
HAL Id: inria-00072912
https://inria.hal.science/inria-00072912

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Efficient Support of MPI-based Parallel Codes within a
CORBA-based Software Infrastructure

Thierry Priol, Christophe René

To cite this version:
Thierry Priol, Christophe René. Efficient Support of MPI-based Parallel Codes within a CORBA-
based Software Infrastructure. [Research Report] RR-3750, INRIA. 1999. �inria-00072912�

https://inria.hal.science/inria-00072912
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Efficient Support of MPI-based Parallel Codes
within a CORBA-based Software Infrastructure

Thierry Priol, Christophe René

No˚3750

Août 1999

THÈME 1





���������
	�����������������������! #"%$'&�(��
)*�+&��,&�-�-��
-�./��)0�
(213�4�650��	7&
.983:<;>=�"?$�&�(��
)@����A�B1/&��6�C D	0�E�,&�(F���6���G�6���,�

H�I,JLKNMOMOP+Q�MAJLRDSUT6VWI,MOJYXOZARD[,I,K]\^KN_,`

acb#dfehghikjml
nOopgOqsr%t�g�uvopw%oxuUdfehgOo
yGzU{}|xg�uk~��vy��

l�qs�?��{szpu
�?g�zpgA�4b?gfz4�4b?g������N�}�s��j��c{s�?u�iO�s����j�iE���#q}��gOo

���6�O�f���?�s�s� acb?� o
�?{¡�fr?ehgf�Nu�¢£{szU¤�{�o¦¥��s�}§¨�¡�A§4iO�N©�qs�ªe�ocq�uc�s� «¡�ª�#�Wq�zpgAo¬��{s�Bo¬gup{�upb?g��v�s�szUgf�Nq�uUgO�
~�{�eh�?r%up� �?��l�®6¯�¢°{szU¤B{No4¥}�s��§±�?if§¨�s²N©B�?r?¤#³ª�´o¬b#gO��¤Nw�uUb?gvµk¶]·W¸�¯¨uG�%gOoU��zU� ¤BgAo6qvupgA�4b?�?�´�fqs³¡op{s³ r%uU�ª{���up{
� �#�f{szU�B{�zUq}upg
g�¹^�f�ªgO��uU³ªwW�#qszUqs³ª³ gf³���{%�%gOoº�ª�NuU{�q}��gft%� o¬up� �?�W~
µkl�»c�¼¤#qsopgO��op{}½¾ux¿cq}zUg
�ª�?½£zUq�oxuUzpr#��upr?zUgs¸
ÀÂÁNÃDÄUÅ�Æ ��Ç6�s� ~
µklv»���È Évy�~�Ê�È ¶ÂËºa6�v~
µk¶ÂyºÌac¯xÊ·WÈ y��¡Ë�È ¶ÂyG¯

Í´ÎFÏpÐ¨ÑOÒcÏ
Ó6Ô Ð¨ÕYÖ�×

Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)

Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



��������������c����&����C)��C����)��
(2��&��,&�-�-��
-��
(����! &��*( �
�f	 )��x��	0�
��	��E�,&�(F� �,���G���0�,� -������f�����
-f-�� .983:<;>=

��� �
	�� � � ~�g0�%{%�fr?ehgf�Nu0¢£{�zp¤�{�o¦¥�����§±�N�E§UiA��©
gAoxuWr?�?g0zpnO�B{��#o¬g0q}r �����szUgf�Nq�upgA� ~�{seh�?r%uU�ª�?�
lv®�¯�¢°{szU¤B{No4¥}�s��§±�?if§¨�s²N©c�#r?¤?³ �ªn0�#q}z�³� µk¶]·W¸ ¯±³c�%nO�fzp�ªu�r?�?g�o¬{�³ªr?up� {s� upgA�4b?�?����r#g^�B{�r?z�� �#�f{szU�B{�zpgOz
gf¹^�fqs�fgfehgf�Nu��%gAo
��{%�%gOoc�Bq}z4q}³ ³ªdO³ªgAo�qsrÂo¬gO�ª�'�� r?�?g�� �%½£zUq�oxuUzprB�¦upr#zpg�³ {s�s�´��� gf³ ³ gv½£{��#�%nfg�opr?z~
µkl�»c��¸
�/Æ �A� Ä ��� � � ~
µklv»���È Évy�~�Ê�È ¶ÂËºa6�v~
µk¶ÂyºÌac¯xÊ·WÈ y��¡Ë�È ¶ÂyG¯



���������
	�������������������������
�� "!$#��"%&�&!��'!$()(*�
(�+,�-%���#/.��)�)01�)	2!3+54,687:9;�� <!=#��<%&��>�<�?.@!$�'���
	-�<�'!$#��A���B���A�1�"�¬�

C 8ED��c�FD����c1

acb#� o��?{¡�fr?ehgf�Nu�¢£{�zp¤�{�o¦¥�����§±�N�E§UiA��©
qs�ªe�o�q}u��s� «N� �?�Âq'zUgOop�B{��#o¬gWuU{'upb?g��v�s��zpgO��q�uUgO� ~�{seh�?r%uU�ª�?�
lv®�¯�¢£{szU¤�{�o¦¥��s�}§¨�#i�§±�}²¡©G�?r#¤?³ª�´opb?gO�]¤Nw�uUb?g�µk¶�·W¸B¯¨u��%gOoU��zU� ¤BgAoq^upgO�4b#�?� �Oq}³ op{s³ r%up� {s�ÂuU{�� �#��{�zp��{}§
z4q�uUg�gf¹��f�ªgO�Nup³ wÂ�#q}z4q}³ ³ªgO³��f{¡�?gOok�ª�NuU{0q}��g�t%�´oxuU�ª�?�Â~
µkl�»c�/¤BqsopgO� op{}½¾ux¿cq}zUg�� �%½£zUq�oxuUzprB�¦upr#zpg�¸�acb#� o
op{s³ r%uU�ª{�� �´o�¤BqsopgO� {�� gf�ªupb#gfz^q}� g�t¡upgO�#op�ª{�� {}½upb?g�¯>GIH ³´q}�?��r#q}��g�{�z��?z4q}��e�qso�uU{ o¬r?�#�B{�z¬uWupb?g
{�zU�4b#gOo¬upz4q�up� {s�'{s½�q^��zp{�r?� {s½º�?zU{¡�fgOoUo¬� �?��o¬r?¤Bo¬w%o¬upgfe�ovup{�¿�{�z'J�uU{s�sgfupb?gOz{��]q0³ qszp��g��?zU{s¤?³ gfe ¤¡w
�?� o¬upzU�ª¤#r%up� �?�^¤�{}uUb ��{seh�?r?uUq�uU�ª{�� q}�#�Â�#q�uUq#¸c¯¨u�%{¡gOov�?{}uvzUg
�Nr?� zUg�upb?g�eh{%�%�LKB�fq}up� {s�Â{s½6uUb?gWµkl�»k¸
acb#g��?zU{s��{�opgO��o¬{�³ªr%uU�ª{�� q}� e�o�q�u�f{se�¤?�ª�#�ª�?��¤�{}uUb�~
µkl�»c� q}�B��¶ yG¯
zpr#��uU�ªehgAo<M�¸�acb?g�eWgOzp���ª�#�
{s½ uUb?g�ux¿�{WuUgO�4b?�?{�³ª{��s� gOo�q}³ ³ª{�¿�o�uU{h�sg�ucuUb?g�zpg �Nr?�ªzUgO��³ªgO«sgO³F{}½,�BgOz¬½£{�zpe�q}�B��g�q}�#�0�ª�NuUgfzU{s��gfz4q}¤?� ³ª�ªuxws¸
N r#gOo¬up� {s�#ocq}¤�{sr?u
upb?�´o
zUgOop�B{��#o¬g�opb?{sr?³´��¤Bg��%� zUgO�¦uUgO�0up{�O

P GvzA¸Gacb?� gfzUzpw�yGzp� {s³F¯xl�¯¬�%�k¥�¯xÊvl
¯x�
~�q}eh�?r#ov�%g�»�gAq}r?³ � gfr
���s�}²RQ�l
gO�?�?gOov~�gA�%g�t
®?z4q}�#�fg
�?b?{��?gSO/Tk���UQW�s�WVs²^�SQ^iA�
½°q�t�O/Tk�s�WQW�s�WV}²XQ��3QSV
gfe�q}� ³?OGacb?�ªgOzpzUws¸ yGzU�ª{�³)Y� zU� oUq?¸ ½£z

acb?�´o��%{%�fr?ehgf�Nuvqs�?�?zpgAopopgOoºupb?g�½£{�³ª³ {�¿
� �?�h� uUgfe�o
{}½�upb?g��v�s��zpgO��q�uUgO�'~�{seh�?r%uU�ª�?��l�®6¯�O

P ²#¸ZQ%¸ZQ�y,qszUqs³ª³ gf³DyGzU{%��gAopop�ª�#�

P ²#¸ZQ%¸ �^µvupb?gOz
¯xopopr?gOo�¢¨~
µkl�»c��o¬gOzp«¡�´��gOocqs�#�'�fq}�Bq}¤?� ³ª�ªup� gOo�uUb#q�u�qszpg��?zU{s¤?³ gfe�q}up�´�O©

P ²#¸ZQ%¸ ²�µvupb?gOzv�NuUqs�#�?q}z4�%�*[Oq}up� {s�0�
��up� «¡� uU�ªgAo�¢°¶Âyº¯�®#{szUr?e^©
acb?�´o
�%{%��r#eWgO�Nu
�?gOoU��zU�ª¤�gOo�upb#gkzUgOopr?³ªuUoc{s½�zUgOopgOq}z4�4b�¿�{sz"J¡oºupbBq�u
b#qE«sgk¤�gfgf�'q}³ zUgOqs�?w��?r?¤?³ � opb?gA�

� � oU��� gf�Nup�LKB���f{s�%½£gOzpgO�#��gAof¸cacb?g�½£{�³ª³ {�¿
� �?��zpgf½£gfzUgf�#�fgOo��f{s�NuUqs�ª�BocupgA�4b?�?�´�fq}³ �ª�%½£{�zpe�q}up� {s� q}¤�{sr?uv{sr?z
¿�{sz"J�O
is¸cy,¸D»�gAq}r?��gf�#�%zUgsÈ�a�¸Byºzp� {s³YÈ ·W¸��v³ª³ nf{�� ÈFq}�#�\G�¸�GvgO³ qE«�qsr%tF¸v�2~�³ � gf�Nu¦¥s�¡gfzU«sgOzv���?�#zp{Nqs�4b�½£{sz
É�y�~ �v�?�?³ � �Oq�up� {s�Bo�¿
�ªupb?� � qhÊ�g�ux¿�{sz"J¡�ª�#�WËº�N«¡� zp{��?ehgf�NuO¸�¯±�'yGzp{%�s¸º{}½GÉvy�~�Ê� �SV#È?�¡r?e�¤�gfz
if²N�?i�� �]H Êk~c�FÈ �%�?zp� �?��gfzW^ gfzU³ qs�#ÈG�Bq}�sgAoW�?i-V$_%�SQ��%È,��e�o¬upgfz4�?qse�È�y qEw¡o¬§±»�q�ofÈ �v�?zp� ³�iO���SV#¸
qE«�q}� ³ qs¤?³ªg�q}ucbNupup�`O ¥s¥�¿
¿
¿�¸ � zp�´oUq?¸ ½£z¦¥��#q}zU� o¦¥E¤#�ª¤?³ � {¡¥�®6�´�4b?� gfz4ox§¨y��#¥}acb?�ªgOzpzpwN§YyGzU� {}³¾¥�b?�D���#��V?¸ �#o�¸ �S[

Q%¸
a�¸vyGzU� {s³�qs�#� ~¸vl
gf�#ns¸ ~�{�¤?z4q�O+� ~
µkl�»c��§¨�f{seh�?³ � qs��uÂyGzU{s��zUqseheW� �?� ËG�¡«¡�ªzU{s�?ehgO��u
½£{szhÉ�� �sb%§¨y,gfzp½£{szUe�q}�#�fg�~�{seh�?r%uU�ª�#�#¸ ¯±� yGzU{%�}¸ {}½�ËGr#zp{s§Yy q}z  �SV?È6�¡r?e�¤�gfz'iO²¡���'� �aH�Êk~º§
�DÈ%�¡�?zU�ª�?��gfz,^ gOzp³´q}�BÈ}�#qs�sgOo�isisiO²$_Disi�Q�Q%È}�¡{�r%upb#qseh�%up{�� È�ÌIbhÈN�¡gO�%upgOe�¤�gfzkiO�s��V?¸ qE«�qs�ª³´q}¤?³ g�q�u
bNu¬up�cO ¥�¥E¿
¿
¿�¸ �ªzU� oUq?¸ ½£z�¥E�#qszp�´o4¥�¤?� ¤?³ª� {¡¥}®6� �4b?� gfz4o¬§Yy��B¥�acb?� gfzUzpwN§YyGzp� {s³£¥AgOr?zp{s�#q}zU�SV%¸ �#oO¸ ��[

d�egfBhjiAk?l<m=n=ico*p�q`e;r>iAisl<t�r,f�l<i?iAuZm=t5h)m
k?r>qvowl<x>r�ySu k`uZiFl/n=rzowl<x{kAp5iAk?l<m=n$l<q�n;oLp�qc|=l<q?l<}Z}Zr>}~|=q�p�t�qAl<�&�&uZm=t=�

�F� m��-�
�<���



² ��0~���������U�:������(��I+c0~���w#��{�"�B0��g68��	��

�?¸v~¸�l
gO�?n^q}�B� a�¸ yGzp� {s³Y¸�¶Âyº¯�~�{%�%g�Ëº�#�fqs�#o¬r#³ q}up� �?�'r#o¬� �?�Ây q}z4q}³ ³ gf³�~
µkl�»c��µ¤%|xgA�¦uO¸�¯±�
yGzU{¡�s¸�{s½#{}½Bupb?gcËG� �sbNuUb�¯±ËGËºË ¯±�NuUgfzU�#q�uU�ª{��#q}³%�¡w¡eh�B{No¬� r?e {���É�� �sbWy,gfzp½£{szUe�q}�#�fg/G� o¬upzU�ª¤#r%u¬§
gO��~�{seh�?r%uU�ª�?�BÈG��r?��r#o¬u0iO���s�#¸]qE«�q}� ³ qs¤?³ªg0q�uhb�upup�`O ¥s¥�¿
¿
¿�¸ � zU� oUq?¸ ½£z¦¥��#q}zU�´o4¥�¤?�ª¤#³ª� {¡¥}®��´�4b?� gfz4ox§
y��#¥}acb?�ªgOzpzUwN§Yyºzp� {s³£¥Eb?�D�?�-V?¸ �#of¸ �S[

²#¸
a�¸fyGzU� {s³YÈ�~¸Al
gf�?n�È�q}�#��·W¸O�v³ª³ nf{�� ¸6�B~�¯¨§Y¤#q�o¬gA��~�³ªr#o¬upgOz,~�{�eW�#r%up� �?�#ÈE�4b#qs�%upgOz yGzU{s�sz4q}eheh� �?�
�#~�¯~�³ r#oxuUgfz4o
r#op�ª�#�^y q}z4q}³ ³ªgO³6~
µkl�»c�>µ¤%|xgA�¦uUoOÈ?uU{0qs�?�BgAq}zAÈB�¡�?zU� �?�sgOz8H Ê�~c� �NuUq}upg�{s½ upb?g
��zpu6�¡r?zU«sgOw%of¸ �¡�#zp� �?�s³ gfzc^ gfzU³ qs�#ÈsiA�s���?¸ qE«�q}� ³ qs¤?³ g,q}u bNu¬up�cO ¥�¥E¿
¿
¿�¸ �ªzU� oUq?¸ ½£z�¥E�#qszp�´o4¥�¤?� ¤?³ª� {¡¥}®6� �4b?� gfz4o¬§
y��#¥}acb?�ªgOzpzUwN§Yyºzp� {s³£¥E³ �#�foU�s�#¸ �Bof¸ �S[

� �+&��,&�-�-��
- �0�,�����
(�( ��	 � 13�4��5 .983:<;>=

Êv{�¿�q��?qEw%ofÈsupb?g��%gAo¬� �s�0{}½��f{seh�?³ g�t^e�q}�¡r%½°q��¦uUr?zpgA�^�?zU{%�%r#��uUoOÈ¡opr#�4b�qsoc�fqszUo�{sz
q}� z4��z4q�½¾uUoOÈN� oc¤#q�o¬gA�
{����¡r?ehgfzU� �Oq}³Bop� e�r?³´q�uU�ª{��hupgO�4b#�?� �Nr?gAof¸	���ªupb^uUb?gv��gfzp½£{szUe�q}�#�fg
{}½ �f{seh�?r%uUgfz4oGz4q}�?�´�%³ w�� �#��zUgOq�o¬� �?�#È
�ªu�� ok��{�oUo¬� ¤?³ g�uU{�½£{�zpgAo¬gOg�� � upb#g��?gAq}z½£r%upr#zpg���{�eh�?zpgOb?gf�Bo¬� «sg�op� e�r?³´q�uU�ª{��#ov{s½Gupb#gOopgW�%gAo¬� �s�BovuUb#q�u
gO�#��{�eh�#qsoUoce�r?³ªup�ª§±�%� oU��� �?³ �ª�Bq}zUw0qsop��gO�¦u4o�¢°o¬upzUr#��upr?z4q}³ ehgA�4b#q}�?�´�foOÈ#�f{seh�?r%u4q�up� {s�Bq}³�
#r#� �Â�%w¡�#qseh� �OofÈ
�#{s�´o¬g�qs�#q}³ w%o¬�´oOÈBgfuU�O©�¸kÊvr?ehgfzU� �Oq}³,o¬� e�r#³ q}up� {s� {s½ upb?gAo¬gW�%��DgfzUgf�Nu�qsop�BgA�¦uUo¿
� ³ª³,zUg
�Nr?� zpg�uUb?g�qs�s��zpgf§
�Nq�uU�ª{�� {}½�opgf«�gfz4q}³6��{seh�?r?up� �?�0zUgOop{sr#zU�fgOoOÈ#uUb#q�u�q}zUg�qE«�q}� ³´q}¤?³ g�{s� q��#g�ux¿�{sz"J�ÈBup{ JsgOgf� o¬� e�r?³´q�uU�ª{��
uU�ªehgAo�¿
�ªupb#�ª� q]zUgOq�o¬{��#q}¤?³ g�¤�{sr?�#� ¸ �<�?� o¬upzU�ª¤#r%upgA� op{}½¾ux¿cq}zUg^�ª�?½£zUq�oxuUzpr#��upr?zUg�¿
� ³ ³�uUb?gfzUg�½£{�zpg0¤Bg
zUg
�Nr?� zUgO��up{0e�q�Jsg�q���³ r#o¬upgOz{s½º��{seh�?r?up� �?��zUgOop{sr?z4��gAo�qs��u³ �LJ�g�q^op� �?�s³ g�³´q}zU�sg�«¡� z¬uUr#q}³6��{�eW�#r%upgOzO¸
�%r#�4b^o¬{s½¾ux¿�qszpgc� �%½£z4qso¬upzUr#�¦uUr?zpgc¿
� ³ª³Bb#qE«sgcuU{�¤�g�¤#qsopgO�W{��^q}��q}�?�#zp{��?zp�´q�uUgceW�´�?�%³ gf¿cq}zUgcup{�b?� �?g
upb?g
�?� o¬upzU�ª¤#r%up� {s�'{}½,zUgOop{sr?z4��gAo�qs�#��up{��?zU{�«¡� �%g�opgfzU«¡� �fgOo�½£{szcuUb?g�gft¡gA��r%uU�ª{��0{s½,qs�?�?³ � �Oq�uU�ª{��#of¸�~
µklv»��
�´ovqWuUgO�4b?�#{s³ {s�sw0{}½G�4b?{�� �fg�½£{sz�uUb?�´o��?r?zU��{�opg�o¬� �#�fg�� uk�?zp{�«¡�´�%gOo�¤B{supb qhuUgO�4b?�?���Nr?g�uU{^gf�#�Oq}�#opr?³´q�uUg
�f{%�%gOo�qs�#� uU{ �%�´oxuUzp� ¤?r%uUg'upb?gOe qs�fzp{Nopohopgf«�gfz4q}³
��{�eW�#r%up� �?� zpgAo¬{�r?z4��gOoO¸�¶Â{szUgf{�«�gfzAÈ�~
µkl�»c�<� o
¤�gf� �?�hqs�%{��%upgA�^¤¡whupb#gkgO�?�s� �?gOgfzU�ª�?���ª�B�%r#o¬upzUw�upb#q}u��´oczU�ª��b�u��?{�¿�uUb?g�³ qszp��gOo¬u�r#opgfzc��{�eWe�r?�?�ªuxwh½£{sz
�¡r?ehgOzp�´�fqs³Dop� e�r?³´q�uU�ª{����}¸
Év{�¿�gO«sgfzAÈº~
µkl�»c���%{¡gAo��?{suW�#zp{�«¡�´�%g�q}� g�¹^��� gf�Nuh¿�qEw�up{�gf�#�Oq}�#opr?³´q�upg0b?� �sb ��gfzp½£{szUe�q}�#�fg

�¡r?ehgOzp�´�fqs³ o¬� e�r?³´q�uU�ª{��Âq}�?�?³ �´�fq�uU�ª{��#o�upbBq�uqszpg�r#opgO�'¤¡w^uUb?g�gf�#�s� �?gfgOzp� �?�h�ª�B�%r#o¬upzUws¸c¶Â{�o¬u�{}½6upb?gAo¬g
qs�?�?³ � �Oq�uU�ª{��#o�q}zUgh�#q}z4q}³ ³ªgO³ ��{%�%gOo�zpr?�#�?�ª�#��{�� o¬r?��gfz4��{�eh�?r%upgOzUoO¸��¡r#�4b �f{¡�?gOo�zUg
�Nr?� zpgWupb#g�r#o¬g�{s½
op��gO���LKB�WzUr?�Nup� eWg^opw%oxuUgfe�ok½£{sz�uUb?gf� z�g�t%gA��r%uU�ª{�� ¸^acb?gheh{�o¬u�¿�gO³ª³�J¡�?{�¿>zpr?�NuU�ªehgh� o�upb?g^¶ÂgAopoUq}��g
y q�opop�ª�#��¯±�Nupgfzp½°qs�fg�¢L¶ÂyG¯¬©º¿
b?� �4b�b#qso�¤BgOgf���%gOoU��zU�ª¤�gO�^�ª��q��?zUgf«¡� {sr#oºzpgAo¬��{s�#opg
uU{�upb#gk�v�s�szUgf�Nq�uUgO�
~�{�eh�?r%up� �?��lv®�¯�¢AGv{%��r#eWgO�Nu{szU¤�{�o¦¥��s�}§¨�s²}§4i�Q�©¦¸,acb?g���{�r?�?³ �ª�#�^{}½G¶ÂyG¯¨§¨¤#q�o¬gA��op� e�r?³´q�uU�ª{��'�f{%�%gOo
�Oq}�?�#{}u ¤�g��%{��?gGgf¹��f�ªgO�Nup³ wvuUb?zp{�r?�sb�uUb?gc~
µklv»�� µkl�»k¸Oacb?�´o��?{¡�fr?ehgf�Nu�qs�ªe�o q}u��?zU{s��{�op� �?��o¬{�ehg
eh� �?{sz g�t¡upgO�#o¬� {s�BoDup{
uUb?g�~
µkl�»c� qszU�4b#� uUgO�¦uUr?zUg �ª��{�zU�%gOzDup{vopr?�?��{szpu gf¹��f�ªgO�Nup³ wvuUb?gGgf�B�fq}�Bo¬r?³´q�uU�ª{��
{s½6¶Âyº¯¨§Y¤#q�o¬gA�'��{%�%gOoc� �Nup{�~
µkl�»c� {s¤%|xgA�¦u4of¸
acb?�´o�¿�{sz"J'�?{NgAok�?{}u�q}� e�q�u�g�t¡uUgf�#�%� �?� ~
µkl�»c� ½£{�z��#q}z4q}³ ³ªgO³��#zp{��sz4q}eheh�ª�?�0o¬{0upb#q}u�� u��fqs�

zUgf�#³ q���g�¶ÂyG¯¦¸B¯±�#oxuUgOq��FÈ?�ªuq}� e�o�q�uvopb?{�¿
� �?�hb?{�¿¼uU{^��{�e�¤?� �?g�g�¹^�f�ªgO��uU³ªw�upb?gAo¬g�ux¿�{^o¬uUq}�B�?q}z4�?oc� �
{�zU�?gfz�up{h¤�g�q}¤?³ g�up{��%gO«sgf³ {s��b?� �sb%§¨��gfzp½£{szUehqs�#��g��%�´oxuUzp� ¤?r%uUgO�'op{}½¾ux¿cq}zUgv�?³´q�up½£{szUehoO¸

�����=r������ch��������\k?p�p�}~p��Sr>qAiFl��� �"! � uZm
kAr�qvo*l<x�r,uZmIu k?i`} l<iAkcq�r>}Zr'l<iAr��

h$# � h��



���������
	�������������������������
�� "!$#��"%&�&!��'!$()(*�
(�+,�-%���#/.��)�)01�)	2!3+54,687:9;�� <!=#��<%&��>�<�?.@!$�'���
	-�<�'!$#��A���B���A�1�"�p�

CORBA ORB

Stub

Client

IDL
specification

for MPI-based
parallel codes

IDL
compiler

Machine A

MPI Communication layer

Skel.

BOA

Supercomputer

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

MPI Slave processes

M
P

I M
as

te
r 

p
ro

ce
ssSPMD

Code

®�� �sr#zpghiSO �!e�qso¬upgOz¦¥}o¬³´qE«sgkq}�?�#zp{Nqs�4b^uU{hgf�#�Oq}�#opr?³´q�upg�¶Âyº¯��f{¡�?gOo

� �+	���&��'( ��-�&��6��	��m���! ?"?$'&�( �
)*��&��,&�-�-f�
- ����)0�
(3�f	��6� .983:<;>=
��$�� �
�º��(

acb#gW� �NupgO�sz4q�up� {s� {}½c¶ÂyG¯¨§¨¤#qsopgO���#qszUqs³ª³ gf³G�f{¡�?gOokup{'gft¡�´o¬up� �?��~
µkl�»c� �ª�%½£z4qso¬upzUr#��upr?zUgOok�´o�q}� �ªeW§
��{szpuUqs�Nuk�´opopr?gW�ª� e�q}�¡wÂzUgOopgOqszU�4b]qs�#�]�?gf«sgO³ª{��?ehgf�Nu��?zp{s|xgO��uUo���¸�¯±� eh{�o¬u�{}½ºuUb?gOopgh�?zU{}|xgO��uUoOÈDupb?g
rBo¬r#qs³ ¿cqEw�{s½Ggf�#�Oq}�#opr?³´q�up� �?�^�Bq}z4q}³ ³ªgO³ ��{%�%gAo��´o�uU{�qs�%{��%uq�ehq�oxuUgfz�¥�op³ qE«�gkqs�?�?zU{�q��4b'q�ovopb?{�¿
�Â� �
®6� �sr?zUghis¸
� ¶Âyº¯¨§Y¤#q�o¬gA� �Bq}z4q}³ ³ªgO³c�f{%�%gÂ�fq}� ¤�g o¬gOgf��qsohq o¬gfu^{}½�´�%gO��uU� �Oq}³
�?zU{%��gAopopgOoh�fqs³ª³ gO���¡yº¶ G��

�#zp{%��gAopoO¸,acb?g���{%�%gupb#q}u
�f{szUzpgAo¬��{s�B�?o uU{hopr#�4b0�?zp{%�fgOoUoº�´o
�fqs³ª³ gO�0qW�¡y�¶\G ��{%�%g�¸,Ëºqs�4b0�?zp{%�fgOoUo¬{�z
{s½Bq��Bq}z4q}³ ³ªgO³�opw¡o¬upgOe�zpr#�#o {��?g
�¡yº¶\G��?zU{%��gAopoO¸ acb?g�e�qso¬upgfz�¥�op³´qE«sgGq}�#�?zp{Nqs�4b���{��#op� o¬uUo��ª�Wo¬gO³ªgA�¦uU�ª�?�
{��?gº�#zp{%��gAopo�¢£rBo¬r#qs³ª³ wkupb?g�{s�#g�b#qE«¡� �?�vq³ª{��s�´�fqs³s�?zU{%��gOoUo�� �%gO�Nup�LK#gfz6g
�Nr#qs³�uU{�N©FuU{�?³´qEwkupb?g�zU{s³ gº{}½#q
e�q�oxuUgfz,upbBq�uG�´oG��{��?�?gO��upgA��uU{�o¬³´qE«sgc�?zU{%��gOoUopgOo�upb?zU{sr#�sb�upb?gv¶ yG¯6�f{sehe�r#�?� �Oq�uU�ª{���³´qEwsgOzO¸ µ�?³ªw�upb?g
e�q�oxuUgfzk�?zp{%�fgOoUov�´ovgO�#�fqs�#opr?³ q}upgA�Â�ª�NuU{�qÂ~
µkl�»c� {�¤%|xgO��uO¸��¡r#�4b o¬� eh�?³ gWop{s³ r%up� {s�]zpg ��r#�ªzUgOoko¬{�ehg
eh{%�%�LKB�fq}up� {s�#oºup{Wg�t%�´oxuU�ª�#��¶ÂyG¯���{%�%gAoº�ª½ uUb?gfw^�%�´�^�#{}u
q}³ zpgAqs�%w�½£{s³ ³ª{�¿+q�e�qso¬upgOz¦¥}o¬³´qE«sg�qs�?�?zU{�qs�4b ¸
¶ {szUgf{�«sgOzOÈ�upb#g0e�qso¬upgOzhehqEw zUgf�?zUgOopgf�Nuhq}� � eh�B{�z¬u4q}�NuW¤�{}upup³ gf�?gA�<J ¿
b?gf� ux¿�{ ¶ÂyG¯W��{%�%gOo�b#qE«�g
uU{ �f{sehe�r#�?� �Oq�uUg0¿
�ªupb gOq��4b {}uUb?gfzA¸ a�{�� ³ª³ r#o¬upz4q�uUg�uUb?� oW�?zU{s¤#³ªgOe�È�q�op�ªeh�?³ g'g�t?q}eh�?³ g�� ohopb?{�¿
�
� � ®6�ª��r?zpg Q?¸0�3�f³ª� gf�Nu��´o�oU�4b?gO�?r?³ª� �?�'uUb?g^g�t%gA��r%uU�ª{�� {s½�ux¿�{ ¶ÂyG¯¨§¨¤#q�o¬gA���Bq}z4q}³ ³ªgO³G��{%�%gOoO¸�Gkq�u4q?È
��gf�?gOzUq}upgA��¤¡w�upb#g5K#zUo¬uG��{%�%g�Èsq}zUg��Nq�uUb?gfzUgO��¤Nw�upb?g
�f³ª� gf�Nuºq}�B��qszpgco¬gO�Nu6uU{kupb?g�opgO�f{s�#�W��{%�%g�È}¿
b?�´�4b
� �^uUr?zU��op�Oq�upupgfz4oºupb?gk�?q�u4q�up{�upb#gk¶Âyº¯ºo¬³´qE«sgv�?zp{%�fgOoUo¬gAofÈ��BgOz¬½£{�zpe�oºupb?g���{�eW�#r%uUq}up� {s��qs�#����q}upb?gOzUo
uUb?gkzpgAo¬r?³ªuUoºup{Wo¬gO�#��uUb?gfe9¤Bqs�<J�up{�upb?g���³ �ªgO�NuO¸ acb?�´o�qs�?�?zU{�q��4bh�?{NgAoº�#{}uc{ �Dgfzcq�oU�fq}³´q}¤#³ªgko¬{�³ªr%uU�ª{��

�<h)m k �=r oLqAl<�&r	��p�q�
 p<o k �=r ��iA|=qAu k |=q�p�t�qAl<�&�&r o��m=n=r>n ��� k ��r ��=q�p�|Sr�l<m �cm=uZp�m
� �
kAkA|�� ���������,� l<q�k�k?uZx�� x>p����"|=q�p���r�x{kAi������ �� z� � �
kAkA|�� ���������,� !<i'� p�q�t#" p�q oLqAp�� p<k �=r>q uZm=u kAu l"k?u $
r>i o��m=n=r>n%����&=q�p�|�r'l<m x�p��m�kAqAuZr>i � �
kAkA|�� ���������@� iAuZiAkAr>x
� n�}Zq�� n=r��"r>m'�"|=q�p���r>x>kAi��'kAr>m�k(��) r�� �1r�m�k'� �
kA�&}*"+�,-uZm�t�}Zrzf�q�p�t�qAl<��e-=} kAuZ|=}Zr	�zl"ksl � ,�fje �."BuZi`l<m8r�/-r>x0-k?uZp�mI�&p-n=r>}�} l<q�t�r�} �1=i?r>n k?p@|=q�p�t�q?l<�a|$l<q?l<}Z}Zr>}Si��-iAkAr>�&i'�

�F� m��-�
�<���



� ��0~���������U�:������(��I+c0~���w#��{�"�B0��g68��	��

CORBA ORB

Stub 2

Client

Scheduler

MPI Communication layer

Skel. 2

BOA

Code 2

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

MPI Slave processes

M
P

I M
as

te
r 

p
ro

ce
ss

MPI Communication layer

Skel. 1

BOA

Code 1

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

MPI Slave processes

M
P

I M
as

te
r 

p
ro

ce
ss

Stub 1

SPMD
Code

SPMD
Code

®6� �sr?zUg Q1Oº~�{sr?�#³ª� �?�h{}½6ux¿�{�¶Âyº¯¨§Y¤#q�o¬gA���Bq}z4q}³ ³ªgO³D�f{%�%gOo�uUb?zp{�r?�sb0upb#g�~
µkl�»c��µklv»¸

uU{Wupb?g�gf�B�fq}�Bo¬r?³´q�uU�ª{���{s½��#qszUqs³ª³ gf³F��{%�%gAof¸ �o�upb?g��¡r?e�¤BgOz
{}½,�%yº¶\G��?zU{%��gAopopgOo�{sz�upb#g�o¬�*[fg�{}½�upb?g
�#zp{�¤?³ªgOe ¢°qseh{sr?�Nu�{}½ �?q}uUq�upz4q}�#opeh� upupgA�0¤�g�ux¿�gfgO��ux¿�{h�#qszUqs³ª³ gf³ �f{¡�?gOo4©��ª�#�fzpgAqsopgOoOÈ¡� uv¿
� ³ ³ gf�NuUqs�ª³ q
³´q}zU�sg���{�ehe�r?�?�´�fq}up� {s��{�«sgOzpb?gAqs�F¸
a�{�qE«s{s�´�huUb?g���q�uUb?gfzU� �?��qs�#�^uUb?g�op�Oq�upupgfzU� �?��{s½��?q}uUq�¿
b?gf�'�fqs³ª³ �ª�#�Wq^~
µkl�»c� {s¤%|xgA�¦u
gf�#�Oq}�%§

opr?³´q�uU�ª�?��qk¶ÂyG¯,��{%�%gsÈs� u �´o,�?gO�fgOoUopqszpwkup{k{ �DgfzGqvupgA�4b?�?���Nr?gc�ª�W¿
b?�´�4bWqs³ª³Nupb#g
�%yº¶\G+�#zp{%��gAopopgOo�¿
� ³ª³
¤�gvgO�#�fqs�#opr?³ q}upgA�h�ª�Nup{�~
µkl�»c�+{�¤%|xgO��uUoO¸ ���ªupb�o¬r#�4b^qs��q}�#�?zp{Nqs�4b È�q}³ ³#uUb?gk�¡y�¶\G �?zp{%�fgOoUo¬gAoG¿
� ³ª³
¤�g���{s�#�?gO��upgO��up{�upb?g�µkl�»�q}³ ³ª{�¿
� �?��uU{���gfzp½£{szUe9��{�eWe�r?�?�´�fq}up� {s�^¤�g�ux¿�gfgO�^{s¤%|xgA�¦u4oº¤�gf³ {s�?���ª�#��up{
ux¿�{0�?��DgfzUgf�Nu���{s³ ³ gO�¦uU�ª{��#ovupb?zU{sr?��bÂupb#g�µkl�»k¸ �¡r#�4b o¬{�³ªr?up� {s� �´okehqs�ª�#³ªwÂ�%zU�ª«�gf��¤Nw'��gfzp½£{szUe�q}�#�fg
zUgOq�o¬{��#oO¸'Év{�¿�gO«sgOzOÈ6� uW� o��?gA��gOoUoUq}zUw]�?{su�up{]g�t%�B{No¬g��#q}z4q}³ ³ªgO³ª�´ope uU{�q �f³ª� gf�NuO¸ acb?�´o�ehgOqs�#o�uUb#q�u
uUb?g�f³ª� gf�Nucb#qsoGup{Wo¬gOgv{s�#³ªwh{s�#gvgf�NuU� uxwh� �#oxuUgOq���{}½ qs³ª³Bupb?g�~
µkl�»c�+{�¤%|xgO��uUo�gf�#�Oq}�#opr?³´q�up� �?���%yº¶\G
�#zp{%��gAopopgOoO¸º�o
½£{szv�ª�#o¬uUqs�#��g�È#q}�Â{��BgOzUq}up� {s�'�fqs³ª³YÈ#�´opopr?gA�0¤¡w�q���³ �ªgO��uAÈ#b#q�ocup{�¤Bg���gfzp½£{szUehgO��¤¡w0qs³ª³
~
µklv»�� {s¤?|xgO�¦u4oGuUb#q�u
zUgf�?zUgOopgf�NuGuUb?g�¶ÂyG¯���{%�%gs¸ acb?�´oc�fqs³ª³ �ª�#��b#q�oºuU{�¤�g��%{s�?gupz4q}�Bo¬�#qszpgO�Nup³ w�¤¡w
uUb?g��f³ª� gf�NuA¸¶Â{�zpgO{�«sgfzAÈ?�ª½�q^�f³ª� gf�Nu�#gfgO�#o�uU{0�%�´oxuUzp� ¤?r%uUg��?q}uUq0q}eh{s�?�0~
µklv»��/{s¤%|xgA�¦u4ofÈ�� u�b#q�o
up{
¤�g^�%{��?g^qso�uUzUqs�#op�#q}zUgf�Nup³ w qso���{�oUop�ª¤?³ gs¸0acb?gOopghux¿�{'{��?�B{No¬�ªupg�zUg
�Nr?� zUgfehgf�NuUo�¢°�BgOz¬½£{�zpe�qs�#��g�q}�B�
uUzUqs�#op�#q}zUgf�#�fw?©�³ gOqs� up{�upb?g'� �NupzU{¡�?r#�¦uU�ª{�� {}½�q]�#gf¿ �f{s�#�fgf�%uAÈº�fqs³ª³ gO� �#qszUqs³ª³ gf³�~
µkl�»c��{�¤%|xgO��uOÈ
uUb#q�uk�?zU{�«N�´�%gAovq�uUzUq��%g�§¨{ � ¤Bgfux¿�gOgf� ��gfzp½£{szUe�q}�#�fg�q}�B�'upz4q}�#op�#qszpgO�#��w�¸vacb?g��#g�t¡u�opgO��up� {s�Â���ª«�gOovq
�?gOoU��zU�ª�%uU�ª{��0{s½ uUb?� ov��{s�B��gf�?uO¸

� �+&��,&�-�-��
-�.989: ;>= ��$�� �
�º�

acb#g���{s�B��gf�?uv{}½,�#q}z4q}³ ³ gf³6~
µkl�»c�!{�¤%|xgO��u����´ovop�ªeh�?³ w0q^�f{s³ ³ªgA�¦uU�ª{��0{s½,�´�%gO��uU� �Oq}³6~
µklv»��!{�¤%|xgO��uUo
q�o�o¬b#{�¿
��� � ®�� �sr#zpg��?¸^�<~
µkl�»c�>{�¤%|xgO��u�gf�#�Oq}�#opr?³´q�uUgOo�qÂ�¡yº¶\G��?zU{¡�fgOoUof¸h¯¨u�uUb¡r#o���{�eW�#³ª� gOo
¿
�ªupb]upb?g3K#z4oxukzpg �Nr?�ªzUgfehgO��uko¬� �#��gW�%r?zU�ª�#�^upb#g�gft¡gA��r%uU�ª{�� {}½�q^�#qszUqs³ª³ gf³6��{%�%gsÈDgO«sgfzUw��?zp{%�fgOoUo�¢°�L¸ gs¸
qs�Â~
µklv»�� {�¤%|xgO��u4©�� o
�f{s�?�#gO�¦uUgO��up{huUb?g�µkl�»k¸%¯¨uv��{seh�?³ � gOo
q}³´op{�¿
�ªupb�upb#g�opgO�f{s�#�0zUg
�Nr?� zpgOeWgO�Nu
¢£upz4q}�#op�#qszpgO�#��w?©o¬� �#��g�q'�#qszUqs³ª³ gf³º~
µkl�»c� {s¤?|xgO�¦u��´o�r#opgO� qso�q'o¬uUqs�#�?q}z4� ~
µklv»��2{�¤%|xgO��uO¸���³ ³
uUb?gW~
µkl�»c�!{�¤%|xgO��uUo
¤�gf³ {s�?���ª�#�hup{�q��f{s³ ³ªgA�¦up� {s�Â�Oq}�'¤Bg�ehqs�?� �?r?³´q�upgA�Âqso
q^op� �?�s³ g�gf�Nup�ªuxw�¤¡w0upb?g

�<f�l<qAl<}Z}Zr�}�p�� ��r>x>kFuZi�=i?r>n8o*q�p���m=p0�\p�m uZm=i�k?r�l<nIp<o�|=l<q?l<}Z}Zr>} �� �"! �\p�� ��r�x{k

h$# � h��



���������
	�������������������������
�� "!$#��"%&�&!��'!$()(*�
(�+,�-%���#/.��)�)01�)	2!3+54,687:9;�� <!=#��<%&��>�<�?.@!$�'���
	-�<�'!$#��A���B���A�1�"�U�

CORBA ORB

Stub

Client

Extended-IDL
specification

for MPI-based
parallel codes

Extended -IDL
compiler

Machine A
MPI Communication layer

Skel.

 BOA

Object
impl.
SPMD
code

Skel.

 BOA

Object
impl.
SPMD
code

Skel.

 BOA

Object
impl.
SPMD
code

Skel.

 BOA

Object
impl.
SPMD
code

Supercomputer

Parallel CORBA object

®6�ª��r?zUg��BO,y,qszUqs³ª³ gf³�~
µklv»�� µ¤%|xgA�¦uA¸

opw%oxuUgfe'¸ ®6�ªz4oxu�{}½ qs³ª³YÈsuUb?g��fq}³ ³ �ª�?��{}½ qs�^{s��gfz4q�uU�ª{���¤Nw�q���³ �ªgO��u�¿
�ª³ ³�zpgAo¬r?³ªu�� �^uUb?gvgft%gO��r?up� {s�^{s½ upb?g
q�opop{%���´q�uUgO��ehg�uUb?{%��¤¡w^qs³ª³D{s¤?|xgO�¦u4o�¤BgO³ª{��?�s� �?��up{�upb?g���{�³ª³ gO��up� {s��q�u�upb?g�opgfzU«sgfz�o¬�´�%g�¢¾½£{�³ª³ {�¿
� �?��qs�
�%yº¶\G g�t%gO�fr%up� {s��eh{%�%gf³¾©¦¸,acb?�´o �#qszUqs³ª³ gf³�qs�¦uU�ª«�q}up� {s���´o �%{��?g upz4q}�Bo¬�#qszpgO�Nup³ wq}�B���?q�u4q��%�´oxuUzp� ¤?r%uU�ª{��
¤�g�ux¿�gfgO��uUb?g
{s¤?|xgO�¦u4o,¤BgO³ª{��?�s� �?�up{�q���{�³ª³ gO��up� {s�W� o,gO��uU�ªzUgf³ w�b#qs�#�%³ gO��¤¡w�upb?g�opw%oxuUgfe'¸ �¡r#�4bW³ªgO«sgf³%{s½
uUzUqs�#op�#q}zUgf�#�fw��´o�q��4b?� gf«sgA�Wupb?zU{sr#�sbhupb#gkq��?�%� �?��{s½ �?gf¿�� �%½£{szUe�q�uU�ª{��hup{�uUb?g���{seh��{s�?gO�Nu�� ��uUgfzp½°qs�fg
zUgf�#zpgAo¬gO��uUgO�Â¤¡w qs��¯>G H�o¬��gO�f� KB�Oq�uU�ª{�� ¸ ���ªupb o¬r#�4b��ª�?½£{szUehq}up� {s� ÈF�#gf¿>o¬upr#¤#o�q}�#��o�J�gf³ g�uU{s�#ok�fqs�
¤�g��sgO�?gfz4q�uUgO�^up{�b?�´�%g�qsoce�r#�4bÂqsoc��{�oUo¬� ¤?³ guUb?g���{�³ª³ gO��up� {s��{}½G~
µkl�»c� {�¤%|xgO��uUo�uU{hupb?g��f³ª� gf�NuO¸
���������
	����������������
�������
������������������� ��"!$#
�� ���!%�'&( ��
)+*,�-�.�/10�2
243
�
5���(6��(	76
 �8
9"&(�;:���%�� ��<�=*",�-�.
�>3
�
5���(6��(	76
 �8
9"&(�;�����
�����<�=*",�-�.
�<�=*",�-�.
�>3
?  �%6�@8"&����A�"&�5>BA�A�76C�(!��D�FE�G���H(I��<�J�%�K�����
�����7L>M$���':������ ��NE�M

 �8
�'6"�(!%�D�FE�G���H(I���:���%�� ��OHQPR3
?  �%6S!%T���&UBV���O6C�(!��D�FE�G���H(I��W:���%�� ��OH4MX �8
�Y�(!�8�@Z6� �8
9&(� ? ��&PR3

[ 3

®6�ª��r?zUgk²�Oz^ gfz4o¬� {s��¿
� uUb'¯>GIH gftNuUgf�#op� {s�

� �Bq}z4q}³ ³ªgO³�{s¤%|xgA�¦u � ��uUgfzp½°qs�fg � o �?gOoU��zU�ª¤�gO�k¤¡wqs�kgft¡upgf�B�%gO��«�gfz4o¬� {s�k{}½Nupb?gº¯>GIHºÈf�fqs³ª³ gO�kË t¡upgO�#�%gA�¡§
¯>G HG¸D¯¨u�� okq�o¬gfu{}½��?gf¿ J�gfw¡¿�{sz4�?o
{szk�?z4q}��ehq�o
uU{0op�BgA���ª½£wÂ¤B{supb uUb?gW�Nr#e�¤�gfz�{}½G{�¤%|xgO��uUo¿
� uUb?�ª�

�F� m��-�
�<���



V ��0~���������U�:������(��I+c0~���w#��{�"�B0��g68��	��

� ������)%@�������C������� �J�U����������
���������
	�����W�����
������������������� ��"!$#
�� ���!%�'&( ��
)+*,�-�.�/10�2
243
�
5���(6��(	76
 �8
9"&(�;:���%�� ��<�=*",�-�.
�>3
�
5���(6��(	76
 �8
9"&(�;�����
�����<�=*",�-�.
�<�=*",�-�.
�>3

� ������)%@�������
6C�(!���6C��!%�D�FE�G���H(I��<������L��
� ������)%@�������
6C�(!���6C��!%�D�FE�G���H(I��WH��
?  �%6�@8"&����A�"&�5>BA�A�N�����(�����7L M ���':���%�� ��NE�M  �8��O:���%�� ��OHCP 3

� ������)%@�������
6C�(!���6C��!%�D�FE�G���H(I��WH��
� ������)%@�������
6C�(!����
!�8�@ ? ��&��
?  �%6S!%T���&UBV���7:������ ��OH>M  �8�� 6� �8(9"&(� ? ��&PR3

[ 3

®6� �sr?zUg��1O�^ gOzUop�ª{���¿
�ªupb'�?z4q}��ehq�of¸

uUb?g���{s³ ³ gO�¦uU�ª{���q}�B��upb#gk�?q}uUq��%� o¬upzU� ¤?r%up� {s� ¸,®6� �sr?zUgv²hopb?{�¿�oºqs��Ë t¡upgO�#�%gA�¡§Y¯>G H o¬��gO�f� KB�Oq�uU�ª{���{}½ q
«�gfzUw^o¬� eh�?³ g�g�t?q}eh�?³ gs¸
¯±� ®�� �sr#zpg^²BÈ g�t¡upgO�#op�ª{��#o�uU{ upb#g�¯>G H¼³´q}�?��r#q}��g^q}�?��gOqsz�� � ¤�{s³´� ½°qs�fgs¸ acb?gXK#z4o¬u�g�t¡upgO�#op�ª{��

�f{s�#op�´oxuv� �]op�BgA���ª½£w¡�ª�?��upb?g��¡r?e�¤�gfz{}½G{s¤?|xgO�¦u4o�� �Âupb#g���{�³ª³ gO��up� {s� qs�#�'upb#g�«¡�ªzpuprBq}³�opb#qs�Bg�{s½ upb?gAo¬g
{�¤%|xgO��uUoO¸�acb?� ohgft¡upgf�Bo¬� {s��q}�?��gOqszUok|xrBoxu�q}½¾upgfzhuUb?gÂ� ��uUgfzp½°qs�fg�J�gfw¡¿�{�zU� ¸ acb?g opgO�f{s�#� g�t¡upgO�#op�ª{��
¢L�%�´oxuAÈG�fopr?e^©��´o�zUgf³´q�uUgO� uU{Âupb?g'�?q}uUq �%�´o¬upzU�ª¤?r?up� {s� q�opop{%���´q�upgA� ¿
� uUb �#qszUqseWgfupgOzUo�{s½�{s��gfz4q�uU�ª{��#of¸
�%r#�4b+g�t¡uUgf�#op�ª{��#o�qs�?��gOq}z�qso��?gf¿ ¯>G H J�gfw¡¿�{�zU�#o�b?{�¿�gf«sgOz��?z4q}�se�q�o^�fqs�+¤Bg�r#opgO��� �#o¬upgOq��+qso
opb?{�¿
�'� � ®�� �sr#zpg��?¸c¯±�'upb#q}uk�fq�o¬g�È?�#qszUqs³ª³ gf³6~
µklv»�� {s¤%|xgA�¦u�%{¡gAo��?{suvzpg �Nr?�ªzUg�upb#g�eh{¡�?� KB�Oq�uU�ª{��
{s½ uUb?g�¯>GIH opw¡�NuUq�tF¸
acb?gh½£{�³ª³ {�¿
� �?��opr?¤#opgO��up� {s�#o����ª«�gWq'opb?{szpu��%gOoU��zU�ª�?up� {s� q}¤�{sr%u�b?{�¿/up{'e�q}� {s¤%|xgA�¦u4okqs�#� b?{�¿

uU{W�?� o¬upzU�ª¤#r%upg��?q}uUq�qseh{s�?��upb?gk{s¤?|xgO�¦u4o�¤BgO³ª{��?�s� �?��up{�upb?g���{�³ª³ gO��up� {s�0r#o¬� �?��upb?gkg�t?qseW�#³ªgk�s� «sgO��� �
®6� �sr?zUg
²¡¥s�%¸6��³ ³%upb?gvg�t¡upgO�#o¬� {s�BoGqs�?�?gO��up{�uUb?g�¯>G HGÈ�q�o ¿�gf³ ³#qsoGop{sehgczUgOo¬upzU� ��up� {s�#o qs¤B{�r%uº� ��uUgfzp½°qs�fg
� �?b?gOzp�ªuUqs�#��g�È?q}zUg�#zpgAo¬gO��uUgO�0�ª�'eh{szUg��%g�u4q}� ³ oc� ��� Q
	Y¸

���� �������������������! #"%$'&�(*)
acb#g^�¡r?e�¤�gfz�{s½
{s¤%|xgA�¦uUo��ª� uUb?g���{�³ª³ gO��up� {s� È�upbBq�u�¿
� ³ª³��ªeh�?³ gfehgO��u�upb?g^�Bq}z4q}³ ³ªgO³G{s¤%|xgA�¦uAÈ6qs�#� upb?g
opb#qs�Bg {s½�upb?g�«¡�ªzpupr#qs³v�?{%�%g�q}zUzUqEw ¿
b#gfzUg {s¤%|xgA�¦u4o�{s½kuUb?g��f{s³ ³ªgA�¦uU�ª{���¿
�ª³ ³¤�g]e�qs�?�BgA��{s� È�q}zUg
op��gO���LK#gA� ¿
�ªupb?� �]uUb?gWux¿�{0¤?z4qs�<JsgfuUokq�½¾uUgfzkupb?gW¯>G HaJ�gfw¡¿�{sz4�'�ª�NupgOz¬½°q���g�¸�acb?gfzUgWqszpgWo¬gO«sgOzUqs³ ¿cqEw¡o
uU{ K?t upb#g��¡r?e�¤BgOz�{}½k{s¤%|xgA�¦uUoW� � uUb?g ��{�³ª³ gO��up� {s� ¸ acb?g'g�t%�?zUgOoUo¬� {s� e�qEw ¤BgÂq}� � ��uUgf��gfzh«�q}³ r?gsÈ
qs�]� �NupgfzU«�q}³,{}½��ª�NupgO�sgOz«�q}³ r?gAofÈ q�½£r?�#��up� {s� {szupb?g,+.-/+�opw¡e�¤�{s³Y¸�acb?�´o³´q�upupgOzk{��%up� {s��ehgOq}�BovuUb#q�u
uUb?gh�¡r?e�¤�gfz�{s½�{�¤%|xgO��uUo��´o��4b?{�opgf� q�u�zpr#��uU�ªehg^�%gO�BgO�#�%� �?�'{s��upb?g^qE«�qs�ª³´q}¤?³ gWzpgAo¬{�r?zU�fgOoW¢£�Y¸ g�¸hupb?g
�¡r?e�¤BgOz�{s½ �?gfux¿�{�z'JW�?{%�%gOo��ª½ {s�#gqsoUopr?ehg�upbBq�ucgOqs�4b�{s¤%|xgA�¦uc� ocqsoUop�ª���?gO�WuU{�{��?³ªwh{��?gv�?{%�%gE©¦¸Gacb?g
opb#qs�Bg�{s½Dupb?g�«¡� z¬uUr#q}³B�?{%�%gvqszpz4qEw��´oºq}�h{��%up� {s�#qs³#�#qszUqsehg�upgOz,upb#q}u��%gAop�fzp� ¤�gOo b?{�¿�{�¤%|xgO��uUo e�r#oxu�¤Bg
{�zp�Nq}�?�´opgO�F¸6��«¡�ªzpupr#qs³#�?{%�%gq}zUzUqEw��´oGrBo¬gA���%r?zU�ª�?���?q�u4q��%� o¬upzU� ¤?r%up� {s��{s½ e�r?³ªup�´�%� ehgf�#op�ª{��#q}³�q}zUzUqEw%oO¸
¯¨u^� �#�%�´�fq}upgAoWupb?gÂ�¡r?e�¤BgOz�{}½�{s¤%|xgA�¦uUoWuU{ ¤Bg �%�´o¬upzU�ª¤?r?upgO� {���q ���ª«�gf���%�ªehgO�#o¬� {s�!¢£{s½�qs� qszpz4qEw?©

h$# � h��



���������
	�������������������������
�� "!$#��"%&�&!��'!$()(*�
(�+,�-%���#/.��)�)01�)	2!3+54,687:9;�� <!=#��<%&��>�<�?.@!$�'���
	-�<�'!$#��A���B���A�1�"�¬�

½£{�z�¿
b?�´�4b q'�%�´oxuUzp� ¤?r%uU�ª{����´o�op�BgA���LK#gO�F¸ ��b?gO� upb?�´o��#qszUqseWgfupgOz�´o�{seh�ªu¬uUgO� q}�#��¿
b?gf� uUb?gfzUg�q}zUg
opgf«�gfz4q}³s�?�ªehgf�Bo¬� {s�#o�� ��q}zUzUqEw%oF���ª«�gf��q�o �#qszUqseWgfupgOzUo {}½#q}��{s��gfz4q�up� {s� ÈfuUb?g�ËGtNuUgf�#�?gO�¡§¨¯>GIH���{�eh�?�ª³ gfz
�f{seh�?r%uUgOo�qÂopb#q}��gh{}½�upb?g�«¡� z¬uUr#q}³ �#{¡�?g^q}zUzUqEw�upbBq�u�e�q�u4�4b?gOokuUb?g��¡r?e�¤�gfz�{s½�{�¤%|xgO��uUo�r#opgO� ¸�¯±�
®6� �sr?zUg�²¡¥s�%È?�ªuv�´o�zUg
�Nr?� zpgA�0upb#q}u�upb?g K#zUo¬uv�%� ehgf�#op�ª{��Â{}½,upb#g�«¡�ªzpupr#qs³ �?{%�%g�qszpz4qEw^�´o�q�e�r?³ uU�ª�#³ªg�{s½
Q?¸�µ�?³ w�upb?g�{��BgOzUq}up� {s�0e�r?³ªup� �?³ w�r#opgOo�qWe�r?³ uU� §±�%� ehgf�#op�ª{��#q}³ qszpz4qEwh�ª��uUb?g�³ª�´o¬u�{}½,� u4o
�#q}z4q}ehgfupgfz4oO¸
¯¨u�zUg
�Nr?� zUgOoupb#q}u�upb?gXK#zUo¬u��%� eWgO�#op�ª{�� {s½ºuUb?g^e�q�uUzp�ªt]e�rBoxu�¤�g^�%�´oxuUzp� ¤?r%uUgO�F¸�acb#gfzUg�½£{szUgsÈF{�¤%|xgO��uUo
¿
� ³ ³ ¤Bg�{�zp�Nq}�?�´opgO�^q�o
q�«�gO��up{szA¸

���� � � ( �����) (��/�� �� (*���!�
Gkq�u4q0�?� o¬upzU�ª¤#r%up� {s��� o�op�BgA���LK#gO�]r#o¬� �?�0upb?gh�%�´oxugJ�gfw¡¿�{�zU�'¤�g�½£{�zpg�upb?gWuxw¡��g�{s½ºgOq��4b]�#qszUqseWgfupgOz�up{
¤�gv�%�´o¬upzU�ª¤?r?upgO� ¸�¯±�^®6� �sr?zUg
²#È�{s��gfz4q�up� {s�We�r#³ uU�ª�?³ wWb#qso,ux¿�{��#qszUqseWgfupgOzUoc¢£e�q}upzU� th�+q}�#�h«�gO��up{sz�~c©
¿
b#� �4b qszpg��?� o¬upzU�ª¤#r%upgA�F¸v�
½¾uUgfzupb?gW�%�´oxu Jsgfw¡¿�{sz4�FÈB�?� o¬upzU�ª¤#r%up� {s�Âeh{%�%g�½£{�zvgAqs�4b q}zUz4qEw��%� eWgO�#op�ª{��
�´o�op�BgA���LK#gO�F¸^acb#g +.-*+�� �#�%�´�fq�uUgOokuUb#q�u�uUb?g^��{�zpzUgOop�B{��#�%� �?�'q}zUzUqEwÂ�%� ehgf�#op�ª{����´o��?{su��%�´oxuUzp� ¤?r%uUgO�F¸
G�´oxuUzp� ¤?r%uU�ª{���eW{%�%g��fq}��¤�g]gO� uUb?gfz�»5H,µ�~:b {�z�~
	�~:H ¯p~¸�� �?{��+�%�´oxuUzp� ¤?r%uUgO���#qszUqseWgfupgOzOÈ
qso
«�gO��up{sz»ÈB� ozUgf�?³ � �Oq�uUgO�'q}eh{s�#�^gOq��4b�{�¤%|xgO��uv{}½ uUb?g��f{s³ ³ªgA�¦uU�ª{�� ¸&Gv�´oxuUzp� ¤?r%uU�ª{�� eh{%�%gOoq}zUg�o¬� eh�ª³´q}z
uU{Wupb?g�{��?gOo
�%g�K#�?gA�0¤¡w�Évyº® ¢°É�� �sb'y,gfzp½£{szUe�q}�#�fgk®#{szpupz4q}�B©�¸

~�{�³ª³ gO��up� «sgk{s��gfz4q�up� {s��� o
qWo¬� eh�?³ gk¿cqEwWup{W�BgOz¬½£{�zpe3�f{seh�?r%u4q�uU�ª{��#o�{s�^uUb?g�«�q}³ r?gOo�zUg�upr#zp�?gA�^¤¡w
uUb?g�{�¤%|xgO��uUo
¤�gf³ {s�?���ª�#�hup{�uUb?g���{�³ª³ gO��up� {s� ¸�~�{s³ ³ gO�¦uU�ª«�g�{s��gfz4q�uU�ª{��#o�q}zUg���gfzp½£{szUeWgA��¤Nw0upb#g�oxuUr?¤ q�u
uUb?g��f³ª� gf�Nu�op� �?gs¸]~�{s³ ³ªgA�¦uU�ª«�g�{s��gfz4q�up� {s�Bo�q}zUg^q}³ ³ª{�¿�gO��{s�#³ªw {s� oU�fq}³´q}z�uxw¡��gOoO¸]µ�BgOzUq}up� {s� o�J�qs³º� �
uUb?gW�?zpgO«¡�ª{�r#o�gft%qseh�?³ªg�ÈD�ª³ ³ªrBoxuUzUq}upgOo�upb?gWr#opg�{s½Gupb?�´ok�?gf¿�gft¡upgf�Bo¬� {s� ¸k¯±� uUb?�´ovgft%qseh�?³ªg�È�upb?gh�fopr?e
J�gfw¡¿�{sz4��� �#�%�´�fq}upgOo upb#q}uGupb?gv«Eqs³ªr#g�zpgfupr?zU�?gA��¤¡w�upb?g�{��BgOzUq}up� {s�h�´o,upb?gko¬r#e/{}½ qs³ª³%uUb?gv«�qs³ªr?gAo �s� «sgO�
¤¡w�qs³ª³F{�¤%|xgO��uUoc¤�gf³ {s�?���ª�#��uU{hupb?g��f{s³ ³ªgA�¦uU�ª{�� ¸

� ��6��$ &�	�) (���
-f������	�����)�� ���
	0�c�,&����f��	m&�( ( ������&��6�
)�13�4��5 ��5��
���h���
	�)0�
)^"? ����

·kgO�?gfz4q�uU�ª{�� {}½�oxuUr?¤ q}�B� o�J�gf³ g�up{�� ��{%�%gOo�½£{sz��Bq}z4q}³ ³ªgO³ {s¤%|xgA�¦uUo�q}³ ³ª{�¿>up{]ehqs�#q}��gWupb?g���{s³ ³ gO�¦uU�ª{��
{s½�{s¤%|xgA�¦u4o�qso0q op�ª�#�s³ g gf�Nup�ªuxw upb¡r#o���{�eW�#³ªw¡� �?� ¿
�ªupb�uUb?g]uUzUqs�#op�#q}zUgf�#�fw zUg
�Nr?� zpgOeWgO�NuO¸/acb?gAo¬g
�f{%�%gOoOÈ¡�sgf�#gfz4q�upgA�h¤¡w^q��?gO¿+¯>G H��f{seh�?� ³ªgOzOÈ%q}zUgop³ �ª��b�uU³ªw��%� �DgfzUgf�Nu�½£zU{se3o¬upr#¤0q}�B��o'Jsgf³ g�uU{s���f{%�%gOo
q�opop{%���´q�uUgO�W¿
� uUb^oxu4q}�#�#q}z4��~
µklv»��+{s¤%|xgA�¦uO¸ acb?gOw�¤�{}uUb�b#q}�B�%³ªg�upb?gk�%� o¬upzU� ¤?r%up� {s��{s½ �?q�u4q�q}eh{s�#�
uUb?g���{s³ ³ gO�¦uU�ª{���{s½ {s¤%|xgA�¦u4o�qs�#��uUb?g�o¬� e�r?³ªuUqs�?gf{�r#o��ª�¡«s{%�Oq�up� {s��{}½�qs��{s��gfz4q�uU�ª{��^{s�0gf«�gfzUwW{�¤%|xgO��u�{s½
uUb?g���{�³ª³ gO��up� {s� ¸
a�{Âb#q}�B�%³ªg0�%� o¬upzU� ¤?r%upgA� �?q�u4q?È,q'�?gf¿2�?q�u4q�uxw¡�Bg�b#q�o�¤�gfgf� �fzpgAq�uUgO�F¸�acb?� o��?gf¿>uxw¡�Bg�È6�Oq}³ ³ªgA�

�?� o¬upzU�ª¤#r%upgA�0qszpz4qEwÂ¢°�?qszpz4qEw?©¦ÈN� oc¤#q�o¬gA�^{���uUb?g�~
µkl�»c� opg
�Nr?gO�#��g�q}¤#³ªgkup{ho¬up{szUgk«Eqszp� {srBo�� �%½£{�zpe�q�§
uU�ª{���q}¤�{sr%uG�?q}uUq��%�´oxuUzp� ¤?r%uU�ª{�� ¸ acb?gcr#o¬g
{s½�opg
�Nr?gO�#��g
�´o,zpg �Nr?�ªzUgO��up{�opr?�?��{szpuº��{�³ª³ gO��up� {s�W{}½B{�¤%|xgO��uUo
½£{�zv¿
b?�´�4bÂuUb?g�ËGtNuUgf�#�?gO�¡§¨¯>GIH � ��uUgfzp½°qs�fg��%{¡gOo�?{}uk�?zU{�«N�´�%g�qXK?t%gO�Â�¡r?e�¤BgOz{s½G{s¤%|xgA�¦u4of¸¯±�]o¬rB�4b
q��fq�o¬g�È,�#q�uUq upb#q}uWbBqso�up{]¤�g'o¬gO��u�up{�gOqs�4b {s¤%|xgA�¦u�{s½
upb?g'��{�³ª³ gO��up� {s� �?gf��gf�#�?o�{s� upb?g��¡r?e�¤�gfz
{s½�{�¤%|xgO��uUo�¤�gf³ {s�#�s� �?��up{'upb#g���{�³ª³ gO��up� {s� ¸�a�{ JsgOgf��upb?g0o¬�*[fg�{s½�uUb?g^�sgO�?gfz4q�uUgO� oxuUr?¤ qso�ope�q}³ ³ºqso
��{�oUop�ª¤?³ gsÈ%qs³ª³�upb#gk�Bq}z4q}ehg�uUgfz4oº{s½�q}�0{s��gfz4q�up� {s�0¤BgO³ª{��?�s� �?��up{hq��Bq}z4q}³ ³ªgO³B{�¤%|xgO��uOÈ¡upbBq�u
q}zUg{s½�q}zUzUqEw
uxw¡��gOoOÈ?q}zUg�ehqs�?��gO�0up{��%�´oxuUzp� ¤?r%uUgO�'q}zUz4qEwWgO«sgO�0�ª½�uUb?gfw�q}zUg��?{}u��%�´oxuUzp� ¤?r%uUgO���#qszUqseWgfupgOzUoO¸

�F� m��-�
�<���



iA� ��0~���������U�:������(��I+c0~���w#��{�"�B0��g68��	��

CORBA ORB

Parallel client

IDL
Skel

Object
Impl.

MPI Communication layer

Parallel CORBA Object

...Object 1

Ext.-IDL
stub

Object 2

Ext.-IDL
stub

Object n

Ext.-IDL
stub

Sequential server

®�� �sr#zpg � O ¯±�¡«�{¡�Oq�uU�ª{��^½£zU{se�qWy q}z4q}³ ³ªgO³�~
µkl�»c� {s¤%|xgA�¦ucup{^qho¬uUq}�B�?q}z4��~
µkl�»c�!{�¤%|xgO��uO¸

acb?g �f{s�#�fgf�%uh{}½��#qszUqs³ª³ gf³c{s¤?|xgO�¦uh�´o��?{}u�zUgOo¬upzU� ��upgA� up{ q opg
�Nr?gf�NuU� qs³c�f³ª� gf�Nu�qs¤?³ªg0up{ ¤?� �#� up{
q �#q}z4q}³ ³ªgO³G{s¤?|xgO�¦uA¸'¯¨u��´o��?gA��gOoUoUq}zUw up{�q}³ ³ª{�¿ ¤B{supb uUb?g��Oq}³ ³ªgOz�q}�B� upb?g��Oq}³ ³ªgOg�up{]¤Bg0�#q}z4q}³ ³ªgO³G{sz
opg
�Nr?gO�Nup�´q}³Y¸ �¡upr?¤Âq}�B��o'JsgO³ªgfup{��0��{%�%gAocb#qE«sgkuU{WbBq}�#�%³ g�«�q}zU�ª{�r#oco¬�ªuprBq�up� {s�Bof¸
acb?g:K#z4o¬u,op� uUr#q�uU�ª{����´o,¿
b?gf��upb?g
�f³ª� gf�Nu � o,opg
�Nr?gO��uU� qs³%q}�#��upb?g
opgfzU«sgfz6�´o6q�#qszUqs³ª³ gf³N{s¤%|xgA�¦uA¸,�¡rB�4b

�Oqsopg��´o�� ³ª³ r#o¬upz4q�upgA�]� � ®�� �sr#zpg��?¸W¯±��upb?�´o�o¬�ªuprBq�up� {s� ÈFupb?g^o¬upr#¤���gf�?gOzUq}upgO�]¤¡wÂupb?ghË t¡uUgf�#�%gA�¡§¨¯>GIH
�f{seh�?� ³ªgOzcb#qso�uU{W¤#r?�ª³´�'q}�#��opgf�#��o¬� e�r#³ u4q}�?gO{sr#op³ªw0q�zUg
�Nr?gAoxucup{hgAqs�4b�{s¤%|xgA�¦u
{}½�upb?g��f{s³ ³ªgA�¦up� {s� ¸6¯¨u
bBqso�qs³ op{'up{]oU�fq}u¬uUgfz��?q}uUq qseh{s�?�'uUb?g^{s¤?|xgO�¦u4o�¤�gf³ {s�?���ª�#�'up{ÂuUb?g0�f{s³ ³ªgA�¦up� {s� ½£{�³ª³ {�¿
�ª�#�'upb?g��#q�uUq
�?� o¬upzU�ª¤#r%up� {s� op�BgA���LKB�fq}up� {s� ¸�¶Â{szUgf{�«�gfzAÈ�qso�g�t%�?³´q}� �?gO� � � uUb?g��?zUgf«¡� {sr#o�o¬gA�¦uU�ª{�� È,� uh�fq}� �BgOz¬½£{�zpe
op{sehg���{�eh�?r%uUq}up� {s��¿
b?gf�Âqh��{�³ª³ gO��up� «sgk{s��gfz4q�uU�ª{��0�´o
o¬��gO�f� KBgO�0½£{sz�qW�#qszUqseWgfupgOzO¸
®6� �sr?zUg � � ³ ³ªr#o¬upz4q�uUgOo
q�opgO�f{s�#��o¬�ªuprBq�up� {s��¿
b?gOzpgkupb#g���³ �ªgO��u��´oc�ªuUopgf³ª½,qW�#qszUqs³ª³ gf³F{�¤%|xgO��u
qs�#�0upb?g

�Oq}³ ³ªgOg��´o�q'oxu4q}�#�#q}z4� ~
µkl�»c� {s¤%|xgA�¦uA¸�¯±� o¬rB�4b �OqsopgsÈDupb#g^oxuUr?¤�bBqsokup{'��gfzp½£{szUe eh{szUgW�f{seh�?³ g�t
{��BgOzUq}up� {s�#o�¤�g�½£{szUg�Oq}³ ³ª� �?��upb?g�{�¤%|xgO��uO¸,¯¨½ �#qszUqseWgfupgOzUo�{}½�qs��{��BgOzUq}up� {s��qszpgk�%� o¬upzU� ¤?r%upgA�FÈ¡upb#g�o¬upr#¤
bBqso�up{h��q}upb?gOz
�?q�u4q�½£zU{se�{s¤%|xgA�¦uUoc¤�gf³ {s�#�s� �?��uU{Wupb?g���{�³ª³ gO��up� {s���?zU�ª{�z�uU{h�ª�¡«s{�J¡�ª�?��upb#gk{��BgOzUq}up� {s� ¸
¶ {szUgf{�«sgOzOÈs{s�?³ wh{s�?g{s¤%|xgA�¦u�{s½ upb#gk�f{s³ ³ªgA�¦up� {s��bBqsoºup{W¤Bg�o¬gO³ªgA�¦uUgO�huU{�� �N«�{SJ�g
upb?gk{s��gfz4q�uU�ª{��hup{�upb?g
~
µklv»��2{�¤%|xgO��u�q�u�upb#g�o¬gOzp«�gfz�op� �%g�¸�acb?g^o¬upr?¤ �´o�zUgOop�B{��#op�ª¤?³ gW½£{sz�opgf³ gO��up� �?�Â{s�?g�{�¤%|xgO��u�{}½�upb?g
�f{s³ ³ªgA�¦uU�ª{��0uU{^��gfzp½£{szUe�uUb?g�� �N«�{%�fq�uU�ª{�� ¸
acb?g�{supb?gOz�{s¤%|xgA�¦u4o�{}½,uUb?g���{�³ª³ gO��up� {s�Âb#qE«�g�up{^¿cq}�ªuvr?�NuU�ª³
uUb?g���{�eW�#³ªgfup� {s�]{s½ºuUb?gh�ª�¡«s{%�Oq�up� {s�]{s��gfz4q�up� {s� ¸��¡� eW� ³´q}z��?zU{s¤?³ gfe�okq}zU� opg�¿
b#gf� q��#qszUqs³ª³ gf³6{s¤?|xgO�¦u
� �¡«s{�JsgOo�qs� {s��gfz4q�up� {s��up{�q}�?{supb?gOz��#q}z4q}³ ³ªgO³G{s¤?|xgO�¦uA¸0¯¨½cuUb?gfzUg�� o�qÂ�%�´oxuUzp� ¤?r%uUgO� �#qszUqseWgfupgOzOÈ �#q�uUq
bBqso�uU{ ¤�g�zUgO�%�´oxuUzp� ¤?r%uUgO� q��f��{�zU�?�ª�?�'uU{ ¤�{}upb upb?g��?q�u4q �%�´oxuUzp� ¤?r%uU�ª{�� o¬��gO�f� K��fq�uU�ª{�� {}½cupb#g0�fqs³ª³ gfz
qs�#��uUb?g�{s�#g{s½ upb#g��Oq}³ ³ªgOgs¸�Ggf��gf�#�%� �?�h{s�0upb#gk�¡r?e�¤BgOz
{}½ {�¤%|xgO��uUo
q}u�uUb?g���³ �ªgO�Nu
op�´�%gkqs�#��q�ucupb?g
opgfzU«sgOzkop�´�%gsÈFuUb?g�oxuUr?¤ b#qsoup{Âopgf�#��{s�#g�{�z�opgf«�gfz4q}³6zpg �Nr?gOo¬uUok{sz�¿cq}�ªu�½£{szkupb?g��f{seh�?³ g�up� {s� {}½�upb?g
� �¡«s{%�fq}up� {s��{s��gfz4q�up� {s� ¸,�¡w¡�#�4b#zp{��?� oUq�uU�ª{���qs�#�h�?q�u4q��%� o¬upzU� ¤?r%up� {s�h{�z zpgA�%� o¬upzU� ¤?r%up� {s�hq}zUg
��gfzp½£{szUeWgA�
rBo¬� �?�Wupb?g�¶ yG¯�ehgAopoUq}��g�#q�opop� �?�h³ qEw�gfz�½£{sz�¤�{}uUb0��gfzp½£{szUe�q}�#�fg�qs�#�0�B{�z¬u4q}¤?� ³ª�ªuxw^zUgOq�o¬{��#of¸

h$# � h��



���������
	�������������������������
�� "!$#��"%&�&!��'!$()(*�
(�+,�-%���#/.��)�)01�)	2!3+54,687:9;�� <!=#��<%&��>�<�?.@!$�'���
	-�<�'!$#��A���B���A�1�"��i�i

@� (6�8"&��NH� !�����@ ����)
� ������� � �
����������	����������@ �A��)�H� ��
�����
�
� ������� � �
�
5���(6��(	+!�����8���C���
	
��9��
��%�
��%9��
��%�
H� �&
&(���%���� �� 3
?  �%6��
 "�������� �&
&(���%���� ��4BA��������@C�N� MV���S��9��
���%�  �9��"PR3
?  �%6'&(�
� ? ������ �&
&���%���� %� BA�V������@��;��MV���S��9��
��%�  �9��"P 3
��9��
��%��H
 �&
&(������� ������!� �& ? �
���� �&
&(���%�C�� ��>BA�V������@��;�1P 3
3
3

®6�ª��r?zUg��1OGÊvqseW� �?��opgfzU«N�´��gk{s��gfz4q�uU�ª{��#o�up{�b#qs�#�%³ g��#q}z4q}³ ³ªgO³F{s¤%|xgA�¦uA¸

¯±��upb?gc�?zUgf«¡� {sr#o��#qszUqs�sz4q}�?b#oOÈAeW{%�%�LKB�Oq�up� {s�Bo uU{vuUb?g
oxuUr?¤h��{%�%g��sgf�#gfz4q�up� {s���?zp{%�fgOoUo ¿�gfzUgºe�q}� �%§
³ w��?gOoU��zU�ª¤�gO�F¸0acb?g�o'Jsgf³ g�uU{s� b#qso�qs³ op{'up{Â¤�g�eh{%�%� KBgO� up{ opr?�?��{szpu��#qszUqs³ª³ gf³ {�¤%|xgO��uUoO¸�acb?g^��{%�%g
��gf�?gOzUq}up� {s���?zU{¡�fgOoUo���{��#op� o¬uUo
� � o¬up{szU� �?���ª�?½£{szUehq}up� {s� qs¤B{�r%u
upb?gW�?q�u4q��%�´oxuUzp� ¤?r%uU�ª{�� o¬��gO�f� KB�Oq�uU�ª{��
½£{�z
gOq��4b��%�´o¬upzU�ª¤?r?upgO�'�Bq}z4q}ehg�uUgfzA¸,acb#� o
� �%½£{�zpe�q�uU�ª{��0�´o
�?gA��gAopoUq}zUwhup{�gO�#o¬r#zpg��?q}uUqhzUgO�%�´oxuUzp� ¤?r%uU�ª{��
¿
b#gf��� �N«�{SJ¡� �?��q}��{��BgOzUq}up� {s�h½£zU{se2q��#q}z4q}³ ³ gf³?{�¤%|xgO��uGup{�gO� uUb?gfzcq�opg
�Nr?gO��uU� qs³?{sz�q��#qszUqs³ª³ gf³?{�¤%|xgO��uO¸
¯±�?½£{szUehq}up� {s�]o¬up{�zpgA�Â� � upb#gho'JsgO³ªgfup{�� {}½GuUb?gh�fq}³ ³ gfzk¿
�ª³ ³ ¤BgW�s� «sgO�Âup{0upb#gho¬upr#¤�qsoUop{¡�f� q}upgA�'up{0upb?g
�Oq}³ ³ªgOgs¸

� ���h���
	�)0��	 �2��5���� &�� ��	��<��c� Dh�f��� ����( �0�0� ��� � �¼&��6&�-�-��
-h.983:3"
;/= ��$�� �
�º�

acb#ghÊq}eh� �?�'�%gfzU«N�´��gW¤�gf³ {s�?�NovuU{�upb?g�~
µkl�»c�9~�{seheh{s� µ¤%|xgO��u��¡gOzp«¡�´��gAoW¢¨~
µ��?©¦¸F¯¨u�qs³ª³ {�¿�oq
rBo¬gOz�up{Âe�q}�?� �?r?³´q�uUg�{s¤%|xgA�¦u4okupb?zU{sr?��b opw¡e�¤�{s³ � �h�Bq}ehgOo�� �#o¬upgOq�� {}½cr#o¬� �?�'{s¤?|xgO�¦u�zUg�½£gOzpgO�#��gAof¸^�
opw¡e�¤�{s³ � ���Bq}ehg��´ovqsoUop{¡�f� q}upgA�0¿
�ªupb]{s�?³ w�{��?g�{s¤?|xgO�¦uzpgf½£gfzUgf�#�fgs¸ca {^bBq}�#�%³ g��#qszUqs³ª³ gf³ {s¤%|xgA�¦uUo�upb?g
oUq}ehg
¿cqEwsÈ�� uº�´oG�#gO��gAopoUq}zUw�uU{�¤?�ª�B�^q�o¬w¡e�¤B{�³ª�´�c�#q}ehg
uU{�q���{�³ª³ gO��up� {s�h{}½F{�¤%|xgO��uºzpgf½£gfzUgf�#�fgOoO¸�acb?gAo¬g
zUg�½£gOzpgO�#��gAocq}zUg�?gOgO�%gA��¤Nw^upb?g�o¬upr?¤'¿
b?gO��qs�0{��BgOzUq}up� {s��� o
�Oq}³ ³ªgA�^uU{�q��Bq}z4q}³ ³ªgO³F{s¤%|xgA�¦uO¸ a�{�o¬{�³ª«�g
uUb?�´o��#zp{�¤?³ªgOe'È,ux¿�{��B{Nopop�ª¤#�ª³ � uU�ªgAo�qszpg0{ �DgfzUgO�F¸ acb?g�K#z4oxuW{s�?g���{��#o¬�´o¬uUo��ª� �%gOop�ª���?� �?��q�o¬gO�#q}z4q�uUg
�Bq}eh�ª�#�0opgfzU«N�´��g�½£{szk�#q}z4q}³ ³ªgO³ {�¤%|xgO��u¿
b?gOzpgAqso
uUb?g�opgO�f{s�#� {s�?g�� o¤#qsopgO� {s�ÂuUb?g�gft¡upgf�Bo¬� {s�Â{s½Gupb?g
gft%� o¬up� �?�h�#q}eh� �?�ho¬gOzp«¡�´��gOoO¸ acb?gOopgkux¿�{hq}�#�?zp{Nqs�4b?gAoºbBqE«sgupb?gO�ªz
{�¿
�'qs�%«�qs��u4q}��gOo�q}�#���%z4qE¿
¤#qs�<J%oO¸
acb#g��?zU{s��{�opgO�Âop{s³ r%up� {s�Â�´o�¤#q�o¬gA�'{s�'uUb?g�gftNuUgf�#op� {s�Â{}½ uUb?g�gft%� o¬up� �?�^�#qseh�ª�?�0o¬gOzp«¡�´��g�¤?r%u��fqs� ¤Bg
uUb?gW¤#qsop� o{}½ºupb?g��%gAo¬� �s� {s½�q0�?gf¿ �Bq}eh�ª�#�0opgfzU«N�´��g�¸�®�� �sr#zpg������ª«�gOovupb?gW¯>GIH op�BgA���LKB�fq}up� {s� uUb#q�u
�#zpgAo¬gO��u4o
�?gO¿!uxwN��gOokq}�B�'{s��gfz4q�up� {s�Bo�qs�?�?gO�'uU{�upb?gWoxu4q}�#�#q}z4�Âo¬��gO�f� KB�Oq�uU�ª{��Â�ª� {�zU�?gfz
uU{�o¬r#�?�B{�z¬u
uUb?g�opwNe�¤B{�³ª�´�k�#q}eh� �?�h{}½6�#q}z4q}³ ³ªgO³F{s¤%|xgA�¦u4of¸

µ��gfz4q�uU�ª{��#o �
 "�������� �&
&���%���� �� È &(�
� ? �
���� 
&
&(��%�C�� �� qs�#� ���!� 
& ? �
���� �&
&(����C�� %� �?³´qEw zUg�§
op��gO�¦uU�ª«�gf³ wWupb?g�opqsehgvzU{s³ gqsoºupb#g¤?� �#�FÈ%r#�N¤#�ª�#�0q}�#�^zpgAo¬{�³ª«�g�{s��gfz4q�uU�ª{��#o��?g
K#�?gA�^¤¡wWupb?g�o¬uUq}�B�?q}z4�
�Bq}eh�ª�#��opgfzU«¡� �fgs¸hacb?g u¬u�Êq}ehgWuxw¡�Bg���{�zpzUgOop��{s�#�?ovup{Âq'�?q}uUq'oxuUzprB�¦upr#zpg�upb#q}u���{���u4q}� �#o�o¬gO«sgOzUqs³
� �%½£{�zpe�q�uU�ª{���opr#�4b'qso�uUb?g�o¬w¡e�¤B{�³ª�´�k�#q}ehg�qsoUo¬{%�f� q}upgO��¿
� uUb�upb?g��#qszUqs³ª³ gf³F{�¤%|xgO��uO¸

�F� m��-�
�<���



i=Q ��0~���������U�:������(��I+c0~���w#��{�"�B0��g68��	��

����������, @�"&��K �9���/�����7�����������, @�"&UBVP 3
����@ ���
)�*
��� ? �(�����  �
 "�V������ (&
&(���%�C�� %� B��
���(�����>M  �9��"PR3
� � ����� � �
����@ ���
)�*
��� ? �(����� �&(�
� ? �����% �&
&�������� �� B=�����
�C��� M  �9��P 3

®6�ª��r?zpggVBO,l�gf�s�´o¬upz4q�up� {s�0{}½ qW�#q}z4q}³ ³ªgO³D{s¤%|xgA�¦uvq�ucuUb?g�o¬gOzp«�gfz
op� �%g�¸
 �9��!�/ ����@ ���
)�*
��� ? �(����� �����!� �& ? �����% �&
&�������% �� B=�����
�C����P13
! ? ��/(�����
������������������� %��!U�
� ������
�� ��4B  �9
�!
P 3
! ? ��� A@8"&����A�"&�5>B�L4M E M H"P 3

®6�ª��r?zUg��BOG»��ª�#�?�ª�?�WuU{hqh�Bq}z4q}³ ³ªgO³�{�¤%|xgO��u
r#o¬� �?��q�opwNe�¤B{�³ª�´�k�#q}ehg�¸

�v�W{�¤%|xgO��uB|x{��ª�#�ª�?��qk��{�³ª³ gO��up� {s��� �¡«s{�JsgOo upb#g �
 "�������� �&
&(���%���� �� eWgfupb?{%�F¸,acb?�´o,ehg�upb#{¡�Wo¬uUq}zpuUo
¤¡wW�4b?gO�<J¡� �?��¿
b?g�uUb?gfzºq��f{s³ ³ªgA�¦uU�ª{��W{s½�zUg�½£gOzpgO�#��gAo,¿
� uUbhupb?gopqseWgc�#qsehg
b#qsoGqs³ªzUgOq��%w�¤�gfgO�^��zUgOq�uUgO�F¸
acb#gf� È#upb?g�zUg�½£gOzpgO�#��g�{s½,upb?g�{�¤%|xgO��uG|x{s� �?� �?��uUb?g���{�³ª³ gO��up� {s�'�´ovqs�#�%gO�F¸ ��b?gO� q}�Â{�¤%|xgO��u�¿�qs��u4ocup{
³ gOqE«�g�upb?g��f{s³ ³ªgA�¦up� {s� Ès�ªu��fqs³ª³´o6upb?gv³ªgAqE«sg

�
�f{s³ ³ªgA�¦uU�ª{���ehg�uUb?{%�FÈ�¿
b#� �4bhzUgfeh{�«sgAo uUb?g�{�¤%|xgO��uGzpgf½£gfzUgf�#�fg

½£zU{se upb#gW�f{s³ ³ªgA�¦up� {s� ¸vacb?�´ovehg�uUb?{%�Â�´oqs³ op{��ª� �4b#q}zU�sg�{s½,½£zpgOgf� �?�^uUb?g��#qsehg�qsoUop{¡�f� q}upgA�0¿
�ªupb]upb?g
�f{s³ ³ªgA�¦uU�ª{��k¿
b#gf���ªu ¤�gO��{�ehgOo gOeh�%uxws¸6acb?gºgft%qseh�?³ªg�ÈO���ª«�gf��� ��®6�ª��r?zpg,V#ÈE�ª³ ³ªrBoxuUzUq}upgOoFupb?g�zpgO�s�´oxuUzUq}up� {s�
�#zp{%��gAopocq}u
upb?g�opgfzU«sgOz�op� �?gs¸
��u�uUb?g��f³ª� gf�Nu�op� �?gsÈ�upb?g��Oq}³ ³ª� �?�Â{s½�uUb?g�o¬uUqs�#�?q}z4� ���!� �& ? �
���� �&(&(��%���� �� ehg�uUb?{%� zpgfupr?zU�#o�q

opg
�Nr?gO�#��g�{}½º{�¤%|xgO��uUoO¸���]�ª�¡«s{%�Oq�up� {s�Â{s½ upb?g ������
�� �� ehg�uUb?{%� �sgfuUokq�zUg�½£gfzUgf�B��g�uU{^uUb?g��#qszUqs³ª³ gf³
{�¤%|xgO��u�qsoc� ³ª³ r#o¬upz4q�upgA��¤¡w�upb?g�g�t?qseW�#³ªg�opb?{�¿
��� �Â®6�ª��r?zpg��#¸

� �+�c�,����� � &�	0���

a�{�opb?{�¿ upb?g�¤BgO�?g
K#uUok{}½G�#qszUqs³ª³ gf³,~
µkl�»c� {s¤?|xgO�¦u4ov�f{seh�#q}zU� �?�hup{0{}upb#gfzo¬uUqs�#�?qszU�Âqs�?�?zU{�qs�4b#gOoOÈ
¿�g���gfzp½£{szUehgO�'q}�Âgft¡��gfzU� eWgO�Nu�upb#q}uk�f{s�#op� o¬uUo��ª� gft?�4b#q}�?���ª�#�hq^ehq}upzU� t'¤�g�ux¿�gfgf�'ux¿�{^¶ÂyG¯¨§¨¤#q�o¬gA�
�Bq}z4q}³ ³ªgO³s��{%�%gAo gO�#�fqs�#o¬r#³ q}upgO��� �Nup{�gO� uUb?gfz,o¬uUq}�B�?q}z4��~
µkl�»c� {s¤?|xgO�¦u4o {�z �#qszUqs³ª³ gf³%~
µkl�»c� {s¤%|xgA�¦u4of¸
®6� �sr?zUg iO� o¬b?{�¿�o�½£{sr?z��%��DgfzUgf�Nu0o¬upz4q�uUgf���ªgAohup{ uUzUqs�#o¬½£gfz��?q}uUq ¤�g�ux¿�gfgO��upb?g]ux¿�{ gf�#�Oq}�#opr?³´q�upgA�
�Bq}z4q}³ ³ªgO³ ��{%�%gAof¸kacb?g K#z4o¬uoxuUzUq}upgO�sw ¢°®6�ª��r?zUg^iO�}§¨qN©
��{��#o¬�´o¬uUo�� �]opgf�#�?�ª�?�0�?q�u4q�upb#zp{�r?�sb qs� ��#~�¯p¯
KB³ªg
o¬up{szUgO��{s�hq�Êv® � K#³ªg
opgfzU«sgOz6op{kupb#q}u6uUb?gcux¿�{�~
µkl�»c� {s¤?|xgO�¦u4o,³ª{%�Oq�upgA��{����%� �DgfzUgf�NuGe�qs�4b?� �?gOo
�Oq}� bBqE«sg0q��f�fgOoUo�uU{��ªuO¸ �¡� �#�fg'�#q�uUq]� oWgO�#��{%�%gA� � � ��B~�¯¬¯¦È � ��uUgfzU{s��gfz4q}¤?� ³ � uxw ¤Bgfux¿�gOgf� upb?g�ux¿�{
e�q��4b?�ª�#gOo��´o�q��4b?�ªgO«sgA�F¸ acb#g�opgO��{��#��oxuUzUq}upgO�sw ¢L®6�ª��r?zpg iA��§¨¤B©h�´o�op�ªeh� ³ qsz�up{ upb?g �#zpgO«N� {srBo�{s�?g
¤#r%uh�?��Dgfz4o�¤¡w uUb?g0gO�#��{%�%� �?�]upgO�4b#�?� �Nr?g�¿
b?�´�4b �´o�¤BqsopgO� {��	�IGkl�¸ ¯±� uUb#q�u��fq�o¬g�È,upb?g�K#³ g0�´o�q
¤#�ª�#qszpwh{��?g¤#r%u�� �NupgOzp{��BgOzUqs¤?�ª³ �ªuxwW�´o�oxuU�ª³ ³ qs�4b?� gf«�gO�F¸,acb?gupb?� z4��o¬upz4q�upgO�sw���{��#op� o¬uUo��ª��o¬gO�#�%� �?���#q�uUq
gO�Nup� zpgO³ªw�uUb?zU{sr?��b�uUb?gWµkl�» ¢L®6�ª��r?zpg�iA��§±�O©�¸G®�� �#qs³ª³ wsÈ%uUb?g�½£{sr#z¬uUb'o¬upz4q�uUgf��w^� o�¤#qsopgO�0{s��upb#g�r#o¬g�{s½
�Bq}z4q}³ ³ªgO³B~
µkl�»c��{s¤%|xgA�¦uUo
¢L®6�ª��r?zpg�iA��§±�#©¦¸zGkq�uUq�qszpg
�%�´o¬upzU�ª¤?r?upgO�hqseW{��?�kupb?g��{s³ ³ gO�¦uU�ª{���{s½�{�¤%|xgO��uUo
¢Lop�4b#gO�%r?³ gfzAÈ¡��{%�%g�ikq}�#�^�f{%�%gIQs©�¸,¯±��upb?g½£{sr#zGupgAoxuc�fq�o¬gAofÈ¡�?q�u4q���{�zpzUgOop��{s�#��up{Wq�ux¿�{��%� ehgf�#op�ª{��#q}³
e�q}upzU� t^uUb#q�u��´o
�%�´oxuUzp� ¤?r%uUgO��¤¡w^¤?³ {%�<J�q}eh{s�#��uUb?g��%¶Ây/G��?zU{¡�fgOoUo¬gAo�{}½,¤B{supbÂ��{%�%ghi�q}�#�'�f{¡�?ggQ?¸

h$# � h��



���������
	�������������������������
�� "!$#��"%&�&!��'!$()(*�
(�+,�-%���#/.��)�)01�)	2!3+54,687:9;�� <!=#��<%&��>�<�?.@!$�'���
	-�<�'!$#��A���B���A�1�"��iA�

Data transfer
through 

ASCII files

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

CORBA ORB

Stub 2

Client

Scheduler

MPI Communication layer

Skel. 2

BOA

Code 2

MPI Slave processes

M
P

I M
as

te
r 

p
ro

ce
ss

MPI Communication layer

Skel. 1

BOA

Code 1

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

MPI Slave processes

M
P

I M
as

te
r 

p
ro

ce
ss

Stub 1

SPMD
Code

SPMD
Code

(a) Through the use of an ASCII file

Data transfer
through 
XDR files

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

CORBA ORB

Stub 2

Client

Scheduler

MPI Communication layer

Skel. 2

BOA

Code 2

MPI Slave processes

M
P

I M
as

te
r 

p
ro

ce
ss

MPI Communication layer

Skel. 1

BOA

Code 1

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

MPI Slave processes

M
P

I M
as

te
r 

p
ro

ce
ss

Stub 1

SPMD
Code

SPMD
Code

(b) Through the use of an XDR file

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

CORBA ORB

Stub 2

Client

Scheduler

MPI Communication layer

Skel. 2

BOA

Code 2

MPI Slave processes

M
P

I M
as

te
r 

p
ro

ce
ss

MPI Communication layer

Skel. 1

BOA

Code 1

SPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
CodeSPMD

CodeSPMD
Code

MPI Slave processes

M
P

I M
as

te
r 

p
ro

ce
ss

Stub 1

SPMD
Code

SPMD
Code

(c) Through the CORBA ORB using a
master/slave approach

CORBA ORB

Code 2

MPI Communication layer

Skel.

PBOA

Object
impl
Code

SPMD

...

Parallel CORBA object

Skel.

PBOA

Object
impl
Code

SPMD

Skel.

PBOA

Object
impl
Code

SPMD

Skel.

PBOA

Object
impl
Code

SPMD

Code 1

MPI Communication layer

Skel.

PBOA

Object
impl
Code

SPMD

...

Parallel CORBA object

Skel.

PBOA

Object
impl
Code

SPMD

Skel.

PBOA

Object
impl
Code

SPMD

Skel.

PBOA

Object
impl
Code

SPMD

Parallel scheduler

MPI Communication layer

Parallel CORBA object

...Client

Stub 1 Stub 2

Client

Stub 1 Stub 2

(d) Through the CORBA ORB using parallel
CORBA objects

®6�ª��r?zpghiA��O ®?{�r?z�oxuUzUq}upgO�s� gOo�up{huUzUqs�#ox½£gOz
�?q�u4q�¤�g�ux¿�gfgO�]~
µkl�»c� {�¤%|xgO��uUoO¸

�F� m��-�
�<���



iO² ��0~���������U�:������(��I+c0~���w#��{�"�B0��g68��	��

256x256

0

500

1000

1500

2000

2500

3000

3500

4000

1 2 4 8 16

Number of objects belonging to the collection

ms

ASCII

XDR

ORB

PCO

512 x 512

0

2000

4000

6000

8000

10000

12000

14000

16000

1 2 4 8 16

Number of objects belonging to the collection

ms

ASCII

XDR

ORB

PCO

1024 x 1024

0

10000

20000

30000

40000

50000

60000

70000

1 2 4 8 16

Number of objects belonging to the collection

ms

ASCII

XDR

ORB

PCO

2048 x 2048

0

50000

100000

150000

200000

250000

300000

1 2 4 8 16

Number of objects belonging to the collection

ms

ASCII

XDR

ORB

PCO

®6� �sr?zUghisi�O6Ëº³ qs�#o¬gA�0up� eWgAoc½£{szcuUb?g�½£{sr#z�oxuUzUq}upgf���ªgAof¸

®6� �sr?zUg�i�iv�s� «sgAoGuUb?gk�BgOz¬½£{�zpe�q}�B��gvzUgOopr?³ªuUo�{s¤%u4q}� �?gO��¿
� uUb^uUb?gv½£{�r?zcq}�?�?zU{�q��4b?gOoO¸�acb#g«�gfzpup�´�fq}³
q}t%� oc���ª«�gOocuUb?g�gf³´q}�#opgO�0uU�ªehg�¢°�ª�Âe�o4©c��{szUzUgOop�B{��#�%� �?�Wup{hupb#g�g�t%gO�fr%up� {s�'{s½�uUb?g���³ � gf�Nu�¢°oU�4b?gO�?r?³ªgOz4©
uUb#q�u�b#q�ovuU{0��gfzp½£{szUe�opr#�f�fgOoUo¬� «sgO³ªw'q0�Oq}³ ³6up{'��{%�%g�iWqs�#�ÂuU{��f{¡�?gWQ?¸�acb?g�b#{szU�L[O{s�NuUqs³6q}t¡�´o�s� «sgOo
uUb?gW�Nr#e�¤�gfzk{}½��¡y�¶\G2�?zU{¡�fgOoUo¬gAo�¢£½£{szkupb?g3K#z4oxukupb#zpgOg�q}�#�?zp{Nqs�4b?gAoU©
{szupb?gW�¡r?e�¤�gfzk{}½c~
µklv»��
{�¤%|xgO��uUo ¤BgO³ª{��?�s� �?�cup{vupb?g���{�³ª³ gO��up� {s��¢¾½£{�z uUb?g ½£{sr#z¬uUb�q}�?�#zp{Nqs�4bB©�¸ acb?� o�g�t%��gfzU�ªehgO��u�¿�q�o ��gfzp½£{szUeWgA�
rBo¬� �?��qk�f³ªrBoxuUgfz {}½�i � y,gf�Nup� r?eW§Y¯p¯ ¤#q�o¬gA��y�~�oOÈszUr?�?�#�ª�?�;H � �¡r%tFÈ}� ��uUgfz4��{��?�?gO��upgA��¤¡w�®#q�oxu Ë uUb?gfzU�?gfuO¸
~
µklv»�� {s¤%|xgA�¦uUov¿�gOzpg�ehqs�?��gO�'{s�NuU{^y�~�o�ª�]opr#�4bÂ¿cqEw^uUb#q�uupb?gOzpg��´o�?{^³ {¡�Oq}³6��{sehe�r?�?�´�fq�uU�ª{��
¤�g�ux¿�gfgO��upb?g�oU�4b?gO�?r?³ªgOz�¢°�f³ª� gf�Nu4©�q}�#��upb?g�gf�#�Oq}�#opr?³´q�upgA�0�f{%�%gOoO¸ºa�{WgO«�q}³ r#q�uUg�upb?g���gfzp½£{szUe�q}�#�fgk{s½
uUb?g½£{sr?zpupb'q}�?�#zp{Nqs�4b ¢°®6� �sr?zUgWiO��§±�#©�ÈN{�¤%|xgO��uUo�{}½ upb?g�op�4b#gO�%r?³ gfzc¿�gfzUgve�q}�#�BgA��{���uU{�y�~�o
o¬uUqsz¬uU�ª�#�
¿
�ªupb'³ {s��� �Oq}³F�¡r?e�¤�gfz�½£zp{�e �Wup{ÂiE��¢£{s¤?|xgO�¦uv�he�qs�?�BgA��{s�Nup{�y�~ �#È i�{s�Nup{Âi�È?g�u4�}¸ ©h¿
b?gfzUgOq�o�upb?g
{�¤%|xgO��uUoOÈ qsoUo¬{%���´q�uUgO� ¿
�ªupb ��{%�%g]i0q}�#� �f{%�%g Q?È ¿�gOzpg^e�qs�?�BgA� {���uU{ y�~�oWoxu4q}zpup� �?�]¿
�ªupb ³ª{��s�´�fq}³
�¡r?e�¤BgOzc½£zp{�e�iA��uU{h�Â¢°{s¤%|xgA�¦u��We�q}�?��gO��{s�NuU{Wyc~�iE�%ÈFi�{s�Nup{'iO²#È¡g�u4�}¸ ©¦¸
acb?g�~
µklv»��!� eh�?³ gfehgf�NuUq}up� {s��½£{szcuUb?�´o�g�t%��gfzU�ªehgO��u
¿cqso
¶Â¯p~
µ�½£zU{se�®#zUqs��JN½£r?z¬uvÌv�?� «sgfz4op� uxw

qs�#� upb?g�¶ÂyG¯���{�eWe�r?�?�´�fq}up� {s� ³ qEw�gfz��´o^¶ÂyG¯p~�É ½£zU{se ��zU�s{��?�?gÂÊvq}up� {s�#qs³8H qs¤B{�zUq}up{szUws¸�®#{sr?z
e�q}upzU� tho¬�*[fgAoG¿�gfzUg
r#o¬gA�Wup{�qs�#q}³ w%o¬gcuUb?gv� eh�#qs��uº{}½DuUb?gv�?zU{s¤#³ªgOe>op�L[Ogs¸ ®?zU{se/upb?�´oºgft%�BgOzp� ehgf�NuOÈ�upb?g
½£{�³ª³ {�¿
� �?����{s�B��³ r#o¬� {s�Boc¿�gOzpg��%z4qE¿
� ¸ ��b#gf�'½°qs�f�ª�#��¿
� uUb o¬g ��r#gf�Nup�´q}³ �f{¡�?g^¢£{s�#g�{s¤%|xgA�¦u�¤�gf³ {s�?���ª�#�
uU{�upb#g��{�³ª³ gO��up� {s�B©�ÈsuUb?gv¤�gOo¬u�o¬upz4q�uUgf��w�up{�g�t?�4b#q}�#�sg��?q}uUq�¤�g�ux¿�gfgO��upb?gvux¿�{�~
µklv»��¼{s¤%|xgA�¦u4oG�´o up{
rBo¬g�q��%�´o¬upzU�ª¤?r?upgO� KB³ªg�opw%oxuUgfe�� �Â¿
b?�´�4b�upb?g��#q�uUq�qszpg�o¬up{�zpgA�0� �Nup{^qUK#³ g�r#op�ª�#�^q �IGkl!gf�#�f{¡�?�ª�?�
oU�4b?gOeWg�¸�acb?g0e�q}z4o¬b#qs³ª³ � �?� q}�#� �%g�§¨e�q}z4o¬b#qs³ª³ � �?�Â{}½v�?q}uUq�qsoUo¬{%���´q�uUgO� ¿
�ªupb uUb?g'��{sehe�r?�?�´�fq�uU�ª{��
¿
�ªupb�uUb?g�µkl�»+q��?�0qWb¡r?��gk{�«�gfzUb?gOq��F¸

h$# � h��



���������
	�������������������������
�� "!$#��"%&�&!��'!$()(*�
(�+,�-%���#/.��)�)01�)	2!3+54,687:9;�� <!=#��<%&��>�<�?.@!$�'���
	-�<�'!$#��A���B���A�1�"��iE�

acb?gW��{��#��³ r#op�ª{��Â� ok�%� ��gOzpgO��u�¿
b?gO�]�%gOqs³ª� �?�^¿
�ªupb��#q}z4q}³ ³ gf³ �f{¡�?gOoO¸�vovupb#g��¡r?e�¤BgOzv{}½G{�¤%|xgO��uUo
¤�gf³ {s�#�s� �?�^uU{^upb#gh�f{s³ ³ªgA�¦uU�ª{�� �ª�B��zUgOqsopgOoOÈBupb?ghq}�?�#zp{Nqs�4bÂ¤#q�o¬gA�Â{s���#q}z4q}³ ³ªgO³,~
µkl�»c�>{s¤%|xgA�¦u4ov�?zU{}§
«¡�´�%gOoGe�r#�4bh¤�g�u¬uUgfzG��gfzp½£{szUe�q}�#�fgOo,¿
b?gO�hupb?g
�¡r?e�¤BgOzG{}½F{�¤%|xgO��uUo,� �hupb?gv�f{s³ ³ªgA�¦uU�ª{����´o �szUgOq}upgOz,upb#qs�
q��fgfzpuUqs�ª�h�¡r?e�¤�gfzA¸,acb?� oº�¡r?e�¤�gfzº�?gf��gf�#�?oº{s�Wupb#g��?zU{s¤?³ gfe o¬�*[fg�¸6®#{sz uUb?� oº¤BgO�#�4b?e�q}z"JDÈs¿
b?gO�hupb?g
�¡r?e�¤BgOzº{s½D{�¤%|xgO��uUoº� oº�szUgOq�uUgfz uUb#q}��²#Ès��gfzp½£{szUe�q}�#�fg
{}½FuUb?gqs�?�?zU{�qs�4bW¤#q�o¬gA�h{s���#qszUqs³ª³ gf³�~
µklv»��
{�¤%|xgO��uUoc{�r%up��gfzp½£{szUe�oºuUb?g�upgA�4b?�?���Nr?g�¤#qsopgO�0{s�0upb#g�r#o¬g�{s½6q �IGkl!gf�B��{%�%gO� K#³ gs¸

� ./��	���-���( �f��	

acb#g
�#q}z4q}³ ³ªgO³B~
µkl�»c��{s¤%|xgA�¦u��f{s�#�fgf�%uGbBqso ¤�gfgO�h�?gOop�ª���?gO��up{�gf¹^��� gf�Nup³ w�gO�#�fqs�#opr?³ q}upg
¶ÂyG¯¨§¨¤#q�o¬gA�
�Bq}z4q}³ ³ªgO³6�f{¡�?gOo�o¬{�uUb#q�ukupb?gOw]�fqs��¤�ghr#opgO� � � g�t%� o¬up� �?�]~
µkl�»c�
§¨¤#q�o¬gA� o¬{s½¾ux¿�qszpg��ª�?½£zUq�oxuUzpr#��upr?zUgs¸
yºzpgO³ª� eh�ª�#qszpw���gfzp½£{szUe�q}�#�fgcgf«�q}³ r#q�uU�ª{���opb?{�¿�o6upbBq�uGqk¤Bgfu¬upgOzG��gfzp½£{szUehqs�#��g��´oGqs�4b?� gf«�gO��¿
b?gf�Wr#op�ª�?�
�Bq}z4q}³ ³ªgO³k~
µkl�»c��{�¤%|xgO��uUo^� �#o¬upgAqs��{}½�{supb?gOz�r#opr#qs³�upgA�4b?�?���Nr?gOoO¸/���¼�ªeh�?³ gfehgf�Nu4q�up� {s�¼{}½�o¬rB�4b
�f{s�#�fgf�%u��´o�¤�gf� �?�]�?gf«sgO³ª{��BgA� q�u�¯xÊl
¯x�
§±l
gO�?�?gOo�¿
� uUb?� � upb?g0yD�l
¯¬� �?zU{}|xgA�¦uA¸0¯¨u��´o�¤�gf� �?� rBo¬gA�
� � uUb?gh�%gOop�ª��� {}½�q'~
µkl�»c��§Y¤#q�o¬gA�Âo¬{s½¾ux¿�qszpg�gf�¡«¡�ªzU{s�?ehgO��u½£{sz���{�r?�?³ gO�]op� e�r?³´q�uU�ª{��#ov¿
�ªupb#�ª��upb?g
�N�v~
µk�ÂËºop�?zU� u^l��gG<�?zU{}|xgA�¦u4o���¸ Év{�¿�gO«sgOzOÈ,{sr#zWqs�?�?zU{�qs�4b bBqsoWo¬{�eWg'�%z4qE¿
¤#qs�<J%oO¸]¯¨uhzpg �Nr?�ªzUgOo
uUb?g�eh{%�%� K��fq�uU�ª{��'{}½,upb?g�o¬upr#¤ q}�#�'o'Jsgf³ g�uU{s�'��{%�%g���gf�?gOzUq}up� {s���?zp{%�fgOoUof¸ºacb#� o
z4q}�´opgOo�upb#g��?zU{s¤?³ gfe
{s½��ª�NuUgfzp½°qs��� �?�]o¬upr#¤#o�qs�#� o'JsgO³ªgfup{s�Bo�up{]upb?gÂµkl�»k¸ µr#z�q}�#�?zp{Nqs�4b zUg
�Nr?� zpgAo�up{]uUqszp��g�u�uUb?g�o¬upr#¤
qs�#� o'JsgO³ªgfup{s����{%�%g���gf�?gOzUq}up� {s�Â�?zU{%��gAopo�up{0q��#q}zpup�´��r#³ qsz�~
µkl�»c�/�ªeh�?³ gfehgf�Nu4q�up� {s� ¢£� �]{sr#zk�Oqsopg
¶ ¯p~
µ�©¦¸�acb#� o�� o��%r?gÂuU{ upb#g]�?zU{s�?zU� g�uUqszpw oxuUr?¤%§Yup{}§¬µkl�» �ª�NuUgfzp½°qs��gÂ�#zp{�«¡�´�%gO� ¤¡w uUb?g ~
µklv»��
� eh�?³ gfehgf�NupgOzUoO¸ºµr?z�q}�#�?zp{Nqs�4b�opb?{�r?³ �0¤�g�eW{�zpg���gf�?gOzp�´�v�ª½6upb?gOzpg�¿cqsocqhoxu4q}�#�?qszU��{s��gf�'� ��uUgfzp½°qs�fg
uU{Wupb?g�µkl�»¼o¬��gO�f� K#gA��¤Nw^upb?g�µk¶]·W¸

� h)m�oLp�q�� l"k?uZp�mIqAr>} l"kAr�nIk?p:k �=uZic|=q�p��Ar>x{kFx'l<m ��r�p���ksl<uZm�r�n;l"k	�
kAkA|�� ���������,� l<q�k�k?uZx�� x>p����"|=q�p���r�x{kAi������ �� z���

�F� m��-�
�<���



Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY

Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN

Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex

Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


