3a4a4YM O PIOK3aKe

Mojaesb pasMelieHusl Kanuraja

Hano Py, P, ..., Py— IIPOEKTHI;
T’ — ropy30HT MIaHUPOBAHUS (TMHA HarnboJIee TPOIOKUTEIBHOTO MTPOEKTA);

S — JOXO0J1 OT MpoeKTa Pj K KOHIly roja f;

Vi — WHBECTHUIIUM B IIPOEKT Py B Havane roaa t;  Sor = Vr+ix = 0;

¥ — KO3(PUIIMECHT TUCKOHTUPOBAHUSA 3aTpaT

T

by = Z(Stk — Ver16) /(L+ 7). — cymMMapHasi IpHOBLIb OT HPOEKTa Py;
t=0

C=(cy, ..., c7) — JOCTYIHBIN KaNMTaJl JIJIsl pa3BUTHUS IIPOCKTOB

A= (ai, ..., ary) — BEKTOP 3aTpaT Ha peanu3aluio npoekra P (1ienbie);

Ecim 10x0/1 HEllb3s1 pEMHBECTUPOBATD, TO Ay = Vi, WHAYEC Ay = Vig — Se_1k -
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Hailtu T1IOAMHOXECTBO MPOEKTOB, KOTOPBIE MOKHO pean30BaTh Ha Kanutain C 1
KOTOpBIE B CYMME JIAl0OT MaKCUMAJIbHYIO ITPHUOBLIb, TO €CTh

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

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

3ameuanue 1. Ilpu T = 1 mosydaem JIMHEWHYIO PaCHPEACIUTEIBLHYIO 3a1a4dy C

0-1 nmepeMeHHBIMH — 337]a49y O PIOK3aKE.
N
Jameuanue 2. be3 orpaHmyeHuss OOIIHOCTM MOKHO CYHUTaTh, YTO Z Qe 2 Cy,
k=1
t=1,..., T, (MOXHO MOJY4YHUTh 3a4a4y O PIOK3aKe gaxe mnpu 1 >1).
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ANropuTM AUHAMHUYECKOro NporpammmpoBaHunA

O0o3HauuM yepes fi(Y) MakcuManbHYy10 TpHUObLIL OT MEPBBIX kK IPOCKTOB IPH JOC-

TYIIHOM Kanutane Y= (yy, ..., y7).
Torma fy(Y)=0

fiﬁ'l(Y) — max [fk(Y)a bk+1 +f;€(Y_Ak+l)] ’ k= Oa °°°9N_ 19 0<Y< Ca

rae fi(Y — Ay+1) = — 0, eciy BEKTOp Y — Ay UMEET XOTs Obl OHY OTPHUILIATEIbHYIO

KOMIIOHCHTY.
TﬂH: O(N Cl* ..." CT);
Hﬂnz O(N cC1-°...- CT).

y N
[TonHbIN IEpeOOp — 2 BapUAHTOB.
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BepxHAA oueHKa

Penakcanust IMHEHHOTO MTPOTPAMMHUAPOBAHUS

N
max Zbkxk (1)
k=1
[IPU OTPAHUYCHUAX
N
Zathk <¢, t=1,...,T (2)
k=1
0<x<1, k=1,...,N. 3)

LP
Teopema 2.1. CymecTByer OnNTUMajibHOE pEIIEHHE X C He 0oiee 4Yem

min (7, N) 1poOHBIMH KOMIIOHCHTaMH

Jlekyusa 2. 3adavu o proK3aKe
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JloxkazareabcTBo. Ilycts 7' < N (uMHaye yTBEp KJICHHUE OYEBHUIHO). lIpuBenem
3a7a4y K kaHoHu4Yeckon dopme. ITonyuum 2N + T nepemeHHbIX U N + T orpaHu-

YCHUU:
N
min Z — bkxk , (4)
k=1
N
Zathk+/1t=ct, t=1,..., T, (5)
k=1
xi+w=1, j=1,.,N, (6)
x;20, 120, A4,20. (7)

JIr000€e 0a3uCHOE JOIYCTUMOE pelICHUE UMeeT He MeHee N HyJel. [Ipeamonoxum,
4yTo 7T Y3 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 nemnoe. Takum oopazom, noinydaem N — T 11eJIbIX KOMIIOHEHT JIJIsI X;,
TO ecThb 1 1poOHbIX. M
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OKpyrneHuve opobHOro peLieHus

ITycTh ' — omrumansroe pemenue 3aaaun (4)—(7). na y € [0,1] nomoxum

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

JI1s ocTaBIIMXCS APOOHBIX 3HAYCHMH MEPEMEHHBIX COOPMHUPYEM I103a4a4y BUIa
(4)—(7), nepecunTaB IpaBbIC YaCTU OorpaHndycHu. Halinem onTuMaibHOE peleHue

LP o
X U 9TOM I1oA3a1da49M U ITOJIOKHUM

1 eClIn x]LP =1,

x; =40, ecmu fo 0,
0 nns jzargmm{x]L-P\O<x]L-P<1}.
\

Ha »ToMm 1mare 3HaueHHe Kak MUHUMYM OJHOW IEPEMEHHOM OyJeT 3auKCHpOBa-
HO. [loBTOpSss npoueaypy, HAMAEM JOIYCTUMOE PEIICHUE UCXOIHOU 3a1aUM.
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3apgaya 06 oTnpasKe rpy3os

I=1{1,..., n} — aBuanaitnepnl, J= {1,..., m} — KOHTEHHEPHI,

Pij — J0XOJ OT JOCTaBKM aBHAJIAMHEPOM | KOHTEHHEDA J,
W; — BEC KOHTCHHEPa J,
C; — BMECTHMOCTb aBHAJIaWHEDPA I,

{ 1, eci OTIIPAaBUTH KOHTEUHED j ABUATTAWHEPOM 1
x.. u—
v 0 uHaue

Moaeib max ) ) DPiiXi;
iel jeJ
[IPU OTPAHUYCHUSIX: ny- <1, jeJ,
iel
ijxl] SCZ', iE],
jeJ

x; €10,1}, iel, jeJ.
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[lanbHAA 3KCcneanUuUA

Mopckoe CyJHO rpy30I10/beMHOCTBIO C OTIPABIISIETCS B AKCIICAUIIMIO.

J={1,..., m} — Tunbl rpy30B (TpaKTOpa, JICKTPOr€HEPATOPHI, PaJUOCTAHIIHH,. .
N; — BapuaHTHI TPY30B s j€J, W —

pij — TIOJIE3HOCTh I'Py3a

_ { 1, ecau OepeM -1 BapHaHT Ipy3a j

0 nHaue

Moaeanb

[IPU OTPAHUYECHUSX:

max Z Zpl]xy

JEJIEN
Z)Cl'jzl, jEJ,
IEN ;

2, 2wy =C
JeJIEN;

x; €10,1}, ieN;, jel

BEC I'Py3a j [10 BAPUAHTY [ €N,

y

Jlekyus 2.
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TMNABLOTUHHbLIU pacKpon matepuana

Jan nuct pazmepa Lx W u n TUIOB IPSIMOYTOJIbHUKOB ljx W, j=1,...,n

pj > 0 — 10Xx0z4 OT NpSMOYIOJbHHKA j, 7OBOPOTHI 3AIPEIIEHBI, Pa3pe3bl Napai-
JIEJIBHO OCSIM KOOPJHUHAT OT KPOMKHM JI0 KpOMKH. JIByxcTaauiiHas oOpaOOTKa: CHa-
qajia pekeM JIMCT MapayiebHO OCH ), 3aTeM IapajiebHO OCH X.

Haiitu packpoit iMcra ¢ MAKCUMAJIbHBIM JIOXOJIOM.
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IHycTh

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

y; — MpuHA moyiockl I, 1 <i <k,

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

m; = LW/ ij — MaKCUMaJbHO BO3MOKHOE YMCJIO j-X MPSIMOYTOJILHUKOB B MOJIOCE.
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Moaeb:
k n
max Z Z pjxl]
i=1 j=1

IIPU OTPAHUYCHUSIX

n
ijxl-j <w, i=1,..,k,
J=1

lsz"j <y, i=L.k, j=1..,n,
mjxl'-ijl-j, i=1..k, j=1,...n,

x; €10,1}, x; €{0,...m;}, y; 20.
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Knaccuyeckaa 3apaya o proK3ake

Haunru: max Z pPjX;
jeJ
IIPU OTPAHUYEHU X
Z W]x] < C,
jeJ

Bce koo duuments! p;, w;, C — nensle uncna. xje0,1}, jel.

Onpenenenne  AnroputM A  Ha3BIBACTCA NPUOTUHCEHHBIM ATCOPUMMOM C
2apanmupo8antou abconomuou mounocmeio K, ecnmu ans ao0oro mpumepa [

aJIrOPUTM HaXOJUT 3HAUCHHUE ZA(]) C OTKJIOHEHHEM OT OIITUMYyMa Z*(]) He Oonee K,
TO €CTh

z*(l) e ) <K, nnsBcex [.
O06o03HauuMm uepe3 14(n, C) TpyIOEMKOCTh alropuTMa A JUIS 3aj1a4u C 1 IpeaMe-

TaMHU 1 BMECTUMOCTBIO prok3aka C.
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Teopema 2.2. Ilyctb A — npuOIMKECHHBIA AJITOPUTM C TapaHTUPOBAHHOM a0CO-
JTIOTHOW TOYHOCTBIO K U TpynoeMKocThio T4(n, C). Toraa anroputm A ajist 100010
IpuMepa MO3BOJISIET HAMTH TOYHOE PEIICHUE 3a/1aul O PIOK3aKe C TOH YK€ TPYA0EM-
KOCTBIO.

Joka3zareabcTBo. IIpumep [ 3agaeTcss Yucnamu py,..., Py, Wi,..., wy, C. IlocTpoum
HOBbIX npumep [ monoxus C'=C, p;=(K+Dp;, w;=w;, jeJ. Oba npumepa

HMMEIO OJTHO 1 TO K€ MHOXKECTBO JIOIMYCTUMBIX pelieHui. Tak Kak 1eneBas QyHKIUs
%k

st I8 (K + 1) pa3 Oonbuie, yem st /, TO ONTUMANIbHBIC HAOOPBI X

COBIIAIAarOT.

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

z(I)=K+1)z ), toects z (I)—z'(I)<
K+1

Tak xak p; — uensle, TO z*(l) — zA(l) <0, TOecTh z*(l) = zA(I), 4TO U TpeOOBa-
nock nokasare. W
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KagHble aAropuTmbl

yHOp}II[O‘II/IM IMPCAMCTHI 110 INIOTHOCTHU p]/ Wi " 6YI[€M CUnuTaTh, 4TO

p1/wWZpryiwy 2.2 p,/w,

JKanHbii anroputm
. w:=0; a— 0;
2.for j:=1to n do
if w+w; <C then

—1. 5 e— 15 . G._ _G .
x;:=1; W=w+w;; z =z +pj;

else x;:=0;

I6=0(mlogn +n), Il;= 0O(n)
Yupaxknenue Ecnu nocineaHiow CTpoKy 3aMeHUTh Ha else { for k-=j to n do

x;:=0; break }, To Takoe penienre MoxkHO Haitu ¢ 7= O( n).
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Penakcauma niMHeMHOro NnporpaMmmupoBaHUA

LP—peaakcanus 2P = max Z DX

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

s—1 S
j=1 =

j=1
[Tomoxum
I, j=1,..s—-1,
p 1 S—l
X; :<W—(C—Zw])
s j=1
0, j=s+1..,|J]
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LP
Teopema 2.3. Pemenue x~ ABISIETCA ONTUMAIIBHBIM pEIICHUEM L P—pemakcanuu u

s—1
2t ZPJ —(C- ZWJ)'

Wy j=1

Joka3zarenbcTBO. byaem cuurarb, 4TO MPEAMETHI C OJUHAKOBOW IJIOTHOCTBHIO
CJIUTHI B OJIUH U

P P2, Pn
Wi WH Wy
ycTb X =(X{,...,X,) — OITHUMaJbHOE pEIICHHWE, HEe paBHOEe x . Tak Kak

Zw j)_c ji= C, T0 Hafmch;I Kak MUHUMYM JBa HOMEpa k> s ui<s Takue, 4To
jeJ

X, >0nXx; < xl-LP . Honoxum d =min{w X, w; (xl-LP —X;)} > 0. Iloctpoum HOBOE

CIHICHUC X ! KOTOPOC 6 JACT OTIIMYATBHCA OT X TOJIBKO B KOOPJHMHATAX i, k.
5
/ a / — Ci

X;=X;+—, X =X} ——.
Wi Wi
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Penrenue x” sBIISIETCA OITYCTUMBIM, TaK KaK x > () 1o BeIOOPY d U

Zw wa +Wd Wid =C.

jeJ jeJ Wi Wi
Kpome Toro
2. Pjx = Zp1x1+d(__—)> 2.DjX,
jeJ jeJ Wi Wi jeJ
Pi _ Pk ¥ B
TaK KaK — > ~", 4TO IPOTUBOPEUYUT ONTUMAJIBHOCTH X.
Wi Wk

Jlekyusa 2. 3adavu o proK3aKe
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CeBouncrBa LP-penakcauuu

S_
Bepxusist onenka U™ = 2|, P = Z Pj

S
Cooiicreo 1. P<z*<U™" <z <> py <p+ps <z° +ps.

1=1
Coiicteo 2. 2* —2° SZ*—ﬁS Pmax: TI€ pmax—ma}(p]
VAS

L d * (v

Croiicto 3. z''¥ <2z" u s mo6oro &>0 naiinercs IIPUMED 3aJa4H O PIOK3AKE
w *

TaKOH, 4TO AP >0 g

s—1
Jloka3areabcTBo. 1. Tak kak z > Z pjuz 2ps 10 22 227

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

Ho z1¥ = 2M U ¢ poctoM M mnonydaem 21z 52 .

M +1
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Onpenesienne AIroput™M A  Ha3bIBACTCS NPUOTIUNCEHHBIM ANI2OPUMMOM C

2apanmupoB8aHHol OMHOCUmMenbHou moyHocmoto K, ecinm s Jroooro npumepa /

zA(D)
%k

Z*(I)

A
aJTOPUTM HAXOJUT 3Ha4YeHue z (/) Takoe, 4To > K nnst Beex 1.

() -z
2"(I)

Ecim ¢=1—-K, 10 < & — OTHOCUTENbHAs HOIPEIIHOCTh aJITOPUTMA.

pumep. [lonoxum n=2,C=M u p, =2, w1 =1,p, =M, w, =M. Torna xanu-

L) A
HBIM JITOPUTM NOJAYyUUT X1 = 1, x, =0,z =2,

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

A
z

— >0 npu M — oo,
Z*
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MoandunumnposaHHbIU XKaaHbIN aNTOPUTM

(o Lo G
Hcnonb3yeM npeapI Ay >KaJHbld aITOPUTM, MOJIy4YaeM Zz
MG _ G :
3arem momaraeM z = max {z , max{p;|jeJ}}.

y . MG
Teopema 2.4. MoanduiiupoBaHHbBIN KaIHBIN aIrOPUTM A~ HMEET rapaHTHPO-
BAHHYIO OTHOCHUTEJILHYIO TOUHOCTE K = V4 .
Joka3zareabcTBo. M3 cBOMCTBA 2 1yis LP-penakcaiiniy UMeeM
*_ G MG | MG
z £z tpmx <z +z . A
I[Ipumep. ITlonoxum n=3 C=2M,
P1=2, pp=M, p3=M,
w1 — 1, W2:M, W2:M.

* MG
[Tonyuaem z =2M, z~~ =2 +M, 10 ecTh O1leHKY K = 72 Henb3s yIy4llINTh.
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%
Anroputm G

CokpaliiaeM IoTrpenrHOCTh 3a CUeT TPYIA0SMKOCTH

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

MG
® JIPUMCHIACM AJIT'OPUTM A K 3a1a4€C 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;, +pr+z “
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Y,
Teopema 2.5. Anroputm G ~° uMeeT TapaHTHPOBAHHYIO OTHOCUTEILHYIO TOU-

Hocte K = ¥4.

%k
J

LS

A
NpeaMeT, TO Z = z W yTBEpKJAEHUE BepHO. IIpearnosnoxkum, 4To B ONTUMAIbHOM

Joka3areqbcTBO. ECIM onmTUMaIbHOE PEIICHUE X; COACPKUT TOJBKO OJIUH

pEIICHUM HE MEHBIIE JBYX HpeameToB. Beioepem cpean HuX aBa (iy,k.) C Hau-

7 :
6onbnmu p;. Ha HekoTopoMm mare anroputM G~ BblOepeT 3Ty mapy (i, k) U

MG
IIPUMCHHUT AJITOPUTM A K 3a4a4cC C MHOXCCTBOM IMpCaAMCTOB

Ulpjsmin{p; , p; }}\{ix, ki) 1 BMECTUMOCTBIO prok3aka C —w; — Wy .

*

* L4
O06o3HaunM yepe3 z, ONTHUMAIbHOE pElIeHHe dTOoM moja3anauu. Toraa

MG
P

* % MG o o
z =p; +pr +z,. Anroput™m A IUJTSL DTOM ToA3aJaud HAUJIeT 3HaUEHUE Z

A . 7
Tak kak z — Jydluee U3 PEIICHHH, TPOCMOTPEHHBIX aaroputMoM G , To

MG>lZ;k.

z4> pi. + Dk, +Z;MG. IIo Teopeme 2.4 umeeMm z; — = >
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PaccmoTtpum 11Ba ciryyas.

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

=p;, + i+ —pz-*—pk*>=%<z*+pz-*+pk*>2%z

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

COAEPKHUT MPEIMETBI C P ; < iz 3HAYUT Z < ZLP < ZMG i
A

* MG *<Z +

Temepy z =p; + py. -I—Z <pi + Pk, tzg

4>|~
N

[Ipumep. Ionoxum 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 OLeHKYy K= V4 Heb3s yIyuIlInTh.
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