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Thesis

SinglechipFPGAImplementations can provide
anorder of magnitudespeedup
over seguential microprocessor implementations
for data-parallel, floatingpoint computation
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Introduction to SPICE

A What is SPICE?

A Analog Circuit Simulator
ADeveloped at UC Berkeley ~1980s
A Extensively used in industry today

A SPEC92 Floatingoint Benchmark

A What does it do?

A DC, Transient (and fancier Noise, RF)
A Provide circuit description
A Calculate voltages/currents



Introduction to SPICE

A How does it do it?

A SPICE solves rlamear differential equations
A Nonlinear differential eq. solver
A Customized for circuits
A Challenge:
A Large SPICE runtimes!



Why SPICE?

1. Large circuit sizes
(~Dbillions of transistors)
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Why SPICE?

MOORE'S LAW
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Large circuit sizes
(~billions of transistors)

Submicron physical
effects (increase in
complexity)

Historically hard to
parallelize
(mixedsuccess)
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Previous Work

SGI Origin 2000 Xyce Supercomputer

ALK (MIPS) ' application

Hitachi N4000
2002 (PARISC 9600) 8 5 1.6 PThreads

SunFire V880
2007 (Ultrasparelll) 4 2-3 0.75 OpenMP pragmas
Highend Linux Wavepipe PThreads
2008 workstation 2 3 1.5 Optimistidimesteps
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Challenge

A Can FPGAs deliver respectable speedups?
A Aiming for 210x per chip
A How do we get these speedups?
A New architecture abstractions, tool flows, framework:
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How does SPICE work?

For_mul_ate
circuit
equations

Solvefor
unknown
voltages
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A Arrange equations into

matrix by topology
A Solve linear system of

equations



SPICE Flowchart

A Need to convert into
linear system of eqn.

A Nontlinear devices
A Find operatiospoint
and linearize
A Timevarying devices
A Discretize continueus
time behavior

A Perform numerical
Integration

Start

Transient Iterations
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lteration
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NonLinear Converged?

Increment timestep?
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Nomenclature
I e

Old Voltages

I;cc)]LrgtliJ(I)?]t AModelEvaluation Model
Evaluation

Conductance, Curren

Matrix Solver
AXx=Db

Solve for
unknowns

AMatrix-Solve

New Voltages
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Example: Diode Equations

D1 - S
= d I = I X Voa/Vi x i DIVIDE
D1 av ., ( Dl) s = Vj




Performance

A How does performance scale?
A ModelEvaluation O(N)
A Matrix-Solve O(N45)
A Experimental Data
A Benchmark circuisnucall
A bsim3 device model
A Measure runtime



Runtime Distribution
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Runtime Distribution
S =

Runtime With Parallel MatrixSolve
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Massive parallelization of SPICE device model evaluation osb&sed SIMD architectures Dec 2008
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Spatial Implementation
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