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Quadratic Greedy Mutated Crow Search Algorithm for
Solving Set-Union Knapsack Problem

LIU Xue-jing, HE Yi-chao, WU Cong-cong

(College of Information Engineering , Hebei GEO University, Shijiazhuang 050031, China)

Abstract: In order to solve the Set-Union Knapsack Problem (SUKP) which is difficult to be solved by the
deterministic algorithm, the quadratic greedy mutated crow search algorithm (QGMCSA) is proposed. Firstly, the
greedy strategy is inproved by combining the SUKP model, and the quadratic greedy repair and optimization strategy
is proposed to deal with its potential solutions. Secondly, in order to enlarge the search scope of the individual, Lévy
flight is introduced into the tracking process of crow search algorithm. Finally three kinds of SUKP instances are
used to verify the algorithm. Simulation results show that QGMCSA is better than binary artificial bee colony
algorithm for solving SUKP, it is a an effective algorithm.

Key words: set-union knapsack problem; crow search algorithm; quadratic greedy repair and optimization;

Lévy flight

1 3

LB T A1 0] 5 (Set-Union Knapsack Prob-
lem, SUKP)! 2 2 0—1 541 [0] 3 (0 — 1 knapsack
problem, 0 —1 KP) f — 4" J& & 50, 76 W 55 Tk
SR BT ST SRR SRR LA T
IR I EL. SUKP J& NP 5¢ 4 [R]85, 3E 5 X 373K
fife. BHTKME SUKP By 5 32 24 P2 0 e TR OR
VARG 5 vk, Goldschmidt 287 42 1) T 20
ALK A SUKP, 553k 1 I 0] &2 2% BE 2 45 B0

T

Wi BEE: 2018—01—30; €@ HHA: 2018—03—14

(1, ARHA S s Arulselvan™ J6F 500 54
TRf# SUKP By R L A-SUKP, {H2 5L ik
U REACAR 1T FLT T332 24 AT SR 48 1R s He 550 42
WA T R ok il SUKP, I3 1 500 SR g
5 TR H AL SR i SUKP B ik BN T 47 fif
B2 S ek, H . SUKP [ME Ah T KP
[E) R 18— RIS A T far bR SR i o — R
B AR5 A 1)

131958 9% (Crow Search Algorithm, CSA)' &
—FIH A R AR ST, AR SET 4 A

EETE : WAL &S AR AR I (ZD2016005) 5 i/ Jb 4 A 4Rk 564 (F2016403055)



14 P T2 SR

2018 4F

PEE AL R A5 U A D i ST R Oliva
ALK o A S P ) PR R T
RS 53 %175 7 5 Satpathy 555§ 1 2E T SRS 5
T B0 2 5 R B DR RN M UL IS S L LI Ak
REFE R 2 I v R 0 i A5 4 A
R SR SR A AT 411 0 — 1) 9 0 ) i, 75 1)
L 04 30T AL SR AR SCORE BIF 5 G A 5 RS R0 R i
SUKP 3 — 1 1) 75 40 ] .

2 SUKP Rz fEsl

SUKP WA g U = (1,2, n}
RRRER BT E G =12, BHA—
ANEHE w, > 0;S = {1,2,.m) BIES BH—
AT G = 1.2,.m) NILEMAES FHE U, C U,
HME R p > 05 FALEARS T4 AC S HME
K P(A) = ;\pi,ﬁiﬁ WA = > 0o,

1€/ €AY

SUKP NHESAEMELEE C T KRB FES €
SAFHAEH R W(S™) < CHFTHE N P(S") A3
K.

fiie SUKP #i5i S B4 % (U, U, -+, U, }
RLEEAGU M— 1 EH, H U, 4 O JTAT N E
HZMWS) =>C HXMi € SH 2w <Cipis
w, MC B RHIEEE & X = [x,22,2,] €
(0,1} Em 4 0—1 E.Ax = {i |, € X H )
= 1,1<<i<<m) = S, SUKP BB s 510>
H

w;.

maxf(X) = > px; (D
i=1

s.t. W(Ax) = D) w; < C (2

€U

Hﬂx‘ﬁiﬂﬁy EE%DTEJ% X = [11s12v"'afmj €
{0, 1) A& SUKP A8 — /> 18 16 fiff » T I 29 o 251
(2) 1) X WA S SUKP By—A> ] 17t

3 BB EE

3.1 BB&E%

Askarzadeh™™ 7ERF5E 85 (1 0 & AT R 2 J5 1
Ly F S ARV I B A W 4728 - SR e AT
H O B B 0 e A (memory, M), Ay fir 57 H
Al 520 ) T SR E Al 5 O R B Y 5 R R LA
—E R AL 2R (awareness probability, AP) £33
HC Y 1857 B BRES TN S50 S )

7 (flight length, D) 20k 8 IR 25 2 89 10 e A4
ERfE. CSA iR T,
ik 1. CSA
Stepl: ¥R k.
WIIRAEZSE MaxlIter, fl, AP FIFPEER/N N, Fl
PUEREHS X; = L1 aas s, J(L Ui <IN,
Step2: ¥R Xi BYICAZE M, 15 (XD .1
< i< N.
Step3: BB & F5 0 E.
R E 2 @ BEPLERE S A BRER , 3 IR O -
O 545 RHGE 585 BRE S WS89 4
555 j EAENLE M,
@ B7Y ; FHE S T N2 SR
i B FEHLAL
IS @ B B TR A = (3) R,
Xt — in-t” drox flx (M — X)) r; = AP
a random position else
(3)
A7y IRLO, 1] B35) 7304 Y BERLE M Sl
iter YIEAUINT 5575 j 1B B Xi O iter YGEAR
A 545 ¢ A B
Stepd: fufr X BAATPEIFIHER £ (X,
Step5 : BT Miert!,
Mt — | X;f‘“H X > f(M) W
1]\4;“‘r else
Step6: T H Step 3 ~ Step 5, H B £ L
Step? : 3R B M, » B 7] R (1) e A0St
T N.Maxlter &6 T m 092 B %k, Bk
i, CSA B TR] SZ 2R OGm®).
3.2 BRAHwIAIE
FE CSA W, th T Ak LAl X =
[a'vsals 2!, ] Fon, MO RE H 8 1 T oK fig
SUKP [a) 78, M T X 4 kg st il 1) B X, DASKE
BT B AL SR A F X T AN T SE AR 43
e G=1,2,m) KRG MWt Ry 0 —
1 o3t BOEWS ¢ [—asal” — {0, 1)
B Jl, sig(x’) =0.5
7 o, siga’) < 0.5
X =[x,z s o2 €{0,1},i=1,2,+,

m.

6D

HF ey 3 AT o R HH E S
AR VAR S I 5 B AR 3 B /(XD



11

KU e, 2 SR A B A 5 A ) S 1) R S0 A R I P 15

PR e X A X HEE R (X0, SRR A
Zhvh 7 A A R I SRS e )

4 Kfg SUKP R FLERSBEZX

4.1 ZrALEESRUER

Hi T SUKP & — 2Lk ) i, 44 F — 3
il = 39 ok it SUKP B € 7= A ARl 11
LG B fm] A BEAN TT A fifp 2 e S i R 1) DG B ) R AN ]
7 09 ff Tk J7 5 G WA T eR RO F B Bk,
Michalewicz ' 4% T §i EGE FIE &% kBB 5
EHEE A 0—1 KP (A 17,

AICAE SSGROAN (B 1, 3241 T A3 —5¢
i X =[x s20 2, ] B ZIRGT OB R 50K
W% (quadratic
strategy, QGROS). fBE d; (G = 1.2,+++,n) EILER
71G € U FEIE{U, Uy s oo+ U, ) iR IR SR, 4
weight;, = E,-eu, (w;/d;) (G = 1,2,,m) FAbH
i — TR R TR, H 1--om ] RAERCR T PR
QuickSortO) X} p;/weight, #4TAETHFHET 19 T 45
J¥. QGROS H LA I T,

Bk 2 QGROS

A X =[xi20.002,] € {0, 1" MTH[1:m]
Y = [ysyeseesynl € {013 F1FOY)
(Dfori=1tomdo y;, =0
(2)fori=1tom do

(3)  if(ayn =1&& WAy U {H[i]}) <O then
(4) yurn = 1, Ay = Ay U {H[i ]}

(5)  endif

(6) endfor

(D AZEEEMABTENITTR HHR 4G =
1,2,+,m)  weight; G = 1,2,++«,m) Fl H[1+-+m]
(8) fori=1tomdo

(9 if(xgy = 0&&W Ay U {HLi]} < C) then
(10) yug = 1. Ay = Ay U {HLi])

(11)  Endif

(12) endfor

(13)return(Y, f(Y))

(D R Y WAHIE , R 5 2 BE OGn) 5 (2) ~ (6)
B B B ARG AT R Y W) A 2R O
OGm) ; (D AZECLIMABT LMITE, EHITH
FINATE G b 400 B A g — A IE S ) i
PR X HL L= m ] HFWRAR, I (8] 52 4% 5 oy

greedy repair and optimization

end for

O(mlogm) +OGnn) ; (8) ~ (12) XA A7 Y k473l
—ARAL AR BN 2t B R 4% OGnn) 5 i)
Y Ko f (V). 8K QGROS [ 8] 52 44 2 2
OGun) » —Fp b BE SUKP AN A F71# A 5507 1.
4.2 SRYETRAT
Jedt (Levy) o3 A J& — FHE R 03 A A A 5 | 3
K ESY I REPBFF A Levy 43 Levy &
FEE RN Levy 43 #i i) B AL R B A%, & —Fh
AR R B B 194728 5 A B 48 A 1B) AT
52 A Wiz 3l B LA T E SRR AL G &R AT H] Levy
RATAERE. Reynolds ™ B 5 & B, 4 rh A~ PR AH
PR ST AT AT R A S S TR) b R AL L B 03 AR I
Leévy RATR—FhEEw HAR A R0, B REY K48
FAGE WG IAE 2 AE 0 A B Tk SR AR A
R T AR AR R B T AR CSA R A
Lévy "®AT i S AR E) S48 ¢ B e, 2
AT Levy ®AT, B85 ¢ 0SB AT
Xt = X +len @ Levy(Q) oi = 1,2,++,m
(6)
A, X0 3R X AR5 iter fUAIALE s len S2B K
Levy(O) HBEHLIE R AT D N xSk
4.3 kfi# SUKP By QGMCSA &%
7 CSA H5] A QGROS H1 Lévy & AT Wi Fh oK
W A5 2K SUKP ) QGMCSA, Bk AR an T
Bk 3 QGMCSA
BN S5 AP, fl,n,Maxlter,N,P,W.,C
vt AR Y B £ (YD)
(D HHE 4G = 1.2, F weight;, =
E;eu, (w;/d;j) (G =1,2,++,m)
(2)H[ 1:+*m ] < QuickSort(p;/weight,) ;
(3)fori =1 to N do
() HERRIAAE X € [—a.al" F&G) ER X €
{0, 1}
(5) (Y, f(Y)) < QGROS(X; ,H[1:+:m ]
(6) WItHtk M,
(7 endfor
(8)whileiter << MaxIter
(9 fori=1toN
(10)  FEHLIESES S
(1D if r, = AP
(12) IR (3) 5 Y
(13) else



16

e T2 L

2018 4F

(1) Y, i Levy ®f7

(15)  Endif

(16)  FIH QGROS BEH4L Y, 15 £ (YD)
A7) B M,

(18) endfor

(19) endwhile

(20) return(M,)

1 QGMCSA 1, QuickSort( p; /weight,) FJ
[B]48 2% )% 2 O(mlogm) . SecGROS [} [a] & 4% J& &
OGnn) 177 N MaxTter J& m (921 o %, 532
AR E) 42 2% B A OGmn) 4 O(mlogm) + O(mN) +
O(n) +MaxlIter * (N x (OGn) +0O0Gn) + OGmn ) =~
OGun®) MEE M = max{m,n} , U] QGGMCSA fy i} ]
BAREER OMY) , J&—A> 235 2 ] 1y A AR k.

5 EBIHESIK

R T U B AR SRR I AR s R QGMCSA
53wk A i) A-SUKP F13Ck[5 ]+ BABC #E47 H

. Prfili LR Inter (R) Core(TM) i3-4005U
CPU @ 1. 7GHz, R C I 7 i fe . k5 A Co-
deBlocks, J:-F] ] Matlab(R2012a) 2] fif1 £&.

TR I = 2R ML) Fiy ~Fiy (Sip ~
Siyo Al Ty ~ T A SCHRES 1. R ik . hes
tps://www. researchgate. net/project/Set-union-
knapsack-problem. $¥: A-SUKP #11 BABC ) %4
KA SCHERLS ], Bk QGMCSA S8 BT : N
=100,MaxIter=250, f{=2. 0, AP=0. 3, H S5
P R F S IE AT 30 T

F 14T A-SUKP, BABC Fil QGMCSA =F}r
PR & SUKP S ) fe (8L -S4 E AT T
2. B 1R =R R AR Fiy ~Fiy, S5 (4 B i (BN
SEEMEVEAT T . I 1) AT LAE H L QGMCSA iy
SRfgERER S BABC k2, A-SUKP fe22. [ 1(b) 55
Pl 1(a) I H, QGMCSA Xt BABC S5t - i 14 1 34
W] {2 . A-SUKP KA PEREA SR e 2.

R 1 REEFE—Z SUKP LHIMERILE
ks Pl Fi, Fi, Fi3 Fiy Fis Fis Fi; Fig Fig Fiio
A-SUKP Il 12459 11119 11292 12 262 8 941 9 432 9076 8 514 9 864 8 299
SE¥ME 12459 11119 11292 12 262 8 941 9 432 9076 8 514 9 864 8 299
PRifE 2 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
BABC EE 13 251 12 238 13 241 13 829 10 428 12 012 10 766 9 946 10 784 9 090
XM 13028.5 12155.0 13 064.4 13359.2 9994.8 10902.9 10065.2 9136.0 10452.2 8857.9
PR 92. 63 53.29 99. 57 234.99  154.03  449.45  241.45 151.90  114.35 94. 55
QGMCSA EE 13283 12 272 13 405 13 993 10 960 12 245 11 080 10 023 11 517 9 750
SERME 13283.0 12247.3 13357.9 13863.4 10705.1 12123.2 10585.3 9540.0 11203.4 9413.1
PR 0. 00 16. 94 64. 81 81. 20 99. 24 162.48  309.85  233.89  210.19  151.92
X10*
1.4
—e— A-SUKP
Y —a—BABC
1.3¢ —y—QGMCSA
[
1.2F
o
w11
H_
1.0F
y
0.9}

Fi, Fi, Fi, Fi, Fi, Fiy,

Fi, Il:iZ I.:i3 I';i4
F5— 2% SUKPYLf
() = 0K R 35— HSUKPSE 1 5 0 0 b 2

1

0.8L
Fi,

Fi, Fi, Fi, Fi, Fi, Fi, Fi, Fi, Fij,

#—2 SUKPS:HI
(b) ZFhEL R 45— JSUKPSZ 1 1) F 39 { Lk 8%

=MEERKRAFE —2 SUKP LHIMGERILE



11

X A5 SRAPAE ST (R A RS0 S A RE

17

SLIGAE R 2 45 T A-SUKP, BABC il QG-
MCSA =R AR 45 =28 SUKP 521 i 1Y) 55 4
{E\’T‘Zﬁ]ﬁ%ﬂﬁﬁ [E] 2 Xﬂ‘zﬁlﬁ/{?*% Sil NSilog\’:
s 1 Fpc A (BRI (R AT T . AL 2 () Tl L
A QGMCSA 1R fift 1 fig Fe - » BABC K 2., A-
SUKP f 2. {{FF Siy 3261 I QGMCSA R e if{E
AnE P BABC, 78 HA 52 41 - QGMCSA B AR I
KB BABC 4 (HEEHA K. K 2(b) &=

PSR sK A Sty ~ Sty B 9218 AL B AT 5, QG-
MCSA JirsR ()3 ¥ {8 A % BABC 583 3k Ui £t 4 i
AR AE Sio SEB L 19735 5K i1 1 9 R 1A
ZEARK, A-SUKP [ FER bR ok e 2.
%3451 T A-SUKP, BABC fll QGMCSA =4
PR e =2 SUKP S i A b8 S E AT 22,
P 3 5% =Rk g Th ~ Tho SEFII R U (B R F-34
{HHHT T . IR 3C) T LA Y, A-SUKP (R i

F 2 KR#RE K SUKP LB RELE

Ak EE Sh Siz Si Siy Sis Sis Siz Sig Sig Sito
A-SUKP BUF 13634 11325 10328 9784 10208 9183 9 751 8 497 9 615 7 883
EHME 13634 11325 10328 978 10208 9183 9 751 8 497 9 615 7 883
FrifE 2z 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
BABC BUE 13860 13508 11846 11521 12186 10382 10626 9541 10755 9318
SERE 13 734.9 13352.4 11194.3 10 945.0 11 945.8 9859.7 10101.1 9032.9 10328.5 9180.7
FrdfE2z  70.76  155.14  249.58  255.14  127.80  177.02  196.99  194.18  91.62 84.91
QGMCSA WU 14044 13508 12211 11868 12644 10513 11067 9946 10 443 9 765
P 13827.0 13501.7 12027.4 11 750.8 12501.5 10336.9 10879.2 9654.8 10287.1 9557.0
FrifE2z 40,87 4.82 159.17  155.97  131.56  93.37 52.35  185.60  80.86  126.66
2 ZHMEERBESE % SUKP LAIHNERILR
%3 REE=Z SUKP LHIMNERILE
% Ti Ti, Tis Ti, Ti; Tis Ti Tis Tig Ty
A-SUKP BIFE 10231 10483 11508 8621 9 961 9618 8 672 8 064 9 559 8 157
S 10231 10483 11508 8621 9 961 9 618 8 672 8 064 9 559 8 157
brifEZE 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
BABC BAFE 11664 12369 13047 10602 11158 10528 10085 9456 10823 9333
SEE 11182.7 12081.6 12522.8 10150.6 10775.9 9897.9 9537.5 9090.0 10483.4 9 085.6
FrE2s  183.57  193.79  201.35 152.91 116.80  186.53  184.62  156.69  228.34  115.62
QGMCSA WA 11947 12369 13647 10920 11374 10829 10019 9562 10508 9198
SERE 1154103 12369.0 13467.9 10797.4 11049.3 10503.6 9644.1 91727 10310.2 8997.8
FrEZE  115.80 0. 00 141,41 124.95  128.07 150.51  131.95 111.40 133.07  69.04




18 B 722 SR

2018 4F

B 3 Z=FEEKMBE =2 SUKP LHI 4 RELE:

et 2, QGMCSA 7£ Ti, ~ Tis . Tig SE61 AR i
PERE B4, 76 Ty Ty 1 Tiyg =SS0 1 195K A 1tk
REANGN BABC. & 3 (b) J& = Fh 5 2% 1 F ¥ {8 Eb 48
K, QGMCSA B 7E Tiy ~ Tis S5 sk 19734
{H L. BABC 78 Tiy #1 Tiyo It QGMCSA B4R »
A A-SUKP TE5E =265 FoR itk ReA AR i 2.
& 4 % BABC Fl QGMCSA 3K fi = 2% SUKP
SN BRIEZE AT T HAL, A-SUKP 1 4R 251y
M 0L BCRF . R 4 ) Al %L SR A FL ~Fiy 5241

if, QGMCSA A7 E 2 /N T 310, 1 BABC k4%
4505 FE 4 (b) ATAT, SR A Siy ~ Siyo SEGIET, QG-
MCSA RUFRAEZE /N T 200, KEBS> S0 b b fE 22
£ 150 LR . 1 BABC K FR 43 52 4] b 0% s 1 2% 18
150~250 2z [8] ; 1A 4 (o) AT %, SR iy ~ Ty 5261
i, QGMCSA WFRriEZE/NT 150, A BABC /N,
1 Tis Bl 4h. Bk FE . QGMCSA H BABC =K fif
SUKRP [a] 8 2R A, R IR K A SUKP [ —4
AR A

_

1
in—

—

4 FFEERME=2 SUKP LHIRtRAEE

6 ZHRIF

SUKP J&i NP X [A] 25, 5 [ 5 A7 ff ok e 1 th
2T IR ) B35 DR ok 5 0 — 1> A 80 1 bR e B vk
FraR At AR B WA B Y. AR SCRIFSE 2 o A 5 75
Bk i SUKP [a)/8, &1 % SUKP [a] e T —Ff
BT R B0 SRS T 5 5 Bk 1 R BB SR Mk 2R A 7
A5 GIASRYE ®AT. P RS R U] QGMCSA 1t
A-SUKP 1 BABC &3 935 45k fift SUKP [n] 85, 7
AR 5T FRATTHRE 4k 22 VX A T 1) A At
EAs 3Kt SUKP. LU 2] e R P EA.

SE Lk

[1] Goldschmidt O, Nehme D, Yu G. Note: on the set-u-
nion knapsack problem[]J]. Naval Research Logistics,
2015, 41(6) :833-842.

[2] Arulselvan A. A note on the set union knapsack prob-
lem[J]. Discrete Applied Mathematics, 2014, 169
(41) .214-218.

[3] TU M, Xiao L. System resilience enhancement
through modularization for large scale cyber systems
[C]// IEEE/CIC International Conference on Commu-
nications. China, Qingdao, IEEE, 2016.1-6.

[4] Schneier B. Applied cryptography (2nd ed): proto-



11

K 25 SRR B 6 B A ) S 1 YR B0 A R A 19

[6]

L8]

[9]

cols, algorithms, and source code in C[J]. Govern-
ment Information Quarterly, 1995, 13(3):336.

He Y C, Xie H, Wong T L, et al. A novel binary ar-
tificial bee colony algorithm for the set-union knapsack
problem[ J]. Future Generation Computer Systems,
2017, 78(1) . 77-86.

Askarzadeh A. A novel metaheuristic method for sol-
ving constrained engineering optimization problems:
crow search algorithm[]]. Computers & Structures.,
2016(169) :1-12.

Oliva D, Hinojosa S, Cuevas E, et al. Cross entropy
based thresholding for magnetic resonance brain images
using Crow Search Algorithm [ J]. Expert Systems
with Applications, 2017(79) :164-180.

Satpathy A, Addya S K, Turuk A K, et al. A re-
source aware VM placement strategy in cloud data cen-
ters based on crow search algorithm[ C]// Internation-
al Conference on Advanced Computing and Communi-
cation Systems. , Los Angeles USA - 2017.
XTI, RV, 5. BE T 22 RIS IR T 5
PSR SR g T {0-1) B LT ] 33 HL M A

[10]

2018, 38(1):137-145.
Michalewicz Z. Genetic algorithm—+data structure= evolu-

tion programs| M]. Berlin, Springer-Verlag, 1996.

C11] XA 2B — ol 8t i 0y 22 1 e A AL 3Rk

[12]

[13]

KRR LT ] AL ST . 2011, 28(9): 3295-
3297.

Reynolds A M. Cooperative random Lévy flight sear-
ches and the flight patterns of honeybees [ J]. Physics
Letters A, 2006, 354(5) .:384-388.

Yang X S, Deb S. Cuckoo search via lévy flights[C]//
Nature & Biologically Inspired Computing, 2009.
NaBIC 2009. World Congress on. Pietermaritzburg,
South Africa,2009:210-214.

TEEE AN

XER L. (1980 T YU W57 16 WAL 5E L
#n27 . E-mail: Ixjpass@163. com.

BRER . (1969 Tt B BFFT T 1A R RSO

B T I
SERER £, (1975-) W, YRR W5 5 MO R eI R

BRR MlLde .



