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Abstract Random time-varying knapsack problem (RTVKP) is a dynamic combinatorial 6ptimization problem, is a
typical NP-hard problem too, Because the value and size of items and the size of knapsack can change along with the
time, it causes that solving this problem is more difficult. We proposed an efficient algorithm for solving RTVKP with
dynamic size of knapsack based on dynamic programming method, and analyzed the complexity of new algorithm and the
condition of its successful executing, The results of simulation computation show that the exact algorithm is an efficient
algorithm for solving RTVKP,
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B AF ¥ 40 [A] #8 ( Time-varying Knapsack Problem,
TVKP)! A B—Fhsh 25 0-1 WA a8, hE—MahSHE 8
PRALTE)RE , FE 4 BE PSR  BE IR 43 e B 4 TRl R DA B T ek ) R %5
MRITEGEEWHIS SN HMA. % TVKP RIES, 4%
RIME R BB T A, AT A A
T ENRBMERE . BT 01 B A (0-1KP) J& NP-hard
[B)E , RFEE BTt Bk, i TVKP &K LR E4N AR
0-1KP B34 A, Bt & NP-hard [AlRE, RTF{EZ AT
B, Bl AX TVKP R T EEF T HURELER
A EEEZ R AELAE LR, F B e RETFH BT
KA Y, B MG S 9 4 0 B (Random Time-varying
Knapsack Problems, RTVKP)*® & TVKP (W —#IE=R,, H
Y A B A R E Y b B RBEY LB S,
X R AEE R KK TVKP [6#,
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{wrswrssw, s HF 5w € Z,1<Ki<Kn, RTVKPS [7]
B M EARELLA, B ELIRTERRE At BEHLE R m AT
HC.Coue\C, B (R AKCG<CB, G € Z, 1<k, Z
FEEBER) A BIR LI m A n BTN E Xe= (a2,
) €40, 117 IsShim, BT 2 «

max f(Xk)=max_>’_l)sixh-

. - M

s. b t_};lw,-xyéck
KH,GELC Gy, G b 1<k, TE Xi=(zars 212>
T )W Yz =1 B, FRESE kAT B RBR IR | A0S
ABEER C WA Y 2 =00, BARE | MIBREA
AR ,0-1KP Jy m=1 B RTVKP3 BFBRIF IR ; 7 B 24 H ik
HAEREHERIPR A PEFEHN G 85, RTVKP3 4 % — A&
BE MEESERBEINN S={s,n, s, W={w,
weseyw, A G 19 0-1KP, A T @ Fig i, 8 F X H #
RTVKP3 7E6¢ 8] 8] 8 Az st f AL E S Ce B 0-1KP 2
% 0-1KP(n,Cy , S, W), .

BF RTVKP3 & F 2 H m NMARE R 0-1 3K
YR LH A T BRI 5 OB MM A L Y AR e A R R s A R
BOR X m A 0-1KP A, XFM#EBRTAT,BIFAER
Ry, AR E 28 TX m A 0-1KP R B A HRWMESE 5 &
BEFHEEEAENX—BEHE  IUERRENEE
HHE. ITRAMB RTVKPS MG M EESERERE
HRBEDCEAEX —RE, TEEL TS RTVKP3 %R
Rl E] B8 Az FF 3T RE 0-1KP Z B NTEBE R . B FahE M
R4 T —FpR#E RTVKP3 0 & B,

1.2 K#R 0-1KP(n,C,S, W) B EI B A R E %

# V0. n,0.. CIR— P+ X(CHD R 454,
Hp v, JA<i<in B 1GKORR MR 1,2, -, ik
BEABQEEN; B 0-1KPG, 5,801, ], Wl D&
B AR (B 30) BT X B M B pR (B, X BBy S[1.. i1F W
(1. BB THERMANY BN ESER. 4 V0i,0]=V
[0,7]=000<Ci<in A 0<j<<O) , TRABHFTET .

V[iaj]:

VIi—1,7], #Fizl H 1<i<w
{max{V[i*l,jj,V[i—l, @
j=SLa1+wlids, # izl Hjizw
BAR,0-1KP(n, C, S, W [ B B AAE H Vn,Cl,

PMER AR RTVKP3 R E Y, T RER TR
BAAMABHE V0. 2, C+1.. GIC<C) FIk i
0-1KP(n,C,S[1.. n], W 1. . n]) AR (B B DAL TS 3 3R
#0<CC, <G, B GG ¥R V0. 2,0.. C 1B
L A .

#%k1 DPKPV(n,C,,Co,S[1., n], W L. o))

1. for j= C;+1 to Cz do V[0,j]<0;
2, forj= Ci+110Cdo
3. for i=1 to n do
4, VL, i< VLi—1,il;
5. if S[i]< then V[i,j]<max{V[i,j], V[i—1,j—S[i]]+W
[i)}s
6. endfor
7. endfor
8. return V[ 1..n,1..Cz]
EEFVLGIMHENRS V- LM VEi—1.—S
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LA WS 138 VIO, v, G+ 1. G R, AT LUK
BERSERIBT $ 47, XA R RTVKP3 [/ BpS 8 1 30
HEH., TR FE—48E X[1-n RN ER B,
EEE LHER LR 0-1KP(L, G, S[ L n ], WEL . 2 D
BEMRFEHEE#ANT.

##% 2 DPKPS(n,C,8(1..n],V{1..n,1..CD
1. for i=1 to n do X[i]«0;

2. i<n and j<C;

3. while >0 do

4. if V[i,j154V[i—1,j] then X[i]<1 and j«j—S[i];
5. iei—1;

6. endwhile

7. return X[ 1+--n]

HETEE 1 afRIE RN OGG) , B1: 2 Wit a F 44
BEXH O, F B 1 &y 2 k8 0-1KP(1, G S[1.. n],
WL . n D HIETEI E 24 R OnC-+Hn) =00 , BB El &
FEFERRTER 1 HEHTF logC Xl C HEAMK,
HitE 1 B— b 2WiAet Rk, Q8 mik, 7P
FR A R E SR 01 BB ET R EZ —.
1.3 RTVKP3 @ ¥R

%t F RTVKP3 [HIRR, BBy M 5 BRI T
AER AT A, B E AR R & R Az B RTVKP3
XL FRAMENEE S TERER 0-1KP R, Ak, T
HTShAMREL H— KM RTVKPS (&8 &, By
HHEBERN G . 4 HRREE AT E P Ha s Rk
BH C. FESAIREERE & PEEREN G W
RTVKPS3 [a)f54E 4770 8] B F& A # %t F 0-1KP(n, G, S
[1.n],W[L .o [EE. M, % RTVKP3 [G1REER L h
UTFHREEZ—.

BEQ 4 G=G L H T 0-IKP(, G, W[ 1. 1], S
(L. n DIEEEI A VIn. G 19 45848 VIO. . n,0.. G Jth
B2k, Nt REHERAEY: DPKPS(r,C.. SL1.. 2],V
[1..n.1..C DEIF k48 0-1KP(n, C; W[ 1. . 7], S[1. . n DY
B, B RTVKP3 u) 875 A (1] 18] B ) S A

BE@ %G <G mt AT 0-1KP(r, G, S[L. . n], W
(L. 2D R EARME Vin, G IR KM, B B ek Z.
EEB /A VIO, . n,0.. C1XH VIO . n,0.. C i —F
4y T VIO. . n,0.. CIE M, H it REH A B B DPKPV
n,C1,Co S . n L, WL . n DEIE V0. . n,C +1.. C %
SYBUTT, A Ve, C iR 8. Y% V0. »,0.. C 1%
EJE WA E % DPKPS(n,C:, S[1.. n], VI 1.. n. 1. . G DER
KB 0-1KP(n, G, ST1.. n], W L., n 1) I8] BB 0 B 4K #% . B
RTVKP3 7£ It [a) 7] R ) B AL

HEF LU LT K4, 4 Threshold 37 i 18] 8] B&
AMHER,C AEGERENREAEE,C AHAYATH
H,m AREHENBRH RS ARG EES Ar. 4 S . n]
5 WL . o153 TREEN Y S ESER, X[(1-n]
FTFAE RTVKP3 7545 6 6] 18] b BT %t B2 0-1KP (B8] &5 1) 4%
HTRBEMNTLRE A, BI(A<B AR EEF). LiE
PEEY GetSystem TimeO) BT3B R 4G M RUATE] . p%Y Ran-
dom(A, B B TRENLF 4 [A, B] FR ., WK RTVKP3
RSB EEHRWT.

#iE3 DPIorRTVKP (n, W1 . n],S{1. . n], Thresh-
old, A,B)



1. C<0; Cy<Random(A,B); Iter<-1;
2. for i=0 to n do V[i,0]<0;
3. for j=0 to Cado V[0,j]<0;
4, while Iter<{m do
5. T<GetSystemTime( );
6. if C1<CC; then
7 V[1..n,1..CoJ<DPKPV(n,C1,C:,9[1..n],W[1l..n]);
8. X[1..n]<DPKPS(n,C;,S[1.. 0], V[1..n,1.. C2 ;s
9 Cr<Cy;
10.  else
11, X[1++nJ<DPKPS(n,Cz,S[1..n],V[1..n,1..C: D;
12. At<GetSystemTime( )—T;
13.  if At<<Threshold then output(X[1++:n])
14, else return failed;
15. while At<CThreshold do At<-GetSystemTime( )—T;
16. Ci;<Random(A,B); Iter<Iter+1;
17. endwhile
18, return success

B INRE L 3 iR 1] failed, T 156 BH £2 5¢ B+ 1] 18] B BA oK
ORI B B A5 O, BB R R BE AR ORI sk g 1) 1] R Py
RTVKP3 B3 RE 9 0-1 H 43 [5) B ) 52 o e » 1B 2 BT B SR A i
RRINE . ARR [E success, M LB B R @ HTh , 3 BT
8 m A B R RTVKPS [A)87E 4 i 4] 6] & XF Bz 0-1
HamEREH. FEUHNE. ATEE 1H V0. »
C+1.. G IRIEFTHE . B Bk 3 fe3Ential B R ay It
A E] () PR L SR AR B AT BB C L XA BT
Jexf R At R R R . HeAh, R IX LA, BIFA, W Ap
W ¥k 3 1Y Stepl5 BCMF A Threshold— Az (it ] 4521+ E
V00..n,C+1.. B], A2 B R E R i EPEA .

2 EESWEXGITE

TEE SR 3 MEE S J BRI R R 1
Fo ML RIERIA 2 A KRR RTVKPS (a3, 8 53
B E#— 2 AR AT SRRt

APRE S SIKKBEILZ AR m M AR EM RN E
EHRHP={C,C,,C,}, Hh G H[A,B] L HIBENLIF 8 %
A<kim), 31 B G BT G 775 4 AC=max{CG1 —C |
GEPALI<kSm—1}. BRANBEE 3 WHMEY T Rm
0-1KP(n,Cy, S, W) , Bt A & 24 2 O(nCy) 5 BeAt, 45 i 1] ]
RitE RIS 4R R OnAO) , BT E ik 3 Byat a8 248
K OnC )+ Gn—DOMRAC) =0(max{C, , AC}nm), R TR
WEE R 3 KA, UBRIES BT (8] I FR AT BB L T, R
WHEW R Threshold BH KX % F max {0 (), O
A, FHREED 3 hRERBENRE KRR T, R
B Threshold % & Threshold =nTmax{C, +1,AC+1}, 5L fE
BARER S 3 BLIIRAE RTVKP3 08,

R T #— AU AR R A SCE R 8 RTVKPS [6] 85 i 7T
SRR, T EA B SRR K HAE R RTVKPS [a]f&
L), Foeb, BSEGIREHE EIFE Ac 89 B S Threshold 28 K
35, FE LU lenovo X201i &ic4s, HAE {4 3F3E R Intel
(R) Pentium(R) CPU; U5400— 1. 20GHz, 2. 00GB N 7£, #&
YEFRGEH Windows 7,3 FH VC++6. 0 #HITRELI.

TVKP3 L6 1 300 454 ) RTVKPS R BEE A,

S[1..300]=1{383,519, 420,272, 166,125, 354, 374, 44,

540,9, 108,13, 4, 403, 376, 599, 432, 184, 439, 114, 45, 333,
238,95, 10, 195, 542, 231, 476, 129, 582, 223, 210, 442, 250,
116,211,342, 461, 300, 368, 327, 524, 460, 158,171, 261, 24,
89,174,214, 455, 87, 222, 588, 25, 453, 256, 458, 375, 129,
104,428,344, 165, 556, 166, 359, 440, 373, 210,576, 14, 548,
105,396,116,243,196,583,307,141, 345, 544,500, 250, 280,
449,388,107,135,182, 235, 521,480,48,272,17,190,122, 6,
380,226,243, 567,513, 444, 469, 567, 86, 520, 573, 125, 494,
123,30, 276, 288, 219, 191, 91, 531, 382, 508, 541, 574, 568,
111,581, 452, 351, 74, 411, 239, 513, 39, 43, 213, 484, 189,
314,240, 25, 253, 430, 239, 494, 71, 296, 568, 359, 460, 242,
307,186,366,215,347, 240, 386,178,510,118,487,468,116,
376,136,593, 500, 514, 294, 508, 514, 322, 164, 544, 20, 224,
408,436,418,234,102,558,452, 362,527, 240,288,179, 544,
174,498,370, 325,521, 543, 248, 341, 516, 49, 440, 319, 346,
551,454,587, 374, 29,511, 424, 419,127,471, 596, 385, 578,
148,28,421, 542, 358, 108, 538, 143, 405, 59, 267, 300, 458,
140,383, 364, 445, 424, 488, 42, 65, 179, 303, 435, 370, 304,
584,277,82,33,77,382,434,438,232,169,160,390, 24, 340,
332,541,91, 574, 318,317,577, 356, 332,237, 172, 415, 489,
444,102, 46, 406, 122, 269, 18, 296, 516, 42, 490, 107, 109,
294,391,164,162,438,518,122,290,504,448,408, 205, 266,
390,470}

W[ 1..300]={653,11,543,649,278,173,879,796, 710,
840,238,280, 844, 886, 522, 30, 982, 754, 182, 163, 155, 969,
766,433, 710, 888, 802, 295, 386, 985, 8, 152, 483, 828, 488,
685,373,44, 117, 599, 369, 619, 543, 902, 177, 655, 842, 257,
945,684,238, 512, 570, 507, 516, 557, 27, 839, 566,613, 612,
524,456, 82, 485, 810, 492, 889, 729, 636, 263, 645, 191, 45,
109,937, 688, 42, 634, 890, 431, 34, 291, 916, 478, 173, 258,
977,443,920, 643, 87, 91, 565, 822, 374, 438, 421, 759, 246,
791,420,714, 546, 134, 238,173, 874,904, 71, 624, 150, 778,
378,607,576,686,547,249,120,483,563,733,217,108,645,
898,861,646,751,422,165,528,288,590,342,683,147,495,
32,676,192, 464, 480, 853, 322,978,914, 126, 637,673, 634,
194,29,659, 735,477,726, 996, 201, 336, 515, 533, 483, 434,
956,139, 95, 448, 140, 362, 150, 777, 480, 731, 549, 49, 492,
324,977,252,72, 837,198, 746, 600, 770, 195, 736, 197, 956,
74,464,853, 273, 659, 926,571, 527, 495, 563, 216, 784, 396,
510,35, 926, 253, 877, 740, 85, 839, 447, 108, 575, 912, 639,
985,738,774, 948, 66, 544, 789, 905, 331, 347, 980, 951, 699,
653,854, 488, 594, 99, 161, 698, 579, 476, 712, 782, 545, 29,
996, 818, 225, 44, 501, 93, 319, 565, 80, 101, 173, 846, 279,
264,338,784, 356,976, 733, 536, 911, 607,722, 167, 862, 93,
263,334,471,727,808,648,973, 396,730,927,118,455, 559,
771,538,306,378,478,698,469,490, 140,121, 396,292,722,
431,830,472,174,541}

HaERREXELA, B]=[81750,117564 ], K IR BEHL
FRAE 10 AR H EEE.

TVKP3 56l 2 7 500 41k 9 RTVKP3 [R5,

S[1.. 500]= {461,583, 490, 253, 305, 153, 70, 52, 463,
370,348, 27,119, 284, 532, 156, 37, 564, 540, 589, 191, 590,
34,515, 27,128, 214, 439, 347, 254, 515, 396, 116, 358, 572,
499,273,97,319,378,96,6,118, 545,595, 480,478,416, 386,
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545,391, 89, 523, 524, 124, 88, 285, 569, 380, 146, 299, 114,
424,299,583, 58, 549, 331,431, 200, 223,163, 537, 188, 410,
182,252,166, 315, 353, 282, 491, 26, 79, 348, 395, 403, 523,
431,201, 204, 159, 106, 338, 292, 245, 104, 155, 150, 18, 59,
105,528, 363, 280, 95, 30, 599, 254, 203, 438, 30, 251, 249,
483,2,192,472, 55, 308, 13, 436, 15, 502, 174, 227, 44, 370,
48,117,170, 324,509,527, 228,417,523, 237,473,112, 313,
308,371,79, 354, 109, 166, 500, 506,476,562, 365, 507, 416,
255,357,121, 444, 181,427, 119, 389, 570, 220, 62, 370, 547,
511,206, 255, 356, 37, 65, 361, 323, 572, 120, 136, 348, 246,
219,291,320,211,111,571, 533,596, 21, 154, 330, 205, 581,
303,409,299, 162, 569, 467,512, 21, 345, 454, 313, 442, 119,
119,238, 299, 484, 90, 555, 49, 103, 339, 420, 568, 82, 152,
230,468,305, 558, 128, 564, 586,479, 557,135, 490, 318, 81,
125,543,219, 357,150, 346, 378,599, 443, 58,122, 351, 148,
81,24,581,98,263,152, 384,428, 280,374,236,528,14, 318,
287,72, 330,512,113, 214, 307, 237, 115, 565, 63, 562, 568,
549,73,161, 3, 303, 27, 20, 254, 469, 160, 492, 565, 342, 289,
323,186,118,375, 353, 512, 166, 95, 240, 518, 360, 557, 84,
28,417, 75, 216, 363, 259, 320, 394, 481, 157, 573, 33, 545,
412,283,471, 105, 398, 354, 325, 266, 240, 61, 355, 531, 109,
22,147,468,104, 194, 160, 364, 576, 217, 587, 594, 370, 189,
529,187,474, 540,521, 67, 345, 383, 106, 560, 528, 550, 205,
31,561, 302, 210, 67, 184, 157, 79, 127, 140, 355, 273, 195,
391,381,257,42,194,176, 278, 342,567, 246,227, 110, 396,
167,129,316,166,163,118,552,458,374,169, 288,529,424,
141,290,276,224,106,392,578,445,178,410, 373, 311, 358,
443,92, 350, 87, 380, 229, 447, 368, 402, 467, 259, 546, 257,
219,172,528,324,253, 308, 235, 352,454, 380,299,102, 578,
338,360,132,486,531,117, 342, 4,10, 276, 23,487, 17, 482,
231,533,410, 80, 294, 89, 387, 396, 398, 183, 372, 100, 407,
506,224,169, 270, 110, 578, 371, 141, 2, 130, 398, 141, 338,
170,588, 194, 80, 328, 110, 486, 166, 348, 35, 118, 26, 355,
550,313,472,565,51,98,464,22,415,294, 80, 359,103, 565,
563,461,115,365)
WI[1..500]= {122, 158, 190, 628, 444, 596, 335, 167,
854,861,364, 276, 507, 842, 334, 34,620, 358,977, 455, 922,
99,8, 263, 848, 330, 84, 301, 9, 619, 947, 817, 825, 383, 668,
844,905,504, 702, 295, 436, 223, 319, 12, 158, 934, 490, 179,
411,332,391, 731, 411, 690, 18, 591, 856, 948, 469, 535, 598,
787,992,549,104,946,538,461,432,201, 341,112, 847,811,
646,257,998,695,723, 244,984,718, 270,485, 240, 353,949,
953,753,511,379,721,753,997,692,561,780, 380,407,262,
478,931,109, 842, 616, 42,708, 327, 486, 553, 149, 684, 176,
213,134,160,271, 893,175, 838, 283, 193, 489, 35, 944, 641,
277,974,903, 541, 902, 555, 119, 667, 490, 633,697,451, 92,
460,903, 62, 106, 480, 648, 434, 525, 928, 595, 251, 90, 654,
10,295,897, 779, 665, 433, 998, 429, 944, 609, 882, 373, 853,
109,195,959, 468, 302, 207, 621, 158, 98, 560, 137, 883, 526,
15,285,124, 680, 916, 939, 526, 242, 529, 978, 236, 216, 733,
894,403,92,626, 274,410,874, 954,619,135, 981, 892, 900,
381,466,102,482, 594, 358, 591,52, 396, 569,699, 953, 449,
983,734,589,401, 153,585, 261, 401, 220,42, 141, 738, 313,

530,135, 724, 4, 410, 509, 930, 296, 346, 873, 116, 323, 875.
771,574,226,511.884.220.795, 486,483, 330,336, 282, 346,
285,551,857, 182,15, 895, 703, 757, 94, 606, 845, 189, 588,
38,332,589, 8, 939,511, 916, 49, 684, 49, 642, 106, 78. 983,
665,20, 981, 174, 294, 30, 766, 29, 930, 441, 421, 484, 659,
519,151,113,405,162,671,725,835,454, 653, 366,483,432,
107,632, 662, 797, 556, 253, 461, 287, 430, 440,771, 32, 71,
139,643,441,809,306,539, 905,125,746, 344,884, 101,416,
941,268, 33,530, 389, 763, 374, 407, 308, 411, 80, 742, 122,
177,747,883, 370, 716, 198, 190, 704, 468, 910, 627, 20, 783,
941,909,122,411,753,518, 162,283,371, 327,282, 105,499,
547,63, 90, 425, 327,426, 561, 324, 731, 207, 128, 602, 815,
22,197, 94, 533, 451, 505, 539, 589, 576, 425, 584, 573, 277,
760,287, 96,732, 945, 814, 46, 139, 400, 491, 705, 673, 932,
276,236,525,342,267,270,828, 328, 855,731,507, 451,580,
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