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Our research group is working on establishment of theoretical foundation which is indispensable for
developing highly dependable software and studying how our theory can be applied to practical
software. Specifically, we employ the fundamental theory of formal languages and programming
languages to establish a framework for analyzing and verifying programs by their semantics and
structures and explore how to transform programs to efficient ones without changing their
meanings.
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. Study of formal language theory and its application to program verification

. Formalization of theoretical computer science in a proof assistant system

. Pursuit of the principle of bidirectional transformation and its application to autonomous
collaborative database systems

4. Unraveling of properties of combinators in combinatory logic

5. Study of semantics of programming languages through algebraic approaches
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E. 2R XZEDHHE / The Number of Research Papers
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F 535 EITREHMEME / Significant Research Achievements (FY.2013-2018)

See Ref. 1. “#” mark indicates research carried out at a former organization.
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[2013-2015]
1. Soichiro Hidaka, Zhenjiang Hu, Kazuhiro Inaba, Hiroyuki Kato, and Keisuke Nakano. GRoundTram: An

Integrated Framework for Developing Well-Behaved Bidirectional Model Transformations. Progress in
Informatics, No. 10, pp. 131-148, 2013. [#], [Times Cited: 63 (Google Scholar)]

Abstract: Bidirectional model transformation is useful for maintaining consistency between two models. However,
the lack of a practical tool supporting for systematic development prevents it from being widely used. We solve this
problem by proposing an integrated framework called GRoundTram, which is carefully designed and implemented

for compositional development of well-behaved and efficient bidirectional model transformations.

International impact on both academic and social aspects: Most of existing systems for bidirectional
transformation only support a synchronization between two data given as either relational database or tree-structured
data such as XML database. The GRoundTram system can deal with graph-structured models which are given in
more general data representation. The idea presented in this paper has been applied to many succeeding researches
in this area. This is why the paper has been cited in many articles.

2. Shizuya Hakuta, Sebastian Maneth, Keisuke Nakano, and Hideya Iwasaki. XQuery Streaming by Forest
Transducers. 30th IEEE International Conference on Data Engineering (ICDE 2014), Chicago, Illinois, USA,
March-April 2014. [#], [Times Cited: 14 (Google Scholar)]

Abstract: This paper presents a principled approach to streaming XQuery-based transformations with an elegant
transducer model called MFT for which many static analysis problems are well-understood. We show that a large
fragment of XQuery can be translated into MFTs — indeed, a fragment of XQuery, that can express important

features that are missing from other XQuery stream engines and then use an existing streaming engine for MFTs.

International impact on both academic and social aspects: Although several stream processors for XQuery had
been proposed, their approaches are ad-hoc and applied only to tiny fragments of XQuery. Since our approach using
tree transducers is based on well-studied theory, it is possible to be applied to not only streaming but also

optimization and verification. The paper has been cited even in different contexts from stream processing.

[2016-2018]

1. Kazuyuki Asada, Ryosuke Sato and Naoki Kobayashi. Verifying Relational Properties of Functional Programs
by First-Order Refinement. Science of Computer Programming, Vol. 137, No. 1 (2017), pp. 2-62. [#], [Times
Cited: 18 (Google Scholar)]

Abstract: Most of existing verification techniques are based on first-order refinement types, hence unable to verify
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certain properties of functions. To relax this limitation, this work introduces a restricted form of higher-order
refinement types where refinement predicates can refer to functions, and reduce type checking/inference for the
higher-order refinement types to that for first-order refinement types, which can be automatically solved by using
an existing model checker.

International impact on both academic and social aspects: This paper took a first step toward an automated
higher-order program verification where we can verify property on functions. Although there exist some other work

for similar purpose, this work introduced a unique technique using program transformations.

2. Mirai Ikebuchi and Keisuke Nakano. On repetitive right application of B-terms, 3rd International Conference
on Formal Structures for Computation and Deduction (FSCD 2018), pp.18:1-18:15, Oxford, UK, July 2018.
Abstract: B-terms are built from the B combinator alone which is well-known as a function composition operator.
This paper investigates an interesting property of B-terms, that is, whether repetitive right applications of a B-term
circulates or not. We discuss conditions for B-terms to and not to have the property through a sound and complete

equational axiomatization.

International impact on both academic and social aspects: In this paper, we explore an interesting property of
combinators in combinatory logic which has never been discussed despite of a long history of the theory. After the
second author published the property and its open problems 10 years ago, he gave talks about it in many countries
and received numbers of favorable comments from the audience. The paper gives a partial solution to the problem.



G. BHEIRE;EF / Significant Activities (FY.2013-2018)

See Ref. 2-9.  “#” mark indicates research carried out at a former organization.
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