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We present a maximum principle in integral form for optimal 
control problems whose system equations involve delays in the state 
and delays in the derivative of the state. The results are obtained 
for a very general class of neutral functional differential equations 
which includes as a special case the systems 

x(t) + Ax(t - h) = Bx(t) + Cx(t - h) + Du(t), 

which have been studied extensively (as in [4]) and arise in many 
applications. The class of control problems considered include prob
lems for which one wishes to minimize Jl x2(t) at while requiring 
that u(t)EUCRn, *G[0, T], and either x\ [T-h,T] He in a manifold 
in AC([T-h, T], Rn) or x(t) =f(*) on [T-h, T], f a fixed absolutely 
continuous function. These functional boundary conditions arise 
naturally since the "state" in neutral systems of the above type is a 
point in AC([-h, 0], Rn). 

Letao, toy and a be fixed in R with — <*> <ao<to<a< <*>, 1 = [ao, a), 
I' — [/o, a)> For x continuous on I and t in ƒ', the notation F(x(-), t) 
will mean F is a functional in x, depending on any or all of the values 
tf(r),ao^T^. Fo r*G/ ' , l e t 

P n t 
D(x(-), t) = x(t) - X oi(t)x(hi(t)) - I de[v(t, 0)]x(6). 

z=i ^ «o 

Assume ai : If-^Rn2 is continuous and of bounded variation, / = 1, • • - , 
p; hiiI'—>R is continuous and strictly increasing, and there exists 
A > 0 such that a0ûhi(t)<t—A, 1 = 1, - - -, p. Let v(s, -):[a0, <») 
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1 These results constitute part of a doctoral dissertation written under the direc
tion of Professor H. T. Banks at Brown University. This research was supported by 
the U. S. Navy under the Junior Line Officer Advanced Scientific Educational Pro
gram. 
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