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Set Differential Equations and Monotone Flows

V. Lakshmikantham1 and A.S. Vatsala2

1Department of Mathematical Sciences, Florida Institute of Technology,

Melbourne, FL, 32901, USA
2Department of Mathematics, University of Louisiana at Lafayette,

Lafayette, LA, 70504-1010, USA

Received: November 7, 2002; Revised: June 30, 2003

Abstract: Monotone iterative technique is extended to set differential equa-
tions. The nonlinear function involved is allowed to be difference of two mono-
tone functions, which takes care of several results known and new.
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1 Preliminaries

Let K(Rn)(Kc(R
n)) denote the collection of all nonempty, compact (compact, convex)

subsets of Rn. Define the Hausdorff metric

D[A, B] = max
[

sup
x∈B

d(x, A), sup
y∈A

d(y, B)
]

, (1.1)

where d[x, A] = inf[d(x, y) : y ∈ A], A, B are bounded sets in Rn. We note that K(Rn),
(Kc(R

n)), with the metric is a complete metric space.
It is known that if the space Kc(R

n) is equipped with the natural algebraic operations
of addition and nonnegative scalar multiplication, then Kc(R

n) becomes a semilinear
metric space which can be embedded as a complete cone into a corresponding Banach
space [1, 9].

The Hausdorff metric (1.1) satisfies the following properties.

D[A + C, B + C] = D[A, B] and D[A, B] = D[B, A], (1.2)

D[λA, λB] = λD[A, B], (1.3)

D[A, B] ≤ D[A, C] + D[C, B], (1.4)

for all A, B, C ∈ Kc(R
n) and λ ∈ R+.
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