT pelleHHeM CHCTEMBbI, Ie
a = maxy ; |ag;| 1 b = maxy | B

Hawub6osee uHTepeceH cayuail, Korna nepsoe ypaBHeHue umeet MHoro (0, 1)-pereHut,
HO TMOYTH Ka)K[0e U3 HUX CJYKHUT pellleHHeM BCeH CHCTeMBI.

Cnucok aureparypsbl

1. Cwmones, B.B.: O6 onHoM mnonxope K pellieHHI0 GyJeBOr0 JHHEHHOTO YPaBHEHHS C LEJNbIMU TOJNOXKHUTENbHBIMH KO3 (-
¢uumentamu. duckper. marem. 5(3), 81-89 (1993)

2. Bringmann, K.: A near-linear pseudopolynomial time algorithm for subset sum. In: SODA ’17 Proceedings of the
Twenty-Eighth Annual ACM-SIAM Symposium on Discrete Algorithms, pp. 1073-1084. Society for Industrial
and Applied Mathematics, Philadelphia, PA, USA (2017)

3. Kosokosos, A.A., 3aosepckasi, JI.A.: TlocTpoeHue W aHa/JMU3 OLEHOK UKC/Ia HTEpALMH [Jsi aJrOPUTMOB LeJOUHC-
JIEHHOTO TIPOrpaMMHpPOBaHHs C HCIIOJb30BaHHEM METONA PerynasipHbiXx pasbueHuil. M3B. BysoB. Marem. 1, 41-54
(2014)

* Pa6ota BbinosiHeHa npu puHaHcoBol nopnepxke PH® (npoekr 14-50-00150).

© A. B. Cenusepcros, 2018
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OLIEHKA TIJIOTHOCTU I'PA®A MHOTOTPAHHUKA
CBYA3HbIX R-DAKTOPOB*
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KiioueBble cioBa: MHOIOIPAaHHUK CBSI3HBIX k-(aKTOpPOB, MJOTHOCTb rpada MHOrOrpaH-
HHKA.

[lnoTHOCTB Trpadpa MHOroOrpaHHMKa, acCOLMMUPOBAHHOIO C 3KCTpPeMasbHOM KOMOWHa-
TOPHOH 3a7auel, fIBJSeTCS HUXKHEH OLEHKOH BPEMEHHOH TPYALOEMKOCTH 3aJayd B TaKUX
aJATOPUTMAx, Kak "»KaJHBIH" aJATOPUTM, METO BEeTBeH W TpaHMLl, METOA AUHAMHUYECKOTO
NporpaMMHpPOBaHus U Ipyrux [1].

B nanHoii paboTe paccMaTpUBaeTCss MHOTOTPAHHUK CBSI3HBIX OCTOBHBIX K-OIHOPOIHBIX
nonarpacoB (CBA3HBIX k-(PaKTOPOB) MOJHOTO m-BepiinHHOrO rpada K,,. O603HAUUM 3TOT
MHOTOTDaHHHUK uepe3 Fj,, a rpad sToro MHororpaHHuka — vepe3 Gy ,. OTMeTHM, 4TO
npu k = 2 3TOT MHOTOTPAaHHHUK SBJIS€TCS MHOTOIPAHHUKOM CUMMETPUUHOH 3afayd KOM-
MHBOSsI2KEpa U JJIsl TIOTHOCTH ero rpada usecTHa ouenka p(Gy,,) > 2V"/272 [1].

B cBsi3u ¢ HaauMuMeM 3TOH OLIEHKU Jajee OyaeMm moJarath k > 3.

Paszo6beM MHOXKecTBO BepliuH rpada K, Ha ¢ MONapHO HemepeceKarluXcs MOAMHO-
xectB Vi, Vs, ..., V. B Kaxaom M3 3TUX MOAMHOXKECTB BBbIAEJHWM [0 ONHOW BepLIMHE
u; € Vi, 1 =1,2,...,t. [lonmuoxectBa V;, ¢ = 1,2,...,t, NIOMXKHBl ObITb TAaKHMH, YTO
Ha KaKJOM M3 HMX BO3MOXKHO MOCTPOEHHE CBSI3HOTO rpada L; CO CTerneHsMH BepLIHH
dr,(u) = k npu v € V; \ {w;} wu dp,(v;) = k — 2. Knuky Ha MHOXecTBe BepIIHH
{uy,us,...,u;} obosnauum depe3 K;. Ilycte C' — mpOM3BOMBHBIA TaMHJIBTOHOB LHKJI
B kauke K;. OueBunHo, uto Besikui rpad Buma H = (UL_;L;) U C sBJsIeTCS CBSI3HBIM
k-paktopom B K.

3adukcupyem kauky K, u rpadel Ly, Lo, ..., L, u o6o3Hauum U._, L; = L.

Jlemma. Ilycte Cy n Cy — 1Ba pasjM4YHBIX FAMHJIBTOHOBA LMKJa B Ky u H; = LU},
j = 1,2 — cooTBeTCTByIOLIME CBA3Hble k-(hakTopel B K. Bepmunb z'
Hbl B MHOTOTPaHHHMKe P}, TOTNa M TONBbKO TOTA, KOTAa BepiuuHbl 1¢!
B MHOTOTDaHHHKe Fs .

Orciona 1 13 OLEHKH MJOTHOCTH rpada MHOrOrpaHHHKA CHMMETPUYHOH 3aa4d KOM-
MHBOSIKepa cJielyeT SKCIIOHeHLHaJ/1bHasl 110 1 HU2KHSAS OLleHKa AJisl IOTHOCTH rpada G .

u 2 cmex-
U 2 cMexHbI

Cnucox aurepatypbl

1. Bonpapenko, B.A., Makcumenko, A.H.: [eomeTprueckne KOHCTPYKLUHH U CIOXKHOCTb B KOMOHHATOPHOH ONTHMH3a-
uuu. JIKK, Mocksa (2008)

* Pa6orta BbInosiHeHa MpH (rHaHCOBOH nopnepxke PODPU (npoekr 18-07-00599).
© P. I0. Cumanues, 2018
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strekal@icc.ru

KuroueBble cjioBa: 3agauva 1eJIOUHCJAEHHOTO MNpPOrpaMMHUpPoBaHusA, d.c. onTHUMH3alus,
JIOKAQJIbHBIH TMOUCK, IJI00AJbHBIH TOUCK.

PaccmatpuBaeTcss M3BecTHasi KoMOWHaTopHas 3agada ontumusauuu (the Channel
Communication Problem) [1], npencraBieHHas B HenpepbiBHOH dhopme (z € IR™)

fO(x) = Eclx'? \l/ mina T e Rn,

i=1 z
filr)=a? —2;,=0, ieE={1,...,n}, (1)

fZJ(ZE) = .Tiflfj = 0, (Z,j) - F C \Q,

rie I’ — HEKOTOPOe MOAMHOXKeCTBO pebep u3 (2.

3amaua (1) TpakTyeTcsi Kak HeNpepbiBHas 3ajauya ONTHMM3ALMH C CHCTEMOH
OorpaHWYeHHH-paBeHCTB. [lajee, K Takod 3anade TMPUMEHSIOTCS TEOPHs TOYHOrO LITPa-
¢a, HoBbIe ycsoBHs TJ106anbHOH onTuMasbHocTH (GOCs) u MeTombl pelieHus 3anau d.c.
ontumusauuu [2; 3; 4]. IlokazaHo, uTo Kaxpaas AOMycTHMasi Touka 3agadu (1) siBiser-
cs1 KKT-BekTopom (Bo3aMoxKHO, BbIpOXKIeHHBIM). [lanee nokaszano, yto ucnonandys GOCs,
MOXKHO "BBICKOUHTB" C YyJydllleHHeM 3HaueHHs 11eJleBOH (hYHKLHUU TMOCPENCTBOM pelleHUs
BBINYKJIBIX, JIHHEADU30BAaHHBIX B HEKOTOPHIX TOYKax y (He 0053aTesbHO NOMYCTHMBIX)
3ajau.

B npumepax ¢ n = 3,4 npomreMOHCTPUPOBAHO MOMafaHue B T106aJbHOE pelleHue.

Cnucok aureparypsbl

1. Ben-Tal, A., Nemirovskiaei, A.S.: Lectures on Modern Convex Optimization: Analysis, Algorithms, and
Engineering Applications. Soc. for Industrial and Applied Math., Philadelphia, PA, USA (2001)

2. Strekalovsky, A.S.: Global Optimality Conditions in Nonconvex Optimization. Journal of Optimization Theory and
Applications 173, 770-792 (2017)

3. Strekalovsky, A.S., Minarchenko, I.M.: A local search method for optimization problem with d.c. inequality
constraints. Applied Mathematical Modelling 58, 229-244 (2018). doi: 10.1016/j.apm.2017.07.031 (2017)

4. Strekalovsky, A.S.: Global Optimality Conditions and Exact Penalization. Optimization Letters. doi:
10.1007/s11590-017-1214-x (2017)

© A. C. Crpekanosckuit, 2018
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KaroueBble cioBa: 3ajnaua upeHTH(UKauud (separation problem), MHororpaHHHK
M-rpadoB, JIOKaJIbHBIH MOUCK.

B pabote paccmaTpuBaeTcs KJacc HepaBeHCTB, OMOPHBIX K MHOrorpaHHuky M -rpacdoB
noJHoro rpada. BepuinHbl 3TOr0 MHOTOrpaHHHKa 06pasyloT NOMYCTHMOE MHOXKECTBO 3a-
Jayd anmnpokcuMainuu rpada [1], 3agaun pa3dueHHss Ha KJAUKH [3] ¥ HEKOTOPBIX IPYyTrUX
3a/au KJjacTepusauud o6bekToB. B pamMkax mosnsapadbHOrO Moaxoda K peLieHHIo dKC-
TpeMaJsbHbIX KOMOMHATOPHBIX 3alad 0COOYI0 aKTyaJbHOCTb UMeeT 3a/1aya UAeHTU(DUKALHUN
(Separation Problem) HepaBeHCTB, MOpPOXKAAMIIMX IPAHU COOTBETCTBYIOIIMX MHOTOTPaH-
HHMKOB. JTa 3ajaya BO3HUKAeT MpexkJe BCero MNpU HCIOJb30BAaHUM MPOLELYP OTCeYEeHHs
M 3aKJIIOUaeTcsl B TIOMCKe Cpeld HEepaBeHCTB 3aJaHHOr0 KJacca TaKoro HepaBeHCTBA, KO-
TOpOE CTPOTrO OTAEJSET OT MHOTOIPAHHUKA TEKYLIHUH ONTHMYM.

MHuororpanHuk M-rpacoB siBJASIeTCS BBIMTYKJOH 000J0YKOH BEKTOPOB HWHIUMAEHLUH
noarpados MoJHOro rpada, ABJSILNXCS HAOOpaMH BepLIMHHO-HeNepeceKamuXes KuK.
B [1] 6bl1 BBemeH Kjacc HepaBeHCTB (Ha3BaHHBIX k-MapallloTaMH), KOTopble mpu k = 1
NopoXaamT ¢aceTsl MHororpaHHuka M-rpados. B [2] mokazana N P-TpymHocTb 3ana-
4l WAEHTU(HUKALWN [J51 HEpaBEHCTB 3TOro Kjacca. OTMeTHM, UTO OTCIOAA, B YACTHOCTH,
cinenyet N P-TpyIHOCTb 3a/lad MAEHTU(PUKALMU AJ51 ONHOTO U3 KJIaccoB (paceTHBIX Hepa-
BeHCTB (2-partition inequalities), BBemeHHBIX B [3].

Hamu paspaborana mpouenypa JOKaJbHOTO MOMCKA [JIs HaXoXKJeHHs 1-mapaliiora,
OTCeKalollero TeKymuid ontuMmyM. [IpoBeneH sKcnepuMeHTaNbHBIH aHaNW3 TPOLELYPH,
paspaboTaHbl PeKOMEHAALMH [0 UCIO0JAb30BAHUIO €€ B aJrOPUTMe OTCeYeHHUs] B 3aBUCHUMO-
CTH OT CTPYKTYPbl BXOAHBIX JaHHBIX 3aJauH.
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A graph is inductive k-independent if each induced subgraph contains a vertex
with at most k& pairwise nonadjacent neighbors. The following problem in inductive k-
independent graphs for small constant values of & plays an important role in interference-
avoiding wireless communication scheduling [3].

Problem 1 (Maximum-Weight  c-Colorable  Subgraph). Given an  n-vertex
graph G = (V, E) with vertex weights w: V' — N, find a set S C V' of maximum total
weight ) _ow(v) such that the subgraph G[S] induced by S is c-colorable.

For ¢ = 1 and unit weights, this is the classical Maximum Independent Set Problem.
[t is k-approximable in inductive k-independent graphs [4]. We show that inductive
k-independence is not as helpful for fixed-parameter algorithms [1].

Theorem 1. Even in inductive 2-independent graphs, an independent set of size (
cannot be computed in f({)poly(n) time unless FPT = W[1].

On the contrary, we can prove fixed-parameter tractability of Problem 1 on a subclass
of inductive 2-independent graphs [1] (since ¢ < /¢ in all nontrivial cases):

Theorem 2. A Maximum-Weight c-Colorable Subgraph with { vertices can be found
in 27 (c + e+ 3)" - (008D . n? . log®n time in graphs that are the edge-wise union of
a cluster graph and a chordal graph, where e is Euler’s number.

This generalizes a known result that the Independent Set problem is fixed-parameter
tractable on edge-wise unions of cluster graphs and interval graphs [2].
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Meta-heuristic methods were developed to eliminate limitations of exact and
heuristic methods, i.e., to provide high quality sub-optimal solutions with less resources.
They represent a set of concepts used as guidelines for tackling difficult optimization
problems. The population-based methods incorporate an idea that a certain combination
of existing solutions can generate a new solution of higher quality. Furthermore, we
are particulary interested in the methods that apply some principles of the natural
swarm intelligence (SI), such as: Bee Colony Optimization, Ant Colony Optimization
ord Particle Swarm Optimization. Due to a lack of information about the actual quality
of the reported solution(s) and the inherently stochastic nature of meta-heuristics, the
theoretical analysis of their convergence towards global optimum is mainly conducted by
means of probability theory. The authors of [1; 3] agree that in order to generate high-
quality solutions the considered meta-heuristic needs to have learning properties. This
type of algorithm is known as model-based and it provides assurance for the so-called
model convergence introduced in [1]. The concepts developed in [2] for the theoretical
analysis of Bee Colony Optimization meta-heuristic are generalized to population-based
methods that incorporate the SI paradigm. In particular, we conclude that SI meta-
heuristics need to implement learning mechanisms used for adaption of probability rule
for selecting a (partial) candidate solution.
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In most recent studies, an investigation of knowledge representations [1; 2] and
especially beliefs of robots was particularly useful to control them and plan their
actions [3]. Different authors have studied dynamic of knowledge representations on
a special case that is called Muddy Faces Puzzle. The basic story of the puzzle is as
follows. Three children have muddy faces, and each can see the others faces, but not
his own. A teacher announces to the children: "at least one of you has a muddy face".
Then he asks: "Do you know whether your face is muddy or not? If so, raise your hand".
No child raises a hand. Then, after some time, the teacher asks the same question, and
again no child raises a hand. Some more time passes, and when asked the question a
third time, each child raises his hand [4]. In this paper Network generalization of Muddy
Faces Puzzle [5] were selected to investigate for its complexity. Network generalization
allows individuals to be informed only about properties of their neighbors not about
properties of all individuals. These individuals solve a distributed optimization problem
and they are not necessarily humans.

An optimization problem is to choose information to be send to a network of
individuals to set their knowledge representations to target values and therefore control
their actions. This paper contains analytical proofs of preliminary numerical results that
have been described early in [3].
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This work is devoted to the problem of irregular polyomino tiling and two cases
in particular: tiling with L-shaped trominoes and tiling with L-shaped tetrominoes. We
consider a tiling of a finite, rectangular region with given polyominoes, without any
restriction on their number. Each polyomino can be rotated by 90 degrees and mirror-
flipped. So, there is an n x n element region and infinite number of polyominoes.
The problem is to find an optimized polyomino layout considering two following
requirements: minimize the number of empty spaces and maximize irregularity of layout.

The problem is viewed in the integer programming formulation [1]. New
mathematical models are described. To solve large-size instances, we propose dividing
the structure on smaller parts of equal size and combine received solutions.

The approach can be applied to the phased array antennas design where polyomino-
shaped subarrays are used to reduce the cost of the array and to avoid regularity
of antenna structure [2]. Antenna performance simulations are presented in order to
evaluate irregularity of tilings.
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We consider a polytope SATP(m,n) C R (see [1]), obtained as the convex hull
of all integral solutions of the system

Y oali=1, (1)
k.l

1,1 2,1 31 11 2,1 3,1
i T T T =Xy Ty X (2)
k,1 k2 k1 k2
Tij T¥ij = Tejj T s (3)
kil

where k=1,2,3;1=1,2;1,s=1,...m; j,t=1,...n.

The system (1)-(4) without the integrality constraint defines the LP relaxation
SAT Ppp(m,n). The polytope SATP is a simple extension of the well-known Boolean
quadric polytope BQP [3], and it got its name since it is the integer programming
formulation of various special instances of 3-satisfiability like NAE-3-SAT, 1-in-3-SAT,
weighted MAX-3-SAT, and others (see [2]).

We consider the properties of SATP 1-skeleton and SAT P.p fractional vertices.
Like BQPLp, polytope SATPpp has the Trubin-property (1-skeleton of SATP is a
subset of 1-skeleton of SAT Prp). However, unlike BQP, not all vertices of SATP
are pairwise adjacent, the diameter of l-skeleton equals 2, and the clique number is
superpolynomial in dimension. It is known that the fractional vertices of BQP.p are
half-integral (0, 1 or 1/2 valued) [3]. We establish that the denominators of SAT Ppp
fractional vertices can take any integer values.
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Bynem paccmartpuBath cjenymooLLyo 3anady ApoOHOTO NPOorpaMMHUPOBaHUS

x)

rae S C IR™ — Beimyksoe MHOXKeCTBO H ¢;(z) : R" — IR, ¢;(z) : R" — IR, ;(z) >0,
wi(x) >0, Yxe s, 1,...,m.

JLnsi pelieHus 3afaud APOOHOH ONTUMHU3ALUUK pa3paboTaH [1] MeTon rao6asnbHOro mo-
MCKa, KOTOPBIH coueTaeT B cefe [Ba MOAXOAA K pelleHHI0 (PpaKUHOHHBIX 3aiad. [lepBoiit
MEeTOZL MCHOJb3yeT PeAYKLHIO 3aJaud APOOHOr0 MPOrpaMMHMPOBAHMS K peLIeHHI0 ypaBs-
HeHHUsl C ONTHMAaJbHBIM 3HAau€HHeM BCIOMOraTe/bHOH 3alayd ¢ BEKTOPHBIM MapaMeTpoM
[2]. Bropoii MeTox OCHOBaH Ha pelyKUMH K 3afaue MHHUMM3AUMUH JHUHEHHOH (DYHKLHH
Ha HeBBIMYKJIOM MHOXKECTBe, 3aJaHHOM MOCPEACTBOM HepaBeHCTB ¢ d.c. GpyHKUusAMHU [3].

f() :—Zd’ig“’) Lmin, @ €S, 1)

[Tpu sTOM BBOASITCS AOMOJHUTENbHBIE TEPEMEHHbIE, UACIO0 KOTOPhIX COOTBETCTBYET YHUCIY
npobeii B LesieBoi PyHKUUH 3aga4udt (1). DTOT MOAXOM MO3BOJISIET peliaTh 3aJaul APOOHOH
ONTHMH3AUUU AaxKe B C/Aydae, KOTJa U YUCJAUTE/b, U 3HAMEHaTeJsb KaXKJOro CJaraeMoro
3amanbl d.c. GYHKUHSAMH, TO €CTh JIIOOBIMHA HENpPepPbIBHBIMH (DYHKIIUSIMH.

A (heKTUBHOCTb ABYXKOMIIOHEHTHOTO aJrOpUTMa MPOAEMOHCTPUPOBAHA KaK Ha TeCTO-
BBIX MIPUMepax, B3AThIX M3 JAOCTYMHBIX HCTOUHHMKOB, TaK U Ha LIMPOKOM IOJe€ ClelHalbHO
CTeHEPUPOBAHHBIX TECTOBBIX 3aJau Pa3JHWYHOH Pa3MEPHOCTH U CJOXKHOCTH C M3BECTHBI-
MU TJ100a/bHBIMH pelleHUsIMH, B KOTOPbIX M UHCJUTE/H, U 3HaMeHaTead NpoOel 3amaHbl
HEBBIMYKJAbIMA KBaJPaTUUHBIMU (DYHKIUSMH.
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B nByx3TamHbIX 3agayax CTOXaCTHYECKOTO MPOrpaMMHpOBaHHs [2] Ha mepBOM 3Tare
BBIOMpaeTCsl JeTePMUHUPOBAHHASI CTPATEeTHsl, KOTOpas Ha BTOPOM 3Tare KOPPEKTHpPYeT-
cs no (bakTy peasM3alUM CAydyalHBIX MapaMeTPOB 3a CUeT CTPATerHu BTOPOTrO 3Tara.
PaccmarpuBaroTcsi anpuopHble M anoCTepPUOPHbIe MOCTAHOBKH NaHHBIX 3ajau C BEpOsT-
HOCTHBIM M KBAHTHJIbHBIM KPUTEPHUSIMH [Js1 PYHKIMUH TOTEPh BTOPOTO 3Tana OOLIero BU-
na. B anpuopHo# mocTaHOBKe 3alaud OCYILIECTBJSIETCS OIHOBPEMEeHHasl ONTHMM3ALHs 10
CTpaTeruu MepBOro 3Tana U Mo CTpaTernd BTOPOrO 3Tana, KOTOPOH SIBJISETCsS H3MepUMast
(GYHKLHS caydaiiHbIX MapaMeTpoB. B anmocTepropHOi mocTaHOBKe 3a[auHl Ha MepBOM 3Tare
MHUHUMH3UPYETCsl ONTHMaJlbHOE 3HaueHHe (DYHKLHH MOTepb BTOPOro 3Tana Kak (HYHKLHH
cTparterdu mnepsoro stana. PopMyaupyoTCs yCao0BUsl, 0becrneurnBaoiide H3MEPUMOCTD OIl-
THUMaJIbHOTO 3HaYeHHs] (PYHKLUHH MOTEPb BTOPOTO 3Tara, YCJIOBHS, 00eCleUYnBaIOIIHe ero
MOJIYHENPEPBIBHOCTb, @ TAKXKe YCJOBHSI 3KBHUBAJIEHTHOCTH alpUOPHBIX M AMOCTEPUOPHBIX
MoCTaHOBOK 3aaauu. JJist GOpMYJTHPOBKH YCIOBHE MPUMEHSIETCS TEOPHSI HOPMaJIbHBIX MH-
terpanToB [3]. OnuchbiBaeTcsl MpUMeHeHHEe MeTona BHIOOPOUHBIX ammpokcuManui [1] s
pelleHHsi pacCMaTpPUBaeMbIX 3alau M MPUBOISATCS YCJIOBUS €ro cxomumocTH. s nByx-
JTANHOU 3a7a4¥ C KBAHTHJBHBIM KPUTepHEM 0OOCHOBBIBAETCS IOBEPUTENbHBIH MeTon [2],
MO3BOJISIIOLIMH MONYUHUTh SKBUBAJEHTHYIO I€TEPMUHHUPOBAHHYIO 3ajauy.
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Mbl paccmaTpuBaeMm 3amady ONTHMM3aLMH C HETOJOHOMHBIMM Or'DAaHHYEHHUSIMH IS
pacrpenesneHus ¢ BHyTPpeHHEH MeTpUKOH. DTa 3ajaua B reoMeTPUUECKOH MOCTaHOBKe Tpe-
Oyer npuBJedyeHusi csisHocTH CxoyteHa—Bpanuany [1]. [lpucoennnennas 3amaua (Mu-
HUMH3ALUU HHAEKCHOH (hopMbl (DYHKIHOHAJA SHEPrUH) TpebyeT MPUBJEUYEHHs TeH30pa
KpuBHu3Hbl CxoyTeHa—Baruepa [2]. B Hacrosiiieit pabote m0KasaHo, YTO €C/JH pacrpeje-
JIEHHe U ero MEeTPUYEeCKHH TEeH30p He 3aBUCAT OT BEPTHKAJbHBIX KOOPAHUHAT, TO CBS3HOCTh
CxoyTeHa—BpaHuaHy pacrpenesieHHsl COBNanaeT ¢ CHMMETPHUUYHOM PHMaHOBOH CBSI3HO-
CTbIO HEKOTOPOTO pHMaHOBa MHOroo6pasusi. B 3ToM ciydae Takxke TeH30p KPHUBH3HBI
CxoyTeHa—BarHepa coBrnagaet ¢ puMaHOBBIM TEH30POM KPHBH3HBI HEKOTOPOTO PUMaHOBA
MHOT000pasus.

Mgl paccmaTtpuBaeM pacrpeneseHHs ¢ YCAOBHEM LMKJIMYHOCTH: paclpefeseHHe U ero
MEeTpHUUECKHH TEeH30p He 3aBHUCAT OT BePTHUKAJbHBIX KoopauHat. [lasi Takux pacrpene-
JIEHHH MOXKHO BBIIIMCATh I'eOMeTPUYeCKH MHBAapHaHTHOe ypaBHeHHe fko6u. C mMoMoubio
3TOTO ypaBHEHHS] MOXKHO HAHTH COTpPsiKeHHBIE U (DOKaJbHBIE TOUKH TOPH30HTAJNBHBIX T'€0-
nesudeckux. Hamu nokasaHo, 4To GOJBILIMHCTBO TEOPEM O COMPSIKEHHBIX TOUKAX, U3BECT-
HbIX B PUMaHOBOH IeOMETPUH, COXPAHSIOTCS U /s pacrpenenenuii [3; 4]. to no3posser
cOopMyNHPOBATh AOCTATOUHBIE YCJIOBHS ONTHMAJbHOCTH.
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KiioueBble cioBa: JMHeHHOe NporpaMMHUpPOBaHHe, NBOUCTBEHHOCTb, (QyHKUMS JlarpaH-
XKa, peryasipusaiusi, OUeHKH YKJOHEHHS.

CxeMbl (pOpMHPOBaHMS NBOUCTBEHHOCTH B MaTeMaTHYeCKOM MPOrPaMMHPOBAHHH, OC-
HOBaHHble Ha CHMMETPHUHOH perysspusaluy KjaccHueckoi (yHKuuu JlarpaHxka omHo-
BPEMEHHO IO MPSIMbIM U IBOUCTBEHHBIM MepeMEeHHBIM, yKe HCCJeIoBalnch paHee (cM. [1;
2; 3; 4; 5] u np.). B wactHoCcTH, A 3aKad BBIYKJIOrO MPOrPaMMHPOBAHHUS, B TOM YHC-
Jie HecOOCTBEHHBIX, OBIIM HAHAEHBI YCJOBUS CXOTUMOCTH 00EHUX KOMIIOHEHT CEeIJIOBBIX
TOYEK PeryJspU3UPOBaHHBIX (PYHKUMH JlarpaHKa K ONTUMaJbHBIM MHOXKeCTBaM MPSIMOU
M IBOHCTBEHHOH 3ajau (MM 3amay, UX alNNpOKCHMUPYIOIIUX B HECOOCTBEHHOM CJydae)
COOTBETCTBEHHO, a /11 cJyyasi, Korja napaMeTpsl pery/aspu3aliy HMeloT pasHblil MOpPsiIoK
MaJsIOCTH, OBLIH TOJNyUeHbl aCHMMETPUUYHBIE OLEHKH YKJOHEHHUS] OMHOH M3 3TUX KOMIIOHEHT
OT HOPMAaJIbHOrO (MHUHHMMAJIbHOTO OTHOCHTEJBHO €BKJHIOBOH HOPMbI) pelleHHsi COOTBET-
CTBYIOILIEH (MPSIMOH WJIM NBOUCTBEHHOH) 3amaud. B juHeHHOM ciydae aBTOPY yHaJocCh
M0Ka3aTb, YTO METOJ CXOIUTCS He MPOCTO K ONTHUMaJbHOMY MHOXKECTBY, & K HOPMaJIbHbIM
pelleHUsIM OfHOBPEMEHHO MO MPSIMBIM U BOMCTBEHHBIM TepeMeHHBIM, NPUYeM [J5 3TOTO
He BaXKHO HMMEIOT JIM MapaMeTpbl Pery/spu3allid pasHble MJAH OOWH TOPSIAOK MaJIOCTH.
Bogsee Toro, HaiineHsl Gosee 3peKTUBHbIE (IO CPABHEHUIO C BBIMYKJBIM CJIy4aeM) CUM-
MeTPUUYHbIE OLIEHKH TOYHOCTH MOJy4YaeMblX peIleHHH, B TOM YHCJe JJis HecOOCTBEHHBIX
3ajau.
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KiaroueBbie cJioBa: 9KCTpPEeMaJbHbl€ TOUKH I'paHHULBLI MHOXKECTB NOCTH2KHUMOCTH, BKJIIOYHE-
HHUA MHO2XKECTB JOCTH2KHMMOCTH, ITOCTOAHHO ﬂeﬁCTBy}OLHHe BO3MYIIEHHSA.

HYCTI) HUMeEeTCd yIpaBJsdeMasa CUCTeMa 0OBIKHOBEHHBIX ILHq)q)epeHU,I/IaJIbeIX YpaBHe-

Huit (OLY) dzil—gft) = f(t,y(t),u(t)), rme BekTopHas (yHkuus f(t,y(t),u(t)) onpenesne-
Ha AJ5 JIObIX 3HAUeHUH TMepeMeHHOH y W JIIObIX 3HAUeHWH yrpaBjeHHs U3 006J1acTH
onpenenenus v € U. MHoxecTBa NOCTHKUMOCTH HIPAIOT BaXKHYIO POJb MPH pelleHHH
3aflad yTnpaBJeHUsl, HaOMIOAeHUs U MPOTHO3MPOBAHUS, HANpPUMep, TOUYHOE WU NPUOJIU-
JKeHHOe OlleHMBaHWe MHOXKECTB JOCTHKUMOCTHU YTPABJSIEMOW CUCTEMBI [OMOraeT orpe-
NeJUTh Tpele/ibHble BO3MOXXHOCTH CHUCTEMbl yIpaBJieHHs], BbIOpATh ONTUMAaJbHOE yIIPaB-
JeHue. B nok/azne onMUCbIBaeTCs BbIYMCJIEHHE SKCTPEMaJbHbIX TOUEK I'DAHULIBI MHOXKECTB
JNOCTUKHMOCTH C UCIOJb30BaHHEM NpeoOpa3oBaHUM CUMBOJBHBIX (POPMYJ Ha OCHOBE ra-
paHTHpOBaHHBIX MeTonoB [1; 2; 3; 4; 5]. [IpuBonsATCS NMpHUMepPBl PacUeTOB IKCTPEMAJbHBIX

TOYEK I'paHHUL MHOXKECTB HJOCTHXKHUMOCTHU U MHOXKECTB HOCTHXKHUMOCTH.
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KuioueBble cioBa: BBIMYKJAsi ONTHMH3allMsi, YCJOBHble 3afayd, METOL 3€pPKaJibHOTO
CIycCKa.

B pasHbiXx 3amauax ONTHMH3ALMU €CTECTBEHHO BO3HHUKAIOT (DYHKIIMOHAJbBI, KOTOPHIE
HEe YIOBJIETBOPSIIOT OOBIYHOMY CBOHCTBY Jlumiuuia (Ui KoHcTaHTa JIMMOIIKMIA TOBOJBHO
GoJiblliast), HO TPU ITOM HMEIOT T'PajMeHT, YAOBJETBOPSIOUIMHA 3TOMY CBOHCTBY. B wact-
HOCTH, Takue (PYHKIMOHAJbl eCTeCTBEHHO BO3HHKaIOT B 3amade Truss Topology Design.
Oco6eHHOCTH TOCTPOeHHST 3PPEKTUBHBIX YHCJIEHHBIX METOMOB /ISl TAKHX 3a[ad OMKCaHB,
Hanpumep, B [1].

Jlok/an mocBsillieH mepeHocy upeosorud [1] Ha yc/oBHBIE 3a1auu BBIMYKJIOH MHHHU-
musauuu. [Ipemsaraertcsi aJropuT™ 3epKajbHOTO CIyCKa JJIst YCJOBHBIX 3a1ad BBIMYKJIOH
ontTUMHU3auuu f(z) — ;25‘}7 g(x) < 0 nas BeIMyKJbIX (yHKUHOHAMOB f,g : X — R, rae

X — BBINYKJIOE MOIMHOXKECTBO KOHEUHOMEPHOTro npoctpaHcTBa F ¢ Hopwmoil || - ||. [lpu
3TOM [ MOXeT He YIOBJIETBOPSITH yCJOBHIO JIMMIIKIA, HO 00SI3aTEJNbHO IOJKHO HMETb
rpaguenT V f(z) nas Beskoro o € X, npuuém ||V f(z) =V ()|« < Lljlx—y||g Vz,y € E,
rae ||-||« — cranmapTHas HopMa B compsikeHHOM npocTpaHcTBe E*. [Ipo QpyHKIHOHAIbHOE
OrpaHHYeHHe MBI JesaeM Ipedrnosoxenue, uto ||g(x) — g(y)|| < My||x — y||g Vz,y € E,
T. €. g MOXKET OBbITb ¥ HErJaaKHM.

[Ilar B MeTOle 3epKaJbHOrO CIyCKa Mbl MpejJaraeM BbIOMpaTh CJAELYIOLIMM 06pa3om
(i =1,2,3,...): ecu g(z') < &, To BbIGHpaeM war h; = m a B MPOTHBHOM CJiydae
(g9(z') > ¢) BbiOUpaeM wiar h; = MLg JlokasaHo, 4TO AJis HaXOXJAEHHUS £-TOYHOrO pelle-
HHs TOCTAaBJIEHHON 3anaun HeoGxonumo O(Z) urepauuit. Ha 6ase Metonmku pectaproB
MOJIyUeHO YCHJIEHHEe OCHOBHOTO pe3ysbTaTa B CJyudae CHJBHOH BBIMYKJOCTH (DYHKIMOHA-
JoB f U g.

ABTOpHI MpH3HAaTebHBI 32 ToJe3Hble 06cyxaeHust A.B. [acHHKOBY, TOKTOpPY (hH3.-MaT.
Hayk, B.H.c. UIITIM um. A.A. XapkeBuua PAH.
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We consider bilevel programming problem with convex lower level problem [1]. It is
assumed that the objective function and inequality constraint functions of the upper level
problem are twice continuously differentiable with Lipschitzian second derivatives. The
initial bilevel problem is reduced to a (one level) global optimization problem with one
implicit constraint. This reduction is obtained by well-known technique based on using
the optimal value function of the lower level problem. Convexity of the lower level
problem is needed for using the duality relationships, in fact we use the optimal value
function of the dual lower level problem. We describe how explicit convex functions
which are support to the optimal value function can be constructed. Then adaptive
support functions [2] for the functions in upper level are used. Finally, a procedure
which iteratively solves convex auxiliary problems is given. Convergence conditions are
discussed and results of the computational testing as well as comparison with other
local search techniques are presented.
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We consider a convex optimization problem with large sparse blockwise constraint
matrix. To solve this problem it is reasonable to use decomposition algorithm and
treat less dimension problems. According to the Dantzig-Wolfe decomposition scheme
such reduction leads to the optimization of the nondifferentiable convex function with
subgradient that can be easily calculated at each feasible point [4].

We can use quite broad set of methods for solving nondifferentiable convex
optimization problems [2]. One of the most appropriate and quite competitive one is
simplex embedding method [1]. As opposed to the ellipsoid method [5] the rate of
convergence of simplex embedding method depends only on the quantity of truncated
simplex vertices that are cut off by the cutting plane. In [3] it is shown how to increase
the rate of simplex embedding method convergence in several times by using different
modifications.

In this article we adapt the simplex embedding method for solving nondifferentiable
convex optimization problem obtained in the decomposition algorithm and give the
results of numerical experiments.
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The convex programming (CP) problems with contradictory constraints often arise
in mathematical modeling of complex real-life systems. Such models form a very
important class of improper problems (IP) of mathematical programming. The correction
of the similar IPs is understood as transformation of an initial inconsistent model to
some appropriate feasible one.

Consider the CP problem

min{ fo(z): z € X}, (1)

where X = {z € R": f(x) < 0}, f(x) = [fi(x),..., fm(x)], and fi(x) are convex
functions. In a problem with inconsistent constraints X = @.

Let d(z) be a convex function, d(0) = 0,d(z) > 0 for any z € R}, z # 0,
o(x) = d(f+(x)), d =inf (x). I d = ©(Z), then X # @ if and only if d = 0.

Along with (1) we consider the problem

min{ fo(r): v € X}, (2)

where X = {z: p(x) < d}. If, in problem (1), X # &, then d = 0 and problems (1) and
(2) coincide. Otherwise, (2) is a possible correction for IP (1), and its optimal solution
can be regarded as a generalized (approximate) solution for IP (1). To problem (2), we
assign the problem

min{ Fy(z,7) = fo(r) +rp(r) + af2(z)}, (3)

where o > 0,7 > 0, £2(z) is some stabilizer in the Tikhonov regularization method for
ill-posed optimization problems. In contrast with problem (2), problem (3) has a solution
for every r > 0 and a > 0 including the case X = @.

In this paper, we present new bounds for the convergence of F,(x,r) minimizer to
approximate solution of IP (2).

* This research was supported by RSF grant 14-01-00109.
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In this note, we propose a method of solving a convex programming problem, which
is based on the ideas of cutting plane methods (e.g., [1]) and the method of penalty
functions. To construct each approximation, the method uses an operation of immersing
the area of constraints and the epigraph of auxiliary function into polyhedral sets. The
auxiliary function is built using an external penalty.

We solve the problem of minimizing a convex function f(z) in R, on a convex
closed set D C R, int D # (). Let X* be the set of solutions of the problem, z* € X*,
epi(f,D) = {(x,7) € Ror1 : ® € D, v > f(x)}, W(z,Q) — the bunch of normalized
generally support vectors for the set @) at the point 2z, Fy(x) — a convex function,
Py(x) =0, Vo € D, Py(x) > 0, Vo ¢ D, Dy C R, — a convex bounded closed set,
z* € Do, ¥ <min{f(z): x € Dy}, Ay > 0.

We set F()(I) = f(I) + Po(l’), MO = Rn+1, 1= 0, k=0.

1. Find a solution u; = (y;,7;) of the problem min{vy: z € D;, (z,v) € M;, ~v>7}. I
yi € D, vi > f (yi), then y; € X™.

2. Set My, = M;Nn{u€Ryy1:<a, u—v,><0vac A;}, where A, C W (v,
epi (Fi, Ry)), v € Ryt1, v) ¢ intepi (F;, R,).

3. If y; € D, then it is assumed that D;,; = D;. Otherwise let D,;; = D; N
{reR,:<b, x—v; ><0Vb€ B}, where B; C W (v;, D), v; ¢ int D.

4. 1f F,(v;) — vi > Ay, than set Pyy(z) = Pi(z), Fiyi(xr) = Fi(z). Otherwise we
choose convex penalty function P, (x) with the condition that P ;(z) =0 Vz € D,
Piii(x) > Pi(x) Yz ¢ D. Let Fiy1(x) = f(x) + Piya(x), ix = i, z = yi,, O = i, Set
Ajy1 > 0 and the value of k increased by one.

5. The value of 7 is incremented by one and go to step Nel.

The criterion of optimality laid down in step Nel of the method is justified. It is proved
that for each k € K there is a number i that the following equalities hold z; = y;,,
O = 7,. Thus, the sequence {(xy, dx)} will be constructed. It is also proved that
for every limit point (E,S) of this sequence the following equalities hold = € X*,
5= f=1(").

We propose algorithms of the method those differ in terms of the choice of numbers
Ak and penalty functions P;(x). In case Ak — 0, k — oo, the algorithm can serve as
an implementation of the penalty function method.
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KuioueBble cjoBa: CHJbHO TapaHTHPOBAHHOE DAaBHOBECHE, MHOTOILAroBasi Hrpa, OINTH-
MaJibHOe yIpaBJ/leHHe peKJaMOH.

PaccmarpuBaeTcsi nucKpeTHasi 3afaya yrpaBjeHUs peKJaMHBbIM OIOfXKEeTOM B AYOIo-
qaud. [Ipu 3TOM nHMHAMHKa Mpogaxk COOTBETCTBYET MOJEJH, NpensoxkeHHOH Sorger [3],
u pa3Butoi Sethi B [2]. A WMeHHO, paccMaTpuBaeTcsl PHIHOK, HA KOTOPOM NOMHHHPYIOT
IBa TpojaBla (UTpoKa), MPOABHUTAKIIMX Pa3JUYHblE MapKH ONHOTO TOBapa. THIHUYHBLIM
MPUMEPOM TAKOT'O PbIHKA MOXET CJYKUTb KOHKypeHIHs Mexny kKomnaHusimu Coca-cola
u Pepsi. Kpome 3Toro, yactb pblHKa 3aHsiTa MeJKHMH UTPOKAMH, Ubsl A€SATEIbHOCTb TPaK-
TyeTcs KaK JeHCTBUe HeCTOXAaCTHYECKOH HeOolpeleseHHOCTH.

MartemaTtnyeckas Mofieslb MpeicTaBJsieT COO0H MHOTOLIATOBYI0 OECKOANULUOHHYIO UT-
py ABYX JIML NPH Heomnpeae/eHHOCTH, AHHAMHUKA MPOJAaK B KOTOPOH OMHUCBIBAETCS CHUCTe-
MOH [BYX HeJUHEHHBIX Pa3HOCTHBIX YpaBHEHHUH

w1t +1) = (1 =0)w1(t) + prus(t) /1 — 21(t) — Fua(t)\/1 — x2(t)—
—B2(t)\/11(t) + 22(t) + 5,
2ot +1) = (1 = 8)xa(t) + paua(t) /1 — 29(t) — Fua(t)\/1 — z1(t)—
—B2(t)y/21(t) + @a(t) + 5.
3nmech uq(t), us(t) — ynpaBnenue, z(t) — HeonpeneNeHHOCTb, ;(t) — N0Js pbIHKA, MPHUHAL-

Jiexkalas i-My urpoky (i = 1,2) B MOMeHT BpeMeHH ¢. BBIUTPHILIN UTPOKOB OTpeessioTCs
(pyHKLIMOHANIaMH BUA

~ may(T) X mai(k) — Suf(k) + 52°(k)
Sz u) _(1+—r)T+k; 1+ ‘

C momolibio crienyasbHOR MOAHU(MUKAIIMK MeTOIA TUHAMUYECKOTO TPOTPaMMUPOBAHUS
MOCTPOEHO CHJIBHO FapaHTHPOBaHHOe paBHoBecue mo Hamy [1].
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KiioueBble cjoBa: MOJe/IMPOBAHHE HEPAPXUUECKHX CHCTEM, CXeMbl HAaJOTr000J0XKeHMUs,
IBYXYPOBHEBOE MPOTPAaMMHUPOBAHHE.

B [1] Obl1 npensioXeH CrelHanbHbli aJrOPUTM KOMIO3HLHH JIOKAJbHBIX TJIaHOB TOI-
CHUCTEM CJIOXKHBIX COLMAJIbHO-9KOHOMHUYECKHUX cHcTeM. Asroputm 6asupoBaJcsi Ha MOM-
X0le: NOCTHYb 33aJaHHOTO pe3y/jbTaTa C HAaUMEHBIIMMH 3aTpaTaMu pecypcoB. B noknane
3TOT MOAXOJ HCIIOJb3yeTcs AJS UCC/AeN0BaHUs Mojesel Haloroo0/10KeHH s .

B [2] paccmaTpuBasach 3afaua MaKCMMH3aLUK HAJOTOBbIX COOPOB, U OBLIO MOKa3aHo,
UTO pes3y/bTaThl, KOTOPbIE MOJMYYAIOTCs MPH NPOTPECCHBHOM HAJjIore Ha MPHOBLIb, Jydlle,
ueM pes3yJbTaThl, MOJyJarllrecss MpH IJIOCKOH IiKaje HajoroobsoxeHus. [Ipenmnonara-
JIOCh, YTO TOCYIApCTBO yCTAHABJMBAeT MapaMeTpPhbl HAJOTOBBIX CTABOK, a HMHBECTOPHI MU
3a[JaHHOU CXeMe HaJIorOB OTpeNe/IIIOT BEKTOPhl IPOAYKTOB U PECYPCOB TaKHe, YTO NOCTH-
raeT MakCUMyMa WX TPUOBLIb.

C uncrosb30BaHMEM HOBOTO MOAXOAA MpelJaraeTcss MOCTPOHTb CJEAYIOULYI MOIeJNb
HepapXHuecKod CHCTeMbl 'TocynapcTBO — HHBecTopbl'. locymapcTBo dukcupyer o6beMm
HaJIOTOBBIX COOPOB U OMpefie/sieT MUHUMAJbHblE Pa3Mepbl HAJOTOBBIX CTAaBOK, HEOOXOMH-
Mble Jis TOJY4YeHUs 3TOr0 0ObeMa TPH YCJIOBHH, YTO UHBECTOPHI NEHCTBYIOT TaK XKe, Kak
¥ B MpexkHed Moneu. B 3Tol Momesin MporpecCHBHBINA HAJIOT TaKKe OKA3bIBAETCS JIydllle
TPOTIOPLIMOHAJIBHOTO.

B noknane GynyT npuBeneHBl ¥ IpyTHe MOJAEJH, MOCTPOEHHBIE ¢ MOMOLIBI0 HOBOTO O~
X0[a, B YACTHOCTH, HOBasi MOJEJ/b PbIHKA TOPTOBJH KBOTAMH, MPU KOTOPOH TrOCyIapcTBO,
3arpsisHsiollee aTtMochepy CBepX AOMYCTHUMOTO YPOBHSI, MOXKET KYMHUTb KBOTY Yy rocynap-
CTBa, BBIOPOCHI KOTOPOTO, HAMPOTHB, MeHblIle NOMYCTUMbIX. MIHTepecHO, YTO B HEKOTOPBIX
HOBBIX MOJIeJISIX He 0OHapYyKHBaeTCs MPenMYILIeCcTBO MIPOrPECCUBHOIO HAaJIOra.
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notpe6JeHue, HaJ0roobM0KeHHe UMYILLECTBA, MJ0CKAs LIKaJa.

B pabore paccmatprBaeTcsl MOJe/b HepapXUUeCKOH CUCTEMBI, COCTOSILEH U3 rocyaap-
CTBa M HECKOJIbKUX KOMMaHui (MHBecTopoB). Llesblo naHHOU paboThl BJSIETCS pPelleHHe
npo6seMbl HaXOXKIEHHUS] YCJIOBHH CYIleCTBOBAHHUSl pallMOHAJbHBIX CTpaTeru#l rnoBeaeHUs
rocyiapcTBa 4 MHBecTOpoB. [IpenmosaraeTcsi, UTo rocynapcTBO 3a7aeT HAJIOTOBYIO CXe-
My Y HaJOroBYIO cTaBKy. FIHBecTOpHl, 3Has CTpaTervio rocynapcTBa U npeanoJgaras, 4To
OHa (PUKCHPOBaHA, MAaKCHMH3UPYIOT CBOM (PYHKLUHH T0Je3HOCTH. B KadecTBe (PyHKLHUH
N0JIe3HOCTH UHBECTOPOB paccMaTpuBaeTcs obilee norpebseHre ¢ AUCKOHTHPOBaHHeM. [o-
CyIapcTBO BblOepeT Ty CTpaTeruio, Mpyd KOTOPOH OHO cobupaeT OoJibllee KOJIUUECTBO Ha-
JIOTOB B TeueHHe paccMmaTpuBaemoro nepuona [0, 7]. AHanu3 oCHOBaH Ha MOAH(UIUPOBAH-
HoU monenu Pamces. B kmaccuueckoét monenn Pamcess 1oxon KOMMaHWK pacripefensieTcs
Mexay norpebjeHdeM W uHBecTHUMsMH [1]. OnHako 3Ta Mojesib He YUYUTBHIBAeT Cylile-
CTBOBaHHE HaJOroo0J/I0}KeHUSI U TaKUM 00pa3oM ONHUChIBAeT (PYHKIIMOHHPOBAHHE CHCTEMBI
"ToCynapcTBO — HHBECTOPH' HeaneKBaTHO.

B Hacroslel paboTe ¢ MOMOLILbIO anmnapaToB MaTeMaTHYeCKOro MpOorpaMMHPOBAHMUS
M MaTeMaTH4yecKoro aHaju3a Oblja UCCJe0BaHa 3ajaua pacnpeneseHus L0XOL0B OT IMpo-
M3BOJCTBA MeXIYy NoTpebjeHUeM U WHBECTHLMSIMHU IMPU CYLIECTBOBAHWH HAJIOTOB Ha OC-
HoBHble (oHAbl. [locTpoeHbl nuCKpeTHble MOfeNH (DYHKIIHOHUPOBAHUS ABYXYPOBHEBOH CH-
CTeMBbI "TOCYHAapCTBO — HHBECTOPBI' MJisi NaHHOH 3amaud. HalineHbl yc/oBHUS KBa3WBOTHY-
TOCTH LleJIeBbIX (DYHKIMH 3a1a4 HUKHET0 U BePXHEero YpOBHEH C NMOCTOSTHHOM 10 BPeMeHH
NOJIeH 10Xona, UAYLLeH Ha noTpebseHHe, U MJIOCKOH IIKaJI0H HaJoroo0J/0kKeHus, 10Ka3a-
Hbl COOTBETCTBYIOILIME TeopeMbl. [IpensioykeHbl 3BPUCTHUYECKHE AJTOPUTMBbl IS HaXOXKe-
HUSl TOYEeK MaKCUMyMa LiesieBbIX (PYHKLMH 3a1ay BepxXHero W HUXKHEro ypoBHeH, Korna
HUYEro HeJib3sl CKa3aTb 00 MX KBa3WBOTHYTOCTH.

Cnucok aurepaTtypsbl
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KaioueBble cioBa: Urpbl ¢ HeUeTKMMH BBIMTPBILIAMH, AedasupuKallysi, paBHOBeCHe I10
Hauy.

B noknane paccMmaTprBaeTcss MaTpUuHas Urpa ¢ HEYETKHMH BBIMTPBIILIAMH. 3/1€Ch HUT-
DOKH, BBIOMpAsi CBOM CTpaTervu, OPUEHTHUPYIOTCS Ha BBIMTPBILIH, 3aflaHHbE B BUJE HeYeT-
Kux unces. OnHa U3 npo6JieM, BCTAIOLINX Mepell UTPOKAMHK P BbIGOpe CBOeH CTpaTeruy —
CpaBHeHHE HeYeTKHUX BHIUTpHIlieil. OCHOBHBIM MOAXONO0M, UCTOJNb3yEeMbIM MJIsi CPABHEHHS
HeUeTKUX YHceJl, sBJseTCs IPUMeHeHHe onepaTopoB Aedasnduxanuu [1]. OnuH U3 Takux
orepaTopoB Obla npensoxeH B [2]. B [3] 6vl10 popmannzoBano noHsitue 7'(-)-paBHOBeCHS
no Hawy nss OUMaTpUYHBIX MIP C HEUETKHMMH BbIMIpbILIaMH, rae T'(-) — BbIOpaHHBIH
UrpokaMu omepartop nedasubuxanun. OnHako, MPUHUMAsT pellleHne, KaX/IAbli U3 HTPOKOB
MOXKeT OPHEHTHPOBAThCsSl HA CPaBHEHHE MO CBOeMy orepatopy nedasudukaiui.

ITycTb B MaTpudYHOH Mrpe ¢ HEYeTKHMH BHIMIPHILIAMH A [epBbIi HIPOK OpPHEHTHpY-
eTcsl Ha HeKOTOpblil omepaTop nedasuduxauuu 77(-), a Bropoil — Ha Ty(-). ComoctaBum
MCXOIHOHM HMI'pe BCIOMOTaTesbHYI0 OUMATPHUUYHYHO UIPY, B KOTOPOH MaTpHlla BbIMTPHILIEH
nepeoro urpoka A = T;(A), a MaTpuia BeIUrphILIel BTOporo ectb B = Th(A).

B noknane onpenesneHo noustue 71i(-), T5(+)-cena0Boi TOYKH M NOKa3aHO Clepyoliee
yTBepxKAeHHe: ecau onepatopsl 1) (-) u Ty(-) NUHENHDI, TO CUTYalUsi PABHOBECHS BCIIOMO-
rate/ibHON Urpsl sBasietcs: 17 (-), T5(-)-cennoBoil Touko# B ucxopHoi urpe. [Ipennaraercs
anroput™m moctpoenust T1(-), To(+)-ceqa0BON TOUKH, peanu3alus KOTOPOTO NeMOHCTPHPY-
eTCsl Ha MOJIEJIbHBIX MPUMepax.

Cnucok aureparypsbl
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KaroueBble caoBa: d.c.-BeimykJasi (DyHKLHS, MOPSAKOBO-BBIITYKJI0€ MHOXECTBO, [IJIO-
6a/bHbI MAaKCHUMYM.

Knace 3amau nuckpeTHOH ONTUMH3ALMM C LeJeBbIMH (DYHKUHSMHU, 3aJaHHBIMH B BU-
Jie Pa3HOCTH JBYX CTPOTO BBIMYKJbIX (DYHKIHH TUCKPETHOrO apryMmeHTa (Takue (QyHKLHH
HasbiBalOT d.C.-BBIMYKJBIMH), HOCTATOYHO MMUPOK. K TakuM 3amayaM MOXKHO MPHBECTH,
HarnpuMep, TPAHCIIOPTHBIE 3alauk ¢ (DUKCHPOBAHHBIMM AOTMJIATaMHU, CO HITpadoM, 3amadyu
JKHBYUECTH ceTH U ap. (cMm., Hamp., [1]). B pabGore mosyueHa HoBasi olleHKa [AJis1 TJ106ab-
HOTO MakcuMyMa d.c.-BBIMYKJIOH (DYHKUMH AMCKPETHOTO apryMeHTa B TEPMHHAX Mepbl
BBIMYKJIOCTH LI€JIEBOH (PYHKIIMHM W HEKOTOPbIX MapaMeTPOB NOMYCTHUMOH 00/1acTH.

PaccmartpuBaetcs cienyiouiasi 3agaua A: HalTH

max{F(x) = f(z) = p(z) | & = (01, ..20) € P C 27},

rie f(xz) € R,(21), ¢(x) € R(Z7) [2], f(0) = ¢(0) = 0, P — nopsinKoBo-BbIIyKJI0€e
MHOXKECTBO Ha IeJIouhCc/IeHHOH pemerke Z7 [1].
Mycts o* = (2%, ...,x*) — roGanbHblil MakcuMyM GyHkund F(z), a o/ = (af, ..., 2])
(x¥ = (2%, ...,2%)) — rnobanbHblil MakcUMyM (GyHKUHUH f(z)(¢(x)) Ha MHOXKecTBe P.
Teopema. I1ycTs B 3anaue A [F'(x) — HeyObiBatoias QyHKLUHUA Ha MHOXKecTBe P C Z7.
Torna cripaBen/ivBa oneHka

f(a!) = o(a?) < F(2") < Baf(a!) — g,

-1

FﬂeBQZ(1—<1—m) ) ,O<C§1,

h=max{h(z) =21+ ... + 2, | x € P}, r =min{h(z) — 1|z € Z}\P} .

Cnucox aurepaTtypbl
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KiioueBble cioBa: Moie/b oOMeHa, paBHOBeCHe, CUMILJIEKC LeH, ONTHMH3alUs, NBOH-
CTBEHHOCTD.

PaccmarpuBaeTcs najbHelilllee pasBUTHe NMPeIJOKEHHOTO aBTOPOM IOAXOAA MOJUII-
pasNbHOM KOMIIJIEMEHTAPHOCTH K TOCTPOEHHIO aJrOPUTMOB OTHICKAHHS PABHOBECHBIX CO-
CTOSTHMH B JIMHEHHBIX MOJEJSIX KOHKYPEHTHOH 3KOHOMHKH [l]. DTOT mopxom He HMeeT
AHAJIOTOB W T03BOJIMJ pa3padboTaTbh AOCTATOYHO 3(P(eKTHBHBIE AITOPUTMBI OTBICKAHHS
paBHOBeCHSl KakK [Ji KJacCHUYeCKOM Momesau oOMeHa, Tak U AJS Pa3JU4YHBIX ee Bapua-
uui. Hanbosee npoctoit sB/seTcs Mofe/b ¢ (PUKCUPOBAaHHBIMH OOJ2KeTaMH, M3BeCTHasd
Kak monesnb Puiiepa. B aTom ciyuae okaszasoch BO3MOXKHBIM CBECTH MpoOJeMy paBHO-
BeCHsl K HEKOTOPOH ONTUMM3alLlMOHHOH 3anadve. [lepBoe Takoe cBefeHHe OBLJIO MOJIYYEHO
B [2]. OnHako mosyyeHHasi 3ajjaua MaTeMaTHUECKOTO MPOrPaMMHUPOBAHHUSI B aJrOPUTMH-
YeCKOM OTHOILIEHHMH 0Ka3aJ/acb CJAO0XKHOHW U He ObLIO NPEeNJOXKEeHO AOCTATOYHO INPOCTBHIX
aJTOPUTMOB pellleHHs1 3TOH 3anauyu. [lopxom mosusnpanbHOM KOMIIEMEHTapHOCTH [Jall
aJIbT€PHATUBHBIA BapUaHT ONTHUMH3ALMOHHOH 3aadyd U JOCTAaTOYHO NPOCTble aJTOPUTMBI.
B noknane npencrtaBiseH 3aBeplleHHBIA BapUaHT MpeJioKeHHOro cBenenus. Moneau comno-
CTaBJISETCS Mapa ONTUMHU3ALHMOHHBIX 33424 Ha CUMILJIEKCe LeH, KOTOpble HAXOASATCH B OT-
HOLIEHUH JBOWCTBEHHOCTH MOAOOHO JABOWCTBEHHBIM 3a4ayaM JIMHEHHOrO NMPOorpaMMHpOBa-
Hus. [IpensoxeHHoe cBeeHHe 0Ka3aJ0Ch BOSMOXKHBIM He TOJBKO A/ MOAeNH 0OMeHa, HO
U /151 ee 00001LeHH s, KOrJa B MOJEJU MOMHUMO yYaCTHUKOB-NOTpeOUTe el NPUCYTCTBYIOT
YYaCTHUKU-(UPMBL [3], MOCTABJSIONIHE HA PBIHOK JOMOJHHUTEbHBIE 00BEMbl TOBAPOB.

Cnucok aureparypsl
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A mathematical model of heat supply system is described and analyzed. It contains
network, heat producers and heat consumers. Heat producers maximize their profits, as
for heat consumers it is assumed that the corresponding inverse demand functions are
available. The network is functioning according to the physical laws. When total heat
supply and heat demand are balanced and fixed then the distribution of the heat flow
through the network can be described by the well posed smooth convex optimization
problem [1]. Under the market conditions heat producers decide what amount of heat to
produce in order to maximize the profit given the reaction of consumers, i.e. the Cournot
model is considered. The final prices for the consumers take into account two types of
costs: production and transportation [2]. As a result, mathematically we obtain a system
of connected convex optimization problems. It is shown that the Nash equilibrium in
this model exists. Then we describe a reduction to an implicit nonconvex optimization
problem, minimization procedure and give some preliminary testing results.
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[t is well known that an exact potential game [1] can be reduced to an optimization
problem with a potential as an objective function. It lowers considerably computational
costs for finding Nash equilibrium in the game. However an exact potential exists in
rather narrow class of games. On the other hand, if we add positive weight for every
player, there is a more general class with similar properties as exact potential games
have. This class is referred to as weighted potential games [1]. An n-player game with

scalar players’ variables and twice continuously differentiable payoffs fi,..., f, is a
weighted potential game if and only if there exist positive weights w; > 0,...,w, >0
such that

2 £ 2.
Rt 1 B3 165
8%8:@ 6@8%

holds at any feasible = for every pair of players (7,7), i # j. A potential P is defined as

follows:
(9132 i at-

1EN

We do not need that payoffs be concave w.r.t. its strategic variables. Moreover
generalized Nash equilibrium problem can be considered. In quadratic game, every
payoff is quadratic w.r.t. the player’s variable, whereas interactions between players are
defined by bilinear terms [2]. A potential P is quadratic and nonconcave in this case.
For maximizing P we propose branch-and-bound-type algorithm [3] with local search.
Computational experiment results are presented.
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The technological sequence of the megaproject works (7, j) is presented in the form
of an oriented graph G, in the form of a sequence of projects Gx. For each project, an
acceptable minimum and maximum probability of completion in time Dy (P; and P;*) is
specified. The duration of each work ¢;; is a random variable, in the distribution density
of which the parameter includes the budget allocated for this work c¢;;. To implement
the megaproject there are resources in the volume C, it is necessary to determine the
values of the resources Cf allocated to the k-th project at the moment when the sum
of the products of the priority coefficients (the degree of importance) of the projects
and the probabilities of their completion in the corresponding directive time Py (CY) is
maximal:

Y A P(Ch)} = max

k=1
where Py(Ct) = P(t + T (Ct) < Dy,), with constrains

Pr<P(CHY< P, 1<k<n,
> CL<C,

k=1
where T, (C%) random duration of the k-th project implementation on the basis of the
allocated budget C?. The algorithm for solving the problem is presented in the form of
a step-by-step sequence:
Step 1. Determination of the minimum amount of budget C}. for each local project G
that can provide the set reliability p, 0 < p < 1.
Stage 2. Distribution of budgetary resources for projects with different priorities. If
for a project Gj at the point in time ¢ > 0 it is impossible to complete a project in
the deadline with the probable probability p, the company redistributes all remaining
financial resources Y, _, Ci(t) between the projects Gy.
Step 3. Determine the investment attractiveness of each local project.

The paper suggests an aggregated algorithm for solving the problem, which was
implemented to real information base of the VSNGK megaproject and showed its
efficiency.
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In this paper we present some extensions of the core equivalence results obtained
in [3] for the mixed pure exchange models to the case of mixed economies of Arrow-
Debreu type.

An important feature of the mixed economic system under consideration is that two
different regulation mechanisms function jointly: central planning and flexible market
prices. Thus, this model is characterized by the presence of dual markets. In the first
market, prices are stable and the allocation of commodities is determined by rationing
schemes and government orders. In the second market, prices are flexible and are
formed by the standard mechanism of equating demand and supply. We assume that
the excess of any commodity purchased in the first market may be resold by any
economic agent at flexible market prices. Note that the first model of this type was
proposed by V.L.Makarov in the early 1980s, as a result of discussions on how to apply
some elements of a free market economy in order to improve the performance of the
centrally planned economy (cf. [2]).

Whereas a lot of papers are devoted to existence and efficiency of mixed market
equilibria (see, e.g., [1; 4]), this paper investigates extremal properties of equilibrium
allocations in a mixed economy of Arrow-Debreu type. A notion of fuzzy domination
in a mixed environment with production sector is given, and coalitional stability of
equilibrium allocations in a mixed economy of Arrow-Debreu type is established.
Moreover, conditions are proposed that ensure coincidence of the fuzzy core and the
set of equilibrium allocations for some important specifications of the general model of
mixed economy suggested in [4].
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KuaroueBble ciaoBa: 3anaya lllteliHepa Ha OpHeHTHPOBAHHBIX rpadax, alropuTM Mypa-
BbUHOHU KOJIOHUH.

3anaua IllTefiHepa Ha OpHeHTHPOBAHHOM B3BellleHHOM Trpacde (G COCTOMT B MOCTPOe-
HUM JlepeBa MUHHMAaJIbHOIO Beca ¢ KOpHeM B 3alaHHOH BepliWHE v, COAepxKallero MmyTH
10 KaxKJI0H M3 BepLINH MHOXKECTBA T€PMHHAJbHBIX BepliWH 1'. HacTHBIM ciydaeM 3aadyu
[lreiinepa siBAsleTCS MaKCUMaJbHO ObICTPOe (POPMHUPOBAHUE 3aJaHHOrO Habopa AUCKOBBIX
00pa3oB C YCTaHOBJIEHHBIM MPOTPAMMHBIM OOecredeHHeM [/ BUPTYasbHBIX MalIMH 00-
JJAUHOH CUCTEeMbI, UCXOMs1 U3 HeKoToporo 6a3oBoro obpasa. B atom cnyuae rpad G umeer
9KCMOHEHLMaJbHOe YHCJO BepIIMH (IMCKOBBIX 00pPa3oB), KOTOPHIM COOTBETCTBYIOT MOJI-
MHOXKECTBa MHOXeCTBA BO3MOXKHbBIX NMPOrPaMMHbIX MAaKEeTOB, a BeC AYTH (u,v) paBeH Bpe-
MeHH yCTaHOBKH MPOrpaMMHOro MakeTa JJIsl epexofia oT AUCKOBOro obpasa u K o6pasy v.

Hpyrum npumenenuem 3anaun Ulrtefinepa siBisieTcs MOCTPOEHHE ONTHUMAJBHOTO Aepe-
Ba BelllaHUs B CUCTeMaxX LIU(POBOro TeJeBUAEHUS [J15 Tepeay BUAEONOTOKa aOOHEHTaM,
a TakxKe JiepeBa MapLIPyTOB B pacrpefiesieHHbIX BBIUYMCANUTENbHbBIX CUCTEMAX JJIsi MaCcCOBOH
pacchlIKK NaHHBIX MexAy fpoleccamu. B 3Tom cayuae BepiunHbl rpacda G — ceTeBble
ycTpoiicTBa. Bec nyru paBeH 3alepxKke MpH Mepenaue WH(MOPMALUK MeXIy YCTPOHCTBa-
M. MMeeTcsl MCTOUHMK NAHHBIX S, KOTOPBIH [OJIKEH IepefaTbh OAUH M TOT Ke MOTOK
JNAHHBIX BceM mogayuatessiMm 1. Heob6xoaumo HaiiTu MuHuManabHoe aepeo lllreiinepa, pe-
aju3yollee JaHHYIO Mepenaydy.

3anaua lllteiinepa Ha opueHTHpOBaHHBIX rpadax siBasercss NP-nmosmHoi. i ToyHOro
pelleHHUsl 3afa4u TpeOyeTcsl SKCIOHEHLHMalbHOe BpeMs, YTO HelpHheMmJ/eMo /s 60JbLIOro
KOJIMUeCTBa BepwMH. [/ mocTpoeHHUs: cyOONTHMAJbHOTO pelleHHs 3agadyd HaMH pas-
paboTaHO TPU aJroOpMTMa Ha OCHOBE MeTOJa MYPaBbUHOW KOJOHHH, KOTOPble OTJIHYAIOTCS
CXeMOH MepeMelleHUs] MypaBbeB U TOCTPOEHUS pellleHUsl Ha OCHOBe UX myTel. {15 skcme-
pPHMEHTAJbHOTO MCCJEI0BAHUS aJrOPUTMOB pa3paboTaHbl CUMYJATOP 00JaUHOH CHUCTEMBI
AJ151 06CyKUBaHUS 3a5BOK Ha (hOPMHpOBaHHe TUCKOBBIX 00pa30B M CHUMYJISITOP KOMIbIO-
TEPHOH CeTH [J15 MCCJeJOBaHHS MHOroaipecHod MapuipyTtusauuu. [IpoBeneHo sxcnepu-
MeHTa/lbHOE CpaBHeHHe pa3pab0TaHHBIX aJTOPUTMOB B 3aBUCHUMOCTH OT HUX MapaMeTpOB.
OmnpenesieHbl CXeMbl aJiTOPUTMOB MYPaBbHHOHM KOJIOHWH, HanboJjee TOAXOASLIHE IJs pe-
meHust 06enX paccMaTpPUBAEMbIX MPUKJAAIHBIX 3a/1a4.

* Pa6ota BbinosiHeHa 1pu (uHaHcoBo# nopaepxke PODU (npoekts 15-07-06071, 16-07-01004, 16-29-09639, 18-07-
014486).
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Many decision making processes include the situations when not all relevant data
are available. Clustering as a decision making is widely used in medicine, industry
and variety of other fields. Missing data is a common characteristic of the majority of
clustering problems. The main issues one has to deal with when clustering incomplete
data are the mechanism for filling in the missing values, the definition of a proper
distance function and/or the selection of the most appropriate clustering method. There
are several reasons why some (or most of the) data describing objects to be classified
may be missing. On the other hand, there are several methods proposed to determine the
values of the missing attributes. However, non of them can adequately estimate missing
values in all required situations. Therefore, in [1] a new distance function, based on
the propositional logic, that does not require to determine the values of missing data,
is proposed. Exploiting this distance, we developed Bee colony optimization (BCO)
approach for clustering incomplete data based on the p-median classification model.
BCO is a population-based meta-heuristic inspired by the foraging habits of honey bees.
[t belongs to the class of Swarm intelligence (SI) methods. The improvement variant
of BCO is implemented, the one that transforms complete solutions in order to improve
their quality. The efficiency of the proposed approach is demonstrated by the comparison
with some recent clustering methods [2].
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A new restart rule is proposed for genetic algorithms (GAs) with multiple restarts.
The rule is based on the Schnabel Census method, originally developed for statistical
estimation of size of animal populations [3]. It is assumed that during a number of
latest iterations, the GA population was at a stationary distribution and the Schnabel
Census method [2] is applicable to estimate number of different solutions that may be
visited with positive probability. The rule consists in restarting the GA as soon as the
maximum likelihood estimate reaches the number of different solutions observed at the
latest iterations under consideration.

We demonstrate how the new restart rule can be incorporated into a GA [1] with
non-binary representation for the Set Cover Problem. Computational experiments on
benchmarks from OR-Library show a significant advantage of the GA with the new
restarting rule over the original GA. On the unicost instances, the new restarting rule
also turned out to be in advantage to restarting the GA as soon as the current iteration
number becomes twice the iteration number when the best incumbent was found.
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Asymmetric Travelling Salesman Problem (ATSP) is a well-known NP-hard
combinatorial optimization problem. Given a complete digraph G = (V, A) with the set
of vertices V, the set of arcs A = {(v,u) : v,u € V, v # u} and arc lengths ¢(v,u) >0
of each arc (v,u) € A, the problem asks for a Hamiltonian circuit (tour) with the
minimum total length.

Heuristics and metaheuristics occupy an important place in the methods so far
developed to the ATSP. Genetic algorithms (GAs) are among such methods. The
performance of GAs depends significantly upon the choice of the crossover operator,
where the components of parent solutions are combined to build the offspring. A
supplementary problem that emerges in some versions of crossover operator is called
the Optimal Recombination Problem (ORP). Given two feasible parent solutions, the
ORP consists in finding the best possible offspring, where an allele of each gene is
copied from one of the alleles of this gene in the parents.

The ORP induced by the ATSP with adjacency-based representation of solutions is
NP-hard as proved in [2]. Here we show that this ORP can be reduced to the ATSP
on a directed cubic graph with forced arcs. For solving the later problem we develop
a modification of the algorithm proposed by D. Eppstein [1] for listing Hamiltonian
cycles in any undirected cubic graph. The obtained algorithm has less time complexity
compared to the previously known one [2].

We also propose an elitist GA to the ATSP using the ORP with adjacency-based
representation. The experimental evaluation on instances from TSPLIB library shows
that our GA yields results competitive to those obtained by other well-known state-of-
the-art algorithms for the ATSP and confirms that the ORP may be used successfully
in the GAs for permutation problems.
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Swarm algorithms is the area of Artificial Intelligence. They are based on
the collective behaviour relatively simple agents among themselves and with the
environment. In the nature of such emergent systems are ant colonies, bird flock,
bacteria group, water drops, etc. Various algorithms for solving optimization problems
based on them. The algorithm of a bee colony for the first time has been offered
by P. Luci¢, D. Teodorovi¢ in 2001. This method is developing actively [1; 3].
This heuristic models the behaviour of melliferous bees may be regarded as specially
organized local search.

In the given work a new version of algorithm of a bee colony for a two-stage location
problem is proposed [2]. In this task there are companies, producing some goods and
consumers of these products. All companies can be separated by phase of production
in two groups - realization of goods (stage one) and production of goods (stage two).
[t is required to find a set of companies, the total costs of opening and satisiying all
consumers’ demand would be minimized under certain additional conditions.

Computational experiments were carried out with an objective of approbation of
new version of algorithm. The analysis of its work on known test examples of various
structure is executed.
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This work is devoted to development of swarm intelligence for competitive facility
location problem with elastic demand [1] in the following formulation. In a competitive
environment, Company plans to locate new facilities which differ in design. Clients
of each point choose the facilities of Company or Competitor depending on their
attractiveness and distance. The total share of demand of facilities varies flexibly
depending on the behaviour of clients. The Company’s goal is to maximize the fraction
of demand it serves. The modelling of this demand leads to the nonlinearity of the
mathematical model and to the difficulties of finding the optimal solution by commercial
software in an acceptable time. There is a small number of publications devoted to
problems with elastic demand, and a set of methods for solving the problem is limited.

In [1], an adapted weighted greedy heuristic algorithm is proposed. Earlier
we developed Variable Neighborhood Search algorithms [2]. For the problem under
consideration, the first ideas of using the ant colony optimization was offered in [3].
In this paper, we develop ant colony optimization approach [4]. A comprehensive
computational experiment is carried out, the results are discussed.
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We present a new bi-level linear integer programming model for the strategic
planning of the private-state partnership. This model is an extension of the previously
studied models [1; 2] where the ecological, infrastructure, and production projects have
known schedules into the planning horizon if they start. We claim that this new bi-
level problem is X1-hard in optimistic and pessimistic formulations in two cases of the
budget constraints:

- strong case when the funds cannot move to other years of the planning horizon;

- weak case when the funds can be used in the current year or later.

A stochastic local search matheuristic is designed for this bi-level optimization
problem according to the upper level variables. The optimal solution for the lower
level is obtained by CPLEX software. To reduce the running time of each local search
iteration, we use randomized flip and swap neighborhoods. To evaluate the neighboring
solutions we solve the lower level problem approximately with a small fixed deviation
from the optimum. We compared our method with the iterative method based on the
high point reformulation [3]. Computational results for real world instances for the
Transbaikalian polymetal fields are discussed.
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