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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 applications. 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
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 technique. Secondly, On the basis of eliminating the
continuous variable S in the mathematical model KPCM1 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 S-HBDE is described in more detail, and the algorithm time
complexity of S-HBDE 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 KPCM3.2 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 M3.1-GROA and M3.2-GROA for dealing with the infeasible solutions of KPCM3.1
and KPCM3.2 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 S-HBDE 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 S-HBDE 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.

Key words knapsack problem with a single continuous variable; discrete differential evolution; genetic
algorithm; particle swarm optimization; dimension reduction method; repair and optimization
method
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21 RETURN(Xp, fi(Xy)).

£ S-HBDE 1, Stepl pitusHEFE 553,
A5 44 ) O(nlogn); Step2 FI ] 5 4% & Ky
O(n*N), Step3~Step6 (111 [d] & 4% & 4 O(n**N),
Step7 KA1 & 2% £ i O(N), Step8~Step20 i} 8] &
Z4 5 O(MIT* n**N), [Flitt S-HBDE (8] &2 2%
29 O(nlogn)+O(n*N)+O(n**N)+O(N)+O(MIT*n**N)
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= O(MIT* n?*N).

5 F FA W #hEf HBDE K fi# KPC

WK HE AR B S [ HUE X (R, ul &l 4 A
ASFIXTE][1,0]F1[0,u], W) KPC "] 43 @K H P41
). i OPT1 ATl 1 (I fL{E, OPT2 J+ 1
B2 W fE, W KPC M E N OPT=
max{OPT1, OPT2}.

KPC ¥ [ @ 1:

max f(X,S) =Z“?:1xj p, —cS

n
s.t. Zj:lxjwj <C+S

x€{0,1},j=1,2,....n, SE[I, 0].
KPC ¥ in) @l 2:

max f(X,S) =Z:r;:lxj p, —cS

s.t. ZT X.W, <C+S

S |

x;€{0,1},j=1,2,...,n, SE[0, u].
BT 4 AT ab, B TRgeiku N
KPC 7 [ 1 1) — A 2RAULF 0-1KP (1) B Bl g 2= i il
KPCM3.1, %57 KPC ¥ 1] # 2 ffj— M4 T 0-1KP
(B BB A5 KPCM3.2:
KPCM3.1:

max g,(X)="" X, P, +min%:(—|),c(C -S> ij].)} (14)

j=1

s.t. Z” XwW, <C (15)

= i

x€{0,1}, j=1.2,...n. (16)
KPCM3.2:

maxgz(X)=Zlejpj+min49,c(C— rj':lexj)} 17)

s.t zn X-W. <C+u (18)

i

x€{0,1}, j=1,2,...n. 19)
B, KPC HHAEHN max{max gi(X), max
02(X)}, [Elt KPCM3.1 5 KPCM3.2 #J:% 7 KPC 1]
—ANET R BB AL 1 KPCM3. 5 %1 KPCM3
[fi=s 18] SAPCE={0,1}", H:IE% 2"<m2", ifi H.t
A JOESA RS, AR S T EAs KAk
T4 KPCM3 1 KPCM3.1 5 KPCM3.2 %
AT 1) A R 8K, JE T XURP#E HBDE 2 H — 4>

KA KPC ¥ & B 16 55 % (%9 B-HBDE). 7E
B-HBDE ' fE1EB AN R SE AU KRB Py A Py, H
H Py T X KPCM3.1 13K A%, P, 1% KPCM3.2
IR MR, T2, B-HBDE it 347115 KPCM3.1
KPCM3.2 5284 KPC (1R fiff.

7EF]H B-HBDE Kfi# KPCM3.1 Fl KPCM3.2
I, 2 W AN AAOG R PR 98 78 A 2 A v AT R 11
L. A, T RTIA 70 S 4 Sl 4 AL BN T AT
FiR (R NG 210 M3.1-GROA #1 M3.2-GROA, H:
H M3.1-GROA FlT-4bFE KPCM3.1 HIARHATHi#,
M3.2- GROA H T4t KPCM3.2 AN A 4T .

W HIL...n] O IR S IO E 25 pyfw; EH
REVINFINRF HIRAETL T n AN TR, BPH 5

2 pH[l]/WH[l] 2 pH[Z]/WH[Z] 2.2 pH[n]/WH[n] & Y=[ynya... ¥l

€{0,1}" N— MBI, X=[X1,X2,....Xa] €E{0,1}" &
KPCM3.1 [f)— Mg fEfE, WIH% M3.1-GROA Hith
ARG HER T :

Bk 4. M3.1-GROA

B N TELE R X=[Xa,....x) 1 H[L...7];

iy AL G B AT AT AR X=[X1, Xas...,Xn] F1 91(X).

J=nm;
WHILE W(X)>C DO
IF Xpgp=1 THEN Xu<0;
=L
END WHILE
FORj<1TOn DO
IF (Xu=0 AW(X) +wyp;<C) THEN
Y<=X; Y1
IF 91(Y)> 91(X) THEN Xppy=1;

10 END IF

11 END FOR

12 RETURN(X, g:(X))

£ M3.1-GROA ', %L gi(X)1% e (14) ik AT
TH &, Step2-Step5 ¥ A Al AT A& E N W AT f#
Step6-Step1l X AT fREAT AL AL BE, Stepl2 % i A1t
WERIATRE X S5HREME gu(X). AHEEH,
M3.1-GROA (I} [l 5 445 & O(n).

T T HARRE 57 AR Z 4,
M3.2-GROA M H LM AN W2 REHE
M2-GROA #[Fl, BIHFH M2-GROA HArf
f1(Y) 5 1) 7 & 3R 92(Y) 5 g2(X), I H AR (17)
U5 92(Y) 5 g BRI AT |k, FR TR IEA R
M3.2-GROA 5L AR,

© 00 N O OB~ W DN PP
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7EFIH M3.1-GROA #l M3.2-GROA #bHA ]

1T -, 5% B-HBDE KI5 R W R -

;5. B-HBDE

i \: KPC sEfl 1, Z%¢ A, N,CR, F F1 MIT.

i e XA I ARAAR (B 0 AR 5 JFE H ek 01

1 28 pyhw, (Lj<n) H1 KBS FEAR Uk n A
Vi B S ARAE AN HIL. ]

2 BENL=AEWIEEMEE Pi={Y1=[Y1ir.Y1i2,- - --Y1inl|
y1i € [FAA] 1<isN, 1sj<n Al Po={Yz=[ya,
Yaiz,..-.Y2in] | Y2ii € [FA, A], 1<iN, 1<j<n };

3 FORi—1TON DO

4 A )23 T Y X5 8T KPCM3.1

HITEAEME Xqi A1 Yo X F KPCM3.2 [
TETERR Xais
(X1i,91(X1i))«—M3.1-GROA(X3;,H[1...n]);
(X2i1,02(X2i))«—M3.2-GROA(X,i,H[1...n]);

END FOR

R g1 (Xa) A1 g2(Xa) (1<i<N) 73 5l e Py Al

Py IR IF A Xap A1 Xop;

9 FORt«—1TOMIT DO

10 FORi—1TON DO

o N o O

11 FORj«1TOn DO
12 IF (r.<CRV/j=Ry(i)) THEN
13 Zij—Y1,p0,tF*(Y1p2 = Yip3i)s
14 ELSE zyjj¢<Yaj;
15 IFz4>0 THEN uyj—1ELSE uye—0s
16 IF (r,<CR \/j=Ry(i)) THEN
17 ZijY2,p1,;i tF* (Y202 = Y2p3i);
18 ELSE Zyij¢<—Yai;
19 IFZ2i>0 THEN Uyjj«—1ELSE Uy;jj«—0;
20 END FOR
21 (U1i,91(Uy))

< M3.1-GROA(Uy;,H[L...n]):
22 IF 91(U1)>91(X1;) THEN

Yiie—Zai; X1i<Uui;
23 (Uai, 92(U2))
«—M3.2-GROA(Uy;, H[1...x]);

24 IF g2(U2i)>g2(X21) THEN

Yoie—Zai; Xai—Uai;
25 END FOR
26 FRHE 91(Xa)F go(Xa) (1<iSN)Afi 2 Py
P i I i Xap F11 Xon;
27 END FOR
28 IF 91(X1p)>0g2(X20) THEN

RETURN(X15,91(X1p));

29 EISE RETURN(Xap, g2(Xap)).

£ B-HBDE H*, ry #1 1, J9(0,1) IR BEHLEL, Ry(i)
A Ry(1)F 7 [1,n] EHIBENLEE 2. 5 51 B-HBDE (1)
] 5 4 FE 9 O(MIT* n**N). VER: 4 B-HBDE [
PSP RSN P =|P2|=N, S-HBDE [ R
ANIP|=N B}, B-HBDE — /it b il FE#E 9 O [A] 2
S-HBDE 1] 2 f.

6 St E SLEER

H T GA 1 BPSO £ 3K fiftdH & A i gt v 14 ik
THRF, CRCNT RS EAS 7ER AR A DAk v &
SRR BRI 5 AR vE . N T BAE S-HBDE Al
B-HBDE K fi# KPC ¥4 8¢, T [ 43 %1 F| F S-HBDE.
B-HBDE. AP-KPC. GA fll BPSO X} P4k}t
KPC Sl AT P vt 5, i b e T R
Vi S-HBDE £ B-HBDE [RIAIL S 12k

B 1 Bt S48 Acer Aspire E1-570G 2
i A BB N Intel(R) Core(TM)i5-3337u
CPU-1.8 GHz, 4GB DDR3 H{7(3.82GB nJ ), #
YE &SN Microsoft Windows 8. Fr &L F|
C++4mfEstil, 4miEIf8E Visual C++6.0.

6.1 KPCSEfl4 B 75 3%

FR A SCHR[2,4) 0 1 7532, AR BT DY 2 B A
KPCSL 437l i&: AHHRKPCEL] (id Aukpe), H
% 5 A ukpcl00-ukpc1000; 55 1 55 KPC S 71 (id M
wkpc), H %% 5 Jywkpc100-wkpc1000; 8 4] % KPC
SE (] A skpe),  Hi4w 5 N skpcl00-skpel000; i
5% A 5% KPC 52 4 (i M ikpe), H: 4% 5 A ikpcl100-
ikpc1000.

£ ukpe S, wy A py 7EIX [R][1.0, R]_EBEAL
BISIHUE. £ wkpe SEfIH, w; fEX [E][1.0, R] Lk
HUAIEIBUE, p; 7F X 8] [w—R/10, wi+R/10]_EEEHLE)
SJBUE, I H pj > 1.0. 7E skpc SEBI A, w; 7 X [7][1.0,
R]EBEHLI S BUE, I H p; = w;+ R/10. 7E ikpc S
H, py ZEIX 8][1.0, R] EBENLA S BUE, I H w; = p; +
R/10.

{EFTA KPC 524571, HX R=100.1, C=0.55W, H

W =Z?:1Wj T FEXAI[-W/2, -W/30] L FE#L

SIBUAH, u 7E X TR [W/30,W/12] EBENLI S B : ¢
£ [X ] [3E/10, 23E/10] LR ML A1 UG, o
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E= %ZL P, AEHE - https:/www.researchgate.net/
project/KPC-problem-and-Its-algorithms =125 i 1 i
A KPC sl i) 58 K8l

6.2 HHEERLE

7£ S-HBDE. S-HBDE. GA #1BPSO ', &%
AN A N=20, b B-HBDE ik
Boh MIT=3*n, H'& 3 NEIEREAQREE N
MIT=6*n, n y KPC Sl 4 A4, ook, 78
S-HBDE fl B-HBDE ', 22 X [A-F- CR=0.3, 4/l [Al
F F=0.5, [-A, A]=[-5.0,5.0]. 7£ GA 1, K #5547
YHF. BATREFRERIERE T, T XHE
P.=0.8,4F 74 % )y P,=0.003. 7£ BPSO H 181t A &
W=1.5 113 5 # C,=C,=2.0, 0T &[] & T &% 4k 43
B U 6 FE ) 8]-3.0,3.0].

0. OPT 2 R FH SCHR[7]H 77 3R 15 KPC S5 (1)
wAUE, APP A AP-KPC K132 i el ; Best
4 S-HBDE. B-HBDE. GA A1 BPSO i 7115 5245
50 K FT AT 525 S Hp 1) B B, Mean 1 StD 437314
50 IS R EMARAEZ KT AP-KPC,
Time J& 595 3K Al S5 ) — IR RE B R s X T
S-HBDE. B-HBDE. GA #il BPSO,Time &5k 3K fift
SEB— IR PP YRR BRI ), fER 1~F 4 hAHE T
B SRARDUZE KPC S ()it B 45

0 AR FoR & R i KPC SEfil it 5 4s R 5

RAE 2 W 4 Xt iR 2, X F5HVE AP-KPC, B
AR=|OPT-APP|; xfT %% S-HBDE. B-HBDE. GA
A1 BPSO, NI# AR=|OPT- Mean|. ##E#x 1~% 4 h
iTHEaE R, AR 1~ 4 20 7 AR AR )
Ak, R A SR TR RS RIS,

LA LLE e GA R fif 5241 ukpc400 A
ukpc60O0 )Tt 25 AR U, % T e s ot 5 g
REZE:  BPSO K fi# £ 1] ukpcl00~ukpcd00 Al
ukpc600 1) 45 T aF, [H R Af I & SEpl i TH 5 4
B %E; AP-KPCHITHE 45 5 B AR LLGARIBPSOf)
Uf, {H2¥)AInS-HBDEMIB-HBDE /i1 545 B &
., S-HBDEFIB-HBDE K fift fir A S5 (1) 285 5 ) LT 18
PR, I ESEERI.

M2 RAEE . GAFIBPSOR il it 5 S 4
() &5 B 0] 5 & %, AP-KPC X %t 5K 5] wkpc600
~wkpcl000f) K fif 45 SR 5 4f; S-HBDEHIB-HBDEX
FIT A S R v SR 2 R IR G, LT3 Reak B A
B, L EEELE RIS

HE3A LA . GAFIAP-KPCK fift T A Sz 451
(45 B2, BARBPSOXT 9245 skpc100~skpc600
TS 45 AR AT, (HA3 %4 ELS-HBDEFIB-HBDE 11
HEE RAN % . S-HBDEAIB-HBDE K il fit 45 52451
& R FEEsE, R T Hesx

%1 S-HBDE, B-HBDE, AP-KPC, DP-KPC, GA Al BPSO R fift ukpc &2 1)1t 5 45 3

Instances: ukpcl00  ukpc200  ukpc300 ukpc400  ukpc500 ukpc600 ukpc700 ukpc800 ukpc900 ukpc1000
DP-KPC OPT  39052.39 8049430 118625.60 95519.51 189079.18 160094.72 311350.87 325528.60 388174.95 403401.30
AP-KPC  APP 3894459 80398.72 118534.83 95437.02 189048.00 159759.82 311115.29 32541548 387695.25 403391.31

Time  0.000 0.000 0.000 0.002 0.003 0.003 0.015 0.015 0.015 0.016
S-HBDE  Best 39052.39 8049430 118597.77 95519.51  189079.18 160094.72 311350.87 32552454 388174.95 403401.30
Mean 39048.65 8049430 118592.40 95519.51 189073.09 160094.72 311329.45 325498.77 388143.23 403389.06
StD 431 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 4071 5.139 6.224
B-HBDE  Best 39052.39 8049430 118625.60 95519.51 189079.18 160094.72 311350.87 325521.44 388169.85 403401.30
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 1121 1.567 2.390 3.069 3.956 5.047 6.003
GA Best 39004.43 80125.30 118054.82 95519.51 186502.70 160094.72 308880.86 32224498 385437.30 402954.94
Mean 3873440 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
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BPSO Best 39051.19 80494.30 118588.30 95519.51 188766.04 160094.72 310610.57 323813.72 385724.35 402219.59
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 #ll BPSO Rfi# wkpc &5l ff) i H 45
Instances: wkpc100 wkpc200  wkpc300  wkpc400 wkpc500 wkpc600 wkpc700 wkpc800 wkpc900 wkpc1000

DP-KPC  OPT 27645.54 53590.29 8191191 11134792  135034.66 176171.08 203897.99 212996.08 271861.55 278301.95

AP-KPC  APP 27566.71 53548.69 81728.55 11124346  134581.44 17611528 20388541 212824.10 271840.45 278060.4
Time 0.000 0.000 0.000 0.000 0.001 0.004 0.006 0.005 0.011 0.009

S-HBDE  Best 27645.54 53590.29 8191191 111345.06 135031.16 176170.20 203897.99 212994.72  271860.50 278268.02
Mean  27642.59 53589.17 81907.73  111342.17  135006.63 176158.83 203896.46 212986.97 271853.52 278188.82
StD 2.40 1.46 513 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

B-HBDE  Best 27643.68 53590.07 81911.91 111345.06 13503424 176161.34 203897.99 21299472  271860.30  278205.46
Mean 27641.64 53588.25 81907.54 111339.42 135029.55 176131.97 20389250 212983.45 271850.46 278086.08
StD 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

GA Best 27534.36 52180.49 80117.39  111140.74  135032.66 175241.26 203853.67 212933.18 271588.35 276003.67
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

BPSO Best 27645.54 53586.00 81882.56 111264.98 135032.66 175761.18 203772.00 212894.89 27151515 276196.74
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 3221 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

#3 S-HBDE, B-HBDE, AP-KPC, DP-KPC, GA il BPSO 3R fi# skpc 2S5l (¥t 57 45 5
Instances: skpc100 skpc200 skpc300 skpc400 skpc500 skpc600 skpc700 skpc800 skpc900 skpc1000

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 6150545 95419.81  130496.2 170731.23 18132599  214879.32 27448244  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

S-HBDE  Best 31496.98 61521.86 95438.79  130815.65 171113.64  181381.21  214926.22 274760.24  282503.87  316111.04
Mean  31496.98 61521.86 95438.78  130815.64 171113.63 181381.20 214926.21 27475754 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

B-HBDE  Best 31496.98 61521.86 95438.79  130815.65 171113.64  181381.21  214926.22 274760.24 282503.87  316111.04
Mean  31496.98 61521.54 95438.73 130815.63 17111357 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

GA Best 31496.98 61179.89  95438.79  130815.65 171108.56  181381.21  214834.2 274125.64  282503.87 316111.04
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
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Time  0.028 0.133 0.211 0.370 0.718 0.947 1.503 2.223 1.899 2.590
BPSO Best  31496.98 61521.86 95438.79 130815.65 171113.44 18138119 21491320 274658.74 282500.96  316085.32
Mean 31496.98 61521.78 95438.76 13081552 171078.98 181378.95 214839.08 27454279 28235235 315931.85

StD 0.0 0.56 0.02 0.15 42,65 13.98 28.80 4852 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

# 4  S-HBDE, B-HBDE, AP-KPC, DP-KPC, GA #l BPSO fi# ikpc 2Kzl it 5 45 51
Instances: ikpc100 ikpc200 ikpc300 ikpc400 ikpc500 ikpc600 ikpc700 ikpc800 ikpc900 ikpc1000

DP-KPC OPT  25652.04 55631.38 81573.48 110248.04 134053.13 149641.10 18671321 22212057 23070490 265768.46
AP-KPC  APP 2542478 55406.60 8134658 10972395 13399051 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
S-HBDE  Best  25652.04 55631.38 81573.48 110248.04 13405313 14964110 186704.60 222120.57 230702.65 265768.46
Mean 25652.04 55631.38 81573.45 110239.81  134050.78 149639.15 186598.92 222100.77 230607.47  265689.17

StD 0.0 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 4630 5.537
B-HBDE Best  25652.04 55631.38 81573.48 110248.04 134053.13 14964110 18661024 22212057 230604.80  265668.36
Mean 25652.04 55631.36 81573.47 110221.79 134044.21 14963582 186437.21 222040.27 23054256  265615.38

StD 0.0 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 3512 4.492 5.441
GA Best  25652.04 55631.38 81573.48 110247.86 13405313 149640.71 185763.41 222020.38 23040450  265267.88
Mean 25651.77 55631.31 81573.48 110218.99 13405313 14954294 18561265 221886.54 230288.55  265126.68

StD 0.3 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
BPSO Best  25652.04 55631.38 81573.48 110248.04 134053.13 14964110 18607256 22212057 230349.45 265722.30
Mean 25651.68 55631.38 81573.48 110247.56 134053.13 149620.83 18599824 222105.46 230246.08  265631.70

StD 0.9 0.00 0.00 0.34 0.00 31.45 101.34 29.36 69.71 4571

Time  0.162 0.789 1.597 2.825 3.957 6.581 7.696 11.536 12.725 16.688

M AT AR H: AP-KPCX T A S2 6l i1 55
SE B HARH 7, HARS-HBDE . B-HBDE 5GA.BPSO
— B K iR S 45 ikpc100~ikpe600 i B 45 BAR LT, R
fif S 51l ikpc700~ikpc 1000 (1) 45 J A~ 43,15 & S-HBDE
FIB-HBDE )15 45 5L 0 & L GAFIBPSOf) 5 4.

4500 T T T T T T T T

4000 -~ —4— AP-KPC -
—6— S-HBDE
—5— B-HBDE

3500(~ e oA 1
—+— BPSO

3000~ 4

2500~ 4

AR

1500~ 4

1000~

500 4

1 2 3 4 5 6
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Because KPC is a NPC problem, the complexity of exact

algorithm based on dynamic programming is pseudo

polynomial time. It is not practical for the large scale and hard
instances of KPC with huge value coefficients and weight
coefficients. In this paper, we establish two new mathematic
models of KPC, which provide new theory foundational for
designing algorithm. Furthermore, we propose two algorithms,
S-HBDE and B-HBDE, based on differential evolution under
different mathematic models. The extensive simulations show
that the S-HBDE and B-HBDE can achieve excellent
approximation solutions for large scale and hard instances of
KPC.



