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Performance Evaluation of Adaptive Routers Based on
the Number of Virtual Channels and Operating Frequencies

MAKI HORITA,t TSUTOMU YOSHINAGA,tt KANEMITSU OOTSUt
and TAKANOBU BABAt

In order to improve the communication performance of the parallel computer network, we
should evaluate the various routing algorithms. Adaptive routing or virtual channels (VCs)
can improve communication performance by increasing routing flexibility. However, the op-
erating frequencies of the router become degraded, since the adaptive routing and the VCs
require a complex and huge amount of hardware resources. Therefore, it is important to con-
sider the trade-off between the routing flexibility and the operating frequency. We clarify this
trade-off by evaluating the communication performance in 2D tori network for typical routers,
taking into account the operating frequency of the routing circuits. Our experimental results
show that the routers with four VCs per physical channel attain a good trade-off between
routing flexibility and operating frequency. Adaptive routers show higher performance than
non-adaptive routers due to their higher routing flexibility, especially in the case of a non-
uniform communication pattern. The Recover-x router with four VCs per physical channel
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shows robust performance both in uniform and non-uniform traffic.

1. 04000

gooobooooooooooooobooooo
goooooooooooboooooobooooboobo
gooooooo10boooobo0ooobooooooon
goooooooboooooboooobooooon
gobooooooboooooboooobooooboooo
goboooooooooooooooboobooobobooon

t0o0o00oo0oooooooo
Department of Information Science, Faculty of Engi-
neering, Utsunomiya University
tt 00000000000 o000o00
Graduate School of Information Systems, University of

Electro-Communications

714

0049900000000 000000000000
00000000000000VCOOOO0O000000
000000000000000000000000
0D0000000000000D0 40000 VCOD
0000000000000%00000000000
0000000 vVCOOOOO0O0O0000000o
0000000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000 00000000000
0¥00000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000 HDLO



Vol. 42 No. 4

0000 30000000000000000000
00000000000 0000000000000
00000 Dimension-order00 00 OO OO0OODOO
00000000000 #*channel?00000 00
00000000000000D00 Recover-x*Y00
00000000 D0O0Recover-x0OO 00000
000000000000 000000000000
0000000000000 00000000000
DISHA V00 0 ORecover-xd DISHAO O OO OO
000000000000 000000000000
0000000 o0oDoDoooo
00000000O0000O00OoooonoDoong
00000000000000 VCODOOO0o0o
0000000000 000D00000000000
100000 0000000000000000000
0000000000 D00000000000000
00 VvVCOODOODOO0OOO0O0OO0O000000O00o
00000000000 0000000000000
0000000000000 HDLOODOOOOOD
0000000000000 00000000000
000000000000000000000000
0000000000000 400 VCOOOOOoo
0000000000000 00000000000
000000000000000D000000000
000000000000 000000000000
00000000 00D00000000000000
000000000000 0O0000
00020000000000000000000
0003000000000000000400000
0000000000000 00000000000
000D00000050000RTLOOOOOOOO
000000000000000000000000
600000000000000000000000

2. 0Ooooo

2.1 0000
0000ooooboobooooooooo 200
gbooooooooboobbboobooboboboo
goboobooodoboouooooobobooogbog
goooboo0oobooobbooobooboooobo
goooo

2.2 JO0OOODOOOOOOO
go0o0oo00ooo0oooooooooooooono
Ooo30000040

2.2.1 Dimension-order

Dimension-order 0 020000000 XOYOO

gooooooooooooooooooboooobooooo 715

O0oXUOOOoOoooooooooo Yooooo
gooooooooOoooooUoooooooooo
00000000 oooooooooooooooon
0ooooooooooooan

2.2.2 %x-channel

x-channel 0 00000000000 OOCOOOO
00000 00000oDoDooooooooooooon
gdoooooooooooooodooooooo
o0oOooooopoUoooUooooooodoooo
odoooUoooOoOooooooooooooooo
ooo0ooU0oooOoooUoooooooooooo
0oo0OoUooDpOooooUOoUooooooOoood
0000o0oo0oU0o0oo/oooooooooooo
goooooo veooooooooooooooo
O0000o0ooO0o0oooooooOoooooooo
000000000000000000 *-channel O
0000000000000 DuatoD0 000 OO0

2.2.3 Recover-x

Recover-x 0 00000 OOOOOOOOODOODO
oooooooooyoooooooooooooo
00000000 Xooouooooooouoooo
0000oooopooooooooooooooooo
0doo0ooooooooooooooooooon
00000 oodooooooooooooooog
O0oooo0oooooooDoooooooooon
J000d0oooooooooooood

00000000OxchannelDODOOO0OOODOO
ooo0ooUooO0oOoOoOopooDUOoooOooUDoooo
00 vecOoOoooooooooooooooooooo
O0do0o0ooodoooouoooooooouooo
000000000 00o00ooooOoDbDISHAODODO
00000oooooooooooooooooooo
O00oooo0oooOoooooOooooooooon
0000000000 DOCO0O0O0O0DOORecover-x
00000 0000ooooooooooooooon
000d0oo00oo0o00o0oooooooooooo
0000000000000 Oogoogo

3. 0 O0QO0G0O

3.1 OO0OOOCOO

i1i00000000o0b0000bOo0b00o0oan
0000 1(p)000000 400000000000
0+ X0+ Y PortOO PEOODODOOOOOI/FOOO
gboocooooooboooocooooooooooao
goooooooooooooobooboooooboo

0 1(b)00000000000DO0O00ODODOOO0



716 goooooooo

S

N\

= = = required for
adaptive routers

(a) F— M HOE5HH

C to other node routers )

[ 2dadress pecoder (aD)
ES Buffer controller(BC)

@ Output Channel
Arbiter(OCA)

Virtual Channel
output Controller (VCC)

( wire

(b) R— b DHERK

01 0ODO0O0OoOo
Fig.1 Hardware organization of the routers.

000 vCOODOOO BCO Buffer Controller[ O

OO0 ADO Address DecoderD0 00000 OBCODO

0oooooooos8soooooon FIrOOODOO

gooooooooooooooboa

(1) ODoooOooOooOOOOoOoOOoDOOoOO0OoOOO
00000 veoo BCOOoooooooo
000oDADOOODOODOOODOOOODOO
goooobo

(2) ADOOOOOOOOOOUDOOOOOOOO
goooooooboboboooooobobooboo
0 Recover-x O OO OO0 0OO0ODODOOOOOO
goodobooboooooooog

(3) D0ODO0DUDODODOOOOOO OCAD Output
Channel Arbiter 00 00000000000
doooooooooooooooooog ve
JO000o0bOO0oOobOooOOoOoOoooboooon
00oooo vecooooooooooooao
goobooboo

(4) OCAUOLOLUOUOOOO ADOOOOOO
oo0oooBCOOOOOOODOOOOOO
00 D0 O0VCA Virtual Channel output Con-
troller OO 000 VCOOODOOOODO

gooboobooobD0oooooooooooooono

godovCcooooooooooooooooooo

joooddooooboooooooooooveono

Apr. 2001

01 0vCOODDoOoOoOoooooo veo

Table 1 The number of VCs for each VC configuration.
X|Y | PEIF | O
ve3ooo 3 3 2 | 14
vc400O0O 4 4 2 18
vCcs5000 5 5 2 | 22

0 =2X+42Y + PEI/F
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Fig.2 VC assignment for a Dimension-order router.
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Table 2 Synthesis results.
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