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and 

Substituting (9) into (10)  yields 

Y(  t )  = 

The quantity in the parentheses of the first term is equivalent to the 
solution K ( r )  of (5), and the second term reduces to 

by Dirichlet’s transformation. Hence, Y ( t )  = “( t ) .  
Since el( t ,  t o )  is nonsingular for all t E [ t o ,  TI, the invertibility of X ( ? )  

coincides with that of T(I). Therefore, from the lemma, the result follows. 

It is a l ~ o  clear that L ( t )  = Y ( z ) x - ’ ( ~ )  = q(t)v-’( t )@i(to,  r ) .  
From the application point o€ view, this theorem is not effective 

because the explicit form of the transition matrices Q I ,  Q2 is not obtain- 
able in general. However, for the time invariant case the similar effective 
method is proposed by Sasagawa 111. 

Moreover, we comment that Theorem 2 in the paper’ can be also 
proven straightforwardly by considering the scalar quantity T ( r )  = 

(X(t)q, Y ( r ) q )  (7: vector) together with (7) and (8) and the lemma in 
this paper without introducing  the matrix r ( t )  where ( , ) denotes the 
inner product of vectors. 
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Authors ’ Reply’ 

A. BAGCHI AND R. C. W. STRIJBOS 

Mr. Sasagawa gives an alternate proof of the decoupled decomposition 
result (Theorem I) in the paper’ which strengthens the theorem by 
showing that the assertion there is both necessary and sufficient. The 
technique of proof uses the standard decomposition (coupled) of the 
Riccati equation connected via a coupled set of differential equations and 
then performs some manipulations to arrive at the decoupled decomposi- 
tion. M r .  Sasagawa also asserts that Theorem 2 in the paper’ rn be 
proved easier by an indirect method. The  authors have no direct objec- 
tions to either of these comments. They only have the impression that the 
main idea behind their technical note’ may not have been apparent to all 
the readers. The  note basically consists of a completely new observation 
that one can decompose the Riccati equation into a product of two terms 
such that the first term can be calculated independent of the second one. 
This, then, can be used to evaluate the second term. Once this possibility 
is first observed, there must be innumerable nays by which one can anive 
at this result, judging by the large number of techniques at the disposal of 
the researchers about various aspects of the Riccati equation. Interestingly 
enough, the authors first arrived at the decoupled decomposition of the 
Riccati equation indirectly while working on another  paper [ I ]  where they 
succeeded in obtaining a closed form solution of the open-loop LQ-prob- 
lem. It is there that the usefulness of this kind of decomposition is 
apparent.  One  can calculate the  control without solving the  standard 
two-point boundary-value problem. The decomposition in the paper’ then 
follows by equating the closed form open-loop solution in [ I ]  with the 
well-known closed-loop solution to the LQ-problem. 
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