AHAJIN3 MPOEKTA M0 KPUTEPUIO «KCTOMMOCTh—IJIUTEIbHOCTD

JI1s Kaxxoi paboThl j€J BMECTO JJIUTEIbHOCTH 7; 3aJ1aH BPEMEHHON MHTEPBAl
la;, bj] U JUHEHHas (yHKIUS Cj CTOUMOCTH BBIIIOTHCHUS pabOTHI B 3aBUCUMOCTH OT

JJIINTCIIBHOCTU.

a; b;

TpebyeTcs HaliTH MUHUMAJIbHBIE CYMMAapHBIC 3aTPaThl HA BBHIMOJHEHHE BCEX PabOT

N COOTBCTCTBYIOIITUC UM JJINTCIIbHOCTHU pa60T, YTOOBI 3aKOHYHUTD IIPOCKT K 3aJIaH-

HOMY CPOKY T’ "
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Moaeab JUHEHHOT0 IPOrPaMMHUPOBAHUSA

Hano: J={Il,..., n} — MHOXECTBO padOT;
C=1{(,j)|i,j € J} — 4acTUUYHBIN MOPSIOK;
[a;, b;] — nomycTUMBINA MHTEPBAJI BLIIIOJIHEHUS PA0OOTHI /;

9 — CTOMMOCTbD BBITIOJIHEHUST paOOTHI J;

%
T" — BpeMst OKOHYAHUS BCETO IIPOEKTA.

CJ:k],O] +C

HawnTn: MunuMmajbHbIC CYMMAPHBIC 3aTPaThl U JJIMTCIIbHOCTD BBIIIOJIHCHHUA KaXK-

%
I0M paOOThI AJ1s1 OKOHYAHUS IIPOEKTa K 3aJJaHHOMY CPOKY 1 .

Mojaeasb: min Z (kjpj + c?)
Pj jeJ
IIpU OTPAHUYCHUAX s; toi <55, A Beex (i, j) €C
;< T "

CljS,Oijj, ]EJ
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OoOparnas 3aga4a

Hano: J={Il,..., n} — MHO>XECTBO pa0dOT;
C=1{(,))|i,j € J} — 4acTUYHBIA OPSIIOK;
[a;, b;] — nomyCcTUMBINA MHTEPBAJ BBIIIOJIHEHUS PAOOTHI /;

ci=k;pj+ c? — CTOMMOCTbD BBITIOJIHEHUST paOOTHI J;

%
C — cyMMapHas CTOUMOCTb BBITIOJIHEHUS BCEX padoT.

Haiitu: Hanbomnee panHee Bpems BBITIOJHEHHUS TPOEKTA MPU YCIOBHUH, YTO CYM-

*
MApPHbBIC CTOUMOCTD BBIIIOJTHCHHA BCCX pa60T HC IIPCBBICUT BCIINYNHBI C.

Mojaeab: min s,
[P OTPAHUYCHUSIX s; tp;i < s, i Beex (i, j) €C,
0 %
jeJ

a<p;<b;, jeJ.
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IlakeThbl TUHEHHOI0 NIPOrPAMMHUPOBAHUSA

ABACUS 2.3
BCP

BonsaiG 2.8
CBC

GLPK 4.2

Ip solve 5.1
MINTO 3.1
SYMPHONY 5.0

2004
2004

2004
2004
2004
2004
2004
2004

http://www.informatik.uni-koeln.de/abacus/
http://www.coin-or.org/

http://www.cs.sfu.ca/~lou/BonsaiG/dwnldreq.html
http://www.coin-or.org/.
http://www.gnu.org/software/glpk/glpk.html
http://groups.yahoo.com/group/lp solve/
http://coral.ie.lehigh.edu/minto/
http://www.branchandcut.org/SYMPHONY/
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Ipumep

JIMUTeNnBbHOCTD T'r (cmapm) T (cmapm) 3aTpatsl

A 3 0 5 2 100
B 5 0 0 5000
C 3 5 5 1 800
D 4 8 8 4 800
i) 8 12 12 32 000
F 2 8 11 1 000
G 4 10 13 2 800
H 2 10 18 7 000
1 5 5 15 4 000
J 3 14 17 30 000

Hroro: 90 500
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E:keHenesibHbIE 3aTPaThl IPU HAKMloJIee paHHEM cTapTe padoT

Henean
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 15 16 17 18 | 19 | 20

A | 700 | 700 | 700

B | 1000 | 1000 | 1000 | 1000 | 1000

C 600 | 600 | 600

D 1200 | 1200 | 1200 | 1200

E 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4000
F 500 | 500

G 700 | 700 | 700 | 700

H 3500 | 3500

I 800 | 800 | 800 | 800 | 800

J 10000 | 10000 | 10000
He;zm 1700 | 1700 | 1700 | 1000 | 1000 | 1400 | 1400 | 1400 | 2500 | 2500 | 5400 | 5400 | 4700 | 4700 | 14000 | 14000 | 14000 | 4000 | 4000 | 4000
H]:%%z 1700 | 3400 | 5100 | 6100 | 7100 | 8500 | 9900 | 11300 | 13800 [16300|21700|27100|31800(36500| 50500 | 64500 | 78500 |82500|86500(90500
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EskeHee/ibHbIE 3aTPAaThl IPU HaM0o0JIee MO3HEM cTapTe padoT

Henenn
1 2 3 4 5 6 7 8 9 100 | 11 | 12 | 13 | 14 15 16 17 18 | 19 | 20

A 700 | 700 | 700

B | 1000 | 1000 | 1000 | 1000 | 1000

C 600 | 600 | 600

D 1200 | 1200 | 1200 | 1200

E 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4000
F 500 | 500

G 700 | 700 | 700 | 700

H 3500 | 3500
I 800 | 800 | 800 | 800 | 800
J 10000| 1000010000
,,e;:m 1000 | 1000 | 1000 | 1000 | 1000 | 1300 | 1300 | 1300 | 1200 | 1200 | 1200 | 1700 | 4500 | 4700 | 4700 | 5500 | 5500 [14800|18300|18300
Bceero
npf)im 1000 | 2000 | 3000 | 4000 | 5000 | 6300 | 7600 | 8900 | 10100 [11300{12500|14200{18700|23400| 28100 | 33600 | 39100 [53900|72200|90500
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Yupapjienue puHaHCAMU

100000 -
20000 4

20000 +

O06nacTh TOMYCTUMBIX

70000 1 peLIeHUH 3a1a9u

G000 +

50000 4

40000 A 27600

30000 P

20000 4

10000

| 14 200

12345678 51011121314151617 181520
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3arparnbl K KOHIY 11-i Hexen

Oo0uue Texyuue Texyuue
3aBepu(1)eHH0cn> 3aTpaThI 3aTgaT1>1 3aTgaT1>1 Ilepepacxon
(%) (maau) (m1aH) (haxT)
A 100 2100 2100 2300 200
B 100 5000 5000 4900 —100
C 100 1800 1800 1800 0
D 75 4800 3600 4600 1000
E 0 32000 0 0 0
F 100 1000 1000 1200 200
G 25 2800 700 1400 700
H 50 7000 3500 5400 1900
I 20 4000 800 500 -300
J 0 30000 0 0 0
Htoro 90500 18500 22100 3600
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KajieHqapHoe miiaHMpoBaHue ¢ OrPAaHUYCHHBIMH pecypcamMu
Tpu Tuna pecypcos:

® Bozobnosnsiemble pecypcent (pabouee BpeMs, 3(hUpHOE BpeMs, IPOHU3BOACTBEH-
HbI€ MOIITHOCTH, . ..) €CJIM HE MOTPATUIIM, TO IIPOIIaAaloT.

o Crnaoupyemvie pecypcel (IMNOMaTepruanbl, AeHbIU, 3epHO, I'CM, ...) eciiu He

IIOTPATHUIIN, TO MOKHO ITOTPATUTH I1032KC.

e Hesozo6H08151€MblE pecypcyl (KPEAUTHI, CYMMapHBIM 3aIlac HEMOIIOJHAEMBbIX
MaTEpHUAJIOB,...) MOKXHO NOTPATUTh B JIIOOOW MOMEHT BBIMIOJTHCHUS ITPOCKTA.
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IlocTanoBka 3agaum

Jlano:

J={1,..., n} — MHOXeCTBO padoT;

C=1{(,))|i,j € J} — daCTUUHBIN OPIIOK;

M;, jeJ — Monpl (BapuaHThl) BBIIIOIHEHUS PA0OTHI;
K" — MHOk€eCTBO HEBO30OHOBIIIEMBIX PECYPCOB;

K” — MHOK€CTBO BO30OHOBJIAEMBIX PECYPCOB;

K° — MHOECTBO CKIaJJUPYEMBIX PECYPCOB;
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rk’}? (r) > 0 — notpebHOCTB B pecypce k € KU K° B unTepBaine Bpemenu [ 1, 17],
CUMTAas OT Hayajla BBIMOJHEHUS paOOThI j B MOJIE Mi;

rk'}? > () — NoTpeGHOCTL B HEBO30OHOBISIEMOM pecypce k € K IpH BBINOJHEHHH
paboThI j B MOJIE Mi;

qi(f) > 0 — xonudecTBo pecypea k € K¥ U K°, BblenieMoe B MOMEHT BPEMEHU  HA

BBINIOJTHEHUE BCEX PadoT;

,
qr > 0 — KOJIM4YECTBO HEBO30OHOBIISIEMOTO pecypca k € K, BbIICIsIEMOE B MOMEHT

t = (0 Ha BBINOJHEHHUE BCEX PA0OT B TEUCHUE BCEr0 MHTEPBAIa IIJIAHUPOBAHUSI;
m . .
pj 20— IMTeIbHOCT PabOThI j B MOJE /1;

d; 2 0 — IMPEKTUBHBINA CPOK OKOHYAHMS PAOOTEHI .
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IlepemeHHbIC 3a1a4M:
m(j) — mopa paboThl J;
§; 2 0 — HayaJo BBIIOJIHEHHA PAOOTHI j

At)y={jeJ|s; <t<s;+ p}” } — MHOXECTBO pa0OT, BBIINOJHSIEMBIX B MOMEHT

BPEMCHHU .

JlomycTuMoe penienue 3aaa4M: Ha3HaueHUE MOAbI m(j) U BpEMEHM CTapTa Kax-

101 pabOThI TaK, YTOOBI BHIIIOJIHHUTH

¢ YCJIOBHMIA IIPCAIICCTBOBAHMAI,

® OIPAaHUYCHUS IO PECypcam;

® JIUPEKTHBHBIC CPOKU OKOHYAHUS KaXKJ10M paOOTHI.

3ajaya COCTOMT B TOM, YTOOBI HAUTHU JONMYCTHUMOE PEIICHUE 3aJa4yd C MUHUMAJIb-

HBbIM BPCMCHCM OKOHYAaHHMA BCCX pa60T.
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MartemaTnueckass MoJaeJb

m(J)
mln{r}?}((s +p; )} (1)
TP OTPAHUYCHUSIX s+ ol i mJ) < d j» JEJ (2)
Si +plm() ]a(l J)EC (3)
D r,;?(f)(t—sj)qu(r), keK?, t>0;
jeA() ()
Z > —SJ)<qu(t) keK, 1> 0; )
t'=1jeA(t")

Z ) < qr, ke K"

k k ’ )
jeJ / (6)

m(j)e M;, 5,20, jeJ. (7)
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Teopema. 3anaua (1) — (7) sBisiercss NP—TpyIHOM NIpyU HAJIUYUM XOTSI ObI OJTHOTO

BO300HOBJIsIEMOr0 pecypea u | M; | =1 nus Beex jeJ.

Jlokasateancrso. [Iycts | M; | =1 s Beex jeJ, K=K =, K| =1, qt) =¢q
s Beex ¢ > 0 u ke K”. Pacemorpum 3apaqy (1) — (7) mpu p; =1 s Beex jeJ u

0€3 yCIIOBUM MPEIICCTBOBAHUS Ha MHOXKECTBE pa0oT. [loyunuMm 3amady ynmakoBKU
B KOHTEUHEPHI, KOTOpas ABJIsIeTCA NP—TpyaHOoN. W

A

q

W & N @)
~

Y
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YacTHbIe cJydyam Moae/Iu

Hns | M; | =1, jeJ, paccMOTpUM CIIEAYIONIME YaCTHBIE CIIyYaMu:
1. K’ =K° =, K" # & — TOnbKO HEBO30OHOBISEMBIE PECYPCHL.

TpuBHabHBIN CiTydali, IPOBEPSEM XBaTaeT JIM PECYPCOB U €CIIM Jia, TO OTOPACHI-

BAacM BCE PECYpPCHBIC OTPAaHUYCHUS.

2. K’ =K"=, K° # & — TOIBKO CKIaJUpyEMbIE PECYPCHI.
[TonuHOMHUAIILHO pa3peIUMBINU CIIy4an, aJIropuT™M [ umMaau m1aet TOYHOE pellie-

HUE 3aJ[a4U.

3. K°=K"=0, K’ # & — TonbKO BO30OHOBIISIEMBIE PECYPCHL.

HauOomnee TpyHbIN ciiydail, IpUMEHSIEM dBPUCTUYECKUE aITOPUTMBI.

-16- Jlekuma 7. 3apaum KasieHAApHOro rnJiaHupoBaHusa. Yactb 2



3amaua co ckiIaaupyeMbIMU pecypcaMu

Onpenenenne. Pacnmcanue S = {s; 2 0, jeJ} Ha3BIBAIOT NOLYOONYCMUMbIM, ECIH
OHO YJOBJIETBOPSIET YCIOBUAM MPEAIIECTBOBAHUS (3) U IMPEKTUBHBIM CpOKam (2),
HO OBITh MOET HE YJOBJICTBOPSET OrPaHUUYCHHUSIM 110 pECypCam.

Yupaxknenue 1. IlonygonyctuMoe pacnicaHue CyIIECTBYET <> HauOOoJIee paHHUE

CPOKH BBINIOJHEHHS pa0O0T 7),(X) yIOBIETBOPSIOT JUPEKTUBHELIM CPOKaM (2).
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Onpenenenne. [lomynonyctumoe pacnucanue s’ = {SJT- >0, jed} nna T 2 Tk, Ha-

T . o T
3bIBACTCS 1—NO30HUM, €CIU S ;7 T p =1, nnd Bcex j€J ¥ HU OJTHO U3 3HAUCHUH S ;

HE MOKET OBITh YBEIWYEHO 0€3 HApPYILICHUS 3TOTO YCIOBUS WX MOIYIAOITYCTUMO-
CTH paclHCaHus.

AJITOPUTM BBIYMCIIEHUU [-TIO3JHETO PACIIMCAHUS aHAJOTMYEH aJrOPUTMY BBIUMC-
JeHUud HamOoJiee MO3JTHMX MOMEHTOB, €CIIM MEPE] HayajaoM BBIYMCICHHUMN IOJIO-
KUTh

Tp(y) = min {d; , T, j=(x.y)eJ
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5k k
Teopema. Ilycte T — panuMHa ONTHMAJIBHOIO pacnucaHus. Torma 1 —I1031HEE

pacCiiMCaHUC ABJIACTCA OIITUMAJIbHBIM.

k
Joka3zareabcrBo: I[lo onpenenenuro 7 —11034HEEC PACIUCAHUE YIAOBJIECTBOPSET

BCEM OTpaHUYCHUSM KpoMe, OBbITh MOXKET, pECYpCHBIX orpanudeHuii (5). OrpaHu-

ueHus (4)—(6) urHopupyrorcs, tak kak K = K" = . IlokaxeM, 4TO OrpaHUYEHUs

(5) Tak>Ke BBIIOJHSIIOTCS.

*

* T
[Iycte § — ontumanpHoe pemieHue u §° — 7T*—no3aHee pacniucanue. M3 omnpe-

*

* .
JieTIeHNs 1—TI03AHETO PACIUCAHUs CIeMyeT, YTO S < SJT- , 1J1s BcexX jeJ. Tak Kak

*
S ynoBaeTtBopsieT (5), TO €CTh B KaX/IbIil MOMEHT BPEMEHH PECYPCOB JOCTATOYHO,
TO 3TH K€ PECYPChl MOTYT OBITh UCITOJIB30BaHbI U MO3KE B CUIIY UX CKIIAIUPYEMO-

* *

CTHU. 3HAYUT, I S JT TOXKE XBaTaeT pecypcoB U (5) BepHo. CienoBaTenbHO S ]T -

OINTUMAJIbHOE pacnucanve. W
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Unpest anropurma I' mmaam

HE JOMYCTUMO

T IOy CTUMO
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Adaroput™ I'mmaau

1. Eciin HanOoJsiee paHHUE CPOKHU BBIITOJHEHHS PA0OT T),(x) HE YAOBIETBOPSIOT
TAPEKTUBHBIM Cpokam, TO STOP, 3a1aua HE UMEET PELICHUS.

2. Homoxwuts 1 = Tk,

3. Eciim T1—mo31HEE paciuCaHue JOMyCTUMO O pecypcaMm, To STOP, nony4deHo
ONTUMAJIBHOE PEIICHUE 3a/1a4H.

4. Ilonoxwuts 7p = maxd

jeJ a

5. Ecim T)—mo3qH€Ee paciiCcanre HEAOMYyCTUMO I10 pecypcaMm, To STOP, 3amaua
HE UMEET PEIICHUS.

6. [lomoxutes 7 := |_(T1 + Tz)/2—|.
7. IlocTpouts T—11031HEE pACTIUCAHUE s’
8. Eciu " JTOITYCTHUMO 1O pecypcam, 1o 1> = T, unaue 17= 1.

9. Ecu T, — T > 1, TO BepHyThcs Ha 6, nHaue STOP, nmoyrydeHo onTuManbHOE
T
pemieHue S 2.
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3agauya ¢ B0O300HOBJIsIEMBIMH pecypcaMu

bynem npenmnonarats, 4to qy (1) =qy, u ry () =rjy,j€J, k€ K P T.e. BBIIEIICHUE
U MOTPEOJICHUE PECYPCOB HE 3aBUCUT OT BPEMEHHU.

Jnst ipon3BoIIbHOrO pacnucanus S = {s; = 0, jeJ} u MmoMenTa Bpemenu ¢ = 0 onpe-

JeJIUM TPH MHOXKECTBA:

C(t)={jeJ|s;+ p <t} — 3aBeplICHHBIE PAOOTEI

A()={jeJ|s;<t<s;+ pj } — BBIIOIHAEMBIE pAOOTHI

D(t) = {jeJ\ (C(t) U A1) | P(j) <C(¢), Z’"ik + 7 Sqp.k € K*”} — pabortsl, KO-
ic A(t)

TOPBIC MOYKHO HAYaTh B MOMEHT BPEMCHH ¢ COTJIACHO YCIOBHSAM IIPEIIISCTBOBAHUS

W OrpaHWYEHUSM TII0 pecypcaM, P(j)) — MHOXECTBO MPEIICCTBCHHUKOB
paboTHI J.
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Unpest airopurma

A

dk 4

w | < < "

A(t) \_

4

v

OcHOBHOM BOIIPOC: KaK BbIOpaTh NOAMHOXKeCTBO D' < D(¥) ?
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I puOdanKeHHBIN AJIrOPUTM

.

to =0, C(ty) =, A(ty) =D,1:=0;

2. Tloka | C()) U A(t)) | <|J| BBINOJHATH

2.1.1=1+1
22. tp:=min {s;+ p; | jeA(t1)}
2.3. Haiitu muoxectBa D(t;), A(t;), C()

2.4. lonoxuts Q; :=qj — erk, ke K”
JeA(t;)

2.5. Beibpars D' < D(t;) Tax, 4To0BI Z’”jk < Oy nns Beex keK”
jeD’

2.6. Ionoxuts s; := t; A Beex jeD' u A(t):= A(t) v D',
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Bb10op mHoxkecTBa D’

Obo3nauum 4epes R; = Z ik o jeD(t;)) nomro pecypcoB, HOTPEOISIEMBIX

keK”
padoroii j. Torma D' nemecoodpa3Ho BEIOMpPATh MO PEIICHUIO 3a/1a4U O PIOK3aKe:
max | ZR X
JED(1))
IIPU OTPAHUYEHHAX DX <qp— D rg, keK”,
JED(1;) i€ A(t))

X € {O, 1}, jED(t]).

*

[Tonmaraem D’= { jeD(t)) x:=1 , TIIe x
J J

OIITUMAJIBHOC PCIICHUC 3ala4YN.

Yupaxknenue 2. Ilokazate, 4To J11000€ IIpaBUIIO BEIOOpA MOAMHOXKECTBa D7,
UMEIOIIEE TTOJIMHOMUAIIbHYIO TPYAOEMKOCTD, HE MOYKET TrapaHTUPOBATH MOJIyYe-
HUE ONTUMAJIBHOIO peleHus, eciu P = NP.
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