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Presentation Outline

• Background and Motivation

• Overview of the P**3 Methodology

• Design and Implementation of Experiment

• Measured results

• Conclusions and Ongoing Research
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Background and Motivation

• Impressive raw FIFO speeds

• asP* control: ~ 1.0 GW/s (5 gate delays)

• µPipeline control: ~ 1.5 GW/s (3 gate delays)

• Next step:

• Pipelines with data-dependent flow

• Evaluation of P**3 design methodology

• Focus on core problem

• FIFO with conditional drop

0.6µ MOSIS CMOS

Data in

Data out

Control in
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The P**3 Methodology: An Overview

• Three basic components:

• Path: Data Transfer

• Place: Data Storage

• Port : Data Steering

• Example: Simple FIFO
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Controlled Ports: Conditional Movement

• Control stream synchronized with data stream
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Pipeline Branching and Merging
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P**3 Conditional Drop Configuration

• Exhibits desired core functionality

• Problem now is design of chip experiment

• Control and observability issues

• Circuit implementation details

Control Stream

Output Stream

Data Stream
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Two-Ring Chip: Experimental Design

• On-chip FIFO rings used as high-speed data sources

• Long FIFO tail used to buffer result stream

Data Ring

Port

Data Stream
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( 37 Stages )
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Output Tail FIFO

Control Ring
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P**3 Experiment Specification

Data Ring
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Simulation

• C++ engine simulates P**3 structures

• Text description input, graphical back-end

• Spice circuit simulation for timing verification

Implementation

• Two-phase transition signalling

• Two complementary wires per control signal

• Standard cell based layout

• Test chips fabricated on two separate MOSIS runs
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Circuit Implementation Detail

• Example: standard Path component
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Conclusions

• Methodology

• Systematic design of a high-speed system

• Useful shorthand notation for pipelined structures

• Complexity still a problem

• Circuit Issues

• Complementary transition signalling: fast but large area

• Delay from long wires in standard cells

• Timing analysis

• Critical to achieving high performance

• Gate-and-Delay models inadequate
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Ongoing Research

• Formal semantics for P**3

• Timing analysis

• Improved module implementations

• Many layout and circuit optimizations are possible

• Now believe that 1.0 GW/s is possible

• Design of more complex systems

• Counterflow Pipeline test chip now in fab
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Chip Layout Plot
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External Chip Interface

• No high-speed handshake signals across chip boundary

Observing Input Port and Symbol
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Standard Cell Implementation

• Example: Ring Interface
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Circuit Implementation Detail

• Example: Output Port
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