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AvHaMnyeckoe NporpaMMmUpoBaHune -

Bce paHee paccmaTpmBaeMble 3a4a4mM HOCUIU CTaTUYHbIA XapakTep, O4HaKo
Ha NpaKkTUKe CYLWEeCTBYIOT 3a4a4un, B KOTOPbIX HEOBXOAMMO YUNTbIBaTb N3MEHEHUS
napamMeTpoB CUCTEM BO BPpEMEHW. DTU NapamMeTpbl MOryT MEHATLCA HENPEPbIBHO
NN OUCKPETHO - OT 3Tana K atany. Hanpumep, u3 roga B rog MeHsieTca Bo3pacT
MaLUMH 1 06opynoBaHNSA, U3MEHSETCA NPOM3BOACTBEHHAA MOLLHOCTb U T.4.

OueBnaHoO, YTO HEODBXOANUMO NPUHMMATL ONMTUMAarbHbIE peLLeHNsa Ha rofd (Mnu
ApPYyron cpoK) n oAHOBPEMEHHO Ha BECb paccMaTpuBaeMblii Nepuos B LIESTOM C
y4ETOM BO3MOXHbIX U3MEHEHUI NapaMeTpoB. [1Na pelueHus Takoro poga 3agayn,

KOTOpble NOSyYnnin Ha3BaHMe MHoroLwlaroBble, pa3paboTaH COOTBETCTBYIOLLU
MaTtemMaTu4ecKnin annapar, KOTOpPbIW NONy4ns1 Ha3gaHMe AUMHaAMUYecKoe
nporpamMmMmupoBaHue.

Ha kaxkgom Lware ¢ uernbto ynyylleHus pesynsraTta onepauum B Lernom
OCYLLEeCTBNAETCSA pacnpenereHne v nepepacnpeneneHe pecypcos, T.e. e
ynpasreHue u. ApPeKkTUBHOCTb onepaumn B LIENOM XxapakTepusyeTcd “
nokasarenem W, KOTOpbIM 3aBUCUT OT BCEN COBOKYMNHOCTU yrpaBneHnn u n Ha
kaxkgom ware onepauum W=W(u)=W(u,, u,, ..., u_).

YnpaBsneHue, npu KoTopom nokasarens W gocturaet ontumyma (Makcmmyma
NN MMHUMYMaA), Ha3bIBAeTCA ONTUMarbHbIM yripaBfieHNEM U*, KOTOPOe COCTOUT
M3 COBOKYMHOCTM ONTUMASIbHbIX LWAroBbIX yNpaBneHun u™ = (u.*, u,”, ..., u_*).

W*=2W. [ max (min), a He W™ [1 max (min), i=1..m
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OAvHaMunyeckoe nporpaMmMmmpoBaHue

A LBLIGEE e e

NMpoekTpoBaHue goporu
[MpoknaabiBaeTcs y4acTKOB JIECOBO3HOM AOPOrN MEXAY HUKHUM CKNagoMm
necnpomMmxosa 1 Norpy3o4HoOmn nroLaakoun fieconyHKTa no nepecevyeHHom
MecTHOCTU. TpebyeTca npoBecTy Aopory, YTOObl CyMMapHble 3aTpaThl Ha i
; COOPYXXEHWE y4acTKa BbINMv MUHUMATSIbHbIE.
YnpaBsneHue Bcel onepawumm COCTOUT U3 COBOKYMHOCTM LLIAroBbIX YNpaBneHun

U= (j,, jy-r J, ). TPEOYETCA HANTW TaKkoe ONTUMArnbLHOE ynpasneHne U, Npu
i KOTOPOM CyMMapHble 3aTpaTtbl W Ha COOpYy)XeHMe y4acTKOB MUHUMATbHbI, T.€. /4.
W*=ZW. [J min.
' Y4yacTok MECTHOCTM pa3bnBaeTcsa Ha CETKY, C P P P P B
BAOMb HanpaeneHun kotopon byaet cpontbes 7 4
aopora 13 nyHkta A B nyHKT B. Jopory n3 =
KaXKAOWM TOMKM MOXHO CTPOUTb CTOMNbKO CrieBa- 6
HanpaBo UM CHN3Y-BBEPX. e
Lindpel, cToAwme paoom ¢ oTpeskamu, 8
0603HayaloT 3aTpaThbl Ha CTPOUTENBCTBO F
[laHHOTO Kyco4yKa LOpPOrn. 9
TpebyeTcs BbibpaTb Takon Nyt U3 A B B, =
Ars KOTOPOro CyMMa YMCEn, CTOSALWMUX Ha J0

oTpeskax, bbina 6bl MMHMMarbHa. L




OAvHaMunyeckoe nporpaMmMmmpoBaHue

A LBLIGEE e e

MeTop peweHusn
PelleHve 3a4a4 AMHAaMUYECKOro NporpamMmMmMpoBaHNanaeT ABYX3TanHbIM
cnocoboM. Ha nepeom aTane peluaeTtcs nocrneaoBaTernbHO HEeCKOMbKO 3aaad
YCIOBHOIO MPOrpamMmmMnpoBaHus, HaunMHas oT NMocrneaHero Lwara 3agavdu, ABUrasach oo
; MO HaNpaBEHWIO K MEPBOMY.
YCnoBHOCTb 3a4a4n OGbACHAETCH TEM, YTO M LLAr PeLlaeTcs UCXoas U3
NPEeONoNIoKEHNSI O TOM, KaK 3aBepLumnncst m-1 Lar.
PelueHne HeABHOro BTOPOro atana HocuUT 6e3yCrioBHbIN XapakTep, T.K.
onTMMasbHbIM PeLLleHEM 3a4a4m SBMAETCA peLleHne, Nony4YeHHoe Ha NepBoMm
ware (OHO YYUTHIBAET BCE MOcneayLwwye warn (Hanpumep, y4acTkv Joporun) u B
COOTBETCTBYET ONTUMAbHON CUTyaLumn B LIENIOM).







OAvHaMunyeckoe nporpaMmMmmpoBaHue
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NMpoekTpoBaHue goporu

[Mocne pelueHns
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OAvHaMunyeckoe nporpaMmMmmpoBaHue

OnTumanbHoOe pacnpenerieHne pecypcosn

B obwem Buae 3agaym ontMmManbHOro pacnpegesieHns pecypcoB MOryT ObiTb
onucaHbl cneayowmm obpasom. VMiMeeTcs HEKOTOpoe KONMYEeCTBO PECYPCOB
L (MaTepuanbHble, TPyOoBblE, PUHAHCOBLIE), KOTOPbIE HEODXOOMMO pacnpenenmTb o
MeXay pasfiMyHbiMM 00bekTaMm UX UCMNOSIb30BaHUSA MO OTAENbHbLIM NPOMEXYTKaMm
e NNaHOBOro nepuoda Tak, YTobbl MONYyYUTb MakCUManbHY CyMMapHYHo B
9 PEKTUBHOCTb OT BbIOpaHHOro cnocoba pacnpeneneHms.
g [MokasaTenem adpPEKTUBHOCTN MOXET CIYXUTb, HAaNpumep, NpuodbInb,
cebeCcToMMOCTb, CyMMapHble 3atpaThbl U T.4.

Mpumep. OnTManbHOe pacnpeaeneHve NamMAaTy.

3aBnab nmeeT B CBOEM pacrnopsikeHun 7 moayrnen onepaTtMBHOM NamMAaTy,
KOTOpbl€ JOMMKEH UCMNOMb30BaTh NPU MOAEpHU3aUnM 5 KOMNbIOTEPOB. &
OPPEKTUBHOCTDL PabOThl KaX4oro u3 HMX npu odaBneHnn HECKONbKNUX Mogynemn
npueeneHa B Tabnuue. OnpenennTb caMbii ONTUMaribHbIM BapuaHT
pacnpegeneHnsa Mmogyren mexay KoMmnbiotepamMmn Ons nonyvyeHns HamBbICLIEro e
CyMMapHoro KoagopuuneHTa agoPeKTMBHOCTH.




OnTumanbHoOe pacnpepesrieHne NnamMaTn
O PeKTUBHOCTL paboThl i-TOro KoMnbloTepa npu godaBneHnn B HEro U
MOAyIey onepaTMBHOW NaMsTV BbipaxkaeTes yHkumen f(u).

U - KON-BO MoAynen namsTu, f (u) f,(u) f,(u) f,(u) f (u)

Aob6aBneHHbIX B KOMMbOTEP
0 0.74 0.85 0.90 0.88 0.70
1 0.81 0.90 0.92 0.91 0.76
2 0.85 0.93 0.93 0.92 0.80
3 0.90 0.94 0.94 0.93 0.85
4 0.92 0.95 0.95 0.94 0.88
5 0.93 0.96 0.96 0.95 0.91
6 0.94 0.97 0.96 0.95 0.93
7 0.95 0.97 0.96 0.95 0.94




OnTumanbHoe pacnpegeneHve NaMATU

PeweHne 3agayn pasduBaetcs Ha 5 waros, Npu 3ToM

nogpasymeBaeTcs, YTo Ha nepBom wware O3Y BblAENANOCH

Ansa 1-ro KomnbkoTepa, Ha BTOPOM — A9 BTOPOro u T.4.

Torga, Bce ocTaBLUMECS MOAYMNN MNOCne MoaepHM3aumm

YeTbIpeX KOMMNbLIOTEPOB, OyaAYyT MCMOMNb30BaHbl B NATOM.
W*=W, =2f(u)

Taknm obpasom, HaunHas pellaTb 3agady YCITOBHOM
noLlaroBon onTMMmM3aunn ¢ nocrnegHero wara, oyHkuus Ha
nsTom Lware oynetr W_=f_(u).

[lepexons k 4 wary n ocywecTnssa nepebop BO3MOXKHbIX

BapMaHTOB OCTATKOB MOAYNN NaMATH nocrie

pacnpeneneHns no Tpem nepBbIM KOMMNbOTEPAM, Haxoanum
W*, =(f,(u)+f (u))*.

f(u) | f(u)
0.88 | 0.70
0.91 | 0.76
0.92 | 0.80
0.93 | 0.85
0.94 | 0.88
0.95 | 0.91
0.95 | 0.93
0.95 | 0.94




IOAvnHaMmunyeckoe nporpaMmmMmumpoBaHue |
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OnTumanbHoOe pacnpepesrieHne NnamMaTn
O PeKTUBHOCTL paboThl i-TOro KoMnbloTepa npu godaBneHnn B HEro U
MOAyIey onepaTMBHOW NaMsTV BbipaxkaeTes yHkumen f(u).

4-5 W, (u) LGN
0-0 | 1.58=0.88+0.70 088 | 070 [
0-1 |1.61=0.91+0.70 1.64=0.88+0.76 091 | 076 | &4
0-2 |162=092+070 | 1.67=0.91+0.76 1,68=0.88+0.80 052 | OEUNNIy
0-3 [1.63 1.68 1.71 1.73 093 | 055

1-31u | 1.64 1.69 1.72 176 | 1.76 0.94 | 088
0-4

5| 14n (165 [1.70 | 1.73 1.77 1.79 | 1.79 0.95 0.91
0-5

1-5 |1.65 |1.71 |1.74 | 1.78 |1.80 1.82 | 1.81 0.95 0.93
1-6 | 165 |1.71 |1.75 |1.79 |1.81 |1.83 | 1.84 [1.82 0.95

Al WIN|>2|O|C
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HaMun4yeckoe nporpaMmMmMpoBaHue

OnTumanbHoe pacnpegeneHve NaMATU

[anee oT paccmoTpeHus 4-ro wara nepexogmm K Tpetbemy. Obuas Lenesas
yHKUMS Oyaet Bbirmagets kak W*=f (u)+W, (s-u), rae s — octaTok OT u nocne
MOLEepHMU3auumn TPETbLEro KOMMbIOTEPA, U — OCTATOK MOAYNen K TpeTbeMy Luary.

3-4-5

W3_5(u)

fy(u)

W 4_5(s-u)

0-0-0

2.48=0.90+1.58

0.90

1.58 (0-0)

0-0-1

2.50=0.92+1.58

2.54=0.90+1.64

0.92

1.64 (0-1)

0-0-2

2.51=0.93+1.58

2.56=0

.92+1.64

2.58=0.90+1.68

0.93

1.68 (0-2)

0-0-3

2.63

0.94

1.73 (0-3)

Al WIN|>2|O|C

0-1-3 1
0-0-4

2.66

0.95

1.76 (1-3 n
0-4)

0-1-4 n
0-0-5

2.69

0.96

1.79 (1-4 n
0-5)

0-1-5

2.72

0.96

1.82 (1-5)

0-1-6 n
1-1-5

2.74 | 2.74

0.96

1.84 (1-6)

P
A
|




OAvnHaMunyeckoe nporpaMmMmpoB

TSI ROL O S O QLN ALTAT

OntTumanbHoOe pacnpegerieHue NnamAaTn

PaccmaTpuBasa aHanornyHbIM obpasom pacnpeneneHme mogyren namsaTum
MeXay BTOPbIM N OCTaBLUMMUCS (TPETbUM, YETBEPTLIM, NATLIM), @ TakKe
NpPOn3BOAA BblYUCIIEHNA ONA NepBOro (u1=7), Ha "npaMoM npoxoge" nony4vaem,
YTO onTUMaribHas NonnTMKa MoLepHMU3aLMN KOMMbIOTEPOB BbIrMA4NUT Creayowmm

obpasom.

Homep komnbloTepa

KonnyectBo mogynen namsaTtum

W*(3,1,0,0,3)=4.43




OAvHaMunyeckoe nporpaMmMmmpoBaHue

OnTumanbHasa NoNUTMKa 3aMeHbl 000pyaoBaHUA

B pesynerarte domMsnyeckoro n MoparbHOro nsHoca obopygoBaHus pactyT
NPOM3BOACTBEHHbIE 3aTpaThl NO BbiMYyCKYy NPOAYKLUNN, YBENTMYNBAKOTCA 3aTpaTthl Ha
PEMOHT N 00CNYyXXMBaHNE TEXHUKN, @ TaKKe CHUKAETCS NMPOU3BOAUTENBHOCTD.
Hactynaet MOMeHT, korga ctapoe obopyaosaHue 6osiee BbIrO4AHO NpoaaTth,
3aMeHMB HOBbIM, YEM JKCMyaTMpoBaTh LieHon 6onblnx 3aTpart. [pu aTom
obopynoBaHMe MOXHO 3aMeHUTb NIMOO HOBbIM 0B6OpPyaOBaHMEM TOrO Xe Buaa,
nnbo HOBLIM NN ObIBLLEM B yrnoTpebneHnn, bonee coBepLlIEHHbIM B TEXHUYECKOM
OTHOLLIEHUM, C Y4ETOM TEXHMYECKOro nporpecca.

[Mpn cocTtaBneHnn mogenn AMHaMmM4YecKoro NporpamMmmMmnpoBaHms NpoLecc
3aMeHbl paccMaTtpuBaeTcs Kak N-LiaroBbiv, pa3dbus Becb nepuog Ha N
NPOMEXYTKOB. Tak Kak B Hayasre Kaxgoro n3 aTux NpoMeXxyTKoB NMPUHMMAaETCS
peLleHne o0 coxpaHeHnn obopyaoBaHus, NMOO ero 3aMmeHe, TO yrnpaBrieHne Ha i

ware (i=1,2,...,N) cooepXxuT nuib ABe anbTepHaTUBHbIE NEPEMEHHbIE.
Obo3Ha4YMm Yepes u_ peLleHne, CoCcTosiLLEee B COXpaHEHNN CTaporo 6

obopynoBaHus, a Yepes u, - peLleHne, CoCTosiLLee B 3aMeHe CTaporo

obopyaoBaHNA HOBLIM. YCITOBHAA ONTUMU3aLNA Ha KaXKaOM Lare COCTOUT B

BblYMCNEHNN OBYX BESIMYMH U B BbiIbOpe 13 HUX Hambornbluen (HaMMeHbLlen). 3To

3Ha4YUTErbHO YNpoLLaeT pacyeTbl Ha CTaauu YCNOBHOW ONTUMMU3aLIMN U MO3BONAET

pewaTb BPyYHYO 3aa4m o 3ameHe ¢ DonbLUIMM YMCIIOM LLaroB.




ILl,vmaquecxoe nporpaMmMmMpoBaHue

VWA ROLTNE PO e AT OO ST QLN

3ameHa opBapaepa

PaccmatpuBaeTtca akcnnyatauus dopeapaepa B TedeHun Lwectn net. B
Ha4vare Kaxgoro roga MOXeT ObITb NPUHATO pelleHne 0 3aMeHe MalLHbI HOBOW.

CToMmMoCTb HOBOro (popBapgepa Ha i ware akcrnsyaTaumm CcocTasrisieT

2=50000+5000(i-1) ponnapos. llocne t net akcniyatauuu MallvHy MOXHO

npoaaTb 3a s(t)-z 2% nonnapos. CTOMMOCTb COAEpXaHUs MalUUHbl B TEYEHUN i
rogja coctaenser d(t)=0.1z*(t+1) ponnapos. HaiTv onTuManbHbIA CNocob
9Kcnnyataumm MalWuHbl: KOrda HY)XHO 3aMEHUTb MalluHy HOBOW, 4TOObI
CyMMapHble 3aTpaTtbl (C Yy4eTOM 3aTpaT Ha MOKYMNKYy HOBOW MaluWHbl B Ha4darne
CpoOKa aKcnnyataumm M KOMMEHCaAUMU 3a CYET 3aKIoYMTENbHON npogaxku) Obinu
MWHUMarbHbI.
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AnHaMmunueckoe nporpaMmmMmmpoBaHue

3ameHa opBapaepa

[Mpouecc akcnnyatauun dopBapaepa OMNUCHLIBAETCA LWECTb  Liaramu.
CocTosiHue s, , CUCTEMbI B Hayane i Lara xapakTepusyetcsi oaqHUM napameTpom t
— BO3pacToOM MallUMHbl. YNpaBfieHne Ha KaxdoMm Liare cocTouT B Bblbope ogHOro
M3 ABYX PELUEHWI: u_ — peLleHne, CocTosiLiee B COXpaHeHUn chopeapaepa, Unu u,
— pelueHne, coctosiliee B ero 3ameHe. OCHOBHblE (DYHKLMOHamNbHbIE YpaBHEHUS

mMoaenn oAnHaMmm4yeckoro rnporpaMmmmpoBaHnAa UMeT BUA. ’
_ (t) +W.__(t+1), u= '
W () = min gi{t) + Wy, (t+1), u=u. g

z,+g,(0) —s(t) + W, (1), S
[1na wecToro wara:
W) =min | ()= SAtF1) Uu;_g
2.+ g,(0) — s (t) —s.(1), u=u,
[MogcTaenss ypaBHEHUA 3aadn B MNepByO CUCTEMY, Monyvyaem
500(t+1)(i+9) + Wi+1,(t|:%), u=u_

W.(t) = min
5000(i+9)(1.1-2") + W_,_(1), u=u,




oAnHaMunyeckoe nporpaMmMmmpoBaHue
3ameHa opBapaepa w5
[MoacTaensas ypaBHEHUA 3a4a4un B CUCTEMY Af14 LWECTOro wara, nonyyaem
7500(t+1) — 800002, y =
W, (t) = min S00(t+1) - 80000727 _, uTtes
42500 — 75000*2*, u;=u,
PaccuutbiBaem gBa BapuaHTa mMcxoga 6 wara B 3aBUCMMOCTM OT CpOKa
f npeablgywen akcnnyatauum gopsapgepa (1-5 net, 0 net emy ObITb HE MOXET, T.K. hig
i paccmaTtpuBaeTcs Hadano 6 roga, n cmeHa doopBapaepa Ha HOBbIV B Havane roga,
; a He B KOHLe).
3 t coxpaHeHue W (t) 3ameHa BeiBoA
; 1 -5000 5000 u,
2 12500 23750 u g
3 25000 33125 u_ :
4 35000 37812 u,
5 43750 40156 u,




g :%53

[ivHaMnueckoe NporpaMMmMpoBaHue

W

500(t+1)(i+9) + W, (t+1), u=u_

W.(t)=min
5000(i+9)(1.1-21) + W...(1),
u.=u
i 6 5 4 3 2 1
t 1 2 3 4 5 1 2 3 4 1 2 3 1 2 1 0
500(t+1)(i+9) 14000 | 21000 | 28000 | 35000 | 13000 | 19500 | 26000 | 12000 | 18000 | 11000 | 5000 5
Wi(t Uc) -5000 | 12500 | 25000 | 35000 | 43750 | 26500 | 46000 | 63000 [ 75156 | 59000 | 82500 | 93625 | 93750 | 107875| 118875] 173875 ot
5000(i+9)(1.1-2"1) 42000 | 59500 | 68250 | 72625 | 39000 | 55250 | 63375 | 36000 | 51000 | 33000 i
Wi+1(1) -5000 | -5000 | -5000 | -5000 | 26500 | 26500 | 26500 | 59000 | 59000 | 93750
Wi(t U3) 5000 | 23750 | 33125 | 37812 | 40156 | 37000 | 54500 | 63250 | 67625 | 65500 | 81750 [ 89875 | 95000 | 110000 | 126750
ui(t) Uc Uc Uc Uc [V Uc Uc Uc U3 Uc [VE Us Uc Uc Uc Uc

[Mpu npaMom npoxoge no paccyYnTaHHbIM AaHHLIM nory4vaeTcd, 4To Ha 1 rogy
dopBapaep HoBbin (0 neT), Ha Ha4Yano BTOPOro roga eMy ogHo3Ha4Ho 6yaet 1 roa
(t=1, BbibMpaem Uc), Ha Hayano TpeTbero roga emy 6yaet 2 roga (Beldnpaem Uc B
cTonoduke i=3, t=2), Ha YyeTBepTOM (bopBapAep HaxoauUTCsa B IKCMyaTaunmn yxe 3
roga, mosToMy MeHAeM ero Ha HOBbIN, KOTOPOMY K Hadany 5 roga "ctykHet" 1 rog.
BesycnosHas ontummnsaumsa npmBogut K pesyneraty: W*=173875 ponnapos;
ontuManbHoe pelenne U*=(u_u_u_,u_u_u ). Cn., npnobpeTeHHblii dhopBapaep 'gjf;.j
LernecoobpasHo aKcnryaTMpoBaTb B TEYEHUN TPEX FET, HA YETBEPTOM oAy €ero A
crenyet 3aMeHUTb HOBbIM U MPOAOSKaTb 3KCMyaTupoBaTh OCTaBLUEECH BPEMA.




