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Evaluations of Fine-grained Power-gating of
On-chip Router for CMPs
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HirosHl NAKAMURAT! and HIDEHARU AMANOT®

This paper evaluates a fine-grained run-time power gating of on-chip router, in
which power supply to each router component (e.g., VC buffer, crossbar MUX,
and output latch) can be individually controlled. As only the router compo-
nents which are just transferring a packet are activated, the leakage power of the
on-chip network can be reduced to the near-optimal level. However, a certain
amount of wakeup latency is required to activate the sleeping components, and

thus the application performance will be degraded. Also, a certain amount of
overhead energy is consumed for the wakeup operation. In this paper, we esti-
mate the wakeup latency and the overhead energy for each component based on
SPICE-level simulations using a 65 nm process. The fine-grained power gating
router is evaluated in terms of the application performance and leakage power.
The results show that it reduces the leakage power by 59.3%, at the expense of
4.0% performance penalty when we assume a 1 GHz operation.
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Fig.1 An example of 8-core CMP. Eight processors and 64 L2 cache banks are interconnected via
sixteen on-chip routers.
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Fig.2 Implementation of the fine-grained power gating. PS and ISO refer to a power switch and an
isolation cell, respectively.
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Fig.3 Fine-grained power-gating router. (a) Detail of Input port 1, (b) Detail of Crossbar. Each
gray area denotes a power domain.
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Table 1 Hardware amount of each router component (before PS insertion) [kilo gates].

Module Count Total gate count
4-flit VC buffer 20 111.06
4-to-1 VCMUX 5 4.21
5-to-1 CBMUX 5 4.91

1-flit Output latch 5 5.49

Others 1 16.92

Total 142.58
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Fig.4 Router pipeline of Look-ahead method. A packet consisting of four flits is transferred from
Router (¢ — 2) to Router ¢ via Router (¢ — 1).
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Table 2 Hardware amount of each router component (after PS insertion) [kilo gates].

Module Count ISO PS Overhead
4-flit VC buffer 20 2.07 | 2.25 3.9%0 15.4%0
4-to-1 VCMUX 0.54 | 0.02 | 13.3%025.9%0
5-to-1 CBMUX 0.52 0.02 10.9%0 23.3%0

1-flit Output latch 0.51 | 0.16 | 12.2%0 24.6%0

Others 0 0 0%0 11.1%0

Total 3.64 | 2.44 4.3%0 15.9%0
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Fig.6 SPICE-level post-layout simulation results of each power domain.
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Table 3 Leakage power of each router component (Vdd 1.20 V, temperature 75°C) [uW].

Module Count Total leakage
4-flit VC buffer 20 940.1
4-to-1 VCMUX 5 63.4
5-to-1 CBMUX 5 57.2

1-flit Output latch 5 82.8

Others 1 176.5

Total 1320.0
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Table 4 On/Off energy of each router component (Vdd 1.20 V, temperature 75°C) [uW].

Module Leakage / count On/Off energy
4-flit VC buffer 47.0 2.800 59.6 nsecl
4-to-1 VCMUX 12.7 1.250 98.6 nsecl]
5-to-1 CBMUX 11.4 0.980 85.7 nsec]

1-flit Output latch 16.6 1.310 79.1 nsec

000*006(c)0 VChuffer 0000000000000 D000DOOO00OODOOO
gooobobooooooooo4000000000DO0ODO0O0OO00OODOOOOODDOO
0000 on/Off 0000000000 0OD0OOD 3040000000000 O0ODOO
000040 On/Of000000FE+E,0000000000VChuffer10000
0000 47.0uWOOn/Of 000000 2.80pJ 0000000 On/OFOOOOODOO
000 VCbuffer 00000000000 59.6nsec00000000*00 40 On/Off
energy 0000000000000 O00OOO0O0OOODOOOOOO On/OffO0OOOO
gooooooon

42000004 000000000000000C0C000O0O0O0OOOO0ODODBOOO
goboodooobooobooooboooooobobooooooa

x4 00000000000000000O00O0O0000O00O0OO0O0OO0OO0COOOOOOO0O0DOOO0O0O0
go0ooooooooooOoOO0OO0OO0O0O0O000O000000O00O0O0O0O0O0O0OOOOOOOOOOOODOO
goboo00o0o0bO0o0O00O00O00b0O0000O00O0O00O00O00COO0OO0OO0OO0O0DOOOO000O0
goooooooo0ooOo0ooO0Oo0oO00OO0O000b00O0O00D00000SPICEDOOOOOOOOOOO
goobooOoOo0oobooboOoOo0o0oooboooooOoo

«5 00000000D0000000VC buffer 0000000000000 ODO0O0O0OO0OOn/Of000OODOD
gooooooooooooo

(© 2010 Information Processing Society of Japan



107y CMPOOOODOOOOODOOOOOODOOOOODOOOODOO

05 ODO0O0000O0O0O00000O000000O0
Table 5 Simulation parameters (processor and memory).

Processor
L1 I-cache size
L1 D-cache size
# of processors
L1 cache response

UltraSPARC-IIT
16 KBO line:64 BO
16 KB line:64 BO

8
1 cycle

L2 cache size
# of L2 cache banks
L2 cache response

256 KBO assoc:40
64
6 cycle

Memory size
Memory response
# of memory ports
Memory bandwidth

4GB
1600 + 20 cycle
8
32 x 8 B/cycle for
each direction

06 DO0O0ODOO0ODOOO0OONoCOOODOODODOOD

Table 6 Simulation parameters (NoC and on-chip router).

Topology
Routing
Switching
# of VCs
Buffer size
Router pipeline
Flit size

4 X 4 mesh
dimension-order
wormbhole
4
4 flit
[NRC][VSA][ST]
128 bit

Control packet
Data packet

1 flit
5 flit
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Fig.7 Execution time of SPLASH-2 benchmark (w/o early wakeup method). 1.0 indicates the
execution time without wakeup latency.
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Fig.8 Execution time of SPLASH-2 benchmark (w/ early wakeup methods). 1.0 indicates the execution time without wakeup latency.
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Fig.9 Average leakage power of a router when SPLASH-2 benchmark is running. 100% indicates the leakage power of a router without power gating.
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