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An Evaluation System of Interconnection Networks
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An instruction level simulation library “ISIS” which is developed by Keio University supports

to simulate a bus connected multiprocessor. On the other hand, “SPIDER” which is also

developed by us supports to simulate an interconnection networks. Here, these two simulation

libraries are combined to simulate a large scale multiprocessor connected with an interconnection

network. We also implemented several distributed shared memory mulitprocessor simulator

based on the new library. In this paper, the new extension method of library is described, and

performance evaluation of the implemented simulator is shown.
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í,TVI < ì Á ºZ§ �sz fbÉÊ

read ack
�,E`­°± f O ·Vk3á��VÊ�� .  _8a�y¨t& �lt�uNfqÉVÊ

read data
��E�­+±èf O ·Tk�á�����0yÒt'&l±´vN£3��®Zn°¢b£ ìMW K Êg� .v�w ±l±¨vN£8�`®)n°¢b£PkXÁl�T�TU

,
ý � i�kNU¯

6
k�ÉTÊTò0L�SX¥ ï � � .

§XO0�
, write request�VE�­+± f87�����§�]�k

, Y�Z Ê²� O ­�µ�Ä ì�U'P_8� ~ kZU
,
7��lÓ^c�f¤ÉPÊ

write ack
�,E�­g± SVU«�[

,
7��,HPc`fqÉVÊ

write nack
��E�­+± f O ·Tká��TÊ°�

. ` § , Ä ¬qâ0­�ã ì v�w7± �Tt`u)S� ��
write data

f3á�����§�] » S O ·lU3#�R!ê � � .

5.3.2 \�]�^`_ba6cM?>A0B'C@D>E0F¯2­+±Ò³�t=®�Ã�S�����fb¥I¦³� ~ U
,
¯0­+±Ò³�t®�w=£)uVµP¶Xtl· z ��t�uZ_ virtual channel input®lvm· z virtual channel output

®Vvm·T_ � xlûl¶®B± f  X�>dm� })~ Êg� e}á�7b�!ê � �.��E`­²± U ,¯2­+±Ò³�t=®3�¶E�­+± f�ÉlÊ
spider system packetf}-��lÊ²�

.
�VE�­+± f £�¤ Ê²�>� ~ U

,
õ��>+�_��t�uZ_ � ¤ O ­Xµ�Ä^k8úê� ì  T�XÂ°÷s¦ÒÂ�f vir-

tual channel output
®Nv�·P_

is full()
ë Û f)-V�!�� ?'f � , put()

ë Û f)-N�0�ä�8��ET­g±úf}á��PÊ`� .` § ,
��t`uZÂ � ��E�­+± ìMg�h ���P�=�Z_�f ?�fÊ���kmU

, virtual channel input
®Zv¤·^_

is empty()ë Û f1-l�2� ,
�,E�­�± f � ¤ Ê=��� ~ U get()

ë Ûf.-T�NÊ��
.

5.4 i�8j��k�l�monqp9l#m
�P�s� STU ,

RZ�VS Ä ¬qâ+­�ãTSl_^�N�g�m�?yÊ«_�*V®qâl·)_
r § a=f
,
% tØ& (�¶�*

,
Á ` Ìú¯²­g±³qt�®¤w`£Zu)µ^¶qtV·@O"	mS ¾�W êÊ~g�X_ZSNUP«s[ ,¾ ¥lÊ²�,/mµ�±¥(m¶�* t�S�2�ílÊ��lËg¦¡k�Ê�� . u
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To Bus

To Network

i_acki_req o_req o_ack status

Network Controller

Bus Controller

v
7: w�xzy|{*}s~ ���0���@�%},��� � !0�>�

�>�6���
, �X���%�������%���S��� �%�V�,�,� ~ ��0� J>K����X�z�� @¡.¢V£' ¥¤�  �%¦'§ , ¨ �#y|©.��*t�ª@« ¢s¬ ª � � ~b�V�@­S® � J6Ko� �M�¥¯
°o±² ° w�x¥y�{�}6~b�s�S�0�
�³}�� �M´S�
§Vµb¶ ,

� ~�>�X­ JVK��¸·¥¹,º �.» f �¸·@¼@½ ªM¾ �@�M¿ox³À�%ÁSÂ �³Ão¯0Ä ² �bÅ�¯ .
¹¸¢¥� Á0Æ Å¥¯ ·�Ç , w�xy|{ }�~
���@���@�%}>� � , È�É � Ê@Ë��.· ­ ¬XÌ« � � ~b�V�@­SÍ>Î � �'�   � y�Ï@� Ðs~'Ñ�Ò*�S�Ó �*Ô>Õ ÅÖ¯ �@¿�}s�0��×*Ø0�6� � Ù�¡ , �
��Ú ÓÛ'ª@« ��×bØ'�V� �*Ü,Ý ÅÖ¯ ¹Vº �>ÄSÞS� �@���%��àß6� r¥á.â �.�,� Å�¯ .

6 ãåä
5 æ,� ÙXç �.è@é�ê , wÖxÖyë{.}V~b���M�@�%�.}X�� ÁSì �í· .

v
7
��î%ï�ðXª Á
ì �í· w�x�y`{�}>~³��
�@� �³}0�0� Û*ñ �@� �¸ò Å . w¥x�yë{³}V~³���%��'�%},� �
ó � º �%ô'õ �*ö'÷ ÅÖ¯³ó �¥øM��y�ù*}Ï (BusController), w�xoy|{b}s~ º �SôMõ �.ö'÷ Å¯ w�xzyú{
}¥~Vø0��yúù
}�Ï (NetworkController),

4
� � û,ü�x�y Ô@Õ ó x.�'ý (i req,i ack,o req,o ack)º
, �S¿'}>�%��×³ØM��� (status)

° ¤ �0þzÿ ¢ ¯
.
 

�
, Ñ����V× }6� ª����@Å�¯³¦0§s� , �0���
��� � �	 × ��
¥xíÀ �
� þ � ,

« � � 	 ×¸��
�xíÀ � wÖx�y{¸}6~³�s�S�0� �³}0� �
���@Å¥¯�� È,­�� ¯ . w�x�y{b}�~ ���0���@�%},� � ¹ � � 	 ×³��
�x.À �VÄMÞ�
,
ó ��� ��� õ ÿ ¢ ¯ �M��� � ~ �6��� Ë �%�>��

,
± ���%} 	 ����� ÿ ¢ �@��¯ �S��� ����� � ��'�¥¯%° �� �! ÅÖ¯

. "$# ,
��þ È�%6��&(' � Â ² .

6.1 )+*-,/.10�24365ó �6øM��yàù.}6Ï � ,
ó � º �
ô%õ �.ö%÷ Å¥¯ .

ó
�7��� û,üVx�y ��8�9#� , û>ü6x¥y � Û;: ­;<=�b} 	

����� ÿ ¢V· � ��� ����� � �¸· �
��� � ~b�V�MÈÉV� ¦'§�� ,
« � È@É �³Ê0Ë�� , woxoyà{b}6~*���M��'� }�� Û ��>�?@È@É ó x*��ý (i req) ß « �%ÈXÉ �Ô�Õ Åo¯

.
¬@·

, @�?�È�É ó x%�,ý (o req)
� w�xzy{*}�~ ° ¤ �,�%��� � ~*�>�MÈXÉ0û6ü¥xzy ­ Ô�Õ ÿ¢ �0�¥¯.¦0§¥�

,
ó x%��ý ° ¤ ûVüÖxzy �BADC|Ì�� ,ó � � ��� �7E¥á*Å�¯ �%�#� � ~*�>�MÈ0É � � õ Å¯

.
« � �

,
« ��F�G � >H?�IHJ ó x%�,ý (i ack) ßÔ�Õ Åo¯

. <K� } 	 ° ¤ �,�%��� � ~*�6��F�G � @
?�I�J ó x%�Xý (o ack)

� Ô@Õ ÿ ¢ ¯ � ª ,
ó x
�,ý° ¤ « �*û>üsx�y ��ALC @ � , È'É � @ � · À6ù���xM � ��� �@« ��F�G � � õ ÅÖ¯ .

6.2 NPOQ0BRS3UTU,D.V0�24365
w�x�yú{b}�~�ø0��y|ù*}�Ï � w�xoyí{.}�~ º �%ôõ �%ö�÷ Å�¯ .

ó � ° ¤ �@È>É>û�üÖxzy �HI4J6ûü�x�y ­7>�?XÈXÉ ó x
�Xý (i req) ��>�?�I�JXûVü�xy (i ack)
� ÔXÕ ÿ ¢ �'�¥¯³¦0§

,
ó x
�Xý ° ¤ « �ûsüÖxzy �7AWC @ � , w�x�yú{ }�~ ��� õ Åz¯ .

¬·
, w�xÖy�{.}s~ ° ¤ ûVü�x�y �bÊ õ �¸· ¦0§ , È@Éû6üÖxzy � @�?�ÈXÉ ó x%�,ý (o req) ß , I�J�û6üÖxy � � @�?�I�J ó x%�,ý (o ack) ß Ô�Õ ÅÖ¯ .

6.3 X+YZO[0]\D^/)_OL`ba
û6ü�x�y Ô�Õ ó x%��ý �%ó � º w�xzy|{*}s~M�
ûüsx�y ��ced ����� ÿ ¢ ¯¸ó x³�0ý ª � C ,

ó � ° ¤�%È@É'ûVü�x�y �.ÔXÕ Å�¯ >�?XÈ@É ó x �Xý (i req),ó � ° ¤ �
I�J'û�üVx�y �³Ô'Õ Å�¯ >�?7I�J ó x��Sý
(i ack),

ó �'ßs�'È�ÉXûsüÖxzy � Ô,Õ Åo¯ @�?,È�Éó x%�,ý (o req),
ó �'ß6��IHJ�û�ü�xzy �*Ô�Õ ÅÖ¯

@B?�I�J ó x*�@ý (o ack) ­�� ¯ . ûVü¥x�y �;f�g�h� � Ë Å�¯ ·XÇ , FIFO i�j>� ó x³�Mý º�  Þ*�'�V¯ .

6.4 *Wkl3nmo*qpsrt*um
�0¿X}6�M�Ö×bØM�V� � �
��� ø0�SÑ0�M¿¥�SÑ � ÁÆ Å¥¯ ·XÇ � Ù¥¡�¤ë¢>· ×³ØS�,� ª � C , ¨
�#y|©.��@° ¤ ×bØ0�V�0� ÛB: �*Ü,Ý Åo¯ ¹Vº ­ ªVê,¯ . ×Ø'�>� �0� , È0É �bÊ0Ë��¸· ­ ,

¬0Ì « � � ~.�,�0­Í6Î � �0�   � y�ÏX� Ð�~'Ñ�Ò*� Ó ­ Ô�Õ ÿ ¢ ¯ .

7 vxwî'ï>ð �ty �Xª � ¯ , NUMA �XÑ����V×ez>Ñ�Ò;{­SÂl| ¯ ¹�º
�*»�} Å�¯ ·sÇ , Á�ì �³· NUMA Ñ
���s×~z6��� ª�� Àz� ü�zVÑoÒ�{ � Á%Â � � âH���
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� � Â Þ · .
â������¥�S���

4 �0Ñ(�e�X×�zV� � ���Å�¯
.
« ����� �Xþ � , 1 ��z 	 � 1 À6ù³��x M ºX��

16 ��z 	 �;��� F §��VªB����Å�¯ .
��� F §�� º� �@�

, ���Mû4���~z�� , 2
¾���� zVÏ � , ����F §��

(MIN)
� �$�XÅÖ¯

. �zx ��� z(� � Ú ÅÖ¯ Ù4� �B������ �7� Ó 1, � � 2
¾��U� z>Ï*� �;� x 	 ù%x��M��]z ���0� Å¥¯ ·XÇ � 2,
ó x³�Mý Ó 1, û>ü6x ��� j�

virtual-cut-through
� j ,

ó { 	�� 1(flit/clock),��xà��zXØ�  � 5 ���bx � º Å¥¯ . ÑS����×¡z>��� ªÁ%Â Å�¯
� À��íü�z>Ñ�Ò�{ �@� SPLASH2 À6ù�¢XÏ£e¤ � FFT
� ��� �í·

. FFT
�B¥�¦ �;zz�¨§�©�ª �Â ² À�ù�¢,Ï £ ª � ¯ .

´;« � M �4¬ ª � ¯ È�% Ó�
4K
º0� ·

. ÑS�e�,×¡z>� � Á%Â Å�¯B­ � � 
,Ñ�{�0�
, Pentium-II 450MHz � IBM PC

� ª�® , �%�� :4¯6� 128MB, OS
�

FreeBSD 2.2.8-RELEASEª � ¯ .î Ñt�B��×
z6Ñ�Ò�{ ª>� , ��x �°� z±���={@�,��7z���� ó x%�,ý :$¯ � ©�² ÿ ¶s� ® � � â��¥��±¢VÌV¡
³H´ ­$� ¯%° � ���,ÅÖ¯ .
�

8
� ó x%�,ý :¯ ��©�² �Bµ ² ,

� À#� ü�z6Ñ�Ò�{M� ç�¶ � È Åo¯¼�·,�³ò Å
. ¸�¹ � ó x*�0ý :H¯ , º�¹ � ��»XÑ � Ï

Caluculation time[clk] x 10

13

12

11

10

9

8

7

0 105 15 20 25 30

Hypercube

2D Torus

MIN

6

network interface buffer size

�
8:
ó x%�,ý :H¯s�VÄ@¯ ç�¶V¼H· � ���

�$¬ ��¼K½ , ¾�¿H� Ë ñ�À � ç�¶ � È �.·@¼$·V��Á� � � C
, Â�Ã � 100 Ä(�,ùVx7� ª � ¯ .

�X° ¤ À°�¯ ô C , ��x �¡� z±�7�t{@�>�0�7zV�V� ó x%��ý:H¯ �BÅ ê ½ ÅÖ¯ ¹Vº ª ç�¶ � È ÅÖ¯ ¼H· ­�Æ ½* ¯
.
� ° �

,
ó x%�,ý%� :$¯ � 20 "�� � � �±Ç ��x�È� z(�S�7É ��� ?   ± � ´�«Ö�>Ä C « ¢ "4ÊX� ç¶,¼�· ��Ë º~Ì ± © µ ¤�  � .

¬0·
, Ñ��
�V×�z�Ñ�Ò

{M�'Á0Â ¼$· � , �$�@û4zs�H��zH�V� ó x
�,ý :4¯­ 20 � ¼ � , �H»�Ñ � Ï��H¬ �;Í¥ÇM· � z6�
� ¼�·
9643630 �,ùVx7� � ÁMÂ ÅÖ¯ � � , 1639 Î,È � �0�¯

.
¹¸¢ �

,16 Àsù¸�ox M �B¾�¿ ç�¶ ª � ¢V£ 1 Î ·�
5883 �@ùXx;�
�@ÑS�~�,×¡z�Ñ¥Ò
{b­ Â�| ¯ ¹�ºb�ò�� �0�¥¯

.

8 ÏÑÐ ÒuÓî%ï�ðXª@�
NUMA �~Ô�Õz×ÈÖ��6Ñ(�e�X×�zXÑsÒ¡{� y � ºM� � ��x �×� z$�;�4{%�0�b��z0� ��Ø
Ù#� �Ï��$�sÏ�� �7Ú4Û � Â Þ · .

¬@·
, Á0ì ��· NUMAÑ��;�6×ez�Ü�� ª ,SPLASH2 Àsù�¢XÏ £;¤ � ÁSÂ ��%â$����� � Â ²*¹6º �6Ä C ,
î@ï6ð �Ky � ­�Ý þÿ ¢6·¥¹Vº �.»�}���·

.Þ�ß ��à « º�� ��� , CC-NUMA
� Á'Æ Å�¯ ·>Ç� , � � x*ÑH�~® � � � �.· ��x ��� z(���S{�Ü,��Bz���� Ø�Ù ,

¬0·
, �M�¥�
�#� �;áV·7â � ��x|��zØ
û�xbÑ4{�¢ � j �VÄ%Þ'� <sÀ�ù.�ox M º ôMõ � Â²

NORA(NO Remote Memory Access model)
�

Á@Æ Å�¯ ·>Ç �7��x ��� z(�B�±{�Ü��M��z>�X� Ø�Ù­�ã(ä ¤|¢ ¯ .
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