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Applications of Advances in Nonlinear Sensitivity Analysis
Paul J. Werbos, U.S. Department of Energy

Forecast Analysis and Evaluation Team

The following paper summarizes the major properties and applj-
cations of a collection of algorithms involving differentiation apq
optimization at minimum cost. The areas of application include the
sensitivity analysis of models, new work in statistical or econo-
metric estimation, optimization, artificial intelligence and neurop
modelling. The details, references and derivations can be obtaineg
by requesting "Sensitivity Analysis Methods for Nonlinear Systems®
from Forecast Analysis and Evaluation Team, Quality Assurance,
0SS/EIA, Room 7413, Department of Energy, Washington, DC 20461.

Context of the Work

The Energy Information Administration (EIA) provides data and
analysis on all aspects of energy supply and demand. It uses dozens
of models, including econometric (statistical, empirical) models,
linear programming models based on technological data, a nonlinear
micro equilibrium model solving for thousands of variables simultane-
ously across a 50-year span, hybrids and combinations of these, etc,

Many users of EIA’s analyses do not accept EIA's conclusions at
face value, especially when reports from other sources disagree, Thus
the Forecast Evaluation and Analysis Team of EIA and its predecessors
have carried out a broad program to evaluate and explain the qualita-
tive assumptions of EIA models and forecasts. This program includes
the development of tools to characterize the properties of large
models, studies of estimation methods which are robust against out-
liers or model misspecification (i.e., correlated errors), proofs of
convergence and existence properties, and many other projects. The
first part of this paper describes how a small part of this work -
the minimum cost calculation of first and second order derivatives
of nonlinear systems - makes an essential contribution to the rest.
The second part elaborates on another application, a method for
stochastic optimization which becomes feasible only with the help of
low-cost derivatives. This method opens up a wholly new approach to
the field of artifical intelligence and neuron modelling; it is
especially efficient with the new generation of "parallel" computers.
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L x(t+l) = £(x(t), u(t)) x(T)

N components of X ’D-‘—XC (T) %

m terms per equation £ .

T time periods 'axj (1) .

cost of simulation = mNT

- not a "simltaneous" (implicit) model x() l

Figure 1: A Simple Example

Figure 1 shows a simple example of the kind of nderivative® we aré
trying to compute. Suppose that we have a nonlinear system, with a
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