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Thesis

Single-chip FPGAimplementations can provide 

an order of magnitudespeedup 

over sequential microprocessor implementations 

for data-parallel, floating-point computation 

in SPICEmodel-evaluation



Overview

Introduction to SPICE

Understanding SPICE

Implementation 

Analysis and Evaluation

Future Work and Conclusions



Overview

Introduction to SPICE

Understanding SPICE

Implementation

Analysis and Evaluation

Future Work and Conclusions



Introduction to SPICE

ÁWhat is SPICE?

ÁAnalog Circuit Simulator

ÁDeveloped at UC Berkeley ~1980s

ÁExtensively used in industry today

ÁSPEC92 Floating-Point Benchmark

ÁWhat does it do?

ÁDC, Transient (and fancier Noise, RF)

ÁProvide circuit description

ÁCalculate voltages/currents



Introduction to SPICE

ÁHow does it do it?

ÁSPICE solves non-linear differential equations

ÁNon-linear differential eq. solver 

ÁCustomized for circuits

ÁChallenge:

ÁLarge SPICE runtimes!
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Why SPICE?

1. Large circuit sizes 

(~billions of transistors)

2. Sub-micron physical 

effects (increase in 

complexity)

3. Historically hard to 

parallelize 

(mixed-success)

Intel www.intel.com

Impact of Scaling on Analog Performance and Associated Modeling Needs TrED 2006



Previous Work

Year Machine Chips Speedup Per chip Notes

2001
SGI Origin 2000 

(MIPS)
40 24 0.6

Xyce Supercomputer 

application

2002
Hitachi  N4000

(PA-RISC 9600)
8 5 1.6 PThreads

2007
SunFire V880 

(Ultrasparc-III)
4 2-3 0.75 OpenMP pragmas

2008
High-end Linux 

workstation
2 3 1.5

Wavepipe, PThreads,

Optimistic timesteps
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Challenge

ÁCan FPGAs deliver respectable speedups?

ÁAiming for 1-10x per chip

ÁHow do we get these speedups?

ÁNew architecture abstractions, tool flows, frameworks?
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How does SPICE work?

ÅModified Nodal 
Analysis

ÅApply Kirchoff'sCurrent 
Law

Formulate
circuit 

equations 

ÅArrange equations into 
matrix by topology

ÅSolve linear system of 
equations

Solvefor 
unknown 
voltages

bAx



SPICE Flowchart

SPICE

Iteration

Non-Linear Converged?

Increment timestep?

Transient Iterations

NR Iterations

Start

End

ÁNeed to convert into 

linear system of eqn.

ÁNon-linear devices

ÁFind operation-point  

and linearize

ÁTime-varying devices

ÁDiscretize continuous-

time behavior

ÁPerform numerical-

integration



Nomenclature

Matrix A[i], Vector b [i]

New Voltages

Old Voltages

Model 

Evaluation

Matrix Solver

Ax=b

Conductance, Current

ÅModel-Evaluation
Formulate 
equations

ÅMatrix-Solve
Solve for 
unknowns
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Example: Diode Equations
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Performance

ÁHow does performance scale?

ÁModel-Evaluation O(N)

ÁMatrix-Solve O(N1.5)

ÁExperimental Data

ÁBenchmark circuits (simucad)

Ábsim3 device model

ÁMeasure runtime
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Massive parallelization of SPICE device model evaluation on GPU-based SIMD architectures Dec 2008
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Spatial Implementation
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