
 

 

The University of Tokyo 
Graduate School of Information Science and Technology 

Department of Creative Informatics 

#�&$ 
 

 
A Platform for Composable and Statically-

Checkable Domain-Specific Languages 
 (���" ��!���"�
�	��%�����������
��) 

 

Doctoral Dissertation of:  
Kazuhiro Ichikawa  

� � '� 
 
 

Academic Advisor:  
Shigeru Chiba  
��� 	 
 
 
 
 
 
 

 
 

































O(N3) N

O(N3)



































O(n3) n n



!
!
!
!
!

!

n





["_:Regex"_:Regex"]:Regex�

["_:Letter"]:Regex�

["_:Regex""+""]:Regex�

["_:Regex"_:Regex"]:Regex�

["_:Regex"_:Regex"]:Regex�

["_:Letter"]:Regex�["_:Letter"]:Regex� ["_:Letter"]:Regex�

h�

hel+o�

+�

[""h""]:Letter�

e�

[""e""]:Letter�

l�

[""l""]:Letter�

[""o""]:Letter�

o�







!





O(n)

O(n)

O(n) n

A e A

e

e1e2 e1/e2 e1 e2

!

!

!



A e ! op A

op e

a ! ”a”
T ! : T
" ! ””
e1e2 ! e1e2

e1/e2 ! : X
op1 > op2

op1 op2 X

opi ei

op1 > op2 op1 op2

!



n

i

P

1 1
P+1

i

i
P

n

n
P+1

i

i
P

i i
P+1

i

i
P

0

0 1 0



P P�1 P P

0 P�1

P P�1

P�1

0 0 0



0

0 1 0

1 0

2 1

2 1

2 1

3 2

0

1 0

2 1

3 2

3

3





!
!
!
!

!
!

!
!
!
!
!
!
!
!
!







P
Q
P

Q
P

Q
P P

P+1 P
Q1
P P

Q2
P P

P P

1 0 2 1

2

1

P P P P



0
0
0 0

1 0

0 1
0
0

1
1 1
0
1 1

2 1

2
1
1

2
0
1

0
2 2

3
0
2

0

1 0

2 1

3 2
25
3 3

0
3 3

25
3

0
3

0
0
0 0

1 0
1
1 1
0
1 1

2 1
0
2 2

3 2
25
3 3

0
3 3













!
!
!
!

!
!
!

!

O(n3)



1"

10"

100"

1000"

10000"

100000"

0" 2" 4" 6" 8" 10" 12" 14" 16" 18" 20"

!me$(ms)�

input$size�

JSGLR"

ProteaJ"



0"

100"

200"

300"

400"

500"

600"

700"

800"

900"

1000"

0" 100" 200" 300" 400" 500" 600" 700" 800" 900" 1000"

!me$(ms)�

input$size�

! i

i !

0 0

n�1 n�1

0 j

0 1 2

n 0

j 0

0 0

0 m�1

m



!
!
!

!
!

!

!
!

!
!

0 0

0 m�1



10000#

9000#

8000#

7000#

6000#
5000#

4000#

3000#

2000#

1000#

0#

500#

1000#

1500#

2000#

2500#

3000#

3500#

4000#

4500#

5000#

1# 2# 3# 4# 5# 6# 7# 8# 9# 10# 11# 12# 13# 14# 15# 16# 17# 18# 19# 20#

!me$(ms)�

the$number$of$user0defined$literals�



10000#

9000#

8000#

7000#

6000#

5000#

4000#

3000#
2000#
1000#

0#

2000#

4000#

6000#

8000#

10000#

12000#

14000#

16000#

18000#

1# 2# 3# 4# 5# 6# 7# 8# 9# 10# 11# 12# 13# 14# 15# 16# 17# 18# 19# 20#

!me$(ms)�

the$number$of$user0defined$literals�



0"

2"

4"

6"

8"

10"

12"

14"

16"

18"

20"

 ProteaJ"  javac" �JastAddJ"

!me$(s)�

























`

`



`









`

O(N ⇤L)
N L



L

O(N) N

L

L

N

`

P

P

P

L P

M

M M

N



2.6GHz 16GB

P

L P

P

2
P

3

P

P

P

L

P

P

P



0	

10	

20	

30	

40	

50	

60	

0	 20	 40	 60	 80	 100	

compila(on	
(me	(s)�

the	number	of	operators�

1	

2	

3	

0	

0.5	

1	

1.5	

2	

2.5	

3	

3.5	

0	 20	 40	 60	 80	 100	

compila(on	
(me	(s)�

the	number	of	operators�

1	

2	

3	

`





`

`



`























`
`

`

`





`





























n

3


