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model 1s non-linear, as most economic wmodeis. Howeaver, this
approach linearises the wmodel about ocperating peints which ars
themselves time-varying.

Demand Side Dynamics
The demand for USg from ol 5 consists of thi
traditional demand related to price and governe C
demand/vrice curve, the speculation and need To raservye ona's
i r =
n

2.0

waalth which to a first approximation ds
of the prica, the liguidity of the TTS in
poth of the above demand curves

Supply Side Dynamics

>

For a given supply of US$ to the country, th

ply oF Y, Thes price of the U855 (th=e
exchange rate} and a corresvonding demand coaning customears,
the banks will adiust their oricaes to rsducs the 1 ce bpetyaen
supbly and demand. HZence the imbalancza will Ze ne iy ra=iated
o the rats ax T sedpacik ccnirol by
the Cantrail The axchangs Tats
can be usad a2ither T £ ign = Tha svstan or zzks
1t out. Since bpoth the licuidity arnd to a certain axtant the
ablility of 1 zct just tha supply I
for=ign saxc in 0 is ion will have a
significant effect on the contrsl of the monetary a2nvironment.
Monetary Stability
This -paper takes the -strict wmathematical definiticn of svysten
stabiliity., It does not include the pepular iaprassicn of holding
the exchange rate steady at some pradetermined valus (set point
control in control jargon}. This paper defines stapility as the
behaviour of the exchange rats in its own domaln neighbcourhced

g a disturbance.

followin

For the model described up to now the systsm is staklz as long as
thers: is no speculation. With speculaticn this model can remain
stable

if a particular r=alationship is maintained among the Central

:
" Bank's liquidity factor, the adjustment factor of the commercial

banks and the speculation parameter. Clearly the systam may be
stable but its transient performance may not be as required. For
instance due to sudden changes in the availability of foreign
exchange the rate of change of the rate wmay not be heneficial to-
the eccnomy or the business community. Thus, the criterion foxr
r

control has to be mors than stability in the sense of this paper.

Model Reference Control

The Cantral Bank cannot in the long run maintain a particular

~exchange rata by, for example, selling forsign exchange to the

commercial banks 1f therz is a sustained imkalance between demand
and supply; the latter as earnings of the country. Thus level

~control by the Bank, the traditional interpretation of exchange



i

A o

- raquirsd.

t

rate stability, is net a fz2asible contrel policy obisctive. This
paper suggests instaad <that the Bank way wish ©€o probose a

transient performance model which does two things:
T1) rzlate the changes in the suppiy of US3 and ths exchangs
rate at which there will be no need to buy 9r sall it FE

to the market.

ii) define the rate of change of the exchange rat2 as it
moves as a rasult of a system disturbancs {=2g. a changsa
in the availability of foreign =axchangs to the markst).

Ever this can b= modifisd in the light of ¢
this particular case this refers to when the
has no mors 5S$ Lo sall and changes its refesrenc
changes. In this case =ven tha rafarance amcdel

'Selacht the Cantral Bank control dity
conorol and the input/output of FI T isi

the Rank's model r=fersance specificatio 0 =
the supply/demand svstam is non-iin 0 ular
case 1t is nmedellaed as z linesar = g paranm sSuD
system.?

This 1s the classical Adaptive Conitrosl Propi=m.

The crux of *the control tachnique i1s ths parametsr astimation
problem; i.2. ope has to decide how the commercial banks behave,
the ncrmal customer demand as a functicn of ths axchange rata and
-in particular an =2stimaticon of the phenomenon of speculaticn and
the desirs to maintain wealth. Also the Bank has to decida on its
refarancs modeal.

If there were tcotal freedom in how the Bank could intervene (for
example, if the Bank could control ths vroportion of forsign

‘exchange that hits the market and a fsedback amount based on the

currant exchange rate) then thers would be no nead to directly
estimate these parametars. The Bank would -be exerting Dirsct
Adaptive Control. This is the traditional state in which the Bank
is. a wmoncpsony in fcreign exchange. -

However, the controls available to the Central Bank undesr this
country's financial liberalisation are indiresct and the result is
as 1f the Bank were controlling the monetary system remotely. Henca
some estimation of the parameters of the economic model 1is

This paper used stylised data simply to demonstrate that the
algorithms work. Considerable difficulty was sncountered in getting
live data simply because they are not kept. The Bank admitted



recently to this when it was statad that the demand for forelgn
exchange was not known {LLovd Best, 'Floating Maragement, Drifting
Leadership'}. With the recent movement of the sexchange rata the

Bank will have To start tracking these parametars.

Inflows of Foreign Exchange

The model uses the available foreign sxchange as an uncontrollead
input. This is clearly a function of -the =ccnomic perfcrmance of
the country. The £for=ign exchange =2arned Dby the eccnomy 135 a
function of the producticn system. Hence ths completse forsign
exchange medel is defined pv the long favram producticn systanm and
the financial/monetary systam. See figurs 1, 2. Hencz the complets
model is made up of two lcops, the outar or 3iow rasponsa lcop
involving the FEZ generatad and raguired by industry wnich
traditionally dominated the exchange rata litesraturs.

Over ih fasc
transis folzo
investna ‘onal
transac this
sleower ot ot
compucal nnex
loop as

Futurs Work

This

moda r
depen £
part:z r =z r h 2 : naerfc 2
informaticn To determine the ‘ropustness' of tha medsl and control
algorithm. In this ccntext robustness rafsers to the akllity of the
algerithm to handis the 'ncise' associatad with tThe measursd
variablas and hew good the dimension of the systam model is

comparad to reallity.
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MODEL REFERENCE ADAPTIVE CONTROL OF THE SHORT RUN
EXCHANGE RATE OF THE TRINIDAD & TOBAGO DOLLAR

‘Wayne Dass St. clair A Xing

Mary X. Xing

ABSTRACT

Most of the existing theoriss and litsraturs on exchanga

rate control are basaed on leng run' =conomic relationships.
This paper introduces a modelling tecanigue based on the sh
run relaticnships o©of the =2xchange rate, with particular

refarenca To the rols of the Cantral 3ank in eaxarcising

nmovements.

oo

fodel Raference Adaptive Continuous Time Theory is

appliad to the specific case of controlling the behaviour o

]

the exchange rate of the Trinidad and Tobago dollar (TT$) with

respect tao the Unitad States bDollar (US$) according To some

prad rmlned dvnamlc performance cxr itaria. The analysis is

repeatad for the aiscrete case (with allowance for input

saturation ~as 1t £felt that such a wmodel more <closely

aDproaches reality). The results of applving test data to the

computar roqramme deve‘cped for the mod 1l are then presented

‘and diSCUSSEdu Finally, the futur= direction of this research

_worﬁ lS 1nd1cated



a

" This model does nct include the effect of bank intersst rate

INTRODUCTION

The overall behaviour of the financial systeam
incorporating the exchange rate 0of the TT dcllar (with raspect

to the US-doliar) is detarmined by a fast transient {short-

“term) compenent and a staady state (icng-tarm) component. The

fast transient behaviour of the system is influencad by

ii) the availability of the TT$ in the local marxket, that is

iv) the Central Bank which has the ability to seil and/

o)
3
o
[

e

forsign exchangs quickly in the market and a

[
0]
O
rt
O

n

o

-
{

0

=
1

r

since wvariations 'in interest rataes ultimately a

ligquidity:

This system when put together shows that the rate of exchange

of the TT$ 1s a Ffunction of the available supply of the US$

with feedback effects due to customer demands (including

speculation) and the Central Bank’s involvement. It is this

,_2_



feedback that leads to the ‘dual' or ‘mutual causality' effesct

nd for forzaign exchange.

[o 7

hetween the axchange rate and the

eedback or dual causal

b

urther

ry

Thers 1is, howevar, a

laticnship that connects the-finandial model, as described

i
{0
tn

7 ~

fore, the eccnomy {(production of gcods and servicas) ,the

o
(0

customer demand for the forsign exchange and its supply to the

inancial market - 1i.=2. 1ts *anows and outZlows.

th

The inflows “ons*“* of :

- Forzidgn @XChange input Zrom the local anarkat;
- tew investments IZIrom foraign companias;

- Government ravenue from the sals of oil, stc.;
- Divastment of local antarzrises; ard

The outfleows include :

T r=paymencs »Y the Government;

S - Deb
- Foreign purchasas of raw materials and capital goods by

the local industry.
-  Domestic consumption (for travel, etc); and

- “Capital flight

I

The éverall foraign axéhange pricinq system, thén, is made up
éfrtwo,lqops - one defihing th ‘effect of the financial market
;(inner loo?) andlthe cthérrd fining that of the produCtioﬁ
system (Quta *Eodp) on'thérprice of the foreigﬂ currency.
Fig;_l is. the Systeﬁ Dynamic diagram:(lnput/Output) linking
both ioopé. Fig.'2 is theiequivalént:Dﬁal Causal diagram f£or

the systen.



-

- feedback loop is takan as a system input. Supr

T;aditionally; the outar loop (slow response) involving
the foreign_exchange generatad and'_équiféd by the industry
dbminatad'the factors affecting the exchange rats. The last
faw ysars, hnowever, hnave shown .tThat mOrg and mores of the

ransactions being conductad fall within the inner,loopr{fast
oy

cycle), particularly due to speculative forces and portfcolioc

investment. Indesd, the Zotal number o

i1y

ralatad transactions

ar= prebably now just abcout egually sharad between both lcoops,

{

demonstrating the growing importance of understanding

= 3 - 3 1ep STy 1 1 A oS- s < -
cn orica in the highly dynamic environment existing within the
. : ;
inner loon. Forsign currancias ara now commeditias te e
traded in their cwn righTs.

Fast Response Model
The supply of foresign exchangs in the fast transient
i1v and demand

conditions are sxamined sesarately and then linked together in -~

a mod=1l using adaptive control tachniques,

" Let :

'5,(t) be the supply of US$ to the local economy;

D(t) Dbe the demand fcr USS at any time "t"; and
B(t) be -the price in TTS of USS at any:time L vl

all measured about some operating point or psuedo steady state

value.

The eccnomic wodel - is non-linear. A typical method of

analysing such a mcdel is to linearise about an 'operating’



ts asscec

i

point giving the small signal model with

iatad

parametasrs. In the synthesis that follows, this is the method

used axcept that the psuedo operating or zguilibrium point is

assumed to change {dynamic setting) and hence its cha
‘parametars’ will have to be continuously identified a
solution proceeads.

Demand-side Dynamics

The demand for US$ from sustomers is made up of 3 paris

i) The traditional demand ralatad o prics gevernad by

tpradiction” inputs that affect 2(t), and given by
D, (%) = KX, dp/dt where X, is the specul

aranetar.
B

’-\.l—
-

~which affscts bcth the demand curves and the a

available for speculation.

From these 3 parts, the total consumer demand is

oG = B (e azgan

w

5 the

The liguidity (f#) of the TT$ in the country at Zime "{¥,

mount

given



Supply Side Dynamiés

As a first estimate, glven.a particular supply of USS
available to the Commerclal Banks and Cambios, the pricé paid
for the US$ and a corrasponding demand coming £rom ther
customers, the banks will ccntiﬁually adiust their prices <o
réduce this imbalance betweén supply and demand. That is o
éay;rany change in ths price of_the USs is a dirsct functi
oL this imbalance or shortZage (assuming that the bhanks and

cambios do not spaculats).

ea:nings in the fdreign currency and not making it availabplsz
to the local banks can bé modellad implicitly on tThe demand
side of the eqﬁation.

Role of'theICentral,éank i

Feedback control by the Central Bank basad on the rate of

-
o

=]

change of the exchange rate can be used to either put mone

o

(USS) into the system or take it out (assuming the Central

‘Bank can buy or ralease forgign_ekchangé).
i.e. - A8p(t) = K, dp/dt = 3.(t)

=

Since both # (liguidity} and ¥, (Central Bank factox) ars

“under the control of the Central Bank, this institution will



Y

parametar,7,, gives the desir

have an impact on controlling mconetary stablility by its

manipuiation of # and X,. Using the restricted mathematical

Ky > 1/ (K9)
i.e. the action o<f the speculator can drive the svsiam

unstable if thea bank parameters are padly chosan. Nots also

I,_l.

that the system is always stable if thers is no speculation.

Hecwever, the Central 3anX @way want tTo have a mora substanti

jo]]
[

affact on the benraviour cf the local financial svsten.

(Lapilace Medel) can be chosen to reprasent the refsrence

mcdel, whers in practices K,

gives the desired ratio between

changes in supply of US$ and the exchange rate, and the model

®

d rats of change of the exchange

rate. Hence the Central Bank can specify both how gquickly and

by how much it wishes to see the exchange rate move for any
monetary  disturbance, a mors -sophisticated control

specification than simply dewanding Nyquist stability. Since

K, X X;, K,-and 7, are known or identifiable, it is pessible

" to choose K, and 8§ to force the economic model to behave as

the Central Bank requires.



However, the parametars of the economic model change with

time, hence X, and # will have to be continually changed.

This is the fundamental Adaptive Control problem in which X,
and # must Dbe changed to reflect changes in the economic
parémetars, vet ensure that this act of changing X, and J does
not drive the system unstable. The approach usesd is zased cn

vapunov method {for the continuocus system) and Popov's

el
1
)]
(g

Stability Critsrion (for the discrstz casa)-.

an adaptive non-liinear sciuticon that assumes that the Cantral
Bank nas access To The market 290 a minuce by minuts basis and

though and more ccmplex centrol mechanism must reflect the

sampled data or discrete property of the money market. See

Appendix 1. In fact if the bank parametars ars badly chosen
including the - sample rate (the rate at which the banks get

informaticn from the market) the systam can become unstable

even without speculation.

A computer programrme was developed f£rom the analysis

de

rh

ined in Appendix 1 for the discrete adaptive model, which

uses §, and K, as the controlling parameters.



Test data were appliad to the orogramme and the results

are discussad in Appendix 2

Adaptation of the Reference Model
To =xtend the analysis one stap

happens when the Cant

g

al 3ank cannot respond to the demand for

. it =ither has ncne to s211 or i

refarence model at © = nT} ncw becoms the two paramsters Ior
‘the adavtive control of the systam, i.e. the rafersnce model

,Futu:e Work

The model, as developed will be =nhanced in several ways

to reflect more accurately the real economic svstem.
(1) Prediction

Throughout the analysis, speculétion and/or control cf

the system has been causal.. - Prediction by any of the

asad

o

‘players, particularly the speculator, has been

?



ey

{3)

simply on the rats of change of the price of the US3.
orev_~, in ‘reality,~ the' speculater may- lock at other
aconcmic, pol tical or scocial factors to vradict the

hange in the US3 prica. Prediction bpased on tThesa

Cantral Bank) wiil be introduced intc the mcde

improved performanca.

variables eg. intersst tates and inflation. These
‘dependent' variables could be incorporated into a mers
detail ad model to éllow a clearer interface-witﬁ'iné
cusiness world - nigh interest fates, for example, tend
td_décrease,the liqﬁidity aiso of the lcéai ;ufréncy;
mé Vrr"lod-elrhsad' lunps .bbth' the di;éct control of the
Centrél,Bank and the commercial bank's interest_rates
intoroﬁé'parameter,'liquiditz? . They can be separated

into twe dependent parameters.

‘10



o

"changes; Jamaica and. Guyana with large depreciations

(¢) The performance o¢f the adaptive ccntrol systen

& e

4]

depends ‘on *the robustness of 1ts design. Thi
property which deals with the measurament noise of

the system and Its unmodelled dynamics will be

However, PTrinidad and Tcbago was able to maintain an alinoest

constant iavel of prics of Jorsign sxchange over tha gast Lwo
vears., The ideas develoged in this work wlll Le applisd o
cwhese tThras (3} cases.

Conclus

data the results demonstrate that the apprcach has interesting
possibilities both from increasing the sophistication of ths

modal and the choice of control parametars

Tha dynamic pérformance criteria'usad in the design of
the control moved away from thea traditional approach of
malnta1n1ng the exchange rats constant ho-the speciﬁication on
both_the respénse rate Lo *he change in suoplv or Uss and the
ratic at which the excnanq rate to monetary disturbance will

settle. This app roach is glven some :upport by Dr. T. Farrell

(ex Deouuv Governor of the Central Bank of Trinidad and

11
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"stapility does not mean fixity - that it will not move,

Y
Y <

put rather that it moves within an acceptanls range’.

Tha worX of thls paper. takes this view a stap further -
foresign exXchange rate control means achisving a dynamic
performance of forsign e2Xchange movements within patterns that
ars themselves .adaptive.

APPENDIX 1

Let

2{n} ca tThe axchangs rata at instant © = nT

Sin)} pe thne expectad supply of forseign =xchange at © =
n

g, be the liguidity factor a; T = nT

K., be the Central Bank injesction factcr at © = T

T

s the sxchangs rats at © = (n+1)T

I.n

Then Pin+1)
. P,{(n+l) is the exchange rate as obtained from the desirad
medel at © = (n+l)T .

and e(n+1) is the error between P(n+l) and

(n+1); i.e. e(n+l) = P(n+l) ~ P, (n+1)

Now #, and X,, are the control parameters that will be used to

minimise the error between P(n+l) and P, (n+l)

8, and K., ars clearly functions of the error s(n+l) and

are both constant during the interval from t = nT to T =

12



e
.i.
l.I
=

The adaptive control modsl will use a discrats

given by

in *he z-transforan domain.
In the fime donain, tha discrasta
the ccamercial banks i1s acdellad by

Wnera U{n) is the

for foresign exchangsa.

constrain the discreta ‘*differsntiater' - for medelling
speculation and <tha <C{enctral 3Bank's perZormanca To be as

. performancz of the

K

b

system can be modell=ed by

whera X, and a can be chosen by the Cantral Bank planners as

the'corrESponding discrets model's settling ratio and response

speed.

13
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- In the time domain : U(n) = gg@#r(n) - g, p(n)

The guestion of whether the economic model can be forced

to exactly match the desired model for real values of ¢, and

g, will now be considered.For perfect matching:.

14



£ Iz
X, Tzt _ SN —
t-az 1+g, [T —2
b L -z
Egquating coefficlents : K, = gK; or g, = K,
%
a = 1 -qg K7
or 4, = i - a
KT
sut gy = i and g, = K, 9, 9y
- - - T i
1_2‘(;(;{_.1 - .‘:{'_} d"l}
Thus
5 1 X, &7
Pl = _n = ‘.. be B
o X3, B i—-a
and nencs 3, = (1~ =)
K'; Kn :1
Whers ¥, X, and a ar=z XKnown or identifiabis.

Thus, it 1s gossibla to match the desired ncdel with the

actual mcdel by chcosing K, and 4, (or indirectlv g, and g,}.

As in the continuous case it 1s required to deveiop a

policy to cheoose X, and 4, (g, and ¢,} as the eccnomic nodel

3

changes yet snsure that the overall system remains stable.

Discrete Adaptive Contrel Policy
The actual solution. will now be found.

The adaptive equations are :°
P(n+l) = P(h) + K T u(n)

u(n) = g r(n) - gp(n)

and
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The =2xrror =sguaticns are obtained

and 2,{n+1} = a2, {ny + XT
i.e. ={n+1) = Blin+1) P.in
= z?{n) - aP, (n}
2ut
U(n) = r{n}g, — 9;P{n}

o
w
-
=]
¢
=

-
r

whers
— - ! iy —
Z, = (g, __ii) 7.

e
2z} = (——— 1T [r{z)
i-az™™ .
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and o'(n) = {r{n), -P{(n)?

and
-,-n'7);<"'r!
—_ - L] qoa
ri{zy = =
z-a
_ Dy T
iz = INZ) AL
' z-a
i.a.
r(n+i} = a r{n) + XT r(n)

@{n} = Hin-iy - Tai{n+l} wo{n)
whares ' is cnosen as
T g
Q Yz

In ocur particular case, the rarameter updatz law bacomes:

gll

—_
i}

1) = Jy(n-1) - v a{n+l) r{n)

9
Lo
:j’
]

|

2
[}
3
1
(B
o
o}

7 g,(n-1) | 1=

gu(n) = gg{n-1)

- v e{nhrijr{n) {AL1.8)
g(n) = g (n-1) - 7 e(n+l)P(n) | (A1.9)

Now, -squations (A1.8) and {A1.9) dindicate that g(n+1) is
required to find gy(n) and g,{n). But we have seen before that

dge(n} and g;{n) are required to find e(n+l).

To solve this dilemma, the a priori/a posteriori correction is

used?, whereby the a priori error e"(K) is used in the analysis

17




as an aporoximation of 2{(Kj. The a pestar-~iori errcr =(X} is

2%(X) is calculatad using the values of thes parametzsrs
=T -

$ 2. @A)

By Popov

a{kK} = P (X)) wi(X) = {o"{¥X-2} - T 20K) 2 {Xjlu(X)
= D {R- wlK) - w{X) [ =2{X) 20}
(& =
“J_ =
For the particular prcblam on hand
i Ay
foomo —_ 90-.:3"1;
ST = . .
[ o» [ .
- = T s il c I3
L o= i@y, Daidi. i i =
Y o D)
Eo'f-.f?;'i
: 2. %7 Z T
1+ vyir{n) = vz p*{n)

‘where

&'(n+1) a e(n) + KTir(n) gin-1) - 2(n) g (a-1)]

- K, T r(n) + 2(n)(Ll-a)

So that both e’(n+1) and e(n¥l) can be easily calculated.
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APPENDIY 2

Results of test data applied o computar prodramme

Programme Assumptions

point, 1i.a. the system s in saguilibrium inicially, whers
afn), S{n)y, P{(n} and 2, {n) ar=z the variaticns akout the chossn
‘operating point' at interval ‘n!'.

Hencs

el{l}y ~ the Initial =2rr3r - i3 z2=ro;

S(0) - the initial variation in supply of forsign =Xchange

. P(D) - . the initial wariaticn in axchange xate of the
refzar=ance model -~ Is zarc.
P, (0) - the  initial variation in exchange rats of the

K,, ¥, and X; ara input parametsers to the programme which would

tion systen.

m

neraally be supplied by an external -identific

For the purposes of testing the programme, X, K, and X; ars

chdsenrand manually enterad by the user.

Thus any value of S(n) entsred. in the programme

represents;a change in the available supply of US$, i.e. the

19



axcass {+ve) or deficit (-va)] of US$% supoly owver operating

Similariv the wvalues of P(n+l) .oktained ~from the
programme represents changes in these s2xchange ratas f£rom

their initial steady statza values. Pgsitivs values Sor ?2{n+1)

e’y

aticn o

[l

- 3 - ~ T 3
—he local Zdollar and

and 2, (n+1) raprasent a deprac

20



Discussion of Results
Input Condition 2

For S(n) = 10, this neans that thers s an incr=asad supplyv of

The same values orf X,, X, and ¥; ara wmaintained in the Zlrst
zase, =2Xcept That now The supply 3(n) is changed. AS
expected, the valuas of ¥, and X, remain larzelv unchanged,
pbutz trhe system stablilises at a different sxchanga rats.
Input Condifion 3

For 3(n) = -3, it is sesn that fcr a nsgative change in the

K,, ¥ and K; ares now changed wnhils maintaining the same S(n)

as in Condition 3, i.e. the parameters of the system change as

The steady stats exchange rates, however, remain the same as

in Condition 3, since the idea is for the real system to

benave like the model.

21



Input Condition 3
Comparad with Condition 3, both the values of K,, X, and X, as

well as the value of 5{n} are changed. 1In this gass, it is

the Refazrance HModa2l, i.a. <this 1is how tha planners at the
Cantrali 23ank wWould want Che systam To perforn, given tThase
parTicular valuas for the input variablss {3S{n} = 10, ¥;=,

Chart 2 is & display of how the actual exchange rates of
the systam moved with time over the same period, alsc for
Input. Condition 1, i.e. it showed the performancas of the model
develaoped to represent -the financial system under the sanme

values for the input variables cutlined before.

The almost exact similarity of the two graphs shows that
the Model Reference Adaptive Control system developed in this
paper is achiaving its intended purpose of stability of the

- exchange rate, insofar that the exchange rate of the actual

financial system . is being brought to an eqguilibrium in an

almost similar manner to that reguired by the authoritiss.
Chart 3 is an exploded view of the two graphs for n = 1

22
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Programme Results

Using a =0.3. Kn =15, T =0.01, ’y;and ‘f_,_= 1, he resulls for five different input ecnditions are sticwn zelow:
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Appendix 3
Reviaw of Existing Theories on Exchange Rate Control

‘Monetary Approach to Balance of Payments (MABP}

Consicder the balance shest of the consclidatad monetary sactor

(i.2. the aggrsgation of the Cantral Bank, the commercial kanks and

all the issuers of wnoney) which contains AaAssets (D,R) and

Liabilities (M), wher=a ¥ is monev supply, r is the forsign basad
conmponent of M {foreign reservss) and D id tThe domestic or local

The MA3P prcposas that Ior a {fixed sexchangs rafe systam and
~assuning tull employment a change in the domestic conponant 0f tha

=i e

money supply will lead to a largely coffsetiing change -in raserves,
censtant exchangse rata.

With a floating exchange rate by definition the authorities do not
intervene in the fereign axchange markat and thus the change in
rasarves nust always be =qual to zerc. Hence any change in D is

matched by a change in M, leading to a change in the prica of

-foreign exchange.

Purchésing Power Parity (P?E)

With fixed rates the P2P relatioﬁship purporﬁs that a countrf's
‘inflation rate cannot deviate from the world's rate. Under'floating
exchange rates PPP beccmes a theory of the déterminatiph of the

' exchange rats as ‘shown below..
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Consider a good, 'i', which 1s prcduced in the USA and the UK and

[y

2 petween the twoc countries. IFf Pi.uk

'..A
n
E
5]
{D
D
l_.l
g
t
H
]
[o})
(D
o
o

the

-
i

price of the good in the UK and Pi,us is the US vrice, tThan the

follewing 'law of price' must hold:

whara 5 1s the exchange rate between the Pound and the dollar. This

i} In the definiticon of ths PPP onlv Traded goods pricss ara
irncluded. Howeaver all countriss vrovide a range of
services which are non Tradad and =niter the computzzion
¢T price indices. On the cther hand if The orice index

which  include peth frads and non-tradad deods and

countriss can impart a bias into the calculation cd PPDP.

~ii) 2pP is not likelvy to nold continuocusly as a theory for

the dstarmination of the exchange rate, because a nunber

o,

factors  including  trading restriction  an
‘internationally mobile capital push the actual rate away
from the PPP determined rate.

PPP i& not well supvorted by empirical evidence and is at best only

a partial theory of rate determination.
Balance of Payments (Flow) Model
This model treats the exchange rate as a price and like any other

price uses supply and demand in order to analyse its determinationm.
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Trom. the stability point of view any change in the exchange rate
Zrom equilibrium should produce a corresponding supply  change

“which then moves the exchange rate accordingly.

Although this model ca tars for bot! long and short term
transactions 1t deces nct adequately address the non-linearity of

the problam nor the dynamics of tThe systanm.

Bconometric Methods
Asset Market HModels

Assat wmarkst models conezntratz on tThe steocks o monay and oonds

axchange rate is determined by the lavel of asses stccks in sxcass
{or short) oI deman@. Aszet market maodels of'-sxcnange rats
determination ars ax?rasSed in tarms of four basic ralationsnios
invelving the variabies: ncminal money supply, grics lével{ real

income and ncminal rate of Interest. Thesa reiaticnships wher

n
O
I_..l
<
D
£
I._J
o

ead to an -equation for the determination of the =2xchangs
rate. The resulting aquation is not a genuiné—reduced-form agquation
(since it contains’ endogenous variables among the explanatory
variables) and is neiﬁher static équaﬁion nor a properly specified

dynamic eguation. -
Dynamic Time Series Models (Error Corfection and Co-integration)

Scme econcomic variables can be viewed as a time saries. Palirs of

such series can either vary extensively from each other or can be

.-2 ?




1

expected tc mova so that they are not %Zoc far apart. This forms the

H

1 i

basis of a c¢lass of modeals Xnewn as 'error correcting' which allows
"leng run compcenents of variablilas to okay squilibrium constraints
while short run components have a flexib

Generally for a two variable zsystem

W
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rt
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D

change in one variable to past sguilibriun
arrors as well as to past changes in bkoth variables. A condition

for this to e true {cailed co-intagration) was introducsd by

inapprcpriate theory upon which to base axchange rate theory.
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Appendix 4
Adaptive Control
The twco tTerms 'adaptive' and 'centrol' require some discussion,
Taking thes latiter first, control system thecry was developed to

addrass the problem of controlling the outputs of a dynamic systex

pased on scme -desirad valuas and subiect to some s

0
cr
L
H

specifications. In classical c¢eontrol of Lime invariant linear
-svstams, the performancs spacifications ars usually a Transient and

steady statz rasponse coriterion. This is sufficizant £for wmanv

1y

nginesring tvpe systans.

However, mors stringent system sceclilgations have bsen ussd and in

particular in ovtimum control thecry 1t is usual To reguire the

defined by certalh varametars

In the process of the development o modern ‘control thecry it was

o]

seen that a fixed control algorithm cculd-not give acceptable
behavioﬁr-for all conditions, particularly if the process to bhe
controlled'héd unknown or time varyinq:parameﬁers. Hencerin the
lats 1550's this led to an intersest in adapti?e control algorithms
.ﬁhich could be éppliedrif the procgssfbehaviour dependéd in a Xnown
way on-édmerextérnal and measurable chditidn.

In thié particula:'case the <foreign éxchangé rate of the TTS
(assuming that the short term sﬁpply to be an anontrolled input)

is a function of the commercial and Central Bank's responses to the
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differenca between supply and demand for foreign currancy. The
parametars that define these respénses ars indaed time varying and
‘can be measﬁred or estimatad from pecplsg! past behaviour. Control
inputs by the ntra1 Bank ﬂ;n then attampt to adjust this rata.

Tarther , the dynamic modeis od tThe system are themselves ncn-

linear. One nmethod ¢f addrassing this vroblem iz tc linearise the

appraciate is that continucus design ¢of whe centroilar paramsetars
depends on Pzing able ©o sstimata the process paramsiars

adaptive control procadura always raguiras an associatad sstimation

algerithm. T the estimation procedurs Zirst gives tThe parametars
= o~ 1~ =1 S i v 3 AT, -1 -
of the prcceass ithen the methed 18 Carmed 'Zndirect' adagtive

k)

It is worih noting that the astimation scheme will add axtra
dynamics - to the control.scheme. These dynamics are always non-

linear and hence ccmplicates the anal ysis problam. The method used

[

in this paper. MRAC, is a typic examnple of dirsct adaptation.

The MRAC was first introduced by Whitacker in 19538 and its mcst

popular form is where a primary controller is used to obtain

suitablé closed'loop behaviour, in a non adaptive way.

.However, the process carameters ara unknown. or ﬁaj varj with time.

o

A fixed parameter'settlng for the primary controller such that tha
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loop behaviour 1s acceptable under all circumstances cannot be

found. In the MRAC the desirad rasponse to a command signal is
specified by a paramectrically defined model. An adaptation
mechanism kaeps track of the process sutput and the nedel outsut

and calculates a suitable paramstar setting .such that the

diffarsnca setween +them tends o zars.,

] i qm
* {_Re:erence ; = .
- 3
j
T !
—_— :
r——ré———eidapt17e -
! . Law T
| I
i R
! N —tr ! e d I
——  Primary { | Procsss |
. T T - : K N
Centrolisr = —
i H
' v % * ~t
3 )

pecause of the édaptive scheme. In this case the procass is time
varying. As in the Fésign of all control systams the Transient
stability of the design ig of paramount importance. 7For a linear
systém the simple Reuth Hurwitz critarion or its analogue in the
discrete cése,'Shur Cohn, suifice. However, in the non linear and

‘time varying case linear stability tools ars of little usa. To
Y

'...-I

guarantee overall stability of the sysitem the well known Lyapunov

direct method can be utilised. Instsad the Popov hyperstability

approach can be used in which the designer has to propose and

2

adaptive law and with the -aid of hyperstability .theory the
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stapllity 1is checked.

b

ali signals 1in the adaptive loocpo

34

The performance of tha adaptive conurol

systen depends on tha

robustness of its design. This analysis considers the boundness of



