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ABSTRACT. In the present paper, measure differential equations involving
the distributional Henstock-Kurzweil integral are investigated. Theorems
on the existence and structure of the set of solutions are established by
using Schauder’s fixed point theorem and Vidossich theorem. Two ex-
amples of the main results paper are presented. The new results are
generalizations of some previous results in the literatures.
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1. Introduction

In this paper, we consider the following measure differential equation (MDE
for short)

(1.1)

where t € [a,b] C R, —00 < a < b < 400, z € C([a,b]), u : [a,b] - R
is a right continuous function of bounded variation, f : R"™ x [a,b] — R™ is
distributionally Henstock-Kurzweil integrable, g : R™ x [a, ] — R™ is Henstock-
Stieltjes (HS) integrable.

MDEs have been studied by many authors, we refer the readers to [5, 6,
11,13,15,19] and the references therein. For instance, in [15], Tanwani, et al.
considered the MDE (1.1) in a special case where f(x,t) = f(z(t)), g(z,t) =
g(x(t)). Schmaedeke [11] considered the equation (1.1) in a complicated case
where g(z(t)) is a continuous n x m matrix. Furthermore, Das and Sharma [6]
generalized the results in [11] for a functional differential equation, i.e. Dz =
f(t,xe) + g(t, x¢) Du.

{ Dz = f(x,t) + g(x,t)Du,
z(a) = xo,
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All these papers use the ordinary derivative to discuss the MDEs. In this
paper, we will use the distributional derivative to study the MDE (1.1). It is
well known that the notion of a distributional derivative is a general concept,
including ordinary derivatives and approximate derivatives. The distributional
Henstock-Kurzweil integral is defined by the distributional derivative. In this
case, we present some new results which are generalizations of the previous
results in [5,19].

The paper is organized as follows. In Section 2, we introduce some fun-
damental concepts and basic results of the distributional Henstock-Kurzweil
integral. In Section 3, we apply the Schauder’s fixed point theorem to verify
the existence of solutions of the MDE (1.1). We also show that the set of solu-
tions of the MDE (1.1) is an Rs by using the Vidossich theorem stated in [16].
Here, an Ry is the intersection of a decreasing sequence of compact absolute
retracts (see [2] for details). In Section 4, we give two examples to show that
Theorem 3.3 in Section 3 is more extensive.

2. The distributional Henstock-Kurzweil integral

In this section, we present the definition and some basic properties of the
distributional Henstock-Kurzweil integral.
Define the space

CX={p:R—>R|peC®/R and has compact support in R},

where support of ¢ is denoted by supp(¢). A sequence {¢,} C C° converges
to ¢ € C° if there is a compact set K such that all ¢,, have supports in K and
the sequence of derivatives ¢£Lm) converges to ¢("™ uniformly on K for every
m € NU {0},¢(® = ¢. Denote C2° endowed with this convergence property
by D. Also, ¢ is called a test function if ¢ € D. The dual space to D is
denoted by D’ and its elements are called distributions. That is, if f € D’ then
f:D — R, and we write (f,¢) € R, for ¢ € D.

For all f € D', we define the distributional derivative Df of f to be a
distribution satisfying (Df,¢) = —(f,¢'), where ¢ is a test function and ¢’
is the ordinary derivative of ¢. With this definition, all distributions have
derivatives of all orders and each derivative is a distribution.

Let (a,b) be an open interval in R. We define

D((a,b)) ={¢: (a,b) >R | ¢p € C and
has compact support in (a,b)}.
The dual space of D((a, b)) is denoted by D’((a,b)).
Define
Be ={F € C([a,}]) | F(a) =0}.
B is a Banach space with the uniform norm ||F||s = maxq ) [F|.
Now we are able to introduce the definition of the D g x-integral.
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Definition 2.1. A distribution f is distributionally Henstock-Kurzweil inte-
grable or briefly Dy i -integrable on [a,b] if f is the distributional derivative of
a continuous function F € Bg.

The Dpk-integral of f on [a,b] is denoted by (D) fab f = F(b), where F
is called the primitive of f and “(Dpk) 7 denotes the Dy k-integral. Notice
that if f € Dy g then f has many primitives in C([a, b]), but f has exactly one
primitive in B¢.

The space of Dy i-integrable distributions is defined by

Dy ={f €D'((a,b)) | f = DF for some F € B¢}.

With this definition, if f € Dy then, for all ¢ € D((a, b)),

b
(f.6) = (DF.¢) = —(F,¢/) = / Fe.

Now we show that Dy g-integral includes the H K-integral, and hence in-
cludes Lebesgue and Riemann integrals (See [8-10] for details). So our results
will extend the previous ones in [3,4].

Remark 2.2. In [9], Lee pointed out that if F is a continuous function and
pointwise differentiable nearly everywhere on [a,b], then F is ACG*. So the
primitive F' of the HK -integrable function f is generalized absolutely continu-
ous or briefly ACG* (see [9,10]). Furthermore, if F' is a continuous function
which is differentiable nowhere on [a,b], then F is not ACG*. Therefore, if
F € C(la,b]) but is differentiable nowhere on [a,b], then DF exists and is
Dy -integrable but not HK -integrable. Conversely, if F' is ACG* then it be-
longs to C([a,b]). Hence F' is not only H K -integrable but also Dy i -integrable.

Let us introduce some basic properties of the distributional Henstock-Kurzweil

integral needed later.

Lemma 2.3 ( [14, Theorem 4], Fundamental Theorem of Calculus).

(a) Let f € Dy, and define F(t) = (DHK)f;f Then F € Be and DF = f.
(b) Let F € C([a,b]). Then (Duk) f(f DF = F(t) — F(a) for allt € [a,b].

From definition of the positive measure, we impose a partial ordering on
Dyg: for f,g € Dk, we say that f = g (or g < f) if and only if f — g is a
positive measure on [a, b]. By this definition, if f, g € Dy then (Dpk) f(f f>
(Duk) f; g, whenever f > g. See [1] for details.

It is shown that the following result holds.

Lemma 2.4 ( [1, Corollary 1)). If f1, f2, f3 € D'((a,b)), f1 2 fa X f3, and if
f1 and f3 are Dy -integrable, then fo is also Dy -integrable.

We now define the Alexiewicz norm by | f|| = [[F|lcc = max,y) |F| for
f € Dyk and F € Be with DF = f. Also, we say a sequence {f,} C Dyk
converges strongly to f € Dy if ||f, — f|| = 0 as n — oc.
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Then the following holds.

Lemma 2.5 ( [14, Theorem 2]). With the Alexiewicz norm, Dyk is a Banach
space.

The Lebesgue integral has very important applications since the space L!
of Lebesgue integrable functions is a Banach space and there are excellent
convergence theorems. We have shown that Dpyx is a Banach space, and
by [14], BY is the dual space of Dyk. Next we will look at convergence
theorems of Dy i-integral.

Lemma 2.6 ( [1, Corollary 5, Dominated convergence theorem for the Dy k-
integral]). Let {fn}52 be a sequence in Dy such that fr, — f in D’. Suppose
there exist f_, f1 € Dyg satisfying f— = fn 2 f+, YVneN. Then f € Dyg

and hmn—>oo(DHK) fab fn = (DHK) f:f

If g : [a,b] — R, its variation is Vg = sup ), |g(tn) — g(sn)|, where the
supremum is taken over every sequence {(tn,s,)} of disjoint intervals in [a, b].
If Vg < oo then g is called a function with bounded variation. Denote the set
of functions with bounded variation by BY. As it is known that the dual space
of Dyk is BY (see details in [14]), the next results have been presented.

Lemma 2.7 ( [14, Definition 6, Integration by parts]). Let f € Dyg, and
g € BVY. Define fg = DH, where H(t) = F(t)g(t) — f; Fdg. Then fg € Dyk

and
/ ' fg = F)a0) - / ' Fag.

Lemma 2.8 ( [17, Theorem 2]). Let f(t) be a vector-valued function such that
f(¢t) is Henstock-Stieltjes integrable with respect to g(t) on [a,b]. If g(t) satisfies
Lipschitz condition on [a,b], then F(t) is continuous on [a,b], where

F(t) = (HS) / F(s)dg(s).

Lemma 2.9 ( [18, Theorem 2]). Let g(t) be a function of bounded variation on
[a,b] and, {fn ()}, be a sequence of vector-valued functions such that f,(t)
is Henstock-Stieltjes integrable with respect to g(t) on [a,b]. If fn(t) converges
uniformly to f(t), then f(t) is Henstock-Stieltjes integrable with respect to g(t)
on la,b] and

b b
lim (HS) / fo(t)dg(t) = (HS) / £(t)dg(t).

n—oo
3. Main results

In this section, we shall consider the existence of solutions and investigate
the topological characterization of the set of solutions of the MDE (1.1). The
main results are Theorems 3.3 and 3.5.
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Define

B ={z € C(a,b]) : ||z — zo|leo < 7, 7> 0},

E ={(x,t):t € [a,b], x € B}.

Now, we impose some assumptions on f and g in (1.1).

(Ch) f(z(+),) is Dy k-integrable for each = € B;

(C2) f(-,t) is continuous for all ¢ € [a, b];

(Cs) There exist f_, f+ € Dyg such that f_(-) < f(z,-) < f+(})
for each x € B;

(C4) g(x(-),-) is Henstock-Stieltjes integrable for each x € B;

(Cs) g(+,t) is continuous for all ¢ € [a, b];

(C6) There exist g_, g4+ such that

g—(')gg(x")ég-&-(')? (‘T7t)EE7

where g_, g4 are Henstock-Stieltjes (H.S) integrable.

Here f(z(:),-) is Dygk-integrable if each component of f(z(:), ) is Dyk-
integrable. In the space of Dy, f = g if and only if f* < ¢*, where f?, g’
denote the ith component of f,g,i=1,2,--- n.

The following two lemmas will play an important role to study the existence
of solutions of MDE (1.1).

Lemma 3.1. Under assumptions (C1) — (Cs), the solutions of MDE (1.1)
satisfy the integral equation for all t € [a, ],

(3.1) x(t) = zo + (DHK)/ f(z(s), s)ds + (HS)/ g(x(s), s)du(s).

The converse also holds.

Proof. Tt follows from (C3), (Cs) and Lemma 2.4 that the two integrals (D)
fat f(x(s),s)ds and (HS) f;g(x(s),s)du(s) exist. Denote X’ = x'(-), where
x*(+) is the ith component of x(-).

Let x(-) satisfies (3.1). Obviously, z(a) = x¢. Since ¢ € C°((a,b)), define

= [ b s+ [ " Fia(s).s)ds

(3.2) )
+/ gl(x(s),s)du(s)] pt)dt,i=1,2,--- ,n.
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Therefore,

(DX',0) = —(X", ¢

" A [wo [ e

+ [ gt auts >} P (t)t,
i=1,2,-,n
Since ¢ € C((a,b)), using Lemma 2.7, we have
b
oy e [ reeas] don= [aoseo
i=1,2,-,n

Moreover, f; g'(z(s), s)du(s) is right continuous on [a, b],

b A / o (als),)duls)| o Ot

b t
(35) - / olt)d [ / o (a(s), )05
/bg pt)du(t), i=1,2,---,n.
It follows from (3.4), (3.5) that
b
we X0 = [ ewreo.as [ ew,na0m0,
1=1,2,---,n

Thus, DX is identified with f¢(z(t),t) + g% («(t),t)Du,i = 1,2,--- ,n. There-
fore, x(-) satisfies (1.1).

On the other side, suppose that z(-) satisfies (1.1). According to assumptions
(C1) and (C4), by integrating equation (1.1) from a to t, we obtain that the
integral equation (3.1) holds.

Hence the MDE (1.1) is equivalent to the integral equation (3.1).

This completes the proof. O

Lemma 3.2 ( [12, Theorem 6.15]). Let M be a convez, closed subset of a
normed space X. Let T be a continuous map of M into a compact subset K of
M. Then T has a fixed point.

The first main result based on Lemma 3.2, is the existence of solutions of
the MDE (1.1).
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Theorem 3.3. Assume that the functions f,g in (1.1) satisfy assumptions
(C1) — (Cs). Then there exists at least one solution of the MDE (1.1).

Proof. We first assume that
t t
hy = max {‘(DHK)/ f—‘a‘(DHK)/ f+ }

t€la,b]

Then for each ¢ € [a, b], we have

t t
(3.7) —h < (DHK)/ f- (DHK)/ f+ < hy.
According to Lemma 2.8, let
t t
he = m[a)lc)]{ (HS)/ g—dul, (HS)/ g+du }
tela, a a

It follows from Lemma 2.4 and assumptions (C3) and (Cg) that

(3.8) (Duk) / f(z(s),s)ds

< hy,

< hs.

(39) \(HS) [ stats)pauts)

Let B ={z € C([a,b]) : [|x — xo]lco < T, ¥ = h1 + he > 0}. For each z € B,

we define an operator T : B — C([a, b]), satisfying

T(z)(t) = o + (DHK)/ f(x(s),s)ds
(3.10) a

+(HS) / 9(x(s), 5)du(s), t € [a,b].

Now we prove this theorem in three steps.
Step 1: T: B — B.
By (3.10),

(Dyk) / flz(s),s)ds

+(HS)/ g(x(s), s)du(s)| .
Furthermore, by using (3.7)-(3.11), we have

5 (DHK)/a fz(s),s)ds

IT(x) = zolloe < e
t€la,

IT(z) — zo||oo = max
t€la,

b]

(3.11)

3.12
( ) + max

ietab) (HS)/a g(xz(s), s)du(s)

< hi+hy=r.
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This implies that T'(x) € B. Hence, T(B) C B.
Step 2: T'(B) is equi-continuous.
Let t1,t2 € [a,b],t1 < t2,2 € B. By (C3) and (Cg), one has

|Tz(t1) — Tz (t2)] < DHK/ fz

+|(19) / g(a(s), 5)du(s)

(3.13)

IA

(HS) / " g (s)du(s)

+|(1s) / " g4 (s)du(s)

+ (DHK)/: f—'+‘(DHK)/: I+

Since g, g+ € HS and u(t) is a right continuous function of bounded varia-
tion on [a, b], by Lemma 2.8, we know that (HS) :12 g—du(s) and (HS) f:l’“ g+du(s)
are continuous on [a,b] and, hence, uniformly continuous on [a,b]. Besides,
f—, f+ € Dy, the primitives of them are also uniformly continuous on [a, b].
Thus, T(B) is equiuniformly continuous on [a, b] for all € B.

In view of Ascoli-Arzela theorem, T'(B) is relatively compact.

Step 3: T is a continuous mapping.

Let ¢ € B, {z,}nen be a sequence in B and z,, — x as n — 0.

By (C2) and (Cj5), one has

f(xn,) = flz,:) as n— oo,
g(zn, ) = glz,:) as n— oo.

According to assumption (C7) and Lemma 2.6, we have

hm DHK / fl‘n dS— DHK / f S, tE[a,b].

It follows from Lemma 2.9 that

t ¢
ILm (HS)/ g(xn(s), s)du(s) = (HS)/ g(x(s), s)du(s).
Then lim,, o T(z,,) = T'(z), so T is continuous.
Hence T satisfies the hypotheses of Lemma 3.2, then there exists a fixed
point of T which is a solution of the MDE (1.1). O

We now consider the topological characterization of the set of solutions of
the MDE (1.1).

Let C,(K,Y) be the space of all continuous mappings = : K — Y, where K
is a compact convex subset of a normed space and Y is a metric space equipped
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with the topology of uniform convergence. Denote by B(tg,¢) the closed ball
with center ¢y and radius €. Denote by |4 the restriction of the map x to A.
Now we present the well-known Vidossich theorem.

Lemma 3.4 ( [16, Corollary 1.2, Vidossich theorem]). Let K be a compact
conver subset of a normed space, Y a closed convexr subset of a Banach space
Yy, F a compact mapping C,(K,Y) — Cu(K,Y). Suppose that there exist
to € K and yo € Y such that the following two conditions hold.

(i) F@)(to) =0 (z € C(K,Y)).

(i) For every e > 0,

zlk. =ylk. = F(@)lk. = Fy)lk. (z,y € C(K,Y)),
where K. = B(to,e) N K. Then the set of fized points of F is an Rs.

Recall that if a set is an Rs, it is homeomorphic to the intersection of a
decreasing sequence of compact absolute retracts. Furthermore, G. Vidossich
pointed out that Ry is a nonempty, compact and connected set in [16].

The second main result concerned with the structure of the set of solutions
of the MDE (1.1) can be stated as follow.

Theorem 3.5. Under the above assumptions (C1) — (Cs), the solution set of
MDE (1.1) on [a,b] is an Rs.

Proof. In Theorem 3.3, we have verified that the mapping T : B — B is
compact. Hence, conditions (i) and (ii) of Lemma 3.4 hold. Therefore, the
solution set of the MDE (1.1) is an Rs. O

4. Examples

In this section, we first show a lemma which is obtained by Y. T. Xu in
literature [19]. And then, we will give two examples to explain that Theorem
3.3 in Section 3 is more generalized than Theorem 6.2 in [19] and Theorem 1
in [5].

Lemma 4.1 ( [19, Theorem 6.2]). Let f and g in (1.1) satisfy the following
conditions:

(1) f(z,t) is measurable in t for each x and continuous in x for all t;

(2) there exists a Lebesgue integrable function f(t) such that

[f(z, )] < f(1), (2,t) € E;
(8) g(x,t) is continuous in x for all t and du—integrable for each
z € BV([a, 0], B);
(4) there exists a dV,,—integrable function g(t) such that
lg(z, )] < g(t), (z,1) € E,
where V,, denotes the total variation function of w.
Then there exists at least one solution of the MDE (1.1).
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We can see that if f and ¢ in (1.1) satisfy assumptions (1) — (4) in Lemma
4.1, then f and g satisfy (Cy)—(Cs). According to Theorem 3.3, the MDE (1.1)
has at least one solution. However, the following example shows that Lemma
4.1 is only a special case of Theorem 3.3.

Example 1. Consider the following MDE

(4.1) Dz (t) =r(t) + =(t) +

t)DH(t 0)=0, tel0,2
SLr(ODH(),  #(0)=0, 1 [0,2],
where x(t) is continuous and H(t) is the Heaviside function, i.e., H(t) = 0 if
t<0and Hit) =1 ift >0, then DH = § is the Dirac measure. Let r(t) be
the distributional derivative of Riemann function R(t) =Y ", ““:# Then
equation (4.1) has at least one solution. Moreover, the solution set is an Rs.

We can assume that f(x,t) = r(t) +z(t), g(z,t) = t%x(t) and u(t) = H(t),
then (4.1) can be regarded as the MDE (1.1).

It is easy to see that f(x,t) is continuous in « and D g i —integrable on [0, 2].
Since z(t) is continuous, there exists My > 0 such that —My < x(t) < M.
Note that r(t) is Dy —integrable, we have r(t) & My € Dy k. Moreover,

r(t) — My < f(x,t) < r(t)+ My, te[0,2].

Therefore, f(z,t) satisfies (C1) — (Cs3).

Obviously, t%x(t) is continuous in x. Because H(t) is of bounded variation
and right continuous on [a,b], so (HS) f; ﬁx(s)d}l(s) exists. Hence, we
obtain that (C4) — (C) hold.

Applying Theorem 3.3, we can obtain that equation (4.1) has at least one
solution. Furthermore, by using Theorem 3.5, one can see that the solution set
is an Rj.

Remark 4.2. Let F be the primitive of f. Since F is continuous but not
ordinarily differentiable in [7], f is neither Henstock-Kurzweil integrable nor
Lebesgue integrable in the above example. So f does not satisfy the hypotheses
(1) — (2) in Lemma 4.1. Hence Theorem 6.2 in [19] is not applicable for the
case of Example 1.

Moreover, we can use a similar method to verify that Theorem 3.3 is a
generalization of Theorem 1 in [5], where g(xz,t) is an n X n matrix and u € R"
is a vector.

Let us give another example to illustrate this.

Example 2. Consider the following MDE

(4.2) Dz =r(t)+z(t) + A®)z(t)Du, =z(a)=0, tE€]la,b)],
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where
ml(t) 1 (t)
(43) == 20 | w=| 0|,
Tn (t) rn(t),
et 0 0 0 u1
t
(14) ap=| 00D =]
0 0 0 et Uy,
and x;(t) is continuous, r;(t) is the distributional derivative of the Riemann
function R;(t) =07, %ﬁj’”, Du; = 6 is the Dirac measure, i = 1,2,--- ,n.

Then (4.2) has at least one solution.
Proof. According to (4.3) and (4.4), let

z1(t) +71(¢)
z2(t) +72(t)

(4.5) flaz,t) =r(t) +z(t) = - :
T (t) + rn (t)
et 0 0 0 z1(t)
(16) g =A@ = | 0 0 0 w0
0 0 0 et Zn(t)

Since x;(t) is continuous, there exists N; > 0 such that —N; < x;(t) <
N;. Note that r;(t) is Dy —integrable, thus r;(t) =+ N; € Dyk. Let N =
maxi<;<n INj, one has

r(t) = N = f(z,t) < r(t) + N, t € [a,b].

It is clear that g(z,t) is continuous in z, e'z;(t) is Henstock-Kurzweil inte-
grable on [a,b] and u is bounded variation on [a,b], f(x,t) and g(x,t) satisfy
the assumptions of Theorem 3.3. So equation (4.2) has at least one solution.
However, equation (4.2) does not satisfy the conditions of Theorem 1 in [5].
Hence, Theorem 1 in [5] is not applicable. O

It follows from Examples 1 and 2 that Theorem 3.3 in Section 3 generalizes
not only Theorem 6.2 in [19] but also Theorem 1 in [5].

Acknowledgments

The authors are indebted to the anonymous referee for his/her careful reading
of the manuscript.



The distributional Henstock-Kurzweil integral and MDEs 374

REFERENCES

[1] D. D. Ang, K. Schmitt and L. K. Vy, A multidimensional analogue of the Denjoy-

Perron-Henstock-Kurzweil integral, Bull. Belg. Math. Soc. Simon Stevin 4 (1997), no.
3, 355-371.

N. Aronszajn, Le correspondant topologique de I'unicité dans la theorié des équations
différentielles, Ann. of Math. 43 (1942), no. 4, 730-748.

T. S. Chew and F. Flordeliza, On z’ = f(¢,z) and Henstock-Kurzweil integrals, Differ-
ential Integral Equations 4 (1991) 861-868.

T. S. Chew, On Kurzweil generalized ordinary differential equations J. Differential Equa-
tions 76 (1988), no. 2, 286-293.

P. C. Das and R. R. Sharma, Existence and stability of measure differential equations,
Czech. Math. J. 22 (1972), no. 1, 145-158.

P. C. Das and R. R. Sharma, On optimal controls for measure delay-differential equa-
tions, J. STAM. Control 9 (1971), no. 1, 43-61.

G. H. Hardy, Weierstrass’s non-differentiable function, Trans. Amer. Math. Soc. 17
(1916), no. 3, 301-325.

J. Kurzweil, Henstock-Kurzweil Integration: its Relation to Topological V ector Space,
Series in Real Analysis, 7. World Scientific Publishing Co., Inc., River Edge, 2000.

P. Y. Lee, Lanzhou Lectures on Henstock Integration, World Scientific Publishing Co.,
Inc., Teaneck, 1989.

S. Schwabik and G. Ye, Topics in Banach Space Integration, World Scientific Publishing
Co. Pte. Ltd., Singapore, 2005.

W. W. Schmaedeke, Optimal control theory for nonlinear vector differential equations
containing measure, J. Soc. Indust. Appl. Math. Ser. A Control 3 (1965), no. 2, 231-280.
M. Schechter, An Introduction to Nonlinear Analysis, Cambridge University Press, Cam-
bridge, 2004.

S. Schwabik, Generalized Ordinary Differential Equations, World Scientific, River Edge,
1992.

E. Talvila, The distributional Denjoy integral, Real Anal. Exchange 33 (2008), no. 1,
51-82.

A. Tanwani, B. Brogliato and C. Prieur, On stability of measure driven differential
equations, 9th IFAC Symposium on Nonlinear Control Systems, Submitted.

G. Vidossich, A fixed point theorem for function spaces, J. Math. Anal. Appl. 36 (1971),
no. 3, 581-587.

L. S. Wang, H. Xue, The Henstock-Stieltjes integration of Banach-valued functions,
(Chinese) Basic Sci. J. Text. Univ. 18 (2005), no. 4, 327-332.

L. S. Wang, H. Xue and T. Cheng, The Henstock-Stieltjes integral of vector-valued
functions, (Chinese) Chinese Journal of Engineering Mathematics 24 (2007), no. 4,
719-724.

Y. T. Xu, Functional Differential Equations and Measure Differential Equations, (Chi-
nese) Zhongshan University Press, Guangzhou, 1988.

(Hao Zhou) COLLEGE OF SCIENCE, HOHAI UNIVERSITY, NANJING 210098, P. R. CHINA
E-mail address: 1inyizhouhao@126.com

(Guoju Ye) COLLEGE OF SCIENCE, HOHAI UNIVERSITY, NANJING 210098, P. R. CHINA
E-mail address: yegj@hhu.edu.cn

(Wei Liu) COLLEGE OF SCIENCE, HOHAI UNIVERSITY, NANJING 210098, P. R. CHINA
E-mail address: 1iuw626@hhu.edu.cn

(Ou Wang) COLLEGE OF SCIENCE, HOHAI UNIVERSITY, NANJING 210098, P. R. CHINA
E-mail address: 187519851600163. com



	1. Introduction
	2. The distributional Henstock-Kurzweil integral
	3. Main results
	4. Examples
	References

