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3.2 Base-Level Directives
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public:
int f(int p);

int i;

//MOP reflect:
int g(int p);
int j;
};
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void MetaObj: :Meta_MethodCall(Id
method_id, Id category,
ArgPack args, ArgPac& reply){
Meta_HandleMethodCall (method_id,
args, reply);
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void MetaObj: :Meta_Read(Id var_id,
Id category, ArgPack reply){
Meta_HandleRead(var_id, reply);
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void MetaObj: :Meta_Assign(Id var_id,
Id category, ArgPack arg){
Meta_HandleAssign(var_id, arg);
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void VerboseMeta: :Meta_MethodCall(
Id mid, Id category,
ArgPack args, ArgPac& reply){
printf ("<)s> was called.\n",
Meta_GetMethodName (mid)) ;
Meta_HandleMethodCall (mid,
reply);
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//MOP reflect:
int f(int i);
};

//MOP reflect class X : MetaObj;
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class refl_ X
: public X, private MetaMsgReceiptor {
public:
int f(int);
void Base_HandleMethodCall(Id, Id,
ArgPack, ArgPack);
MetaObj* metaobj;

};
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int refl_X::f(int i){
ArgPac args, reply;
args.PushInt (i) ;
metaobj->Meta_MethodCall(3,
Category_none, args, reply);
int r = reply.PopInt();
return r;

}
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00000000 BaseHandleMethodCall() OO0
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00000000000 000000000D00000

void refl_X::Base_HandleMethodCall (
Id method_id,
ArgPack args, ArgPac& reply){
switch(method_id){

case 3 : {
int pl = args.PopInt();
int r = X::£(pD);
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reply.PushInt(r);
} break;

}
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class X {

public:

//MOP reflect:
int i;

};

//MOP reflect class X : MetaObj;
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ooooooDboo

class refl_X
: public X, private MetaMsgReceiptor {
public:

i_in_X i;

MetaObj* metaobj;

};
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/ OcMetaObj

QuickOcMetaObj
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class Adder {
public:
//MOP reflect:
int add(int a, int b){
return a + b;

};
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//MOP reflect class Adder:RpcMetaObj; [l

0000000000000 0000oooooo

00000000000000 Addee 000000
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// 0000000
refl_Adder client("adder");
// 0000
refl_Adder server("adder", IS_SERVER);

OD0D0D0O0000000 refl Adder 000000
O client 0000000000 O0D0OO0DOOODO
server UOOOO0O0O00OO0OOOOOODOOO
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00000000o0oooooo0o0ooooooooo
noof*ooooooooDOoODODOODOOO
000000000000 00000000 client
0000000000 0000 proxy[20000000
00000000000 0000000 clientODO
000 dda() OODOODOODODOOOODOO

result = client.add(3, 4);
00000000000 server 00000 add(3,4)
00000000 result 0000000

000 Adder 000000000 OODOOOODO
000000000000000000 RpcMetalbj
000000000000000000000000
00000000000 00ooooo 100000
00000000 object community 0000000
0000000000000 000000Dooooo
00000 object community 0000000000
000000000000 000000O0ooooao
000000000000 MetaMethodCall() OO
0000000000oooooooooooooao
000000000000000000000000
0000000000000 000oo0oooDoooo
00000000000 0000000000D0o0a0
000000000000 00o0ooooooooon
000000000000000000000000
0000000000000 MetaMethodCall() O
0000000 object community 00000000
Object Communities 0 0 0 0O 0cCoreMetaObj O O
000000000 00000D0O0000D00000
000000000 00D0oo0ooooooooooon
000 0OcCoreMetalbj D0 D ODDODOOODOOOO
O00O00000 RpcMetalbj 0O 00O OOOO
000000000000 0ooDoooooooon
00000000000000000D00O0000O
0000000 Meta HandleMethodCall() OO 00O
0000000000000 00g00ooooooo
000000000000000000000000

t6 00D0OO0O0O00O0O0O0O0O0O (constructor) 000
goooooOoooOoO0ooOoO0oOooboooOoDobOoOoo
oo00000000000000000O00000O0
0000000 Adder 00D0OO0OODOODOODO
goo0oooOoOooOoOoooOO0oO0O0o0o0on
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000000000000 Doooooooon

4.2.2 0000000000
00000000000000000000000
000000000000 0000000000O00
000000000000 00ooooooooo
0000000000000 0ODbject Communities
0000000000000 000oooooooo
000000000000000000000oo0o
000000000000000000000000
000000000000 00000000o0ooon
0000000000000 000o0oooooo
0000000000000000000000o00
00000000000 00o0o0oooooooooo
0000000000000 0O0000O0oDoooon
00000ooooooo

000000000 0000000o00ooo00on
0000 Person 00000000 OOODODOOO

class Person {
public:
//MOP reflect:

argString name;

int age;
};
//MOP reflect class Person

: OcShareMetaObj;

OO0 reflPerson 00D 0OOODODODODODOO
OcShareMetalbj 00000000000 OO00OO0O
O000000000000000000 reflect
OO name 0 age 0000 0COOOODODOOODODO
OoooooOoooooooooooooooOogo
O name 00 argString 00C++00000000
000000000000 OpenC++000000
000000000000 00Oreify/reflect 000
000000000000 ArgPac 00O0OO0OO
OO00oooooooooo

ooooooooooOooooOooooooo

refl Person boy("jack");
OoO0o0O0o0ooooooOooooOooooooOooo
0000000 (000 jack)00DO0O0DO0O0OODOO
0000000000000 object community OO
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01 0000000000 O0O00OO0O0 (usec.)

ooooo 0 1 5 5% double
C++4+ 0000 03 06 1.3 2.1
CH++ virtual 00O OO 08 1.0 1.8 2.2
reflect 0O OO 1.8 6.3 138 21.7
reflect/virtual O 23 63 7.7 9.9

SPARC 40MHz (28.5MIPS) and Sun C++ 2.1

0000000000000 0000000oooo
000000000000 000000000000
0000000000000 0000 MetaAssign()
000000000000 00000000000
00000000000 000 ArgPac 000OD0OODO
000000000000 000 object community
000000000000oD0D000oooooooo
000000000000000000000000
00000000o0oooooooon

Object Communities 0000000000000
Doooooooooooooooo'oooooo
0000000000000 000000000oo
0000000000000 oooooooooao
000000o0o0o0oDoo0oooooooooooo
0000000000000 00ooooooooon
00000000 0oD0D0O000oo0oDooooooo
oooo

5 DOoOobOoood

Open C++ 0000SunOSOODOOOOOOODb-
ject Communities 00 0000000000000
ooo DDDDDDDDDDDDDDDDDTSDOb—
ject Communities 0 00 000000000000
0 TCP/IP 000 OUNIX O socket 00O OODO
000000000000 0D0D000d Open C++0
Object Communities 00 000000000000
oood0obOoOoOoooooboooboo

17 C++ 0 smart pointer[22] 00000000000
gooo

8 Open C++0 00000 utsun.s.u-tokyo.ac.jp
(133.11.11.11) 00 anonymous ftp 0000000
oo

5.1 0000O0O0OO0O0O0O0ODOOO

0000000000000 000000000
00000000 0000000000000000O
000000000000 Open C+4+00 reflect
0000000000oD0ooooOooopooDooon
0000000000o0oD0ooDoooooooog
000000000000 0000ooDooooooo
0000000000ooOpDoooooooooog

01000000000000D0D00000000
0000000 00SPARC station 2 (SunOS 4.1.1)
000 Sun C++2100000000000000
000000000O0Do0o0oDoOoDOoOoOooog
int 00000000000 Odouble 000000
00000000000 DO00D000000 int OO0
O00000000000000DOdouble00 OO0
0000000000 D00D00 C++00000C++
virtual OO00O00000 reflect 0000 O0ODO
0000000 C++000D0000poooooo
0000000000 0o0oOooDDODODOoDODO0O00O0n
000000000C++virtual 0OODOOOODO
000000000 0000DooooDoooooo
0000000000000 000Oreflect 000
0000000000 Metabj O 0OOOOOOCODO
00000000 DoODOD0000DO000oooDoono
0 C++00000000D000D0DOO0DO0O00DOOO
o000

O000000Ovirtual 0000 O reflect 0O O
00000000 DODDO0DODDO0O0DOO0ODODbOODOd
00000D00O0O000O0DO00O0O000ooDooDOd
000D00D0D000D0000D0000O0Oreflect O
0000000000000 0000 0dreify/reflect
O000O00D0DODO0O000 ArgPac 00O C+400
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obooboooooooooooooooooDo

02 0D00D0O0D00D0OO0OOODOOO0 (usec.)

00 CH++ reflect
read 0.1 3.5
wirte 0.1 3.5

SPARC 40 MHz (28.5 MIPS) and Sun C++ 2.1

0002000 (int) 00000000 ODOOO
00000000ooOooooDoooooooooon
000000000 o0opooooo«Cc++ 0000
0000000000000 D0000D0O ‘reflect’
O reflect 000000 0O0ODODOODODO reflect U
O00000D0000 Metalbj OOOOOODOO
000000000000 0OD00O00OD00D00O0Od
0O C++0000000D0000DO000000000O
O00Oreflect 0O0000O0DODO C++00000
00000000 oooooooog

O 100reflect OO0O0 O000ODO 0O virtual O
goooobbO0oboo0ob e 80U00ODDOO
00000000 200reflect0000000OODO
Joo00o0o0o0oobuooboo 30gooboo
0000000000000 D0O0O0DO0O0O0dOpen
C++0000000D0D0000DO0OD0DOODODOO
000000o0D0O0o00o0oDOoooDoooooo
000D0000o0o0o00oDoDDOoO00o0oDoOog
000000D0000DDOD0000o0oooDooog
000000DOD0O00D0O00O00oooDoOoDooon
0000000000000 0D0O00O00000
0000000000000 0o0o0oooDOoDOoOoD
000oo0ooooooooo c++00ooooooo
0000000 0D00000000D0D0OD0ODOO
0000000000000 0000000oDoD00
0000000000000 0oo0OooooDoooon
000D00000000000000000000O0O
00000O00o000ooooooooobooboooo
00000o0ooDpooooog

Open C++000000000000DOOOODO
OOreify/reflect D00 0000000000000
000 (un)marshaling 0000000000000

No. 3 May 1994

000000000000000000000000
000000Open C++000000000000
000000000000000000 SunO RPC
0000 (230000010000 (int) 0000
marshaling 0 00 00 0000000000000
0000 Open C++0 reify 0000000000
00 SwnO0000000000000000000
000000100 marshaling 000000000
000000000000

5.2 Object Communities0 00000

Object Communities 0000000000000
0000000 DbDOobOO0oOooDoboOoOobbOoboOogn
000000 bOOo0bOooOdooOoOoooooobooo
0J0000odoobobboobobooobboobobooa
J0oooobOobDbOOobOobObObOooDboObboOon
000000000 o0OoOO0oo0obOooOoooooobo
00d00o0bO0d0obbOobobOooOoobbOoooo
J00Do0d0oOobDOoOoobooboobooo

0300000000000000000DODODOO
Object Communities 0 000 Open C+4+0000
O00000O00O0O0O00O0Sun RPC23)00000
0000000000 DO0D0D000O0dSun RPC
O000000o0oo0oooD rpcgen JO0O0O0O0ODO
O000Sw RPCOOOOOOODOODOOOOOO
00000 TCp/IPO UDP/IPOODOODOOO
0000000 Object Communities 0 TCP/IP O
000000000 Ethernet 000000 SPARC
station ELCOO00O0OODOOOODODOO ICMPDO
000 (64byte) 000000 1 msec. 000000
00 0, 4byte, 4Kbyte 0 00D 0000000000
00000000000 oo0ooobboobooobo

03 0000000000000 (msec.)

0Dooooo 0 4-byte 4-Kbyte
Object Communities 4.5 4.5 14.1
Sun RPC+UDP 2.1 2.1 6.4
Sun RPC+TCP 2.6 2.6 19.5

SPARC 33MHz (21.0MIPS), Packet round-trip 1 msec.
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00000 Object Communities 00000000
0000000 0ooooooo

Object Communities 0 000000000000
Sun RPCOOOO0O00O0OO0OO0OOO0ODOOOOO
000000000000 00ODO000oOooDoUoDOoO
0000 Object Communities 0000000000
0000000000 Object Communities 00 00O
0000000000 000O0000oUOoDUOO0Oo
000000000 000000Suwm RPCOOOO
000000000 oooooTep/IPOOOCO Sun
RPCOO0OO 4Kbyte O O O OObject Communities
000000000000 0000 SunRPCOOO
O0o0o0ooooooooo

04 000000000 (msec.)

ooboo0o 1 2 3 4 5
0-byte 2.5 2.5 2.5 2.7 2.5
4-byte 2.6 2.5 2.5 2.7 2.6

4-Kbyte 13.7 152 206 268 325

Packet round-trip 1 msec.

O 4 00 Object Communities 00000000
goo0o0obbo0o0o0oboooboooooboobo
gooboobboooobbobboboooobo
goooobbboboboobobboobbooboo
000000000000 00D0D00DODOOSPARC
station 000 00000ODOODOOO 10000000
gbo00obooOo0obooobooboo

gbo00ooooobboooobooooobooo
gooooobobbobobboboooboogo
goob0ooooooo0ooboouooboooo
goooo0ooboobooobooobboboobbooo
goooobooobbobobooobobbooooo
goo0o0ob0o0o0ooooobooooboooboobooo
goooooooobooboooobbboobobbo
goooooooobooboobbooobbbo
goodo0oobbooobooobboobooboo
goobobobobobboboobobobooo
000 OObject Communities 00 000000003
00()0000ISISE 000000000000

(206)

0000000000 UNIX TCp/IPOODOOO
oboboooooobooooooooboDODbOoboon0o
oboOoo0ooooooooobOobObObO0obb0o00on
OmOo0Cc00o000o0o0o0ooooooooooso
o00oooooooooooooooooboogn
obDo0oo0o0o0ooooon

6 OO

Open C++000000000000C0OC0O0DOO
O00o0oo0oo0ooO0o0O0O000000000B000
0000000000000000 C++00000
0000000000000 D00000000000
0000000000000 00000 C++000
0000000Open C++00000000DOODO
00000000O000O0O0O00O0O00000B00
0000000000000

C++0000000000 Open C+4+0000
000000000O00O0O0000O0O000000O0O
000000000O80Open C+4+00000000O0
0000000000 00000D0O000DB0B00
000000000000O0000DO00B0DO0O0DBO
000000000Open C++00000000O03
0000000000000 0O0O00O000000
000000000000000000000B00
O000000C++000000000000 Arjuna
18] 0 Sun rpcgen (23|00 00000000000
O0000Open C+4+000000000 C++000
00000000O0Open C+4+0000000O00O00
0000000000000000D0000B0O00
000000000000 0000000000B0
0000000000 0000

000000000000000000B00O0
0000000000O000O0b0O0OO0O0O0BO0O00o0
000000000000000000000000
0000 GNU C++0 wrapper[24] 000000
00000000000000000000000
O (operator overload) 00 000000000000
000000 Cc++000000000000000
000 Open C++0000000000000O00O0
00000000000000000000000
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wrapper 0 0000000000000 O0OOOO
0000000000 000DOUooooooooOo
000000000 wrapper JO0000O0OCDOOO
O0O0Open C++00000000COOOODOOO
00000000000 ArgPac 000000000
O0Owrapper 000 00000CDOOOOOODOOO
00000000000 0000000 wrapper O
OO000C0Owrapper OO0O00O0O0OO0O0D0OOO
O synthetic type 00 O000O0O0O0COO0OO Open
C++0 reify 00000000 Oreflect 00000
000ooooo

Open C+4+0000000000COOOCOO
00000000000 0O000o0ooOoOoUDOg
0000000000000 000Open C+4+00
000000000000 0oUoDO0ooDoUDOn
00000000000 000D00O00OOOoUOooo
OO0 ad hocOOOOOOOOOOODOOOpen C++
000000OO00O0O00O0O0D0O0OO0O00OoOoooo
O0o0oooooo

7T DoooOooOooog

0000000000000 0000000 C++
000 Open C++0 000000 OOpen C++0
0000000000000 0O00000o0o0oon
0000000000000 ooooooooooo
000000Open C+4+0000000B00000
00D00DDODO0O0OD0D0D0D0O0O Object Communities
0000000000000 00D00000O0000
000000000 000ooo0oooooogooo
00000000000 000000 Open C++0
0000000Open C++0000000000OO
00000000 c++000o0O000oDooooo
ooooo

000000000000000000o00o000
000000000000 000000000000
0000000000000000D00000000
000000000000 0ooooooooooo
OO000O0nsO00000000000000000
OO00OOpen C++000000000COO0O0ODODO
OO00O0O0OOpen C++0000000D0OCODODOO
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oooooooooboooboooobooboboobooDo
O0O000OOpen C++000000000OO00OO
oobooo0ooooooooboobooooooo
000000000 (partial evaluation) 00 00 O
o0o0ooooooooooobooooboooooo
obo0ob0oo0oEBuuooooooooonono
ooboooooooooDo

O0O000D0OO00O00Open C++00000O0O
ooooooooooob0ob0o0Obo0b0uobon
oobooooooooooooDbDOObODbOobDbOn
OO0 Open C++00000000O0O0O00CCCODO
0000000000O0pen C++00000000O
ooooooooobooboooooooDbDbDD
gobooboooooooooooobObooooboon
ooooooooooooooooobooobbo
oooooo

go

0000000000000O00D0O0 Oooo o
0 0XEROX PARC O Gregor KiczalesO O OO0
0000000000 O00Siemens AG O Frank
Buschmann OO0 000 000000000000 O0O
000000000000 D00DOoO0O0o0oOooooo
0000000000 0oDoooooooo

ooo0o

[1] Bal, H. E., Kaashoek, M. F. and Tanenbaum,
A. S.: Orca: A Language For Parallel Programming
of Distributed Systems, IEEE Trans. Softw. Eng.,
Vol. 18,No. 3(1992), pp. 190-205.

[2] Bal, H. E., Steiner, J. G. and Tanen-
baum, A. S.: Programming Languages for Dis-
tributed Computing Systems, Computing Surveys,
Vol. 21,No. 3(1989), pp. 261-322.

[3] Birman, K. P. and Joseph, T. A.: Reliable Com-
munication in the Presence of Failures, ACM Trans.
Comp. Syst., Vol. 5,No. 1(1987), pp. 47-76.

[4] Birrell, A. D. and Nelson, B. J.: Implementing
Remote Procedure Calls, ACM Trans. Comp. Syst.,
Vol. 2,No. 1(1984), pp. 39-59.

[5] Buschmann, F., Kiefer, K., Paulisch, F. and
Stal, M.: The Meta-Information-Protocol: Run-
Time Type Information for C++, Proc. of the Int’l
Workshop on Reflection and Meta-Level Architec-
ture(Yonezawa, A. and Smith, B. C.(eds.)), 1992,
pp. 82-87.



dguobbbbdbbbodd (208)

[6] Chiba, S.: Open C++ Programmer’s Guide,
Technical Report 93-3, Dept. of Information Sci-
ence, Univ. of Tokyo, Tokyo, Japan, 1993.

[7] Chiba, S., Kato, K. and Masuda, T.: Exploit-
ing a Weak Consistency to Implement Distributed
Tuple Space, Proc. of the 12th IEEE Int’l Conf. on
Distributed Computing Systems, 1992, pp. 416—423.

[8] Chiba, S. and Masuda, T.: Designing an Ex-
tensible Distributed Language with a Meta-Level
Architecture, Proc. of the 7th FEuropean Confer-
ence on Object-Oriented Programming, LNCS 707,
Springer-Verlag, 1993, pp. 482-501.

[9] Danvy, O. and Malmkjeer, K.: Intensions and
Extensions in a Reflective Tower, Proc. of ACM
Conf. on Lisp and Functional Programming, 1988,
pp. 327-341.

[10] Herlihy, M. and Liskov, B.: A Value Transmis-
sion Method for Abstract Data Types, ACM Trans.
Prog. Lang. Syst., Vol. 4,No. 4(1982), pp. 527-551.

[11] Kaashoek, M. F. and Tanenbaum, A. S.: Group
Communication in the Amoeba Distributed Oper-
ating System, Proc. of the 11th IEEE Int’l Conf.
on Distributed Computing Systems, 1991, pp. 222—
230.

[12] Kiczales, G., des Rivieres, J. and Bobrow, D. G.:
The Art of the Metaobject Protocol, The MIT Press,
1991.

[13] Lamping, J., Kiczales, G., Rodriguez, L. and
Ruf, E.: An Architecture for an Open Compiler,
Proc. of the Int’l Workshop on Reflection and
Meta-Level Architecture(Yonezawa, A. and Smith,
B. C.(eds.)), 1992, pp. 95-106.

[14] Maes, P.: Concepts and Experiments in Compu-
tational Reflection, Proc. of ACM Conf. on Object-
Oriented Programming Systems, Languages, and
Applications, 1987, pp. 147-155.

[15] Masuhara, H., Matsuoka, S., Watanabe, T. and
Yonezawa, A.: Object-Oriented Concurrent Re-
flective Languages can be Implemented Efficiently,
Proc. of ACM Conf. on Object-Oriented Program-
ming Systems, Languages, and Applications, 1992,
pp. 127-144.

[16] Matsuoka, S., Watanabe, T. and Yonezawa,
A.: Hybrid Group Reflective Architecture for
Object-Oriented Concurrent Reflective Program-
ming, Proc. of Furopean Conf. on Object-Oriented
Programming ‘91, LNCS, No. 512, Springer-Verlag,
1991, pp. 231-250.

[17) Okamura, H., Ishikawa, Y. and Tokoro, M.:
AL-1/D: A Distributed Programming System with
Multi-Model Reflection Framework, Proc. of the
Int’l Workshop on Reflection and Meta-Level Ar-
chitecture(Yonezawa, A. and Smith, B. C.(eds.)),
1992, pp. 36-47.

[18] Parrington, G. D.: Reliable Distributed Pro-

gramming in C+4++: The Arjuna Approach, Proc.
of USENIX C++ Conference, 1990, pp. 37-50.

[19] Rao, R.: Implementational Reflection in Silica,
Proc. of European Conf. on Object-Oriented Pro-
grammaing 91, LNCS 512, Springer-Verlag, 1991,
pp. 251-267.

[20] Shapiro, M.: Structure and Encapsulation in
Distributed Systems: The Proxy Principle, Proc. of
the 6th IEEE Int’l Conf. on Distributed Computing
Systems, 1986, pp. 198-204.

[21] Smith, B. C.: Reflection and Semantics in Lisp,
Proc. of ACM Symp. on Principles of Programming
Languages, 1984, pp. 23-35.

[22] Stroustrup, B.: The C++ Programming Lan-
guage, Addison-Wesley, 2nd edition, 1991.

[23] Sun Microsystems: Network Programming
Guide, Sun Microsystems, Inc., 1990.

[24] Tiemann, M. D.: Solving the RPC problem in
GNU C+H++, Proc. of USENIX C++ Conference,
1988, pp. 343-361.

[25] U.S. Dept. of Defense: Reference Manual for
the Ada Programming Language, ANSI/MIL-STD-
1815A, 1983.

[26] Wand, M. and Friedman, D. P.: The Mystery of
the Tower Revealed: A Non-Reflective Description
of the Reflective Tower, Meta-Level Architectures
and Reflection(Maes, P. and Nardi, D.(eds.)), Else-
vier Science Publishers B.V., 1988, pp. 111-134.

[27] Watanabe, T. and Yonezawa, A.: Reflection in
an Object-Oriented Concurrent Language, Proc. of
ACM Conf. on Object-Oriented Programming Sys-
tems, Languages, and Applications, 1988, pp. 306—
315.

[28] Watanabe, T. and Yonezawa, A.: An Actor-
Based Metalevel Architecture for Group-Wide Re-
flection, Foundation of Object-Oriented Languages,
REX School/Workshop, Noordwikerhout, 1990,
Proceedings.(de Rover et al., J. W.(ed.)), LNCS 489,
Springer-Verlag, 1991, pp. 405-425.

[29] Wegbreit, B.: Studies in Extensible Program-
ming Languages, Outstanding dissertations in the
computer sciences, Garland Publishing, Inc., 1980.
(based on the author’s thesis, Harvard, 1970).

[30] Yokote, Y.: The Apertos Reflective Operat-
ing System: The Concept and Its Implementation,
Proc. of ACM Conf. on Object-Oriented Program-
ming Systems, Languages, and Applications, 1992,
pp. 414-434.

[31] O0O,00,00,00:000000000000
joooocoooooo,0ooooooooooo
, Vol. 9,No. 3(1992), pp. 65-82.

[32] O0O,00:0penC++ 000000000000
goooOooOoo,0o0o0bo0oob0o0on0 (o0O00OO
go0,00000000000, Jun. 1993, pp. 41-44.



