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A Non-minimal Fully Adaptive Routing
Using Single-flit Single-cycle Routers for NoCs

YUur! NisHikawa,! Micumiro Kosucsr, 213
HIROKI MATSUTANI™ and HIDEHARU AMANOT!

A Network-on-Chip of chip multiprocessors (CMP) usually forwards a mes-
sage that can be packed into a single flit, generated by coherence transfer. In
this paper, we propose a non-minimal fully adaptive routing mechanism for
1-flit packet transfers called “Semi-deflection”. Semi-deflection routing guaran-
tees deadlock-free packet transfer without use of virtual channels by allowing
non-blocking transfer between specific pairs of routers. Evaluation results show
that a router that supports Semi-deflection routing is almost equal to the hard-
ware amount compared with that of north-last turn model, which is a typical
adaptive routing. As the result of throughput evaluation, the Semi-deflection
routing provided 3.32 times higher throughput.
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ooo gooooooo oooo
1-cycle 1-flit router | ecube 35,026
1-cycle 1-flit router | North-last 34,986
1-cycle 1-flit router Semi-deflection 35,600

0000o0o0ooooooouooooo
ooooo000oOoooDO0oUU0UooUoOoOoDOoOooUoUOoOoUooooooooo
000000000000o00000ooooo0ooo0o0oooooooooooooo
0000000o0oooooooooooo

3.1 JOOOoooo

00000000000 wormhole 000000 1-cycle 000 O00DO0ODOOOD
0000000000000 00000000000000000000000ooooon
0000oO00o0ooOoO0oooo0oooooooO0OoDD 1fit0000ooooooooo
0000000000000 0000000000000000O00o00oooooooon
000000000000 200000000 1-4it0000000000000000
000000000000 0000000D0dSynopsis 00 Design Compiler 2007.12-SP3
000045nm CMOSODOOO0O0D0OO0O0OOODODOODOONOOSoC Encounter 00000
goooooood

0000000000001 00000 TRIPSO OCNOOOODOOODOOODOOO
doi4o000000OooOoOoOoOO000UooDoOooOO0dbeODODDmoOOog
03000@MO00000oo300o0o0o00oooooooooooDOo20oooOooOoo
O00Oecube0 00 0000OONorth-last 00000000 0O0O Semi-deflection O O
O0000000oooo8x8MeshOOOOOOOODOOOO 1000000 10000
O00000O0OOecube0 D000 0O0O0O0O0OONorth-last00000000000O0ODOO
OO0 oSFOO00D0O0OO0OO0OO0OO0ODOOO0O0OO0OO0O0OO0O000O0Ooooooooooooooog
00000000000 00000O0Oecubed000000000ODOOODOOSemi-deflection
0000 1.02%0000000000000000000000000000DOO00OO
3.2 JOOOOO

3.21 OD0O0ODOOoooOd
0D000C++0000000000000000000000000 irrsim® 00

(© 2010 Information Processing Society of Japan



93 000000000 DO0O0O0DOO00O NoCOOODOODOODOOOODOOD

go0dileb0e4026 0000 O0D0DODODOOOOO0OOOOOOOODOOODODODODODODODODO
0000000000000 oo oooooooooo
0000000000000 0oooooo000o000oooooooOoOn accepted
trafic 00000 1000000000000 0000000O000O0OO00OODOO0O0O0O0
0000o0oo0oooUoo 1)yopoooooooo 00000000000 accepted
trafic 00000000000
O0000 4x408x8016x 160 200 Mesh OO O OO OOoOoOooooooooQ
OO0wiform 0000000000000 00000OO0O0O0OOOOOOOO
o matriz transpose
000o00oo00o0o0oUoo0oUOULDU0000UD kOUOOUUOD (ryy)0DO
Ok-y—1,k—2z-1)00000000000000O0O0O0OO00z4+y=k-100
000000000000 (k—z—-1,k—y—1)00000ODO
e bit reversal traffic
oooooog (ao,a1,...,an—1) 000000000000000O000 (an-1,--
a1,a0) 00000000000
0000000000000 0000000D00000000000000 NAS Parallel
BenchmarkO NPBO'®) 00 0000000000000 DOOO0O0OOONPBOOODOD
JoodpbDo0ooooooooooooOooMPIDODOODOOODODOOODOOO CMP
0000000 ooOoOo NPBODOOOOODDOOODODOOO
e Conjugate Gradient(] CGO
e Multi-Grid solverd MGO
O0oooooooo “woooooooooo 640000
3.2.2 O0O0O0O0O0OOCOOOOOOOOd
030000000Semi-deflection 0000000000000 00OO0OOOOOO
O00000o0doo0oooooooooooDO0o0ooooooooooooooooooD
ecubed North-last 000 0000000000000 0O0000O0O0O0O0OOOOOOOQ
0o00o0O0o00o0OoO0O0O0OO00o0000ooO0o0ooooooOOoOoOooooOooooog
O wormhole 10 0000000000000 OODODOOOOODOODOOY™OOOO
00 Semi-deflection 000000000 COO0OO0OO0O0000O0OO0OOOOOOOOOO
0000000000000 oooooooooooooooo0oo0o0oOoOoOoOoOOoOogg
03000000000000000000000000O0O0O0DOOO0oOooooOoOn

*

000000000 0O00D0O0D0O00O0O00O0 Vol 3 No.3 8399 (Sep. 2010)

0.25

uni (e) -+
uni (nl) -
02 b uni (sd) —%—
) mix.tr (e) ---&---
mix.tr (nl) -0
mix.tr (sd) —&—
0.15 - b.rev () -
b.rev (nl) o
b.rev (sd) —e—

0.1 |

0.05

Accepted traffic [flit/cycle/core]

0 . . . .
0 0.05 0.1 0.15 0.2 0.25
Injected traffic [flit/cycle/core]

03 000000000 8x8Mesh0DDDDDDOODODODOOOOO0ODDODO “uni”0 “mtx.tr”0 “b.rev” O
0000 uniformO matrix transposel bit reversal 0000000000000 (e)d (n)O(sd) OO0

00 ecubel North-lastd Semi-deflection 00000000000
Fig.3 Relationship between network load and performance for 8 x 8 Mesh network without injec-
tion limitation.

“uni”, “mtx.tr”, “b.rev” represent uniform, matrix transpose and bit reversal

traffic, respectively. (e), (nl), (sd) stand for ecube, North-last, Semi-deflection routing, re-
spectively.
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