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Development and performance evaluation of
a message passing library on the Earth Simulator

K’ ITAKURA† and A UNO†

In the Earth Simulator, all nodes have the the Remote Access Control Unit which is responsible for the
communication with other nodes. This unit has a primitive functions which are suitable for the one side com-
munication in MPI2. If API’s are supported to use hardware functions directly, they will be lower latency
and higher throughput.

The installed MPI library is not supporting to overlap with CPU execution and data transfer. However, the
hardware is supported. Furthermore, this library is not supporting the special function of the Remote Access
Control Unit. The RCU has the function which carries out communication for a discontinuous memory
domain with fixed stride.

In this study, we develop new message passing library which provide API’s to use directory hardware
functions. From the evaluation, the latency of the short message is 46% shorter than the installed library.
Moreover, the results show that CPU execution can overlap with the data transfer. However, stride data
transfer don’t show the performance, because of the memory bank conflicting.
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2.1 Þ-ß8àâá-ã$ä�å-æ$ç4ß8à�è4éBêäJåFæbçBèbéBê,ë ñ � êÆ��% ì 8 
Fñ û,ý '>ë �h�ì § �Mí-�ïî (AP) Q �K� ê � = �MíM�Kð�ñ 6M� (RCU:

Remote Access Control Unit) ï � �ò� 16GB ñ(ó-ô	õ
&�ö�¿ C�E ) �(� RCU ì 12.3 GB/sec ñ�÷�O�P � \� ÿ N$øFñ �-���Bù*ú?�?�:û ê � (IN: Interconnection
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#�$ b �B�� \� ùÆ� ª%! ì S ��� � � êh�â!?= ��í�� ��� ñ�>�'& � � êYë (128B) &)('* C g ù � ª�!]ÿ � �ò� �² � ! « ñK�>� C g ��� % 2MB + ó�ÿ-,��_�K� �K�	c� ì�.Bí4�?� '�/ �/�*E$X �ò� OS ' � MPI � Z �$�� ñ ð>ñ ' � MPI ñ ],ê:^ J�L?� ê>ë ' �10�2 % � �E ) �<� ¼>½>¾bÿ ñ<J>L � Z �>� � ì �:Á>Â ñ MPI
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J�L*&:¢h¬�Q D$% � � ¥*�:� g � ²*=h�*é � ï�A ¹�B² �$�?� =h�*é ��� ! « %:���8C<E ) � A�Cbï ����g� ÿ ���:�³c ñ � ¬ % � T %�B�² ���*� =h�Pé � %�D\
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&
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 L b � � êüë �-�*&$�öñ e-e CPU ï/�8¬ c Q Q ÿD �B�
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Global Address
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 � ê ù ì =R�dé �ôì ��^ \_&�Z ì � % -gmalloc` § æ?a$\ & 3�b � Fortran90 ñ alloc c Q4C ¶ ì
MPI Alloc mem

%�� � ]öê�^ ïedgf ÿ�D ��� äöå æçPè é¼êöëüÿ ì � CPU ñ/J�T ñ1h ý��-��%(� C(E ì � ê ù ì =h�*é � ñ �$�?� QpJ�TFñ ���?� ì�i�j ì
F8¶ � ]Jê/^*=�§ ��k ê,æ�a-\*ÿ d�f ÿ$D ��l 15GB
ñ ���_� & � E� � ê ù ì =h�Bé � Q C:E d'f b �*c
Q Q dJî ÿ �$�B�

2.3 m�n
o�p*Þ-ßhàâá4ê�q
r�s�t�u
S ��� � � ê8�i!4= �$í-� �$� ñ/J�L���� ì Block�$� �

3 ��v � ë?\ � ��� � � �h� �-� ñ�wyx�zFï î{ ê � �B�?E ) �:� � ��|B� � read (remote } �?� lo-
cal }'~bñ �>� ), write (remote } �_� local }'~bñ �>� )
ï ���/�Æc$c ÿ ì � 3 ��v � ë?\ � ��� ñ�J�) E � �
ñ����?&���� �:� ä,åFæ çBèbéPê,ë ñ 7 êh�:9<;>= ïî { ê � b � �h��� Zh�â��� ì w�J,ñ����?& & � � êë Q C:E)��� .�F��%�>F�� ê,ë�&Fë>ê?\B%���� ) E ��?� & = ��í$� C � � ê,ë ñ ��
 L?&:¢h¬ � = ��í-�& ëüê*\ ñ & � � êJë-% ì���� ñ��
JJï �$�B�
• �-+?��v � ë*\ �
• �-+�C$  È
• ���?��v � ë*\ �
• ����C$  È
• ���?��v � ë*\ �
• J-L���*�/% � w
J,ñ$��v � ë4\ �,ì � local }8Q remote }ÿ����hCBE)� ���?c QPï ÿ�D �:� K 2

% w:�'v � ë*\� ñ �$�?Z � ê�� &�P b ������ ñ>� ê>ë & X-Y O_P ÿ>§ �Mí>� % �'� C � �
ñ�+ ó'�?%$X ) E � ê,ë & U��_%:� �y� ¬ § �  � �ÿ ì ��� § ��í$� ñ� �¡ C:E ) � � ê,ë ��� % � êJë��� ñ g$� ñ � ���?&�¢ � % d�f C � ûJý ñ�£�¤?&BN¥�#�b � ñ,ï:+�,?. ÿ ���:�³c ñ?Q D ��� § ��í$� ñ
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I_W E ) � �³��� � ê,ë ñ?¬�´ � +$O?P ì ��� ���?�= �$í�� % F � ï � Q ¬�+�J,ñ:O?P ì S���� ÿ + ¥ ñ!�µ & � ) g � ��� Z8��= �$í-� QBF �B��*�:% � w ��� �>« ÿ � ê,ë & § ��í�� % ��� C g¶�� % � �Jñ�+ ó�� ñ$� ê,ë ì �$� ���_�<� &B+ ¥ ñ!'µbÿ)· � �Mb �>� ���>�Æ�p� ZÆ� ñ = �>í>� QKF �<�c ñ � ¬:F ¶�� % � w:�'v � ë?\ � ���?%?� W E N�+

ñ �>�f%_� �p� �>�bñ>� ê>ë & �M�>b �_c Q\ï ÿ>D �K�e�g � w �¸� FFT ¹ ÿöÿ�� ¶"'4) � � � �-�����ì � � ê�º ì }8Q �:� ê � } ÿ �'v � ë*\ � � �h���Z8� ñ & � � êJë ï j �BG ÿ ���B�
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1 ¼V½)¾ MPI ¿�À-ÁXÂVÃVÄ�ÅVÆ (RNA Æ ) ¾XÇVÈÉVÊ

MPI Æ RNA Æ
ÄVÅVËVÌVÍ�Î MPI Win Create RNAMPI Win Create

MPI Alloc mem RNAMPI Alloc memÏVÐ ÄVÅ MPI Put RNAMPI Put

MPI Get RNAMPI GetÑÓÒ�ÔXÕ «)ÖÓÄVÅ - RNAMPI Put3

- RNAMPI Get3ÄVÅV×VØ MPI Win fence RNAMPI Win fence

3. ÙÛÚÝÜÛÞàßGá¸âÛãÝäÛåÛæÛäèç
é¸êÛëÛìÛí
3.1 MPI î
ï�ðòñ
ó�ô?õ�ö�÷�ø�ù�ô
ú
MPI2 û%ü�ý�þ ÿ ���������
	�����
��
����
������� ý������! ÿÛû#"�$#%'&�(#)�*#+ � read ,#-

(MPI Get), write ,�- (MPI Put)
�/.10�2���3�4�5 û�ý

MPICH 6 LAM *87 � �89
:�;=<=>
?=@=> �_û�A�ý �
" ?CB/D �FEFG ?=HF�/I�JC�/
 �FKML ý�þ�ÿ �F���F�
&/N � ��OFP �/QF��R�S B AUTFVW+ � 7WX/*UY 0MZU
2/��[F� ý�\�]MRC^/_�`a� D û�ü�ý�b�cF�/dFeMf��C��hg � D &ji'7 � MPI Put & 	 7 2 " ��k Aml#nÛûo 2��Fp ý �U
WZ &/N � ��P cFb >�q %FrM&/s�tW+ �
7 2a�uCv ü�ýj\�]CRM^/_�`a� D " �F��w �WxayaG O " ��1��z�{�|!}

MPI Put, MPI Get
��~ 7 � ý�l�n �#��

(�#� RNA
�

) *�+ � RNAMPI Put, RNAMPI Get
&/%�rW+ �/��� 1

�/�F���M2/�F� &a� �j�
�F���M2/�� �=��� o 2 A8"'ü)ýF���8� � &8� 2 � }8�8�=� + �8�� H  >�? x��#��ü1ý �#� MPI Datatype "#� � "a�� &/��� �/��� +Gý=����)F� g � DFD�?�P ý=� 9Cg=�HFDCB/H ý
� 9Mg��=H=DCB/H )�� � ý
�F� g��=H=DCBH ý
�F� g R HFD'B/H �F� @ cM /¡ � ý=�=¢ gF�=HFDB�H "a£�¤M&a¥ �j�
4. ê ¦
4.1 1 § 1 ¨�©Mª�«�¬k AU­F® ;F<a�=�F¯F�F°F± *F+ � ý³² P cF´ H &M²µ �¶x � �=i¶+ µ ��x¸·�"�¹ B/º�B �=��& MPI Put A
+1XGü RNAMPI Put

� �a��� . 7eý�þ#»'" �h�'� )
+ �a4 ·M¼ Z/½ " H eM� P  � ¾&/¿ pF�/�
4 ·�ÀFÁ �
ü�ý MPI Win fence " 4 ·M&�ÂMÃ �=ÄFÅ "Fb > E�&/Æ
3
� � ���
Æ1Ç�" MPI, RNA ü ½�
'È�
 ý � � " MPI

�#�C>
?F@�> � ý
®FÉFÊ�û IFJ + � lFn �F�M>�?F@F> �a&a����#[F� ý MPI with assertion ü � � " MPI

�F��>F?
@F> �/&/N 	 + � 7 2�� ý MPI Win fence

� lFn�ËC"Ì B  Í&8Î 0 � 7 28� 7¶X ~ ¼=" MPI
�=� û'ü)ý ½ "Ï ��,�-'" k�Ð Ë �aÑ#Ò'< £�¤1& MPI ,#-�Ó � Î 02M� * � ûFÔ 2 � }8� ý assertion � �M� ÁFÕ �a
 � 72/� \F]MRC^8_�`/� DFÖF× MPI û�ü)ý MPI Win fence�#~ 7 � ý (1) RMA

��� û MPI Put
[�� ü MPI Get
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3 ÙÍÚ�Û MPI ÜÞÝ�ßáàÞâÍãÞä ÕæåÞçVÕ8è ÛÞéÞêáë8ìÞíáî�ß Òï ìÞðÞê Ô

ñ × &8ò 	 + � 7 2 , (2) cF�Fó/e'ÿM"�fF�M�ÍôFõW*��
�F�W U"�y ��B x/y�û/öF÷ �/
M2 f=�M�¾ôFõ � bFc��
dFeMfF�C�Uø �/ù LaúF� ZU
 � 7 2 ý³*/7 � � £F¤C&
MPI ,�-#Ó � Î 0�2#��p " assertion û#ü ��I�J1��
� 7 2�� K " assertion & MPI Win fence

� � � *#+� ¥ �W� *�û�ý ½ " Ï ��,F-�ü kFÐ Ë �/
 ý 4 ·C"aýþ � Æ ZU
'2a�Ä�Å ¼ Z ý MPI with assertion ü MPI
��L AUl�n�ûo 2#� ý RNA

� ü �'� l17 H e'� P  ' ¾&�� ���#kÿ ;F<FH eM� P  � ³üF������û o 2�� ý���� o � L "� �/d�	¶ �x � ýM7 �
� 2
�

8B * 64MB "Ff� 8´��
��'�a�F�'2 À�Á Ä�Å &a� ���
�

2 ÙÞÚ�Û MPI ÜÞÝ�ßáàÍâÞãÞä ÕÞåÞç�Õ�è Û�
 Ê�� Î����
(8B éÞê ë/ìÞí )

Ï�� Û���� Ò ï ìÞðÍê Ô
[micro sec] [MB/sec]

MPI 50.4 0.151

MPI with assertion 37.3 0.204

RNA 17.3 0.440

(64MB éæê¸ë�ìÞí )
Ï�� Û���� Ò ï ìÞðÍê Ô
[micro sec] [MB/sec]

MPI 5338.5 1198.8

MPI with assertion 5325.3 1201.7

RNA 5306.1 1206.1

� XU" O�P �/Q���RMS BaP cFb >�q û�ü�ý MB ���
" �F� ��L A KB ���M" �F� "�� � � 7 ���M0�� \�]
RM^8_�`/� D û D ���� M a*F+ � 7 2� �! RM^8_�`��
R�S B "�"F��x � K 7 � A � KB " �F�C� N�# 
 ��KL ý � " �F� " � �ad$	W �xÍ&&%�' �M2M� *�ü IMO�P
�/QF�FR�S B "alFnFË � l X)(�*�û=Ô 2 A/"M*UY 0CZ
C2��

4.2 +$,.-0/$1'ª�2�÷&35476�8�9;:< � ý ��� *>=�?h" � ��d >   P ,
-h" ¯��
°j± & .} �m9
: � ý MPI Isend 6 MPI Irecv ü ��� ,
-�*�@�"
=A?=,=-�& � �/d >   P=�CB�2=�=p=� NA# 
�28��D +�ý
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subroutine work(r,n)

integer n,i

real*8 r(n),a1,a2

do i=1,n

  a1=r(i)*r(i)+r(i)

  a2=a1*r(i)+r(i)

  r(i)=a2*r(i)+a1

enddo

return

end


subroutine work2(p,w,n,to)

integer w,n,err

real*8 p(n)

call mpi_win_fence(0,w,err)

call mpi_put(p,n,MPI_REAL8,to,

                    0,n,MPI_REAL8,w,err)

call mpi_win_fence(0,w,err)

call mpi_win_fence(0,w,err)

call mpi_put(p,n,MPI_REAL8,to,

                    0,n,MPI_REAL8,w,err)

call mpi_win_fence(0,w,err)

return

end

subroutine work3(p,q,w,n,to)

integer w,n,err

real*8 p(n),q(n/2)

call mpi_win_fence(0,w,err)

call mpi_put(p,n,MPI_REAL8,to,

                    0,n,MPI_REAL8,w,err)

call work(q,n/2)

call mpi_win_fence(0,w,err)

call mpi_win_fence(0,w,err)

call mpi_put(p,n,MPI_REAL8,to,

                    0,n,MPI_REAL8,w,err)

call work(q,n/2)

call mpi_win_fence(0,w,err)

return

end


Ø
4 ãÞä�ß�E�F�Û�G�ì�H Õ êæð�I�J

�
3 ãÞä ß�E�F�Û�G�ì�H Õ êÞð�I�J8ÛK��� � Î����

ãæä ÕÞåÍçVÕ�è L � ï ì�MON I�J���� [sec]

MPI (a) E�F ï ì�MON 0.4698

(b) ãÞä ï ì�MCN 0.08489

(c) P��ÞÜ�Q ï ì�MON 0.5547

RNA (a) E�F ï ì�MON 0.4698

(b) ãÞä ï ì�MCN 0.08474

(c) P��ÞÜ�Q ï ì�MON 0.4700

® ú � � ��d >   P û
Ô 2 ¼SR } ¼�ü-ý w ��x�y¾G O "I�J KM�&T
MPI

>�?�@�> ��" IFJ'��U � �C2/�M[�� ý
MPI Put, MPI Get A ½ " � �WVYX ü MPI Win fence
û�Z$[ �M2F�Fp ý\@M"�=�?W* � �ad >   P & �C2/IFJ
& �C2C� * �$] ��^'¼ Z ü&_$` �/
C2����� û�ü�ý#Æ 4

� � � a) =$?C";a�"cb | ý b)
�F�

"�a�"�b | ý c) d�eM& � �ad >   PF��BM� b | " �gfh "&i @ e1�$j B��a� + � ý � � " MPI
I�J & 	 7� b | * � 1

�/�F�=�M2/�=� &/lFn �F�M>=?�@F> � �
i'Ô�k 0�� b | û 4 ·�À�ÁC& . � �a� À�Á ÄFÅ & � 3� � ���Ä
Å ¼ ZOl Z ¼ < � }�� ý � � MPI " MPI Put üO=
?W* � �/d >   P û�Ô � 7 < 7 � �$m </�F� eC��j B� K 7 � ý �
� " H  Þ&Cn�o ��� À¶+ �8Ä
Å ý MPI Put
û¸ü$p1*�q1* 4 ·'&&r;s�+ ��K Zut ý MPI Win fence
"/� � û �F�F4 ·M&�r�sW+ � 7 2/� [F� ý�=�?�* �F�
"
� 4
I=. e���j B�� K 7 � AVýv=�?=� � (call work())
û 4 ·$r�s ��
M� � ü/Y�w �a
�t ý MPI Win fence "
� � ûF�M� �F��4 ·M&�r�s�+ � 7 2a� � " ÄFÅ ý � �
MPI " I=J ü MPI Put " K 7 � ü)ý�x > f=� D "CZAyñ × & . 7�ý MPI Win fence û I�z " ��� ,F- �a. #
 � 7 2 � } � s�À � 
 2 �F� " � } < IjJ ü MPI Get
A��'�1û o 2 ñ × û < X¨ý MPI Isend * MPI Wait "��{C� K 7 � A0|FÀ �/
 ý �F� *0=�?M" � �ad >   P� û�Ô < 7 ��¾
M�/� + � ý u�v ��IFJ + � l�n �F�M>F?�@F> �
û¸ü RNAMPI Put

� K 7 � �#��w �!x�y�G O û o 2
RCU &c};~!+ � 7 2�� RCU ü CPU "�,#-�* � ��d

>   P + � ��� ,F-M& .�}/�Fp ý
lFn ���M>F?F@F> �
"F� 4=IF. eM��j B "/,�- 4 ·%ü�p���=�?Fe���j B "4 · ñ × û ÿ X + �FKML ý ���F4 ·�ü�=$? � �/�=���� û�Ô �M� *a&a��+ � 7 2a�
=�?W* ���M� � �/d >   P ûFÔ 2 ¼�R } ¼�ü OFP �
QF�FR�S B/��� X U � �C2 * ��� û o 2F� ý�� < Xa*
A w �Wxay8G O ü ½ " �$� &�� 0 � 7 2 "�û�ý �F�C>?�@�> ��û ] ��^ �a��� &��;� �C2&� Ô ñ *¾Y 0�2��

4.3 ú���4�ô�� ¨F©�«�¬H  >#? x �h� " IhÒ#¯ � & ° ±h� 2 �#ph� ý!²µ �Wx¸·�û�"�þ�ÿ �=� "aÀFÁM&8�F�M" � }/< eM��j B
û . � �/�

rnampi_win_fence(...)

t0=mpi_wtime()

rnampi_put3(...)

rnampi_win_fence(...)

t1=mpi_wtime()

�F� û�ü�ý H  >F? x �F�M"�x D � B *F+ � ý g �D "8)
�Ai ?A� ü 8B ûA�8Á�ý�� 1
g���H=D�B8H & 8B,

16B, 24B ,,, 128B *�+Gý 16MB "aôFõ Ï " Ñ�ÒC<Fg �D &�� 2/��� 4
� À�Á Ä�Å &�� ���Ä#Å ¼ Z ý$��� O ¡�´ H û o 2�g���H�D'B�H�� 8B

"�b |M����� � ý�� � "FfF�C�Ud B ¡M+a¼/N 	 + < 7g���HFDCB�H��
16B " 4C� ü H eC� P  C � 63%

�
%F� �M2a�h�MZa� 8B*� � " 4M� ü�ýjd B ¡�" B EC�
¡� U"&����û ¯��C� %��W+ g=�FH�DCBaHF� 128B " 4� ü 7.8%

��[ û�%���+ � + ['} ��� "�d B ¡;" B E
��"W U"�����üC���W+ 0F�M� *�û o 2F� ý H  >F? x� & 8B*� �M� + � b |M� A8�/ü �a¯=�M� %F�¶+ � 72���� üa( l û o 2�� 8B*� � "�b |'� ü/d B ¡F&&�  � û�ü < 7 � ý�¡A¢ � N 	��M2 "�û ¯��M� %F� �C2��� ü�£C"M* �C�F� o 2 *UY 0MZ¾
M2/�³� " 5 ü�¤$¥��¦7l + � 7 �
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�
4
Ò�ÔXÕÞå Ö¨§�© � Î��>�ª�«�¬C­ Ò §�©�®>¯�° ��� Ò ï ìæðÞê Ô± N Ò [B] [msec] [MB/sec]

8 2097152 2030 7881

16 1048576 1612 4962

24 699050 1779 2997

32 524288 1607 2488

40 419430 1778 1800

48 349525 1623 1642

56 299593 1778 1285

64 262144 1608 1243

72 233016 1784 996

80 209715 1623 985

88 190650 1780 816

96 174762 1624 820

104 161319 1777 692

112 149796 1618 706

120 139810 1780 599

128 131072 1624 615

5. ² ³ ´
®�ÉFÊ�û�ü�ý�\F]MRC^8_�`a� D " µ �Wx ·Fl�n �F�>F?�@�> �/&&µ�¶W+Gý ½ " °�± & . � �a� \F]MRM^�_
`/� D " µ �Wx · �F� " w ��x/y�G OF�/ÐF| + �/�F�
x D � Bj��� + � ü1ý�û#Ô 2 ñ × �;m#Ë + � API

�
�/�=� wWB x/� B b �M2C� * � �FL ý�%W` ?�·MB RF"�
� & I�3���2�� * �O¸
� * < � �8�a[
� ý ®�¹ w ��x
y8G OF��º �F� 7 2/� ?W* �F� " � �/d >   P��F� &] ��^ � ��� �M2C� * ��¸F� * < L ý OFP ��QF�FR'SB/� �8�=� ü/,F- 4 ·M"/ý þ & .W}F� * � ûFÔ 2/�
��#w �!xjyaG O " º ��� 7 2 H  >h? x g � D �#��F� ü�ý O ¡F´ H/�M2 x D � B/� d B ¡�" B EC�/¡W 
&�} � b |M� ý  U� D eC" �F�F¯F�C� %F� �M2aÄFÅ *< � ��� �U
C�a� + � ý�d B ¡�" B EC�/¡W � }'Ô <
7 � }/< � ��» T " O ¡F´ H & .¶}/< R/"$j=_=��¼ B
b � �8�=� ¯F��Ö ø � ûFÔ 2 ¼�R } ¼=&F�FÔ��CÔ�½�¾
+ � 7WX ��[�� ý�7WX ~ ¼�" OFP �/Q��FRMS B & 	 7� ý¿��� O ¡F´ H û�"/�F��ý H  >F? x g � D "/�F�
& � � " MPI " I#J * �;À +yý ��L l�n <��#�C>#?@�> �a&&Á�Â�+ � 7'*¾Y 0 � 7 2/�Ã;Ä
®�ÉFÊM& .W}a� o � L ý
\F]MRM^a_M`8� D &/ò 	��2��;Å &�Î 0 �cÆ 7 � \h]1R'^�_C`�� D ´ B�D �ÈÇÉ�Ê$Ë ´ B/D � �C��Ì�Í + [��j� ®�ÉFÊ�ü/\�]MRM^�_
`/� D�Î � P c 
 GF¡W ÐÏ \�]MRC^8_�`/� D ";Ñ/e�jµ ��x 	�Ò � � ? >=?F@F> �a"�µ�¶�Ó " 9�Ô *�+ � IÕ �a
C� A/"�û o 2��

Ö × Ø Ù
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