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Non-minimal Routing Strategy for Networks-on-Chips

HIROKI MATSUTANI," MICHIHIRO KOIBUCHI, "t YUTAKA YAMADA,Tit
AKIYA JOURAKU' and HIDEHARU AMANOfY

We propose a deterministic routing strategy called flee which introduces non-minimal paths
in order to distribute traffic with a high degree of communication locality in Networks-on-a-
Chip. In the recent design methodology, target system and its application of the Systems-on-
a-Chip are designed in system level description language like SystemC, and simulated in the
early stage of design. The task distribution is statically decided in this stage, and the amount
of traffic between nodes can be analyzed. According to the analysis, a path that transfers
a large amount of total data is firstly assigned with a relaxed limitation, thus it is mostly
minimal. On the other hand, paths for small amount of total data, are secondly established so
as not to disturb previously established paths, thus they are sometimes non-minimal. Simu-
lation results show that the flee routing strategy improves up to 28.6% of throughput against
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the dimension-order routing on typical stream processing application programs.
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Fig.1 Task flow graph for JPEG2000 decoding.
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Fig.2 Task parallelization on stream processing.
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Communication pattern Analysis record (*)

#clk src-->dst size # src-->dst totalsize
10000 (0) (1) 32 (0) > (1) 8192
10000 (0) (2) 4 1) > (2) 8192
10000 (0) (3) 4 2) > (3) 8192
10010 (1) (2) 32 (0) > (2) 1024
0) > (3) 1024

10010 (0) (1) 82 | —»
10010 (0) (2) 4
10010 (0) (3) 4
10020 (2) (3) 32
10020 (1) (2) 32
10030 (2) (3) 32

(*)This is completely analyzed case.
03 0DOoO0opoO0oboOoOoOoooOoooooooooooOo-oo00o
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Fig.3 Communication pattern analysis.
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Fig.4 Path establishment of the flee.
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Fig.6 Task flow graph and mapping result for Viterbi
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Fig. 17 Viterbi trace on 4 X 4 mesh with one link-fault.
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Fig. 18 Viterbi trace on 4 X 4 mesh with two link-faults.

gooobooooooboi1sboooooodo 2000
goooooooooooooooboooooooon
OO0 160000flee0 0000000 3.0100000
O00000000000000 1.8400000 flee
gooooboooooooooocoooooooooon
00000 120%0000000000000000
gooooooooooooooobD 1700 1800
OOfleOOOOODODODODODOOOOOOOOOOO
0000000000 D0OCD0OO0ODOOfleednnO
gooobooooooooboooooooooooon
goooboooooooobooboooooooooon
goooooooooooobooocoobooooooo
gooobooooooobooooooooooooo
gooooooooooobooooocoobooooooo
gooooooooo

JPEGOOO IPsec0000000O0C0O0OO0ODO
00o0o0o0o0ooO0oooo0oooo/o0ooooo
oooOoOoooOoOoOooooooOoOoJPpEGOOOO
00521000000000up*/down*00000
000 fleeD00O00000O00OO0ODO0ODOODDOOO
O000000000O0IPsec000fleeO0O0O00O0O
goooobooooooooooooooooooo
OO0O0O000ViterhiOOOODODOOOOOOOO
goooooboocoooooo

O0D0OODOOODDOoODoOoODOfleebbDOOOOO
O uwp*/down*0 000000000 O0OOOOODO
goobooooooooooboooooobooooo
goooobooooooooooooooooooo

goooooooooooooooooboboooooooo 81

2000 T T T

4 hops) -+~ i
2 hops) —&— ?
Flee.in (1.94 hops) & i

o
2
3
N3
o

1500 -

Latency [cycle]
3
3
38

a
=3
3

. . . . . .
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Accepted traffic [flit/cycle/node]

0 19 0000 analysis record OO Viterbi 000004 x 4
00000 Turn-Model DO OO
Fig. 19 Incomplete analysis with Viterbi trace (4 x 4
mesh, Turn-Model).
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Fig. 20 Incomplete analysis with Viterbi trace (4 x 4
torus, Turn-Model).
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Fig.21 Incomplete analysis with Viterbi trace (4 x 4

mesh with no link-fault, up*/down*).

00000000 oooooooooooooooo
O000o0o0oo0oOo0oooooooooooo
O000ooOo0o0oooooooo

5.2.3 OOO0OOOO
fleeOOOOODODODOOODO analysis record 000
00000000000 analysis record 00000
000000000 O000000 analysis record O
0000o00o00o0oo0booon 52100 5.2.2
0000o00oo0oOo0oo0oooooooooo
O0ODOD0O0OO0 ViterchiODOOOOODODODOOOOODO

Turn-Model 00000000000 OOOOOO
000 19000000000000 2000000
OO0Oup*/down*0 0000000000 0O0OOODO
00000000000 21002000000000
00000000 22000000000 “Flee.in” O
0000 analysisrecord D00 O000O0O “Flee” OO



82 gooooooooooooooooboooooo

2000 T T
Sancho (2.03 hops) -+
Flee (2.78 hops) —&—
Flee.in (2.68 hops) a
1500

1000 -

Latency [cycle]

500 -

L L L L L L
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Accepted traffic [flit/cycle/node]
0 22 0000 analysis record 0O Viterbi DO00O0O0200
00000 4x400000up*/down*0 000
Fig. 22 Incomplete analysis with Viterbi trace (4 x 4
mesh with two link-faults, up*/down*).
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