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Motivation
Introduction UREUSS S

e Motivation

e Simulation models are used (in diagnostic or prognostic fashion) in
many fields to understand complex phenomena (natural or social)
and consequently as tools to support decisions and policy.

e Our knowledge is often flawed by uncertainties (partly irreducible,
largely unquantifiable), imperfect understanding, subjective values.

o We need tools to scrutinize uncertainties in model inputs,
assumptions, models structures, to see how they propagate and
affect inferences (that are used for policy decisions).
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Introduction
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@ Compact model parameters (in circuit simulations)

e Compact model parameter generation

e Statistical compact model parameter extraction
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Introduction

e Definition of sensitivity analysis (SA)

"The study of how uncertainty in the output of a model can be
apportioned to different sources of uncertainty in the model input."

A. Saltelli et al. Global Sensitivity. The Primer. John Wiley & Sons, Ltd (2008).

Rayna Georgieva Sensitivity Analysis of Compact Models in Nanodevice Modeling
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Sensitivity analysis technique

@ Metamodeling
@ Sensitivity analysis techniques
@ Local approach (one-at-a-time experiments)

@ Screening methods
e Variance-based methods - Sobol’ approach, FAST

o Derivative-based global sensitivity measures
@ Monte Carlo / quasi-Monte Carlo methods
@ Plain Monte Carlo Algorithm

o Adaptive Monte Carlo Algorithm
e Sobol' Quasi Monte Carlo Algorithm

@ Monte Carlo Algorithm Based on Sobol’ Sequences
@ Pseudo / quasi-random number generators
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Introduction

@ The mathematical model
u=f(x), where X=(x1,x,...,x5) e U%=10,1]¢

is a vector of inputs with a joint p.d.f. p(x) = p(x1,..., X4).
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Introduction

mathemallcal model presentation
roach (1990)

@ The mathematical model
u=f(x), where X=(x1,x,...,x5) e U%=10,1]¢
is a vector of inputs with a joint p.d.f. p(x) = p(x1,..., X4).

@ Total Sensitivity Index of input parameter x;, i€ {1,...,d}:

St =8+ Z Si, + Z Sipb+ .-+ Si 4y
i I bk <l

where

Si - the main effect (first-order sensitivity index) of x; and
Siy. gy — jth order sensitivity index for parameter x; (2 < j < d).
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Introduction

s - mathematical mod

Variance-based methods: Sobol’ approach (199t
Sobol’ globa itivity indices

ANalysis Of VAriances (ANOVA) HDMR of a square integrable
function f(x):

d
f(X) = fo + Z Z I(/1W/V(X/1,X/2, - 7X/V), where fo = const,

v=1h<...<l,
1
and / f/1~~/u(X/1’X/27'"7X/V)dxlk207 1 SKSI/, V:1,...,d.
0

The functions in the right-hand side are defined in a unique way:

° foz/ F(x)dx, f,1(x,1):/ F(x) T dx —fo, h € {1,....d}
Ud Ud—1

ks£h

o/dfi1...iﬁ1...judx:0, (v i) # Groeid)s pav e {1, d}.
U
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Introduction

Definition (Sobol’)

where
@ partial variances D, ;= /fh2 LopdxLdxg,

d
@ total variance D = f2(x)dx — f2, D= Z Z D1,

u? v=1h<..<l,

and the following properties hold:

d d
°Sl1 ...l5207 Z Z 8/1 ,”/521.

s=1h<..<ls
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Description of the problem

@ BSIM4 compact model
@ Statistical variability

@ Sensitivity analysis of a submodel

Viro - basic long-channel threshold voltage parameter

U - low-field mobility parameter

Rausw - basic source/drain resistance parameter

Dgyp - drain-induced barrier-lowering (DIBL) parameter
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Computing sensitivity indices

@ Random number generation - SIMLAB v2.2
@ Produce a database with model outputs
@ Computing Sobol’ sensitivity indices - SIMLAB v2.2

SIMLAB: http://simlab.jrc.ec.europa.eu/
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Numerical results
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Numerical results

. rstorders
Sobol indices F=
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Numerical results
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Numerical results
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Open problems

@ Uniform or normal distribution of inputs?
@ Approximation of model database
@ Orthogonality (independence) of inputs
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