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A Study on Model Reference Adaptive Control
in Economic Development (III)
-~Model Reference Adaptive I-O Analysis—

Yuzuru Miyata and Etsuo Yamamura

Department of Regional Planning, Division of Environmental
Planning, Graduate School of Environmental Science,
Hokkaido University, 060, Japan

Abstract

The principal aim of this paper is to introduce the application of the Model Reference
Adaptive Control technique to the Dynamic I-O Analysis, and attention is also given to the basic
theory of Model Reference Adaptive I-O Analysis. The basic theoritical analysis of adaptive
principle and stability of two models such as the continuous model and the discrete model are
explored using Model Reference Adaptive Control technique.

Key Words: Dynamic Input-Output model, Model Reference Adaptive Control, Equivalent Fe-
edback System.

1. Introduction

The desirable industrial structure of region is one of the most important of
the problems of regional planning. Though many attempts have been made to
give a development object of a region and to consider the optimal industrial
development, however, there are some restrictions sorrounding those optimal
growth approaches, e.g., a strict policy in the middle stage of industial develop-
ment. Therefore, some evidence showed that the optimal policy could not be
done successfully.

Because one and of some stated reasons we adopt the difference philosophy
from the common meaning of optimal solution. We shall clarify then, how the
actual regional industrial structure would converge to the reference structure when
the reference regional industrial structure is looked over. For this aim we shall
apply the theory of model reference adaptive control refered in [1]~[4] to dynamic
input-output analysis, and we shall propose the new method named ‘“Model Refer-
ence Adaptive I-O Analysis”.

2. Dynamic Input-Output Model

‘We use very often input-output table in order to grasp the industrial structure
of region. In this chapter we will explain the dynamic input-output model in order
to consider the dynamic industrial development [5].
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Let n be a number of the economic activities, then the equilibrium equation
of input-output model is as follows,

(2.1) X(t)=A@) Xt)+ 1)+ H @)+ E @) — M)

Where, X (¢): output vector at ¢-th period {n X 1)
A (#) : input-output coefficient matrix at ¢-th period (nXn)
I1(#): private investment vector at t-th period (nXx1)
H (¢): public expenditure and other final demand vector at #-th period

(nx1)
E(#): export vector at t-th period (nx1)
M) . import vector at ¢-th period (n X 1)

Next we will define S;;(¢) as the amount of the capital good of the i-th
sector hold by the j-th sector.
And we shall construct the capital structure table S(z).

S(t) . (Su (t) “““ Sln (t)>
- Spa () Spn (D)

Let I(¢) be net investment and [;(!) be a component of the ¢-th sector, then
the next equation is found to be ;

2. 2) 1,(2) = d/dr z} Siy(t)

And we shall introduce capital coefficient &;;(¢), then S;;(¢) is represented as
follows.

(2.3) Sig(8) = byy (2) X;(2)
Therefore,
(2. 4) L{e) = dJdt 3} S.,(0)

= djdt 3} bi,(0) X,(0)
= 30 {dbuy(e)dt X,(0+biy(e) X0y}

From the above equations, we put capital coefficient matrix B(f) as B()=
(b (), then (2.1) is written in the following.
(2. 5) X =A@ X (&) +dB@)/dt X(t)-+ Bt) dX(t)/dt+ H(t)+ E(t)— M)

Moreover we shall define import coefficient matrix M (z) as

- A11 ‘. 0
Mt) = (m O(t) s (t))

ale) = M@ 35 aust) X0+ Hi(t)

Then (2. 5) is transformed as follows.
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X() = A@) XO+dB@e)/dt X(t)+ B dX(@®)/dt+ H(t)+E()
— M(t) <A(t) X(t)+ H(t)>

(I—(1— M(t)) A())—dB(t)/dt) X(t) = B(t) dX(t)/dt
+(I- M) HO+E()
(2. 6) dX(e)dt = B(t) (I—(I— M(2)) At)—dB()/dt) X(2)
— B8 ((1- M) H(t)+E())

Equation (2.6) is the system equation which represent the time variant of
output vector X(¢). In this study we shall call (2.6) as “Dynamic Input-Output
Model in the continuous time variable”.

When we assume that dB(#)/dt=0 in (2.6), then the equation (2.6) is as

follows.
(2.7) dX(@)dt = B (I-(I—- M) Alt) X))~ B ((I- M) H®)+E®)

Next we consider (2.6) in terms of discrete time. By replacing dX(¢)/dt to
X(@t+1)—X() and dB(t)/dt to B{t+1)—B(#), then the dynamic discrete input-

output model can be found as follows.
(2. 8) X(t+1) = B(t+1) (I-(I— M) A()+B()) X(¢)
— B(t+1) ((I— M) H(®)+ E@®))

The following is the investigation on analysis of (2.6) and (2.8) as the main
object.

3. Model Reference Adaptive Regional Input-Output Model
(Continuous Format)

Let us assume that desirable industrial structure and capital equipment of
region were given. In this chapter, we suppose that those desirable structure are
reflected in input-output coefficient and capital coefficient. Then we can formulate
as follows.

(3.1) dXn(B)dt = By (I—(I— M) An) Xalt)— By ((I— M) H(t)+ E(2))

Where, X, (t) :reference output vector at #-th period
A, : reference input-output coefficient matrix
B,, : reference capital coefficient matrix
M, : reference import matrix

In this study we call this model as reference regional input-output model.
On the other side, we consider that actual economic development model at #-th
period is represented in the next form.
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(3.2) dX(B)/dt = B~t) (I-(I— M(2)) At)—dB(t)/dt X
— B0 ((I— M) HO)+E(1) |

Here we shall consider how we make the actual economic development model
converge to the model reference adaptive regional input-output model when the
final demand and export vector (I—M,,) H(t)+ E(t) are given. This can be formed
as follows.

|| X () — X() ||—>0 as t—co
1 A,—At) ||—0 as t—o0
[| My— M(t) ||—0 as t—oo
H B, B(t) H—*O as t—oo

Where || - || stands for a norm which is homeomorphism to Euclidian norm.
In this study we call the model mentioned above as model reference adaptive
regional input-output model.

3.1. Model Reference Adaptive Control

For bullding up the model reference adaptive regional input-output model, we
shall introduce the notion of model reference adaptive control. Here we shall give
the outline along [1], [2] and [3] in the references mentioned after. First of all,
we shall represent (3. 1) and (3. 2) as follows.

(3.3) dXn(8)]dt = Cp Xou(t) + DU 2)
3.4 dX@)/dt=C@) X(t)+D) Ule)

Where, C,,=B;'(I—(I— M,) Ay

D, =B;?
U@)=(1-M,) H(t) +E(2)
C)=B1(t)(I—(I— M) A{t)—dB(2)/dr)
D(t)=B"(t)

We call (3.3) as reference model and (3.4) as adaptive model conformed to
the theory of model reference adaptive control.
Substructing (3. 4) from (3. 3), then

de(t)/dt = Cpet) +(Cn— C()) X(&)+(Dn—D(t) Ult)

Where, ¢ (8)=X,, () — X ()
Further we put W =(C,—C@®) X&)+ (Dn—D () U(t) then

(3.5) de(t)/dt = Cre(t)+ W (1)
(3.6) W)= (C,,, C(t)) X+ (Du—D@®) U

-. Figure .1 showed that (3.5) and (3.6) are transformed into the equivalent
feedback system consisted of the linear and nonlinear block.
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de linear block
[V K e
—0 :r\ i Y
~ L] |
W ! I v
Cm ]
)‘i’ 0] nonlinear block
1 -+
| X O/ Ca—C(t) [

Du—D(2)

Ke

U

Figure 1. Equivalent Feedback System.

Beside in (3. 5) system, stability of (3. 5) depends on only C,, and for the many
times the stability is not guaranteed. Then, we shall consider a linear compen-
sator matrix Y(mXxn) for ¢(¢) and investigate the stability of V(t)=Y-e().

From the formulation mentioned above, we can make stability of ¢(¢) in the
following sequence.

1) Give an adaptation algorithm for C(f) and D(¢) in order to establish the next
Popov’s integral inequality.

6.7 g0 = [ Ve (-we)dz -
0

2) Select Y in order that the transfer function H{s)= Y (sI—C,)"' of linear
block is strictly positive real.
(3.8 de(t)/dt = Coe(t)+W ()
(3.9 Vie) = Ye(?)
3) From the above operation, it could be seen that the equivalent feedback
system will be globably asymptotically hyperstable arising from Popov’s theorem
and [l ()] —0 (t—c0)
3.2. Stability of Model Reference Adaptive Regional Input-Output Model

From design method of model reference adaptive control, we shall investigate
adaptation principle and stability of (3.5) and (3. 6).
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First we shall define the notation of the elements of the matrixes as follows.
Ct)=(cs®), D) =(dus®), XO=(x;0),
Ut =), V@) =(vs00)

Then we can get the following theorem on the Popov’s integral inequality.
Theorem 1. When we define adaptation principles of C(#), D () as

(3.10) cis(t) = Koij S:‘“Uz(t) x;(?) dt+ Leij 0(t) 24(t) +c:5(0)
G dul) =Kuy S: 0:(t) 2,(8) di+ Lasy vild) 25(8)+diy(0)
then thé next Popov’s integral inequality is realized.

(3.12) 20, 1) = S: Ve (— W) dez= —r

Where Kij Leijy Kuijy Laij stand for positive real numbers.
Proof: We can represent the integrated function in (3. 9) as follows.

70,8) =" 3 wut) (—wult) s

0 i=1

n

As w;(t)= ; (szj i () x i (6)+ Z( mij (t» uj (t)
substitute (3. 10), (3. 11) into c”() d;; (t) yield

— 0, (t) = {(cm C,,w> + Ko S (8) 2;(2) de
+uwmﬂ@@@@f§%m@~%@
+ Kay j: 0alt) 2, 8) dt + Las, 0sl0) (t)} w4y (2)

tyon

7(0, 4) = SO ;‘1 v;(t) <—— wi(t)>dzf
= Sh 37 wi(t) Lf.l {<ci]~(0) Cm”>+K°”S () 2,(0) dt

+ Ly wil0) 2,0} 2,00
o 5 {(hs (0~ )+ Kas |, w1te) z 00
o Ly wult) (0] ()] e

= 3 [0 |{(c00 = cus)+ Koty || 0100 50 e
+ Lusy vilt) 2,(0)] 40
+{(5(0) = s )+ Ky || w00) 20)

+ Luiy vilt)z; ()} uy (0)] dt
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We put, fi; &)=v; )z, (©)

cy=ci0)—cuy  then,
613 o ({0 cus)+ Ky | o) 20 e

o Ly 0u(8)) 26) (0

=[" £ust® ot Koy | Fild) det Ly fist)

If we put Fy(t) Sf t) dt then,

wa Sf &) dedt

= (" P00 ot de
:hﬂﬁ?ﬁﬂmmmm
S:lﬁ’j(t) S;fw(f) dedt =1/2 [F-i,j(t)zj]:l = 12 Fyylts)

(3 13) — Cz‘jFij(tl) + 1/2 KcijFij(tl)2+ Lcij S:l4ﬂj<t)2 dt
= 1/2 K5 <F7‘,j (t)*+ 2c3/ Kz Fij(tl)>
2
=1/2 K..; {(F wa(t) +cef Kcij) —(cusf Kcij)2}
_2_ 1/2 C%j/Kcij

Similary if we put di;=d;;(0)—du; then,

(—=1/2 C{Z/Kcij““ 1/2 dz?j/Kdij)

=1

700, 4) =

i,

—1/2(ct;/ Ky +dii) Kas )

=1

2
7=

Popov’s integral inequality is realized. Q.E.D.

Next strictly positive real of linear blocks (3.8) and (3.9) can be assured
using the next lemma 1 and theorem 2.

Lemma 1, Linear system

(3. 14) dX(8)/dt = AX()+ BU()
(3. 15) Y() = CX(t)+DU®)

Where, X(#): n dimentional state vector
U(t) : n dimentional input vector
Y (#): n dimentional output vector
A, B, C, D: nXn constant matrix
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In the following linear system the transfer function is represented as H(s)=
C(sI— A 'B+D. Then the necessary and sufficient condition for H (s) being strictly
positive real is as follows. There exist some matrixes L, W, P=P">0, Q=0Q">0
which satisfy the next system of equations.

ATP+PA=—LL"-Q
B*P+WILr =C
D+DF =W'W

Proof: For instance, Cf. reference [4].

Lemma 2. In (3.14) and (3. 15) systems, next condition is a sufficient for that
H (s) is strictly positive real.

AW, IP=PT>0, 3Q=0Q">0 such that
ATP+PA=—-Q
BfP=C
D+ Dt =WrTW
Proof: In lemma 1, put L=0 Q.E.D.

Theorem 2. In linear blocks (3. 8) and (3.9), if linear compensation matrix Y
satisfy Lyapunov’s equation.

(3. 16) CZY+YC, = —1

The linear blocks are strictly positive real.

Proof: From lemma 2 when we set A=C,,, B=I, C=Y and D=0, transfer
function H(s)=Y (sI—C,) ! is strictly positive real if *P=P7>0, Q=07 >0 such
that

{C£P+Pcm= -Q
P=Y

In this place if we put Q=1I, we can see that Y satisfy Lyapunov’s equation
(3.16). Since Y of (3.16) gives n? homogeneous linear system of equation for
elements ¥;;, we can decide Y from (3. 16). Q.E.D.

From the above theorem 1 and 2, the equivalent feedback system (3. 8), (3.9
and (3.6) are globaly asymptotically hyperstable from Popov’s theorem.

From these theorem, we can get next theorem 3.

Theorem 3. (The fundamental theorem of model reference adaptive regional
input-output model)

We shall represent the model reference adaptive regional input-output model
as follows.

(3.17) reference model X, (t)/dt = B! (I—(I— M) An) Xu(t)
— B! ((I— M) H()+E(@)

(3. 18) adaptive model dX(8)de = B() (I-(I— M) A@)
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—dB(0)/dt) X(t)~ B~(¢) ((I— Mn) H(6)+E(t))

Now, we make equivalent feedback systems as next equations.

(3.19) de(t)/dt = Cpre(t)+W(2)
(3. 20) Vit) = Ye()
(3. 21) W) = (Ca—C(8)) X(t)+(Dn—D(t)) U1

Where we represent as follows.
e(t) = Xo— X(t)
Co= By (I—(I— My)) Ay,
D, = —B;}!
Ct) = B(t) (I-(I- M (1)) A(®) —dB(®)/dt)
D(t) = — B1(t)
U(t) = (I— M) H{t)+E(t)
When Y is a solution of CZY+ YC,=I and adaptation priniciples of C(f)=
(ci; (), D(®)=(dy; (1)) are defined.
cut) = Ky | 0ae) 2,(6) e+ Luywule) 2,0+ c10)
diy(t) = Kuij j; v(t) x;(2) dt + Lai;vi(t) x5(8) +di;(0)

Km‘,js Lcij, K(lij, L!lij>0

Then the equivalent feedback systems will be globably asymptotically hyper-
stable.

4. Model Reference Adaptive Regional input-Output Model
(Discrete Format)

In dynamic input-output model, it is more convenient for the operation of the
real data if we proceed by considering the discrete time terms. For this purpose
we shall mention model reference adaptive regional input-output discrete model.

And in the following context, as far as we do not especially refer, the defini-
tion of the variables is same to mentioned above.

4.1. Model Reference Adaptive Control

In the first model reference adaptive regional input-output model is repre-
sented as follows.

(4.1) reference model X, (t+1) = B;' (I—(I— M,) An+Ba) Xa(t)
— By (I— M) H(t)+E®))



36 Environmental Science, Hokkaido Vol. 9, No. 1, 1986
(4. 2) adaptive model  X(t+1) =B (t+1)(I-(I- M) A)

+B() X(6)— Be+1) ([— M) HE)+E@)

Equivalent feedback system is represented as follows.

(4.3 e+ =Cus)+ W+
(4. 4) ViE+1) = Ye(&)+ LW (£+1)
(4.5 Wi+1)=(Ca—Cle+D) XO)+(Du—Dle+1)) Ul)

Where, ¢()=X, ) — X ()
CWL:B‘;;LI (I—(I— AAIHL) Am+Bm)
D, =—B;}
Clt+1)=B1¢+1)(I—-(I-M@®) A®)+B()
D(t+1)=—B"(t+1)
U)=(I—M,) HO)+E({)

In this equivalent feedback system, we can also see that it is constituted by

0 + + e(t+1) &(8) linear block
=7 ) () 21
SJ
+ +
I Cn
Y
4
+
W(t+1) L V1)
X8 nonlinear block
v ¥
MNe _
| X @, Cn—C(+1) | |
+ I——
+ U
MNe -
| X W, Dyp~D(t+1) e
A *
U

Figure 2. Discrete Equivalent Feedback System.
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linear and nonlinear block depicted in the figure 2.
We can secure the stability of equivalent feedback system according to the
following algorithm like the case of continuous form.

1) Give adaptation principles of C(t), D(t) such that next Popov's inequality is
realized.

7(0, ) :t:ZZ:(VT(t-F 1) (=W+1)z -7

2) linear block

{s(t+1) = Cre(t) +W(+1)
ViE+1) = Ye(t) + LW({+1)

We shall select Y and L in order that pulse transfer function will be strictly
positive real.
3) From the above operation, we can see that the equivalent feedback system
will be globaly asymptocally hyperstable arrising from Popov’s theorem for the
discrete format, and |le (¢)||—0 (E—>o0).
4. 2. Stability of Model Reference Adaptive Regional Input-Outpur Model

Similar to the case of continuous form, the next theorem is established of
about adaptation algorithm of C(z), D (¢).
Theorem 4. We shall represent adaptation algorithm of C{#), D(¢) as follows.

¢
(4. 7) dw(t"*“ 1) == Kllw kZ=:1 'Uz(k“i‘ 1) uj(k) + Ltlij Uy (t‘l" 1) uj(t) +dz](0)
Then Popov’s inequality is existed as follows.
11
(4.8 90.8)= % Vk+D) (= Wkt+D) Z 7

In this place K.j Lej Kay and Ly, are positive constants.

Proof: Because the adaptation principles (4. 7) and (4. 8) include v, (¢-+1) in the
right side, the right sides of (4.7) and (4.8) depend on c¢;;(t+1) and d;;(¢+1).
Therefore we can not apply the adaptation principles in this formulation. We
shall refer to this point after completing the proof of the theorem 4.

wi(k+1) = le (mss e 1) () + 35 (cuss — iyt 1)) ()
Then we substitute (4.1) and (4. 2) into ¢;; {k+1), di; (k+1).

—-‘w@(k"’r 1) = Z {(C,](O) —C7nij>+KCij[,:Z]j() 'Uz(l‘f“ 1) .’E;(Z)

J=1

+ Lo vi(k+1) xj(k)} x (k) + Jil {(dij (0)— dmij)

o+ Kuig 33 0ill+ 1) 250+ Ly sl 1) 258 a,(8)
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ti=~1 n

70,6) = .>:

0i=1

vi(kt1) (—wilk+1))
2 5 ok [ 5 {(e0 06 + K S+ 2,0
+ Luyoilb+1) z,(8)] 5(8)
o 35 {(3500) = dass) + K Sull+1) 2
o Lusgoslk+1) () (8
v (k+1) [{(cij(O) —mis) + Kess f‘ljo vy(1+1) 24(0)
+ Leayoilk 1)) (8
{10 — i) Ky 3 wi(L+1) (1)
- Lacyoslle Dy () 8]

Where we put f;; (k) =v,; (k+ 1)z, (k) and c;;=c;;(0) —cmi; then Popov’s inequality
is built as follows.

5 0k 1) {{c0)—cuis) + Ky 33 will+1 50
+ Lok 1) 24(8) (1)
=55 usl®) (cust Keay 5, fisl+ Luss fi)
= K.iy/2 (‘f Fisll)+cuf Kuas) =2 Kosy+ (Kol 2
L) TSR 2~ i2Ks

7](03 tl) z .

T

(—c3/2K o5~ d?j/ZKm'j)

1

—1/2(c%;/ Keij+dii/ Kasy) Q.E.D.

M= Lﬂnl_\ﬂ:

L, Jj=1

<,

In the above adaptation principles of (4.6) and (4.7), we shall deal that the
point of right side depend on ¢;; (¢+1), di; (¢-+1) as follows.
The prior value of X(¢-+1) is represent as follows.

(4.9) X(t+1) = { K® (V(k+1) X7(R)) X(6)+ Kd® (V (k+1) U()) Ule)

And (X) represents the operation that AQB=(a;; b;;) when A=(a;;) and B=

(bis)-
Now the prior value of ¢(¢+1) and V (¢+1) are represent as follows.

(4. 10) D) = Xt +1)— X@E+1)
(4.11) Vit+1) = Y@+ LW(t+1)
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(4.12) Vie+1) = Vie+1) = Y(X(@) — X))

= Y[Z;o {K@ (Vie+1) X)) X(e—1)
+Ka® (V (k1) U —1)) U@}~ Clo) X(e—1)

— D) U(t—l)]

=2

- y[ 2 {K® (V1) x8) X(e—1)
+K® (V(ke+1) U () Ue— 1)
~(K® T, V(41 X7+ L& (V{9 Xr(e-1)
+CO) X(—1)
—{K® T V1) U9+ L@ (Vo) U7~ 1)
+D (0} Ut—1)]

— —Y[{x® (Vi) X"e— 1)+ L& (V{3 X*(e-1)
+C(0)) X(t =)+ {Ka® (Vi) Ue—1)
+La® (V@) Ur(e—1)+ D(O)} Ule—1)|

= —Y{r(—1 Ve)+C0) Xt—1)+D(0) Ut—1)}

Where I'(t—1) expresses next diagonal matrix.

i:l {(Kcij“]" Leij) 25(t—1) + (Kaij+ Lag) 15t~ 1)} 0
re—-1=|"
0o 3 {(Kcnj+ Lany) 2t —1)+(Kny+ Lay) 165t — 1)}

=1
(4.13) VE+1) =V +1)—Y{I't-1) VE)+C0) X —1)
+D(0) Ut—1)}
As we mentioned above, it is possible to solve the value of V{(¢+1) by the
information from the first period untill z-th period and V (¢+1).
Next the strictly positive real of (4.3) and (4. 4) are leaded from the following

lemma and theorem.
Lemma 3. linear discrete system

{X(t—i—l) =AX(@6)+BU(t+1)
Y(+1) = CX(6)+ DU +1)

When we make pulse transfer function of linear discrete system as H(z)=
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C(eI— A 'B+D, the necesary and sufficient conditions that F () becomes strictly
positive real is to exist some matrixes L, W, P=P'>0 and Q=Q">0 which
satisfy the next system of equations.
ATPA—P=—LL"-Q
BTPA+WTLY =C
D+D" = BTPB+W*W
Proof: For instance, Cf. reference [4].

Lemma 4. In system of lemma 3, it is the sufficient condition that H(2) is
strictly positive real that is formed as the next equations for #P=PFP">0 and

ZQ=0">0
ATPA—P=—Q

BTPA =C
D+ D"=B'PB
Proof: in lemma 3, put L=0 and W=0. Q.E.D.

Theorem 5. In linear block (3.19) and (3. 20), if we put the linear compensator
matrix Y and L as in next equations, then pulse transfer function H(2)=Y (2I-
C.) '+ L will be strictly positive real.

J— & Ik k41
Y"“ ];()Cm Cm
L=1/2% CECt

k=0

Proof: In lemma 4, when we put A=C,, —Q=—1, B=I, C=Y, D=L, a
sufficient condition for strictly positive real is as follows.
CLPC,—P=~1
PC,=Y
L+17"=P

And now we shall make P=)CZC%, then C% PC,—P=—1 is realized.
k=0
The strictly positive real of H(z) is proved by the following equations.

L)

Y=PC, = Y, Ct* C&

k=0
L=1/2 éc;;f Ck Q.E.D.

From the above theorem 3 and 4, the equivalent feedback systems of (4. 3)
(4. 4) and (4.5) will be globaly asymptoticaly hyperstable by Popov’s theorem.

Therefore we get next theorem 6.

Theorem 6. (The fundamental theorem of discrete model reference adaptive
regional input-output model)
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We shall represent the discrete model reference adaptive regional input-output
model as follows.

(4. 14) reference model X, (t+1) = B! (I—(I— M) AntBr) Xu(t)
— B3 (I~ M) H)+E()
(4. 15) adaptive model X@+1) =B e+1) (I— (I- M) A)
+B() X(t)— BHt+1) (1= He + E@®)

We shall make equivalent feedback system as follows.

(4. 16) e(t+1) = Cpe®) + Wt +1)
(4.17) Vit+1) = Yet)+ LW(t+1)
(4.18) W(t+1) = (Ca—Clt+1)) X))+ (Du—D(t+1)) U

Where we shall represent as follows.
et+1) = Xp(t+1)— X(t+1)
Cn=B;(I-(I- M) An+B,,)
D, =—B;'
Cle+1) = B ¢+1) (I—-(I- M) A@))+ B~(2))
D(t+1)= — B Yt+1)
U@ =(—M,) Ht)+E()

And we put Y= 3! CIECER [ =1/2 3 CI* CE.
k=0 k=0

When we shall define the adaptation algorithm of C(#), D(f) as the next
equations, the equivalent feedback systems from (4. 16) to (4. 18) are globaly asymp-
toticaly hyperstable.

(4.19) Clt+1) = K® éﬁ V(k+1) X2(k)+ LV (t+1) X2 +C(0)
(4. 20) Dit+1) = K,® ,io V(k+1) UT () + L{V(t+1) U(¢)+D(0)

Kc:(kcij)’ Lc:(Lcij)’ Kd:(Kdij)’ L(l:(Ldij)

{elements of each matrix are all positive numbers)

5. Conclusion

In this study. we applied properly the theory of the adaptive reference control
to the dynamic input-output analysis, and considered the basic theory about Model
Reference Adaptive I-O Analysis. We are confident that this study has proposed the
basic theoretical analysis about both adaptation principle and stability of two models,
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which are the continuous model that is provided for the theoritical development
in the near future and the discrete model that will be used for the actual metrical
analysis. We believe that Model Reference Adaptive I-O Analysis is developed
in this study for the first time. And we are expecting that this theory will be
greatly developed and enhanced for ever. From the result. of this study, we
propose some of futher problems as follows.

1) Numerical simulating by actual input-output model.

2) Inquiring economic and political meaning of the adaptation principle.

Besides, the theoritical development in the conbination of the optimal control
theory and Model Reference Adaptive I-O Analysis is also a interesting problem
[14] ~[16]. Finally we believe that we must develop this fascinating theory as a
theoritical support in the regional planning studies.
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