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Submodularity is one of the most important notion in combinatorial optimization. It is known that
submodularity appears in many efficiently-solvable combinatorial optimization problems. Recently,
submodular functions have attracted much attention in machine learning and knowledge discovery.
In particular, the problem of maximizing submodular functions has been studied extensively
because it has many practical applications such as text summarization and clustering. Although
there are efficient algorithms for the problem, in such practical applications, we face difficulties in
space complexity and computational time, as we have to manage huge input data and we cannot
store every input data on RAM.

In this project, we focus on the problem of maximizing submodular functions under fundamental
constraints, and design efficient streaming algorithms for the problem. Our proposed algorithms
read the input data only a constant number of times, and are effective in space as the space
required is independent of the input data size. Specifically, we propose a streaming algorithm that
finds a (1-1/e)-approximate solution for the cardinality-constrained problem. This approximation
ratio is theoretically optimal, and it runs faster than the previous algorithms. Moreover, we design
the first streaming algorithm that finds a nontrivial-ratio-approximate solution for the knapsack-
constrained problem. This is joint work with Chien-Chung Huang in ENS Paris. We gave a talk on
this result in Workshop on Algorithms held by Special Interest Group on Algorithms (SIGAL) of
Information Processing Society of Japan (IPSJ), and a journal version was submitted.

Besides, we propose a new optimization model with submodular structure for detecting a
community in a social network, which is a collaboration with Atsushi Miyauchi from RIKEN AIP, and
this result is published in the refereed conference on knowledge discovery named CIKM.

Notes

Genre

Research Paper

URL

https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=2018000005-20180249

BREZBAEZMERRD N (KOARA)ICEBREATVE IV TV NOEFIER., THhThOEEE, FLFTLRERLRTECREL. TOEMNGEHEEEICLST
REENTVET, 5|ALCHE> TR, BEEEZEETLTIRALEEL,

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.



http://www.tcpdf.org

2018 FEE FHEIRME S (EAME) srrmpsmsss oAz T

Zit:) HIT2E 2 HEBIR
WRRKE Eh%E (200 (B) A
B4 B s K4 (Z&3E) |Naonori Kakimura

HHIERE (AAFE

FEVATHER OHEAERELREICR T IERMSELT7IILIX L

e (ER)

Efficient Algorithms for Combinatorial Optimization Problems with Submodularity
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Submodularity is one of the most important notion in combinatorial optimization. It is known that submodularity appears in many
efficiently—solvable combinatorial optimization problems. Recently, submodular functions have attracted much attention in machine
learning and knowledge discovery. In particular, the problem of maximizing submodular functions has been studied extensively because
it has many practical applications such as text summarization and clustering. Although there are efficient algorithms for the problem,
in such practical applications, we face difficulties in space complexity and computational time, as we have to manage huge input data
and we cannot store every input data on RAM.

In this project, we focus on the problem of maximizing submodular functions under fundamental constraints, and design efficient
streaming algorithms for the problem. Our proposed algorithms read the input data only a constant number of times, and are effective
in space as the space required is independent of the input data size. Specifically, we propose a streaming algorithm that finds a
(1-1/e)—-approximate solution for the cardinality—constrained problem. This approximation ratio is theoretically optimal, and it runs
faster than the previous algorithms. Moreover, we design the first streaming algorithm that finds a nontrivial-ratio—approximate
solution for the knapsack—constrained problem. This is joint work with Chien—Chung Huang in ENS Paris. We gave a talk on this result
in Workshop on Algorithms held by Special Interest Group on Algorithms (SIGAL) of Information Processing Society of Japan (IPSJ),
and a journal version was submitted.

Besides, we propose a new optimization model with submodular structure for detecting a community in a social network, which is a
collaboration with Atsushi Miyauchi from RIKEN AIP, and this result is published in the refereed conference on knowledge discovery
named CIKM.
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