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ABSTRACT

In modern society, multi-objective optimization plays an indispensable role in
balancing multiple competing objectives, such as cost, quality, efficiency, and
environmental impact. Among these problems, multi-objective mixed-integer linear
programming (MOMILP) is particularly relevant due to its applicability across
various domains, although it poses formidable computational challenges.
Evolutionary computation methods, while effective in handling large—scale and high-
dimensional problems, cannot guarantee exact solutions. Conversely, multi-
objective branch—and-bound methods can offer exact Pareto-optimal solutions but
often suffer from high computational cost, making them difficult to apply to real-
world problems.

In this dissertation, we propose a novel approach called Multi—-Objective Branch—
and-Bound based on Decomposition (MOBB/D), which integrates a decomposition—based
strategy with multi-objective branch—-and-bound. Specifically, we decompose an
MOMILP into multiple single-objective subproblems, each parameterized by a weight
vector. By repeatedly solving these subproblems with exact optimization techniques,
we collectively construct the Pareto—optimal solution set. Furthermore, we
introduce a key innovation of reusing exploration information, such as simplex
tables and cutting planes, across the subproblems to significantly reduce overall
computational effort without compromising precision.

To validate the effectiveness of MOBB/D, we conducted a series of numerical
experiments that compared it with existing multi-objective branch—and-bound
methods. Our results demonstrate that MOBB/D not only achieves higher computational
efficiency but also ensures the quality of its solutions. Additionally, we applied
the proposed framework to a real-world case study involving waste collection in
the city of Muroran, where we aimed to balance operational efficiency (e.g., total
vehicle distance) and resident burden (e.g., walking distance to collection points).
In this practical setting, MOBB/D successfully identified high—quality Pareto—
optimal solutions, outperforming conventional methods while remaining feasible for
policymakers. This highlights its potential for supporting evidence-based policy
making (EBPM), where multiple stakeholders need to collaboratively explore trade-
offs.

In conclusion, MOBB/D offers a new path toward reconciling the computational
costs and precision requirements inherent in MOMILP problems, representing a
substantial advancement in multi-objective optimization methodology. Future work

includes 1incorporating additional enhancements such as selective pruning of



exploration data, column generation techniques, and extending the scope to non—
linear or more complex problems. Through these developments, MOBB/D can be expected
to further broaden its applicability, thereby contributing to more sophisticated
decision—making processes in both academic and practical realms. It stands to serve
as a valuable tool in a wide range of applications, from urban planning and supply
chain management to healthcare and environmental policy. MOBB/D underscores the
potential for innovative, decomposition—based exact methods to reshape the

landscape of multi-objective optimization.

MXBEEREOEE

BRESICENT, ZHREAIT= AN - BEOHE - BREAMRRE, #HO
BE T O EEDNT AR D ETARAIRRFELR>TWD. R, BEER
ENEHHAINZEN 5% BB G EEMEEIE M E (MOMILP) X, #EAVEIK T
JICHTFTRE T D — 7, MIRRZEM NI R Th D720, N0 D B 72 i 15 O B 38
MEERBECTH D, WEROENFHEFIEILIZHMMEICK L THESERG VD
DD, WEMREZRIETERNEWVWIREDD L. —F, %2 HMDEREE L7
ZRDODOLNDD, FHRIaAIPRREL, EME~OEANRES Tldehro .

RHWMXTIE, ZNb0RELRRT D7D, BEX—2ADT Fn—F L %£H
B REEZRAE LTZH LW EiE##1E TMulti-Objective Branch—and-Bound
based on Decomposition (MOBB/D) | Z4&ZRE L CW5bH. AKFiElX, MOMILPZ & D
HEMHSMEICSEL, BRI MICESS BHENREIEZ#REY RS Z L TA
L— MREMESDORRZFEBELL TS, FiZ, Yo7y 7 ARPUIBRFEHER &
DODRBHERAEH S HEM CHANE T 28IEAEAT L2 LT, PRI X MEZHIRL
RN D EMBERNL— TRy NOFERESD L ERILTND.

REFEOHEIMERIED T2, BEFDOZ HWOKIREE L OHBRERN N TON,
FHABREMEOBEOWME TOBAIEN TSN TS, SHIT, EMiO I ZIER
MERE LI EME~OBEHAMICEB W TY, kT i L CETHEEEFR
BHO ML= 7 2@ WHETRRETED ZLAHRINTVD. I, TE
RCERBZEEHOFEMBREDZHEO ECHRIEZZTOo5mICLAHTH Y,
EBPM (Evidence-Based Policy Making) OBlE2LHREREREZFS. £/, K
MRTHE L7 L—L2T =7 %, EHRT bLOBIRY RGO H R 22 M 0§ 4 /Y
BERXRE, SORIMEBINRICE > THHAEET DN D ARENRHD, KD
FEHE 72 R0 2 R B e E I b3 T &, £ H VR EL O BLG ~ D8 & % L
TLHLZENHGEEIND.

Ubo X5z, HmUIFERME, AAEL bICHmT2Z&nTE, £, #
HER X O HEH Th 2 =Moo T IINEICEHT 2NE N ETAT & 5 SCITER#EK S



NTVWBHZENDL, TOREEELIRIEEN TS, Ko T, Azt (T%)
DFNEREINLIEERDDL ERBOLND.



