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Abstract

Recently, an asynchronous design using a state transition has received an

attention as a solution of recent problems on synchronous designs. In several

advantages of asynchronous signal processing, this study specially focuses on

the following.

Each function block can work without synchronized with a clock.

The processing can be done with its own delay time.

Here, the bundled data method is adopted, since it can make the best

use of the above two advantages using similar circuits as synchronous design.

(a)

In this thesis, two major research products are described.

A pioneering asynchronous switch was designed, which processes all
signals as an asynchronous manner, and its arbitration process and data
transfer process are perfectly separated. A circuit simulation for this
switch was made and it proved its 32-Gbps transfer rate. Actual switch
chip and a printed circuit board for evaluating it were also implemented
and confirmed the expected operation of this switch.

Speculative completion, which attains high-throughput calculation by
changing the processing time appropriately according to each function
block, was proposed by Nowick. The latter half part of thesis is for
applying it to synchronous circuits to propose a new method called
synchronous speculative completion. This method transfers a process-
ing signal synchronized with the current dominant delay time of the
pipeline stage in order to enable further high-throughput calculation.
The evaluation of this method is done by using a simple CPU core.
This evaluation proved that the throughput using this method can be
extended to be 1.65 times faster than the original one. This synchronous
speculative completion method in particular can improve the through-
put when applied to a process that is activated only in limited conditions
and extends the latency of its critical-pass.

These studies proved its efficiency by the actual simulation and imple-

mentations. Now, application area of the asynchronous design is limited.

However, the proposals in this thesis can be also applied to new architec-

tures such as dynamically reconfigurable processors.
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O 5.1: AMULET1 vs ARM6
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load data
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0 5.12: Forwarding(AMULET?2)
Memory Internal | Cache | External
Idle Power 76mW | 162mW | 66mW
Idle Power ‘Halt’ on | 0.1mW | 0.1mW | 0.1mW
BTC MIPS +6% +3% +7%
BTC power-efficiency | -5% -3% -4.5%
Fwd MIPS +2% +0.5% 0%
Fwd power-efficiency 0% 0% 0%
All features MIPS +8% +4% +7%
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0 6.4: Throughput
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