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Annortarmua—B crarhe paccMaTpuBaeTcs 3ajada COCTABJIEHMSI MHOIOIIPOIIECCOPHOIO PACIIHACA-
HUs COCTABHBLIX (MOJYJIbHBIX) paboT ¢ GaJaHcoOM [0 BPeMEHHBbIM uHTepBajaMm. [lpuseseH 06-
30D JMTEPATYPhl 0 GJU3KUM 3aJa9aM I[JIAHUPOBaHUs TUlla “rouno-BoBpeMs’ (just-in-time).
IIpennoxkena HOBast MOJIEb TIJIAHUPOBAHUS JIJIs UCcyeyeMoit 3aadun. OnucaH MILTIOCTPATHB-
HBIl IPUMeED IIJIAHUPOBAHUS B CTPOUTENIBCTBE C YIETOM COIVIACOBAHUSI TPOU3BOJICTBA [TAHE e 1
IIPOIECCOM COOPKU JIOMOB HECKOJIbKUME OpUTaaMu. DBPUCTHIECKAs] CXEMa PEIIeHUs] BKIIFOYAET
sranbl: (1) KJIacTepusanus UCXOJHOIO MHOKECTBA CTPOUTEIHHBIX u3/ieauii (naneeit u ap.) mis
[TOJIy9eHUsT BOCBMHU 0A30BBIX I'PYII, KOTOPbIE COOTBETCTBYIOT IIPOM3BOICTBEHHBIM KOHBeepaM;
(i) mocTpoeHne HpeABAPUTEIILHOIO IUIAHA COOPKH JJOMOB (TOPU30HT ILUIAHMPOBAHUS - IPUMEPHO
nBa rona); (iii) BbIIEIEHNE BpeMEHHBIX MHTEPBAJIOB € HAPYIIEHNeM GAJIAHCA TI0 CTPOUTETBHBIM
uznenusiv; (iv) Momudukanus miana c6opku goMoB. KpaTko yKaszaHO 0 BO3MOYKHOM IIPHJIOZKE-
HUU 33J1a9U B Iiepegade nHMOPMAIIHH.

KJIFOYEBBIE CJIOBA: mHOrOmpoIieccopHble pacincaHms, KOMOMHATOPHAsST ONTHMMI3aIms, Oa-
JIAHC TI0 HHTepBaJjaM, OajJaHCHas KJIacTepU3allisi, CTPOUTEILCTBO, SBPUCTUKH,

1. BBEJAEHUE

BaszoBblil B3mIsi1 aBTOpa Ha 3a/@4n OaIaHCHOI KJIacTepu3alin cojepkarcs B paborax |65, 66].
B namnoii craThe onmcana crenuaabHas HOBas 33/1a4a MHOT'OIIPOIIECCOPHOTO IIJTAHIPOBAHISA COCTAaB-
HBIX (MOJLY/IBHBIX) paboT ¢ GaaHCcoM 110 BpEMEHHBIM MHTepBajaM. IIpu 9roM ncmosb3yercs ciemy-
fomast uepapxust: (1) MHOKeCTBO 6a30BBIX 9I€MEHTOB (MOJYyJICt); (2) MHOXKECTBO COCTABHBIX PaboT
(3amanmit) JyIst MHOTOIIPOIIECCOPHOTO PACIHCAHNS, COCTOSIINE U3 YKA3aHHBIX OA30BBIX JIEMEHTOB;
(3) pesysbTHEpYIOIIEe MHOTOIIPOIIECCOPHOE PACIUCAHIE C yIETOM OIPAHUYEHUE B BUJIE [IPOLIOPIUH IO
HCIIOJIb30BAHHBIX 0a30BBIM 3JIeMEHTaM Ha KarKJIOM BPEMEHHOM HHTepBaJie. /[lanHoe mcciemoBanme
OCHOBAHO Ha CIeIMaJILHOIN 3ajaue COCTaB/IeHUd PaCIUCaHusd ¢ ydeToM OajiaHca 110 BpeMeHHBbIM HH-
TepBaJiaM, HCIOJb30BAHHON JJIA NIaHUPOBaHUA cOOpPKH KIIbIX JoMoB. Ha Puc. 1 mpencraBiens
OCHOBHBIE THIIBI 33J[ad IIJIAHUPOBAHU 110 MeTojosorun “rouno-soBpemst” (Just-In-Time - JIT). B
KOHIIE CTaThU KPATKO YKa3aHO BO3MOXKHOe IIPHJIOXKEHUe B Iepejiade jaHHbIX. CrarTbs 6asupyercs
Ha IpeJBapuTeIbHOM Marepuase [67).

! Uccnenosanme somosseno B UTITIN PAH 3a cuer rpanra Poccmiickoro Hayusoro ¢dpoma (upoexr 14-50-00150).
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P%CHI/IC&HI/IH Tuna earliness-tardiness "
(“npexk IeBpeMeHHOCTb-3aa3/ bIBaHue” )

[10,30,31,99, 106,108,115

>

WurepBanbible pacuucanus [51,57,90]
(r.e. ¢ HPUKCUPOBAHHBIMU MOMEHTAMU
HauaJia U OKoHvaHus, |7,8,121],
pacnucanus ¢ (PUKCHPOBAHHBIMHE
unrepsajgamu [15,54])

Maxkcuvmzarnus ancaa JIT pabor
[24,41,103,104]

MuoromnpomeccopHbie
pacInCaHusI

>

MuanMu3aIms anuciaa paboT ¢ 3ama3abiBa-
ureM (tardy) [48,76, 83|

>

Pacnucanus ¢ Ha3HAYEHUEM K MOMEHTY
okonuanust (due date) [36,37,61]

L

Pacnmcannst ¢ Ha3HAYEHNEM K BPEMEH-
Homy okHy (due window) [45,85,122]

MOJYJILHBIX PaboOT

¢ baJiancom
110 MHTEPBAJIA,

Puc. 1. Ocrosuble 3a1aun wranuposanus tuna Just-In-Time (JIT)

2. O PACIIMCAHUAX TUITA “TOYHO-BOBPEM” (JUST-IN-TIME)

Cucremsl mianupoBanust pacrmcannii Tuia “rouno-soBpeMs’ (Just-In-Time JIT) mwm (Kan-
ban cucreMbl) UMEIOT MIMPOKOE PACIPOCTPAHEHUE B IJIAHMPOBAHUH [POU3BOJICTBA M CTPOUTE/Ib-
crBa [3,46,52,93,94|. 3anaun mwianuposanus tuna JIT npegcrasisitor coboit MOIegn Ha OCHOBe
npuHIMIa “IpexKieBpeMeHHoCTh-3ana3 piBanne’ (earliness-tardiness) |5, 6, 30, 31,46, 61, 69, 93, 99,
100,108,115,117] u momenu unTepBaidbHbIX pactucanuii (interval scheduling) [51,54,57,90]. Ilpu
9TOM MPEJII0JIAraeTCsl, 9TO UMEIOTCsS PAOOTBI, BBIIOIHSIEMbIE TOYHO BO BpeMsi (T.e., K 3aJaHHOMY

MOMEHTY BpeMeHU) H mTpadyrorcs paboTy, BBIIOJHEHHBIH IIPEKIEBPEMEHHO U C 3alla3/[bIBAaHUEeM.

asnee npuseien kpaTkuii 0630p 10 NCCIIEIO0BAHUAM B 00JIACTH METOI0JI0OINH IIaHIpOBaHust Just-In-
Time (JIT): (a) o6mue Bonpocsr pacuucanus tuna JIT (Tabmuna 1), (6) moxenn paciucanuii Tuna
JIT (Tabmuma 2), (B) meromsr dopmuposanus pacnucanus tuna JIT (Tabmuna 3), (r) 6asosbe
upuioxkenust pacuucanus tura JIT (Tabunua 4).

Ta6auma 1. OcHoBHbBIE BOIIPOCHI B MeToj10J0ruu ianupoBanus JIT

Howm. | Uccnenosanue

Hcrounuk

S CU W

1. | JIT dbunocodust, ocnoBHbIe 0630pbI (MOZEIM, METO/IbI, IIpujoKenusi) | [3,46,52,93,94]
JIureparypubie 0630psl (cucrembr JIT, cucrembr JIT-KANBAN)
Cucrembl yrpasienus tuna JIT B crpoutesbcrie

VipasjieHue Ipou3BOICTBEHHBIME ITOTOKaMu B cucremax JIT
Metoostorusi po6acTHOrO IPOEKTUPOBaHKst B cucreMax Tuna Kanban | [82]
YpoBHeBbI# 10/1X0 K TTpou3BoicTBeHHBIM JIT cucremam

[35,46,101]
92]
(73]

[34]

Hurke onucannbt JABa YIIPOIIEHHBIX NMJIJIIOCTPATUBHBIX IIPpUMEDPAa.

PaccmarpuBaercst ncxogHoe MHOXKeCTBO pabor (3amanuit) A = {ay, ...

HbIC:

(a) Bpemst 06paborku (BbimosiHeHUs1) paboThl 6(a;); Ya; € A;

y Ay oeey G}, IMEIOTCS JTAH-

(6) obumit ropusont tanuposanus [0, 7] st 06paboTku paboT MHOKeCTBa Aj

(B) BpeMeHHOII MHTEpBaJ i1 06pabOTKN paGoTH @; (T.e., HAYAJIbHBII MOMEHT U MOMEHT OKOH-
. a; — [4+3i 405 a; a;, 44 404
ganmst): A% = [t{%, t5°], 1" < t5°; ¢1°,t5" € [0,T7).
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Tabmuma 2. Hekoropsie Tunosbie 3aa4un pacuucanuit JIT
No. | 3azaga Wcrounuk
1. | O63op 3ama4 ¢ Mmakcumuzanueil dnciaa JIT pabor [104]
2. | Makcummzanus B3semnternoro uuciaa JIT pabor (napaJuiesbHble TPOLECCOPDI) [1,41,107]
3. | Makcunvmzanus uucia JIT 3amagax tumna flow-shop [24,40,103]
4. | O63z0p 3amau Tuna JIT ¢ paboramMnu paBHOTO pa3Mepa [105,114]
5. | 3amaun ¢ B3BEIIEHHBIMU 3al1a3/IbIBAHUEM U BBIIIOJHEHUEM PaHbIIEe 33 aHHOTO [33]
BpeMeHu Iipy Kpurepun Minmax v 0IMHAKOBBIMU BPEMEHAMU BBIOJIHEHUS paboT
6. | Muorokpurepuasibubie 3amaan tuma JIT [12,42,84,110]
7. | IBy-KpuTepuaabHbBINA TOIXO0 C YIIPABJIsIEMBIMI BpeMeHAMEI 00paOOTKI [119,123]
8. | Pacrmcanus ¢ puKCHpOBAHHBIMU WHTEPBAJIAMHA BBINOJHEHWs! U HEOIIPEIEJeHHOCThIO | [15]
9. | 3amaun tumna JIT ¢ HeonpeeIeHHBIMY TApaMeTPaMU [14]
10. | CroxacTuyeckue 3a1a4u ¢ MUHUMU3AIAEN JUC/Ia 3a1a3/(bIBAHII [28,29,79,111]
11. | Croxacruueckue pacrnucanust tuma JIT #a omxHOM mporeccope [102,109]
12. | CroxacTuueckue pacluCaHus HA MAPAJIIEIbHBIX IIPOIECCOPAX [16]
13. | Bagaun tuna JIT ¢ cMermaHHBIMEA MOJIEJISIMA MHOTHMU Y POBHSIME [13,59,77
14. | Bagaun tuna JIT B pexxume peasbHOrO BpeMeHN (Kak B3BeIlleHHbIE rapocoueTanust) | [74,93]
15. | Ilukmmyeckre Tpon3BOACTBEHHBIE 33/1a9M C TOJUTHKON moctapku Tuma JIT [89]
16. | Bagaun Tuna JIT ¢ ynpapjiseMbiMu BpeMeHAMY BBITTOJTHEHUS [68]
(napaJsuresibHbIE IPOIECCOPHI)
17. | Bagaun tuna JIT ¢ KOHKYpUPYIONMME areHTaMu [25]
Tabauna 3. [Togxomnl K perennio
How. | IToaxom x pereHuio Ncrounuk
1. | O6mume moaxoIb:
1.1. | Iloaxompl K yHOPSIAOYEHUIO HA OCHOBE CMEIIaHHBIX MOJIeseit [26]
B JIT npousBojCcTBEeHHBIX crcTeMax (0630D)
1.2. | Hexkommosummonnsle Meronnl mis JIT cucrem [20,55]
1.3. | AIropuTmMbl JJUHAMAYIECKOTO ITPOIPAMMHUPOBAHUST [78,108]
1.4. | YaudunupoBaHHbBINA IOX0M, HA OCHOBE IEJIEBOI0 IIPOrPAMMUPOBAHMS [69]
aist JIT nmpousBO/ICTBEHHBIX CUCTEM
1.5. | Umuranuonnoe monenuposanue s JIT pactucanuii nponsBogcTBeHHbIX cucreM | [43]
2. | IlepebopHbie METOJIBI:
2.1. | Anropurmbl Tuna BerBeit-u-rpanut, (Branch-and-Bound) [9,50,98,106]
2.2. | Axropurm Tuna Branch-and-Cut [91]
2.3. | AsropuT™ JUHAMIYECKOTO TTPOTPAMMHUPOBAHUST [78]
3. | Iloaxomapl MaTeMaTnvecKoro MporpaMMUPOBaHKST HA OCHOBE OI'DAHUYEHUI:
3.1. | IIporpammupoBanme ¢ orpanndenusmu st JIT pacnucanmit [80]
3.2. | [IporpaMMupoBaHue ¢ OrPAHUYEHUSIMHA JJIsi CTOXACTUIECKIX PACITACAHUIA [28]
(MuHEMU3aIMs paboT C 3ala3/(bIBAHUEM
4. | HekoTopble OJIMHOMUAIBHBIE METOJIBI:
4.1. | IlomnaOMMAJIBHBIE U HOJIMHOMUAJbHBIE MpubinKeHHble agropurMel (PTAS) [113]
JUTsT TTapaJIesIbHBIX MTPOIIECCOPOB
4.2. | Ilosimnomuasibao pazpermmble 3aaa4qn tuna JIT ¢ MHOrIME TpeboBaHUAMUI [112]
1o BpeMeHn BoinosHeHus (multiple due dates)
4.3. | AiropuT™M KBaJIpaTUIHON CJIOXKHOCTU st Makcumusaruu JIT pabor [19]
(uzeHTHYHBIE TAPAJLIEILHBIE TIPOIECCOPDI)
4.4. | IlosimHOMUAJIbHBIE AJITOPUTMBI JJI MUHUMEI3AIUN QyHKIWH mrpadoB B [27]
samadax tuna JIT (mapasiiesabHble MANTHHBL ¢ HICHTHIHBIMEA paboTaMn)
4.5. | [losiuHOMUAIBBIHBIE TTPUOIUKEHHDBIE AJITOPUTMBI C TAPAHTUPOBAHHBIMU [47,49,53]
norpemsoctsamu (fully polynomial-time approximation schemes FPTAS)
5. | DBpUCTUKHU U METa~-IBPUCTUKH:
5.1. | OBpuCTUKM Ha NAPAJJIEIBHBIX IPOIECCOPOB [60]
5.2. | DBosOnMOHHBIE (T€HETHIECKHUE) AJITOPUTMbBI [95,117,124]
5.3. | Meroasr Tabu search [14,15,75]
5.4. | Mera-sBpuctuku [2,6,12,23]
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Tabmuma 4. Hekoropsie obiactu npuitoxkeruniit meroosiorun mianuposanus JIT

Howm. | O6acts npuitozkenust Ucrounuk
1. | IlnarupoBaHme pacnucaHus B IPOU3BOJICTBEHHBIX CHCTEMAX [46,58,78,81]
2. | OnTuMuzanusi perucTpoB P TPOEKTUPOBAHUN KOMIBIOTEPOB [97]
3. | Pacuucanus B cersix ¢Bs3u (CEHCOPBI, EPEKJIIOYAIOIINE YCTPONHCTBA ) [70,74,93,120]
4. | IlnanupoBaHne B CTPOUTEIbCTBE [92]
5. | HaszmadeHnue 4acToT ¢ CHCTEMaX CBSA3U [11,21,39,54]
6. | IIpoexruposanue uurerpaibabix cxem (VLSI) [17]
7. | [lnanupoBanue pacnucanuii Ha TPAHCIOPTE U B y4eOHBIX yupexkjenusx | [4,12,18,56,72]
8. | Unenrudukanus B buonndopMaTuke [22]
9. | IlranupoBanne TEXHHIECKOIO OOCIIY KUBAHMUS [56, 86]

YucioBble TpUMepPHI IIPeACTaBIEHbI CJIEIYIOMNM 00pa30M:

ITpumep 1: pacnucanue jyisi omHoro uporeccopa (Puc. 2, Tabmuna 5), paborst A = {a, ...

obmmuii ropuzonT wianupoanus [0, 5.0].

,617},

ITpumep 2: pacnucanue st Tpex mnporeccopos (Puc. 3, Tabuuna 6), paborsr A = {ay, ..., a12},
obmuit ropusonT mwiannposanus [0, 5.0].

Ucxonnbie

paboThI 3aJaHHbIE THTEPBAJIBI

ar [ ] —

ag [ ] —

as [ ] —

as [ ] —

as [ ] —

ag [ ] —

ar  [] —
Pacnucanne

(1 mporeccop

|

| | | |

) [ @2]as] as [ a5 a6 [ a7

I

0

1 1 1
1.0 2.0 3.0

T
4.0

—t¢
5.0

Puc. 2. Wmocrpanust pacnucanus (1 mporeccop)

Tabauna 5. Vcxoambie JaHHbIE M1 IPUMEPOB UHTEPBAJIbLHBIX PACIUCAHUIT

Howm. | Padora | Bpems Boinosi- | Untepsas BuimoHenus | [losunus B pe3yabTu-

a; Henusi 0(a;) A% = [t], 157 PYIOIIEM PACIUCAHIN
1. ay 0.5 [0.0,1.1] 1
2. as 0.6 [0.6,1.6] 2
3. as 0.6 [1.2,2.4] 3
4. a4 0.9 [1.8,2.8] 4
5. as 0.7 [2.7,3.7] 5
6. ae 0.8 [3.5,4.5] 6
7. ar 0.7 [4.0,5.0] 7

C.He,ﬂyeT YKa3aTb OCHOBHBIC II€JIEBbIC beHKLLI/II/I, KOTOpPGbIE OOBIYHO HCIIOJIB3YIOTCA B METOJ0JIOTUN

THUII&

JIT:

1. MuHEMU3AIMsT OOIIEro BpeMEeHN! BBINOJTHEHUsT NCXOIHONO MHOXKecTBa pabor (makespan) [46],

2.
3.
4.
5

TEpBa

MaKCUMU3AIHsl 9UC/Ia paboT, BeIIOJHEHHbIX TOUHO BoBpeMsi (JIT) [24,104],

MAKCHMU3AIHsi B3BEIIEHHOTO Yncyia paboT, BeIIOIHEeHHBIX TouHo BoBpems (JIT) [1,41,107],

MUHUMU3AIsT 9UCIa PabOT, BBIIOJHEHHBIX ¢ 3amasjblBanneM [28],

MUHUMU3AIUs B3BEIICHHBIX IITPadOB 3a BHIIOJHEHNE pabOT paHee U MO3Ke YKA3AHHOI'O WH-

na [6,44].
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6. MUHUMU3AIUS B3BEIIEHHOTO YUC/Ia PabOT, BBIIOJHEHHBIX TPEKICBPEMEHHO U C 3al1a3]/IbIBAHNU-
em [44],
7. MUHUMM3AIHsI IPOrHO3UPYEMOTO dncja pabor ¢ 3anasapiBanuem [29],

8. MUHIMUI3AIHsI IPOIHO3UPYEMON CTOMMOCTH IIPEZK/IEBPEMEHHO BBIIOJIHEHHBIX PaboT u pabor ¢
sanaz/apBanueM |16].

Tabauma 6. /lannabie it TpUMEPOB MHTEPBAILHOTO PACITHCAHUST

Howm. | Pabora | Bpems Boimosi- | aTepBas BBITTOJTHEHUST Howmep [lo3umus B pe3ynbru-
a; Henust 0(a;) A% = [t], t57] poIieccopa | pyromeM pacluCaHun

L | a 1.2 0.0,1.5] 1 1
2. | a 1.3 [1.0,2.5] 1 2
3. as 1.2 [2.0,4.0] 1 3
4. as 1.1 3.7,5.0] 1 4
5. | as 0.7 [0.0,2.0] 2 1
6. | ag 0.6 [1.7,2.7] 2 2
7. | ar 0.7 [2.5,4.0] 2 3
8. as 1.0 [3.9,5.0] 2 4
9. ag 1.2 0.0, 1.5] 3 1
10. | ao 1.3 [1.0,2.5] 3 2
11. | an 1.2 [2.6,4.0] 3 3
12. | ap 1.2 [3.0,5.0] 3 4

Wcxonnbie

paboThI NaTepBaibl BHITOTHEHUST

ZI i —

ax [ ] —

s [ S

T — —

e i [ —

ag [ ] A

ar [ ] —

o — —

ap [ ] ——

ITpomeccop 1 | ay [ az [ a3 | a4

IIpomneccop 2 | as [ as [ ar Jas |

IIponeccop 3 | ag [ aio [[ a1 | a2

| | | [
I

I I I I
0 1.0 20 3.0 40 5.0
Puc. 3. 3-miporteccopHoe pacuucanme

BaszoBasi hopmasibHast TIOCTAHOBKA 33191 PACCMATPUBAEMOIO THIIA MOXKET MMeTh CJIEIYIOInil
By, Ilycrs umeercs muoxkectBo pabor (3amanuit) A = {ay, ..., a;, ..., an }, KOTOPOE BBIIOIHSIETCS HA
M OAMHAKOBBIX mporeccopax (mammuax) P = {Pi,..., P}, ..., Pp}. Kaxnpri nporeccop P; Moxer
BBIIIOJTHATD TOJIBKO OJIHY paboTy B OJIMH MOMEHT BPeMeHH, KazKas paboTa a; MOXKET ObITh BBIIOJIHE-
Ha Ha Jio6oM 1porieccope. Kaxkas pabora a; uMeer napamerpbl: (a) BpeMsi 00paboTKu (BbIIOJIHE-
uust) 6(a;), (b) Bpemennoii nunrepsan obpaborkn (T.e., okHo) A% = [t{*, 5], (c) Bpemst 3aBepiienust
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obpaborku paborbl a; B pactucanun S obosnadaercs C(a;), (d) Havamo MHTEpBAIA BBIIOJIHEHUS
paborsl obosnadaercs u(a;) = max{0,t]" — C(a;)}, (e) oKOHUaHMe HHTEpBaJIA BBIIOJIHEHUs PAOOTHI
obozuauaercst v(a;) = max{0,C(a;) — t5'}. Kpome Toro, 3a1a10Tcsi BEJIMUMHBI HEOTPUIATETHHOTO
mrpada (CTOMMOCTH) TPEXKIEBPEMEHHOr0 Hauasia BbiojHeHus: paborsl In addition, values of non-
negative costs (penalties) of earliness and tardiness are given: « wu(a;) u omo3manust 3aBepIIeHUsT
BbINIOJIHEHUsT paboThl 3 v(a;). Mogens umeer Buj (nesieBast GyHKIMsI - KaK CyMMa mTpados)

Haiitn pacmucanue S takoe, uro Munnmusupyercs F*(S) =3 [a u(a;) + B v(as)].

B 3amate MoxkeT MUHMMU3UPOBATHCA MAKCUMAJILHBIN ITpad, HaIpuMep:

muHEMu3IpoBarb  F™M(S) = maxi<i<, {a u(a;), B v(a;)}

JlomoTHITEIBHO Tes1eco06pasHo yKa3aTh, YTO s MOJENICH KOMOMHATOPHON ONTUMHU3AINA OIH3-
K1 K pacrucanusaM tuna JIT, nanpumep: 3aga4qu k-paciBeTku, 3a1a9a MAKCUMAJILHON B3BEIIeHHOMN
KJINKH, 331291 HA3HAYeHUsl/ Pa3MelleHn, 3a/ia4n (OPMUPOBAHUS PACIIUCAHWN B CIIOPTE U yIeOHBIX
YUPEXKJICHUAX, 3a/ada MaKCUMAJbLHOIO HE3aBHCUMOIO MHOXKECTBA, 3aJlada B3BEIIEHHOI'O COYeTa-
uust [54,74,93].

Hekoropble crenuabible yIpoleHHbie Moje n anuposanus Tua JIT moryT pemarbes Ha
OCHOBE TIOJINHOMUAJIbHBIX asiroputmos [19,45,87,112,113,116,118] win nosmHOMUAIBHBIX TIPUOIT-
JKEHHBIX aJIrOPUTMOB ¢ rapantupoBanabivu norpermnoctsiMu (PTAS/FPTAS) [47,49,53,113]. B
OCHOBHOM, MOJieJii 3Toro tuna spisorces NP-rpynasivu [30, 31,42, 45, 50, 90, 110]. Takum obpa-
30M, CJIEIYIOIINE METOJIbI PEIlleHUsI MOI'YT ObITh MCHOJIb30BaHbl: (1) mepeGopHble METOBI (METO/IbI
THUIIA BETBEH U IPaHUIL, JuHAMUIecKoe rporpamMuposanue) [9,50,78|, (ii) pasiudHble SBPUCTUKY 1
MeTa-IBPUCTUKH (JOKAJIbHAS ONTUMU3AIINS, SBOIIONNOHHBIE alropuTMbl, 1 1p.) [60,95]. Ouesnmo,
AHAJIONMIHAS] CUTYAIMsl HMeeT MeCTO B CJlydae MHOIOKpHTepuaabHbIx 3ajad tuna JIT [12,110]).

3. PACIIMCAHUME JJId MOJIVJIBHBIX PABOT C BAJTAHCOM 10 UHTEPBAJIAM

PaccmarpuBaercsi Tpex-crajuiiHas cucreMa: CTaJiust IPOU3BOJCTBA (IIPOM3BOICTBO MHOMXKECTBA
6a30BBIX MOJLYyJIeil), TPAHCIIOPTHAsI CTAJIMsI, U CTa/Hsl MCIOJIb30BAHUSI MOJyJIeil - chopka. 3agada
3aKJI0YAETCS B MMOCTPOCHUM DPACHHUCAHMs JJisi COOPKU U3 COCTABHBIX paboT (3a/aHuii) HA TpeTheil
CTaJMU € yueToM orpaHuvenus (uii) 6agaHca co CTOPOHBI epBoil u Bropoii craauit. Ciemyer 3ame-
THTb, ITO OCHOBHAS IeJIb 3aKJII0YAETCH B yJAJEHUH TOJCUCTEMbI Oydepa 1mepeji TpeTbeil crajueit
WJIN ee UCIIOJIb30BaHMsl B BUJIe HEKOil npocreiimieil mojacucremsl (kak B cucremax JIT).

Ha Puc. 4 npezncrabieH WLIIOCTPATUBHBLIA IpuMep. VIMeeTcs MHOXKECTBO M3 IIATH 0a30BBIX
SIeMeHTa (J1eTajd, 9JIeMEeHTBl CTPOUTEe/ILCTBA, dJeMeHTapHble PaboTh/3adanus, Moaym): A =
{A1, A9, Az, Ay, As}. YKazaHHBIE JIEMEHTHI [IPOM3BOJATCS HA IISITH MPOM3BOJACTBAX (HAIPUMED,
opraHusanusx, KoHpeifepax). Cucrema Halpas/eHa Ha BbIIOJIHEeHHE (HCIOJIb30BaHUE, 00PabOTKY,
COOPKY) YeTBIPEX COCTABHBIX (MOJYJIBHBIX) paboT: a] =< A1 — Ay — Az >, ag =< Ay — Az >,
a3:<A1—>A2—>A4—>A5>,a4:<A1%A2—>A2—>A3—>A4—>A5>.

B mpumepe, mporecc 06paboTKu (COOPKM) BBIOJIHIETCS Ha OCHOBE TPEX MPOIECCOPOB/Gpuray
(Puc. 4). O6miee pacuucanue umeer suj S = {S1, 52,53}, rie ap obosnagaer “rycroii” sjemeHT
i BpeMeHHo nepuoxn): (i) mporeccop (6puraga) P S; =< ag — a4 >, (ii) npomeccop (6puraa)
Py Sy =< ay — ap — a3 — a9 — as >, and (iii) nporeccop (6purana) Ps: S3 =< az — a3 —
as — ag >.
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CocraBHble Pacrmcanue cbopku Ha 3-X mporeccopax
(MO/TysIbHBIE)
paBOTHI Nurep- Wurep- Uartep- WuTep-
@@ BaJl 7| BaJI Ty Baj 73 BaJ T4
a9 @®—»o »
a3@>®>o—>o B —
U@ OO oo —
DJIeMeHTbI -t
(Moysn):
A® Tpancmoprras ((

. 9acThb
AQ.@
JAVHO! [TpoussoacTeenHas
Aye 4acThb

(IpOM3BOCTBO

As:o TUIIOBBIX 3JIEMEHTOB)

KOHBGI/Iepr 1,2,3,4,5

Puc. 4. Muoromnporeccoproe pacnucanue (6ajgaHc 1Mo 3JIEMEHTHONH CTPYKTYpe)

BaszoBoe TpeboBanme K 00IIIEMy pacuuCaHUIo S HAIPABJIEHO Ha ITOCTPOEHNE PACIUCAHUS COOPKHU
¢ GAJIAHCOM 110 JIEMEHTHOI CTPYKType Ha KazKJO0M BPEMEHHOM MHTepBaJie, 3/eCh: 71 = [t1,ta], To =
[to,t3], T3 = [t3,t4], T4 = [t4,t5]). Ha KaxK10M BpeMeHHOM HMHTepBaJje UCHOJIb3YIOTCS CJIELyOIIne
9JIEMEHTDI (TaKsKe JONOJHUTEIbHBIN 6-if “nocToit’ sjement Ag, 9TOT TUII COOTBETCTBYET “IlycTOMY”
9JIEMEHTY /TIepUoJLy dp):

(1) X7, = {A1, A1, 89, A9, Ay, Ag Az, As, Ag}, (2) Xry = {A1, A1, A9, Ag, Az, Ay, Ay, As, Ash

(3) Xry = {A1, A1, A1, Ag, Ao, Ag, Az, As, A, (4) Xy = (A2, Az, Ag, Ay, Ay, A, As, As, A

OueBupo, pemenne kiacrepusanun uveer sut: X (S) = { X, Xpyy Xra, X, ).

[Tosry9aroTest ey onue COOTBETCTBYIONINE OIEHKN Ha OCHOBE MYJIBTUMHOXKECTB (110 ducty Ga-
30BBIX THIOB 3seMenToB [64]): e(X; ) =(2,4,1,0,1,1), e(X,) = (2,2,1,2,2,0),

e(Xr,) = (3,3,1,0,1,1), e(X,,) = (0,1,1,3,3,1).

BazoBas ornenka Ha OCHOBE MYJBTUMHOXKECTB JOJI2KHA COOTBETCTBOBATDL BBIXOIHON CTPYKType
(T.€., IPOM3BOJUTENHLHOCTH) IPOU3BOJCTBEHHON CUCTEMBI (C yUeTOM TPAHCHOPTHON CHCTEMbI), Ha-
upumep: ep = (2,3,2,1,1,0). Bamsoctu mexy onenkamu (6(eq, e(Xr,)), ¢ = 1,4) comepxkarcst B
Tabaume 7.

Tabmura 7. Bimsoctn MexX 1y OlleHKaMu KJacTepos u 6asobiMu onenkamu (6(eq, e(X,,))

Baszosas Orenxa e(Xs) = e(Xr,) = e(Xr,) = e(Xr,) =
OlIeHKA kmactepa: (2,4,1,0,1,1) (2,2,1,2,2,0) (3,3,1,0,1,1) (0,1,1,3,3,1)
o = (2,3,2,1,1,0) 3 3 4 15
Ilycrs P = {Py,..., P, ..., Pp} - MHOXKeCTBO IporeccopoB/6puraji. 3ajada coCTaBIEHNs PACIIH-

CaHHusd MMeeT BUJI:

Haiitu O6Hl66 paciimcanue S 1 COOTBETCTBYIOIIEEC PpEHICHNE KJIaCTEpU3allin
X(S) = {XTl)XT27X7'37 A XTk}

Takue, 410 (1) YMCIIO BpeMeHHBIX MHTepBaJoB (uncio k), T.e., JyinHa Ha pacnucanuii - makespan)
SIBJISIETCsI MUHUMAJIBHBIM, (i1) GJIM30CTH MeXKJly 3JIEMEHTHON CTPYKTYPOil JIJIsi KAaXK/I0r0 HHTEPBAJIa
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u 6a30Boil (3a1aHHOIT) CTPYKTYpOIil sBJIsIeTCs OrpaHmieHHol (T.e., max,_t5 0(eo,e(Xr,)) < 67, 6
- HEKOTOPOE COBMECTHOE OTPAHMYEHUE JJIsi IPOM3BOJCTBEHHON U TPAHCIIOPTHON YacTeit).

Obmrast hopmanbhast MoJieab uMeer BuL (m mporeccopos/6puran, L(S) = k):

min L(S) = max L(S¢) s.t. max 6&(ep,e(X,,)) <&
&=1,m =1,k

B npusenerHom uncioom npumepe L(S) = 4, B()Z'(S)) =4.

Nnmocrpanus s paccMaTpUBaeMoil nepapxuu npejcrasiena Ha Puc. 5.

(C [o6asbpHOE pacnucanne S )

Pacnucanust 111 KazJ10ro Pacnmcanus Ji1s KaskKJ0r0 BPEMEHHOTO
uporeccopa {51, ..., Sm } unrepsaia { X, ..., X, }

] ]

H Cocrasnble (Mopyabhbie) paborst A = {aq, ..., a;i, ..., an} H

- [ 1 °r [ [ [ [ ]

’ Tunosslie saementbl/Mogymn A = {Ay, ..., Ay, ., Ay} ‘

Puc. 5. Uepapxusa ncciaenyeMbIx KOMIIOHEHTOB

OueBn/IHO, YTO MOIYT PACCMATPUBATBLCSI PA3JIMUHBIC BEPCUY IIPEJJIOYKEHHOI 33/ 1a4n (HarpuMmep,
UCIIOJIb30BaHNE PA3JIMYHBIX IITKAJI JIJIsl OIlEHUBAHUS [IapaMeTPOB, Pa3J/IMYHbIe OIDAHUYEHHs, PA3JIHY-
HBIE TIeJIeBble (DYHKIUN, Pa3Hble YPOBHU HEOLPEIETCHHOCTH).

JlonosTHuTeIBHO CllejlyeT yKa3aTh Clle/lylolee:

Bameuanue 1. YKazaHHBIE TUIBI MOJeJell SABIATCS O04eHb CaoKHbIMU (NP-cioxubIME), 32
UCKJIIOYEHNEM HEKOTODPBIX IIPOCTEHINIX MOCTaHOBOK. (O4eBHIHO, HEOOXOAUMBI CIeNnUaJIbHbIE HCCIe-
JIOBAQHUS CJIOXKHOCTH JJIsl 3a/1a9 PACCMOTPEHHOI'O THUIIA.

Samewarue 2. 1lepClIeKTUBHBIM SIBJISIETCS UCIIOJIB30BAHUE CXEM PEIEHUs] Ha OCHOBE Pa3/IMYHbIX
SBPUCTHUK U METa3BPUCTHK.

4. INTAHNPOBAHUE B CTPOUTEJIbCTBE C BA/TAHCOM I10 NHTEPBAJIAM
4.1. CmpoumenvHuili yuks u 6aAGHCUPOBKG

OO61muit MUKJI B KPYIHO-OJIOYHOM CTPOUTEIBCTBE BKJIIOUAET CJIEIYIOIINE ITAIIBL:

0. llpenBapuresbHBIN TAIl: aHaan3a TpPeOOBAHUN K 31aHUI0 U (PYyHKIIMOHAJIBHOCTH, €0IOTIYIe-
CKHUE WCCJIEJIOBAHUST U JIP.

1. Tenepanusi apxuTeKTYpHbIX Hjeil n npoexruposanue: (1.1) reHepalisi OCHOBHBIX apXUTEK-
TYPHBIX IpeJIozKeHuil, (1.2) KOHCTPYKTOPCKOE ITPOEKTUPOBaHNe (HAIPUMED, PACIETHI, TIOIIOTOBKA
POEKTHOI JOKYMEHTAINN ).

2. IlpousBojiCcTBEHHBIH 3Tal: TPOU3BOJICTBO CTPOUTEJBHBIX OJIOKOB, U3JE/Ui, neTajeil u T.II.

3. DTam TpaHCIOPTHPOBaHUS U COOPKM: TPAHCIOPTUPOBAHME KOMIOHEHTOB 31aHuii (6J0KOB,
Jierasieii) K MecTy cO0pKu, cOOpKa 37aHuUsL.

4. Dran sKCIuTyaTaluy (BKIOYas TEXHIIECKOE 00C/TYKIBAHUE ).

5. Yruwmnanus 3nanust (pa3pyIieHnst 31aHnsl, YTUIA3aIsi KOMIIOHEHTOB).

COBpeMeHHbIe NHJAYyCTPpUaJIbHbIE TEXHOJIOTUU MO/IYJIbHOTI'O CTPOUTEIBCTBA HAIIpAaBJIE€HbBI HA YMEHb-
I[IEHUEe CPOKOB CTPOUTENILCTBA M yMEHbBIIEHHEe CTOMMOCTH IIporiecca crpoutesbersa [62,88]. B 1980
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rogy B MockBe ObLI IPEJIOKEeH HOBBIN MOAXOM] K KPYITHOIAHEILHOMY YKUJIUIIHOMY CTPOUTE -
CTBY Ha OCHOBE MeTOja KaTaJoXKHbIX d1eMeHToB KOIID (kaTaso:KHbIil 06'beMHO-IIIIAHUPOBOYHbIE
sstemenThl) [71,96]. Ciemyer orMeTHTh, YTO STANl MPOM3BOACTBA CTPOUTEJIBHBIX W3/EJIUil sBJIsSeT-
cst HanboJlee 3aTPATHBIM U MHEPIUOHHBIM. [losTOMy KoopauHaIms (coriacoBanue, 6aaaHCUPOBKA)
MeXKJly CTajiueil IPOM3BOJICTBA CTPOUTEBHBIX U3JEIHA U CcTajuell COOPKU JOMOB YacTO SIBJISETCS
y3kuM MecToM. OUeBHIHO, 9TO HAUJIYUIIM PEIIeHUeM SBJISETC OPraHu3alis Ha OCHOBE HMOAXO/a
JIT. B peabHBIX YCIOBUSX CTPOUTENHCTBA JOMYCKAETCS BPEMEHHOW MHTEPBAI MEXKJIy MPOU3BO/I-
CTBOM CTPOUTEJIBHBIX OJIOKOB/JeTajiell 1 X MCHOJIb30BaHueM Ha crajuu cbopku jio 3-x jaueii. Ho B
KavueCcTBe [VIABHOIO TPEOOBAHMS BLICTYIIAET HEOOXOANMOCTH COryiacoBanus (OaIaHCHPOBKN) UCIIOJb-
30BaHusl (T.e., COOPKU) TUIOB CTPOUTEJLHBIX JeTaJIell ¢ yIeTOM THIIA IIPOU3BOJICTBA.

Hasee npusenena 3amada Gamancuposku [63]. PaccmarpuBaercs: 3-crapumitnas cucrema (Puc.
6): (i) mpomssozcTso; (ii) Tpancnopruposka; (iii) c6opka. B mocsemyromemM npumepe, BpeMeHHOM
MHTEPBAJ PABEH MeCIy (I YIPOIICHUS).

Craaust Tpou3BOICTBA

Crajusi cOopku

YPOBEHb [InanupoBanue [LnanmpoBanme
YIIPABJIEHN A IPOU3BOJCTBA rportecca cOopKu
) by P by
“OUSNYECKNN” IIpousBoacTBO Tpancmop- C6opka 3maHuit
YPOBEHDb OJI0KOB, JeTaJieit THUPOBKA, u3 OJIOKOB, JeTaJieit

Puc. 6. Cxema IIPOU3BO/ICTBa U CTPOUTEJILCTBa

4.2. Hamocmpamuehas 3a0a4a NAGHUPOSGHUA

B nanroM pazjese onucan npumep dhopMupoBaHust 1iaHa crpoureabersa (Meron KOIID, ipomo-
crpoutenbublii komounar JJCK-2, Mocksa, 1982-1983) [63]. [Ipumep ocnosan Ha nporpamme (For-
tran, paspaborana asropom [63]). Iloapobuble mannble 110 pacderam cojep:karcs B [63] (vacTuamble
Jaunble npusejsienbl B [67]). B cucreme KOIID ucnosnb3yiorest ciejyomnine OCHOBHbIE apXUTEKTYD-
Hble CEKIUN (KaK KOJIOHHBI):

(a) KaTAJIOKHBIE CTPYKTYPHBIE JIEMEHTHI (COOTBETCTBYIOT KBapPTHUDE): (1, J2, g5, J9;

(6) coenmHUTETHHBIE SJIEMEHTHI (J1JIsT COETMHEHNsT CTPYKTYPHBIX 9JIEMEHTOB): W1, Wy, W3, We, W7.

Cucrema crpouresberBa 1o Merogay KOIID 6Gasupyercss Ha KaTajore gerasieil, BKJOUYAIOIIEM
okosio 500 sjemenToB. s yMeHBIIEHUS PA3MEPHOCTHU 3aJIa9M JIETAJN ObLIU CI'PYIIUPOBAHBI B 8
OCHOBHBIX THIIOB (C y9€TOM HPOU3BOJICTBEHHBIX MOITHOCTEN): (1) HAapyKHbIE CTEHOBBIE HaHe N d,
(2) BHyTpenHme CTEHOBBIE IaHesau Jyist 1-ro staxka da, (3) BHyTpemHne creHoBble mamean dz, (4)
nepekpbiTust dy, (5) nanenu nokpeirust ds, (6) jgectaunp! (JiecrHudabie Mapin) dg, (7) 37eMEHTBI
MHXKEHEPHBIX KOMMyHuKanuii dy, (8) smemenTs! 6aiKoHOB dg.

Kpowme Toro, 6bL1 BblJeJIeH OJIMH THUII jieTaJieli (HapyKHble CTeHOBBIE TaHeau dj ), IIPOU3BOJICTBO
KOTOPBIX SIBJISIETCS HAMOOJIee 3aTPATHBIM M MHEPIUOHHBIM.
BBINIOJIHATLCS, B IEPBYIO OY€PElh, [10 JAHHOMY THUILY JeTaseil.

T.e., TpeboBanust GajaHca JIOJZKHBI

B kauecTBe THUIOBBIX 3Taxkeil paccmarpuBatorcst cieyioniue: (i) momsai 1, (2) mepsblil 9Tax
T2, (3) HIzKHUMIA 9Tax r3, (4) cpeanuit srax ry, (5) BepxHuil s1ax 15, (6) mocaeauuit srax rg, (7)
yepyak 17, (8) engineering storey (mechanical floor) rg. Koudwurypanuu paccmarpuaembix 2-x
THUIIOB 3JIaHUIT 110 THIIOBBIM dTaXkaM IIpUBeJieHbl B Tadsure 8.

Tabauma 8. Komdurypaluss TUIIOBBIX 3JaHII Ha OCHOBE THUIIOBBIX dTayKei

No. Tun 3panus Tum staxka: 11 ro r3 T4 T5 rg Tr7 TS
1. | 18-3Taxkmoe 3manune 0O 1 0o 11 5 1 1 1
2. | 22-3TaxkHOE 371aHuE 0O 1 4 11 5 1 1 1
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WNepapxusi KOHCTPYKTUBHBIX JIEMEHTOB B KPYIIHO-IIAHEIHLHOM CTPOUTEILCTBE IIPEICTABICHBI Ha
Puc. 7.

( CrpouresibHoe pacnucanue cbopku 3januii (2-3 roja) )

’ Tunosble 3manust: 18-3TakHOE 3/MaHMe, 22-3TayKHOE 3TaHNIE ‘

\ \ \

BaBOBbIe APXUTEKTYPHO-IIJIAHUPOBOYIHBIC 3JIEMEHTDI
91,92,95,99, W1,W2,W3,We,W7

l l l

H Tunossle sTaku r1,72,13,74,75,T6,77,78 H

l l l

BasoBble cTpyKTypHbBIe Jerasu (CTajus IPOU3BOJICTBA):

dy,d2,d3,dy,ds5,dg,d7,dg

Puc. 7. Nepapxusa: cTpyKTypHBIE TaHETN — 3aHUS

[Ipe/yraraemast 9BPUCTUYECKAST CXEMa PEIeHNs] OCHOBaHA Ha MOJMQUKAINN HCXOHOIO PACIIICA-
uust (Puc. 8).

Boranciienne TpebyeMbIX CTPYKTYPHBIX KOMIIOHEHTOB JleTaJel
J1J151 Ka2KJI0I'0 BPEMEHHOI'0 MHTEPBaJIa

!

Cpashenue (110 CTPYKTYPHBIM JETAJSM) TPOM3BOIUTEILHOCTH TPOU3BO/I-
cTBa U TpeboBaHMit Jjisi COOPKU 3JAHUN JJIs KAaXK/I0r0 HHTEPBAJIA

!

O1neHuBaHne BBIIOJHEHAS OAJIaHCA Basaric
I yaoBIeTBO- O TOI

Henocrarounsrit 6aianc l pUTENbHBIN

Brigesienne HecOalaHCUPOBAHHBIX BPEMEHHBIX HHTEPBAJIOB B MCXOLHOM
paciimCaHuM C y49eTOM IIPOU3BOAUTE/IbHOCTU ITPOU3BO/ICTBaA
7 TpebOBaHMIT paCIUCaHUsT COOPKU 3TaHUIM

Monuduxanust pacuucanusa cOOPKH 31aHMiL:
L 1. caBur vacrteil pacnucaHusd
2. TlepecTaHOBKa JacTell pacrnucaHus

Puc. 8. IBpucrudeckas cxema pelreHust s OaJIaHCUPOBAHUS PACIUCAHUS

Tabsmia 9 comepKuT CIUCOK PACCMATPUBAEMBIX 3IAHMI.

Tabimma 9. Crncox 3aHMii

Howm. | Obosnagenue | Axpec Yucmoo | Obmasa | Bpems | Hagasio

sTaXkeil | IIoMmaab | cOopku | cOOpKu
1. |a1 (B1A) Bopownmoso, kop. 1A 18 17.5 9.0 0.5
2 as (B2) Bopomurioso, kop. 2 22 16.4 6.2 8.0
3. |as (B5A) Boponnoso, kop. 5A 18 13.3 4.5 6.5
4. | a4 (B6A) Bopomnnoso, kop. 6A 18 17.7 4.8 7.0
5 as (B6B) Bopomroso, kop. 66 22 24.0 6.4 8.8
6. |ag (B2A) BopoHrtoso, kop. 2A 22 11.3 3.0 9.5
7. |ar (B2A) Bubupeso, kop. 2A 22 16.3 4.3 11.8
8. | as (B2B) Bubupeso, kop. 2b 22 22.7 6.1 9.7
9. |ag (B4) Bubupeso, kop. 4 22 29.0 7.8 11.0
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Koundurypanus 31anmit Ha 0CHOBe TUTIOBBIX ceKimii nmpusejieHa B Tabsmie 10. [IpenBapuresn-

HOe pacIucanusi cOopKu 3mannii SO st BOCBMH CTPOUTEIbHBIX OPUTa IPEeJCTaBIeHo Ha Puc. 9.
lopusonT mianupoBanus BKiodaer 19 mecsies (siaBapb 1982 — uosb 1983).

Tabmuma 10. Kouduryparus 31aumit Ha OCHOBE THUIIOBBIX CEKITHIA

Bmanue | g1 | g2 | g5 | go | w1 | wa | w3 | we | wy

ai 211(1701310|4]01]0

as 012011 114|011

as 1(1(110} 2041010

ay o(1]1|1}]1 116010

as |01 l1l2]1]2]8|0]0

a |2|1]1lol1]1l4]0]0

a7 11011 15|01

as | 1|11 ]1]2]1]6]0]0

a | 1101222700
P | |
Py l ‘ a4(B5A) |CL7(B2A) !
Ps “ al(BlA) aG(BQA) l A
Py | a3(B5A) | ag(B4) [ |
P | l as(B6B) l |
P | ] |
P | |
P | | as(B2B) | |

=+ttt

0123456 7 8 91011121 2 3 4 5 6 7
1 9 8 2 roxg 1 9 8 3 roxg

Puc. 9. Mcxoanoe paciucanue c6opku 3xanuii SO

Tabsmra 11 comepkuT TpebOBaHUS IO CTPYKTYPHBIM CEKITUIM JIJIsi KayK/I0I'0 HHTEpBaJIa yKa3aH-
HOTO paciucanus. 3ajada GOPMUPOBAHUS PACIHCAHUS PACCMATPUBAECTCS CJIELYIONUM 00Pa3oM.

NnmeroTest cireayronine KOMIOHEHTHI:

(1) muO)KecTBO mporneccopos (6puramast) P = { Py, ..., Ps};

(2) muO)KecTBO 3MaHuil A = {ay, ..

a9 };

(3) 19 BpeMeHHBIX UHTEPBAJIOM (MECSEB) (T1,...,T¢,-,T19);

(4) pacuucanue S (Puc. 9);

(5) pewrenne kacrepusamun s paciucanus S: X (S) = { X7, .., X\ oo, Xppp b, X7 coOTBET-
CTBYeT MHOXKeCTBY TpeOyeMbIX Jieraseil Jyist HHTepBaioB T, (e = 1,19);
(6) onenkn 10 TpebyeMbIM JleTansM (maHesasiM) juist uHTEpBasioB T (¢ = 1,19 ): 4, (X5) -

9HCI0 TpebyeMbIX neTasteii dy /i BpeMeHHOTo uHTepBasa T, u T.1. (Tabmuma 12). B Tabmaume 12:

k=1,8 ldrx

w(va,) = % k=1,8);

(7) npousBOAUTENHHOCTD (IO JeTassM di, ...

% = {7217 "'772,& ’728}

, dg) IPOM3BOJICTBEHHON CUCTEMBI PABHA
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Tabimma 11. TpeboBanus 10 CTPYKTYPHBIM CEKIUAM 110 KAXKJIOMY MHTEPBAJLY (MeCcsiLy )

Howm. | Mecsam | g1 92 g5 99 w1 wy | ws |we | wy
1. 1/1982 | 0.091|0.045|0.045| 0.0 |{0.136| 0.0 |0.182]0.0| 0.0

2 2/1982 |0.182{0.091 | 0.091| 0.0 |0.273| 0.0 [0.364|0.0| 0.0

3 3/1982 |0.182]0.091 [0.091| 0.0 |0.273| 0.0 [0.364|0.0| 0.0

4. 4/1982 |0.182]0.091 [0.091| 0.0 |0.273| 0.0 [0.364|0.0| 0.0

5. 5/1982 |0.182{0.091 | 0.091| 0.0 |0.273| 0.0 [0.364|0.0| 0.0

6

7

8

6/1982 | 0.1820.091 [0.091| 0.0 |0.273| 0.0 [0.364|0.0| 0.0
7/1982 | 0.274 1 0.183 | 0.183 | 0.0 [0.456| 0.0 |0.731]0.0| 0.0
. 8/1982 | 0.365 | 0.447 | 0.447 | 0.172 | 0.812 | 0.172 | 2.131 | 0.0 | 0.0
9. 9/1982 | 0.365 | 0.800 | 0.478 | 0.396 | 1.004 | 0.396 | 3.024 | 0.0 | 0.161
10. 10/1982|0.324 | 1.095 | 0.772 | 0.693 | 1.257 | 0.693 | 4.796 | 0.0 | 0.161
11. | 11/1982|0.345| 1.328 | 1.006 | 0.818 | 1.512 | 0.818 | 5.976 | 0.0 | 0.161
12. ]12/1982|0.350 | 1.290 | 0.909 | 1.078 | 1.421 | 1.078 | 6.163 | 0.0 | 0.219
13. | 1/1983 | 0.524 | 1.169 | 0.614 | 1.124 | 1.299 | 1.124 | 5.594 | 0.0 | 0.394
14. | 2/1983 | 0.524 | 1.002 | 0.447 | 1.124 | 1.133 | 1.124 | 4.927 | 0.0 | 0.394
15. | 3/1983 |0.524 | 0.774 | 0.447 | 0.995 | 1.003 | 0.995 | 4.411 | 0.0 | 0.265
16. | 4/1983 |0.492|0.530 | 0.298 | 0.697 | 0.789 | 0.697 | 3.155 | 0.0 | 0.233
17. | 5/1983 |0.140| 0.140 | 0.128 | 0.267 | 0.267 | 0.267 | 0.953 | 0.0 | 0.012
18. | 6/1983 |0.128 | 0.128 | 0.128 | 0.256 | 0.256 | 0.256 | 0.895 | 0.0 | 0.0
19. | 7/1983 |0.100 | 0.100 | 0.100 | 0.199 | 0.199 | 0.199 | 0.698 | 0.0 | 0.0

Tabmuna 12. Tpebopanns B pacrucannu SO THIIOBLIX CTPYKTYPHBIX JeTajeil 10 MecsIam T,
1L p b DYKTYD A €

Te | Va3t (Vay) Vo3 (Vds)  Vag i (Vas) Vaustt(Vas) Vg3 (Vds)  Vgi(Vae) Varitb(Var)  Vassi(Vs)
1| 79;247 122,379  27;86  70;21.9 0;0.0 8;2.6 9;2.9 41.3
2| 137;21.7  0;0.0  253;40.0 166;26.3  0;0.0 16;2.7 50;8.0 8;1.3
3| 137;21.7 0,00  253;40.0 166;26.3  0;0.0 16;2.7 50;8.0 8;1.3
4| 137;21.7  0;0.0  253;40.0 166;26.3  0;0.0 16;2.7 50;8.0 8;1.3
5| 137;21.7  0;0.0  253;40.0 166;26.3  0;0.0 16;2.7 50;8.0 8;1.3
6 | 137;21.7  0;0.0  253;40.0 166;26.3  0;0.0 16;2.7 50;8.0 8;1.3
7| 250;22.3  92;82  377;33.7  279;249  0;0.0 29;2.6 77,6.9 14;1.3
8| 576;22.5  93;3.7  932:;36.5 659;25.8  0;0.0 66;2.6  187;7.3  41;1.6
9 | 842;23.0 181;5.0 1300;35.6 912;24.9  0;0.0 94;2.6  251;6.9  72;2.0

10| 1250;23.0 222;4.1 1866;34.3 1277;23.5 109;2.0  129;2.4  347;6.4  101;1.9
11| 1468;22.6  18;0.3  2448;37.7 1615;24.9 84;1.3  158;2.4  461;7.1  122;1.9
12| 1562;22.9 231;3.4  2385;35.3 1654;24.2 94;1.4  164;2.4  459;6.7  139;2.0
13| 1446;22.8  0;0.0  2418;38.1 1589;25.8  59;0.9  155;2.5  452;7.1  146;2.3
14| 1296;22.7  0;0.0  2187;38.3 1452;25.5  26;0.5  142;2.5 428,75  138,2.4
15| 1156;22.5  0;0.0  1938;37.7 1244;24.2  80;1.6  121;2.4  373;7.3  114;2.2
16| 965;21.5  0;0.0  1554;34.6 810;18.1  305;6.8  83;1.9  279;6.2  76;1.7
17| 289;23.3  0;0.0  453;36.6 305;24.6  16;1.3 29;2.4 90;7.3 26;2.1
18| 261;22.6  0;0.0  447;38.6 305;26.4  0;0.0 29;2.5 88;7.6 26;2.3
19| 276:21.0  0;0.0  409;31.2 164;12.5 154;11.8  17;1.4 68;5.2 13;1.0

[TocTranoBKy 3a/1a9u IJIAHIPOBAHIS MOYXKHO COOPMYJIHPOBATD TaK:

Haiitu pacniucanme S u cOOTBETCTBYIOIIHE X = {X+, .y Xrey o, X719} TAK, UTO
(’Yd1 (XTE)7 - Vdsg (XTE)) =% Vr.=1,19.

OueBn/IHO, YTO JIONOJHUTEIHHO B MOJICJIM MOYKHO YUIUTBIBATH U IeJIeBYI0 (DYHKIWIO (mim yHK-
n).

IIporiece pemnenuit JAHHON 38,1841 MOYKHO paccMaTpuBaTh Kak Mojudukamnuio (yiydineHne) uc-
xofHoro pactmcanus (3aech 3to SY). B KauecTse omeparnuit MOMEGMUKAIIE HCXOIHOTO PACTHCAHI
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MOZKHO IIPUBECTH cjiejyiomue: (i) caBUr BIpaBo BpeMeHn cOOPKH 371aHus a¢, (ii) casur Biaeso Bpe-
Menu cOOpKE 371aHus a¢, (ill) mepecranoska mosmmuii AByX 31amuit a¢, and ag, B pactmcanun: (a)
caydait 1: a¢, m a¢, B MCXOJHOM DaCIHMCAHNH BBIIOJHSIOTCS Ha OJHOM Iiporeccope, (6) ciydaii 2:
a¢, 1 G¢, B MCXOIHOM PACINCAHUN BBIIOJHAIOTCS Ha PA3HBIX IPOIECCOPaX.

Cuiestyer 3aMeTuTh, 9T0 60JIee JUIMHHOE 3jaHue (110 YUCIIY MObEe370B) COJEPIKUT IPOIOPIHO-
HaJIbHO MEHBbIIIe JeTajieil THIIa HAPY KHBIX CTEHOBBIX IHaHesel d;.

Tabauma 13 comep:KuUT BO3MOXKHBIE OIlepaIiui MOTUMUKAIINA UCXOJHOIO pacrucanusi. lcroib-
3yeMble OIEHKH ITOJIE3HOCTH U CTOMMOCTH MMEIOT TOJIBKO WJIIIOCTPATUBHBIN XapakTep.

Ta6mmma 13. Onepanun Moaudukanun paciaucanmns SO = S’

Howm. | 3nanue | Tun usmenenust Bunapuas | [lonesnocts | CTouMocTb
L ImepeMeHHAas Cuj b,
1. |ag Vll . HeT Y1,1 0.0 0.0

V21: CIIBUT BITPABO, 3 JIHS Y1,2 0.5 1.0
V31: CIIBUT' BIIPaBO, 7 JHEN Y1,3 1.5 2.0
V41: cIBUT BIpaBo, 14 nueit Y1,4 2.5 3.0
V51: CIIBUT BIIpaBo, 21 JieHb Y1,5 3.5 4.0
2. a7 V12 . HEeT y271 0.0 0.0
V22: CIIBUT BITPABO, 3 JIHS Y2,2 0.3 0.5
V32: CIBUT BIpPaBO, 7 ITHEI Y2,3 1.0 0.8
V42: CJIBUT BIpaBo, 14 jgHeit Y2.4 1.5 1.0
3. |asg V13 . HET Y3,1 0.0 0.0
V3. casur Brpaso, 7 jmeit Y32 1.5 1.0
‘/}33: CJIBUT BIpaBo, 14 jaHeit Y3,3 2.5 1.5
V43: CIIBUT BIIpaBo, 21 JIeHb Y3,4 3.5 2.0
4. as,ae V14 . Her Ya,1 0.0 0.0
V24: IIEPECTAHOBKA MTO3UINIH Ya,2 1.5 2.0

P |

Py | | as(BBA) | a7 (B2A) |

Pyl a1(B1A) [ as(B2A) | |

Py | | a3(BSA) | ag(B4) [

Ps | \ as(B6B) \ |

P | [ @By ] |

Pr | |

B | [ as(B2B) |

| —— -t

| | | | | | | | | | | | | | | |

I I I I I I I I I I I I I I I I
012345678 91011121 2 3 4 5 6 7
1 9 8 2 roxg 1 9 8 3 roxg

Puc. 10. Hopoe pacnucanue cOopKu 3maHMIMA

3/ech MPEeIoIaraloTCsl HE3aBUCUMbIE OMEPAIlUd MOIUMUKAIIMYE UCXOJHOIO pacnucanus VHade
cjlejlyer IPUMEHSITh 3a/1ady Ha OCHOBE MOPQOIOrnIecKoi Kianku [64].

NHOOPMAIIMOHHEBIE ITPOIIECCEI TOM 18 Ne4 2018



464

M.III. JJEBIH

TakuMm 06pa30M,UCIOIB3YETCsT MOJIETL OJIOIHOTO pIok3aka (q1 =4, o =4, g3 =4, q1 = 2):

4 q 4 q qu
maXZZyLJcLJ s.t. Zzy%jb%' < bgemstr Zyw’ <1Vi=1,4,Vj=

1=1j=1

1=1j=1

i=1

1,q v?/b,j € {0,1}'

I/ICHO.HI)SyeTCH HpOCTeIU/IH_IaSI 9BPUCTUKA (BbI60p " YIIaKOBKa 3JIEMEHTOB B COOTBETCTBUU C 3HAYCHUEM

Cuj

7 j). Unmocrparus urorosoro (Momubumposannoro) pemenns (T.e., ymyuamenns SY):  I(S°)

Ly
Vl1 * Vf * Vf’ * V14. Bunapnoe pemenne nmeer Bug: Y11 = 0, you = 1, y34 = 1, ya1 = 0.
Coorsercrsyiormee pactucanue S’ npuseseno na Puc. 10. Ha Puc. 11 npeacrasiena wmoctpaiiys
anasmsa Gasanca (110 Hapy»KHOM cTeHoBOi mamenu dy) mis pacmucannsa S° u pacrucanns S’

Yucao

naHeseil dq

A

1500+

1400+

1300+

1200+

1100+

1000+

900 —+

800 +

700 +

600 +

500 -+

400 +

300 —+

200 —+

100 +

OFpaHI/I‘IeHI/Ie IIPpOU3BOJACTBA * © o

110 aHean dp

© Tpebosanus

o ® Mo uUIH-
T~ POBAHHOI'O

pacriucanus S’
© e @ (no nanesu dy)

©®

«® O] O]

TpeboBanus /

UCXOJTHOT'O
pacrucanus SO
(o manesn dy)

® 6® o® o® o®

©®

®

[ R R B R
S B S E
123456

I I T |
T

% I e e e w l #
7891011121 2 3 4 5 6 7

1 9 8 2 year 1 9 8 3 year
Puc. 11. Ananus Gasanca 1o crpykrype Jjeranieil (1o geranu dy)

NHOOPMAIIMOHHEBIE ITPOIIECCEI TOM 18 Ne 4

2018



MHOI'OITPOIIECCOPHBIE PACIIMCAHUA MOAYJ/IBHBIX PABOT C BAJIAHCOM 465
5. O BAJJAYE C BAJTAHCOM ITPU ITEPEJJAYE NTHOOPMAIINU

B nociennne roppl nepenada mHAGOPMAINK Ha OCHOBE OOBEKTHO-OPUEHTUPOBAHHOI'O IIOIXOJA
[IPEJICTABJISIETCS IePCIeKTUBHOM. TToxoxKuiit B3rjisil Ha IPOIECC HepeJadn JAHHLIX MOXKHO PACCMOT-
peTb cieaytomuM o6pasoM. [lycTh UMeTCst 1) HCXOMHBIX HADOPOB COODIIEHMH HA OCHOBE 0OHLEKTOR:

Al =< A11,A12, Q13 o0 >y oon A; =< i1y A2, A3y coe >y oon A77 =< ap1,;an2,0n3, ... >.

Kaxpiit Habop coobiiennii A; OCHOBaH Ha MHOXKECTBE CTaHJIAPTHBIX OOBEKTOB (HalpuMmep:
bi1,bi2,bi3,bi4,... ) ¢ upemmecTBoBaHneM (Kak menodka): by < b « big < by + ... Ilna-
HUPOBAHUE 3aKJII0YACTCA B (POPMUPOBAHUM PACIMCAHUA JJisd K IOJKAHAJIOB TaK, 4TOObI BBLIIIOJIHSI-
JI0Ch TpeboBaHme HOajlaHca 10 TUIIOBBIM 00bEKTaM Ha KayKJOM BDEMEHHOM MHTepBaJie (MHTEPBaJIbL:
T1,72,73, .. ). LIpeJosaraercs, 4To KaxKi0e COOBIIeHne MOXKeT ObITh MEPEJaH0 ¢ HEKOTOPBIM CJIBU-
roM 1o Bpemenu. HiumocTpaTuBHasi cxeMma Iepegadd JTaHHBIX ¢ yueToM OajiaHca [0 MHTepBaJiaM
npusesiena va Puc. 12.

ITocsenoBaTeabHOCTH Wurep-
COODIIEHNI HA OCHOBE Unrep- vy Unrep-
TUIOBBIX 00HEKTOB BTl /—\ BaJI
a4 a1z a1z | ail 1 3
Crkl | g looo|oe|0so | N Ionkanas
ail ai2 |13, 014 1
[Tnarupo-
Crox i | ool o o o o1 nepermen |10 @iz aig | @iy | |Honsama
JTAHHBIX
Crox gy [@A] @ [@n2 [ @] o N N N HOAIE\&H&H .
(OB KONONCHNONONIONONONC}

Puc. 12. Ilepenaga maHHBIX ¢ yIeTOM DaJlaHCa 110 MHTEPBAJIAM

6. SAKJIFOYEHUE

B paGore npeioxkena HOBas 3aja9a JIAHAPOBAHUS MHOIOIPOIECCOPHBIX PACIIMCAHUS MOJLYJIb-
HBLIX paboT ¢ yueToM GaJjlaHca II0 BPEMEHHBIM MHTepBaJaM. [IpuBeneHbl MOJeb 3aa491, SBPUCTH-
YecCKasd CXeMa penicHHusd, NJIJIIOCTPpaTUBHBIEC IIPDHUMEPHI. MO)KHO yKaBaTb C.He,ZLyIOH_[I/Ie HallpaBJICHU A
Oymyuwmx uccienosanuii: (1) uccsemoBanue Mojiesieil ¢ HEOIPEIEJEHHOCTHIO (HAIPUMED, ¢ BEPOSIT-
HOCTHBIMHU OIEHKAMU, C OIEHKAMU B BUJIE PA3MbITBIX MHOXKECTB); (2) aHa/u3 NIPUMEHUMOCTH JPYTUX
HOJIXOJIOB K PEIeHnIo (HaIpuMep, BEPOITHOCTHBIX aJITOPUTMOB); (3) MCCIIE0BAHIE IPYTHUX TPHUJIO-
JKeHWii (HAlpuMep, JIOTUCTHKA, CeTU CBsi3u); (4) MCHojb30BaHUE OMMCAHHOTO MOJXOJA B yUeOHOM
porecce.

CIIMCOK JINTEPATVYPHI

1. Adamu M.O., Abass O., Parallel machine scheduling to maximize the weighted number of just-in-time
jobs. J. of Appl. Sci. and Technol., 2010, vol. 15, no. 1-2, pp. 27-34.

2. Adamu M.O., Adewumi A.O., Metaheuristics for scheduling on parallel machine to minimize weighted
number of early and tardy jobs. Int. J. of Phys. Sci., 2012, vol. 7, no. 10, pp. 1641-1652.

3. Akturk M.S., Erhun F.; An overview of design and operational issues of kanban systems. Int. J. of
Prod. Res., 1999, vol. 37, no. 17, pp. 3859-3881.

4. Alvarez-Perez G.A., Gonzalez-Valarde J.L., Fowler J.W., Cross-docking - just in time scheduling: an
alternative solution approach. J. of the ORS, 2009, vol. 60, no. 4, pp. 554-564.

NHOOPMAIIMMOHHBIE ITPOIIECCEI TOM 18 Ne4 2018



466

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

M.III. JJEBIH

. Alvarez-Valdes R., Crespo E., Tamarit J.M., Villa F., Minimizing weighted earliness-tardiness on a

single machine with a common due date using quadratic models. TOP, 2012, vol. 20, pp. 754-767.

. Alvarez-Valdes R., Tamarit J.M., Villa F., Minimizing weighted earliness-tardiness on parallel machines

using hybrid metaheuristics. Comp. and Oper. Res., 2015, vol. 54, pp. 1-11.

Angelelli E., Filippi C., On the complexity of interval scheduling with a resource constraint. Theor.
Comp. Sci., 2011, vol. 412, no. 29, pp. 3650-3657.

. Arkin E.M., Silverberg E.L., Scheduling jobs with fixed start and finish times. Discr. Appl. Math.,

1987, vol. 18, no. 1, pp. 1-8.

. Baker K.R., Minimizing earliness and tardiness costs in stochastic scheduling. EJOR, 2014, vol. 236,

no. 2, pp. 445-452.

Baker K.R., Scudder G.D., Sequencing with earliness and tardiness penalties: a review. Oper. Res.,
1990, vol. 38, no. 1, pp. 22-36.

Bar-Yehuda R., Polevoy G., Rawitz D., Bandwidth allocation in cellular networks with multiple inter-
ferences. Discr. Appl. Math., 2015, vol. 194, no. 23, pp. 23-36.

Bolori Arabani A.R., A multi-criteria cross-docking scheduling with just-in-time approach. Int. J. Adv.
Manuf. Technol., 2010, vol. 49, no. 5, pp. 741-756.

Boysen N., Bock S., Scheduling just-in-time part supply for mixed-model assembly lines. EJOR, 2011,
vol. 211, no. 1, pp. 15-25.

Bozejko W., Rajba P., Wodecki M., Scheduling problem with uncertain parameters in just in time
system. In: Rutkowski L., Korytkowski M., Scherer R., Tadeusiewicz R., Zadeh L.A., Zurada J.M.
(eds), Artif. Intell. and Soft Comput., LNCS 8468, Springer, pp. 456467, 2014.

Branda M., Novotny J., Olstad A., Fixed interval scheduling under uncertainty - a tabu search algorithm
for an extended robust coloring formulation. Comp. and Ind. Eng., 2016, vol. 93, pp. 45-54.

Cai X., Zhou S., Stochastic scheduling on parallel machines subject to random breakdowns to minimize
expected costs for earliness and tardy jobs. Oper. Res., 1999, vol. 47, no. 3, pp. 422-437.

Carlisle M.C., Lloyd E.L., On the k-coloring of intervals. Discr. Appl. Math., 1995, vol. 59, pp. 225-235.

Carter M.W., Tovey C.A., When is the classroom assignment problem hard? Oper. Res., 1992, vol. 40,
pp- 28-39.

Cepek O., Sung S.C., A quadratic time algorithm to maximize the number of just-in-time jobs on
identical parallel machines. Comp. and Oper. Res., 2005, vol. 32, no. 12, pp. 3265-3271.

Chen Z.-L., Powell W.B., A column generation based decomposition algorithm for a parallel machine
just-in-time scheduling problem. EJOR, 1999, vol. 116, no. 1, pp. 220-232.

Chen B., Hassan R., Tzur M., Allocation of bandwidth and storage. ITE Trans., 2002, vol. 34, pp.
501-507.

Chen Z.Z., Jiang T., Lin G.H., Rizzi R., Wen J.J., Xu D., Xu Y., More reliable protein NMR peak
assignment via improved 2-interval scheduling. In: Di Battista G., Zwick U. (eds), Algorithms - ESA
2003, LNCS 2832, Springer, pp. 580-592, 2003.

Chetty S., Adewumi A.O., A study of the enhanced best performance algorithm for the just-in-time
scheduling problem. Discrete Dynamics in Nature and Society, Vol. 2015, Art. ID 350308, 12 p.

Choi B.C., Yoon S.J., Maximizing the number of just-in-time jobs in flow-shop scheduling. J. of Sched.,
2007, vol. 10, no. 4-5, pp. 237-243.

Chung D.Y., Choi B.C., Just-in-time scheduling with competing agents. Korean Oper. Res. Manag.
Sci., 2012, vol. 37, pp. 19-28.

Dhamala T.N., Khadka S.R., A review on sequencing approaches for mixed-model just-in-time produc-
tion systems. Iranian J. of Optim., 2009, vol. 1, pp. 266—290.

NHOOPMAIIMOHHEBIE ITPOIIECCEI TOM 18 Ne4 2018



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

MHOI'OITPOIIECCOPHBIE PACIIMCAHUA MOAYJ/IBHBIX PABOT C BAJIAHCOM 467

Drobouchevich I.G., Sidney J.B., Minimization of earliness, tardiness and due date penalties on uniform
parallel machines with identical jobs. Comp. and Oper. Res., 2012, vol. 39, no. 9, pp. 1919-1926.

Elysi A., Salmasi N., Stochastic scheduling with minimizing the number of tardy jobs using change
constrained programming. Math. and Comp. Modell., 2013, vol. 57, no. 5-6, pp. 1154-1164.

Elysi A., Salmasi N., Stochastic flow-shop scheduling with minimizing the expected number of tardy
jobs. The Int. J. of Adv. Manuf. Technol., 2013, vol. 66, no. 1-4, pp. 337-346.

Garey M.R., Johnson D.S., Computers and Intractability. The Guide to the Theory of NP-
Completeness. W.H. Freeman and Company, San Francisco, 1979.

Garey M.R., Tarjan R.E., Wilfong G.T., One-processor scheduling with symmetric earliness and tar-
diness penalties. Math. of Oper. Res., 1988, vol. 13, pp. 330-348.

Gerstl E., Mosheiov G., Due-window assignment problems with unit-time jobs. Appl. Math. and Com-
put., 2013, vol. 220, pp. 487-495.

Gerstl E., Mosheiov G., Minmax weighted earliness-tardiness with identical processing times and two
competing agents. Comp. and Ind. Eng., 2017, vol. 107, pp. 171-177.

Giordano F., Schiraldi M.M., On Just-In-Time production leveling. In: Operations Management, IN-
TECH, pp. 141-162, 2015.

Golhar D.Y., Stamm C.L., The just-in-time philosophy: a literature review. The Int. J. of Prod. Res.,
1991, vol. 29, no. 4, pp. 657-676.

Gordon V.S., Proth J.M., Chu C., A survey of the state-of-the-art of common due-date assignment and
scheduling research. EJOR, 2002, vol. 139, no. 1, pp. 1-25.

Gordon V.S., Proth J.-M., Strusevich V.A., Scheduling with due date assignment. In: Leung J.Y. (ed.),
Handbook of Scheduling: Algorithms, Models and Performance Analysis. Chapman & Hall/CRC Press,
Boca Raton, FL, USA, Chapter 10, 2004.

Groenevelt H., The just-in-time systems. In: Handbook in Operations Research and Management
Science, 1993, vol. 4, pp. 629-670.

Gupta U.L., Lee D.T., Leung J.Y.-T., An optimal solution the the channel-assignment problem. IEEE
Trans. on Comp., 1979, vol. 28, pp. 807-810.

Hermelin D., Shabtay D., Talmon N., On the parameterized tractability of the just-in-time flow-shop
scheduling problem. Electr. prepr., 23 p., Sep. 13, 2017. http://arxiv.org/abs/1709.04169 [cs.DS]

Hiraishi K., Levner E., Vlach M., Scheduling of parallel identical machines to maximize the weighted
number of just-in-time jobs. Comp. and Oper. Res., 2002, vol. 29, no. 7, pp. 841-848.

Hoogeveen J.A., Multicriteria scheduling. EJOR, 2005, vol. 167, no. 3, pp. 592-623.

Huang P.Y., Rees L.P., Taylor III B.W.; A simulation analysis of the Japanese just-in-time techniques
(with kanbans) for a multiline, multistage production systems. Dec. Sci., 1983, vol. 14, no. 3, pp.
326-344.

Janiak A., Januszkiewicz R., Scheduling of unit-time jobs distinct due windows on parallel processors.
In: Proc. 9th IFAC Workshop on Intell. Manuf. Syst., pp. 118-121, 2008.

Janiak A., Janiak W., Krysiak T., Kwiatkowski T., A survey on scheduling problems with due windows.
EJOR, 2015, vol. 242, no. 2, pp. 347-357.

Josefowska J., Just-in-Time Scheduling: Models and Algorithms for Computer and Manufacturing
Systems. Springer, 2010.

Kacem I., Fully polynomial time approximation scheme for the total weighted tardiness with a common
due date. Discr. Appl. Math., 2010, vol. 158, no. 9, pp. 1035-1040.

Kayvanfar V., Komaki G.H.M., Aalaei A., Zandieh M., Minimizing total tardiness and earliness on
unrelated parallel machines with controllable processing times. Comput. Oper. Res., 2014, vol. 41, pp.
31-43.

NHOOPMAIIMMOHHBIE ITPOIIECCEI TOM 18 Ne4 2018



468
49

50.

ol.

52.

93.

o4.

95.

96.

o7.

58.

99.

60.

61.

62.
63.

64.
65.

66.

67.

68.

69.

70.

M.III. JJEBIH

Kellerer H., Rustogi K., Strusevich V.A., A fast FPTAS for single machine scheduling problem of
minimizing total weighted earliness and tardiness about large common due date. Omega, 2018 (in
Press).

Keshavarz T., Savelsbergh M., Salmasi N., A branch-and-bound algorithm for the single machine
sequence-dependent group scheduling problem with earliness and tardiness penalties. App. Math. Mod-
ell., 2015, vol. 39, no. 20, pp. 6410-6424.

Kolen A.W.J., Lenstra J.K., Papadimitriou Ch.H., Spieksma F.C.R., Interval scheduling: a survey.
Naval Res. Logist., 2007, vol. 54, no. 5, pp. 530-543.

Kootanaee A.J., Babu K.N., Talari H.F., Just-in-tome manufacturing system: from introduction to
implement. Int. J. of Economics, Business and Finance, 2013, vol. 1, no. 2, pp. 7-25.

Kovalyov M.Y., Kubiak W.; A fully polynomial approximation scheme for the weighted earliness-
tardiness problem. Oper. Res., 1999, vol. 47, no. 5, pp. 757-761.

Kovalyov M.Y., Ng C.T., Cheng T.C.E., Fixed interval scheduling: models, applications, computational
complexity and algorithms. EJOR, 2007, vol. 178, no. 2, pp. 331-342.

Krieg G.N., Kuhn H., A decomposition method for multi-product kanban systems with setup times
and lost sales. IEE Transactions, 2002, vol. 34, pp. 613-625.

Kroon K.G., Salomon M., van Wassenhove L.N., Exact and approximation algorithms for the tactical
fixed interval scheduling problem. Oper. Res., 1997, vol. 45, pp. 624-638.

Krumke S.O., Thielen C., Westphal S., Interval scheduling on related machines. Comp. and Oper. Res.,
2011, vol. 38, pp. 1836-1844.

Kubiak W., Sethi S., Optimal just-in-time schedules for flexible transfer lines. Int. J. of Flexible Manuf.
Syst., 1994, vol. 6, no. 2, pp. 137-154.

Kubiak W., Steiner G., Yeomans J.S., Optimal level schedules for mixed-model, multi level just-in-time
assembly systems. Annals of Oper. Res., 1997, vol. 69, pp. 241-259.

Laguna M., Velarde J.L.G., A search heuristic for just-in-time scheduling in parallel machines. J. of
Intell. Manuf., 1991, vol. 2, no. 4, pp. 253-260.

Lauff V., Werner F., Scheduling with common due date, earliness and tardiness penalties for multima-
chine problems: a survey. Mathematical and Computer Modelling, 2004, vol. 40, no. 5-6, pp. 637-655.

Lawson M., Ogden R., Goodier C., Design in Modular Construction. CRC Press, 2014.

Jlesun M.III. Texno-pabounii mpoekT mojcrucTeMbl (DOPMUPOBAHUS 3aBOJCTBOIO IIPOU3BOJCTBA HA OC-
HOBE TIOTOYHBIX I'paduKoB crpouTesberia. “Mocmpoekt-17, IitaBAITY, Mocksa, 1982.

Levin M.Sh., Modular System Design and Evaluation. Sprigner, 2015.

Levin M.Sh., Towards balanced clustering - part 1 (preliminaries). Elec. prepr., 21 p., Jun. 9, 2017.
http://arxiv.org/abs/1706.03065 [cs.DS]

Levin M.Sh., On balanced clustering (indices, models, examples). J. of Commun. Technol. and Elec-
tronics, 2017, vol. 62, no. 12, pp. 1506-1515.

Levin M.Sh., Time-interval balanced clustering in multi-processor scheduling of composite modular jobs
(preliminary description) Elec. prepr., 37 p., Nov. 11, 2018. http://arxiv.org/abs/1811.04458 [cs.Al]

Leyvand Y., Shabtay D., Steiner G., Yedidsion L., Just-in-time scheduling with controllable processing
times on parallel machines. J. Comb. Optim., 2010, vol. 19, no. 3, pp. 347-368.

Li L., Fonescca D.J., Chen D.S., Earliness-tardiness production planning for just in time manufacturing:
A unifying approach by goal programming. EJOR, 2006, vol. 175, no. 1, pp. 508-515.

Liu K., Abu-Ghazaleh N., Kang K.D., JiTS: Just-in-time scheduling for real-time sensor data dissemi-
nation. Elec. prepr., 25 p., Aug. 16, 2006. http://arxiv.org/abs/0608069 [cs.NI]

NHOOPMAIIMOHHEBIE ITPOIIECCEI TOM 18 Ne4 2018



71.

72.

73.

74.

75.

76.

e

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.
89.

90.

91.

92.

93.

MHOI'OITPOIIECCOPHBIE PACIIMCAHUA MOAYJ/IBHBIX PABOT C BAJIAHCOM 469

Makcumenko B.A.; MeToj KaTaJoKHBIX 00bEMHO-TUIAHKPOBOYHBIX 3JIEMEHTOB KAK HOBBIM 9TAIl Pa3BH-
THsI KpYyHOHOIIAHEJbHOTO JoMocTpoenus. [lepenoBoit onbiT B crponrenserBe Mocksbr, 1982, Boim. 2, C.

7-9.

Martello S., Toth P., A heuristic approach to the bus driver scheduling problem. EJOR, 1986, vol. 24,
pp. 106-117.

Meissner S., Controlling just-in-sequence flow-production. Logistics Research, 2010, vol. 2, pp. 45-53.

McGrarry M.P., Reisslein M., Colbourn C.J., Maier M., Aurzada F., Scheutzow M., Just-in-time
scheduling for multichannel EPONs. IEEE Trans. of Lightwave Technology, 2008, vol. 26, no. 10,
pp. 1204-1216.

McMullen P.R., JIT sequencing for mixed-model assembly lines with setups using Tabu Search. Pro-
duction Planning and Control, 1998, vol. 9, no. 5, pp. 504-510.

M’Hallah R., Bulfin R.L., Minimizing the weighted number of tardy jobs on parallel processors. EJOR,
2005, vol. 160, pp. 471-484.

Miltenburg J., Level schedules for mixed-model assembly lines in just-in-time production systems.
Manag. Sci., 1989, vol. 35, no. 2, pp. 192-207.

Miltenburg J., Steiner G., Yeomans S., A dynamic programming algorithm for scheduling mixed-model,
just-in-time production systems. Math. and Comp. Modell., 1990, vol. 13, no. 3, pp. 57-66.

Mittenthal J., Raghavachari M., Stochastic single machine scheduling with quadratic early-tardy penal-
ties. Oper. Res., 1993, vol. 41, pp. 786-796.

Monette J.N., Deville Y., Van Hentenryck P., Just-in-time scheduling with constrained programming.
In: Nineteenth Int. Conf. on Automated Planning and Scheduling ICAPS 2009, pp. 241-248, 2009.

Monden Y., Toyota Production System: An Integrated Approach to Just-In-Time. 4th ed., CRC Press,
2011.

Mooeni F., Sanchez S.M., Vakharia A.J., A robust design methodology for Kanban system design. Int.
J. of Prod. Res., 1997, vol. 35, pp. 2821-2838.

Moore J.M., An n job, one machine sequencing algorithm for minimizing the number of late jobs.
Manag. Sci., 1968, vol. 15, pp. 102-109.

Mosheiov G., Oron D., A multi-criteria scheduling with due-window assignment problem. Math. and
Comp. Modell., 2008, vol. 48, no. 5, pp. 898-907.

Mosheiov G., Sarig A., Minmax scheduling problems with a common due-window. Comput. Oper. Res.,
2009, vol. 36, no. 6, pp. 1886-1892.

Mosheiov G., Sarig A., Scheduling a maintenance activity and due-window assignment on a single
machine. Comput. Oper. Res., 2009, vol. 36, no. 9, pp. 2541-2545.

Mosheiov G., Sarig A., Scheduling with a common due-window: polynomial solvable cases. Inf. Sci.,
2010, vol. 180, no. 8, pp. 1492-1505.

Mullens M.A., Factory Design for Modular Homebuilding. Constructability Press, 2011.

Nori V.S., Sarker B.R., Cyclic scheduling for a multi-product, single-facility production system oper-
ating under a just-in-time delivery policy. J. of the ORS, 1996, vol. 47, no. 7, pp. 930-935.

Papadimitriou Ch.H., Steiglitz K., Combinatorial Optimization: Algorithms and Complexity. Dover,
2013.

Pereira J., Vasquez O.C., The single machine weighted mean squared deviation problem. EJOR, 2017,
vol. 261, no. 2, pp. 515-529.

Pheng L.S., Jayawickrama T.S., Just-in-Time Management of a Building Project in the Middle-East.
In: Rios-Mercado R., Rios-Solis Y.A. (eds), Just-in-Time Systems. Springer, pp. 261-286, 2012.

Pinedo M.L., Scheduling: Theory, Algorithms, and Systems. 5th ed., Springer, New York, 2016.

NHOOPMAIIMMOHHBIE ITPOIIECCEI TOM 18 Ne4 2018



470

94.
95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

M.III. JJEBIH

Rios-Mercado R., Rios-Solis Y.A. (eds), Just-in-Time Systems. Springer, 2012.

Roach A., Nagi R., A hybrid GA-SA algorithm for just-in-time scheduling of multi-level assemblies.
Comp. and Oper. Res., 1996, vol. 30, no. 4, pp. 1047-1060.

Poueros A., Baiicman JI. HoBasi cucremMa MOCKOBCKOI'O KPYITHO-TIAHEILHOTO JoMocTpoenust. CTpouTesib-
crBo u apxurekTypa Mocksbr, 1980, Bem. 5, C. 4-7.

Van Rompaey K., Bolsens 1., De Man H., Just in time scheduling. In: Proc. IEEE 1992 Int. Conf. on
Computer Design: VLSI in Computers and Processors ICCD’92, pp. 295-300, 1992.

Ronconi D.P., Kawamura M.S., The single machine earliness and tardiness scheduling problem: lower
bounds and a branch-and-bound algorithm. Comput. and Appl. Math., 2010, vol. 29, no. 2, pp. 107-124.

Ronconi D.P., Birgin E.G., Mixed-Integer Programming Models for Flowshop Scheduling Problems
Minimizing the Total Earliness and Tardiness. In: Rios-Mercado R., Rios-Solis Y.A. (eds), Just-in-
Time Systems. Springer, pp. 91-105, 2012.

Rosa B.F., Souza M.J.F., de Souza S.R., de Franca Filho M.F., Ales Z., Machelon P.Y.P., Algorithms
for job scheduling problems with distinct time windows and general earliness/tardiness penalties. Comp.
and Oper. Res., 2017, vol. 81, pp. 203-215.

Sendil Kumar C., Panneerselvam R., Literature review of JIT-KANBAN system. Int. J. of Advanced
Manuf. Technol., 2007, pp. 393—408.

Seo D.K., Klein C.M., Jang W., Single machine stochastic scheduling to minimize the expected number
of tardy jobs using mathematical programming models. Comp. and Ind. Eng., 2005, vol. 48, pp. 153~
161.

Shabtay D., The just-in-time scheduling problem in flow shop scheduling systems. EJOR, 2012, vol.
216, no. 3, pp. 521-532.

Shabtay D., Steiner G., Scheduling to maximize the number of just-in-time jobs: a survey. In: Rioz-
Mercado R.Z., Rios-Solis Y.A. (eds), Just-In-Time Systems. Springer, pp. 3—20, 2012.

Soukhal A., Toung N.H., Just-in-Time Scheduling with Equal-Size Jobs. In: Rios-Mercado R., Rios-
Solis Y.A. (eds), Just-in-Time Systems. Springer, pp. 107-146, 2012.

Sourd F., Kedad-Sidhoum S., A faster branch-and-bound algorithm for the earliness—tardiness schedul-
ing problem. J. of Scheduling, 2008, vol. 11, no. 1, pp. 49-58.

Sung S.C., Vlach M., Maximizing weighted number of just-in-time jobs on unrelated parallel machines.
J. of Sched., 2005, vol. 8, no. 5, pp. 453-460.

Tanaka S., An exact algorithm for the single-machine earlinessIltardiness scheduling problem. In: Rios-
Mercado R., Rios-Solis Y.A. (eds), Just-in-Time Systems. Springer, pp. 21-40, 2012.

Tang H.Y., Zhao C.L., Cheng C.D., Single machine stochastic JIT scheduling problem subject to
machine breakdowns. Science in Chine Series A: Mathematics, 2008, vol. 51, no. 2, pp. 273-292.

Tkindt V., Billaut J.-C., Multicriteria Scheduling: Theory, Models and Algorithms. 2nd ed., Springer,
2006.

Trietsch D., Baker K., Minimizing the number of tardy jobs with stochastically-ordered processing
times. J. of Scheduling, 2008, vol. 11, no. 1, pp. 71-73.

Tuong N.H., Soukhal A., Some new polynomial cases in just-in-time scheduling problems with multiple
due dates. In: Proc. of the Sixth Int. Conf. on Research, Innovation and Vision for the Future in
Computing and Communications Technologies (RIVFT08), pp. 36-41, 2008.

Tuong N.H., Soukhal A., Polynomial cases and PTAS for Just-in-Time scheduling on parallel machines
around a common due-date. In: 11-th Int. Workshop on Project Management and Scheduling (PMS08).
pp- 152-155, 2008.

Tuong N.H., Soukhal A., Due dates assignment and JIT scheduling with equal-size jobs. EJOR, 2010,
vol. 205, no. 2, pp. 280-289.

NHOOPMAIIMOHHEBIE ITPOIIECCEI TOM 18 Ne4 2018



MHOT'OITPOLHECCOPHBIE PACIIMCAHINA MOAYJIBHBIX PABOT C BAJTAHCOM 471

115. Vallada E., Ruiz R., Scheduling Unrelated Parallel Machines with Sequence Dependent Setup Times
and Weighted Earliness Tardiness Minimization. In: Rios-Mercado R., Rios-Solis Y.A. (eds), Just-in-
Time Systems. Springer, pp. 67-90, 2012.

116. Valente J.M.S., Alves R.A.F.S., Efficient polynomial algorithms for special cases of weighted early /tardy
scheduling with release dates and a common due date. Pesquisa Operacional, 2003, vol. 23, no. 3, pp.
443-456.

117. Valente J.M.S., Goncalves J.F., A genetic algorithm approach for the single machine scheduling problem
with linear earliness and quadratic tardiness penalties. Comp. and Oper. Res., 2009, vol. 36, no. 10,
pp- 2707-2715.

118. Wang X.-Y., Wang M.-Z., Single machine common flow allowance scheduling with a rate-modifying
activity. Comp. and Ind. Eng., 2010, vol. 59, no. 4, pp. 898-902.

119. Wang D., Yin Y., Cheng T.C.E., A bicriterion approach to common flow allowances due window
assignment and scheduling with controllable processing times. Naval Res. Logist., 2017, vol. 64, no. 1,
pp. 41-63.

120. Wei J.Y., McFarland R.I., Just-in-time signaling for WDM optical burst switching networks. J. of
Lightwave Technology, 2000, vol. 18, no. 12, pp. 2019-2037.

121. Woeginger G.J., On-line scheduling of jobs with fixed start and end times. Theor. Comp. Sci., 1994,
vol. 130, pp. 5-16.

122. Yeung W.K., Oguz C., Cheng T.C.E., Single-machine scheduling with a common due window. Comp.
and Oper. Res., 2001, vol. 28, pp. 157-175.

123. Yin Y., Wang D.-J., Cheng T.C.E., Wu C.-C., Bi-criterion single machine scheduling and due-window
assignment with common flow allowances and resource-dependent processing times. J. of the ORS,
2016, vol. 67, no. 9, pp. 1169-1183.

124. Yuce B., Fruggiero F., Packianather M.S., Pham D.T., Mastrocinque E., Lambiase A., Fera M., Hybrid
Genetic Bees Algorithm applied to single machine scheduling with earliness and tardiness penalties.
Comp. and Ind. Eng., 2017, vol. 113, pp. 842-858.

Interval balanced multiprocessor scheduling of modular jobs

Levin M.Sh.

This article addresses multiprocessor scheduling of modular jobs while taking into account a bal-
ance requirements for each time interval. First, brief description of just-in-time planning approach
is described. Further, the problem statement of the examined scheduling problem is suggested. A
numerical example from planning in house-building illustrates the proposed problem and heuris-
tic solving scheme. This scheme involves the following: (i) clustering of the initial set of building
block/details to obtain eight typical group which correspond to manufacturing conveyers, (ii) gen-
eration of an initial plan for building assembly, (iii) detection of time intervals with disbalance by a
basic building block/detail, (iv) modification of the plan (by multiple choice problem). A possible
application of the proposed problem in information transmission is very briefly described as well.

KEYWORDS: multi-processor scheduling, combinatorial optimization, time-interval balancing,
balanced clustering, home-building, heuristics
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