3azaum 0 proK3aKe

Moaesb pasMenieHUs Kanuraja

Hano Py, P, ..., Py — NIPOEKTHI;

T — TOpU3OHT IUIAaHUPOBAHUS (JyTMHA HaKOOJIee MPOAODKUTEIBLHOIO MPOSKTa);

S — JI0XO0J1 OT mpoeKTa Pj K KOHIly roja f;
Vi — WHBECTUIIAM B MPOEKT Py B Ha"YaJie roja t;  Sor = Y1k = 0;

r — KO3((PUIIMEHT JUCKOHTUPOBAHUS 3aTpaT

T
by = Z(Stk — Yerr) /(L+ 7). — cyMMapHas puObLIb OT MPOEKTa Py
t=0
C=(cy, ..., CT) — IOCTYIIHBIH KalMTaJl JJIsl pa3BUTHUS IIPOEKTOB
A= (aip ..., @rr) — BEKTOP 3aTpaT Ha peau3anuio npoekra P (1emnsie);

Ecnu noxo Hellb3s peMHBECTUPOBATh, TO Ay = Vi, MHAYE Ay = Vit — Se—1k -

Jekuun 2. 3aoauu o proksake
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HaiiTu nOIMHOXECTBO MPOEKTOB, KOTOPBIE MOXKHO peain30BaTh Ha Kanutail C u
KOTOPBIE B CYMME JIal0OT MAaKCUMAaJIbHYIO TPUOBLIb, TO €CTh

N
max Zbkxk
k=1
IIPU OTPaAaHUYCHUAX
N
Zathk <¢, t=1,...,T
k=1

xpe (0,1}, k=1,.,N

3ameuanue 1. Ilpu T = 1 nmosydyaem JIMHEWHYIO PacHpeACIMTEIBHYIO 3aJa4dy C

0-1 mepeMeHHBIMH — 3a7]1a49y O PIOK3aKe.
N
Jameuanue 2. be3 orpaHnyeHus OOIIHOCTH MOXXHO CYUTaTh, YTO Z Qe 2 Cy,
k=1
t=1,..., T, (MOXHO MOJIYYUTH 3a/1auy O proK3ake aaxe npu 1 >1).

Jekuyun 2. 3aoauu o prokzake  -2-



AJNTOPUTM JWHAMMYECKOr0 NPOrpaMMHPOBAHKA

O0o3HauuM yepes fi(Y) MakcuManbHY10 TpHUObLIL OT MEPBBIX kK TPOCKTOB MPH JOC-

TYIIHOM Kanutane Y= (yy, ..., y7).
Torma fo(¥)=0
fir1(Y) =max [fi(Y), bis1 + fi(Y — A1), =0, ..., N—-1, 0<Y<C,

rae fi(Y — Aj+1) = — oo, eciint BeKTOp Y — Ay UMEET XOTsI ObI OHY OTPHUIIATEIBHYIO
KOMITIOHEHTY.

TﬂHZO(N' Cl*..." CT);
HﬂHZO(N° Cl* ..." CT).

y N
[TonHbIil nepedop — 2 BapUAHTOB.

Jekuyun 2. 3aoauu o prokzake  -3-



Bepxuasa oueHKa

Pemakcaiusa TMHEMHOTO IpOrpaMMUPOBAHUS

N
max Zbkxk (1)
k=1
IIPpU OIPaAaHUYCHUIX
N
Zathk <¢, t=1,...,T (2)
k=1

3)

LP
Teopema 2.1. CymecTByeT oNnTUMajdbHOE pEIIeHHWE X ¢ He 0oJjiee 4eM
min (7, N) 1poOHBIMM KOMIIOHEHTaMH

Jekuun 2. 3aoauu o proksake

4



Hoxka3zareabcTrBo. Ilycte 7' < N (MHade yTBEpXKICHHUE OYEBHUIHO). lIpuBenem
3a7a4y K kKaHoHu4eckor dopme. ITonyuum 2N + T nepemeHHbiX U N + T orpaHu-

YCHUU:
N
min Z — bkxk , (4)
k=1
N
Zathk +A=c, t=1,...,1T, (5)
k=1
xitu=1, j=1,..,N, (6)
x;20, 1420, 4,20. (7)

JIt000e 0a3ucHOE JOIYCTUMOE pellleHre nMeeT He MeHee N Hysei. [Ipeanonoxum,
yT0o T W3 HUX COOTBETCTBYIOT IepeMeHHBIM A;. Torna N — T HyJiell OCTaHETCs JJis
x; 1 g Ecmm nns Hexkoroporo j umeeMm g = 0, to x; = 1 — wnenoe. Eciu

x; = 0 — Toxe nenoe. Takum oOpasom, noimyyaeM N — T 1eNbIX KOMIIOHEHT JIJIs X;,
TO €CTh I IPOOHBIX. B

Jekuyun 2. 3adauu o prokzake -



OxpyrieHue ApodHoro peueHus

IlycTp X" — ontumansHOE pemenue 3anaun (4)—(7). Ana y € [0,1] monoxum

1, ecom xJL-le
X; =
710, ecin x]LP <y

JIns ocTaBImIMXCS JPOOHBIX 3HAYEHMH MEPEMEHHBIX C(hOpMUpYEM I0/3a7auy BUJaA
(4)—(7), nepecuuran IpaBbl€ YaCcTU orpanndyeHuii. Halizem ontumaibHOE pelieHue

LP .
X I OTOU MOoJ3aZladyy M MOJI0KUM

)
I, ecam xJL-P =1,
xj:<0, eCJIn xJL-P:O,
0 nns j:argmin{x]L-P|O<x]L-P<l}.
\

Ha 3ToM 1mare 3HaueHHe Kak MUHUMYM OJHOM IepeMEHHOM OyJeT 3aduKcupoBa-
HO. [IoBTOpSs NIpoLIeAYyPY, HANAEM JOMYCTUMOE PEIICHUE UCXOIHOM 3aJa4H.

Jekuun 2. 3aodauu o proKkzake ¢



3azava 00 oTmpaBke rpy3on
I=1{1,..., n} — aBuanaitnepnl, J={1,..., m} — KOHTEHHEPHI,

Pij — IOXOJ OT IOCTaBKM aBHAlalHEPOM I KOHTEHHEpa /,
W; — BEC KOHTEHHEpa J,
¢; — BMECTUMOCTb aBUAJIaMHEDA i,

Yo — {1, €CJIM OTIIPABUTH KOHTEUHEDP j ABUATIAWHEPOM I
y 0 wuHaue

Monaeiab max Z Z DijXij
iel jeJ
[PU OrPAHUYCHUSX: inj <1, jeJ,
iel
ijxij <c¢, el
jeJ

x; €10,1}, iel, jeJ.

Jekuyun 2. 3aoauu o prokzake  -1-



JanbHAR YKCNeANIUA

Mopckoe CyTHO TPy30M0AbeMHOCTbIO C OTIIPABIISAETCS B SKCIIEAUITHUIO.

J={1,..., m} — TuIbl rpy30B (TpaKTOpPa, JJIEKTPOr€HEPATOPHI, PATUOCTAHIINH, . .

N; — BapuaHThl Ipy30B 1 j€J, w;; —

Dij — TIONE3HOCTh IPy3a

{1, ecau O6epeM i - 1 BapUaHT Ipy3a j
xl'j —

0 wuHaye

Moaeanb

IIPU OTPAHUYCHUSX:

max Z Zpl]xy

jejieN,
dox;i=1, jeJ,
IEN
2. 2wy <C
JEJIEN,

x; €10,1}, ieN;, jeJ

BEC Ipy3a j 10 BapuaHty ieN;

)

Jlekuusa 2.

3adauu o proK3ake
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I'MaLOTHHHEL packpoii MaTepHana

Jlan mct pasmepa L x W U n TUNOB NIPAMOYTOJIIBHUKOB /i x wj, j=1,...,n

pj > 0 — noxox oT NpsAMOYTOJILHHUKA j, HOBOPOTHI 3alIPELIEHEI, pa3pe3nl napail-
JIEJIBHO OCSIM KOOPJIMHAT OT KPOMKH JI0 KPOMKH. J[ByxcTaauitHas 0OpaboTKa: CHa-
qaja pexXeM JINCT NapayIeJIbHO OCH ), 3aTEM IapaJuIeIIbHO OCH X.

HaiiTu packpout 11ucra ¢ MaKCUMAaJIbHBIM JOXOJIOM.

Jekyua 2. 3aodauu o prwokzaxke -o



IycrTh

k — umeno napamiensHbix monoc k=| L / Ly, |

y; — IIUpUHA TONOCH i, 1 <i <k,

Xjj — YHCIIO j-X TPSAMOYTOJHBHHUKOB B ITOJIOCE 1,
, |1, ecin Xjj > ()
xl'j = 0
MHa4e

m; = Lw ij — MaKCUMaJIbHO BO3MOKHO€ YMCJIIO j-X MPSIMOYTOJILHUKOB B MOJIOCE.

Jekuun 2. 3aodauu o prok3zake  -o-



Moaeinb:
k n
max ), >, ;%
i=1 j=1

MU OTPAHUYCHUSIX

n
ijxlj < W, l:1,...,k,
j=!

ljxl'-j <y, i=L.k, j=1..,n,
m]-xl'-ijl-j, i=1.k, j=1..n,

x; €10,1}, x; €{0,...m;}, y; 20.

Jekuyun 2. 3aodauu o prokzake -1



Kanaccuvueckas 3ajava 0 piokKiake

Haurm: max Z PjX;
jeJ
IIPU OI'PAaHUYCHUAX
Z W]XJ < C,
jeJ

Bce koappunmentsl p;, wy, C — nensle uncna. x;e{0,1}, jeJ.

Omnpenenenune ANropuTM A Ha3BIBACTCS NPUOTUNCEHHBIM ANCOPUMMOM C
2apaHmuposarHol abcontomuou mounocmoio K, ecim mns moboro mnpumepa [
aJITOPUTM HAXOJUT 3HAYECHUE ZA(]) C OTKJIOHEHHEM OT ONTUMYyMa Z*(]) He Oonee K,
TO €CTh

z(D -z <K, msseexI.
O6o3naunm uepe3 T4(n, C) TPpyAOEMKOCTh aJlrOpuTMa A JJIsl 3aJla4u ¢ n IpeMe-
TaMHW U BMECTUMOCTBIO prok3aka C.

Jekuyun 2. 3aoauu o prokzake -1z



Teopema 2.2. Ilyctb A — npuOIMKEHHBIN aJrOPUTM C TApAaHTUPOBAHHOM a0Co-
JTIOTHOM TOYHOCTBIO K U TpynoeMkocTeio 14(n, C). Torna anroput™ 4 s 1000ro
npuMepa Mo3BOJIET HAWTU TOYHOE PEIICHHE 3aJ1a4M O PIOK3aKe C TOM Ke TPYI0EeM-
KOCTBIO.

Jloka3zareabcTBo. [Ipumep [ 3apaercs uyucnamu py,..., Pu, Wi,..., Wy, C. IlocTponm
HOBBIA npumep [ monoxus C’'=C, p;=(K+Dp;, w;=w;, jeJ. Oba npumepa

MMEIOT OJIHO U TO YK€ MHOXECTBO JIOIYCTUMBIX pelieHui. Tak Kak 1eneBas QyHK-

nus ais /B (K + 1) pa3 Gounblile, yeM it /, TO onTUMajbHbIe HA0OPhI xj- coBnaja-
10T. s mpumepa [’ umeem Z*(I’) — ZA(]’) <K, HO ZA(]’) = (K +1) ZA(]) U
z(I)=K+Dz ), Toects z (1) -z < KK 1

_|_

Tak kxak p; — uensle, TO z*(l) — zA(l) <0, TOecTh z*(l) = zA(I), 4YTO U TpeOOBa-

JIOCh A10KAa3aTh.

Jekuyun 2. 3aodauu o prokzake  -13-



Kaanbie aJaropuTMbl

YopsAa04MM NPEIMETEHI 10 INIOTHOCTH pj/ w; B OyleM CYUTAaTh, YTO
p1/wWZpryiwy2...2p,/w,

JKaaHbIi anroputm
1. w:=0; o 0;
2.for j:==1to n do
if wHwW; < (C then

xj:=1; W:=W+WJ-; ZG = ZG +pj;

else x;:=0;

Tg=0(nlogn+n), Ilg=0(n)
Ynpaxuenue Eciu nociieHow0 CTpOKY 3aMeHUTH Ha else { for k:=j to n do

x;:=0; break }, To Takoe pemeHue MoxxHO HaiiTu ¢ 7= O( n).

Jekuun 2. 3adauu o prokzake 14



Penaxcauis JHHeHHOTO MPOrPaMMHPOBAHKA

LP-penakcanus 2 = max Z pPjX;

jeJ
s <
2. wix; s C,
jeJ
0< Xj < 1, ] eJ. p )
Tak kak 00J1aCTh JIOMYCTUMBIX PEIICHUI YBEIMYUIACh, TO z =z . [IycTh npeame-
ThI YIIOPAIOYCHBI 110 INIOTHOCTAM U IJII HCKOTOPOI'O § € J BCPHO.

s—1 S
j=1 j=1

ITomoxum

Jekuun 2. 3aoauu o prok3zake  -is-



LP
Teopema 2.3. Pemenue x~ SBIAETCA ONTUMAJIBHBIM PEIIEHUEM LP—penakcaiuu u

2t Zp] 55(C- Zw)

S ] =1

Jloka3zarenbCcTBO. byaem cuurtarb, 4TO MPEAMETHI C OJWHAKOBOW IJIOTHOCTBHIO
CJIUTHI B OJIUH U

Pl >p2 >...>&.
w W2 Wn
n L LP
yCTb X =(X{,...,X,) — OINTHUMaJbHOE pEUIeHHWEe, HEe paBHOEe x . Tak Kak

Zw jf = C, TO HaAMQYTCs KaK MUHUMYM JiBa HOMepa kK > s U i < § TaKue, 4TO
jeJ

X, >0mx; < xl-LP . Ilomoxum d = min{w;x; ,w; (xl-LP —X;)} > 0. I[loctpoum HOBOE

peIlIeHHE X ; KOTOpoe OyJIET OTJIMYAThCS OT X TOJIBKO B KOOpJWHATAX I, K:

, ., d ., _ d

X;=X;+—, X} =X} ——.
Wi Wik

Jekuun 2. 3adauu o prok3zake -



Penienue x” aBnsgerc AOITYCTUMbBIM, TaK KaK )C

> () mo BIOOpY d M

Zw wa +Wid—wkd=C.

jeJ jeJ Wi Wi
Kpome toro
2. Pjxy = ijxj+d(__—)> 2. D)%,
jeJ jeJ Wi Wk jeJ
Pi _ Pk =
TaK KaKk —- > —, 4YTO NPOTUBOPEYNUT ONTUMAIILHOCTH X.
Wi Wk -

Jekuun 2. 3aoauu o proksake
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CroiicTea LP-penaxcanuu

Bepxusis onenka U = 2], p=>p

" * G * 4
CBOHCTBO 2. z —Z <z —PSPpay, THAC  Ppyax =Maxp;.

LP

w * o
CroiictBo 3. z7 <2z wu aus moboro &>0 HaiiaeTcs MpUMEp 3aJaud O PIOK3aKe

TaKoOM, YTO AP >0.% ¢,
s—1
HNokazarenbcrso. 1. Takkak z° 2 ) p; M z 2pg 10 2z 22
J=1
*
2. PaccmoTpum ipumep n =2, C=2M u w;=M +1,p;=1,j=1,2. Torna z =1,

LP _ oM

HO Z M +1

LP , *
u c poctoM M nonyuaem z /z —2. B

Jekuun 2. 3aoauu o prok3zake s



Onpenenenne ANroputM A  Ha3bIBACTCA NPUOIUNCEHHBIM ANCOPUMMOM C

2apaHmupoBaHHol omHocumenvHou mouHocmoto K, ecimu ajs aoodoro npumepa [/

zA(1)
%k

Z*(I)

A
aJITOPUTM HaXoJuT 3HadYeHue z (/) Takoe, 4To > K nnst Bcex 1.

* A
=1-K, 10 z (1)*_2 ()
z (1)

Ecnu & < & — OTHOCHUTEIIbHas OTPEIIHOCTh aJITOPUTMA.

Ipumep. Illonoxmm n=2,C=M u p; =2, w1 =1, py =M, w, = M. Torna xanu-

w A
HBIM QJITOPUTM NOAY4UT X = 1, X, =0,z =2,

% % %
HO x; =0, xp =1, z =M, TO ecThb 1A )KAJHOTO AITOPUTMA

A
z

— >0 nmpu M — oo,
Z*

Jekuun 2. 3aoauu o prokzake  -19-



MomudpunnupopaHHblli XKaaHLIA AATOPUTM
Hcnonb3yem npeaplayni )XaaHbli aJITOPUTM, [IOJIy4aeM ¢
3aTeM momaraem zC = max {zG, maxi{p;|jeJ}}.

Teopema 2.4. MoauduimpoBaHHbIM XKaJaHBIH aNTOpUT™M A~ HMEET rapaHTHUPO-
BaHHYIO OTHOCHUTEIbHYIO TOYHOCTE K = 2 .
Jloka3zareancTBo. M3 cBOMCcTBA 2 Nyst LP-pemakcanum nMeemM

ZMG + MG

* G

IIpumep. ITlonoxum n=3,C=2M,

P1=2, p=M, p3=M,
lel, WZZM, W3:M.

* M
[Tonywaem z =2M, z =2 +M, TO ecThb ONeHKY K = %2 Henb3s yaydluTs.

Jekuun 2. 3aoauu o prokzake  -20-



Aaroput™m G 7

CokpaillaeM MOorpenrHoCTh 3a CYET TPYI0EMKOCTH

Anroput™m G 7
1. ! = max piljels;
2. JIlnsa Bcexmap (i, k) e JxJ
if w; +w, < C then

MG
® JIPUMCHIACM AJITOPUTM A K 3a1a4C C MHO>KXCCTBOM

U | py < min{p;, pij i\, kj

1 BMECTHMOCTBIO prok3aka C — w; — wy

: A A M
° 1fpl-+pk+zMG>z then z° ==p;, +pi+z @

Jekuyun 2. 3aoauu o prokzake  -2i-



7
Teopema 2.5. AnroputMm G ©° uMeEET rapaHTHPOBAHHYI0 OTHOCHTCILHYIO TOY-

wocte K = Y.

*
JokasarenbcTBo.  Ecnmu onTHManpHOE pEIICHHE X
*

y
NpeAMET, TO Z = z W yTBep)KJAcHUE BepHO. [Ipearnosnoxkum, 4To B ONTUMAIbHOM

COACPKHUT TOJIBKO OJJIHH

pEIlICHUM HE MEHBIIE JIBYX mpeameToB. Beioepem cpean HuX aBa (iy,k.) C Hau-
7 :
6onpnmu p;. Ha HekoTopoM mare anroputm G~ BblOepeT 3Ty mapy (iy, k) U

MG
IIPUMCHHUT AJITOPUTM A K 3a1a4C C MHO>KCCTBOM IMpEaAMCTOB

Ulp; <mm{p; ,p; }}\{is, ki) 1 BMECTUMOCTBIO prok3aka C—w; —wy .

*

* o
O0o03HauMM 4Yepe3 zg, ONTUMAJIBHOE pEUIeHWEe OJTOM mnoja3azadd. Tlorxaa

* * MG o v
z =p; +pr +z,. Aroput™M A [UId 3TOU NOA3aJa4d HAUJET 3HAYCHUE zé\/[G.

A < v/
Tax xak z° — Iyuinee W3 PElICHHM, IPOCMOTPEHHEBIX ajaroputMomM G, TO

z4> Pi. + Dk, +z£/[G. ITo Teopeme 2.4 nmeem zé\/IG > %Z;k

Jekuyun 2. 3aodauu o proKkzake -2



PaccMmoTpum n1Ba ciryyas.

A MG *

= Pi, + Pk, +%(Z ~ i, _pk*):%(z* P T Pr)Z 7

Caywai 2. p; +pg <%z*. Torma min(p; , py. )<%z*. [Io ompeneneHuro z:

CONCPIKUT MPCAMETBI C P ; = iz 3HAYUT z < ZLP < é\l G, iz

MG A

<z

*
_ 41
Tenepp z —pl-*—l—pk*+z <pi, t Dk, tzg T4z <

1
ZZ - I
I[Ipumep. Ilonoxum n=35,C=4M,

P1=2, pp=p3=ps=ps=M,
w1 = 1, W2:W3:W4:W5:M.

* y
OueBnaHO, uTo z =4M, z°=3M+2, 1o ecTb oeHKY K= ¥4 Heb3s yIydIlINTb.

Jekuyun 2. 3adauu o prokzake -2
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