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Abstract— This paper addresses theL2-induced gain analysis
for switched linear systems. We exploit non-conservative neces-
sary and sufficient conditions for the induced gain to lie below
a prescribed positive constant and discuss on the induced gains
of switched systems obtained for different classes of switching
signals, which distinct regularity assumptions are placedon. We
particularly show that the induced gain that is obtained for the
class of every piecewise constant switching signal can alsobe
attained by the more restricted classes of switching signals.

I. I NTRODUCTION

Hybrid dynamical systems whose behavior can be de-
scribed using a mixture of event-based logic and differen-
tial or difference equations have been attracting significant
interest. This is motivated by the observation that a wide va-
riety of artificial/man-made and physical systems/processes
are naturally modeled in a hybrid dynamical framework.
Switched systems typically arise in the context of hybrid dy-
namical systems when it is possible to describe the behavior
in each mode through a differential or difference equation
and the event-based transitions as discontinuous switchings.

The stability of switched system has been extensively
studied and several key results can be found in the survey
papers [1], [2], [3] and references therein. An important
distinction in the studies of properties of switched systems
such as stability, rate of convergence, etc. is that these prop-
erties crucially depend on admissible classes of switching
signals, which each the switching signal ranges over. Distinct
regularity assumptions placed on the family of switching
signals introduce specific admissible classes of switching
signals [4], [5]. The impact of regularity properties on
the switching signal class on the type of stability such as
asymptotic stability, uniformity of the rate of convergence
was explored [5].

The input-output properties of dynamical systems, espe-
cially L2-induced gains are fundamental tools for robust
control theories in linear [6], and nonlinear [7] settings,
particularly in H∞ control problems. In spite of their im-
portant roles, the progress on the study of input-output
properties for switched systems has been difficult [8]. Non-
conservative necessary and sufficient conditions that can be
used to establish the value of the induced gain have been only
available for special switched systems. A separation prop-
erty between all the stabilizing and all the anti-stabilizing
solutions to a set of algebraic Riccati equations of the
systems being switched provides a complete solution to the
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induced gain analysis in the case ofslow-switchingsignals,
where slow-switching refers to the limit as the intervals
between consecutive switchings grows to infinity [9], and the
technically related results were also obtained in the studies
of Hankel operators of switched systems [10] or systems
with a failure [11]. The variational approaches in [12] also
provide a complete and non-conservative characterizationof
the induced gain for single-input single-output first-order
systems. In the recent papers [13] and [14], a complete
characterization of the induced gain for general switched
linear systems was obtained, where it was proved that the
existence of acommonstorage function that is a solution to
a set of Hamilton-Jacobi inequalities, one equation for each
system being switched, isequivalentto the induced gain of
a switched system to lie below a prescribed value.

This paper further pursues non-conservative induced gain
estimates for switched systems. We exploit switching signal
classes, which distinct regularity assumptions placed on
and were used in the stability analysis of switched sys-
tems [5], and investigate the induced gains obtained for these
switching signal classes. The paper utilizes non-conservative
induced gain estimate conditions obtained in [13], [14] and
show that the induced gain that is obtained for the class of
every piecewise constant switching signal remains thesame
for the morerestricted switching signal classes.

The remainder of the paper is organized as follows:
Section II describes the problem that is considered here,
and required preliminary results are summarized. Section III
contains main results. Section III-A describes switching
signal classes which distinct regularity properties placed on.
Section III-B shows that the induced gain that is obtained
for the class of every piecewise constant switching signal
can also be attained by the more restricted switching signal
classes. Section IV contains some concluding remarks.

II. PROBLEM DESCRIPTIONS

This section formulates the problem that is considered
here. Some regularity properties of switching signal classes
which are needed in this paper are described in Section II-
C. Required preliminary results which were obtained in [13]
and [14] are summarized in Section II-D.

A. Switched Systems

The switched systems under consideration are represented
by equations of the form

ẋ = Asx + Bsu y = Csx + Dsu (1a)

where s : [ 0,∞ ) → P denotes a piecewise con-
stant switching signal that selects appropriate quadruples



(Ap, Bp, Cp, Dp) from a parametrized family

{(Ap, Bp, Cp, Dp)| p ∈ P} (1b)

of n-dimensional,m-input,k-output state space realizations,
whereP denotes an index set. Throughout the paper, the set
of matrices in (1b) is assumed to be compact.

The set of all piecewise constant switching signals is
denoted by

S = {s : [ 0,∞ ) → P}

and, by a piecewise constant signal, we mean a signal that
exhibits a finite number of discontinuities on every bounded
time interval and that is constant between consecutive dis-
continuities. The time instances at whichs is discontinuous
are called switching times. By convention, each piecewise
constant signals is assumed to be continuous from above,
i.e., for anyt ≥ 0, the limit from above ofs(τ) as τ ↓ t is
equal tos(t).

A functionx : [0,∞) → R
n is said to be a solution to (1)

if it is continuous and piecewise continuously differentiable
and there exists a switching signals ∈ S and an input signal
u ∈ Lm

2 such that the time-varying differential equation
ẋ(t) = As(t)x(t)+Bs(t)u(t) holds for almost everywhere on
t ≥ 0. Here, we denote byLm

2 the set of square integrable
functions with values onRm defined on[ 0,∞ ).

B. Stability and Induced Gains

Our main interest is to determine the induced gain of
a switched system, but to proceed we need to introduce
appropriate stability definitions. We recall that a function
α : [ 0,∞ ) → [ 0,∞ ) is said to be of classK, and we write
α ∈ K, if α is continuous, strictly increasing andα(0) = 0.
A function β : [ 0,∞ )× [ 0,∞ ) → [ 0,∞ ) is said to be of
classKL, and we writeβ ∈ KL, if β(·, t) is of classK for
each fixedt ≥ 0 and β(r, t) decreases to0 as t → ∞ for
each fixedr ≥ 0.

Definition 1: Let S′ ⊂ S. The system (1) is said to
be uniformly asymptotically stable overS′ if there exists a
function β of classKL such that‖x(t)‖ ≤ β(‖x(0)‖, t) for
all t ≥ 0, all s ∈ S′ and allx(0) ∈ R

n, wherex(t) denotes
the solution to (1) obtained for the switching signals, zero
input signalu, and initial conditionx(0). �

Definition 2: Let S′ ⊂ S. The system (1) is said to
be (uniformly) exponentially stable overS′ if there exist
constantsa > 0 and λ > 0 such that the functionβ in
Definition 1 can be chosen of the formβ(r, t) = ae−λtr. �

We now state the following definitions of induced gains.
Definition 3: Let S′ ⊂ S and γ > 0. The system (1) is

said to have anL2-induced gain smaller than or equal toγ
uniformly overS′ if

∫ t

0

‖y(τ)‖2dτ ≤ γ2

∫ t

0

‖u(τ)‖2dτ (2)

for all t ≥ 0, all s ∈ S′ and allu ∈ Lm
2 , wherey(τ) denotes

the output of (1) obtained for the switching signals, input
signalu, and zero initial condition. �

Definition 4: Let S′ ⊂ S and γ > 0. The system (1)
is said to have anL2-induced gain strictly smaller thanγ

uniformly over S′ if the system has anL2-induced gain
smaller than or equal to someγ′ < γ uniformly overS′. �

For a givenS′ ⊂ S, we denote byγS′ the exactL2-
induced gain of a switched system:

γS′ = inf{γ > 0| (2) holds for allt ≥ 0,

all s ∈ S′ and allu ∈ Lm
2 }

C. Regular Switching Signal Class

We next discuss a few important regularity properties of
switching signal classes which will be needed to describe
induced gains of switched systems. For a given subsetS′ of
S and for constantsb > a ≥ 0, possibly withb = ∞, we
denote byS′[ a, b ) the set of restrictions of all switching
signalss ∈ S′ to the interval[ a, b ).

Let S′ ⊂ S andt > 0. Using the set of restricted switching
signalsS′[t,∞), we can define a new set of switching signals
on the whole time interval by

ΣtS
′[ t,∞ ) = {σ| σ(ρ) = µ(ρ + t) µ ∈ S′[ t,∞ ), ρ ≥ 0}

The switching signal classS′ is said to beshift-invariant if
S′ = ΣtS

′[ t,∞ ) for all t > 0.
Let S′ ⊂ S and t > 0. Suppose thatσ ∈ S′[ 0, t ) and

µ ∈ S′[ t,∞ ). We define a switching signalσ ⊕ µ by:

(σ ⊕ µ)(τ) =

{

σ(τ) τ ∈ [ 0, t )

µ(τ) τ ∈ [ t,∞ )

and also define:

S′[0, t)
⊕

S′[t,∞) = {σ⊕µ| σ ∈ S′[0, t), µ ∈ S′[t,∞)}

The switching signal classS′ is said to beclosed under
concatenationif S′ = S′[ 0, t )

⊕

S′[ t,∞ ) for all t > 0.
We now state the following definition.
Definition 5: Let S′ ⊂ S. The switching signal classS′

said to beregular if

1) For everyp ∈ P , the constant switching signalsp(t) =
p(= constant) belongs toS′.

2) The switching signal classS′ is shift-invariant.
3) The switching signal classS′ is closed under concate-

nation. �

Remark 1:For regular classes of switching signals, there
is a close connection between the uniform stability of the
switched system over the given class of switching signals
and the (usual) uniform stability of the time-varying system
that is obtained when we pick a switching signal and use it
in (1). To understand this, letS′ ⊂ S be regular. Suppose
that a switched system (1) is uniformly asymptotically stable
over S′. Let us pick a switching signals in S′. The time-
varying systemẋ(τ) = As(τ)x(τ), τ ≥ 0 is asymptotically
stable, and we have‖x(τ)‖ ≤ β(‖x(0)‖, τ) for all τ ≥ 0
and all x(0). Let t ≥ 0 be any constant and consider the
switching signals(τ + t), τ ≥ 0 which also belongs to
S′, since a regular switching signal class is shift-invariant.
This concludes the asymptotic stability of the time-varying
systemẋ(τ) = As(τ+t)x(τ), τ ≥ 0, and we have‖x(τ)‖ ≤
β(‖x(0)‖, τ) for all τ ≥ 0 and allx(0). Let us setℓ = τ + t



andy(ℓ) = x(ℓ− t), then we have‖y(ℓ)‖ ≤ β(‖y(t)‖, ℓ− t)
for all ℓ ≥ t and all y(t) = x(0), wherey(ℓ) represents
the solution to the time-varying systeṁy(ℓ) = As(ℓ)y(ℓ),
ℓ ≥ t obtained for initial conditiony(t) = x(0). Since
t ≥ 0 is arbitrarily, this demonstrates that the uniform
asymptotic stability over a regular switching signal class
implies the uniform asymptotic stability of the time-varying
systemẏ(ℓ) = As(ℓ)y(ℓ), ℓ ≥ t ≥ 0 for every switching
signals in S′. �

Necessary and sufficient conditions for the induced gain
of a switched system with a regular switching signal class to
lie below a prescribed constantγ > 0 were obtained in [13]
and [14], which can be summarized as in the next section.

D. Preliminary Results

The following result was obtained in [13] and provides
necessary and sufficient conditions for a switched system
to admit an induced gainsmaller than or equal toa given
constantγ > 0 uniformly over a regular switching signal
classS′ ⊂ S.

Proposition 1: Let S′ ⊂ S be regular andγ > 0. Suppose
that the system (1) is uniformly asymptotically stable over
S′. The following statements are equivalent:

1) The system (1) has anL2-induced gain smaller than
or equal toγ uniformly overS′.

2) The positive constantγ satisfiesγ2I −DT
p Dp > 0 for

all p ∈ P , and there exists a functionV : R
n → R that

is locally Lipschitz, and zero at zero, which satisfies

∂V

∂x
(x)Apx + xTCT

p Cpx

+

(

1

2
BT

p

∂V T

∂x
(x) + DT

p Cpx

)T
(

γ2I − DT
p Dp

)−1

×

(

1

2
BT

p

∂V T

∂x
(x) + DT

p Cpx

)

≤ 0 (3)

for all p ∈ P and almost everywhere inx.
3) The positive constantγ satisfiesγ2I −DT

p Dp > 0 for
all p ∈ P , and there exists a functionV : R

n →
R that is convex, zero at zero, and homogeneous of
degree two, which satisfies (3) for allp ∈ P and almost
everywhere inx.

4) The positive constantγ satisfiesγ2I −DT
p Dp > 0 for

all p ∈ P , and there exists a compact setK ⊂ R
n×n of

positive semi-definite matrices such that the piecewise
quadratic functionV (x) = maxQ∈K xTQx satisfies
(3) for all p ∈ P and almost everywhere inx. �

We recall that a functionf : R
n → R is said to be

homogeneous of degreeq if f(kx) = kqf(x) for all x ∈
R

n and all k ∈ R. Each functionV in the statements 2),
3) and 4) is differentiable almost everywhere inx, but not
necessarily everywhere. Therefore, the quantification over x
in (3) should be interpreted as for everyx ∈ R

n except for
the zero-measure set of points at whichx 7→ V (x) is not
differentiable.

Each statement 2), 3) and 4) refers to the existence
of a common solution V that satisfies the inequalities in

(3), one for everyp in the index setP . The functionV
can be regarded as acommon storage functionfor all the
systems being switched. It is probably not surprising that the
existence of a common storage function suffices to guarantee
that the induced gain is smaller than or equals toγ. It is
perhaps more unexpected that this is actually a necessary
condition.

Proposition 1 assumes that a switched system is uniformly
asymptotically stable over a regular switching signal class
S′ ⊂ S. This is needed because the inequalities in (3) do
not necessarily imply the stability of a switched system. The
following result was obtained in [14] and provides neces-
sary and sufficient conditions for a switched system to be
(uniformly) exponentially stableand admit an induced gain
strictly smallerthan a given constantγ > 0 uniformly over
a regular switching signal classS′ ⊂ S. Another important
feature appears in the following statement 4), which shows
that the storage function admits afinite parametrization.

Proposition 2: Let S′ ⊂ S be regular andγ > 0. Suppose
that there exists at least one system indexq ∈ P such that
(Cq, Aq) is an observable pair. The following statements are
equivalent:

1) The system (1) is (uniformly) exponentially stable over
S′ and has anL2-induced gain strictly smaller thanγ
uniformly overS′.

2) The positive constantγ satisfiesγ2I −DT
p Dp > 0 for

all p ∈ P , and there exists a constantǫ > 0 and a
function V : R

n → R that is strictly convex, zero at
zero, and homogeneous of degree two, which satisfies

∂V

∂x
(x)Apx + xTCT

p Cpx

+

(

1

2
BT

p

∂V T

∂x
(x) + DT

p Cpx

)T
(

γ2I − DT
p Dp

)−1

×

(

1

2
BT

p

∂V T

∂x
(x) + DT

p Cpx

)

≤ −ǫ‖x‖2 (4)

for all p ∈ P and almost everywhere inx.
3) The positive constantγ satisfiesγ2I − DT

p Dp > 0
for all p ∈ P , and there exists a constantǫ > 0
and a compact setK ⊂ R

n×n of positive definite
matrices such that the piecewise quadratic function
V (x) = maxQ∈K xTQx satisfies (4) for allp ∈ P
and almost everywhere inx.

4) The positive constantγ satisfiesγ2I − DT
p Dp > 0

for all p ∈ P , and there exists a constantǫ > 0, a
constant integerM satisfying M ≥ n and a set of
constant vectorsℓi ∈ R

n, i = 1 . . . , M such that
the matrix L ≡ [ ℓ1 · · · ℓM ]T ∈ R

M×n has full
rank,rankL = n, and the piecewise quadratic function
V (x) = maxi=1,...,M (ℓT

i x)2 satisfies (4) for allp ∈ P
and almost everywhere inx. �

From (4), we have

∂V

∂x
(x)Apx ≤ −ǫ‖x‖2 for all p ∈ P

almost everywhere inx, and therefore the functionV could
be a candidatecommonLyapunov function, provided that it



is positive definite. However, this is not always the case. The
conditions in the statement 2), strict convexity,V (0) = 0 and
homogeneity with degree two, imply that the functionV is
positive definite,V (x) > 0, x 6= 01. On the other hand, a
finite gain property in the statement 1) and the existence of
at least one observable pair imply that the storage function
becomes strictly positive.

III. I NDUCED GAINS AND SWITCHING SIGNAL CLASSES

This section reviews a few classes of switching signals that
will be used, and explores the induced gains of the switched
systems with these switching signal classes.

A. Switching Signal Classes

The switching signal classes which will be exploited in
this paper were used in the stability analysis of switched
systems [4], [5]. The set of all piecewise constant switching
signals is denoted byS = {s : [ 0,∞ ) → P}, whereP
denotes an index set, and, by a piecewise constant signal,
we mean a signal that exhibits a finite number of disconti-
nuities on each bounded time interval and that is constant
between consecutive discontinuities. By convention, we take
piecewise constant switching signals to be continuous from
above. All classes of switching signals considered in this
paper are subsets of the classS.

For a given s ∈ S, we denote byNs and tks , k =
0, 1, . . . , Ns the number of discontinuities and consecutive
switching times ofs, respectively, wheret0s = 0 and possibly
Ns = ∞. Let t ≥ τ ≥ 0 be given two constants. We
denote byNs(t, τ) the number of discontinuities ofs in the
interval (τ, t). We haveNs(t, τ) < ∞ for all s ∈ S, and all
t ≥ τ ≥ 0.

We consider particular subsets of the classS of every
piecewise constant switching signal: The setSdwell[τD ], τD >
0 consists of switching signals for which any consecutive
discontinuities of a switching signal are separated by no less
than adwell-time τD:

Sdwell[ τD ] = {s ∈ S| tk+1
s − tks ≥ τD

for all k = 0, 1, . . . , Ns − 1};

The setSaverage[ τD, N0 ], τD > 0, N0 > 0 consists of
switching signals for which the number of discontinuities
in any open interval is bounded by the length of the interval
normalized by anaverage dwell-timeτD plus achatter bound
N0 > 0:

Saverage[ τD, N0 ] = {s ∈ S| Ns(t, τ) ≤ N0 +
t − τ

τD

for all t ≥ τ ≥ 0};

The setSp-dwell[ τD, T ], τD > 0, T ∈ [ 0,∞ ] consists of
switching signals for which there exists a sequence of0 =
τ0 < t0 ≤ τ1 < t1 ≤ τ2 < t2 ≤ · · · such that the length of
each interval is no smaller than apersistent dwell-timeτD,
tk − τk ≥ τD, on which a switching signals takes constant

1Let θ ∈ (0, 1) andx 6= 0. We haveθ2V (x) = V (θx) = V (θx+(1−
θ)0) < θV (x) + (1 − θ)V (0) = θV (x), thusθ(1 − θ)V (x) > 0. Since
θ ∈ (0, 1), this implies thatV (x) > 0.

value,s(t) = pk
s for somepk

s ∈ P and all t ∈ [ τk, tk ), and
consecutive intervals with this property are separated by no
more than aperiod of persistenceT , τk+1 − tk ≤ T :

Sp-dwell[ τD, T ] = {s ∈ S| there exist a sequence of

0 = τ0 < t0 ≤ τ1 < t1 ≤ τ2 < t2 ≤ · · ·

such thattk − τk ≥ τD, τk+1 − tk ≤ T ,

and for allk = 0, 1, 2, . . . and all t ∈ [ τk, tk )

s(t) = pk
s for somepk

s ∈ P}

The following classes are limiting cases of the ones
described above. Although they lack “uniformly”, they still
exhibit sufficient regularity for our purpose: The setSfinite,
where each switching signal is restricted to have a finite
number of discontinuities:

Sfinite =
⋃

N0>0

Saverage[ ∞, N0 ]

= {s ∈ S| s ∈ Saverage[ ∞, N0,s ] for someN0,s > 0}

= {s ∈ S| there exists aN0,s > 0 such that

Ns(t, τ) ≤ N0,s for all t ≥ τ ≥ 0};

The setSdwell, where each switching signal is restricted to
have a positive dwell-time, but there is no common dwell-
time for all switching signals:

Sdwell =
⋃

τD>0

Sdwell[ τD ]

= {s ∈ S| s ∈ S[ τD,s ] for someτD,s > 0};

The setSaverage, where each switching signal is restricted to
have a positive average dwell-time and a finite chatter bound,
but there is no common average dwell-time or chatter bound
for all switching signals:

Saverage=
⋃

τD>0
N0>0

Saverage[ τD, N0 ]

= {s ∈ S| s ∈ Saverage[ τD,s, N0,s ]

for someτD,s > 0 andTD,s > 0};

The setSp-dwell, where each switching signal is restricted to
have a positive persistent dwell-time and a finite period of
persistence, but these is no common persistent dwell-time or
period of persistence for all switching signals:

Sp-dwell =
⋃

τD>0
T<∞

Sp-dwell[ τD, T ]

= {s ∈ S| s ∈ Sp-dwell[ τD,s, Ts ]

for someτD,s > 0 andTs < ∞};

The setSweek-dwell, where each switching signal is restricted
to have a positive persistent dwell-time, but can have infinite
period of persistence:

Sweek-dwell=
⋃

τD>0

Sp-dwell[ τD, +∞ ]

= {s ∈ S| s ∈ Sp-dwell[ τD,s, +∞ ]

for someτD,s > 0}



The relation

Sdwell[ τD ] = Saverage[ τD, 1 ]

= Sp-dwell[ τD, 0 ] ⊂ Saverage[ τD, N0 ]

⊂ Sp-dwell[ δτD, δτD(N0 − δ)/(1 − δ) ]

can be checked for allτD > 0, all N0 ≥ 1 and all δ ∈
( 0, 1 ) [5]. In addition, because of the above relation, one
can conclude a strict inclusion relation

Sfinite ⊂ Sdwell ⊂ Saverage⊂ Sp-dwell ⊂ Sweek-dwell⊂ S (5)

for non-uniform switching signal classes.

B. L2-induced Gains for the Classes of Switching Signals

This section provides two corollaries which describe the
L2-induced gains of switched systems effected by the switch-
ing signal classes in (5).

We start with recalling Proposition 1. The statements 2), 3)
and 4) of this proposition do not depend on the specific class
of switching signalsS′. We then conclude that every regular
switching signal class exhibits the same induced gain. Since
the classS of every piecewise constant switching signal is
regular, Proposition 1 essentially shows that for every regular
switching signal classS′ ⊂ S, we haveγS = γS′ .

We now consider the switching signal classes in (5). Let us
suppose now that a switched system (1) is uniformly asymp-
totically stable overS. Consequently, it is also uniformly
asymptotically stable over every switching signal class in
(5). Then, one concludes that

γSfinite ≤ γSdwell ≤ γSaverage≤ γSp-dwell ≤ γSweak-dwell ≤ γS (6)

We shall see in the following corollary that (6) essentially
holds with equalities.

Corollary 1: Let S′ be any one of the switching signal
classes in (5). Suppose that the system (1) is uniformly
asymptotically stable over the classS of every piecewise
constant switching signal. Then, we haveγS′ = γSfinite. �

Proof: We notice that the classS of every piecewise
constant switching signal and the classSfinite of all switching
signals having a finite number of discontinuities are regular,
while the other classes that appear in (5) are not. The
switched system is uniformly asymptotically stable overS′,
consequently it is also uniformly asymptotically stable over
S′ and Sfinite. Then, we haveγSfinite = γS . One concludes,
from (6), thatγSfinite = γS′ = γS .

We now recall Proposition 2. The statements 2), 3) and
4) of the proposition do not depend on the specific class of
switching signalsS′. We then conclude that if a switched
system which having at least one observable pair was (uni-
formly) exponentially stable over a specific regular switching
signal class, then it is also stable over every other regular
switching signal class, and every regular switching signal
class exhibits the same induced gainγS .

Let us consider the switching signal classes in (5), a result
that follows from Proposition 2 and corresponds to a version
of Corollary 1 can be summarized as follows:

Corollary 2: Let S′ be any one of the switching signal
classes in (5). Suppose that there exists at least one system
index q ∈ P such that(Cq, Aq) is an observable pair, and
the system (1) is (uniformly) exponentially stable overSfinite.
Then, the system (1) is (uniformly) exponentially stable over
S′ andγS′ = γSfinite. �

Proof: The switched system is (uniformly) exponen-
tially stable overSfinite, and both of the switching signal
classesS and Sfinite are regular, it is consequently stable
over the classS. Since S′ ⊂ S, one concludes that the
switched system is also (uniformly) exponentially stable
over the classS′. Since every regular switching signal class
exhibits the same induced gain and from (6), one concludes
that γfinite = γS′ = γS .

IV. CONCLUSIONS

This paper investigates the induced gains of switched
linear systems effected by the switching signal classes which
has been used in the stability analysis of the switched sys-
tems. We exploit non-conservative necessary and sufficient
conditions for the induced gain to lie below a prescribed
positive constant and the inclusion relations of the switching
signal classes, and show that the induced gain that is obtained
for the classS of all piecewise constant switching signals can
also be attained by the more restricted classSfinite of all the
switching signals having a finite number of discontinuities.
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