
STEAM 
“Spline-based Tables for Efficient 
and Accurate Device-Modelling”

Archit Gupta, Tianshi Wang, Ahmet Gokcen Mahmutoglu, 
Jaijeet Roychowdhury
EECS Department, UC Berkeley



STEAM is about devices and models



RRAM Crossbar

STEAM is about devices and models



High Frequency NPN RRAM Crossbar

STEAM is about devices and models



High Frequency NPN RRAM Crossbar

32nm planar FET 22nm tri-gate FET

Image Source: Wikipedia

STEAM is about devices and models



?
High Frequency NPN RRAM Crossbar

32nm planar FET 22nm tri-gate FET

Image Source: Wikipedia

STEAM is about devices and models



?
High Frequency NPN RRAM Crossbar

32nm planar FET 22nm tri-gate FET

Image Source: Wikipedia

STEAM is about devices and models



What constitutes a 
device model?



What constitutes a 
device model?



What constitutes a 
device model?

Simulator (equation 
engine...) gives vpn, vin



What constitutes a 
device model?

Simulator (equation 
engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!



What constitutes a 
device model?

ipn: “explicit output”
Simulator (equation 
engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!



What constitutes a 
device model?

ipn: “explicit output”
Simulator (equation 
engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!



What constitutes a 
device model?

vin: “internal unknown”

ipn: “explicit output”
Simulator (equation 
engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!



What constitutes a 
device model?

vin: “internal unknown”

ipn: “explicit output”
vpn: “other IO” Simulator (equation 

engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!



What constitutes a 
device model?

vin: “internal unknown”

ipn: “explicit output”
vpn: “other IO” Simulator (equation 

engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!



What constitutes a 
device model?

vin: “internal unknown”

ipn: “explicit output”
vpn: “other IO” Simulator (equation 

engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!



What constitutes a 
device model?

vin: “internal unknown”

“model 
parameters”

ipn: “explicit output”
vpn: “other IO” Simulator (equation 

engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!



What constitutes a 
device model?

vin: “internal unknown”

“model 
parameters”

ipn: “explicit output”
vpn: “other IO”

Simulator (equation 
engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!

Usually, it also wants 
some derivatives



What constitutes a 
device model?

vin: “internal unknown”

“model 
parameters”

ipn: “explicit output”
vpn: “other IO”

Simulator (equation 
engine...) gives vpn, vin

It wants ipn to solve a 
system of equations!

Usually, it also wants 
some derivatives

We want some sort of 
Look-Up table to give 
us ipn and derivatives
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dt
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R
=0

d
dt

0+
vpn−vin

R
=ipn

This can be generalized to practically any 
circuit or model that we are interested in.

ipn: “explicit 
output”

vpn: “other IO”

vin: “internal 
unknown”
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We have a skeleton!A device is a set of functions

fe qe

qi fi

d
dt

qe(...)+ f e(...)=z (t)

d
dt

qi(...)+ f i(...)=0

MODSPEC
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fe

qe
qi

fi
MODSPEC

From ModSpec to table-based model

Machine Translation is 
openly available – VAPP 

fe

x0 x1 xn-1 xnx0 x1 xn-1 xn

4n SPLINE 
COEFFICIENTS
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Extrapolation!

● Solvers typically follow a method of prediction-correction.

– Predictions can be wrong and UNREASONABLE

●  Extrapolation plays a very important role in this context

– Determines whether or not the an unreasonable prediction will 
return to a correct region of operation

– How long will this “return” take

Linear extrapolation is an option 
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Speedup
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We have a skeleton!Future Work and problems

● Memory requirements ‘can’ be lowered:

– The plots for reconstruction error seem to be saturating

– Splines are probably not the best interpolants, but work as a proof-
of-concept

● Exploiting structure in the polynomial coefficients obtained from table-
based modelling

● Simulating circuits with measurement data!
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