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Optimization of BPSO Algorithm for Strongly Correlated
Knapsack Problem
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Abstract: The binary particle swarm optimization (BPSO) algorithm is an important swarm intelligence algorithm for solv-
ing discrete binary space optimization problems. The knapsack problem, particularly the strongly correlated knapsack prob-
lem, is often used as a benchmark for testing BPSO on ultra-high-dimensional optimization problems and has long been a
research difficulty in this field. This difficulty arises because the solutions to strongly correlated knapsack problem are highly
concentrated in the range of the connected space, making it likely that the BPSO algorithm may ignore this solution concen-
trated aggregation space in the process of searching for the optimal, resulting in a significant deviation from the optimal solu-
tion. This article proposes an improved BPSO algorithm method specifically for the strongly correlated knapsack problem,
based on value density ranking and graded competitive optimization strategy. Inspired by the principle of graded knockout
tournament, the algorithm enhances the granularity of spatial search in the exploration phase, thereby increasing the likeli-
hood of discovering small regions where optimal solutions are concentrated and avoiding premature convergence to local
optima. The experimental results show that the proposed algorithm approaches the true optimal solution with high accuracy
across in low-, medium- or high-dimensional knapsack problems, significantly improving both the accuracy and reliability of
solving strongly correlated knapsack problems.
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Fig. 6 Transformation function for low-dimensional knapsack problem
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Tab.4 Low-dimensional backpack experimental results

e DRI A | PRl 2 SRR IUAR MEGHA% | ek i il 3 S R MR | Fellt kB4 SREAUR HEH%
VT1 2785774 95.69 VT2 27300.84  96.69 VT3 26654.92 9533 VT4 25167.99  95.32
VCl1 28409.67  97.59 V€2 2757755  97.67 V(3 2731199  97.68 VC4  25593.09  96.93

VCl-g 2832234 9730 VC2-g 2744766 9721 VC3-g 2725886  97.45 VC4-g  25661.74  97.19
VCl-vgr 2826121  97.09 | VC2-vgr 2741377  97.09 | VC3-vgr 27183.37 9722 | VCd-vgr 2546899  96.46
VCl-vg  28660.00 9846 | VC2-vg 27868.37 9870 | VC3-vg 27591.60  98.68 | VC4-vg 2592050  98.17

gf BRI, Gl X R, e RS TR )y 12
BT VT 5835, 1 VC-vg BIRMRCER AT, #E%
M Fsa e SR, ISR AR PR P B HERE
WJCIE IS HEFRAfd BB TE RS VC Bk A ARCR .
AT, B E S Ty HEF Y M S b 5 5 1
M, A BEAESRAHSE S G P BUSRCR -

22 HEEBEEXTEIBEITSLRER

TEAERE S 500 P 4ERE s AR T ARl rp T
FERAN Ty 50, IARKEC 1300, FRYERESRAHSCH (L
)RR 73 9t Ry ik k= 50, WIAARL T8 Bt
N 50, EARRECH 50 Ik, BEJREEIEAL 50 R (a=50)
W 50 AR, FERARRECE ] 450 YU, KLY 4
FRYE LA IR TR AL, 4R RE SR AT S 15 A )
XS SEL w TR AR R S AR DG T I R 52

o3 B 7 S 4E R R AH DG A TEAS [R] i
PRECT ISEER R . M 7 AT, R r Lk (VC-vg
R fEd by, HAER R R, M AL (VT &
B0 B N7, SHHER R AIK

th AR RE SR A G AL SIS R WK 5. VC-vg Bk
T 4 P R ECAOVE R T MER R I 1E 98% LU L. VC-
vg FIRILTF VT 83k 4 M s BUVE R T I HERR %
B PTE iy, X FBH TR 8 1 FNHE 7 SR AE A IR 4t
PR ¥RE B R T ERE . VC-ve BRI T VC
Bk, VC BEGIA THEBIE, (HAR MBS E
HEF Mo e Lok me , Bl e 3 R AR FIER 5 L
T VC-vg Bk, FRIAHET 558 DL R i o 4501k
PERERY I — D4R T B SR . VC-vg BIE LT
VC-g Fl VC-vgr &k, VC-g M VC-vgr Bk



« 78 ¢

IR T 3 Rsa o skms , (B e B HR P 2 BERLAY |
WP 1, X5 BOW R B AR AR AR, DR 7 v 6

1.40
135}
)
= 1.30f
E —
= 1asf
m{{ — VT1,w=0.6
ﬁ 1.20F —— VCl,w=1.0
—— VCl-g.w=1.0
g
1.15F —— VCl-vgr,w=1.0
—— VCl-vg,w=1.0
1.10 : : : :
0 0.5 1.0 1.5 2.0 25
P AE K /107
(a) FEAf Rl 1
1.40
1.35
)
= 1.30
’g =
= 125
& o —— VT3, w=1.0—0.4
I 120f —— VC3,w=1.2—0.99
i —— VC3-g,w=1.2—0.99
115} —— VC3-vgr, w=1.2—0.99
—— VC3-vg, w=1.2—0.99
1.10 : : : :
0.5 1.0 1.5 2.0 25
AR Kt/ 10

(o) FHR%l 3

AEHEAREEE Fak Fal

FWART VC-vg Bk,
1.40
1.35
S
= 130
3
= -
8o [
I i — VT2, w=0.9—0.4
E a0} —— VC2,w=1.0—0.99
& —— VC2-g, w=1.0—0.99
115 —— VC2-vgr, w=1.0—0.99
— VC2-vg,w=1.0—1.0
1.10 . . . .
0.5 1.0 1.5 2.0 2.5
PLAEHCRE/ 107

(b) itk 2

1.40
135} _——
s 130} -
E 1257
I o1.20F ——VT4,w=0.6
= sl —— VC4,w=1.0—0.99
“ 1. —— VC4-g, w=1.0—0.99
1.10F —— VCl-vgr,w=1.0—0.99
—— VCl-vg, w=1.1—0.99
105 . . . .
0 0.5 1.0 15 20 25
fr A5 k10

(d) it pRi%L 4

7 HEERIEXE G A R R

Fig. 7 Transfer function for medium-dimensional knapsack problem
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Tab.5 Medium-dimensional knapsack experimental results

e SRR R | PR fl 2 RRRIUE HERE%
VTI 135303.05  97.10 VT2 13159820  95.70
vCl 136 009.70  97.60 VC2 13403415 9747

VCl-g 13486590  96.78 VC2-g 13244075 9631
VCl-vgr 13459045  96.59 | VC2-vgr 13213645  96.09
VCl-vg 139554.15 98.16 | VC2-vg 135733.85 98.70

R 3 SRR R | ikl 4 RIREMR MR
VT3 13071830  95.06 VT4 13142490 95.57
VC3 13491930 98.11 VC4 13513345 98.27

VC3-g 13410430 9752 | VC4-g  135096.05 98.24
VC3-vgr 133687.90 9722 | VC4-vgr 134803.10  98.02
VC3-vg 13566530 98.68 | VC4-vg 135676.05 98.67
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Fig. 8 Transfer function for high-dimensional knapsack problem
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Tab. 6 High-dimensional knapsack experimental results
SRR B SRR MRS | B R R 2 R SRIR IR MERR | et ek 3 RJRIRIR MR Fe R B 4 2SR A%
VTI1 272 719.80 96.69 VT2 268 346.20  95.59 VT3 268 309.00  96.05 VT4 263 320.80  95.78
VCl  2272719.80  97.83 VC2  274072.60  97.64 VO3 27281390 97.76 VC4  268347.80  97.61
VCl-g 274 452.80 97.31 VC2-g 266410.50 9491 VC3-g 27139790  97.28 VC4-g 265 508.80  96.58
VCl-vgr 274 394.20 97.29 VC2-vgr 262023.10 95.10 VC3-vgr 271118.00  97.18 VC4-vgr 264257.60  96.12
VCl-vg 276 997.30 98.21 VC2-vg 27681920  98.82 VC3-vg 27547930  98.61 VC4-vg 26821030  97.56
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