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An Evaluation of Adaptive Routing
Using Instruction-level Simulation
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Adaptive routing has been known as the best solution for high performance interconnection

networks, and many researches on evaluation of adaptive routing algorithms have been exerted

in recent years. However, most of these evaluations are only based on a probabilistic model sim-

ulation which doesn’t reflect the characteristic of actual parallel applications. In this paper, we

implemented an instruction-level simulator of distributed shared-memory multiprocessor system

with interconnection network using instruction level simulator libraries. Through the evaluation

using the developed simulator, it is shown that adaptive routing offers greater performance than

deterministic routing in actual parallel applications.
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«

. SPIDER ~ , ���'�����#�¡¬%%® «J¯+° � §	±�²³ � C++ � ³ ¥5´�¥�¦µ§�¥�¨ ��¶ �%·�¸�¹ , ISIS º»J¼)½ �	�¾ '¢J£)¤ ¬%¿3À'Á�Â5ÃH�µÄ3Å ¹ÇÆ%È « . É�
, Ê�Ë ¢_Ì'Í�Î�Ï%� ���3�#�¡Ð ½ÒÑÔÓ º¡��Õ�Ö ¹¡Æ

ISIS ×�Ä�Å�® «µØ�Ù�Ú �3Û)Ü ²�Ý ��Þ)ß ¹�Æ�È « .

SPIDER ~3�-�������0�µ¬��® «@à ½ ° � §©±H²³ ��ª «¾á�â ²�Ý
,
ÍH£)¤

, ã ²�ÝåäÇ£ ³ ¦3æ%¤'çµèÔ£´+éµ��ê'� � Ù È�Æ , ë�ì ° �-�¡í0î ¹¡�'ï�ð ³ ¥5´ñ�òÔó ·%¸-ô �'õ)ö ³ ¥3´ ��Ä�Å ¹�Æ�È « .
á0â ²

Ýø÷�ù)Î-Ï º ¹+Æ ~�ú%û�� ½ wormhole routing
ñ

òÔó
virtual cut-through ×)ü-ý £�Ýµ�å�0Æ ñÿþ , �

�%�)� Ý ý ±�� ñDò_ó Í#£����µæ��	�@Í�
Ò¨��� ~ ,

SPIDER ×�Ä�Å�® « ï%ð'ÍH£0¤ ³ ¥5´ �5õ�ö ³ ¥5´
� ñ È�Æ%·%¸�� ×���������� ����� ������® « Ó º
× � � « ò Ñ � ½! Æ ñ|þ ,

¼�"3½ Ý ý ±�� ñ	ò�óÍ#£��#�@æ����+Í�
�¨$�!� � ��� � ·%¸ ® « Ó ºÔ×% � º ½! Æ%È « . ã ²�ÝÇä�£ ³ ¦�æ)¤�ç�è5£H´ º¹�Æ ~ , &('�)�* Í��Ò�µ -¢�£H�,+Çæ �+Ð ½�Ñ �!-
�'ú ¼!.	/ � ï	0)È�Æ�� ³21 ´ � � Ð-® « Û)Ü ²�Ý
º¾Ê#Ë ¢¡Ì�Í	���µ )¢+£)�3+Jæ × % � ½ ISIS

� Ä
Å ¹@Æ%È « Û)Ü ²�Ýø� ¬� ¹��54µ£76 � Í#£0¤ �98�-® « �!- ��ÛHÜ ²�Ý [?] × é'�Hê��D·�¸ �å��Æ�È

«�:<; � �'Û)Ü ²DÝ ~�= 4¡£76�>@?D´ º Í0£0¤	A �á0â ²�Ý ���)��B�C�= ç)±+£�D�E �@Ð È , É � =	FG ë�H#I2) ¨ �+ü-ý £�Ý ® «<: Ó �3Û-Ü ²DÝ �5ß È« Ó ºµ� ò�þ �-�%�����H� ò�þ ¯ 4@£#6 ×���� � �� F G ë�H7I2) ¨KJ!L�M�N�O ° ��Ê-Ë ¢ÇÌ%ÍD� �µ ¢�£-�,+¡æ × % �Òº ½� Æ%È « .

3.3 vduQPSRUT�V�oXW,Y[ZX\]�^�_ � ñ!` « adaptive routing
� �µ �¢µ£0¤5�

~ ,
¯ 4�£56 ×%���3�3�3�-� ò0þ 8	� �ø�#� F G ë	HIa) ¨bJ�L9M�N�O ° �JÊ�Ë ¢¾Ì'Í-���©�\ '¢Ç£%��+ æ

® « Ó ºJ� òDþ , �-�3���%��c � � adaptive routing

��d�eD�@���-® « .Ó ��F G ë�HfIg) ¨KJ�L�M�N	O ° �@Ê�Ë ¢�Ì%Í���J �¢¡£0¤ � ° � §©±)² ³ �µ¬�#��h ?? �ji�® . k± 1 ²Ç�-æ	� Û)Ü ²DÝml F#��~ , R3000 k ± 1 ² ü ,

R3010 n�o�p /�q	r O5s k ± 1 ² ü , t�u ²Ç�-  , ëH7Iv) ¨ ½�w ��Ê�Ë ¢ÇÌ�ÍD� �¡ �¢@£-�7+Çæ × % �½
ISIS

� Ä�Å � �0Æ�È «�° � §©±H² ³ �2x)ß ¹ , �
������� l F)��~ Í#£0¤ ñDò_ó ã ²�ÝÔä@£ ³ ¦�æ�¤ç�è5£0´ ½yw � SPIDER

� Ä)Å �å��Æ�È «J° � §±�² ³ �vx-ß ¹¡Æ%È « . ���3�����-� Ý ý ±@� ~ 2 z{ Ý £�¥�´ ��ß È�Æ%È « .

Network
InterfaceCache

R3010
R3000

Local
Memory

Shared
Memory

File
I/O

Timer

Router

Bus

Node

h 3: Ê-Ë ¢ÇÌ�Í�� �µ -¢@£0¤ � ° � §d±H² ³ h
Ê)Ë ¢JÌ�Í����¡ -¢+£�¤ � · Ð ç�|3¦�Í ~ , }�~½ ¥+¦¡§D¥�¨ �@ß È�Æ�Ý�² k�) �� ¡£µÍ ���	� ¹ ,

s
æ á ¦@Í

,
¨Ôæ ³ ��® « Ó ºµ� ò�þ ö� � � « .

3.4 adaptive routing Y����
SPIDER ×'Ä�Å'® « Í-£�¤ ³ ¥@´ � ñ È3Æ ~ ,

Í)£�f��æ	����Í�
�¨$�!� ���+® « ¦�æ�¤�ç�è5£-´ �	�
×(� �Ò�\�DÆ�È « �!- , Û £�� ×�õ)ö ³ ¥�´ ����¹�Æ+Í#£��#��æ����+Íy
ÿ¨��!� � ·%¸ �µÐ ½ÿÑ ò Ñ
� ½( Æ�È « .

]���� � ~ , 2 z { ÝM£�¥�´ � ñ�`«
1
Ù � deterministic routing º 2

Ù � adaptive

routing � é5�-ê�� õ)ö ³ ¥'´ ���% ¹�Æ�·%¸�¹�� .
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¯ ÍH£��y�¾æ<���¡Í(
 ¨���� ����~�~9z�� ò Ñ � ½� Æ%È «
.

• e-cube routing

– X,Y
Î �%���D���!���!�#� ò « ÍD£��f�æ�� �@Ð ½ÿÑ deterministic routing

–
?#£�� u Í(� u@ã Í � ¯ Î ��� 2

] ß��
–
ÍH£<�(�åæ<� ���2��� ( ��� % � ½ ?�£�� uÍ�� u@ã Í � / ) ~ 1

• Turn model

– north last ����ß È «
–
?#£�� u Í(� u@ã Í � ¯ Î ��� 3

] ß��
– �������H�	�H�@Þ)ß
– partially adaptive

–
Í�£��f��æ�� �,�9�2�H~ 1 � 2

• Duato’s protocol

–
?#£�� u Í(� u@ã Í � ¯ Î ��� 3

] ß��
–
Í	£��f�+æ�� � D�� ~�� 2 � ���5 �¹5�
ì þ

– fully adaptive

–
Í�£��f��æ�� �,�9�2�H~ 1 � 4

4 ¡£¢
·�¸ ¹5� ÊHË ¢¡Ì�Í	�ÿ�µ -¢5£D¤ c � 2

Ù � S-

PLASH2
� k ¨ â £��7+¾æ2¤ � ¯ ÍH£��5�¡æ��	��Í
�¨¥��� � òDþ · Ð ¹@� . ¦!§3� é �5��eH�@i ¹ , ¨© �@Ð ½|Ñ .

ªf«9¬�v®�ª3¯±°�²�³
� �J %¢µ£��f+_æ � ñ�` «2´�µ ~�z)�'ì þ �)ª « .

• 2 z { Ý�£ ¥H´ �#ü ¦(� ~ 16(4×4)
ñÒò�ó

64(8×8)(
�	¶	¹

RADIX ~ 16 �	� )

• ·�¸ � uµã Í � ?	æ56�¹ ~ 1 [flit/clock]

• áHâ ²�Ýmº ~ 8 flit ��»��
•
Í0£��7�+æ�� � 1 clock

•
�%£�¼ ÝÇ¢�£)�,+Jæ � 1 clock

• á0â ²�Ýø÷�ù�Î-Ï ~ wormhole routing
ñ�òÇó

virtual cut-through

• ¯ 4µ£f6 Ú7½ ����� > �<¾�¿ � �#Æ�È « ¨ ³vÀ´|Ý á#â ²�Ý � / ~�Á���� ��� 2

• ã ²�Ý�äµ£ ³ ¦�æ�¤�ç%è5£-´ � ñ!` « ù�Â�Ã ß?ÿ²5ç�| �%ü ¦�� ~ , 32 packet(16
4�£76 ¬-Ä

)
ñ�ò_ó

128 packet(64
4µ£f6 ¬� Ä )

•
� u@ã Í�?ÿ²5ç�| �%ü ¦�� ~ 1, 2, 4, 8 º2B	Å�ÇÆ0Æ�é+�)ê3� �����@Ð ½|Ñ

Þ-ß ¹���� k ¨ â £��7+�æ ~ SPLASH2
� k ¨ â £�,+Jæ�¤ � FFT º RADIX

�#ª þ
, FFT ��ÈjÉ0ü¦<� ~ 4096, RADIX ��È@É)ü ¦�� ~ 32768 º ¹µ� .

4.1 FFT ÊÌËQÍ�ÎÐÏ
16
4@£76 ¬� Ä ñ�òÔó 64

4�£f6 ¬� Ä � ñy` «
��e���h ?? º�h ?? � é5�-ê3� i�® .
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h 4: FFT � ñy` « N�O(Ä�A (16
4@£76 ¬� Ä )

1e+06

1.5e+06

2e+06

2.5e+06
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h 5: FFT � ñy` « N�O(Ä�A (64
4@£76 ¬� Ä )

é@��ê'� ��h3� ñ È�Æ , Ñ�Ò�~ � uÇã Í�? ²�ç�|��Ó
, Ô�Ò#~	Õ�Ö�Å©�	×3Ø � k ¨ â £H�,+Jæ ��Ù · ÐÄ�A

(
L	M�Ú ¸ l F-� N	O �<~ ¹¡��Ä�A ) ��Û ¹¡Æ%È«

.
Ó � ½ ��h ò0þ , Duato’s protocol ~ w�Ü ½ �3ü¦�� � ñ È�Æ�Ý e-cube routing ��Þ ¹@Æ	N�O�Ä�A ���ß�� ·�à�¹�Æ�È « Ó ºÇ×�F ÚD« .

N�O(Ä�A ���	ß
�	����~ , 16

4�£f6 ¬�D� ñ È-Æ ~�á 5 � 10% â w�)ª « × , 64
4¡£�6 ¬�)� ñ È�Æ ~já 42% � 63% ºã ÁH� � � ½ Ý �©º ½! Æ�È « .

Ó � ~ ,
4@£36 �

ü ¦	� ×�ä	å�® « º á#â ²0Ý �	æ�ç hop
/ × � ��Ø½ « �(-

, adaptive routing � ñ È)Æ �!� % � ½ ��H� / ×�ä	å ¹@� Ó º_× � ��Ø�è�é ¹µÆ�È « º±ê�ë� «
. Turn model

Ý
64
4�£f6 ¬��� ñ È-Æ ~ , �
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��� á 55% � � � ½ N�O!Ä�A �<�	ßD� ·�àD¹µÆ%È «
× ,
� uµã Í�?ÿ²+ç�| ü ¦�� × 1, 2 � Ä ��~ N�OyÄA ��ß������#~	p � Ø ½� Æ�È « . É � , 16

4@£76
¬�H� ñ È�Æ ~ e-cube routing º�â9ì »9í Ý%¹ ØÇ~é�� òDþ º-È�N�O(Ä�A ��~ ¹@Æ�È «@î � Ý'ª « .

4.2 RADIX ÊïËQÍ#ÎÐÏ
16
4J£�6 ¬� Ä � ñ�` « ��eH�	h ?? ��i%® .

¯<ðñ Ò�×�i�®	ò�~ FFT � î �Òº »@¼ �Hª « . h ??
ò

1e+07

1.2e+07

1.4e+07

1.6e+07

1.8e+07

2e+07

2.2e+07

1 2 4 8
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h 6: RADIX � ñy` « N�O(Ä�A (16
4@£f6 ¬� Ä )

þ
, e-cube routing º Turn model �%~�âDºaó w N	OÄ�A �jô%×�� ½ � ½ È Ó ºå×	F Ú0« . RADIX � ñ�`« ì Ã á ¤'£Hæ'� ~ ,

ª «
1
Ù � 4�£f6 �<õD� 4µ£6 Ú7½ � á#â ²DÝ × » Ä � ¤fö ��� ù ½ � « º È Ñò Ñ ½�÷9ø � ½ � ³g1 ´ ×�ù7Ø ½� Æ3È « ��- , �_�4J£76 � ¯ Î � Ú7½ » Ä �9ú / � á#â ²�Ý ×�û�ü�®« º È Ñ ò Ñ\½�ý�þ × � ö ¹jÿ	²�Ý\´ ý ²DÝ × � ö¹�� ®[Ø ½� Æ%È « º¾Õ�� ½ � « . Duato’s protocolÝ@� uµã Í�?Ò²@ç�| ü ¦	� × 1, 2 � Ä ��~ Ó ��è�é

� Â ` Æ�È « ºÇÕ�� ½ � « × ,
� uµã Í�?ÿ²5ç�| ü¦<� × 4, 8 � Ä �%~jõ0����� Æ á 10% � 23% � N�OÄ�A ����ßD� ·�à	¹µÆ�È « .
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]���� � ~ 2 z { Ýå£	¥�´ � òdþ ¯ ~�)×-�-��M�0� F G ë�H�Iv) ¨KJ!L	M�N�O ° ��Ê�Ë ¢ÇÌ�ÍD��¾ '¢J£)¤ � ·5¸�¹ ,
���_ '¢J£)¤ c � SPLASH2

�
k ¨ â £)�,+Jæ�¤ � FFT º RADIX � · Ð-® « Ó
º@� ò	þ ,

à-· � ½ ì Ã á ¤5£#æ � ñy` « adaptive

routing ���-���%�0�¡Ð ½� � .
�d�J �¢µ£��7+¾æ �

��e , Duato’s protocol �3ß È « Ó º�� ò©þ & · �
������c)� ·�à ® « Ó º_× % � º ½ « º È Ñ�Ó ºÔ×

F Ú þ ,
Ó � � ò	þ à-· � ½ ì Ã á ¤'£�æ � ñ È-ÆÝ

adaptive routing ×�H�d �)ª « º È ÑÇÓ º�×�&���\�0�
.
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