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SmartSpice HPP: Executive Summary

• High-performance, parallel computing for SmartSpice

• Enables important features:

• Circuit partitioning

• Matrix partitioning

• Block isomorphism

• Block latency

• Scales up to 8x more than Regular SmartSpice

• Can be up to 40x faster with Turbo and JivaroLib
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Agenda

• What is SmartSpice HPP?

• Quick background review

• Matrix partitioning in SmartSpice HPP

• Circuit partitioning in SmartSpice HPP

• Block Isomorphism and Block Latency

• SmartSpice HPP in action
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What is

SmartSpice HPP?
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High-Performance, Parallel Engine

• Parallel computing is a way to 
achieve high performance

• SmartSpice MultiCore enables 
multicore/multi-threading

• Simulation is parallelized into 
multiple jobs

• Algorithms and data 
structures are still the same

• Some tasks still cannot be 
parallelized
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High-Performance, Parallel Engine

• SmartSpice HPP enables 
parallel-friendly approaches

• Extract the most out of current 
hardware architectures
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Quick Background

Review
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A x z

. =

Modified Nodal Analysis

• A:
• square matrix
• known values
• represents the nodal 

admittance matrix

• x:
• vector
• unknown values
• unknown node voltage and 

some unknown currents

• z: (RHS)
• vector
• known values
• known independent current 

and voltage sources

• Ax=Z
• Kirchhoff current law in the matrix 

form

• x=A-1z
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Global Matrix

• Sparse matrix

• Elements can be 
organized in many 
different ways

• Hard to parallelize 
the load stage

• Hard to parallelize 
the linear solver 
operations

• Hard to parallelize 
transient simulation 
steps

A, a.k.a. Global Matrix

SmartSpice HPP 
addresses this 

bottleneck
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Matrix Partitioning

in SmartSpice HPP
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Bordered Block-Diagonal (BBD) Form

Global Matrix
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Bordered Block-Diagonal (BBD) Form

Global Matrix in BBD Form• Purely mathematical 
concept

• Divide and conquer

• Independent 
submatrices can be 
solved separately

• Border matrices to link 
the subproblems

• Matrix partitioning

• Circuit partitions and 
interconnections

Solver stage
can be 

parallelized!

Load stage 
and Tran

still cannot be 
parallelized!
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Circuit Partitioning

in SmartSpice HPP
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BBD-Like Circuit Partitioning

Circuit Represented in BBD Form• Circuit elements are 
partitioned in a BBD-like form

• Independent partitions can be 
loaded in a parallel

• Transient simulation phases 
can also be parallelized
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Block Isomorphism and

Block Latency
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Block Isomorphism

Circuit Represented in BBD Form• Multiple blocks are said to be 
isomorphic if:

• same size

• same internal states 
(tolerances)

• same external stimuli

• For each group of isomorphic 
blocks, only one block is 
simulated

• Its results are reused to its 
other isomorphic blocks

• Speed up simulation time!
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Block Latency

Circuit Represented in BBD Form• A block is latent if internal 
states stay within the given 
tolerances for consecutive 
iterations

• If a block is latent, it will not 
be recomputed

• HPP will reuse its internal 
states from previous time 
points

• Speed up simulation time!
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SmartSpice HPP

in Action
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SRAM Experiment

• 2MB SRAM

• 256 words

• 64-bit words

• 45nm tech

• BSIM4 models

• Mem. Char.
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Experiment 1: Scalability

• Is SmartSpice HPP really more scalable 
than Regular SmartSpice?

• Regular SmartSpice  vs  SmartSpice HPP

• Sweep on the number of threads

• 2

• 4

• 8

• 12

• 16

• Speedup Curves
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Experiment 1: Scalability
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Experiment 2: How Much Faster?

• Considering all possibilities, how much 
faster can SmartSpice HPP be when 
compared to Regular SmartSpice?

• Compared different simulation scenarios

• Regular SS

• SmartSpice HPP

• SmartSpice HPP + Jivaro

• SmartSpice HPP + Jivaro + Turbo

• All with 16 threads

• Speedup Curves and Max Error on 
Measures
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Experiment 2: How Much Faster?
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Experiment 2: How Much Faster?
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Experiment 2: How Much Faster?
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From ~90h on Sim #1
To 2.2h on Sim #4
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Summary
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SmartSpice HPP

• High-performance, parallel computing for SmartSpice

• Enables important features:

• Circuit partitioning

• Matrix partitioning

• Block isomorphism

• Block latency

• Scales up to 8x more than Regular SmartSpice

• Can be up to 40x faster with Jivaro and Turbo
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App Note and Webinar for More Details

Webinar: https://silvaco.com/webinars/simulate-40x-faster-with-smartspice-hpp/
App Note: https://silvaco.com/wp-content/uploads/content/appNotes/analog/1-029_SmartSpice_HPP.pdf

https://silvaco.com/webinars/simulate-40x-faster-with-smartspice-hpp/
https://silvaco.com/wp-content/uploads/content/appNotes/analog/1-029_SmartSpice_HPP.pdf
https://silvaco.com/webinars/simulate-40x-faster-with-smartspice-hpp/
https://silvaco.com/wp-content/uploads/content/appNotes/analog/1-029_SmartSpice_HPP.pdf
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