(®)
2013 2016

Theory of Higher-Order Typed Programs based Software Contracts

Igarashi, Atsushi

13,900,000

Findler Felleisen
Blame Blame

OCaml

We studied the integration of computational effects such as delimited
continuatios and mutable state and software contracts; we proposed a contract calculus and a blame
calculus with delimited continuations and a manifest contract calculus with mutable state and proved

their desirable properties. We proposed an extension of a manifest contract calculus with
algebraic datatypes; we compared two styles of specification for datatypes and showed that a
contract written in one style can be reduced to the other without changing its meaning in a certain
sense. We extended OCaml to implement manifest contracts for datatypes. Finally, we studied trace
semantics for a contract calculus as denotational semantics of software contracts.



80 Meyer
Design by Contract
(1]
push
pop
blame
push
Findler Felleisen
[2] blame
[2] 2012 ACM ICFP
ICFP 2002
Flanagan Pierce
[3,4] Pierce
ML Haskell
(5]

2
[]
3 blame
[4]
1.
2.
3.
1)
(
)
)
(3) Findler Felleisen
blame
Findler Felleisen
( [4])

blame



( [B)  Asai,
Kameyama ( [6])
(
)
)
( [5])
push pop

3)

blame

blame

blame

blame
blame
blame

[1] B. Meyer. Touch of Class. Springer-Verlag
(2009).

[2] R. B. Findler and M. Felleisen. Contracts for
Higher-Order Functions. In Proc. of ICFP
(2002). [3] C. Flanagan. Hybrid Type Checking.
In Proc. of ACM POPL (2006).

[4] M. Greenberg, B. C. Pierce, S. Weirich.
Contracts made manifest. In Proc. of POPL
(2010).

[5] J. F. Belo, M. Greenberg, A. lgarashi, B. C.
Pierce. Polymorphic contracts. In Proc. of ESOP
(2011).

[6] K. Asai, Y. Kameyama. Polymorphic
Delimited Continuations. In Proc. of APLAS
2007.

1)

Danvy Fillinski

blame



CPS
CPS

blame
( [20])

shift/reset

( (] [71)

Wadler Findler blame calculus
(blame) blame theorem

blame calculus CPS

( blame calculus
)
¢ [
[1,3,5])
ACM
POPL ( B[ [2])
)
Coq
OCaml

CamlP4
(

[21])
ACM POPL
( [8,12]
[15,22])
OCaml
OCaml
OCaml
( [6])
©)
Findler Felleisen
Findler Felleisen
(fully abstract)
( [10] [13,19])
(4)
[ 5]
ACM
TOPLAS ( [2])

13
[1] Yusuke Miyazaki, Atsushi Igarashi. “ A Type
Reconstruction Algorithm for Gradually Typed
Delimited Continuations” 19

(PPL2017) , 2017 (

)
[2] Taro Sekiyama, Atsushi Igarashi, and Michael



Greenbeg. Polymorphic manifest contracts,

Revised and Resolved” ACM Transactions on

Programming Languages and Systems, .39

,2017,3:1-3:36

DOI:10.1145/2994594

[3] Taro Sekiyama, Atsushi lgarashi. “ Stateful

manifest contracts ” Proc of ACM

SIGPLAN-SIGACT Symp  on Principles of Prog

Languages, , 2017, 530-544

DOI:10.1145/3009837.3009875

[4] Qi Tan, Kohei Suenaga, Atsushi Igarashi. ”

An Extended Behavioral Type System for

Memory-Leak Freedom”
33 ,

, 2016 (

)
[5] Taro Sekiyama, Soichiro Ueda, Atsushi
Igarashi. “ Shifting the Blame: A Blame Calculus
with Static Delimited Control” Lecture Notes in
Computer Science (Proceedings of Asian
Symposium on Programming Languages and
Systems), , 9458 , 2015, 189-207
DOI:10.1007/978-3-319-26529-2 11
[6] Yuki Nishida, Atsushi Igarashi.” Manifest
Contracts for OCaml” Online Proceedings of
ACM Workshop on ML, , 2015 (

)
[7] Seiji Umatani, Tomoharu Ugawa, Masahiro
Yasugi. “ Design and Implementation of a Java
Bytecode Manipulation Library for Clojure”
Journal of Information Processing, ,23(5)
,2015,716-729

DOI:10.2197/ipsjjip.23.716
[8]Taro Sekiyama, Yuki Nishida, Atsushi
Igarashi.” Manifest Contracts for Datatypes”
Proceedings of ACM  SIGPLAN-SIGACT
Symposium on Principles of Programming
Languages (POPL), ,1 2015, 195-207
DOI:10.1145/2676726.2676996
[9] Tan Qi, Kohei Suenaga, Atsushi Igarashi. ”
A Behavioral Type System for Memory-Leak
Freedom” 17

(PPL2015)
, , 2015 (

)
[10] , : 7

(PPL2015) : 1 ,2015(

)
[11] Tatsuya Sonobe, Kohei Suenaga, Atsushi

Igarashi. ” Automatic Memory Management
Based on Program Transformation using
Ownerships”  Springer LNCS (Proc. of Asian

Symposium on Programming Languages and
Systems), , 8858 , 2014, 58-77
DOI:10.1007/978-3-319-12736-1 4
[12] : .

§ 14

(PPL 2014) ,
, 1, 2014 (
)
[13] Seiji Umatani.”Practical Implementation
Techniques of Ambient Calculus in Conventional
Dynamic Languages” Proc. of ACM Symp. on
Applied Computing, , 1 , 2014,
1345-1351

22
[1] Yusuke Miyazaki, Atsushi Igarashi. “ A Type
Reconstruction Algorithm for Gradually Typed
Delimited Continuations” 19

“

, 2017/03/08 10,

[2] Taro Sekiyama, Atsushi lgarashi. “ Stateful
manifest contracts” ACM SIGPLAN-SIGACT
Symp. on Principles of Prog. Languages (POPL)

, 2017/01/18 20, Paris(France)
[3] Yusuke Miyazaki, Taro Sekiyama, Atsushi
Igarashi. “ Gradual typing for delimited
continuations ” International Workshop on
Scripts to Programs , 2016/06/17,
Roma(ltaly)
[4] Qi Tan and Kohei Suenaga, Atsushi Igarashi.
“ An Extended Behavioral Type System for
Memory-Leak Freedom”

33 , 2016/09/06 09,

[5] ,

shift/reset

? 18
PPL2016

2016/03/07 09,
[6] Yohei Miyamoto, Kohei Suenaga, and Koji
Nakazawa.” A Denotational Semantics of a
Probabilistic  Stream-Processing Language ”
Workshop on  Probabilistic ~ Programming
Semantics (PPS 2016) , 2016/01/23,
St. Petersburg, FL,(USA)
[7] Taro Sekiyama, Soichiro Ueda, Atsushi
Igarashi. “ Shifting the Blame: A Blame Calculus
with Static Delimited Control ” 13th Asian
Symposium on Programming Languages and

Systems (APLAS2015) , 2015/11/29
12/01, Pohang(Korea)
[8] Koji  Nakazawa, Ken-etsu Fujita,

Compositional Z: Confluence Proofs for
Permutative Conversion” 32
,2015/09/08 11,

[9] Yuki Nishida, Atsushi Igarashi.” Manifest
Contracts for ML” ACM Workshop on ML

, 2015709703, Vancouver(Canada)
[10] Kohei Suenaga. “ Formal Verification of
Software, Continuous, and Hybrid Systems; Or:
How Do We Verify Our Program is Correct? ”
Machine Learning Summer School 2015

, 2015/08/27,

[11] Koji Nakazawa.” Lambda Calculi and



Confluence from A to Z” 4th International
Workshop on Confluence (IWC2015)

, 2015708702, Berlin(Germany)
[12] Kohei Suenaga. “ Nonstandard Analysis
Meets Programming Language Theory” The
12th Intl. Conference on Computability and
Complexity in Analysis (CCA 2015)

, 2015/07/13,
[13] , , L

” 17

(PPL2015), 2015/03/04 06,

[14] Tan Qi, Kohei Suenaga, Atsushi Igarashi. ”
A Behavioral Type System for Memory-Leak
Freedom” 17

(PPL2015),
2015/03/04 06,
[15] Taro Sekiyama, Yuki Nishida, Atsushi
Igarashi. ” Manifest Contracts for Datatypes”
ACM  SIGPLAN-SIGACT  Symposium on
Principles  of  Programming Languages,
2015/01/15 17, Mumbai(lndia)
[16] Tatsuya Sonobe, Kohei Suenaga, Atsushi

Igarashi. ” Automatic Memory Management
Based on Program Transformation using

Ownerships”  Asian Symposium on Programming
Languages and Systems, 2014/11/17 19,
Singapore

[17] Minoru Kinoshita, Kohei Suenaga, Atsushi
Igarashi. " Automatic Synthesis of Combiners in
the MapReduce Framework: An Approach with
Right Inverse ” International Symposium on
Logic-Based Program Synthesis and
Transformation (LOPSTR2014), 2014/09/09
11, Canterbury(UK)

[18] Seiji Umatani. " Practical Implementation
Techniques of Ambient Calculus in Conventional
Dynamic Languages” ACM Symp. on Applied
Computing, 2014/03/24 28, Gyeongju(Korea)
[19] , , L

" 14
(PPL 2014),
2014/03/05 07,
[20] , .
"14
(PPL 2014),
2014/03/05 07,
[21] , .
" 14
(PPL 2014), 2014/03/05 07,
[22] , .,

" 14

(PPL 2014), 2014/03/05 07,

2016-017441
2016 02 01

2016-017419

2016 02 01
PCT/JP2017/003295
2017 01 31

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

1)
(IGARASHI, Atsushi)
)
(UMATANI, Seiji)
(SUENAGA, Kohei)
(NAKAZAWA, Koji)
(©)
« )
(4)
« )



