Jleknuda 4. 3a1a4m 0 proK3aKe
Mojaesb pasMelieHusl Kanuraja

Hano Py, P, ..., Py— IIPOEKTHI;
T’ — TOpU30HT IUIAaHUPOBAHUS (IMHA HanOOJIee MPOIOKUTEIBHOTO MTPOEKTA);
Sy — JOXO0J1 OT MPOEKTa P K KOHIlYy roja f,
Vi — WHBECTULIMM B IPOCKT Py B Havane roga t;  Sox = Vrei1k = 0;
r — KO3 (PUIIMECHT JTUCKOHTUPOBAHUSA 3aTpaT

T
by = Z Sk — V1,4 /(L + r)' — cymMMapHasi IpHOBLTb OT IPOEKTa Py;
t=0
C=(cy, ..., c7) — JOCTYIHBIN KaIMUTAJI JIJISI PA3BUTHS IIPOCKTOB
A= (aip, ..., arr) — BEKTOP 3aTpaT Ha peau3aluio npoekra Py (1enbie);

Ecnu 10Xoa HEb3s1 pEMHBECTUPOBATD, TO Ay = Vi, WHAYE Qg = Vir — Se—1k -
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HailtTu 1OAMHOXECTBO ITPOEKTOB, KOTOPBIE MOKHO PE€an30BaTh HA KanuTtai C u
KOTOPBIE B CYMME JIAl0OT MAaKCUMAJIbHYIO TPUOBLIb, TO €CTh

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

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

3ameuanue 1. Ilpu 7 = 1 nmonyyaem JIMHEHHYIO PACHPEACIUTEIBHYIO 3a1a4y C

0-1 mepeMeHHBIMH — 337]a49y O PIOK3aKe.
N
3ameuanue 2. be3 orpaHudeHusi OOLIHOCTH MOXKHO CUMTaTh, YTO Z A = C4,
k=1
t=1,..., T, (MOXHO MOJY4YHUTh 3a4a4y O PIOK3aKe gaxe rnpu 1 >1).
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AJITOPUTM JTUHAMHUYECKOT0 MPOrpaMMHUPOBAHUSA

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

TYIIHOM Kanutane Y= (yy, ..., y7).
Torma fo(Y)=0
Jier1(Y) = max [f(Y), Dy + (Y —Ajr1)], £=0,...,N-1, 0<Y<C,

rae fi(Y — Aj+1) = — o0, eciit BEKTOp ¥ — Aj+1 IMEET XOTs Obl OJJHY OTPULIATEIBHYIO

KOMIIOHCHTY.
Tﬂ]]: O(N Cl* ...- CT);
Hﬂ]]: O(N C1*...° CT).

(o N
[TonHblii nepedop — 2° BapHAHTOB.
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BepxHsis onleHKA

Pemakcaiusa TMHEMHOTO IpOrpaMMUPOBAHUS

N
max Zbkxk
k=1
IPU OTPAHUYECHUSX
N
Zathk <¢, t=1,...,T
k=1

LP
Teopema 4.1. CymecTByeT ONTHMAJbHOE PEIICHUE X

min (7, N) 1poOHBIMM KOMIIOHEHTaMH

(D

(2)

3)

c He Ooyiee uyeMm
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Hoxka3zareabcTBo. Ilycte 7' < N (MHa4e yTBEpXKICHHUE OYEBHUIHO). lIpuBenem
3a7a4y K kKaHoHu4Yeckor ¢opme. ITonyuum 2N + T nepemeHHbIX U N + T orpaHu-
YCHUM:

N
min Z — bkxk , (4)
k=1
N
Zatk.Xk +2’t:Ct’ tzl,..., T, (5)
k=1
xitu=1, j=1,...,N, (6)
x;=20, 120, A4,20. (7)

JIr000€e 0a3uCcHOE JOITYCTUMOE pelICHUE UMeeT He MeHee N HyJel. [Ipearnonoxum,
4yTo T W3 HUX COOTBETCTBYIOT IepeMeHHbIM A,. Torma N — T HyJiell OCTaHETCS I
x; u g4 Ecnmm jpus mexkoroporo j umeem g = 0, To x; = 1 — mnenoe. Ecnm

x; = 0 — Toxe nenoe. Takum o0pasom, rnosrydaeM N — T 1eNbIX KOMIIOHEHT IS X;,
TO €CTh I TpOOHBIX. W
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OkpyrieHue JpoOHOro peleHus

ITycTh X" — onrumansroe pemenue 3anaun (4)—(7). s y € [0,1] nonoxum

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

JI1s ocTaBmIMXcCsl APOOHBIX 3HAYCHUH MEPEMEHHBIX CPOpMHUpPYEM MoA3ajady BUJIA
(4)—(7), nepecunTaB IpaBbI€ YaCTH orpaHndycHui. Haliiem onTuMaibHOE pelicHue

LP o
X UIg DTOM MOA3aaaud U IIOJIOKUM

)
1, ecim x]LP—l
x; =40, ecin xJLP—O
0 nns j:argmm{x]L-P|O<x]L-P<l}.
\

Ha »ToM 1miare 3HaueHHe Kak MUHUMYM OJHOM I€pEeMEHHOM OyJeT 3auKCHpOBa-
HO. [loBTOpSA TIpOLIEYPY, HAUAEM JIOITYCTUMOE PEIICHUE UCXOTHOM 3aJa4M.
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3agaua 00 oTipaBKe rpy3oB
I=1{1,..., n} — aBuanaitnepnl, J= {1,..., m} — KOHTEHHEPHI,

Pij — JO0XOJ OT JOCTaBKM aBHATIAMHEPOM | KOHTEWHEDA J,
W; — BEC KOHTCHHEpa J,
C; — BMECTUMOCTb aBHAJIAMHEPA I,

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

Moaeanb max Z Z DijXij
iel jeJ
[IPU OTPAHUYECHUSIX: inj <1, jedJ,
iel
ijxij <c¢, el
jeJ

x; €10,1}, iel, jeJ.
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JlajabHAA IKCIe U
Mopckoe CyTHO Tpy30MO0AbeMHOCTBI0O C OTIPABIISIETCS B AKCIIECIUITHUIO.
J={1,..., m} — TUIIBI TPy30B (TPAKTOPAa, JICKTPOTCHEPATOPHI, PAJIMOCTAHIINH,...)
N; — BapuaHThl IPy30B A j€J, W;; — BEC I'py3a j 10 BApHaHTY [E LV,
Pij — TIOJIE3HOCTH I'Py3a
L {1, ecnu GepeM i - i1 BApUAHT Ipy3a j
Yy

0 wuHauye
Mojaeanb max Z Z DijXij
jejieN,
[IPU OTPAHUYCHUSIX: inj =1, jeJ,
IEN
2 2 Wiy S
JeJIEN;

x; €10,1}, ieN;, jeJ
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I MJIBbOTHHHBIN PACKPOU MaTepuaJia

Jlan muct pasmepa Lx W U n TUIOB IPIMOYTOJIBHUKOB [;x W), j=1,...,n

pj > 0 — 10XoI OT IPSIMOYTOJNIBHHMKA j, NOBOPOTHI 3alIPEIEHBI, pa3pe3kl mapail-
JIEIBHO OCSIM KOOPAWMHAT OT KPOMKH N0 KpOoMKH. JIByXcTamuitHas oOpaboTka:
CHayaJia peXeM JIMCT ITapajuIeIbHO OCH ), 3aTEM IapajuIEIbHO OCH X.

Haittu packpout 1ucra ¢ MAaKCUMAIbHBIM JIOXOIOM.
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IycTh

k — uncino mapamiensHbIxX moioc k=| L/ Ly, |

y; — MUpUHA moNockl i, 1 <i <Lk,

Xjj — YHCIIO j-X TIPSMOYTOJIbHUKOB B IIOJIOCE 1,
, |1, eciom Xjj > ()
xl'j =
0 wunaue

m; = LW/ ij — MaKCUMaJbHO BO3MOKHOE YMCJIIO j-X MPSIMOYTOJLHUKOB B MOJIOCE.

10 Nexuusa 4. 3apaum o prok3ake



Moaeib:

ITPU OTPAHUYCHUSIX

k n
maXZ ijxl]

i=1 j=1

n
ijxl] < W, l:1,...,k,
J=1

ljxl'-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.

11
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Kiaccuyeckasi 3aj1aua o0 proK3ake

Hawurn: max Z DX
jeJ
IIPU OTPAaHUYCHUIX
Z W]XJ < C,
jeJ

Bcee koo dunmentst p;, w;, C — nensle yncna. xje0,1}, jel.

Onpenenenue. AnroputM A Ha3bIBaeTCsl MPUBIIUKEHHBIM ANrOpUTMOM C
rapaHTUPOBAHHOW abCONFOTHOU TOYHOCTbHO K, ecnu ansi moboro mpumepa [

aJrOPUTM HAXOJUT 3HAUYCHHUE zA(I) C OTKJIOHEHUEM OT ONTUMyMa z*(l) He Oonee K,
TO €CTh

Z*([) - ZA(I) <K, s Bcex I.
O6o03naunm uepe3 74(n, C) TPyAOEMKOCTh aJIrOpUTMa A JJIsl 3aJ1a4u C 1 TpeaMe-

TaMH 1 BMECTUMOCTBIO prok3aka C.

12 Nexums 4. 3aaaum o prok3ake



Teopema 4.2. Ilyctb A — npUOJMKEHHBIN aITOPUTM C FapaHTHPOBAHHOM aOCO-
JTIOTHOM TOYHOCTBIO K U TpynoeMKocThio T 4(n, C). Torga anroputm A ajist 1r000ro
prMepa MO3BOJIAET HAUTH TOYHOE PEIICHUE 3a/1a4M O PIOK3aKe C TOM K€ TPYd0EM-
KOCTBIO.

Jloka3areancTBo. IIpumep [ 3agaeTcs 4uciaMu py,..., Py, Wi,..., Wy, C. IlocTpoum
HOBBIX nmpumep [ monoxus C’'=C, p;=(K+D)p;, w;=w;, jeJ. Oba npumepa

MMEIO0 OJHO M TO K€ MHOKECTBO JIOMYCTHUMBIX pelieHud. Tak Kak meneBast (GyHKIMS
*

st I8 (K + 1) pa3 Oonsure, 4eM st /, TO ONTUMANIBHBIC HAOOPBI X

COBIIAIAIOT.

g npumepa [” nmeem Z*(I’) — ZA(I’) <K, HO ZA(I’) = (K +1) ZA(]) 7|
K

z(I)=K+1)z ), toects z (I)—z'(])<
K+1

Tak xak p; — 1ensle, TO z*(l) — zA(l) <0, TOecTh z*(l) = zA(I), 4TO U TpeOOBa-
J10Ch JI0Ka3aTh. W
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AaHbIe AJIrOPUTMBI

YTopsAA04nM NPEIMETEHI IO INIOTHOCTH pj/ W; B OyJIeM CUUTATh, YTO
p1/wWZpryiwy2...2p,/w,

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

xp=ly w=w+w;; 20 =20 TP

else x;:=0;
Ig=0(mlogn+n), Ilg=O0(n)

Yupaxuenue. Eciu mocienHioro CTpoKy 3aMeHUTh Ha else { for k:=j to n do

x;:=0; break }, To Takoe pemenne MoxxHo HaTu ¢ 7= O( n).
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Peqakcanus JUHEMHOT0 IPOrPaMMUPOBAHNA

LP—penakcanus M = max Z pPjX;

jeJ
X <
2. wix; s C,
jeJ
0<x;<1, jeJ o
Tak xak 00JIaCTh JIOMYCTUMBIX PEIICHUH yBEIMYUIIACh, TO z >z . [IycTh npeame-
ThI YIIOPSAOYEHBI 110 IIIOTHOCTAM U JJI1 HEKOTOPOro s € J BEPHO:

s—1 S
j=1 j=1

[Tonoxum
I, j=1..,s-1,
LP 1 S—l
)Cj :<W—(C—ZWJ)
S j=1
0, j=s+1L..|J].
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LP
Teopema 4.3. Pemenue x~ SBIAETCA ONTUMAJIBHBIM PELIEHUEM L P—penakcaiuu u
Ip s—1 » s—1
_ s (C_ .
z = Zp] + " (C Z W] )
j=1 S j=1

Jloka3zarebCcTBO. byaem cuurarb, 4TO MPEAMETHI C OAWUHAKOBOW IJIOTHOCTBHIO
CJIUTHI B OJIUH U

PLyPry s Pn
wm W Wn
m L LP
yCTb X =(X{,...,X,) — OITHUMaJbHOE peEIICHHWE, HEe paBHOEe x . Tak Kak

Zw j)? ;= C, TO HaWAYTCd KaK MUHMMYM JBa HOMEpa k > s U I < § TaKHUE, 4YTO
jeJ

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

pEIICHUE X ; KOTOpOEe OYJIET OTJIUYAThCS OT X TOJIBKO B KOOpPJWHATAX I, K:

, d d

Xi=X;+—, Xp =X ———.
Wi Wk
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Penrenue x ” sBIISIETCA JOITYCTUMBIM, TaK KaK x > (0 mo BIOOpY 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 KaK —- > ——, 4TO IPOTUBOPEYNUT ONTUMAJIILHOCTH X. W
Wi Wk
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CpoiictBa LP-penakcanuun

s—1
BepxHsd onieHka Ut = |_ ZLPJ , P= ij

" ~ * LP LP ~ G
Ceoiicto 1. p<z*<U™ <z Sij <p+p . <z%+p..
J=1
CoiictBo 2. z*—zY < —D = Prax> TA€  Pmax =Maxp;.
jeJ
Ceoiicteo 3. z <2:* u 1 1r00oro & >0 HaliieTcs NpuMep 3aJa4i O PIOK3aKe
TaKOH, 4TO P >0 ¢

s—1
Joka3zareabcTBo. 1. Tak Kak z > ij Uz 2p, TO 2z 22 .

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

Ho z1¥ = 2M_ U ¢ poctoM M mnonydyaem 2 5om

M +1
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Onpenenenne Anroput™M A Ha3bBaeTcsa MNPUBITUXEHHBIM ANrOPUTMOM C
rapaHTUPOBAHHOW OTHOCUTENbHOM TOUYHOCTLHO K, ecitu 1ist JiroGoro npumepa [
21

- > K nng Bcex 1.
z (1)

A
aJTOPUTM HAXOAUT 3Ha4YeHue z (/) Takoe, 4To

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

Ecnu ¢ < & — OTHOCHUTEJIbHAS TTOTPEITHOCTh AJITOPUTMA.

Hpumep. [Tonoxmm n =2, C=M u p, =2, w1 =1,pp, =M, w, = M. Torna xan-

L4 A
HBIM AJITOPUTM NOIY4UT X1 = 1, x, =0,z =2,

% % %
HO x; =0, x» =1, z' =M, TO €cTh A )KAAHOrO AIrOPUTMA

A
z

— —>0nopu M — .
Z*
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MoaupuuupoBaAHHBIH KAAHbIA AJITOPUTM
Hcnonb3yem npeaplaymum »XKaaHbli aITOPUTM, IIOJIy4aeM 29
3arem monaraem 2 = max {ZG, maxi{p;|jeJ}}.

Teopema 4.4. MoauduimpoBaHHbBIN KaJHBIA aNTOpUTM A~ HMEET rapaHTHpO-

BAHHYIO OTHOCHUTENILHYIO TOUHOCTE K = V5 .

Jloka3areancTBo. M3 cBOMCTBA 2 Nyist LP-pemakcanyum uMeem

* M M
z SZG+pmaXSZ “tz G. |

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

pP1=2, pp=M, p3=M,
W1:1, W2:M, WZZM.

* M
[Tonywaem z =2M, z =7 +M, TO ecThb OLleHKY K = %2 Henb3s yaydlIuTh.
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v/
Aaroputm G

CokpalaeM IoTrpenrHoCTh 3a CUET TPYIA0SMKOCTH

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

MG
® JIPUMCHIACM AJITOPUTM A K 3a1a4€C C MHO>KXCCTBOM

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

1 BMECTHMOCTBIO prok3aka C — w; — wy

: A A M
o 1fpl-+pk+ZMG>z then z° :==p;, +pr+z “
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7
Teopema 4.5. AnroputM G ~° uMeeT rapaHTHPOBAHHYIO OTHOCUTEILHYIO TOY-

Hocte K = 4.
%k
J
A k
MET, TO Z~ =z W yTIBepikKIeHHe BepHO. [IpeAnoaokuM, 4To B ONTUMAIBHOM peLle-

Jloka3zarebCcTBO. ECiIM ONTUMANIBHOE PELIEHUE X ; COAECPKUT TOJIBKO OAWH MPEI-

HUM HE MEHBIIIEC IBYX IpeaMeToB. BeidepeM cpeau Hux JBa (iy,ks) ¢ HAUOOJIbIIHN-

Y, :
mu p;. Ha Hekotopom 1mare anroputM G = BblOepeT 3Ty napy (ix,k,) U IPUMEHHUT

AMG

AJITOPUTM K 3a1a4C C MHO>KCCTBOM IMpeaAMCTOB

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

*

* o
OO0o03HauMM 4Yepe3 zg, ONTUMAJIBHOE pEUIeHWE OJTOM mnoja3azaud. Tlorxaa

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

A o v/
Tak xkak z° — Iyuinee W3 peElICHHM, IPOCMOTPEHHBIX ajaroputMomM G, TO

z4> pi. + Dk, +z£/[G. ITo Teopeme 2.4 umeem zé\/IG > %Z;k
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PaccmoTpumM nBa ciryyas.

A MG
Cayvaii 1. p; +p; 25 1 Torma z" 2p;, +py +zg~ 2p; +pi +%Z;k =

=Pi, *Pp, +5 (2 —Pi*—Pk*):%(Z*+Pi*+Pk*)Z%Z*

Caywau 2. p; +pyp <1z*  Torma min(p; , py. )<lz*. [Io omnpeneneHuro z;k

2
COIEPXKMT MPEAMETBL C P ; < iz 3HAYUT Z < ZLP < ZMG iZ :
*
Temepy z =p; +pi. +z < pi + Py, -I-ZMG iz* < z4 -I-%Z*. u

Ipumep. ITonoxum n=35,C=4M,

P1=2, pp=p3=ps=ps=M,
wi=1, wa=w3=ws=ws5=M.

* A
OueBuaHO, uT0 z =4M, 2" =3M~+2, TO ecTb OLeHKY K= V4 Heb3s yJIydIlInTh.
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