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Abstract Knapsack problem with a single continuous variable(KPC)is a new extension of the
standard 0-1 knapsack problem. It is not only an NP-complete problem in computer sciences, but
also a novel combinatorial optimization problem with continuous variable S in practical applica-
tions. Because of the range of continuous variable S is a closed interval of real numbers, KPC is
more difficult to solve than the standard 0-1 knapsack problem. In order to solve KPC problem
quickly and efficiently, this paper presents a new idea of using evolutionary algorithm to solve
KPC problem, and proposes two effective methods for solving KPC problem based on discrete

differential evolutionary algorithm. In the paper, the general principle of standard differential
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evolution algorithm is firstly introduced. The discretization method in the binary differential
evolution with hybrid encoding(HBDE)is introduced based on an encoding transforming function,
and the pseudo-code of HBDE is described in more detail. Moreover, the computational complexity
of the original mathematical model KPCM1 of KPC problem is analyzed by using a scaling tech-
nique. Secondly, On the basis of eliminating the continuous variable S in the mathematical model
KPCMI1 by dimension reduction method, a new discrete mathematical model KPCM2 of KPC
problem is established, which is suitable to solve by using binary evolutionary algorithms. Moreover, an
effective algorithm M2-GROA for handling the infeasible solutions of KPC problem is given,
which used a special greedy repair and optimization strategy. The first discrete evolutionary
algorithm for solving KPC problem, named S-HBDE, is proposed based on the single-population
HBDE and M2-GROA. The pseudo-code of SSHBDE is described in more detail, and the algorithm
time complexity of SSHBDE is analyzed. Thirdly, by dividing the range of the continuous variable
S into two closed intervals of real numbers, the KPC is decomposed into two sub-problems established in
two different intervals respectively. And the second discrete mathematical model KPCM3 of KPC
is established by using the dimension reduction method, which is consist of two sub-models
KPCM3. 1 and KPCMS3. 2 and is suitable for parallel solving by binary evolutionary algorithms.
At the same time, by using the greedy repair and optimization strategy, two effective algorithms
M3. I-GROA and M3. 2-GROA for dealing with the infeasible solutions of KPCM3.1 and
KPCMS3. 2 is proposed, respectively. Combining with KPCM3.1 and KPCM3. 2, the second discrete
evolutionary algorithm B-HBDE for solving KPC problem is proposed based on the bi-population
HBDE. The pseudo-code of B-HBDE is described in more detail, and the algorithm time complexity
of B-HBDE is analyzed. Finally, the four kinds of large-scale KPC instances are first generated
by using the existing generation method. For validating the performance of SSHBDE and B-
HBDE, they are used to solve the four kinds of large-scale KPC instances respectively, and their
average calculation results, average time-consuming and stability compare with that of approximate
algorithm AP-KPC, genetic algorithm and discrete particle swarm optimization algorithm. The
comparison results show that SHBDE and B-HBDE are superior to the other three algorithms in
solving accuracy and stability, and have very fast computing speed. So it is very suitable for
solving large-scale KPC instances quickly and efficiently in practical applications.

Keywords knapsack problem with a single continuous variable; discrete differential evolution;
genetic algorithm; particle swarm optimization; dimension reduction method; repair and optimi-

zation method
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2. BEDLF=A WG R P={Y. =y sy s sy Il 3 €
[—A,A]1<i<N, 1<<j<n };

3. FOR i<1 TO N DO

4. PR DOHE Y, X RS TEMR X

5. (X, f1(X.)<M2-GROA(X,, H[1-n]);

6. END FOR

7. B A X)) A<i<N)IfiE P T ERIFR X, ;

8. FOR t <=1 TO MIT DO

9. FOR i<1 TO N DO

10.  FOR j<1 TO n DO

11. IF (r<<CRYV j=R(i)) THEN

12. i<y T Fype — vp3.5)

13. ELSE z;, <y, ;

14. IF 2;; =0 THEN u;; <1 ELSE w,;; <03
15.  END FOR

16.  (U;, f1 (U)))<M2-GROAU, ,H[1:=*n]);
17.  IF fi(UH>f1(X;) THENY,<Z, . X,<U,;
18.  END FOR

19, M £ (XD A<i<<N)#isE P P X, 5
20. END FOR

21. RETURN (X, ., f1(X,)).

f£ S-HBDE H1, Stepl i PR 3 HF J5 535 52
B, HLE 0] &2 2% O(nlogn) s Step2 ) B[R] & 4% 1
4 O(nN) ,Step3~Stepb HIBTEIE 22 E K O N) ,
Step? WIBFEIE 2% B OC(N) , Step8 ~ Step20 1 i}
) 5 2= B OCMIT n* N, [H it S-HBDE ) i Jia] &
Z=BEH OCnlogn) +O(nN)+0(n* N) +0O(N) +
OMIT n*N)=O(MIT n*N).

5 FIAXFhE HBDE X #F KPC

U SRORE B 2 S Y UL X ] [0 w 150 23
P DX ] L2 0 JAILO e ], U] KPC Al i 4 71 1 1#5
AT 32 OPTL S 7R B 1 B9 et {i . OPT2
NI 2 By (e, W) KPC /Y e flfi o OPT =
max{OPT1,0OPT2}.
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b=

Bl as . BT B AL By KPC [l B e 2k 4 15 0K it 2273

KPC F-[a] i 1.

max f(X,S) = 21‘_,p, —cS
i=1

st D aw, < C+ S
j=1

X ; S {Ovl}’ ] = 1,2, ,n, S & [Z, O:|
KPC ¥ [n] @l 2.

max f(X,S) = Zx]pj —cS
=1

st D aw, < C+ S
ji=1

x; € {0,1}, j =1,2,,n, S€ [0, ul.
FALFHE 4 P T B TR R
KPC F A8 1 f)— A2 F 0-1KP 1 B #lEE i
A KPCM3. 1, @57 KPC P 2 1) — 2T 0-
1KP i 5 8B4 % KPCMS3. 2.
KPCMS3. 1,

maxg1(X):i:x,pﬂrmin{c(—l),C(C—i}wjxj )}
j=1 j=1

(14)

st D aw, = C (15)
j=1

2, € 10,10, = 1.2, um (16)

max g, (X) = 21}1)] +min{0,c(C— iw,z, )}
i=1 i=1

an
st D aw, < CHu (18)
j=1
x; € 10,1}, j = 1.2, (19

B KPC il max{max g, (X),max g,
(X)), It KPCM3. 15 KPCM3. 2 #4  T KPC 11y
— B B EBOECE AR R, 0 o KPCMS. 5 T KPCM3
[ i 25 (] SAPCE= {0, 1}", L4 2" <<m2" , i H.AlL
AW BGESEAR | S AR RS T EAs KA.

T AR it KPCM3 gy KPCM3. 1 5 KPCM3. 2
P A 0] REAA 1 2 5 367 SURP BE HBDE 42 1 —
AR A KPC 85 105 {6 58 3 (7 id B-HBDE). £
B-HBDE 1 f£7E WA [6] % LA i #p i PR P,
P, F X% KPCMS3.1 (9 3k f#. P, A1 F X
KPCMS3. 2 § 3R fi#. T &, B-HBDE i o I 47 &
KPCM3. 1 fil KPCM3. 2 sz 8%t KPC 13K .

7 F Fl B-HBDE =k f# KPCM3. 1 fil KPCM3. 2
B 25 B A A X 7 1) TS 7 MR 2 AS R A T A T 156 O

s IR B0 SR 23l 25 M Ak RS W AT i Y
WA 2004 3 M3. 1-GROA fil M3. 2-GROA, H i
M3. 1-GROA F 43 KPCMS3. 1 [AS A 7%, M3. 2-
GROA HFAab3 KPCM3. 2 14 Al 47 .

WA H[ 1 |E4EBY BN EEE p,/w,
B R BN P R AL T n DY T AR, B H
i 2 PHU]/me = Pura /wH[zj == Dt /wH[u] .
BY=[yisy2s 53, €0, 1) A —NHHB L, X =
(21 sy s sx, JE{0,1}"J& KPCM3. 1 i) — 1
il W B 3L M3. 1-GROA BB HAR I8k 4 B,

&k 4. M3. 1-GROA.

N VBT X="La20 2, JH H{ 10 ];

it ARG SG BT AT X =Ly s oo, IR g0 (X0,
Jn;
WHILE W(X)>C DO
IF 2, ;=1 THEN x, ,<0;
J<i—1;
END WHILE
FOR j<1 TO n DO

IF (zpr1 =0 AW(X) 4wy <C) THEN

Y<X; yui<1;

IF g1 (Y)>g (X) THEN ayrjy<1;

10. END IF

11. END FOR

12. RETURN (X, g, (X))

1E M3. 1-GROA 1, i3 g (XD BB =L (14) 3k
1731+8. , Step2 ~ Step5 ¥ A 0] 47 il A& & Ny AT AT i
Step6~ Stepll X AJ 17 fif #F 47 Ui fb 4k ¥ . Stepl2 %
AR S AT AT R X SR g0 (X0 AKEFR
H M3, I-GROA BB a] & 22 FF & O(n?).

TR T H A oR B8 T AN HF Z 4,
M3. 2-GROA (1% 55 3% Jii 72 F0 B[] 52 % B 38 55 MI2-
GROA #H[A], Bf H 554 M2-GROA i 51 f1 (Y)
Lﬁfl(X)ﬁ’%U%}ﬁ%jﬂ 82 Y) 5 82 (X vﬁﬂﬁfﬁﬁiﬁ
ADHE 2. (Y5 g (XORIA. g1k, FRF 5 iE A
Bk M3. 2-GROA ({55 1 0 10 R,

1EF]F M3. 1-GROA il M3. 2-GROA Ab B A 7]
THf SRt T, 1 B-HBDE 19 0 18RS 4 38 40 & vk
5 frs.

®i£ 5. B-HBDE.

AN KPC sz 1l , =% A.N,CR,F fi MIT.

B < TR 30 A0 A (ot O ) 5 K b o 1.

L4508 p, /w, (1<) 1 KB/ W WF R UK n A
YL R ARAE AR H 1 on ]

2. WEMLFZAEWIRFIEE Py =Y. =[y,. Do Y10 |
i, ELAAL =SNG =n FI P, = Yo, = [y, 3500

=~ W Do =

© o ~ (o2 l



2274 it "

Hl

i 2019 4F

Y,
&

oy Iy, €L ALATI<U<N, 1< j<n};

3. FOR i<1 TO N DO
FIR D 43 533 Y %R F KPCMS3. 1 A8 7E
fit X, K0 Y, XF T KPCMS3. 2 (I TE# X,
(X181 (X1;,))<M3. 1-GROA(X,, , H[1+--+n]) ;
(X2: 582 (X)) <M3.2-GROA(X:, , H[1+++n]) ;
END FOR
W g (X)) Ml go (X0 (TSN /3l iy 2 Py Al
P, IR AT X, I X5
9. FOR <1 TO MIT DO

oo ~ » w1l

10. FOR i<1 TO N DO
11. FOR j<1 TO n DO
12. IF (,<<CRV j=R,(i)) THEN
13. 21V TE 2 = Y13, 5
14. ELSE =z, <y, 5
15. IF 2,; >0 THEN u; <1 ELSE u;,;<0;
16. IF (r<<CRV j=R,(i)) THEN
17. 205 < Vopr TECYa 0 — V2,03, )3
18. ELSE z,;; <y, 3
19. IF 2,,,=>0 THEN u,;; <1 ELSE u,,; < 0;
20. END FOR
21. Wy (U))
«<M3. I-GROAW,, , H[1+n]);
22. IF g, (U,;,)>g (X,,) THEN
Y. <Z; X, <U;;
23. W, g2 (Uy;))
«<M3. 2-GROAW,; , H[1:n]);
24, IF g, (U.;)>g,(X,;) THEN
Yoi<Zys Xoi<Us;
25.  END FOR
26, B g (X)) g0 (Xo) Ai<N)Tfi i€ P, F1 P,
Ol X0, 1 Xy 5
27.  END FOR
28. IF g1 (X,,)=>g,(X,,) THEN
RETURN(X,;, g1 (X1,));
29. EISE RETURN (X, g, (X5,)).

7£ B-HBDE 7, #l 7, 24 (0. D HH I BEHLEL R, ()
MR, (DFR[1.n] L BEYLEEEL. ) A1 : BHBDE
4R 8] 4 24 Bl OCMI T 2° ND. 77 . 24 B-HBDE
P FRRE R RLE Ry | Py | = | P, | = N, S-HBDE )
FRBERLEL Sy | P| =N B} . B-HBDE — &k it fk 3o 2 %€
k) J& S-HBDE 1 2 1.

6 SEBITESLER

H T GA Il BPSO R fifk 21 & I8 A 1] v # pl
TIREHT - C O i B LT EAs 13K 415 18 Ak ) i

5 M BB A 45 M AR E. O T 86 SSHBDE #1 B-
HBDE K fi# KPC g ¥£ &8, F 1 43 7 F ] SSHBDE,
B-HBDE, AP-KPC.,GA 1 BPSO %} U 2% K Hi € KPC
SEA AT FAT AR G A AT T Y T SR 1
S-HBDE #1 B-HBDE {1l 5 1%.

G BT Y # A Acer Aspire E1-570G 28
oA, i B & A Intel (R) Core( TM)15-3337u CPU
1. 8GHz.4 GB DDR3 77 (3. 82 GB 0] i) .44 & 50
Microsoft Windows 8. i A 55 ¥ 2 Fl i C+ + 4 #2582
W, g1 N Visual C++6. 0.

6.1 KPC LG4 Fi%

LA SCHRL2 .4 Jrb 9 5 125 2B J Y IO 28 KBS KPC
S 53 ) A ARG KPC SE 4 G2y ukpe) » Hodhi 5o
ukpcl00~ukpel000; 55 4H & KPC 24 (i Sk wkpe) ,
H 455~ wkpel00~ wkpel000; 58 4#H 56 KPC 52 #i
M skpe) , 45K skpel00~skpel000 ; 336 3R AH 56
KPC 524l G2 ikpe) , Hgi 5 4 tkpel00~ikpcl000.

16 ukpe 2B H, w, B op, ZEIXAI[1.0,R] I
LS IUE. 78 wkpe SEHH, w, 7E X [E][1. 0, R] |
Bl AILIE S UE , p; £ X (0] [w; —R/10,w, +R/10] I
FEAL 4 A BUE . I+ H p, =1. 0. £ skpe L6 H, w, 7
XE[1.0,R] EFEHLI A B, IF H p, = w; + R/
10. 7€ ikpe SEHH, p, AE X B[ 1. 0, R ] F BEHLYY 5] B
{H,¥ H w;=p,+R/10.

T KPC 224/, Bt R=1000. 1,C=0. 55W,

Hrh w= Zw [EX A —W/12,—W/30] I FE#lL

i’J’UEME,u TI:IETJ[W/SO W/12] AL ST HUE .
HEXIE[3E/10,23E/10] EBEHL 2 BUE . Hoh E=

lE p;. TE P ik https://www. researchgate. net/

prOJcct/KP( problem-and-Its-algorithms 1 25 H} T
Fir A KPC SEA5 ) 56 5 085
6.2 IHEERLILE

1t B-HBDE.S-HBDE.GA #1 BPSO H, £% 8& 7k
() LSS 1y N =20, Hrp B-HBDE (19 3% QK %
N MIT=3n, HE 3 AR R AR B y MIT=
6n,n Jfy KPC 524 v 4 it i) 8. 65k . 78 SSHBDE
1 B-HBDE H .52 LA F CR=0. 3. 4 it Kl ¥ F=
0.5,[—A,A]=[—5.0,5.0]. /£ GA W, R85
O R N R T R 1T T S AR R
P.=0.8,ZE 3N P, =0.003. £ BPSO # , 514
BE W=1.5,In# % % C, = C, =2. 0, KL 1 34 [1]
i Ay IR S B 24 [ — 3. 0.3, 01,
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BRI TR 2 S AL ) KPC [n] R e 2k A 55 5R i

2275

e OPT 2 SCHRL7 1o 7 2 5k 1% KPC 5L 4
A APP 2 AP-KPC 3K 4 52 491 () 3 fBL A 5
Best 3 SHBDE,B-HBDE,GA FI BPSO it 7 i1 %
S 50 WK AS A5 R 1 S i A Mean F1 StD
Gy 50 TS RN F- S E AR HE2E. X T AP-
KPC, Time Jz 553 5K fife 52 ] — U 1) #E 2% i (] 5 % T
S-HBDE.B-HBDE.GA #1 BPSO, Time &8 13K fi#
S — KRR AR R I ~FR 4RI T
2 SR R DU 25 KPC 324 i 135 45 1.

e AR IR & B K i KPC 52 4] 1% 11 55 45
5 ME Z ) i 4 X5 2%, X T 5L AP-KPC, &
AR=|OPT-APP | ; %} T8 S HBDE,B-HBDE,

GA F1 BPSO, M4 AR=|OPT— Mean |. R4 1~
FApmH AR ER I~ 4L M T HME S
1 AR 45 M4, 9 R EAT 3 AL 1T
iR,

&1 Al PUE H GA R R 9249 ukped00 Al
ukpc600 Y 1153 25 AR b, 4 He 52 4 H 3 5 45
Wi 2%, BPSO R# 324 ukpel00 ~ukped00 F1 uk-
pe600 1Y 25 F B A (H 2 SR i H e S8 1) 9 T 550 4
B2 AP-KPC WyIH 5 45 3 B 9K [t GA Fil BPSO 11
I HJE A4 SS-HBDE #1 B-HBDE [ 1155 25 5 57
- S-HBDE FI B-HBDE K fi# it 45 5% 6] 1) 25 5 JL-F-
KB AUME L e AR R 1.

¥ 1 S-HBDE, B-HBDE, AP-KPC, DP-KPC, GA #1 BPSO 3k fi# ukpc X LG IHELE R
Instances ukpcl00 ukpc200 ukpc300 ukpcd00 ukpc500 ukpc600 ukpc700 ukpc800 ukpc900  ukpcl000
DP-KPC OPT 39052.39 80494.30 118625.60 95519.51 189079.18 160094. 72 311350. 87 325528. 60 388174.95 403401. 30
. APP 38944.59 80398.72 118534.83 95437.02 189048.00 159759.82 311115.29 325415.48 387695.25 403391. 31
APKPC Time 0. 000 0. 000 0. 000 0. 002 0.003 0.003 0.015 0.015 0.015 0.016
Best 39052.39 80494.30 118597.77 95519.51 189079.18 160094.72 311350.87 325524.54 388174.95 403401. 30
S-HBDE Mean  39048.65 80494.30 118592.40 95519.51 189073.09 160094.72 311329.45 325498.77 388143.23 403389.06
StD 4. 31 0. 00 12. 40 0. 00 18. 17 0. 00 52.96 59. 89 59. 39 54.19
Time 0.073 0. 264 0. 587 1. 080 1.623 2.391 3. 104 4.071 5.139 6.224
Best 39052.39 80494.30 118625.60 95519.51 189079.18 160094.72 311350.87 325521.44 388169.85 403401. 30
B-HIBDE Mean  39049.74 80493.75 118596.22 95519.51 189066.28 160094.72 311319.04 325491.30 388089.04 403383.51
StD 3. 68 1. 87 7.82 0. 00 44. 27 0. 00 42.07 51. 22 82.43 52.23
Time 0.070 0.270 0. 556 1.121 1. 567 2.390 3. 069 3.956 5. 047 6.003
Best 39004.43 80125.30 118054.82 95519.51 186502.70 160094.72 308880. 86 322244.98 385437.30 402954. 94
GA Mean  38734.40 79550.42 115869.08 95519.45 185810.83 160094.72 307694.74 321468.61 384991.64 402616. 24
StD 242.97 41. 17 99. 68 0.08 191. 51 0. 00 947. 11 773.96 401. 01 162. 45
Time 0. 060 0.115 0. 380 0.616 0.783 1. 308 1. 333 1. 806 2.384 2.322
Best 39051.19 80494.30 118588.30 95519.51 188766.04 160094.72 310610.57 323813.72 385724.35 402219.59
BPSO Mean  39047.26 80481.80 118528.45 95519.51 188323.68 160094.72 309549.43 322751.17 385413.24 401330. 45
StD 3. 60 8.73 38.957 5. 850 187. 41 0. 00 359. 66 478. 07 153.91 382. 32
Time 0. 164 0.638 1. 481 3. 334 4.120 7.033 7.676 11.601 13.709 15. 351
*& 2 S-HBDE, B-HBDE, AP-KPC, DP-KPC. GA #1 BPSO K fi# wkpec XL ELE R
Instances wkpcl00  wkpc200  wkpe300  wkpcd00  wkpe500  wkpce600  wkpe700  wkpe800  wkpc900  wkpcl000
DP-KPC OPT 27645.54 53590.29 81911.91 111347.92 135034.66 176171.08 203897.99 212996.08 271861.55 278301. 95
. APP 27566.71 53548.69 81728.55 111243.46 134581.44 176115.28 203885.41 212824.10 271840.45 278060.4
APKPC Time 0. 000 0. 000 0. 000 0. 000 0.001 0. 004 0. 006 0.005 0.011 0. 009
Best 27645.54 53590.29 81911.91 111345.06 135031.16 176170.20 203897.99 212994.72 271860.50 278268.02
S HBDE Mean  27642.59 53589.17 81907.73 111342.17 135006.63 176158.83 203896.46 212986.97 271853.52 278188. 82
StD 2. 40 1. 46 5.13 3. 94 21.23 7.85 4. 30 17.75 11.24 45. 37
Time 0.071 0.263 0.583 1. 038 1.519 2.327 3.018 3. 935 4. 866 6.295
Best 27643.68 53590.07 81911.91 111345.06 135034.24 176161.34 203897.99 212994.72 271860. 30 278205. 46
B-HBDE Mean  27641.64 53588.25 81907.54 111339.42 135029.55 176131.97 203892.50 212983.45 271850.46 278086.08
St 10. 02 2.69 5. 44 7.10 9.82 18. 44 10. 88 8. 45 9.77 65.71
Time 0.068 0. 249 0.551 0. 990 1. 460 2.178 2.843 3. 681 4.728 6.451
Best 27534.36 52180.49 80117.39 111140.74 135032.66 175241.26 203853.67 212933.18 271588.35 276003. 67
GA Mean  27530.07 51884.29 79640.16 110237.15 135013.13 174532.7 203797.14 212859.04 271519.31 275368.01
StD 3. 96 211.02 219.77 404. 43 10. 4 113.58 30. 71 33.72 32.68 376. 16
Time 0.034 0.141 0. 269 0.572 0.619 1. 144 1.174 1. 716 2.067 3.039
Best 27645.54 53586.00 81882.56 111264.98 135032.66 175761.18 203772.00 212894.89 271515.15 276196. 74
BPSO Mean  27640.91 53560.04 81812.00 111184.93 135018.87 175590.61 203697.42 212800.82 271397.83 275704. 15
StD 2.57 14. 26 32.21 38.08 8.52 88. 24 37. 11 49. 57 66. 17 235.42
Time 0. 185 0. 836 1.518 2.7709 3.915 7.249 8.203 11. 553 14.196 16. 084
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% 3 S-HBDE, B-HBDE, AP-KPC, DP-KPC, GA #1 BPSO K f# skpc XLFIMITEER
Instances skpcl00 skpc200 skpc300 skpcd00 skpce500 skpc600 skpc700 skpc800 skpc900 skpcl000
DP-KPC OPT  31496.98 61521.86 95438.79 130815.65 171113.64 181381.21 214926.22 274760.24 282503.87 316111. 04
AP-KPC APP  31496.98 61505.45 95419.81 130496.2 170731.23 181325.99 214879.32 274482.44 282342.77 315828. 80
Time 0. 000 0. 000 0. 000 0.001 0.015 0.015 0.010 0.016 0.016 0.015
Best 31496.98 61521.86 95438.79 130815.65 171113.64 181381.21 214926.22 274760.24 282503.87 316111. 04
S-HEDE Mean  31496.98 61521.86 95438.78 130815.64 171113.63 181381.20 214926.21 274757.54 282503.85 316111.00
StD 0. 00 0. 00 0.01 0.01 0. 05 0.01 0.02 13.95 0. 08 0. 04
Time 0. 064 0. 265 0. 585 1.027 1. 679 2.290 3.217 4. 189 5.143 6.393
Best 31496.98 61521.86 95438.79 130815.65 171113.64 181381.21 214926.22 274760.24 282503.87 316111. 04
B-HEDE Mean  31496.98 61521.54 95438.73 130815.63 171113.57 181381.20 214926.19 274732.10 282503.62 316110. 87
StD 0. 00 1. 08 0.08 0. 04 0. 10 0.01 0. 04 41.11 0. 30 0. 28
Time 0.068 0. 257 0.562 0. 985 1. 587 2.201 3.014 4. 063 5.003 6. 475
Best 31496.98 61179.89 95438.79 130815.65 171108.56 181381.21 214834.2 274125.64 282503.87 316111. 04
GA Mean  31496.98 60998.28 95438.79 130815.64 170541.07 181381.21 214133.6 273864.42 282503.87 316111. 00
StD 0. 00 122.70 0. 00 0.01 51.00 0. 00 94. 81 108. 32 0. 00 0.02
Time 0.028 0.133 0.211 0. 370 0.718 0. 947 1.503 2.223 1. 899 2.590
Best 31496.98 61521.86 95438.79 130815.65 171113.44 181381.19 214913.20 274658. 74 282500.96 316085. 32
BPSO Mean  31496.98 61521.78 95438.76 130815.52 171078.98 181378.95 214839.08 274542.79 282352.35 315931.85
StD 0. 00 0. 56 0.02 0.15 42. 65 13.98 28. 80 48.52 55.79 57.10
Time 0. 184 0. 658 1. 473 2. 880 4. 346 5. 969 7.596 11. 607 12. 683 16. 863
%k 4 S-HBDE., B-HBDE, AP-KPC, DP-KPC, GA #1 BPSO K f# ikpc XL It E &R
Instances ikpcl100 ikpc200 ikpc300 ikpc400 ikpc500 ikpc600 ikpc700 ikpc800 ikpc900 ikpc1000
DP-KPC OPT 25652.04 55631.38 81573.48 110248.04 134053.13 149641.10 186713.21 222120.57 230704.90 265768. 46
AP-KPC APP 25424.78 55406.60 81346.58 109723.95 133990.51 149558.21 186439.91 221978.06 230473.05 265485.12
Time 0. 000 0. 000 0. 000 0.002 0.002 0.003 0. 005 0. 005 0. 006 0. 006
Best 25652.04 55631.38 81573.48 110248.04 134053.13 149641.10 186704. 60 222120.57 230702.65 265768. 46
S-HBDE Mean  25652.04 55631.38 81573.45 110239.81 134050.78 149639.15 186598.92 222100.77 230607.47 265689. 17
StD 0. 00 0. 00 0.13 21.72 14. 18 9.58 50. 92 44.43 35. 84 40. 69
Time 0. 064 0.232 0.510 0. 886 1. 408 2.024 3. 181 3. 609 4. 630 5.537
Best 25652.04 55631.38 81573.48 110248.04 134053.13 149641.10 186610. 24 222120.57 230604. 80 265668. 36
B-HBDE Mean  25652.04 55631.36 81573.47 110221.79 134044.21 149635.82 186437.21 222040.27 230542.56 265615. 38
StD 0. 00 0. 04 0.01 38.53 27.52 17. 89 80. 01 46. 24 52. 14 48. 28
Time 0.062 0. 244 0.522 0.910 1. 398 2.042 2. 881 3.512 4.492 5.441
Best 25652.04 55631.38 81573.48 110247.86 134053.13 149640.71 185763.41 222020. 38 230404. 50 265267. 88
GA Mean  25651.77 55631.31 81573.48 110218.99 134053.13 149542. 94 185612. 65 221886.54 230288.55 265126.68
StD 0.13 0.03 0. 00 30. 36 0. 00 18.62 128. 69 51. 34 46. 13 70. 89
Time 0.0262 0.125 0.241 0.474 0. 649 0. 907 2.042 2.209 2.209 2.773
Best 25652.04 55631.38 81573.48 110248.04 134053.13 149641.10 186072.56 222120.57 230349.45 265722. 30
BPSO Mean  25651.68 55631.38 81573.48 110247.56 134053.13 149620.83 185998. 24 222105.46 230246.08 265631.70
StD 0.19 0. 00 0. 00 0. 34 0. 00 31. 45 101. 34 29. 36 69. 71 45.71
Time 0.162 0. 789 1. 597 2. 825 3. 957 6. 581 7.696 11. 536 12.725 16. 688
1500 e 3000 =~ AD-RPC
—e—S-HBDE —e—S-HBDE
40001 —=— B-HBDE 1 —s—B-HBDE
——GA 2500 ——GA
3500 L==BPSO | ——BPSO
30001
25001
%2000

K1

P

o]
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