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16.

If the vectors u and v are interchanged between the

endogenous and exogenous sets the corresponding new solution is

k2 u
-1 -1
I ~, 911 J12
= 1 ] .
y Ifu — Ja2 = Ja1911 12| | 2

For u and v of length a, y of length b, and z of length ¢,

-1 R | -1 ; X
computation of uww , K= uﬁ uwm ' uwwuuw and uwwm for this second

matrix involves a(a + b){a + c) operations. This expression is to be

compared with more than ‘5u operations required for the usual method,

i.e., am operations for the matrix inversion plus further operations for
C= ~ »«ww and possibly back solutions. For (a+b) =m and (a +¢c) =m
the number of operations in the method just described is less than a/m

times the number required for the normal method.

This is a very powerful technique for two reasons. Firstly,
many of the solutions of interest will involve changing just 2 few variables
between the endogenous and exogenous sets, and can be computed very cheaply by
this method. Secondly, it provides 2 means of making any varisble exogenous,
even if it has previously been eliminated in the algebra as “always endogen-
ous." Once a back solution for such a variable is available it can be
mswgvmm from the endogenous to the exogenous 1ist in exchange for some
variable which is already on the exogenous list. With this technique the
distinction between the eliminated variables and the final system variables,

with regard to exogeneity, no longer applies.

ii,

ABSTRACT

ORANI is a large and detailed mathematical model
of the Australian economy which emphasizes the equilibirum
relationships between different sectors of the economy at
a Sm:wa&umnu@, level of mwwwmmwmmmnwo? In addition to
many accounting identities it also contains a large number
of non-linear optimization problems. By restricting
attention to small changes, the model can be approximated
by a system of equations which is linear in proportional
changes in the economic variables. As the mumber of
varisbles exceeds the number of equations, the model can be
used to examine a wide range of problems by selecting diff-
erent sets of variables to be mxamngcm. Solutions are
computed by eliminating many of the variables, n.mwuaamaﬂwam
the remaining variables in matrix form, solving this matrix
system, and finally back solving for eliminated variables of

interest.
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14,

7.1 Changes to the A matrix

Given A and >-- matrix partitioning can be used to

-1 : :
compute the new A which results from changes to parts of A . First
consider changes which are restricted to a narrow strip around the border

of A, A is partitioned into

where >Hw and >Nw are square and of full rank, and the changes are
restricted to >Hmv >mw and >mm. A is of dimensions m X m and >mm

is of dimensions s X s .

The inverse of A can be written as

M1 Mg
M = = N
M1 My
where
-1 N -1
Eo= Ay Ap F=f A
D = A A E G =ED
o2 T B ;
Calculation of the new A™! involves extracting >mw from
. -1 -1 .
the original M by means of >H~ = zww - sz ZNN ZNH and then computing
the new E, D, UIH. F, 6, GF and DIF . The total number of operations
3 ) X 3

is dms(m - s) + s” , which is to be compared with m” operations for

direct inversion. For s small compared with m , the number of

[y
[y
[
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12.

of the qf= 9y Yy * nmu variables results in a system of approximately

250 equations in approximately 1250 variables which is solved by means of
(7. Back solutions are computed only for those components of q, and

9z which are of interest.

6. COMPUTATIONS

Computer programs which solve the ORANI model have been
written in FORTRAN and implemented on the CSIRO's CYBER 76. There are
separate jobs for (a) formation of the ORANI input-output table,

(b) elimination of 9 and a4y » (c) tHe basic solution which includes

-1 and €, (d) back solution

elimination of 9z and formation of A, B, A
and (e} printing results. The CPU times for these jobs are approximately
10, 125, 85, 15 (for 109 noawouebnmv and 3 seconds respectively. It is not
necessary to run all jobs for each mwamumnwou. To date, most computations

have used the same (a) and (b), and it has been necessary to run only (c),

parts of (d), and (e).

In anticipation that the model will be used on other computers,
the programming is restricted to ANSI FORTRAN as far as possible, and options
which are specific to the CYBER 76 or the CSIRONET system are restricted to

easily accessible parts of the programs.

The programs involve ovmwwﬁwozw on many relatively large
matrices and require large amounts of core storage and disc storage. The
CYBER 76 allows usage of nearly 150,000 60-bit words of core storage and
current programs use a large proportion of this. The matrices B and C,

of dimensions 250 x 1000, exceed the core storage capacity and are divided

SOLUTION TECHNIQUES FOR THE ORANI MODEL

*
OF THE AUSTRALIAN ECONOMY

by

John M. Sutton

1. INTRODUCTION

The ORANI model has already been described in the First Progress
Report of the IMPACT Project, Volume mw. That document describes the
theoretical structure and empirical implementation of the model and presents
some results. The present paper commences with a brief account of the model
and its potential applications in policy analysis. After a discussion of the
types of equations in the model, the major part of the paper is concerned with

the mathematical and computational aspects of obtaining solutions.

2. THE ORANI MODEL

ORANI is a large and detailed mathematical model of the Australian
economy which has been developed, as part of the Australian Government's IMPACT

u
Project”, for policy analysis on time scales of 2 to 10 years. It is concerned

1. Dixon, P. B., B. R. Parmenter, G. J. Ryland and J. Sutton, ORANI, A General
Equilibrium Model of the Australian Economy : Current Specification and
Illustration of Use for Policy Analysis - First Progress Report of the
IMPACT Project, Volume 2 (Canberra : AUSLTAllian Government Publishing
Service, 1977).

2. Powell, Alan A., The IMPACT Project : An Overview - First Progress Report

of the IMPACT Profect, Voiume 1 (Canberra : Australian Government Publish-
ing Service, 1977).

This paper has been published by the Convening Committee of the Simulation
Special Interest Group in Simulation Modelling : Techniques and Applications,

Proceedings of SIMSIGC - 78 % SimGlation Conference (Canberra : (/- Div
of nosmﬁﬁm:m Research, CSIRO, 1978), pp. 114-118§. ¢ ! Hyision
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10.

Ax + By =:0 (6)

where A is a square matrix of dimensions mxm and B is of

dimensions m % n, This has the solution

X = Cy where C = -A" B . (7

This method of solution avoids any requirement for a fixed
classification of variables into endogenous and exogenous. It recognizes
that the model should be thought of as specifying a relationship between
variables, and that the particular classification will depend on what the
model is being used for. The user has the freedom to choose which are
the endogenous variables, and the remaining variables are exogenous. This
option allows the same model to be used to examine quite different policies
simply by altering the set vw endogenous variables.

The interpretation of the elements of matrix € is that a
1 per cent increase in an exogenous variable <w , i,e., y=0.01, will
produce a nwHw per cent increase in an endogenous variable xw , all
other variables being held constant. In all calculations to date it has
been assumed that changes are sufficiently small that the endogenous

changes are proportional to the exogenous changes and that the partial

contributions from different exogenous changes are additive.

The numbers of operations in the inversion of matrix A and
the matrix multiplication of »uw with B are of the order of Sw and
ams respectively. For the ORANI system of equations m is approxi-
mately 300,000 and n is approximately 1000. Such a system is clearly

too large to solve by the method just described.

which economic variables are exogenous, i.e., have pre-determined values.
Whereas world prices of imported goods would always be exogenous as far
as the ORANI model is concerned, other variables, such as employment, would

be exogenous for some experiments and endogenous for others.

ORANI is a general equilibrium model, i.e., equilibrium
conditions involving both quantities and prices must be satisfied simultan-
eously in a number of interacting markets. The equilibrium conditions
usually require that in each market supply is equal to demand and price is
equal to costs (including profits). However, for many uses of the ORANI

model the labour market is not required to be in equilibrium.

The model also mHHosw for (imperfect) substitution between
alternative inputs such as between different consumer goods, or between
imports and corresponding domestically produced goods. -In such cases it is
assumed that the actual combination of inputs is determined by optimization

conditions such as the minimization of costs.

The equations of the model describe the economy in the base year
in a state of equilibrium. A disturbance or shock is then applied. In
response to this disturbance, the economy then changes to a new equilibrium
state. This is achieved by changes to the endogenous varisbles, in accord-
ance with constraints imposed by the equations of the model and the specified
changes in the exogenous variables. The time taken to reach the new equill-
brium state is indeterminate - the model will be given a time scale when it

interacts with the macroeconomic model.
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8.

where X, , X, and X, are variables, and W, and W, are

1 2 3 1 2

coefficients formed from parameters. Conversion -to proportional change
form is by

mxm = zwmxw + zwaww

axw ) zwxw axu . zmxm me

X3 X3 % 35 0% .
to give

Xy = muxy + mmxw , 3

where mH and mm are the shares of the xw and xN terms in the

expression for xw .

2. Similarly there are equations of the form xm = xwxm which become

3. Finally there are the constrained optimization problems, most of which
are non-linear. These yield equations which are linear in the proportional
change variables. The constrained optimization problems in the ORANI

model are of the form :

Given vu. vN and X , determine xw and xN so as to

minimize costs PX = mwxp * vmxm subject to the CES

constraint

%1 22 ; @)

Inter-
mediate I C E G
Usage
109 109 1 1 1
Domesti-
cally
Produced 109
Goods

Imports 109

Wages: 9

Fixed 1

Capital

Land 1 I = Investment
C = Consumption

Other Costs 1 m = Exports

Governmment Expenditure

Figure 1 -~ ORANI Input-Output Table (simplified)

labour and fixed capital (and agricultural land), and zwnvwa the labour
category a choice in the composition of skills. Similarly, the entre-
preneur has the choice as to which industries to invest in, and the consumer
has a choice in selecting a bundle of consumption goods. The fundamental
behavioural assumptions which are adopted in the ORANI model are that
producers and investors minimize costs, that investors respond to relative
rates of return (in such a way as to equalize expected long run rates of
return on investment), and that households maximize utility (i.e., a func-
tion which reflects consumer preferences). Each of these choices involves

either a budget constraint and/or a constraint on the substitution
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