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Abstract: Knapsack problem (KP) is a well-known combinatorial optimization problem which includes 0-1 KP, bounded KP, multi-
constraint KP, multiple KP, multiple-choice KP, quadratic KP, dynamic knapsack KP, discounted KP and other types of KPs. KP can be
considered as a mathematical model extracted from variety of real fields and therefore has wide applications. Evolutionary algorithms
(EAs) are universally considered as an efficient tool to solve KP approximately and quickly. This paper presents a survey on solving KP
by EAs over the past ten years. It not only discusses various KP encoding mechanism and the individual infeasible solution processing but
also provides useful guidelines for designing new EAs to solve KPs.
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, , KP ; (evolutionary algorithms,
EAs) KP , KP
0-1 (0-1 knapsack problem, 0-1 KP) [4], Dantzig®™ 0-1KP
KP . KP (2.3 0-1 KP
(bounded knapsack problem, BKP) (unbounded knapsack problem, UKP)
(multidimensional knapsack problem, MDKP) (multiple knapsack problem, MKP)
(multiple-choice knapsack problem, MCKP) (quadratic knapsack problem,
QKP) (max-min knapsack problem, MmKP) (precedence constraint
knapsack problem, PCKP) (set-union knapsack problem, SUKP)
(multi-objective knapsack problem, MOKP) (on-line knapsack problem, OLKP)
. , KP , (randomized time-varying knapsack problem,
RTVKP)-8 (quadratic multiple knapsack problem, QMK P)®10)
(multiple-choice multidimensional knapsack problem, MMK P12 01 (discounted {0-1}
knapsack problems, D{0-1} KP)[3-19 , KP , KP
KP : (1617, ;
(18-24] (EASs) . KP NP ,
; , KP ,
.EAs ) )
, EAs, (genetic algorithm, GA)[220]
(particle swarm optimization, PSO)!?7) (ant colony optimization, ACO)#
(differential evolution, DE)[?) (artificial fish swarm, AFS)* (artificial bee
colony, ABC)IY (harmony search algorithm, HSA)R (shuffled frog
leaping algorithm, SFLA)E (artificial immune system, AlS)BE
( KP )s .
10 EAs KP , 1 0-1KP
EAs, 0-1 KP 3 .2 MDKP EAs, MDKP
.3 MKP EAs,

4 EAs QKP  QMKP . 5 EAs
RTVKPD{0-1}KRMMKP  MOKP . EAs KP ,
1 0-1KP EAs

0-1KP KP NP 2l o-1kKP
?
jdl=j=n) o ow,C ,w C - Y=[YLYa,. Ynl €
{o" 0-1KP , j y=1, y=0. ,0-1KP
Maxf (Y) = Maxzr;:l Y, )
st. Z?:le y,=C 2

0-1 0-1 KP ) 2 )
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Michal ewicz!® GA 0-1KP 0-1KP
, :GA 0-1 , 0-1 KP
, EAs 0-1 KP 0-1 [36]
GA , , GA,

0-1KP. = : GA :
GA, (good point set based genetic algorithm, GGA), GGA 0-1KP

.Lim (s8] (monogamous pairs) GA ,

, 0-1KP GA ‘MOopGA.

GA , PSO,ACO,HAS,DE SFLA 0-1 KP [39]
BPSO!! , MBPSO, MBPSO
0-1 KP [41] ACO 0-1 0-1 KP. 0-1KP

, ACO , ACO 0-1KP [42]
HBDE, , DE 0-1 KP
[43,44] HSA 0-1KP [45]
, 0-1 KP [46]
SFLA , 0-1 KP. [47] , )
0-1KP
EAs 0-1KP , 0-1KP
, , 0-1 KP
(fully polynomial time approximation scheme, FPTAS)[18:20.21] ; ,
FPTAS
, 0-1 KP EAs 0-1 KP
EAG35-394547 EAs 0-1 , 0-1KP
0-1 KP EAg2-4448] , 0-1
0-1KP
0-1 KP , EAs , (.
) , , 3 [35,43]
[35] [7,8].
°
. ' 3 [35,43]1
(1)  Fit(Y) :Z?:l Py, —log,(1+ Max{a(zjlle y,—C).0});
(@ FitM =3, py, -Max{SX] Wy, ~C).0;
3 Fity) = Z?:l PiY; _7(2?21""1 y;—C)%, 2?21""1 Yi >C.
Z?:l Py
Y=[yya,....ynl€{0,1}" 0-1KP Fit() Y By ;

Max{p/wi[j=1,2,...,n}

P /W,
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v : Py /W,
Py /W, (
fGRA), ( SGRA), .
0-1KP n pj/wj , H[1,...,
n . Y=[ynYa....¥al€{0,1}" O-1KP , 1 2.
1. fGRAPY,

[35]

(1) R« Z?:le y, andjen;
(2) while (R>C) do
(3) if (yH[j]:]-) then yH[j]<—O and R(—R—WH[J'];
(4) j<i-1
(5) endwhile
2. sGRA,
(DifZmesCthmm
(2) R<O;
(3) forj«-ltondo
(4) if (yH[j]Zl) and (R+WH[J']>C) then yH[j]<—0 else R(—R"’WH[J'];
(5 endfor

: ( ). GROA,

3. GROA.
(DifZme>CmmW4GMMOWe$WW%
(2) R« Zj:le Y
() forj«-ltondo
4 if (Yr;=0) and (R+wi=C) then yy -1 and Re—Rewiypy;
(5) endfor

i) : . EAs , 0-1KP
Pi/W, _ | ‘P
0-1KP
2 EAs MDKP
MDKPI  0-1 KP ‘ NP 7
MDKP

Maxf (Y) = MaXZ?zlpjyj @
st Y wy =C,i=12..d @
y€{0,1},j=1,2,....,n ®)
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P j W;(i=1,2,...,d) i d P G , W =G, Z?:lw,j >C,
i=1,2,...,d,j=1.2,...,ny;=1 j . J01KP d=1 MDKP . .MDKP
0-1KP .MDKP  Benchmark [48].
EAs,GA MDKP .Chu  Beasley!™ GA
MDKP, EAs MDKP [49]
GA MDKP , , .
[50] Tchebycheff MOTGA, [48] ,
MDKP [51] GA MDKP,
[52,53] [48] , GA MDKP )
GA MDKP , EAs MDKP [54-57]
PSO, MDKP;  [58] DE ,
MDKP ; [59] MDKP (binary differential search
algorithm, BDS);  [60-62] HSA , HSA MDKP 3
[63] MDKP (human learning optimization, HLO) [64]
ABC , MDKP . [65]
(firefly algorithm, FFA), MDKP ; , [66]
(binary artificial algae algorithm, BAAA), MDKP
MDKP  EAs 0-1 ,
) [51] , , EAs MDKP
: : : , [48] (
dGROA) ,
MDKP (4l
M aXZ,ll P}y )
St. zrj]:l(Zid:lrivvij)yj =>.1C ™
y;e{0,1},j=1,2,....n 8
{1, Fo Fah i , (surrogate multiplier),i=1,2,...,d.
Y=[y1Yaryil€{0.1}"  MDKP : n P/ W,
, H[L,...,n] 1={1,2,...,d}, dGROA
4. dGROAM,
@ R <—Z?:lw,jyj,Vi el;
2 for j«<—n downto 1 do
3 if (Yup=1) and (R>C;, Jiel) then
(4) Yhi¢0; R<=R~Wi yyj), Viel;
(5) end if
(6) endfor
(7) forje«1ltondo
(8) if (Yi)=0) and (R+W; 4;=C;, Viel) then
9 Y1 R—R+wW; ), Viel,
(20) end if
(11) end for
:ACO , , ACO
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MDKP , [67]
, MDKP ACO . [68]
ACO , MDKP;  [69] ACO ,
MDKP;  [70] ACO , MDKP
;. ACO MDKP ,
, ACO
MDKP
3 EAs MKP
MKP[1'71] , : n , , ]
b, Wi, Cipw, G i=1,2,...,.mj=1,2,...,n,
MKP :
Maxf () =Max}." > pyy; ©)
st. er’:leyijsci,izlz,...,m (10)
>y =1j=12..n (11)
yie{0,1},i=12,....m,j=1,2,...,n (12)
¥ii=1 i i y;=0 j i Jm=1 MKP 0-1KP.
, m=2,W=MaX;=i={ Ci} j=1,2,...,n;C;=Minzj=p{ W} i=1,2,...,m; Z?:le >Min,__{C}.
MKP NP , FPTAS. MKP , EAs
MKP ' [72] (grouping genetic algorithm,
GGA) MKP , MKP ,GGA
. [73] PSO
, PSO  ——DPSO, DPSO MKP [74,75]
, AFS MKP , AFS MKP . [76]
GA MKP, , 0-1 , , MKP
, MKP EAs GA,PSO  AFS, 01
. 0-1 MKP ( 9~ (12) ,
(11) 01 ,
) 0-1 , EAs
C [72]
MKP , EAs MKP ,
, , MKP
\ 0-1KP
4 QKP QMKP EAs
41 QKP
QKP Galo 71 KP
.QKP NP , .QKP



n Cc ’ J pj \NJ" i
Pij. CopW P . ,
2QKP :
Maxf (Y) = MaXZ,L P, +Zitllzrj]=i+1(gjyiyi)
st. 3wy, =C
y;e{0,1},j=1,2,....n
yi=1 j . . Ma{w, | :l,2,...,n}sC<Z?:1Wj.
QKP  Benchmark [78].
, EAs QKP :Julstrom!™® GA,
: EAs QKP
[79] AFS , [78] ,
:Patvardhan (80l (quantum inspired evolutionary algorithm,
[78] : QKP ., [81]

QKP  EAs 0-1 :
, : EAs QKP
(absolute value density, AVD)!™® ,
GGROA). | (relative value density, ~ RVD)™® :

5J.=(pj+zk€~pjk)/wj i AVD,j=1.2,....nY=[yiYa....¥nl €{0,1}" QKP

Y yelk=12,...nt.  QKP 5 ,
H[1...n . ,qGROA
5. GGROA.

(1) ReT wy;
2 if (R=C) then goto (9) elsej«n;

3) while (R>C) do // Y

€ if (e =1) then

6) Y <05 Re=R-Wiypjp;

(6) end if

@) j<i-1

8 end while

9 forj«~1tondo // Y

(20) if (Yu;p=0) and (R+wy;;=C) then

(11) V<1, Re—Rwiy;

(12) end if

(13) end for

: 5 3 fGRA ,
H[1,...,n] . , 3 SGRA , 5
: EAs QKP , GA,ABC AFS

DE,HSA  SFLA EAs :

j(l=si#j=n)

(13)
(14)
(15

QKP

QKP

QIEA),

’

QIEA

qGROA,

Av={Klyke

PSO,ACO,
QKP
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4.2 QMKP
QMKP QKP MKP KP . Hiley Julstrom!® 2006 GECCO 2006
.QMKP N={1,2,...n}, M={1,2,...,m}, jeN P
W, i j(=i#j=n) Pij» keM
C CubpW, by ,
(€ jeN ;
2 keM C.
Yike{ 0,1} yi=1 [ kK yw=0 i k , QMKP
n m n-1 n m
Maxf (Y):Maxz Yi B +Z z zyikyjkplj (16)
i=1 k=1 i=1 j=i+1k=1
st. 3wy, =C,,vkeM (17)
Y Ye=1VieN (18)
QMKP ; EAs , .Sarag
Sipahioglu*! (SSGA),
, ,SSGA QMKP . [82]
, GA,
[83] (adaptive link adjustment evolutionary algorithm,
ALA-EA) (heuristic fitness improvement schemes)
Memetic ., QMKP Sarag  Sipahiogluf®! SSGA,
QMKP. [85] , QMKP. [86] (path relinking)
(responsive threshold search algorithm) , QMKP
(first evolutionary path relinking approach, EPR), QMKP
: QMKP  EAs GA,ABC,ALA-EA EPR ,
EAs( PSO,DE HSA QMKP , : EAs
QMKP, o QMKP QKP MKP , EAs
QKP MKP , QMKP , QMKP
5 EAs KP
5.1 RTVKP
(time-varying knapsack problem, TVKP)® Goldberg Smith 0-1KP
KP , TVKP , ,
. 1 TVKP (randomized
time-varying knapsack problem, RTVKP), ,
, RTVKP , TVKP

RTVKP |n
Wo; €[Aw,Bu] (1==j=n),

nA,. Ti(i=1)
i . i(i=1)

Po={ Po1.Po2:---.Pon}  Wo={Wo1,Woz,....Won} ,Pg € [Av,By],

C0e [ACch] xAVyBVvAWyBWyAc BC ’ AV<BVyAW<BWu BW<AC<BC<
i-1 i

N Pi={pi1,Piz, ... ,Pin}

Wi={wis,



I EE SR RN IE R 9

Wiz, ..., Win}, Cie[AcBd., Pije[A,B/],wije[Ay,Bu] (1=j=n), [(VioW)=(VioiuWi ) |=
Threshold, |(ViUVVi)—(Vi,]_UVVi,]_)|+|Ci—ci,1|>0, Threshold = 3\/ﬁ . RTVKPi,1(n,Ci,1,Vi,1,VVi,1)(i21)
T, Vi Wi, o 0-1KP ( RTVKP.), RTVKP
{T}i=1 RTVKP,_4(i=1) .
Y= lYinyioyinl {07 RTVKP,(i=0) o . i(=j=n)
Gi yi=l,  y;=0. ,RTVKP
Maxf (¥) = Max3 ", p; (19)
st. er‘:lyijwIj =C, (20)
i=0 1=j=n, T,
. (ViOW)—(ViiUW, )=@  ,RTVKP TVKP.  MinT=min{T;|T; RTVKP i
,i=1}, RTVKP MinT , , . RTVKP  Benchmark
[7.8].
[6] GA TVKP, .87
GA TVKP, : TVKP, .Yang'®®
(primal-dual genetic algorithm, PDGA) TVKP, ,PDGA GA.
[89] (DNSLA), DNSLA TVKP
(78] GADE PSO EAs RTVKP,
RTVKP 0-1 KP , EAs , 0-1 KP ,
( 3) ., RIVKP ,
5.2 D{O-1}KP
D{O-1}KP** 1 Guldan 2007 “ooo 0-1 KP KP ,
.D{0-1}KP : n 3
. i(0<i=n-1) 3 3i,3i+1,3i+2, 3 3i+l Pai
Pai+1s W3 Waig; 3 3i+2,
Psi+2=P3zi*tPsi+1, Wii+2, W3i42<Waj+Wsi4q W3 <W3i.42,W3i+1<W3j+2. i(0=i=n-1)
. 3i,3i+1, 3i+2 C . ,
?
. pw(0=j=3n-1) C , W3.,=C(0=si=n-1), ZSW3i+2 >C. D{O0-1}KP
P={{psi,Pai+1,P3i+2} 10=i=n-1}, W={{ W3, Wai41,Wai42} [0==i=n-1}, C,
D{0-1}KP
n-1
Maxf (Y) = MaXZ(Ym Psi + YairaPaiva + YaisoPais2) (21)
i-0
s.t. y3i+y3i+1+y3i+2S1v i:0,1,... n-1 (22)
Z:;(ysiwsi + VaiaWaisg + Yo aWa,0) =C (23)
Yai,Yai+1,Yai+2€{ 0,1}, i=0,1,...,n-1 (24)
Yi=1 j Y;=0 j .D{0-1}KP  Benchmark [15,16].
(23] D{0-1}KP , GA

EAs D{0-1}KP S
[90] D{0-1}KP , BPSO!“ D{0-1}KP
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D{0-1}KP , EAs , , DE,ABC,ACO HSA
D{0-1}KP ,
5.3 MMKP
MMK P12 MCKP  MDKP KP , : n J={J.,
Jz,...,Jn} m Cl,Cz,...,Cm , ,meJq=®,1£p¢an, jEJi pij m
Wij1,Wij2, + ., Whjm, Wik jedi Cx , Pij: Wik Ck J1=i=n,
jEJi lS|Ji|:ri,lSkSm. ,
, MMKP
Maxf (Y) =Max) >y, p, (25)
i=1j=1
n_f
st. ZZV\/”kyij =C, k=12..,m (26)
i=1 j=1
2Ly =li=12..n (27)
yie{0,1},i=1,2,...,n,j=1,2,....; (28)
,yij:O jEJi xyij:]- jGJi .MMKP Benchmark
[12].
ACO MMKP, [12] - (max-min ant system)
(Lagrangian relaxation, LR) , LR ACO ,
, MMKP . , HMMKPCCFT,RLS MRLS
[91] MMKP (multi-population genetic algorithm, MPGA),
MPGA , ,
MCKP  MDKP MMKP , , EAs
MMKP EAs MMKP,
54 MOKP
MOKP¥ kP , n m C1,Cy,...,.Cnm
v [ Pijs wjlsj=n l=i=m 0-1 Y=[y1.Yz....¥nl €{ 0,1} ", m
Z?zlwu.yj =C,i=12..m (29)
’ f(Y):[gl(Y)vQZ(Y)! !gm(Y)] ’
gi(Y):zrj’:lp,jyj, i=12,..m (30)
[92] MOKP (hybrid estimation of distribution algorithm,
MOHEDA), , Lu YU
(adaptive population multi-objective quantum-inspired evolutionary algorithm,
APMQEA) MOKP, ,
:APMQEA Pareto , [94]
(QAIS) (BAIS) (MOQAIS), MOKP
[95] MOKP (indicator-based ant colony optimization, IBACO),
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IBACO , (binary quality indicator)
MOKP , . , MOKP  EAs
, EAs MOKP
6
EAs , KP
, EAs 0-1 KEMDKP  QKP , EAs
3 . , EAs KP : , EAs
, EAs , MKPRTVKPMOKPMMKPQMKP
D{0-1} KP EAs ,  PCKRSUKPMmMKP OLKP EAs
; , EAs KP 0-1
, EAs KP
D EAs PCKPRSUKPMmMKP  OLKP KP ;
2 EAs , KP .,
( ) ? ? :
(3) EAs KP |, ,
? ?
(4) EAs KP
? KP , EAs ;
5) Bundle KP
?
(6) EAs KP, , EAs
Benchmark ;
7 EAS( (fruit fly optimization)!®® (brain storm optimization)®”!
) KP
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