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Abstract

This paper presented an adaptive pipeline architecture for a high-performance and low-power asynchronous processor.
The proposed pipeline architecture employed a stage-skipping and a stage-combining scheme. The stage-skipping scheme
can skip the operation of a bubble stage that is not used pipeline stage in an instruction execution. In the stage-combining
scheme, two consecutive stages can be joined to form one stage if the latter stage is empty. The proposed pipeline
architecture could reduce the processing time and power consumption. The proposed architecture supports multi-processing
in the EX stage that executes parallel 4 instructions. We designed an asynchronous microprocessor to estimate the
efficiency of the proposed pipeline architecture that was synthesized to a gate level design using a 0.35um CMOS standard
cell library. We evaluated the performance of the target processor using SPEC2000 benchmark programs. The proposed
architecture showed about 2.3 times higher speed than the asynchronous counterpart, AMULET3L. As a result, the
proposed pipeline schemes and architecture can be used for asynchronous high-speed processor design

Keywords : Asynchronous processor architecture, Asynchronous pipeline, Multi-processing
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Fig. 1. Proposed pipeline architecture.
Data §--7-.0" N N
1 Sl st § San
L:’:ch R o '385:""'; Rid L;Zch R2 tage R2d La;ch
ctl i Cil ctl
T T
| Al EC A2 EC,
T
EL, EL,
(a) Stage-skipping mode
Data | P77 R N
- Slst ,»' o San T
L;t‘ch R1 tage RId T;h R2 tage R2d L;':h
c T ol f c
Al EC, ; A2 EC,
EL, EL,
(b) Stage-combining mode
a8 2 Hetd molzatel My of
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(b} Stage-combining mode timing diagram
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Fig. 3. Timing of the pipeline operation.
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Fig. 5. Petri-Net diagram for the proposed pipelining.
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