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Abstract

The aim of this work is to solve identification problems in plug-flow chemical reactors. For this
purpose an adjoint-based algorithm for parameter identification problems in systems of partial
differential equations is presented. The adjoint method allows us to calculate the gradient of the
objective function and the constraint functions with respect to the unknown parameters signif-
icantly reducing the computer time. This leads to solve a minimization problem, in which an
objective function is defined in order to quantify the mismatch between the observed data and the
numerical solution of the parameterized chemical model. For solving the initial and boundary-
value problem we use finite-difference schemes. More precisely, we propose a second-order BDF
method initialized with a first-order one. The algorithm proposed was implemented in a computer
program and some numerical results are shown. The efficiency of the adjoint method, compared
with the classical formula of incremental quotients, is also presented.
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1. Introduction

Important models from different fields of engineering and applied sciences depend on unknown
parameters which must be identified to define completely the system. Examples are common in
biological systems, chemical reaction mechanisms, fluid mechanics, etc. Usually, the parameters
are estimated by solving a minimization problem, where the objective function depends on the
solution of the parameterized model. These models can be systems of numerical, ordinary (ODE)
or partial differential equations (PDE). Many optimization algorithms consist of gradient-based
iterative methods, which require, at each step, the computation of the derivatives of the objective
function and possibly of the constraint functions with respect to the optimization variables. Pa-
rameter identification problems present two classical difficulties: first the number of variables and
parameters of the model can be large and second the governing equations usually involve nonlinear
functions of variables and parameters so, in practice, they have to be solved numerically. Therefore,
a discrete minimization problem is considered instead of the continuous one, where the objective
function depends on the numerical solution of the parameterized model.

∗Corresponding author
Email addresses: alfredo.bermudez@usc.es (A. Bermúdez), noemi.esteban@usc.es (N. Esteban),
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