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BBEJIEHUE

OnHolt M3 3ajad, ¢ KOTOPOM B XOAE€ CBOEH MESATEIBHOCTH MPUXOIUTCS
CTaJIKMBATHCS MPAKTUYECKH JI0OO0N MPOU3BOJCTBEHHOM MM TOPTrOBOM OpraHu3aluHy,
SBISIETCS.  BBIOOP TOCTaBIIMKA TMPOAYKIMH C  YCJIOBHEM  yIOBICTBOPEHUS
MOTPEOHOCTEN MpeANPUITHS 1 MUHUMU3AIUHY 3aTpar.

[Ipu pemieHun OJHOATAIHOW 3a7a4d O TOCTaBKax IPOMYKIIUHU MOXKET OBbITh
MOJYYEH OTBET HA BOMPOC O TOM, KAKOE€ KOJUYECTBO MPOAYKIIHUH CIEAYET 3aKyNaTh y
KOHKPETHOTO MOCTaBIIMKA. B ciydae pemeHuss MHOr03TalmHOM 3a/1aud MOKHO Y3HaTh
HE TOJIBKO O TOM, YCIyramMu KakKuX MOCTAaBIIMUKOB JIyYIll€ BOCIOJb30BaThCS, HO U
NoJIy4uTh WH(OpMaIMio o0 HamboJiee BBITOJHOM BPEMEHH ITOCTaBKH, KOTOPOE
COBIIQJIACT C HAYAJIOM Ka)XJ0TO MHTEpBaja BpeMEHHU (Halpumep, eKeHEACIbHO WU
€XKEMECSIYHO).

3agaya COCTOMT B MUHMMH3AIIUU OOIIUX 3aTpaT, CKJIAJIBIBAIOIIUXCS U3 3aTpaT
Ha TMpuoOpeTeHue ToBapa, odopMIICHHWE 3aKa3a W XpaHeHue 3amaca (1is
MHOTOATAITHOW 3a/1aun). 3aTpaThl Ha MPUOOPETEHNE CTAHOBATCS BAXKHBIM (DAKTOPOM,
KOrja IleHa €IWHUIIBI MPOAYKIMU 3aBUCHT OT pa3Mepa MOCTaBKH, YTO OOBIYHO
BBIPAXKAETCAd B BUJE ONTOBBIX CKHJOK B T€X CIyyasX, KOTJa II€HA €IMHUIbI TOBapa
yOBIBaEeT C BO3pacTaHUEM pa3Mepa 3aKasa. 3aTpaThl Ha 0OpMIICHUE 3aKa3a SBIISIOTCS
MOCTOSTHHBIM PAacXo0JIOM, CBSI3aHHBIM C €ro pasMelleHHeM. 3aTpaThl Ha XpaHEHHUE
MPEICTABISIOT COOOW pacxoJbl Ha COJEpKaHHME 3amaca Ha CKiaae (Hampumep,
NPOIICHT HAa  WHBECTUPOBAHHBIA  KaluTal, 3aTpaTbl Ha  MepepadoTKy,
aMOPTH3AIIMOHHBIE ¥ OKCIUTyaTallMOHHBIE PAacXoibl), OOBIYHO BO3PACTAIOT C
YBEJIMUEHUEM 3ariaca.

JlaHHasi Mojeb MMEET MHOTO OOIINEero ¢ XOpOIIO H3BECTHOW TPaHCIOPTHOMN
3a/1aueil, HO TJIABHOE OTJIMYME COCTOUT B TOM, UTO B 3a/lau€ O MOCTaBKax MPOAYKIUU
npojaBel; Jub0 BOOOIE HUYEro HE IOCTaBISIET, JIMOO MpeasiaraeT HEKOTOpOe
KOJIMYECTBO TOBapa W3 OINpPEEIECHHOIO JIJIi HEr0 MHTEpBaJa.

B mactosmelr pabore paccmaTpuBaeTCs OIHOATAMHAs 3agada O IMOCTaBKax
MPOAYKIIUU U €€ 0000IIeHNuEe I HECKOJbKUX MEePUOJ0B IIaHupoBaHus. OCHOBHas

Ociab pa6OTBI — IMOCTPOCHUC AJIIrOpUTMAa AWHAMHWYCCKOIO IPOIrpaMMHUPOBAHHA H
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TeHETUYECKOTO aJropuT™Ma JUis pEeUIeHHs] JaHHOM 3ajJadd, HCCIeNOBAaHUE UX
s dexruBHocTH. [TocTaHOBKA 3a1au ¥ UX (GopMmaiibHas 3amUcCh NpejcTaBieHbl B §1.
B §2 omumcaHel anropuTMbel TUHAMHUYECKOTO IMPOTPAMMHUPOBAHUS ISl PELICHUS
OJIHOATAITHOM M MHOTOATAIHOM 33J1a4 O MOCTaBKax MPOIYKLUHU, PACCMATPUBAETCS UX
TpynoeMkocth. B §3 ommcanbl 00mmas cxemMa TIeHETHUYECKOTO allfOpUTMAa U e
MojuduKkaius A8 3aJadd O TOCTaBkax mpoaykiumu. B §4 mpencraBieHsl
pe3yabTaThl BHIYUCIUTENBHBIX 3KCIIEpUMEHTOB. [IpuBeAeHbI peleHus: 0IHOATAIHOM
3aJ1a4M O IOCTAaBKaxX ¢ MOMOUIbIO AJITOPUTMA IUHAMUYECKOTO MPOrpaMMHUpoBaHus [3]
U DBPUCTUYECKOrO airoputMa [4], uccienoBaHa 3aBUCUMOCTbh BpPEMEHH pPabOThI
anroput™Ma [3] OT BXOJHBIX MapaMeTpoB. 371eCh K€ OMUCaHbl SKCIEPUMEHTHI IO
CPAaBHEHHMIO BpPEMEHHU padOThl aIropuTMa JAWUHAMUYECKOTO IMPOTrpaMMHMPOBAHUS U
CPLEX MIP Solver 6.5 mpu penieHMM MHOrosTanHou 3agauu. IIpoBeneH psia
HKCIEPUMEHTOB I10 HACTPOIKE NMapaMeTpOB F'€HETUYECKOr0 aIrOpuTMa, UCCIIEOBAHA

BCPOATHOCTL HAXOXKACHHWA UM OIITUMAJIbHOI'O PCHICHMA.



1. INOCTAHOBKA 3AJIAYHA O IOCTABKAX ITPOAYKIINHU

1.1 OaHodTamHasi 3a1a4a 0 MOCTABKAaX MPOAYKUHH

PaccmoTpum 3amady o mocTaBKax NPOAYKLHMH CIHEAYIOIIETO BHUAA: HMMEETCS
MHOXECTBO IOCTaBIIMKOB, KOTOpPbIE NPEMIAraloT HEKOTOPYK HICHTUYHYIO
OPOAYKIMIO W OAMH TOTPEOUTENb, MPEABABISAIONIMN CIOPOC Ha JaHHBIA TOBap.
HeoOxoaumo  ynOBIETBOPUTHL CHPOC TMOKyHaTeds Tak, 4ToObl 3aTparbl Ha
npuobpeTreHue ObUTM MUHUMAaJIbHBIMU, & TTOCTABIEHHOE KOJMYECTBO TOBAPOB TOYHO
COOTBETCTBOBAJIO 00ObEMY 3aKa3a.

JIs1 KaX0ro MOCTABIIMKA ONPEACIICHBI HUKHSS U BEPXHSS TPAHULIBI, B pAMKax
KOTOPBIX OH MOXET MPEIJOKUTh MOKYIATENI0 JII000€ KOJUYECTBO CBOETO TOBapa.
HuwxHs rpaHuMma 3TOr0 MHTEpBAaJla yCTAHABIMBAETCA C TOYKH  3PEHUS
HKOHOMHUYECKON 11€1€c000pa3HOCTU (TIOCTABISITh MEHBIIEE KOJIMYECTBO MPOIAYKIIHH
ObUl0 OBl MPOCTO HEBBITOJHO), a BEpPXHSIS — CBSi3aHA C TEXHUYECKUMU
OTPAaHUYEHUSIMU: ATO MAaKCHUMaJbHOE KOJUYECTBO TOBapa, KOTOPOE MOXKET OBITh
IIOCTABJICHO 3aKAa34YMKYy Cpasy ITOCJE 3aKII0YEHHS JOTOBOPA.

CTOMMOCTh TPOJYKIMU KaXKJIOTO MOCTABIIMKA BhIpaXKeHA BOTHYTOM (DyHKIIMEH,
apryMEHTOM KOTOpPOM SIBJISIETCS KOJMYECTBO MPOAAHHOTO ToBapa. IIpenmonoxkenue
BOTHYTOCTH OTpa)kaeT OOIIYI0 CHUTYallli0, UMEIOIIYI0 MECTO B IPOMBIIIJICHHOCTH,
KOTJa CTOMMOCTb €IMHHUIBl NPOAYKIMM U CTOMMOCTb €€ TPAaHCHOPTHUPOBKHU
YMEHBILIAETCS C YBEJIMUYEHUEM 00beMa 3aKa3a.

B nmanHoM Mopenu paccMaTpuBAaeTCA OAWH NEPUOJ IUIAHUPOBAHUA (HAIpuMeEp,
HEJeNsl WIM Mecsl), T.. Hac HE HWHTEPECYIT NOTPEOHOCTH TOKymarels M
BO3MO>KHOCTH TOCTAaBIIMKOB HA CIEIYIOMIMX ATAax uX paOoThl.

cDOpMaJ'II)HO 9Ty 3aJa41y MOKHO 3alrcaTh CJICAYIOIIUM 06p330M:

iki (x, ) = min, (1)

Zx = A, @)



x;e {0}y U [m;, M{] onai=12,...,n. 3)

31ech n - KOJIMYECTBO IIOCTABILHUKOB,

X; - KOJIMYECTBO MPOIYKIINH, KOTOPOE TMOJydyaeM OT IOCTABIIMKA C HOMEPOM I,

A - KONMMYeCTBO MPOIYKIIUU, B KOTOPOM HYKJIae€TCS MOTPEOUTEIb,

m; - MAHAMAQJIbHOE KOJIMYECTBO TOBapa, KOTOPOE TOTOB MPEIOKHUTH
MTOCTABIIUK C HOMEPOM 1,

M; - MakcuManbHOE€ KOJWUYECTBO TOBapa, KOTOPOE MOXKET TPEIJIOKUTH
MTOCTABIITUK C HOMEPOM I.

Bce ommcanHpie BBINIE BEIUYHHBI OTHOCITCS K CTaHIAPTHOMY MEPUOTY
TJTAHUPOBAHMSI, KOTOPBIA PACCMATPUBAETCS B JAHHOU 3a7a4e.

CTOMMOCTB OCTABKHU BbIpakaeTcs PyHKIueH

0, e x, =0,
k (x,)=
a +g (x), ecm x >0,

riae a; > 0 MOXXHO paccMaTpUBaTh Kak 3aTpaThl Ha 0(OPMIICHUE 3aKa3a,

gi(x;) > 0 — BorHyTas1, Bo3pacTaromas (PyHKITUS MOJIOKUTEITHHOTO apTyMEHTa X;
i=1,...,n.

B [3] mokazano, uro 3amaya (1) — (3) ¢ nuHeWHON (yHKIHMEH, BhIpaKaromiei
CTOMMOCTh TIOCTaBKH, M PaIllMOHAIBHBIMH BXOJHBIMHU IMapaMeTpaMu sBisieTcs NP-

TPYIHOM.

1.2 MHoro3Tannasi 3a1a4a 0 ocTaBKax MPOIYKUNH

JlanHas Mojenb sBiseTcs ob6ooOmenneM 3amgaun (1) — (3). OTimume cCoCTOUT B
TOM, 4YTO TIOCJIE€ YJOBJIIETBOPEHHUS] CIIpOCAa HAa TMEPBOM JTame, JACATEIbHOCTD
MOCTABIIMKOB M TOTPEOUTENsT HE TMPEKpaIaeTcs, HAYMHACTCS HOBBIM TMEpUOJ
MJIAHUPOBAHMSI, B KOTOPOM CHOBA BO3HUKAET MOTPEOHOCTH MOKYyMNaTENs B IPOTYKIIUU
U TIPEUIOKEHUS TOCTaBIIMKOB. [Ipu paccMOTpeHUHU KaXkJoro 3tamna B OTACIbHOCTH
MHOT03TaHas 3aja4a 0 MOoCTaBKax MpOoayKUuH cBoaAuTcs K 3aaade (1) — (3). Takum
00pa3zoMm, IS KaKI0ro Nepuo/ia IIaHUPOBAHUS MBI TTO-TIPEKHEMY UMEEM HEKOTOpPOE

MHOKCCTBO IMOCTABIIUKOB C OIMPCACICHHBIMHU MHTCPBAJIaMU BO3MOXKHBIX IOCTABOK U
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GYHKIHUSIME CTOMMOCTH, a TaKKe MOTPEOUTENs, MPEABSIBIISIONIETO CIPOC HA JaHHBINA
ToBap. OT mocnenoBaTebHOCTH He3aBUCUMBIX 3a1ad (1) — (3) Moaens oTiauvaeTcs
TEM, YTO Ha KaXJIOM dTare MOKET ObITh 3aKa3aHO TaKOE KOJIMYECTBO MPOIYKIIHU, YTO
IIOCJIE YIOBJIETBOPEHUS TEKYILETO CIPOCA, OCTATOK MEPEXOAUT HA YIOBIETBOPEHHUE
CIpoca MOCJIEAYIOUIMX 3TAnoB. B CBSI3M C 3TUM BO3HUKAIOT 3aTpaThl HA XPAHEHUE
MPOAYKIIMHU, OCTAaBIICHCA IMOCJI€ JAHHOTO JTala W MEepeXOJdAllel B CIEAYHOLINM.
OOmme 3aTparhl CKIAABIBAIOTCS W3 3aTpaT Ha 3aKynKy, opOpMIICHHWE 3aKa3a H
XpaHeHHWEe IO BCEeM OJTamaMm. 3ajJada COCTOMT B MHHHUMH3AIMU OOIIMX 3aTpar.
[Ipenamonaraercst Takxke, 4To ASPUIUT HE TOMycKaeTcs. MHoOrostamHas 3aaada o
MOCTAaBKax MPOJYKIIMU CXOJIHA C 3aJa4yeil yrnpaBjieHus 3anacamu [2], HO Ha KaKJI0M
sTarne GopMynupyeTcs Kak OJHOITAIHAs 3a/1adya O MOCTaBKaxX MPOyKIIUH.

dopManpHO 3a7a9a MOXKET OBITh 3alMCaHa B CIEAYIOIIEM BUJIC:

IIycTh n - KOJIMYECTBO MOCTABIIMKOB,

T - KOMMYECTBO NEPUOJIOB MIIAHUPOBAHUS,

Xy - KOJIMYECTBO MPOAYKLHH, KOTOPOE MOJIYy4aeM OT MOCTaBIIMKA C HOMEPOM I
Ha JTare f,

A - o01miee KOJIM4ecTBO MPOIYKIIUU, B KOTOPOM HYK/Ia€TCs MOTPEOUTEIb,

m; - MUHAMaJIbHOE KOJUYECTBO TOBapa, KOTOPOE TOTOB MPEIJTI0XKHUTH
MOCTABIIMK C HOMEPOM I Ha 3Tare f,

M, - MakCUMaJnbHOE€ KOJMYECTBO TOBapa, KOTOPOE MOXKET MPEIJIOKUTH
MOCTABIIMK C HOMEPOM I Ha JTare .

Z; — OCTaTOK, MEPEXOASIINN U3 dTarna t B 3tan t + 1,

¢, — cOpocC Ha dTare ¢,

CTOMMOCTB OCTABKHU BbIpakaeTcs PyHKIuen

0, €CJIu x, =0,
k, (x,) =
a,+g.(x,), ecmu x, >0,
a;; > 0 — cTouMOoCTh 0POpMIIEHUS 3aKa3a,
git (x;) > 0 — BorHyTas, Bo3pacTaromias GYHKIHS MOJI0KUTEIFHOTO apryMeHTa
Xip, 1=1,...n, t=1,...,T.

CrouMocTbh XpaHEHHsI BbIpaXkaeTcs 3aJaHHoN GyHKUuen A, ( z,).



T n T-1

> ki (x,)+ D h, (z,) = min, (1)
t=1 i=1 t=1

=z, +),%, &, 1=12..T, 2)

i=1

z20,t=12,....T —1, (3)
T = O, (4,)
xwelotulm, M | onai=12,.,n, t=12,..T. (5)

B mocnenyromux maparpadax OyayT pacCMOTPEHBI aJrOpPUTMBbI ISl PEIICHUs

JTaHHOU 3aJ1ayu.



2. AJI'OPUTM IUHAMUNYECKOI'O IPOTPAMMUWPOBAHUA
JJIA 3AJAYM O TIOCTABKAX MPOAYKINHU

JluHaMu4yecKkoe NpOrpaMMHUpPOBAHHUE MPEACTABISIET COOOM MaTeMaTH4eCKUi
anmnapart, pa3pabOTaHHBIN AJIs pelIeHns HEKOTOPOro Kilacca 3a/1ad MaTeMaTH4eCKOIro
IIPOrpaMMUPOBAaHUs. XapaKTEPHBIM U1 3TOIO METOJA SIBISETCS MOAXOJ K PEIICHUIO
3314y MO JTanaM, ¢ KaXIbIM M3 KOTOPBIX ACCOLMUPOBAHBI OJHA WM HECKOJIBKO
nepeMeHHbIX. Habop peKkyppeHTHBIX BBIUMCIMTEIBHBIX IPOLEAYpP, CBSA3bIBAIOLINX
pa3MyYHBIE 3TaIlbl, 00ECIEUYNBAET MOIYYCHHUE TOMYCTUMOTO ONTUMAIbLHOTO PELICHHS

3aJ1a4y B O CJIOM IIPpHU JOCTUKCHUU ITOCICAHCTO STalla.

2.1 AJITOPUTM JTUHAMHMYECKOI0 POrPAMMHUPOBAHMS VIS OAHOITAIHOM

3alavdi 0 moCraBKax NpoaAyKIH

B nanpHelimem 0ynem nonarate, 4to A, m;, M; — uemnblie uncia. ITo He SIBISETCS
CYIIECTBEHHBIM OTPAHMYCHHUEM, TAaK KaK JUIsI KaKIOW 3aJaddl MOKHO MOA00paTh
JOCTATOYHO MAJIbIE €OWHHULIBI U3MEPEHHUS, B KOTOPBIX YCIOBHE LIEIOYUCIECHHOCTH
BXOJIHBIX JTaHHBIX Oy/IET BBITTOJIHEHO.

Ecmu A, m;, M; - nensie yncia, TO CyIIECTBYET ONTUMAIBHOE PEIICHUE, T/I€ BCE
KOMIIOHEHTBl X;, [=/,...,n TakXke UeJble, TOIJa HCXOAHYI 3aJayy MOXHO
paccMaTpuBaTh Kak 3ajladyy JMCKPETHOM onTUMU3anuu (cM., Hampumep, [3]), mus
peLIeHus KOTOPOM NpPUMEHHMa TEXHUKA CTAHJAPTHOIO JAMHAMHUYECKOTO
nporpaMmupoBaHusa. OCHOBaHHBIA Ha OSTOM TEXHHUKE ICEBIONOJIMHOMHUAIBHBIN
aIrOpuT™M HaxoxJeHus ontumanbHoro pemenus (/I1;) nmpennoxumu B [3] C.C.
Yayxan, A.B. EpemeeB, A.A. KomnokonoB u B.B. CepBax, B cBoeii pabore
ONMPABILHECS HA PE3YJbTaT, IOJIYYEHHBIN B [4]:

Jlemma 1. Cywecmeyem onmumanvuoe pewenue X={x;, x, ..., X, maxoe, ymo
xi= myumx; =M; uwx; =00nai=12,...,n 30 uckioyeruem me bosee 00H020

Jjell,2,...,n}, ona komopoeo m; < x; < M,.
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Kaxnoe cocTostHue cUCTEMBI ONpeaeseTcs AByMs apaMeTpaMu: KOJIMYE€CTBOM
MOCTABIIMKOB, KOTOPHIE YYacCTBYIOT B YOBIIETBOPEHUU CIpOCa MOTPEeOUTENs, H
KOJIMYECTBOM MPOJYKIMH, KOTOPOE OHHM MOCTaBISAIOT. [l KakIoro KoJIMuecTBa
MOCTABIINUKOB p={1,2,...,n} OyaeM onmpenensTb BEIUUUHY ((p,a) - MHUHUMATHHYIO
CTOMMOCTb MOCTaBKU @ eAuHull npoaykuuu, a={0,1,2,...,4}.

HayanbHO€ MHOKECTBO COCTOSIHMI CXE€MbI TUHAMUYECKOTO MPOrpaMMUPOBAHUS
3agaetrcs cuenyromuM  obpazom:  ¢(0,0)=0, @(0,a)=-co, a=1,2,....,A, TaKum
o0pa3oM, onrcaHo HayaIbHOE KpaeBoe yCIOBHE 71l ypaBHEeHUs beiMana «Brepes.

Ilepexon B craedymoliee COCTOSHHE OCYIIECTBISIETCS IO PEKYpPCUBHOMY
COOTHONICHUIO:

o(p,a)=minq@(p—-1,a), min @p-La-x,)+k,(x,),

m,<x,<M ,:x,<a
p=12,..,n;, a=0,]12,.., A
ITokakem KOppEKTHOCTh JAHHOTO ypaBHEHU. BO3MOXHBI 1Ba ciydasi: x,=0 uiu
m, <x,<M,.
1. Ecmu x,=0, 10 k,(0)=0 u, cinenosarenpHo, 3a1ada (1) — (3) cBoguTcsa x

CIIEIYIOLIEH:

—1

N

k, (x; ) — min,

=

LN

3
L

x;, = A,

1

Il
LR

x;e {0} U [m;, M{] onai=12,...,n-1.
B ciywae 1 nonywaem ¢(n,A) =@(n—1,A).
2. Ecnu MbI paccmaTprBaeM HEKOTOpOe (PMKCHPOBAHHOE 3HAUYECHUE X, TPHU

BBITOJIHEHUU M, < X, < M,, To 3agaya (1) - (3) cBOOUTCS K CIEAYIOLIECH:

1

n—l1
Dk, (x,)+k, (x,)=@(n—1,A-x,) — min,
i=1

n—l
x, =A-x,,
i=1

xie {0} U [m;, M|] onai=12,...,n-1.
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CrnenoBarenbHO, JJisI BBIYUCIECHUS MUHUMAJIbHONW CTOMMOCTH B ciydae x, >0
HEO0OXOMMO 3HATh PEIICHUE 3a/1a4M IS 1- | TTIOCTAaBIIUKA.

PaccmotpeB 00a ciiydas, HailieM 3Hay€HUE X,, MUHUMHU3HPYIOUIEE IEIEBYIO

byHKIHIO:

on,A) = min{(/)(n —-1,A), min ((n—-1,A-x)+k (x, ))}.

X, <x,<M ,
JUts Beiuncnenuss @(n,A) TpeOyeTcs pelieHue 3aJadd pasMEpPHOCTH n-1, s

HAXOXJEHUSI KOTOPOTO HEOOX0auMO pemuTh 3anady (1) — (3) ans n-2 mocTaBIIUKOB
U Tak pgaiee. Takum 00pa3oM, TMOJydyaeM OIKUCAHHOE BBIINIE PEKYPCHBHOE
COOTHOUIECHHUE, MO KOTOPOMY OCYHIECTBIISIETCS MEPEXOJ] B CIEAYIOIIEE COCTOSHHUE.

KoppektHocTs ypaBHeHus bemimana qokasaHa.

2.2 AJITOPUTM JUHAMHUYECKOT0 NPOrpaMMUPOBAaHUS 111 MHOT03TAITHOM

3a1a4M 0 MoCTaBKaXxX NPOAYKIHHU

[IpyuMeHNM TEXHUKY JUHAMUYECKOIO MPOTPAMMHUPOBAHUSA U OMUIIEM AJITOPUTM
(IIT) nnsa pemenns 3amauu (1') - (5'). CocTosiHuE CUCTEMBI HA KaXKI0M 3Tare, KaK U B
CIydae OJHOJTAlHOW 3adaud, OyAeT OmpeneisaThCs JBYMsS TapaMeTpaMH:
KOJIMYECTBOM TOCTABUIMKOB, KOTOPBIE YYacCTBYIOT B YAOBJIECTBOPEHUU CIpPOCA

noTpeduTensi, U KOJMMYECTBOM MPOIYKIINH, KOTOPOE OHH MOCTABIAIOT. JJi1 KaXKa0ro

KOJIMYECTBA TMMOCTAaBIIUKOB p={1,2,...,n} OyaemM OINpeaensaTh BEIUYNHY @, (p,a) -
t—1
MHHUMQJIBHYIO CTOMMOCTh ITOCTABKU @ €AWHHUI] MPOAYKLIHH, d ={0,1,2,...,A—Z§r}
7=1
1Sl iepuoa mianuposanus ¢ = {1,2,...,T}.
HauyanbHO€ MHOXECTBO COCTOSIHUN CXEMbI TMHAMUYECKOTO MPOrpaMMUPOBAHUS
3a/1a€TCs CIAEAYIOITUM 00pa3oM:

¢1 (O’O) = O’ ¢1 (O’a) =00, A= 132’"-’ Aa

9.(0,a)=9, (na+&_D+h.(a), t#1, a=012,., A=) &
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[lepexoxn B cienymoolee COCTOSHUE OCYLIECTBISIETCS IO PEKYPCUBHOMY

COOTHOILICHHIO:

¢ (p,a)= min{(o, (p—La), min (p(p-la-x,)+k, (xp,))},

Mp<Xpt <M prixpr<a

=1
t=12,...T, p=12,..n, a=012,..,A-3¢.
7=l

[Ipu Berumciaenuu obmmx 3arpat 3amgauu (1') - (5') ¢ mpuMeHeHHWeM TaHHOM
CXEMbI IMHAMUYECKOT0 MPOrpaMMHUPOBAaHMS Ha KXJA0M dTare pemaercs 3aaayda (1) -
(3). B 3aBucuMOCTH OT pelIeHHUs 3ajauyd Ha MpeaplaylieM sTane (GopMUPYIOTCS
HAayaJIbHbIE YCJIIOBUA M OrPAaHUYECHUS HA MaKCUMAJIbHBIA pa3Mep MOCTaBKU
NPOAYKIIMU IS cleayromiero srama. [lokaxkem, 4To, MEHUCTBYS TakUM 00pa3oM,
CMO’KeM MUHUMHU3HPOBATH OOIINE 3aTPATHI.

B pamkax ogHoro nepuoja miaanupoBanus 3aaada (1') - (5') cBoguTes K 3agaye
(1) - (3), ocraroTcsi crnpaBeIMBBIMU JieMMa | U J0Ka3aTelbCTBO KOPPEKTHOCTH
ypaBHeHUs beinMana i 0HOTO 3Tarna.

CocTaBuM BcioMoratenbHyto 3aaauy (1) - (3) g nepuoaa ninanupoBaHus 7T

n
Z k. (x,;) — min,
i=1

n
leiT = ézr BEYEE
-

XiT € {0} U [ml-T, M,'T] onai= 1,2,...,7’1.

CorsacHo 10Ka3aTeNbCTBY, MPUBEACHHOMY B §3.1, /U1 penieHus JaHHOM 3a1a4u
TpeOyeTcs pelieHue 3aaaud s n-1 TOCTaBIIMKA, JUIsi KOTOPOro HEOO0XOIUMO
pewenue (1) - (3) aisa n-2 nocraBumkoB u T. 4. [Ipennoxennas cxema JII1 no3Bonsier
MIPOU3BONTH HEOOXOAMMBIC DPEKYPCHBHBIC BBIYHMCICHHA. B uWTOre mnpuxomuMm K
HEOOXO0AMMOCTH (OPMHUPOBAHMSI HAYAJIBHBIX YCIOBHM, OT KOTOPBIX OyIyT
IIPOU3BOAMTHCS JAJIBHEHNIINE pacyeThl. 3a CUET HAYAJIBHBIX YCIOBUI B JAHHOHN CXEMe
OCYILIECTBIISIETCA CBSA3b MEXKIY dTAaMU.

®opmupyem 3anauy (1) — (3) ans srana 7-1:

n
Z ki(T—l) (xi(T—l) ) — min,
i=1
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n

Z:; Xiery = 5071) + gT ~ L1

i

xir. € {0}y U [myrg), Myl onai=12,...n.

W3 pemieHust maHHOW 3a7a4d MOKHO MOJYYUTh HMH(OpPMAIMIO O CTOUMOCTH
NOCTAaBKH J11000r0 Konuuectsa npoaykiuu a = {0,1,2,....&, +&.}.

Ecnu mocne ymoBnerBopeHus: moTpebHOCTeN dTama 7-/ ocraeTcs HEKOTOPHIi
oobem mpopykuun Z,, ={0,1,2,....&,}, T0 on mepexomut B cremyrommii sTan, Ha
Hayasio oJrtana 1 wuMmeeM Z,, eauHUL Oponykuuu. CTOMMOCTb ITOCTaBKU
COOTBETCTBYIOIIETO KOJWYECTBA NPOAYKIMU B Iepuome 7-/ W3BECTHA, HO IIpHU
nepexoge kK nepuony 71 OHa JoJKHA OBITh YBEJIMUEHA Ha 3aTpPaThl, CBSI3AHHBIC C
XpaHeHueMm ToBapa. TakuM o0pa3zom (HOpMHUPYIOTCS HadallbHbIE YCIIOBUS JIsS dTara
T. ns pemenuss 3agaud Ha odTane 71-I TpeOyroTcs HadadbHbIE YCIIOBUS,
c(hOopMUpPOBAHHBIE HA OCHOBAHUM BBIYMCIICHHS] MUHUMAJIbHOW CTOMMOCTH MOCTaBOK
st stana 7-2 u 1.4, POopMHpOBAaHHWE HAYaJIbHBIX YCJIOBUM Ha IIEPBOM JTarle

Ipou3BOaUTCS Kak B cxeme [I1;.

23 TpynoemkocTh aIrOpuTMOB

Yreepxaenne 1. [TycTs ny1s BerYucieHus 3HaueHus PyHKIUU K, (xl.) JUTST JTFOOBIX

i=1,..,n, x,€lm,M,| Tpebyercs ne Gonee C omepaumii, rne C — const, Torna
TpynoemkocTh anroput™a JIT; papaa O(A- Y (M, —m, +2)).
p=1
HokaszatenbctBo: Anroputmy /Il mpu kakqoMm 3HaYeHUM a U1 HAXOXKJIEHUS

MHMHUMAJIbHOM CTOMMOCTH @(p,a) TpeOyercs He Oonee, yeM M), - m, + 2 omnepauuit

CpaBHCHMA, TaKHUM 06pa30M, 06IHCC KOJIMYCCTBO onepaum”d CpaBHCHUA, KOTOPLIC

HEO0OXOMMO BBITIOJIHATH 715 pemreHus 3aaauu (1) — (3), orpaHndeHo BETHIUHON

Ai(M,, —m, +2).

p=l
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Yreepxaenane 2. Ilycte nns BeuuciaeHUs 3Ha4YeHWs (QyHKOUH k, (xil) TS

MO6bIX i =1,...n, t=1..T, x,¢&][m, M,] tpebyercs e Gonee C onepauwuii, rae C-

1<t<T

— const, Toraa TpyaoeMkocth anroputma Il paBna O(A-T - max Z M, —m, +2)).
p=l1
JokazatenbcTBo: Anroputmy JI1 B mo6om nepuose miianHupoBanus ¢ TpedyeTcs

n
He Gomee A-) (M, —m, +2) onepanuii cpapHenus. Takum o6pazom, 3a T epuoIoB
p=l1

NIaHupoBaHus GyneT mpousseseHo He Gomee A-T-max Y (M, —m, +2) omepamuii
p=1

1<t<T

CpaBHCHMUA.
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3. I'EHETUYECKHUE AJII'OPUTMbI

OIHUM U3 HIMPOKO MCMOJIB3YEMBIX B HACTOSIEE BPEMS KJIACCOB IBPUCTUUYECKUX
AITOPUTMOB  ONTUMH3ALMU  SBISIKOTCS  reHetndeckue  anmroputMsl  (I'A),
npeanoxennsie ['ommangom [5]. B ochHoBe T'A nexuT wuaes MOJEIUPOBAHUA
pa3BUTUA TIOMYJSILIMM JKUBBIX OPraHU3MOB B TMPOILIECCE DJBOJIONUMUA WU TIPHU
MCKYCCTBEHHOU cesieKiuu. [[puHIUIIbBI HacaeACTBEHHOCTH, U3BMEHUYUBOCTHA M O0TOOpA,
chopmynupoBanubie Y. Jlappunom, B ['A peanusyroTcss B TOCTPOCHHH HOBBIX
pEIIeHN - MOTOMKOB TOCPEICTBOM CIy4YalHBIX OMEpPaToOpOB, MOIUDHIMPYIOMUX
MOJIYYCHHBIC paHEe TOYKH B MPOCTPAHCTBE pelieHui 3amaun ontumm3saruu. OToop
TaKuX TOYEK JIJII MOJU(PHUKAIIUN MPOU3BOAUTCS C YUETOM 3HAUCHMS B HUX IEJIEBOU
GyHKIUM (4eM BbIIIE MPUCIIOCOOIEHHOCTh — TeM OOJIbIIIe MIAHCHl TOYKU Ha OTOOp B

Ka4ueCTBE «POJUTEILCKOI» 0CO0n).

3.1 OO0masi cxeMa reHeTHYeCKOro aJIropuTMa

[Iycte onTumMu3anMOHHAs 3a/1a4a COCTOMT B MAKCUMHU3ALMU (MHUHUMH3ALUN)
dbyHKIIMOHANA f Ha 00JaCTH JOMYCTUMBIX pelieHud D B MPOCTPAHCTBE pelieHUi X.
[Touck pemenuii 3amaun B ['A BeaeTcss ¢ MOMOIIBIO MOMYJSIMH OCOO€H, mpuyem
KaXJasi 0co0b pacCMaTPUBAETCS KaK Mapa, COCTOSIMIAs U3 ceHomuna g u peHomuna
x(g), npeacTapisionias HEKOTOPYIO NMPOOHYIO TOUKYy mpocTtpancTBa X. ['eHoTunm g —
CTpOKa W3 | CHUMBOJIOB HEKOTOPOTO andaBuTa, HCIOJIH3YEeMOTO JII KOJUPOBKH
pemenuit B 'A. @yHKuus x(g) 0TOOpa)kaeT reHOTHUIT B MIPOCTPAHCTBO X, OMpEeiss
npeocmaenenue pemeHui B IA.

[Ipouecc momcka uAET € y4eToM 3HaueHus QyHkuuu npuromHoctu dD(g),
KOTOpasi OINpeAeNsieT CTEeNEHb «IPUCIOCOOIEHHOCTU» 0Cc00e, U mpu x(g)eD nmeer
Bua O(g) = Af(x(g))), tne ¢: R—R — HekoTOpas MOHOTOHHasA (B cllyyae 3aJaydu
MaKCUMU3AIMKA BO3pacTaroiiasi, nHade - yObIBaromas) (pyHKIUS, UCTIOIb3yeMast ISt

noBbiteHus dddextuBHOoCcTH TIoucka. Ecnu x(g)g D, To @ MoxkeT nelcTBOBaTh Kak

byHkus mwrpada.
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[lepenymepoBaB ocoOu MOMYJISIMH, €€ MOXHO IPEACTaBUTh KaK BEKTOP H3
reHotunoB G = (g;, £2...,8v ), N — unucinennocts nonyisiuu. Ha npaktuke B ['A
JIOCTATOYHO XPAaHUTh TOJBKO TE€HOTUIBI OCOOEH, TaK KaK COOTBETCTBYIOLIUE WM
(heHOTHUTIBI BCET]a MOTYT OBITH BOCCTAHOBJICHBI.

OOmas cxema ['A
1. IocTpouts HayanpHyio monysiwmio 11;

2. Ilonoxwurs t = 0,

3. Iloka He OCyIIeCTBUTCS YCIOBHE OCTAaHOBKH, BBITIOJIHSTH:
3.1. MHcnonb3ys onepatop CENEKINH, BHIOPATh pOAUTEIBCKUE 0COOU g U /1;
3.2.  C nomomibIo onepaTopa CKpeuMBaHUs MOJIYyYUTh IOTOMKOB g' U A’
3.3. Ilpumenurs k g' u h'onepaTtop MyTalNH;
3.4. Jlo6GaBUTH MOTYyYECHHBIC TEHOTHUIIHI B MOMYJISIIHIO;
3.5. Ilomoxutet=1t+ I;

4. OrtBeT: Jiyulllee U3 HAAECHHBIX PEIICHUI.

['eHOTHIIBI HayanbHOW MOMYJSIIIUM TEHEPUPYIOTCA CIydyalHbIM O0Opa3oM B
COOTBETCTBUHU C 3apaHee BRIOPAHHBIM pacIpeieIeHUEeM BEPOSTHOCTEM.

Omua u3 Haubojiee pacHpOCTPAHEHHBIX BapHAHTOB oOpranumzauuu [A -
NONyIAYUOHHASL CXE€Ma BOCIPOM3BOJICTBA, KOrja Ha Kaxjaod wurepauuu ['A Bce
reHoTHIBI HOBOH romyssnuu 11" mopokaaloTest B COOTBETCTBHE C OHUM U TEM 3Ke
pacIpesielieHHeM BEpOSTHOCTEH, ompenenseMblM TeKymieil momymsmueii 117 n
pacrpeielieHUsIMHA BEPOSTHOCTEN OMepaToOpoOB CEIEKIMU, MyTallUl U KPOCCUHTOBEPA.

Hpyroit cnoco® opranmszammu ['A — cranmoHapHas cxemMa BOCHPOHM3BOJCTBA,
KOTJla Ha Ka)IOH WTEpaluy CO3/IaeTCsl TOJIbKO OJHA HOBas 0COOb, 3aMelaronias B
NOMYJISIUKA 0COOb C HAUMEHBIIIUM 3HAYeHHEM (YHKIUU MPUTOJHOCTH, UIU APYTYIO
0c00b, BBIOPAHHYI0 TIO HEKOTOPOMY 3BPHUCTUYECKOMY MpPaBHIy, U YHCIEHHOCTbH
NOMYJISIIMA OCTaeTCsl MOCTOSTHHOW. OmnbIT Hcnoiab3oBaHus ['A mokasbiBaeT, 4TO
CTallMOHapHasl CXeMa BOCIPOM3BOJCTBA BO MHOIMX CIydasgX OKa3bIBaeTCs
NPEANOUYTUTENbHEE TMOMYISIIUOHHOW C TOYKH 3PEHHSI CPEJHEr0 BPEMEHHU IOUCKA

pCI_HCHI/Iﬁ IMPUEMIIEMOI'O Ka4CCTBA.
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[loctpoenne reHoTuna HOBOM ocoOM (ITOTOMKA) HAYMHAETCS C BBIOOpa Maphbl

POIUTENBCKUX OCOO0ed W3 Tekyled momyasiud G ¢ MOMOIIBI0 BEPOSTHOCTHOTO

orepaTopa CeJIEKIIMM, OTAAOLIEro IMpearouyTeHue Haubosee MPUTOAHBIM O0CO0sIM.
Br16op ogHOM ponuTeIbCKON 0COOM HE 3aBUCHUT OT BBIOOpA IPYyTOi.

Cpenn Haubozee paclnpoCTpaHEHHBIX OIEPATOPOB OTOOpa — OINEepaTopbl

NPONOPYUOHANLHOU W MYPHUPHOU CEJIeKIUHU. [Ipu IMpONOpPIUMOHAIBHON CENEKIHUU

BEPOSITHOCTD P(g(k’)) BeIGOpa ocobu ¢ m3 momymsmmm 11 mponopumonansHa ee

MMPpUroAHOCTH:

N

(")
=

P( (r)) ¢ git)) .
J

[lpy WCHOJB30BAHMM JAHHOTO OIEpaTopa MPEANoJiaraeTcs, 4to (QyHKIUS
NPUTOIHOCTH MPUHUMAET TOJBKO MOJIOKUTENIbHBIC 3HaYeHHs. OCHOBHOM HEIOCTATOK
IPOTIOPITUOHAIILHOM CEJIEKIIMA COCTOMT B TOM, YTO, KaK IPABHIIO, TIOCJIEC JOCTATOYHO
OOJIBIIIOTO YKCIIa UTepalMii BCe OCOOM TOMYJISIUK MOTY4aloT JOCTAaTOYHO OJIM3KHE
3HAYCHUS, ¥ BEPOSITHOCTH UX BBIOOpA CTAHOBSATCS MOYTH OJJMHAKOBBIMH.

Omneparop TYpHUPHOH CEJIEKIIMH C pa3MepoM TYypHHpA § TPH TOCTPOSHUHU
OYEPEHOTO PEIICHUS U3BJICKAET U3 TEKYIIMHA MOMYJISIMHA § 0COOCH ¢ paBHOMEPHBIM
pacrnpeneneHueM M BRIOMpPAET JIydIIyto U3 HuX. M30upaTenbHOCTh ATOro crocoba He
U3MEHSCTCS B MpoLecCe pabOThl aIrOpUTMa M HE 3aBUCUT OT BUAa (DyHKIUH
npurogHocT. IlocpeacTBoM BbIOOpa pa3Mmepa TypHHUpPA § MOXKHO PEryJIHpOBATh
UHTCHCHBHOCTD CCJICKIIHH.

K BBIOpaHHBIM FeHOTHIAM C (PUKCUPOBAHHON BEPOSTHOCTBIO Pypss IPUMEHSICTCS
orepaTop KPOCCHHIOBEPa, KOTOPBIN 3aMEHSIET YaCcTh TCHOB OJHOT'O I'EHOTHIIA TCHAMM

npyroro. OnepaTrop 00HomoueuHo20 KPOCCUHOTOBEPA IEUCTBYET MO CXEME:

Pomurens 1 IToromox 1

v

Pomurens 2 [ToTromok 2
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CrnyuaiinpiM 00pa3oM BbIOMpaeTcsi Touka paspeiBa j or 1 mo [-1. Kaxnmprit
POIMTENBCKUM T'€HOTHI JIEJIUTCS Ha JIBE 4acTh (IepBas — C HOMEpPaMH I'€HOB, HE
MIPEBOCXOSIIMMU j, BO BTOPYIO IMOMAJAI0T OCTABIIMECS T'€HbI). [ €eHOTUIIBI TOTOMKOB
MOJIy4ar0TCsl TPUCOCIUHEHUEM BTOPOM YACTU OJHOTO U3 POAUTEINICH K NEPBOM YACTH
JIPYrod pOUTEIILCKON 0COOH.

/Jleyxmoueunsiti KPOCCUHTOBEDP BBIOMPAET JABE TOUKHU Pa3phbiBa, U POJUTEIHCKUE
TeHOTUIIBI «OOMEHHMBAIOTCS» TOW YacThbl0, KOTOpash HAXOIUTCS MEXIy JTHUMH
TOYKAMH.

[Ipy wucnonb30BaHUM YHUPDOPMHO20 KPOCCHHTOBEpPAa OOMEH MPOUCXOIUT B
Ka)KJIOM I'€HE HE3aBUCUMO C BEPOSTHOCTBIO V2.

[TonydeHHBI TIOCJIE KPOCCUHIOBEpPA F'€HOTHUII MOABEPTAETCS MyTallUH, KOTOpas
BHOCHT Ciy4aiiHble u3MeHeHus: B 0coOb. Yamne Bcero B I'A ucnonb3yeTcst oneparop
MyTallii, KOTOPHIH B COOTBETCTBUM CO cXeMoi bepHymin ¢ ¢ukcupoBaHHOMN
BEPOSTHOCTBIO MYTAlUU p,,,; U3MEHSAET 3HAUEHUS I€HOB, 3aMEHSAS MX CIyYailHBIMHU
CHUMBOJIaMU COOTBETCTBYIOIIUX aNi(haBUTOB.

B kauectBe KputTepusi OCTaHOBKM ['A HUCHONB3YIOT OrpaHUYEHUE IO YHUCITY
uTepaluii, BpeMeH:u paboThl WM TOCTHXKEHUE ontumyma. Pesymbratom padotsl ['A

ABIIAETCS JIYUIlee U3 HAWJICHHBIX PEIICHUM.

3.2 I'eHeTHMYeCKHUI AJITOPUTM JJISl 3212a4H O MOCTABKAX MPOAYKIUH

Jlns npumenenust onucanHod B §3.1 cxembl ['A mpu penieHHMH KOHKPETHOM
3a/1a4yu HeOOXOAMMO OIPENEIUTh CIIOCO0 MPECTABICHUS PEIICHHUS B BUJIC TCHOTHUIIA,
(GYHKIHIO TPUTOTHOCTH, OTIEPATOPHI MYTALIMH, CENEKIIMH U KPOCCUHTOBEPA.

Omnuiem ocodennoctu I'A, pazpaboranHoro s pemenus 3aaauu (1') - (5).

KaxxgoMy pelieHuto cTaBUTCS B COOTBETCTBUE T€HOTHUI, IPEACTABIISIIOIINIA COOOM
BEKTOp JUTUHBI 1T ¥ TIOyYeHHBIN ¢ TOMOIII0 andasuta u3 4-x cumBoios: 0, 1, 2, 3.
['eHOTHIT YCITOBHO MOXKHO pa3OuTh Ha 1 4YacTed, COOTBETCTBYIOMMX I TEepuoaam

IJIAHUPOBAHUA. B K&)I(I[Oﬁ 13 3TUX YacTeu COACPIKHUTCA 71 TCHOB, COOTBECTCTBYIOIINUX
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nocraBiukaM. Takum o0pasom, reH g, . KOAMPYET MHPOPMAIUIO 00 OTKPHITHH

IIOCTaBKHU HPEANPHUATHS [ B TIEPHO/IE L.
8iini-ny = 0= Xit = 0,
8- = l< Xit = Mir»
8iin-n = 2e Xe =M
gi+n4(t—1) = 3 A {O} U [mn, Mit]’
raei=1,...n t=1,.,T.

CormacHo nemMme 1 CymeCTBYCT OITHUMAJIBHOC PCHICHHUC, I'CHOTUII KOTOPOI'o
UMEET CIEAYIOIIYI0 CTPYKTYpPY: B KaKIOM IEPUOJE ! CYIIECTBYET €IWHCTBEHHOE

MPEANPUATHUE I, 111 KOTOPOTO g 3.

i+n-(t-1) =

Ecmmu g #3, TO TEH C PaBHON BEPOATHOCTHIO MOXET MPUHUMATH JII000E

i+n-(1-1)
3Hayenne oT 0 mo 2. OpHako, ecny MOTPeOHOCTh HAa JAaHHOM JTane OJiu3Ka K
MaKCUMaJlbHOMYy 00beMy MPOAYKIHMH, KOTOPbI MOTYT TpEAJIOKUTh BCE
MOCTaBIIMKHA, TO UMEET CMBICI OTKa3aThCs OT PAaBHOMEPHOIO PACHPEICNICHUS U C
OoublIel BEpOATHOCTHIO MPUCBANBATh T€HAM 3HaUeHUE 2. AHAJIOTUYHO, YeM MEHbIIIE
NOTPEOHOCTh, TEM C MEHbILIEH BEPOATHOCTHIO I'eH MPUHUMAET 3HAUCHUE 2.

[Tpu Takom ciocobe KOJUPOBKH MOTYT BO3HUKATh OCOOHM, HE COOTBETCTBYIOIINE
JOMyCTUMBIM pelIeHusIM. BO3MOKHBI /1Ba BapuaHTa HECOOTBETCTBHS: KOJIUYECTBO
MOCTABJICHHOW MPOIYKIIMH MOXET OBbITh OOJbIlle HEOOXOJUMOro 00beMa, a MOXKET
OBITH HEIOCTAIOLINM, J1aXKe C YUETOM IOCTaBOK, 3aKOJIMPOBAHHBIX CUMBOJIOM «3». B
ATOM ciaydyae K (YHKIMM NOPUTOJHOCTH  ocodu  nmobaBisercs  mTpad,
IPOMOPIUOHATIEHBIA OTKIOHEHHUIO OT HE0OXOJUMOTO pa3Mepa MOCTaBKH.

BriOpannas konupoBKa MpeanosaracT Ha KaXI0M dTare OJIHy ITOCTaBKY, pa3Mep
KOTOPOI HE ompe/eieH. 3Hasi pa3Mepbl OCTANIbHBIX MOCTABOK U MOTPEOHOCTH Ha BCEX
sTamax, (GOpMUPYEM HOBBIE MOTPEOHOCTH, YAOBIETBOPEHHE KOTOPBIX OyAeT

IMPOU3BOAUTHCA 3a CUCT TCX IIOCTABHIMKOB, IJId KOTOPBIX g =3. Pa3Mepr

i+n-(t—1)
3daKa30B, 3dKOAWPOBAHHBIX CHMBOJIOM <<3>>, HCO6XOI[I/IMO ONnpe€ACIUTL Tak, YTOOBI
INOJYYHUTh KaK MOXHO MCHBIICEC OTKIIOHCHHUEC OT TpC6yCMOFO KOJIMYECTBA TOBapa U

MUHUMH3UPOBATh 3aTpaThl Ha €ro mnpuoOpereHue. Takum 00pa3oMm, BBIUUCICHHE
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3Ha4YCHUA (I)YHKI_II/II/I MPUTroaAHOCTHU IJIsA K&)KI[Oﬁ ocooun CBOJIMTCA K 3a4a49€C YIIPABJICHUSA

3arnacamMu:
T T-1 )
>k (x,)+> h (z,)— min, 1"
=1 =1
2, =t X — ft , t=12,.,T, 2"
Zt 20, t =1,2,...,T_1, (3!1)
ZT = 0, (4n)
xt € {0} U [mt, Mt]’ t:1,2,...,T. (5!1)

Pemenue 3amaun (1") - (5") MOXeT OBITH peIM30BAaHO C TMTOMOIIBIO ANTOPUTMA
AIL

Jlist hopMupOBaHMS HOBOW MTOMYJISIIMKA POAUTEIIHCKUE TEHOTUITBI BEIOMPAFOTCS C
MIOMOIUIBIO OIlepaTopa 2-TypPHUPHOU CENEKLINH.

C (GuUKCUpPOBAHHOW BEPOSTHOCTBIO  Prross K POAUTEIBCKUM  T€HOTHUIIAM
MIPUMEHSAETCS ONEPATOp CKpElIMBaHMs. B HaHHOW 3aJadye yMECTHO HCHOJIb30BAHUE
OJIHOTOYEYHOTO WM ABYXTOYEUHOIO KpOcCHMHToBepa. B o0oux ciydasx paspbiB
POIUTENHCKOW OCOOM TMPOMCXOAUT MEXKIy IByMsi dtamamu. [lonokeHue TOUYKH
pa3phiBa BEIOUPAETCS CITy4alHBIM 00pa30M C paBHOMEPHBIM PaCIIPECIICHUEM.

JlelicTBue omepaTopa MYyTallMd ITOOYEPEIHO PACIHPOCTPAHSETCA Ha YacTH
T€HOTHIIA, COOTBETCTBYIOIINE MEPHUOIAM IUIAHUPOBaHUs. Ha Kax/10M W3 3THX 3TAIoB
omnepaTop MyTallMH BBIMIOJIHSET BA TJIABHBIX IIara:

[IIar 1. Oneparop MyTauuu C ONPEACICHHOW BEPOSITHOCTBIO P, U3MEHSET
MOJIO’KEHUE CUMBOJIA «3».

[Ilar 2. B cootBercTBUHU CO cxeMoi bepHysum ¢ onpeieieHHON BEPOSITHOCTHIO
P OTIEPATOP MYTAIMH 0001 cuMBO OT O 10 2 ¢ paBHOW BEPOATHOCTHIO 3aMEHSIET
KakuM-J1100 cumMBosioM andasurta ot 0 10 2.

[TonydeHHbIE B pe3ynbTaTe MIPUMEHEHUS ONIEPATOPOB CENEKLNH, CKPEIIUBAHUS U
MyTald 0COoOM JOOAaBJISAIOTCS B TEKYUIYIO MOIMYJSILMIO, 3aMEHssi B HEl ocobei ¢

Hanxyz[meﬁ MpUTrOoAHOCTBIO.
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4. BBIYUCJ/IMTEJIBHBIE DOKCIIEPUMEHTbBI

B nacrosiiuem — maparpade  NpUBENEHBI  PE3yJbTaThl  TECTUPOBAHUS
PAaCCMOTPEHHBIX paHEe AJIrOPUTMOB M HMX CPAaBHEHHE C JPYTMMH H3BECTHBIMHU
aNrOpUTMaMH, HMCIHOJIB3YIOIIUMUCSA [JI1 PELICHHUS pacCMaTpuBaeMbIX 3ajad. s
IPOBEICHUS] HKCIIEPUMEHTOB aJITOPUTMbl ObUIM peanu30BaHbl Ha s3bike C++ U
TecTupoBaiich Ha DBM ¢ takToBOi wactoToil mpoueccopa 1,8 I'Tu. B kauectse
TECTOBBIX NMPUMEPOB HCIIOJIb30BAIUCH 3aJa4M, TaHHBIE B KOTOPBIX N'€HEPUPOBAJIUCH
CIIy4aiiHBIM 00pa30M.

Jis pemenus 3anaqum (1) — (3) C.C. YHayxan u X.-M. Ilpot B [4] npennoxunu
sBpuctuueckuii anroput™ NPSM ( N Providers and Single Manufacturing unit),
HAXOASAIIUN TPUOIMKEHHOE PEIICHHUE.

B [4] npuBomsTCs pe3yAbTaThl YUCIEHHBIX HKCIEPUMEHTOB II0 PELICHUIO
OJIHOATAITHOM 3a/lauyu O TMOCTABKAaX C IMOMOIIBIO MPEIIONKEHHOTO MPUOIMKEHHOTO
anroput™Ma NPSM.

[To ycnoBusiM 3ajauu, onucaHHou B [4] Mbl UMeeM 6 MOCTABIIMKOB, HUXKE IS
HUX TpUBEIEHbl (YHKIUM CTOMMOCTH, a TaKKe HIDKHSASA M BEPXHSSI TPaHUIBI
WHTEpPBAJIa BO3MOXKHBIX IMOCTABOK:

0 ecrm x=0
a. k,(x)= : m, =20, M, =100,
p,x+2 ecmm x>0

0 ecmm x=0

b. ky (x) =

4—e P ecmu x>0/

0 ecmn x=0
7—

c. k.(x)= px , m. =10, M =50,

e eciau x>0 ¢

ecim x>0

0 ecom x=0

0 ectm x=0
d. k,(x)= pdx+ , m, =40, M, =120,
e. k,(x)= {

1+p,x ecnn x>0)
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0 ecmtnu x=0

f. kf (x)=

5-e " ecm x>0|

C nomompto anroputma JI1; Ob110 pemeno 20 3aga4 (1) - (3). B kaxmoit 3agaue
BPYYHYIO BBOJWIMCH IApaMeTpel P,,P,,P.>Pq>P, U P, . Pemienus, mnojlydyeHHbIe

TOYHBIM aJITOPUTMOM, CPABHUBAINCH C pPELICHUSMH, MPUBEACHHBIMU B [4].
Pe3ynbTathl sKcnepuMeHTa TNpuBENEHBl B Tabmuie | B mpuioxeHHH (B CKOOKax
yKa3aHbl 3HAYCHUS, TOJYyUYCHHBIE C TOMOIIBI0 anroputMa I1;). M3 3Toil Tabmuiis!
BUJIHO, YTO PELICHHUs, HANJEHHBIE C MOMOIIBIK aiaroputMa /III; COBMAJAKOT C
TOYHOCTBIO JI0O BTOPOTO 3HAKa C PENICHUSMH, HaWJECHHBIMH TPUOINKECHHBIM
anroput™MoM. B 3amaue Nel7 3amedeHO CyIIECTBEHHOE PACXOKICHHUE IMOJYYEHHBIX
sHaueHu meneBbix Qyukmuit (30,02 - gns NPSM wu 39,00 — qst [111;). BekTopsr
OTNITUMAJIHbHBIX TIOCTABOK B 000MX CITydasiX OJIMHAKOBBI.

B xone skcrnepuMeHTOB HcclieloBaHa 3aBUCHUMOCTb MEXKIY BPEMEHEM padOThl
anroputMa I, W BEPXHEHM TpaHHULEH IOCTaBKA - mnapamerpoMm M. BxoaHbIM
napaMeTrpaM ObLIA MPUCBOEHHI cienytomue 3Hauenus: 4 = 10000, n = 100, k; =1,
m;=100,i=1,2,...,n.

B xome skcmepumenta Obuto mpoBemeHo 20 TecToB, 3HaueHHWS M TIpH 3TOM
m3MeHsuch oT 0 1o 20000. Pe3ynbTaThl C€puu TECTOB MPEACTABICHBI HA puc. |1 B
MPUIOKECHUH.

n
IToxa M MeHbliIe A, KOJTUYECTBO ONEpaALIMil CPABHEHUS PABHO A-Z(M ,—m,+2)
p=1
3aBUCUMOCTh OJNlM3Ka K JIMHEWHOM, Kak TOJbKO A CcTaHOBHUTCS Ooublie M,
n
KOJIMUECTBO OIEpalUii CPaBHEHHS CTAHOBHUTCS PaBHBIM A'Z(A—mp+2), NaHHAas
p=1
BEITMYMHA SIBIIICTCS MOCTOSHHOM, TO3TOMY rpadUK MPUHUMAET COOTBETCTBYIOIIHMA
BH/I.

[Tocne 00600HIEHNST CXEMBlI JUHAMUYECKOTO MPOrpaMMHPOBAaHUSA Ha HECKOJIBKO
stanoB anroput™ JII 01 3amporpammupoBas. st mpoBepKu pabOThl alIrOpUTMA
pELIEHUs TECTOBBIX 3a/1a4 HAXOJMUJIUCh ¢ moMoulpto anroputMa JII u mporpammHoro

nakera OPL Studio (CPLEX MIP Solver 6.5). Bo Bcex paccMOTpeHHBIX MpUMepax
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MOJyYEHHbIE OTBETHI coBHajanu. OIHOBPEMEHHO MPOBOAMIICS BBIYUCIUTEIbHBIN
HKCHEPUMEHT, B XOJI€ KOTOPOTO CPAaBHUBAJIOCH BPEMs, HEOOXOAMMOE JJIsl PEeIICHUs
3agaun (1) - (5') ¢ momompro anroputma JIII u CPLEX MIP Solver 6.5.
DKCIepUMEHT MPOBOJIUIICA B IByX HANpPABICHUSAX:

1. KomuuectBo mnepuogoB mnoctoaHHO (7=10), KOJMYECTBO MOCTaBIIMKOB
BO3PAaCTaET, HA MPOTSHKEHUU dKcIiepuMenTa n uaMeHsoch ot 300 o 10000;

2. B 3ToM ciydae KOJIMYECTBO NMEPUOJIOB Bo3pacTaeT U u3Mmensercs ot 300 mo
1000, KOIMYECTBO MOCTABIIUKOB Ha MPOTSIKEHUU IKCIIEPUMEHTA MTOCTOSIHHO.

Pe3ynbTaThl mpuBeneHbI B TAOJIHIIE:

B aByx mocimegHMX CTONOINAX KaXAOW TaOMUIlBI yKa3aHO BpEeMsS PEIICHUS

3a7a4u, (B CEKyH/1axX).

n T CPLEX | AII n T CPLEX | JII
2000 10 2,59 1,734 10 300 0,55 10,3
3000 10 3,30 2,594 10 400 0,66 18,3
4000 10 4,39 3,453 10 500 1,15 28,7
5000 10 5,55 4,313 10 600 1,43 41,5
10000 10 12,53 | 8,672 10 700 1,60 56,5

Ha 3amagax mampix pa3MepHOCTEH BpeMsl HaXOKIEHHUs pelIeHHs B 000X
cinyvasix MeHee cekyHnbl. [Ipu mocrossunom 7 u yBenuuenuu n Il maer myumiue
pesynbrarsl (npu n=10000 anropurm /Il Haxomut otBer B 1,49 pasa Owictpee).
OpxHako npH yBEITUYEHUHU KOJIMYECTBA 3TAIOB MOSBISECTCA CYLIECTBEHHAs Pa3HULIA BO
BPEMEHH, 3aTPAyE€HHOM Ha peuieHue 3agauu, nomuHupyer CPLEX MIP Solver 6.5

(mpu T = 700 anropurm JII pabortaer B 35,3 pa3a noisbliie).

Ha pabGoty ['A 3HaunTensHOE BIMSHHME OKa3bIBAIOT 3HAUYEHHUS MapameTpoB. B
XO0J1€ IKCIIEPUMEHTOB ONPOOOBaHbI Pa3IMYHbIe HACTPOUKHM napameTpoB ['A.

Bo Bcex tectoBbix 3amadax g 'A n = 10, T = 10. OctanbHble mapaMeTpbl
3aJlaBAJIMCh CIy4YalHBIM 00pa3oM M3 OIpPEAEIIEHHOro MHTepBana. Kaxaplil pasz mpu

3amycke nporpammel ['A craproBan 100 pa3, nmocie 3aBepiieHus paboThl IporpamMma
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BbIJlaBaja CpeaHee apu(PMEeTHUYECKoe CTa MOJYYCHHBIX PEIICHUH U KOJWYECTBO
HAaWJICHHBIX ONTUMAJIbHBIX PELIEHUM.

Onpenenenue BIMAHUS TApameTpa p,, Ha pabory amropurma. B xoxe
AKCOEPUMEHTA P, U3MeHsuics oT 0,001 mo 0,3. Yucnennocts nonymsuuu N = 90. Ha
OCHOBaHMM TOJYUYEHHBIX JaHHBIX MOCTpoeH rpaduk (puc. 2), MOKa3bIBAIOIIMIMA
BIIMSIHUE YPOBHS MYyTallMM Ha OTKJIIOHEHWE HAWIEHHOTO PEIICHUS OT ONTHUMAIbHOTO.
Haumnyumux pesynbraroB ynanoch goctuub npu 0,0114< p,., <0,0256. Ilpu
3HAYEHUAX Py, BXOMAIIMX B JAaHHBIM HHTEpPBaJl, CpPEIHEE OTKIOHEHHUE OT
ONTUMAJILHOTO pPEIIeHUsl cocTaBisieT He Ooisiee 1,2%, a BEpOATHOCTh HAXOXKIACHUS
onTUManbHOro pemeHus - 70%.

IIpu p,., = 0,015 u omnMcaHHBIX BBINIE YCIOBUSAX ONPEACNAIOCH BIIUSHUE
yucieHHoctd nonymauud N Ha padoty ['A. KommuectBo ocoOeit B MOMysIIUH
u3meHsuioch oT 15 mo 400. HanMeHpliee OTKIIOHEHHE OT ONTUMAJIBHOTO PEIICHUS
nocturanoch npu Ne (40,130). B stom ke mHTepBasie HaOII0IaIach HAMOOJbIIAS
BEPOSITHOCTh HAXO0XKJACHUS ONTUMAJIBHOIO peuieHus. Pe3ynbrarel MpeacTaBlieHbl Ha
puc. 3 B IPUIOKEHHH.

B I'A ¢ HEKOTOPOI BEPOSATHOCTBIO P,yp5s UCIIOJIB3YETCS ONEPATOP CKPEIINBAHM.
[IpoBeleH SKCHEPUMEHT 110 OMNPEACIICHUIO 3aBUCHUMOCTH MEXIY MOJIYYEHHBIM
PELIEHUEM U BEPOSTHOCTBIO KPOCCHHrOBepa. B Xo4€ AKCIEpUMEHTa 3HAUCHHE P ross
u3Mmensuiocb or 0 nmo 1. B Tabmuue 5 mpuBeneHbl pe3yibTaThl SKCIEPUMEHTA.
Hanuuue wim OTCYyTCTBHE oOmeparopa CKpPEIIMBAaHUS HE OKa3bIBAE€T CHUJIBLHOIO
BIIMSHUSL HA CPEJHIOI CTOMMOCTH pEIIeHUs, MoiaydyeHHoro ['A, oHO AoCTaTOYHO
OJIM3KO K onTUMalibHOMY. OJHAKO, TIPU MCIOJIb30BAHUM KPOCCHUHTOBEpPA B JAHHOM
IIPUMEpPE YBEIMYMBACTCA KOJIMYECTBO HAWJECHHBIX ONTUMAJbHBIX pemenui. Ha
OCHOBaHMM TIOJIYYCHHBIX OKCIIEPUMEHTAJIbHBIX JIAaHHBIX TOCTPOEH Tpaduk,
MOKA3bIBAIOIINI BIUSHUE BEPOSITHOCTH KPOCCHHIOBEpPa HA YAaCTOTY HAaXOXKIACHUS
onTuUManbHOrO pemeHus (puc. 4). B Tabnmme 5 ykazana yacToTa HaXOXKICHHS
ONTUMAJIBHOTO PEILICHHS NIPU CTa 3ammyckax ['A.

Bpemss pabotel moctpoeHHoro ['A CymIeCTBEHHO MPEBBIIIAET BpEMs,

3aTpayeHHOe Ha mouck pemienust anroputMoM [II. Tak, Hampumep, s pelieHHs
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3amaun (1) — (5) ¢ n = 20, T = 10 anmroputmy AII tpedyercsa 0,11 cexynasl, a 'A
HaxXOJUT ONTHUMAJIbHOE PEIIeHHE ¢ BeposATHOCThIO 90% B cpenHeM 3a 33,7 CeKyHIbI
(IPOOKUTENHHOCTE OJHOTO 3amycka kosiebamack ot 19 no 45 cekyHn).
JlonoJIHUTENbHBIE SKCIIEPUMEHTHI IMOKa3ald, YTO MPU YBEIUYECHHH Pa3MEPHOCTHU
3a/1a4M pa3HUIIa BO BpeMEHHU pabOoThl aJITOPUTMOB CTAHOBUTCS €111 00JIee Oy TUMOM.
[IpencrapisieTcst Heleneco00pa3HbIM IPUMEHEHUE TTOCTPOSHHOT0 BapuanTa ['A

K peHIeHUIO0 3aJad JaHHOW CTPYKTYypbl. MOXXHO MpPEANOJIOXKUTh, YTO TMOJ00HAS
CUTyaIlusl SBJISETCS TUIUYHOW JUIS 3a7a4, pa3pelIdMbIX ICEBIOMOJIMHOMHATBHBIM

AITOPUTMOM.
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3AKJIIOYEHHUE

[IpoBeneHo wuccienoBaHWE OJHOATAMHOM 3aJayd O TMOCTaBKaX MPOIYKIIUH,
peanu3oBaH AJTOPUTM JTUHAMUYECKOTO MPOTPAMMUPOBAHUS ISl PELICHUS] JaHHOU
3a/1auu.

OpHosTtanHast 3amaya 000OIIEeHA [JIi HECKOJIbKMX MEPHOJ0B IUIAHWPOBAHUS,
MPUBEICHBI COJEpKaTebHAs TOCTAHOBKA W (opMalbHAs 3alUCh MHOTOITAITHOM
3a/laun O MOCTaBKax MpoayKuuu. [IpensioxkeH anroputm ee perieHusi, OCHOBAHHBIM
Ha TEXHUKE JUHAMHYECKOTO MPOrPAaMMUPOBAHUS, BBINOJHEHA OLIEHKAa €ro
TpynoemMKkocTu. Pa3paboTan m peann3oBaH TCHETHYECCKUN aNTOPUTM JJIS PEIICHUS
paccMaTpuBaeMoM 3aJjauM, CXeMa KOTOPOIro YUUTHIBAET OCOOCHHOCTH TTOCTAHOBKH.

B Xxone BBIYMCIUTENBHBIX SKCIOEPUMEHTOB YCTAHOBIIEHO, YTO CYIIECTBYIOT
3a/1aud, Ha KOTOPBIX Jy4dlllM€ pe3yibTaThl JAaeT HCIOJIb30BAHHE MPOrPAMMHOIO
nakera OPL Studio, u 3agauu, npu pelIeHUH KOTOPBIX MPEUMYIIECTBO HUMEET
NPEVIOKEHHBIM aJITOPUTM AUHAMHUYECKOTO MNpPOrpaMMHUpPOBaHUS. PaccMOTpeHHbIe
IpUMEPHI MOKa3alM, YTO JIIOOOW M3 3TUX METOJOB paboraer 3(ddexkTuBHEE, YeM
MOCTPOCHHBIM TeHeTuYecKuil anroput™m. OJHAKO, BO3MOXKHO, YTO IPUMEHEHUE
TEHETHYECKOr0 ajropuTMa OKAXKETCSd TOJIE3HBIM MpPH PEIICHHUH MHOTO3TaIHOM

3aa4d O ITOCTAaBKax IIPOAYKIUHU B CIIydaC MHOT'UX HOTpC6PIT€J'I€ﬁ.
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