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Look-Ahead Routing Based Dynamic Power Shutdown
for On-Chip Routers

HIROKI MATSUTANI,* MICHIHIRO KOIBUCHI, 1t DATHAN WANG!
and HIDEHARU AMANO?

Since on-chip routers in Network-on-Chips (NoCs) play a key role for enabling on-chip com-
munication between cores, they must be always preparing for packet injections even if cores
are in standby mode, resulting in a larger standby power of routers compared with cores.
The run-time power gating of individual channels in a router is one of attractive solutions
to reduce the standby power of chip without affecting the on-chip communication. However,
a state transition between sleep and active mode incurs performance penalty, and turning a
power switch on or off dissipates overhead energy, which means a short-term sleep increases
power consumption. In this paper, we propose a sleep control method based on the look-ahead
routing that detects the arrival of packets two hops ahead, so as to hide the wake-up delay
and reduce the short-term sleeps which increase power consumption. Simulation results using
real application traces show that the proposed method conceals the wake-up delay of less than
five cycles, and it also prolongs the sleep cycles compared with the original naive method.
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5.3 AYU—TJAEEIRY A OV
Z Z Tk ideal, lookahead, naive DEAKIZBNT, &
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& i & R
Bl 8 12 Toreakeven = 10 DEZDHERERT. HHEL T,
&7 (accepted traffic) MWEBBIZLZIN Nese DD
T3, E<LIT naive T Tyakeup KEDA M=V HEFHT
55, Ny bINy 7y KRET2HENEA, Fry )
BN =T —F 4 2T TELEEME- 2. 3EROA—T
B HFEELARS &, ideal, lookahead, naive DIHIZ Ny
M%<, lookahead IZLBHEMBETNE Z EMNGN5.
728, BRAN—T2 MZizoThH, Nese D850% LA EH S
Mo—AbH2. UL, THED, Ul OHHEN 20%
BETRy NT7—008LTLEI D, BRAI—Ty
MCRZEWMEEATS, Ny hENXTy NORIERBT
FHAV-TTELEDTHS.
9 1T Threakeven = 20 DBEDHERERT. Toreakeven =

10 DEEEHAN Nege & Noctive WE TR Nyse HHEAT.
& LI uniform BT 7 4w 2128 Nyse OEEIIBAEN.

6. EELHESRORE

FFwTN—F DAY NABHERLT DI, &F v
FIVOBREEETHBICEBRICNNT S —F 4 2 FTH. 2O
EE, Tuokenp KEDMRENOFEZIZIML, EBRICAY —
T TEDLHMEELT DI, R TH look-ahead L —
T4 T RBALEFyFIVOA) —THIEERELE. &
cST v s ERWEFEFICL ST, BEFHEE 5120
EAF D Twakewp BB TE, RFEHETDRVFA—TI8H
HENTERICA) T TE MM R ELT I &N TEE.

G, ETRNT =S —F 1 T DAEEIR NoC 2HEE
UT, EhEEROEW N RO YBIPI—F 1 2T HEI
DWTRELZW, FIZE, REF v RIVEBIEA S N1
BHOHTARTH oW, REF v RIIVBTNT——
T4 T EREL, AFIECTREFYyRIVET VT 41 R
THhiE, BOE—7HEEDRVWAY N BEHTERTE
LURENEDHD. TOXSBARICELEN—T 42T EL
T, Descending Layers W —5 4 >0 £ x50, 4%,
ZHE NoC KEA L CTHBENOFMELITY FETH 2.

E i

AN ABEERAL AT AR EEW R 5 —
EEL, T—25 (%) - OERATR (BR) - &/ T ABRRRA -
BAETr 17 ABRARMLOBHTITOh b D THS.

FRFICEL TEBERQCEREWEEEELAZHIER
2 PHEEHRICBEH VL ET.

2 E X ®

1) Dally, W. J. and Towles, B.: Route Packets, Not Wires:
On-Chip Interconnection Networks, Proceedings of the De-
sign Automation Conference, pp. 684-689 (2001).

2) Ishikawa, M. and et. al.: A 4500 MIPS/W, 86uA Resume-
Standby, 11pA Ultra-Standby Application Processor for

—131—



100 : . ; 0 15 100 . - ~ . 15 _
< By 27 —a— 2
£ = & = 2 el -
T 25 8 g 8 = —— 8
g gg —12§§ 80 | :-12i
o Nusc) —— { 20 & o L —— 2
ES g2 19 & % eof {19 &
° a © a ° [-%
g 115 8 § 3§ 3
£ » & 5 & @
18 40 1s
s {0z i H
] 8w ] Ji4
H § 2 Pl § ¢ 5
51 g 35 - . 8 3 / 3
S R e , 58 e . L L8
005 04 015 02 026 03 005 09 015 02 025 03 005 04 015 02 025 03
Accepted traffic [flitVcycle/core] Accepted traffic [flit/cycle/core] Accepted traffic [flitVcycle/core]
(a) uniform +Z 74w % (16 37). (b) BT b5 74y (16 27) (c) SP F374w& (16 27).
100 — ——————— 15 ; 15 —
3 i —a— L T v L ®
® v Ex e g2 =
B i —.— 8 7 — Fy g
ém»\‘% HZ«!zgé ——ni] S
= naive(Nuse) —e— 2= —— 32 3
S 60 {e¢ & 2 19 & % &
o a 9 a © [-%
g 3§ 3§ 3
3 3 3 @ 3 >
o 40+ 486 g 2 16 2 b1
H iz Iz Z
8 2 3 23 2
g 2 13 88 2} P i3 8§ — 3
E . s e > £t rout 5
S N S g & AT e
3 L 2 - . s vosees g
006 008 01 02 0.14 0.6 0.18 0.2 005 09 015 02 025 03 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Accepted traffic [fivcycle/core] Accepted traffic [fli/cycle/core] Accepted traffic fit/cyclefcore]
(d) CG b3 7 4vZ (16 7). (e) MG F57 4% (16 I7) . (OIS F37 4% (16 A7) .
B 8 ideal, lookahead, naive 8113 Nose & Nuse DHE (Twakewp = 2. Tidtedetect =2, Threakeven = 10) .
100 . . 100 100 x \ : %5 100 r - y - 15
- —a g —— £ —a— 2
£ | aheadiNesd) — e =¥ . = ¥ . £
T == 87 = 75 == g
é 80 - - 80 i% - -1225 80 b . 172 2
° —— T e — £ 2 —— 3
2 60 {60 & % 49 & & e0f 19 &
o a 9 a © o
a 3 a g a &
8 3 8 3 8 3
% 2l % ] % @
40 ] 40 16 1 40| 1s
3 33 23 2
2 5 5 i3 2
3 2 3 2 3 2
§ o 120 8§ 13 88 2 1s 2
2 2o, - -3 €
£ aa, s E s E - s
3 - 8 8 3 5 8
53 a £ O E O /./'/'/'/A N €
° f . . . o > . o > = L oeop \ o 3
005 01 015 02 025 03 005 01 015 02 025 03 005 01 015 02 025 03
Accepted traffic [fiivcycle/core] Accepted traffic [fiiveycle/core] Accepted traffic [fit/cycle/core]
(a) uniform hF74vZ (16 a7) . (b) BT b5 74v% (16 7). (c) SP F3 74y (16 7).
100 oy 15 100 v : - ; 15 _ 100 — - S 15
= —E— Lz 2 2
3 [ g3 = 2 =
7 ; -~ T3 3 3 3
gw.\\\‘:‘\*\' ; 4:,,-1223 2 33 L |
~ P @ o O
= —— 2= 2 3
S eof 19 & 2 9 o & 9 3
° a © a © Q
a $ o g a 8
g 38 3 8 3
2 % 2 B 2 @
2 4of 16 > a0t 46 2 6
i i i :
i3 oeomes i3 e
3 20| 13 28 =t 7 {3 88 =f {3 &
g g P e I 2
1 ot 8y 1 . 4 o = 0 1 —_— L L 0 = 0 e i3 1 i1 L I 1 i ) =
006 008 01 012 014 016 0.18 02 005 041 015 02 025 03 0.02 0.04 0.0 0.08 0.1 0.12 014 0.16 0.18 0.2

Accepted traffic [Hit/cycte/core]
(d) CG +FT74vs (16 37) .

Accepted traffic [fli/cycle/core]
(€) MG F3 74w 5 (16 27) .

Accepted traffic [fiticyclefcore)
(F)IS +5T74w2 (16 AT) .

B 9 ideal, lookahead, naive KB1}% Neose & Nuse PFIE (Tyakeup = 2 Tidtedetect = 2, Threakeven = 20) .

3G Cellular Phones, IEICE Transactions on Electronics,
Vol. E88-C, No. 4, pp. 528-535 (2005).

3) Chen, X. and Peh, L.-S.: Leakage Power Modeling and
Optimization in Interconnection Networks, Proceedings of
the International Symposium on Low Power Electronics
and Design, pp. 90-95 (2003).

4) Soteriou, V. and Peh, L.-S.: Design-Space Exploration of
Power-Aware On/Off Interconnection Networks, Proceed-
ings of the International Conference on Computer Design,
pp. 510-517 (2004).

5) Banerjee, A., Mullins, R. and Moore, S.: A Power and En-
ergy Exploration of Network-on-Chip Architectures, Pro-
ceedings of the International Symposium on Networks-on-
Chip, pp. 163-172 (2007).

6) Matsutani, H. and et. al.: Performance, Cost, and Energy
Evaluation of Fat H-Tree: A Cost-Efficient Tree-Based On-

Chip Network, Proceedings of the International Parallel
and Distributed Processing Symposium (2007).

7) B BEEA: MIPS R3000 128V 5 MR EE A U — Tl
FRORE, BHRNEZRWFRE 2007-ARC-173, pp. 49-54
(2007).

8) Hu, Z. and et. al.: Microarchitectural Techniques for
Power Gating of Execution Units, Proceedings of the In-
ternational Symposium on Low Power Electronics and De-
sign, pp. 32-37 (2004).

9) Dally, W. J. and Towles, B.: Principles and Practices of
Interconnection Networks, Morgan Kaufmann (2004).

10) Koibuchi, M. and et. al.: Descending Layers Routing: A
Deadlock-Free Deterministic Routing using Virtual Chan-
nels in System Area Networks with Irregular Topologies,
Proceedings of the International Conference on Parallel
Processing, pp. 527-536 (2003).

—132—





