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, | The need for Python models

National Laboratories
Software Ecosystem

Machine Learning
Software Ecosystem

“15% of ML developers and
data scientists use Python”

- State of the Developer Nation
(Slashdata.co 2020)

I
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(mostly C++) ]
I
I
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.pdf

Our goal is to enable ML advancements to impact design phases
of electrical systems via data-driven compact device models

https://s3-eu-west-1.amazonaws.com/vm-blog/uploads/2020/04/DE18-SoN-Digital-



; 1 What is Xyce-PyMi?

National Laboratories

Software Ecosystem Machine Learning
(mostly C++) Software Ecosystem

Xyce Python Model Interpreter

* Leverages General External interface (C++) from Xyce, by Tom Russo at Sandia National Laboratories

» Easily installable and callable capability for executing Python ML models in a production circuit
simulation software (Xyce <-> PyBind11)

* Product of active engagement with compact model development groups and circuit designers

* Provide data-driven compact device modeling approaches (GMLS, splines, deep neural networks) from
ongoing research projects at Sandia such as Data-Driven, Radiation-Aware, Agile Modeling Approach
for Rapid Nuclear Deterrence Design Assessment and Physics-Informed, Rapid and Automated Machinc
learning for compact model Development (PIRAMID)
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4 ‘ How to call and specify device/subcircuit behavior

(Xyce + Python Model Interpreter)

Full Xyce functionality + devices /
subcircuits / circuits defined in
Python

Python class defines how F, Q, B,
dF/dX, and dQ/dX vectors/matrices
are populated for Xyce DAE
equation:
* residual = f(x,t) + dq(x,t)/dt -
b(t)

Supports all popular machine
learning frameworks such as
TensorFlow, Keras, PyTorch, Jax,
Numba, Numpy, etc...
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* example.cir (Example of easy inclusion in a netlist)

1

1

>> | Xyce-PyMi  example.cir :YGENEXT devicename terminal1 terminal2 !
L Sl B A S O A 2 U L Pt sl

Xyce-PyMi

i # PythonDevice.py
! import numpy as np
1 from BaseDevice import BaseDevice

class Device(BaseDevice):
def computeXyceVectors(...):
# definition of device in Python goes here




Installation Tutorial

[user@hostname:~1% B




. | Generalized Moving Least Squares

1. (GMLS Approximate) Constrained Optimization formulation:

7|2
T (u) = ai Ni(u), | {ai, } = argmin ’a—‘ ’
( ) ,LEZI)_( x ( ) { x} g a’? ’LGZI,—( W(X)XZ)
s. t. 7x(p) = 21: a'\i(p), Vp € P (T)_?(p) = Ti(p))
1€z

2. (Practical Recipe) Least Squares formulation:

2 (u) == T (Pz.u),| Pru = arg min Z (i (w) — Xi(p)” W (%, %)

GMLS is a non-parametric regression:
Evaluation at any point x requires
solution of this LS (quadratic) problem.




>> git clone https://github.com/sandialabs/compadre.git

7 DEMO [1 D Reg ression]» cd compadre/examples

@ o

(:) w

[

00000| 000

sinix)
x*sin{20x)

x"~2

Power
Cubic Spl.
Cosime
Gaussian

Sigmoid

>> python pycompadre_example_1d.py

GMLS Approximation

16 - & Data
— LMLS
Local Palynomial Fit
14 @ Target Site
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Polynomial Order _ | 2 Epsilon Multipler - | 1.6
Number of Points - -| 12 wagt. P[:]h- I? wgt. Pi]}. 1



https://github.com/sandialabs/compadre.git

8 I Fast switching

GMLS 25

1N4148 diode in bridge rectifier

* All runs on collected laboratory data for 1N4148 diode

* Netlist for Bridge Rectifier 2 \
V312SIN (021000 -72) 15
R3 30 10M

R4 3 4 100K 1
YGENEXT pyd3 1 4

+ SPARAMS={NAME-MODULENAME DATAFILE VALUE-=../models/gmls_diode_1N4148.py,../data/ IN4148.dat} 05

YGENEXT pyd1 3 1
+ SPARAMS={NAME-MODULENAME,DATAFILE VALUE=../models/gmls_diode_1N4148.py,../ data/IN4148.dat}
YGENEXT pyd4 3 2
+ SPARAMS={NAME-MODULENAME,DATAFILE VALUE=../models/gmls_diode_1N4148.py,../ data/IN4148.dat}
YGENEXT pyd2 2 4

Y (Valts)
[mm]

in " measured

W (v olts)
[}

| s /. - MEESUREC
+ SPARAMS={NAME-MODULENAME DATAFILE VALUE-=../models/gmls_diode_1N4148.py,../data/ IN4148.dat} b | out |
T vt vt v o) v f| =", - compact mocel - ——,_ - GMLS model (with data smoothing)
END A5F Vo - COMpactmodel |- g5k —_, - GMLS madel (with data smoothing) |-
, — Y, - GMLS mock| ——V, - GMLS madel (witholt cata smoothing)
— Vg - OMLS moael 2T —— V., - GMLS madel (without data smoathing) ||
25 L L o5 L 1 1 I "
L - nas 0.2 .23 na ] 0.05 0.1 0.15 0.2 0.25 03
Time (Secs) Time (Secs)
Cubic Splines
25 . . : : :

* Netlist for Bridge Rectifier (Spline) |
,,,,,,,,,,,,,, 2 1N4148 1N4148
V312SIN (021000 -72) 18F 7
R3 30 10M ’
R4 3 4 100K h +
YGENEXT pyd3 14 1 V| n C_> .
+ SPARAMS={NAME-MODULENAME, PICKLEFILE VALUE-=../models/spline_diode.py,../models/spline/spline_coeffs_1N4148_collected_smoothed_FULL.p} o5l |
YGENEXT pydi 3 1 B
+ SPARAMS={NAME-MODULENAME, PICKLEFILE VALUE-=../models/spline_diode.py,../models/spline/spline_coeffs_1N4148_collected_smoothed_FULL.p} =
YGENEXT pydd 3 2 = ] 1N41 8 1N4148
+ SPARAMS={NAME-MODULENAME, PICKLEFILE VALUE-=./models/spline_diode.py,../models/spline/spline_coeffs_1N4148_collected_smoothed_FULL.p} >
YGENEXT pyd2 2 4 DEF ] s
+ SPARAMS={NAME-MODULENAME, PICKLEFILE VALUE-=../models/spline_diode.py,../models/spline/spline_coeffs_1N4148_collected_smoothed_FULL.p}
TRAN 0 03 ar —/, - Spline model (data) ] R
.options device voltlim=0 B .
_PRINT TRAN V(1) V(2) V(3) V(4) V(2,1) V(4,3) LA _vout Spline madel {data) 1 — WWA
END ——,_ - Spline model (50 knots) N\ +

21 —% - Spline madel (50 knots) 1

out V
25 . " " " . out
0 0.05 0.1 0.15 02 025 03
Titne [(Secs)
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9 I Operational Amplifier with BJTs

* All runs on data generated from synthetic MMBT2222, NPN, Fairchild

VDD 1 0 DC 25

R114 1e4

R215 1le4

R3 60 5¢3

C1 40 5e12

C250 5e12

YGENEXT pyQ1 47 6

+ SPARAMS={NAME-MODULENAME, DATAFILE

VALUE-=../models/gmls_bjt_2N2222.py,../data/2N2222_alan.01.dat}

RQ17 250
YGENEXT pyQ2 58 6
+ SPARAMS={NAME-MODULENAME DATAFILE

VALUE-=../models/gmls_bjt_2N2222.py,../data/2N2222_alan.01.dat}

RQ2 8 3 50
Em_plus 2 0 VALUE={1+50e-3*sin(2*pi*10*time)}
Em_minus 3 0 VALUE={1-50e-3*sin(2*pi*10*time)}

Cubic Splines

* Netlist for Operational Amplifier (Spline)

VDD 1 0 DC 25

R114 led

R215 led

R3 60 5¢3

C1405¢12

€250 5¢12

YGENEXT pyQ1 47 6

+ SPARAMS={NAME-MODULENAME,PICKLEFILE

VALUE-../models/spline_bjt.py,. dels/spli

1

}

RQI 7250

YGENEXT pyQ258 6

+ SPARAMS={NAME-MODULENAME,PICKLEFILE

plin

.

_coeffs_2N2222_FULLp

VALUE-../models/spline_bjt.py,. dels/spli

}

RQ2 8 3 50

Em_plus 2 0 VALUE={1+50¢-3*in(2*pi*10"time)}
Em_minus 3 0 VALUE={1-50¢-3*sin(2*pi*10*time)}

plin

_coeffs_2N2222_FULLp

W (Volts)

_\»’in, GP model
_Vout . GP madel
Vin,GMLS model
* Vom L GMLS model

0 0.05 0.1 0.15 0.2 0.28
Time (Secs)

1 . , ,
0.8 /\ — V|, - GP model
| | Vet GP meodel
ne6- f I V_ - Spline {data)
| \ in )
0.4 l[ |I —V_, - Spline (data)
f | [——V,,~ Spline {50 knots)
7 0.2 | | |——W,, - Spline (50 knats)
g o '
= { |
2t | |
[ |I ]
0.4 - | |
\
06+ \ |
II
el \-./
-1 B B B
0 0.05 01 015 0.z 0.25 0.3

W (Volts)

056
.86
0.94
0.82

oar
.88
(.86
0.84

0.82

0.8

—W,, - GF model
—_— 'l-"m - GP model
".fin = Bpline (data)
A _".fw| = 3pline (dataj
n — ".fln = Bpline (50 knots)
— ".fwl = Gpline {50 knots)

|

0.05

0.1

015 oz 0.25
Time {Secs)
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Conclusions

Xyce-PyMi

= |s the glue connecting the production circuit simulator Xyce to the newest
advancements in machine learning

= is easily installable using Spack

= provides ML developers and data scientists the ability to easily evaluate
their models in a production circuit simulation environment and also
allows circuit designers to harness recent ML technologies.

= can be used to quickly prototype devices and subcircuits using ML
technology, enabling rapid compact model deployment
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