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Z-routing: Adaptive Routing on Irregular Networks

YUKl Icawato and AKIRA FUNAHASHIt

Network-based parallel processing using commodity personal computers has been widely
developed. Since such systems require high degree of flexibility and scalability of wiring, a
high-speed network with an irregular topology is often needed. In traditional routing algo-
rithms for irregular networks, available paths and virtual channels are considerably restricted
in order to avoid deadlocks. In this paper, we propose a novel routing algorithm called Z-
routing, which has an enough freedom in irregular networks by using two virtual channels.
Simulation results show that Z-routing improves the performance compared with the tradi-
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tional routing algorithms using two virtual channels.
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Fig.3 Tree expression of irregular network.

ocooooOmOO0O00O0O0OD0OOCOOOOOOODOO
0oo0o

ooopoooooooooOoOOO00ooooooooon
000O0ODO0ODODOCOOO0DOOCOCOdown channel
ooooooOooOoboOoobooOooooOooOooOooDODO
0000000000 oooooooooogooo
up channel 000000000 O00O0O0OOCOCOO
ooo

oooobooobooooooooooooooobooo
oooooooooobooooboooooooboooo
ooono

oo0OooO0 30000000 pODODOO fO0O
OOo0o0Oo0O0O000000000 b—a—c—fO0O
ooooooooOooOooOooooobOoo

000000000000000000 up channel
OO00O0O000OOo0C000o0oooO0doOOdown
channel 0000000000 DOOOCOOOCODOO
000000000000 up channel O down chan-
nel 0000000000000 O0COOOOOOO
ooooooooo

2.2.2 Prefix routing

Wwud¥00o0ooooooo Prefix routing 0 Prim-
itive up/down routing 0 000000000000
00000000000 0000000000DO0OO0

Prefix routing0 000000000000 DOOO
ooooooooOooooooooogooooooo
OO00oo0oooooooooooooooooooo
ooooooooooOooooooOoOoboOoobooo
ooo

0000ooooooo Le(r)=1000000
L,(v) O k0000000 «» 00000 La(u) =
L,(v) | kOO0OO0O0O0OO|OO00OOO0O0ooooo
OO00000000000000000 »0000 u
0000000000 00000O0Le(v,u) = Ly(u)d
L. (u,v) =e000000000000O00OO0OOO
Le(v,u) = Ly (uw)0 Le(u,v) = Lp(v) D0 00e 00O

Mar. 2002

up/down channel
cross channel

121

0 4 Prefix routing0 00000 directed-graph
Fig.4 Directed-graph for prefix routing.

O00ooooOo4m
Prefix routing 0 00 OO0 0O 0OOO Primitive
up/down routing 0 000 BFSTOOOOOOOO
0000000000000 000d On+m) 00O
oo0o0ooooooOooOooooooooooooo
0000 10000000000 200000000
0000000000000 O(n+m)000O0O0OO
0000000000 On+m)000000D0OO
ooooo
0o00o0ooo0ooO0oboooogn “prefix”
oo00oo0oo0Ooooooooooooooooo
000000 «e’000000 up channelDO OO0
0000000000000 0 Primitive up/down
rouwting0 0000000 100000000000
OooOooOoOoO0oooOooooOoooooooooo
O00o0ooooooooooogo
1. 000000 0o0oooOooooooooooo
2. 000000000000 0O00O0O0OOOOO
oo0o0ooooooOooooooo
0200000001000000000000 1.0
0o00200000000000000O0
000000 40000000 b)) OOO
00 £(121) 0000000000 OO0 Primitive
up/down routing 0 0 b(11)—a(l)—c(12)—f(121)
0 3000 0000 OPrefix routing 00 b(11)—
c(12)—f(121)0 200000000000000O0
Prefix routing0 00000000000 OCOO
0000000000 up/down based routing 0 O
ooooooo0oOoOoooooooooooOoooo
O O O Prefix routing 00 cross channel 0 00O OO
00000 down channel DOOOODODOOOOO
00000 Oup channel 0 down channel 0 00 O
oo0ooO0o0oooooOoOooOooooooooooo
Ooooooooooo
2.2.3 Minimal routing
Primitive up/down routing 0 Prefix routing [



Vol. 43 No. 3

down channel 0 000 O 0 Oup channel 0 000 O
00000000 cyclicdependency D OO0 OO O
00000o0ooooOoooooooosillacooon
O0000doo0oooooooOoooooooog
00000 fully adaptive 000000000000
000 Minimal routing 0000 % ¢yclic depen-
dency 000000000000 ODOOOOOOOO
oooooOoooooOopooooOoooooOOooo
oood
O00o00ooooooo20000ooooog
00 original channeld new channelO0O0 0000 OO
0000000000000 new channelODO OO
00o00oooooooooooooooooooog
new channel 0 0 0000000000000 OOO
O original channelD OO0 00000 OODO0O OPrim-
itive up/down routing Prefix routing 00 0 0 0 O
000000000 o0ooooooooooooog
JO0010 original channel D000 0O0OD0OO0O 2
00 new channel 0 00000000 OOOO
original channel 0000000000 O0OOO0O
odooooopUooooooOoOooUoooooog
0d0ooooUopoooOoOoooooUooooooo
00000000 ooooooooooooo
Minimal routingd 0 000 O new channel 0 O O
O00000000o0oO0ooooooooooood
0000000 oooooooooooooooon
ooodooooooo
2.2.4 L-turn routing
Left-first turn routing] L-turn routingd0 O 0 O
o0oUooOooooouoooooooooooooo
DDD7)DL-turnrouting|:| ooooobooboooon
OO0 L-Rtree"0 00000000000 DOOOOOO
oooooooo
L-turn routing0 0000000 O0OOOOOO
ooooooood
e left nodeJL-Rtree00000OO000OODOO
0000000500000 aObOdOOOO
ooood
e right nodell L-R treed 0 0 0 Oleft node O O
000000000 s500000 cledfO0gOhO
i0ooooooo
o left pathOL-Rtree0 0000000 OOOO
O0000ooooooooooooooooos

Y 0000000000000 000000000000000
gooooOooooo0oO0oOO0OO0O00O0O00O0O0000000
oo0o0oO0o0o0ooooo

Z-routingd 00 0000000000000 O0O0O00O0O0O0O00OO 757

O right node
‘ left node

~
~~o
~,
~
~

05 L-Rtreed000000O 90
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