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NI 5.

MEDEHZ LD

SIBOE| > (r—k)>s(r—k)

i€[s] i€[s]
WY LD, —HT,
Z |IBNE;| = Z|{z€ [s] | e € E;}
1€[s] eeB
< s[B] =B\ E
=sr—|B\ Eq|

MDD DT, MAGDES Y, B\ Eyl < sk
HHIND. O

5 BEE/NZA—YTILITY XA :
FER

BIfiCld s & kK ICBT 2EENTA—ZT LTV X
LEBELUED, AEITIE s DAIIZEIT BEENT A —
RTNVITY XALERET S, ZDHIZ, ~baa R
Z 1A IZE 9 % Edmonds OFERZFHT 5.

#%8 5 (Edmonds [11]). fEEDO~ buA FM = (U,I)
LHREETICU %E2S. ZOLE, TeI DD
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SO DDBE S EMEL, FEOWMAPEEU CU
IZX LT
3 xiw) < k(U7

ueU’
MO DIETHD. 772U, xr &I DRERZ b
NEHRT., Thbb, uelDEE, xi(u)=1THDY,
ugIDEE, xi(u)=0TH5. O

DR D&MZ72S (t,0) BEDESE P TRT.

XCls]
S otxzr—k (Viels]), (6)
XCls]: i€X
> me=tx (VX Cls]), (7)
eeEx
>z <Tk(E) (VE' CE), (8)
ecE’
[s]
tezi,
z € {0,1}%.

RE 6. DN MEEFRES b u A FEMEOMELE
T 2-0DOBEFIEMLEEP£)THS.

SEEA. moNZ MEEAREY b u A FEMEDMRE B 23F
T2 LRETS. & X C[s]ITfL Tty =|BNEY]|
YEBTDZER () L (6) BT I RBAMICH
WTHEIZR U7z, o =xp LEFT DL tx = |BNEX]
EF0R ()M ID, X512, #ES & bR (8) AN
7=INb. £oT (t,x) € PAHED LD,

P #£ () IKEL, (t,2) % PDERELTS. B*%
ze=1%i’zd ec EDRFGLERTDIE, X(5) &
(7) &0 |Bl=r D0 ED. koTh (8) LMD &
D B e BM) DEOID. IHITA(7T) £0& X C s
IZHUT|BNEx|=tx BWEOIDZ L&D, FED
i€ [s|ieLT

IBAE|=

XC[s]: i€X

IBNEx|= Y  tx
XC[s]: i€X
MDD, KoTHK(6) KVEED e [s] ITHLT
|IBNE;]| >r—k»E0i5H, BBWENA MEEAEE
< bhoA FEMEOME 02 2 ehbhrd. O

M6 K hm N2 MEEARE~Y b u o REMEOM
DEFIEEZHIE T B 720121F, P # 0 D0 ioh % ¥
ETUEENZ DDA 5. X SICHIE6 DIFH LD,
PA£)75d POEZENSBNA MEEARESY b~
REMEOMREZRRT I IR TELZ e Dbh5.

#

N ©
>

WS C 2B IT LT, §(S) T, ec Es %l
72938 ecSWEHETDec EDERERT. DED,
5(S)={ec E|3ScS,ec Es} Th.

#% 7 (McDiarmid [19, Theorem 2]). {FE® t € 72
THLT, & (7) &R (8) ZilizT x € {0,1}F AMFE
572D DB+ RME

D tx <tk(3(S)) (VS C 20)

Xes
MR OO Z L TH 5. O

W7 &0, POPIRETH D -ODBEAHEMIL,
UTFORMGZ2E-T t WFEETHILTHS.

Z tX =7, (9)
XCls]
> otx=r—k (Vi € [s]), (10)
XC[s]: i€X
D tx <tk(8(S))  (vsc2b), (1)

XeS
[s]
tezi . (12)

IOESBEPFELEL E, M EMTO XS IS
XhBvhaA RM = (E,T)

I'={ICE|VX Cls],[INEx| <tx}

DOEAILEMNIES I* 2KD, o= LEHETDHZ
ik, R(7) &R Q) 2T 2 {0,1}F kD
LZENTES,

X (9)-(12) 25729 t BMFET 5 HET 572012,
BHREHEEO 7L T ALE2HWS. IROMHEIZH S
K910, BHEHHETRIIN T BEE NI A—ZTI)IVTY
ALPHIGNTWNWS.

R 8 (Lenstra [17]). AMREA U,V IZH LT, 1751
AeRVUERZILVHeRY 252 5. 115 ADT
VINLTHBLE, DMTOEA

{xeZV | Az < b}

NREDPEG P HET SIEEZ R EE NI A =27 )LD
DALWFIET B, 72720, NI A—RIFLTHB. O

i 8 DM % i < BIEREDEE N T A — KT
I XL DFEIEEZ 20(E s ) v A JjH 1 XD IHR,
DFETEREINS [8, 9.

X (9)-(12) zHHE 8 DR TEL & &, TOHREAT
FIOITEUL 2%, FIEE 25+ s+3 &b, LzdoT,
S Z (¢ <2 L LTHEHMHATE, UMFOEHIES
nas.
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EE 9. mARMSEAREY bO A RERNBI
020 )poly(|E)) TR Z &M TE 3. O

12, s =0(loglog |E|) ®& &, m/NA MEHETHE
< buA REMBIZZIHAH TR S Z 205 5.

6 &
ON A MEETREEFE/LEEO —FIiz LT, EE

NITA=RTNVTY AL ZEFHGF U, MED NP K
P (GEBL2,3) XU, P£NP&SIE, METLIYX
L OEME RS TR KE T 5 Z i o h
W, L L, #FEFUZZBEENT A= TILTY XL
TILFHREREE O FR B BB AT > F ) A8 s 12 L kA7
LZRWEZAETHBETET WS (EH ).

SHOBLEL LT, ftERMEZSEETSZZEDE S
HEZE 0oz, a2 MEZHT 350 T VL%
BRI DI ENFETOND. KT, max; |BAB,|
L& > TaNZ MEERFERILL 722 fizs Y, | BAB|
TERIATEZZILEEIONS. ZNIXE _BEOE
EEHOHMHMEEAIZ 5 Z 2123 6T 5.
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CREST JPMJCR1402 (FiA).

& 3R

[1] E. Alvarez-Miranda, E. Fernandez, and 1. Ljubi¢. The
recoverable robust facility location problem. Trans-
portation Research Part B: Methodological, 79:93—
120, 2015.

E. Alvarez-Miranda, 1. Ljubic, S. Raghavan, and
P. Toth. The recoverable robust two-level network
design problem. INFORMS J. Comput., 27(1):1-19,
2015.

2]

[3] I. Averbakh. On the complexity of a class of combina-
torial optimization problems with uncertainty. Math.

Program., 90(2):263-272, 2001.

C. Biising. Recoverable Robustness in Combinatorial
Optimization. PhD thesis, Technical University of
Berlin, 2010.

C. Biising. Recoverable robust shortest path prob-
lems. Networks, 59(1):181-189, 2012.

%

1

0
19

[6] C. Biising, A. M. C. A. Koster, and M. Kutschka.
Recoverable robust knapsacks: the discrete scenario
case. Optimization Letters, 5(3):379-392, 2011.

M. Cygan, F. V. Fomin, L. Kowalik, D. Lokshtanov,
D. Marx, M. Pilipczuk, M. Pilipczuk, and S. Saurabh.
Parameterized Algorithms. Springer, 2015.

D. Dadush, C. Peikert, and S. Vempala. Enumerative
lattice algorithms in any norm via M-ellipsoid cover-
ings. In Proceedings of the 52nd Annual Symposium
on Foundations of Computer Science, pages 580589,
2011.

D. Dadush and S. Vempala. Deterministic construc-
tion of an approximate M-ellipsoid and its applica-
tions to derandomizing lattice algorithms. In Pro-
ceedings of the 23rd Annual ACM-SIAM Symposium
on Discrete Algorithms, pages 1445-1456, 2012.

M. C. Dourado, D. Meierling, L. D. Penso, D. Raut-
enbach, F. Protti, and A. R. de Almeida. Robust
recoverable perfect matchings. Networks, 66(3):210—
213, 2015.

J. Edmonds. Submodular functions, matroids, and
certain polyhedra. In R. Guy, H. Hanani, N. Sauer,
and J. Schénheim, editors, Combinatorial Structures
and their Applications, pages 69-87. Gordon and
Breach, 1970.

R. M. Karp. Reducibility among combinatorial prob-
lems. In Complezity of Computer Computations, The
IBM Research Symposia Series, pages 85-103, 1972.

A. Kasperski, A. Kurpisz, and P. Zieliriski. Recover-
able robust combinatorial optimization problems. In
Operations Research Proceedings 2012, Selected Pa-
pers of the International Annual Conference of the
German Operations Research Society (GOR), pages
147-153, 2012.

A. Kasperski, A. Kurpisz, and P. Zieliniski. Approxi-
mating the min-max (regret) selecting items problem.
Inf. Process. Lett., 113(1-2):23-29, 2013.

A. Kasperski and P. Zielinski. A randomized algo-
rithm for the min-max selecting items problem with
uncertain weights. Annals OR, 172(1):221-230, 2009.

A. Kasperski and P. Zieliriski. Robust recoverable
and two-stage selection problems. Discrete Applied
Mathematics, 233:52-64, 2017.

H. W. Lenstra, Jr. Integer programming with a fixed
number of variables. Mathematics of Operations Re-
search, 8(4):538-548, 1983.

C. Liebchen, M. E. Liibbecke, R. H. Md&hring, and
S. Stiller. The concept of recoverable robustness,
linear programming recovery, and railway applica-
tions. In Robust and Online Large-Scale Optimiza-
tion: Models and Techniques for Transportation Sys-
tems, pages 1-27. Springer, 2009.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

18]

[19] C. J. H. McDiarmid. Rado’s theorem for polyma-

troids. Mathematical Proceedings of the Cambridge
Philosophical Society, 78(2):263-281, 1975.

R. Niedermeier. Invitation to Fized-Parameter Algo-
rithms. Oxford University Press, 2006.

[20]

Copyright © 2020 by

it

Information Processing Society of Japan All rights reserved.

The Institute of Electronics, Information and Communication Engineers and



