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1.1.1 - Brief Introduction

To Investigate asynchronous building blocks and
protocols.
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in 1989
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1.2.1 - Asynchronous Circuits and Systems (ACAS)
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Figure 2 — Synchronous

Circuit
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1.2.1 - Asynchronous Circuits and Systems (ACAS)
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Figure 3 — Asynchronous
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1.2.2 - VLSI Design Issues and ACAS Advantages

VLSI Design Issues ACAS Advantages
Lowering power Elimination of Clock Skew
consumption Average Case Performance
Addressing clock skew Adaptivity to Processing and
ISSUIES Environmental Variations
Decreasing noise Component Modularity and
Increasing performance Reuse

ETC.ETC....... Lower System Power

Requirements

Reduced Noise
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1.2.3 - Recent Developments in ACAS

Use of asynchronous circuits in the UltraSPARC Il
synchronous processor at Sun Microsystems

Brackenbury et al. use of asynchronous technigues
with- VLS| Implementations of communication
systems, specifically the Viterbl decoder
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2.1.1 - Introduction

Bundled )
Data DualRail
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Figure 4 — Protocols
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2.2.1 - Bundled Data or Single Rail Protocols

Bundled Data (BD) and Single Rail (SR) refers to the
separate single (SR) request and acknowledge wires
that are bundled (BD) together with the data signals
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Figure 5 — Bundle Data

Channel
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2.2.3 - 2 Phase Bundled Data Protocol
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Figure 8 — 2-Phase Bundled
Data Protocol
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2.3.1 - Dual Rail Protocols or 1-of-2 Protocol

Dual Rail (DR) refers to the protocol’'s use of 2 (DR)
wires to encode 1 bit of data information (1-of-2)

Sender Recelver

Req Data

Figure 9 — 4 Phase Dual Ralil
Channel
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2.3.2 - 4 Phase Dual Rail or 1-of-2 RTZ Protocol

Valld ‘0"
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Table 1 - 1 bit Channel
Encoding Chart

Figure 10 - 4-Phase Dual Ralil
Protocol
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2.3.3 - 2 Phase Dual Rail or 1-of-2 NRTZ Protocol

Sender Receiver
Ack

(d1.t, d1.)

Figure 11 - 2-Phase
Dual Rail Channel

(d2.t, d2.)

Figure 12 - 2-Phase
Dual Rail Protocol
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2.4.1 - Discussion On Protocol Choice

D. W. Lloyd et al. have presented a comparison on
asynchronous design styles

Area
(wires/bit) J(transitions/bit)

A7) I A GG

Table 2 — Comparison
of Protocols
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2.5.1 - The Muller C-Element

David Muller invented the Muller C-Element in 1959

The Muller pipeline Is the backbone for handshaking
circuitry

Figure 13 — The C-Element and OR
j Element schematic, respectively

C-Element Truth Table OR-Element Truth Table

Retain previous z value

- Retain previous z value -

Table 3 - C- Element Table 4 - OR Element
Truth Table Truth Table




IF X and Y differ in state - _ - 3
THEN copy X for 2 Figure 14 — Behaviour of C-Element

ELSE hold previous state with Inverter

Ack  Req Req Ack

Figure 15 — The Muller
Pipeline




Section 3 - Designing Asynchronous Systems

3.1.1 - Possible Design Issues

3.2.1 - Balsa (Asynchronous Hardware Language)
3.2.2 - Balsa Design Flow

3.2.3 - Balsa Buffer Example

3.3.1 - Conclusion
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3.1.1 - Possible Design Issues

Asynchronous circuits, at a hardware level, are complex
creatures that have not been addressed by the industry
standard Electronic Design and Automation (EDA) tools and
companies.

“‘EDA tools are lacking”, explains lan Sutherland, vice
president and fellow at Sun Microsystems Laboratories. EDA
tools are intended for synchronous system design.

VHDL and Verilog, industry standard hardware description
languages, lack the needed “concurrency and platform for
handshaking channels” that are reguired by asynchronous
systems.
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3.2.1 - BALSA (Asynchronous Hardware Language)

A recent free tool from the University of Manchester, one of the
academic leaders in asynchronous design, is BALSA'.

Balsa Is both a “framework for synthesis of asymnchronous
hardware systems and a language for describing such
systems”.

Balsa used the adopted approach of proprietary languages like
Tangram of “syntax-directed compilation inter communication
handshaking components”.

This means that there Is direct “one-to-one” mapping between
language and direct handshaking circuits produced.
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Balsa description

‘breeze2ps’
‘breeze-cost’
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3.2.3 - Balsa Buffer Example

import [balsa.types.basic]
procedure bufferloop (input i : bit; output o : bit)
IS

variable x : bit

begin
loop
| -> X -- Input communication
, -- Sequence operator
0 <- X -- Output communication
end
end
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3.2.3 - Balsa Buffer Example

Sequence

Figure 17 — Handshake Circuit
For a Single Place Buffer
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Figure 18 — Generated Handshake

Circuit For a Single Place Buffer
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3.3.1 - Conclusion

Asynchronous design is not a direct mapping of a Synchronous
Design, this depends on the type of design one is doing
(analog layout or digital design flow)

Asynchronous design does have the possibility of being a
feasible alternative to the ‘noerm’, which is synchronous

The combination of asymchronous design with synchroenous
design Is a slow, yet emerging field of study
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