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subroutines or in the FORTRAN PARAMETER declarations of main programs
(which are clearly identifiable and of which there are a limited number).
When GEMPACK is installed at a new site, the site is provided with
detailed instructions about where source code changes may be required and
how to determine if a modification is required. Special programs to test

the potentially machine~dependent routines are provided.

The use of a standardised programming language, that is, ANSI
standard FORTRAN, has helped in overcoming those portability problems
associated with having different versions of a language on different
machines., Nevertheless, there have been problems where, despite the
manufacturer's claims, a particular FORTRAN compiler does not conform to

the ANSI FORTRAN standards.

One disadvantage of needing to provide portable software is that we
are unable to provide GEMPACK users with sophisticated terminal
interfaces. Currently, we can only give them what is available through
standard FORTRAN input and output. If we did not have to port our
software to a wide variety of computing environments and if we had
greater resources, we could provide selected sites and selected terminals
with simple and easy-to-use screen-based input interfaces. In the
future, this problem can be overcome by incorporating a well-defined user
interface into GEMPACK software. A standard, portable input/output
module (looking much like the current user interface) can be provided,
but additionally different sites will be able to write their own

customised input/output modules to replace the standard one.

INFLUENCES OF THE APPLICATION ENVIRONMENT ON THE DEVELOPMENT
OF SOFTWARE FOR LARGE ECONOMIC MCDELS

by

George Codsi and Ken Pearson

1 INTRODUCTION

Economists have been using large economic models for policy
evaluation for more than two decades. One field of modelling, known as
computable general equilibrium (CGE) analysis, is the fastest growing
area in applied economics. The "computable" in the name of this research
area makes it clear that these models could not be used without computers
to do the calculations. Until recently, each different model was

implemented by means of specially written code. This meant that
0 there was a huge investment made to implement each model;
o changes (even small ones) were difficult to make;

o the continuing support of each model was often critically

dependent on the one (or few) programmer(s) who wrote the code;

and
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Despite its restricted set of available data types, FORTRAN has
nevertheless ably served as the high-level programming language for
GEMPACK. We believe that successful software development is more
influenced by good design than by the choice of a particular high-level
language. While other languages may be more conducive to the production
of 'good' source code, FORTRAN presents no great difficulties so long as
care is taken with the design of new software, and certain sensible
programming  techniques are employed. Two examples will serve to

illustrate how potential problems in the use of FORTRAN can be overcome.
1. Lack of dynamic memory allocation in FORTRAN.

This is a very important aspect of GEMPACK implementation,
because of the very large economic models that GEMPACK must be

able to handle.

Most parts or subpackages within GEMPACK consist of a
single main program and specialised subroutines, together with
other general GEMPACK subroutines from the GEMPACK library. The
main program defines (via FORTRAN ‘'PARAMETER' statements) a
number of parameters each of which usually determines the size
of one or more working FORTRAN arrays, thereby effectively
1limiting the size of the economic model that can be treated.
The values of these parameters can be increased (the program
must then be re-compiled and re-loaded) to handle larger models.
When a model is too 1large, the GEMPACK error system is
triggered. It reports the name of the FORTRAN PARAMETER that
needs to be increased and the minimum size it needs to be set
to. The user need only change this parameter value onge in the

source code for the main program. If the PARAMETER value is

2 THE GEMPACK ENVIRONMENT
2.1 Economic Background

Computable general equilibrium models are used for policy evaluation
("How much difference would it make if the government were to increase
tariffs by 20 per cent?") and for forecasting ("What will happen to the
economy if the government increases tariffs by 20 per cent?"). Each
model has a detailed theoretical basis (equations modelling different
parts of the economy and their interrelationships) and a body of data
(often very large). Some economists (model developers) build models
which are in turn used by other economists (model users) to carry out
policy simulations or make forecasts. Until recently the hands-on use of
these models was restricted to economists at the forefront of research;
but now their use is spreading, even to well trained undergraduates in
the later years of their courses. (The availability of general-purpose

software is one reason for this trend.)
2.2 The Tasks Involved in Developing and Using a CGE Model

The life of a computable economic model can be conveniently split

into two stages:

0 the building of the model; that is, the development of the
theory, equations and data of the model and the implementation

of the model on a computer;
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Also stressed in GEMPACK development is a robust error-handling
system which is designed to trap most (hopefully, all) conceivable errors
and wo,mwwoz recovery from them whenever possible. Errors that ocour

when running GEMPACK software fall into two groups:

(i) Syntex errors.
By far the most common source of errors is invalid input caused
by such factors as user inexperience with terminals, user
unfamiliarity with the input conventions, invalid file names,

incorrectly sequenced input and so on.

(ii) Substantive errors.
A smaller number of errors result from input which is
economically invalid, which may lead to w:mowcvwwwnm of the
model, This may be caused, for example, by not selecting enough
variables to take user-defined fixed values (in which case the
number of linearly independent equations is less than the number
of variables ~-- underdetermination), or by setting up an
economic environment which leads to inconsistencies between

related variables (overdetermination).

Since the users have different 1levels of experience in both the
particular economic approach used and in the use of computers generally,
no assumptions can be made about how 'sensible' a user's input will be.
As well, many economists using GEMPACK are unable to consult anyone with
either detailed GEMPACK knowledge or even some general  software
experience. Because of the design of the GEMPACK error system, users are
informed why errors occur and are given detailed advice on how to recover

from them.

-5 -

possible relationship between development tasks for different models
(especially when working with large models), the development and use of a
suite of related models can be rather complex from both economic and

computational points of view.
2.3 The Users of GEMPACK

GEMPACK users have widely differing backgrounds and experience in
economic modelling techniques and in computer usage. Some are engaged in
research in tertiary institutions, others are in government agencies
providing policy advice. Some users prefer to write their own programs
while many (perhaps most) do so only if there is no alternative. As
GEMPACK continues to provide more aids in both the computational and the
managerial aspects of modelling, the number and variety of users can be
expected to increase. As well, the users are likely to want to harness

GEMPACK for increasingly sophisticated applications.
2.4 The Applications

Economic model builders have differing views about what is the best
type of model. Some develop smaller, special-purpose models, while
others prefer larger, multi-purpose models. The size of the model
affects how it can be solved. GEMPACK was developed with a view to
handling very large models (tens and hundreds of thousands of equations)
as well as smaller ones, solving them by a closed-form linear
approximation technique. GAMS, HERCULES and MPS/GE are aimed at smaller,

more special-purpose models, solving them by iterative techniques.
2.5 The Amount of General-Purpose Software Available

Originally all parts of the modelling process had to be done with
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user must be protected);

0 demands for modifications of models are more common than for the

construction from scratch of new ones;

o building a model from scratch can require large amounts of

(one-off and non-reusable) code;

and

o from an existing model, many other models can be generated

easily and quickly by minimal (one-off and non-reusable) coding.

A reasonable allocation of resources in the light of these points is
initially to restrict the general-purpose code to handle the building of

new models from scratch.

Another common trade-off is the continued partial use of existing,
inferior code, versus waiting to make a complete switch-over. The wait
.sHmSn be occasioned either because the new general-purpose code is not
yet completed, or because the user 1is able to adapt o:vw slowly.
Whenever we make available new general-purpose software, we also provide
and document additional interfaces to that software. These allow
different possible transition points from one-off code to the
corresponding  general-purpose code, and permit economists to use,
gradually, more parts of the new software as they become confident with

it.

While the use of general-purpose software in the development of
economic models certainly streamlines and integrates the tasks that must
be performed, and provides standard interfaces between them, most of our

experience to date suggests that it does not open up any substantially

GEMPACK has been developed in a university enviromnment with at most
two people (one an academic with teaching duties) giving it their full
attention at any one time, Within these constraints, there are no
resources to customise GEMPACK for different configurations of hardware

and/or operating systems.
3 THE INFLUENCE OF THE ENVIRONMENT ON THE DEVELOPMENT AND USE OF GEMPACK

The different parts of the GEMPACK environment have each influenced
its development. In discussing these influences in this section, we

focus on the following topics:
1. The overall eyolution of the GEMPACK software system.
2. The requirements statement and review of additions to GEMPACK.
3. The design of GEMPACK additions.
4. The implementation of GEMPACK additions.

5. The portability of the entire GEMPACK software system to

different computing environments.

3.1 General Influences on the Evolution of GEMPACK

The GEMPACK software system has evolved and will continue to evolve
under two main influences: (A} the priorities assigned to automating

each of the tasks listed in 3ection 2; and (B) feedback from users.
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