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Internet Grids
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Potentially:
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Grid: from enterprise ... to regional
Very hard deployment problems … right from the beginning 
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Grid: from regional ... to worldwide
Communi cat i on Ni ce- Los Angel es:  70 ms Li ght  Speed

Chal l enge:  Hi de t he l at ency !

Def i ne adequat e pr ogr ammi ng model
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1. Distributed Objects

ProActive
Programming
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ProActive
Objectives and Rationale
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ProActive : model
Ë �9ê!ä � ,G¤� "¸�é�¤�ê	ä ï°¨�ê� G£!¡	ï�¤.� ì"¡�£�� ��¤�·Fï ä ¡ ��ê	ä �G¡�� ��ì¦¤!�\ä � ä � ¤"ï ð ï �\¸LïAXGï ä ¤�¢=ï�ó
Ë k3£�ê!¹á£�ê!ä � ,¤� x¸�é�¤�ê!ä.¨ ��ñ� \ï�ï�� ¸�¶ XF x¥°�OïK¢F£	� X9ñ�£�ï!ï	� ,"¤� "¸�é�¤�ê	ä�ï

��¹�£�ï�¤��\£�ê!ä ¶ XF "��¤3ä ¹G¡�¤�£�·�æ
Ë �« Fï ¹�£!¡ ¤�·9ñ�£�ï	ï�� ,\¤° x¸�é�¤�ê!ä ï	� �T*O£!¡ £�¢=¤!ä ¤!¡ ï�£!¡ ¤Òñ�£"ï�ï�¤�·9¸ XF·G¤�¤!ñ�� ê� "ñ X
Ë �9ï5X"��ê!¹G¡� x�L x�Lï�í3 x¢F¢9�\��� ê�£!ä �  x�F¸�¤	ä ¥¦¤�¤!�á£�ê!ä � ,"¤� "¸�é�¤�ê!ä�ï
Ëp� �\ä �\¡ ¤� �¸�é ¤�ê!ä ï�£!�L·ç¥¦£�� ä � ¸EX�� ��¤�ê�¤xï�ï	� ä XLæ
Ëp� ��¶ ¶�ê� ��\ä ¡  x¶\ä  «ï�¤!¡5,¤�� �Lê� \¢F� ��ì9¡�¤&�x��¤�ï ä ï ð ¡�¤"� � � ê"£!ä �  x�Ló

JVM
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ProActive model (2)
��£�,\£�&�.Íã ð &°¤�¢F xä ¤'. ¤!ä ¹� \·9ã �7," \ê�£!ä �  x�W�¾è3¸�é�¤�ê	ä7&'*Oíb�¾ Læ �  \  ð ñ�ó�ó

ñL¶ ��ï�£°� ¤	¥µ� ¢9ñ� x¡ ä £!�\äO� ¤�£!ä �G¡�¤�ï�¨
Ë ò\¤/�x�L¤!�\ä � £�¶�è3¸�é�¤�ê!ä ¨£9ï�� ��ì"¶ ¤Òä ¹\¡ ¤�£�·9¥9� ä ¹ � ã � èùï�¤�¡5,G� ê�¤
Ë �9ï5Xx�Lê!¹\¡  x�L x��ï�.Í¤!ä ¹� G·«ê�£!¶ ¶ ïHä  x¥¦£!¡�·GïH�9ê!ä � ,G¤�è3¸�é	¤�ê!ä ï�¨

ã ¢9ñ�¶ � ê"� ä � �\ä �G¡�¤�ï�£�ïK¢F¤	ä ¹L \·9¡�¤�ï �L¶ ä ï
Ë ë�£�� ä � -�X�� �F¤�ê�¤"ï	ï�� ä XO¨

Ë ���Gä  "¢F£!ä � ê�¥9£�� ä��\ñL x�á£�ï ä ¡�� ê	äO xñ�¤	¡�£!ä �  "�F x�á£.�F�\�G§x�L x¥°�=� �\ä �G¡�¤
Ë� � ¡	ï ä � í3¶ £�ï�ï � �\ä �\¡ ¤�ï�¨

� � �Gä �\¡ ¤�ï�ê�£	�«¸L¤Òñ�£�ï�ï�¤�·çä  F �ä ¹L¤!¡J£�ê!ä � ,"� ä � ¤�ï
��ò\¤	��·\� �\ì9£9� �Gä �G¡�¤3ä  F£��� �ä ¹�¤!¡O¢F£�ê!¹L� ��¤�ï3� ïO�� xä�¸L¶  \ê!§G� �Gì
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ProActive model (3)
Java RMI (Remote Method Invocation =  Object RPC =  o.foo(p)  )

plus a few important features:
• Asynchronous Method calls towards Active Objects:

Implicit Futures as RMI results
• Wait-By-Necessity:

• Automatic wait upon the use of an implicit future
• First-Class Futures:

- Futures passed to other activities
- Sending a future is not blocking

��� � � ���!� 
 � �"� � f V

�°�= "¸�é�¤�ê!äOê!¡�¤�£!ä ¤�·ç¥¦� ä ¹
A a = new A ( obj ,  7) ;ê�£!�«¸L¤Òä �\¡ �L¤�·«� �\ä  F£!�á£�ê.ä � ,"¤°£!��·9¡�¤!¢F "ä ¤� x¸�é�¤�ê!ä.¨

Ë����������	�	� 
 ����
 ���� ���	�������
A a = ( A) Pr oAc t i ve. newAct i ve( «A»,  par ams,  node) ;�����	����� ����� ��� �  !�"  � � #
To get $�% ��&��� ����&�'���(�)�*� ����
 +-,.����/��	�0�	�1�32 �+&���4&5
To get  a non- FI FO behavi or  6 $�% ��&��� ����&���	7 :

c l ass pA ext ends A i mpl ement s RunAct i ve {  … }

Ë)8)��9&��+&� � ����&�����
A a = new A ( obj ,  7) ;
. . .
. . .

a = ( A) Pr oAct i ve. t ur nAct i v e ( a,  node) ;

ProActive : Creating active objects

��� � � ���	� 
 � �� � f �

:

ProActive : Active objects

Proxy

Java Object

A ag = newAct i ve ( “ A” ,  [ …] ,  Vi r t ual Node)
V v1 = ag. f oo ( par am) ;
V v2 = ag. bar ( par am) ;
. . .
v1. bar ( ) ;  / / Wai t - By- Necessi t y

;

Wait-By-Necessity 

is a

Dataf low 
Synchronization

JVM :JVM

Active Object

Future Object Request

Req. Queue

Thread

<=<> ?�@

WBN!

��� � � ���!� 
 � �"� � f �

Wait by necessity
Ë ��ê�£�¶ ¶� x�á£!�=£�ê.ä � ,G¤� "¸�é�¤�ê!äOê� x�Lï�� ï ä ï3� � WFï ä ¤!ñ�ï

ACB0D&E�F G HJI K�L MJF�N�O�P Q�F	MJF P Q�N�R�S*TUL G L MJF P F G V&W
ACB)X�F T�Y HZI*P QUF(G F�V E'Y P'N�O�P QUF(MJF P Q�N�R1[�L Y Y

Ë � �"��¤!¡ X9¡�¤!ä �G¡ ��ïJ£ � �\ä �G¡�¤� "¸�é�¤�ê!ä�¥�¹L� ê!¹á� ï�£ÒñL¶ £�ê�¤!¹L \¶ ·\¤!¡J�  x¡Oä ¹�¤¡�¤�ï �L¶ ä
Ë]\ ¹L¤�ê�£�¶ ¶ ¤�¤3¥9� ¶ ¶\�Gñ�·\£�ä ¤Òä ¹�¤ � �Gä �G¡�¤3¥�¹�¤	�9ä ¹L¤Ò¡ ¤�ï ��¶ ä�� ï�£�,"£"� ¶ £!¸�¶ ¤
Ë]\ ¹L¤�ê�£�¶ ¶ ¤!¡Jê�£!�áê� "�xä � �G��¤°� ä ï�¤��G¤�ê!�Gä �  x�á¤G,"¤!�GäO� �\ä ¹L¤ � �\ä �G¡�¤Ò¹L£�ïH�L ä¸�¤�¤	�«�Gñ\·G£!ä ¤�·

f oo ( )
{

Resul t  r  = ^�_ `&a b�c d�e e f g h
/ / do ot her  t hi ngs

. . .
r . t oSt r i ng( ) ;

}

Resul t  pr ocess ( )
{

/ / per f or m l ong    
/ / cal cul at i on

r et ur n r esul t ;
}

wi l l  bl ock  i f  
not  av ai l abl e

��� � � ���	� 
 � �� � f 2

ProActive : Explicit Synchronizations

ò\� ��ì¶ ¤ � �\ä �\¡ ¤9ò	X"��ê	¹\¡� "��� i�£!ä �  x�0¨
j Pr oAct i ve. i sAwai t ed ( v) ;j . wai t For ( v) ;�°¤�ê!ä  x¡ ï� �� � �\ä �\¡ ¤�ï�¨
j . wai t For Al l ( Vect or ) ;  / /  get Onej . wai t For Any ( Vect or ) ;

%3¡� x�Gñ�ò	X"�Lê!¹\¡  x��� i�£!ä �  x�0¨
j Pr oAct i veGr oup. wai t One( gr oupB) ;  / /  get Onej . wai t Al l ( gr oupB) ;

%3¡� x�Gñ *�¡ ¤�·\� ê�£!ä ¤�ï�¨
j noneAr r i ved,  kAr r i ved( i ) ,  al l Awai t ed,  . . .

A ag = newAct i ve ( “ A” ,  [ …] ,  Vi r t ual Node)
V v = ag. f oo( par am) ;
. . .  
v . bar ( ) ;  / / Wai t - by- necessi t y

��� � � ���!� 
 � �"� � � 3

ProActive :  Active object

3

Proxy

Body

Object

k	l m n o pq�r s p l m

Objet

t�m u�v�w�u�x wyq�r s p l m
���á£�ê!ä � ,"¤° x¸�é ¤�ê!äO� ï�ê� \¢9ñL \ï�¤�·F \�Oï�¤�,"¤�¡�£�¶
 x¸�é�¤�ê!ä ï°¨

Ëz\ ¹�¤° x¸�é ¤�ê!ä�¸�¤�� �\ì¦£�ê!ä � ,\£	ä ¤�·O¨�9ê	ä � ,G¤�è3¸�é�¤"ê!ä ð )xó
Ë � ï�¤!äO \�Oï ä £!��·G£!¡�·���£�,"£� "¸�é�¤�ê!ä ï

Ë � ï!� ��ì"¶ ¤Òä ¹\¡ ¤�£�· ð W\ó

Ëz\ ¹�¤��x��¤	��¤� G�\ñ�¤!�L·\� �Gì�¡ ¤/�x�L¤�ï ä ï ð \Gó
2

1

1
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Call between Objects:
Parameter passing: Copy of Java Objects

¸£
�

í3 "ñ XO¨
£!ä

ï�¤!¡ � £�¶ � i
£	ä �  x�

( Deep)  Copi es evol ve i ndependent l y - - No consi s t ency   

¸Oæ �  \  ð �Gó

��� � � ���!� 
 � �"� � � f

Call between Objects:
Parameter Passing: Active Objects

¸£
�

í3 xñEXO¨
£!ä
ï�¤!¡ � £�¶ � i
£!ä �  "�

Obj ect  passed by Deep Copy - Act i ve Obj ec t  by Ref er ence
¸0æ �  \  ð �6�\ê�ó

ê

ê

&°¤�� ¤	¡�¤!�Lê�¤
*O£�ï	ï�� ��ì

��� � � ���	� 
 � �� � � �

Wait-By-Necessity: First Class Futures

¸£

Fut ur es ar e Gl obal  Si ngl e- Assi gnment  Var i abl es

� �«¸0æ ¸�£!¡ ð ó

ê

ê

ê"æ ì"¤�¤ ð ��ó

�

�
��� � � ���!� 
 � �"� � � ô

Standard system at Runtime:
Dynamic Topology, Asynchrony, WbN, ... 

but no sharing
Proofs of Determinism

��� � � ���	� 
 � �� � � #

ProActive : Reuse and seamless
\ ¥9 F§\¤NX=� ¤"£!ä �\¡ ¤�ï�¨
������� �
	��� ���
� � 	������ ��������� � ���
�
��� � ��������!�� � "
�#���%$��%!�� �

A�&�H�T�Fy[�N�MzT�L P ' (�' Y ' P H1O N&G[ Y L�V V F�V*) L KURyK�N�P�N&K'Y H#' K�P F G O L�[�F�V +
A�,zF�F�R�F�R1L K'RzR�N�K�F�O N*GP QUF�O E�P E�G F�N�(�- F�[ P V�L Y V N
A�.yH�K�L M/' [�MJF�[ Q�L K�' V M0) R&H�K�L M/' [�L Y Y H1L�[ Q�' F 1�F�R2' O�K�F�F�R�F R3+

�545��� � 6 �7��6 ����!%�%��� � � �98�� �7� ��� 6 ���%$��%!���� �
��!��
� ���
� :���� � ��
A<;'H'V P F MJL P ' [�S�' M1T�Y ' [ ' P�L K�RzP G L K�V T�L G F K�P�O E�P E'G F V

= L�V F�P QUF	T�G N�>�G L MZM/' K�> N&OV H�K�[ Q�G N*K�' ?�L P ' N&K�V S'L K�RzP Q�F	G F E�V F�N�O�G N�E�P ' KUF�V

"A"

"pA"

a
p_a

f oo ( A a)
{ ^�_ @ ( . . . ) ;

v = ^�_ A ( . . . ) ;
. . .
v. bar  ( . . . ) ;

}

��� � � ���!� 
 � �"� � � V

ProActive : Reuse and seamless
\ ¥9 «§G¤GXá� ¤x£	ä �G¡�¤�ï�¨
������� �
	���� ���
� � 	������ � �%����� � ���
�
��� ������� �%!�� � "�#����$ ��!�� �

AB&�H&T�F�[�N&MzTUL P ' (�' Y ' P H O N�G	[ Y L�V V F�V*) L K�RyK'N&P'N&K�Y H#' K�P F G O L�[�F�V +
AC, F�F�R�F�R1L K�R R�N*KUF�O N�G	P Q�F�O E'P E�G F�N�(�- F�[ P V�L Y V N
AC.�H&KUL MD' [�M-F�[ QUL K�' V M0) R&H�K�L M/' [�L Y Y H L�[ Q�' F 1UF�R2' O�K�F�F�R'F R�+

�545��� � 6 �
��6 ���%!%����� � � �98�� �
� ����6 ���%$���!���� �
��!��
� ���
� :3��� � ���
AE;&H'V P F M-L P ' [�S�' M1T�Y ' [ ' P�L KUR P G L K�V T�L G F K�P�O E�P E�G F V*) F 1�L Y EUF(P N1[�N�M-F G%+

= L�V F(P Q�F	T�G N�>&G L M1M/' K�>1N�O	V H&K�[ Q�G N�K�' ?�L P ' N&KUV S�L K'RzP Q�F	G F E�V F�N�O�G N�E�P ' K�F�V

"A"

"pA"

a
p_a

f oo ( A a)
{ ^�_ @ ( . . . ) ;

v = ^�_ A ( . . . ) ;
. . .
v. bar  ( . . . ) ;

}

O. f oo( a) :  a. g( )  
and a. f ( )  ar e 
« l ocal »

O. f oo( p_a) : a. g( )  
and a. f ( ) ar e 
«r emot e + Async. »

O
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ProActive : Intra-object synchronization
k	�"ñ�¶ � ê�� äOê� x�Gä ¡  "¶ ¨
��� ¸\¡�£	¡5XF \�Oï�¤!¡5,G� ê�¤Ò¡� "�\ä � �L¤�ï�¨

��������6 �
� �7!���� ��� ���%� "
� !��%��� � � �
j ser veOl dest ( ) ;j ser veOl dest ( f ) ;

�
	2� �
!��
� ��������� "
� !��%����� � 	��%������� !�
j ser veOl dest Bl ( ) ;j ser veOl dest Tm ( ms) ;

��45��� � � ���/�7� � 	�� � � "
�%�
j wai t ARequest ( ) ;  j et c.

c l ass BoundedBuf f er ext ends Fi xedBuf f er

i mpl ement s RunAc t i ve {

/ /  Pr ogr ammi ng Non FI FO behavi or  

r unAct i vi t y ( Expl i c i t Body myBody)  {

whi l e ( . . . )  {

i f  ( t hi s . i sFul l ( ) )    

ser veOl dest ( " get " ) ;   

el se i f  ( t hi s . i sEmpt y( ) )   

ser veOl dest ( " put " ) ;

el se ser veOl dest ( ) ;

/ /  Non- act i ve wai t

wai t Ar equest ( ) ;  

}

} }ã ¢9ñ�¶ � ê"� ä ð ·\¤�ê�¶ £	¡�£!ä � ,"¤�óOê� x�Gä ¡� \¶ ¨�¶ � ¸\¡ £!¡ XFê�¶ £�ï!ï�¤"ï
e. g.  :  Bl ock i ng Condi t i on Abst r act i on f or  concur r ency cont r ol :

doNot Ser ve ( " put " ,  " i sFul l " ) ; ��� � � ���!� 
 � �"� � � �

Optimization: SharedOnRead
Call between Objects

¸0æ �  \  ð �Gó ¸£
�

í3 xñEX

��� � � ���	� 
 � �� � � 2

Standard system at Runtime

��� � � ���!� 
 � �"� � ô 3

Optimization:  
SharedOnRead

����������������������  ���!#"%$��'&�()� *���,+-���,.�.����������/�'&,�
�10�2�(�!�+-��( � &�&'!#��34� *5���,6�2�� ���,.
�17�+8��9 �,+-�,:�(���(�� !�:);,<4���!�*)( ���>=?!#�
�A@4�,9 �B*���!�+C(�����2��D���,;

AFEN�' K�PUN*E�PUO E&KU[ P ' N&K�V�P Q�L P'M-L G�F�G F�L R1L�[�[�F�V V
AIH�G ' P FyL�[�[�F�V V�(�H1R�F O L E�Y P

��� � � ���	� 
 � �� � ô �

SharedOnRead (2)
J4K L�M�N'O P�Q5R

�17�*S�T��������'.�UT:�V��'�,.BU�"%$��'&�()������,:�.4.#2���� :�W8��+-��(���!�.B&,�'9 9�;
ã���¥9� ä ¹L� �«ä ¹L¤�ï�£�¢F¤��'. ¨
A V F K'R1L	G F�O F G F K�[�F ' K�V P F�L�RzN�O�P QUF(G F�L Y'N�(�- F�[ P
A ) G F O F G F K�[�F�[�N*E'K�P F G + X�Y

�10�*�(����S( ����(;
A X�F�L�R1L�[�[�F�V V�[�L K#(UF�O G F�F Y H1L�[ Q�' F 1�F R
AIH�G ' P FyL�[�[�F�V V	P G ' >�>'F G V�L K1N�(�- F�[ P�[�N�T�H

��� � � ���!� 
 � �"� � ô f

SharedOnRead (3)
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Adaptive Feature: 
Multi-transports layer 

RMI, RMI-ssh, …, Ibis, HTTP XML, ...
�¦·\£!ñGä � ,"¤°ê!¹� G� ê�¤° ��\ä ¡ £!��ï ñL x¡ äO¶ £NX\¤	¡H¸L¤!ä ¥9¤�¤!�0¨

Ë &�.Íã
Ë ï�ï ¹�� &�.Íã

0�9���!B�, ��'� 9 ��"�9 ���4� (��-��( ��( � &�&'!�:�*���W#2�����( � !�:);
Ë ã ¸�� ï ð \ í�*,�	. X"¡�� ��¤!ä �\¤	ä êæ ó
Ë�� \z\ *
Ë�� ï!ï ¹�� � \z\ *

����!��D(	�S���+�
S���������,&�( �  ���;

Fully Adaptive Choice between all transports
��� � � ���!� 
 � �"� � ô ô

First-Class Futures

Update

��� � � ���	� 
 � �� � ô #

Wait-By-Necessity: First Class Futures

¸£

Fut ur es ar e Gl obal  Si ngl e- Assi gnment  Var i abl es

� �«¸0æ ¸�£!¡ ð ó

ê

ê

ê"æ ì"¤�¤ ð ��ó

�

�

¸

��� � � ���!� 
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Future update strategies
�F çñL£!¡ ä � £�¶\¡ ¤!ñ�¶ � ¤�ï�£!��·9¡�¤&�x��¤�ï ä ï�¨

Ë �« 9ñ�£�ï�ï	� ��ì¦ ��H� �\ä �G¡�¤�ïH¸L¤!ä ¥9¤�¤	�=£�ê	ä � ,G� ä � ¤"ïG�x¢F "¡�¤°·\¤�£�·G¶  \ê!§Gï
k3£	ì"¤!¡3ï ä ¡�£	ä ¤�ìG� ¤�ï�¨x£"ï�ï� G x�á£�ï�£9� �\ä �G¡�¤�� ï�ê� x¢9ñG�\ä ¤�·

Ë�  x¡ ¥9£!¡ ·�� ¸L£�ï�¤�·O¨
� = L�[ QJL�[ P ' 1�' P H#' V	G F�V T�N*KUV ' (�Y F�O N�G	E�T�R'L P ' K�>zP Q�F�1�L Y E�F�V	N'O�O E�P E�G F�V�' P'Q�L�V	O N�G 1L G R�F�R

Ë .Í¤�ï	ï�£�ìG¤.� ¸L£�ï�¤�·O¨
� = L�[ QJO N&G 1L G R�' K3>zN�O�O E�P E�G F*>�F K�F G L P F�V�L�MJF�V V L >'FyV F K�P�P NyP QUFy[ N&MzT�E�P ' K�>1L�[ P ' 1�' P H
� &�Q�F�[�N*M1T�E�P ' K�>1L�[ P ' 1�' P H#' V	G F�V TUN*K�V ' ('Y F�O N�G�V F K�R�' K�> P Q�F�1UL Y E�F�P N1L Y Y

.Í� �G¤�·Fï ä ¡�£!ä ¤�ì!XO¨
Ë� �\ä �\¡ ¤�ïH�Gñ�·\£�ä ¤�£!�EX9ä � ¢F¤Ò¸L¤!ä ¥9¤�¤!�q� �Gä �\¡�¤°ê� x¢9ñG�\ä £!ä �  "�=£!�G·9ëÍ¸ �

�J£�iGXáï ä ¡�£!ä ¤�ì!XO¨
Ë èÒ�á·\¤!¢F£	��·��G x�L¶ X9¥°¹�¤!�Fä ¹�¤�,"£�¶ ��¤° \�\ä ¹�¤°� �Gä �\¡�¤°� ïH�L¤�¤�·\¤�· ð ëÍ¸ �µ x�á� ä ó

��� � � ���	� 
 � �� � ô �

Wait-By-Necessity: Eager Forward Based

¸£

AO f or war di ng a f ut ur e:  wi l l  have t o f or war d i t s val ue

� �«¸0æ ¸�£!¡ ð ó

ê

ê

ê"æ ì"¤�¤ ð ��ó

�
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¸

��� � � ���!� 
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Wait-By-Necessity: Eager Message Based

¸£

AO f or war di ng a f ut ur e:  send a message 

���«¸Oæ ¸L£!¡ ð ó

ê

ê

ê"æ ì"¤�¤ ð ��ó

�

�
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Wait-By-Necessity: Lazy Strategy

¸£

An Act i ve Obj ect  r equest s  a Fut ur e Val ue when needed

� �«¸0æ ¸�£!¡ ð ó

ê ê"æ ì"¤�¤ ð ��ó

�

� ê
��� � � ���!� 
 � �"� � # 3

TYPED 

ASYNCHRONOUS 

GROUPS

��� � � ���	� 
 � �� � # �

1.2. Collective Communications: Groups

\ X"ñ�¤�·F£!��·9ñ� G¶ Xx¢F "¡ ñG¹�� ê�%Ò¡� "�\ñLï� \��£�ê	ä�� ,"¤�£	��·9¡�¤�¢F xä ¤� "¸�é�¤�ê!ä ï
(�Xx�L£�¢=� ê�ìG¤!�L¤!¡�£	ä �  x�á \��ì�¡� "�\ñá \�\¡�¤"ï �L¶ ä ï
�J£!��ì��L£ìG¤°ê�¤!�\ä ¡ � ê.�	(¦ xä��L xä £!ä �  x�

Ë . £!��� ñ\��¶ £!ä ¤3ì�¡� "�\ñ�ïJ \���9ê!ä � ,G¤�èÒ¸�é	¤�ê!ä ïG�\� �á£�ï	� ¢9ñ�¶ ¤�£	��·9ä X"ñL¤�·ç¢F£	�\��¤	¡	¨

Ë -°¤�£	¸�¶ ¤Òä  F¤��"ñ\¡ ¤�ï�ïH¹L� ì"¹�� ¶ ¤�,"¤�¶�ê� G¶ ¶ ¤�ê	ä � ,"¤�ê� \¢F¢9�\�L� ê"£!ä �  x�Lï ð ¶ � §G¤9� �Y. *Oã ó	¨
Ë ¸\¡  \£�·Gê�£�ï ä �
Ë ï�ê�£!ä ä ¤!¡G�"ì"£!ä ¹�¤	¡G�
Ë £�¶ ¶xä  F£�¶ ¶

A ag=( A) Pr oAct i veGr oup. newAct i veGr oup( «A», { { p1} , . . . } , { Nodes, . . } ) ;
V v  = ag. f oo( par am) ;  
v . bar ( ) ;

��� � � ���!� 
 � �"� � # f

Group Communications

Ë��]����/��	� $ � % % �	�.��� 5���������4'�����

Ë�	J��&���0�	�C� /���
14����+&� 
 ���-+'�	,.,�����
 +�����
 �	�0,.��+�/����
 ��,
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Groups: Analysis of Related Works 
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Groups: Analysis of Related Works
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Creating AO and Groups

&�H&T�F�R���G N&E�T � L 1�LyN�G�B�[ P ' 1�FH�*(�- F�[ P

A ag = newAct i veGr oup ( “ A” ,  [ …] ,  Vi r t ual Node)
V v = ag. f oo( par am) ;
. . .
v . bar ( ) ;  / / Wai t - by- necessi t y

;

Gr oup,  Type,  and Async hr ony 

ar e cr uci al  f or  Cpt .  and GRI D

JVM
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Collective Operations : Example
c l ass A { …

V f oo( P p) { . . . }

}

c l ass B ext ends A 
{  . . . }

A a1=PA. newAct ( A, ) ;

A a2=PA. newAct ( A, ) ;

B b1=PA. newAct ( B, ) ;

/ /  Bui l d a gr oup of  STANDARD OBJECTS « A »

A agS = ( A) Pr oAct i veGr oup. newGr oup( “ A” , { …} )

V v = ag. f oo( par am) ;  / /  f oo( par am)  i nvoked 
/ /  on each member

/ /  A gr oup v of  r esul t  of  t ype V i s  cr eat ed

v. bar ( ) ;

/ /  st ar t s  bar ( )  on 
each member  of  
t he r esul t  gr oup 
upon ar r i val

Pr oAct i veGr oup. wai t For Al l
( v) ;  / / bl ok i ng - > al l

v . bar ( ) ; / / Gr oup cal l

V v i  = 
Pr oAct i veGr oup. get One( v) ;

/ / bl ok i ng - > on
vi . bar ( ) ; / / a s i ngl e cal l

A a3=PA. newAct ( A, ) ;

/ /  => modi f .  of  
gr oup ag :

Gr oup ga =     
Pr oAct i veGr oup.
get Gr oup( ag) ;

ga. add( a3) ;

/ / ag i s updat ed

/ /  Bui l d a gr oup of  ACTI VE OBJECTS « A »

A ag = ( A)  newAct i veGr oup( “ A” , { …} ,  Nodes)

V v=ag. f oo( par am) ; / / i nvoked / /  on each member
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Group as
Result of Group Communication
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Two Representation Scheme
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Two Representations (2)
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Broadcast or scatter

� 254�FHG�70F(D59 :=DI9KJ�>*GE>
�5FHB�M 93LE>"J�F(<�:=4�2
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ag. bar ( cg,  dg) ;  / /  br oadcast  cg and dg

Pr oAct i ve. set Scat t er Gr oup( cg) ;

ag. bar ( cg,  dg) ;  / /  scat t er  cg,  st i l l  br oadcast  dg

����>*7HF(M=M�7HF
� LE4(9KJx�������M�E���*F
��Gx�7�����)�7�����;�
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Broadcast  and  Scatter

JVM

JVM

JVM

JVM

agcg

ag. bar ( cg) ;    / /  br oadcast  cg
Pr oAct i ve. set Scat t er Gr oup( c g) ;

ag. bar ( cg) ;    / /  scat t er  cg

c1 c2
c3c1 c2
c3

c1 c2
c3c1 c2
c3

c1 c2
c3

c1 c2
c3

s

c1 c2
c3

s
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Static Dispatch Group

JVM

JVM

JVM

JVM

agcg

c1

c2

c3

c4

c5

c6

c7

c8c0

c9c1

c2

c3

c4

c5

c6

c7

c8c0

c9

c1

c2

c3

c4

c5

c6

c7

c8c0

c9

Slowest

Fastest
empty
queue

ag. bar ( cg) ;
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Dynamic Dispatch Group

JVM

JVM

JVM

JVM

agcg

c1

c2

c3

c4

c5

c6

c7

c8c0

c9c1

c2

c3

c4

c5

c6

c7

c8c0

c9

c1

c2

c3

c4

c5

c6

c7

c8c0

c9

Slowest

Fastest

ag. bar ( cg) ; ��� � � ���!� 
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Performances and Optimizations
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Handling Group Failures (1)

�OD�: ���	��
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E. L.  el  = gr oup. Get Except i onLi st #%$
Except i onLi s t :  

F�� >&�E7H>(C(95: 4)�A95J�F�937(4%�(9KF(: �ED.F(M=M�2,F0:=D,>HG
>���7H>HC 9;:=4)��D(' F*2;>��5>H25>
��7(> 9K4A95J�>A?*2,4�B�C@9;J�F 9�C�24�G�B 7">(GA9KJ�>0N

��� � � ���!� 
 � �"� � V V

Handling Group Failures (2)

JVM

JVM

JVM

JVM

agvg

V vg = ag. f oo ( par am) ;
Gr oup gr oupV = PAG. get Gr oup( vg) ;
el  = gr oupV. get Except i onLi s t ( ) ;
. . .
vg. gee( ) ;

failure

Except.

Except.
List
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Active and Hierarchical Groups
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grid frontal

cluster

clusterclustercluster

Grid deployment

Asynchronous callSynchronous call
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Grid Group Calls on a 1000 CPU at once
Grid’5000
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Broadcast or Scatter for Parameters

Ë*	J4��	���+��	���z
 �y� /��-���&2 ��� % � ����/��,� 
 �4
Ë���+���� ����4J
 �Z� % �����������&
 � % ��
�����
	
�o�
	�$����#�����
��	�� �
� u;u� NEO���� Y �;yCS H�NEO;PEQ��
�
�������
������ �!��
�
��	����
 �������$����
 ���!��
����	s� ��������	����
�
�
�����
	
�o�
	�$����#�����
��	�� �
� u;u y Y �;S�S�R�NsH�NEO�PCQ��

: :
�

�

�
���

�

�

�

�

�

�

�
���

�! "$#$%$& #$' ( ' & #$( ( )  

��� � � ���	� 
 � �� � � �

Parameters: Broadcast or Scatter
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Hierarchical Groups
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Implementation
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Stub A

Proxy for
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Stub B

Proxy for
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Example : Matrix multiplication
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Measurement : Matrix Multiplication
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Measurement : Method Call
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Features of Groups
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Adaptive Feature: 
Parallel Group Communications

�9·G£!ñ\ä � ,"¤9ï ä ¡�£!ä ¤�ì�X9ä  9¢=£!�L£�ì"¤Òä ¹�¤3�\�G¢9¸�¤!¡J \�\ä ¹\¡ ¤�£�·Gï

k	�G¤�ê!�Gä �  x�á \� �µê�£�¶ ¶ ï�� � � �

8�9 : ; <"< 9 : = >

A

B

C

D



��� � � ���	� 
 � �� � � 2

Different Optimizations in Groups
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Thread Pool for sending Requests in //
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Object-Oriented SPMD
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Main MPI problems for the Grid
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Object-Oriented SPMD
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A���L P Q�F G
A3X�F�R�E�[�F

(Single Program Multiple Data)

A)B�Y Y�V [�L P P F G
A)B�Y Y�>'L P Q�F G
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OO SPMD
A ag = newSPMDGr oup ( “ A” ,  [ …] ,  Vi r t ual Node)

/ /  I n each member
myGr oup. bar r i er ( “ 2D” ) ;  / /  Gl obal  Bar r i er
myGr oup. bar r i er ( “ ver t i cal ” ) ;  / /  Any Bar r i er
myGr oup. bar r i er ( “ nor t h” , ” sout h” , “ east ” , “ west ” ) ;

:

St i l l ,  

not  based on r aw messages,  
but

Typed Met hod Cal l s

==> Component s
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API

�S!#��!�9 !�W�� ���
Ë)\ £!¸L¶ ¤.�	&°� ��ì �!*O¶ £!��� \  "¡ ��ïG�Gí��\¸�¤ � �
Ë èÒñ�¤	�«��*Hã
Ë �«¤�� ì"¹\¸L x¡ ¹L \ G·

� ������� ���
Ë %�¶  x¸L£�¶
Ë �«¤�� ì"¹\¸L x¡G� ¸�£�ï�¤�·
Ë .Í¤!ä ¹� G·�� ¸�£�ï�¤�·

��� � � ���!� 
 � �"� � � V

Topologies
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Pl an pl an = new Pl an( gr oupA,  Di mensi ons ) ;
Li ne l i ne = pl an. get Li ne( 0) ;
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ProActive OO SPMD
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Group communication is now a key 
feature of ProActive�¦ï!¤�·«� �F¢F£!�7XF£!ñGñ�¶ � ê�£	ä �  x��ïJ£!��·F xä ¹L¤!¡J� ¤�£!ä �\¡�¤�ï

Jem3D

Chat

Multiport
component

Peer to peerJacobi
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MPI Communication primitives
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Main MPI problems for the GRID
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\ X"ñL¤ ��¤�ï	ï
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Adaptive  GRID
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Group behavior manager
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Groups in Components
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Typed group

At binding,
on client interface

At composition,
on composite inner server interface

Typed group

Parallel 
Component
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Sum up: MPI vs. ProActive OO SPMD
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1.3. ProActive architecture: a simple MOP

ProActive

MOP
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MOP principles 
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Objet réif iéStub

Proxy

Objet réif ié
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The MOP - principle

Call
- Obj ect [ ]  ef f ar r ay

- St r i ng met hodname

- Obj ect  r es

Ref lect

Futur Active Remote

Objet futur

Proxy Proxy Body

Objet distant

Objet 
classique

Proxy

Objet réif ié

Proxy - Obj ect  r ei f y ( Cal l  c)

PROXY_CLASS_NAME = nul l

Al l  i nt er f aces t hat  i nher i t  Ref l ect  

ar e mar ker  i nt er f aces f or  r ef l exi on

Echo

��� � � ���!� 
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' K�V P L K�P ' L P ' N�KJN&O�G F ' O ' F�RzN�(�- F�[ P V #' P Q-V P L P ' [(MJF P Q�N�R�K�F �' K�V P L K�[�F�N�O�P Q�F &���E�[ Y L�V V
AAE�G N�>�G L M1M/' K3>�� � ��� �����
	�� � ��� � #' P Q#' K'P F G O L�[�F�V�R�F G ' 1�' K�> O G N&M Ref l ect
Vect or  v = ( Vect or )  MOP. newI nst ance (  <name of  r ei f i ed cl ass ( i mpl .  Ref l ect ) >,

<par amet er s  pas sed t o pr oxy >,

< par amet er s of  r ei f i ed obj ect  cons t r uc t or  > ) ;

AA�yG�� ���  �
����������	�� ���  ���������
Vect or  v = ( Vect or )  MOP. newI nst ance (  <name of  cl ass st andar d>,

<cl ass pr ox y name t o us e>,

<par amet er s  gi v en t o pr oxy>,

<par amet er s  of  r ei f i ed obj ect  c onst r uct or  > ) ;AA�yG���� �
���  ����	���� �
������
Vect or  v = ( Vect or )  MOP. t ur nRei f i ed (  <obj et  st andar d>,

<c l ass  pr oxy name t o use>,

<par amet er s gi ven t o pr oxy > ) ;

User Interface of the MOP
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Example : EchoProxy

publ i c  c l ass EchoPr oxy i mpl ement s Pr oxy {

/ /  At t r i but es

Obj ect  myobj ect ;

/ /  Const r uct or

publ i c  EchoPr oxy ( Cal l  c ,  Obj ect [ ]  p)  {

t hi s . myobj ect = c . execut e( ) ;

}

/ /  Met hod of  t he Pr oxy i nt er f ace

publ i c  Obj ect  r ei f y  ( Cal l  c )  {  

Syst em. out . pr i nt l n ( " Echo- >" +c. met hodname+" ) ;

r et ur n r esul t  = c . execut e ( myobj ect ) ;

}

}

publ i c  i nt er f ace Echo_A ext ends Ref l ect  {
PROXY_CLASS_NAME = " EchoPr oxy" ;  }

Ref lect

Echo
A

Echo_A

EchoProxy

Objet réif ié

A a =( A) newI nst ance ( " Echo_A" , nul l , nul l ) ;
A a =( A) newI nst ance ( " A" , " EchoP. " , nul l , nul l ) ;
A a =( A) t ur nRei f i ed ( a,  " EchoP. " ,  nul l ) ;
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ProActive : implementation principle

Proxy Body

Objet distant

Ref lect

Active

A

PA
- r unAct i vi t y ( Body)

- PROXY_CLASS_NAME = Pr ox yFor Body

- BODY_CLASS_NAME = Body

ProxyForBody

Body
FI FO

MOP

ProActive

Applicat ion

PROXY_CLASS_NAME = nul l

2 aspect s of  

di st r i but i on

Proxy

Call
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Proxy and Body

èÒ¡ � ìG� �L£�¶ � ä � ¤�ï�¨
'�����, /�+C@ - 5�+C@%, B�1 5	*�� B
- +�BC/�1 - , :�+C4�/T5�2�, BC/ Ref l ect - +�, /�1 2 :�4�/
'���?�:�9;@%, 5�, *�1 +P:�@ , :�+C8�:�1 8
5�S
��/	4�,�- +�, 5
:�1 /	- 2 - /	8
5�+C/
' (T/�*C@�/�5�2;/���- @ , - +���4�3 :�@�@�/	@���IC5�3 9�.05�1 I�B�- @ . SC/�, ?�/�/�+7@ , : +;8�:�1 8
:�+�8 1 /�- 2 - /�8�5�S�� /�4�, @

Based on interface Ac t i ve and class Pr oAc t i ve

Ref lect

Active Future ...

MOP

ProActive

 �! "�#
#%$  �&
'�& (�)�*

Proxy

ObjectStandard

Reified

network

Body

A proxy / body model
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1.4 Meta-Objects for Distribution
An Active Object

+-,
.�/

0�1 2 3�1 4 5061 7 1 8 9�1 :

0�1 ; < =>0�1 7 1 8 9�1 :

0�1 ; < =@?�1 A�B 1 :

?�1 : 9�8 7 1 CED�F�G-H@I0�1 2 3 1 4 5 J�8 A 1

K�3 5 3 : 1 L�M M <
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Composition d’un objet actif
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Request to an Active Object
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Listener 
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Event Types (1)
�\�/S�� Q/F+S��C	�a�V�J8� 	�


�9ê	ä � ,G¤�è3¸"é�¤�ê!ä.¨
�H �¡ ¢C£ ¤ ¥ ¦U§
�6¨¥ ©U¡ £ ¤ ¥ ¦�§ ª £C« ¤ ¥ ¬�£ ¤ ¥ ¦U§��® §�£C« ¤ ¥ ¬�£ ¤ ¥ ¦U§°¯± �²8« ³ ¢�´�¢�¬�¥ ¢Cµ

í3 x¢F¢9�\�L� ê�£!ä �  "��ï�¨
¶ ¢C·U¸�¢C¹ ¤ ¹C¯
� ¶ ¢C·U¸�¢C¹ ¤ º�¢ §�¤
� ¶ ¢C·U¸�¢C¹ ¤ ¶ ¢C«C¢ ¥ ¬�¢C´
¶ ¢ »�³ ²�¯
� ¶ ¢ »�³ ²�º�¢ §8¤
� ¶ ¢ »�³ ² ¶ ¢C«C¢ ¥ ¬�¢C´

ò\¤!¡5,G� ê�¤ ð £�ê	ä � ,G� ä XF \��£!�F�Fè�ó	¨
�H¼½£ ¥ ¤ ¾+¦U¡ ¶ ¢C·U¸�¢C¹ ¤
�H¼½£ ¥ ¤ ¿�²UÀ�¢C«U¢C¹ ¹ ¥ ¤ ²

��� � � ���	� 
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Listener - Modifier

ã ·\¤�¢ �3� ï ä ¤	��¤!¡ � ¢F G·\� � � ê�£!ä �  "�= G�\ä ¹�¤Í�9è�¤ �G¤�ê	�\ä �  x�J¨

�HÁ�¤�« ¡ ¢C£ ¤ ¥ ¦U§�¯U« Â�£ §�©8¢�¤ Â�¢�Ã�¨�¦�Ä�« ¡ ¢C£ ¤ ¥ ¦C§
�HÁ�¤�Å$¥ ©U¡ £ ¤ ¥ ¦U§�¯U« Â�£ §�©8¢ ¡�¤ Â�¢�´8¢C¹ ¤ ¥ §�£ ¤ ¥ ¦U§)Ã�¨
�WºU¤ ¢ »�Æ Ç�²8Æ ¹ ¤ ¢ »$¦C§�«C¦CÅ$Å)¸�§�¥ «C£ ¤ ¥ ¦C§�¹
�H¢ ¤ «�È

�°ñ\ñ�¶ � ê�£!ä �  x�0¨·G¤!¸\��ì"ìG� ��ì �\¢F "��� ä  "¡�� ��ì ��� �\ä ¤!¡�£�ê!ä � ��í3 "�\ä ¡� G¶\ \��¤��\¤�ê!�\ä �  "�
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Localization of listeners

��M B =

061 2 3�1 4 50�1 7 1 8 9 1 :

0�1 ; < =0�1 7 1 8 9�1 :

0�1 ; < =?�1 A B 1 :

?�1 : 9�8 7 1 ��� � 1 5061 2 3�1 4 5 J�8 A�1

K�3 5 3 : 1 L�M M <

É+Ê Ë�Ì ÍÎUÊ Ï ÐCÊ ÑÒ�Ó Ô Õ Ê Ï Ê Ñ
É+Ê Ë�Ì ÍÉ+Ê Ö Ê Ó ×�Ê ÑÒ�Ó Ô Õ Ê Ï Ê Ñ

É+Ê Ø^Ù Ê Ô ÕÉ+Ê Ö Ê Ó ×�Ê ÑÒ�Ó Ô Õ Ê Ï Ê Ñ

ÎUÊ Ñ ×�Ó Ö ÊÒ�Ó Ô Õ Ê Ï Ê Ñ
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Request Reception with a Listener
Used for IC2D implementation (see below)
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2. ProActive : Migration of active objects
.Í� ì"¡�£	ä �  x�á� ï3� ��� ä � £	ä ¤�·ç¸EX9ä ¹L¤�£�ê	ä � ,\¤° x¸�é�¤�ê!äO� ä ï�¤�¶ �\ä ¹\¡  x��ì�¹á£ÒñG¡�� ¢á� ä � ,G¤\¨�¢=� ì"¡�£	ä ¤ \  
í3£!�F¸�¤�� ��� ä � £!ä ¤�·F� ¡� \¢µ "�\ä ï�� ·G¤Òä ¹\¡  x�\ì�¹=£!�EX9ñ\�G¸�¶ � êÒ¢F¤	ä ¹L \·

\ ¹�¤�£�ê!ä � ,¤� x¸�é�¤�ê!äO¢F� ì"¡�£!ä ¤"ïH¥F� ä ¹O¨
Ë £�¶ ¶\ñ�¤���·\� �\ì�¡ ¤/�x�L¤�ï ä ï
Ë £�¶ ¶�� ä ïHñ�£�ï�ï�� ,G¤� "¸�é�¤�ê!ä ï
Ë £�¶ ¶�� ä ï�� �\ä �\¡ ¤� x¸�é�¤�ê!ä ï

���Gä  x¢F£!ä � ê°£!��·9ä ¡�£!�Lï ñ�£!¡ ¤!�\äO�  x¡ ¥9£!¡ ·\� ��ìF G��¨
Ë ¡�¤/�"��¤�ï ä ï ð ¡�¤�¢F xä ¤Ò¡ ¤�� ¤!¡	¤!�Lê�¤�ïH¡ ¤¢F£"� � ,"£�¶ � ·\ó
Ë ¡�¤!ñL¶ � ¤�ï ð � ä ïOñ\¡�¤�,G�  "��ï��"��¤!¡ � ¤"ïK¥¦� ¶ ¶\¸�¤°� �L¶ ¶ � � ¶ ¶ ¤�·Gó
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ProActive : Migration of active objects

Proxy
Body

Object

��� �! 	"�# � ,!$%� &'� $�� # � "!# (
.*)6/+# ,!(-"�.	# � /!( ,�)10 (	.�#2# ,� ,�32��,*"* (�423�(	& #
5�,�(6"1.�# � /!( ,1)�0 (	.�#�7%� �! 	"!# (1&�8-� # ,

9 � # &�:2"�& & � /!( ,!)�0 (�.	# & 9 # ,�(;4�3!(	3�( ,�<=:�(	$�.!� $2�* (14!3�(	& # & 9 � # &'< 3!# 32 (-,�)10 (	.	# &

2 Techniques : Forwarders or Centralized server
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Principles and optimizations
ò\£�¢F¤�ï�¤�¢á£!�\ä � ê�ï�ì��L£!¡	£!�Gä ¤�¤�· ð &�(���� � ã � èù "¡�·G¤!¡HñL \� �Gä�ä  �ñ� \� �\ä �"£�ï X"��ê!¹G¡� x�L x�Lï�ó
ò\£�� ¤�¢F� ì"¡ £!ä �  x� ð �L «£!ì¤!�\äO� �Fä ¹�¤°£�� ¡�> ó
�J \ê�£�¶\¡ ¤�� ¤!¡	¤!�Lê�¤�ï�� �\ñ� Gï!ï	� ¸L¶ ¤3¥�¹L¤!�=£	¡ ¡�� ,G� ��ì9¥¦� ä ¹�� �á£���.
\ ¤!��ï	�  x�G��� ��ì ð ¡ ¤¢F  ,£�¶� \�O�  x¡�¥9£	¡�·\¤	¡�ó
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Principles and optimizations
ò\£¢F¤°ï�¤�¢=£!�Gä � ê�ï�ì���£	¡	£!�\ä ¤�¤�· ð &�( ��� � ã � è� x¡ ·\¤!¡Oñ� G� �\ä�ä  �ñL \� �Gä �"£�ï X"�Lê!¹\¡  x�� "��ï�ó
ò\£�� ¤�¢F� ì"¡�£!ä �  "� ð �� F£!ì"¤!�GäO� �Fä ¹L¤�£�� ¡�> ó
�� Gê�£�¶\¡�¤�� ¤	¡	¤!��ê�¤�ï�� �\ñ� \ï	ï	� ¸�¶ ¤Ò¥°¹�¤!�á£!¡ ¡�� ,G� ��ì9¥9� ä ¹L� �=£ ��.
\ ¤!�Lï!�  x�\�L� ��ì ð ¡�¤�¢F  ,"£�¶� G�H�  "¡�¥9£!¡ ·\¤!¡ ó
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Principles and optimizations
ò\£�¢F¤�ï�¤�¢á£!�\ä � ê�ï�ì��L£!¡	£!�Gä ¤�¤�· ð &�(���� � ã � èù "¡�·G¤!¡HñL \� �Gä�ä  �ñ� \� �\ä �"£�ï X"��ê!¹G¡� x�L x�Lï�ó
ò\£�� ¤�¢F� ì"¡ £!ä �  x� ð �L «£!ì¤!�\äO� �Fä ¹�¤°£�� ¡�> ó
�J \ê�£�¶\¡ ¤�� ¤!¡	¤!�Lê�¤�ï�� �\ñ� Gï!ï	� ¸L¶ ¤3¥�¹L¤!�=£	¡ ¡�� ,G� ��ì9¥¦� ä ¹�� �á£���.
\ ¤!��ï	�  x�G��� ��ì ð ¡ ¤¢F  ,£�¶� \�O�  x¡�¥9£	¡�·\¤	¡�ó
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Principles and optimizations
ò\£¢F¤°ï�¤�¢=£!�Gä � ê�ï�ì���£	¡	£!�\ä ¤�¤�· ð &�( ��� � ã � è� x¡ ·\¤!¡Oñ� G� �\ä�ä  �ñL \� �Gä �"£�ï X"�Lê!¹\¡  x�� "��ï�ó
ò\£�� ¤�¢F� ì"¡�£!ä �  "� ð �� F£!ì"¤!�GäO� �Fä ¹L¤�£�� ¡�> ó
�� Gê�£�¶\¡�¤�� ¤	¡	¤!��ê�¤�ï�� �\ñ� \ï	ï	� ¸�¶ ¤Ò¥°¹�¤!�á£!¡ ¡�� ,G� ��ì9¥9� ä ¹L� �=£ ��.
\ ¤!�Lï!�  x�\�L� ��ì ð ¡�¤�¢F  ,"£�¶� G�H�  "¡�¥9£!¡ ·\¤!¡ ó
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direct
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Principles and optimizations
ò\£�¢F¤�ï�¤�¢á£!�\ä � ê�ï�ì��L£!¡	£!�Gä ¤�¤�· ð &�(���� � ã � èù "¡�·G¤!¡HñL \� �Gä�ä  �ñ� \� �\ä �"£�ï X"��ê!¹G¡� x�L x�Lï�ó
ò\£�� ¤�¢F� ì"¡ £!ä �  x� ð �L «£!ì¤!�\äO� �Fä ¹�¤°£�� ¡�> ó
�J \ê�£�¶\¡ ¤�� ¤!¡	¤!�Lê�¤�ï�� �\ñ� Gï!ï	� ¸L¶ ¤3¥�¹L¤!�=£	¡ ¡�� ,G� ��ì9¥¦� ä ¹�� �á£���.
\ ¤!��ï	�  x�G��� ��ì ð ¡ ¤¢F  ,£�¶� \�O�  x¡�¥9£	¡�·\¤	¡�ó
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direct
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Principles and optimizations
ò\£¢F¤°ï�¤�¢=£!�Gä � ê�ï�ì���£	¡	£!�\ä ¤�¤�· ð &�( ��� � ã � è� x¡ ·\¤!¡Oñ� G� �\ä�ä  �ñL \� �Gä �"£�ï X"�Lê!¹\¡  x�� "��ï�ó
ò\£�� ¤�¢F� ì"¡�£!ä �  "� ð �� F£!ì"¤!�GäO� �Fä ¹L¤�£�� ¡�> ó
�� Gê�£�¶\¡�¤�� ¤	¡	¤!��ê�¤�ï�� �\ñ� \ï	ï	� ¸�¶ ¤Ò¥°¹�¤!�á£!¡ ¡�� ,G� ��ì9¥9� ä ¹L� �=£ ��.
\ ¤!�Lï!�  x�\�L� ��ì ð ¡�¤�¢F  ,"£�¶� G�H�  "¡�¥9£!¡ ·\¤!¡ ó
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direct
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Principles and optimizations
ò\£�¢F¤�ï�¤�¢á£!�\ä � ê�ï�ì��L£!¡	£!�Gä ¤�¤�· ð &�(���� � ã � èù "¡�·G¤!¡HñL \� �Gä�ä  �ñ� \� �\ä �"£�ï X"��ê!¹G¡� x�L x�Lï�ó
ò\£�� ¤�¢F� ì"¡ £!ä �  x� ð �L «£!ì¤!�\äO� �Fä ¹�¤°£�� ¡�> ó
�J \ê�£�¶\¡ ¤�� ¤!¡	¤!�Lê�¤�ï�� �\ñ� Gï!ï	� ¸L¶ ¤3¥�¹L¤!�=£	¡ ¡�� ,G� ��ì9¥¦� ä ¹�� �á£���.
\ ¤!��ï	�  x�G��� ��ì ð ¡ ¤¢F  ,£�¶� \�O�  x¡�¥9£	¡�·\¤	¡�ó

direct

direct

forwarder

��� � � ���!� 
 � �"� � � f 3

Principles and optimizations
ò\£¢F¤°ï�¤�¢=£!�Gä � ê�ï�ì���£	¡	£!�\ä ¤�¤�· ð &�( ��� � ã � è� x¡ ·\¤!¡Oñ� G� �\ä�ä  �ñL \� �Gä �"£�ï X"�Lê!¹\¡  x�� "��ï�ó
ò\£�� ¤�¢F� ì"¡�£!ä �  "� ð �� F£!ì"¤!�GäO� �Fä ¹L¤�£�� ¡�> ó
�� Gê�£�¶\¡�¤�� ¤	¡	¤!��ê�¤�ï�� �\ñ� \ï	ï	� ¸�¶ ¤Ò¥°¹�¤!�á£!¡ ¡�� ,G� ��ì9¥9� ä ¹L� �=£ ��.
\ ¤!�Lï!�  x�\�L� ��ì ð ¡�¤�¢F  ,"£�¶� G�H�  "¡�¥9£!¡ ·\¤!¡ ó
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ProActive : API for Mobile Agents
Ë .Í "¸�� ¶ ¤�£	ì\¤	�\ä ï ð £�ê!ä � ,¤� x¸�é�¤�ê!ä ï�ó0ä ¹L£!äOê� x¢9¢9�G��� ê"£!ä ¤

Ë -°£�ï!� êÒñ\¡ � ¢=� ä � ,"¤G¨x¢á� ì�¡�£!ä ¤ \  
Ë ñ\�G¸�¶ � ê°ï ä £	ä � ê'," G� ·«¢á� ì�¡�£!ä ¤ \   ð òxä ¡ � ��ì��Ló

� � ¹ ¤ ¡ ¥ §�©)¤ ¦$¹ »�¢C« ¥ Ä ²)¤ Â�¢�§8¦�´�¢�ª Ã-¨°µ
Ë ñ\�G¸�¶ � ê°ï ä £	ä � ê'," G� ·«¢á� ì�¡�£!ä ¤ \   ð è3¸�é�¤"ê!äO Gó

� ��� ¦U¥ §�§�¥ §�©$£ §�¦U¤ Â�¢ ¡v£C« ¤ ¥ ¬�¢�¦CÇ � ¢C« ¤
Ë ñ\�G¸�¶ � ê°ï ä £	ä � ê'," G� ·«¢á� ì�¡�£!ä ¤ \   ð �F \·G¤Ò��ó

� ��� ¡ ¦�Á�« ¤ ¥ ¬�¢�§�¦�´�¢�ª Ã-¨°µ
Ë ñ\�G¸�¶ � ê°ï ä £	ä � ê'," G� ·«¢á� ì�¡�£!ä ¤ \   ð �	� �L� �F \·G¤Ò��ó

� ��� ¡ ¦�Á�« ¤ ¥ ¬�¢�§�¦�´�¢�ª Ã-¨°µ
��� � � ���!� 
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ProActive : API for Mobile Agents
Ë .Í "¸�� ¶ ¤°£!ìG¤!�\ä ï ð £�ê!ä � ,"¤� "¸�é�¤�ê	ä�ï�ó�ä ¹L£!äOê� "¢9¢9�\��� êx£	ä ¤

/ /  A s i mpl e agent

c l ass Si mpl eAgent i mpl ement s r unAct i ve,  Ser i al i zabl e {

publ i c  Si mpl eAgent ( )  { }

publ i c  voi d moveTo ( St r i ng t ) {  / /  Move upon r equest

Pr oAct i ve. mi gr at eTo ( t ) ;

}

publ i c  St r i ng wher eAr eYou ( ) {  / /  Reppl i es t o quer i es

r et ur n ( “ I  am at  ” + I net Addr ess. get Local Host ( ) ) ;

}

publ i c  r unAct i v i t y ( Body myBody) {

whi l e ( … not  end of  i t i ner ar y  …) {

r es = myFr i end. what Di dYouFi nd ( )  / /  Quer y ot her  agent s

…

}  

myBody. f i f oPol i cy( ) ;  / /  Ser ves r equest ,  pot ent i al l y  moveTo

}

}

��� � � ���	� 
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ProActive : API for Mobile Agents
Ë .Í x¸L� ¶ ¤�£!ìG¤!�Gä ïHä ¹�£!äOê� "¢9¢9�\�L� ê�£!ä ¤

Ë *�¡�� ¢=� ä � ,G¤Òä  F£!�\ä  x¢F£!ä � ê�£�¶ ¶ XF¤��G¤"ê!�Gä ¤°£�ê!ä �  "�«�"ñ� "�«¢F� ì�¡ £!ä �  x�
Ë ñ\�G¸�¶ � ê�ï ä £!ä � ê�," \� ·« "�\��¡ ¡	� ,"£�¶ ð òxä ¡ � ��ì9¡�ó

� � Á�¸�¤ ¦UÅ£ ¤ ¥ «C£ ³ ³ ²$¢ �8¢U« ¸8¤ ¢C¹�¤ Â�¢�¡ ¦U¸�¤ ¥ §�¢�¡�¸�»�¦C§£ ¡ ¡ ¥ ¬�£ ³
� � ¥ §£�§�¢ ��Ã-¨�£CÄ ¤ ¢ ¡�Å$¥ ©�¡ £ ¤ ¥ ¦U§

Ë ñ\�G¸�¶ � ê�ï ä £!ä � ê�," \� ·« "� (9¤	ñ�£!¡ ä �G¡�¤ ð òxä ¡�� ��ì°¡�ó
� � Á�¸�¤ ¦UÅ£ ¤ ¥ «C£ ³ ³ ²$¢ �8¢U« ¸8¤ ¢C¹�¤ Â�¢�¡ ¦U¸�¤ ¥ §�¢�¡�¸�»�¦C§$Å ¥ ©�¡ £ ¤ ¥ ¦^§
� � ¤ ¦$£�§�¢ ��Ã-¨°U©U¸�£ ¡ £ §8¤ ¢C´)¹ £CÄ ¢-£ ¡ ¡ ¥ ¬�£ ³

Ë ñ\�G¸�¶ � ê�ï ä £!ä � ê�," \� ·ç¸L¤x�  "¡�¤G(¦¤!ñ�£!¡ ä �\¡�¤ ð òxä ¡�� ��ì�¡�ó
� � Á�¸�¤ ¦UÅ£ ¤ ¥ «C£ ³ ³ ²$¢ �8¢U« ¸8¤ ¢C¹�¤ Â�¢�¡ ¦U¸�¤ ¥ §�¢�¡�Ç�¢CÄ ¦U¡ ¢�¤ ¡ ²�¥ §8©$£�Å$¥ ©U¡ £ ¤ ¥ ¦C§
� � ¤ ¦$£�§�¢ ��Ã-¨
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ProActive : API for Mobile Agents
Itinerary abstraction 
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Communicating with mobile objects
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Forwarders
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Other Strategy: 
Centralized (location Server)
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Centralized Strategy (2)
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Centralized Strategy (3)
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Centralized Strategy (4)
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Location Server vs Forwarder
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Impact on performance
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On the cost of the communication
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Conclusion
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TTL-TTU mixed parameterized protocol
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Conclusion on Mobile Active Objects
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Performance Evaluation of 
Mobile Agent
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Automatic Continuations
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Parallel, Distributed, Hierarchical

3. Components
for the Grid

Composing 
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3.1 Component Introduction
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Component - What is it ?
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Characteristics -- How ?
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My Definition of Software Components
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A primitive  example: JavaBeans
Graphical components in Java
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JavaBeans (2)

�F xä ¹�� ��ì�,¤!¡5X9��¤!¥ ð ê"� æ.�«¤�� \ òxä ¤!ñ«ã �Gä ¤	¡�� £�ê�¤'-3��� ¶ ·G¤!¡�ó �
¸G�\ä�¶ � � ¤�¢F£�·G¤�£3¸�� äO¤�£�ï!� ¤	¡�¥9� ä ¹F¸ X"ä ¤�ê� G·\¤°£!��·F� �"ä ¡� \ï ñL¤�ê!ä �  "�

The BeanBox

So f or  Jav aBeans:

ò\ \� ä ¥9£�¡�¤�¢F G·x��¶ ¤��
��£�,G£�í3¶ £�ï	ï

òxä £	��·\£	¡�·\� i�¤�·F·\¤�ï�ê!¡ � ñ\ä �  "�,�
ìG¤!ä ���Gï!¤	ä � ��� �
¶ � ï ä ¤!�L¤!¡�ï

\  G \¶ ï�¨
í3 x¢9ñL \ï	� ä �  x�W� -°¤�£!�E-°  �
(¦¤!ñ�¶  	XG¢F¤!�\ä��W�G��.



��� � � ���	� 
 � �� � � # �

Deploying and Executing Components 
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Enterprise Java Beans
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Summary: Enterprise Java Beans
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Components in Windows .Net (2)
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Components in Windows .Net
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Assembly of Components 
Corba 3 and CCM
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A CORBA Component
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Cour t esy of  Phi l i ppe Mer l e,  Li l l e,  OpenCCM pl at f or m 
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Building CCM Applications =
Assembling CORBA Component Instances

Provide + Use, but flat assembly ��� � � ���!� 
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Towards GRID Components
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Hi gh- Per f or mance a speci f i c i t y  ?

Not  sur e:  an EJB c omponent  handl i ng 

1 000 000 of  r equest s al r eady needs

Hi gh- Per f or mance!

Net wor ks gr ow f ast er  t han Pr oc s

Techni ques  f or  hi di ng i t
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3.2 ProActive Components
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Component  Orientedness
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Objects to Distributed Components (1)
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Component I dent i t y Cpt = newAct i veComponent ( par ams) ;
A a = Cpt  … . get FcI nt er f ace ( " i nt er f aceName" ) ;
V v  = a. f oo( par am) ;

�

�

Exampl e of

component

i nst ance

JVM

Truly 
Distributed

Components
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Distributed Components (2)
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Components vs. Activity and JVMs

Act i v i t y     JVM    Component

A B1

C

B2

B3
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Content

Controller

The Fractal model:
Hierarchical Component

Def i ned by E.  Br unet on,  T.  Coupaye,  J. B.  St ef ani ,  I NRI A & FT
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Content

Controller

The Fractal model:
Hierarchical Components

Common component  model  of  t he Obj ect Web consor t i um
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Content

Controller

Interfaces = Provided and Required

Pr ovi ded,

Ser ver  

I nt er f aces

Requi r ed,

Cl i ent

I nt er f aces
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Content

Controller

Hierarchical model : 
Composites encapsulate Primitives, 

Primitives encapsulate Code
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Content

Controller

Binding = in an external file (XML ADL), 
Not in programs
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Content

Controller

Binding = in an external file (XML ADL), 
Not in programs
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Controllers : non-functional properties

Component
I dent i t y

Bi ndi ng
Cont r ol l er

Li f eCycl e
Cont r ol l er

Cont ent
Cont r ol l er

Content

Controller

Component =
runtime entity
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Components for the GRID 
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Compos i t e:  Hi er ar chi cal ,  and   

Di st r i but ed over  machi nes

Par al l el :  Composi t e

+ Br oadcas t  ( gr oup) ��� � � ���!� 
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ProActive Component Definition
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A

A

B

C

P
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A

B

C

D

Groups in Components (1)

Br oadc ast  at  bi ndi ng,  

on cl i ent  i nt er f ac e

At  composi t i on,  

on composi t e i nner  ser ver  i nt er f ac e 

A par al l el  component !
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Groups in Components (2)
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Migration Capability
of composites
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Migration Capability
of composites
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Co-allocation, Re-distribution
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Co-allocation, Re-distribution
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Co-allocation, Re-distribution
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getA()

getB()

getAandB()

Functionalities : 
Without First Class Futures
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getA()

getB()

getAandB()

getB()

getA()getAandB()
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getA()

getB()

getAandB() getA()

getB()

getAandB()

getB()

getA()getAandB()

Functionalities : With First Class Futures
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Non-blocking method calls

value of A

value of B

Assemblage are not blocked with Asynchrony + WbN ��� � � ���!� 
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Wrapping Legacy MPI Components

MPI  CodeC/ For t r an:

Messages on Tags

sent / conver t ed t o

Met hod Cal l s

Pr oAct i ve Java:

Met hod Cal l s  

sent  as

Messages on Tags

Vi r t ual  Nodes f or  Depl oyment s
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3.3 Component Implementation

��� � � ���!� 
 � �"� � � 2 f

VM1 VM2

body

Stub_a

mobility

asynchronism

proxy

ab

service
meta-
objects

Architecture : based on the MOP
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body

mobility

asynchronism

Stub_a

proxy

component meta 
- objects

component 
representative

Architecture : component stubs
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body

a

mobility

asynchronism

b

proxy

component meta 
- objects

component 
representative

Architecture : component stubs
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method calls are reified

component 
representative

component meta 
- objects

body

ab

proxy

Architecture : communications
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component 
representative

component meta 
- objects

body

ab

proxy

Architecture : request queue
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Group proxyGroup proxy

Architecture : collective interfaces

�
typed groups API

�
Management of Collective Client Interface 

�
broadcast or scattering ��� � � ���!� 
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Architecture : sum-up
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Using the ProActive implementationíÒ G·\¤
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Component  c = component Fact or y . newFc I ns t ance(      
Type t ype,                      
Cont r ol l er Desc r i pt i on cont r ol l er Desc ,  
Cont ent Descr i pt i on cont ent Desc ) ;�½ �¦U³ ³ ¢C« ¤ ¥ ¬�¢�¥ §�¤ ¢ ¡ Ä £C«C¢C¹

I  i 1 = Fr act i ve. cr eat eCol l ect i veCl i ent I nt er f ace(
St r i ng i t f Name,  St r i ng i t f Si gnat ur e) ;

Pr oAct i veGr oup. get Gr oup( i 1) . add( ser ver I t f ) ;

i 1. f oo( t ot o) ;  / /  scat t er ed or  br oadcast ed�!§�¦-¤ ¢ Å$»�³ £ ¤ ¢C¹
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On-going work : optimizations���������
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On-going : MxN communications
Control at binding points
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4. Environment
Deploying

oDp q r s�t$u v w xip y z { |

How to deploy on the Various Kinds of Grid 

Internet

Clusters

Parallel
Machine

Large
Equipment

Internet

Job management for
embarrassingly  parallel 
application (e.g. SETI)

Internet

Internet

Servlets EJBs Databases

o)p q r s�t�u v w x4p y z { }

4.1 Abstract Deployment Model
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Physical infrastructure

JVM3

JVM2

JVM4

JVM5

computer2

computer3

Runtime
Deployment
Descr iptor

Abstract deployment model
È���¨¬°���°�® �)Ãk²��)Ã�© �4ª�º ����� ²H��¨�� �4§����$ª�®�© ª�º ��°DÃ ® � ¯�«�® ¯H���
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•Host names
•Creation protocols of 

JVMs
•lookup

•registration

Virtual architecture

Source code

VN1

VN2

Act i vat eMappi ng( « VN1 »)

Act i vat eMappi ng( « VN2») o)p q r s�t�u v w x4p y z { �

> Grid
• Scalable

• Heterogeneous resources
– OS, CPU, Memory
– Security policies: firewall, NAT, private IP addresses,…
– Model,...

> Painless deployment
• Based on well-known technologies

– Java, XML

• Abstract Deployment model

Context

oDp q r s�t$u v w xip y z { �

Abstract Deployment Model
> Problem:

• Difficulties and lack of flexibility in deployment
• Avoid scripting for:   configuration,  getting nodes,  

connecting,  etc.
A key principle: Virtual Node (VN)  in XML deployment fi le

• Abstract Away from source code:
– Machines names
– Creation/Connection Protocols
– Lookup and Registry Protocols

• Interface with various protocols and infrastructures:
– Cluster: LSF, PBS, SGE , OAR and PRUN(custom protocols)
– Intranet P2P, LAN: intranet protocols: rsh, rlogin, ssh
– Grid: Globus, Web services, ssh, gsissh

o)p q r s�t�u v w x4p y z { �

>
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• Identified as a string name
• Used in program source
• Configured (mapped) in the XML descriptor fi le --> Nodes

XML Deployment files
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# # # # # # # # #
# # # # # # # # #
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XML Deployment (Not in source)
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Mapping Virtual Nodes: example (1)
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Mapping Virtual Nodes: example (2)
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Mapping Virtual Nodes: example (4)
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Mapping Virtual Nodes: example (6)
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Mapping Virtual Nodes: example (7)
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Mapping Virtual Nodes (8): Mixed Protocol
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Same application, many deployments

One Host Local Grid Distributed Grids

Internet

# User  c onst r ai nt s c an be 
consi der ed,  but  ar e 
manual l y expr essed i n 
depl oy ment  des cr i pt or s
# Can i nt er f ace wi t h met a-
Gr i d Schedul er s /  mapper s
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4.2     IC2D

Interactive Control & Debug for Distribution
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IC2D: Interactive Control and Debugging of 
Distribution
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IC2D: Logical Clocks
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IC2D: Related Events
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IC2D: Dynamic change of Deployment
Drag-n-Drop Migration 
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Job 
Management
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IC2D: Dynamic change of Deployment
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IC2D: Cluster Visualization
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Monitoring of RMI, Globus, Jini, LSF cluster  
Nice -- Baltimore

ProActive 
IC2D:

Width of links

proportional 

to the number

of com-

munications
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On-going work : GUI for Components
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5. ProActive
Security
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Security Models
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Access Control Models

� B#63<
:FB'C�076�6�E�:1:`K'0�A;0�67B'C�A .1B'8
� :�E�.�:F0�.�EM2'.1BI2
E3.18 Y�67BIC#C#E�63A E�K�N

Ä � ²H��ª�® © º © «)°�® © ��ª�µ�¥R¯�® Ç���ªH® © «)°�® © �4ªA%��
Ä ª��(¯�Ã����k«)°�ª,Ã ® �)°)����© �)Ç�® Ã@º ����� °�ª¬��® Ç��$�<¯¬Ã����$Ï

� B�.-^�078���<#8 E�:FA B : A 03A E�5 \-0�J�5 9#E�C :(<�a��3E763A�670�C�0�6�67E�:�:FA;B�0�J�5 9#E�C)B�a��3E�6�A	�

o)p q r s�t�u v w x4p y z } z

Access Control Models
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HRU Model (Discr.) 
Harr ison, Ruzzo & Ullman
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Security : Objectives
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A ProActive Application

Virtual Node
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Multiple Deployments Issues

One Host Local Grid Distributed Grids

Different Deployments � Different Security Policies
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Security Issues, in Grid
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0 - SSH Tunneling
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SSH Tunneling
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SSH Tunneling
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Without SSH Tunneling

Denied
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With SSH Tunneling
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5.1 Issues for (Dynamic) Grid Security
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Objectives
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Public Key Infrastructure
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Certificate Authority
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Authentication : X509 Certificate
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Application authentication
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X.509 Identity Certificates
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Authorization with ACLs
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The Access Control Model
Å ¯�°�� ²�ÃE«D��ª�® � ����°)«)«D�)Ã�Ã<® ��Íi°)� ¯��)²(���)Ã��4¯�� «)�)Ã$Ï

Reference 
monitor

Object
Do

operation

Resource

Principal

GuardRequestSource

oDp q r s�t$u v w xip y z � |

Application (1) 
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Application (2)
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5.2 ProActive Security Principles
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ProActive Security: Key Features
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What’s a secure ProActive application 
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Certification Chain
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Domains
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Hierarchical Domains
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Multi-level Policies
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Security Rule
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Combining Policies
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Descriptor Security Model
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Request to an Active Object
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5.3 Security Example
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Descriptor with Security
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Example: std. code, no security
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Adaptive Security
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6. ProActive
Applications
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DEMO: Applis with the IC2D monitor

��������������� �!"!"#%$���&'#�(*)"+-,.��/&',%0�1,%&',%&2)3054"4
0*: A 0�C#K'0�.�K�Z�.1B#[�6�A;5 9#E�032#2>8 5 6703A;5 B'C

�67��89,%0�:<;=)"0
0�^�B�a>5 8 E�07J'E�C�A�0�2'2
8 5 6�0�A;5 B�C

> � 6=�?� � �9@ ���%A��<@ �B�� ��C,�D@���C��FEHG<�-IDJFK?LMC,� G<*NO@-� 3I7J9@Y�C �
])B�.�P.]�5 A 4)0�C'Y�Z�.1B>[�63A 5 9#E�032#2
8 5 6703A 5 B�C

Q�R=SUTWVUX�R9Y[Z
,�.�0�2'4#5 6�0�8
0�C#K)DFE�G�A;<#078>9#5;:(<#0�8 5 ?�0�A;5 BIC

HeBIC#5 A;B�.�5 C>J�0�C#K)LMB'C�A .�B#8



oDp q r s�t$u v w xip y z < �

C3D: distributed-//-collaborative
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C3D: Object Diagram
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C3D Monitoring: graphical and textual com.
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Jem3D: Overall Objectives
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Jem3D: Geometry definition
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Jem3D: Control Volume in 2D and 3D
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Jem3D: Facets in 2D and 3D
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JEM 3D : 
Architecture of the sequential version
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Communication based on groups
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Algorithm of Jem3D

Initialization

Compute mag. field, 
and update elec. field

Compute elec. field, 
and update mag. field

Calculation of the discrete
electromagnetic energy

Solution Saving

t < tmax

t = tmax

Intensive group communications



oDp q r s�t$u v w xip y | { �

Jem3D
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INRIA Sophia’s clusterDAS-2
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JEM 3D : Architecture of the 
ProActive distributed version

An Obj ect - Or i ent ed SPMD pr ogr am
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JEM 3D : Benchmarks on desktop machines
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JEM 3D : Cluster vs. Intranet P2P
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JEM 3D : Recent Benchmarks
Seq.  J ava/ For t r an:  2

Compar i son:

Jem3D   ov er

- Pr oAct i v e/ RMI  Sun 

- Pr oAct i v e/ RMI  I bi s        

Em3D    i n

- For t r an/ MPI

On 16 machi nes :

For t r an:         13. 8

Pr oAct i ve/ I bi s :  12

Pr oAct i ve/ RMI :    8. 8

Gr i d exper i ment  on 5 c l ust er s ( DAS 2) :  Speed up of  100 on 150 machi nes
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JECS : A Generic Version of Jem3D
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JECS : A Generic Version of Jem3D
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JECS : A Generic Version of Jem3D
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Beating Fortran ?
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OO SPMD with a Jacobi
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OO SPMD with a Jacobi
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Monte Carlo Simulations, 
Non-Linear Physics, INLN
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Electric Network Planning, 
E. Zimeo et al., Benevento (Naples), Italy

On-line Power Systems Security Analysis (OPSSA)
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Electric Network Planning, 
E. Zimeo et al., Benevento (Naples), Italy

On-line Power Systems Security Analysis (OPSSA)
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Electric Network Planning, 
E. Zimeo et al., Benevento (Naples), Italy

On-line Power Systems Security Analysis (OPSSA)

o)p q r s�t�u v w x4p y | z z

Electric Network Planning, 
E. Zimeo et al., Benevento (Naples), Italy

On-line Power Systems Security Analysis (OPSSA)
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Electric Network Planning, 
E. Zimeo et al., Benevento (Naples), Italy

On-line Power Systems Security Analysis (OPSSA)
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Mobile Application executing on 7 JVMs
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P2P   N Queens 
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DIVA: Distributed Interactive Virtual World
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Component Applications
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7. Perspective:

Real P2P
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Architectures: Server to Peer-To-Peer (P2P)

Internet

EJBServletsApache Databases
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Pure P2P: Definition
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P2P Examples (1)
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P2P can be difficult:
need to be fault-tolerant, self healing 
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Not a P2P system
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Neither a P2P system
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P2P Examples (2)
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P2P Examples (2bis)
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A P2P system at work
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8. 
ProActive 

User Group
Grid Plugtests, 

October 17-20 2004 o)p q r s�t�u v w x4p y | } {
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ProActive Grid Plugtests, Oct. 2004
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N-Queens Challenge : Results
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Perspective Adaptive Feature: 
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9. 
New Features

Ver. 2.1 Oct. 04
Ver. 2.2 April 05
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9.2 Active objects as Web ServicesMON�P�Q
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9.3  .net / C# interoperability
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Peer-to-Peer Computing
Model & Infrastructure

Ä �R§�ª¬°)��© «�E@���(¨�¯�® °�® © �4ª�°)��~��D��� # ® � # ~��)�$�E³ ~%��~�´��
� * ��� � 	 �
� ��� * ��� � � �
� �
� 1
� � &���� ��	�Q�� &��*$�� �
� � X ���� �

R 1�2�� � �$� "�� ���7�-H:� � S$� � 8�F " �!������� � � � �!�$����#�� � G
R �-, �?��� �!B � � �$��� ��B$�7��#�� �� � ��C � � ��" %�� ��#�CD�!��� #:F C���C�G���� � �� � �$�Ä ~�� ��¥(«$® © ÍH��E@�4ª�® �H?4®$��ª��(����²H© º © «)°�®�© ��ª,��º ( °)ÍH°�� °�ª��)¯¬°8�i�)Æ���º ( O·^Ã�Æ�Ë

�����
	���x�|�����{z���
���-� ����� |�~�������������~���� ~�|�������x ��� ~����

o)p q r s�t�u v w x4p y | � {

P2P Infrastructure
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P2P Programming Model Branch & Bound
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P2P NQueens with Vincent Cavé
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Fault-Tolerance for ProActive
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Implementation
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Benchmarks
=��HW~[O�FN@�P*~WM HWB�FN~ HNUDUNM C T�H�O\C ANS����GC FDB�F�A�J���@*H�O�AN~�O � FDSNF�~
��������� ��������� �����! ����"�#�$ %'&

=�>QFWFN@�PKO�ANP�>�F�FD@_HDUNUNM C TQH�OQC AGS��
(�HWT�A!)NCDC O�FD@�H�O\C ANS
��������� ��������� �����! ����"+*,$ %'&

=_�NTQHGM H-)�C M C O��

 0

 1

 2

 3

 4

 5

 6

 7

 8

 0  5  10  15  20  25

O
ve

rh
ea

d 
(%

)

Number of CPUs

Eratosthenes (2000)
Jacobi (2000)

Z
BWHGC M H-)NM F C S.(�HNSNLNHD@*�0/!1!1
243NFDM F�HW~�FZ�B�H�C M H!)NM FVC S.(�HDSNLNHN@*�0/!1!1
243DFNM FWH�~QF

oDp q r s�t$u v w xip y | � �

10. 
On-Going

+ Perpectives
o)p q r s�t�u v w x4p y | � �

Formal Verification
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Behavioral Properties
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Models for Distributed Objects
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Verification of Properties
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Perspectives
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ProActive over
OSGi
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Why targetting OSGi ?
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ProActive-enabled OSGi Services : 
what for and how ?
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Conclusions
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Conclusions and A Few Directions

ProActive:       A Strong Programming Model  + A Strong Deployment

Features not mentioned: Fault Tolerance (CIC), Load-Balancing, P2P

PERSPECTIVES:
Better Error Management (Exceptions, …)
Behavior Specification (Model Checking) 
Tools for Distributed Programming:

Code Analysis, Transformation, Integrated IDE

A Grid Alchemy to further develop: 
Asynchrony / Wait By Necessity  +  Groups  +  Components
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Interactive Composition in IC2D
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Perspective for Components - PSE 
Graphical Composition, Monitoring, Migration
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Perspective for Components - PSE 
Graphical Composition, Monitoring, Migration
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Conclusion (2)
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Conclusion (3):
Formal Background
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A Theory of Distributed Objects
D. Caromel, L. Henrio, 

Springer 2005, Monograph
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ASP theory: Summary and Results
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Conclusion’s Conclusion
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i n

Appl i cat i on:  3D El ec t r omagnet i sm on 300
machi nes at  once,  Gr oups  of  over  1000!

Goal :         Towar ds  a f ew 1000s !

Summar y:
¢ Pr ogr ammi ng: Di st r i but ed Obj ect s ,  OO SPMD
¢ Composi ng: Hi er ar chi cal  Component s
¢ Depl oyi ng:  ssh, Gl obus, LSF, PBS, …, Web Ser vi ces
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Conclusions and A Few Directions

ProActive:          A Strong Programming Model   + Components

FACTS AND FIGURES
5 years of computation in 17 days in Desktop P2P

Deployed at once on 600 CPUs (Plugtests on ssh, Globus, LSF, ...)
(Close to) Beating Fortran on an Electromagnetic Application

PERSPECTIVES FOR COMPONENTS
Safe Reconfiguration

Behavior Specification (SCCC’04, Attali-Barros-Madelaine)
A great alchemy for the Grid: 

Asynchrony + Wait By Necessity  +  Groups  +  Components
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Conclusion
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Current Applications and Benchmarks: 
• 5 years of computation in 17 days in Desktop P2P
• A single application on a 1000 processors GRID
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Goal :   
t owar ds 

a f ew 1000s!

Looking for collaborations: 
• Building reusable Cpts from Numerical Codes
• Generic Techniques for Coupling Codes
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Some More Perspectives
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ProActive Non Functional Properties
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