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Application and Visualization of the Many-objective
Nonlinear Knapsack problem
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Abstract

Nonlinear knapsack problems, which are also called “separate nonlinear discrete optimization
problems,” include the (0-1) knapsack problem, which is well known as a special case. Of course the
application range of the nonlinear knapsack problem is wide, but the number of researchers is very few.
In this paper, we describe a general view of the history of the research on the nonlinear knapsack
problem. We explain the exact method for solving multi-objective nonlinear knapsack problems, which
is an extension of the nonlinear knapsack problem and includes four or more objective functions.
Practical usages of the multi-objective nonlinear knapsack problem are considered. Furthermore, we

handle two or more criteria of multi-objective optimization problems when we solve the multi-objective
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optimization problem. Each of the obtained Pareto solutions, which have characteristic merits and
demerits, is evaluated by using multiple criteria. We propose a visualization technology, which a

decision-maker uses in choosing the best compromised solution out of these Pareto solutions.

Key word: Combinational Optimization, Many-objective Optimization,

Multi-objective Optimization, Visualization

1. ZUBHIC

ARZBVTid, HWBED» 4 MU oS BB OREG 2 &% HWIERIE T v 7y 71
OB & Z OBRLEE L 7 W BULBA I oW TR 5.

I F v 7y 7 M, BRI o B8 20 H ClAeEREILED O S TH S, %
WICIERMIEF v 74 v~ (multidimensional nonlinear knapsack) [HREIZ, 2 %04 i IERIL i
Wos AL (multiple-constraint separable nonlinear discrete optimization problem) ® Z & T#
5. FERIEF v Ty 7 BEORENREEE LT, EHIEOEIER /- (resource allocation
problem) 23% %. ZXICIEMILT v 7y 7 MR, $BOF v Ty JHEOIBEALE L
ORI YA L LTEATED, 7y 7y 7 LRHI O MBEOPTIES - L R T &R
HBLWHETH S, LK, FHETIIMMOF vy 7y ZREL Y SIS HFEPAAA < EE 2 HE
Thb.

T v 7y 7 BEEDS IS B W CRAICBINZZ O IEEE OB EE L0 5H Th %
L#E 25N A, 19564E 0 Moskowitz, McLean' & 2 W iZHA A & L Tl 1959 4E 0> Mine!?!
DX T, BHEZRALY 2 RECHESY b, ROV TV AT A6 %5 Y
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ZBWTTHh5.
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BEE M7z DP LRI T 572012, < VFa v F—F v MRIEEOFIEZ 2T L 3314
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v MEIREE3Z NI BT, HEoa v —% v VoORGMEHEZHT 2 &L THREEZEEZHICH
L7z TFayR—4 v MEARHABRIREEIIME LTHIRE L. oAb i# bk
BIL, R OBREATT. 6 X 105 LIFFICTKE WD, BAFAOMETIIRERELRDSLZ LS
TERWVWEEZLN, AR AT a—Y AT 4 7 EEE TIPS Z RS, RoNfFD
S % E ) WFZEA T RUEICTE D IS I b s, KIS M 0E, A5 L 7 e AR R 5=
(ISC i : Improved Surrogate Constraint Method) ! %, Z D REIZEH LT, v CPU KT
R ERD B Z L IR L7z,

C ORENIRE % 2 B ORMEISET Lzoh [13]-[16] o —@ o7 THd 5. Lk [13]
BT, BEH OB E LRTEICN L TRESERZ W CHi—o HIWEEORME (3
HME) 1240, CoRBBEWMELZM Z ETHRMED SV — M (BR, 5L
LIFIENG) 2RI RKDLIEDNTEL T LER L. Isada 51 FH—0 il 504 %
bo% HWMEO RBBE IS LT, BRRERIZE o TREE SN L8V — MEOHRIME
EERFERN SRR TROL TR THL I EERL. TOR—HO/L — MEDSKIT 5
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WHREVEASD > 7225, IS 2B VT, RiF 2750 — MED RO X 9 IZHIR 0RO o4l
FUET D HERIRE LS. 22, ML 2B W TiEdH 525N HWOF v TH v 7
BB L TR I TN L — M (RITHZERRLSL— METH D Z LDERE SN2
fi#) ZHI%T BIRERIREL, FIEREBRCIAOME L ARKEICEERTH L 2 L ER L.

2. $EMSRTIERT v Ty V&

=K <MS NIz F Yy Ty Z R, FHEPERIT L EIT, TE 7200 & 40
WaFy 7y 2 I HEDTH > TWE LWL EOMETH L. FHOrAATEL LT T
FoTwiinaded., EE2OMFOL LTHE LEI2RKRICT 20 (RBEE) oflAadb
B RETHMENF Y Ty 7HETH L. nflORPWOIHFE L SDESVERESEZNE
Ne, a, b L, BEORKAERZIETLE, 0-1F v 7FHy Z7HEIIZIRO L) ICET 5.
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st. glx) = Zaix,- <b
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x, € {0, 1} EN)

LFEFE, 22T, x=1F2F 03 Fy Ty 7@ i x ENENANLE D AN DL E
Wg b, ToFy Ty BT, BEIOHKZTTIER SEHRP IR MEOHIKEE 272
B, BEORKEERE D OZKLEY Fy Ty 2MEE RS, T, FUMNYESEEMANR
52 LR LMEIL, By Ty ZEE LTINS,

T 7Hy FEPETHHIFE 2 0P ) ANSED L, U2 ANTICBETIE2I A
NTLEIDLLARW., 22T, BEFOITLV—THh5E—20 5, RUDTV—T9b
E—20mE v X9 ICRHT 2 mcHlf e Ans LIRS v TH Y 712k 5.

ZWICHMIE T v 7y 7 B GrEEMERURE L E L N s) X, nfio7o Y«
0By, ToTuY s NI LTHEAWTRZ mEEOGE (N, B, EMEE) 255
550835, FhFho7radcs bie (1,2 -, n CELBEOZEE TR L~V (10
HE) #H5b0ET5. bL7aY=7 biTLNVx, € {1, -, k) 2FHALLE, iR
jE 1,2 -, m OWEETgx) L, TOMKOYF—r (HHRE D% omiEf(x)
EBKL T, BR ORKFEFHERZL LTS E

(1) Zwotl ) S, BROMREMERE b oF v 74y 7 BEZ B 19T (Dynamic Programming)
TR L XIS B B THRERTTOM Y V2 LB L T 5 -0 205 HEIMbINL & ) Ik 72,
L), F v Ty 2 BEIEBEETEEAR D AR R EE L E 2 S Twi.



ZRHWMIERIE ;v 7y 7 BIEOISH & WL 27

. maxf () = 3 fi(x)
=1
st g,(x) = igji(xi) < bj (] € M)
i=1

x, € K.(i €N)

LEIFL. ZITX = (%, Xy 0, x,) ERETREEBEKNRZ PVT, M = {1, 2 -, m} 1ZEW
W RS ROF A FHEA N = (1, 2, -, 0} RELBORLFES, K = (1,2 -,
e} 3R R x, O R TR EABHE 277

COLRICIERIE T v Ty 7 I gD ) 5 — v % ZE L2 00% H NS RocIERIE T
vy Ty METHL. Thbb

P:max/(x) = (fi(x), £,(x), =+, £,(x))
st. xe X

L, L0 = X0 fG) =12 ), X={x € Klg) <b(j € M)}, K={(x, x,, -,
x)|x, € K,(i € N)}.

3. $BMERTFHEHT v THy VHEDEE

3.1 INEFME—EHIRERE & KEENENRBE
% HWMS KT v TH v 7 BEICwHE L7 &R (weighted sum scalarization) H.— H 1 [ 58
P (w) EAUHH EERYREIE P (W, )M @EDT O X H IR TE 5.

Piw): Max).’_ wfi(x)st. x € X
B
PT(W, f): IROBEMNZY o725 RTOFEITI LS 235
B Y w1
st. X € X,
ZIT, w20 (5=1,2 -, ) REHWERISHT2EATY w=1ThV, fi3Hz5]
FT 572 00ENETH 5.

JEHEP OFMBOMME LCIE, MEMBE—HWEEP (W) ZFZ L THONLIH
(supported) A#NE L, MEMME A 2 & TIIE SN \WIELFE (unsupported) A RhfRH D
b, XFAEMRET A+ w Oz 2L S TMEMPEP (W) %S ICE 2 & THIHE
HIZHohs 25, IFALRYITIHTET 2ELFANHEZ KO 213520 TRILEE %
5 (K1ZH).
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KICTRCOFEMAEER T DL RLHET D200, FR=MaK (M2) 2FHTL5. K
LTI, AR TR CBECHE SN T RIS AL Ho T, HINBEEEICE
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[EF 2] HBEMEICBWTHEET S g HOFEDHEX, X2 -, X1 %E2 L. HAAMEX( €
{1' 2’ Y q}) c:ﬂbfllk%[/f:q - 11&[0) Xs(s (= {1, ZY e q}' s + }") wzjﬁﬁ,ﬁ‘i,
fF (X, x) = p fx) (s =1, -, q)

£(x)
JACY)

P = min_, q{ } s€ {1, -, q,r*s)

Thb. LW
FEH 2 X0 ARHOHBEEAES T ), £O6E), - F () ZFE 0 THIK S h 2@z,
WP ANRDAFAE L T LD 5.

3.2 HEEEINEBORIEZEWENREE B 1o O
BIROHIAY % FEo BERORIAE (U H ORI A B o R & RS 7210, (CBLI ik
2B, B ORI S PE R FO U LT, BRI C i)
AR ORI & 7 5 REAUH A L, 2 OB Z M ¢ 2 & CRMEo R
A KD LS LT 25 Ch s, LiLe < OMMIRELRIEICI, BB B ¥
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%) B 2 & ORI ¥ v v 72 B L, FMEOREMRE KD S 2 &0 % 5 H
B (SCH) KL SOMEIC LD 3 MO % Hb 1000 28T 42820
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i ZENRNTELDPo722 %% 25 L, 500253 1000 2B O BED EE T 5 X H 127
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