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Abstract This paper presents the new instruction-level power model for an asynchronous processor. Until now,
the various power models for estimating the power dissipation of embedded processor in SoC are proposed.
Since all of them are target to the synchronous processors, the accuracy is questionable when we apply those
power models to the asynchronous processor in SoC. To solve this problem, we present new power model for
an asynchronous processor by reflecting the behavioral features of an asynchronous circuit. The proposed power
model is verified using an implementation of asynchronous processor, A8051. The simulation results of the
proposed model is compared with the measurement result of gate-level synthesized A8051. The proposed power
model shows the accuracy of 90.7% and the simulation time for estimation the power consumption was reduced
to 1,900 times.
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[Fig. 1] Handshaking protocol. (a) 2-phase protocol and
(b) 4-phase protocol
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[Table 1] Delay model
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Bounded 435} o3}
Speed independent(SI) st 0
Delay insensitive(DI) st 3}
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[Fig. 2] Power dissipation comparison between synchronous
8051 (H8051) and asynchronous 8051 (A8051)
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(b) Asynchronous pipeline operation
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[Fig. 3] Comparison between synchronous and asynchronous
pipeline operation

Number of Number of " "
: " o " Instruction execution scheme
instructions | partial iterations
Group 1 22 0 IF
Group 2 13 0 IF-ID-EX
Group 3 93 0 IF-ID-OF-EX
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Group7 28 2 IF-ID-OF-EX-OF-EX-OF-EX-WB

[ 4] A8051 o] A Alo|F
[Fig. 4] Instruction execution cycle of an A8051
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[Fig. 5] The accuracy comparison between the estimated

power from the proposed power model and the
gate-level power measurement result
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[Table 2] Power estimation time comparison

PrimePower Gate- | Proposed power | Speedup

level CPU time | model CPU time | (Xtimes)
DhrystoneV2.1 5.6 Hrs 20.2 sec 998
JPEG 3.8 Hrs 10.2 sec 1,341

18
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[Table 3] Accuracy comparison between minimum, maximum,

and average power estimation results
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JPEG 76.4W | 982W | 86.7TW 89.5W
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