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ABSTRACT 

Optimization is the single most general technique 

available for both analysis and synthesis of engineering 

systems as well as scientiflo endeavor. In this thesis, we 

worked on a dynamic optimization system NLP that should 

ultimately be as easy to use as today's simulation 

software. We also connected NLP with the simulation 

software DARE/INTERACTIVE to demonstrate the possibility 

of Integrating an optimization software into a simulation 

language. Several engineering problems have also been 

solved as examples in this thesis. 
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CHAPTER 1 

INTRODUCTION 

Science means to determine the basic rules that 

govern our physical world. This is achieved by observing 

(measuring) data about some particular properties of our 

world. We then decide what are the causes, and which are 

the effects. Thereafter, we may start to experiment with 

our world, by generating series of causes, and observing 

the resulting effects. We now call the causes the INPUTS, 

and the effects the OUTPUTS. The relation between inputs 

and outputs is termed a SYSTEM. 

The essence of engineering is to design what had 

never been. Our goal is to create a particular pattern of 

outputs. This can be achieved in two ways: we make use of 

sets of available inputs, and synthesize a system that 

maps these available inputs into the desired outputs, or 

we make use of an available system, and we try to 

synthesize an appropriate input that shall ultimately 

generate the desired output. The former approach can e.g. 

be realized by means of parameters identification,the 

latter by applying control theory. 

1 
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A typical system is shown In Fig.1-1. 

INPUT >1 SYSTEM I > OUTPUT 
l_ I 

Fig.1-1: System Diagram 

Basically, engineering design problems can be 

divided Into three categories, namely: 

1) ANALYSIS: input and system are known,output is unknown 

2) SYNTHESIS: input and output are known,system is 

unknown 

3) CONTROL: system and output are known,input is unknown. 

Class (1) can be further decomposed into two 

subcategories: INITIAL VALUE PROBLEMS and BOUNDARY VALUE 

PROBLEMS. Initial value problems can be tackled by means 

of SIMULATION, and can be solved easily with currently 

available software. There exists a wide variety of 

different software systems on the market. These have 

recently been surveyed in [5]. For the solution of 

boundary value problems, there exist several different 

approaches. One is called INVARIANT EMBEDDING, a technique 

by which boundary value ordinary differential equations 

CODE'S) are transformed into initial value partial 

differential equations (PDE's) of the parabolic type, 

which are then solved again by means of simulation. The 

steady-state solution of the PDE constitutes the solution 
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of the boundary value problem. Again, there exist several 

simulation software systems for that purpose on the 

"software market", one of which Is FORSIM-VI [4], a 

program currently available at the University of Arizona. 

Another approach Is the so-called SHOOTING METHOD. Here, 

the unknown Initial conditions are Interpreted as 

PARAMETERS of an OPTIMIZATION study. As a PERFORMANCE 

INDEX we may for Instance the sum of the squares of the 

distance between the evaluated boundary values and the 

required boundary values. The parameters are now modified 

In order to minimize the performance Index. Each function 

evaluation Involves an entire simulation run. We term this 

problem a DYNAMIC OPTIMIZATION as opposed to STATIC 

OPTIMIZATIONS where the performance Index Is an explicitly 

stated function that can be directly evaluated for any set 

of values of the parameter vector. 

Class (2) deals with more difficult problems. 

Again we must distinguish between two subcategories: 

PARAMETRIC SYNTHESIS and NONPARAMETRIC SYNTHESIS. In the 

parametric synthesis problem, the structure of the system 

Is assumed to be known up to a set of unknown quantities. 

These can be either parameters of the system In which case 

we have a PARAMETER ESTIMATION problem, or Initial 

conditions of the state variables In whloh case we talk 

about a STATE IDENTIFICATION problem, or eventually a 

combination of both. The parameter estimation problem can 
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again be tackled by means of dynamic optimization. Here 

the performance Index can be e.g. the Integral of the 

square of the distance between the simulated output and 

the measured output. Again, the parameters are modified In 

order to minimize the performance Index. The state 

Identification problem Is well understood In the case of 

linear deterministic systems (Luenberger observer), and In 

the case of some classes of linear stochastic systems 

(Kalman filter). In general terms, the state 

Identification problem constitutes again a kind of 

boundary value problem where the boundary values are no 

longer lumped . Very little research has been done so far 

with respect to combined state Identification and 

parameter estimation (e.g. observers for linear time-

varying systems). Nonparametric synthesis problems 

(STRUCTURE IDENTIFICATION problems) are even less well 

understood. Some techniques (e.g. general system theory) 

have been Implemented as software (SAPS-II [29]), but they 

produce results that are so coarse that they are often not 

directly useful for engineering problems. Other techniques 

(such as some pattern recognition techniques) are very 

specific to the particular problem, and hardly extendable 

to broader classes of problems. 

Class (3) has been well studied for linear systems 

(pole placement, LQG design). The general non-linear case 

can again be reduced to a parametric dynamlo optimization 
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problem by dlscretizing the Input function over time. For 

the duration of one time Interval, the Input Is assumed to 

remain constant. The set of amplitude values for the 

different time intervals is then considered as the 

parameter vector for the optimization problem. In case of 

linear systems wih quadratic performance index, this leads 

to convex feedback design[23]. 

In this light, dynamic optimization is the single 

most general technique available for both analysis and 

synthesis of engineering systems, as well as for the 

analysis problems in scientific endeavor. However, 

eventhough there has been reported a lot of research with 

respect to individual optimization algorithms, and 

eventhough there is a wealth of individual optimization 

code available on the market, no general purpose 

optimization system has been developed so far. If we 

compare the situation of optimization software with that 

of simulation software as available on the software 

market, we find that we are with respect to optimization 

software now in a similar situation as we were with 

respect to simulation software prior to the invention of 

the first simulation language. There exist a good number 

of reliable optimization routines on the market Ce.g. in 

IMSL),but the user has to "organize" his program by hand, 

e.g. by linking the optimization routine to an integration 

routine for dynamic optimization, or to obtain graphical 
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output,etc. Individual Integration subroutines were 

available that were not compatible with each other with 

respect to the sequence of call parameters, and even with 

respect to the types of call parameters to be supplied. 

It is the purpose of this thesis to lay the 

foundation for a dynamic optimization system that should 

ultimately be as easy to use as today's simulation 

software. With the advent of more powerful modern 

computers Cvirtual memory, greater number-crunching 

power), this task has now become feasible. 

Optimization software adequate to our Integrated 

software system should be flexible, general, robust, 

reliable, stable, accurate, efficient and easy to use. 

These characteristics are well defined by Moler and Van 

Loan [22]. An algorithm is said to be RELIABLE if it gives 

some warning whenever it introduces excessive errors. An 

algorithm is STABLE if it does not introduce any more 

sensitivity to perturbation than is inherent in the 

underlying problem. Usually, the ACCURACY of an algorithm 

refers primarily to the error introduced by truncating 

infinite series or terminating iterations. ROBUSTNESS 

means that an algorithm is Insensitive to algorithmic 

parameters (sensitive only with respect to physical 

parameters). The EFFICIENCY is measured by the amount of 

computer time required to solve a particular problem. 

GENERALITY means that the method is applicable to wide 
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classes of problems. The EASE OF USE refers to the 

decoupling of the algorithmic properties from the physical 

properties. An optimization program that Is easy to use Is 

thus one that allows the user to concentrate on the 

physical parameters of his problem while he can Ignore the 

algorithmic parameters of the underlying algorithm to a 

large extent. 

As there does not exist a single Integration 

algorithm that Is equally useful for all applications, 

there does not exist a single optimization algorithm 

capable of minimizing all performance Indices equally 

well. It Is thus Important to offer a variety of different 

algorithms In the optimization system. From these points 

of view, we chose the nonlinear programming subroutine 

package NLP as the optimization software for our 

system[26]. This package provides for a large set of 

different optimization algorithms. The simulation software 

we chose Is DARE-INTERACTIVE, a new dialect within the 

DARE family[6]. Besides from ordinary simulations, DARE-

INTERACTIVE already performs a set of further experiments, 

such as a complete range analysis (sensitivity analysis 

for nonlinear models) or a complete replication analysis. 

Moreover, new run-time experiments are easily integrated 

into this software. The DARE graphics postprocessor allows 

us to view families of trajectories either by use of 
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envelope graphics or by use of three-dimensional graphics 

with hidden lines removed [6]. 

Fig.1-2 depicts the Interaction between the 

optimization program (NLP) and the simulation program 

(RK58). The (user coded) main program sets up the Initial 

parameter vector (p0),and calls the NLP program. 

In the case of a static optimization problem, NLP 

calls a (user coded) subroutine for evaluation of the 

performance Index, passing the actual parameter vector p 

to the subroutine, and receiving the current value of the 

performance Index back. NLP then varies the parameter 

vector until the performance Index Is minimized. Finally, 

the optimized parameter vector (p*) Is passed back to the 

main program. 

In the case of a danamlc optimization problem,NLP 

calls a (system coded) subroutine for evaluation of the 

performance Index. However, here each evaluation lnvolues 

one entire simulation run, thus a (system coded) 

Integration algorithm Is called which In turn calls a 

(user coded) subroutine for the specification of the 

state-space model. 

The procedure for developing our new software 

system Is the following: 

1) transfer NLP from Cyber to VAX/VMS machine 

2) create a development system for NLP to Interactively 

run the program 
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3) use the DARE postprocessor (and the GRAPHICS 

development system) to produce graphloal output 

4) Integrate the development system with DARE-

INTERACTIVE. 

Several practical engineering design problems will 

be solved and shown as examples In this thesis. This 

thesis can also be considered as a user's manual for the 

Integrated software system. 
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CHAPTER 2 

THE OPTIMIZATION PROBLEM 

2.1 Mathematical Formulation 

The problem of optimization deals with the 

minimization Cor maximization) of a PERFORMANCE FUNCTION 

fCx), with or without additional conditions of the form: 

giCx) 0 , i"l••••»m 

hj(ac) - 0., j-1 p 

g .Cx) and h .Cat) are so-called constraints. g.Cx) are 
i j i 

called INEQUALITY CONSTRAINTS, whereas bjCx) are called 

EQUALITY CONSTRAINTS. 

If fCx), gi(x) and bjCx) are all linear equations, 

then the problem is referred to as LINEAR PROGRAMMING 

problem. When any of those functions is nonlinear, the 

problem is called NONLINEAR PROGRAMMING problem. In our 

program we shall always assume that the performance 

function Cor performance index) is to be minimized. This 

poses no reduction in generality, as the maximization of 

any function fCx) corresponds simply to the minimization 

of the function -fCx). Problems with additional conditions 

of either the type g.(x) or h.Cx) or both are termed 
J 

CONSTRAINED PROBLEMS. If a problem has no constraints 

present, it is called UNCONSTRAINED PROBLEM. Note that the 

11 
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number of equality constraints must be less than the 

number of parameter's, since each equality constraint 

reduces the degree of freedom (corresponding to the number 

of Independent parameters) by one. If the number of 

equality constraints Is larger than the number of 

parameters, there are no degrees of freedom left for 

optimizing. Such a problem Is called OVERCONSTRAINED. 

The following Is an example of a valid nonlinear 

programming problem as presented In [9]: 

Example. 

minimize f(x) = lac - 21 + lx2 - 21 

subject to the constraints: 

g(x) - Xj - >0. 

h(x) - x2 + X2 - 1 - 0 .  
1 2 

Fig. 2-1 depicts this problem graphically. The 

dashed lines In Fig. 2-1 represent points at which the 

performance function f(x) has a constant value. The 

FEASIBLE REGION is the set of points that satisfy the 

constraints of the problem. 

In this example, the feasible region is the arc of 

the circle lying within the parabola. A solution to the 

problem is any point in the feasible region with smallest 

performance function value. This is seen by Inspection to 

be the point (0.707,0.707). If the equality constraint is 

removed from the problem specification, the solution is 

seen to be at the point (2,1.414). If both constraints are 



• 
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21-

Fig.2-1 Nonlinear Programming Example 
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removed, the solution Is at the point (2,2). In the latter 

case, the point (2,2) is called the unconstrained minimum. 

Generally, the relations between the different 

types of optimization problems can be seen clearly from 

Pig.2-2. 

Fig. 2-2 shows that constrained problems can be 

formulated as a set of unconstrained problems. 

Unconstrained problems can be solved by repeating several 

cycles of a unldimenslonal search. Each unidimensional 

search may involve many gradient computations. This onion­

like hierarchy should be reflected in any robust general-

purpose nonlinear programming package. 

As can be seen from Fig. 2-2, the unldimenslonal 

search is the simplest problem. Optimization in many 

parameters can be thought of as solving several 

optimizations in one parameter only. Hence, we are going 

to introduce optimization methods starting from the inner 

part of Fig.2-2, and progress to the outer part. However, 

as these optimization techniques are well described in 

many books, and as the focus of our thesis is on software 

methodology rather than on numerical optimization 

techniques, we shall not spend too much emphasis on 

describing different optimization algorithms in detail. 

Our survey rather serves the purpose of classifying the 

different techniques into several groups for later 

reference. Readers interested in the details of these 
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& Constrained Optimization 

» Unconstrained Optimization 

Unidimensional Optimization 

Gradient Computations 

Fig. 2-2 Hierarchy of Optimization Problems 
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methods are provided with appropriate references In the 

references section of this thesis. Again, emphasis Is 

placed on easy to understand comprehensive references 

rather than on a complete survey of the optimization 

literature. 

2.2 The Unconstrained Optimization Problem 

Almost all of the unconstrained methods use the 

Iteration 

Xr+l - Xr + A)f*Sr 

where Sr Is the direction of search, Ay, Is the current 

step size, Is the last evaluated point In the parameter 

space, and Xr+ i Is the next point to be found. 

Algorithms for unconstrained problems can be 

subdivided Into two groups: DIRECT METHODS and INDIRECT 

METHODS. Direct search methods are characterized by the 

fact that they make use of the value of the performance 

function only. Indirect search methods are those that 

require first derivatives (first-order methods) or even 

second derivatives (second-order methods) of the 

performance function with respect to all parameters In 

addition to the value of the performance function Itself. 

When the derivatives are difficult or Impossible 

to evaluate, direct search methods are the best choice. 

However, In cases where the derivatives of the performance 

function are readily available or easily to be obtained, 
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direct search methods are generally less efficient than 

indirect search methods. 

Unconstrained algorithms form the basis of the 

constrained algorithms. Many constrained algorithms are 

constructed by the use of unconstrained algorithms. 

Constrained problems are thus often solved by transforming 

them into a series of unconstrained problems. The most 

efficient way to solve constrained problems is often to 

find a transformation that maps the original parameter 

space into a new parameter space in which the constraints 

are no longer present. In such a case, the constrained 

problem in one parameter space is reduced to one single 

unconstrained problem in another parameter space. 

2.2.1 Single parameter problems 

Two types of method will be introduced in this 

section,namely; polynomial approximation and Golden 

section type methods. 

Polynomial approximation. The idea behind this 

class of methods is the following: The performance 

function is evaluated at N points, whereafter the 

performance function is reconstructed as a (N-l)-st order 

polynomial. We then minimize the reconstruction polynomial 

in place of the true performance index which can be 

achieved by ordinary calculus, hoping that the minimum of 

the true performance function lies in the neighborhood of 

the minimum of the approximating polynomial. Next we set 

up an iteration process which uses this minimum point to 
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replace one of the original points, and the procedure is 

repeated until a suitable convergence criterion is 

satisfied. Usually the number (N) of selected points is 3 

or 4 , hence the fitted polynomial is either quadratlo or 

cubic. As indicated by Greig [16], this type of technique 

is usually more effloient than simple search techniques, 

as information of the shape of the performance index is 

taken into consideration. The price for this added 

efficiency is a slightly more complicated algorithm to be 

implemented. 

Golden Section and Fibonacci Search. The name 

"Golden section" stems from its link with an ideal 

rectangle, for which 

Is : ss - ss : (Is - ss) 

where: 

Is ::- long side 

ss ::- short side . 

From the above, we obtain a ratio between the 

short side and the long side of 0.618. If we want to find 

the minimum of a performance function within the interval 

[a,b], the following algorithm can be used; 

1) Let h - b - a (assume b > a), and evaluate the 

function values at the points a, a+(l-0.618)*h, 

a+0.618*h, b, thus dividing the Interval [a,b] into 

three sublntervals. 
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2) Assuming that the performance function Is strictly 

convex, we know that the minimum must lie In one of 

the two sublntervals that form a valley. The third 

sublnterval oan thus be deleted. 

3) The remaining three points form three of the 

supporting points of the next golden section step, 

thus we have to evaluate the performance function at 

one additional value only to obtain an Iterative 

algorithm that can be repeated until the Interval has 

become sufficiently small, or until the function 

values do no longer differ much from each other. In 

each golden section step, we are sure to reduce the 

Interval by a factor of 0.618. 

A slight Improvement was suggested by Fibonacci. 

This technique Is known as Fibonacci search. Although this 

algorithm Is slightly more efficient, It Is used rarely as 

It requires to decide upon the number of Iteration steps 

beforehand. Moreover, It can be shown that the accuracy of 

any Fibonacci search with N Iteration steps lies always 

between that of a golden seotlon searoh with N Iteration 

steps and that of a golden section searoh with (N+l) 

Iteration steps. Thus, one single additional step of 

golden section suffloes to obtain a result better than 

that found by the Fibonacci algorithm. 
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2.2.2 Multiple Parameters Problems 
Derivatives not Available 

The most commonly used methods of this type are 

Simplex method and Pattern search type method. 

The Simplex Method. This method was originally 

proposed by Spendley in 1962 and was modified by Nelder 

and Mead in 1965. The algorithm of this method,as 

summarized by Fletcher [11], is that "the performance 

function is first evaluated at a basis set or 'simplex' of 

(n+1) points, and the set is altered systematically 

dropping some points and adding others until the region 

of the minimum is reached. Its precise location is then 

found by interpolating a quadratic function at suitably 

chosen points." 

This method, however, seems only to work well when 

the number of parameters is small. 

Pattern Search and Rosenbrock's Modification. 

Pattern search is a n-dimensional direct search method 

which was proposed by Hooke and Jeeves in 1961. Basically, 

this method contains two major parts that are: Exploration 

and Pattern Search. In the Exploratory part, the method 

starts at the Initial point, and explores from there one 

direction at a time. If a direction that leads to a 

decreased function value has been found, a pattern of 

search is built. The function will be evaluated along this 
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direction with a larger and larger step size until the 

search falls, that Is, no longer decreases the function 

value. At this moment, the step size will be decreased for 

a new search. When the minimum step size Is reached 

without decreasing the function value any further, the 

algorithm will destroy the current pattern, and return to 

a new exploratory step. Aoki [2] says that "this method 

thus seeks to find the direction of the ravines of the 

objection function, and tries to follow them." 

As a further development of the Hooke and Jeeves 

method, Rosenbrock [25] suggested a method which uses a 

set of n mutually orthogonal directions in each cycle of 

search instead of the exploratory moves. 

2.2.3 Multiple Parameters Problems 
Derivatives Available 

This type of techniques uses the gradient of the 

performance function, and hence it requires the partial 

derivatives of the function. The gradient vector points to 

the direction where the function value increases or 

decreases most rapidly. The length of the gradient vector 

is the rate of change in that direction. 

Steepest Descent and Newton's Method. One of the 

oldest algorithms to solve the unconstrained optimization 

problem Is the steepest descent method which was proposed 

by A.Cauchy in 1847. The algorithm is very simple, that 

is, to choose C-g) as the direction of search where g is 

the gradient of f(x). The two main advantages of this 
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method are that it is simple to apply and that it is very 

reliable. However, a major disadvantage of it is that it 

converges slowly. As Indicated by Burley [3], this 

algorithm performs a large number of very small steps. 

Newton's method basically approximates the 

performance function f(x) by its Taylor series cut after 

the second order term,then finds the minimum of f(x) along 

the direction of search chosen as C-G~^g), where G is the 

Hessian matrix which contains the second derivatives of 

f(x). The minimum can be found if and only if G is 

positive defined. Newton's method is particularly useful 

when f(x) is in a quadratic form. In this case, G is 

constant, and the minimum can be found in exactly one 

step. However, if f(x) is a general function other than a 

quadratic form, g and G need to be reevaluated for each 

iteration step. This is the first disadvantage of this 

method. The second disadvantage is that it is often 

unreliable. According to Burley [3,p.42], "this 

unreliability is usually produced by the quadratic 

approximation having a saddle point far from the required 

extremum". 

There have been many methods suggested that base 

on steepest descent and Newton's method. Among those, the 

method proposed by Davidon is considered to be the most 
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successful one, and it Is the one gradient method that Is 

currently most commonly used. 

Davldon's Method. The main Idea of Davldon Is 

very simple. It combines the best part of Newton's method 

and the steepest descent algorithms. That is, it uses only 

the first derivatives of the function, it converges 

rapidly, and most of all, it works reliably too. There 

exist several "dialects" of this algorithm. The most 

commonly used variety Is the so-called 

Davldon-Fletcher-Powell algorithm which has been found to 

be most successful. This algorithm works as follows: 

1) choose the initial condition x , and set the initial 

inverse Hessian matrix HO to unity. 

2) let Pr - -Hr«gr be the direction of search during the 

r-th Iteration step, 

3) xr+1 - xr + a*Pr 

4) Sr " xr+l ~ xr' 

* " 2 , ~ & ' and 
r r+1 r 
Hr+1 - Hr + (1/Sr '*Yr)*Sr*Sr' 

- (1/Y '*H »Y )*H *Y )*Y ' *H 
r r r r r r r 

5) If the algorithm does not converge properly, the 

Inverse Hessian can be reset to unity, and the 

algorithm is repeated by setting x^ " xn • 

2.3 The Constrained Problem 

As indicated before, unconstrained methods usually 

use the iteration 

x^+i - ̂  
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to find the minimum x of f(x). The direction of search S 

is determined either by the performance function itself or 

by its gradient. For constrained problems, the constraints 

play also an import role in the choice of S . 

In general, constrained methods are far more 

complex and difficult to Implement than unconstrained 

methods. We will not discuss these methods here in great 

detail. These methods are covered well in [3,p.18]. There 

are many algorithms leading to the optimization of 

constrained problems. Host of these methods, however, can 

be categorized into one of two types: TRANSFORMATION 

METHODS and DIRECTION MODIFICATION METHODS. 

2.3.1 Transformation Methods 

There are two main categories of transformation 

methods. In one, the independent variables (that is: the 

parameter space) are transformed, whereas in the other, 

the performance function is transformed by use of penalty 

functions. 

In the first type, the idea is to transform the 

parameter space such that in the new, modified parameter 

space the constraints are no longer present. We then can 

simply solve an unconstrained problem in these new 

parameters. This technique is not always applicable. It 

requires the geometry of the constraints to be simple 

enough such that a transformation can be found. The most 

frequently used transformation of this kind is the 
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logarithmic transformation. Let us assume that one 

parameter p^ had to he always positive. In that case, we 

can replace pr by pr* - log(pr), that is: pr - exp(pr«). 

If we now consider pr* as the parameter to he optimized, 

obviously p^* can assume any value as the resulting true 

parameter p^.^shall always turn out positive Independent of 

how we choose p *. Similar transformations exist for 

parameters that must lie in a prescribed interval [a.b]. 

The penalty function methods transform the 

performance function by introducing penalty functions. 

Each modified performance function constitutes an entire 

unconstrained problem, and the algorithm is set up such 

that the penalty function is gradually improved such that 

the last unconstrained problem has a solution close to the 

solution of the constrained problem. Methods such as the 

Lagrange Multiplier techniques, and the Kuhn-Tucker method 

belong to this class of algorithms. Some techniques 

construct the penalty function Inside the valid domain 

(Interior penalty methods), while others add the penalty 

from the outside (exterior penalty methods). Exterior 

penalty methods have the advantage that the performance 

function is not altered at all within the valid domain, 

but they have the disadvantage that intermediate solutions 

may be produced that are entirely unphysical (as they may 

lie outside the valid domain, and are thus somewhat less 

robust. The major advantage of all penalty methods is that 
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the constraints are virtually ignored. These methods are 

applicable independent of the geometry of the constraints. 

However, these methods show also some disadvantages (as 

Indicated by Davies and Swann [8]), in that some of the 

methods require function values outside the feasible 

region (which may not be possible), and in that instead of 

optimizing the true, original performance function, a 

modified performance function is optimized. If the program 

is terminated prematurely during the optimization, the 

values of the parameters obtained will probably be less 

satisfactory than we could wish, they may indeed be worst 

than even the initial values. 

2.3.2 Direction Modification Methods 

Methods of this type are characterized by the fact 

that they do not alter the performance function. "Some of 

these methods attempt to follow a constraint while others 

try to rebound from them and so continue the search in the 

feasible region." [28,p.1901. Methods such as the 

gradient-projection technique and the feasible direction 

methods are of this type. Generally, these algorithms are 

very complicated. If the reader wants to know more about 

them, [2,3,28] might be good sources of reference. 

One disadvantage of this type of methods is that 

they don't work well on problems with highly nonlinear 

constraints. Hence, there does not exist a method that 

works well on all problems. 
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The problem of numerical optimization Is by no 

means a new one. Mathematicians have been dealing with 

this problem since the time of Newton. However, no 

substantial progress could be made until the Invention of 

the digital computer. Since then, many new algorithms have 

been Introduced which solve unconstrained optimization 

problems successfully. On the other hand, constrained 

optimization based on unconstrained optimization methods 

has also seen a courageous development. However, the topic 

of optimization Is large, and It Is still continually 

developing. With the efforts made by many mathematicians, 

further developments can be expected In the near future. 

However, we feel that the time Is now ripe to 

consolidate the existing state-of-the-art algorithms Into 

a robust and user-friendly software environment. This 

constitutes the major goal of this research. 



CHAPTER 3 

NONLINEAR PROGRAMMING PACKAGE NLP 

3.1 General Description 

The FORTRAN subroutine package NLP can be used to 

solve nonlinear programming problems and nonlinear 

Identification problems. In the application of solving 

nonlinear programming problems, It Is desired to find a 

local minimum of a nonlinear function In one or several 

parameters, that Is, 

F(p) - minimum , dim(p) - NP . 

The minimization can also be subjected to nonlinear 

equality constraints and/or inequality constraints : 

FE(p) - 0 , dim(FE) - NFE , 

FI(p) < 0 , dim(FI) - NFI . 

If NFE and NFI both are zero, the problem is 

unconstrained. If NP - 1, a unldlmensional optimization is 

to be performed. 

NLP was originally designed by D.Rufer at ETH 

Zurich as part of his PhD dissertation. The package was 

developed on a CDC-6500 computer. We chose this program as 

the basis of our system as it exhibits the onion-like 

program structure that was presented in Fig.2-2. It comes 

thus closest to our ideas about a general purpose 

28 
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optimization engine. Unfortunately, the code was not 

written in a very neat fashion. There existed many system 

dependencies, and part of the code is badly written. 

Meanwhile, there exist partly better routines for 

optimization (e.g. within IHSL), and it may be a good idea 

to replace one or the other of the algorithms currently 

embedded in NLP by better written software. We had to 

transfer the code to a VAX-11/750 system (the CAD-VAX) as 

it was our aim to make this batch operated code 

interactive. As a by-product, we also generated a VAX-UNIX 

version of NLP. Eventhough some modifications were made on 

the code itself, the major portion of the run-time code 

(optimization engine) is still the same as before. Hence, 

most of the material in this chapter is basically a digest 

from the original User's Guide of NLP [26]. 

It is important that, in order to guarantee the 

convergence of the multidimensional optimization, the 

functions F(p), FE(p), FI(p) and their first derivatives 

with respect to the parameter vector (p) must be 

continuous. In particular, NLP currently does not contain 

any algorithms for stochastic optimization. All algorithms 

offered within NLP shall perform extremely poorly when 

applied to a stochastic problem. 

Many common engineering problems can be formulated 

and solved as parameter optimization problems. Practical 

examples will be shown in chapter five. 
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NLP contains three different user Interfaces, two 

for statio optimizations (parameter optimization), and one 

for dynamic optimizations (parameter identification). 

Parameter optimization problems can be formulated 

in NLP in two different ways ,namely; standard and special 

applications. 

3.1.1 Standard Application 

The user must not worry about the optimization 

method. Based on the input parameters, the program selects 

an appropriate optimization algorithm. To handle 

constraints, an exterior penalty function method is used. 

The unconstrained problem is Iterated by using the 

conjugate direction method of Fletcher [12]. Depending on 

the problem, the method is combined with either a 

quadratic Interpolation or a Golden-section search, and 

eventually with a numerical gradient approximation with 

optimized step length. 

The user has to supply the performance function 

F(p) and eventually constraints FE(p) and/or FI(p) in 

subroutine NAME. If the derivatives of those functions are 

not available, the user needs to set the input parameter 

IDER-0. The description of the input and output parameters 

can be found in the User's Guide for NLP [26]. 
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3.1.2 Special Application 

In this application, the user has to manually 

select one of the optimization methods Included In the NLP 

package. Tridimensional and multidimensional search 

algorithms and the technique for handling eventual 

constraints can be selected Independently, and the user 

can define all parameters of these algorithms (step 

length, termination-criterion, etc.). In this way, the 

user can experiment with the available algorithms, and 

compare them easily with respect to their efficiency for 

the solution of his specific problem. Thus, NLP Is here 

used as a toolbox. Usually, a manual selection of the most 

efficient algorithm Is reasonable only If many similar 

optimization problems are to be solved afterwards with 

this algorithm or If the standard technique falls to 

converge. In most cases, the artificial Intelligence 

component within the standard application engine of NLP Is 

pretty smart with respect to determining a good 

combination of algorithms. However, more research Is 

needed to ensure a higher degree of software robustness. 

Default values are provided for each Input 

parameter In the special application mode. Hence, the user 

needs to supply only those Input parameters In the main 

program that he wishes to modify. 
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There are some test problems stored within NLP. 

With these test problems, the user can get a clear picture 

of how the subroutine NAME should look like. Subroutine 

UNIT1 Is a unldlmenslonal test problem. Subroutine UNCT1 

to UNCT10 are multidimensional unconstrained test 

problems. Subroutine CONT1 to C0NT7 are multidimensional 

constrained test problems. To run these test problems, the 

user simply calls them In place of subroutine NAME from 

within the main program (NAME Is passed as EXTERNAL 

argument to NLP). Fig. 3-1 Is an example showing how to 

use C0NT4 as a test problem to be run In the special 

application mode of NLP: 

COMMON/INPUT/IOUT,NPI,ND,NE,PI(40),PPERR(40), 
*PPERA(40),FFERR,FFERA,ICON.MAXCON,CCDE(40), 
*FICON,F2C0N,F3CON,DEERR(40),IUNC,MAXUNC, 
*IRESET,IUNI,MAXUNI,STPUNI,FACUNI,FFMIN, 
•CONUNI,IGNU,GGSTEPC40),GERR(40),FRELER,ISCAL 
C0MM0N/NLPP/NP,D1(42),Jl(3),D2(40),J2,D3(42), 
*J3,D4(81) 
EXTERNAL C0NT4 
CALL DEF 
NPI-3 
PI(1)-10. 
PI(2)-0. 
PI(3)-0. 
IGNU-0 
IUNI-1 
IOUT-5 
ND-0 
NE-2 
NP-0 
FFMIN-900. 
CALL NLPCC0NT4) 
STOP 
END 

Fig. 3-1 Example showing how to use C0NT4 
as test problem. 
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The meaning of all these parameters Is explained 

In the User's Guide of NLP [26]. However, we shall see 

later how we can get Information Interactively about every 

single parameter In our new VAX version of NLP. 

3.2 Parameter identification 

The NLP package Includes subroutine NLID as yet 

another user Interface for - solving nonlinear 

Identification problems, which can be formulated as 

unconstrained dynamic parameter optimization problems: 

MM NM NZ 
S QZ(1) * Z I YM(1,j) - YHMCl.J) I - minimum . 
1-1 j-1 a b c 

The QZ(1) represent weighting factors. YM(l,j) are the 

values of the MM output-variables of a continuous-time 

dynamic process measured at NM points t(J) of time. 

YMM(1,J) are the corresponding simulated output values of 

a process model of the form 

x(t) - f(x(t),u(t),t,a) 

x(0) - IX(M)I 
l b l 

YMM(i.J) - gCi,x(t(J)),u(t(j),t(j),c) 

x(t) are the state variables of the model, X(M) are the 

measurable initial conditions and u(t) the input functions 

(values extracted from the measured trajectories of the 

process input). Therefore, the simulated output values 

YMM(i,J) are functions of the unknown model parameters a, 

b, and c, which have to be optimized such that the output 
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variables of the process and of the model fit as well as 

possible. NLP Is coded In FORTRAN, and does not make use 

of any memory management techniques. Consequently, NLP Is 

limited with respect to the sizes of each and every vector 

and/or matrix It can digest. Currently, up to 10 Input 

variables, up to 10 output variables, up to 30 state 

variables, up to 40 unknown parameters, and not more than 

2100 measurement points can be specified. .Practical 

examples of this application mode will also be shown In 

chapter five. Fig. 3-2 [27] shows the program and data 

flow of the Identification engine within NLP, while 

Fig. 3-3 [27] depicts the algorithm used by this module. 

3.3 New Version of NLP 

NLP version 4.2 is the VAX-11/750 version of NLP. 

Many modifications from the CDC version where required In 

order to get the program running on the VAX. However, most 

of these modifications are Internal to the code, and do 

not Influence the application program. Those modifications 

shall not be described in this thesis. Ye shall limit our 

discussion to modifications that do Influence the user 

program, namely: 

1) The common block NLP has been renamed to NLPP. 

2) Subroutine SECOND for the computation of the elapsed 

CPU-time was rewritten. This subroutine is of course 

highly machine dependent, and the user should expect 



35 

GENERATION OF INPUT FUNCTION 

Sm"! 

MEASURABLE 
INITIAL 
conditions 

MO 
SAMPLING DEVICE 

PROCESS 

•ft) 

Jfctt) 

SAMPLING OEVICE 

ANALOG / OIGITAL • CONVERTER 

X 1 L 
STORAGE - OEVICE 

OF THE INPUT 
HOOEL 

l(o).[fj-

s.ttj) 

ITERATIVE SOLUTION 
OF NONLINEAR PRO­
GRAMING PROBLEM 

Mk(e) ' alnlaui 

PERFORMANCE CRITERION 

\<3T K'j) 

PARAMETER INITIAL VALUES 

3-2: Program and data flow of NLP's 
Identification engine 



36 

of simjlat:om r-

ievaluate the 
1actual 3iffe-
;rential- and 
'outputecuatjws 

FDEFINE ^UrtER 
jjCF 1EXT SET OF 
pdifferential 
!ie?jatisfts anq 
pstate event Se:'jat!cns 

CALL SUBPRO­
GRAMS FOR 
<IU*RICAL 
INTEGRATION OF {, 
OIFF. ECUATICNSi 

rts 

ivc 

initializations 
for simulation 

representation! 
of thc results 

EVALUATE 'ERF 
CRITERION ^(o) 

•CALL SPTINIZA' 
| TIQfl PACKAGE 

evaluate the 
ERROR VECTOR 

PARAMF^R cptl« 
mizaticn 
(PROGRAM »ACXA« 

G£ NLP) 

define initial 
value src3le." 
for simulation 
to the ttxt 
tik event 

numerical inte­
gration sv *un-
tf-kutta-fthl-
3erg jcthoo. 

ITERATION SM 
OISCONTINUin 
CONDITIONS 

DEFINITION Of 
perf.-criterion 

INPUT CF »*ASU-
SEHE.IT OATA 

INITIALIZATIONS 
FOI OPTIMIZATION 

SU9« I Su<;• It SU9* ut Sti9« IV suft v 

Fig. 3-3: Identification algorithm used by NLP 



37 

to obtain different answers when running the software 

on the VAZ rather than on the CYBER. 

3) We introduced new system dependent subroutines that 

allow the user to terminate unduly long optimization 

runs by hitting the CTRL/C key of the terminal without 

losing everything he has achieved so far. If the user 

presses the CTRL/C key of his terminal while ezeoutlng 

NLP, a PARAMETER FILE containing the last optimized 

parameter values is created prior to the forced 

termination of the program. After ordinary 

termination, a parameter file is also generated. 

4) Each time NLP is being executed, it tries to open the 

parameter file that may have been created by a 

previous run. If such a parameter file exists, NLP 

will read it and use those data as new starting points 

of the current execution rather than those supplied in 

the main program. If no such parameter file exists, 

the program will run by using the initial parameter 

values supplied in the main program. 

5) After each run, the program will by default create 

four additional data files, M0N1T.DAT, TIME.DAT, 

SAVE.DAT and CROSS.DAT for graphical output 

processing. These data files can later be used by the 

DARE/INTERACTIVE graphics engine to plot graphio 

output from the optimization on a graphioal terminal, 

and/or route it to a printer/plotter. More details and 

examples of graphical output will be shown in chapter 
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six. If the user does not want these graphio data 

files to be created after each run, he must introduce 

a common block called GRAP in the main program. This 

common block has only one variable (IGRA) that can be 

set to (-1) for suppression of these data files. 

Fig. 3-4 to Fig. 3-9 show the flow charts of NLP 

version 4.2. Appendix A describes how to run NLP in batch 

under VAX/VMS. Appendix B describes how to run. NLP in 

batch under VAX/UNIX. 
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CHAPTER 4 

THE NLP DEVELOPMENT SYSTEM 

4.1 General Concept of a Development System 

One of the major problems with using modern 

software systems lies In their sheer generality and 

flexibility. To provide this generality and flexibility, 

modern software systems are no longer monolithic pieces of 

software coded as one big chunk of code taking the user 

program as the one and only Input file, and producing the 

result as one big output file to be sent to the line 

printer. Instead, they consist of many smaller programs 

that Interface with each other through a bunch of 

different files, and eventually through a data base. The 

problem with this concept is that the user now requires a 

considerable amount of time to learn how to interact with 

the programming environment rather than being able to 

supply a card deck with his input statements to the 

"computer" which is basically considered a black box 

reading punched cards, and producing line printer output. 

The immediate solution to this problem on a 

VAX/VMS is to provide a set of small command procedures 

that the user can call to compile, link, and execute his 

program, and eventually to do other things such as 
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reconfiguring the software In case his problem Is larger 

than what the "standard" version of the software Is able 

to handle. However, even with this concept, the file 

directories shall soon be swamped with virtually hundreds 

of different command procedures for one or the other 

purpose, and It may be quite difficult to remember which 

procedure to use for what purpose. 

The operating system MIDGET [24], an add-on to VMS 

developed recently by M.Rimvall and F.Celller, provides a 

solution to this problem in the form of a set of 

DEVELOPMENT SYSTEMS that can be considered to be special 

purpose operating environments for larger pieces of 

software. Each development system combines all command 

procedures needed for the operation of one software system 

(such as NLP) into one menu-driven operating environment 

that is extremely easy to use as INTERACTIVE HELP is 

provided for each of the commands available under the 

environment. Moreover, this menu-driven interface is 

highly standardized. Onoe the user has mastered any one of 

the available development systems, he will find it 

extremely easy to familiarize himself with any other 

development system. 

To make this statement a little more clear: Almost 

every development system has a DIRECTORY command that 

displays the application programs currently written for 

that particular software system, a SELECT command to pick 
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one of them for further processing, and an EXECUTE command 

to compile, link, and run the application program, or 

whatever else needs to be done with It within the frame of 

the particular development system. E.g. the VMS 

command-language logic behind the EXECUTE command of 

different development systems may be drastically 

different, but the user does not need to know. Each 

command of the development system performs an action 

specific to the software system In question that may 

Involve many commands of the underlying operating system. 

Each command basically executes one command procedure 

(eventhough MIDGET Is not Implemented In this way). 

To make the creation of new development systems 

particularly easy, MIDGET provides for a 

COMPILER-COMPILER. The SYNTAX of the new development 

system (that Is: the menu Interface) Is described In terms 

of a high-level syntactic language In a DEVELOPMENT SYSTEM 

DESCRIPTION FILE (NLP.DSD). The SEMANTICS of each command 

are described In an associated COMMAND FILE CNLP.COM). 

After this Is done, the new development system can be 

"compiled" by use of the compiler-compiler, and the new 

development system Is ready for action. 

It Is not the aim of this thesis to describe the 

syntax description language of the MIDGET development 

systems. However, we felt that this short Introduction was 

needed to enlighten the description of our new NLP 
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development system, In particular as no paper describing 

the development system methodology of MIDGET Is available 

yet, and as the only paper describing MIDGET as a whole 

has been published In German. However, a paper describing 

the MIDGET toolbox Is currently under development by the 

authors of MIDGET. 

The basic Idea of the NLP development system Is to 

provide the NLP user with a convenient, easy to use, and 

systematic environment to deal with NLP. In this 

environment, the user does not necessarily have to know 

much about the commands of the computer (VMS). When the 

user enters the NLP development system, Information about 

the current status of the system Is displayed, and then 

the user Is prompted for further command Input. If the 

user has any questions about any of the commands, 

Interactive help Information Is provided In the system. 

The commands provided In the NLP development system should 

suffice for most applications. However, the user can still 

execute any VMS command directly from within the 

development system If needed. Any command starting with a 

'$' Is considered by MIDGET to be a VMS command, and Is 

passed on to the underlying operating system for further 

processing. 

The NLP development system contains the following 

files: 

1) NLP.DSD: file describing the syntax (menu Interface) 

of the NLP development system. 
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2) NLP.COM: main command file of the NLP development 

system. 

3) NLPEZE.COM : command file to compile, link, and 

execute an NLP program running tinder the NLP 

development system. NLPEXE.COM is called indirectly 

(ONLPEXE) from within NLP.COM. 

4) NLPBAT.COM: command file to submit an NLP program to 

the batch queue for detached operation. NLPBAT.COM is 

called indirectly (0NLPBAT) from within NLP.COM. 

4.2 Commands of the NLP Development System 

In the following section, the commands and 

functions provided in the NLP development system are 

briefly described. For further information, refer to the 

interactive help facility of the NLP development system. 

CURRENT: make old version current again. 

DATA: edit the user data file. 

DELETE: delete the currently selected problem. 

DEVELOP: switch to another development system 

DIRECTORY: list all defined NLP problems. 

EXECUTE: compile and run NLP problem. 

EXIT: save current settings and return to VMS 

FORGET: forget parameter values from last run. 

LINE: edit the link file. 

LISTFLAG: switches the listing flag on/off. 

LISTING: edit the NLP listing-file. 
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LISTMAP: edit the NLP loader map. 

LOAD: load new settings from a file. 

HAP: switohes the loader map flag on/off. 

MENU: switches the menu display on/off. 

NOTEBOOK: edit the note book file. 

OUTPUT: edit NLP output file. 

PRINT: print a file on line printer. 

PROGRAM: edit NLP program. 

PURGE: purge all old ̂ versions. 

QUEUES: display status of queues. 

QUIT: return to VMS without saving the 

settings. 

QUOTA: show disk quota. 

READ: read file from another problem. 

RUN: run an already compiled NLP problem. 

SAVE: save the current settings on a file. 

SELECT: select problem to be treated. 

STOREDIR: select storage directory. 

SUBMIT: submit the problem to the batch queue 

WORKDIR: select working directory. 

WRITE: write file to another problem. 

4.3 Running Problems In the NLP Development System 

In this section we want to show the procedure of 

how to run an NLP problem in the NLP development system.' 

To enter the development system, we simply type the 

(MIDGET) oommand: 
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develop nip 

in response to the VMS prompter ($). MIDGET takes over 

control from VMS, and the message shown in Fig. 4-1 could 

be displayed (the precise form of the message depends on 

the current settings): 

WELCOME TO THE NLP DEVELOPMENT SYSTEM 

***.?*****************»***************»******** 
********************************************** 

Message of the day: January 5, 1986 
*«***$»»»******«** 

1) This is a test version of the brand-new NLP 
development system. Please report ALL errors 
(however small) to Francois Cellier immediately. 
Please send a (VAX/VMS) MAIL to CELLIER and MIDGET. 

2) Do not forget to report all errors with MAIL to 
MIDGET. 

Dr. Francois Cellier 
ECE 205, phone: 621-6192 

FLAGS: Menu-OFF FORTRAN listing-ON Loader map-OFF 
DEFAULTS: All Defaults - [SCRATCH.LUPING] 

SYSPICS : Selected problem - "'UNDEFINED 
Problem type - * *'UNDEFINED 

Selected command : 

Fig. 4-1 Welcoming display of the NLP 
development system. 

The NLP development system operates on three FLAGS. The 

MENU-flag determines whether or not the available oommands 
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should be listed after each command execution. This may be 

very useful In the beginning, but becomes soon cumbersome 

(especially when the software Is operated from a terminal 

which Is set to a low boad rate). Thus, MENU will mostly 

be switched off. To see the list of oommands once 

again,the user just needs to hit <CR> In response to 

"Seleoted oommandH. The FORTRAN listing flag (currently 

swltohed on) determines whether or not a listing file Is 

to be produced during the compilation of the selected NLP 

problem. The loader map flag (currently swltohed off) 

determines whether or not a loader map Is to be produced 

during linkage. 

The NLP development system operates on two 

WORKSPACES (usually directories). The WORKING AREA Is the 

dlreotory where transient files are to be stored whereas 

the STORAGE AREA Is the place where the source code of the 

application programs Is maintained. By default, all 

workspaces are set to the directory from where the 

development system was called (In this case: 

_duaO:[scratch.luplng]), but they can be modified, and the 

modified specifications can be saved as part of the 

settings. It Is usually a good Idea to keep the working 

area (scratch area) the one from where the development 

system Is called, while the souroe programs are stored on 

the next level of hlerarohy (In our 

case: _duaO:[soratoh.luplng.nip]). A good way of doing 
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would be to create a directory [username.develop], and 

directories for all development systems that are utilized 

by this particular user, such as: [username.develop.nip], 

[username.develop.graphic], [username.develop.database], 

etc.. Then call any development system always from within 

the working area, that Is: [username.develop], and save 

the underlying directories as the respective storage 

areas. In this way, the only files the working directory 

are ever to contain are directory files and a bunch of 

transient (scratch) files, whereas all the Important stuff 

Is maintained orderly In separate directories. It then 

becomes particularly easy to get rid of any garbage files 

after a session Is completed to avoid any disk overflows. 

The NLP development system operates on two 

SYSPICS. A SYSPIC Is a name (symbol) of the operating 

system similar to a formal parameter of a subroutine. Many 

of the oommands of the NLP development system refer to one 

or both of the SYSPICS. One of them denotes the SELECTED 

PROBLEM. Commands such as PROGRAM, DELETE, EXECUTE always 

refer to the selected problem. As a user usually wants to 

perform several activities relating to one problem In a 

row (such as editing, executing, re-edltlng, etc.), this 

makes sense as It prevents the user from having to tell 

again and again on which problem to operate. If no problem 

Is currently seleoted, an error message will occur when 

any of these commands Is executed. The second SYSPIC Is an 
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Indicator that tells the user which Is the type of the 

currently selected problem (optimization with either 

preselected parameters (STANDARD) or user selected 

parameters (SPECIAL), or Identification (NLID)). The 

application type Is determined during the first problem 

definition, and Is never changed thereafter. By default, 

all SYSPICS take a value of "* * *UNDEFINED". 

Now, the development system waits for the first 

command to be specified. First, we may want to have a look 

at the available commands. For this purpose, we simply hit 

< CR >, and obtain the message shown In Fig. 4-2. 

FLAGS: Menu-OFF FORTRAN llstlng-ON Loader map-OFF 
DEFAULTS: All Defaults - [SCRATCH.LUPING] 

SYSPICS : Selected problem - * *'UNDEFINED 
Problem type - * *'UNDEFINED 

COMMANDS : 
DIRECTORY <-- List all defined NLP problems 
EXECUTE <-- Compile and run NLP Problem 
HELP <-- Extensive help Information. 
OUTPUT <-- Edit NLP output file 
PROGRAM <-- Edit NLP program 
SELECT <-- Select problem to be treated 

(also PROBLEM) 
SUB-MENUS containing further commands: 

ADVANCED <-- Advanced commands to run NLP. 
DEFAULTS <-- Commands to change default values 
DEVICES <— Commands to control/check external 

devices 
EDIT <-- Further editing commands 
FILES <-- File manipulation commands 
SYSTEM < ~ Commands to leave current development 

system 

Selected command : 

Fig. 4-2 Command menu of the NLP 
development system. 
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The most commonly used commands are specified directly (In 

the main menu), whereas less used commands are collected 

Into submenus. This Is to prevent the screen from 

overflowing. However, submenus do not present a concept of 

hierarchy. All commands (also those belonging to submenus) 

can be entered at any time. True command hierarchies and 

even recursiveness Is available In MIDGET, but there was 

no need to make use of these concepts within the NLP 

development system. 

If the user wants to look at the commands of any 

submenu, he simply types the name of the group command. We 

can, for Instance, type: 

Selected Command :advanced 

to obtain the following response from MIDGET: 

FLAGS: Menu-OFF FORTRAN llstlng-ON Loader map-OFF 
DEFAULTS: All Defaults - [SCRATCH.LUPING] 

SYSPICS : Selected problem - * "UNDEFINED 
Problem type - * "UNDEFINED 

COMMANDS In group ADVANCED 
FORGET <-- Forget parameter values 
RUN <-- Run an already compiled NLP Problem 
STOREDIR <-- Select storage directory. 
SUBMIT <~ Submit the problem to the batch queue. 
WORKDIR <-- Select working directory. 

PRESS <CR> TO RETURN TO MAIN MENU 

Selected command : 

Fig. 4-3 Commands In group ADVANCED. 

If the user wants to know more about any particular 
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command, he can always ask for help, 

type 

Selected command : help 

In this example, we 

HELP 

The HELP command Invokes the VAX-11 HELP 
Utility to display Information about a particular 
development system toplo. The HELP utility 
retrieves help available on specific commands 
as well as general development system topics. 

Format: 
HELP [keyword C... 3 3 

New users can display a tutorial explanation 
of HELP by typing TUTORIAL In response to the 
"HELP Subtoplc?" prompt and pressing the RETURN 
key. 

For a more detailed description of HELP, type 
COMMANDS and press the RETURN key. 

Additional Information available: 

ADVANCED 
DEVELOP 
EXIT 
HELP 
LOAD 
OUTPUT 
PURGE 
RUN 
SUBMIT 

CURRENT DATA DEFAULTS DELETE 
DEVICES DIRECTORY EDIT EXECUTE 
Flleasslgnments FILES FORGET 
LINK LISTFLAG LISTING LISTMAP 
MAP MENU MODE NOTEBOOK 
Parameters PRINT PROBLEM PROGRAM 
QUEUES QUIT QUOTA READ 
SAVE SELECT SPAWN STOREDIR 
SYSTEM WORKDIR WRITE 

Topic? 

Fig. 4-4 Main help message of the NLP 
development system. 

The HELP command activates an ordinary VMS help library. 

Thus, HELP alone will display a list of all oommands for 
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which, help Is available, while "HELP command-name" will 

display Information about the command In question. 

It Is a general rule of MIDGET that, wherever 

possible, parameters oan be supplied dlreotly with the 

commands. However, If they are omitted, MIDGET enters a 

QUERY mode and aslcs for them. This Is called the 

TYPE AHEAD feature of MIDGET. Input Is buffered, and the 

system will omit all dialogue with the user as long as the 

Input buffer Is not empty, and simply satisfy Its needs 

from the Input buffer. 

At the current moment In the dialogue, we could 

e.g. type: 

Topic? storedlr 

to obtain the display: 

STOREDIR 

Lets you select the storage directory. 
This Is an advanced command, should not be used 
by Inexperienced users. 

Topic? 

Fig. 4-5 Help message for STOREDIR. 

To exit form help library, simply press <CR>. 

Now, let us change the storage area from 

[SCRATCH.LUPING] to [SCRATCH.LUPING.NLP]. We type: 

Selected command : storedlr _duaO:[scratch.luping.nip] 

The display then becomes: 
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FLAGS: Menu-OFF FORTRAN listlng-ON Loader map-OFF 
DEFAULTS: Workspace - [SCRATCH.LUPING] 

Storage Media - [SCRATCH.LUPING.NLP] 
SYSPICS : Selected problem - * *'UNDEFINED 

Problem type - *••UNDEFINED 

Selected command : 

Fig. 4-6 Status display. 

If we now want to check which are the NLP problems 

that we currently have available for operation, we type: 

Selected command : directory 

to obtain the display: 

NLP program files currently defined : 

Direct ory DUAO:[SCRATCH.LUPING.NLP] 

BALAN.NLP;6 BCP2A.NLP;3 BCP2B.NLP;4 
DCMOT1.NLP;56 DCM0T2.NLP;8 DCM0T3.NLP;13 
LOTKA.NLP;17 NLID1.NLP;14 PDE_1B.NLP;10 
TEST1.NLP;7 TEST2.NLP;7 TEST3.NLP;5 
TEST4.NLP;15 TEST6.NLP;5 

Total of 14 files. 

Users data files currently defined : 

Direct ory DUAO:[SCRATCH.LUPING.NLP] 

DCM0T1.NDA;6 DCM0T3.NDA;7 LOTKA.NDA;1 
NLID1.NDA;2 

Total of 5 files. 

Link files currently defined : 

Directory DUAO:[SCRATCH.LUPING.NLP] 

Fig. 4-7 Status display for the command DIRECTORY. 
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BALAN.NLK;2 

Total of 1 file. 

Note book files currently defined : 

Direct ory DUAO:[SCRATCH.LUPIN6.NLP] 

LOTKA.NUB;1 

Total of 1 file. 

FLAGS: Menu-OFF FORTRAN listing-ON Loader map-OFF 

This shows all the NLP program files In the 

[SCRATCH.LUPING.NLP]. The extension .NLP denotes NLP user 

programs. .NDA files represent data files to be read from 

the user program. .NTY files are system maintained. They 

contain only one line Indicating the problem type which 

will be recognized by the development system and then 

dlsplald as a SYSPIC. .NPA Is the (system maintained) file 

containing the last optimized parameter values either 

after termination of a run, or after CTRL/C has been 

pressed during the execution of a run. .NLK Is a (user 

maintained) file containing Information about additional 

programs or libraries to be linked (cf. to the /OPTION 

feature of the VMS linker). An example of a correct .NLK 

DEFAULTS: Workspace 
Storage Media 

SYSPICS : Selected problem 
Problem type 

[SCRATCH.LUPING] 
[SCRATCH.LUPING.NLP] 
•*'UNDEFINED 
*•'UNDEFINED 

Selected command : 

Fig. 4-7 —Continued. 
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file would be the following: 

_DUA0:[SIM.LINPACK.OBJECT]LINPACK/LIB . 

The .NNB files denote notebook files containing any 

Information the user wants to store about a particular 

problem. This Is like a scratch pad In some modern 

operating systems. If we now want to choose the problem 

TEST4.NLP to be executed, we type: 

Selected command : select test4 

Note that no extension Is needed here. This will give us 

the display: 

FLAGS: Menu-OFF FORTRAN llstlng-ON Loader map-OFF 
DEFAULTS: Workspace - [SCRATCH.LUPING] 

Storage Media - [SCRATCH.LUPING.NLP] 
SYSPICS : Selected problem - TEST4 

Problem type - NLP-STANDARD 

Selected command : 

Fig. 4-8 Status display. 

The problem type NLP-STANDARD Indicates that the selected 

problem TEST4 Is a "standard" application of NLP. If the 

problem type Is still **'UNDEFINED, It means that the 

problem TEST4 does not exist. If we want to look at the 

program or make some changes, we type: 

Selected command : program 

If the program TEST4 does exist, the program will be taken 

Into the editor (by calling one of the standard VMS 
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editors that is compatible with the terminal the user is 

operating from). 

PROGRAM NLP1 
COMMON/NLPP/NP»PA(40)»PMIN,FTOL,IDER,IOU,NFE, 
*FET0L(40),NFI,FIT0L(40),FAC,IND,FRES,FERES(40), 
*FIRES(40) 
COMMON/GRAP/IGRA 
EXTERNAL NAME1 
IGRA— 1 
NP-2 
PA(1)—1.2 
PA(2)-1. 
FMIN-1.E10 
FTOL-O.1 
IDER-1 
IOU-1 
NFE-0 
NFI-0 
CALL NLP(NAME1) 
STOP 
END 
SUBROUTINE NAME1 
COMMON/FUNCT/IFUN,P(40),P,FIE(40),DP(40),DFIE(1600). 
*IERR 
Z1-P(2)-P(1)*P(1) 
Z2-1.-PC1) 
F-100.*Z1*Z1+Z2*Z2 
IF(IFUN.GE.-l) RETURN 
DF(2)-200.«(PC2)-P(1)*P(1)) 
DP(l)—2. *(DF(2)*P(1)+1. -P(l)) 
RETURN 
END 

Fig. 4-9 Editing NLP test program. 

After leaving the editor, the system automatically returns 

to the dialogue mode of the NLP development system. 

Should the program TEST4 be a new problem for 

which no program exists yet, an interactive program will 

be ezeouted to ask the user to input the parameters needed 

for the execution according to the application type of NLP 

(which is to be specified as the first piece of 
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information). This program will be discussed in more 

detail in one of the next sections. 

Now we want to execute the problem. We type: 

Selected command : execute 

this command will compile, link and run the program TEST4. 

The system will respond to the command EXECUTE with the 

following display (which may take some time though): 

FORTRAN COMPILER RUNNING ON TEST4.NLP 

LINKER RUNNING 

PROBLEM IS BEING EXECUTED 

FORTRAN STOP 

After the problem has been executed successfully, system 

will ask the user whether he wants a hardcopy and/or 

whether the transient files are to be cleaned up. 

Do you wish to receive a hardcopy? (Y/N): 

Do you wish to clean up your files? (Y/N): 

If the second question is answered affirmatively, all 

transient files Including the image file of the problem 

(TEST4.EXE) and all output files are gone. Thus, if the 

user still wants to look at his results, he may not allow 

the system to clean up at this point. 

If the user did not clean up the files at this 

point, he can use the OUTPUT oommand to take the 

alphanumeric output file (TEST4.0UT) into the editor. 

Alternatively, the user may wish to view his results 

graphically. Usually, NLP prepares some data files for the 



63 

DARE-INTERACTIVE graphics processor. However, the NLP 

development system does not contain any commands to 

activate this program. Instead, we have to switch the 

development system entirely by typing: 

Selected command : develop graphic 

this command requests to switch to the GRAPHIC development 

system which will be discussed in the next section. 

4.4 Graphlo development system 

At the beginning of this chapter, we said that all 

development systems which are currently available on 

VAX/VMS operate in a very similar way. We would like to 

show this in this section by executing the GRAPHIC 

development system. As mentioned before, if we set IGRA-1 

in the main program, there will be four data files 

generated by NLP. These data files can be used by the 

GRAPHIC development system to graph the simulation 

results. 

After typing DEVELOP GRAPHIC, we enter the GRAPHIC 

development system which responds with a status display 

that is very similar to the one presented by the NLP 

development system: 

FLAGS : Menu - ON 
DEFAULTS: All defaults - [SCRATCH.LUPING] 
SYSPICS : Selected problem - * *'UNDEFINED 

Selected data base - * * *UNDEFINED 

Fig. 4-10 Command menu of the GRAPHIC 
development system. 
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COMMANDS : 
CHANGE 
CONVERT 

DIRECTORY 
EXECUTE 
HELP 
SELECT 

Create or modify data file 
Convert ASCII-files into graphics 
data files 
List all defined graphio problems 
Run graphio processor 
Extensive help Information. 
Select problem to be treated 
(also PROBLEM) 

SUB-MENUS containing further commands: 
DEFAULTS 
DEVICES 

EDIT 
FILES 
SYSTEM 

ommands to ohange default values 
Commands to control/check external 
devices 
Further editing commands 
File manipulation commands 
Commands to leave current development 
system 

Selected command 

Fig. 4-10 —Continued. 

Again, there are commands in the submenus that work just 

the same way as in the NLP development system. There are 

also help messages available for this system. The topics 

of the help library are listed below: 

Additional information available: 

DEFAULTS DEVELOP EXIT 
GRA:CHANGE GRA:CLEANUP GRA:CLEAR 
GRA:CURRENT GRA:DBASE GRA:DBDIR 
GRA:DEVICES GRA:DIRECTORY 
GRA:EXECUTE GRA:FILES GRA:INPUT 
GRA:Message GRA:NOTEBOOK 

GRA:PROBLEM GRA:PURGE 
GRA:SELECT GRA:STOREDIR 
GRA:WORKDIR HELP LOAD 
MODE QUIT SAVE 
SYSTEM 

GRA:PRINT 
GRA:QUOTA 
GRA:SUBMIT 
MENU 
SPAWN 

GRA:All_news 
GRA:CONVERT 
GRA:DELETE 
GRA:EDIT 
GRA:Intro 
GRA:OUTPUT 
GRA:QUEUES 

Fig. 4-11 Help menu of the GRAPHIC 
development system. 
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If we want to look at the graphic output of the 

problem we had mentioned In the last seotlon (suppose we 

had set IGRA-1 In that program), we may e.g. specify: 

Selected command : menu 

then: 

Selected command : storedlr [scratch.luplng.dare] 

followed by: 

Selected oommand : select test4 

and finally: 

Selected command : dbase test 

This will result In the following display: 

FLAGS : Menu - OFF 
DEFAULTS: Workspace - [SCRATCH.LUPING] 

Storage media - [SCRATCH.LUPING.DARE] 
SYSPICS : Selected problem - TEST4 

Selected data base - TEST 

Selected command : 

Fig. 4-12 Status display. 

Next, we type: 

Selected command : execute 

If there do exist those four data files we mentioned 

before, the system will now aotlvate the DARE-INTERACTIVE 

graphlos processor which by Itself enters an Interactive 

dialogue mode. The prompt here Is: 

OUTPUT-MON > 

Again, Interactive help Is available on all commands of 
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this hierarchy level (note that this now represents a true 

command hierarchy while the graphic development system was 

entered by calling the MIDGET DEVELOP command recursively 

from within the NLP development system). Type command DATA 

will display all variable names available for output. In 

the case of TEST4, they are 

PA01 

PA02 

which are the performance function and all parameters of 

the problem. It Is worth mentioning here that the 

performance funotlon and all parameters were automatically 

stored In the file CROSS.DAT. In the case of 

Identification problems (problem type: NLID), state 

variables, Input variables, measured output variables and 

simulated output variables are stored In addition In the 

file SAVE.DAT. Hence, In our oase, we can e.g. type: 

OUTPUT-MON> gras(cross:black:yellow) PI(:red), 

PA01(:blue),PA02(:magenta) 

which would give us (e.g. on the Tektronix 4105 terminal) 

a split screen graph of the three variables versus the run 

number. The entire graph will be displayed In black on 

yellow background, whereas the Individual curves are 

displayed In the specified colors. If the user wants a 

hardcopy of the output, he must type the following command 

prior to the GRA command 
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OUTPUT-HON> set,file 

this will, instead of displaying the output on the soreen, 

put the output into a file. When the user exits from the 

graphic monitor, the output oan then be printed out on an 

appropriate device (e.g. a laserpin printer). To exit from 

the graphic monitor, simply type EXIT. This will terminate 

the execution of the graphio processor, and the system 

returns to the dialogue mode of the GRAPHIC development 

system. It is important to notice that upon termination of 

any development system, all transient files will be 

automatically destroyed. This includes all image files, 

and also all output files (as disk space is always more 

scarce than CPU time). Hence, if the user wants to save 

any of these files (e.g. the graphio data files) for later 

reuse, he had better rename these files before exiting 

from the development system. As the development system 

self does not provide such a facility, use VHS in 

transparent mode, e.g. by typing: 

Selected command : $rename *.dat *.sav 

The Indicates transparent mode. MIDGET simply passes 

the command on to VMS after strapping off the "$H-sign. 

4-B INTERACTIVE EDITING PROGRAM 

As mentioned before, if the user has selected a 

problem which does not exist, the command PROGRAM will 

activate an INTERACTIVE PROGRAM GENERATOR: EDINLP in the 

development system that supports the user in specifying 

his new problem. 
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EDINLP is a FORTRAN coded program designed 

specifically for NLP. EDINLP supports standard and speoial 

NLP applications, as well as NLID (that is: parameter 

identification) applications. Eaoh application type has 

its own parameter set associated with it to be input by 

the user. EDINLP asks first what the application type is, 

and then asks the user for each parameter in a row that 

requires a user specified value. In the application type 

"NLP-specialH, all parameters have default values 

available. If the user wishes to use the default value 

with respect to a parameter, he can simply type "D" in 

response. The program will then omit that parameter from 

the user program. If the user types "D" for a parameter 

that has no default value associated with it, the program 

will tell him that 'No default value available I' and ask 

him again to input a value for that particular parameter. 

Also EDINLP can activate a VMS help library that 

contains messages for every single parameter used in NLP. 

If the user does not understand the meaning of a 

particular parameter, he can simply type "?" in response 

to the request of entering a value. EDINLP will then 

search the help library for the speoiflo parameter, and 

display the therein contained message. Users unfamilier 

with all parameters of NLP, oan type "Q" e.g. in response 

to the first parameter value request. EDINLP then enters a 
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QUERY mode, and help messages will be displayed 

automatically for every parameter. Type "Q" again when you 

wish to suppress further QUERY Information. "Q" acts as a 

toggle parameter. 

NLP requires the user to supply one or several 

subroutines. After the parameters for the main program are 

exhausted, EDINLP will generate scheleton subroutines one 

at a time, and ask the user to fill In the missing 

Information. In particular, the required common blocks 

will already be provided by EDINLP, and do not need to be 

user coded. 

For example, In the case of a NLP-standard 

problem, EDINLP will display: 

SUBROUTINE NAME1 
COMMON/FUNCT/IFUN,P(40),F,FIE(40),DF(40),DFIE(1600), 

* IERR 

Fig. 4-13 Editing subroutine NAME1—(1). 

It Is Important that the user must Input the rest of the 

subroutine as normal FORTRAN Input lines. The example 

shown below has the correct format. 

SUBROUTINE NAME1 
COMMON/FUNCT/IFUN,P(40),F,FIE(40),DF(40),DFIE(1600), 

* IERR 
Z1-P(2)-P(1)*P(1) 

Fig. 4-14 Editing subroutine NAHE1—(2). 
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Z2-1.-PC1) 
F-100.*Z1»Z1+Z2*Z2 
IPCIPUN.GE.-1) RETURN 
DFC2)-200.*(P(2)-P(1)*P(1)) 
DP(l)— 2. «(DF(2)*P(1)+1.-P(1)) 
RETURN 
END 

Fig. 4-14 —Continued. 

EDINLP will "monitor" user input, but not check for 

correct FORTRAN syntax. It will use the "END" statement to 

know that the user considers the current subroutine as 

terminated. It will then proceed with the next step. Once 

all the required parameters and subroutines have been 

supplied, EDINLP will terminate, and control is returned 

to the dialogue mode of the NLP development system. 

Subsequent executions of the PROGRAM command result in a 

normal editing of the previously generated NLP program. 

There are two things that the user should keep in 

mind, namely: 

1) All input must be uppercase. 

2) All parameter values must be real except for parameter 

names beginning with I,J,K,L.M.N. 



CHAPTER 5 

PRACTICAL EXAMPLES 

B.l Introduction 

As we mentioned before, it is interesting that 

many problems can be formulated and solved as parameter 

optimization problems. In this chapter, we show some 

practical examples solved by the NLP package. 

S.2 Boundary Value Problem 1 

Example 1. In this example we want to solve a 

boundary value problem which is used in [4] to calculate 

the temperature distribution in a radiating fin. The 

equation is 

d^T/dx* - ol*CT'f - c2) 

where x e [0,1], T(0)-100.0, cl-l.OE-4, C2-0, dT/dx (l)-0. 

As mentioned before , there are several ways to solve this 

problem. Here we would like to use the optimization 

approach. 

We first convert this ordinary differential 

equation CODE) into a partial differential equation (PDE) 

of the parabolio type. 

dT/dt — dzT/dx2 + ol*(T't - c2) 

In the steady state, dT/dt-0, thus, the temperature 

distribution of the PDE in its steady state represents the 

71 
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solution of our previously stated boundary value ODE. This 

transformation Is usually referred to as Invariant 

embedding technique. 

Now, we use the first order approximation for the 

spatial derivatives: 

dZT/dxz - [T(l+l)-2*T(i)+T(i-l)]/Ax2 . x-x(i) 

to transfer the PDE baot Into a set of first order ODE's 

dT(i)/dt - -[T(l+l)-2*T(i)+T(l-l)]/AX2 

+ ol*(T(i)',-o2) . 

where x Is the length of equlspace. The ODE at the last 

point Is - ». , 

dT(n)/dt - -2*[T(n-l)T(n)]/Ax2 

+ cl»(TCl)'l-c2) 

for symmetry reasons. (This can be shown easily to be 

true. Let us enlarge the space from the Interval [0,1] to 

an Interval [0,2], and set T(2)-T(0). Then, for symmetry 

reasons, obviously dT/dx (l)-0. Thus, If "nN represents 

the central point of the new grid, T(n+1)-T(n-1). If we 

plug this equation into the general ODE above, we obtain 

the special form for the boundary condition, and can now 

forget about the additional grid points again.) If we 

choose x-0.1, and let E(i) - dT(l)/dt, then the ODE's 

become 

ECi) - -100*[T(i+1)-2*T(1)+T(i-1)] + cl*(T(l)*-o2) , 1-1, 

and 

E(10) - -200*[T(9) - T(10)] + ol«[T(10)"- c2] . 
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In the steady state, all the E(i) functions must become 

equal to zero. Thus, Instead of solving the set of ODE's 

over time, we can formulate this problem as a statlo 

optimization problem where the T(l) represent the unknown 

parameters, and a performance function, e.g.: 

PI - I E(l)2 

Is minimized. Obviously, we expect the PI to become close 

to zero In the neighborhood of the optimal parameter 

vector. We use the NLP-standard application for this 

problem. The main program together with subroutine NAME1 

which codes the-performance function are as follows: 

COMMON/NLPP/NP,PA(40),FMIN,FTOL,IDER,IOU,NFE, 
* FET0L(40),NFI,FITOL(40),FAC,IND,FRES, 
* FERES(40),FIRES(40) 
COMMON/GRAP/IGRA 
EXTERNAL NAME1 
IGRA - -1 
NP - 10 
DO 10 1-1,10 
PA(I) - 100. 

10 CONTINUE 
FMIN - 0.100E+11 
FTOL - -0.100E-07 
IDER - 0 
IOU - 1 
NFE - 0 
NFI - 0 
CALL NLP(NAMEl) 
STOP 
END 
SUBROUTINE NAME1 
COMMON/FUNCT/IFUN,P(40),F,FIE(40),DF(40), 

* DFIE(1600),IERR 
DIMENSION E(10) 
CI • 1•OE-4 
E(l) 100.*(P(2)-2.*P(1)+100.) - C1*P(1)**4 

Fig. 5-1 NLP program of example 1. 
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P - 0. 
DO 10 1-2,9 
E(I) - 100.*(P(I+1)-2.*P(I)+P(I-1)) - C1*P(I)**4 
P - P + B(I)**2. 

10 CONTINUE 
E(10) - 200.*(P(9)-P(10)) - C1*P(10)**4 
P - P + E(10)**2 
RETURN 
END 

Pig. 5-1 —Continued. 

The results of the optimization are as follows: 

FP - 0.2109258E+1 
NFUN - 1410 
CPU-TIME _ 0.447E+1 
PC 1) — 0.6589E+2 
PC 2) — 0.5064E+2 
PC 3) - 0.4197E+2 
PC 4) — 0.3641E+2 
PC 5) - 0.3261E+2 
PC 6) — 0.2995E+2 
PC 7) — 0.2810E+2 
PC 8) - 0.2687E+2 
PC 9) — 0.2617E+2 
PC10) - 0.2594E+2 

Pig. 5-2 Results of the example 1. 

where FP denotes the final value of the performance 

funotlon, P(I) represents the temperature at the grid 

points, and NFUN denotes the number of funotlon 

evaluations (that Is: number of times, subroutine NAME1 

was called). The graphical result for this problem Is 

depicted In Fig. 5-3 which was obtained by use of the 

GRAPHICS development system and a Cannon laserpln printer. 
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Fig. 5—3 Temperature distribution in a radiating fin. 
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T is the steady-state temperature distribution expressed 

in C, and graphed over Space x [O.llm. 

5.3 Boundary Value Problem 2 

Example 2. In this example, we would like to 

find the steady state solution of the following PDE: 

dU/dt - a*d2U/dx2 . 

with x e [0,1], a-0.25, U(x,t-0)-0, U(x-0,t)-l, 

dU/dx (x-l,t)-0. This example has the advantage that we 

can compute the correct solution by hand.We expect all 

U(i) to become equal to 1 after sufficiently long time. 

Meanwhile, we learnt the trick. We obtain the following 

set of ODE's: 

dU(i)/dt - a*[U(i+l)-2»U(i)+U(i-l)]/Ax2 

and 

dU(n)/dt - 2*a*[U(n-l)-U(n)]/Ax2. 

We also choose x-0.1 and let E(i) - dU(i)/dt whioh leads 

to the following set of equations: 

E( 1) - 25*[U(2)-2*U(1)+1] 

E( i) - 25*[U(l+l)-2*U(l)+U(l-l)] , 1-2,9 

E(10) - 50*[U(9)-U(10)] 

This time, we used the NLP-speclal application for this 

problem. We chose the method of Powell (IUNC-10) for the 

unconstrained optimization. The NLP user program for this 

problem is shown below: 
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COMMON/INPUT/IOUT.NPI.ND.NE,PI(40),PPERR(40), 
* PPERAC40).FFERR,FFERA,ICON,MAZCON, 
* CCDE(40),FICON,F2C0N,F3CON,DEERR(40), 
* IUNC,MAXUNC,IRESET,IUNI,MAXUNI,STPUNI, 
* FACUNI,FRELER,ISCAL 
C0MM0N/NLPP/NP,D1(42),Jl(3),D2(4),J2,D3(42),J3, 

* D4(81) 
COMMON/GRAP/IGRA 
EXTERNAL NAME1 
CALL DEF 
IGRA - -1 
NPI - 10 
DO 10 I-l.NPI 
PI(I) - 0.OOOE+OO 

10 CONTINUE 
FFERA - l.E-4 
MAXUNC - 100 
IRESET - 4 
FRELER - l.E-8 
DO 20 1-1,10 
PPERR(I) - l.E-3 
PPERA(l) - l.E-4 

20 CONTINUE 
NE - 0 
ND - 0 
IOUT - 3 
IUNC - 10 
IGNU - 5 
ISCAL - 0 
NP - 0 
CALL NLP(NAMEl) 
STOP 
END 
SUBROUTINE NAME1 
COMMON/FUNCT/IFUN,P(40),F,FIE(40),DF(40),DFIE(1600), 
* JERR 
DIMENSION EC10) 
E(l) - 25.*(P(2)-2*P(1)+1.) 
F - 0. 
DO 10 1-2,9 
E(I) - 25.*(P(I+1)-2*P(I)+P(I-1)) 
F - F + E(I)**2 

10 CONTINUE 
E(10) - 50.*(P(9)-P(10)) 
F - F + E(10)**2 
RETURN 
END 

Fig. 5-4 NLP program of exeunple 2. 
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The results obtained from NLP are the following: 

FP - 0.9616193361580E-02 
NFUN - 3249 
CPU-TIME - 0.31300E+01 
PA(I) - 0.9893833398819E+00 
U(x-O.l) - 0.9789869785309E+00 
UCx-0.2) - 0.9690473675728E+00 
U(x-0.3) - 0.9597477912903E+00 
UCx-0.4) - 0.9513475894928E+00 
UCx-0.5) - 0.9441356658936E+00 

- 0.9382637739182E+00 
- 0.9339659214020E+00 

ucx-oie) 
UCx-0.7) c-0.7) 
U(x-0.8) - 0.9314922690392E+00 
U(x-0.9) - 0.9309771656990E+00 

Fig. 5-5 Results of example 2. 

5.4 Balancing of Matrix 

Example 3. In determining the eigenvalues of a 

matrix A, It has been shown by [15] that numerical errors 

satisfy the condition: 

1/m 
ERROR(XI) ± si*E 

Where SI Is the largest singular value (L2-norm of the 

matrix), m denotes the largest multiplicity of 

eigenvalues, and E Is the numerical preolslon of the 

computer (machine resolution). In particular, matrices 

with many multiple eigenvalues thus can show large errors 

In the numerical results of an eigenvalue computation. Let 

us assume, we want to compute the eigenvalues of a 16x16 

matrix In double preolslon that happens to have all 

eigenvalues at the same point (m-n-16). The maohlne 

resolution Is roughly 10**(-16), thus E**(l/m) Is roughly 
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equal to 1. Thus, ve cannot compute the multiple 

eigenvalue of this matrix more accurately than the L2-norm 

of the matrix which may he arbitrarily large. Ve call such 

a matrix ill-conditioned with respect to eigenvalue 

computation. 

The trick here is to find another matrix AH which 

has the same eigenvalues but a smaller L2-NORM. From the 

theory, we know that we can apply any regular similarity 

transformation on A without changing the eigenvalues. 

Thus, we can choose an arbitrary non-singular matrix T, 

and compute: 

AH - T*A*T**(-1) 

Any such matrix AH is supposed to have the same 

eigenvalues as A. Thus, we can formulate the problem as a 

static optimization problem where the unknown elements of 

the matrix T are determined such that the L2-NORM of AH is 

minimized. A reduced precision of the optimization is 

harmless as it will only result in an AH with slightly 

larger norm. The only operation that is performed "on 

line" is the similarity transformation which by itself is 

numerically harmless as long as T is well-conditioned with 

respect to inversion, that is: the condition number of T 

(largest singular value divided by smallest singular 

value) should be sufficiently small). 

We still have to consider n**2 parameters which 

may be a lot. To simplify the problem, we consider T 
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diagonal. This avoids all problems with respeot to 

Inversion as long as the ratio between the largest and the 

smallest IT(1,1)I Is within reasonable bounds. Of course, 

this will give us a suboptlmal solution only. 

Interestingly enough, It was found that we can predict 

beforehand what the L2-N0RH of the suboptlmal matrix AH 

shall be, as we shall explain further down In this 

example. The matrix we chose for our example Is a 4x4 

matrix: 

I 4 11 3 0 1 
I 5 23 14 II 

A - I 3 4 15 3 I 
17 9 2 21 I 

The NLP-standard application program presents 

Itself as follow: 

COMMON/NLPP/NP,PA(40),PMIN,PTOL,IDER,IOU,NFS, 
» FETOLC40),NPI,PITOL(40),FAC,IND,FRES, 
* FERESC40),PIRESC40) 
COMMON/GRAP/IGRA 
EXTERNAL NAME1 
IGRA - 1 
NP - 4 
PA(1) - 0.100E+01 
PA(2) - 0.100E+01 
PA(3) - 0.100E+01 
PA(4) - 0.100E+01 
FMIN - 500. 
PTOL - -l.E-8 
IDER - 0 
IOU - 2 
NFE - 0 
NPI - 0 
CALL NLP(NAME1) 
STOP 
END 

Pig. 5-6 NLP program of example 3. 
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SUBROUTINE NAME1 
COMMON/FUNCT/IFUN,P(40),P,PIE(40),DF(40), 
• DFIE(1600),IERR 
DOUBLE PRECISION RAZ(4,4),SX(4),EZ(4),UZ(4,4), 
• VZ(4,4),W0RKZ(4) 
DIMENSION AZ(4, 4),AAZ(4,4),TZ(4,4),TIZ(4,4),AB(4.4) 
DATA AZ/4.,5.,3.,7.,11.,23.,4.,9.,3.,14.,15., 
• 2.,0.,1.,3.,21./ 
LDZZ - 4 
LDVZ - 4 
NP - 4 
LDUZ - 4 
DO 20 I-1,NP 
DO 10 J-l.NP 
IF (I.EQ.J) THEN 
TZ(I,J) - P(I) 
TIZ(I,J) - l./P(I) 
ELSE 
TZ(I.J) - 0. 
TIZ(I,J) - 0. 

ENDIP 
10 CONTINUE 
20 CONTINUE 

CALL MULTCTZ,AZ,AAZ) 
CALL MULTCAAZ,TIZ,AB) 
DO 40 1-1,4 
DO 30 J-1,4 
RAZ(I,J) - DBLE(AB(I,J)) 

30 CONTINUE 
40 CONTINUE 

CALL DSVDC(RAZ,LDZZ,4,4,SZ,EZ,UZ,LDUZ,VZ,LDVZ, 
*WORKZ,11,INFOZ) 
ERROR - SNGL(SZCl)) 
P - ERROR**2 
RETURN 
END 
SUBROUTINE MULT(A,B,C) 

C THIS SUBROUTINE PROVIDES MULTIPLICATION OP TWO 
C MATRICES C - A*B 

DIMENSION A(4,4),B(4,4),C(4,4),D(4) 
DO 30 1-1,4 
DO 20 J-1,4 
DO 10 K-1,4 
D(K) - A(I,K)»B(K,J) 

10 CONTINUE 
C(I,J) - D(l) + D(2) + D(3) + D(4) 

20 CONTINUE 
30 CONTINUE 

RETURN 
END 

Pig. 5-6 —Continued. 



82 

Here we assign the square of the largest singular 

value of AH - T*A*T**-(-l) as the performance function. 

Subroutine DSVDC Is a subroutine from the LINPACK program 

library which was linked with NLP using the LINK option of 

the NLP development system. The reason for using the 

double precision version (DSVDC) In place of the single 

precision version (SSVDC) was simply that we currently 

have only the double precision version available on the 

CADVAX computer system. The output obtained Is the 

following: 

FP - 0.1083668212891E+4 
NFUN - 191 
CPU-TIME - 0.15970E+2 
PA(1) - 0.8975525498390E+0 
PAC2) - 0.1015476822853E+1 
PAC3) - 0.1372430920601E+1 
PA(4) - 0.5358199477196E+0 

Fig. 5-7 Results of example 3. 

From the output we found that the largest singular value 

was reduced to 32.91911621 whloh happens to be Identical 

with the largest eigenvalue of A. This seems to be a 

coincidence as we could not reproduce this phenomenon with 

another matrix. However In another oase, we found that the 

largest singular value converged to about twice the 

largest eigenvalue. Thus, there may will exist a relation 

between these two numbers. Unfortunately, we were not able 

to find It. 
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6-S DC-motor System 

Example 4. A DC-motor system is shown In Fig. 5-

8 [27]. The parameters and their values are the following: 

PSI - 0.06 Vs, flux 

RA - 1.81 ohm, armature resistance 

LA - 14.8 mH, armature inductance 

F - 0.4 mN/rad, spring constant 

UE - 60 -, ratio of PHI1/PHI2 

J1 - unknown, inertia 

D1 - unknown. friction 

J2 - unknown, inertia 

D2 - unknown, friction 

The numerical values specified above had been found 

through measurements. The parameters Jl, Dl, J2 and D2 are 

unknown parameters to be Identified. We are going to show 

the application of NLID (parameter identification) for 

this example. We first need to derive the mathematical 

model of the system. For the eleotrlcal subsystem of the 

motor, we find: 

dl/dt - U/LA - RA*I/LA - UI/LA 

or, with armature inductance being neglected (LA-0): 

I - U/RA - UI/RA 

where: 

I(t) - armature current 

U(t) - armature voltage 
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UI(t) - induced voltage . 

For the mechanical subsystem of the motor, we find: 

d2PHIl/dt2 - T/Jl - Dl*(dPHIl/dt)/Jl - F*(PHI1-PHI2)/J1 

where: 

T(t) - driving torque 

PHIl(t) - angular position of the motor 

PHI2(t) - angular position of the load . 

These subsystems are coupled by the equations: 

UI - PSI*UE* dPHIl/dt 

T - PSI*UE*I 

For the load., we find the equation: 

d* PHI2/dt2 - F*(PHI1-PHI2)/J2 - D2*(dPHI2/dt)/J2 

thus, depending on the electrioal model, we end up with 

either a fourth or a fifth order model of this plant. We 

decided to neglect the armature inductance (which was 

justified by the fact that the electrical time constant 

was much smaller than the mechanical ones), and we chose 

as state variables the outputs of the remaining 

Integrators: 

XI - PHI1 

X2 - dPHIl/dt 

X3 - PHI2 

X4 - dPHI2/dt . 

In this way, we obtain the mathematical model which 

describes the DC-motor system: 

dXl/dt - X2 
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dX2/dt - -[ (PSI«UE)2/(RA*J1) +D1/J1 ] *X2 - F*(X1-X3)/J1 

+ (PSI*UE*U)/(RA*J1) 

dX3/dt - X4 

dX4/dt - F*(Xl-X3)/tT2 - D2*X4/J2 

Y - C*X3 

where C-0.159 Is a constant factor that describes the 

ratio between the position (X3) Itself, and the voltage 

measured from It by means of a rotational potentiometer. 

We set: 

J1 - PA(1) 

D1 - PA(2) 

J2 - PA(3) 

D2 - PAC4) . 

The NLID program coding this problem is shown 

below : 

COMMON/CID2C/MS.MM,NM,XXX(2100),QZ(10),NZ,KI,II,EI, 
» NP,SP(50),LP(50),IID,EOP,IDK,EMA(10), 
* EMR(IO),EMI(IO),IERO 
COMMON/USER/ R,PSI,UE,P,A21,A22,A41,A44,B2 
COMMON/GRAP/ IGRA 
IGRA - -1 
MS - 1 
MM - 1 
NM - 25 
QZ(l) - 1. 
KI - -1 
NZ - 2 
II - 4 
EI - 0.100E-02 
NP - 4 
SP(1) - 0.9 
SP(2) - 4.0 

Fig. 5-9 NLID program of example 4. 
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Fig.5-10 depicts graphically the first Input 

signal (IN01). This was used for the Identification 

process. NLID found the following values for the unknown 

parameters: 

J1 - 0.8698 

D1 - 5.2138 

J2 - 0.01631 

D2 - 0.00272 

The results from simulation before and after optimization 

are depicted in Fig. 5-11 and Fig. 5-12 respectively. The 

first curve (1) depicts the simulated output (0S01), and 

the second curve (2) graphs the measured output (OMOl). As 

can he seen, there exists a much better match between 

measured and simulated output after optimization has taken 

place. For control purposes, we applied the resulting 

parameter values to the same system once more, and 

simulated it (in this case, we set IID-0) using another 

input signal (IN02) as shown in Fig. 5-13. 

The simulation results are graphed in Fig.5-14. 

They verify that the parameter values found are correct as 

there can still be noticed a very good match between 

measured (OM02) and simulated (OS02) output. 

5.6 Lotka-Volterra Model 

Example 5. We want to identify the parameters of 

a Lotka-Volterra model applied to a population dynamics 

problem for the Insect population of the larch bud moths 
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SIMULATION BEFORE OPTIMIZATION 
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Fig. 5-11 Simulation of plant with Initial parameter 
values. 



91 

SIMULATION AFTER OPTIMIZATION 
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Fig. 5-12 Simulation of plant with optimized parameter 
values. 
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Fig. 5-13 Control Input signal. 
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SIMULATION UITHOUT OPTIMIZATION 
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Pig. B-14 Results from oontrol simulation run. 
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in the Engadlne Valley (Southern Switzerland).[7] The 

model takes the following form: 

dXl/dt - a*Xl - b*Xl*X2 , Xl(t-O) - X10 

dX2/dt - -c*X2 + d*Xl*X2 , X2(t-0) - X20 . 

where XI describes the population of the prey (larch), and 

where X2 describes the population of the herbivorous 

consumer (larch bud moth). The parameter a desorlbes the 

exponential growth of the prey population. o describes 

self-Inhibition of the predator population. The parameters 

b and d describe the Interaction between the two species 

(If predator meats prey, prey Is eaten which decreases the 

prey population, and Increases the predator population). 

We want to use the Identification procedure to 

determine the four parameters a, b, c, and d as well as 

the two Initial conditions. The Insects are expressed In 

number of larvae per kilogram branches, whereas the prey 

Is expressed In kilograms of needed blomass. 

However before doing so, we want to analyze our 

model a little more closely. We can apply a linear 

variable transformation: 

XI - (c/d)*Yl 

X2 - (a/b)*Y2 . 

This leads to a modified model: 

Y1 - a*(l. - Y2)*Y1 

Y2 - -o*(l. - Y1)*Y2 . 

In this new model, we have, only two parameters left. 
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Obviously, the parameters b and d do not influence the 

shape of the state trajectories. They are Just multiplying 

factors of the output equations for computation of the 

physical variables X out of the internal state variables 

Y. With measurements of one (the predator) population 

alone, we can thus certainly not hope to identify all 4 

parameters. Instead, we apply the modified model which 

reduces the number of parameters by one. 

With this model we can then construct the program 

along with a data file containing measured data of the 

populations of larch and larch bud moths during some time 

period. For the optimization, we used the predator 

population data only. They prey population data were kept 

to check the results of the identification. 

Note that the model is unstable If the two initial 

conditions are not in the first quadrant. As these initial 

conditions are parameters, we thus have a constrained 

optimization problem to solve. We chose the method of 

transforming the parameter space by applying a logarithmic 

transformation. In NLID, this can be achieved completely 

automatically, by setting both LP(1) and LP(2) equal to 2. 

The program of this problem is shown below : 
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C0MM0N/CID2C/MS,MM,NM,XXX(2100),QZ(10),NZ,EI,II,EI, 
* NP.SP(50),LP(50),IID,EOP,IDE,EMA(10), 
* EMR(IO),EMI(10), IERO 
MS - 1 
MM - 2 
NM - 30 
NZ - 2 
II - 4 
EI - 0.001 
QZCl) - 1. 
QZ(2) - 1. 
NP - 5 
SP(1) - 0.2821 
SPC2) - 0.02079 
SP(3) - 2.653 
SP(4) - 0.7869 
SP(5) - 0.02394 
DO 10 1-1,5 
LP(I) - 2 

10 CONTINUE 
IID - 1 
EOP - l.E-4 
IDE - 0 
DO 20 I-l.NM 

20 READ(22,1000) XXX(I),XXX(I+NM),XXX(I+2*NM), 
»XXX(I+3*NM) 

1000 FORMAT(2X,4E12.4) 
CALL NLID 
STOP 
END 
SUBROUTINE START 
COMMON/CST2C/PA(50),U(10),TI,ZI(30),ZMI(30),NORD, 

* NMOD,NITER,ZEND,ZMM(10),1ST,IKI 
NORD - 2 
XI(1) - PA(4) 
XI(2) - PA(5) 
RETURN 
END 
SUBROUTINE DER 
COMMON/DERCOM/T,X(30).XPC30).KEEP 
COMMON/CST2C/PA(50),U(10),TI,XI(30).XMI(30),NORD, 

* NMOD,NITER.XEND.XMM(IO),1ST,IEI 
XP(1) - PA(l)*(l.-X(2))*XCl) 
XP(2) - -PA(3)*(1.-X(1))*X(2) 
XMM(l) - PA(1)/PA(2)*X(2) 
RETURN 
END 

Fig. 5-15 NLID program of example 5. 
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In Fig. 5-17, the results of a simulation with the 

initial parameter values together with the measured data 

are depicted. Fig. 5-18 shows the same curves applying the 

optimized parameter values. The following parameter values 

were found: 

FP - 0.1375347E+5. 
PA(1) - 4.2748E-1 
PA(2) - 6.9623E-3 
PA(3) - 1.6977E0 
PA(4) - 5.9161E-1 
PA(5) - 5.1581E-2 

Fig. 5-16 Results of example 5. 

The minimized performance function (FP) is still 

very large although a satisfactory match between the 

simulated and the measured output curves can be noticed. 

This is alarming,and probably points to structural 

deficiencies of the model. 

The model resulting from this identification 

process is: 

Y1 - 0.42748*C1. - Y2)*Y1 

Y2 - -1.6977*(1. - Y1)«Y2 

Indeed, according to Fischlin and Baltensweiler 

[10], this model does not describe the tree population 

very well. This is because there exist additional faotors 

influencing the behavior of the system. Hence, some other 

processes than grazing and physiological reactions would 

have to be included into the model to obtain more 
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SIMULATION BEFORE OPTIMIZATION 

fosai 4.aaM0* 
2*onai 
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Fig. 8-17 Simulated and measured trajeotorles of 
predator population using initial 
parameter values. 
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SI.1ULATI3M AFTER OPTIMIZATION 

i*os0i 

1.11 

50 
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Pig. 8-18 Simulated and measured trajectories of 
predator population using optimized 
parameter values. 
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realistic behavior. One such model proposed by Fischlin 

and Baltensweller [10] separates the valley into different 

regions (compartments), and Includes the insect migration 

between the compartments as additional factor. This model 

is able to reproduce the system behavior much better, yet 

it is dangerous to conclude from there that the model is 

physically "correct", as it contains additional 

parameters. (It is a fact that a model can reproduce the 

behavior of almost any system satisfactorily if the number 

of parameters is chosen sufficiently large.) 

In general, we face several types of problems with 

interpreting the outcome of an optimization study. 

(1) We can rarely be sure that the algorithm has led us 

to the global optimum. We could as well be stranded in 

a side valley. 

(2) Even if we have found the global optimum, it is often 

Impossible to ensure that the model is truly correct, 

as the model could still have structural deficiencies 

(such as neglected parameters that would also be of 

influence). 



CHAPTER 6 

CONNECTING NLP WITH DARE/INTERACTIVE 

6.1 Introducing DARE/INTERACTIVE 

None of the existing continuous system simulation 

languages lias an optimization package associated with it 

that can he used as an integral part of the software. We 

thus try to combine NLP with the simulation language 

DARE/INTERACTIVE to create such an environment. This 

should enable us to enhance the experiment description 

capabilities of DARE/INTERACTIVE drastically. 

As shown before, NLP allows us to do dynamical 

optimizations in the form of parameter Identifications by 

itself. However, this tool is not powerful enough, as 

there exist other dynamic optimization problems as well 

(e.g. the solution of boundary value problems), and as the 

integration software within NLID is not very sophisticated 

(e.g. unsulted for stiff problems). 

In the Integration of NLP with DARE/INTERACTIVE, 

we shall make use of a subset of the NLP package only, in 

that the NLID entry is totally duplicated within DARE and 

thus useless, and in that the graphical file generation 

capabilities of NLP are also duplicated within DARE. In 

fact, as we used the DARE graphics processor even for NLP 

101 
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alone, the graphics file generation of NLP and DARE 

Interfere with each other. Thus, one should never use NLP 

together with DARE while pursuadlng NLP to generate 

graphics files. The IGRA parameter of NLP must, therefore, 

always be set to (-1) when used together with DARE. 

As a first step, we shall construct a loose 

Interface between the two programs In that the user Is 

asked to call the optimization software from within the 

description of his simulation experiment (LOGIC block of 

DARE). In a later step, It would be very feasible, to 

provide standard experiments for parameter Identification, 

steady-state finding, boundary value problems, etc. that 

would make the user programs shorter, and thus the life of 

the simulation user easier. 

Fig.6-1 shows the DARE/INTERACTIVE program 

structure. The software has three different modes In which 

the user can Interact with the system [6]: 

1) the modelling monitor: In which the user specifies his 

model to the system 

2) the run-time monitor: In which the user describes his 

experiment (e.g. parameter values, run-time display, 

Integration algorithm, type of experiment (normal 

simulation, range analysis, replication analysis). 

3) the graphics monitor: In whloh the user Interacts with 

the simulation data-base to view results of one or 

several previously performed simulations. 
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Pig.6-2 shows how NLP is to be connected with 

DARE/INTERACTIVE. DARE/INTERACTIVE lends itself better to 

this type of an interface than other Continuous System 

Simulation Languages (CSSL's) such as ACSL or CSSL-IV. The 

reason for this is that DARE allows the user to speoify 

explicitly from within the LOGIC block (which is basically 

an ordinary FORTRAN program) when a simulation is to be 

executed (by using the CALL RUN statement). In this way, 

the simulation is called as a subroutine which can easily 

happen deeply within NLP as well. In this way, the 

optimization program can call the simulation program from 

within the performance function evaluation (as it should 

be). Contrary to this situation, most of the CSSL's follow 

the original CSSL standard in which the simulation program 

is divided into three segments, an INITIAL segment to be 

performed prior to the simulation, a DYNAMIC segment which 

performs the actual simulation, and a TERMINAL segment 

which is executed following the simulation for final 

computations and output. Eventhough many CSSL's allow to 

jump from the TERMINAL segment back to the INITIAL segment 

for iterative execution of the simulation program, it is 

here actually the simulation that triggers an Iteration, a 

very unnatural structure for optimization analysis. 

Eventhough we may still be able to perform optimizations, 

we would have to code our own optimization algorithms 
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within the simulation program, and oould not rely on a 

previously coded and tested optimization package. 

Let us first discuss, how DARE/INTERACTIVE can be 

operated under VAX/VMS. The procedure of executing a 

problem in DARE/INTERACTIVE is the following: 

1) Type DARE while being in the VMS command monitor mode. 

This will start DARE/INTERACTIVE in its modelling 

monitor mode. In this mode, the user can edit the 

problem to be executed. A DARE program is composed of 

several files with the same file name but different 

extensions. Each file contains one or several specific 

DARE blocks or information needed for the DARE system. 

The file types and formats are shown in the following: 

a) filename.AFL: This is the "catalog" (directory) of 

the problem. It contains the extensions of all 

files belonging to the problem. This file is 

system maintained. 

b) filename.DDI: This file contains information about 

the variables to be depicted in the run-time 

display. Also this file is system maintained. 

c) filename.DDL: This user maintained file contains 

two of the blocks of the DARE/INTERACTIVE program, 

namely the $Dl-block (DYNAMIC block) which 

describes the system model through state 

equations, and the $L-block (LOGIC block) 

describing the experiment of the problem. 
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Eventually, also a $D2-block may be present. The 

format Is exactly the same as In DARE-P, with the 

exception of the "CALL RESET" statement which was 

modified to "CALL REINIT", as RESET Is a system 

subroutine. Each user maintained file Is to be 

terminated by an END statement (In columns 

1 .. 3). 

d) filename.DPI: where 1 stands for any 

alphanumerlcal character. These files allow the 

user to write his own FORTRAN functions and 

subroutines needed for the program ($Fi-blocks). 

The format Is the same as In DARE-P. The 

$Fl-statement must also be present. Several 

subroutines can be placed In one file, by 

separating them by a $Fl-statement. One new 

feature as compared to DARE-P Is the Introduction 

of the COMMON statement (In columns 1 .. 6 

Immediately following the subprogram header. This 

statement shall be Interpreted as a comment by 

FORTRAN (as It starts with a "C" In column 1, but 

It shall trigger the preprocessor to Insert the 

header Information of the DARE program, thus 

making all the simulation variables (state 

variables, algebraic variables, parameters) 

available to the subroutine. 

e) filename.DIM: This system maintained file 
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remembers the Integration method last used for 

execution of the problem. In DARE/INTERACTIVE, the 

Integration method Is determined at run time, thus 

no $Mi-block exists In this system. 

f) filename.DOW: This user maintained file contains 

the $0-block of DARE-P for coding a user 

Integration algorithm. 

g) filename.DFA: This file contains the parameter 

values to be used. This 1s equivalent to the 

specifications in DARE-P following the first END 

statement. However, this file Is system 

maintained. During the first compilation, the file 

is generated with values of UNDEFINED for all 

parameters. Prior to the first simulation, the 

system prompts the user for values of all 

parameters which can thereafter be modified 

interactively at any time. 

h) filename.DTI: These files contain one or several 

$Tl-blocks each. In our applications, we shall use 

these files to store measurement data needed for 

the curve fitting process. 

1) filename.DM1: These user maintained files contain 

command macros, that is: series of DARE commands 

to be executed one after the other in the form of 

a canned experiment. The DARE/INTERACTIVE command 

monitor takes the role of the previously described 
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development systems, but is decoupled from the 

MIDGET operating system. (In fact, 

DARE/INTERACTIVE is older than MIDGET. It led 

conceptually to the design of the MIDGET 

development systems.) All the monitor commands are 

commands to manipulate files in one way or the 

other. 

J) filename.DNB: A notebook file to Jot down anything 

that needs to be remembered about the particular 

problem (a scratoh pad). 

k) filename.DUT: A user maintained file containing 

output commands, corresponding to those of the 

DARE-P system, but largely extended. Such a file 

is optional, as graphics commands can be entered 

interactively in the graphics monitor mode. 

2) To edit any of the above file, the user specifies the 

command: "EDIT extension" where the (common) "DH 

character can be left out, thus e.g. "EDIT Fl" or 

"EDIT DL". The methodology Of DARE/INTERACTIVE is such 

that at compilation, new files are produced which 

differ from the souroe code by the first character of 

the extension, thus: "filename.FDL" would denote the 

preprocessed version of the DL-file (that is: a set of 

FORTRAN subroutines, while "filename.OF1" would be the 

object code of the FORTRAN compiled Fl-file. After the 

DARE program has been edited, the user can type the 
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command RUN to proceed to the run-time monitor by 

compiling all those files that need compilation, and 

by linking them together to an executable image file. 

DARE/INTERACTIVE maintains in its directory file 

(filename.AFL) information concerning the compilation 

level. In the run-time monitor mode, the user operates 

on the simulation experiment by modifying parameters, 

specifying variables to be included in the self 

scaling run-time display, and performing specific 

types of experiments such as ordinary simulation 

(execution of the $L-block or more specific types of 

experiments suoh as RANGE analysis, REPLICATION 

analysis, ANTITHETIC VARIATES analysis, eto., 

experiments that consist of precoded $L-blocks that 

replace the user specified $L-block. The command 

SIMULATE starts the execution of the simulation, by 

calling the compiled version of the user specified 

$L-blook (or a precoded one, if the user has not 

specified any $L-block at all). If some parameters 

have a value of UNDEFINED, the system first prompts 

the user for values of these parameters. During 

compilation, the parameter file is cheoked for 

consistency, thus if the user modifies his model, 

parameters no longer present in the model will 

automatically be deleted from the parameter file, 

while new parameters will be added with a value of 
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UNDEFINED. 

3) Once the program has been executed, four data files 

have been generated by the DARE system (unless the 

user has speolfled the /FLY-flag on the experiment 

execution statement, e.g. "SIMULATE /FLY" or 

"RANGE /FLY, etc.). These files are, TIME.DAT, 

MONIT.DAT, SAVE.DAT, and CROSS.DAT. These data files 

contain the output data needed for the graphics 

processor. The run-time monitor command GRAPHIC allows 

you to switch from the run-time monitor mode to the 

graphics monitor mode. 

4) The graphics monitor mode allows us to look at our 

simulation data by producing tables and plots. The 

commands are similar to those of the DARE-P system, 

but many new features have been added, e.g. an 

ENVELOPE command to graph the envelope of all 

trajectories found In a RANGE analysis, etc. If a 

"fllename.DUT" file was specified, this file Is 

executed automatically as a graphics command macro 

whenever the graphics monitor Is entered. After 

completion of the last graph, the system returns to 

Interactive mode to expect further output commands to 

be types In through the keyboard. After each (true) 

graph produced at the terminal, the system waits for a 

carriage return before It goes on to destroy the graph 

and draw the next one. To exit from the graphic 
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monitor, type RUN to return to the run-time monitor, 

or MONIT to return to the modelling monitor, or EXIT 

to return to VMS. 

This introduction was needed, as there does not 

exist yet a manual for DARE/INTERACTIVE (although 

INTERACTIVE HELP information is available in the system in 

abundance). 

6.2 Examples 

In this section we want to use two examples to 

show how the DARE/INTERACTIVE system can be used in 

connection with NLP. 

Example 1: This example is a parameter 

identification problem (NLID application) copied from the 

NLP user's guide [261. The problem is stated as follow: 

An input response of a single-input, single-output 

process has been measured as shown in Fig. 6-3. The system 

model is described by the following state and output 

equations with pi, p2 and p3 being the unknown parameters 

to be identified. 

dxl(t)/dt - p3*0.666666*U(t) - pl*xl(t) , 

dx2(t)/dt - pl«xl(t) - p2*x2(t) , 

dx3(t)/dt - p2*x2(t) - p3*x3(t) , 

y(t) - x3(t) . 

The initial conditions are: 

xl(0) - y(0)*p3/pl , 

x2(0) - y(0)*p3/p2 , 
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,i Input u(t): 10 measured points 

4  - -

[seconds] 

^Output y{t): 9 measured points 

8 4 0 12 16 

Fig. 6-3 Measured input and output 
of a prooess. 
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x3(o) - y(o) . 

The DARE/INTERACTIVE program for this problem Is 

as follows: 

file : NLID01.DDL 

$D1 
XI. - PP3*0.666666666«UMEAS(T) - PP1*X1 
X2. - PP1*X1 - PP2*X2 
X3. - PP2*X2 - PP3*X3 
Y - X3 
YH - YMEAS(T) 
PI. - (Y - YM)**2 

$L 
INPUT PPI1,PPI2,PPI3 
CALL OPT 

END 

file : NLID01.DF1 

$F1 
SUBROUTINE OPT 

COMMON 
COMMON/NLPP/NP,PA(40),FMIN,FTOL,IDER,IOU.NFE, 

* FET0L(40),NFI,FITOL(40),FAC,IND,FRES, 
* FERES(40),FIRES(40) 
COMMON/GRAP/IGRA 
INTEGER*4 NAMEl,NP,IDER,IOU,NFE,NFI,IND,IGRA 
EXTERNAL NAMEl 
NP - 3 
CALL REINIT 
PA(l) - PPI1 
PA(2) - PPI2 
PA(3) - PPI3 
CALL NAMEl 
CALL STROF 
FMIN - 1.E10 
FTOL - -l.E-5 
IDER - 0 
IOU - 2 
NFE - 0. 
NFI - 0. 
IGRA - -1 
CALL NLP (NAMEl) 
CALL STRON 

Fig. 6-4 DARE/INTERACTIVE program 
of example 1. 



CALL NAME1 
RETURN 
END 

END 

file : NLID01.DF2 

$F2 
SUBROUTINE NAKEl 

COMMON 
COMMON/FUNCT/IFUN,P(40),F,FIE(40),DF(40), 
*DFIE(1600),IERR 
INTEGER*4 IFUN.IERR 
PP1 - P(l) 
PP2 - P(2) 
PP3 - P(3) 
CALL REINIT 
XMI - YMEASCO.) 
XI - XMI*PP3/PP1 
X2 - XMI*PP3/PP2 
X3 - XMI 
CALL SAVE 
CALL RUN 
F-PI 
CALL CROSS 
RETURN 
END 

END 

file : NLID01.DT1 

$T1 
UMEAS,10 
0 .0 ,  0 .0  
2.0, 0.0 
4.0, 0.0 
6.0, 0.0 
9.0, 0.0 
13.0, 0.0 
15.0, 2.0 
17.0, 4.0 
19.0, 4.0 
21.0, 4.0 

END 

Fig. 6-4 —Continued. 
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file : NLID01.DT2 

$T2 
YMEAS,10 
0.0, 4.0 
2.0, 3.2 
4.0, 1.9 
6 . 0 ,  1 . 0  
9.0, 0.4 
13.0, 0.1 
15.0, 0.3 
17.0, 0.6 
19.0, 1.3 
21.0, 2.0 

END 

Fig. 6-4 —Continued. 

Note the INTEGER*4 statements declaring all 

Integer variables of the NLP program. This Is necessary as 

DARE/INTERACTIVE Is compiled with the /N0I4 option (In 

which each INTEGER occupies only 16 bits) while, NLP Is 

compiled without option (with each INTEGER occupying 32 

bits). The graphlo output for this problem produced by 

the DARE/INTERACTIVE graphics monitor Is shown In Fig. 6-5 

which Is very similar to the output form NLID shown In 

Fig. 6-6, the first curve (Y.OSOl) represents the 

simulated, the second (YH.OMOl) Is the measured output. 

Example 2: Here we want to solve the boundary 

value problem mentioned In chapter 5 by the approach of 

the shooting method. The problem as speolfled In chapter 5 

was: 

d2T/dxz - ol*(T" - c2) , 

with x e [0,1], T(0) - 100., ol - l.E-4, o2 - 0., 
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IDGNTirICATION 

a.sa 

2* 50 

e .ea  
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Pig. 6-5: Parameter Identifloatlon in DARE/INTERACTIVE 
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SIMU-ATION AFTER optimization 
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Fig. 6-6: Parameter identification using NLID 
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dT/dx (1) - 0. The approach is the following. First, we 

transform the second order ODE into a set of two first 

order ODE's: 

dT/dx - V 

dV/dx - ol»(T * - c2) . 

The Initial conditions are now as follows: 

T(0) - 100 

V(0) - pCl) - unknown . 

Ve thus use the unknown initial condition as the one and 

only parameter of this problem. Ve then let the square of 

the variable V(l) be the performance function. Ve would 

like to have V(l)-0. Thus by minimizing V(l), we optimize 

the performance of the system, and indirectly solve our 

posed boundary value problem. 

Vhen we try to run this program in 

DARE/INTERACTIVE, we realize that the differential 

equation is numerically unstable. Thus, we have to 

reformulate the problem slightly. Ve integrate backward 

from x-1 to x-0. Ve use: 

T(l) - p(l) - unknown 

V(l) - 0.0 

as the initial conditions, and the choose as the 

performance index: 

PI - (T(0)-100.0)*«2 . 
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The DARE/INTERACTIVE program for tills problem is 

listed below: 

file : DARE01.DDL 

$D1 
CI - l.E-4 
XI. - -X2 
X2. - -C1*X1«*4 

$L 
INPUT PO 
OUTPUT PI.PP1 
CALL OPT 

END 

file : DARE01.DP1 

$F1 
SUBROUTINE OPT 

COMMON 
COMMON/NLPP/NP,PA(40),FMIN,FTOL.IDER,IOU,NFE, 

* FET0LC40),NFI,FIT0L(40),FAC,IND,FRES, 
* FERES(40),FIRES(40) 
COMMON/GRAP/IGRA 
INTEGER*4 NAMEl,NP,IDER,IOU,NFE,NFI,IND,IGRA 
EXTERNAL NAMEl 
NP - 1 
CALL REINIT 
PA(1) - PO 
CALL NAMEl 
CALL STROF 
FMIN - 1.E10 
FTOL - -l.E-5 
IDER - 0 
IOU - 2 
NFE - 0 
NFI - 0 
IGRA - -1 
CALL NLP (NAMEl) 
CALL STRON 
CALL NAMEl 
RETURN 
END 

END 

Fig. 6-7 DARE/INTERACTIVE program 
of example 2. 
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file : DARE01.DF2 

$F2 
SUBROUTINE NAME1 

COMMON 
COMMON/FUNCT/IFUN,P(40),F,FIE(40),DF(40), 

* DFIEC1600),IERR 
INTEGER*4 IFUN.IERR 
PP1 - P(l) 
CALL REINIT 
XI - PP1 
X2 - 0.0 
CALL SAVE 
CALL RUN 
PI - (Xl-100.)**2 
F - PI 
CALL CROSS 
RETURN 
END 

END 

Fig. 6-7 —Continued. 

The optimization returns a value of: 

PCl) - 25.7 

The graphic result is shown in Fig.6-8 which is comparable 

to the output in example 1 (Fig.5-1,chapter 5). However, 

the graphic output from this example looks smoother than 

the other two. This is due to the fact that we discretized 

the x-axis using 10 intervals in those previous two 

examples,whereas we did not need to disoretlze it in this 

example. Hence, the results obtained are more accurate. 
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temperature distribution in boundary value problch 
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Fig. 6-8 Graphic output of example 2. 



CHAPTER 7 

DISCUSSION OP BOUNDARY VALUE PROBLEMS 

As mentioned before, we usually have several 

different methods available for solving a boundary value 

problem. We have already solved the same boundary value 

problem twice, namely by use of a shooting technique (this 

was done in Example 2 in Chapter 6), whereas a static 

optimization approach has been shown in Example 1 of 

Chapter 5. A third technique would be to use the result 

from Invariant embedding directly to solve the resulting 

PDE problem to steady-state. 

Thus, the distinction between ANALYSIS and 

SYNTHESIS problems is not as clear cut as most people like 

to see it. One and the same problem can often be viewed 

either as an synthesis problem (inverse problem) or as a 

(more complicated) analysis problem (direct problem). The 

conversion between these two ways of viewing the problem 

is called INVARIANT EMBEDDING. 

In our example, we can solve this boundary value 

problem either as: 

1) A static optimization problem in many parameters, 

2) A dynamic optimization problem In only one parameter, 

or 

3) A pure simulation problem in distributed parameters. 
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It seems now worthwhile to investigate which of the three 

approaches is numerically best suited. In this chapter, we 

want to answer this question, by solving the same problem 

once more, this time using the third technique. Ye apply 

the FORSIM-VI program (remember that this problem actually 

stems from the FORSIM manual). Of course, we are going to 

use the FORSIM DEVELOPMENT SYSTEM which is yet another one 

of these user interfaces provided in MIDGET. FORSIM is 

designed to solve PDE's by applying the method of lines. 

The space axes are discretized, and spatial derivatives 

are approximated by finite differences, while the time 

axis is kept continuous. The resulting state equations are 

integrated over time until they reach their steady-state. 

7.1 Invariant Embedding Method 

Example 1: The problem we deal with is the 

following: 

d2T/dx2 - cl*(T4 - c2) . 

To solve this problem, we Introduce a time derivative 

dT/dt to convert the equation into a partial differential 

equation of the parabolic type, and integrate this PDE 

until it converge to its steady state. Hence, we have: 

dT/dt - -d2T/dx2 + C1*(T" - c2) . 

Using this partial differential equation, we can write a 

FORSIM program as follows: 
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SUBROUTINE UPDATE 
COMMON /RESERV/ TIME,STEP 

* /CNTROL/ INOUT 
* /INTEGT/ T(ll) 
* /DERIVT/ DT(ll) 
* /DERVX/ TX(ll) 
* /DERVXX/ TXX(ll) 
* /PARTB/ BC(4,2,1) 
IP (TIME.NE.0.0D0) GO TO 100 
NPOINT - 11 
NPDE - 1 
C - 1.0D-4 
DO 50 1-1,NPOINT 

50 TCI) - 100.ODO 
BC(3,1,1) - 100.ODO 
BC(l,2,l) - 1.ODO 
BCC2,2,1) - O.ODO 

100 CALL PARSET (NPDE,NPOINT,T,DT,TX,TXX) 
DO 120 1-1,NPOINT 

120 DT(I) - TXX(I) - C»T(I)«*4 
CALL PARFIN (NPDE,NPOINT,T,DT) 
IF (INOUT.EQ.O) RETURN 
CALL RITER (X,lOHCOORDINATE) 
CALL RITER (T,4HTEMP) 
RETURN 
END 

Fig. 7-1 FORSIM program of tlie boundary value 
problem of example 1. 

The following data file Is needed for this program: 

TEST 

*NOPARS* 

*FINIT* 

The result of this problem run by FORSIM was found 

as follows: 
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TEMP(x-O.l) - 0.65900+2 
TEMP(x-0.2) - 0.5065D+2 
TEfcP(x-0.3) - 0.4199D+2 
TEMP(x-0.4) - 0.36430+2 
TEMPCx-0.5) - 0.3264D+2 
TEMPCx-0.6) - 0.2997D+2 
TEMP(x-0.7) - 0.2812D+2 
TEMPfx-0.8) - 0.26890+2 
TEMPCx-0.9) - 0.26190+2 
TEMP(x-l.O) - 0.25950+2 
CPU-TIME - 0.8140+1 

Fig. 7-2 Results of the boundary value problem 
solved by FORSIM. 

7.2 Discussion 

We have used three different methods to solve the 

same boundary value problem. All results are listed below 

again. 

1 OPTIMIZATION INVARIANT SHOOTING 1 
1 APPROACH EMBE0DIN6 METHOO 1 

i TEMP(x-0. 1) 1 0.6589E+2 0. 65900+2 0.6414E+2 1 
ITEMPCx-O. 2) 1 0.5064E+2 0. 5065D+2 0.49S5E+2 1 
ITEMPCx-O. 3) 1 0.4197E+2 0. 4199D+2 0.4105E+2 1 
ITEMP(x-0. 4) 1 0.3641E+2 0. 3643D+2 0.3573E+2 1 
1TEMP(x-0. 5) 1 0.S261E+2 0. 32640+2 0.S210E+2 1 
ITEMPCx-O. 6) 1 0.2995E+2 0. 29970+2 0.2955E+2 1 
ITEMP(x-0. 7) 1 0.2810E+2 0. 28120+2 0.2777E+2 1 
ITEMPCx-O. 8) 1 0.2687E+2 0. 26890+2 0.2659E+2 1 
ITEMPCx-O. 9) 1 0.2617E+2 0 .  26190+2 0.2592E+2 1 
1TEMPCx-1. 
1 

0) 1 0.2594E+2 0 .  25950+2 0.2570E+2 1 

1 CPU-TIMEcsec)l 4.47 8.14 20.44 1 

Fig. 7-3 Results of three different approaches for 
the same boundary value problem. 

Ye would like to compare the results with respect to 

convenience, robustness, accuracy, and efficiency. 
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With, respect to CONVENIENCE, the shotting 

technique Is certainly the most easy one to apply, as It 

does not require any reformulation of the problem. Once 

NLP shall be completely Integrated Into DARE/INTERACTIVE, 

the user program will be also the shortest one. 

With respect to ROBUSTNESS, all three methods have 

the same deficiency. They all are unstable If not 

formulated carefully. The shooting problem had to be 

Integrated backward In time, as the forward Integration 

was unstable. The PDE has to be created with the correct 

sign of dT/dt. Otherwise, the PDE would have been 

unstable. The static optimization problem required an 

Intelligent guess with respect to the Initial conditions 

of the (10) parameters which was easy In this example, but 

this Is not always the case. 

With respect to ACCURACY, again the shooting 

method seems the best, as It does not require any 

discretization. The problem can be solved directly as 

posed. Looking at the results above, It seems that the two 

other methods are In better agreement with each other, but 

that does not mean anything, as we have used the same 

discretization In both methods. Indeed, when we use the 

value T(l)-25.95 as the Initial value for an ordinary 

simulation, we obtain T(0)-108., that Is: 8% error on the 

second boundary value. 
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With respect to EFFICIENCY, the two discretlzed 

problems seem to be equal whereas the shooting method Is 

somewhat more expensive. However, it is difficult to make 

a final Judgement here for the following reasons: 

1) FORSIM computes in double precision, whereas NLP uses 

single precision only. Of course, double precision is 

more expensive in computation, thus, we do not compare 

apples to apples. It really would make sense to 

convert NLP to double precision as well. 

2) In the shooting technique, we have not taken advantage 

of the fact that the integration needs not to be very 

accurate as long as we are far away from the optimum, 

that is: as long as the gradient Is sufficiently 

large. We should modify the combined NLP/DARE system 

such that the Integration tolerances are made 

dependent on the optimization gradient. More research 

is needed to find out how to do this in an optimal 

manner. 

3) We really can only compare the efficiency of CODES 

rather than the efficiency of ALGORITHMS. This is a 

standard shortcoming of all benchmarking tests. Thus, 

if we find that one particular "solution" was obtained 
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more efficiently, It may simply mean that the 

programmer of that tool was more clever than the 

others, and not necessarily, that the technique is 

superior. This is at least true as long as the 

differences in time do not vary by orders of magnitude 

which was not the case in our example. 



CHAPTER 8 

CONCLUSIONS AND OPEN QUESTIONS 

8.1 Conclusion 

As mentioned in chapter 1, the goal of this 

research was to develop an integrated software system 

capable of solving engineering design problems. Ye also 

mentioned that in order to achieve this goal, the 

following steps were needed: 

1) transfer NLP from the CYBER to the VAX/VMS machine 

2) create a development system for NLP which 

Interactively runs the program 

3) use the DARE postprocessor to produce graphic output 

4) Integrate the NLP software with DARE/INTERACTIVE. Of 

these four steps, we have finished the first three. We 

also connected NLP with DARE/INTERACTIVE externally, that 

is: we can use the two software systems together, but the 

user interface for this combined software system is not 

yet optimal. The code is meanwhile executing 

satisfactorily. 

We were able to prove the applicability of the 

chosen path at hand of a number of practical problems that 

we were able to solve. The software as Implemented places 

a powerful tool into the hand of the engineer and 
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scientist by use of which many important, and currently 

unsolved problems can be brought to a solution. One suoh 

study, curve fitting of random data to distribution 

functions, has already been conducted, and led to a very 

successful senior project report [1]. Another application, 

optimization of electro-optical lenses has meanwhile 

begun. Due to time limitations, our work has to stop 

here. The following problems still need to be tackled. 

8 . 8  O p e n  Q u e s t i o n s  

1) We have already connected NLP with DARE/INTERACTIVE 

externally. However, as indicated by Cellier [6]: "we 

believe that a nonlinear programming package should be 

an Intrinsic part of any simulation system." Hence, it 

would be an important step to completely integrate NLP 

into the DARE/INTERACTIVE system. As suggested by 

Cellier, the idea of this work is the following: 

1) Create a subroutine for the DARE run-time system 

to retrieve and interpolate data stored on a 

STASH-file. "A STASH file is the DARE/INTERACTIVE 

data base whioh can hold any amount of data 

records stemming from various sources" [6]. In the 

current work, we used several times tabular data 

(e.g. a $T-block of DARE) to desorlbe measurement 

data. This is not realistio for practical 

purposes. There may be hundreds or thousands of 

data points required. It is nonsensical to expect 
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the user to retype them in form of a $-T-block. 

Even a preprocessor that would automatically 

generate the $T-block would not be the right 

answer, as the data would still have to be held as 

program code in memory. It is important that these 

data points can remain on the mass storage device, 

while interpolation is performed directly on those 

data. 

2) Modify the interface between DARE/INTERACTIVE and 

NLP such that the measured data may come from the 

STASH file rather than from a memory-maintained 

table. 

3) Integrate (2) into DARE/INTERACTIVE and introduce 

a new run-time command: "FIT #n" where n stands for a 

STASH record number. With this command being 

executed, the system will search the STASH record #n 

to find a match between names of variables on the 

STASH record, and names expressed as state or 

algebraic variables in the model. It then will fit 

those variables with the data stored in the 

respective columns of the STASH record. The 

parameters to be modified are those parameters in the 

parameter file, whose current value is "UNKNOWN". The 

performance function used will be: 

PI. - e C*i - Xi ) 

but it will be system maintained rather than having 
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to be specified by the user In the $Dl-block. The 

execution of the program will be the same as was 

demonstrated In chapter 6, however, the user program 

will become much shorter (the currently needed $F1-

and $F2-blocks will simply vanish. 

4) Eventually, an additional keyword will be needed 

In the DARE language to denote optimization 

constraints. Constraints Involving only one parameter 

such as "parl>0," or "10<par2<25" can already now be 

specified as tolerances In the parameter file. These 

are very common types of constraints. However, 

constraints may eventually be expressed as 

complicated function Involving several parameters, 

and for this purpose, we currently do not provide for 

a concept. Eventually, we may Introduce a new keyword 

similar to the TERMINATE keyword Into the $Dl-block, 

such as: 

CONSTRAINT parl»par2 < 100. 

2) As long as we are far away from the optimal point, the 

preolslon of the program Is really not a problem. 

However, when we approaoh the solution, we may require 

more digits than we have currently available. A double 

preolslon version would be very meaningful. For 

reasons of time constraints, NLP was not converted yet 

from single precision to double precision. The 

original CYBER version was coded In single preolslon 
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as the CYBER offers a larger word length anyhow 

(60 bits). 

3) Fig. 8-1 shows the performance function varying over a 

parameter in a one dimensional search. The goal of 

optimization is to find p* such that PI takes its 

minimum value within some given interval. Ideally, the 

exact value can be found by repetitive evaluation of 

the performance index, and iteration over the 

optimization algorithm. However, there exist always 

some numerical errors in the solution. One of them is 

the truncation error which is introduced during an 

integration step. As indicated by Gear [13], it is 

"the difference between the value given by the method 

and the value of the solution of the differential 

equation which passes through the value at the 

beginning of the step." Another error is the round-off 

error which is due to the finite number of digits in 

the calculation. All these errors can be regarded as 

"noise" of the system. The effect of the noise becomes 

very serious when there are integrations in the 

algorithm. For static optimization problems, the 

current noise level in NLP is about 10.E-6 (which is 

the machine resolution of the VAX/VMS in single 

precision, that is: the smallest number that can be 

distinguished from 1 in an addition: (1+eps > 1)). For 

dynamic optimizations (e.g. identification problems), 



I 

135 

N 

I 
I 

I 
I 

I 
I 

Fig. 8-1 Performance index varying versus parameter 
in uni-dimensional optimization. 
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the current noise level Is about 10.E-4 as each 

performance function evaluation Involves an entire 

simulation with Its round-off and truncation errors. 

(The global Integration error Is roughly one order of 

magnitude larger than the local Integration error 

introduced during one Integration step for most stable 

systems.) As Fig. 8-1 illustrates, this noise has 

little Influence on the optimization as long as the 

solution is far away from its optimum (the gradient of 

the performance function still being sufficiently 

large). However, in the neighborhood of the optimum 

solution, this noise shall hamper convergence 

drastically. On several occasions, we had to increase 

the termination criterion of the optimization 

algorithm, as the solution approached the optimal 

point to a certain degree, then started to 

stochastically "hop around" the true solution point 

for ever. One way to overcome this problem is to 

switch to double precision as mentioned earlier. Then, 

the statio noise level will be roughly 10.E-16, and 

the dynamic noise level will be roughly 10.E-14 on 

VAX/VMS. This is sufficient for most applications. 

However, we do not need all that (expensive) precision 

as long as we are far from the optimum. Hence, it is 

necessary to develop a new algorithm which will vary 

the accuracy requriements as a funotlon of the 
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gradient of the performance function. That is, the 

error toleranoe at the bottom of the performance 

function should be smaller than at the initial point. 

The proper relation may be : 

Tolerance - min (0.01*Gradient,l.E-2) . 

4) Sometimes, we need to optimize parameters of a 

stochastic system. All the remarks made under (3) 

apply here again, but much aggravated. We need new 

algorithms that take over once the optimum is 

sufficiently close. None of the algorithms implemented 

in NLP at this date will do for this task. We may 

eventually have to turn to some type of Monte Carlo 

technique. It is important to study this situation, 

and come up with some answers. 

The first two points are simple implementation 

tasks, and we would have implemented them ourselves if 

time constraints had allowed it. The latter two points (3 

and 4) are much more serious, and require additional basic 

research. They were never Intended to be tackled in this 

limited study. 



APPENDIX A 

RUNNING NLP ON VAX/VMS 

Here we want to show how to run the NLP package on 

the VAX/VMS system without the development system. Assume 

we have the NLP in the directory [SCRATCH.LUPING3. 

Following are the procedures to run the package. 

**** create the NLP library **** 

$FOR NLP.FOR 
$LIB/CREATE NLP.OLB NLP.OBJ 

***« edit the test problem *»** 

$EDIT TEST1.FOR 
omit 

*«*« compile the TEST1.FOR and link it 
***» with NLP/LIB 

$FOR TEST1.FOR 
SLINK TEST1,NLP/LIB 

***» assign the output to TESTl.OUT for hardcopy ** 

$ASSIGN TESTl.OUT FOROO6 

*«** run TEST1.EXE ***« 

$RUN TEST1 

**** after the problem has been executed, 
**** print out the result 

$PRINT TESTl.OUT 
$DEASSIGN FOROO6 

**** end *»** 
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APPENDIX B 

RUNNING NLP ON VAX/UNIX 

The procedures of running NLP on VAX/UNIX are the 

following: 

**** compile NLP and the test problem TEST2 **** 

$ f77 -O NLP.f 
$ f77 -C TEST2.f 

*«*« link TEST2 . 0  with NLP.o **** 

$ f77 -O NLP.out TEST2.0,NLP.O 

***« run the executable file NLP.out **** 

$ NLP.out 

**** end **** 
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