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Many real-world problems can be formulated as combinatorial optimization
problems. Although most of them are know to be NP-hard, there exist many algorithms that obtain good
quality solutions in reasonable computation time. However, most of such optimization methods are based on
the assumption that input data are known a priori and are fixed. On the other hand, input data are often
ambiguous and uncertain. We developed several exact and heuristic algorithms to obtain solutions that are
robust to such uncertainty, for a representative combinatorial optimization problem called the 0-1
knapsack problem, and we confirmed that the proposed algorithms output good solutions in reasonable
computation time.



1. O00O0bOO0ooogoo
ubooboobooooooooobogn
gbooooboobooooboobooboon
gooboooooooboobobboooooood
ubooboobobobooobooboobd
gooboooobooooboooooobooog
gobobooobboooboooboooooa
goooOoooobooboooobooooboodg
gooobOooooobooooobbooog
gooobOoooooboooooobobooog
gobobooboooooooooobooooo
O00oooooooooooNpPDOOOD
oooooOoooooooooooboooog
oobooooooooooooooobooog
obooobOooboooooooboobg
oooon
obooooOoobOooboobooboon
oboobooobobooobooboobo
oooobooooooboooooobobooog
oooooboooooobboooooboobooboog
oboobooobobooobooboobg
oooooooooooboooooobobooog
ooooooooooboooooooooboog
oooobooooooobooobobbooog
oboooooooboboooooobooo
oooooooobooboooOoooooooog
oooooooooooooooooboooog
goooboboooooooboooooooobooog
goboooboooboooooboooooog
oboboooobooooobooooboodg
goooboooooooboooooobobooog
goooboooooooobooooooooodg
gboooooboooogn

2. 0OooOoOoo
obOoobOooboooooocbooobon
obOoobOooboboooboooboobg
oobooooooboooooooooobooog
obooobOoobooooboooboobg
oobobooooobooooooooooog
oooooOooooobooooooobooog
gboubouboobooboooboboaon
gbooboobodgbooboouobobaooaon
gbooboouboboooobooooonoa
gboabooboooboboobooboaooon
oooooooooooooobooboobog
gboooboobooobooboooobooon
gooboobobooobobooboboon
gboooboooboobooboobooboon
gbobobooboobbooboobooboon
gooboboboooooobobbooooon
gbooobooooboooobooboon

gboboobboobbobbobbooboon
gbooobooobooooboon
gbooboobobobobooboobo
gboooboobooboobooboooboon
gboooboooooboboobooboon
gboboobobobboobbooboooobooobn
gobobbooooboobooboobonon
gbooooooboboooooboobooo
gbooooooboboooooboobooo
gbooobooboboooboooboobd
goooboooooobooooobobooog
goooooobooboo

3. 0ogooo
goboooooooboooooooboooo
oboobooboboooboooboobg
gooobOooooobobooooobobooog
ooboooOoooooooooooboooog
oobooooobooooooboooooooo
oooooOoooooboooooooooboog
oooooOooooobooooooobooog
obobodobo-10b0ob0oooooooon
oooooOooooobobooooobobooog
oooooboooooooooooobobooog
oboooooooooooDn
0-10000b0000000b0bO00o0og
goooooooobooboooooooboog
ooboboooooboobooooooooog
goooooobooooooobooooo
gboooooooboobobooooooboobo
oooobooboooobooobooobog
ooooooboo NPOOOOODOODO
ubobooobob1boboobobooobd
gboobooboboooboooboobd
gooboooooobooobooboooboodg
gbooobooboboboooboooboobg
gboobooboooobooboobg
gobooboooooobooooobooooo
goboboooobooooboboooobooboog
oboobooboboooboooboobg
gobooooooboobooboooobooog
gbooooooboboooooobooboobo
obooooooo
ooooooooooooooooooon
ooooboOoooobooooooboooog
oobooOooooboooooooobooboog
oooooOoooooboooooobobooog
oooooooooobooooooboobooog
oboooooooboboooooboobobo
oooooooooooooooobobooog
oobobooooobooooboooooooboog
oooooooooon
oooooooooboobooobooooooo



gboobaboobbooboobobaon
gbooobooboobooboobooboon
gbooobooboobooboobooboon
gbooobooboobooboobooboon
gboopoobobooboboooooboon
gbooobooooboobooooboon
gooboboboooooobobbooooon
gooood

4 0000
0-l000000000000000000
000000000000000000000
0D0000000000000000000
00000000000O0000000000
0D000000000000000000
0000-10000000000000000
000000000 ¢(>0)00n00000
00j € {1,2,...,n,} 000000 p; (> 0)
0000w, (>0)000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000 ;0000000
000000 2;=100000000 z; =0
000000100 z; (j=1,2,...,n) 00
00000000000000000000:

n
ooo > pja
j=1
n
0000 Y wa;<c
j=1
z;€{0,1}, j=1,2,...,n.

000000000000 000oooooo
00000000000000000000
00 ;000000 [p;,pf]000000
0000000000000000 j00
00 p; € [p;,p;]00000000 p° =
(p},ps,...,p5) 0000000000000
000 sO00000XDO 0100000000

doboooooooboooooooooo
X:{x:(xhxg,...,xn)‘ ijxjgc,
j=1

JHEWJ}U:LZ”Wn&
0000

(x)00000 sO0O000 2€e X0OO
gooood

n
(@) =
j=1

Ob0b0obO0-00000 sODODODOO
gbooobooobooboobd

z; = max 2°(x)
e

ggbogoboobdooboboob suogn
OO0 2xeX 000 (regret) 0000

r(e) = 22— 2°(a)

oooooopoopos,oooooooooon
gooooood

So={s|p} €lp;.p/1}

O0000o00Dooo0O00xeXOOOO
O r(x)0O
r(x):grézggr (2)

000000000 oooooooog (in-
terval min-max regret knapsack problem,
MRKP)OOOOGOUOOOoOoOooooooo
ODrxreXOOOOOOODOOODOOODODO
oooooo:

ooo max r°(x)
SESH
0ooo > wa;<c
j=1
z;€{0,1}, =12 ,n

oooboboobobzeXOOOOOOOO
000000000 o(x) € So 000000
gbooooooboobon

pq(m) _ pj_, if ;=1
J pj, otherwise

0000000000 0000000 (Aissiet
al., 2009; Yaman et al., 2001) 00000000
oooooooooo

S={o(x)|zre X}

oooooOoooooboooooobobooog
000000 e(x)000 c0OOOOOOO
oooooooMRKPOOODOOO

n n
. N
min | max | max}_pjy; = > v,
j=1 j=1
n n
3 a P a .
min | max} pfy; = > pf;
j=1 j=1
00000 edog o-1oooog
0O0000000 ¢ (j=1,2,...,n) 0000

p] =) + 5 —p) )z,



obooobooobooboOoMRKPOOOOOO
OooooooMS)ODDoDOooooooo:

min 6 — ij_xj (1)
j=1

st 0> prg?+> (0 — )i,
j=1 j=1
VoeS (2)
ijxj <c (3)
j=1

z; € {0,1}, i=12...,n. (4)

00 (2)0000000000000000
000000000000000000000
00000000000 BendersOOO OO0
000000000000000000RCS
0000 MR OO0O00000000000
0000000000 ROOOODO M(R)
000000000000000000000
000000000000000000000
000000 ROOOOO0O0O0O0O0O0000
000000000000000000000
0000000000Benders0000000
000000000000000000000
00000000000000000000
00000000000000000000

0000000 RCcSOO000 M(R)OO
0000 MRKPOOOOOOOOODOOOO
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000 Benders 000000000000
00000000000000000000
0ooooooo

0000000000000000000
000100000000000000000
000000O0O0OMRKPOOODOOOOOO
00000000000000000000
0000000000000000OOOOO
000000000000000000000
000000000000000000000
000000000000000000000
000000000000 20000000
00000000000000000000

0000000000000000000
000000000007 00000000
000000000000000000000
000000000000000000000
00000000000000000000
000000000000000000000
0000000000

ugbogboooboabobobooboobd
gbooobooooboobooboooboon
goobobooboooooobobbbooooon
gboooboooboobooboboboobo

goooogd

1. Aissi, H., Bazgan, C., Vanderpooten,
D. (2009) Minmax and minmax regret
versions of combinatorial optimization
problems: A survey, European Journal
of Operational Research 197:427-438.

2. Yaman, H., Karagsan, O.E., Pinar,
M.C. (2001) The robust spanning tree
problem with interval data, Operations
Research Letters 29:31-40.

5. DOoOOoooOono
goooomob 100

1. F. Furini, M. Iori, S. Martello and
M. Yagiura, “Heuristic and Exact
Algorithms for the Interval Min-Max
Regret Knapsack Problem,” INFORMS
Journal on Computing, 0 0 O OO
Vol. 27, No. 2, pp. 392-405, 2015
http://dx.doi.org/10.1287 /ijoc.2014.0632

ooooomo 400

1. W. Wu, M. Iori, S. Martello and
M. Yagiura, Algorithms for the min-
max regret generalized assignment prob-
lem with interval data, IEEE Interna-
tional Conference on Industrial Engi-
neering and Engineering Management,
0 0 0O 00 Malaysia, 2014 0 12 0 9-12
od

2. W. Wu and M. Yagiura, Heuristic and
exact algorithms for the interval min-
max regret generalized assignment prob-
lem, 00 0000O00DOOCOOOOOO
0201400000000000020140
30 6700

3. 0000000 OMin-max criteria on the
generalized assignment problem, O O O
OROOOOOODOOOOOO20130 12
01400

4. F. Furini, M. Iori, S. Martello,
M. Yagiura, Heuristic and exact al-
gorithms for the interval min-max regret
knapsack problem, ECCO 2012 - 25th
Conference of European Chapter on
Combinatorial Optimization, Turkey,

20120 40 262800



6.

good

(H)ooooo

0000000 YAGIURA, Mutsunorid
ooooooooooooooooooon
oooood: 10263120

(200000000

(300000000

(4900000
00000WU, Weill
00000000000000000
0ooooooooo

O
u
u

OO

OO

MARTELLO, Silvano
University of Bologna
Professor

IORI, Manuel
University of Modena and Reggio Emilia
Associate Professor

FURINI, Fabio
Université Paris Dauphine
Assistant Professor




