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Evalutions of Prediction Router for
Low-latency On-chip Networks

HirokI MATSUTANI, T1*1 Micumniro Koisuchr, 2
HIDEHARU AMANO'! and TSUTOMU YOSHINAGAT?

To reduce the communication latency on recent many-core architectures, we
have proposed a low-latency router architecture that predicts an output channel
being used by the next packet transfer and speculatively completes the switch
arbitration. In the prediction routers, incoming packets are transferred with-
out waiting the routing computation and switch arbitration if the prediction
hits. Thus, the primary concern for reducing the communication latency is to
select the prediction algorithm that offers a high hit rate in a given network.
The prediction routers support multiple prediction algorithms and select one
of them in response to the traffic pattern in order to accelerate wider range
of applications. To investigate the optimal prediction algorithm for a given

network, the prediction router architecture is applied to four many-core archi-
tectures. For each case study, the prediction routers are designed with a 65 nm
CMOS process and evaluated in terms of the area, energy, prediction hit rate,
and communication latency. This paper shows their latency reduction and their
area- and energy-overhead.
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Table 1 Overview of NoCs used in the four case studies.

Case study 1 Case study 2 Case study 3 Case study 4
Topology 2-D mesh 2-D mesh Fat tree (4,4,r) Spidergon
# of cores 16-256 cores 64 cores 16-256 cores 16-256 cores
Core distance 0.75 mm 1.50 mm 0.75 mm 0.75 mm
Traffic Uniform 7 NPB programs, Uniform Uniform
4 synthetic
Routing Dimension-order | Dimension-order up*/down* Across-first
(deterministic) (deterministic) (adaptive) (deterministic)
Switching Wormbhole ‘Wormbhole ‘Wormbhole ‘Wormbhole
VCs no VC 2 VCs no VC 2 VCs
Piplie structure | [RC][SA][ST] [RC][VSA][ST][LT] | [RC][SA][ST] [RC][VSA][ST]
Packet size 4-flit 4-flit 4-flit 4-flit
(1-flit=64-bit) (1-flit=64-bit) (1-flit=64-bit) | (1-Ait=64-bit)
Input buffer 4-flit FIFO 4-flit FIFO 4-flit FIFO 4-flit FIFO
Predictors SS, LP, FCM SS, Custom, LP, LRU, LRU+LP SS, LP, FCM
FCM, SPM,
Random
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Fig.3 Network topologies used in this paper (16 cores).
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Fig.5 Prediction hit rate (case study 1).
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Fig.6 Zero-load latency (case study 1).
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Fig.7 Hardware amount (case study 1).
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Fig.9 Flit switching energy E,,, (case study 1).
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Fig.10 Prediction hit rate (case study 2).
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Fig.11 Hardware amount (case study 2).
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Fig. 12 Router leakage power (case study 2).
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Fig. 13 Flit switching energy Eg, (case study 2).
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Fig. 14 Prediction hit rate (case study 3).
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Fig. 15 Zero-load latency (case study 3).
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Fig.16 Hardware amount (case study 3).
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Fig.17 Flit switching energy E,, (case study 3).
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Fig. 18 Prediction hit rate (case study 4).
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Fig. 19 Zero-load latency (case study 4).
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