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Theory of Gradual Typing for Modern Programming Languages
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Gradual typing is a programmin?—language technique that allows statically
typed and dynamically typed parts to coexist in a single program. We have studied the theoretical
foundations for applying this technique to advanced programming languages. The main result is
computational calculi that introduce gradual typing to advanced programming language mechanisms such
as polymorphism, session types, refinement types, nondeterminism, ML type inference, and
intersection types; we have proved its properties (such as type safety). In addition, we improved
space-efficient coercions that have been proposed as an implementation technique for gradual typing
by coercion passing style compilation, which we implemented and evaluated.



Lisp JavaScript

Java ML Haskell Coq

Siek Taha
Siek Taha
JavaScript
O ©))
@
JavaScript TypeScript
@
(©))
(
@ (Lisp ) eval
(Davies A o (1998) Tsukada
(Hanada&lgarashi 2014,Tsukada&lgarashi 2010) Siek
eval
@

®

(gradual typing)

eval

Hanada  lgarashi
Taha (2006)

eval



€

Eval Ao
Murase Nishiwaki
(WGT2020 )
@
(fully
abstract) (PPL2018 )
(ESOP2019 )
)
(ICFP2020 )
Garcia, Cimini
Danvy Filinski
(POPL2019 )
(PPDP2018 )
coordinated
choice
(APLAS2019 )
©)
System F
(ICFP2017 )
Grift

(ECO0P2020 )



21 21 4 11

Sekiyama Taro Tsukada Takeshi Ilgarashi Atsushi

4(ICFP)

Signature restriction for polymorphic algebraic effects

2020

Proceedings of the ACM on Programming Languages

DOl
10.1145/3408999

IGARASHI ATSUSHI  THIEMANN PETER TSUDA YUYA VASCONCELOS VASCO T. WADLER PHILIP

29

Gradual session types

2019

Journal of Functional Programming

DOl
10.1017/50956796819000169

Nishida Yuki lgarashi Atsushi

Manifest Contracts with Intersection Types

2019

Proceedings of Asian Symposium on Programming Languages and Systems (APLAS2019)

33 52

DOl
10.1007/978-3-030-34175-6_3

Yuya Tsuda, Atsushi lgarashi, Tomoya Tabuchi

Space-Efficient Gradual Typing in Coercion-Passing Style

2020

Proceedings of European Conference on Object-Oriented Programming (ECOOP2020)

DOl
10.4230/L1PIcs.ECO0P.2020.8




Inoue Hiroaki lgarashi Atsushi 179
A type system for first-class layers with inheritance, subtyping, and swapping 2019
Science of Computer Programming 54 86
DOl
10.1016/j .scico.2019.03.008
Yasugi Masahiro Muraoka Daisuke Hiraishi Tasuku Umatani Seiji Emoto Kento -
HOPE: A Parallel Execution Model Based on Hierarchical Omission 2019
Proceedings of the 48th International Conference on Parallel Processing 1-11
DOl
10.1145/3337821.3337899
Nakashima Ryusuke Yoritaka Hiroshi Yasugi Masahiro Hiraishi Tasuku Umatani Seiji -
Extending a Work-Stealing Framework with Priorities and Weights 2019
Proceedings of 2019 IEEE/ACM 9th Workshop on Irregular Applications: Architectures and 9-16
Algorithms
DOl
10.1109/1A349570.2019.00008
KIMURA Daisuke NAKAZAWA Koji TERAUCHI Tachio UNNO Hiroshi 37
Failure of Cut-Elimination in Cyclic Proofs of Separation Logic 2020
139 152

DOl
10.11309/jssst.37.1_39




Yuki Satake, Hiroshi Unno, and Hinata Yanagi

Probabilistic Inference for Predicate Constraint Satisfaction 2020

Proceedings of the annual AAAI Conference on Artificial Intelligence (AAAI 2020) 1644-1651
DOI

Yuki Nishida, Atsushi lgarashi -

Nondeterministic Manifest Contracts 2018

Proceedings of ACM PPDP 16:1-16:13
DOI

10.1145/3236950.3236964

Yusuke Miyazaki, Taro Sekiyama, Atsushi lgarashi 3(POPL)

Dynamic Type Inference for Gradual Hindley-Milner Typing 2019

Proceedings of the ACM on Programming Languages 18:1-18:29
DOI

10.1145/3290331

Taro Sekiyama, Atsushi lgarashi 11423

Handling Polymorphic Algebraic Effects 2019

Proceedings of European Symposium on Programming (Springer LNCS) 1-28

DOl
10.1007/978-3-030-17184-1_13




Hiroshi Yoritaka, Ken Matsui, Masahiro Yasugi, Tasuku Hiraishi, Seiji Umatani 82

Probabilistic guards: A mechanism for increasing the granularity of work-stealing programs 2018

Parallel Computing 19-36
DOl

10.1016/j .parco.2018.06.003

Hiroaki Inoue, Tomoyuki Aotani, Atsushi lgarashi 109

ContextWorkflow: A Monadic DSL for Compensable and Interruptible Executions 2018

Proceedings of European Conference on Object-Oriented Programming (LIPIcs series) 2:1-2:33
DOl

10.4230/L1PIcs.ECO0OP.2018.2

Tetsuo Kamina, Tomoyuki Aotani, Hidehiko Masuhara, Atsushi lgarashi 156

Method Safety Mechanism for Asynchronous Layer Deactivation 2018

Science of Computer Programming 104-120
DOl

10.1016/j .scico.2018.01.006

Hiroshi Unno, Yuki Satake, Tachio Terauchi 2 Issue POPL

Relatively complete refinement type system for verification of higher-order non-deterministic 2017

programs

Proceedings of the ACM on Programming Languages 1 29

DOl
10.1145/3158100




Yuki Satake, Hiroshi Unno

Propositional Dynamic Logic for Higher-Order Functional Programs 2018

Proceedings of CAV 2018, LNCS 105-123
DOI

10.1007/978-3-319-96145-3_6

Yoji Nanjo, Hiroshi Unno, Eric Koskinen, Tachio Terauchi -

A Fixpoint Logic and Dependent Effects for Temporal Property Verification 2018

Proceedings of LICS 2018 759-768
DOI

10.1145/3209108.3209204

Yuu lgarashi, Taro Sekiyama, Atsushi lgarashi 1

On polymorphic gradual typing 2017

Proceedings of the ACM on Programming Languages 1 29
DOI

10.1145/3110284

Atsushi lgarashi, Peter Thiemann, Vasco T. Vasconcelos, Philip Wadler 1 Issue ICFP

Gradual Session Types 2017

Proceedings of the ACM on Programming Languages 38:1-38:28

DOl
10.1145/3110282




Taro Sekiyama, Atsushi lgarashi, Michael Greenberg 39

Polymorphic Manifest Contracts, Revised and Resolved 2017
ACM Transactions on Programming Languages and Systems 1 36
DOl

10.1145/2994594

27 2 16

Yuki Nishida, Atsushi lgarashi

Manifest Contracts with Intersection Types

Asian Symposium on Programming Languages and Systems (APLAS2019)

2019

Yuya Tsuda, Atsushi lgarashi, Tomoya Tabuchi

Space-Efficient Gradual Typing in Coercion-Passing Style

European Conference on Object-Oriented Programming (ECOOP2020)

2020

Taro Sekiyama, Atsushi lgarashi

Gradual Typing for Extensibility by Rows

Workshop on Gradual Typing

2020




Yuya Tsuda, Atsushi lgarashi, Tomoya Tabuchi

Space-Efficient Gradual Typing in Coercion-Passing Style

Workshop on Gradual Typing

2020
HOPE
125
2019
125
2019

Makoto Tatsuta, Koji Nakazawa, and Daisuke Kimura

Completeness of cyclic proofs for symbolic heaps with inductive definitions

The 17th Asian Symposium on Programming Languages and Systems (APLAS 2019)

2019




22

2020

Yuki Nishida, Atsushi lgarashi

Nondeterministic Manifest Contracts

The 20th International Symposium on Principles and Practice of Declarative Programming (PPDP 2018)

2018

Yusuke Miyazaki, Taro Sekiyama, Atsushi lgarashi

Dynamic Type Inference for Gradual Hindley-Milner Typing

The 46th ACM SIGPLAN Symposium on Principles of Programming Languages (POPL 2019)

2019

Taro Sekiyama, Atsushi lgarashi

Handling Polymorphic Algebraic Effects

European Symposium on Programming (ESOP 2019)

2019




Hiroaki Inoue, Tomoyuki Aotani, Atsushi lgarashi

ContextWorkflow: A Monadic DSL for Compensable and Interruptible Executions

European Conference on Object-Oriented Programming (ECOOP 2018)

2018

JWM

121

2018

JWM

60

2019

35

2018




Hiroshi Unno

Horn Clauses and Beyond for Relational and Temporal Program Verification

The 5th Workshop on Horn Clauses for Verification and Synthesis (HCVS®18)

2018

Kaede Kobayashi, Atsushi lgarashi

Gradual Session Types In Imperative Style

Fourth Workshop on Behavioral Types

2019

21 (PPL2019)

2019

Atsushi lgarashi, Taro Sekiyama

Handling Polymorphic Algebraic Effects

NIl Shonan Meeting No. 146

2019




20 (PPL2018)

2018

loT

15 (DSW 2017)

2017

Yuu lgarashi, Taro Sekiyama, Atsushi lgarashi

On Polymorphic Gradual Typing

ACM SIGPLAN International Conference on Functional Programming

2017

Atsushi lgarashi, Peter Thiemann, Vasco T. Vasconcelos, Philip Wadler

Gradual Session Types

ACM SIGPLAN International Conference on Functional Programming

2017




20 (PPL2018)

2018

Hiroshi Unno, Yuki Satake, Tachio Terauchi

Relatively complete refinement type system for verification of higher-order non-deterministic programs

ACM Symposium on Principles of Programming Languages

2018

Yuki Satake, Hiroshi Unno

Propositional Dynamic Logic for Higher-Order Functional Programs

International Conference on Computer Aided Verification

2018

Yoji Nanjo, Hiroshi Unno, Eric Koskinen, Tachio Terauchi

A Fixpoint Logic and Dependent Effects for Temporal Property Verification

ACM/IEEE Symposium on Logic in Computer Science

2018




http://www.fos.kuis.kyoto-u.ac.jp/~igarashi/

(Umatani Seiji)

(40378831) (32702)
(Nakazawa Koji)
(80362581) (13901)
(Unno Hiroshi)
(80569575) (12102)







