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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 JivarolLib
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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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Modified Nodal Analysis

° A: A
* square matrix
 known values

* represents the nodal
admittance matrix

e vector
« unknown values

« unknown node voltage and
some unknown currents

« z: (RHS) *
e vector
« known values

* known independent current
and voltage sources

| HHEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE )

e Kirchhoff current law in the matrix
form

« x=A"lz

| HEEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE <
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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

HAdH B1

Bn

C1 Cn
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Bordered Block-Diagonal (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

Global Matrix in BBD Form

Al

Bl

An

Bn

C1

Cn

Solver stage
can be
parallelized!

Load stage
and Tran
still cannot be
parallelized!

I:I Block (partition) submatrices
D Interconnect submatrix

D Border submatrices
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Circuit Partitioning
in SmartSpice HPP
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BBD-Like Circuit Partitioning

. Circuit elements are Circuit Represented in BBD Form
partitioned in a BBD-like form
Al B1
» Independent partitions can be
loaded in a parallel
* Transient simulation phases
can also be parallelized HHHH
An| || Bn
C1 Cn
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Block Isomorphism and
Block Latency
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Block Isomorphism

« Multiple blocks are said to be Circuit Represented in BBD Form
isomorphic if:
* same size Al B1

e same internal states
(tolerances)

« same external stimuli

« For each group of isomorphic
blocks, only one block is
simulated fin Ba

e Its results arereused toits | b

other isomorphic blocks T

C1 Cn P——111

« Speed up simulation time! bbb
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Block Latency

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

Al Bl

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

« HPP will reuse its internal pp B0
states from previous time
points HHH

. Speed up simulation time! 5 il SSRRRE
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SmartSpice HPP
in Action
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SRAM Experiment
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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

Scalability Analysis

#THREADS

¥ Regular SmartSpice ¥ SmartSpice HPP
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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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Performance and Accuracy Analysis
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Experiment 2: How Much Faster?
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Experiment 2: How Much Faster?
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Performance and Accuracy Analyses
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Experiment 2: How Much Faster?

SPEEDUP
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Performance and Accuracy Analyses
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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

Application Note
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Simulate 40X Faster with SmartSpice HPP

SPICE Accuracy

1. Introduction
As technology advances, the complexity of cicuit de-

s Jivaro as an RCL reducton engine to speed up simulaton

Become even shorter. Consequenty, circuit simulation
can easlly become the battleneck for design verification.
An analog simulator, therelore, must deal with a larger
number of agvanced devices, while stil maintaining the
same level of accuracy for a given simulation tme.

In Section7, can
use SmartSpice HPP and all the features presented in his
application note. Section & presents some experimental
results, whereas Section 9 presents our final remarks. A
quick summary is presented in Secton 10.

Sach & ” il i g r— " ; " bottl Kf When: ! 2020 In order to cope with this increasing pressure on the 2. Bordered Block-Diagonal (BBD) Form
Where: Online simulators performance, SmartSpice has nroduced In order to enable paraliezable methods to solve linear
erifi 1 " - simutator SmartSpice provides . new simuiation engine: HPP (High Performance Parali) systems, one can reorganize the system matrioes info a
a scalable simulation engine: HPF i 30:00 o SmartSpice HPP takes advantage of - Figure 1 ilustrates
Language: English core hardware piatforms to speed up al internal aspects how a Global Matri can be reordered in a BBD form.

of transient simulations of analog circuts.

To enable the desired parallelization, the BB form fol.

or in HPP mode
is its parlion-based simulation, where partiions will be
processed in parallel andthe matrx loading stage, inear
Solver operations, as well as general transient simulation
steps are sped up. Further improvements can also be
‘achieved when the block isomarphism and block latency
features are enabled. Finally, one can extrac the most
out of SmarSpice HPP for post-layout simulation when it
with Jvaro for

approach. For tis, from a di
vide" perspective, t spits the problem of solving a large
matri into smaller submatrices thal can be solved inde-
pendently. Then, from a ‘conquer” perspectiv, It relies
on linking these submatices together by using the so
called *bordar matrices’, which are used to complete the
solution of the originallarge mattix

In this application note, we desciibe SmartSpice HPP,
how it works, and how to use tn order o provide fast and
‘accurate transient simulations on a variey of designs, from
mecium- to large-size:crcus, either pre-or post-layout,
We also demonsirate n his applicatien note multple usage
modes, so one can see that SmartSpice HPP can not
only be up to B more scalable than regular Smartspice,
but it can alsa be up to 40x faster, whie il keeping
acceplable accuracy.

The rest of this document is organized as folows. In
Section 2, we introduce the concept of Bordered Block-
Diaganal form, an important topic 1o better understand

Sined.

martSpice HPP and its advans et

[spe
o

.
focuses on s malrx partiioning stralegies. In Section 5,
we present two other important features from PP bock

[Sre——

Figurs 1AG: n 88D Form.

isomorphism and block atency. introduc-

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
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