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Fast Algorithm for the Upper Bound of the 0-1 Knapsack Problem

WANG Zhengyuan
(Rocket Force University of Engineering, Xi’ an 710025, China)

ABSTRACT: To improve the computational speed and accuracy of the algorithm for the upper
bound of the 0-1 knapsack problem (KPO1), this study analyzed the upper bound model of the
exact k knapsack problem (E-kEKP) constructed by Lagrangian relaxation. First, the upper bound
of the (E-£KP) was proven to be a convex function of the Lagrangian multiplier, and an algo-
rithm for the minimum upper bound of (E-£KP) was proposed. Second, the upper bound of the
(E-kKP) was determined to be a unimodal function of the number of the items, and the upper
bound of the (E-kKP) equaled the maximum value of the minimum upper bound of the (E-%
KP) when the number of the items was the key item number (key item number-1) . The experi-
ments showed that the algorithm for the upper bound of the (E-£KP) proposed in this study re-
quires a proportional calculation to the number of the items, with fast calculatingion speed and
relatively small upper bound. From 6 500 experiments with different upper bounds, the calculat-
ingion time of the upper bound in this study is approximately 15.1% of that of other superior algo-
rithms, with an advantage rate of 94.29%, the others have an advantage rate of only 68.71%. In

addition, the proposed upper bound algorithm can quickly construct better approximate solutions
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and reduce the dimensionality of KPO1.

KEYWORDS: combinatorial optimization problem; 0-1 knapsack problem, upper bound; ex—

act k knapsack problem; Lagrangian relaxation
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c:[hi(w,»/lol)], h=1,2, -, 100, n =10

K AN 6] b A 1 536 3 b 6 500 A4S A ]
(KPO1), #4502 7 ARE LSRG, mT L
A, 6500 H FRUWA 6129 L,
18] v K5 94.29% , i FLAh 55 4 1) 1 A Ul 77 AR KB
F 4466 (LLBIH68.71%) . 45HFEMH, ER UV
BT LR U MUy, HRZEEH T L5 UL
F R Ui B Usin
32 HEENH

ASCWFGE (KPOD) by pRE 38 ik, &
4 1) R S A R 2 TR PN (E - kKP ) 11 552
LB (k=s—1,5); FIE25 X (E-kKP) Tk

R3 -1TEREMNYREESHMHES
Tab.3 Weights and values of 0-1 knapsack problems™

e Cwi, p)y i=1, 2, +++, 10 55 Cwi, p)y i=1,2, ++, 10
1 ([ R+ 100u],[10000:]) 2 ([ Ru:d,[ Ruil)
3 ([Rud,[R (ui+020,—0.1)]) 4 ([ Ru,[ Ru; +0.1R 1)
5 (LRvi +0.1R],[ Ruv:]) 6 ([ RuJ, LR (ui+0.098 + 0.0040,) ])
7 ([ Rud,[ Ru.l) 8 ([ Rud,|2R/3/u:(4=u)])
9 (Rl R3] 10 (LR 030D, Rt 0
11 Uncorrelated span(2;10) 12 Weakly correlated span(2;10)
13 Strongly correlated span(2;10)

*E: w v fE[0, 1] BRI, R=107, 10%, 10%, 10°, 107,
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F4 6500 FIF kB S0 EREGTFH
Tab.4 Sum of the optimal upper bounds in 6 500

instances
bp BRESE HEERET
wH Uw FEIELA1 /%
Uy 2957 100
Unn 3029 98.94
Uvrn 3409 89.12
Ul 4 466 100
Uy 6129 100

5B s B R/ OG Z 0 5 /N B B R T RS
I H T A BT A X ] Ck<s IF P 7R IX ) O

[0, Pioi/wioi), k= s BEITAE X AR 40 648 &
B3, RIGHAREI AR ERB; B3
WERE/N LA B, EATE SR EHEELY
VOB RE 30 7 Bk LIFE 4 e Rk 1 H e+ A
BFCE- KPR EF, 8RO (n). WL, &
SCHEFE R (KPOD) 1 S (PRl 138y vk i o F 5
w0 (n)

FS5FNZE T AR b B 43 oK ) 3 bR T
(KPOD) frdg ¥t fa), rfAAEH, AR R
Uy 0S5 S AR BB U 251580 55 ] Y
—2, 6 500 B L Uy (B R AL R
U VPR [R] R 15.1%, 32 2 5 R 2 45 58 90 0 o
B, B2, B3k ORI SCR IR .

£S5 TRAFTHERFEHERE

Tab.5 Mean time consumption of different upper bound algorithms

1 278 FEHS ] /s

1 2V RG] /s

(No,R) (No,R)
Usr: Usirw U Uy Uwr: Ui Ul Uy

(1,10  0.0009  0.0009  0.0512 0.0219 | (2,10  0.0020 0.0009 0.0522 00133
(1,109 0.0002  0.0009  0.0578 0.0206 | (2,109  0.0009 0.0009 0.0567 0.0134
(1,10  0.0002  0.0019  0.0767 0.0358 | (2,10  0.0009 0.0017 0.0586 0.0128
(1,10  0.0002  0.0009  0.1331  0.0025 | (2,109  0.0009 0.0019 0.0659 0.0127
(1,10 0.0009  0.0002  0.1325 0.0025 | (2,107  0.0019 0.0009 0.0638 0.0169
(3,10  0.0009  0.0019  0.0514 0.0136 | (4,10  0.0009 0.0017 0.1492  0.0037
(3,10  0.0009 0.0009 00456 0.0106 | (4,10  0.0019 0.0002 0.1594  0.003 9
(3,10  0.0009 0.0002  0.0508 00117 | (4,10  0.0009 0.0009 0.1495  0.003 7
(3,10  0.0009 0.0009 00569 00139 | (4,109  0.0009 0.0019 0.1597  0.0030
(3,10 0.0009 0.0009  0.0583 0.0156 | (4,107  0.0002 0.0009 0.1670  0.002 8
(5,10  0.0020 0.0009  0.0506 0.0044 | (6,10  0.0019 0.0019 0.1461 0.0202
(5,10  0.0009  0.0019 00586 0.0053 | (6,100  0.0009 00009 0.1425 0.0156
(5,10 0.0009  0.0009  0.0448 0.0047 | (6,100  0.0009 00016 01777 0.0156
(5,10  0.0002  0.0009  0.0506 0.0039 | (6,10  0.0009 0.0009 0.1641 00128
(5,100 0.0009 0.0011 00501 00047 | (6,107  0.0019 0.0009 0.1734  0.0139
(7,10 0.0009  0.0017  0.0534 0.0039 | (8,100  0.0009 0.0019 0.1577  0.0064
(7,10 0.0003  0.0019  0.0534 0.0031 | (8,109  0.0019 00009 0.1694 0.0086
(7,10 0.0019  0.0019  0.0494 0.0039 | (810>  0.0009 0.0009 0.1556  0.0053
(7,10  0.0011 0.0009  0.0512 0.0039 | (810  0.0009 0.0009 0.1633 0.0075
(7,10 0.0009 0.0011 00572 0.0031 | (8107  0.0009 0.0011 01736 0.0067
(9,10  0.0011 0.0002  0.0800 0.0130 | (10,10 0.0019  0.0009  0.0683 0.0106




2025 4F FIEJTC: 0-1 &ALl L S Pl 8 i 39
CE
T AE I ] /s T AR 8] /s
(No,R) (No,R)
Unr Ui U ks Uy Unr Uvirn U fma Uy
9, 10" 0.000 9 0.001 1 0.088 7 0.009 4 (10, 10" 0.000 9 0.001 9 0.080 2 0.012 8
9, 10%) 0.000 9 0.0019 0.086 6 0.014 8 (10, 10°) 0.000 9 0.000 9 0.078 4 0.016 3
(9, 10% 0.001 9 0.000 2 0.090 9 0.013 1 (10, 10°) 0.000 9 0.001 9 0.079 8 0.0139
(9,107 0.001 9 0.000 9 0.093 8 0.0147 (10, 109 0.000 9 0.000 9 0.079 7 0.016 6
(11, 10°) 0.001 1 0.000 2 0.070 0 0.016 4 (12, 10%) 0.001 7 0.000 9 0.072 5 0.0125
(11, 10% 0.001 9 0.001 1 0.087 5 0.019 8 (12, 10" 0.000 9 0.001 9 0.077 3 0.013 6
(11, 10% 0.000 2 0.000 9 0.069 4 0.0127 (12, 10%) 0.001 9 0.000 9 0.068 1 0.011 4
(11, 10% 0.000 9 0.000 9 0.063 4 0.014 4 (12, 10 0.000 9 0.001 9 0.073 4 0.0109
(11,107 0.000 2 0.001 9 0.078 0 0.014 2 (12,109 0.000 9 0.001 6 0.0850 0.017 5
(13,10%) 0.000 9 0.001 9 0.066 6 0.0139 (13, 10 0.000 9 0.000 9 0.073 4 0.0134
(13,10 0.000 9 0.001 9 0.078 0 0.0122 (13,107 0.000 2 0.000 9 0.077 0 0.0153
(13,10%) 0.000 9 0.000 9 0.076 2 0.0150
4 01 EEE LR 5 &R

(KPOD) #y EF Al I T & (KPOL) Y3
g, NI SE L (KPOD) R4

fil4: HPBPY SN E . T T
S H AR, SR b AUk B 4R 5

fif . A (2 mAE, KEYRs=11. R
FSCERL10] g 75k, 58] (KPOD) Ay fe f i
it x9=(,1,1,1,1,1,11110,--0), X
Y H bR R EE N fo = 465, MFE2ATHI, AEHH0-
1A 8 A By = 423, By =456.9 < f,, KM
N RNOEY/RE 6 07 2 Rl (Vi I K s (£ VAL S|
b BREE AR /N T 465,

AT ALY R EESE T 100, 20=0, )5
40 11 it AT — AN (B /N T 117 10 449 5 AT
— Wy B A, 0 B A ARLAR A R I TR T AL Y
10 7F 4 b M (B 2 R fo b e KR

gi b, nIEREE 1L, P12, -0 W0 50
ANHAFES, Pih L. 2. -0 Wi 10 A
g, MR R (KPO1) Ay 728 4B 4K 51 0.,

— M b, e BSCHER (9] R (KPO1) % B 4 T
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WEMAT A, K5 (KPOD FE4ER) HI .

0-1 15 A ln iy AR oK i (KPO1)
My EEaL . FIH ERRE T DA (KPOD) 3Tl ,
WA LAREYE . ARSCUEB] T (E - kKP) I L FL A (M)
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