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Optimization of BPSO Algorithm for Strongly Correlated Knapsack

Problem

ZHAO Qing, LIU Tao, LIHao
(College of Artificial Intelligence, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: The binary particle swarm optimization (BPSO) algorithm is an important swarm intelligence algorithm for
solving discrete binary space optimization problems, and the knapsack problem is often used as a test for the ultra-high
dimensional optimization problems of BPSO algorithm. The strong correlation backpack problem in the backpack problem

has always been a research difficulty in this field. This is because the solution of the strongly correlated knapsack problem is

too concentrated in the range of the connected space, which leads to the BPSO algorithm is likely to ignore this solution
concentrated aggregation space in the process of searching for the optimal, resulting in the search for the solution and the
optimal solution is a large difference. This article proposes an improved method specifically for the strongly correlated
knapsack problem, namely the BPSO algorithm based on value density ranking and hierarchical competitive optimization
strategy. The algorithm is derived from the principle of graded elimination tournament, which increases the degree of spatial
search finesse in the exploration phase, thus increasing the possibility of the optimal solution aggregating small regions to be
discovered, thus avoiding falling into the local optimality trap prematurely. The experimental results show that the knapsack
problem can approach the true optimal solution with high accuracy whether in low, medium or high dimensions, which
improves the accuracy and reliability of solving the strong correlation knapsack problem.

Key words: binary particle swarm optimization (BPSO) algorithm; knapsack problem; graded competitive strategy;
strategy based on value density expansion

KL HEENE (PSO) J& THRHMAE RE UL ENER — K7 BFE (BPSO) S b 7 SRS —dh i B e
i, BCHHERRRE . WeSICR EEPRAEOL R, T Tk TR R ACA, TR T A R A

WkSEHA: 2024-10-16; f&E HHR: 2025-03-14
EE&WB: EFXFARRFIES Iyla(12273077) [l 5 & S & - RI9H (2022 Y FF0711500)
1EH®N: B 7 (1983—), %, IWAELKEAN, BI#FEIZ, zhaoging@tust.edu.cn



020

BT LGNS BRI B M S Hi
(21, R P SIAS AL B 2 Mg A DL 2 AU 11 1
Ak el A T2 IS - {HSE, BPSO HiEtTFELE
—EBE, B8 LN ERE R RE AL,
RN AR R AR LR, BPSO Hik ekt it
T % [l Ga s H7 B A% 38 R B 3 1 DA TR SR AN T
B B 2 25 1 8 2 HCT B R A T R S e im T . I
T 0 oR R AR R SRR AT R, BRI T —
ek R, (R 45 RAIAED . B AT AR AL
HE MR R, WEEIA T k2SR,
AR I PR S e S H U R e ) R R, BE
RO BN BRSNS PR AR,
WG RPN R, —RF AR TS A
A EE G, ndE S 2% Sk Aok — ik )
BIASEYS BPSO FktHLE &, fE—efEE Lt
TR AR/, K BPSO 59k 50 bt o) | TR LG
BT ENE AT A E AR FHS S, LM
R UERA T 2 T BPSO BEMTEREE], KT 2 )
(ELRLF BRI A ) SRR U 42 R A 2, SR19 B i (13&E
B FEAE P, GA-BPSO Hik10NE ik 45 & it AL B2 (GAD
(A8 RS S48, 30 T HVE I A R R e,
HA BB R AR . X IR AL B AR —
SEFEE LRt T BPSO BVER 5 M Rl i At it 1
B, AHHE I T B R A, i HAZSUS BPSO
SR AR RE SR ME LAIA 3 PSO S AE 1% 4L 23 1]
SR AL # . Zhao SRR H T — Pl ok
18 B TR IE (1) V2R AR 6 o 550 ) 4t 7572 (VCv-BPSO
Hi%) , EMESEEEIARLEE. P4E. 5
e FRIBENLE BN, 4 B L VOB BPSO &
PR % B R B B R, (X T 5 A SR AN
SERAH DGR — RHRIR T AL R, SRS RAE, U
LR A DG A, )

SR AF DG B ) R R M E S E R
FEAR DG AR G A0 ) 8 ) AN B8 S L E
ERER. BT NESEREEMES, 5mHEE A
I ) 2 ) 2 0 B SR PR A E 2R MR, 3G T )
R SR, LS ) B 38 0, s A 2
TRBFIGK, WELMIT HRCEMEREE R
B LR o R ST A ) R P AR e e L A S
AL SRR O E AR B . 7 75 BRI 5 B8 2 AN A
B ORI ) R 2 R0 R R 37 S, 38 e T 8 47 Sl
GONGEAH ST AL IR B, T LA R A R I R B R
HBRA RSO AR . R, SRAR e TS 4 )
BB h B Z NS, RHEAERES

ARBMALEE R

PR HL 75 25 KA A s B0, 9 an e RIE it 4
RREE T Tl AE =S54k, nr DL B IR S A5 A
At 4@ AL

SRR I, SR AH TS A iR R 2 i DUKE DL
I, 2 R R S A A R0 IR 53 AT A AN 23 ] ) — A
BN, A R SR R A R R R
VER R R IR, AR IR AN IS FE RS AR R J
RN 75, M LA I AL e BT A R e /I 25 ],
M FEUR 85 R 5 B2 R s LA =80k . [
I, ASCHE VCv-BPSO Sy Lnt B4t —Fh 3t
TIMEZE S F o BPSO ik, BINT “H%
EIRFE” AR, AR R B A N LR
SHIGARRE, 38 I s O SR AR /N X ekl R B ) T ek
T T S 3 B N R s LR s Sy — 7, I
WEFEHT, BRI RITMETT, [EH 24
I BPIE R A AEERERYE, TR RAHEER,
WAE IR LD 2 (AR B AR R Rk, T4 )R
R R I, HIRA AR S 7 A7 78 B 2RI B 1)
SRR, R T T A R

1 ETMEZESREMREES V B BPSO
Bx

1.1 54 S £ BPSO B AW RIBFA B 47
BPSO R ¥ A LDBEATEE ¥ 5, @it Sigmoid

BR HORE ST I (0 HT R T 20,125 1), AR MR AR
A () BEATRLT

t+l t t t t t
Vij =Ww- Vij +Cn (pBest + Xij) +Gh, (gBest + Xij)(l)

1

Sigmoid (Vij) = m @)
N = {l, ffsigmoid (v, ) > rand () @)
0, HoAth

Xrfe wRRBMRE, ¢ o NEIET, . n
T 0,12 M IBEHLEL,  pp., T AR TLEE b
T FERBI B, Gpe TN IR T BEFERE AL 72
T RER AR, RS tUGEA, X AR T
i ] RIS YOS EUE .

PSO SVEAEAAL Jy — 3| B HU 7] (1) BPSO 5
PiE, Rt (3D MERIHTIS AR . SIEN
LA Sigmoid(v,), TIRLEA O HIRES
1 —sigmoid(v;;). ML, HAECZZ 0, WkAE



2025 4F B R, . [ A RAH DG A R ALY BPSO SEAIAL *3

B ek 1 % Ay sigmoid(v,), 0 AL D4R 1,
Wk B Bk 21 — sigmoid (vyj). [,
AT LA A7 B R AR B e R 8 0 R A
P.... =Sigmoid (v. ) * (1 — 1 — Sigmoid (V.
50 =Sigmoid (v, ) ( igmoi (V”)) t
(1 - Singid (Vij )) * Sigmoid (Vij)
RALNEYS)
Py =Sigmoid (Vij) * (1 — 2 * Sigmoid (Vij )) (5)

S MU R B 2R W 1 BToR o IR AR BPSO Hik
L3R ECh S Y, s (2) W%, M R
KIS, sigmoid(v, ) LIR#EIE T 1, SBEREN 1,
RS Rz, MEETRNET 0 B, A
SEEE RSN 0. HE L ATE, ST O B, £
(LR IR 2R AN R IR T I D TR IR TG K. X
SR HEEIE R R R SORBE I AT . PSO BHE
FARIRME — A TR BOR A S48 R R, &
FERCR, 1EA R VG A G A R AT X 4, 28
JE BT A R AR R R R A R, e AR
(IR F5 DX 35 17 Jed 3 e E 40 IR ) SRy i 4 %, o B A
W REAR, DATE =) 030 Bl N RS 40 4 R e, A
LRSS A. B2, N-1LEH, SH
s 1l AR £ = R /S SR S TE/(cp A e £ = R
B, R, SEBRE MR R, i
TEFF TR A0 = 3R 4 2R HLEE A LA sk

Bl 1 S BiEkieE Rk
Fig. 1 S-shaped transfer function
12 V¥ BPSO BAMMB REHEXERARTH
AU SR B M
V 7 BPSO 5ikfeft)ailn S 1 BPSO 5iik ik
AR, ARYE B AR MR B A F], H LR VOB
etk UL 1.
F1 VEREERY
Tab.1 V-shaped Transfer function
VC-vg BPSO #i% R A

VC1-vg SmmOM(w):iannan(ng
VC2-vg S@mom(w):v§(1+vﬂ
VC3-vg sigmoid (v, ) = ‘tanh (v, )‘

VCa-vg sigmoid (v, ) = 2/(1+ e ™) -1

45 s & BPSO HAAFAAE, V 2 BPSO Hik
YUE AR TR 1 M, TR R Ak
Fermx, AN

1- x;, Wrand () < Sigmoid (Vij)

Xi’+1 = <6)
: X, HiAt

X —DUB R g M 0 B, BhEEHEER
N0 IR EE LA E IR, BRI, B
BT 1o X P EEAE & R R B RRRK
Bk MRS, T E ) S R Bz Ui s, ARIFHE
R PERAE, ERFE PSO HyEZ Lk
Bhg . Vv R R RO 2 WKl 2 . V A BPSO &
ARG PSO BERSLER: M RN
WiRF, RO A 548 2RI I8 J5 S R e, R
BT, R ARE > . Bk, VA BPSO
B BAEIN ARSI R, HERSIE.
X A ARSI EL VR BPSO BT iR AR ¢
%@M@%%F%ﬁ~i&ﬁﬁﬁ%ﬁﬁo

0.9

0.8

0.7

0.6

05

0.4

03

0.2

0.1

0

B2 VRS E RN
Fig. 2 V-shaped transfer function
SERRH 91 0, i AL )00 75 A A 10 72 1) B0 A7 i
TAEr, T BPSO FLAAEMIAGHIUS N AT BE A T
N AR ARE P R YE I, 5 30 2 3 B (R A T
AR Pk, A SCHE R it B T Bl
PE o S g, {f BPSO HAfES R RMBLAe
A LR MR A AT HE R, B4 BPSO Sk
K N AL P B
13 EEBEXEANENETNEZEESREZMR



040

8 V 2 BPSO i /55%

SR A S 1 B I 0 B () R AE T LTS A A
o An bk T A, AR R AR T A A A
H—"M s, RXRe R “RF5ME” . BPSO &
EEPAT R o 7 ZE I GE M, XSG AR IR
AIREE A VRS vk . HMEITELLG, X6
W72 4ai R B MR 5, RIRBAER
R RAREIEER, ENIEADAE KA 1) 7 3
NJRE A RISl SR RIMME KIEM
SRR ER K. Kk, FE-MITE, £8
RIVILERY B, BOZAE 42 5 ¥ Bl N 5 32 4 T M 48
RN TR, 1A S AR P ) 2 14 )R i
PRI r5Ed, Mk 2L AT FE R IR AH O T A 0] @
RS RN AR E . RS R R
B R SR 2), BNE R EERBRA N
BRI E LA BT, ASCIRM TR T %
ST 048 FR R AN T A0 B R R A R A AT
JE RN, LAEA R TR B B A T AR R LT AR
[ B JS AT i a2 48 2R B
1.3.1 B F

8% o S ik SR ) B AR, X — JE S DR N 7E
BT X S A R B Ee b2y, B it R
A I ) 4 Ry s AR T T O, AN T AT LABE A L 4R
BIEAHXIOLTF I, DTS /N T 4 382 T AR
2, [FNSORA AT &R E R LR, WA
it 2 TR, IR AN R TR AR o

IR AR ) B R ST AR S S R A B R
KK ALAT B, XA T X3k ik, &8 —x
BRI G (—EIEAREH a o), Alshhig
Bz 2k A, M T#ATARILIER, HBHEN
a ik, RGAWESE FiREREE B A AL 4] 3,
EEAEAH 9 T AR BREEFEI B, XM R S
WK 3 AR . 2 J5 N VC-BPSO $LiLfE 4 #Bfr L J
FREMR, s TIES—M BPSO Hik—3, HER
HRIBE AR R, AW

B3 (T REE

Fig. 3 Diagram of displacement

ARHMELEEHR

TR RS 2R S A A R R B R g
AT AR TINER, 705 AU B R 8 B R 1
Hb 5 A7 38 Fe R dm e Bk 4 SR B A A, T8k £ BPSO S92
RSN PN E =S =2y
1.3.2 A TFOEEERI R

TETF R R Z AT, ASCHE SR (1 BT 4
A7 B A i BR AR B 2 5 T R 3347 HES, i 4
Fiw, SRJGEMRAE R L FE v WA B AR (i
FRER L) FFUEET N T AR, 4 2R 2 8] R
WK, BEYRBI MR SRR AN
FEHEAMRAIRE (B BERETEER, Bl
T fH AR V) 22 4 23 TR AN B I 40 A AEE M, T L
SRIE ISR I3 7y “Hge”, R, Hod <
e ™ i i it s 1] v 1 S i e A A 4 R A A A, <
K7 RSB P ERAR I X, <L 2
2 ) F AN E 2T TR DX {8 R HE A e
(B2 B ) L S e B, IO 55 5 (0 4 o
JeHERR, AN 8D 75 B 2R I A 2 (R RS, AR 1
BANMEEE RV TR K. Bl EFEER,
SR BRSSP B R A AR, R ST AT R
YRR, B R AR X IR PR R R S
FEHF G, BTN S TG, &
B X IR oA, BT B PR ER R R &
B R, BELEREMARESE, FT2RHER
BRI U AR 5 B 1 7 474 1 R3S R 90 A7 I
iR EFE A

B4 NMEZEREE
Fig. 4 Value Density Diagram
133 FkRAR AEEAMARD
HORIE AL 1, RAEEIE S s .
ikl
WA BSOS E C. WandtE M. MmN ERE
BRI W, W Ve R AN AR T BEAE
w. BT el Al c2.
. AR
1. Wikt
(1D ZHOHE: RTH0E N RIS T B w.
AT el i e2,
(2) THEME I HET



2025 4F B R, . [ A RAH DG A R ALY BPSO SEAIAL *5°

(3) WAL KL TR B RLTRORLEN, L AR AV

Ry MERMRALEF, = X 2RERLE G

2. EREEMS (Y,

(D) R ERoE]l weight = T

(2) If total we ight = (
(3) Else [(X =)
) P
3. FEEH
for t=1toTdo:
for &Mk i=1to N do:

WA A (1D s,

FRHE AR 2D Wl E 2 [0, 1] X8, TF = sigmoid(Vi)

G =k +j(k=1,23....n);
if G=C . G=C;
forg=1to G do:

if TF> rand(), EHRFIOAE, #ATHEEBZIE

end for

EERIE S (X,);

HEAMERAL if (X)) = [(P) then P,

AR A if X [(G) then G

end for

t=1t+1;

if t9a==0 t&B—ERxH0 W j=j+1;
end for

e )

\ PR RS P EHT (AR \

L
\ UL SESE. THAE. T \

HEIEREE

EGIEEIRAIERAIT

5 VC-vg BPSO KE3EIEXH Bl ARz E
Fig. 5 Flow chart for solving the strongly correlated

knapsack problem using VC vg BPSO
2 EWRIEERSHN

NEIE VC-vg BPSO BIEALEff UL siAH ¢ A i)
AR I vERE, BT 3 FAN[FI4ERE (100, 500, 1000)
PIBRAH T AL R, 76 4 Bl ARG s 30 R kT
SEAG, FEARRAULR 1. SO0 AR A B oA
Sil) BPSO Sk, ASCHR VT ik, BT i 35t B T
EIEM BPSO ik, ASCHx VC HiEM M E
2 FEELT HoR 4 e R (1) BPSO Bk, A
PR VC-g ik HETEZ BT R et ok
&) BPSO ik, AHR VC-vg Hik: HETME%
JEE I HRFH 20 255 A0 R BPSO 3%, A S0k VC-vgr
Rk,

SEIS IR : Winll #:4F & 4, Intel Core i5-13500H



060

CPU 4b#E2%, 16 GB P17, MATLAB 2017A JF R ¥
5o VT ByEMSHORE N IR cl=c2=1, #E
BRMA o= 2, BB AMEV in=-2, YIMERINE V
HEMR W KR NV=W+u/8, Ta%&E
C = 0.4+ sum(W), 3 FAS [F) 4 B2 1) 15 60 S50 bR 4
WG R BE R /NFEARIRBA T, 5 E B XOTE
T3 807 AN

SEIG BT R E R E A (R), A TFirE
BPSO HikB MM (Nepso) S5ah ML
FIFRARM (N Z MR, AN

R=(Ngpso / N)x100% 7
SRR SR W RO R VT 5, wE

ARHMELEEHR

Sy IR HL 0.5, 0.6 5 1E EE P A 1.0-0.4 141t &)k
TRRAE; AR ARR LK, wkT 0.6 B VT &
AN R T FEAE IR S I RRAR, w AR 2350
RIEAEL 1.0. 0.99, LUK 1.2-1.0. 1.1-0.99 £ £ Fh 5] 55
TREEUE. @ EEBIEE, HATERB w ER
HIPRLT (1 J5 B 2 Be 77 SE e 8, Bk mT LARk 3 44
WA, FFEIEM T VC Bk res it i, w s
HY 1 BR AT B AR AP f@, {HA R EX 0.99 AT LATEXS H
B R 0 AN KA 0 K B 4 % . 1.2-1.0.
1.2-0.99. 01.1-1.0. 1.1-0.99 iXJLFh5)iE T FEUE A
I 7E 5256 HR B BRI AN I ROR, Rt AN T 5k
ISTa ke, RN 2.

R2 SR wEBREH 1

Tab. 2 Parameter w-Transfer function 1

VT1 VC1

=

VCl-g
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95.71% 25303.20
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97.33% 26983.20 97.18% 27284.40 98.43%
96.74% 27413.90% 96.74% 27635.50 97.52%
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Tab.3  Effect of initial particle variation on optimization results
) AR B 1 FeAtpRi 4 2 e %3 R B 4
ERBME | Bot% | ERBME | Ao% | SRRR | Aotk | EREMEE | H %

2 27027.43 96.01 27285.77 97.49 27370.50 97.79 27378.47 97.82
5 27379.97 97.97 27288.60 97.73 27378.93 97.82 27341.17 97.69
10 | 27551.40 98.43 27435.20 98.02 27497.20 98.24 27439.97 98.04
20 | 27446.60 98.06 27302.40 97.55 27401.80 97.90 27402.57 97.90
25 | 27390.90 97.87 27334.70 97.66 27445.43 98.06 27371.13 97.79
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Fig. 7 Transformation function for the mid dimensional knapsack problem
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Tab.5 Mid dimensional backpack experimental data

EorEei% | 2R i g | 00 ELi% | Fetfepti B 2 | R | 12 to/o% | ik 3 | &R | 0 bi% | e B 4 | 2R E LR | R E%
VT1 135303.05 |97.10 VT2 131598.20 | 95.70 VT3 130718.30 | 95.06 VT4 131424.90 |95.57
VC1 136009.70 | 97.60 VC2 134034.15 |97.47 VC3 134919.30 |98.11 VC4 135133.45 |98.27
VC1-g 134865.90 |96.78 VC2-g 132440.75 |96.31 VC3-g 134104.30 |97.52 VC4-g 135096.05 |98.24
VC1-vgr |134590.45 |96.59 VC2-vgr 132136.45 |96.09 VC3-vgr 133687.90 |97.22 VC4-vgr 134803.10 |98.02
VC1-vg |139554.15 |[98.16 VC2-vg 135733.85 |98.70 VC3-vg 135665.30 | 98.68 VC4-vg 135676.05 |98.67

zi LRTiA, VC-vg SLiEH VT Sk ERf R 52 =
3n/it, b VC BEIEME IS 0.5% A4,
VC-g MR 0.5%LL L, b VC-vgr S UE
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100, 7EIEAKBUERE 900 UG, Ri T A4 B AL AL
THEBHATIER TGN . B 8 e s f /e AN A 5
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Fig. 8 Transformation function for the high dimensional knapsack problem
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Tab. 6 High dimensional backpack experimental data

PR L | SRR | EE% | s 2 | SRR | E % | BB | AR mAR | B % | ikt 4 | SRR | H %
VT1 272719.80 96.69 VT2 268346.20 | 95.59 VT3 268309.00 | 96.05 VT4 263320.80 | 95.78
VCl 2272719.80 | 97.83 VC2 274072.60 | 97.64 VC3 272813.90 |97.76 vca 268347.80 | 97.61
VCl-g 274452.80 97.31 VC2-g 266410.50 | 94.91 VC3-g 271397.90 | 97.28 VCi4-g 265508.80 | 96.58
VCl-vgr | 274394.20 97.29 VC2-vgr |262023.10 |95.10 VC3-vgr |271118.00 |97.18 VC4-vgr | 264257.60 |96.12
VCl-vg |276997.30 98.21 VC2-vg |276819.20 |98.82 VC3-vg 275479.30 | 98.61 VC4-vg |268210.30 |97.56
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