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3.2 Host Channel Adapter (HCA) Architecture
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Figure 1. A 5-stage Pipelined Router Model
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3.3 VL Arbitration
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3.4 Energy Model
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Table 1. System and Energy Parameters (180 nm Design)
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4.1 Admission Control
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4.2 Congestion Control Algorithm
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4.3 Separate CQs for End-to-End Congestion Con-
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5.1 Peak Power Control
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6.1 Simulation Testbed
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6.2 Workload
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7.1 Comparison of Four WRR Implementations
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Table 2. Performance Results of Four WRR Implementations (Single Router Cluster)
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7.3 Results with Admission and Congestion Con-

trol
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7.4 Separate CQs and Peak Power Control Results
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Table 3. Packet Queueing Delay in a
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Mesh Network with 100% Best-Effort Traffic (in � sec)

��=-XBMNE5k-b_G>RLMW�Q¦7¤¬q�b-D<DF:��5lU=1?c:<RL69MN4�b_D5DFsLMi8>?���M�l�D<8>=1? EFb_D<M
=_g ��	��*bC:^:<sL=-Xp?�8>? �%8>K1RLEFM9§LvJq�M�lU=169�cb_EFMuDFsLM�@BE<M�478dD<P
�cbC:�M�4i��MNb1Y���=-XBMNE�l#=C?CDFE<=CG7Xp8dDFs9D<sLMJ@BE<M�478dD<PQ�Tb1:<MN4�l#=1?cK1MN:�P
D<8>=1?il#=1?(DFE<=CGCb_?T4¬mn=-XBMNEF[5MUE�49£ §�	�¥78S?uDFMUEF6�: =1gL�TMNE�g�=CE<6�b_?Tl#M
b_?T4��T=-X MUEJl#=C?c:<RL69�7D<8>=1?�vJqrMiRT:�M�D<sLM9:<b169M���MNb_Y���=-X MUE
k-b_G>RLM g�=1E%D<scM
l#=169�cb1E<8;:<=1?¬��M#D�X MUMN?i=CRLE�:<l�sLMN69MN:nb_?c4�mn=-X\P
MUE�[
MNEF4�v

�\sLMiD<=1DFb_G�b�kCMUE�b_K1MuG;b-DFMU?clUe�=_g�698S¢7MN4�DFEFb_�ol�8;:^�LGS=1D�DFMN4
8>? ��8>K1RcE<M ����b(��H(XpsL8>GSM\DFsLM5b�k1MNEFb1K1MBG>b_D<MU?Tl#8>MN:�=1gZ��MN:�D�P�M#�Z=1E<D
b_?T4�E<M�b_GSPIDF8S69M^D<E�b-�ol¬b1E<Mu:<sL=-Xp?�8S? �%8>K1RLEFM��������pb_?c4��IlN�#H
EFMN:<�TM�l�D<8>k1MNGSeCv `ª?3D<sLM�:�M�KCEFb1�Lsc:NH�©/478S��MNE<MN?(D�:<l�sLMN69MN:�b_EFM
MUk-b1GSRcb_D<M�4 ��bulUGSRc:�D<MNE�Xp8SD<sL=CR7D�b_?je���=-X MUE�l#=C?(D<EF=1G�� ����"�&7�#H
b^l#G>Rc:�DFMUE�Xp8SD<siD<sLMplUE<M�478dD<PQ�Tb1:<MN4�lU=1?LKCMN:�D<8>=1?�lU=1?(D<EF=1G�� � ���#H
b¬lUGSRc:�D<MNE�Xp8SD<s�D<sLM��TM�b_Y��T=-X MUE�lU=1?(D<EF=1G%��� ����Hjb_?T4ob¬l#G>Rc:�P
D<MNE�Xp8dDFs mn=-XBMNEF[5MUE�4 �������#vBV
=1D<M~D<sTb-D�����"�&/b1?c4 � �
47=�?L=1DJsTb�k1M�b_?je���MNb_Y �T=-X MUE¬lU=1?(D<EF=1GQv�25GdDFsL=1RcK1s ��� 8;:
k1MNE<e�M#�ZMNl�DF8SkCM�8S? lU=1?(D<EF=1G>GS8>?LKrD<scM��TM�b_Y���=-X MUE�H�8SD�8S?Tl#RLE�:
:<MUk1MNE<M��TMNE�g�=CE<6�b_?Tl#Mo47MNK1E�b14Lb_D<8>=1?/b1:i:�sc=-Xp?�8S? �%8>K1RLEFM �cv
� RLEp:Fl�sLMU69M���� ��� :�sc=-X
:�DFsLMJ�TM�:�D
��MUE<g�=1EF6�b_?clUM5g�=CE\�T=1D<s
��MN:�D�P�M#�Z=1E<Dpb1?c4~E<M�b_GSPIDF8S69M^D<E�b-�ol1v

��8>K1RcE<M ���IbC�i:�sL=-X
:�D<scM~b�kCMUE�b_K1M��T=-X MUE�l#=1?T:�RL69�7DF8S=C?
g�=1E�698S¢7MN4�D<E�b-�ol\DFscb-D l#=1?T:�8;:�D�:�=_g ��	���E<M�b_GSPIDF8S69M
b_?T4 ��	��
�TM�:�D<PQMU��=CE�DpDFEFb_�ol_vB�\sc8>:pKCEFb1�Ls~8S?c4L8>lNb-D<M�:pDFscb-D5lU=1?LKCMN:�D<8>=1?
l#=C?CDFE<=CG�b_G>=1?LM�� � ���J47=jMN:J?L=1D¬sLMUG>��D<=�EFMN47RclUM�D<sLM9��=-XBMNE
l#=C?c:�Rc6��LD<8>=1?~=_g%D<sLM¬?cM#D�X =1EFY�H7:<8S?Tl#Mu8SD5l#=1?(DFE<=CG>: DFsLMu8S?���MNl�P
D<8>=1?WEFb_D<M^=1?LG>e�D<=��LE<MNk1MN?CD\?LMUD�XB=CE<Y�:Fb-D<RcEFb_D<8>=1?�v%`�DBDFE<8>MN:BDF=
478;:�DFE<8>�LR7DFM\D<sLM
G>=CbC4�MUk1MN?LG>euD<=�b1GSGLD<sLMpEF=1R7DFMUE�:%D<=u6�b-¢78>698��NM
D<sLMiR7D<8>G>8���b-D<8>=1? HTDFsjRc:�lNb_Rc:<8>?LK�D<scM���=-XBMNE�l#=C?c:<RL69�7D<8>=1?�DF=
M#¢Ll#MNMN4�D<sLMu��MNb1Yo��=-XBMNE
l#=1?T:�DFEFb18S?(Du�I¦7¤Jq�b-D<DF:���v

q�M~b_G;:�=�lU=1?c47RTl�D�MU¢j��MUEF8>6�MN?(DF:¬Xp8SD<s ¤�	�	�� ��MN:�D�P�M#�Z=1E<D
b_?c4�¤�	�	�� EFMNb1GdPQD<8>69M�D<E�b-�ol�DF= :�sc=-X DFsLM�?cM#D�MU��M�l�Dr=_g
=1RLE��TM�b_Yr�T=-X MUE�l#=1?(DFE<=CGIH%:�8>?cl#MWXBM�scb�k1Mo478S�ZMUEFMU?(D���=-XBMNE
l#=C?CDFE<=CG
:<l�scMU69MN:�g�=CEoMNbCl�sfDFEFb_�ol�l#G;b1:F:Uv �cE<=C6 �%8>K1RLEFM �
���T�#HcX M¬lUb1?WDFMUG>G�DFscb-D5=CRLE5:Fl�sLMU69Mu8;:p69=1EFMuM#�ZMNl#D<8>k1Mu8>?�E<MUP
g�EFb18S?c8S?LK�D<sLMJ��=-XBMNE lU=1?c:<RL69�7DF8S=C?oD<sTb_?�mn=-XBMNEF[5MUE�4�H1XpsL8>G>M
:�DF8SG>G��LEF=-kj8>478>?LK��TMUD�DFMUE
��MUE<g�=1EF6�b_?clUMJbC:\:�sL=-Xp?~8>? �%8>K1RLEFM �
���T�#v V5=_DFM�DFscb-D�H5g�=CE�E<M�b_GSPIDF8S69M�D<E�b-�ol_H^=1RLE�:Fl�sLMU69M�47M#P
l#8;47MN:oXpsLM#DFsLMUEo?cMUX E<M�b_GSPIDF8S69M�l#=C?L?LMNl#D<8>=1?c:�b1E<M�bClUl#MN�7D<M�4
=1EB?L=_D�v � ?Tl#M5bClUl#MN�7D<M�4�H7buEFMNb_GSPQD<8>6�M�l#=1?c?LMNl#D<8>=1?o6�b�e9l#=1?LP
:�Rc6�M 69=1EFM��cb1?c47Xp8;4jD<siD<scb1?�Xpscb_D�8SD�=1EF8SKC8S?cb1GSG>e^E<M��CRcMN:�D<MN4�v

¤N¨



60% 70% 80%
Injection Rate (%)

0.000

0.020

0.040

0.060

0.080

0.100

D
M

P

A,C
No A, No C

0.0

1.0

2.0

3.0

4.0

D
M

T
 (m

illisec)

A,C
No A, No C

DMTDMP

60 70 80
Injection Rate (%)

0.0

100.0

200.0

300.0

400.0

A
ve

ra
ge

 M
es

sa
ge

 L
at

en
cy

 (
m

ic
ro

se
c)

Control, AC
Control, NoA, NoC
Best−effort, AC
Best−effort, NoA, NoC

�IbC� �^¡�m�b_?c4 �^¡�� ���T�p25k1MUE�b_KCM^¡�MN:F:<b1K1M � b-DFMU?clUe

Figure 5. Performance Results of a Single Router Cluster with MPEG-2 Video Traffic
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Figure 6. Average Message Latency in a
��* �

Mesh Network with On/Off Real-Time Traffic
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Table 4. Connection Rejection Rate in
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Mesh Network with On/Off Real-Time Traffic

40 50 60 70 80 90

Injection Rate (%)

0

100

200

300

400

500

600

700

800

P
ac

ke
t L

at
en

cy
 (

m
ic

ro
se

c)

Global
Separate
Quad

40 50 60 70 80 90

Injection Rate (%)

0

10

20

30

40

50

A
ve

ra
ge

 P
ow

er
 C

on
su

m
pt

io
n 

(W
at

t)

Global
Separate
Quad

��bC�\25k1MNEFb1K1M � b-DFMU?clUe �����\2
k1MNEFb1K1MJmn=-XBMNE

Figure 7. Different CQ Configurations with Best-Effort Traffic Only
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Figure 10. Runtime Power Consumption in a
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Figure 8. Average Latency in a 4
*

4 Mesh Network
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Figure 9. Average Power Consumption in a 4
*

4 Mesh Network
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