3aj1auu 0 proK3aKe

Moaeib pasMelieHusl KaluTalia

Hano Py, P, ..., Py — IIPOEKTHI;

T — TOpU3OHT IUIAaHUPOBAHUS (1yTMHA HarOoJIee MPOAODKUTEIBLHOIO MPOSKTA);

S — JI0XO0J1 OT MpOoeKTa Pj K KOHIYy roja f;

Vi — VHBECTULMY B POEKT Pj B Havane rojaa t;  Sox = yreix = 0;

r — KO3(PUIIMEHT JUCKOHTUPOBAHUS 3aTpaT

T
by = Z(Stk — Yerrx) /(L+ 7). — cyMMapHas pUOBLIL OT MPOEKTa Py
t=0
C=(cy, ..., CT) — JIOCTYIIHBIHA KallUTaJl JIJIsl pa3BUTHUS IIPOCKTOB
Ar=(aip .., arr) — BEKTOP 3aTpaT Ha peanu3aiyio npoekra Py (1emble);

Ecnm noxo0/1 Hellb3s1 peMHBECTUPOBATh, TO Ay = Vi, UHAYEC Ay = Vi — Se_1k -

Jekuun 2. 3aoauu o prok3ake
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HaiiTu nOIMHOXXECTBO MPOEKTOB, KOTOPBIE MOXKHO Peann30BaTh Ha KanuTtai C u
KOTOpPBIE B CYMME JIal0OT MAaKCUMAJIbHYIO 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 nmonydyaeM JIMHEWHYIO PacHpeACIMTEIbHYIO 3aJa4dy C

0-1 mepeMeHHBIMU — 3a7]a49y O PIOK3aKe.
N
Jameuanue 2. be3 orpaHuyeHus OOIMHOCTH MOXXHO CYUTaTh, YTO Z Qe 2 Cy,
k=1
t=1,..., T, (MOXHO MOJYyYUTh 3aJlauy O proK3ake aaxe npu 1 >1).

Jekuun 2. 3adauu o proKkzake  -2-



AJITOPUTM JUHAMUYECKOr0 NPOrpaMMUupoOBaHuUs

O0o3HauuM yepes fi(Y) MakcuManbHYy10 TpHUObLUIL OT MEPBBIX kK TPOCKTOB IPH JOC-

TYIIHOM Kanutane Y= (yy, ..., y7).
Torma fy(¥Y)=0
ﬁ€+1(Y) = max [fk(Y)a bk+1 +ﬁ€(Y_Ak+l)] > k= Oa ceey N - 19 0<Y< C,

rae fi(Y — Aj+1) = — o, ecii BEKTOp Y — Aj+) UMEET XOTs Obl OJIHY OTPULIATEIIBHYIO
KOMITOHEHTY.

TﬂHZO(N° C1*..." CT);
HﬂHZO(N° Cl* ..." CT).

y N
[TonHeI nepedop — 2 BapHAHTOB.

Jekuun 2. 3adauu o proKkzake  -3-



BepxHssl OlleHKA

Pemakcaiusa TMHEMHOTO IpOrpaMMUPOBAHUS

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

3)

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

Jekuun 2. 3aoauu o prok3ake
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Hoxka3zareabcTBo. Ilycte 7' < N (MHa4e yTBEpXKICHHUE OYEBHUIHO). lIpuBenem
3a7a4y K kKaHoHu4Yeckor ¢opme. ITonyuum 2N + T nepemeHHbIX U N + T orpaHu-

YCHUU:
N
min Z — bkxk , (4)
k=1
N
Zathk +A4=c, t=1,...,1T, (5)
k=1
xitwi=1, j=1,...,N, (6)
x;j20, 420, 4,20. (7)

JIr000e 0a3ucHOE JOIYCTUMOE pelieHrue uMeeT He MeHee N HyJte. [Ipearonoxum,
yT0 T U3 HUX COOTBETCTBYIOT IepeMEeHHBIM A;. Torna N — T HyJiell OCTaHETCs JJIs
x; u . Ecimm jnns mexoroporo j umeeMm g = 0, To x; = 1 — nenoe. Ecnu

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

Jekuyun 2. 3adauu o prokzake -



Oxpyriienue JpodHOro peneHus

IlycTp X" — onTumansHOE pemenue 3axauu (4)—(7). daa y € [0,1] nonoxum

I, eciu xJLP =1
X =
710, ecim xLP <y

JIns ocTaBmIMXCs JPOOHBIX 3HAYEHUI MEPEMEHHBIX CPopMHUpyeM Moj3ajavyy BHJIA
(4)—(7), nepecunran IpaBbl€ YacTu orpaHnyeHuii. Halizem onTtumalibHOE pelieHue

LP .
X UId 9TOM MOoJ3aJaud U IMOJIOKUM

)
1, ecimu x]LP—l
x:=<0, eciu xLP—O

J

0 nns ]:argmm{x]L-P|O<x]L-P<l}.

Ha 3ToM 1mare 3HaueHHe Kak MUHUMYM OJHOM IepeMEeHHOM OyJeT 3auKCHpOBa-

Ho. [IoBTOpSisA Mponeaypy, HalAEM AONMYCTUMOE PEIICHUE UCXOHOM 3aJ1a4H.

Jekuun 2. 3adauu o proKkzake ¢



3azava 00 oTnnpaBKe rpy3osn
I=1{1,..., n} — aBuanaiitnepnl, J= {1,..., m} — KOHTEHHEPHI,

Pij — JA0XO0J OT IOCTaBKM aBMallalHEPOM i KOHTEHHEpa /,
W; — BEC KOHTEHHEpa J,
¢; — BMECTUMOCTb aBHUAJIAMHEPA I,

. = {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.

Jekuun 2. 3adauu o prokzake  -1-



JlanbHAd YIKCIeAUIUSA

Mopckoe CyJTHO rpy30MoAbeMHOCTBIO C OTIPABISETCS B AKCIEIUIIHUIO.

J={1,..., m} — Turbl rpy30B (TpaKTOpa, JJICKTPOTCHEPATOPHI, PAJIMOCTAHIINH,...)
N; — BapuaHThl Ipy30B 1id j€J, Ww;; — BEC Ipy3a j [10 BaApHaHTy €N,

Pij — TIOJIE3HOCTH Ipy3a

xj) = % eclii OepeM i - 1 BapuaHT Irpysa j

MHa4e
Moaeuab max Z Z PijXjj
jejieN,
IPU OTPAHUYCHUSIX: inj =1, jeJ,
IEN;
2. 2%y S
JEJIEN,

x; €10,1}, ieN;, jeJ

Jekuyun 2. 3adauu o proKkzake s



I'MIbOTMHHBIM PAaCKpPOl MaTepualia

Jan juct pasmepa Lx W W n TUIIOB IIPSAMOYTOJIbHUKOB ljx w;, j=1,...,n

pj > 0 — noxox OT NpsMOYTOJILHUKA j, HOBOPOTHI 3aIlIPELIEHBI, pa3pe3nl Napall-
JIEJIBHO OCSIM KOOPJIMHAT OT KPOMKHU JI0 KPOMKH. J[ByxcTaauitHas 00OpaboTKa: CHa-
Yajia pexeM JIUCT NMapaJuIeNIbHO OCH ), 3aTEM MapajijIeIbHO OCH X.

Hauru packpou 1ucra ¢ MAaKCUMAaJIbHBIM JI0XOJIOM.

Jekyua 2. 3aodauu o prokzaxke -o



IlycTh

k — uncno napamiensHbix moioc k=| L / Ly, |

y; — IIUpUHA TONOCH i, 1 <i <Lk,

Xjj — YHCIIO j-X TMPSAMOYTOJIbHUKOB B ITOJIOCE 1,
, _ )1, ecmm x;; >0
xl'j =
0 wunaue

m; = Lw ij — MaKCUMaJIbHO BO3MOXKHOE€ YHMCIIO j-X MPSIMOYTOJIBHUKOB B TTOJIOCE.

Jekuun 2. 3aodauu o prok3zake  -o-



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

IIPU OTPAHUYCHUSIX

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

ljx,'-j <y, i=L.k, j=1..,n,
mjx,'-ijl-j, i=1..k, j=1..n,

x; €10,1}, x; €{0,...m;}, y; 20.

Jekuun 2. 3aodauu o prok3zake -1



Kiaccuueckas 3aj1aua 0 proK3ake

Haurn: max Z DX
jeJ
IIPYU OrPAHUYEHUAX
X <
Zw]xj <C,
jeJ

Bce koappunuentsl p;, w;, C — nensle uucna. x;e 0,1}, jeJ.

Onpenenenne  AIroput™ A Ha3BIBACTCH NPUOIUNCEHHBIM ANICOPUMMOM C
2apanmuposantou abconomuou mounocmeio K, ecnmu ans moboro mpumepa [
aJTOPUTM HaXOJUT 3HAUYCHUE ZA(]) C OTKJIOHEHHEM OT ONTUMYyMa Z*(]) He Oonee K,
TO €CTh

z*(]) — 7 ) <K, nnsBcex [.
O6o3naunm uepe3 T4(n, C) TpyAOEMKOCThb aJiropuTMa A JJisl 3aJla4u ¢ 1 IpeJMe-
TaMHU U BMECTUMOCTBIO prok3aka C.

Jekuun 2. 3aodauu o prokzake -1z



Teopema 2.2. Ilyctb A — npuOIMKEHHBIN aJrOPUTM C rapaHTUPOBAHHOM a0CO-
JTIOTHOM TOYHOCTBIO K U TpynoeMkocTeio 14(n, C). Torna anroput™ 4 ajs 1000ro
npuMepa MO3BOJIIET HAWTU TOYHOE PEIISHHUE 3a/laui O PIOK3aKe C TOH K€ TPYd0eM-
KOCTBIO.

Jloka3zareabcTBo. [Ipumep / 3amaercs ynucnamu py,..., Py, Wi,..., Wy, C. IlocTponm
HOBBIN mpumep [ monoxus C'=C, p;=(K+Dp;, w;=w;, jeJ. Oba npumepa

MMEIOT OJIHO M TO K€ MHOKECTBO JIOIYCTUMBIX pelieHui. Tak kak 1eneBas QyHK-

nus as /'8 (K + 1) pa3 Oonbiie, yeM Jj1s I, TO onTuMaabHblie HA0OPHI xj- coBnaja-
10T. st mpumepa [’ umeem z*(l’) — ZA(]’) <K, HO ZA(]’) = (K +1) ZA(]) U
Z*(I’) =(K+1) Z*([), TO €CTh z*(l) — ZA(]) < KK |

_|_

Tak xak p; — uenslie, TO z*(l) — zA(l) <0, TO ecThb z*(l) = zA(l), 4YTO U TpeOoBa-

JIOCh 10KAa3aTh.

Jekuun 2. 3adauu o prokzake  -13-



Ka/iHble aJITOPUTMBbI

Yopsaa04MM NPEIMETEHI IO INIOTHOCTH p;/ w; B Oy/IeM CYMTaTh, 9TO
p1/wWZpryiwy2...2p,/w,

JKaaHbli anroputm
1. w:=0; 70 = 0;
2.for j:=1to n do
if w+w; <C then

x;i=1; W=W+W;; ZG = ZG tPj;

else x;:=0;

Tg=0(nlogn+n), Ilg= 0(n)
Ynpaxknenue Eciu nocneaHiow CTpoKy 3aMeHUTh Ha else { for k:=j to n do

x;-=0; break }, To Takoe penieHue MoxxHO HalTH ¢ 7= O( n).

Jekuun 2. 3adauu o proKzake 14



Pejlakcanus JIJMHEHHOI0 NPOrpaMMUpPOBaAHUS

LP-penakcanus M = max Z pPjX;

jeJ
X <
2. wix; < C,
jeJ
0< Xj < 1, ] eJ. p .
Tak kak 00aCTh IOMYCTUMBIX peIIEHUH YBEJIWYMIach, To z~ >z . IlycTh npeame-
ThI YIIOPSAZIOYEHBI 110 MJIOTHOCTAM U JJI1 HEKOTOPOro s € J BEPHO:

s—1 S
j=1 j=1
[Honoxum
I, j=1..,s-1,
LP 1 S—l
X; :<W—(C—ij)
s j=1
0, j=s+1,..|J|

Jekuun 2. 3adauu o proK3zake  -is-



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

2 Zp] 55(C- Zw)

S ] =1

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

PLyPry s Pn
wm W Wn
n L LP
yCTb X =(X{,...,X,) — OINTHUMaJbHOE peEUIeHHWEe, HEe paBHOEe x . Tak Kak

Zw ;X;=C, TO HAUOYTCA KaK MHHHMYM JiBa HOMepa k> s uni < s Takue, 4TO
jeJ

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

peIIeHHE X ; KOTOpoe OyJIET OTJIUYAThCS OT X TOJIBKO B KOOpJIMHATAX I, K:

, ., d , _ d

X;=X;+—, X} =X} ——.
Wi Wik

Jekuun 2. 3aodauu o proK3zake -



Pemnienue x” aBngerc AOITYCTUMbIM, TaK KaK x' J

> (0 mo BbIOOpY d M

Zw wa +Wid—wkd=C.

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

Jekuun 2. 3aoauu o prok3ake
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CroiicTBa LP-penaxkcanumu

.
BepxHss oreHKa U= A, £= Z p;

S
Ceoiicteo 1. g<z"<U" <" <> p < g+ p,<2% + p,.
J=1

%k
<2z = f< Pmax, THE pmaxzma}pj-
je

o %k
CBoiicTBO 2. Z —zG

< LP * <

CroiicTBo 3. z7 <2z u nnsa moboro & >0 HalijieTcs IpUMep 3aJ1a4u 0 PIOK3aKe
w *

TaKOM, 4TO AP >0 g

-1
HNokazarenbcerso. 1. Takkak z° > ) p; W z 2pg 10 2z 22,

j=1
2. PaccmoTpum npumep n =2, C=2M n wj =M+1,p;=1,j=12. Torna z = 1,

Ho z1¥ = 2M. ¢ poctoM M monydaem Zz- Przi 52.

M +1

Jekuun 2. 3adauu o proKk3zake s



Onpenenenne AJNroputM A  Ha3bIBACTCA NPUOIUNCEHHBIM ANCOPUMMOM C
2apaHmupo8arHHol omuocumenvHou mouHocmoio K, ecnu ans mobdoro npumepa /

z4(I)
z'(I)

y
aJITOPUTM HAXOJUT 3HadYeHue z (/) Takoe, 4TO > K nns Beex 1.

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

Ecnu & < & — OTHOCHUTEJIbHas TOTPEIIHOCTh JITOPUTMA.

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

L) A
HBIM aJITOPUTM MONY4UT X = 1, X, =0, 2" = 2,

% % %
HO x; =0, xp =1, z =M, TO ecThb 14 )KaJHOTO AITOPUTMA

A
z

— >0 nmpu M — oo,
Z*

Jekuun 2. 3adauu o prokzake  -19-



MoanpunupoBaHHbIH KAJAHLINA AJITOPUTM

. y G
Hcnonb3yeM npeabIayIii )KaHbli alTrOpPUTM, MOJIy4YaeM Z
3atem mosaraem z' = max { < max{p;|jeJ}}

Teopema 2.4. MoandpuiupoBaHHbIN kKaJHbIN aJIrOPUTM A~ HMEET rapaHTHPO-

BAHHYIO OTHOCHTENILHYIO TOUHOCTE K = V2 .
Jloka3zareancTBo. M3 cBOMCTBA 2 Ays LP-penakcanyu nMeemM

ZMG + MG

* G
Z Sz t Pmax S Z . m

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

P1=2, pp=M, p3=M,
lel, W2:M, W3:M.

*
[Tonywaem z =2M, Mo=2 +M, TO ecThb OLEHKY K = %2 Henb3s yay4lIuTh.

Jekuun 2. 3adauu o proKkzake  -20-



3
Aaroput™m G :

CokpaillaeM MorpenrHoCTh 3a CYET TPYI0EMKOCTH

Anroput™m G 7
1. ' = max piljedt;
2. Jlnsa Bcexmap (i, k) € JxJ
if w; + w, < C then

MG
® JIPUMCHIACM AJI'OPUTM A K 3a1a4€C C MHO>KXCCTBOM

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

1 BMECTHUMOCTBIO prok3aka C — w; — wy

: A 4 M
° 1fpl-+pk+zMG>z then z° ==p;, +pi +z @

Jekuun 2. 3adauu o prokzake  -2i-



7
Teopema 2.5. AnroputM G ~° uHMeEET rapaHTHPOBAHHYIO OTHOCUTEIBHYIO TOUY-

wocte K = Y.

*
J
*

y
MET, TO Z = Z W YTBEpPXKICHHUE BepHO. [Ipeanonoxum, 4To B ONTUMAJIbHOM

Jloka3zaresnbCcTBO. ECIM ONTUMAIILHOE PEIICHUE X ; COAECPKUT TOJIBKO OJUH MPEI-

pEeIlICHUM HE MEHBIIE JBYX HpeameToB. Beioepem cpean Hux aBa (iy,k.) C Hau-
7 :
oonbmumu p;. Ha HekoTopoMm mare anroputM G~ BblOepeT 3Ty mapy (i, k) U

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

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

*

t o
O0o3HaunM yepe3 z, ONTHUMAIbHOE peElIeHHe »dToM mnoj3anauu. Toraa

* * MG o v
z =p; +pp +z,. Aroput™M A 1A 3TOU NOA3aJa4yd HAUJET 3HAYCHUE zé\/[G.

A o v/
Taxk xak z° — Iyuiee W3 PeENICHHM, IPOCMOTPEHHBIX ajaroputMoM G ) TO

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

Jekuun 2. 3adauu o proKkzake -2



PaccmoTpum niBa ciryyas.

A MG *

= Pi, * Pk, +%(Z ~ P, _Pk*):%(z* tpi HpE)Z g7

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

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

MG A

"<z

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

1
ZZ - I
I[Ipumep. Ionoxum n=5,C=4M,

P1=2, pp=p3=ps=ps=M,
W1:1, W2:W3:W4:W5:M.

* y
OueBuaHO, uTO0 z =4M, z" =3M+2, 10 ecTb oueHKYy K= ¥4 Henb3s yJIydlluUTh.
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