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Abstract

This paperinvestigateghe useof constraintiogic programming(CLP) in economicmodelling
throughthe designand implementationof two economicmodels.The first model, the Desai-
Henry modelcontainsonly linear equationsvhile the secondmodel,constructedy the author,
containsnon-linearelementsin orderto implementthe secondmodel, a non-linearconstraint
solver was constructed.This was necessarybecause although CLP is a very powerful

programming paradigm, currently available implementationslack any on-linear constraint
solving mechanisms.



1. Introduction

The aim of this researchwas to implementtwo modelsof part of the UK economyusing
constraintlogic programming(CLP). The first modelwasto consistof only linear equations;

the second model to contain non-linear elements. Implementing the second model had associated
with it the problem of non-linear constraint solving - no such solving mechaoigraauthor’'s
knowledgebeingcurrentlyavailablein commercialCLP languagesPartof the objectiveof the

project was therefore to investigate ways of solving non-linear constraints.

This paperis organisedas follows: Section2 providesa brief introduction to economics,
econometricsand Eclipse - the CLP languageusedin this research;Section 3 details the
implementatiorof first model- the Desai-Henrymodel; Sectiond describeghe implementation
of the non-linearmodeland a non-linearconstraintsolver; and finally section5 presentghe
conclusions of the research and suggests ideas for further work.

2. Background

2.1 Economics and econometrics

Economicsis the study of how societiesmanage produceand consumeresourcesEconomic
knowledgeis useful to individuals, businessesnd governmentsalike. Learning about the
stockmarketor about interest rates may help individuals managetheir finances better;
heightened awareness of the determinants of cost and revenue might assist companies in making
betterbusinesglecisionsa knowledgeof imperfectcompetitionmay help governmentontrol

pricing.

Econometricss the quantitativeanalysisof economictheory. The endproductof econometrics
is usuallyan equationor a seriesof equationswvhich canbe usedto build a modeldescribing
somebehaviouralaspectof an economicsystem.Models are useful becausehey force the

economisto think clearly aboutthe relationshipsnvolved in an economicsystem.They also

allow him/her to test theories and make forecasts.

2.2 Eclipse

The constraintprogramminglanguageusedin this projectis Eclipse (ECRC CommonLogic

ProgrammingSysten). Eclipseis a Prolog basedsystemwhich servesas a platform for

integratingvariouslogic programmingextensionsThe Eclipsekernelis an implementatiorof

standardProlog. It is built aroundan incrementalcompilerwhich compilesthe Prolog source
into Warren Abstract Machine-likecode,and an emulatorof this abstractcode. The various
constraint logic programming libraries available with Eclipse are:

* library(fd) - finite-domain constraint solver;
 library(r) - linear rational arithmetic constraint solver;
 library(chr) - constraint handling rules system;
 library(propia) - generalised propagation system.

The programs written for this project use library(r). Tibeary(r) solverusesa combinationof
the Simplex algorithm and Gaussiarelimination to solve a systemof arithmetic constraints
consistingof linear inequalitiesand inequalities.Insteadof the usual syntaxfor the rational
constraintrelations(i.e. ‘=", ‘<’, >’, ‘<=, etc.),the symbols‘'$=", ‘$<>’, ‘$<’, ‘$<=', ‘>,
‘$>=" are used.The reasonfor this is that ‘=" operatesover Herbrandterms and the usual
arithmetic operators are already used by Prolog.
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3. Implementation of the Desai-Henry model

3.1 Overview of the model

The model of the UK economychosenfor the first part of this projectis a linear model
proposedby M. Desaiand S. G. B. Henry [DH70]. The model was not intendedto be
comprehensivbut ratherdesignedor the purposeof simulatingaspect®f governmenpolicy.
The constangparametersvere estimatedrom quarterlydatafrom the period 1955-66usinga
development of theeast Squares technique.

The Desai-Henry model is defined by the following equations:

1. C, = 2472.43 + 0.2678,, + 22.52
2. 1,=102.80 + 0.3560(- Y*)» + 0.8851,,
3. M =-230.32 + 0.06R,; + 0.488M,, + 0.154%,,
4. U, =1994.74 + 17.726 0.399%,, + 0.4499,
5. Ty =-256.68 + 0.0836 + 0.607 .
6. Te=60.12 + 0.1296; + 0.44T¢.;
7. %N=C+L+G+E-M-Ta+S
8. Yi=Y,-Tu
9. R=Ra+E-M
where

C = Consumer expenditure

Y! = Personal disposable income

| = Investment

Y = Gross domestic product (GDP) at factor cost

Y* = Moving average of previous four quarters of Y. Thus

Y= (Yeat Yo+ Y+ Yig) /4

M = Imports of goods and services.

R = Reserves.

U = Unemployed (in thousands).

t = Time trend (in quarters with 1955Q1 = 1).

Ty = Tax on the income.

Te = Tax on expenditure.

G = Government expenditure on goods and services.
E = Exports of goods and services.

S= Government subsidies.

All units are in millions of pounds unless stated.
3.2 Implementation requirements
The two main requirements, regarding the implementation of the model were:
1. It should be able to run forward from a starting set of data and produce
values for each variable at each time period.
2. It should be able to run backwards given certain data at a certain time period and

produce results for each variable for each time period.
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It wasfelt thatthe bestway to tacklethe designof the Desai-Henrnjimplementatiorin orderto
achievetheseaimswas“bottom-up”. Thatis, constructa designfor eachequationin isolation
ensuring that data produced by eaduationwasavailableto otherequationsThe latter being
necessary in order to allow the model to run forwards or backwards over time.

3.3 Running the model forwards

To illustratethe designprocessa singleequationis selectedas an example.The designof the
other equations following a similar pattern.

Recall that the equation for investment is:
l;=102.80 + 0.3560(- Y*).» + 0.8851;,
This equation can be described in a kind of pseudo logic as follows:

investment at time tis Inv if
Find GDP at time t-2,
Find GDP_STAR at time t-2,
Find Inv at time t-1,

Inv = 102.80 + (0.3560 * ((GDP - GDP_STAR) at
time t-2)) + (0.8851 * (Inv at time t-1)).

where Inv =1 =Investment
GDP=Y = Gross domestic product
GDP_STAR= Y* =Average of previous four quarters 6f

It will also be necessaryto somehowstore the value of Inv so it can be usedby other
equationgandactuallyby Inv itself at the nexttime period). The predicateasserta/1 canbe
usedwhich addsfactsto the programdatabaseThe‘a’ at the endof asserta signifiesthatthe
newfactis to be addedin front of the other clausesof the samepredicatename.The Eclipse
code is:

inv(AnyTime, Inv) :-
TimeMinusTwo $= AnyTime - 2,
TimeMinusOne $= AnyTime - 1,
gdp(TimeMInusTwo, GDP_2),
gdp_star(TimeMinusTwo, GDP_STAR),
inv(Time MinusOne, Inv_1),
Inv $=102.80 + (0.3560 * (GDP_2 - GDP_STAR +

(0.8851 * Inv_1),

asserta(inv(AnyTime, Inv)).

Datato start the model can be held as facts. The amountof dataneededfor eachvariable

depend®n the equation.The equationwhich requiresthe mostdatato be heldis GDP_STAR
which needs data on GDP for the previous six quarters. If these quarteafiettme periods
1-6 then the next time period - the first one to be predicted- will be time period 7. Those
equations that only require data to be held for the previous quarter will need onlyesitngket

time period 6. For example

inv(6, 2767).

To run the modelas a completeunit, a predicatestart/2 canbe written that calls a predicate
economy/13 (which calls each model equation in turn) recursively.



start(Time,To):-
Time $> To.

start(Time,To):- Time $<=To, nl,
economy(Time, Con, Inv, Imp, Unem, TOI, TOE, GDP, PDI,
Res, Exp, GovExp, Subs),

writeln(con(Time, Con)),

writeln(inv(Time, Inv)),

writeIn(imp(Time, Imp)),

........ [*rest of ‘writeln’ statements*/
TimePlusOne $=Time + 1,

start(TimePlusOne, To).

3.4 Running the model backwards

To run the modelbackwardsn time a different clauseis neededThis is dueto the fact that if

an equation predicateis called with an instantiatedsecondargumentthen the equation
containedin the predicatewill contain no unknowns. Therefore when the model is run
backwardsit will only be able to return the result“yes’ or “no” dependingon whetherthe
equations balance or not (which they almost certainly will not). However, wiegiusedfrom

the modelis that it shouldbe possibleto assignvaluesto variablesat specific timesin the
future and see what effect that hasotimervariablesat the sametime period. The Eclipsecode
for investment to run the equation backwards is:

inv(AnyTime, Inv) :-
AnyTime $>=9,
nonvar(lnv),
Inv $= 102.8 + (0.3560 * (Gdp_2-Gdp_Star_2)) + (0.8851 *

Inv_1),

TimeMinusOn e $= AnyTime - 1,
TimeMinusTwo $= AnyTime - 2,
inv(TimeMinusOne, Inv_1),
gdp_star(TimeMinusTwo, Gdp_Star_2),
asserta(gdp(TimeMinusTwo, Gdp_2)),
asserta(inv(AnyTime, Inv)).

The line AnyTime $>= 9’ is required to ensure th#te equationghatrun backwardsare not
calledat an inappropriatetime period. For example jinvestmentdependsn the value of GDP
two quartersprevious.As mentionedabove,the most recenttime period will be called time
period6. Thereforethe valueof GDP attime 6 will alreadybe storedin the programasa fact.

If invis called earlier than time 9 with a given value then a new value for GDP at timebé will
produced.

Whenrunning the modelbackwardshe order that the predicatedor the equationsare called
using economy/13 is important. This is dueto the fact that eachequationdependson other
variables(and predominantlythosefrom previoustime periods).What is requiredis that the
valuegiven be usedasthe startingpoint andthat the value of subsequentariablesarederived
from it. Therefore whenrunningthe modelbackwardsthe predicatethat calculateghe given
variable must be called first.



4. Implementation of the non-linear model

4.1 Overview of the moded

The following model was constructed by the author. The model was produced using elements of
the Desai-Henrymodelcombinedwith new equationdasedon economictheory. The modelis
closed(i.e. thereare no variablesfor which the modelgeneratesio values)andwas basedon

data from the period 1981-1995.The time periodsin this model are yearly, rather than
guarterlyasin the Desai-Henrymodel. All the constantdor the equationswere calculatedon

the statistical package Minitab using least squares regression.

Themodelcontainssix variables Of thesesix, only oneneedsntroducing(the otherfive being

introducedin the Desai-Henrymodel), P, which representyearly inflation. All the variables
are endogenousAll units are in thousandsof poundsper capita exceptfor unemployment
(millions of people) and inflation (percentage).

Below is a list of the equations defining the model:

. Ct =477 + 0903dt1 - 4wt-1

. Pt=-34.5 + 0.47B,; + 34.4Y/Y1)
. P =-2.26 + (18.24)

. Tu =268 + 0.090% + 0.349,

. Yy =420 + 1.0Y,,

O wWNER

4.2 Implementation of equation 3
The interesting equation is (3) - the second inflation equation:
P.=-2.26 + (18.2)))

Sincethe modelcontainsanotherinflation equation(2) the value of P canbe determinedThis
leavesU (unemploymentasthe only unknown.Thereforethis equationcanbe usedto find the
value of unemployment at time t. The Eclipse code is:

unem(AnyTime, Unem) :-
inf(AnyTime, Inf),
Inf $=-2.26 + (18.2/Unem),
asserta(unem(AnyTime, Unem)).

Assumingappropriatepredicatedor the other equationsin the model,datafor time period 1
anda predicatestart/2,thatbehaveshe sameasthe oneusedfor the Desai-Henrymodel,what
happens when the following call is made:

start(2, 3)

The result is:

con(2, Con)
unem(2, Unem)
inf(2, 7.73278)
gdp(2, 4696.34)
pdi(2, 3709.58)
toi(2, 986.756)



con(3, Con)
unem(3, Unem)
inf(3, 6.98578)
gdp(3, 5163.3)
pdi(3, 4084.16)
toi(3, 1079.14)

Delayed goals:
$$=(8.6, -2.26 + 18.2/ _424)
$$=(7.73277664, -2.26 + 18.2/ _1575)
$$=(6.98577881, -2.26 + 18.2/ _3858)

Linear Store:
Con_7320 $= 4523.26855 + -46 * Unem_1_7278
Con_5047 $=4164.99902 + -46 * Unem_1_ 5005

Eclipse could not solve the unemployment constraint because it was nondirdinoughthe
equationcontainedonly one unknownvariable,namelyUnem The abovescreendump shows
the unemploymentequationsat times 1, 2 and 3 in the ‘Delayed goals’ store. The ‘Linear
Store’ holds the linear constraints that could not be solved beoaasavas unknown.

4.3 Solving non-linear constraints
To overcome this restriction what is needed is:

1. A way of solving these constraints.
2. A way of detectingwhat constraintsare unsolvableand passingthemto the new
solver.

As anexample considerthe equationy = x°. A well knownway of solving this equationis the
Formula Iteration Method. The Formula lteration Method is a particular type of iterative
process. The general featuresaafiterative procesdor finding the solutionto a givenequation
are:

1. A starting value.
2. Arule for generating new values (hopefully better approximations to the solution).
3. A means of deciding when to stop the calculation.

Whenfinding a solutionof a given equationby Formulalteration,the newvalueis calculated
from the old by usingsomefixed computationatule obtainedby rearranginghe equation.For
the equatiory = X%, the equation is rearranged in the form

x= o (x+ yIx)
and the function

X = Yy (x+ yIX)
is implicitly usedwith startingvalue x; to obtaina sequenceq, X, Xs, ... Of betterand better
approximationgo Vvy. Also, becausehe squareroot of mostnumbersis a long decimal(often
infinite) it is necessaryo decideon an appropriateterminationpoint. This canbe achievedoy

calculatingthe percentagerror. The percentagerror in they = X casecan be arrived at by
taking x> away from the current guess,dividing the result by the current estimate and



multiplying the final result by 100. The absolutevalue of the percentageis then taken.
Thereforeit is necessarnto specify in advancewhat percentageerror will be tolerated.The
Eclipse code to solve= X is:

sgrt(0, X1, Perr, 0).
sgrt(Y, X1, Perr, Answer) :-

Y $> 0,
X2 $= (X1 + (Y/X1)) / 2,
PE $= ((Y - (X2 * X2)) /'Y) * 100,

absolute(PE, PEabs),
check(Perr, PEabs, Y, X2, Answer).

where absolute/2 calculatesthe absolutevalue of the percentageerror and check/5 tests
whetherthe currentguessis acceptablgi.e. the currentpercentagesrror is lessthe required
percentage error). If it is the result (Answer is returned). Otheragsi4 is called again.

Now that a predicateto solve a non-linearequationhasbeenwritten, a way of accessinghe
delayed constraintsis needed.This is provided for in Eclipse through the use of the
delayed_goalg/1 call which bindsa givenvariableto a list of all delayedgoals.Eachdelayed
goalin thelist canthenbe parsedto seeif it is of a recognisedype (in the abovecasey = x°)

and if it is then the predicate to solve the equation ir¢/4) called. In Eclipse:

nlsolver(Answers) :-
delayed_goals(ListofGoals), solve(ListofGoals, Answers).

solve([], [)-

solve([D1|Ds], [Result|Results]) :-
parse(D1, Result),
solve(Ds, Results).

Whereparse/2 succeedsf the delayedgoalis of a recognisedype (in this casethe form y=x°)
and returns the result of the solved equation.

A whole library of predicatesto solve non-linearequationscould be built up. Assuminga
predicateto solve non-linearequationsof the form y = a + b/x, the nlsolver/1 predicatecan
now be usedin the non-linearmodelto solve equation3. The codefor the predicateunem/2
now becomes:

unem(AnyTime, Unem) :-
inf(AnyTime, Inf),
Inf $=-2.26 + (18.2/Unem),
nisolver(List),
head(List, Unem).

5. Conclusions and further work

Throughthe designandimplementatiorof the Desai-Henryand non-linearmodelsit hasbeen
shownthatit is possibleto useCLP to build economicmodelsthat canrun both forwardsand
backwardsn time. This allows the userto predictvaluesin the future from startingdata,and
alsoto setvaluesat certainfuture time periodsand seewhat affect this hason the systemasa
whole. For example, the user may wish to see Wigffecton grossdomestigproductwill be
if unemploymenis 2m in two yearstime. This flexibility allows the userto test out many
different scenarios.



The construction of the non-linear solver for the second model showed that, as long as the set of
delayedconstraintscan be accessedit is possibleto write a predicatethat can be usedto

produce answer® previouslyunsolvedconstraintsThe non-linearsolvercanbethoughtof as

a glass-boxsolverin the sensethat the userseesthe implementatiorof the predicateand can

add further non-linear solvers.

There are many further areasof work that could be carried out in relation to this research.
Some of the more interesting of these are:

the implementatiorof a meta-interpretethatincludesa call to a non-linearsolver,
suchasnlsolver, whenthe setof goal calls is empty but delayedconstraintsstill
exist;

the extension of the library of non-linear solvers;

the implementationin Eclipse of a larger non-linear model, for example, the
treasury model [HM93] of the UK economy;

the addition of a graphical user interface to the programs;

the placing of the economic programs onto the world wide web.
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