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#epp jp.go.etl.epp.AssociationArray

class Test {

public static void main(String[] args){

// Declaring and initializing

//an association array variable.

String[String] a = new String[String];

a["key1"] = "val1";

a["key2"] = "val2";

System.out.println(a["key1"].equals("val1"));//true

// Type-safe assignment.

Object[String] a1 = a;

a = new String[Object];

// Because of contra-variant rule,

//the following code causes type error.

// Object[Object] a2 = a;

}

}

¿ 1: cx¬V plug-in .1ÖF
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#epp jp.go.etl.epp.MultipleInheritance

class MITest {

public static void main(String[] args){

C obj = new C();

System.out.println(obj.m11() == 11); // true

System.out.println(obj.m12() == 12); // true

System.out.println(obj.m21() == 21); // true

System.out.println(obj.m22() == 22); // true

}

}

class C1 {

int m11() { return 11; }

int m12() { return 12; }

}

class C2 {

int m21() { return 21; }

int m22() { return 22; }

}

class C extends C1, C2 {

}
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5.1 Symbol plug-in
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bol plug-in" R1#� Java 7M�I@.F'�K�

#epp jp.go.etl.epp.Symbol

import jp.go.etl.epp.epp.Symbol;

public class TestSymbol {

public static void main(String args[]){

Symbol x = :foo;

Symbol y = :"+";

System.out.println(x == :foo); // true

System.out.println(y == :foo); // false

}

}

¿ 4: Symbol plug-in R1#�7M�I@F
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²IìR®\�K�£���$���L&�K [21][19][16]�
collaboration (/�¿ 5+�KH�+��Õ.�I
�.?�I¯c.���� �RÝA�B.'�K�
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Mixins which
define the
standard Java
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Mixins
specified as
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A customized
pre-processor
class.
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C`j£�R�����)?+¡
+-A«AKH�
+�KB.'�K� lisp . backquote macro ($Ò
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� ���:int :double

:double
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����K'â÷�L&�K�

7.2 Type 
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�I� Type /� EPP.U�+
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�I�°RJ� Type 
6���(/� :class (
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�(�I��I+ ClassInfo (��'��°R¯Jõ
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7.3 TypeChecker 
6���(
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class ExpandOperatorOverloadingOfMinus

extends TypeChecker {

public Tree call(Tree tree) {

Tree[] newArgs = typeCheckArgs(tree);

Type t1 = newArgs[0].type();

if (t1.tag() == :class){

// Return the AST of "e1.minus(e2)" .

return `(invokeExp ,(newArgs[0])

(id minus) (argumentList ,(newArgs[1])));

} else {

return orig.call(tree.modifyArgs(newArgs));

}

}

}

¿ 8: Operator overloading R���K decorator

è5j�D¦$;��°R).H�+���R¡ö
�KB.�� TypeChecker 
6���('�K�

TypeChecker/� call (��eM.A�#)Rf
$��L/�°sÞ.$�&�*� tree R°sÞb
 tree +¼��KA�#)'�K*¿ 7+�

TypeChecker /�.�).¶C( TypeChecker
R¯cb�K/#�EJ+å��L&�K�°!�#
�1�'/�.�)�(+��..�).��+Ë»
�K TypeCheckerR�3õ�&��..�).°!�#
�R�*��

TypeChecker /� tree RYÕ+(#& tree RÁ
�(���S��5�����G��0H��>�M
Í$*).�R�*#&B�>O*�� plug-in/�
£êRA\�&è5j�D¦$;R�Þ���LRn
�. Java �;+>�MÍ$�K TypeChecker R¡
ö�K�('�;A\R��'K�

�9&. TypeChecker/� decorator pattern [5]
+H#&A\�K�(�'K�¿ 8/�f�¦$;
\-" . TypeChecker+�Þ�K decorator .F'�
K��. decorator /�Ã.
:IS).°��I
�°'�K*I0�

e1.minus(e2)

(��A�#)�3õ�w+>�MÍ$�&Á���
.H�+ plug-in/�Ò³.è5j�D¦$;.4J
RA\�K�(B'K�

*
� decorator patternRÖ�&�K�A�$g
+ÁÖ�L�¹. plug-in �$� TypeChecker RA
\��(�&B���&@/ô��#ù�K�$>J�
�� composability Rüí�K�(�'K�

7.4 TypeNameChecker 
6���(

TypeNameChecker 
6���(/�°!�#�
1�+
�&�°e* \String" *)+D���7
�S�(I��*\String[]"*)+RJ��KC`
j£����è+).H�*°RJ��RÙ¡�K

6���('�K�

TypeNameChecker.1OLè/ TypeChecker(
$�'�A�#) call .YÕ(�&ä�L� Tree
R�°sÞb. Tree +¼��&Á��

boolean isSuperType(Type t1, Type t2){

if (t1.tag() == :assocArray){

if (t2.tag() == :assocArray){

AssocArrayType a1 = (AssocArrayType)t1;

AssocArrayType a2 = (AssocArrayType)t2;

// Contra-variant rule.

return isSuperType(a1.getKeyType(),

a2.getKeyType())

&& isSuperType(a2.getValueType(),

a1.getValueType());

} else {

return false;

}

} else {

return original(t1, t2);

}

}

¿ 9: isSuperType A�#). mixin +HKA\

plug-in /�E�. Java +*���7�S�(I
��R&q�K�A+���* TypeNameChecker
R¡ö�&�&�6K+å��K�(�'K�

7.5 °..¯©

2$.°..¯©*)���&@QÉ+�T�K
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plug-in/� mixin R�Þ�K�(+H#&°..
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¿ 9 /�cx¬V plug-in .�����).K�
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)'�K�¿ 9'/� contra-variant rule+ã#&�
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@?' original (��eM.A�#)�3õ��
�K���L/� SystemMixin plug-in �&q��
j£'�4J¿+/ super class .A�#)�3õ�
($�'�K�+

7.6 ��*°.&qF

)h.A\A�+�@RÖ�K�(+H#&�"r
+�Z�þ..�;A\�� composability .��
plug-in (�&��ß�+*K�
�ÉF(�&� 3R'÷9�cx¬V.��.��

(I�S+$�&÷9K��. plug-in /�210�
'���L&�K�

� cx¬V°Rj£�'KH�+£êRA\�

� isSupetType *)�°$7.¯©R¡ö�KA
�#).A\�

� cx¬V°RJ��K� Type .�6�I��
AssociationArrayType .¡ö�

� cx¬V°RJ�C`j£�.4JR¡ö�K Type-
NameChecker.¡ö��. TypeNameChecker
/�cx¬V°�U�'/AssociationArrayType
°(�&�OL�õ2�LK��)?'/�
Hashtable +*KH�+���LK�
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� ¬V.����(�àq£. TypeCheckerRA
\�K decorator .¡ö��. decorator /�
cx¬V8.����R� Hashtable8.��

��w+Í$�K�

� cx¬V.�A+¡ö�L� TypeNameChecker
( TypeChecker.�I�.�S��S��²I
+*KH�+�&�6K+å��

8 °!�#�1�.�È�¸

8.1 *� visitor patternR1O*��	

visitor pattern /�A\ì.���S1�IRâ
÷�K�A. design pattern '�K��S1�IR
visitor pattern +ã#&���&
�0�C`j£
�R traverse�K����(�I�Þß�+*K�
���� visitor pattern +/����Ö�/�Þ

�D�������.�).�Þ/�+���(��
ØÕ��K��*O!��;.Ò/�'+G¡�&�
K��ÒÁØ*).Ö�/®4�Þ�LKß�ì��
KH�*�S1�I.â÷+/M�&�K�� EPP
.H�+���*j£��Þ�L�K��&@+/M
�&�*��

8.2 *�°.4JR Type 
6���(

.A�#)+�*�.�	

° t1 �° t2 . super type �)���*)�2$
.°..¯©/�
6���(AM¿+/�+�
��

6���(AM¿+â÷�K1$èê(�&� dou-

ble dispatch*�K�/�B�â÷�;��=�(�
&�L0�>K!A�#)+R1�èê��K��.
èêR1�0��Ë`.�; (source language).
°.%uj�R�â÷�; (description language).
�I�.%u+�&/AK�(+HJ�¡Ú+â÷�
K�(�'K M��
�����.èê/�6�Z�þ..�;A\R�

=�(�K7(�� EPP .�¿+/�O*��*�
*I�â÷�;.Â8j�+�&/AIL*�°��
&@R���aß�+�&�>��I'�K�
"
6���(AM¿â÷���K.ØÕ/��

�1$.¯Õ+Ý?��B�EIJ&��A\ì��
��(+�#��� mixin R1#�â÷+HJ��
.�å/��Q+Ù�L&�K�

8.3 *��mixin( decorator pattern

�¹ê�&�K.�	

�.5L�@O��'/�A\B�E�K. com-
posabilityR���K�A.A�+�@(�&�mixin
( decorator pattern.!èR1#&�K�2$.A
�+�@/"r+`&�K���L�LKpK���
K�
mixin/�
J�*K.�I�+��*A�#)R

�Þ�K�(�'K�� decorator pattern '/�
�I��AÙ>#�¶C.A�#)RA\�K�(�
�'*�����#&� mixin .è�A\ì��
�(��K�Kè� mixin .e?�O�/�I�.
¡ög+Ù>K.+Ë�� decorator.e?�O�/

#¿+¼f'K(��6^��K����� EPP
'/7J7M�#�ä#g+��&@.jí�Ù>J
��?+¼Ø�K�(/*�.'��.6^/aÜ'
�K�
����ê. SystemMixin plug-in .��'/�

mixin .A�#)�3õ���r. Java �I�.A
�#)�3õ�+�9&1Ö¯î2�(���å��
K��.
�0�8#)R!�K�A��ê.(�M
1��))'/mixin /Ö�&�*��*
�1�
�+
�&/� decorator pattern R1#�è�@�
M
�0�8#)�â�*K�1��/ 100 )h
B. mixin �Ijí�L&�K��LR decorator
pattern '���K(�1$.A�#)�3õ�.�
3+ 100�)h. delegation �äK�(+*K�
*
� SystemMixin plug-in .A�#)�3õ�

.��©î/0í�N�KÂ¡'�K�I�.�å�
Ù�LL0� decorator pattern /1O�+ mixin
 �R1��(+HJ���&�!CRHJ�S7
K+�K($g+A\ìBHJ���K�(�'K
 M��

9 �]�S1�K

9.1 Java �S1�I.#ù

Java �;.�;.Òh.â*6^(�&� for-
ward declaration R�*�&B�I�D5��K
'�.�K�K�(�'�8# �5��KDMake-
�le R��*�&B��S1�I��]�S1�K�
r#Ñ�S1�K�&�LKÕ��K�

6���(AM7M�I?S�'/��I�.

��*,³¯©�%�¿+9Ü*o��º�� Java
�;.�.6^/��5(���.÷#ìRMh��
Kh'êÜ*�]Rç��&�K�
Java �S1�I/�h.H�+�&�]�S1�

KR���&�K�8# �5��K( Make�le +
���KsÞ��*O!�I�. signature(,³¯
©.sÞ/� Java �S1�I������)�Ir
#÷í�� class �le .?+�«S'�K��]�
S1�K�r#Ñ�S1�K/� class �le +��L
�sÞRÁî<?«@�(+H#&�*OLK� class
�le �> ³ê�*�o�/��I�e�I�.�I
��³ê�K/�.���5��KRÅ§���.5�
�KRj£��K�('�9Ü*�I�. signa-
ture RG¡�K�

9.2 EPP .#ù

EPP /� Java �S1�I��*#&�K#ùR
HJKûØ��A�+�@Rf!�API(�& plug-
in 7M�I>+ª4�&�K�
EPP .5L�@O��'/�5��K�)��I

�K�LKg+9Ü(*KÒ��.sÞR� FileSig-
nature(�6'��j�'J��K� FileSignature
/�5��KU+µ>LK�I�e(��.�I�R
¡ö�KC`j£�.©e?(.Ë»J'�K�6�
I�¡ö.©e?7(/��.�I�¡ö.C`j£
��I�A�#)¡ö.%ÉRM��B.'�K��
I�._��°sÞ*ClassInfo+/��. FileSig-
nature .sÞR�K�K�(+H#&�j4�K�
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Phase1

Phase2

FileSignature

Type-checking pass

Parsing pass

Macro-expansion pass

Code-emitting pass

¿ 10: ¼�.2$. phase

(�'K�
�É¿+/� EPP +HK¼��/�)×.H

�+«@� EPP .1$.5��K+Ë�K�/�
phase1( phase2+��LK� phase1/�j£�
1�(�°sÞ+,³�*�>�M.Í$1��Ií
K� phase1 /¹.5��K+K�,³��+�*O
LK���&� phase1 �Ï#�gÕ'��.5��
K. FileSignature�G¡�� FileSignature/�5�
�K+È³�LK� phase2 /�°!�#�1�
H
3��)õ21��IíK� phase2 '/�¹.5�
�K. FileSignatureR9Ü+»�&�K�*�I�
°!�#�R�*#�J�°sÞRýÖ��>�MÍ
$R�*#�J�K��Õ.5��KR EPP +H#
&$g+¼��Ko�/�>��9&.5��K. phase1
R�*���9&. FileSignature�G¡��4��
9&.5��K. phase2 +(J��K�
plug-in/���*°R&q�K�A+�Ë»J (FileS-

ignature).�S(J+�;r.'��j�RqLK
�(�'K��L+HJ� parameterized class .
H�*�6A\�L��I�7R���K�(�'
K�>���I�+�I��F�0F��¡ö.>�
M*)�)��I�Kß�*�IFKsÞR� FileS-
ignature .�S(J+qLK�(�'K�
� �� plug-in.���+Ë�&�h.H�*ê

Ü*Ü���K:
6�9&.°/� FileSignature.?RÖ�&�G

¡�K�(�'*�L0*I*��7

�.Ü�/� plug-in�'K�(+è�RÞ�&
�>��F�0 phase2 '.¼�R�*O*�(°�
G¡�*�H�*�;A\/�%5L�@O��.�
]�S1�KA�+�@.�=�(.þ.)'�K�
(R4J�K�����
+ plug-in/�.Ü���
G��0� EPP .5L�@O���ª4�K�]�
S1�K.�=�(.Ó´+���K�(�'K�

9.3 FileSignature R1#� plug-in .

��F

%5L�@O��RýÖ��F(�&�ºêÂ8 plug-
in .��.��(I�SR!g�K��. plug-in
/�259�'���L&�K�

� £êA\�
�/� EPP .1��/Ò��I extends .�

�M+�Õ.°e��#&B¼�b�K.'�Ú
B�*�&H��

� �I�¡ö.C`j£��I FileSignature 8
.¼�A�#).A\�
$Ò.�¸'��/ÚB�*�&H��

� FileSignature �I ClassInfo 8.¼�A�#)
.A\�
ºêÂ8R�*#&�K�I�.°R�%�.��
1��I�(+�B..��1��I�. FileS-
ignature �IÙ¡�K�

� class RJ�.�). TypeChecker . decora-
tor +HKA\�
ºêÂ8R�*#&�K�I�.C`j£�R�
A�#)R+�B..��1��I�+ delegate
�K�
KÂ8.�I�+¼��K�

�.H�+���K �'� 4R'÷9��åR�
9&Ù�KºêÂ8 plug-in ���'K�

10 ¯cõ�

£êD'��°RA\'KA\ß��;/ãí�
IÕº��K�� EPP .H�+Zþ.*°��&@
.A\�'Kh��.�K(�]�S1�K.�å
RÙ��A\ß��;��&@/¹+*��
�;�À.B�E�KØ��*�K�S1�I÷

í��&@(�&� Eli[7] ��K� Eli /�«ì£ê
+Ç%��£ê(4J.¡ö�I��;�ÀRr#
÷í�K�Ò³.¡ö�W�IK¶.Â8R�*��
(+H#&���*�;R¡ö�K�(�'K�K
û+«ì£ê+Ç%����&@.o�� ad hoc *
�D��*â÷.'0#�èê*)>'µAK(�
Ñ3+/�*J.g�9Ü+*K(@OLK� EPP
.H�+5L�@O��+Ç%��;A\±ê'/�
â÷�;+�B'�&�.±®°�;.�;�À
RÖ�K�A���*�.â÷D'0#�+¯�&
/�7M�I>�.�KR�.>>÷���(�'
K�>�«ì£ê.H�**�¿â÷.ýÕ.1$
(�&ÑýÖì.����K�� EPP'/ collaboration-
based design RÖ�K�(+HJ�*�¿â÷($
�.��ÑýÖìRüí�&�K(;�/z�&�K�
�S1�KgMOP(Meta Object Protocol)[13]R

ª4�K�(+H#&�;RA\ß�+�K��&@
+�MPC++[12], OpenC++[4], JTRANS[14],
OpenJava[22] ��K��LI.��&@/� EPP
($Ò+�j£�4.C`j£�+Ë�&��*¼
��R�*��(R�¿(�&�K�£êB�IL
�þ..?'A\ß�+*#&�K�F�0MPC++
'/����¦$;D£*)R�Þ'KH�+*#
&�K�>�� MPC++, OpenC++, OpenJava�
�&@'/�A��I�R¡ö�K�('�I�.Ö
�RA\��J�°sÞRýÖ��>�MÍ$�ß�
'�K������I�(���eR���'��°
.�Þ*)/�*�*��
CLOS/�9&.'��°R
6���((�&�

�($g+��g MOP[13] Rª4�K�(+H#
&�^A&B2*�;A\*6+'��°+¯�&+
Rß�+�K�;'�K����Kû+��g MOP
/�LR¨�K runtime system .³êR9Ü(

7



�K�A��;A\.þ.B�. runtime system '
'Kþ.U+r�(è��LK�B!MS EPP +
HK�;A\.þ.B�õ2�;'�K Java �;.
Ö�+H#&è��LK���� EPP .��&�
!CR;<�.>>Ö�&� C �;Rõ2�;(�
K(IS�L��RùK�(�ß�'�K��.o�
/ runtime system Dõ2�;+HKè�/;(S)
*�*J��Q+r¸*�;A\�ß�*��&@+
*K�;�/�ê�.H�*(IS�L��.��R
È��&�K�

EPP ($Ò+��WR�Þ�K�('£ê.A\
�ß�*7J7M�#�(�&/� Camlp4[17] (�
� Objective Caml.7J7M�#���K����
°��&@RA\�KÖ�/f#&�*��

11 >(A

A\ß� Java 7J7M�#� EPP �²�K�°
!�#�Öj5L�@O��+$�&÷9���.5
L�@O��/� FileSignature(��.�R&q�
K�('�°sÞRýÖ��¼��+ë�÷�K�
I��5��K.�.�K.�åD�]�S1�
K.�åRÙ�&�K�

�;.A\�W'�K EPP plug-in /� system
mixin ( decorator pattern .2$.ÖjRÖ�&�
collaboration-based design +Ç%�&���LK�
�L+HJ�� composability �üí�LK�

FileSignature R1#�°!�#�.5L�@O�
�/���?'�J�%�£'÷9� plug-in .F
/��9&#ù�&�K��9&.�����)/�
www +H#&¬h?'�K [11]�

%�£'÷9��]�S1�K
H3r#Ñ�S1
�K.A�+�@/> ���L&�*���®4�
�R«A&��Â¡'�K�>�� plug-in . com-
posability ��è+).¯î��.��Ú� plug-in
)��.Z@.�W+*JD���Rk9K�(B®
4.øå'�K�

%5L�@O��RÖ�&ã����Ö¿* plug-
inR��ß��)��Rk9K��(�&��êGJ[3]
(�Q+�S1!6K*1IA�b�I� plug-in
.��R�*#&�K���/�Ò�+ plug-in.©
e?*700�¯î+R>�;����-J.��R
ã��+,ï�K(��²'�*#���ê.(�M
�����)/ 1600�¯î+*J� GJ .;(S)
.Ö�.����'+Ï#&�K�

>��%5L�@O��RÖ��7M���((�
&� JavaMetrics 7M���( [23]��K��.7
M���('/ Java 7M�I@.�����).ì
�R100��)h.Ò�*¨Õ�IÕ&¿+È§�
KA(J#��$�K(�&�(7M�I@+HK&
�(Ï��RÈ§�K&�(�0L��$�K.��
R�ê�*#&�K� EPP �ª4�Kj£��°
!�#��C`j£�}ù.Ö�RýÖ�K�(+H
J���÷#ìRh�&�K�
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