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A%, [LP-based approximation algorithms for general covering problems (—fEH972 /)Y 7 RHRE
IZHF B LP R—ADUET VT Y X)) LRAL, RN Y 7 R A TP OV TR AT S .
TN TR SR, IR & JIEN DM E B N—925 X5 Rl E L olEbETH Y . BE
TR T D Hkx e EEZHERET UL L2 b DO Th b, T, EEWNRBANL, 10 —ERkinzET L
ETEDLH N TR (b AN Y O TRIE) BSIERBICHR SN TWD, KT, 2D X5 e—m{bh
N 7 RREICKR LT, BIEERIREAZ R L2 LP _R—2 Ol 7 b3 X LZE L, TR L 0 BUVarfel
TNATY XLEZRBENRERTH D, R, KD 6 BRLRERINL TN D,

% 1 % [Introduction (Fim)| Tix, IV v VRO EBEN R BTN LTl 7 L =Y X A OBREIZ DV L
ALz, IANY v ZRBICHT RT3 ) X LDBEFF RO RICOVWTE L DD, £OH%, KigDH
M, BonfRor~Y — wmX oMK EZIR~5,

% 2% [A 2-approximation algorithm for the minimum knapsack problem with forcing constraints (7 #
— TR E RMET Y Yy BB 5 2Rl T v T Y X)) | T, ISP ANW A NY 7 0-1
B EH (Covering 0-1 Integer Program, CIP) & XiEM 2RIEEZEH > T\ 5, K, CIP OEkr —ATh D
7 F = TR & M > 7Y 7 BB (Minimum Knapsack Problem with Forcing Constraints, MKPFC)
DOFRLT T ZLAOWGEETT> T\ b, FOFEE. Carnes and Shmoys (2015) D7 /L= Y X L %$L9E L, MKPFC
R LT 2= VY RAERET D, 22T, a-fBll7 v ) XA L3 AREOMBERNR LT, KiEfED
B TOME L ERAFRTRODZZEDTELTAAY ZLDZEEEH, 7. ZOHRELETATY XA
ZYLER L C, CIP TR L THIEEED BNV L3 ) XL ZET 2,

% 3 [An improved approximation algorithm for the covering 0-1 integer program (H XV 7 0-1 %
FEHEEIC T 2% B SNTERT A IY XA) ] Tk, 2B TR CIP I LT, BlORWIEBIT /LT Y X
LEPFET D, CIPIZBWT, FHMRICTH T I R BOBOREKEL £ L T5 L&, AT VT Y XAT
TTIZREINTWVDEN, TNIVELHEEORNT AT Y XA FR, RETIE, HlORE n 32 Lol
|2, CIPIZR LT, (F-(F-D/m) —afll7 v 3 ) RAERET D, 2F 0, Tk £ K0/hEn7 a3y XAD
BAZIZHID THRII L T 5,

% 4 % [An approximation algorithm for the partial covering 0-1 integer program (84> H 3V 12 0-1
FEEHBBREIC R T 238 E T AT Y X)) T, CIP O— AL TH DM A3 > 7 0-1 HEE5GH BRI (Partial
Covering 0-1 Integer Program, PCIP) %% 9, Z OREEIL, CIP 12V THK p EOHIK 272 & 72 < TRV
ETH D, ZOMBEOEHRy — 2B L TR T AT XABBESNTHD OO, SEEEA AL S
DB DOEIEFL TOD LW MERSH o7, AETIE, 2 BTRELE CIP T 27 12 AL 3
B FEAFIA LT, PCIPICKT 2 max{f, ptl} BT LT Y X AZBHFET 2.

% 5 & [Approximation algorithms for the partial covering linear program (43 A /%Y o Z SJeE iR RE
W6t D RT AT U X L)) Tk, PCIP @ 0-1 ZHEGH o 2 BGHEICEM LB TH Lo Y 7
LP (Partial Covering Linear Program, PCLP) Z4fk > T\ %, ARZETIL, PCLP IZx L T p+l) -Gl 7 T X A%
WET D, ZOTNVITY XNIVUTNVIRIP R=ADT I T 4 I TNITY XATHD, £z, LP MO 5
BETNAITY XLAOREERIECHEIRY , 2L BWIRLEHZELNBRNI E R LTV,

% 6 & [Conclusion (f&am)) TlX. A EOHRREE T LD D,

% : FRSCERIE, FI3C 2000 T2 & 33300 557 1 ETORET 50 b L<IFHEI800 #5% 1B L T E S0,
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In covering problems, we find the best solution under certain covering constraints. Covering problems
have many applications in operations research and other areas. Since a lot of interesting and important
covering problems are NP-hard, approximation algorithms are well studied. For a minimization problem,
an algorithm is said to be «—approximation if it efficiently returns a solution whose objective value
is at most « times the optimal value.

Recently, more general covering problems are studied from practical requirements. Even though LP-based
approximation algorithms are known to be particularly effective for simple covering problems, it is not
easy to apply such algorithms to more general covering problems. In this thesis, we overcome this difficulty
and develop better LP-based approximation algorithms than the existing ones for general covering problems.
Our algorithms are mainly based on strong LP relaxations and an enumeration technique.

First, we develop a 2-approximation algorithm for a generalization of the vertex cover problem, where
there is a minimum knapsack constraint. This problem is called the minimum knapsack problem with forcing
constraints (MKPFC). Even though exact and heuristic algorithms are proposed for MKPFC, there is no constant
approximation algorithm. Second, we give an improved approximation algorithm for the covering O—linteger
program (CIP), which is a natural generalization of the set cover problem. For CIP, there are some
f-approximation algorithm where f is the maximum of numbers of non—zero coefficients of constraints. Our
algorithm is the first algorithm with approximation ratio strictly less than f. Third, we present a
max {f, p+1} —approximation algorithm for the partial covering 0-1 integer program (PCIP), where at most
p constraints in CIP can be violated. Finally, we give a simple (p+l)-approximation algorithm for the
partial covering LP, which can be considered as an LP version of PCIP.
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