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ABSTRACT

System analysis is an 1important topic for many
scientific disciplines. By a system, we mean an orderly,
interconnected arrangement of parts describingra rhenomenon.
The formal representation of systems is done through
mathematical modeling. Thus the analysis of a system is
performed by analysing the mathematical model of the system.

The mathematical model of a system contains implicit
information about the system it describes - how the system
behaves under various conditions, what are the relationships
between the variables, how the cause-effect sequence of thé
variables be arranged, etc. Currently, the exposition of this
information in order to understand the system truly is
usually performed by humans. This thesis is a step towards
the automation of +this process and introduces for this
purpose some technigues. These techniques are based on the
use of some well-known mathematical tools: partial
derivatives and total differentials of the closed form
functions defining a system. Partial derivatives and total
differentials are analysed to make the causal relations
implied by the model explicit. The mathematical models
addressed by our work are restricted to models of the form of
élgebraic equations.
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We can classify the process of system analysis into
two: Quantitative analysis and qualitative analysis. 'The
techniques introduced in this work are mostly qualitative in
nature, but they also take into account the quantitative

information available in a model.



QZET

Sistem a}nalizi pekcok bilim dalin: ilgilendiren bir
konudur. Bblimleri arasinda dizenli badlantilar bulunan
herhangi bir olay: bir sistem olarak tarif edebiliriz. Bir
sistem matematik modelleme yoluyla ifade edilir. Bdylece bir
sistemin analizi sisteme ait matematik modelin analizi ile
vapr lir.

Bir sistemin matematik modeli sistem hakkinda OSnemli
bilgiler icerir: de3isik durumlarda sistem nas:1 davranir,
deg iskenler arasindaki iliskiler nelerdir, defiskenlere ait
sebep-sonu¢ si1rasi ne 5Sekilde dizenlenmistir, vb. Ginimizde
sistemil dodru olarak anlayabilmek icin bu bilgilerin c¢ikarim
genellikle insanlar tarafindan "yap: lmaktadrr. Bu tez, bu
islemin otomasyonu ydnitinde bir adim atmayr amac lamaktadir ve
bu sebeple bazi teknikler ortaya koymaktadir. Bu teknikler
vaygin olarak kullan: laﬁ' birtakim matematik metotlara
dayanmaktadir: bir sistemi tarifleyen kapalr fonksiyonlarin
kirsmi tirevleri .ve toplam turevleri. Kismi ve toplam
tirevler modeldeki deg is kenler arasi ndaki sebep-sonug
iliskilerini ortaya ¢i1karmak amaciyla kullan: lmaktadirr. Bu
¢alismada yer élan matematik modeller cebirsel denklemlerden

olusmaktads ‘r .

vi



Sistem analizi iz lemini iki gruba ayirabiliriz:

Sayrsal analiz ve niteliksel analiz. Bu =alizmada ortava

atilan teknikler genel olarak nitelikseldir, -ancak bir -

modelde bulunan saylsal bilgi de dikkate al:inmaktadir.
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I. INTRODUCTION

System analysis is an important topic for many
scientific disciplines. By a system, we mean an orderly,
interconnected arrangement of parts describing a scientific
event. Almost everything iﬁ the world around wus can be
regarded as a system or as a part of a more complicated
system. Therefore it is inevitable for science, whose main
aim is to explain the real world truly, to base its grounds
on the systematic analysis of systems.

The formal representation of systems is done through
mathematical modeling.  Thus the analysis of a system is
performed by analysing the mathematical model of the system.
We can classify this process into two: Quantitative analysis
and qualitative analysis.

There has been tremendous work in the literature for
the analysis of mathematical models. This work is almost
entirely based on quantitative technigques and the literature
is full of a rich set of theories for this purpose. For
example, the dynamic systems theory (e.g. [1]) concerns with
the quantitative solution of models that can be expressed in
terms of difference and differential equatiops. Figure 1
shows - the stages of the quantitative approach. Once the
problem under consideration is defined and converted into a
mathematical model, it is solved gquantitatively by using

several techniques. The solutions are then interpreted, the



validity of the model 1is questioned., and +the model 1is
improved if necessary. The process of modeling, computation,
and interpretation continues until the analyst is satisfied
with the level of detail included in the model.

Besides. these large amount of quantitative techniques,
recently researchers have begun to focus their attention
towards methods which are gqualitative in nature. Artificial
intelligence literature includes several approaches to study
causal behavior of (especially physical) systems by using
gualitative versions of quantitative methods, such as
gualitative arithmetic, gualitative causal calculus, and
qualitative physics. Figure 2 shows the stages involved in

the qualitative approach. In this case we are saved from  the

Improvement
‘L Modeling Computation Interpretation ]
Definition Mathematical Analy tic Commonsense
—_— ' >
of problem model solutlons description

FIGURE 1. Stages of gquantitative analysis

Improvement
‘l' Modeling ' solve
Definition Mathematical Gualitatively  pop o ncense
of problem model description

FIGURE 2. Stages of qualitative analysis



"rather expensive computation step and the computation and the
interpretation steps are replaced by a single step which
solves the model gqualitatively. What constitutes the phrase
“solving qualitatively” is the topic of research. -

Thé major advantage of a qualitative approach is that
it parallels the way people solve problems in everyday life.
It is well-known that a human being, when encountered with an
analysis problem, does not try to generate the solutions
quantitatively (which may indeed be very difficult or almost
impossible for complex systems), instead he/she tries to

capture the important parts of the problem, ignoring the

irrelevant details, and makes deductions on these. This 1is

referred to as commonsense redsoning. This explains why.  the
field of artificial intelligence, whose ultimate goal @ is . to
simulate the functions of a human being, is interested. in

qualitative analysis.

1.1. Mathematical Models and Qualitative Analysis

Nearly all observed phenomena in our daily lives or in
scientific investigation are based on mathematical models.
Typical examples include physical, economical, and social
systems as well as many others. It 1is absolutely essential
that an adequate mathematical model of the system be
generated if a meaningful understanding of the system is to
be obtained.

A mathematical model is a specification of the
interrelatipnships of the parts of a system, sufficiently

explicit to enable us to study its behavior under a variety
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of circumstances and, in particular, to control it and  to
predict its future. There may be various models for the same
system, differing in their amounts of detail. The degree of
detail incorporated in the model depends on the choice of the
model-builder, . the amount of data available, énd the
application.

A major decision, often taken at the very onset of
modeling, concerns the nature of the variables involved.
Basically variables are of one of two types. Those variables
whose values can be set freely by mechanisms that are outside
the particular model under consideration are called exogenous
. variables. Those variables whose values are to be determined
by the model -are called endogenous variables. The  exogenous
"variables -are treated ’as independent wvariables and the
endogenousivafiables.are treated as . dependent variables  in
the mathematical sense.

Onevimportant aspect of a mathematical model lies in
the arrangement of the egquations. It has been found by
experience that if the equations are arranged in a logical or
cause-and-effect sequence the model is stable.vThis sequence
is termed the natural order, for it invariably closely
parallels the cause-and-effect sequence found in nature. The
key to understanding the internal mechanism lies in ©being
able to define this natural cause-arnd-effect sequence.

Simultaneity, linearity, sufficiency and redundancy
are some of the important properties of equations. The
concept of simultaneity refers to the fact that the equation
set must belsolved simultaneously in order to determine +the

4



values of the dependent variables. Here we call an equation
linear if the relationship between the variables can be shown
as a straight line on the graph. In order to .obtain a
solution to a set .of equations,vit is necessary to specify as
many independent equations as there are dependent variables.
Independent equations mean that no redundant equation derived

from the other eguations can be used as an independent

equation.

| A mathematical model can be constructed using
different kinds of mathematical notations, including
algebraic equations, differential equations, difference
equations, : integral egquations, and’ partial differential"

. eguations. For example, a model may be purely algebraic (that-

is, represented as a set of simultaneous algebraic
equations), or a mixture of algebraic and differential
eguations.

There is a growing amount of research in the area of
qualitative analysis of systems} although often under
different titles (e.g. qualitative physics, gualitative
process theory, qualitative simulation, commonsense
knowledge, or causal ordering). All propose formalizing ﬁhe
commonsense knowledge about the everyday world, but each
views this task rather differently.

The work by de Kleer and Brown [2,3] on gqualitative
physics is motivated by the desire to identify the core
knowledge that underlies people’s physical intuitions. Their
interest in causality includes both the causal ordering among
variables (What variables affect what other wvariables) and

5



the direction, positive or negative, of causal effects
(whether an increase in variable x causes the value of
variable y to increase or decrease). They describe behavior
by a set of qualitative differential equations called
confluences. Confluences are constraint equations written in
terms of qualitative derivatives of variables, whose values
are +, -, or O.

In the thebry of qualitative physics as developed by
de Kleer and Brown, two types of behavior are discussed:
Intrastate behavior, or action within a state of the system;
and interstate behavior, or the transformation of the system
from one ‘state to another.  Boundaries between states are
characterized by critical values of certain variables.

They propose a method, called mythical causality, to
discover the causal relations in the system. The system,
which is presumed to be at eguilibrium initially, is
disturbed by a change in the value of a variable and the
effect of this disturbance_is then propagated through the
confluences until all the variables'are assigned new values
and equilibrium is restored-— During propagation, if an
equation is encouritered in which there remains more than one
variable whose values are unknown, then some assumptions are
made to reduce the number of unknowns to one. These
assumptions are based on some heuristic rules relevant to the
properties of physical gsystems.

The key to mythical causality is the design of
heuristics. They must be good enough to prevent the method
from generaﬁing unreasonable solutions.

6



Iwasaki and Simon [4] propose a method for causality,
somewhat different from that of de Kleer and Brown. It is
called causal ordering. What causal ordering accomplishes is
to make the ésymmetric relationship among wvariables impiied
by the model explicit. Establishing a causal ordering
involves finding subsets of variables whose values can be
computed independently of the remaining variables, and using
these values to reduce the structure tb a smaller set of
equations containing only the remaining variables. In this
way, by knowing which variables can be computed outside the
system and by wusing the modeling equations, a causal
structure is generated for the system.

Kuipers [5,6] - follows a  quite different approach to
describe the behavior of systems. His work 1is based on
éﬁalifative;simulation which is a key inference process in :
qualitative causal reasoning. A system is described by a set
of gualitative constraint equations and an initial state is
given. Then qualitative simulation is used to predict the
possible behaviors of the system. An important aspect of the
method proposed by Kuipers is that it allows new qualitative
values indicating‘critical points, in addition to +, -, and
0, to be discovered during the analysis. The basic idea
behind gualitative simulation is that a parameter can change
state only in specific directions defined by transition
ordering rules and restricted by consistency filters. In this
way a set of possible future behéviors of ~a system is

generated.



Weld {71 describes comparative analysis, which can be
seen as the complement of qualitative simulation, and
proposes a method called- differential qualitative (DQ)
analysis. Whereas qualitative simulation takes a descriptibn
of a system and predicts its behavior, Cohparative 'analysis
takes as input this behavior and a perturbation and outputs a
description of how and why the beha&ior would change as a
result of the perturbation. DQ analysis uses inference rules
to deduce qualitative information about the relative change
of system parameters. A trace of the rules used in solving a
problem is then translated into an intuitive explanation of
the answer.

Qualitative process theory, developed by Forbus ([81],
is based on the concept of process. A process is defined as
something that acts through time to.change the parameters in .
a situation. The method reasons qualitatively about
processes, when they will occur, their effeqts, and when they
will stop. Studying naive physics reasoning about everyday
physical situations, he determines the current set of active
processes. The constraint equations are derived from the
complete set of cufrently active processes. In this way,
qualitative process theory provides the means to model
aspects of commonsense reasoning about physical domains.

Weld [9] describes an abstraction technique, called
aggregétion, to dynamically create new descriptions of a
system”s behavior. Aggregation works by detecting repeating

cycles of processes and creating a continuous process



description of the cycle’s behavior. The importance of the
method is that it generates a higher-level abstraction for
the behavior of a system by combining repeating processes.

In addition to these works, several other researchers
have contributed to the literature for qualitative analysis,
such as Hayes [10,11] and Williams [12]. As indicated at the
beginning of this section, all these aim to formalizé the
commonsense knowledge, usually in different directions, such
as deriving causal relations in a system, predicting how a

system behaves, and explaining changes in system behavior.

1.2.  Summary of Our Approach

» The aim of this thesis is to analyse the mathematical
model of a system andwto generate causal relations about . the
dynamics of the system.

The mathematical model of a system contains implicit
information about the system it describes - how the system
behaves under various conditions, what are the relationships
between the variables, how the cause-effect seguence of the
variables is arranged, etc. Currently, the exposition of this
information in order to understand the system truly is
usually performed by humans. Our work is a step towards the
automation of this process and introduces for this purpose
some techniques. These technidues are based oﬁ the use of
some well-known mathematical tools: partial derivatives and.
total differentials of closed form functions defining a

system. Partial derivatives and‘ total differentials are

9



analysed to make the causal relations implied by the model
explicit.

The mathematical models addressed by our work are
restricted to models of +the form of algebraic equatiéns.
Furthermore, it is assumed that the equation set constituting
the model does not include any redundant equations. Tﬁe
eguations may be linear or nonlinear. The extension of the
techniques to other types of mathematical models (models
expressed in terms of differential- equations, difference
equations, etc) is an area left for future research.

The outline of this thesis is as follows: Section 2
gives the definitions and the notation that will be used
throughout the thesis and explains the fundamental assumption
on which all this work is' based. Sections 3 and 4
describe two techniques, referfed to as sign analysisr éndﬂ
value analysis. Section 5 illustrates what has been explained
in previous éections by an example. Section 6 describes a
prototype program which was implemented Eased on these
techniques. Section 7 ié a conclusion; it includes a
comparison of our work with the previous works and discusses
the possible futufe extensions of the technigques we have
introduced. The appendices are reserved for the supplementary
information about the program. Appendix A explains the
Newton-Raphson method used in the program. Program messages
are given in Apéendix B. Appendix C is for the specifications
and limitations of the program. In appendices D and E, a

sample run and the listing of the program are given.
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II. DEFINITIONS, NOTATION AND THE FUNDAMENTAL ASSUMPTION

This section explains the definitions and the notation

that will be used throughout the thesis.

Definition 2.1. A system, in 1its broadest sense, is an
orderly, interconnected arrangement of parts describing a

scientific event.

This definition is general enough that. nearly all
natural phenomena can. be described "in the language of
systems. Specific examples may arise, as well as many others,
in (a) a physical sYstem, such as a circuit, a traveling
space vehicle, or a ‘home heating éystem; (b) a social system,
such as the behavior of an economic structure; or (c) a life
system, such as population growth.

The techniques introduced in this work can well be
applied to systems from any domain, although we 7mostly take

our examples from physical systems.

Definition 2.2. A subsystem is a distinct conceptual part of
- a system. The working of the whole system is to be explained
in terms of the functions of the subsystems that constitute

the system.

As an example, a complex electrical circuit system can
be divided into different subsystems. Each subsystem

describes one distinct self-contained part of the system, and

11



the principles about how the subsystems should communicate

with each other are extracted.

This modular approach to mathematical modeling, that
is combining subsystems to form a single system, is refefredr
to as uassembling of systems. It simplifies both the
formulation and the analysis of the problem since it allows
the analyst to investigate the system at different levels of
detail. At the beginning the system can be viewed as a rough
approximatioh, consisting of only a few subsystems, of the
corresponding natural phenomenon by suppressing the details.
Then as the analysis progresses, we can turﬁ this system into
a subsystem, assemble it with other relevant subsystems and
thus form a more complicated - system for a better
approximation. The -process continues in this way. At a
particulaf s£age of thérprocess we can add more detail into a
subsystem by breaking it into. sub-subsystems or remove those
subsystems that are proved to be inadequate in order to make

the system more resemble to its real world counterpart.

Definition 2. 3; A mathematical model® of a system (or of a
subsystem) is the description of the system (or of the
subsystem) in the mathematical language in terms of the
following:

(1) A set of simultaneous equations, and

(2) A set of parametérs.

1
The term mathematical model will be abbreviated 33

madal hereaftar.
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The terms eguation and Ffunction  will be used
interchangeably throughout the thesis. A function denotes a
relation between the parameters (see Definition 2.4) of the
system and is written in the form of an eguation while
defining the model of the system.

As indicated in Section 1.2, the basic restriction
imposed on the equations in this work is that the equations
must be algebraic in form.

We will occasionally use the term submodel to indicate

the mathematical model of a subsystem.

Definition 2. 4. A parameter denotes either a variable or a-

constant. This is called the type of a parameter.

Definition 2.5. The type of a variable is either exogenous or
endogenous. An eXOéenéﬁs varitable ‘is one whose value can :be
set freely by mechanisms that are outside .the particular
model under consideration. An endogenous wvariable is one
whose value‘is to be determined by the interéotions between

the parameters in the model.

Exogenous variables and endogencus variables are
sometimes called independent variables and dependent
variables, respectively.

The choice of the type of a variable in a model
depends on several factors, inéluding the propérties of the
system under consideration, the level of detail incorporated
into the model, and the taste of the model-builder. There is

no clear-cut rules valid for all systems in this issue.

13



At this point it is worthwhile to state an important
property of the variables which 1is applicable to most
systems. A variable included in the model of a system which
is termed as endogenous stays as endogencus if the model. is
enlarged by adding modéls for new subsystems. On the other
hand, a variable which is termed as exogenous may either stay
as exogenous or become endogenous after the same enlargement.
This is basically due to the fact that, in the latter case,
the Qalue of the exogenous variable, which we can set freely,
is now determined by a (newly incorporated) subsystem, thus
the type of the variable becomes endogenous in the enlarged
model. On the contrary, in the former case, the addition of a
new subsystem does not enable us to set freely the wvalue of
an already endogenous variable.

A constant, as it nahersuggests,»is a parameter of-the
model whose value remains constant throughout +the analysis.
In this work we treat constants as exogenous variables for
all cases because of their similarity. Thus, in contrast to
the above definition of a constant, we will talk about the
“"change” in the value of a constant. Also, as is the case for
an exogenous varigble, a constant is allowed to change 1its
type to an endogenous variable in case new subsystems are
added to the model. This approach is more flexible than
fixing the value of a constant because a constant may be
replaced by another one, similar to the change of the value
of an exogenous variable, and it may be interesting to

examine the variations in the system behavior in such a

14



situation.

Definition &2.6. The difference between the number of
parameters and the number of equations in a model is called

the degrees of‘freedom of the model (or of the system).

Definition 2;7- A system whose degrees of freedom is equal to
the number of exogenous variables and constants 1is called
singular if, when the values of the exogenous variables and
constants ‘are given, the determinant of the resulting

equation set is zero. The system is nonsingular otherwise.

Singularity is a mathematical (numerical) issue. It
may arise for different reasons. A common reason is that a
model may be wrong in the mathematical sense. That is, either
the model contains redundant equations or a number of
improper equations are added to the model in order to reduce

the degrees of freedom of the system.

Definition 2.8. If the degrees of freedom of a system is
equal to the humber of exogenous variables and constants  and
the system is nonsingular, then the eguations can be solved
uniquely for the Qalues of the endogenous variables for a
given set of wvalues for the exogenous variables and
constants. The resulting set of values for the parameters is
called the state of the system, or the system state. - The

system state is a complete description of thebsystem.

Definition 2.9. The operating region of a parameter 1is the

range of values that the parameter may take on.

15



Definition 2.10. The union of the operating regions of all

the parameters in a model (or system) is called the space of

the system, or the system spoce.

The degrees of freedom of a system being greater than
the number of exogenous variables and constants denotes the
number of additional egquations that can be given about the
system. This is usually done by fixing the values of a number
of endogenous variables to reduce ‘the degrees of freedom,
thus making those variables exogenous. This must be done in a

way'such that the resulting system is nonsingular.

Definition 2.11. The sign of a, denoted as [a], where & may
be a parameter, a total differential; a - partial derivative,
or an arithmetic expression, is defined as follows:

[&]¥+ iff a>0,

[¢]=0 iff a=0,

[a]l=- iff a<O.

Definition 2.12. The inverse of the sign of at, denoted as
[{a], where @ is as in the previous definition, is equal to

the sign of the negative of «. That is, [3]=[-u].

Definition 2.13. The direction of change of a parameter p,
denoted as {p}, indicates in which direction the value of p
changes. It is defined as follows:

{p}=+ iff the value of p increases,

{p}=0 iff the value of p does not change,

{p}=- iff the value of p decreases.

{ 16



Since the total differential of a parameter P,
represented as dp, indicates mathematically the magnitude of
the change in the value of p, we can state that {p}=[dp]l. In .
other words, p is increasing iff dp>0, the value of ’p does

not changé iff dp=0, and p is decreasing iff dp<O.

Definition 2.14. The itnverse of the direction of change of «a
parameter p, denoted as {p}, is defined as follows:

{py=+ iff {p}=-,

{p}=0 iff {p}=0,

{(P}=— iff {p}=+.

Definition 2.15. A function is said to be in clesed form if

it is written in such a way that the value of the function is

equal to zero.

‘An ordinary function can easily be converted to a
closed form function. For example, the closed form of - the
function y=x is y-x=0.

Below is a listing of the notation that will be used

throughout the thesis:

%, an endogenous variable

Y; an exogenous variable or a constant

z; a parameter (i.e. either an endogenous wvariable, an
exogenous variable, or a constant).

dZi total differential of the pérameter z, -

Ficzi""’zn) a function of parameters Z s--sZ - The

parameter list will be dropped and the function symbol will

be denoted simply as F. when no confusion arises.

17



dFiCzl,...,Zn) total differential of the function E.

W

(abbreviated as dFt)_

FF . CZ, 00052 D
i i n

ap
PJ

partial derivative of the function F.L with
3F

respect to (wrt) the parameter pj (abbreviated as 5EL).
' i

;;% partial derivative of parameter z. wrt the parameter z, -
J

[al the sigh of a (Definition 2.11).

{z> the direction of change of the parameter =z (Definition
2.13). The braces {} will also be used to represent the
elements in a set. The distinction will be clear from
the context.

S the inverse of s, where s represents either a sign or a

direction of change. The distinction will be clear from

the context.

At this point, the definitions given above will be
illustrated by an example. 7

Consider the system shown in  Figure 3, which
illustrates a simple valve. The model of the system can be

described as followszz

-

“We  will describs a modsl informally by listing the
equations and parametsrs. For Faeh farawezter, W Ly (A8 )
abbreviated form: oxo l or ECHL B TICAR Varialle, oo {or
endogenous Svariabls, and const for constant) and af

applicabler a brief explanation are displayed.

18



Equations
Q:CVVPP::P;*
Parameters
Q , flow rate (endo)
, valve constant (const)
pressure at the left-hand side of the valve (exo)

pressure at the right-hand side of the valve (exo).

It is assumed that P1 is greater than P2 and thus the
flow is from left to right. (Pi—PZ) is called the _pressure
drop across the valve.

There is one equation and four parameters. The degrees
of freedom of the system is three, thus the eguation can be
solved to determine uniquely ‘the value of Q@ given the values
of other parameters.

Since Cv represents the wvalve constant, physically it
can take on only positive values. Therefore we can denote the
operating region of CV by the ihterval (0,c] forvASOme value
C.

Now consider the sy;tem shown in Figure 4, which is an

extension of the previous system in having a vessel

P

c, h c,
Py v . )
[ DXT z l P SR 1
—Q —Q

FIGURE 3. A valve system FIGURE 4. The valve attached to a

vessel
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containing liquid at the left-hand side. The model of this

new system can be described as follows:

Equations
Q=C Y P -P
v 1 4

P zhe+P

1 o

Parameters
Q@ , flow rate (endo)
C _, valve constant (const)

pressure at the left-hand side of the valve and at the

bottom of the ligquid (endo)
pressure at the right-hand side of the valve (exo)

P

h , height of ligquid (exo)

& , density of liguid (const)
P

, pressure above ligquid surface (exo)

Note.that the type of - the variable P1 is changed from
exogenous to endogenous. This meaﬁs that in the first system
the value of P1 is set freely by the analyst in order to find
the value of Q, but in the extended system P1 is determined
by the model itself (i.e., by the second equation, given the
values of h, e, and Po) which in turn determines @ given Cv
and Pz. -

The system can be thought of as being composed of two
subsystems, say the valve system and the 1liguid system. We
can construct the models of these two subsystems separately
and then assemble them to form a single system by defining
the mappings between the parameters. The model>of the wvalve

system is given above; the liquid system can be modeled as

follows:
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Equations
P=-he+P
O

Parameters _
P , pressure at the bottom (endo)
h , height of ligquid (exo)

e , density,bf ligquid (const)

P

pressure above liquid surface (exo)

k4

(o)

The two can then be merged into a single system by indicating
that the type of Pl‘changes to endogenous and P1 of the wvalve
model and P of the liquid model denote the’same quaﬁtity.

The techniques introduced here are based on a
fundamental assumption: A relation expressed in the form of
an algebraic equation between the parameters of a  system
implicitly represents the causal relafions between the
parameters as well.

Consider the following closed form function
F(x,y)=x+y=0 ' (2.1)

Suppose that x is an endogenous variable and vy is an
exogenous variable. It is customary to write the equations in
a model explicitly for endogenous variables to denote the
fact that the endogenous variables are to be computed from
the model for a given set of values fof the exogenous
variables. Following this recipe, the relationship between
the two variables in the aboverfuﬁCtion can be shown more

clearly in the following form

x=F(y)=-y
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which states that the endogenous variable x is a function of
the exogenous variable vy and the function maps the negative
of y to x. This relation between x and y may also be
interpreted that 1if the value of y is increased then >the
value of x will decrease to satisfy the equation and vice
versa. This interpretation of the function implies the

following causal relations between x and y:

an increase in the value of y causes a decrease in the value
of x.
a decrease in the value of y causes an increase in Lthe wolue

of X.

These relations may be rewritten as follows using an i f-/then
construct = keeping in mind that the <fs/then construct

represents causality.

1f v changes Iin positive direction then x changes in negative
direction
1f vy changes In negative direction then x changes in positive

direction

On the other hand, considering the form of the
function shown in (2.1) and assuming that we have imposed no
distinction between the wvariables from the point of being
either endogenous or exogenous, it is possible to treat the
variables in a uniform way and to generate the following four

relations between the variables:
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3.

1f v changss in positive direction then changes in negative

b

direction
tf vy changes tn negative direction then x changes in pgositive
direction

if x changes in positive direction then y changes in negative

direction
1f x changes in negative direction then y changes in positive

direction

Note that two of the relations above would be invalid
if one of the variébles was indeed an endogenous variable as
in the first case. This means that we will treat all of the
variables as if they are all exogenous variables for the sake
of uniformity, but then we will make use of any information
available on their being endogenous or exogenous. In  case
there is no such information we will assume that any of the
variables can be changed freely. In this case all four of the
relations will be assumed to hold and the relations will be

interpreted as representing mathematical causalities.



IIT. SIGN AMALYSIS

The first technique that will be introducedr here is
called sign anélysis. Sign analysis examines how a system
will react to perturbations in its parameters.

The idea can be explained as follows: The model of a
system is‘given. This model may only contain the equations
and the parameter names. It is not necessary to state whether
the type of a parameter is variable or constant and whether
the type of a wvariable is exogenous or endogenous, since the
sign analysis technigue treats all the parameters . in a
uniform way and leaves the interpretation of the results to
the analyst. The wvalues of the parameters (i.e. a particular
system state) need not be known, either.

When the model to be examined is given, we state a
perturbation in one or more of the parameters. In other
words, we state the directions of change of those parameters.
The model is then analysed and the.result—is the directions
of change of thé remaining parameters;

We will examine the application of the technigque on
two quantitieé: Sign analysis of total differentials and sign
analysis of gains. The technique is based on the use of what
we name as sign tables, which is the topic of ‘the following

section.
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3.1. Sign Tables

In this section we will examine in detail the sign
tables for total differentials of closed form functions. In
Section 3;8, we will briefly discuss the application of sign
tables to gains.

. For each equation (function) in a model, we form a
two—dimensional matrix called the sign table of the eguation
(function). The sign table of an equation has as many columns
as the number of parameters in the equation. A column for a
parameter z is titled with the sign of the total differential
of z, that is [dz], and each element under the column is  the
sign of a partial derivative representing a sign fbr the
total differential of z. Since we know that [dzl={z}, the
elements can also be interpreted as denoting the directions
of change of ‘the parameter z. Each row  represents a
combination of the signs of total differentials of the
parameters (i.e. directions of change of the parameters) in
the equation. The number of rows in a sign table depends on
the nuﬁber of parameters 'in the egquation, as will be
described below.

Let us consider the following closed form function of

two parameters
F(z1,z2)=0
The total differential of this function expressed

symbolically is SUGALICE UNE VNSl AUTURRANESE
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_OF ,OF -
~azi dz_=0

dF dz1'922 5

Note that dF  is equal +to zero since it 1is the total.
differential of the constant zero, i.e. the change in the
Valuevof the fupction (dF) must be zero regardless of the
changes in its parameters. For simplicity, let us denote the

. . . . aF aFr 3F
signs of the partial. derivatives 3 and 522’ [521] and

oF

[52—], as s, and S, respectively. Then possible combinations
2

for the signs [dzi] and [dzzl of the parameters z, and z_, may

be given in the following sign table:

[dz 1 ([dz,]

o 0l
o m wl

As indicated above, [dz] denotes the same identity as
{z}. Therefore we could as well title the columns' in the
above table as {z } and {zz} instead of [dzi] and [dzzj.

Noté that the elements in the table correspond to the
signs of partial derivatives.

Each row of- the table represents a possible ohange in
the values of the parameters. The first row says that a
change in zZ, in the same direction as 8, and a change in zZ,
in the opposite direction of s, is>compatible‘with the model.
Likewise, the second row corresponds.to é change’in z, in the
opposite direction of s, and a change in z, in the same

direction as S, and the third row corresponds to a change in

none of the parameters.
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If we consider that each parameter has three possible
directions of change, there are 3" sign cohbinations for a
function of n barémeters. This corresponds to nine for a
two-parameter function but as indicated above and as will be
derived below only three of these are valid. For example, a
change in z, in the same direction as s, and a change in z,

in the same direction as s, is not possible.

It is imbortant to emphasize that the above discussion

U

is valid regardless of the values of the parameters, 1i.
regardless of the system state.
Now let us give an example to make the point clearer.

Consider the following two-parameter closed form function

F(zi,zz):z1+22:0

The total differential of the function is

_8F OF _
dF—E dZi +'5-é—2- de =0

The partial derivatives are

aF _ aF _
'a‘g-l az;-l

Putting these into the above equality, it becomes

dF=dzi+d22=0

Since s :[QE— =+ and s :[3§L =+, the table for a
1 6z1 = oz

two-parameter function given above in its general form

reduces to the following particular table for this example
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Thus Qe conclude that the parameters of the function
can change in one of three ways (regardless of the values of
z, and zz): z, increases and z, decreases, z, décreases and
z, increases, or z, and zZ, remain unchanged. The remaining
sign combinations are not wvalid. For example, it is not
boséible‘for both z, and z, to increase (that is, a change in
z, in the same direction as S, =+, and a change in z, in the
same direction as 32:+)_and still the equation to hold. This
can also be easily seen from the function.

Tables 1; 2, 3, and 4 give the sign tables for
functions of one, two, three, and four parameters,

respectively. As in the above discussion, s, denotes [ZE ]

i

for the parameter z, -
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TABLE 1. Sign table of F(z)=0

[d=z]

0

TABLE 2. Sign table of F(zi,zz):O

[dzi] {d=_1]

2

z

1

1 4

O ol
S u ol

TABLE 3. Sign table of F(zi,zz,za):O
fdz, ] (dz,] fdz_]

3 s )
1 z 3
s s s
1 2 3
s s s
1 2 3
<] ] 0
1 2
s 0O s
] 3
s, s, s,
81 Sz Sg
s, s, 0
s, s, s,
8, 0] S,
(=3
0 s, 8,
0 s, S,
0 0 0
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=0

TABLE 4. Sign table of F(zi,zz,za,z4)

[dzz] [dzsl fd=

[dzll

[dz,]

[dz,]

[dz,]

[dz, ]
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In the following proposition we will explain the

mathematical foundation of sign tables.

Proposition 3.1. The sign table of an equation -includes «all

the possible directions of change of the parameters in the

equation.
Proof We give the proof for the general case. Consider the
function F of n parameters Zyseees2

F(z1,..-,zh):0

The total differential of the function is

_OF 3F _
dF=3z— dz,+. . 35— dz,=0 (3.1)

n

By referring to the mathematical meaning of partial

derivatives and total -differentials we -can state the

following fécts: [Zz ] =+ (i.e. gg— >0) means that the wvalue

i i

of the function F changes in the same direction as the value
~of the parameter z, ; that is, either increasing z, causes F

. . « ar
to increase or decr'eaaalng,"z,L causes F to decrease. [55—]:—
i

(g§~ <0) means that F changes in the opposite direction of

z. 5 that is, either increasing z, causes F to decrease or
decreasing z, causes F to increase. We do not consider the

case [gg—]:0~(§§- =0), since z, is a parameter that appears
i i

L

in F with a nonzero coefficient, thus the partial derivative

of F wrt z, cannot be zero.

Now consider the total differentials of parameters.

[dzi]:+ (dzL>O) means that the value of the parameter z, isg
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increasing. [dZiJ:f (dzi<0) means that z, is decreasing.

[dzt]:O (dzL:O) means that z, does not change.

or

If [

1=[dz 1. then [ 90— dz_]=+. In other words, if
L z i

i L

2 .y s .
both 5%— and dz'._L are positive or both of them are negative,
then the multiplication of these two quantities is positive.

This means that a change in z , no matter whether it 1is an

increase or a decrease, causes F to increase. If

F
[62.

L

]:[dzt]:+, then z, is increasing and F and z, change in
. . . arF '
the same direction, thus F increases. If [52—]:[dzt]:—, then
i

z, is decreasing and F and z; change in the opposite

directions; thus F increases. If [%g—}:[dzij,'- then -
=i
[gi dz,1=-. In other words, if one is positive and the other

18

-is negative,then the multiplication is negative. This means
that a change in z. no matter whether it is an increase or a

decrease, causes F to decrease. If [gg—]:+ and [dzi]:—, then
i

z, is decreasing and F and z, change in the same direction,

thus F decreases. If [gz 1 =— and [dzt]:+, then z, is

T

increasing and F and z, change in the opposite directions,

thus F decreases. If [dzi]=0, then [gg— dzt]zo. In other

1

words, if the total differential of z, is zero, then the

multiplication is zero regardless of the value of gg—-

We require the total differential shown in (3.1) be
equal to zero. In order for this equality to hold, either

none of the parameters change or there are at least two:
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parameters, one causing F to increase and one causing F to
' . _ OF _
decrease. In the former case, [dzt]_O (dzt—O), s0 [azf dat]~0
19

aF
(37

dz, =0) for each i=1,...,n and thus the equality holds.
i

The row of the sign table corresponding to this possibility
contains [dzi]EO for each i=1,...,n. In the latter case,

there are at least two parameters, say z. and Zj’ i=j, such

that [ dz 1=+ ([d _[dz 1) and [5——-d ] == ([az ]—[dz 1).

L i 3
The row of the table corresponding to this possibility
3K

. e .

contains [dZ.]:[?E—] and [dz J]J=[ =—] . There is exactly one
L dzi‘ 1 azj

row in each table corresponding to the former case, - usually

shown as the last row of the table. The other rows correspond

to the second case. o

As can be seen from Tables 1 through 4, all the rows:

are in accordance wifh the definition given in the proof of
the proposition. For example, consider the sign table for a
two-parameter function given in Table 2 and the table, given
in Table 5, of the same function showing all of the nine sign
combinations. Each of'the six rows that appear in Table ‘5 but
not in Table 2 Hhas the common property that either it
contains at least one element in the same direction of the
corresponding partial derivative but lacks of an -element in
the opposite direction, or wvice versa. For instance, the
first row of Table 5 says that both of the vafiables change
in the same directions as the corresponding partial.

e
derivatives. That is, [gg—]=[dzi] and [55—}=[dzz]. So,
. 1 : 2
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TABLE 5. Table of all sign combinations for F(z_,z,)=0

[dz,] [dz.]

[y

PR R B p
N N NOR

ONU)IUI O uluw O ul u

© © O uluwl ol v u

aF

[gg— dz 1=+ and [5E: dz_] =+. This means that %g: dz >0 and

gg— dzz>0. Putting these quantities into the total

differential of F (where the notation (+) indicates that . the

guantity is positive),

F az 425 42 -0
Z 1 2z . 2
1 2

_2
dF—a

= (+) + () =0

leads to an inconsistency sincé the addition of two positivé
quantities cannot be equal to zero.

Figure 5 gives a Pascal procedure for constructing the
sign table of a function. The inputs to the procedure are the
number of parameters in the function and the partial
derivatives of the function wrt the‘parameters.'We left how
to represent the derivatives wunspecified. The array Mode

indicates whether the sign of the partial derivative, the
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Const
MaxPar = ... ; { maximum number of parameters }

BarRanve =1 .. HaxPar ;

Derivative = Array Parﬁange
partial derivatives of the function wrt _parameters I
each element of the array is an expression

farameter range }

Procedure SlgnTabIe {n ParBané. ; { number of parameters in the function }
Deriv : Derivative ) ; partial derlvatlves for the function }

Var
Hode : Array gParRangB] 0f 1.,
modes of parameters in the following sense :
for 2 {arameter Z,

d glgn of partial derivative of the function wrt z
z

2:

3 {dz
iz arRange ;
Function ModesConsistent : Boolean

this function checks whether the modes of the parameters are valid, i.e. i

either all must be 2 or there must be at least two parameters, one
having mode ! and the other having mode 3

Var
HodeSet cSet 0£1..3;
i : ParRange ;

egin
§odeSet =[] ;
Ror i:=1 To n Do

inverse of the sign of partial derivative of the lunction»wrt z}

ModeSet := HodeSet + [Mode [i]] ; { ModeSet holds the union of modes }
g godesCon51stent = (ModeSet % {1, 3} = []) Or (YodeSet * {1,3] = [1,3])
nd

Procedure DisplayRow ;
; { this procedure outputs a row of the table }
ar
i : ParRange ;
Begln .
or i:=1 Ton Do
Case Mode [i) Of .
: ¥rite (Deriv [i]) ;
2 : Write (0) ;
-g : Write (Inverse of Deriv [i}])

En
Bnd ;
Begin
ﬁode =0 f initialize mode of first parameter }
; begin with the first parameter
Whlle fl > ; Do
B f Hode <3 Then { continue with the next mode of the parameter }
e
ﬁade [1 Hode (iy+1; .
Whl le n) D { initialize modes of following parameters }
egln

=idl;
Hode [i] =1

nd ;
If ModesConsistent Then
DisplayRow

{ all modes of the parameter examined, }

n
Klge
1:=i-1 { continue with the previous parameter }

End ;

FIGURE 5. A procedure for constructing the sign table

of a function
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inverse of the sign of the partial derivative, or the sign 0
will be used as an element of the table. We begin with méde 1
for a paraﬁeter and increase its mode until reaching 3. The
‘procedure generates all 3" sign combinations for a function
with n parameters, which are then filtered by the function
MbdeSConsis&ent to agree with the condition defined in the
proof of Proposition 3.1. The procedure DiSPanéow outputs a
row of the table in an informal way.

The number of rows in the table of a function depends
only on the number of parameters in the function. Therefore
two functions with the same number of parameters will have
tables with the same number of rows. The formula to calculate

the number of rows in the table of a function is
- |
N= £ (2'-2) + 1
i=2

where
N : number of rows in the table

n : number of parameters in the function.

The calculation is shown in Figure 6 for functions up to 10

parameters.

N I 1 3 13 51 181 603 1933 - 6051 18661 57003

FIGURE 6. Number of rows, N, in the sign table of an

n-parameter function
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One important point that must be indicated here is
that, since ﬁhe elements in a sign table correspond to the
signs of partial derivatives, we must know in advance these
signs before starting the analysis in order to be able to
reduce the sign table to one in which each element is either
+, 0, or ~. The expression of a partial dérivative may or may
not directly lead to a sign symbol when we take the partial
derivative. In such a case, it is necessary to supply
sufficient information about the parameters appearing in the
partial derivative in order to find the sign of the partial
derivative. This does not mean that we must specify the state
of the system (i.e. the values of the parameters), instead we
restrict the system space.

As an example, suppose that the partial derivative of

a function F with respect to a parameter z is found to be

oF _
3z —272

In order to be able-to specify [gg—] uniquely, we must
know whether z>2, z=2, or z<2. These three possibilities
correspond to [g%—] being +, 0, or -, respectively. By making
such a statement, Qe restrict the system space. For instance,
if we say that z>2, this amounts to leaving nearly half of
the operating region of z out of consideration (assuming that
z can take on all the values on the'reai line) and the result

of the sign analeis will only be valid for this region of

the space.
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On the other hand, if a partial derivative evaluates

to a constant such as

SF

3z 1

or to an eXxXpression whose sign can be calculated directly

such as

aF

2
55 "2 +1

then we do not require any information about that parameter.
In most systems, a large number of partial derivatives
would either be constants or their signs would be readily
determined from- their expressions for most functions
even though the values of the paramsters are not specified.
This would greatly simplify sign analysis. UFor example,

consider the following equation

F=P -he-P =0
1 o]

which was used in Section 2 for the valve and liquid model.

The partial derivatives are

8F _ BF _ 8F _ aF _
3P, % - ° Fo b gl

Since only positive wvalues are meaningful for the
parameters e (density of the liquid) and h (height of the
liquid) in thé system they take place (i-e.roperating regions
of © and h do not contain negative values), the signs of all
four of the partial derivatives would be easily determined

without imposing any restrictions on the system space.
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It must be noted that even though we are sometimes
forced to partition the system spaée into regions in order to
be -able to evaluate the signs of partial derivatives, we can
perform sign analysis on different régionsr of the system
space and then merge the individual results into results
which are valid for the whole system space (or wvalid for a
subset of the system space which we are satisfied with).

As a final point, if one is interested in performing
sign analysis for a particular staté of the system, then the
values of the partial derivatives will be evaluated first,
from which their signs will be determined.

The above discussion 1leads us to the following

definition.

Definition 3.1. A pure sign table is a sign table in which
each element corresponds to a sign symbol, i.e. +, 0, —or -.
We can convert the sign table of a funotion into a pure: sign
table by supplying information about the signs of parameters
and expressions in the table and computing the signs of those

expressions.

3. 2. Sign Analysis of Total Differentials

Sign analysis is based on the fact that the egquations
in the model satisfy a particular system state at a time. We
can disturb this state in specific directions and the
equations reach a new state. In between the old and the new

states, the closed form equations always evaluate to =zero
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regardless of in which direction the system is diéturbed. The
idea behind sign analysis is that it always keeps this
prihciplé in mind. When a parameter is being changed, it -
changes another parameter in such a way that the eguations

always hold.

Consider a set of km functions Fi""’Fm of n
parameters Z,s---52  as given below
Fl(zi,-..,zﬁ)ZO
Z : ' (3.2)
Fm(z4,...,zn):O

where nZm. To perform sign analysis -on such a system, we
first form the sign table of each function showing the
poséibIeAsighvcombinations.'(Although we .have written - the
eguations as though each: function is a function of n
parameters, a function need not contain all. the parameters.
The table of an equation will only oontain. columns for the
parameters it inéludes). Given a perturbation in - the system
(i.e. directions of change for some of the parameters), we
join the individual tables (see Definition 3.3) with respect

to the perturbation to obtain the result of the analysis.

Definition 3.2. Suppose we have a model consisting of a set
of m functions Fi,.;l,Fg and n paraﬁeters zi,.;.,zﬁ as given
in (3.2). A perturbation formula, denoted by &, for the model
is a logical formula in the form of

- - — g T
{rl}—siA{rz}—szA...A{rk}—sk, where O0=k=n; r e {zi,...,zn},
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i=1,....k; rL:rj iff i=j, i,3=1,..:.,k; and s, represents a
direction of change symbol, 1i.e. s, = {+,0,-}, i=1,....,k.
Informally, a perturbation.formula is the logical conjunction

of the directions of change for some of the parameters.

Definition 3.3. Suppose that we have two functions

F (p,5-..,p )=0
and
F,(q,,---,q,)=0
where P,5-.-,P are parameters occurring in F1 and Q s---59,

are parameters occurring in Fz. P and qj may dénoté the same
parameter for any i=1,...,n and Jj=1,...,m. - Suppose that we
represent the pure sign tables of F1 and F2 by the symbols T1
and T2, respeétively; Let & be a perturbation formula for Fi
and Fz, i.e. a conjunction of the directions of change for
some of pi,.-.;pn,q se-esq - Then the e—join of sign tables

1

Tl aﬁd ?2’ denoted as Ticzijz, is defined as follows:
(1) Form the cartesian product of T1 and Tz’ i.e. combine

each row of T, with all the rows of T_. Call the

pea

resulting table T;.

(2) Remove those rows of T, which contain different
directions of change for the same parameter. That is,
[dri']:s..L and [drj]zsj are two different columns on the

same row such that r,Lzrj and si¢sj. Call the result T;.

41



(3) For each column of T;, if there is another column for the
same parameter then project‘out (delete) one of those
columns. Call the result T;.

(4) Remove those rows of T; which do not agree with o. A .row
does not agree Qith o if & contains 'a conjunct {rL}ZSi
and the row contains a column [drj]:éj such that r =r,

and siisj- The result is the e—-join of T1 and Tz.

Property 3.1. For any sign tables Tl, T2, and Ta, and any o,
(1) TiczijZZTZCEfUTi (commutativity of join)

(2) (TiczfaTz)5251T3=T1C253(T2E2§TT3) (associativity of Jjoin).

As an example, Figure 7 shows two sign tables. Figure
8 is the s-join of these tables where e=({z, }=+).
Let us call‘the join operation Tf%ngz where o is

’empty,Athe e=join of Tf and Te, Vand .fepresent it by  the
notation T C=<3T,. Note that the first three steps of the
above definition do not make use of . e is used only in the
fourth step. If o ié empty then the fourth stép will have no
function. Therefore Tichﬂ} also represents an operatién

which is defined by the first three steps of the above

definition.

[dz 1 [dz,]1 - [dz, 1 [dz_ ]
+ + ' - + -
- - _ - +
0 0 0 0

FIGURE 7. Two sign tables for the join example
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[dz, ] [dzz] (dzz] (dz_] [d21] [dz_] [dz_] {dz_]1

2

+ + + : - + + + -
+ + - + - - - +
+ 4+ 0 0 0 0 0 0
- - + - Step 2
- = - +
- - 0 0
0 0 + -
0 0 - +
0 0 0 0
Step 1
[dzil [dzZJ (dz_1 fdz, 1 [dz_1 ([dz_]
+ L+ - + + -
- - + Step 4
0 0 0
Step 3

FIGURE 8. Example of join operation

Definition 3.4. Consider a model whose functions and
parameters are given as in (3.2). The Information matirix,

denoted by I, of this model is defined as follows:

2, Z,
[ 8F 8F ]
F 1 1
1 8z, : oz
< n
I = : :
oF IF
F m m
m 3z " oz
- 1 n -

That is, the Information matrix is the matrix of partial

derivatives of functions wrt parameters. When the above
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matrix is formed from partial derivatives of functions wrt
endogenous variables only, we will refer to it as the

Jacobian matrix of the system and denote by J.

Definition 3.5. A sign matrix 1is a matrix in which each

element represents a sign.

We will denote by I8 the sign matrix formed from the

Information matrix I.

Definition 3.6. A pure sign matrix is a sign matrix in which

each element is a sign symbol, i.e. +, 0, or -.

The importance of the Information matrix is that it
-contains the elements that will be used in forming  sign
- tables. If we convert the Information matrix of a model - into .
a pure sign matrix: by restricting the system space, as
explained in Section 3.1, then the sign tables of thé model
will be pure sign tables.

Now let us give an example on how to perform sign
analysis on a simple system. Suppose we have a system  which

can be modeled as follows:

Equations

2
Fi—zi—zz—O

=z _+z_=
F2 2tz 0

Parameters

44



The partial derivatives are

and the I8 matrix is

Since both F1 and F2 are functions of two parameters,
we use Table 2, which is the general form of the sign table
for a two-parameter function. Substituting the signs =@ of
partial derivatives into the table, we obtain Tables 68 and 7
as the sign tables for F1 and*Fz, respectively.

Tab1e76ucohtains elements that are expressed in terms
of the sign of Z. We must know whether z1>0, 21:0, or 21<O
in order to evaluate [zi] as +, 0, or -, respectively.

Suppose that, for the purpose of the analysis, we let

zi>0; Then Table 6 results in Table 8.

TABLE 6. Sign table of F:zf—zzzo

[dzll {dz,]

[zil +
[E:] -
0 0

TABLE 7. Sign table of F:zz+23=O

[dz,] [dz,]

+ -—
- +
0 0
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TABLE 8. Pure sign table of_F:zf~22:O for [zl]:+

[dz,] [dz,]

+ o+

0 : 0

Now using the pure sign tables shown in Tables 8 and 7
ofAfunctions F1 and Fz, respectively, we answer the following
questions. Let T1 represent table of F1 and Tz represent
table of Fz. o denotes the perturbation formula. Keep in mind
that the following results are valid only for the region of

the system space where z, is positive.

Example 3.2.1. How z, and z_ change if we increase zi?
e=({z, }=+)

TiEZfJTz is shown 1in Table 9. There is one row (one

possibility), so we conclude that

z, being positive if =z, {5 Irncrecsed thern z, increcses and,za

decreases.

Example 3.2.2. How z, and z change if we decrease zz?
9=({zz}=—)
Titzfjfz is shown in Table 10. The result is

z, being positive If Zz5 i5 decreased ther z, decreases and =

Lncreases.

Example 3.2.3. How z, changes if we increase z, and decrease

0
Z,7
o=({z }=+A{z_}=-)
The operation T1E253T2 leads to an empty table so we conclude
Z, being positive it is not passible Lo increase 2, on

decrease 22 at the same time.
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TABLE 9. Result of Example 3.2.1 for z >0

[dz,] [dz,] [dz]

+ + -

TABLE 10. Result of Example

[dz, ] [dzz] [dz_]

- - +

Let us also consider

Table 6 results in Table 11.

Tz, respectively, we answer

3.2.2 for zl>0

the case when z1<0- In this case,
Using Tables 11 and 7 as T_ and

the above questions which result

in Tables 12, 13, and 14. Thus we conclude that

Example 3.2.1. =

decreases and = tncraases.
2 o .

Example 3.2.2.'22 being negative, if =, is decreased then
=

both z, and z, increase.

Example 3.2.3. =z 6 being negatlive, Lf z, is increased and =z,

1

is decreased then 23

increases.

TABLE 11. Pure sign table of F:zf—zzzo for [z, 1=-

fdz, ] [dz_]
- +
+ -~
0 0

TABLE 12. Result of Example 3.2.1 for z1<0

[dz,1 [dz_ ] [dz]

+ .- +




TABLE 13. Result of Example 3.2.2 for zl<O

[dz, ] fdz_] fdz_]

+ . - .t

TABLE 14. Result of Example 3.2.3 for zi<0

[dzi] [dzz] _[dza]

+ - +

The two sets of results for the cases zi>0 and zi<O

can be merged, if desired, to yield the following:

Example 3.2.1. If =z, is increased then z, increases and Z5

decreases if z, is positive,,z2 decreases and Z5 increases {f -

2, s negative.

b4
Example 3.2.2. If z, is decreased then Z, increases and z,
decreasss Tf Z, iz pasitive,.zj Tnacreasses L Z, 25 negot § s,

Example 3.2.3. We can itncrease z, and decrease z, onlty 1f =y

is negative, in which case Z5 increasess.

Although all of the above questions resulted in
single-row tables (Tables 9, 10, 12, 13, and 14), in general
there may be éeveral possibilities. The number of
possibilities is determined in part by the number of
conjuncts in the perturbation formula - the more the number
of conjuncts, the less the number of possibilities. This is
obvious if we consider thét the number of rows removed from a
table during the join operation increases if the number of
conjuncts increases, thus resulting into a smaller table. For

example, if the perturbation' formula is empty, the result
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will contain all the possible directions of change for all
the parameters, that is, a summary of the possible &ehaviors
of the system. Table 15 shows such an " analysis on the
previous example for the case 21>0' We see from the table
that this particular system can change its state in only one
of two‘directions (excluding the case in which all parameters
remain in the same state; this possibility, of course, is
valid for all systems).

Note that, in the above analysis, we did not
distinguish between the types of parameters nor between the
types of variables. If this c¢lassification is to be done
prior to the analysis, an-analyst will normally be interested
in finding the signs of the endogenous variables for a given
set of signs of the exogenous variables and constants. In
this case, the analysis will usually result in a few number
of possibilities.

Sign analysis is completely a qualitative technigue.
It does not regquire to know the quantitative aspects of the
model. In other words, the wvalues of the parameters are
immaterial in the analysis. Actual values of the parameters

in the equations can remain unspecified because all that

TABLE 15. Result of e-join for zi>0

[dzil [dZZJ [dzal
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matters is which parameters appear in which egquations with
nonzero coefficients. That is, sign analysis is performed by
using thé directions of change of the parameters, not .by
using their values. (Here we must note that the restrictions
we impose on the system space that are necessary to evaluate
the signs of partial derivatives do not interfere with the
gualitativeness of the technique).

As we give the model of a system and indicate a
perturbation on the model, the analysis may or may not result
in a unigue combination of signs for the parameters (i.e. a
single row in the resulting table). We may be encountered
with a table containing more than one possibility. This. is -
basically due to the fact that sign analysis depends entirely
on qualitative information. However, thié situation  should
not be regarded-aé aﬂ disadvantage of the technique. ' This
simply means that the system behaves differently in different
states, since sign tables generate all the possible solutions
for the remaining parameters regardless of the values of the
given parameters. This situation simply is a property of the
techniqué and should be perceived as an advantage, rather
than a disadvantage, of the technigque over quantitative
techniques. Why it is an advantage becomes clear 1if we
consider that the analysis allows us to see all the solutions
that are possible for the given system without forcing us to
choose a particular system state. This 1is not possible to
achieve using quantitative techniqués unless we exhaustively

explore all numerical combinations of values of the



parameters of the system and all possible amounts of the

changes of the parameters in the perturbation.

DPDefinition 3.7. An actual solution for a model is a solution
(a combination of directions of change of parameters) which

is indeed a solution for the system the model represents.

Definition 3.8. A spurious solution for a sign analysis of a
model is a solution that participates 1in the sign table

resulting from the analysis but is not an actual solution for

the model.

Using the above definitions we will prove two
important aspects of: the sign analysis technique in the

following propositions.

Proposition 3.2. Suppéée ﬁﬁat we havé a model of n functions
Fi,...,Fn. Let Tl,..'.,Tn denote the pure sign tables of these
functions Fi,...,Fh, respectively. Let ® be a perturbation
formula for the model. Call the table resulting from the
operation TiczfﬂTzczfa'"EifaTn—it%szn’ T. (That is, T is the
table resulting from performing sign analysis indicated by

the formula & on the model). Then T contains all the actual

solutions of the analysis.

Proof. The proof follows directly from Proposition 3.1.

According to Proposition 8.1,T1,..1;Tn include all the actual
directions of change of the parameters appearing in their
respective equations. Since T is obtained by performing a

join operation on Ti,._.,Tn wrt e, we must examine this
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operation. In step 2 of the definition of Jjoin (Definition
3.3), the rows that contain different directions of change
for the "same parameter are excluded from  the cartesian
product‘of the tables. These rows indeed cannot participate
in an actual solution since a parameter cannot change in
different directions at the same time. In step 4, the rows
which do not agree with & are removed. These rows also cannot
participate in an actual solution since they are inconsistent
with the desired perturbation. The join operation does not
remove any other rows, thus it does not prevent any actual
solution from taking place in T. Therefore we conclude that T

includes all the actual sclutions. b

Proposition 3.3. Suppose that we have a model of n functions

Fi,...,Fn. Let Ti,;.;,Tn denote the pure sign tables of these

functions Fi,.-.an, respectively. Let & be a perturbation

formula for the model. Call the table resulting from the

operation T =T C==3...==0T =<aT , T. (That is, T 1is the
18 A = N (=3 n-1i 9 n

table resulting from performing sign analysis 1indicated by

the formula & on the model). Then T may include spuricus

solutions.
Proof. We will prove the proposition by giving an example
without resorting to details. Consider a system modeled by
the following two functions

F =z -2z_-z_ =0

1 71 Tz 3

F2=821—222~7=0
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The Is matrix is

Zi 22 ZB
F + - —<]

I =
S F + - 0 J

The sign tables of these functions, say T1 and Tz’ are
shown in Tables 16 and 17. We wish to analyse the directions
of change of z and z, in case z_ 1is increased. To answer
this question, we perform the opefation T1CS:E2 where
92({23}:+). The resulting table is shown in Table 18. We see

that there are two solutions which can be stated as follows:

1f Z4 is increased then eilther both,zf and Z5 Increcse or
both zf and 22 decrease.
However, only one of these solutions is actual: z, and z,

both decrease. The other one is a spurious solution. To see

this, suppose that V,s V and v, constitute a particular

2,

z_, and z

state of the system, 1i.e. ‘values of Z, s 5

3’
respectively. Now suppose that all three parameters are
increased. Let ii, i, and i, stand for +the amount of

a= =

increases in Z,, Z and Zg s respectively, (i1>0, iz>0,

2,

is>0)- Then for the equations to hold, we have

F1=(vi+i1)—(v2+iz)—(v3+ia)20
F2=3(v1+ii)—2(v2+iz)—7 =0
After rearranging the terms, we get
Fizvi-vz—v3+ii—i2—1320
F2=3V1—2V2—7+311—2i220
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TABLE 16. Sign table of F=2z -z_-z,=0
{dz ] (dz_] [dzg]

+ - +
+ + -
+ + +
+ + 0
+ 0 +
- - +
- - 0
-~ + -
- 0 -
0 - +
0 + -
0 0] 0

TABLE 17. Sign table of F:3z1—222—720

[dz,]1 [dz,]

+ +

0 0

TABLE 18. Result of example in Proposition 3.3

[dz,] [dz,] ([dz,]

+ + o+
- - +

54




Since the values V.o Vv,

a

, and v_ constitute a state of the

system , we have

vV, VLTV =0

v -2v_-7=0
1 z
Substituting these egqualities, we find that

i -i -i =0
1 “z 3

311—212 =0
Written explicitly for ii,

. i,=i_+i,

1,= 1z

(;Jl(\) N

The first equality says that the increase in z, is the sum of
the increases in z, and Zgs i.e. the increase in z, must be
greater than the increase in z, since i3>0- On the other
hand, the second equality says that the increase in z, must

be 1less than the increase in 2z which leads to a

2’
contradiction. Thus the solution where z, and z, both
increase as a result of an increase in z, does not represent
an actual solution although it takes place in Table 18.

Therefore we conclude that a sign table resulting from sign

analysis may contain spurious solutions. o

The main reason of getting spurious solutions is that,
as can be seen from the example in the proof, sign tables do
not contain any information about the amounts of change of

the parameters. That is, we do not know how much a parameter
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increases or how much it decreases.vAll we know 1is that it
increases or decreases. This is simply because we do not
exploit the quantitative information that . is available‘
implicitly in the modeling eguations, but we only wuse rthe
qualitative papt of this information. For example, what
causes one of the solutions in the above example to be
spurious are the coefficients of z, and z, (namely, 3 and 2)
of the second eguation. If these two coefficients were
interchanged, then that solution would be actual.

This situation results from the ambiguity inherent in
qualitative techniques, as discussed in [2,3,4,5,7]. However,
we emphasize that the quantitative information that must be
used to prevent spurious solutions is already present in the
model, and we believe that it 1is possible (and not so -
difficulf) to make use of this implicit information in this
direction. This is an area left for future work.

In [5], a solution that is actual but cannot be found
by the technique is called a false negative, and a solution
that is not actual but is found by the technigque (i.e. a
spurious solution) is called a false positive. As indicated
by Propositions 3.2 and 3.3, there can be no false negatives
but there can be false positives in sign analysis.

Before closing this section, we want to point out

another important property of sign analysis.

Definition 3.9. The inverse of a row of a pure sign table is
obtained by replacing each element of the row (which is a

s8ign) by its inverse.
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Definition 3.10. The ifnverse of a pure sign table T is a pure
sign table obtained by replacing each row of T by its

inverse.

Definition 3.11. The inverse of a perturbation formuld o is a
perturbation formula obtained by replacing each direction of
change symbol in & by its inverse. That is, the inverse of

{rl}zsiA...A{ry}zs}, where r_ ,...,r, denote parameters, is

1 k

{r,}=s A...A{r }=s .

Proposition 3.4. BSuppose that we have a model of n functions
Fi,...,Fn. Let Ti,...,Tn denote the pure sign tables of these
functions Fi,..;,Fn, respectively. Let e be a perturbation
formula for the model. Call the table resulting from the
operation TIEETQTZEETS‘"E?szn—iczfﬂTn’ T. (That is, T is the.
table resulting from performing sign anaiysié indicated by
the formula & on the model). Let 8 be the inverse of . Then

the result of the operation Tﬂ%;ﬂTé%;ﬂ...ca:w J%;STH is the

=
inverse of T.

Proof In the first part of the proof we will show, by
referring to the proof of Proposition 3.1, that each row in a
8ign table of a function has an inverse in the table.

Suppose we have a function F of n parameters Z, a5 2

F(zi,...,zn);o

The total differential of F is

_oF OF _
dF—b—z—i dZi"F. . .+a—z-;- dZn—O




Let TF denote the sign table of F. Let us represent a row of

.. .,8 for [dzi],...,[dzﬁ],

the table made up of signs S, .

respectively, by the notation <8 a-.-58 >

Suppose the contrary of the above claim: TF contains a

row <s,,...,S >, but does not contain a row <si,...,§r>_ 'I’F

containing a row <8,,...,S_ > means that either all st:O,
i=1l,...,n, or there are at least two signs in the row, say s.
L

s OF _ aF _ .
and sj, i#3j, such that [Ezf dzt]—+ and [55: dzj]_-, i.e. the

T

change in z,  causes F to increase and the change in zj causes

F to decrease (from Proposition 3.1). In the first case,
<31""’Sn>:<0""’0>’ s0 <§1,...,§r>:<0,..-,0>, i.e. the
n times n times

“inverse of the row is itself, already in the table. For the
.second case, consider the inverses of s, and S5 gt and Ej.

Then [gg— dzt]:—-and [gg— dzj]:+- This means that the change

1

in z, causes F to decrease and the change in zj causes F to
increase. Since we have at least one parameter causing F to
increase and at least one parameter causing F -to decreass,

this row must participate in the table regardless of the

signs of other parameters (from Proposition 3.1). According
to this, for the signs of other parameters, 8, » k=1,...,n,
k2i, k2j, in this row, let us use the inverses, i.e. gk. Then
all the signs in this row are the inverses of 8,5-.-38 . So,
<S1""’Sn> is a row of TE.

Now having proved that each row of the table Tt’

i=1,...,n, has an inverse in TL, we will show that the

operation T;:EST;, (i.e. the first three steps of the join

58



~operation TltgﬂT;), for any two tables T; and T;, preserves

this property. The first step is the cartesian product of the

two tables, say T’f If T; has a row <s ,...,8,> and T; has a
row <t1,-..,tm> then T will Qontain the -row
<si,._.,sk,t1,.,.,tm>. Since T; must also contain the row
<§1,...,§k> and T; must contain the row <E1"-"Em>v (by the
above discussion), then T will also ‘contain
<§1, . ,Ek,fl,...,Em>. Thus the first step preserves the
property. In the second step, if we remove a row <sl,...;sk>
from T because s, and sj, i,j:l;...,k, are the signs for the

same parameter such that si#sj, we also remove the row

<81""’§-> since gtﬁgj. Thus the second step also preserves

k
"the property. Call T~ the table resulting after the

application of the second step. In the third step, 1if we

project out the ith column of T”, then any two inverse rows
<8, ,...,8, > and <§1,...,§;> Cowill result in
<Si""’St—1’8t+1""’sk> and <§1,...,§L_1,_t+1,.-.,§k>,
i=1l,...,k, which are still inverses. So, after T;DZQT;, each

row will have an inverge_
Suppose that we have computed
TiczfaTzczfa...E:faTn_lczfﬂTn, call this table T . Let wus apply

the fourth step to T using & and &, call the resulting

. . o s .

tables T 4 and T s regspectively. Let
92({z1}:siA...A{zk}:sk) where Z,,---52%, are some of the:
parameters of the model. Suppose there is a row <t1,...,tm>
in T which agrees with o, i.e. s,=t, ,...,8,.=t, , where t,

1 k i
is the sign. for [dzj], j=1,...,k. Then this row will
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participate in T . T must also contain the row <E1""’Em>
and this row - agrees with &. To see this, note that
.é:({zl}:slA...A{zk}Isk) and . s,=t, ,...,8, =t Sg=1, .00k,
» 1 ¥ .
Thus this row will participate in T . Therefore T is the

inverse of T .
It remains to show that, for any perturbation formula
a, T =T =—1...==T c—aT results in the same table as
1 2 & A n—-4 a4 n
applying the fourth step wrt & to the table
T =T _=1...=T ==<0T . But this is intuitive since the
1 = 2 & e n-1 € n
only difference between the two operations is that in the
latter case the rows that are inconsistent with a are removed
at the end instead of during each operation.
Therefore we conclude that TLE%§3T2C§?U...EzfﬂTn_icé?aTn

is the inverse of T c=—3T_C—3...C=—aT c—aT . o
- 1 S 2 O [=] n-1 & (2 .

3. 3. Sign Analysis of Gains

We have explained sign analysis technique in detail in
Section 3.2. In the present section we will discuss the
appliéation of the technique to gains.

Consider a set of functions

Fo(X,5--.5% 5V,5...,%,)=0
: (3.3)
Fn(xi,..-,xn,yi,-.-sym)=0

where IS represent endogenous variables and Vys--eaV,

represent exogenous variables and constants. Suppose that we



change the value of one of the exogenous variables, say yf
Jj=1,...,m, while keeping the values of other exogenous
variables v, » i=1,...,m and 1i#j, unchanged. As ~will be

derived in Section 4.1, we can write

‘aFi dyj laFi axiL J_aFi axn_o
3 3y I Jy " "@x &y
Vi 9Y; 9%y 9V 7Yy
: (3.4)
8F dy. OF ox OF &x
n i, n 1+ LN n_O
dy. 8y ox Jy. "~ 'ax Jy
3 1 1 J n i
3x,

The partial derivative 5§L represents the ratio of the

change to be occurred in the value of the endogenous variable
X, for a change specified in the wvalue of the exogenous
variable/constant v; and it is called the goin of x, with
respect to yj in the control 1literature and the margira:t
value of x, with respect to yj in the economics literature.
We will prefer to use the term gain because we will be mostly
interested in physical systems.

For each of the equations in (3.4) we form a sign

table. In this case the columns of the sign ﬁables will be

«*‘Bx,L ay .
titled as [55—}, i=1,...,n, and [551]. That is, the columns
i i

_ 3y .
represent signs of gains. We note that 551 is unity, thus

dy .
[5;i]:+. Therefore we will only consider those rows of the
j N

tables in which this condition holds, i.e. a subset of the

tables will be used. (Of course, this is applicable to tables

whose functions include the parameter.yﬁ.
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Ix.
The sign of a gain, [5§LJ’ represents the direction of
j .

change in the value of the endogencus variable X, for a
3x

change in the wvalue of the exogenous variable V- [5§L]:+

means that X, and yj change in the same direction. That is,

increasing yj causes X to increase and decreasing y. causes
i
ax,

X, to decrease. [ayt]:— means that X, and yj change in

3

opposite directions. That is, increasing yj causes X to
Ix.

. N T
decrease and decreasing yj causes X to increase. [6y ] =0
i

means that the change in v, has no effect on X, .
When the sign tables are formed, converted to pure
3y .
sign tables, and the rows in which [5§i]¢+ are eliminated,
using these reduced pure sign tables (call these Ti,...,Th),
we compute T C==aT C==1...CzaT _ C=<aT .This shows us in which
direction the endogenous variables K 5w X change for a

change in the exogenous variable yr

As an example, consider the model of Section 3.2,

Equations
z2
Fi—zi—zz—O
Fzzzz+23:0
Parameters
z. (exo)

1

z zZ (endo)

22
For the sake of illdstration, we have made the types of the
parameters explicit (This was not necessary for the sign
analysis of total differentials). Converting the equations
into the form of (3.4) for the exogenous variable z,, we get

, 62.
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- OF_ 9z OF. 0z OF. oz (3.5)
: 2 2 2

M

=

- w
(@)

Substituting into (3.5), we get

az1 az2
2z15§2—52:20
Jz ez (3.6)
= + ._3—-0
éz 8z
1 1
Assuming zi>0, the Is matrix evaluates to
ZJ.. Z2 ZS
F1 + - 0
Is = (3.7)
Fz O + +

Now we form the pure sign tables of the equations shown in
(3.8) using the signs of partial derivatives (3.7). The

tables are shown in Tables 19 and 20. Note that the columns

az
A

are titled with the signs of gains. We also note that [67 ]
“q

must be +, so only the first row of Table 19 is wvalid.
Therefore Table 19 reduces to Table 21. The s-join of Tables

21 and 20 results in Table 22, which 1leads us to the

following result: .
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TABLE 19. Sign table of gains of F=z, -7 =0 wrt z_

az1 az2
(32,0 Taz]
1 1

+ +

0 o)

TABLE 20. Sign table of gains of F:zz+zazo wrt z
az az

1

z 3
(ez,! l&z?
1 1
+ -
- +
0 0

TABLE 21. Reduced form of Table 19

az1 az2
lez 1 laz!
1 i

+ +

TABLE 22. Result of sign analysis for gains

azi azz aza
(ez1 laz] I
i 1 1

+ + -

z, being positive, when we change the value of 2, 25 changes

in the same direction as z, and 25 changes in the opposite

direction of z,.

Let us examine the relationship between sign analysis

of gains and sign analysis of total differentials. In Section

3.2, we asked the question

How z, and Z4 change 1f we lncrease 21?



on the same model for the case =z, >0, and arrived at the

i

1

5 aredd

iy

2, being positive, f Z, is itnoreased thsn =z, tncreg
.

2. decreases.
~

From Proposition 3.4, we also know that

z, being posiiive, 1f Z, 1s decreased then z, decreases and

2., lncreases.
The combination of these two clauses is identical to the one
extracted from Table 22.

It must not be surprising that sign analysis of gains
and sign analysis of total differentials yield identical

results. To see this, let us write the total differentials of

the functions in (3.3)

aFi aFi aFl éFi
A Tax, Bt Tax Botey, ot -ty 0
: (3.8)
’6Fh 5Fn 3Fn 5Fn
th:aX:L dx1+_ . . +§— dXh+W; dy1+- . .+§-y—m- dym:O
n ‘

As we did above, suppose that we change the wvalue of yf
Jj=1l,...,m, while keeping the values of Vs i=1,...,m and i=®j,

unchanged. So dy.=0 and (3.8) becomes
L

5F1 aFi _ 3F1

dFJ.:.(—??;,— dy]+ I dX1+. . .+ax danO
: i 1 n

: (3.9)
aF gF aF

an:3§2 dy{+ 522 dx1+.__+3§2 dx =0
. j 1 n
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Now we form ‘the sign tables of functions in (3.9). The
columns wiil be titled as [dxi], i=l,...,n, and [dy}]. The
point is that the sign tables for gains in (3.4) and the sign
tables for total differentials in (3.9) will be exactly-the
same since the equations have the same coefficients. The only
difference is in the titles of the columns of the sign
tables. For instance, compare Tables 8 and 7 with Tables 19
and 20.

3y .
In sign analysis of gains we require [3594 =+ and
3

reduce the tables. On the other hand, in sign analysis of
total differentials, we perform the same analysis first for
[dyﬂ:+ then for [dyﬂz-, and combine the results (or, for
either [dy&]:+ or'[dyjlz—, and then use Proposition 3.4).

In the method of sign analysia of gains as described
above, we can change only one exogenous variable. Now let us
expand the method. If we remove the restriction on (3.4),
i.e. if all the exogenous variables are allowed to be
changed, it reduces to the féllowing equations in terms of
signs (the use of Y, is arbitrary here, we could use any

other exogenous variable as well)

OF  9x OF, Ox oF, 3y, oF, oy _
[ax1 an],+' ..+ 3% a,yj] +[ 3y, ayj] +.. ’+[ﬁ gg;j-] =0
(3.10)
oF  ox_ OF  ox_ oF 9y, oF dv
[ax @:] +...+[ 3% ayj] +[ 3y, an] +.. .+ 3v_ K] =0
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As before we form the sign tables of these equations. The

Ix. ayk
. . L . c
columns will be titled as [ayj], i=zil,...,n, and [5§f .
Jy .
k=1l,...,m. We again require [5§i]:+, so remove rows which

1

disagree with this condition. What this analysis is about can

be summarized as follows:

We change yj. We can also change other exogenous variables.

In which dirsction wrt yj the endogenous wvariables change?

a3y,
Note that [5§L}, i#j, does not correspond to the phrase

In which direction A changes I f we changs y
instead it corresponds to the phrase
In which direction, wrt yj, do we charge yiﬁ

because both are exogenous variables and a change in y. does
J

not affect A i.e. we can change v, independent of yf{

3y. -
[5§L =+ means that we change v, in the same direction as yf

ay.
[551 =— means that we change v, in the opposite direction of
J
ayi
v and [55—]20 means that we do not change Vv, -

3 . . L. .
of course, iof wve do not impose any distinction

betweaen th= Ly s of thea Foramstars, ther we car write {3, 1O}
8z .
. i
for any parameter =, and perform the analyaia for ony [a ].
z

i
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As an example, consider the following model

Equations'
F1:y1~x1:O
F_o=x +x_+y_ =0

271 Tz Yz

Parameters
X, X, (endo)
v, Y, (exo)

Suppose that we. ask the following questionf

We change v and ye in opposite directions. How do xl and x2

i
change?

Using (3.10), we write

3F axi 8F1 axz 6F1 ay1 6F1 ayz
[axi ay13+[6x2 6y1]+pay1 3y1}f(6y2 ayilzq .

(3.11)

oF, ox, OF_ox_ OF_ 8y OF_ dy_

[ = ay‘l] [6x ay]+[ay 6’y} [(?y 3y,

~1 =0

The I matrix is

Substituting into (3.11), we get

ax ay
ay
(3.12)
ax ax 3y
[ 5—1 +[ 5==1 +[ 5=—1 =0
ayi dyi dyi
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Assuming y1>0, the Is matrix evaluates to

X.L Xz yi y2
F1 - 0 + 0

IS = (3.13)
F + + 0 +

The sign tables of the equations in (3.12) using (3.13) are

oy
shown. in Tables 23 and 24. Since [ay1]:+, Table 23 reduces to
ayz .
Table 25. We set [ay ] =- from the question. Thus
3y A
e:C[ayz]Z—)4. The e-join of the two tables, Tables 25 and 24,
s )

results in Table 26.

Thus we conclude that

vy being posttive, tf Ay and ¥, are chonged in oppesite
directions, then x 1 changes n the sane direclticr sy 1 and

X, may change in any Jdirectior Cwrt yz)".

Note that we could perform the same analysis wrt v,

instead of v, - That is, we could write (3.11) wrt v, - Then

axi 6x2 6y1
the tables would be titled with [55—], [5§4], [8y ], and
ayz ayl 2 2 2
[ay 1 ; we would set [ay ] =—; and the results would indicate
z 2

directions of change wrt v, - Since v, and v, change in
opposite directions, it is not hard to see that the analysis

in this case would result in the following clause:

4 . . . . . :
in sign analysis of gains, a perturbation forrula s

formed frorn the conjunction of stgns of partial derivatives

instead of directions of change of parameters.
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TABLE 23. Sign table of gains of F:yi—xlzo wrt y,

ax ay
[5—1 [ =—1]
dyi 6y1
+ +
0 Q

TABLE 24. Sign table of gains of F:x1+x2+y2:O wrt v,

6x1 Ix_ dy

(31 [x37] [ 5=—1
ayi dy1 dyi
+ + -
+ - +
-+ - —
+ - 0
+ 0 -
- + +
—_ -+ -
- + 0
- - +
- 0 +
0 + -
0 - +
0 0 0

TABLE 25. Reduced form of Table 23
axi ay1

(55 Loy

+ +

TABLE 26. Result of opposite changes in v, and v,

ax ay ax ay

i 1 Z 2

A A2
+ + + -
+ + - -
+ + 0 -
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¥ being positive, If v, and vy, are changed in oppesite

directions, then X, changes tn the opposite direction of ye
and X, may change Iin any Jdirectionr Cprt ye)
which is identical with the previous one.

As a final note let us point out that this extended
form of sign aﬁalysis of gains 1is also similar to sign
analysis of total differentials. The reason 1is, as in the
previous case, that the two equation sets of (3.8) and

(3.10) have the same coefficients, so produce the same sign

tables. In sign analysis of gains, we change v and indicate

ay.
[Egij’ i=z1l,...,m, i#j. On the other hand, in sign analysis of

J
total differentials, we perform the sign analysis first for

[dyH:+ then for [dxﬂz—, and combine the results. For

3y, ay.
[dy.l=+, [dy 1=[ =—] . For [dy.l=-, [dy ]=[ =— . Therefore the
i i ayj 3 i dyj

two methods will produce the same results.
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Iv. VALUE ANALYSIS

Another technique that will be introduced here is
called value analysis. Value analysis is based on the use of
gains and examines in which amounts the parameters change due
to a perturbation in the system. In this respect it can be
regarded as the quantitative complement of sign analysis.

The idea can be explained as follows: The model of a
system 1is given. We specify a state of the system (i.e.
values of the parameters). Then we compute the gains for the
given state and examine the total differentials of the

parameters.

4.1. Gains

Let us consider a model of the form of

F (%, ,...5% 5V 5...,v )=0
F(x,,....%,¥,,--.,¥,)=0
where I represent endogenous variables and SRR A

represent exogenous variables and constants. The number of
endogenous variables is equal to the number of functions, so
the degrees of freedom in the system is equal té m. Thus the
system can be solved uniquely for the values of the

endogenous variables for a given set of values of the
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exogenous variables and constants, provided that the system
is nonsingular.

Suppose that we change the value of one of the
exogenous variables, say Vi j=1,...,m, while keeping the
values of other exogenous variables Vs i=zl,...,m and i#j,
unchanged. We want to examine the change in the values of the
endogenous variables.

The total differentials of the functions are

aFl aFi aFi <‘9Fl
dszax dx1+"'+6x dxn+3y dy1+... 3y dym:O
i n 1 ) m
(4.1)
IF OF OF SF
an:g{;{— dx1+. tm dxn_%y dy1+. . '+W dym=
1 n 1 m

As we know, the total differential of a parameter =z
indicates the change in the value of z. Thus dm;O, i=1,....m

and i#j, since we do not change the values of exogenous

variables except V- So, (4.1) becomes

aF aF1 dFi

3 dxi+ .+5§: dx = -3 J dyj

: (4.2)
aFn aFn' aFn

ax1 dx1+"‘+axn dx = "6yj d%

This is a set of n linear equations in n unknowns

dxi,...,dxr. Solving for unknowns and after a little bit of

algebra, we get
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(4.3)

ax

n
&y 9
3

Putting these terms into (4;2) and cancelling dyj terms, we

get in scalar form

3F  ax gF  &x oF
. g r N ___*
2 a Tt a gy @
X, 9 Yy Yy
: (4.4)
8F &x F dx aF
n 1+ " n n_ ™
fe] a -] vy . &
*1 OV n Yy Y
or in vector form
- T r 1 r 5% 7
3F SF, %, SF
6x1 dxh ayj dyj
D : : = _ : (4.5)
SF aF ax ar
n 12 ™ N
3 - e 3y .
| % Fn ] | Vi | Y]

The above matrix is the Jacobian matrix of the system. By
denoting the column vector at the left-hand side of the
equality by x, and the one at the right-hand side by £, the

notation can be simplified as
Jx=—-f . (4.6)

These equations constitute a set of simultaneous linear
ax . ax

equations in n unknowns 5—i,...,+§1 and can be solved by any

Y
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method used for solving simultaneous linear equations, such
as Gaussian Elimination or Cramer’s method, for a given state
of the system.

As explained in Section 3.3, the partial derivative
ox.

5;% represents ?he ratio of the change to be occurred in the
i

value of the endogenous variable X for a sufficiently small
change5 specified in the wvalue of the exogenous variable/
constant v and is called the gain of X wrt V-

The above derivation - is performed for a single yj.
What we have done is that we specify a particular state of
the system (i.e. the values of the parameters
xi,..-,xﬁ,yi,...,ym) 'and a parameter‘ Vs Jj=1,...,m, whose

value is to be changed. We then compute the nxn partial

8F
“derivatives EEL’ i,k=1,...,n, and the n partial derivatives
OF, k ox.
ayj,' i=1,...,n. Then . by using (4.4), we solve for 5;:,
i=1,...,n. This gives wus the gains of the endogenous

variables wrt the exogenous variable V-

The same analysis can be performed for any exogenous
variable by simply replacing the term v in (4.4) with the
name of the desired parameter. In the notation of (4.5), the
Jacobian matrix remains the séme, only the elements of the

vector f are to be changed. In this way we obtain all the

o

Since the derivation involwvaes the use of
differentiation, it is only valid in the limit, L. e. for an
infinitesimal change., Thiz = e 1. the nonlinearily i s
equations; for a Linear G L AN e TR RLNTYE thix
restriction. However, as wve deal with nonlinear equations in
general, this point yrvast ey kept. iy wingd wher wnterpreting

the results obtained from gains.
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ax.
gains for that state of the system, Iy i=1,...
B

,n, Jj=1,...m.

Gains can be used to compute the total differentials

of endogenous variables for.-a given set of values of 'the

differentials of

total exogenous

variables.

differential formula can be easily derived

letting’yi,...,ym to change (i.e.

not vanish). This evaluates to

3x Ix
dx dy + P
1~ 8 Y, Ty
m
ax ax
- dX S dy + .
n 3y 1 T3y
. m

the. terms

dy

m

dy

m

which is an extended form of (4.3) and means

The total
from (4.1) by
dyi,...,dym do

(4.7)

~that the total

differential of an endogenous variable is simply the sum of

the contributions of each of the exogenous variables.

Now we will illustrate the point by a simple example.

Consider a system modeled as follows

Equations
Fiz x1—8y1+y2 =0
F2:—X1+X2+y1y2:0

Parameters

L0 Xy (endo)

vy, (exo)
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Suppose that the system state is given as follows®

x, =6 x =2 y =1 vy =3 : (4.8)

The partial derivatives for endogenous variables are

calculated as

So, the Jacobian matrix is

aFi 6F1 an an
~—=-8 =1 =—-V_= ==y =1
,ayi 3y dyi 2 ayz 1

fi is the vector of the partial derivatives of functions for

vy and f£_ is the vector of the partial derivatives of

1
functions for v,- If we denote by v, and v, the column

vectors of gains for v, and vV, respectively, as in

GThe system atata oan ba apacifiad atthar by glwing
the values of all the parameters as in the example or oy
giving the values of BT OAS R wrr b laa e LAY LIPS Fraom
which ve can solve for tha valuea of the endogenoua
vartables. in this asecond approach, o method for -~ solving <&
set of atmulianacus nontinear aquationa maat. b siaed ance

the modeling equations are ronlinear in general.
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ayl ayz
Ml = Ix y2 = ax_
ayl ayz

we arrive, by using (4.5), to the following two sets of

simultaneous equations

r 1r ax, 7 - .
1 O - -3
dyi _
ax2 -
-1 1
Iy S ]
A Lt "t [ J
- | ox
1 O 3y7 1
ax =~
-1 1 - 1

1 _ _ i_ 2__
3y -8 3y - eyt &y (4-9)

The results can be interpreted as follows:

While keeping Vo constant, an increase in the value of v

ta,

causes an 8 times increase in the ualuse of xf and a2 5t lmess

)]

tncrease in the value of X
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While keeping y, constant, an increase in the value of vy

1

CAUSSS  are sPuil amouwnt decreosse tn ths uvalus of  x et o

fie 1y

times decrease in the value of X5

The interpretation in the opposite direction is also valid:

While keeping Vo constant, a decrease in the valuse of vy,

Py

causes an 8 times decrease in the value of x  and a 5 times
A

decrease in the value of X 5

While kesging vy f constant, a decrecsse In the valus of vy 5

causes an egual amount itncrease in the ualue of X, and o 2

times increase in the value of x_.
<.
The two can be combined into a general form:

While keeping Vs constant, a change in the value of vy, causes
an 8 times change itn the value of x, in the same direction as
Yy and a 5 times change in the value of x5 in the same

direction as V-

2
Q
a
o
Q
o}
3
)
i
o]
e
>
D
a
e
b
N
"
)
Q
o
U]
s
W

While keeping vy cansta

an egual amount choange tn the value of Xy T the ooposite

directior of Yo and o & times changes in the value of x, in
—

the opposite direction of Vo

The results can be used to calculate the total
differentials of endogenous variables. From (4.7) and (4.9),

we can write

and

2 (4.10)



4.2, Yalue Analysis of Total Differentials

Suppose we have a set of n functions

F(x ,...5% ¥y >...,y )=0
F(x,,....%x .,y ...,y )=0
where X, ,---,X are endogenous variables and V,»--->¥, are

exogenous variables and constants. Suppose also that a system
state 'is specified. Then we can compute the gains as

explained in Section 4.1 and, similar to (4.7), we can write

6x1 6x1
dx - dy -...- dy =0
1 ay1 1 aym m
axr axn 7
=5y, W TE g W0
m

This is a seﬁ of n simultaneous linear equations in n+m
unknowns dxi,...,dxh,dyi,.:-,dym, and can be solved by
specifying the values of m of the unknowns. Normally we will
be interested in solving for dxl,...,dxn (the amounts of
changes in the values of the endogenous variables) given
dyi,v....,dyrn (the amounts of changes in the wvalues of the
exogenous variables).

As an example, consider the‘ model of Section 4.1,

which was reproduced below
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Equations
F,= x,-8y,+y_ =0
FZ:—x1+x2+y1y2:0
Parameters
X . K, (endo)

v v, (exo)

1 2

For the system state given in (4.8),

x =5 x2:2 yizl y2:8

the gains were computed and the total differential equations

are (from (4.10)),

dx -8dy + dy_=0
1 1 z (4.11)
dx2—5dy1+2dy2:O

Now we can answer questions such as the following:

Example 4.2.1. We increase v, and v, such that the increase in

yv. is twice that of v, - How do X, and X, change?

2
Substituting dyizl (a unit increase) and dy_=2, we get
dx =6

1
dx_=1

2

X, increases & times the increase in vy and X, Increases an
<

amount egual to the increase in Vy-

Example 4.2.2. We change y, - We want to change v, in such a way
that the wvalue of X, does not change. How must y_ be changed

and what is the effect on xz?

Substituting dylzl and dx1:0 into (4.11), we get
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v, must be changed 8 times the change in W and in the sare

= > Y

dirsction. xt remains the sams and x, changss 11 tinss ths
[=

charnge in Yy in the opposite direction.

Example 4.2.3. We want x, and X, to increase 1in the same

amount. How must v, and v, be changed?

Substituting dxiil and dx2:l, we get

- 1

dy,= -3

_ 3

dy,=——77
We must i{ncrease ! t Lmes e dec recse v 3 tLmes the
yI ff WS O ‘ D YR & __,2 11, i L e

desired increase in xf.
: i

Example 4.2.4. We want a unit increase in X, - How can we change

v, and v, for this purpose ana what is the effect on xz?

Substituting dxizl, we get

—8dy1-+ dy2 =-1
dx2—5dy1+2dy2: 0

Since there remains three unknowns, the equations have
infinite number of solutions. Let us perform sign analysis
for this gquestion. Without delving into details, we show the
result of the sign analysis on the model for the perturbation
ez({xi}:+) (and using the assumptions that y1>0>and y2>0), in

Table 27. The table can be summarized as follows:

I f we decrease vy, or kReep 1t unchanged then we mnust decrease
y2 and X5 tncreases. If we increase ¥y then we caon change W
o=

in any direction and x_ changes in any direcitiore,

2
Suppose we decided to decrease v, in the same amount of the

increase in X, - So, dyiz—l, and we get

dy2=—9
dx2=13
As expected from Table 27, v, decreases and X, increases. So

we can conclude that



TABLE 27. Result of sign analysis for Example 4.2.4

[dx,] [dx ] [dy,] (dv_]

+ + - -
- + + + +
+ - + +
+ 0 + +
+ + + -
+ - + -
+ 0 + -
+ + + 0
+ - + 0
+ 0 + 0
+ + 0 -

If we decrease \p 1 unit and decrease Vo 9 units, thern we

will observe a f unit increase in xz and a {3 units increcses.

in x_.
b

What this example tells us that in some circumstances sign

analysis and value analysis must go hand in hand for a better

understanding of the system.

As a final note,vthe technique we have presented here
is based on the use of gains. The method to compute gains (or
marginal values) has been well-known and used.widely in the
eoonémics literature for a long time (e.g. [1,4,13]1). It is
known as the method of comparative statics. Comparative
statics presumes that the system is initially at equilibrium
and examines how the equilibrium wvalues of endogenous
variables respond to a change in one or more of the
parameters, that 4is in which direction they change and

establish a new equilibrium to match the new configuration of

the parameters.
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4, 3, Elasticities

In addition to gains, another wvalue that can be of
interest is called elasticity. Elasticities can be computed
from gains. Elasticity of an endogenous variable x with

respect to an exogenous variable vy, Exy, is defined as

ax
____ X _ vy ¢x
Exy_ 3y ~ x Iy (4.12)
y

. . o ex
and it represents the relative change —%— in the value of x
. e .
for a relative change —%— in the value of y.
As an example, we can calculate elasticies for the

example of Section 4.1 by using (4.8) and (4.9) as

A
_y1 "Xz_ 8 _
E = Fv - "B 1.6
Y, x99,
Y, 8x2 5
By v, "% 3y, =2 2°
2Y, %2
Y, axi 3
EX m — d —-—'—g——--o.6
1Yz R 9V
Y. axz

For example, elasticity df X, wrt y, means that
although the change in x, is 8 times the change in v, (from
(4.9)) for the particular system state given in (4.8), the
corresponding relative change is only 1.6.

Elasticities are useful in cases where tﬁe parameters
represent quantities that are very different in magnitude.

For . example; if the typical wvalues -that an endogenous
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variable, say x, can take on are in the order of 0.1, the
typical values that an exogenous variable, say y, can take on
are in the order of 100, and if a change in y causes a change
in the same amount in x, the gain g% is 1 although the
elasticity of x wrt y is almost 1000. In this case the value
-of the elésticity is more useful than the value of gain. This
becomes clear if we consider that, for instance, a change of
0.1 in y causes a change of 0.1 in x, but such a change is
almost negligible for y (compared to 100) although it doubles

the value of x.
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V. ILLUSTRATION OF THE TECHNIQUES

In this section, we will illustrate the techniques
presented in thg previous sections by using a complete system
taken from [14]. Consider the system shown in Figure 9. This
is a piping system of the form of a T junction with a pump at
the left-hand side supplying a cdnstant flow rate QF to two
locations through two valves, discharging into pressures P1
and‘Pz, respectively. The mathematical modei of the system is

given as follows:

Equations

Parameters

Q constant flow rate of the pump (exo)
Q flow rate of the first valve (endo)
Q flow rate of the second wvalve (endo)
C

valve constant for the first valve (const)

P;i discharging pressure of the pump (endo)
P1 pressure at the right-hand side of the first wvalve
(exo)
Cvz valve constant for the second valve (const)
P2 pressure at the right-hand side of the second valve
- (exo0)

The first equation above can be considered as the
material balance for the T junction and the last two as the

material balances for the two valves. We assume that PF is
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FIGURE 9. Example system used in Section 5

greater than P1 and P2 and the flows through the wvalves are -
in the directions as indicated on the Figure. (PF—Pi) and
(PF—Pz) are called pressure drops across the valves 1 and 2,
respectively. 7 -

The functions can be written in closed form as

F (Q.,Q,,Q,)  =Q.-Q-Q =0
F(Q,,C,

FS(QZ’CV

’P aP ):Q__C Y P -P =0
F 1 1 vi F 1

1

,PF’PZ):QZ—Cv2, PF_PZ :O_

2

Note that the determination of the types of the
parameters and the types of the variables depends on the
choice of the model-builder. For this system, QF, Pi, and Pz

are treated as exogenous -variables; @ , Q

. and PF as

2’
endogenous variables; and Cvl and Cv2 as constants for

physical considerations.
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Now as the system is given, we can begin the analysis.
However, before this process let us discuss the application
of the assembling concept which was explained in Section 2 on

this example.

5.1. Assembling

Suppose that a wvalve system, shown in Figure 3, is

modeled as follows

Equations
»Q:CVV Pi—P¢
Parameters

@ flow rate through the valve (endo)

y valve constant (const)

C
P pressure at the left-hand side of the valve (exo)
P

i
, bressure at the right-hand side of the valve (exo)

We assume that Pi is greater than PZ and the direction
of the flow is from P1 to Pz'
Now suppose that a pump system made up of two

branches, as shown in Figure 10, is modeled as follows

Equations
Q™% " ez
Parameters
Qm flow rate of the pump (exo)
ani flow rate of the first branch (endo)
dez flow rate of the second branch (endo)

For the purpose of reference, let us name the wvalve

model and the pump model as Valve and Pwrps, respectively.
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FIGURE 10. A pump system of two branches

Having these two subsystems, we can now construct the

model of the system shown in Figure 9 as in the following

informal notation:

Subsystems : FPump
=Q +Q

in cutd out 2

Valve (call it Valve-iI2

Q=C Y P -P
v 1 Tz
Valve (call it Valve-22
@=C ¥ P -P
) v 1 T2
Parameter names & types
Pump : Qtn > QF
Qouti » Qi
Qoutz > QZ
Valve—1 Q > Q1
C > C
v viai
P1 > PF (endo)
Pz > P1
Valve-2 : @ > Qz
CV > Cvz
P1 > PF
Pz » P2
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We use the pump model and two copies of the valve
model, referred to as Valwe-{ and Valve—-2. The parameters are
renamed as shown above. Also the types of those parameters
whose types are different in +the submodel and in “the
resulting model are changed, the other parameters use their
original types. The result of this assembling process is the
quel given in the previous section.

Note that the identification of the parameters is
implicitly done during renaming. For example, by giving the
‘ same name for QOu of Pump and Q@ of Valve-I, we indicate

ti

that the two refer to the same identity.

5.2. Sign Analysis of Total Differentials

To begin: sign analysis, we first form the sign tables
for each of the modeling equations. For this purpose we
calculate the partial derivatives and express them in terms

of the Information matrix of the system,

Q’F Q:l. QZ Cv-.1. CVZ PF P.’L PZ
F 1 -1 -1 0 0 0 0 0 i
* C C
F,{0 1 0 —=YP_=P_ 0 - — 0
I= 27 P -P " 2¥ P -P
F 1 F 1
C\;'Z CVZ
F3 o 0 1 0 -VPF—PZ —_—_— 0 _—
27 PF—PG 27 PF—PG J
aF.
which is an m¥n matrix of elements EEL with i=1,...,m and
i
Jj=1,...,n, where m (number of functions) is 3 and n (number

of parameters) is 8 for this example.
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We assume, ‘as indicated ~above, that (PF—Pi) and
(PF—PZ) denote positive gquantities because otherwise the
sqguare roots would have no real values. Based on this

assumption, the I matrix is converted to the IS matrix

QF' Ql QZ CV.‘.L CVZ PF Pi PZ
F[+ - - o0 o 0 0 0
1I=F,J0 + 0 - o0 (CT1 [C,6] O
Flo o + o - (T.1 o0 [c, .1

based on the fact that [fpﬁ;:?:q 1=+ and [VF?;:F;ﬂ 1=+.

The first equation has 3 parameters and the other two
equations have 4 parameters each. Making use of Tables 3 and
4 for a three- and a four-parameter function, respectively,

we can construct the sign tables of these functions as in

Tables 28, 29, and 30.

TABLE 28. Sign table of F:QF—Qi—QZZO
[de 1 [dQ,1 [dQ_]

- +

+ o+ o+ o+ 4
o + + +
+ O +

o o o
+
|




Tables 29 and 30 contain entries expressed in terms of

Cvi and Cvz. In order to be able to convert these into pure

Suppose

sign tables, we must know the signs of Cv1 and Cvz.

that C and C are both positive7, thus [C 1=+ and
vi v 2 vi

[Cvz]:+_ Substituting these into Tables 29 and 30 results in
Tables 31 and 32.

Now we can perform sign analysis by using Tables 28,
31, and 32. Call these tables Ti, Tz, and TB, respectively,
for functions Fi, Fz, and Fs' Let wus first generate a

notation for ease of presentation. We will use, for a

parameter z, the following terms

{z}=+ : the value of z is increased

{z}=- : the value of z is decreased

{z}=0 : the value of z remains unchanged

{z}=7 : the direction of change of z is unknown.

The first three represent terms we have already been
using and the last one represents a parameter whose direction
of change is to be determined by the analysis. A perturbation
formula, o, 1is  formed by taking the conjunction of 'the
parameters whose signs are known.

Below we give some examples together with their
interpretations. Keep in mind that all the following results

are valid for the case CV and Cv2 are positive.

1

in fact, in the system baing examinad, thasa are the

only possibilities that make sense since c and o]
vi v 2
represent valve constants which can not be negative
physically. Therefore this assumption does not bring any

restriction into the system space.
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:Qz—Cvz P_-P_ =0

TABLE 30. Sign table of F
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=0

F‘-i

:Ql _Cv 1

Pure sign table of F

TABLE 31.

[dP, ]

[dP_]

[d@,] [dC,, ]

[dP, ]

[dP_]

[dQ,] [dC,, ]

+ + + + + 00 0 0 o

+ o+ o+ o+ o+ o+ o+ o+ 4+
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=Q_-C ¥ P_-P_ =0

TABLE 32. Pure sign table of F

[d4Q,] [dC,,]

[dp, ]

[dP_ ]

[de 1 fdc, ]

[dp, ]

[dP_]

+ + + 4+ + 00 0 o0 o

+ o+ + o+ o+ o+ o+ o+ o+ 4
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Example 5.2.1. We increase QF while keeping other exogenous
variables and constants unchanged. How do the endogenous
variables change? '

Q. }=+ {Cvi}:{Cvz}:{Pi}Z{Pz}:O {Q, r={Q_ }={P_1}=7
6:({QF}=+A{CV1}:OA{Cvz}:OAipi}:OA{PZ}ZO)

TicgﬂTzcgﬂTa is shown in Table 33.

S0, there is one solution: {Ql}I{Qz}:{PF}:+.

Let us give an explanation of how the result is found. Ti has
5 rows satisfying {QF}:+, T2 has 3 rows satisfying
{C,, }=0A{P }=0, and T, has 3 rows satisfying {C__}=0A{P_}=0,
as shown in Figure 11 and the tables formed by these rows are

named as T;, T;, and T;, respectively. [dQl] and [dQZ] must

be the same in order for [dP_] of T; and [dP_] of T; do not -

conflict. That is, [dQ1]=[dQ2]:+, [dQ1]=[dQ2]=—, or
[in]Z[dQZJZO. Only the first one of these exists in T;. Thus
Q1 and - Q2 both - increase, and it is found from the

corresponding row of  either T; or T; that PF must- also

increase.

TABLE 33. Result of Example 5.2.1
[dQF] [dQ1] [dQ2] [deil [dPF] [dPi] [dez] [dPZJ

+ + + 0 + 0 0 4]

[dQ_] [de, 1 [d],]

+ - +
+ + -
+ + +
+ + 0
+ 0 +
[dQ1] [deil [dPF3 [dP1] [dQZJ [dez] [dPF] [dP23
+ 0 + 0 + 0 + 0
- 0 - 0 - 0 - 0
0 0 0 0 0 0 0o 0

FIGURE 11.'Reduced tables for the increase in QF
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Example 5.2.2. We decrease C‘ while keeping other exogenous

v oA

variables unchanged. How do the endogenous variables change?

{C,, == {Q.}={C__}={P }={P_}=0  {Q, }={Q_}={P_}=7

v i

62({QF}:OA{CV1}:—A{Cvz}ZOA{Pl}:OA{Pz}ZO)
T &—=3T 3T is shown in Table 34.
1 & Z2 & 3

Qf decreases while Q. ard P_ increase.
Example 5.2.3. We increase QF and decrease Cvl while keeping
other exogenous variables unchanged. How do the endogenous

variables change?

{Q.}=+ {C,,}- {C,,}={P,}={P_}=0  {Q, }={Q_}={P_}=7

1

o=( {QF }:+A{CV s }:—A{CV2 }:OA{Pi }:OA{PZ }=0)
T =T ==a0T_ is shown in Table 35.
1"e 2 e 3 -

02 and PF increase while QI may change tn any direction.

The existence of three solutions in this example means that
with different system states and with different amounts of"
perturbation (i.e. dQF and dei), it is possible for Q1 to

change in any one of the directions.

TABLE 34. Result of Example 5.2.2
[dQF] [dQl] [sz] [de1] [dPF] [dPi] [dCVz] [sz]

0 - + - + 0 0 0

TABLE 35. Result of Example 5.2.3
[dQF] [inl [szl [dei] [dPF] {(dP_ 1 [dC__1 [dP,]

+ + + - + 0 0 0
+ - + - + 0 0 0
+ 0 + - + 0 0 0
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Example 5.2.4. GSuppose that we are able to increase the
endogenous variable Q1 without affecting the exogenous

variables. How do Qz and PF change?

{Qi}:+ {QF}:{Cvi}:{Cvz}:{Pi}:{PZ}:O ‘ {QZ}Z{PF}:7
e:({QF}:OA{Cvi}ZOA{CVZ}:OA{PI}:OA{PE}:OA{Ql}:+)
TicgﬂTZD;ﬂTa results in an empty table.

This means that, in a particular system state (i.e. without
changing the values of exogenous variables and constants),
even if we are able to change the value of Qi, it will return
immediately to its original value. In other words, given the
values of the exogenous variables and constants, there is a
unique solution for the values of the endogenous variables
and we cannot alter those values without changing the values

of the exogenous variables and constants.

It is worth noting here that if the value of CVi were
declared as negative at the beginning of the analysis (in
which case [Cvi]:— so Tz, which was produced from Table 29,
would be different) then the above Jjoin operation would
result in a single solution: Q2 and PF decrease. This means
that without changing the values of the exogenous variables
and constants, endogenous variables may take different

values. In other words, the system is not stable.

Example 5.2.5. We increase QF while keeping other exogenous
variables unchanged and we want Q1 to increase. Is this

rossible, and if so how do Q, and P_ change?
1Q_1={Q =+ {C, 1=1{C, }={P }={P_1}=0 {Q, y={P_1}=7
9=({QF}=+A{Cvi}=OA{Cvz}=OA{Pi}=OA{PZ}=OA{Q1}=+)
TicéfﬂTzEEfﬂTa results in Table 33.

We conclude that this is possible and Qz and PF increase as
well.

This question 1is similar to the first one. In the first

question we did not have a restriction on;Q,‘but the result
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has shown that Q_l being increased is the only solution. Thus

these two questions give the same signs for QE and PF.

Example 5.2.6. . We want PF to increase and Q1 and Qz remain
unchanged. How must exogenous variables and constants be
changed 1in order to satisfy this condition? (or, It is
observed that PF is increasing while Q1 and Q2 remain

unchanged. What can cause this?)

{PF}=+ {Ql}:{Qz}:O {QF}:{Cv1}:{CV2}Z{Pi}Z{Pz}Z?
e:({Ql}ZOA{QZ}IOA{PF}:+)

TicgzﬂzcgﬂTa is shown in Table 36.

There are 25 possibilities. We can summarize the result as

follows:

TABLE 38. Result of Example 5.2.86
[dQﬁ] [dQl] [dQZJ [dei] {dPF] [dPi] [dCVZJ [sz]

0 0 0 - + + - +
0 0 0 - + + - -
0 0 0 - + + - 0
0 0 0 - + + + +
0 0 0 - + + 0 +
0 0 0 - + - - +
0 0 0 - + - - -
0 0 0 - + - - 0
0 0 0 - + - + +
0 0 0 - + - 0 +
0 0 0 - + 0 - +
0 0 0 - + 0 - -
0 0 0 - + 0 - 0
0 0 0 - + 0 + +
0 0 0 - + 0 0 +
0 0 o) + + + - +
0 0 0 + + + - -
0 0 0 + + + - 0
0 0 0 + + + + +
0 0 0 + + + 0 +
0 0 0 0 + + - +
0 0 0 0 + + - -
0 0 0 0 + + - 0
0 0 0 0 + + + +
0 0 0 0 + + 0 +
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QF must not change. [If Cn} is decreased then P; can be

changed in any direction, otherwise P must be increassd.

1
Similtarly, if Cv° is decreased then Pp can be changed in any

[ [l

direction, otherwise P2 must be itncreased.

2
unchanged. We want PF not to change. How must we change Pz to

Example 5.2.7. We increase P1 while keeping QF, Cvi, and Cv

satisfy this condition and how do Q1 and Q2 change?
P, }=+ {Q_1={C_ }={C_ _}={P_1}=0 {P_}={Q }={Q_ 1}="
©=({Q_}=0A{C_ }=0A{C__}=O0A{P }=+A{P_}=0)
Ticzdezczija is shown in Table 37.

We must decrease P2. QI will decrease and QE will increase.
Example 5.2.8. We decrease QF and increase CVi while keeping
Cv2 unchanged. We want Q1 to decrease and PF not to change.
How must P1 and P2 be changed to satisfy this condition and

how does Q2 change?

fQ_¥={Q,}=- {C, }=+ {C,,}={P_}=0 {P }={P_}={Q_}=?
e:({QF}:—A{CVi}:+A{Cv2}:O:’\{Qi}:—:‘\{PF}:O_)

T —=aT_c=—=aT_ is shown in Table 38.

1 © 2 9 3

and we can changs F_ trne arny Firection, Qé

1 2
will change in the opposite direction of PE'

We must increase P

TABLE 37. Result of Example 5.2.7
[dQF] [dQll [dQ2] [dei] [dPF] [dPil [dez] [sz]

0 - + 0] 0 + 0 -

TABLE 38. Result of Example 5.2.8
[dQ_ ] [dQ 1 [d@ ] [dC,,1 (dP_] [dP,1 [dC 1 [dP_]

- - - + 0 + 0 +
- - + + 0 + 0 -
+ 0 + 0 0

- - 0



We can perform sign analysis in a different way also.
Suppose that QF is increased, Cvl and CV2 are kept unchanged,
and Q1 is decreased. Then Tables 28, 31, and 32 reduce to the
sign tables shown in Tables 39, 40, and 41, respectively. (We
assume, as above, that [Cvi]:+ and [CV2]:+, so use Tables 28,
31, and 32). Wee see from Table 39 that there is one
possibility for Qz, namely, it increases. So, Table 41 can be
further simplified, yielding Table 42.

Using Tables 39, 40, and 42 (call Ti, Tz’ and Tg,
respectively), we can now extract the following rules, for

the situation where [Cv1]:+ and [Cv2]:+:

C from TI)'

-If QI 15 decreased while keeping Cuf unchanged then Uf PF

increases then P, should increase (from TZD.

1
If Qf is decreased while keeping Cuf unchanged. then Uf PF
decreases then Pf may increase, decrease, or stay unchanged
C from T2)'

Iy Qf is decreased wvhile keeping C‘uf unchanged then Lf PF
increases or stays unchanged then PI should increase < from

Te).

17 Q2 is increased while keeping C'v:‘_, unchanged then if Pr@

Py

decreases then P2 should decrease (from T3).

1f QZ iz increased while kesping Cvf unchanged ther Iif F_
N ' F)

ilncreases then P2 may increase, decrease, or stay unchanged

Cfrom TB).

If Q is tncreased while keeping CU‘ unchanged then Uf PF

2 f
decreases or stays unchanged then PE should decrease (from

T3).
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TABLE 39. Reduced form of T1

[dQ.] [dQ,] [dQ,]

+ - +

TABLE 40. Reduced form of T2

[dQ,1 [dC, 1 [dP_]1 [dP ]

- 0 = +
- 0 - -
- 0 - 0
- 0 + +
- 0 0 +

TABLE 41. Reduced form of T3

[dQ,] [dC,,] [dP_]1 [dP,]

+ 0 - -
+ 0 + +
+ o) + -
+ 0 + 0
+ 0 0 -
- 0 - +
- 0 - -
- 0 - 0
- 0 + +
- 0 0 +
0 0 - -
0 0 + +
0 0 0 0

TABLE 42. Reduced form of Table 41

[dQ,] [dC,,] [dP_] [dP,]

++ + + +
o Ye¥oXo¥el
O+ + + |
[ B |
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If 6 iz incressed and &, 1S decreased then O_ will increoass

M
Y

andd Lf O > i kept unchangsd then (Ff F dacreasas Lharn F
v -

should decrease (from T1 and T3).

This analysis 1is exactly identical to the one
presentea earlier. The two both yield the same results. The
difference is that, in the latter one, the join operation is
done implicitly by reducing the tables first and then
searching for the possibilities. In fact, once the sign
tables are formed, we can perform sign analysis on these

tables in any way we desire.

5.3. Sign Analysis of Gains

As explained in Section 3.3, to begin sign analysis of
gains, we write the equations in the form of (3.10), for an-

exogenous variable. Suppose that we perform the analysis for

Q.

oF 0Q OF 8q_  OF 8Q_ 9F _aC,_ OF_oC__  9F oP_
) aQF]+[ 3 aQF] +L3g 3q,50_ =1+ ac 5q, I+ 3C__3q_ ]+[@ a‘Q"']““
aF op, aF oF,

[ap 3q_ “Eap aQ] =0

aF aQ anaQ OF_2Q, 3F ac an aCVZ @anPF
[ mm ] +[ mm ] +[ == 27 4L 27 +L 1+l 55 =1 +

aQ aQ aQ q_ aQ aq_ aC, ag}_ aC__dq_ 3P_oQ_

3F 3P 8F &P

2 1 2 2z

[5515§;]+[5§25§;]

=0

oF_oQ_ 8F_2@Q aF aQ 6F ac v, aF aC, oF_JP_

i
aQFaQF3 +l 35 3q,94, 351 L 33 aQF ac aQF ac ,3Q_ =1+ 35 3D aQF
dFaaPl aF dP

3

[aP 3q_ 3+[aP aQ] =0
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Using the I matrix, these simplify to

Q 8Q 2Q
[ o) 0 agd L o)
F F F

=0

oQ, aC, c, 9P ' c,, 9P
[ =01 ~[YP_-P iy M T 4L h 21 =0
oQ, t dQ 2/P_P_ Q. 2/PP_ I

3Q @C C ap C ap

[ ] [ ]'P -P ] —[ vz - F} +{ vz ; 2} =0
%% 2 %% " Toypp o8 i S

Now we form the sign tables for gains of the above

equations. Assuming

[YP_-P, 1=+ [YP_-P_ 1=+ [C_, 1=+ [C _1=+

4 v 2
a3 in the previous section, we get the pure sign tables shown
in Tables 28, 31, and 32, except the column titles; the title
[dz] must be replaced by [%%—] for
ZG{QF,Qi,Qz,Cvi,PF,Pi,CVZ,PZ}. As explained in S;;tion 3.3,
the egquations for total differentials and gains possess the

same coefficients, thus the sign tables are identical.

aQ
We require EEQE]:+"SO Table 28 reduces to Table 43.
F

Call Tables 43, 31, and 32, T TE, and TS, respectively. Now

1,
let us answer the following questions. Keep in mind that Cvi

and Cv2 are positive.

TABLE 43. Reduced sign table of gains for F:QF—Ql—QZZO

a aQ aQ

F F
+ - +
+ + -
+ + +
+ + -0
+ 0 +
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Example S.3.1. QF is changed. Other exogenous variables are
kept unchanged. How do the endogenous variables change?

ab aC vz 3Pi aPz 6Q aQ BPF
[ 5q- “1=0 3 o e e =0 [aQ 1=l ]:[ 5 =7

aC 6C 3P opP
o= ([aQ =] =0AL 5 =] =0A[ QF] OA[aQ 51 =0)

Tlc;ﬂTZQEQTS is shown in Table 44.

Q Q and P_ change in the same direction as QF'

7 T2 F

Example 5.3.2. QF is changed. Cvi is changed in the opposite
direction of QF. Other exogenous variables are kept

unchanged. How do the endogenous variables change?

aC,, aC_, 8P, oP, aQ, Q. ap_
TR = = = =[ =1 = =7
aC BC 8P 8P

o=([ ; QF s5—1 =-Al 5 ] =0A[ 3 ] =0A[ aQ] =0)
T1C33T2q;aTa is shown in Table 45.
Q. and PF change in the same direction as QF’ QI may change

e
in any direction.

Example 5. 3.3. QF is changed. Cvi is changed in the opposite
direction of QF. Cv“ is kept unchanged. We want Q1 to change
in the same direction as QF and PF not to change. How must P1

and Pz be changed to satisfy this condition and how does Q1

changes?
aQ1 an1 ac o aPF 3P1 aPz an
EEQ;]:+ [56;-]:— [an ]:[aQF]ZO [aQFlzfaQF]:[aQF]Z?
2Q aC i 3C 8P
o=([ ===] +A[ 2] =0A[ =1 =03

]:
Q. QF Q.
T =T T _ is shown in Table 486.
1" T2 e 3

We must change P, in the opposite direction of QF’ and we can

1
changs P2 in any direction. Q2 will change in the opposite

directior of Fé.
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TABLE 44. Result of Example 5.3.1

’ anF 3Q1 3Q aC vi aPF aPl an; 3P _
[aQ} [aQ] [aQ] [- 30 ] [aQ] EaQ] [aQ“] [M{]
F F - __ F o F o B F L F
+ + + 0 + 0 0 ]

TABLE 45. Result of Example 5.3.2

aQF aQ aq_ ac . aPF aP ac 3P _
Lol [5] [=s~=1 [ 5] [=~0] =S S 2] [ y52)

e e . e QF - 99

+ + + - + 0 0 0

+ - + - + 0 0 0

+ 0 + - + 0 0 0

TABLE 46. Result of Example 5.3.3
aQF aQ_ aQ 20 : 3}? 3P a&C c?P

1 W

+ + - - 0 - 0 +
+ + + - 0 - 0 -
+ + 0 - 0 - 0 0

Note that the above examples are similar to the
examples 1, 3, and 8, respectively, of Section 5.2. In fact,
the results of the above examples could be derived from thé
results of the corresponding examples in Section 5.2 and’by
using Proposition 3.4. In other words, we can solve any sign
‘analysis of total differentials question in which QF is

changed by the method of gains using Ti, T and T3.

2,
The above discussion was for QF. We can do the same
analysis for another exogenous variable or constant as well

(or for an endogenous variable if it makes sense).
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5. 4. Gains

To begin value analysis, we mﬁst first compute - the
gains of the model for a particular system state.
Let us consider a system state where the values of

exogenous variables and constants are given as

Q=8 C =2 C =3 P =8 P =5
F 1 2

vi ’ vz
We substitute these values into the equations
F1:8—Q1—Q2=O
F2=Q1—27 PF—B =0
F =Q -37 P_-5 =0
3 2 F
and solve for the values of endogenous variables, yielding

Q@ =2 Q_ =6 P_=9

Thus the system state is

Q=8 C,,=2 C,=3 P,=8 P,=5 Q,=2 Q=6 P_=9 (5.1)

The equations for gains are

OF, 9Q, OF 0Q, OF, OP_ OF,
3q, 3y oq, day op_ dy OBy

1

F &Q @&F_ 2Q_ . 8F_ 8P aF
P 1,2 2, Tz F 2
aQi 3y 'aQZ 3y 'apF 3y 3y

3F  8Q @&F_ &Q_ @F_ &P SF
] 1 73 2 '3 _
6Q1 3y an ay GPF 3y 3y

P ,C ,Pz}. This equation set can be shown

where y = {QF,CV 05

1 >
in matrix form as
I5,=-L,
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where J is the Jacobian matrix, x_  and £ are the

column vectors
an aF1 T
3y dy
5Q2 £ 6F2
2;y = 3y y = Iy
ap aoF
F 3
Jy ay
i J " .
3F.
for the exogenous variable y. The partial derivatives,'axL,
i=1,...,3, XG{Q1’Q2’PF}’ are computed as
dFi 6F1 6Fl
_——1 ——] = 0
in sz dPF
3F 3F 3F
=1 = 0 S -1
an aQZ o F
3F SF aF
30 5. 1 s__3
6Q1— an_ JpP_ 4
which constitute the Jacobian matrix
-1 -1 0
J=1 1 o -1
0 1 -3/4
SF.
The partial derivatives wrt exogenous variables, 3§L,
i=1l,...3, are computed as
eF 8F 8F aF aF
1_ 1__ O i_ .'L_ O i"o
aQ aC ap ac ap
F vi 1 v 2 =
aF aF 3F 3F aFr
—le 2zl me2=]  =—=2= 0 =0
aQ aCc ~ ap aoC ~ apb
F v i vz 2
aFa_ an— o aFa_ IF L 0F3:§
aQF' aCV:L aPi acvz aPZ 4
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from which the vectors fy are formed:

Solving for xy, we get

: 4/7 3/7 -3/7 -8/7 3/7
g = 3/7 Bo = -3/7 Zp = 3/7 B, = 8/7 Xp = -3/7
F 14/7 ve | -4/7 1 a/7 vz |-8/7 z 3/7

Thus the gains are

_ 3 2__3 F__4
8%17 mw17 m%17
aQi__B an_ 3 aPF_ 4
3p 7 3P 7T BPp 7

1 1 1
in__B. aQZ_ 3 aPF__B
aC _ 7 ac _ 7 aCc 7

v e v 2 v 2
aQi_ 3 an__g aPF_ 3
3P 7 3P 7 3P 7

2 2 4

For example, the gains wrt QF say that if QF i8 changed then
Q1 will change é times of the change in Q_., @, will change ;
times of the change in QF, and PF will change % times of the

change in QF, all three being in the same direction as QF.

The total differentials of endogenocus variablesrare
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aQ1 oQ, Q. 8 an
dle—a—Q—F— dQF"'bTV—i‘ dcvl+gp: dpi+5c—v—2_ dcvz"_a‘}?t dpP

N

3Q Q 3Q 3Q 2Q
dQ_ ==r> dQ_+==— dC 2 4P 4= dAC  +=ee dP
279Q_ QU 3C_ v1+<9P1 -Te vz+ap2 2

v a2

aPF apF GPF BPF 6PF
dPF:5§; dQF+5E:: de1+aP1 dPl%@CVZ dCVz+§§; dPZ

By substituting the gains, we arrive at

_4 3 3 8 3

in—7 dQF+7 de1-7 dP1_7 dCV2+7 sz
3 ., .3 3 8 3

sz _.-,7 dQF —7— dcv l+,—7- dP1 +',—7- deZ ‘.7' sz (5. 2 )
4 . 4 4 . 8 3

dPF' —7 dQF‘ 7 dcv‘i-h? dP1 7 dcv2+-7 dpz

5.5. Elasticities

Once the gains are computed the elasticities can be
found easily. Using (4.12) where XE{Qi’QZ’PF} and

Y‘E{QF,Cv ,Pi,Cvz,Pz}, the elasticities are:

1

16 4 32
E = ——— E = — E = =
@,Q. 7 Q@ Q. 7 P_aQ. 63

E@p&f—%‘ E%Qj“‘%‘ Bp ¢ 7 53
EQipi""i%’ q,p = — Ep p = 22
EQicvj“l%“ Bqc = —- p ¢ =° o
Eq,p = 1 B p =" B p_~ -



As the gains are computed for the system state given
in (5.1), we can begin value analysis. We repeat _the

equations of total differqntials, shown in (5.2), below:

dq, -7 da_-3 dc_ +3 dp,+8 dc_ -3 ap_=0
3 3 3 8 3 o -

dQ, -3 dQ_+5 dC,, -5 dP -5 dC,,+s dP,=0 (5.3)
4 4 4 8 .o 3 o _

dP_-5 dQ_+5 dC_, -5 dP +o dC__-5 dP,=0

In order to solve this set uniquely, we need to
specify the values of five of the unknowns.

Consider the following examples:

Example 5.6.1. We increase QF 1 unit, while keeping other
exogenous variables unchanged. How do the endogenous

variables change?

Substituting dQle,deizdPizdcvzzdPZZO into (5.3), we get

4
dQ =—s—
Q, =
3
dQ_=——
4
dP_=———
F 7
, 4 , , , , =z
QI increases —— times the increase in QF' Q. increases =
, , , - \ , T4 ,
times the irncrecsese In u%, o FF' Increasas = times the

tncrease in QF.

Example 5.6.2. We increase QF and decrease Cvl, both in the
same amount, while keeping other exogenous variables

unchanged. How do the endogenous variables change?
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Substituting de:l, dC_ =-1, dPl:dcvzzdpzzO, we get

i

_ 1
dQ1_ 7
_ 6
sz__7_
_ 8
AP =7
, 1 ; . . .
Qf increases —— times the I{ncrease in QF’ @, increases =
o
times the Increase 1in QF“ Prdalsd E}_ LN AT g Exmeas Ahe

increase in QF'

Note that in Section 5.2, the sign analysis of the same
gquestion has resulted in a table containing 3 possibilities.
For +the particular system state  and the amounts of

perturbations in QF and Cvi,‘we arrive at the above solution.

Example 5.6.3. We increase P 1 unit while keeping Q.. C, . >
and CVZ unchanged. We want PF not to change. How must we
change P2 to satisfy this condition and how do Q1 and Q_

change?

Substituting dP =1, dQ_=dC_ =dC__=dP_=0, we get

=

_ 4
sz———g—
inz—l
dQZZ 1
P2 must be decreazed —é— times the increase in PI‘ Qt
decreases and Q2 increases an amount egual to the increase iIn
Pi'

Example 5.6.4. We decrease Q 1 unit and increase C. ., 2

units, while keeping Cv unchanged. We want Q1 to decrease 1

2
unit and PF not to change. How must P1 and P2 be changed to

satisfy this condition and how does Q2 changes?
Substituting dQF:dle—l, de1=2, dezzdPF:O, we get
dP1=8
dP2=O
dQ2=0
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F_ must e increased 2 timeszs the incredase in O and P L must
[l

1
Thbe kRept unchangsd., As o result, Q. doss not choangs.

Example 5.6.5. We want PF to increase 1 unit and Q1 and QZ
remain unchanged. How must exogenous variables be changed in

order to satisfy this condition?

Substituting indeZZO and dPF:1, there remains 5 unknowns in
3 equations, so the -egquations have infinite number of
solutions. Consider the sign analysis of this question, which
was done in Section 5.2 and resulted in Table 36. Suppose
that we decided to decrease CV1 and C _ both in 1 units.

Subétituting deideV =-1, we arrive at the answer

2
dQFz 0
dP = 0O
1
__ 5
sz————-B
When we decrease Cvt cirud CU2 f units, decreasing P -i— units

and keeping QF and P, unchanged satisfy the acbove condition.
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VI. IMPLEMENTATION

-The techniques introduced in this work are coded as a
computer program named as KGMM (Knowledge Generation from
Mathematical Models). The program is written using Turbo
Pascal v.3.0 under the operating system MSDOS 3.1.

In this section we will describe the program.
Appendices D and E contain a sample run session and the

listing of the program, respectively.

6.1. Notes About the Program

A model consists of a name,~eéuations, and parameters.
Naming of models is necessary for the purpose of reference.
Each equation is an array of characters, as will be explained
below. For each parameter, there are two items: the name of
the parameter and the type of the parameter (exogenocus
variable, endogenous variable, or constant). A parameter name
consists of a letter followed by any combination of letters
and digits.

As explained in Section 2, a model can be formed from
several submodels, each submodel from sub-submodels, and so
on, called assembling. For this purpose the program maintains
a model library. Each record of the library is a model. The
library is maintained in a file and it can be listed, new

models can be added, or existing models can be removed from

115




it at will.

The model being examined by the program at any time is
referred to as the cufrent model . Current model is the-one
that is loaded into memory. All the operations are performed
on the current model. The current model can be changed as
desired by loading another model as the current one.

The bottom 1line of the screen is reserved for
messages. A message may indicate either an error or the
successful completion of an operation. Each error message has
a number. When an error message is given the operation is
terminated and the execution returns to the main menu.
Messages will be explained in Appendix B. Aiso, on the top of
the screen, the name of the current model is displayed.

o MAn operatibn may be terminated by the user by pressing
Ctrl-C at any time. In case long outputs are generated, the
Ctrl-S key can be used to pause the screen.

As will be explained in Section 6.2, main menu options
1 and 11 require the user to give a model as input. First the
name of the model is given. The library is searched to see
whether it contains a model with the same name. Ifrso, an
error occurs and the operation terminates. Otherwise, the
user is asked for the equations. This can be done -in one of
two ways: When-the program is waiting for an equation to be
given, the user may either write the egquation explicitly or
write the name of a library model preceded by the symbol @.
In the first case, the equation is parsed and the user is

asked for the next equation. In the second case, the
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assembling process is activated: the model with the given
name, call it the submodel, is loaded from the library (if no
such model exists, an error occurs),‘the equations of this
submodel are added to the equations of the model, and the
names and types of the parameters of the submodel are asked
for. These afe the names and types that will be used for the
model. That 1is, parameters are renamed as explained in
Section 2. If the name of a parameter is not given, it
defaults to the name in the submodel. Similarly, the default
for the type of a parameter is its type in the submodel. When
the assembling is completed, the user is asked for the next
equation. After all the equations are given, the types of
those parameters whose types are not already given are
requested. This completes the input of the model.

An equation is an arithmetic expression formed from
operands (parameter names, numbers, and function designators)
and operators. Operators fall into four categories, denoted
by their order of precedence:

(1) Unary minus (minus with one operand only)
(2) Power coperator :
(3) Multiplying operators : * and /

(4) Adding operators : + and -.

Sequences of operators of the same precedence are
evaluated from left to right. Expressions within parantheses

are evaluated firstv and independently of preceding and

succeeding operators.
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A function designator is a function identifier
followed by an expression enclosed in parantheses. The
occurrence of a function designator causes the function with
that name to be activated. The functions currently supported
by the program are (Num denotes an expression):

SinCNum _
returns the sine of Num, which is expressed in radians.

CosCNum
returns the cosine of Num, which is expressed in radians.

ArctanCNum
returns the angle, in radians, whose tangent is Num.

ExpCNum

. . Num
returns the exponential of Num, i.e. .

LogCNum
returns the common logarithm of Num.

LnCNum
returns the natural logarithm of Num.

Sqgr (Num
returns the square of Num, i.e. Num¥Num.

Sqrt(Num
returns the sgquare root of Num.

As will be explained in Section 6.2, main menu option
3 requires the calculation of signs of expressions. To
calculate the sign of an expression, without knowing the
values of parameters, we use qualitative arithmetic. Figure
12 shows the tables for operators and functions used in
qualitative arithmetic (& denotes unary minus). The operators

, X

2

, /, +, and - take two expressions; the operator unary

minus and all the functions take a single expression. On the

upper left-hand corner of the table 1is the symbol of the
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+ + 0 - - + 0 - * | + 0 -
+ + + 7 + 7?4+ o+ + I S O
0 + 0 - 0 - 0 + 0 0 0 o0
~ 7?7 - - - - - 7 - - 0 +
/ + 0 - " + 0 -
+ + U - + + + o+
0 o ! 0 0 o ! 1
- - | + — 4 + ?
S + 0 - Sin + 0 - Cos + 0 -
- 0 + ‘ ? 0 7 ? 0+ 2
Exp] + O - Ln + 0 - Log + O -
+ + + ?or 7 b
Sar| + 0 - Sartf + 0 - Arctan} + 0 -
+ 0 + {+ 0 ! + 0 -

FIGURE 12. Operator and function results in

qualitative arithmetic

operator or the name of the function. For a binary operator
a % b

where a and b are expressions, and es{",%,/,+,-}, the rows of
the table correspond to [a], the columns to [b]l, and an entry
in the i"h row and J‘Uﬁ column, i,j=1,...,3, corresponds to
[a®b] for [a] is the sign in the fh row and [b] is the sign

. th
in the Jt column. For a unary operator

@ (a)

where a is an expression and @ is the unary minus operator or

any one of the functions, the columns of the table correspond
. . th .

to [a] and an entry in the i column, i=1,...,3, corresponds

to [® (a)] for [a]l is the sign in the i'" column.
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An entry is one of the following:

+ : the result 1is positive
- : the result is negative

the result is zero

3 O

: the result is indeterminate
! : the result is not defined

The sign of an expression is computed by using these
tables and by getting from the usér as much information as
necessary to determine the sign uniquely. The calculation is
done recursively, beginning from the operator/function having
the lowest precedence. For a parameter, the sign of the
parameter 1is given by the user. For an operator or a
function, tables in Figure 12 are used. This is explained
below for each operator and function, where a and b denote
‘expressions, and Sgn (c), where ¢ is an expression, denotes a
function that returns a positive number if [c]l=+, a negative

number if [cl=-, and the number zero if [c]1=0.

a+b
[al and [b} are computed. If one is positive and the other
is negative then [a+b] 1is given.  Otherwise [at+b] is
[Sgn(a)+Sgn(b)].

a=b
fal] and [b] are computed. If both of them are positive or
both are negative then [a-bl is given. Otherwise (a-b] is

[Sgn(a)-Sgn(b)1l.

a%xb
fal] is computed. If [al=0 then [a*b]l=0. Otherwise [b] is
computed and [a*b] is [Sgn(a)*Sgn(b)]. (We can as well
compute [b] first and evaluate [a%b] as 0 if [b]=0, since

multiplication is commutative).

120




a~sb
fa] and [b] are computed. If [bl1=0 then [a/k] is undefined.
Otherwise [a/b] is [Sen(a)/Sgn(b)l. ' 7
a”~b
[al] is computed. If [al=+ then [a"bl=+. Otherwise [b] is
computed. If [al=- and [ble{+,-} then [(a"b] is given. If
[fal=- and [bl=0 then [a"bl=+. If [&]l=0 and [bl=+ then

[a"b]=0. Otherwise the operation is undefined.

—a
[a] is computed. [-al] is ([al].

SinCad
fal] 1is computed. If [al=0 then ([Sin(a)l]l=0. Otherwise
[Sin(a)] is given.

CosCad
[a]l is computed. If [al=0 then ({Cos(a)l=+. Otherwise.
[Cos(a)] is given.

ArctanCad

[{a] is computed. [Arctan(a)] is [a].

ExpCad
[Exp(a)] is +.
Log(al
[a] is computed. If [al=+ then [Log(a)] is given. Otherwise

the operation is undefined.

LnCa>
fal is computed. If [al=+ then [Ln(a)] is given. Otherwise
the operation is undefined.

Sqrad
[a] is computed. If [al=0 then [Saqr(a)l=0. Otherwise
{Sgr(a)l=+.

Sqrtcad
[a] is computed. If [al={+,0} then [Sart(a)l=[a]. Otherwise
the operation is undefined.

¢
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Consider the following example:
Sqrt(zi+Exp(zz))*(zi/lO)

To find [Sqrt(zi+Exp(zz))*(21/10)] we must coméute
[Sqrt(z1+Exp(z2))] and [21/10] since ¥ is the operator having
the lowest precedence. For [Sqrt(zi+Exp(z2))] we must compute
[zl+Exp(zz)]. Now we must compute [zi] and [Exp(zz)]. Since

z, is a parameter, [21] is given by the user, call it s,

[Exp(zz)] is + regardless of [zz]. Thus [zi+Exp(zz)] is found
from the table of addition with one sign s, and the other +.
Call the result s, - Then [Sqrt(zi+Exp(zz))]:s2 unless SHES
in which case the operation is undefined. For [zi/lO] we must
compute [Z1] and [10}]. [zi] is already given as s, - f10]
evaluates to +. Then [21/10] is found from the table of
division with the first sign s, and the second one +, call it
8, . Finally we use the table for multiplicatiqn, with one

sign s, and the other s for the result.

6. 2. Options

The main menu is shown in Figure 13. To execute an
option, enter the number shown on the left-hand side and then
press <Return>.

The first option is used to input a mathematical model
as the current model. When this option is selected, the
curreht model, if any, is deleted from memory and the model
given by the user as explained in Section 6.1 becomes the
current model. If the number of endogenous variables is not
equal to the number of equations, then an error occurs. Note

that if an error is encountered during the process, no

current model exists in memory.

122



Analysis of Algebraic Mathematical Models ver 1.00
New model (from user)

New model (from library)

Sign of Information matrix

Sign analysis of total differentials

Sign analysis of gains

Parameter values

Value analysis

Gains

O O N O O d W N

Elasticities

-
(o)

LList library

-
=

Insert to library

[uy
N

Delete from library

[
w

Save current model
14. Exit

FIGURE 13. Program main menu

Option 2 is used to load a model from library to the
memory as the current model. When this option is selected,
the current model, if any, is deleted from memory and a model
of the library becomes the current model. The user is asked
for the name of a library model. The library is searched and
the model with the given name is loaded to memory and becomes
the current model provided that the model exists in the
library. Otherwise an error occurs and the option is
terminated (but the current model, if any, continues its

existence).
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Option 3 is used to reduce the Information matrix, I,
of the current model into a sign matrix. This matrix is used
to form the sign tables of the modeling equations.> As
explained in Section 6.1, in order to reduce this matrix into
a sign matrix, we must compute the sign of each entry in the
matrix. For this purpose the user is asked for the necessary
information about the expressions. This process musﬁ precede
the sign analysis (options 4 and 5). It restricts the system
space of the current model. Once this process is completed,
all +the sign analysis results will be wvalid for this
restricted system space until this option is selected again
and the system space is changed.

If no current model exists when this. option is
selected, an error occurs. |

Option 4 is used to perform sign analysis of total
differentials for the current model. The user is asked for
the direction of change of each parameter as in the following
format:

+ : the parameter is inéreased

0 : the parameter is kept unchanged

- : the parameter is decreased

? : the direction of change of the parameter is unknown and

will be determined by the analysis
The perturbation formula is formed from the parameters given
in the first three cases, and the analysis results the
directions of change of the parameters given in the last
case. Finally the number of possibilities found is displayed.

The analysis uses the system space given by option 3.
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If no current model exists or if option 3 has not been
selectgd before th}s option then an error occurs.

Option 5 is used to perform sign analysis of gains for
the current model. The user is asked for the name of the
exogenous variable or constant, say =z, whose value is to be
changed. Then the directions of change of other exogenous
variables, relativé to z, are given in the following format:

+ : the parameter is changed in the same direction as z
0 : the parameter is kept unchanged

- : the parameter is changed in the opposite direction of z
The result is the diréctions of change of the endogenous
variables relative to z. The analysis uses the system space
given by option 3.

If no current model exists or if option 3 has not been -
selected before this option then an error occurs.

Option 6 is used to give the values of the parameters,
i.e. the system state of the current model, before performing
value analysis. The values of all the parameters are given.
Then the user is asked whether he/she wants the equations to
be solved for the values of the endogenous variables. If so,
the values given for the endogenous variables are treated as
the initial valuesv and the equations afe solved by using
Newton-Raphson method. This iteration method is explained in
Appendix A. If the equations converge, then the values of the
endogenous variables are found for the given set of the
values of the exogenous variables and constants. If the
equations do not converge, then an error occurs and the

parameter values become undetermined. In this case, the user
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may repeat the process with different initial values. If the
. user does not want the equations to be solved, then. the
values given are treated as the system state, i.e. ﬁhey
satisfy the equations.-

OnQe this process is completed, all the value analysis
results will be valid for this system state until this option
is selected again and the system state is changed.

If no current model exists when fhis option is
selected, an error occurs.

Option 7 1is used to perform value analysis on the
current model. The user is asked for the directions and

magnitudes of change of the parameters in the following

format:
+ : the paraméter is increased
0 : the parameter is kept unchanged

- : the parameter is decreased

? : the direction of change of the parameter is unknown and

will be determined by the analysis

Magnitude is needed only if the direction is + or -. The
number of unknown parameters must be eqﬁal to the number of
equations. The result is the magnitudes of the 7unknowﬁ
parameters. The analysis uses the system state given by
option 6.

If no current model exists or if option 6 has not been
selected before this option then an error occurs.

Option 8 is used to display the gains of the current
model for the system state given by option 6. The user 1is

asked for the name of the exogenous variable or constant
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whose gains are to be displayed. If no parameter naﬁe is
specified then the gains wrt all exogenous variables will be
outputted.

If no current model exists or if option 6 has not been
selected before this option then an error occurs.

Option 9 is used to display the elasticities of the
current model for the system state given by option 8. The
user 1is asked for the name of the exogenous variable or
constant whose elasticities are to be displayed. If no
parameter name 1is specified then the elasticities wrt all
exogenous variables will be outputted.

If no current model exists or if option 6 has not been
selected before this option then an error occurs.

Option 10 is used to list the models in the library.

Option 11 is wused to insert a new model into the
library. The model 1is given by the user as explained in
Section 6.1. Note that the current model, if any, is not
affected by this proaéss.

Option 12 is used to delete a model from the library.
The name of the model is given. Then the library is searched
to see whether the model with the given name exists. If so,
the model is removed from the library. If no such model
exists, then an error occurs. Note that the current model, if
any, is not affected by this process.

Option 13 is used to insert the current model into the
library. If the model is already in the 1library, then an

error occurs. This process is useful when one wants to

¢
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continue the analysis of a model at é latter time. He/she
inserts the model into the library and loads it again from
the library by using option 2 at another time and analyses
it. |
Option 14 is used to terminate the execution of the

program and return to DOS.
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VII. CONCLUSION

In this work we have introduced several techniques to
generate causal relations from mathematical models of the
form of algebraic equations. The techniques are based on the
use of partial derivatives to analyse the signs of total
differentials of parameters, and to compute the gains and the
elasticities of parameters, which are then converted into
causal relations between parameters.

‘Our Work is a steb towards the automation of analysis
of systems. System analysis is a: broad concept concerning
many - scientific disciplines; and we have attempted to
formélize‘only one aspect of the problem, which is to extract
causal relations' regardless of the domain. There remains
several gquestions which require additional work. Below we
discuss briefly possible future extensions of our work.

Causal relations are expressed in terms of the
parameters of the original mathematical model. On the other
hand the domain of the mathematical model may not be so
suitable for wuse directly in the reasoning process.
Transformation of causal relations from the domain of the
mathematical models to a domain used in commonsense reasoning
is one of the most challenging areas requiring future work.
One strategy is to make some simplifying assumptions,
possibly by using domain-dependent knowledge, on the causal

relations for typical cases and extreme cases of a system and
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to express these assumptions as either preconditions for the
causal relations or as probabilities.

Another area to work on is to extend the sign analysis
and value analysis techniques to othef types of mathematical
models. In that sense models expressed in terms of
differential equations, difference equations, and mix of
algebraic, differential < and difference equations can be
considered. Some new technigues may as well emerge for these
types of models.

In their work [2], de Kleer and Brown discuss two
types of Dbehavior: Intrastate behavior and interstate
behavior. The work in this thesis has éonsidered only - the
first one of these. The equations of a model are in. fact
valid for a certain region of the wvalues the parameters may
take oﬂ. As the parameter values gb 6ﬁtside of this region
for some reason, the form of the eguations change and we
continue the analysis with a new set of equations. The work
can be extended in this direction to take into account the
transformation between states by using methods that are
similar to those of other researchers.

In Section 3.2, we have shown that sign analysis
technique can generate spurious solutions, 1i.e. =solutions
that are not actual for the system. Since a mathematical
model, as in the form discussed in this thesis, contains
complete information about its parameters, it must be
possible to prevent spurious solutions. We think that the

most plausible way to do this is to extend the sign tables in
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the sense that each element of  a sign table will have a
magnitude in addition to the sign of thevpartiél derivative.
In fact, for sign analysis, the equations in a model need not
be quantitative in form. For instance, the constraint
equations suggested in ([5] include certain relationships
between parameters such as monotonically increasing and
monotonically decreasing. In such a case the ambiguity in the
solutions 1is unavoidable. To prevent this the model muét
contain sufficient quantitative information.

One of the attractive application areas of the
techniqﬁes is the diagnosis of faults. Possible behaviors of
a system can be genefated, particularly to warn of surprising
or disastrous events. Also the techniques can be used for the
generation and synthesis of fault trees. A fault tree is used
to explain the  possible causes of an undesirable event
associated with the system [15]. The construction of a fault
tree requires a Structufe, such as a directed graph, that
represents the causal relations between the parameters in the
system, where our techniques may prove useful.

| An expanded form of wvalue analysis 1is interval
analysis. Instead of assigning a single value to a parameter,
we éan represent the typical values the parameter may take on
by an interval. In that sense interval analysis is in between
sign analysis (analysis on system space) and value analysis
(analysis for a particular system state). The same principles
used in value analysis can be applied to interval analysis.

However, as is well-known, interval arithmetic is expensive

131



and. ambiguous (e.g. [16]). For example, solying‘ a set of
simultaneoﬁs linear equations by using different methods may
give different results. Also obtaining results that are
precise enough for the analysis to make sense may require
excéssive computation time.

The techniques presented in this work may seem
expensive in terms of computation time. However this is not
exactly the case. The most time-consuming one is the sign
analysis. This becomes clear if we consider that the sign
table of a medium-size function contains thousands of rows
and the sign analysis of a question requires the cartesian
product (for Jjoin) of several such functions. This process
far exceeds the memory and time limits. For instance, in the
program described in Section 6, no sign tables are created
and the join operétion is done implicitly. So the computafion

time is reduced to a reasonable limit. For example, each of

the results of Appendix D is obtained in a few seconds on an

8 Mhz computer.

Finally we want to point out that the key to the
techniques introduced in this work is the use of the
simultaneity in the equations. We think that processing all
the equations at a time 1is more efficient than processing
them one by  one, because, in the latter case, while
generating a solution for an equation, the interrelations
between that eguation and othér equations are overlooked,

which may cause an unreasonable solution for the system and

force us to backtrack.
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APPENDIX A. NEWTON-RAPHSON METHOD

This appendix describes the Newton-Raphson (e.g. [17])
method as it is used in the program for solving a set of
simultaneous nonlinear egquations.

Consider a system modeled by the following functions

Fi(xi,...,xn,yl,--.,ym)ZO
Fn(X1; - .- ’Xh’yl’-" ’ym):o
_where Kisenas X represent endogenous variables, and ViseoesV,

represent exogenous variables and constants.

The notation o denotes the value of a« at the l;h
iteration, where o may be ‘a matrix, a column vector, an
endogenous variable, a partial derivative, or a function.

The Newton*Raphson method solves a set of simultaneous
nonlinear equations, shown above, for the values of the
endogenous variables given the values of the exogenous
variables and constants and the initial wvalues of the

(o (g )]

endogenous variables, K, X

The iteration formula is

rOF BF oo o 4tk+1y 0 BF 1 dJoy - 4k o o
_* _* 1 : F
gx " Tax X:L ax " dx X:l. 1
1 n 1 n
aF aF aF aF
2} n n n F
ax Tt Tox Xn 3ax T Tax xn "
X " L N n | [




which can be expressed in matrix form as

o kv ik

o dWy ok
where J is the Jacobian matrix, X 1is the column vector of
endogenous variables, and f£ is the column vector of function

values.

This is a set of n simultaneous linear equations and

(k+D (k+1r

can be solved for the n unknowns x, s X , 1.e.
1)
k+ay - . . .
, by any method for solving simultaneous linear
equations.

The iteration continues until eitﬁer the solution
converges or it is understood that the solution will not
converge. It is accepted by the: program that  the solution
converges 1if the number of iterations is equal to or less
than 10. Since NewtonfRaphson provides fast convergence,
usually in three or four steps, it is almost impossible for
the solution to converge if convergence has not already been
established within 10 steps.

The convergence criteria used by the program is

N - i [ a] nﬁ
/ E (Xik+1)_xik))x_ < T and / 2 (FL)L < T
=1 i=1

where T indicates the tolerance, which is equal to 1*10_6.
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APPEMDIX B. FPROGRAM MESZSAGES

The following‘is a lisfing of error messages the user
may get during the execution of the program. Many error
messages are self-explanatory, but if one feels to get some
explanation, he/she can refer to the following listing via
the error number.

An error causes the active process to terminate. The
user is required to press the Esc key and then the execution

returns to the main menu.

1 : unexpected end of sdurcé (Position=xx>

The equation cannot end the way it does. It must contain some
other operands and/or operators. The number xx specifies the
position of +the error relative to the beginning of the

equation string.

2 ¢ unexpected character in equatién CPosition=xx)
An unexpected character is  encountered while expecting a
parameter name, a number, an operator, a function identifier,
.{, or ). The number xx specifies the position of the error

relative to the beginning of the equation string.

3 : improper equation syntax (Position=xx2
The syntax of the equation is wrong. Check the syntax to
agree with the rules of ordinary arithmetic expressions. The

number xx specifies the position of the error relative to the

beginning of the equation string.

4 ¢ unmatched > (Position=xx)
The right paranthesis does not have a corresponding left
paranthesis (. The number =xx specifies the position of the

error relati?e to the beginning of the equation string.
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5 : ) expected (Position=xx

The number of left parantheses  ( is greater than the number

of right parantheses ). The number xx. specifies the position
of the error relative to the beginning of the eguation

string.

6 : sign of Information matrix entry cannot be zero
CEqn: xx, Par: yyD>

During the process of reducing the Information matrix, I,
into a sign matrix, the signs of all the entries of the I
matrix (except those entries for which the parameter does not
appéar in the eguation) must be either positive or negative.
However, the sign of the indicated entry is computed as zero
for the given signs of the expressions. The number xx
specifies the number of the egquation and the symbol vyy

specifies the name of the parameter.

7 : ¥ of equations must be equal to # of endogenous vars
In order to be able to perform value analysis on a model, the
number of equations must be equal to the number of endogenous

variables.

8 : cannot execute selection before a model is given
Before this option, load a current model by using main menu

options 1 or 2.

9 : cannot exccute selection before sign of I matrix given
The Information matrix, I, of the current model must be
reduced into a sign matrix by using main menu option 3 before

sign analysis.

10 : cannot execute selection before par values are given
The parameter values, i.e. the system state, must be given by

using main menu option 6 before this option.

11 : equations do not converge for the given initial values

The program cannot find the values of the endogenous
variables by solving the equations for the given wvalues of
the exogenous variables/constants and the initial values of
the endogenous variables. Either change the initial wvalues

and try again or solve the equations outside the program.
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12 : singular matrix encountered in analysis
While solving a set of simultanecus linear equations, a
singular matrix 1is encountered which means that the set

cannot be solved uniquely.

13 : error in division operator

Division by zero attempted, the operation is undefined.
14 : error in power operator

The power operation, a"b, is undefined for the values of the

numbers a and b.

15 : error in ln operator

The argument of anvln operator is found to be negative or
zZero.

16 ¢ error in log bperator

The argument of a log operator is found to be negative or
Zero.

17 : error in sqrt operator

The argument of a sqrt operator is found to be negative.

18 : model does not exist

The library does not contain a model with the given name.

19 : model already exists

The library already contains a model with the given name.

20 : invalid selection

No option with the giVen number in the main menu.

21 : number of equations cannot be greater than S

Number of equations in a model is limited by 5 (Appendix C).

22 : number of parameters cannot be greater than 20

Number of parameters in a model is limited by 20 (Appendix
C).

23 ¢ number of parameters is zero

The model does not contain any parameter.

24 r no such parameter in the current model

The model does not éontain a parameter with the given name.
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25 : parameter must be an exogenous variable or a constant
This is necessary for value analysis, gains, and
elasticities.

26 3 # of unknowns must be equal to ¥ of equations

This condition is needed to obtain a unique solution in value

analysis.

50 : user break, command aboarted
This is actually not an error. It indicates that the process

is aborted by the user by pressing Ctrl-C.

In addition to these error messages, there are
messages that indicate the successful completion of a
process. These are listed below. Each message corresponds to

one of the menu options.
When a message is given, the user is required to press

the Esc key, after which the main menu is displayed.

Model given by user is loaded as the current model.
Model from library is loaded as the current model.
Signs of I matrix entries are initialized.

Sign analysis of total differentials completed.
Sign analysis of gains cowpleted.

Parameter values are initialized.

Value analysis completed.

Listing of gains completed.

Listing of elasticities completed.

Listing completed.

Current model is inserted to the library.

Model is deleted from library.

Model is inserted to the library.

1138




APPENDIX C. SPECIFICATIONS

The program can be run on IBM PC, XT, AT and
compatibles; either on the hard disk or on one of the floopy
diskets. It requires approximately 200 KB of memory.

The program disket contains the foliowing files:

KGMM. COM
This file includes the executable code of the program.

MODELLIB
This file contains the models in the model library.

KGMM., PAS
This is the program source file. It is heavily commanded
for ease of understanding.

INCLUDE. PAS :
This is the iclude file containing additional subroutines.

Among these four files, only the first two need to
reside on the disket. If the file MODELLIB is absent, an
empty library file will be created.

To execute the program, enter the command
KGMM
at the terminal. The progrém will log on and the main menu
will be displayed.

The program has some limitations imposed by the
program structure.” Some of these are due to the memory
management method used by the compiler. The program is coded
as a prototype for the techniques introduced in this work and
it is not intended to analyse large systems. Its main aim is

to demonstrate that the techniques work and produce useful

]
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results. A more complete implementation can be written by
using better programming tools.
The limitations are as follows:

The maximum number of equations in a model : 5
The maximum number of parameters in a model : 20
The maximum length of a parameter name : 20

The maximum length of a model name : 20

The maximum length of an eguation : 70

The maximum number of models in the library : 32787.



APPENDIX D. A SAMPLE RUM

In this appendix, we give a sample execution of the

o

program on the example model of Section 5. The analysis will
be similar to the one performed in that section.
Before the execution of the program., the library is

assumed to be empty.
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CoRGHY

Analysis of Algebraic Mathematical Models ver.1.00
Main Menu Current model :
New model (from uger)
New model (from llbrar{)
rix
. Sign analysis of total differentials
Sign analysis of gains

1

2 ormation ma
5.

9. Darameter values
.

§

Sign of In

Yalue analysis

. Gains

. Klasticities
10. List library
11. Ingert to library
12. Delete from library
13. Save current model
14. Exit

Choice : 11

Insert to library Current model :
Add a new model to the library

Model name : PUMP
Bquations

Eqn : QIN-90UT1-Q0UT2
n:
Pgrameter types {1:Endo 2:Exo - 3:Constant)

8IH -->» 2
0UT1 -1
Q0UT2 -1

nodel is inserted to the library

Analysis of Algebraic Mathematical Models ver.1.00
Hain Menu Current model :

. New model (from uger)
2. HNew model (from library)

1

3. Sign of Information ma{rlx

4. Sign analysis of total dlfferentlals
5. Gign analysis of gains

6. Parameter values

7. Value analysis

8. Gains
9. Rlasticities

10. List library

1. Insert to library

12. Delete from library

13. Save current model

14. Bxit

Choice : 11

Ingert to library Current model :
fdd a new model to the library

Model name : VALVE

Rquations
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gqn - Q-CVxSQRT(P1-P2)
nc:
Pgrameter types (1:Endo 2:Exo 3:Constant)

q --> 1
v -=> 3
PL -2
P2 -~ 2

nodel is inserted to the library

Analysis of Algebraic Mathematical Models ver.1.00
Hain Menu Current model :
1. New model (from user)

2. New mode]l (from library)

3. Sign of Information matrix

4. Sign analysis of total differentials

5. Sign analysis of gains

6. Parameter values

7. Value analysis

8. Gains

9. Klasticities

10. List library

11. Ingert to library

12. Delete from library

13. Save current model

14. Exit

Choice : 10

List librar
Hodels in tge library are listed

Current model :

Model no  : 1
Model name : PUMP
Kquations

1. QIN-QOUT1-Q0UT2
Parapeters (Name & Type)‘
1. QIN Bxo var
2. Q0071 Endo var
3. Q0UT2 Endo var

Hodel no  : 2
Nodel name : VALVE
Equations

1. Q-CV*SQRT(PI-PZ%
Parameters (Name & Type)

1. 8 Endo var
2. OV Constant
.M Exo var
4, P2 Exo var

listing completed

fnalysis of Algebraic Mathematical Models ver.1.00
Main Menu Curreat model :

. New model (from library)

%. New model ifrom uger)
g. Sign of Information matr
3

ix
Sign analysis of total differentials
Sign analysis of gains

143



Parameter values
Value analysis
Gains :
Elasticities

List library

. Insert to library
Delete from library
13. Save current model
14. Exit

Choice : 1

New model ifrom user) Current model :
A new model is given by the user and becomes the current model

b bk ek €0 (20 3 TS
D€ v o« .

Mode! name : MODEL!

Bquations

Model no  : |
Hodel name : PUMP
Bquations

1. QIN-QOUT1-Q0UT2
Parameters (Name & Type)

1 QN Exo var
2. QOUT1 Endo var
3. QOUTZ Endo var

%gﬁe {0: Defaultqi Endo,2:Ex0,3:Constant) : 0
Be (0: Default 1 Bndo,2:Ex0,3:Constant) :

“Type (0: Default 1 Endo,2:Bx0,3:Conatant) :

Bqn : 8VALVE

Model no  : 2
Mode! name : VALVE
Bquations

1. §-CVxSQRT{P1- PZ%
Parameters (Name & Type)

1. g Endo var
2. 0V Constant
3.0 Exo var
4, P2 Exo var
q --> 41

{]

C » OV1

gipe (0: Default 1:Endo,2:Ex0,3:Constant) :
ggpe {0: Default 1:Bndo,2:Bz0,3:Constant) :
Type (O:Default,1:Endo,2:Exo,3.Constant) :
Rqn : GVALVE

Hodel no

: 2
Mode! name : VALVE
Kquations

1. Q-CVxSQRT(P1-P2
Parameters (Ngme & %ype)
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1. Q Bndo var
2. CV Constant
J. A Exo var
{. P2 Exo var
Q -->» Q2
" --» (V2
T{pe (0:Default,!:Kndo,2:Kx0,3:Constant) : 0
P - bF

P2 -->

Type (0:Default,1:Endo,2:Exo0,3:Constant) : 0
fn o

Parameter types (1:Endo 2:Exo. 3:Constant)

Analysis of Algebraic Mathematical Models wver.1.00
Main Menu Current model : MODELL
New model {from user)
New model (from library)
Sign of Information matrix
Sign analysis of total differentials
Sign analysis of gains
Parameter values
Value analysis
Gains,
Rlasticities
. List library
Ingert to library
Deletefrom library
. Save current model
Exit

o ho ot s et €3 OO = D CI o €D BN e

—r
-

CODI D,

Choice : 3

Sign of Information matrix
Signs of pars & par expressions given to reduce I matrix into a sign matrix

Sign of PR (- 0 +3 T4
Sign of DI s 4
Sign of éPF Pl) (-04):+4
Sign of CV1 g T+
Slgn of CV2 0 +) +
81 2 (-0+):

1ﬂn of (PF P2) {- 0+ )

signg of I matrix eniries are initialized

Analysis of Algebraic Mathematical Models ver.1.00
ain Menu furrent model : MODELL

New mode} {from uger)
Xew model (from 11brar¥)
Sign of Information matrix
Sign analysis of total dlfferentzals
Sign analysis of gains

_ Parameter values
Value analysis
Gains
Elasticities

. List library

. Ingert to library

e G0 00 3 O £ o CAD BN eh fx 4
DRI RN

a0
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12. Delete from library
13. Save current model
14. Exit

Cho@ce : 4

Sign analysis of total differentials
Sign analysis of tot difs on current model, signs of ? pars are determined

SF -0+ )t
{ -0 +2):?
82 -0+ 0
Vi -0+7:0
% -0+ ?
Pl -0+7:0
{v2 ~0+N:0
P -0+?):0
Pogsibilities

Q=+ Q=+ PF:z+
Possibilities found : 1

sign analysis of total differentials completed

fnalysis of Algebraic Mathematical Hodels ver.1.00
Hain Hemu Current model : MODELL

1. New model (from user)

2. New model (from library)
3. Sign of Information matrix i

4. Sign analysis of total differentials
5. GSign analysis of gains

g. Parameter values

7. Value analysis

8. Gains

9. Klasticities

10. List library

11. Insert to library

12. Delete from library

%2. gayg current model

21
Choice : 4

Sign analysis of total differentials ) .
Sign analysis of tot difs on current model, signs of ? pars are deternined

QF -0+ 0
a1 -0+ :?
82 -0+ 2
V1 -0+?) -
PR -0+
Pt -0+ 0
ov2 -0+72):0
P2 -0+7):0
Possibilities

QU=- Q2=+ PPzt
Possibilities found : 1

sign analysis of total differentials completed

Analysis of Algebraic Mathepatical Models wver.1.00
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Main Henu Current model : MODELI
New model (from user)
New model (from llbrar{)
Sign of Information matrix '
Sign analysis of total differentials
Sign analysis of gains

Parameter values

Value analysis

Gains |

Elasticities

List library

Ingert to library

. Delete from library

Save current model

. Exit

Choice : 4

Sign analysis of total differentials .
Sign analysis of tot difs on current model, signs of ? pars are determined

e e B3 D ] OF5 CV ke CaD IND bt
PN

o CAd D e T
. v oe

QF -0+?) 4
a1 -0+ 9
Q2 -0+7 7
(V1 -0+ ;-
Pz N ERIE
P1 -0+ :0
V2 -0+ 0
P2 -0+ M0
Possibilities

gl=- Q2=+ PF:z+
1=0 Q2=+ PF:z=+
al=+ Q2=+ PF:-+¢

Possibilities found : 3

sign analysis of total differentials completed

Analysis of Algebraic Mathematical Models ver.1.00
Main Henu Current model : MODELL

1. New model (from user)

2. HNew model (from llbrarg).

3. Sign of Information matrix )
4. Sign analysis of total differentials
5. Bign analysis of gains

6. Parameter values

1. Value analysis

8. Gains

9. Rlasticities

10. List library

11. Tngert to library

12. Delete from library

13. Save current model

14. Exit

Choice : 4

Sign analysis of total differentials . .
Sign analysis of tot difs on current model, signs of ? pars are deterained

QF -0+ :0

q1 0+7):
0+7):
0+?

H
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PF -0+ ?; 17
3! -0+ 0
Ccv2 0+ ?g 20
P2 =0t 0

Inconsistent, no possibilities

sign analysis of total differsntials completed

Aralysis of Algebraic Mathematical Models ver.1.00

Main Menu Current model : MODELL
1. New nmodel (from user)

2. New model {from library)

3. §ign of Information matriz

4. Sign analysis of total differentials
5. GSign analysis of gains
6. Parameter values

1. Value analysis

8. Gains

9, Rlasticities

10. List library

11. Insert to library
12. Delete from library
13. Save current model
4. Bxit

Choice : 4

Oign analysis of total differentials
Sign analysis of tot difs on current model, signs of ? pars are determined

“e ss am er ne ea an
..
DD DO D+

-

Analysis of Algebraic Mathematical Models ver.1.00
Main Henu Current model : MODELL

1. New mode]l {from user)

2. New model from llbrarz
3. Gign of Information matrix
4. Sign ana1y51s of total differentials
5. Sign analysis of gains

6. Parameter values

1. Value analysis

8. Gains

9. Rlasticities

10. List library

1. Insert to library

12. Delete from library

13. Save current model

14. Bxit
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Choice : 4

Sign analysis of total differentials
Sign analysis of tot difs on current model, signs of ? pars are determined

QF -0+ 7
ql -0+ 0
Q2 -0+ 0
¢V -0+ ?
PE -0+7) 0+
Pl -0+7):?
ov2 -0+ 7))
P2 -0+ 7
Pogsibilities
QF=0 CVl=- Pl=z+ (C¥V2=- DP2:-¢4
QF=0 C(Vl=z- Pl=+ CV2:=- P2:0
Q@fF -0 (Vl=-- Pl=+ CQV2:=- P2:--
@F=0 CVl=z=- Pl=+ CV2:=0 P2:=+
QF=0 CVl=- Pl:z=+ CVZ2:=+ DP2:=4%
QF=0 C(Vl=- P1l=0 CV2=- P2:=+
gF=0 CVl=- PL=0 CV2=- P2:-0
gF=0 CVl=- Pl=0 CV2=- P2:=-
gf=0 CVl=- P1=z0¢ CV2:=0 P2:=+%
GF=0 CVl=- Pl=0 CV2:=+ DP2:-+
gf=0 CVl=- Pl=z- CV2=- P2:=¢+
QF=0 CVi=- Pl=- CV2=- P2:=0
QfF=90 CWl=- Pl=- CV2:=- P2:=-
GF=0 CVl=- Pl=- (CV2:=0 P2:=1+
QF =0 CVi=-" Pl=- CW2=+ P2:z+
QfF =0 CVi=z=0 Pl=+ C(V2=- DP2:-+
QF=0 CV1=0 Pl=+ CV2=- P2:-0
QfF=0 CV1=0 Pl=+ CV2:=- P2:=-
QF=0 CV1=0 Pl=+ CV2=0 P2:=+
8? =0 V=0 Pi=+ CV2=+ P2:=+
F=0 CWl=#%# Pl=z+ C¥2:=- P2:z=+%
QF=0 CVl=+ Pl=+¢ CV2=- P2:-0
QF =0 CVl=z+ Pl=+ (V2=- P2:=-
QF=0 CVl=+ Pl=¢+ C(V2:=0 P2:=+
gF=0 CVl=+ Pl=+ CV2=+ P2:=+

Possibilities found : 25

sign analysis of total differentials coampleted

Analysis of Algebraic Mathematical Models ver.1.00
Yain Menu Current model : MODELL

New model (from user)

New model (from library)

Sign of [nformation matrix )
Sign analysis of total differentials
-81gn analysis of gains

Parameter values

Value analysis

Gains

Elasticities

List library

. Ingert to library

. Delete from library

. Save current model

. Exit

Choice : 4

Sign analysis of total differentials ‘ ‘ .
Sign analysis of tot difs on current model, signs of ? pars are determined

e it e s o €O CUD =T XD CTY B CaD DD e
S e e e e s e

i G IO e O
A
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SN

o
(3] =3

)
OO
-+ A e e
R TR PICIICL IR Y
DD A D DD

Possibilities

Ql=- Q2=+ P2:-
Possibilities found : 1

sign analysis of total differentials completed

Analysis of Algebraic Mathematical Models ver.1.00
Main Menu Current model : MODEL!L
1. New model ;from user)

New mode] (froa librar{)‘
3. Sign of Information matrix .
4. Sign analysis of total differentials
5. Sign analysis of gains o
6. Parameter values
7. Value analysis
8. Gains
9, Elasticities
10. List library
11. Ingert to library
12. Delete from library
13. Save current model
14, Exit

Choice : 4

Sign analysis of total differentials i .
Sign analysis of tot difs on current model, signs of ? pars are determined

s
- =
D
DD DD
+ e e e e
DT saT D D s D eaD +aD
DD DA D )

Possibilities

DA
OIS
(AT T]
-,
lada=dal
SO
"o
[

A i ebraic Mathematical Model 1,00
Hgg%yg;guof Maebraic Hathesatical Bodels ver Current mode}l : MODELL

{. New model (from user)
. HNew model (from library)
3. Sign of Information matrix

4. Sign analysis of total differentials
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Sign analysig of gains
Parameter_values
Value analysis
Gains
Rlasticities
. List library
Ingert to library
Delete from library
Save current model
Bxit

Choice : 5

Sign analysis of gains .
Sign analysis of gains on current model,gains of endos wrt a exo/cst determined

e et ot et et €LY XD 3 T N

o CaI NI e 50
RS

¢vi -0+):0
P! -04):0
V2 -0+ 0
B2 -0+ :0
Possibilities

Gl=+ Q2=+ PF:z+
Posgibilities found : 1

sign analysis of gains completed

Analysis of Algebraic Mathematical Models ver.1.00
Yain Menu Current model : MODEL!

1. New model (from user)

New mode]l (from library) -
3. Sign of Information matrixz .
4. Sign analysis of total differentials
5. Sign analysis of .gains
8. Parameter values
7. Value analysis
8. Gains
9. Elasticities
10. List library
11. Insert to library
12. Delete from library
13. Save current model
14, Exit

Choice : §

Sign analysis of gains ) .
Sign analysis of gains on current model,gains of endos wrt a exo/cst determined

vt -0¢) ;-
P1 -0+ 0
o2 f- 0 +§ 0
P2 -0+ :0
Possibilities

Ql-- Q=+ PF:=%
Q=0 Q=+ PF:z+
QL=+ Q2=+ PF:-+

Possibilities found : 3
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sign analysis of gains completed

Analysis of Algebraic Hathnmatlcal Hodels ver.1.00

Main Menu Current model : MODEL!
1. New model (from user)

2. New model (from llbrarg)

J. Sign of Information matrix
4. Gign analysis of total differentials
5. Slgn analysis of gains
§. Parameter values
7. Value analysis

§. Gains

9. Rlasticities

10. List library

11. Insert to library
12. Delete from library
13. Save current model
14. Ezit

Choice : 6

Parameter values ) :
Par values given by the user & equations solved, if desired, for endo vars

[oey
<

CINCD OO pe D —
L]

Will the equations be solved for endogenous variables ? (Y/§) ¥

1 2.00
92 6.00
PE 9.00

parameter values are initialized

Analysis of Algebraic Mathematical Models ver.1.00
ain Menu Current model : MODELL

New mode]l (from user)

New mode]l (from library)

Sign of Information matrix

Sign analysis of total differentials
Sign analysis of gaine

Parameter values

Value analysis

Gains

Blasticities

€O O I O CF oo Cad BN e o
s e e e s e e

f—
[—T11

. bist librar

. Insert to library

. Delete from library
. Save current model
Bxit

Choice : 8

Gaing
Display gains for a single exo var/constant or for all exo vars/constants

" s ot et ot
. CaD B\ e
.

Name of exo var/constant :
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Gains for QF

ot 0.57
Q2 0.43
PF ;o 0.57
Gains for CV1
Q1 0.43
Q2 -0.43
F : -0.57
Gains for P1
81 -0.43
Q2 0.4
PF. 057
Gains for CV2
Q1 -1.14
2 1.4
. : -1.14
Gains for P2
! 0.43
82 <0.43
PF 0.43

Analysis of Algebraic Mathematical Models ver.1.00
Main Menu Current model : MODRLI

New model (from user)

New model (from library)

Sign of Information matrix .
Sign analysis of total differentials
Sign analysis of gains

Parameter values

Value analysis

Gains

Klasticities

List library

. Ingert to library

. Delete from library

13. Save current model

14, Exit

Choice : §

Elasticities . .
Display elasticities for a single exo var/const or for all exo vars/constants

OO0 ~J 09 O b Cad (NI e
s e e e e s 4 e

et ot
BN e S
h

Name of exo var/constant :
Gains for QF

Q1 2.29
32 : 0.57
F ;0.5
Gains for CV1

a1 - 0.4
42 -0.14
PF ¢ -0.13
Gains for P1

Q1 -1.71
@2 0.57
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PF 0.5
Gains for CV2

Q1 -1.71
82 o 0.57
F : -0.38
Gains for P2
1 1.07
2 -0.36
F 0.24

Analysis of Algebraic Mathematical Models wver.1.00

Hain Menu Current model : HODRL1
New model (from user)
New mode] (from llbrar{).
Sign of [nformation matrix )
Sign analysis of total differentials
Sign apalysis of gains

Parameter values

Value analysis

Gains

Elasticities

List library

. Ingert to library

12. Delete from library

13. Save current model

14. Exit

Choice : 7

Value analysis .
Value analysis of tot difs on current model, magnitudes of ? pars determined

CO QOO =J I EXV i CAd NI -
PR PR

p—
<D

—
panny

8? + 1
{ ?
82 ?
Vi 0
PE ?
31 0
V2 0
P2 0
Reaults

1 = 0.57
82 = 0.43
143 = 0.57

Analysis of Algebraic Mathematical Models ver.1.00

Main Yenu Current model : MODEL1
New model (from user)

New mode] (from library),

Sign of Information matrix )

Sign analysis of total differentials

Sign analysis of gains

Parameter values

Value analysis

Gains

CH e S5 CT o G DD pot
e e s 4 e s s e
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9. EKlasticities

10. List library

11. Insert to library
12. Delete from library
13. Save current model
14, Exit

Choice : 7

Value analysis i
Value analysis of tot difs on current model, magnitudes of ? pars determined

qF + 1
Q1 9
Q2 ?
gt - 1
PR ?
Pl 0
V2 0
P2 0
Results
g1 = 0.4
gZ = (.86
F = 1.i4

value analysis completed

Analysis of Algebraic Mathematical Models wver.1.00 S
Main Menu Current model : MODRLL
New model (from user)
New model (from library)
Sign of Information matrix
Sign analysis of total differentials
Sign analysis of gains
Parameter values
Value analysis
Gains,
Klasticities
. List library
. Insert to library
. Delete from library
. Save current model
. Exit

Choice : 7

Value analysis ) . .
Value analysis of tot difs on current model, magnitudes of ? pars determined

€O IO = O E1 o CaD [N o
e e e e e s

o et et ot
i Cad D e € 0
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# 1%

value analysis completed

Analysis of Algebraic Mathematical Models ver.1.00
Main Menu Current model : MODELL
New model {from user)
¥ew model {from library)
oign of Information matrix X
Sign analysis of total differentials
Sign analysis of gains
Parameter values
Value analysis
Gains
Klasticities
. List library
. Insert to library
. Delete from library
. Save current model
Exit

Choice : T

Value analysis )
Value analysis of tot difs on current model, magnitudes of ? pars determined

€O OO =~ I £ ofan LD NS pome
s e s 4 s a e e

ot et o i pmh
D DD - D

8? - 1
1 - 1
Q2 ?

V1 + 2
¥ 0

P1 - ?

cv2 0

P2 ?

Results

Q2 = 0.00

Pl = 3.00

P2 = 0.00

Analysis of Algebraic Mathematical Models ver.1.00
Main Menu ' Current model : MODELL

New model (from user)

New model (from library)

Sign of Information matrix .
Sign analysis of total differentials

o L3 BN s
N

Sign analysis of gains
Parameter values
Value analysis

Gaing,
Klasticities

. bist library

. Insert to library
Delete from library

. Save current model
Bxit

Choice : 17

* Pt CO D=3 OH N
DA

s et et et
o CaI BN et €D 4
. .
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Value analysis i
Value analysis of tot difs on current model, magnitudes of ? pars determined

¢

| 0

82 0

Vi - 1
PR + 1
Pl ?

cv2 - l
P2 ?

Results

QF = 0.00

Pi = 0.00

P2 = -1.67

value analysis completed

Analysis of Algebraic Mathematical Models ver.1.00
Main Yenu Current model : MODELL
New model (from user)

New mode] (from llbrar{)_

Sign of Information matrix )

Sign analysis of total differentials

Sign analysis of gains

Parameter values

Value analysis

Gains

Klasticities

List library

. Ingert to library

. Delete from library

. Save current model

Bxit

Choice : 13

Save current model
Add the current model to the library

s oo s s ot
e CAD NI ot T
. .

Analysis of Algebraic Mathematical Models ver.1.00
Nain Menu Current model : MODELL

New mode] (from user)

New model {from llbrarg).

Sign of Information matrix )
9ign analysis of total differentials
Sign analysis of gains

Parameter values

Value analysis

Gaing .

Klasticities

List library

. Ingert to library

. Delete from library

. Saye current nodel

Exit

S G END pes
s e s e e e

s oot LD XD amY
o e

[y vy
P CO DI Do
. -

Choice : 14

O
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APPENDIX E.

i

Progran EnowledgeGenerationfromMathematical¥odels (Input, Output) ;

PROGRAM LISTING

{ max # of equations in a model }
{ max # of parameters in a mode!

{ # of characters in a parameter’s name
{ max ¥ of entries in a postfix expression

{ % of characters in a model’s name

{ name of file containing model library }

{ conmon logaritha of e }
{ code of Esc key }
{ linefeed }

{ string for parameter name }

{ record holding parameters in the model }

biv_, Power_, Sin_, Cos_, ArcTan_, Exp_,

; { which parameter in array Parlnfo }

{ record holding information about an ;
expression in postfix form

{ one row of information matrix }

{ expression in infix fora - ;
just an array of characters

Const
MaxBquation = 5
MazParaneter =20 ;
ParameterNamelen =10 ;
MaxPostfixBntry =30
HodelNanelen =10
ModelLibraryFileName = "MODBLLIB™ ;
Loghfe = 0.4342944 ;
Bsc : = #27
LE =W
T?Be
araneterfame = Striuﬁ [ParameterNamelen] ;
ParaneterRange = 1 .. HaxParameter ;
ParameterRangeW = ( .. MaxParameter ;
TypeOfParameter = éEndo Bxo, Cnst) ;
ParameterInfo = = Recor
Name  : ParameterNaze ;
. gype_ : TypeOfParameter
nd ;
ParameterType = Record
Parflo : ParaneterRange ;
. garlnfo - Array [ParameterRange] Of ParameterInfo
nd
EntryType = (Operator_, Parameter_, Number ) ;
OperatorType = {PYns_ BHinus_, UMings_, Mult_,
In_, £05_, Sqr_, Sart_) ;
PostfixEntryRange = 1 .. MaxPostfizEntry ;
PostfixEntryRangeW = 0 .. MaxPostfixEntry ;
PostfixEntry = Record
Case Type_ : EntryType Of
Operator_ : (Qperator : OperatorTypeg ;
Parameter_ : (Index : ParameterRange
Number_ ~ : (Number : Real)
na
PostfixzType = Record )
EntryNo : Postflentr¥BangeW ; X
g Entry + Array [Post 1xEntryﬁange] 0f PostfixBntry
nd
SignTypeW = (_neg, _zero, _pos, _undef) ;
SignType = {neg_, zero_, pos_) ;
[HatrixRowlype = Array [ParameterRange] Of PostfixType ;
InfixType = String [2551 ;
EquationRange = 1 .. MaxBquation ;
EquationRangeV = 0 .. HaxEquation ;
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EquationInfo = Record
Ex¥ressxon Postf1xType ;

: InfixType ;
g éﬂatrlchw : MatrixRowType
nd ;
EquationType = Record { record holding equations in the model }-

EqnNo EquatlonRange ;
Eannfo : Array [BquationRange] Of Equationlnfo

nd ;

HodelNameType = String {ModelNamelen} ;

ModelType = Record { record holding information about a model }
Name : Hodel¥ameType ;

Bquations : BquationType ;
Parameters : Parameterlype

End ;
ModelTypePtr = " KodelType ;
ModelLibraryFileType = File Of ModelType ;
IMatrixSType = Array {EquationRange, ParameterRange] Of SignType ;

_ [ 1 natrix in sign matrix form }
EquationVectorType = Array [EquationRange] Of Real ; { vector type }
EquationMatrizType = Array [EquationRange] Of EquationVectorType ; { matrixz type }
ExoBndoMatrixType = Array [ParameterRange} Of BquationVectorType ; { matrix of gains }
Criodellnfo = Record ~{ additional info about the current model }

IHatrix§ : IMatrixSType ;
ExoEndoMatrix : ExoRndoHatrleype ;

ExoParlo , i $ of exo vars/constants }
EndoParlo : ParameterRangeV ; t of endo vars }
ExoParAr , (g indirect index into array Parlnfo for
EndoParAr : Array {Parameterkange} f ParameterRange ;  { exos and endos
: galue : Array {ParameterRange] Of Real { system state
nd ;
CrModelType = Record
Hodel : ModelT ;
Hodellnfo : CrHode¥¥nfo
End ;
SignArrayType = Array [ParameterRange] Of SignTypeV ;
StringType = String [255] ;
Set0fChar = Set 0f Char ;
Var
ModelLibFile  : ModellLibraryFileType ; ; { file of model librar l
CrHodel : CrModellype ; { current mode
CrModelGiven , { current model loaded ?
[MatrizSGiven, { I matrix reduced to sign matriz 9
ParValuesleen : Boolean ; { system state specified ?
SPReg , -{ integer variable holdlng stack €01nuer (SP I
used when error occurs to directly jump to pain menu
HeapPtrleg , segment & offset of heap pointer, used to allocate space on heap in
HeapPtrlfs : Integer ; specific locations, Because when error occurs,we return to main menu
without disallocating heap, so New causes heap to grow infinitely

£~

£5x% returns ugger case of strlng “8" tx1 }
unction UpCaseStr (s : StrlngType) StringType ;
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Var
i: Byte;

Beﬁln
or i:=1 To Length (s) Do
g [i] := UpCase (s [i]) ;
ngase tr =8 -
na ;

g ¥t remgves leadlnﬂ blanks in string "s" ¥¥x }
unction Triml { gtrlngType) StrlngType ;

Be
6h11e {8 < ") And (s [11=" ") Do
Delete (8, 1, 1} ;
Trimk := s
End ;

é tx% removes trailing blanks in string "s™ ¥t }
unction TriaT (s : StringType) : StrlngType ;

6h11e (<> ") And (s [Length (s)1=°") Do
Delete (s, Length {s), 1) ;
Trial := s
End ;

g 123 returns a strlnﬁ of length Len formed from character Ch ¥#£ }
unction Spe ( Char ;
Byte ) : StringType ;
Var
: StringType ; ;
: Byte ;
Begln ,
i:

For
Spe
pC :

End ;

L Xt outputs the string s and controls if Ctrl-S ig pressed. xxx %

T Len Do
+

=1’
8
8

8% If so, waits until a key is pressed
rocedure WriteSe (s : Stringlype) ;

Const
CtrlS = #19 ;

Var
Ch Char ;

ﬁr1teln (s) ‘
If KeyPressea Then

ﬁead (Kb
If Ch = CtrlS Tﬁen
Read (Kbd, Ch)

End
Rod ;
xxx displays the error message corresponding to ErrorCode, waits until *X*
xxx fsc is preessed, and returns to main menu directly. Nusber 1%
1xx additional information for some errors KX
rocedure GiveError (Errorode,
I Number  : Byte) ;
ar

Ch : Char ;
egin
indow (1, 1, 80, 25) ;

GotoXY {1 25) i
Write Error ,ErrorCode, S

Case ErrorCode 0f
1 : Write (‘unexpected end of equatlon ) ;
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: Write {unexpected character in equation’) ;
: Write { improper equation syntax ?
: Write ( unmatched ?' ;
: Write () expected’) ;
: Write {sign of I matrixz entry cannot be zero’) ; .
:-Write {# of equations must be equal to # of endogengus vars’) ;
: Write (’cannot execute selection before a model is given’) ; |
: Write { cannot execute selection before sign of I matrix given’) ;
: Write ('cannot execute selection before par valugs are given’) ;
: Write (’equations do not converge for the %iven‘1n1t131 values’} ;
: Write {’singular matrix encountered in analysis®) ;
: Write {’error in division operator’) ;
: Write {error in Yower gperator”’) ;

1

b
H

s e s e e €L XD =3 OF L B CAD [ND

b Cad DD bt OO

15 : Write {“error in ln operator’) ;
16 : Write (’error in log operator’) ;
17 : Write {’error in sqrt operator’) ;
18 : Write (’model does not exist’) ;
19 : Write {’mode] already exists’) ;
20 : Write (’invalid selection”) ; . o
21 : Write ('number of equations cannot be greater than °, MaxBquation) ;
22 : Write {’number of parameters camnot be greater than °, Max araneter) ;
23 : Write { number of parameters is zero’) ; ,
24 : Write {’no such parameter in the current model’} ; .
25 : Write ‘garameter must be an exogenous var or a constant’) ;
28 : Write (% of unknowns must be equal to ¥ of equations’) ;
g 30 : Write (‘user break, command aborted’)
na ;

Case ErrorCode 0f
L..5: Write (° éPositionz', Number, °)°) ;
6 : With Cr¥odel. Model. Parameters Do ,
Write (© (Eqn:’, %Rumber-l) Div ParNo ¢+ 1, *,Par:’, .
Trlm% {Parinfo [(Number-1} Mod Parflo + 1]. Name), “)°)

End ; ‘
GoboXY (68, zsé' ;
Write ("Press fsc...”) ;
Repeat
ead élbd, Chg
Until (Ch = Esc) And (Not KeyPressed) ;
Inline (3$89/$EC/ L: M0V SP,BP SP is saved into BP when a procedure is called }
5D POP BP BP is saved into stack }
39/226/SPReg/ CMP SP,SPReg SPReg contains address of top of stack }
75/381/ - JNL L if not stack emptied yet, jump to L }
RET } { now stack holds address of main menu, }
End ; return to main menu }

*1% guccessful completion of a main menu operation
rocedure Message {MsgCode : Byte) ;

ar
Ch : Char ;
Begin
indow (1, 1, 80, 25) ;
GotoXY (1, 25) ;

Case Msglode Of ) . .

: Write ('signs of [ matrix entries are initialized’) ;
: Write (’parameter values are initialized’) ; .
Write (‘sign analysis of total differentials completed’) ;
Write { current model is inserted to the library’) ;
: Write (’listing comgleted )i o, )
: Write (‘model is deleted from library”) ;
: Write {‘model is inserted to the library g ; )
: Write (‘model from library is loaded as the current model’) ;
: Write (‘model given by user is loaded as the current model’) ;

L *xx displays a message corresponding to MsgCode indicating the ;:: l

L0 CXO =3 LTS LM ok D NI e
XX
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10 - Write : ign analysis of galns conpleted’) ;
11 : Write (’value analysis completed”) ;
12 : Nrite _115t1ng of gains complete 5 ;
g éS : Write llstlug of elasticities completed’) ;
ne ;

GotoXY (68, 25%
Write { Press Rsc.

R I

ﬁead Kbd g
; dntll { h "Esc) And (Not KeyPressed)
na ;

s txt line editor, inputs a strlng of length Len position of cursor ¥¥x }
rocedure Readlnput ( yte
Var InputStr : StrlngType ) ;

Const

Home = #71 ; BEnd_ =#79; CR = #13; BackSp=-13;
q Left = #75 ; Right = #77 ; Del = #83; CtrlC =43
ar

Row, Col, ;

X o Byte 3

Kndfngut : Boolean ;

Ch : Char

Procedure DeleteChar (Char¥o : Byte) ;

Be

gngutStr = Copy (InputStr 1,Char¥o-1) + Copy (InputStr,CharNo+!,len-Charllo) + ° ° ;
otoXY , Row) ;
erte EInputStr

Begin
%nputStr 2= Spe (° 7, Len) ;

Row := WhereY ;

Col 1= WhereX ;

y = Row
=0l

EndInput -z False ; ;

Repeat
gotoXY {x, g;
Read élbd ,C
Case Ch
Esc : If feyPressed Then

ﬁead éKbd Ch) ;

Cage Ch o
Left If X O CollThen
Right If O ColILen 1 Then
sxtl;
End_ P X :: Col + Len - 1 ;
Hoze +x:=Col s
Del - DeleteChar (z-Col+t)
End { Case Ch of {
Bod 3 { If Then

BackSp : If x O Col Then
ﬁeleteChar {x-Col) ;

X:2X-
End ;
(R : EndInput = True ;
ggrlc : leeEtror (50, 0) ; { command aborted by user }
se :
éh = UECase (Ch) ;
Hrlte {Ch) ;

162



InputStr {x-Colt+i] := Ch ;
If x ¢ Coltlen-1 Then
x:zx+1

End
- End & Case }
Until EndInput ;

Writeln
Bnd ;

ﬁ 1xx reads an inte%er, returns 1n Number ¥xx }
rocedure Readnputl (  Len  : Byte
Var Number : Integer ) ;

Var i
InputStr : StringType ;
Result . Integer

ﬁead[nput éLen InputStr) ;
g gal {InputStr, Number, Result)
I b

5 2xx reads a real returng in Number *** }
rocedure ReadInpuﬁR Lea e ;
Var Number : Real ) ;
Vaf tSte : StringT
nputotr © dtringiype ;
Regult : Intevgr ;

ﬁeadlnput &Len, IngutStr) ;
; gal (InputStr, Number, Result)
nag

5 £ reads a,striné returns in InputStr 23] }
Procedure ReadlnputS ( : {t
Var InputStr : StringType ) ;

Beﬁin
eadInput (Len, InputStr)
Bnd ;

é k¥ reads a character returns in Ch. ChSet contains legal characters ¥¥% }

rocedure ReadChar (Var "Ch : Char
ChSet : SetOfChar ) ;

Var
In utStr StringType ; ;
Rog, Col : Byte ;
Beﬁln
oW = WhereY
Col = WhereX ;
Eeat
otolY (Col, Row) ;
Readlnput (1, In utStrg
Untll ilnput tr El? IN ChSet) ;
g gh nputStr [1]
na ;

£ 1z [s Qperator a blnarg or unary operator Xix }
unction BlnaryOPerator (Operator : OperatorType) : Boolean ;

Be
§1naryoperator := (Operator IN [Plus_, BMinus_, Mult_, Div_, Power_])

ng ;

{ ¥k Equatlon NoEqn of model Hodel containg the parameter whose index is NoPar ? ¥xx k
} 1% If contains if the parameter afpears in the infix form of the equation kX
unction ParInEqn (Var Ho el : Node

NoPar : Parame{erkange :
NoRqn : BquationRange ) : Boolean ;

EarInEqn = (Pos *TrlnT éﬂodel Parameters. Parlnfo [NoPar& Naze),
Model. Equations. EqalInfo [NoEqn] Infiz) © 0)
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End ;
{ xx The following five functions are for operators that may result in an error ¥¥t }

% ¥xx division oBerator o}
ungtion Div0p (Operandl, Operand2 : Real) : Real ;

efln
f Operand2 = 0
Then GiveRrror (13, 01
nd Rlse Div0p := Operandl / Operand2
nd

% 12 power operator ¥ {
unction PowerOp {Operandl, Operand? : Real) : Real ;

Var
Result : Real ; ‘

Beiln '
Bf (Operand! > 0) Or ((Operandl <0) And (Operand2 = Int {Operand2))) Then
e

1n
ﬁesult := Exp (Operand? ¥ In (Abs (Operandl))} ;
If (Operandl < 0§ And (0dd (Round }Ags (Spegandﬁ)))) Then
E‘d Result := - Result :

1

Elsa
If (Operandl = 0) And (Operand2 > 0)
Then Result :=
Rlse GiveRrror (14, 0)

End ;

g 1% In operator ¥¥¥ }
unction [nlp (Operand : Real) : Real ;

eixn
f Operand <= 0

Then GiveError (15, 0)
ol EBlse Ln0p := In (Operand)
nd ;

{ *x lég opefatdrfxxx }
Function Loglp (Operand : Real) : Real ;

E?ln

{ Operand <= 0

Then GiveBrror {16, 0) '

ol Rlse Loglp := ln (éperand) ¥ Log0fe
nd ;

{ *¥x gquare root operator ¥¥x }
Runction SqrtOp (Operand : Real) : Real ;

efln : ,

f Operand ¢ 0 .
Then GiveRrror gl7 0&

fud Blse Sqrtlp := qré (Operand)

nd ;

% sx% returns the result of an operator ¥xx }
unction OpResult (Qperandl ,
Operand? : Real ;
Operator : OperatorType ) : Real ;

Beéin
(ase Operator Of
OMinus_ : OpResult := - Operand2
i : OpResult := Sin Operand?
Cos_  : OpResult := Cos  (Operand?
ArcTan_ : OpResult := ArcTan (Operand2
xp_ . OpResult := ExB Operand?
+ OpResult := Ln 8 QOperand?
Log_ : OpResult := Loglp (Operand2
Sqr_  : OpResult := Sqr Operand?) ;
Sqrt_  : OpResult := SqrtOp {Operand2) ;
?us : OpResult := Operandl + Operand) ;

TR
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BMinus_ : OpResult

:= Qperand] - Qperand? ;
Mult_ — : OpResult :

0
Operandl ¥ Operand? ;
81v09 Operandl, Qperand?) ;

Div_ - : OpResult
ower0p (Operand!, Operand?

Power_ : OpResult
End

End ;

% %1% returns the inverse of gign Sign ¥3% )
Bungtlon Signlnverse (Sign : SignType) : SignType ;
egin

ase Sign Of

neg_ : Signlnverse := pos_ ;

zero_ : Signlnverse := zero_ ;
= neg_

os_ : Signlnverse :
Eng gninver
End ;

y Librag{ contains a_model whose name is Name ? If so, return XX I
t#1 the file index in Index, else Index is undeterained. K
unction ModelBxists-(  Name : ModelNameType ;
Var Index : Integer ) : Boolean ;

Var
Hodel : ModelTypePtr ;
Found : Boolearn ;

Bezin
ﬁound := False ;
Reset {ModelLibkile) ;
Model := Ptr (HeapPtrSeg, HeapPtr0fs + $7FFF) ; { create space on heap for the model. Space is 32K

beyond the be inning of heap, since top of heap ma{
contains another model before this function is called

ghi}e (Not Found) And (Not Eof (ModelLibFile)) Do
egin
éead éﬂodelLibFile Model”) ;

o

¥odel”. Name = fiane Then
egin
ound := True ; L
Index := FilePos {ModellibFile) - 1
End
End ;
ModelExists := Found
End ;
arageter whose name is Name exists in Parameters ? ¥ ;
f so, return itg index in Index, else return ParNo + 1 ¥¥¥
unction ParameterBxists (  Parameters : ParameterType ;
ame : Parameterfame ;
Var Index : ParameterRange ) : Boolean ;

ar )
Found : Boolean ;
Beﬁ;n
ith Parameters Do

agin
§ound := False ;
Index := 1 ;

While (Not Found& And &Index ¢= Parllo) Do
If Parlnfo &In ex}. Name = Name
Then Found := True
Blse Index := Index + 1 ;

ParameterBxists := Found
End

End ;
s xxk postfix exgression Item is formed from a single number ¥¥% }

rocedure NumberBatry (Var Item : PostfixType ;
Num : Real ;
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Begin
aitb Item, Entry [1] Do

eﬁln

atrylio =
Type 2= Number_
Humber := Munm

End

End ;

£ x3x postfix expression Item is formed from a single operator ¥¥% }
rocedure OperatorBntry (Var Item : PostfixType ;
Ope : OperatorType ) ;

Begin
5ith Iten, Entry [1] Do

§1n ,
atrylo = 1 ;
ype_ = Operator
perator := Ope
End
End ;

5 ¥xx solves Ax=b for x by Gauss Ellmlnatlon No is # of unknowns X% }
rocedure GaussElimination { A : EquationMatrixlype ; ;
: EquationVectorType ; ;
No : EquationRange
q Yar x : EquationVectorType )
ar
ﬁ : KquationRange ;
Hax owlo : EquationRange ; ;
Multiplier : Real ;

Procedure InterchangeRows (Rowlol ,

. RowNo2 : BEquationRange) ;
ar
Vector : BquationVectorType ; ;
Number : Real ;

eéln

ector := A [RowNol] ; ;
A {Rowﬂol := 4 [Rowlo?] ;
" & [Rowlo?] := Vector ;
Number iz h %Rowﬂol]
b [Rowﬂul} := b [Rowlo2
b [Row¥o2] := Number

End ;

Beﬁin

or i:=1 To No-! Do

Besi
ﬁaxRowHo =i
For j:=i+1 To D .
If Abs (A [J 1 } > Abs (A {MaxRowNo,i}) Then
MaxRowlo := 3 ;

If MaxRowNo <> i Then
InterchangeRows (MaxRowNo, i) ;

Ifé [1 i] = 0 Then
Givekrror (12, 0} ;

gor ji=itt To No Do
ﬁultxpller := A (3,11 / A [4,i]

For k 1+1 To No D
A (k] = AL, k] - Multiplier ¥ A [i,k] ;

b [J] := b [j] - Multiplier x b [i]
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End

End ;
For i:=No DownTo I Do
Begin

x (1] := b {i] ;

For f 1+l To No Do
x [1) := x (i1 - A [4,3) * x (31 ;

If 4 [1,i] = § Then
GiveError {12, 0} ;

Ené [i] == x [i] / A [i,i]
Bnd ;

é xxx multiplies matriz A b vector %, returns result in b ¥3x }
rocedure MatrixVectorMult ( EquatlonRange
Equatlonﬁatrleype ;
x : BquationVectorType ;
q Var b EquatxonVectorType )3
ar
1 j : BguationRange ;

§or 1:=1 To No Do
Begin

i} :=0;

Foﬁ % ]1 !

fnd i
Eed ;

{ 1xx cumEutes the value of the postfix exBresszon For parameters, system state is used ¥3% }
Functlun valuateExpression (Expression : PostfizType) : Real ;

Con
HaxStackItem = 50 ;

gtackltemRange = 1 .. MaxStacklten ; ;
StackItemRange¥ = 0 .. MaxStackltem ;

StackType = Record
Top StackItemRanfeW ;
Item : Array {Stack tenfange] Of Real

b [1] +A [l,J] *xx (j]

End ;
Var
Stack : Stackly ;
HoEntr Postflx ntryRange ;
{perand! ,
Operand?  : Real ;

Procedure Push (Var Stack : Stacklype ;
Number : Real ) ;

61th Stack Do

Top =Top +1
Iten [Topg = Number
End
End ;

Functlon Pop (Var Stack : StackType) : Real ;
ﬁlth Stack Do

e
509 := Item [Topl ;
Top :=Top - 1

End

End ;
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Begin § BvaluateBxpression }
ith Stack, Ezpr8531on Do

Beﬁ

For NoEntry =1 To Entrylo Do
thh Entry [NoEntry] Do

ge = Parameter_ Then
Pus (Stack, CrModel. Hodellnfo Value [Index])

If Type_ = Number_ Then
Pusg {Stack, Number)
Eise Begin
¥erand2 iz Pog {Stack)
Binar OPera or %Operator } Then

Operan 1 = Pop (Stack
g gush (Stack, OpResult (Operand!, Operand?, Operator))
ad ;
EvaluateBzpression := Pop (Stack)
Bnd { With }

End ; _
£ XXX parses equation string, inserts parameters info the model %% }
rocedure ParseBquation {Var Hodel : odelType ;
g : KquationRange ;
Eqn tr : StringType ) ;
Const
MaxStackItem = 50 ;

e
y%oken'l‘ype = ( Plus, BHlnus, UMinus, _Mult, _Div, _Power,

Sin, Cos, _ArcTan, [Fxp, _Ln, RL _Sqr, _Sqrt,

LeftPr RlihtPr, _Parameter, _Num er) ;
StackltemRang° = 17.. Maxbtacklten ;
StackItenRangeW = 0 .. MaxStacklten ;
StackType = Record
Top : StackIteaRangeW ;
Ttem : Array [Stacthnmﬁange 0f TokenType

Prlount : Integer
KqnPos : Byte

Eed ;
StateType =0..3;
Var
Token : TokenType ;
Stack . StackType ;
TokenSymbol : BarameterNanme ;
State : Statelype ;

Procedure DelStr (Var s : StringType ;
PosZ Byte )3

ﬁelete (s, Posl Pos?) ;
ganos z Eanos + (Posﬁ - Posl + 1)
nd

Functlon Trink (s : StrlngType) StringType ;
5h11e (<> ") And (s [1}="") Do
. DelStr (s, 1, 1)
Trinl := 8
End ;
Punction GetToken : TokenType ;
r
Tokenlen : Integer ;
Begin
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EqnStr := Triml (EqnStr) ;
TokenLen := 1 ;

If Equtr = °7 Then
GiveRrror (1 EqnPos) ;

Cage Eqndtr (1] Of
SO

Begi
11e {TokenLen < Length (
Tokenlen = Tokenlen +

TokenSymbol := Copg &Eantrfl 1, TukenLen) ;
g

If TokenSymbo

If TokenSymbol = “COS”

If TokenSymbol = "ARCTAN’

f TokenSymbol = “RIP”

If TokenSymbel = “LN’

If TokenSymbol = LOG’

If TokenSymbol = SQR’

[f TokenSymbol = "SQRT”
E 38 GetToken := _Parameter
oG ;

éhlle {Tokenlen < Length i
TokenLen -= Tokenlien +
If EqnStr [Tokenlentl] =

Be

%okenLen -= Tokenlen + 1 ;

While {Tokenlen < Length
ud | Tokenlen := Tokenlen +
If Eantr [Tokenlentl] =

Be
%okenLen := Tokenlen +

If EgnStr [TokenLen+1] IN [-

enlen := Tokenlen +
While {Tokenlen ¢ Length
TokenLen := Tokenlen +

GetToken iz

En
+ : GetToken = Plus
- : If State = 0
Then GetToken := _UMinus
Else CetToken := _BMinus
: GetToken := Mult ;
: GetToken := _Div
: GetToken : ;
: GetToken := _LeftPr i
: GetToken := _RightPr ;
e GiveError {2, Eanos)
End ; { Case }

_Number

e
"ot

Power

1ok nn

[~ ] [T Y
e e ]
w [N

TokenSymbol := Copy (EqnStr, 1, Tokenlen) ;

geIStr (EqnStr, 1, TokenLen)
ng ;

Function StackEmpty (Var Stack : StackType)

Be§1n
tackRapty := (Stack. Top = 0)
End ;

Procedure Push (Var Stack

: StackType ;
Operator

. : TokenType ) ;
61%h Stack Do
%op =Top+1;

Eantr)) And (EquStr [Tokenlen+1] IN ["A

_Sin  Else
Cos  Rlse
“ArcTan Rlse
Exp Rlse
_In Blse
Log  Else
Sqr  Rlse
_Sqrt. Rlse

n GetToken
Then GetToken
Then GetToken :
Then GetToken
Then GetToken
Then GetToken
Then GetToken
Then GetToken :

sv e me e .o
I R A R I B R N ] II

EqnStr)) And (EqnStr [Tokenlenti] IN [70°..°9

** Then
iEantr)) And (EqnStr [TokenLen+1] N[,
‘E” Then

e , +°] Then
{Eantr)) And {EqnStr [Tokenlen+i] IN [0

)

: Boolean ;

?
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Iten {Top] := Operator
End
End ;
gungtion Pop (Var Stack : StackType) : TokenType ;
egin , .
éitb Stack Do
*Bop := Tten [Top]
op := Item [Top] ;
Top:=Top -1 P

End
End ;

5 3% precedence of operators ¥ix
unction Pred (Operatorl, Operatord : TokenType) : Boolean ;

Begin
Ease.Operatorl 0f

iv, _Power])
RightPr. Plus, _BMinus, Mult, Div})S
TRightPr, “Plus, _BMinus})

Mult, Div  : Pred
Plus, _B¥inus : Pred :
Ead

Bnd ;
Procedure AddToPostfixExpr (T¥pe0f3ntry : Entrylype ;

okenStr : ParameterName ;
TypeOfOperator : OperatorType b s

Operator? IN
Operator2 IN

Sin , _Cos,
ArcTan, _Kxp ,
LB y 408 4
Sqr , _Sart : Pred := False ; { Operator2 may only be ( }
Lefthr : Pred := False
_Minus : Prcd := (Operator? IN [_RightPr, _Plus, _BMinus, Mult, Div, _Power, (Minus]) ;
_Pover : Pred := (Operator? IN [ RightPr, _Plus, _BMinus, Mult, _Di i ;

Var
ResultCode : Integer ;

Procedure ProcessParameter {  ParName : Parameterfame ;
Var Index : ParameterBange ) ;

ar
Found : Boolean

No  : ParameterRange ;
Beﬁ1n : .
arfame := ParName + Spc (° °, ParameterNamelen) ;

With Model, Parameters Do ,
éf Not Parameterfxists (Parameters, ParName, Index) Then { assigns index }
egin
?f ParNo = MaxParameter Then
GiveRrror (22, 0) ;
Parfo := Parfo + | ;
ParInfo [ParNo]. Name := ParNaze

End
End ;

Bealn ﬁ AddToPostiixEzpr } )
Bitb odel. Equations. EqnInfo (NoEqa}. Expression Do

eﬁln
ntryNo := Ratryllo + L 5
With Entry [EntryNo] Do
Beéln
ype_ := TyBeOfEntry ;
Cage Type_ Of
Operator_ : Operator := T{peOfOperator ;

Parameter_ : ProcessParameter (TokenStr, Index) ;
Number_  : Val (TokenStr, Number, ResultCode
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Beﬁln { ParseEquatlon }
qnPos :=

Hodel. Equations. EqnInfo [NoEqn]. Expression. EntryNo := 0 ;
Wlth Stack Do

%op z

State

=0
PrCount := 0 ;

Repeat
%oken := GetToken ;

¢ --» (S0 i Parameter 32 i Number 52 ; Sin .. Sqrt 83 ! - S1
St o= {50 | Paraeter §2 | MNumber §2 | Sin .. Sqrt 83

82 --> }J§2 1 /61

§3 > (50

If ((State=0) And (Not (Token IN [_LeftPr, Parameter, _Number,_Sin,_Cos, _ArcTan,_Exg,_Ln,ULog,_S§§5
rt,_O¥inus

({Statez1) Aud (Not (Token IN {_LeftPr, Parameter, Number, Sin, | (os _ArcTan,_Exp?_Ln, Log,_]?gs
_Sqrt

State=2) And ENot {Token IN £ _RightPr,_Plus, BMinus, Mult, Div, Power}))) Or
State=3) And (Token <> _LeftPr)) Then
GiveRrror {3, EqoPos) ;

Case State Of
0 : Case Token Of
_LeftPr : PrCount := PrCount + 1 ;
_Parameter,
_Humber : State := 2 ;
Minus : State := 1 ;

Klse State 1= 3
End ;
1 : Case Token Of .

_LeftPr : Beﬁln
rlount := PrCount + 1 ;
State := 0

- End ;
_Paraneter,
Number : State := 2 ;
Else _ State := 3

End ;
2: Cgse Token Of
RightPr : Prlount := PrCount - 1 ;

lse State := 1
Bnd ;
3: Beﬁ
rCount = PrCount + 1 ;
ta e:

End ; { Case }

If Token = Parameter Then
AddToPostEixBxpr (Parameter_, TokenSymbol, Plus_) { _Plus dumay }

RBlge
If Token = _Number T
AddToPostflexpr (Humber_, TokenSymbol, Plus_) { _Plus dunmy }

Else Begin { opera
While {Not StackEnptg (Stack)) And 6Prcd {Iten [Topi Tokeng)
AddToPostfixExpr (Operator_, *°, OperatorType (Ord (Pop ( tack)))) ;
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If Token = _RightPr Then

egin
it StackEmpty (Stack) Then
GiveRrror (4, EqnPos) ;
Top := TOE -1 é delete matching * from stack }
It &Not StackEmpty(Stack)) And {Item{Top] IN [_Sin, Cos, ArcTan B
fnd AddToPostfixExpr (Operator_, °~, OperatorType (Ord (Pop (Staci))
n

Blse
] Push (Stack, Token)
1
Uatil (Trimb {EqnStr) = °7) ;

If State < 2 Then
GiveBrror {1, EgnPos) ;

1f PrCount <> 0 Then
GiveKrror (5, EanPos) ;

While Not (StackEmpty (Stack)) Do
AddToPostfixExpr (8perator_, **, OperatorType (Ord (Pop (Stack))))
; gnd { With } ,
H

§§,_Ln,_Log,_Sqr,_Sqrt]) Then

{ ¥xx signs of expressions are asked for when needed
rocedure SignOflnformationatrix ;

Const
MaxBxpr = 50 ;.

i x3% converts [ matrix into a sigu matrix by restricting system space ::: l

Type -
ExprNoRange = 1 .. MaxEzpr ;
ExprioRangeW = 0 .. MaxExpr ;

BzprSignType = Record { holds expressions whose signs are asked }
Expric : ExprioRange¥ ;
ExprAr : Array [Exprﬂoﬁange] 0f Record )
Rxpr : InfixType ;
Sign : SignType
End »
End ;
s BxprSigal
xpriiga : ExprSignlype ;
Hoﬁqn : KquationRange ;
NoPar : ParameterRange ;

Procedure SignOfExpression (  Expression : PostfizType ;
. ar Sign : SignType )
3

r
Exprl, Bxpr2 : PostfixType
Siﬁnl, Sign2 : SignType

s m s

NoKntry : PostfixEatryRangeW
Counter : Integer
Procedure ShiftEntries { Exgrl : PostfixType ;
Indexl ,
Index2 : PostfixEntryRangeW ;
Var Bxpr2 : PostfixType ) ;

Var
i : PostfixBatryRangeW ;
Beﬁln
xpr2. BatryNo := Index2-Indexl+l ;

For i:=1 To Expr2. EntryNo Do )
g Bxpr2. Eatry [i] := Exprl. Entry [Indexlti-1]
nd

gungtion NunberSign (Number : Real) : SignType ;
egin
ff Number < O Then

NumberSign := neg_
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Else

If Number = 0
Then NumberSign := zero_
fnd Blse NumberSign := pos_
ad ; T

gungtion SignNumber (Sign : SignType) : Integer ;
egin ’
Ease Sign 0f
neg_ : OignNumber :
zero_ : SignNumber :
gns_ : SignNumber
En
End ;

Function ReadSign (Expression : PostfixType) : SigaType ;

1
3

— C e

ar

InfizExpr : InfixType ;

Yo : ExprNoRange ;

Found : Boolean ;

SignCh  : Char ;

anc%ion ConvertTolnfix (Expression : PostfixType) : InfizType ;
ons

MaxStackItem = 50 ;

Type _
yEtackltemRange = | .. HaxStacklten ;

StackitenRangeW = 0 .. MaxStacklten ;
StackType = Record
Top : StackltemRanfeH.- :
gtem : Array {Stack tenRange] Of StringType
nd ;
Var
Stack : StackTyﬁe ;
NoEntr : PostfixKntryRange ;
Numberdtr , ~ °
Stel, Str2 : StringType ;

Procedure Push (Var Stack : StackType ;
Str : Stringlype ) ;

Beﬁin
ith Stack Do
Begin %o + 1
op := To ;
Itgm {Top] := str
End
End ;
gungtion Pop (Var Stack : StackType) : Stringlype ;
egi
fith Stack Do

e§1n

op := Item [Top] ;
Top := Top - 1

Bnd

Fad ;
Function OperatorStr (Operator : OperatorType) : StringType ;

Begin
éase QOperator 0f
Plus_ :

us_ ¢ OperatorStr := "+ ;

BMinus_, ..
Minus_ : QperatorStr := - ;
Hult_  : OperatorStr := %’ ;
Div_  : OperatorStr := 7/’ ;
Power_ : Qperator§tr := 0
Sin_ ~ : OperatorStr := ‘Sin’
Cos : OperatorStr := “Cos ;
= “ArcTan” ;

ArcTan_ : OperatorStr :




Exp_ @ QperatorStr := Exp”
In_ : Qperatoritr := 'bn",
Log_  : OperaterStr := "lLog ;
Sqr_-  : OperatorStr := "Sqr’
g gqrt_ :"OperatorStr := “Sqrt’
n

End ;

Begin { ConvertTolnf
5 gtack Expregsign}Do

%op iz

For NoEntry =] To EntryNo Do
With Entry [NoEntry] Do
Case Type_ 0f
Parameter_ Push (Stack, Tria (CrModel. Model. Parameters. ParInfo [Index]. Name)) ;

Number_ eg
tr (Number :1:2, NumberStr) ;
g gush Stack, NumberStr)
nd

Operator_ : Beg
tr2 := Pop Stacke
If BinaryOperator (0 erator)
Then 8trl := Pop (Stack)
Else Strl :
Iflgpggagor IN [Sln_, Cos_, ArcTan_, Exp_, Ln_, Log_, Sqr_, Sqrt_] Then
Then Pus %Stack OperatorStr {Operatorg + StrZ
Else Push (Stack, OperatorStr (Operator) + + Str2 + 7))
" ush (Stack, “( + Strl + OperatorStr (0perator) +5tr2 + 7))
0 .
d ; { Case}
ConvertToInfix := Item [1]
End { With }
End ;
Begin { ReadSign }
ith &xpr81gngﬂo

in
?nflxﬂxpr := ConvertToInfiz (Expression) ;

Found := False ;
Ho :z 1

While (Hot Found) And (No <= ExprHo) Do
f ExpriAr [No] Expr = InfixExpr
Then Found := True
Blse No :=No +1;

If Found Then )
ReadSign := ExprAr [Nol. Sign

Else Begin , .
Write { Slgn of * Infle;pg,,])(- 04) :7);

ReadChar ( 1gn Ch, - , 00,4
Exgr‘c := Expriio +
h Exprir fExprﬂo]
5ase SlgnCh 0f
: 9ign iz meg_
0 Sign := zero_ ;

‘+* + Sign := pos_
End ; .
Expr iz Inflexpr ;

ReadSign := Sign
End { With i
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End { Klse Begi
Bt gyl teein )

End ;

Begin é Sign0fBxpression }

ith xer351on Do
If Entrﬁﬂo = | Then
Case Entry [1] Type_ 0f
Parameter_ : Sign := Read ng Eression} ; { signs of parameters are given by user }
Number : Sign := NumberSiga (Eatry [1]. Number) :
Else Begin
HoRatry := EntryNo -1;
Counter := 1 ;
While (Counter > 0) Do { find the operator with lowest precedence }

%f Eatry [NoEntry] Type_ <> Operator_ Then
Counter := Counter -

lse

If BinaryOperator (Entr¥ [NoEntryl. Operator) Then
Counter ;= Counter +

NoEntry = NoEntry - 1

End ;
ShiftEntries éExpr5551on, , NoEatry Exptlg i first & second parts. If a unarg }
ShiftEntries (Expression, NoBntry + 1 ‘EntryNo - 1 Expr? operator, then Rxpr! is not use

Cage Katry [EnttyBo] Operator 0Of

Plus_ eg
1gn0fExpre351on Exprl, Signl
§ign0fExpression Expr2, Sign?) ;
If ((Slénl = pos_) And (Sign2 - nﬂg_) ) Or ((Sign! = neg_) And (Sign? = pos_))
Then Dign := Read81§ (Exgr3351on)
o | Eise Sign := NumberSign (SignNumber (Signl) + Signlumber {Sign2))
na ,
BMinus_ :’Beél
ignQfRxpression Expr' Slgnl;
9ign0fExpression Expr Sign2) ;
If ((Sigal = pos_ d [Sign2 = pos_)) Or ((Signl = neg_) And (Sign? = neg )
Then Sign := Read Slgn (Expression)

Else Sign := NumberSign (SignNumber (Signl) - SignNumber (Signl))

(Minus_ Be
§1gn0fEx ression (Expr2, Sign2) ;
: lgn := Signlnverse fSlgnZ)
Mult_ B
glgnOfExpr9331on *Exprl Signl) ;
If Signl = zero_ Then
Sign := zero_
Rlise Beéln
SlgnO ExBre331on (Exng SlEnZ
1gn := NumberSign (SignNuaber (élgnl) % SignNumber (Sign?))
bi End
iv_ :
glgnOfExpr5551on Exprl S1gn1
SlgnOfEx§r5331on §
. dlgn := NumberSign ( 1v6p ( 1gnﬂunber (Sign1), SignNumber (Signl)})
Rd
Power_ : Be
ElgnOfExpre331on (Exprl, Signl) ;
Signl = pos_ Then
Sign := pos_
Else Beélu

SignQfEx r35510n (Ex 2 Sl§n2§
If (Signl = neg ) (81 tpos_, neg_l)
Then Sign := HeadSlgn (Expression)
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ol Else Sign := NumberSign (Power0p (SignNumber (Signl), SignNumber (Sign2)))
End ;

: Begi
§1gn0fExpr5531on (Expr2, Sign?) ;
Sign? = zero_
Then oign := zero
Blse Sign := ReadSign (Expression)

Sin_

Cos_ : B€§1n
ignOfExpression (Expr2, Sign2) ;
If Sign2 = zero_
Then Sign := pos
Klse Sign := ReadSign (Expression)
End ;
Exp : Sign := p
ArcTan_ SlgnOfExpr6551on (Expr2, Sign) ;

Sqr_ Be
élgnOfExpre531on {Expr2, Signl) ;
If Sign? = zero_
Then Sign := zero_
Else Sign := pos_
Sqrt gl
rt_
! §1gn0fEx§r3331on (Ex§r2 Sign2)
1gn := NuzberSign (Sqrt0p %Slgnﬁumber (SlgnZ)))
In_, Log_ Be
’ §1gn0fExpresaxcn (Bxpr2, Signl) ;
If Sign2 - pos
“Then Slﬂn = Read81§n {Ex r3551oni
fod Else Slgn := NumberSign (OpResult{0, Sign¥umber{Sign2), Entry[EntryNol.Operator))
B
End é Case }
End { Klse Begin }

End ;

Beﬁln { SlgHOfInformatlonHatrlx }
xproign. ExprNo := 0 ;

[MatrixSGiven := False ;

With CrModel, Model, Modellnfo, Equations, Parameters Do

For NoRqn: 1 To Eqnlio Do
For NoPar:=1 To ParNo Do
If ParInEqn (Model, NoPar, HoEqn) Then

Begi
51 gn0fExpression (Eqninfo [NoEqn] IHatrlxRow [NoPar], IMatrizS [NoEqn, MoParl) ;
If IMatrixS [NoEqn, NoPar] = zero_
Givekrror (6, ?NoEqn 1) % ParNo + NoPar)

End ;
Message (1) ;

[MatrixSGiven := True
End ;

£xx gign analysis on the cnrrent nodel. In this procedure exo and endo means parameters ¥¥i }
¥tx whose 51§ns are given and §arameters whose signs are unknown, respectively 1y}
rocedure Signfnalysis (Signs : SignArraylype) ;

e
EndProc ;
ﬁodeTy = 1 { 1:derivative sign ; 2:zero ; 3:inverse of derivative sign }
HodeSeEType = Set 0f ﬁodeType ;
TableRatryType = Record

8i 5 SlﬁnType ;

Hode : ModeType

End ;
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TableTyp

e = Array {EquationRange ParameterRange] Of TableEntryType ;
EndoInfoType = Array }

RquationRange Record
Endolo : ParameterRange¥ ;
EndoAr : Array (Parameterfange] Of ParameterBange

Bnd ;
ParEgnNoType = Array EParameterRange] 0f RquationRange¥ ;

y ExoSetType = Set 0f ParameterRange ;
ar
Table : TableType ;
Endo : EndoInfolype ;
ParBqnNo : ParBqnNoType
ExoSet : ExoSetTyﬁe )
HoEqn : EquationRangeW ;
NoPar : ParameterRange ;
SignCh : Char ;
PossibilityNo : Integer ;
Initialized ,
Init0key
Cont inue : Boolean ;

Procedure TableEntry (Var Entry : TableEntrylype ;
Sxén : SlgnType ;
Hode : ModeType . )

Beﬁin

ntry. Sign = Siﬁn ;
Entry. Mode := Node

End ;

Procedure WritePossibility ;
ar
NoPar : ParameterRange ;

Beain
ith CrModel. Model. Parameters Do
For NoPar:=! To ParNo Do
If (Signs [NoPar] = _undef) Then

Begin .
5rite (TrinT (Parlnfo &NoPar]. Nameg, ‘= '6 ;
Case Table [?arEigﬂg [NoPar], NoPar}. Sign Of

00
+

neg_ : Write

zero_ : Write
os_ : Write

fud ;

Write ( )

Rnd ;

WriteSe (*°) ;

gosaibilityﬂo -z PossibilityNo + 1
ng ;5

g 1% finds next possible siﬁn combinations using Table ** }
vunctmn NextPossibility (NoKqn : EquationRange) : Boolean ;
ar

NoPar : ParameterRange¥ ;

i : ParameterRange ;

BxitLoop,
Found : Boolean ;

11t godes consistent if all modes are zero or if there are at least XX ;
£3% two parameters one with mode 1 and the other with mode 28]
vunction ModesConsistent (NoKgn : EquationRange) : Boolean ;
ar
NoPar : ParameterRange ;
HodeSet : ModeSetIype
Begin
odeSet := [] ;

With CrModel, Model. Parameters Do
For NoPar:z1 To ParNo Do
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If ParInEqn {(Model, NoPar, NoEgn) Th
ModeSet := ModeSet + (Table ?NoEqn NoPar]. Mode] ;

g godesConsxstent 2= ([1,3] % ModeSet = (1) Or ([1,3] % ModeSet = [1,3])
nd
Beﬁin
xitLoop := False ;
thh CrHodel ¥odelInfo, Endo [NoEgn] Do
Re
ExxtLoop = True ;
Found = False ;
NoPar = EndoNo ;
While (Not Found) And (NoPar > Oi
If Table [NoEgqn, EndoAr [NoPar]l. Mode ¢ 3
Then Found := True
Rise NoPar := NoPar - 1 ;
If Found Then
%able [NoEqn, BndoAr [NoPar]l. Mode := Table {Nok n, EndoAr [NoPar]]. Node + I ;{ try next mod
Case Tab leq §ok Eqn, En 50 Ar [&oPar] Hode Of ! Ty next node }
1 : Table [NoKqn, EndoAr [NoPar]]. Sign : IHatrle [NoRan, EndoAr [NoPar]] ;
2 : Table [NoEqn, EndoAr [NoPar]]. Sign :=
g Table NoEqn, EndoAr {NoPar]]. Sign := SlgnThverse {IMatrixS [NoEqn, EndoAr [NoPar]])
For 1:=NoPar+! To EndoHo Do { 1n1t1a11ze followzng parameters }
TableEntry (Table NoEa BndoAr [i]], IMatrixS [RoEqn EndoAr (i1},
f Not HodesCon31stent ( oﬂq Then
Bxitloop := False
)
Until ExitLoop ;

HextPossibility := Found
End ;

i

5 1 initialize s1§ns & modes of parameters in the equat1on 3y}
Vunctlon InitializeKqn (NoBqn : BquationRange) : Boolean ;

ar

NoPar : ParameterRange ;

ModeSet : ModeSetType

EgnOkey Boolean ;

axth CrModel, Model, Modellnfo, Equations. Bqnlnfo [NoEqn], Parameters, Bado {NoEqn] Do

ﬁodeSet ={1;

For NoPar: 1 To Parllo Do
If (ParInf qn Model,NoPar, NoEqn&) And ﬁ(Slgns [NoPar] <> _undef) Or (ParEqnNo[NoPar] < NoEgn)) Then

ModeSet := ModeSet + [Table (NoEqn, NoPar]. Mode] ;
Bqnlkey := True ;

Case EndoNo
0 ([1 3] X HodeSet o [1) And ([1,3] % ModeSet < [1,3]) Then { go, equation cannot ;

False be initialized
1T Enodenet - () then
TableEatry (Table {Nokan, EndoAr [111, zero_, 2)

Rlse
If (3 I¥ ModeSe
Then TableEntr Table ENoEqn, EndoAr [ ]] [Matriz§ [NoE n, EndoAr gl]] 1)
- Else TableEntr Table NoEqn, EndoAr Signlnverse ( Hatrle[No qn, EndoAr[111), 3) ;
Rlse If (3 IN ModeSet)

For NoPar:=1 To o Do
O%ab?e%ﬁtry (Table [NoEqn EndoAr [NoPar}l, IMatrixS [NoEgn, EndoAr [NoParl], 1)

Rise Begin
For NoPar:=1 To EndoNo-1 Do
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TableBntry (Table [NoEqn, EndoAr [NoPar}l, IMatrix§ { NoEgn EndoAr [NoPar]l 1} ;
; gableEntry {Table [NoRqn, findoAr [Endofol], Slgnlnverse (IMatrizS{NoEqn,Endo r{Endo¥ell), 3)
n
End { (ase i
Bnd ; { With
InitializeBgn := Eqalkey
End ;

Function InitialPossibility (NoBqn : BquationRanmge) : Boolean ;
ar
NoPar : ParameterRange ;

egin
51th CrModel, Modellnfo, Hodel Parameters Do
Ror NoPar:*1 To Pardo
If (ParInEqn (Model, NoPar, NoBqn)) And (Signs [NoPar] = _undef) And (ParEqnNo[NoPar] < NoEqn) Then

%able {NoBgn, NoPar]. Sign := Table [ParqnNo [NoParg NoPar] Sign ;
If (Table %NoEqn NoPar]. Slgn = IMatrix§ (HoEqn, No.ar])
Table [NoEqn, HoPar]. Hode := 1 )

If Table [NoEqn, NoPar]. Sign = zero_
Then Table ?NoEqu NoPar} Hode := 2
Rlse Table [NoEqn, NoPar]. Mode := 3
End ;
g gnitialPossibility := InitializeRqn (NoEqﬁ)
nd §

Begin 5 S1§nAna1y51s }
ith Cr¥odel, ModelInfo, Model, Equations, Parameters Do

B
eﬁxoSet = {1

For HoPar:=1 To Parlo Do
If Sléns [NoPar% ¢> _undef Then
BxoSet := BxoSet + [NoPar] ;

Writeln (%g, ‘Possibilities’,

Possibilitylio := 0 ;

If EzoSet = {1..ParNo] Then { if no unknowns then no possibility }
Goto EndProc ;

FiliChar (ParEqoNo, Parlo, 0) ;

For NoEqn:=1 To Ran
With gqnlnfo [NcEqn] Endo [NoEqn] Do

ﬁégoﬁc =0 ;

For NoPar:=1 To Par¥o Do
If ParInBqn (Model, NoPar, NoEqn) Then

%f Signs [NoPar] <> _undef Then a331vn signs and modes of known parameters into i
. These do not change during the analysis
%able [¥oEqn, NoPar]. Slgn = Signlype [Ord (Sl ng [NoPar])) ;
{Signs [NoPar]} Ord (IMatrixS [Noqn, oPar])
Table [NoEqn, NoPar

1ge
If Slgns NoPar] S
Then Ta le [NoEqn, NoPar] Hode := 2
Kise Table [NoEqn, NoPar]. Hode := 3

Hode := 1

End ;

If Not (NoPar IN ExoSet) Then
Begin
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EndoNo := Endolo + 1 ;
EndoAr {EndoNo] := NoPar ;
BxoSet := ExoSet + [NoPar}

End ;
[ ParEqalo &NoPar] = 0 Then
ParEqnNo [NoPar] := NoEqn { ¢ of the "first” equation the parameter appears }
End &'If & For -
End ; { With & For

HoEqn 3= 1 ;
Initialized := False ;
Repeat
fnltOkey ;= InitializeBqn SNoEqn) ;
If Endo {NoRqn}. EndoNo = 0 Then { if % of endos in NoBEqn > 0, then InitializeBqn returns True }

If Not InitOkey
Then Goto EndProc
Klse NoBqn := NoEqn + 1

se
Initialized := True
Until Initialized ;

With Endo [NoEqn& Do v B
Table [NoKqn, EndoAr [EndoNo}]. Mode := Table [NoEqn, EndoAr [EndoNo]l. Hode - 1 ;

¥hile (NoEqn > 0) Do
Begin
Continue := True ;
If NextPossibility (NoEqn) Then

Begin
ghi}e {Continue)} And (NoEqn < Eqn¥o) Do { initialize following equations }
egin ,
ofan := Nofan + 1 ;
If Not InitialPossiﬁility {NoBqn) Then

eﬁln
ofqn := NcEgn - 1 ;
Continue := False

End
Bnd ; { While }
If Continue Then

Beéxn
ritePossibility ;
goEqn := Eqnllo

il

Bnd { If }
ey = Mok - 1
oBqn := NoEgn -
End { Wﬁile }
End ; { With }
RadProc :

Writeln ;
If PossibilityNo = 0 L

Then Write I'Inconsis@ent, no possibilities’)
Blse Write (‘Possibilities found : °, PossibilityNo)

End ;
{81 INCLUDE.PAS}

L ¥t displays nain menu and calls the opbion selected *¥¥ & )
rocedure MainMenu ; { no variables must be passed to this procedure }

ar
Choice : Integer ;

Begin
IrSer ;
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GotoX¥
Write (“Current model : )
If CrModelGiven Then

Write (Crlodel. Model. Name) ;

GotoXY {1, 2) ;
Nrite ( Analy51s of Algebraic Hathematlcal Hodels ver.l. 00
‘Main Menu®, LF

)

8, 3)

3 16i

’
L

N

from user)”, IF,
New model {from library)’, LF
Sign of Intormation ma{rlx , LF,
Sign analysis of total differentials”, LF,
Sign analysis of gains’, .
Parameter values’
Value analysis”, LF,
Gains”, LE, -
Blasticities’ , LE,

10. List library’, LF,
. Insert to llbrary ,
. Delete from library’,
. Save current model’,

. Exit”, LR,
Cﬂolce )
ReadInput! (2, Choice) ;

If (Not CrHode1G1ven) And (Choice IN {3..9,13]) Then

Givekrror (8, 0) 5

If (Not IHatrleleen) And (Choice IN {4,5}) Then
GiveError (9,

If (Not ParValues 1ven) And (Choice IN [7..9]) Then
GiveError (10 %

If Not (Chou:e Iu 1..14]) Then
GiveBrror (20

New model

’
1)

L

If {Choice ¢« 14) Then

eélr Ser ;

erte { Optzon '
Case Ch01ce 0f
1 : Write (“New model &
‘A new mode
: Write (‘New model (from library)’, LE
‘A model of the library 1s loa
: Write {’Sign of Information matrix’, LF,
‘Signs of pars & par expressions given to r
: Write ( Sign analysis of total differentials’, L¥
‘Sign analysis of tot difs on current modei
: Write ( Sign amalysis of gains’, LF,
‘Sign analysis of ga1ns on curren
: Write (’Parameter values’
‘Par values given Sﬁ tﬁe user & equations s
: Write (‘Value analysis®, L
Value ,analysis of tot difs on current mode
: Write {‘Gaing”, LF
‘Display gains for a single exo var/constant
: Write {‘Elasticities’, LF
“Display elas
: Write (‘Lis 11brarg
‘Models in the llbrarz are listed’) ;

: Write (‘Insert to lib rar{ i 1 brary’) ;
0 e ibrary’) ;

d a new model
fhe 11brary )

)

from user)’,

, Choice, ~ -
LE,

3ed as the cu

O OO ~J TP N e D N

—
— D

: Write (‘Delete from library’
‘Remove a model from

-
(3]
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LF,

is given by the user and becomes the current model’ ) ;

rrent model”) ;
educe I matrix into a sign matriz’) ;

gigns of ? pars are determined’) ;

t model, gains of endos wrt a exo/cst deteramined’) ;

olved, if desired, for endo vars’) ;
1, magnitudes of ? pars are determined’) ;

t or for all exo vars/constants’) ;

tlclfles for a single exo var/constant or for all exo vars/constants’) ;



13 : Write (Save current model, LF,
fnd d the current model to the library’)
na 5

GotoXY (54, 1) ;
Write (*Current model : °) ;
If CrModelGiven Then
Write {CrModel. Model. Name) ;

Write (LF, LF, “-ooommmo oo oo oo B
GotoXY (1, 24) ;

rite
Window {1, 4, 80, 23} ;
GotoXY (1, 1}
End ;

" Case Choice Of
: ReadCurrent¥odel ;
: LoadCurrentdodel ;
: S;gnOfInfogmationﬁatyix P
: SignhnalysisQfTotalDifferentials ;
: SignAnalysisOfGains ;
: ParameterValues ;
: ValueAnalysisOfTotalDifferentials ;
: DisplayGains ;
: Klasticities ;
: Llsthbrarg ;
11 : IngertTolidrary ;
12 : DeleteFroalibrary ;
13 : SaveCurrent¥odel ;

: Beéin
lose (ModelLibFile) ;
Halt

= L0 OO TP LNV b SO NI =
.

L)

End
End { Case }

End ;
¥X¥ pain program ¥ }
egin
issign (ModelLibFile, ModelLibraryRileName) ; { open model library file }
.§$I-} o
{e?et (ModelLibFile) ;
+
I% {I0Result <> 0) Then { if file does not exist, create it }
Rewrite (ModelLibFile) ;

CrModelGiven := False ; { no currnt model }

Inline (389/$26/5PReg/ MOV SPReg,SP nove (address of top of stack - 2) to SPReg
F¥/30E/5PReg/ DRC SPReg this 13 the address that will contain the
FE/30E/SPReg ) ; DEC SPReg return address of main program when it calls

the procedure MainMenu. MainMenu must not be
called with a variable, otherwise SPReg points to
these variables instead of the retarn adgress

HeapPtrSeg := Seg {Heathr’{ ; E top of heap: segment k offset. The gro%ram allocates ]

HeapPtrOfs := Ofs (HeapPtr™) ; pointers on heap at top of heap & at (fop of heap + 32[)

TextColor (LightGray) ;

Repeat

HainMenu

Until False

End.
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£ ¥¥¥ sign analysis of total differentials ¥¥x }
rocedure SignAnalysisOfTotalDifferentials ;

ar
Signs :-SignArrayType ;
NoPar : ParameterRange ;

SignCh : Char ;

Beﬁ;n )
ith CrModel. Model. Parameters Do
For NoPar:=1 To ParNe Do

Bealn

rite (ParInfo [NoPar]. Name, g— 0+7?):7);
ReadChar SiﬁnCh, [-5,707,7+7,°7°1)
Case SignCh Of

-* : Gigns [NoPar] := neg ;
‘0 : Signs [NoParj := _zero ;
‘+° 1 Gigns [NoPar) := pos ;
?* 1 Signs (NoPar] := _undef
End
End ;

SignAnalysis (Signs} ;
Hessage (3)
BEnd ; :

XX si%n analysis of gains. similar to si%n analysis of total
xix differentials. sign of given exo/const becomes +. signs of ¥¥x
xxx other exos/consts initialized. signs of endos found m
rocedure SigndnalysisOfGains ;

ar

Signs : SignArrayType

ParName : Parameterfiame ;

Index ,
NoPar = : ParameterRange ;
SigaCh : Char ;
Bealn
ith Criodel, Model, Parameters Do
Begin

rite (Name of exo var/constant : °} ;
ReadInputS (ParameterNamelen, ParName) ;

If Not P&rameterﬂxists {Parameters, ParName, Index} Then
GiveRrror (24, 0) ;

If Parlnfo [Index&. Type_ = Endo Then
GiveRrror (25, 0} ;

Writeln ;

For NoPar:=1 To ParNo Do
If Parinfo %NoPar]. Tyge = Endo Then
Signs [NoPar] := _undef

lse
If Parlnfo EHoPar]. Name = ParName Then
Signs [NoPar] := _pos
Else Begin . )
Write (ParInfo [NoPar]. Name, “ (- 0+4): ")
ReadChar_éSiﬁnCh, [*-7,70°,°+'1) ;
Case SignCh Of
-* : Gigns tNoPar} 1z _neg ;
cz

‘0" : Signs [NoPar] := _zero ;
+* : Signs {NoPar] := _pos
End
End ;

SignAnalysis (Signs)
p AR |
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Hessage (10)
nd ;

L ¥x input a system state ¥t }
rocedure ParameterValues ;

Var
KqnVector : EquationVectorType ;
BonMatrix : EquationdatrixType ;
HoRan : EquationRange ;
NoPar : ParameterRange ;
Answer - : Char ;

5 $rx golves the nonlinear equations by Newton-Raphson method ¥xx }
rocedure Newton_Raphson ;

Const
Tolerance, = 1B-6 ; :
q MaxIteration = 10 ; { 10 -iterations is enough for convergence }
ar
KqnVector : BquationVectorType ;
BqnMatrix : EquationNatrixType ;
Nokan : BquationRange ;
RoPar : ParameterRange ;

0ldVector ,
HewVector ,

RHSVector : BquationVectorType ;
[terationNo  : Byte ;
Valuel , ’
Value2 : Real ;
Befln :
terationflo := 0 ;

Wiﬁh Crgodel, ModelInfo, Model, Equations, Parameters Do
epea

or ¥oRqn:=1 To EqoNo Do

RqnVector [NoBqn] := BvaluateBxpression (EqnInfo [NoEqn]. Expression) ;

For NoEgn:=1 To Eqnlc Do

Ror NoPar:=1 To EndoParNo Do .- .
Eqn¥atrix [NoBqn,NoPar] := BvaluateBxpression (EqnInfo[NoEqn]. IMatrizRow [EndoParAr(NoParll) ;

For NoPar:=1 To EndoParNo Do
0ldVector [NoPar] := Value {EndoParAr [NoPar]] ;

MatrizVectorMult (EqnNo, BqnMatrixz, OldVector, RHSVector) ;

For NoEqn:z1 To BqnNo Do
RHSVector [NoBqn] := RHSVector [NoEgn] - EqnVector [NoEqn] ;

GaussBlimination (EqnMatrix, RHSVector, EqnNo, NewVector) ;

For NoPar:=1 To BndoParNo Do
Value [EndoParAr [NoPar]] := NewVector [NoPar] ;

Valuel := 0 ;
Value2 := 0 ;

For NoPar:=1 To EndoPario Do
Valuel := Valuel + Sqr (NewVector [NoPar] - OldVector [NoPar}) ;

For NoEqn:=1 To EgnlNo Do i
Valuea := Value? + Sqr (EvaluateBxpression (EqnInfo [NoEqn]. Expression)) ;

IterationNo := IterationNo + 1 , ) )
Until ((Sqrt (Valuel) < Tolerance) And (Sqrt (Value2) < Tolerance)) Or (IterationNo > MaxIteration) ;

If IterationNo > MaxIteration Then

GiveBrror (11, 0)
End ;
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Besin
arValuesGiven ;= False ;

With Criodel, ModelInfo, Model, Equations, Parameters Do
egin :
éor.HoParzzl To Parllo Do

Besln
rite (ParInfo (NoPar]. Wame, ~ = ") ;
ReadfnputR (10, Value {NoPar|)

End ;

Write (LF, “Will the equations be solved for endog iables 7 (I/H) °) ;
ReadChar (Answer, ['YQ?QN‘]?H? e solved for endogenous variables ? (Y/H) °)

Writeln ;
If Answer = °Y" Then

egin
Eewton Raphson ; -
For NoPar:=1 To EndoParfo Do

Begin
ﬁrite zggrlnfo [BndoParAr [NoParl]. Name, * = *, Value [EndoParAr [NoPar}] :7:2) ;
g grlteSc }

n

End ;
For NoBqn:=1 To BanMNo Do

For NoPar:=1 To EndoParNo Do
EquMatrix [NoEqn, NoPar] := BEvaluateBzpression (EgnInfo [NoEqn]. IMatrixRow (EndoParAr [NoPar]}) ;

For NoPar:=1 To ExoParNo Do { calculate gains }
ezin
gor_NoEqn::I To EquNo Do

egin
§anector [NoEqn} := BvaluateBxpression (EqnInfo [NoEqn]. IMatrixRow [BxoParAr [NoPar]}) ;
gq?Vector NoBqn] := - EqnVector [NoEqm]

nd
g gaussElinination (EqnMatrix, EqnVector, EqnNo, ExoEndoMatrix [NoPar])
n
Bnd ; { With }
Message (2} ;

ParValuesGiven := True
End ;

s1x value analysis on the current model ¥¥x }
rocedure Va1ueAna1y31sOfTotalDiffereut1als ;

Ype
q ﬁagnitude&rrayType = Array [ParameterRange] Of Real ;
ar .
Signs + SignArrayType ;

Magnitudes : MagnitudeArrayType ;

EqnVector , .

ResultVector : EquationVectorType ;

RqoMatrix  : EquationMatrizlype ;

Gain : Real
NoEqn : KquationBange
Undef¥o ,
NoPar ,
i : ParameterRange ;
8 SignCh : Char ;
egin
gitb Cr¥odel, ModelInfo, Model, Equations, Parameters Do
egin
OndefNo := 0 ;
Writeln {' Sign (- 0 +7) Magnitude’) ;
Weiteln (© = =mmmmmmmemmmmms mmmeeeees ;



For NoPar:=1 To ParNo Do
Beéln
rite (Parlnfo [NoPar]. Name, ° : B
ReadChar éSianh. [5-5,°07,7+,"71)
Cage SignCh Of '
- : Signs [NoPar] := _nmeg ;

: Begin
§igns [NoParA,:: Zero ;

Magnitudes [NoPar] := ¢
nd .
'+ : Signs (NoPar] := _pos ;
7 Begin :
iins [NoPar] := _undef ;
. gn effo := Undeffo + 1
n

End ; .
If Signs [NoPar] IN [_neg, _pos] Then

Beéln

: otoXY (33, Wherel-1} ;

: ; geadInputR (5, Hagnituées (NoPar}) ;
I

Brnd ;

If UndefNo <> EqnNo Then
GiveError (26, 0) ;

For NoEqn:=1 To EqnNo Do { solve the equations }

Begin
Eanector [NoBqn} := 0 ;
Undeffo := 1 ;

For NoPar:=1 To Parfo Do

Begin
ff Parlnfo [NoParB. Type_ = Endo Then
f NoPar = EndoParAr [NoEqn]
Then Gain := 1
Else Gain := 0
Kise Begin

izl
While ExoParAr [i] <> NoPar Do
im=itl;
Gain := - ExofndoMatrix (i, NoRgn]
End ;

If §igns [NoPar] = _undef Then

egin
ﬁanatrix [NoBqn, UndefNo] := Gain ;
gndech := Undeflio + 1

i
Elgse Begin
If Signs [NoPar] = _pos Then

Gain := - Gain_;
EqnVector [NoEgn] := EqnVector [NoEgn] + Gain % Magnitudes [NoPar]

End
End [ For NoPar ... Do Begin }
End ; { For NoEgqn ... Do Begin

GaussBlimination (EqnMatrix, EqnVector, Eqnlo, RgsultVector) ;

Write (LB,
‘Results’, LF,
‘ *, LE

i=1;
ior NoPar:=1 To Parlo Do
If Signs [NoPar] = _undef Then

Begin v
'ériteln {Parlnfo [NoPar]. Name, ° = °, ResultVector [i} :6:2) ;
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fr=itd
End
nd ; { With }
Message (11)
nd ; :

é xxx output galns for the given system state x¥& }
rocedute DisplayGains ;

ParName : ParameterName ;
[ndex ,
NoPar ,
i : ParameterRange ; ;
AllGalns : Boolean ;

§1th Cr¥odel, Modellnfo, Model, Parameters Do

Be
érlte {Name of exo var/constant : °) ;
ReadInputS (ParameterNamelen, Parfaze) ;

Al1Gains := {TrimT (ParName) = °°} ; { if no name is given then output all gains }

If #Not AllGains) Then
ot ParameterExlstS (Parameters, Parlame, Index) Then

GiveRrror (24,

Blse
If Parlnfo [Index&. Type_ = Endo Then
GiveError (25, 0} ;

Writeln ;

For NoPar:=1 To ExoParfio D
If AllGains Or (ExoParAr [NoPar] = Index) Then

6r1teln 2 Gaing for °, Parlnfo &ExoParAr [¥oPar]}. Name g ;
HrlteSc pc (- Len th (Trin? (Parlnfo [ExoParAr [NoPar]]). Name}) + 10)) ;

Bor i:= RndoParNo
Vrlteln (ParInfo [EndoParAr {i]1. Name, * : *, BxoEndoMatrix [NoPar, i] :6:2)

Bnd
nd ; { With }

Message (12)
nd ;

g xxx output elasticities for the given system state ¥#% }
rocedure Klasticities ;

ParNane : Parameterfaze ;

: ParameterRange ; ;
AllElastlc1t1es : Boolean ;

ﬁlth CrModel, ModelInfo, Model, Parameters Do

arlte (‘Name of exo var/constant : °) ;
ReadInputS (ParameterNamelen, Parfaze) ;

Al1Rlasticities := (Trinl (ParName) = *°) ; { if no name is given then oﬁtput all elasticities }

If Eﬂot AllRlasticities) Then
If Not ParameterBxists (Parameters, ParName, Index) Then

GiveZrror (24,

Else
If Parlnfo [Index&. Type_ = Endo Then
GiveRrror (25, 0) ;

Writeln ;
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For NoPar:=1 To ExoParNe Do
1f AllKlasticities Or (ExoParAr [NoPar] = Index) Then

Begin
ﬁr;teln {'Elasgigities for °, ParInfo [ExoParAr [NoPar]a. Name& ;
WriteSc (Spe (-7, Length (TriaT (ParInfo [ExoParAr [Nofar}]. Name)) + 17)) ;
For 1:=1 To _EndoParlo Do o )
Writeln (ParInfo [EndoParAr {il). Name, " : °,
ExoEndoMatrix [NoPar, 1] * Value [BxoParAr [NoPar]] / Value [EndoParAr [il] :6:2)

End
End ; { With}
Message (13)
End ;
xix gimplify the expression. For examgle, if there is a + operation ¥x*
tix where both operands are numbers, then add those numbers and Kk

1% insert the result as a single entry instead of three entries  ¥%¥
Procedure SimplifyRxpression (Var Expression : PostfixType) ;

Const
MaxStackltem = 50 ;

Type
Etackltemkange = 1 .. MaxStacklten ;
StackltenRangeW = 0 .. MaxStackltens ;

StackType = Recor
Top : StackItemRangeW ;
Itea : Array {Stackltenfange] Of PostfixType

End ;
Var
Stack : StackTyEe ;
NoEntry + PostiixEntryRange ;
[tenl, Item2,
[temd, ItemB,
TteaC, Itemd  : PostfixType ;
Brror : Boolean ;

Procedure Pop (Var Stack : Stacklype ;
: Var Topltenm : Postfix?ype ) ; o

Beﬁin
ith Stack Do
Be%ln
opltenm := Item [Top] ;
Top :=Top -1
End
Bnd ;

Procedure Push (Var Stack : StackType
Topltea : Postfizlype ) ;

Begin
6ith Stack Do

Begin :
op :=Top + 1 ;
Iten [Topﬁ := Toplten
End
End ;

Function Result (Operandl ,
Operand? : Real ;
Operator : OperatorType ) : Real ;

Begin
ff Operator = Div_ ) And (Operand2 = 0}) Or
Qperator = Ln_ And (Operand? <= 0}) Or
Operator = Log_ ) And (Operand2 <= 0)) Or
Qperator = Sqrt_ } And (Operand2 < 0)) Or
OBerator = Power_) And
perand! <= 0) And
Oﬁerandl >; 0) Or (Operand? <> Int (Operand2))) And ((Operandl <> 0) Or (Operand2 <= 0))))
en frror := True
Klse Result := OpResult (Operand!, Operand2, Operator)
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End ;

Procedure NegativeOfltem (Var Iteml : PostfixType ;
[tem2 : PostfixType )} ;

Befxn
tesl := Ifem2 ;
Wlth Tteal Do

Be

§ntry¥o iz EntryNo t1;

Entry { ntryNo] Type_ erator ;
. Entry EntryNo Operator = 1nus

End ;

Punction CondFalse (Condition : Boolean ;
Tten : PostfixType ) : Boolean ;

Begin
gondition := Condition And (Not Error) ;

If Condition Then
Push (Stack, [tem) ;

CondFalse := Not Condition
End ;

Procedure Mergeltems (Iteal, Item? : Postfle¥pe ;
Operator : Operatorlype ) ;

ar
i : PostfixEntryRange ;

Be
éor i:=1 To ITtenm2. Entrﬁﬂo Do
Itest. Eatry [Iteml ntryNo + i] := Item2. Eatry {1] ;
" Ttenl. EntryNo := Iteal. EntryNo + ItenZ Entryﬂo $
[teml. Entry [Itesl. EntryNo] Type_ QOperator_ ;
Ttem!. Entry {Itenl. EntryNo]. Operator = Operator ;

Push (Stack, [teml)
End ;

Begin { SimplifyExpression }
ith étack Expre551on Do

ﬁop z

For NoEntry =1 To Entr¥ o Do ,
If Entry [NoEntry]. Type_ <>,0perator Then

ftemA Rntryﬂo :=
ItesA. Eatry i Enfry [NoBntry] ;
fn gush {Stack, ItemA

Elge Begln
Pop (Stack, Item2) ;
If Blnary0perator iﬁntry {NoBntry}. Operator) Then
Pop (Stack, Iteal) ;

Brror := False ;

Case Entry {NoEntry] Operator 0f

Plus_ :
ﬁumberEntry (Itemh, Iteml. Entry [IA Nuaber + Item2 Entr¥ f1. Number)
1f CondFalse ( Tteal. EntryNo = 1) *Itenl ntr } ype_ = = Number }
Iten?.EntryNo = 1) And (Item2 Entrﬁ { e_ = Number ), [temA) Then
If CondFalse ( Itenl BntryNo = 1& And (Itesl ntry Mype_ = Namber_) And
Entry [1]. unber = 0), ItenZZ
If CondFalse ( Iten2 Entryﬂo : 1& And (I enl. n
Ttem2. Entry 51] usber = 0), Item!
tenl, Item2,

hen
&1] Type_ = Number_) And
¥ hen

Mergeltens ( lus_)
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End ;

: Begi
ﬁumberEntr¥ (Itemd, Iten!. Entry [1]. Bumber - Item?. Entry [1]. Number) ;
NegativeOfiten {ItemB, Iten?) ;
If CondFalse ({Item] Kntrﬁﬂo = 1) And }Iteml Entr 51% Type = Number_) And
ten? Eatryfo = 1) An tea? Entryfl Yoe z Number _) , Itend) Then
If CondFalse ( Iteml EntryHu = 1§ And {Itenl. Entr Type_ = Number _} And
Ite { [1]. Rumber = 0), ItemB) Then
If CondFalse ( ItemZ En rylo = 1& And (ItemZ Entr &1} Type_ = Number_) And
Entry El]. umber = 0), Iteml{ hen
teml “Tten?, BMinus_) :

BMinus_

¥ Hergeltenms (
nd ;
UMinus_, Sin_, Cos_, ArcTan_, Bxp_, Ln_, log_, Sqr_, Sqrt_:

egln
§€mb§rE§t€y &ItemA Result (0, Item2. Entry [1]. Number, Entry [NoEntry]. Operator}) ;
enl. EntryNo
If CondFalse ZiltemZ EntryNo = 1) And {Item2. Entry{1].Type_ = Number_) , I[temd) Then
Hergeltems ten?, Iteml, Entry [NoEatry}. Operator)

Mult Be
. ﬁumberEn*ry ItemA Iteml Entry [1]. Number * Item2. Entry [1] Number) ;
NumherEntr¥ temB,
NegativeOfltem (ItenC, itemZ ;
HegativeOflten ItenD Iten] ;
If CondFalse ( tegl EntryNo = 1) And (Iteml. Entr E Type = Number_) And
Iten2. Entrylo = 1 And (Item2.Entr 1 fe < Humber ) ItemA) Then
If CondFalse (( Iteml Enfryﬁo = ﬁ And (Itenl ntry . Type_= ﬂhmﬁer And
Entry [1]. Number = Or
_ . EntryNo = 1) And (Item?. Entry [1% Type_ = Number_) And
temZ Batry (1), Number = 0)), Iten en
If CondFalse ( Iteml Entry?o = 1& And (Iteml. Kntr *1] Type_ = Number_) And
Iteml ntr{ {11. Number = 1), Item2¥
If CondFalse ((Item?. EntryNo = lg And (ItemZ Entr 1]. Type_ = Number_) And
Iten2. Entrz {11. Number = 1 en
If CondFalse ( Iteal En ryNo = 1& And ( eni Entr 1% Type_ = Number_) And
Itenl. Ent { . Humb er = -1 tea
If CondFalse (}ItemZ En ryNo = 1& And (1 temZ Entry£1 ype = Number_) And
Iten2. BEntry ﬁl]. umber = -1), [temd) T
Mergeltems (Iteml, Item?,
) End ;
Div_. eﬁ
usberfntry Item& Result (Iteml. Entey [1]. Number, Itea2.Entry{1].Huaber, Div ))
NumberEntr¥ temB, 0) ;
NegativeOfiten {Itemc tte ml) ;
If CondFalse ((Item] EntryNo = 1) And (Iteal. Entr 51} Type_ = Number_) And
[tem2. EntryNo = 1} And {Item2. Entryfl ¥ g_ = Number ), Itemﬁg Then
If CondFalse ( Iteml En ryfo = 1% An (Iteml Entr ﬁ “Type_ = Number_)
[teml. Eatry [1]. Number = 0}, ItemB¥
If CondFalse ({Item2. EntryNo = 1& And (ItenZ Entr &1] Type_ = Humber_} And
Item2. Entry {11. Number = 1), I temlg
1f CondFalse ( ItemZ Entryﬂo = 1& And (ItemZ Entré {1). Type_ = Number_) And
[tem?. umber = Iteal) Then
Mergeltems (Itenml, ItemZ 1v_)
End ; ;
Power_ : Beﬁ
umberfntry (Itemd, 1
NumberEntry ItemB, 0
NumberEntry (ItenC, Result (Iteml Entry 1] Number ItemZ Entry[l] Number, Power_}) ;
If CondFalse (( Ttenl. EntryNo = la And (Itenl. Entry [1]. Type_ = Number_) And
Iteml. Entry [1]. Bumber = )% Or
({Item2. BntryNo = 1) And (Iten Entr [lg. Type_ = Number_) And
Ttem2. Entry [1]. Number = [temd) Then

If CondFalse Iteml Entry 0 = 1& And teni Entr %1]. Type_ = Number_) And
ntr{ [1]. unber =0), 1 tenB¥ hea
If CondFalse ( ItenZ EntryN o = (Itenl. Entr 1] Type_ = Number_) And
[ten?. ntr{ ) umber = 1), li
If CondFalse ( Itenl En ﬁNo = 1) And (I tenl Entry [1] Type_ = Number ) And
BntryNo=1) And (Iten2.Rntey[1].Type_ -Nusber_ _), Iteal) Then

Hergeltens ( tenl “Ttea?, Power_)
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p End ;
Engn; i ﬁ?gg éegin & For }

Expression := [tem [1]

Bnd { With }
End ;

; ¥xx finds derivative of the equation wrt all parameters ¥ix }
rocedure Derivative(fEquation ?Var Hodel : ModelType ;
. NoEqn : EquationRange ) ;

Const
HaxDerlvExpr =50 ;
ype
erivExprRange = 1 .. MaxDerivExpr ;
DerivExprType = Record
Expr : PostfixType ;
Derlv : Boolean

DerivativeType = Record
ExprNo DerLVExBrRanée ;
g dxprAr Array [DerivExprRangs] Of DerivExprType
nd
Var
Derlvatxve : Der1vat1veType
g : DerivEzpr anﬁ
NoEn ry  : PostfizBntryRange¥

NoPar : ParameterRange
Counter  : Integer
Round '+ Boolean ;

Procedure ShiftBxpressions (Var Derivative : Derivativelype ;
Index : DerivBzprRange ;
ShiftNo  : Byte ) ;
va? ) . - L=
i : DerivExprRange ;

egin
61th Derivative Do
eﬁln
xpro := Expr¥o + ShiftNo ;
For i: -EXerO DownTo Index+Shift¥o Do

ExprAr 1 := ExprAr [i-ShiftHo]
End ; '
Procedure ShiftEntries (Var EntryAr : PostfixType ;
ShiftNo : Byte };

: PostfixEntryRange ;
§1th EnteyAr Do
Be
&ntryﬂo := EntryNo - Shiftlo - 1 ;

For i:=1 To Entr
Botry [i] := Entry [1+Sh1ftﬂo]

End
End ;
Procedure Operatoritem (Var Expression : DerivEzprlype ;
(Ope OperatorType Y
BperatorEntrB (Expresslon Bxpr, Ope) ;
g gxpresslon eriv :: False
nd ;
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Procedure NumberItem (Var Expression : DerivRzprType ;
Number : Real ) ;

Begin
ﬁumberEntry gExpre351on Bxpr, Number) ;
g gxpr8331on eriv := False

nd ; -

Begin B DerivativeOfBquation }
ith Derivative Do
in
ﬁxpr No := 1
Exprér { ] txpr := Yodel. Bquations. BqnInfo [NoEqnl. Expression ;

BxprAr [1]. Deriv := True ;
'ReEeat
ound := False ;
NoBxpr := t ;

While ﬁRoExpr <= ExprNo& And {Not Foundg
If ( xprAr (NoBxprl. Deriv) And (ExprAr [NoEzprl. Expr. EntryNo > 1)
Then Found := True
Else NoExpr := NoExpr +1;

If Found Then
§1th BzprAr [NoExzpr]. Expr Do

Be
ﬁoEntry = Entryﬂo -1

Counter := 1 ;
While (Countar > 0} Do { find operator with lowest precedence }

%f Entry [NoEntryl. Type_ <> Operator_ Then
Counter := Counter - 1

If BlnaryOPerator (Entr{ [NoBatry]. Operator) Then
Counter = Counter +
NoRntry := NoEntry -1

Ea
End ; { With }

Cas? ExprAr [NoBxpr]. Bzpr. Eatry [BxprAr [NoBxpr]. Expr. EntryNo]. Operator Of
us_ ,
BMinus_ Beé
hiftExpressions (Derlvatlve NoExpr, 2) ;
Exprir ENoExpr+1] = Exprir &NoExpr] ;
ExprAr (NoExpr]. Expr. EntryNo := Nomtry ;
ShlftEntr1es { xprAr NoExpr+1 Expr, NoEntry) ;
Operatoriten Expr r [NoBxpri2
Bud ; Exprir{ oExpr+2] Expr Entry[BxprAr{NoExpr+2].Expr.EntryNo]. Operator)
n
UMinus_  : Beéln
hiftBxpressions éDer1vatxv= NoBxpr, |
Exprar NoExprg xpr, EntryNo := xprAr fNoExpr] Bzpr. Entrylo - 1 ;
gperatorltem {Kxprir [NoExpr+1], UMinus_)

Mult_ Beé
hiftExpressions (Derlvat1ve NoExpr, 6) ;
Exprir ENoExpr+1] = Exprir &NoExpr] ;
Kxprdr [NoExpr Bxpr. Rntrylo NoEntry ;
ShiftEntries (ExprAr NoExpr+1] r, NoBatry) ;
ExprAr [NoExpr+3} := KxprAr [NoEx prﬁ
ExprAr [NoBzpr+3]. Deriv := False ;
ExprAr {NoBxpr+4} := Rxprir ENoExpr+1] ;
ExprAr [NoBzpr+l]l. Deriv := False ;
Qperatoriten ;Exprﬂr {HoExpr+2] Mult_ i

Operatorltea {ExprAr [NoEzpr+h
i gperatorlten ExprAr {NoExprt8 Plns
I

Div_ : Beg1n
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Power.__

Sin_

Cos_

ArcTan_ :

Exp_

ShiftBx
Kxprir
KxprAr
ShiftEn
Bxprir
Exprir
ExpriAr
ExpriAr
ExprAr-
Operato
Operato
Operato
Operato
Operato
fnd ;

: Begin
ShiftEx
Exprir
ExprAr
ShiftEn
RxprAr
Rxprir
Exprir
Rxprir
ExprAr
Rxprir
ExprAr
Operato

Ere851ons (Derlvat1ve£

NoExpr1] X
Kxpr Entry

NoExprgx rAr & 0

oExpr+1

tries (
xprir

NoKxpr+d
NoExpr+3}.
NoExpr+4
NoRxpr+i].
NoExpri7
rlten (Kxprir
rlten (Bxprir
riten (Rxprir
rlten (Exprir
riten (ExprAr

= ExprAr [N
Derlv iz La
= ExprAr N
NoExpr+2
NoExpr+5
NoKzpr+6},
NoExpr+8],
NoExpr+9},

FPESSIOHS (Derlvatlve

NoExpr+i} := Ex
: Expr Entry!

NoExpr§

tries (Kx rAr NoExpr+1
HoExpr+8 xprir
NoExpr+d} := Exprﬁr
NoRzpr
NoExpr+l].
NoKxpr+4
NoRxpr+9} :
NoExzpr+7
rlten (Exprhe

Derlv iz
= KxprAr [N
= ExprAr [N
-= ExprAr
NoRzpr+

Derlv ;= Fal

Derlv .= fal
false ;

: B
eéhlftEX[reSSIOES

OperatorIten (Exprir
OperatorIten {Bxprir
OperatorIten (Bxprir
OperatorIten (ExprAr
Bxprir
Operatorltem Exprar

Operatoriten
End ;

NoRxpr]
ExprAr [NoExpr+2] :=
BzprAr [NoExpr
(perator[ten
Operatorlten

End ;

Exprir
Xp
iExp

§h1fth regsions
ExprAr HoExpr]
ExprAr [NoExprt2] :
Exprir [NoExzpr].
Operator[ten
Operator]ltem
Operatorlten
End ;

XP
Bxp
EBxp

NoExpr]

ExprAr
NoExpr2

ExprAr
ExprAr [NoExpr+2
Numberitem (Exp
Operator]tea
Operatoriten
OperatorIten

Ex
nd ; ?

HoExpr]
NoKxpri2]
NoExpr

fﬁ?

Exprir
Exprir
Bxprir
Operator]ten
Operatorlten

ghlftExIre331ons &Derxvatxve N

BeéhlftEx[ress1ons §

ExprAr
Exprar

NoExpr+ 6

NoExpr+l

2pr EntryNo

= Expr&r NoE

NoExpr+ 5

NoExpr+10
NoExpr+il
NoExzpr+12},

NoExpr, 9) ;
NoExpgl ; )i

:= NoBatry ;

1. Exir, NoEntry) ;
Nofxpr

s8 ;-
oExpr+1] ;
lge ; ]
ofxprtl] ;

Bl

Hult
BHlnus

gr

Div_

“ewsmrwe

NoEzpr, 13) ;

NoExpr] ;

= NoBatry ;
1. Ex§r, NoEntry) ;
NoExpr
Nof xnr+lj
g ;

eﬁxpr} ;
oExpr ;
NoExpr+! 1}
21, Pover..

In
HuIt

, Hul

wimrwswe e

i, Hult

ofxpr, 3) ;
= xprAr

tNoExpr
xpr] ;

Expr.

Deriv := False ;

rir {NoExpr+l
rir {NoBxpr+d],

Derivative, NoExpr
ntryﬁo iz
NoExpr] ;
Deriv := False ;

for
? ExprAr

rAr
rAr

NoBxpr+d
rAr

{NoExpr+li
NoRxpr+4

XPP

Deriv := Fal
NoExpr+1
HoExpt+
NoExpr+4
NoExpr+5},

rAr
rAr

ﬁDerlvatlve N
xpr nttyﬁo
2 ExprAr
Deriv :=
rir [Noﬂxpr+1]
rAr [NoBxpr+d
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Derivative, NoExzpr
ntryﬁo iz
= Exprir [Nok

Cos_ ;
Mult_

gxprAr tNoExpr] Expr.

, Mult_ ) ;

"Sin_ $ H
(Minus

Exprﬂt NoExpr] Expr.

zprl s
se ,

' Div_ E ’
oExEr, 3) ;

?us
xprAr [NoExpt] Expr.

oExpr ;
False ;

ﬁm ik

Enteglo - 1 ;

Entrylo - 1

Entrylo - 1 ;

Entrylo - 1 ;



En
End
Until

Hlth Hodel E

For

] End ;
ba.. ’ Begigfkgxa§g§§;g?s éDerlvatlve YoRxpr, 2) ;
orky (Noboorit]. Derper s hapeaerl s
gperanorltem {ExprAr {NoRxpr+2], DIV_)

Loa_ Be§ .
hlffExvre331ons %Derlvatlve HoExpr
BxprAr {NoRzpr]. xpr ntry&o iz
ExprAr NoExpr+1 = ExprAr [NoEzpr] ;
xprAr [NoKzpr+i]. Deriv := fRalse :
Operatoriten (ExprAr YoExpr+2], Dv_ ) ;
YumberTtem (ExprAr [NoExpr+3], Lo%Ofe ;
Oyeratorltem ExprAr [NoBzpr+d], Mu
n H

Sqr_

ExprAr [NoExpr]
RxprAr [HoRxpr+3] := ExprAr [NoRzprl ;
Exprar {NoKzpr] Deriy := False ;

Numberltem ~(Exprir {NoExpr+1i "9 i

ghlftExIr5331ons ﬁDerxvatlve NoRzor

Qperatortem (ExprAr {NoRxpr+2], Mult
ExprAr {NoBxpr+d], Mult

OperatorItem
fnd ;
Sart_

Bxprér
Rxprir
Exprir [NoRxpri2]. Deriv := Palse :

: Begi
ghlftExIr8331ons {Derivative, NoRxpr
NumberItem (RxprAr [NoExprtl], 2 ;
ExprAr [NoRxpr+3], Sqrt_ ;

NoExpr+2] := ExprAr [NoExpr] ;

Operatoritem
ExprAr [NoExzpr+d],

(peratoriten
gperatoriten Bxprir NoExpr+5

?

Dlv

d { Case }
{ If Fuund Then Begin }
Not Found ;

%uan1ons Egnlnfo [NoBqn], Parameters Do
NoPar:={ To Parlo

f Parlnfon (Hodelt NoPar, NoEqn) Then

" gnd { With

{ *xx list

H1th [MatrixBow
§ntryﬂo =0

For HoExpr:=1.To ExprNo Do
If ExprAr [NoExpr]. Deriv Then

e
ﬁntryﬂo = EntryNo + 1;
Entry {Entrﬁ e_ := Numb
If Exprir [ oExpr] prr Entry Iil Index = NoPar
Then Entry [Entryﬁo Number :z=
Else Entry {EntryNo). Number := 0

Else Begin
For NoEntry:=1 To ExprAr [RoExpr] Rxpr. BEntr

NoPar} o

Xpr ntryﬁo iz xprir fHoExpr] Ezpr.

gxpr&r HoExpr] Sxpr.

xpr ntryﬁo iz ExprAr HoExpr] Ezpr.

NoEzpr] prr ntryﬂo 1= Exprét NoExpr] Expr.

Eatrylo - 1 ;
Batryo - 1 ;
Batrylo - 1 ;
EntryMo - 1

No Do
Entry [EatryNo + NoEntrX [' RxprAr ﬁRoExprg Bzpr. Bntry [NoEntry] ;
r

RatryNo := EntryNo + Bxprir [NoExpr]. Bxpr. EntryNo
i o » ar Ok b ke

Bnd ; ;
SinplifyRxpression {IMatrixRow [NoParl)

End}{ With & If & For & With }

a model #xx }
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rocedure ListHodel (Var Model : ModelType ;
Index : Integer . ) ;

Var :

NoBan : EquationRange ;

NoPar : ParameterRange ;

alth Hodel Equations, Parameters Do
Begi
§r1te1n ;

Write ("Model no - : °, Index, LE,
‘Hodel pame : ', Nare , LF,
‘Equations’, IF,

?

For NoEan:=1 To Equo D
Write% {NoEqn :2 Eannfo [RoEqn] Infix) ;

¥rite (‘Parameters‘(ﬂa?e b Type)", IF,

s )

For NoPar:=1 To Parfo Do

Begi
Etlte (NoPar :2 ParInfo [NoPar]. Name, ~ °) ;
Case Parlnfo [Nopar Ty

Exo : Write Exo var’
Endo : Write (’Endo var’

Cnst ¥rite {“Constant’
erteSc (")
nd ;
¥riteln
End { With }

End ;

g tx¥ list models in the library *¥x }
'ocedure Listlibrary ;

Hodel HodelTypePtr ;
ﬁeset {ModelLibFile) ;
¥odel := Ptr (HeapPtrSeg, HeapPir0fs) ;
¥hile Not Eof (ModelLibFile) Do
Beﬁin . R
ead (ModelLibFile, Model®) ;
ListModel (Model”, FilePos {ModellibEile)) ;

¥riteln
End ;

Message (5)
nd ;

{ %xx delete a model from library %% }
Procedure DeleteFromlibrary ;

ar
TerpFile : ModellibraryFileType ; ;
Hodel : ModelTypePtr
Hame : HodelNameType ;
Index  : Integer ;
Begin
godel = Pir (HeapPirSeg, HeapPtrOfs) ;

Write (LF, "Mode] name : ‘% ;
Readlnbuté {KodelNamelen, Name) ;

195



If Not ModelExists (Name, Index) Then
GiveError (18, 0) ;

Assign (TempFile, “TEMP’) ;
Rewrgte éTe:gFile} ; !

Reset (ModellibFile) ;
R RoEir ThdclLiveite) Do

Begin
“fend (lodelLitFile, Hodel) |
If FilePos (ModellibFile) - | © Index Then
Kad Write (TempFile, Model™)
nd ;

{lose (ModellLibFile) ;
Close (TempFile) ;

Erase gﬁodelLibFile& i )
Rename (TempKile, Mo eileraryFlleNane) ;

Assigni(HodelLibFile, HodelLibraryFileName) ;.

Hessage (6)
End ; ge {

é X% insert current model into library ¥3% }
rocedure Savelurrentdodel ;

ar
Index : Integer ;

Be
%%nﬂodelExists {CrModel. Hodel. Name, Index) Then
GiveError (19, 0) ;

Seek (ModellibFile, FileSize éﬁddelLibFiIe)) ;
Krite (ModellLibFile, CrModel. Bodel) ;

¥essage (4)
End ; :

é %% input a model ¥¥x }
rocedure Readdodel {Var Model : ModelType} ;

Type
yBarlnfoTyp'e = Array {ParapeterRange] 0f Becord
Name_ : ParameterName - ;
Index_ : ParamgterRange ;

Type_ : 0
nd ;
Var

SubModel : ModelTypeltr ;

Nane : HodelRaneType ;

Index : Integer ;

Info : ParlnfoType

BqnStr StringTyﬁe ;

NoEqn : BquationRange ;

HoPar ,

i : Parameterfange ;

StrPos ,

RamePos : Integer ;

TypeCh @ Char ;

Procedure ChangeParindex (Var NewEzpression : PostfixType
1dExpression : PostfixType
Index ,
. Newindex : ParameterRange } ;
ar
NoEntry : PostfixEntryRange ;

eg1in
éith 01dExpression Do
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For NoEntry:=1 To Entryko Do
E1th Entry [RoEntry] Do
pe_ = Parameter_) And (Index = 0ldIndex} Then
Bnd Newﬁxpre551on Entry [NoEntryl. Index := NewIndex
na

Begin ‘
ublodel := Ptr (HeapPtrSeg, HeapPtrOfs + $TFFF) ;
Wlth Model, Equations, Parameters Do

érlte (‘Hode] name : ) ;
ReadInput$ (ModelﬂameLen, Name) ;

If ModelExists (Name, Index} Then
GiveRBrror (19, 0

EqnNo := 0 ;
Par¥o := 0 ;

For NoEgn:=1 To MaxEquation Do
For NoPar:=1 To MazParameter
NumberEntry (Eqnlnfo [NoEqn] IMatrixRow [NoPar}, 0) ;

For NoPar:z1 To MaxParameter Do
Info {KoParl. Type_ := 0 ;

¥riteln (%F ‘Equations’,

.
’ 3

Repeat
rite {"Ban : 7} ;

ReadInputS§ (70, EqnStr) ;

If Trimk (Eantr) <> Then
If EanStr (1] =

%f Not ModelExists (Copy {EqnStr, 2, Length (EgnStr) - 1), Index) Then
GiveError (18, 0) ;

Seek &HodelleFlle, Indexg :
Read (ModellibFile, SubModel®

ListModel (Subﬁodel Index+l) ;

If Eqnlo + SubModel”. Equations. EqnNo > MaxEquation Then
GiveBrror (21, 0) ;

For RoPar:=1 To SubModel®. Parameters. ParNo Do

érlte {SubModel”. Parameters. Parlnfo £NOP3T§ Name, " --> "} ;
ReadInputS (PdrameterﬂameLen Info [No ar] ame_) ;
1f Trinl (Info [Ko ar] KName_) =
Info £R0Par} Fame_ := SubWodel”. Parameters. Parinfo [NoPar]. Name ;
If Not araneterExists (Parameters, Info [NoPar]. Name_, Info [NoPar). Index_) Then

Be
Ef Parflo = MaxParameter Then
GiveError (22, 0) ;

Parfo := ParNo '+ 1 ;

Parlnfo LParNo& Name := Info [hoPar% Name_

erte ¥ Default 1:Endo,2:Ez0 Constant) Y
ar { yge I

Rea

Then Info [ParNo] Type_ := Ord %Subﬁodel“. Parameters. Parlnfo [HoPar]. Type ) + 1
Klse Info [ParNo}. Type_ := Ord (TypeCh) - 48

SubHodel Parameters. ParInfo[NoPar]. Kame := TrimT (SubModel® Parameters.ParInfo[NoPar].Name)

fnd ;
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¥riteln ;

For NoEgn:=EqnNot1 To SubHodel Equations. EgnNo + EqnNo Do
With EqnInio (NoEqn] D

e

inflx = SubMode]”. Equations. Egnlnfo [NoEqn-EanNo]. Infix ;
Express1on -z SubModel”. Equations. Eanlnfo [NoFqn-EqnNol. Expression ;
For NoPar:=1 To SubHodel araneters. ParNo Do

e§1n
Vith Su%ﬂodei Parameters. Parlnfo [NoParl, Info [NoPar] Do

Repea
amePos := Pos SName Copy (Infix, StrPes, 255)) ;
If Nane 08 <> 0) And
Copy (Infixz, StrPostNamePos-1, Len%th Name){ me) And
Not_(Infix StrPos+NamePos 1+Lenf h(Name% ..'Z','O'..'S'])) Or
StrPos+Name os-1+length(Name) > Length (

nfix}
Then Begln

Infix := Copy ilnflx 1,5trPos+NamePos-2)+ TrlmT(Name
Copy§ nfix,strPos+anePos- 1+Len th(Name),25 255 ;
g gtrPos .= StrPos + RamePos - 1 + Length TrlnT Name_)
n

Else
StrPos := StrPos + KamePos
Until NamePos = 0 ;
ChangeParIndex (Exgre551on, SubModel”. i gquatlons Eqnlnfo {NoEan- Eqnﬁo] Expression,
oPar]. Index ) ;
IHatrlxRow{lnfo[NoPar} Index_] Sugﬁodel Equatzons EqnInfolNoBqn-EqnNo]. IMatrixRow[NoPar];
For i:=1 To SubNodel”. Parameters. Paro Do
ChangeParIndex (IMatrixRow &Info [KoPar]. Index_]
Sublodel”. quatlons Eqnlnfo [Noﬁqn -Bqn¥o]. IMatrizRow [NoParl,
i, Info [i]. Index_)
End 2 For }
End ; { With & For }

Equo :z Equo + SubModel”. Equations. EgnNo
End { If ... Then Begin }
Else Begzn
EqnNo := Equllo +
Eqnlnfo {EqnHo]. In%lx := Eqntr ;
ParseEquation (Model, EqnNo, EqaStr) ;
gerlva iveOfEquation (Model, EqnKo)

Until (Triel (EqnStr) = *°) Or (Eqnfo = MaxBquation) ;

If ParNo = O Then
GiveError (23, 0) ;

Write ('Parameter types (lh%gdo 2:Ex0  3:Constant)’, LF,

For NoPar:=1 To Parlo Do
?f (Info [NoPar}. Type_ = 0) Then

&rlte {Parinfo {NoPar]. Name, " : *) ;
ReadChar (TypeCh, [ 1 ¥ ]% ;
Info {NoPar¥ Type = 0rd {TypeCh) - 48

End ;
. ParInfo [NoPar). Type_ := TypeOfParameter (Info [NoPar]. Type_ - 1)
Bnd [ With ) '

End ;

{ ¥#% insert a mode] into library ¥#% }
Erocedure InsertTolibrary ;

ar
Hodel : ModelTypePtr ;



Beéin
odel := Ptr (HeapPtrSeg, HeapPtrOfs) ;
ReadNodel (Model®) ;

Seek iﬂodelLibFile, FileSize (ModellibFile)) ;
¥rite (ModellibFile, Model®) ;
Hessage (7)
na .
£ ¥x initialize info of current model ®¥¥ }
rocedure InitCrModelInfo ; - :

ar
NoEan : EquationRange ;
NoPar : ParameterBange ;

Begin
5ith Cr¥edel, Modellnfo, Model, Bquatioms, Parameters Do

Beﬁln
ndoParlio := 0 ;
ExoPardo := 0 ;

For NoPar:=1 To Paro Do
With ParInfo &NoPar] Do
- 1f Type_ = Kndo Then

egin

ﬁndoParNo := EndoParfo + 1 ;
. gndoParAr {EndoParflo] := Nobar
n

Else Begin
ExoParo := ExoParNo + 1 ;
ExoParhr {ExoParNo] := Nobar

nd ;
1f EqnNo <> EndoParNo Then

GiveRrror (7, 0)
End ; { With }

(rModelGiven := True ;
IMatrixSGiven := False ;

, garValuesGiven := False
na

£ $$1 1oad 2 model fron library ¥#% }
rocedure LoadCurrentodel ;

ar
Name : HodelNameType ;
Index : Integer ;

Begin
érite {LF, "Model name : '& ;
Readlnputé (ModelNamelen, Name) ;

If Not ModelBxists (Name, Index) Then
GiveBrror (18, 0) ;

| Cr¥odelGiven := False ;

Seek (KodellLibFile, Index) ;
Read (ModelLibFile, CrHodel. Model) ;

InitCr¥odelinfo ;

Hessage (8)
End ;

{ ¥%% read a current model ¥¥x }
Procedure ReadCurrentHodel ;

egin
5rHodelGiven := False ;
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ReadModel (CrModel. ¥odel) ;
InitCréodellnfo ;
Hessage (9

B ge (9)

{ .
xx§ Turgo Pascal routines used in the program that are not available in Standard Pascal %%%
rocedures :
ClrScr --> clears screen, places cursor in the upper left-hand corner.
GotoXY (Column, Row) --> moves cursor to the specified location,
FiliChar (Varf‘ﬂun, Value% --> fills Kum bytes of memory, starting at
i

i the first byte of Var, with Value.
Functions:
hbs (Numﬁ --> absolute value of Num. .
ArcTan (Num) --> angle, in radians, whose tangent is Num.
Cos {Num) ~ --> cosine of Num which is in radians.
Sin (Num)  --> sine of Hup which is in radians.
Bxp (Num --> exponential of Num.
Int (Num --> integer Tart of Num,
In (Num) --> natural logarithw of Num.
Sqr (Num)  —-> square of Num,
Sort (Num) --> square root of Num.
0dd (Num --> true if Num is an odd number. )
Ord (Var --> ordinal number of Var in the set defined by the type Var.

Round (Num) --> the value of Bum rounded.
EeyPressed --> true if a ey is pressed at the consale.
iplase (Ch) --> uppercase of Ch.
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