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ON INVARIANT DISTRIBUTIONALLY SCRAMBLED SETS IN
NON-COMPACT SYSTEMS

NAVEENKUMAR YADAV! and SEJAL SHAH?*

ABSTRACT. We study here the invariance of topological distributionally scram-
bled sets for maps on uniform spaces (not necessarily compact or metrizable).
For a uniformly continuous surjective self-map defined on a uniformly locally
compact Hausdorff uniform space having topological weak specification, a fixed
point, and countably many periodic points with distinct periods, we prove that
the map admits an invariant topological distributionally scrambled set of type
1. Further, if the uniform space is second countable, the map admits a dense
Myecielski invariant topological distributionally scrambled set of type 1.

1. INTRODUCTION

Since its origin, the concept of “chaos” has been the most intriguing area of
research in dynamical systems. Li-Yorke gave the first mathematical definition
of chaos for interval maps through the existence of an uncountable scrambled set
in 1975 [10]. Over the past few decades, many researchers have studied various
extensions of Li-Yorke chaos based on the properties of scrambled sets, such as
dense chaos, generic chaos and e-Li-Yorke chaos. Schweizer and Smital intro-
duced a stronger notion of chaos for interval maps based on the probabilistic
measure of the distance between two trajectories, popularly termed as distribu-
tional chaos [15]. Balibrea et al. observed that for continuous maps on compact
metric spaces, the notion of distributional chaos could be further classified into
three nonequivalent variants, namely DC'1, DC2 and DC3 [1].

Specification is another widely studied notion of chaos introduced by Bowen
[5]. Many researchers have explored the relationship between distributional chaos
and various types of specification properties. Sklar and Smital proved that for
continuous self-maps defined on compact metric spaces, specification property
implies distributional chaos of type 3 [19]. Furthermore, Oprocha and Stefankové
proved that a continuous self-map on a compact metric space with the weak
specification property and a distal pair is distributionally chaotic of type 1 and
possesses a dense scrambled set [12].
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In [7], Du studied the invariance of Li-Yorke scrambled sets for interval maps
and proved that if a continuous map of the unit interval is turbulent, then there
exists an invariant Li-Yorke scrambled set. The results proved by Du yielded in-
teresting characterization for the class of interval maps with positive topological
entropy in terms of the existence of an invariant Li-Yorke scrambled set. Later,
Balibrea et al. studied the invariance of Li-Yorke scrambled sets for maps on
compact metric spaces [3]. In [l 1], Oprocha studied the invariance of distribu-
tionally scrambled sets for interval maps and proved that there exists a uniform
and invariant distributionally scrambled set for a continuous turbulent map of
the unit interval. He posed the following open question: “Does every map with
the specification property and a fixed point contain an invariant distributionally
scrambled set?” Dolezelova answered this question positively with additional as-
sumptions and proved the existence of dense invariant distributionally scrambled
sets for continuous self-maps on compact metric spaces [0].

Recently, various notions of chaos have been extended to general topological
spaces, which are not necessarily compact or metrizable (see [I, 2, 13, 14, 21]).
Shah et al. have defined and studied the notion of specification property for
homeomorphisms on uniform spaces, which is termed as topological specifica-
tion property [16]. The notion of topological distributional chaos for self-maps
on uniform spaces is introduced in [18], wherein it is proved that a maps with
the topological weak specification property admits a topological distributionally
scrambled set of type 3. We extended this result in [20], proving that such maps
are topologically distributionally chaotic of type 1.

In this paper, we strengthen the above results by proving the existence of an in-
variant topological distributionally scrambled set for maps on uniform spaces. Es-
sentially, we prove that a uniformly continuous surjective self-map on a uniformly
locally compact Hausdorff uniform space with topological weak specification prop-
erty, a fixed point and countably many periodic points with mutually different
periods has an invariant topological distributionally scrambled set of type 1. Fur-
thermore, if the underlying space is second countable, then we show that the map
admits a dense Mycielski invariant topological distributionally scrambled set of
type 1. As a consequence, we obtain that a self-homeomorphism on a uniformly
locally compact second countable Hausdorff uniform space with topological spec-
ification property and a fixed point has a dense Mycielski invariant topological
distributionally scrambled set of type 1.

2. PRELIMINARIES

In this section, we recall the definitions and preliminaries required for the
development of the paper.

2.1. Uniform Spaces. Let X be a non-empty set. The set Ax = {(z,z) | z €
X} denotes the diagonal of the Cartesian product X x X. A subset U of X x X is
said to be symmetric if U = U™, where U™! = {(y, z) | (z,y) € U}. For subsets
U and V of X x X, the composition U o V' denotes the set of all pairs (z,y), for
which there exists some point z € X satisfying (z,z) € U and (z,y) € V. For
n € Nand U € U, U™ denotes the subset Uo U o---o U (n-times) of X x X.
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Definition 2.1. [9] A uniformity or a uniform structure on X is a non-empty
family U of subsets of X x X such that

(1) foreach U e U, Ax C U,

(2) if U el, then U™ €U,

(3)if U eU, then VoV C U for some V € U,
4)ifUelUUandV e, then UNV €U,
G)iftUelUand U CV C X x X, then V elU.

The elements of U are called entourages and the pair (X,U) is called a uniform
space.

For A ¢ X and U € U, the set U[A] denotes the collection of all points y in X
such that (z,y) € U, for some point z € A. The set Ulz] = {y € X | (z,y) € U}
is called the cross-section of U at x € X. A uniform structure & on X induces
a topology on X by defining a subset G of X to be open if for each point x € GG
there exists U € U such that U[z] € G. A uniform space (X,U) is said to be
Hausdorff if (\{U | U € U} = Ax. A space X with uniformity U is said to be
uniformly locally compact if there exists U € U such that U[x] is compact, for
each z € X.

Throughout by a dynamical system, we mean a pair (X, f), where f is uni-
formly continuous self-map on a Hausdorff uniform space (X,U). For a point
xz € X, the set {f*(x) | n € NU{0}}, denoted by Oy(z), is called the orbit of
x. If there exists k € N such that f*(z) = z and fi(z) # x for all i (1 <i < k),
then z is said to be a periodic point of f with period k. A point x € X is said
to be a fixed point if f(z) =x. A set A C X is said to be invariant if f(A) C A.
A countable union of Cantor sets is said to be a Mycielski set. For a given dy-
namical system (X, f), we denote the product map f x f on X x X by F and by

F'(x,y) we mean (f'(z), f*(y))-

2.2. Topological Specification Property. The notion of specification prop-
erty for self-maps on uniform spaces is termed as topological specification prop-
erty.

Definition 2.2. [17] Let f be a uniformly continuous surjective self-map on a
uniform space (X,U). A map f is said to have topological specification property
(briefly TSP) if for every E € U there exists a positive integer M such that for
any finite sequence xq,x2,..., 7, in X, any integers 0 = a1 < by < as < by <

- < ap < by with a;j —bj_y > M, for j = 2,...;k and p > M + (b — a1),
there exists € X such that fP(x) =z and F'(z,z;) € F, for all integers ¢ with
Q; SZSb],j:L,k

If f fulfills both the above-mentioned conditions for the special case k = 2,
and additionally the periodicity condition is omitted, then we say that f has
topological weak specification property (TWSP). For any entourage F € U, if
Fi(x,y) € E for all integers j with a < j < b, then we say that x E-traces y on
the interval [a, b].

2.3. Topological Distributional Chaos. For any positive integer n, points
a, b € X and E € U, define the lower and upper distribution functions Fg,(E)
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and F (E) as follows:
1 .
Fy(E) = 1i]£ninf%#{o <i<k|F(ab) € E},
—00
1 .
F»(F) = limsup E#{O <i< k| F'(a,b) € E},
k—r00

where # A denotes the cardinality of the set A.

Definition 2.3. [18] A pair of points a, b € X is called

(1) topologically distributionally chaotic of type 1 (TDC1) if F,(E) = 0, for
some F € U, and F(U) =1, for all U e U,

(2) topologically distributionally chaotic of type 2 (TDC2) if F,,,(F) < F, (E),
for some £ € U, and F;(U) =1, for all U € U,

(3) topologically distributionally chaotic of type 3 (TDC3) if F,,,(F) < Fi, (E),
for some E € U.

A set S containing at least two points is called a topological distributionally
scrambled set of type k if every pair of distinct points in S is topologically dis-
tributionally chaotic of type k, where k € {1,2,3} [15].

Definition 2.4. [18] A map f is said to be topologically distributionally chaotic
of type k, where k € {1, 2,3}, if there exists an uncountable topological distribu-
tionally scrambled set of type k.

3. MAIN RESULTS

In this section, we prove our main results and related results.

Theorem 3.1. Let (X,U) be a uniformly locally compact Hausdorff uniform space
without isolated points. If f : X — X is a uniformly continuous surjective map
having topological weak specification property, a fixed point and countably many
periodic points with distinct periods, then there is a point x € X whose orbit is a
topological distributionally scrambled set of type 1.

Proof. Since closed entourages forms a base for the uniform structure [8], without
loss of generality we can work with the closed entourages in U.

Let p € X be a fixed point of f and let {¢;}52; be the set of periodic points of
f with distinct periods. Consider the sequence

p,q1,P,41,92,P,41,92,493,P,41,92,493,94, P, - - -

which we denote by {u;}%2,. Since X is uniformly locally compact, there exists
an entourage U € U such that U[t] is compact for each t € X.

Let Vo = U and let V,’s be closed entourages in U such that V? C V,,_y, for
any n € N. Let M,, = M(V,), n > 1, be as in the definition of TWSP. Let
0=ua; <b <as <by <ag < by < ---, be an increasing sequence of integers

such that a,,q — b, > M, for any n > 1, and lim Z—" = 00.
n—oo n
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Step 1: Let g € X be an arbitrary point. Since (X, f) has TWSP, for V; € U,
points g, u; in X, and integers aq, by, as, by there exists a point x; € X such that

Fi<$179> € ‘/17 for ay S [ S bl;
F'(z1,u1) € Vi, for ag < i < by.

Let W, = N2, F~(Vi) € U. Then W, C V; implies that Wy[z,] C Vi[z1] C
Ulzy). Since Ulz] is compact, it follows that Wi[z1] is compact. Further, for
any x € Wilxq], (z,21) € Wy implies that F'(x,z,) € V4, for all ay < i < be.
Also, Fi(xy,u1) € Vi, for all ay < i < by, implies that Fi(z,uy) € V2, for all
as < i < by. Thus, each z € Wy[z;] V:-traces uy, for all ay; < i < by. Without
loss of generality we can assume that Wy C V, (if W) is not contained in V3, we
can always work with W] =W, NV, e U).

Step 2: For V, € U, points x1, us in X, and integers aq, by, as, b3, by TWSP
there exists a point x5 € X such that

Fi<x27x1) € ‘/27 for aj S [ S b2)
F'(29,us) € Vs, for az <i < bs.

Let Wy = %2, F/(Va) € U and WY be a closed entourage in U such that
Wlxe] C Wilzy]. Take Wy = Wy N WY, then Whlxs] C Wilxy]. Since Wilxy] is
compact, it follows that Ws[z,] is compact. Note that any z € Wh|[xy] Vii-traces
ug, for all a3 < 7 < b3. Again without loss of generality we can assume that
Wy C Vi,

Continuing like this, for each n € N, there is a compact set W,,[x,] such that
Wolr,) € W, 1[r,_1] and each x € W,,[z,] V,*-traces uy, for all a,,1 < i < byyq.
This gives rise to a nested sequence W, [z,] of compact sets and hence there is at
least one point x € ()~ W,[z,] such that for every n € N,

Fi(x,uy,) € V2, for a1 <i < by

We now prove that the orbit of x is topological distributionally scrambled set
of type 1. Let y = f!(z) and 2 = f™(x), for some non-negative integers I, m with
[ > m. Note that, us, = p, where s, = Z?Zl 7, for every n > 1. From our choice
of sy, it follows that F'(z,p) = (f'(z),p) € V2, for all as,41 < i < by, 41. This
implies that (f'(y),p) € V2, for all a,,41 —1 < i < by, 41— and (f(z),p) € V2,
for all as, 11 —m < i < by, 41 —m. Asl > m, we have Fi(y,z) € V!, for all
as,+1 —m <1 < b 1 — 1. Thus,

#{0 <i<bg 41| F(y,2) € ‘/st} > bg,41 — g1 — (I —m).

Now for any entourage F € U, since V.2 C V,,_y, there will be an N such that
V) C E, foralln > N. Thus, F;,(E) =1, forall E € U.

We now prove that Fj,(E) = 0, for some E € U. Choose a periodic point g,
with period k > [ —m. Then, fori # j, 1,5 € {0,1,2,....k—1}, f'(q.) # 7 (g-)-
Since X is Hausdorff, we can find an entourage F, € U such that (f*(¢.), f*(q.)) ¢
E,. foralli#j,i,j € {0,1,2,...,k—1}. Let E € U be such that FoEoE C E,.
Since V> C V,,_y, there will be N such that V2 C E, for all n > N. Note that,
uy, = G, where t, =+ 7" j, for every n > r. Thus, Fi(z,q,) € V2, for all
@y, +1 < @ < by,+1. This implies that F'(y, f'(¢.)) € V2 and F'(z, f™(q,)) € V2,
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for all a;, 1 —m < i < by, 41 — 1. Observe that F'(y,z) ¢ V2, for all a;, .1 —m <
i <by11—landt, > N. Forif, F'(y, z) € V2, for some ay,41—m < i < by, 41—,
then F(y, /'(qn)) € V2 and Fi(z, f(q,)) € V2 imply thit /(£ (g,), (1)) €
EoFEoFE C E,, acontradiction. Therefore,

#{0<i<by 1| Fi(y,2) € EY <ay41+ (I —m), fort, > N.
Hence F,,(E) = 0. O

Lemma 3.2. [6] There is a Cantor set B C {0,1} such that for any distinct
a={a(i)}2, and 5 ={5(i)}2, in B, the set {j € N | «a(j) # (7))} is infinite.

Theorem 3.3. Let (X,U) be a uniformly locally compact Hausdorff uniform space
without isolated points. If f : X — X s a uniformly continuous surjective map
having topological weak specification property, a fixed point and countably many
periodic points with distinct periods, then X has a Mycuielski invariant topological
distributionally scrambled set of type 1. Moreover, each point g € X has a neigh-
borhood which contains a Cantor topological distributionally scrambled set of type
1.

Proof. Let a = {«(i)}32, € B, where B is the set as in Lemma 3.2. Let p € X be
a fixed point of f and let {g;}32, be the set of periodic points of f with distinct

periods. Define the sequence {wj( ®

L@ _ fp ifali) =0;
J ¢, ifa(j)=1

©, in the following manner:

Consider the sequence

b, q17w§a)7pa q17q27wéa)7pa Q17QZ>Q37w§a)ap7 q17q27q37q4aw4(1a)7p7 LRI

which we denote by {u§ Following the recursive steps as discussed in The-

] 1
orem 3.1, we get a point z(®) such that for every n > 1, F'(z(*), 5?’) € V2 for
all a,q <0 < bn+1

Let C = {2 | a € B} and C = U, fi(C ) We now prove that C' is a
TDC1 scrambled set. For y,z € C, let y = fYx@) and z = f™(2?), for some
I,me NU{0} and o, 8 € B.
Case 1: If a = 3, 1 # m, then (y, z) is a TDCI pair follows from the proof of
Theorem 3.1.
Case 2: Suppose a # [ and [ > m. Then choose a sequence {s,}>°, such that
us, = p, for every n > 1. Note that (f'(y),p) € V2 and (f'(2),p) € V2, for all
A1 —m < i < by, 41 — 1. Thus, we get F'(y, z) € V!, for all a,,4.1 —m <4 <
bs,+1 — [ and for every n > 1. Hence, F, = 1.

Since a,ﬁ € B and a # f3, there is a subsequence {wj, }72; of {w;}52, such

that w 3& w(ﬁ) for every k > 1 (That is, w( @) — = p and w(ﬁ) = q or wj(-j) =q
) _ = p). We choose a sequence {tn}n 1 such that u,, = w,,, for every
n > 1. Then F'(y, fl(w](:‘))) € V2 and F'(z fm( )) e V2, for all az,41 —m <

1 < b, +1 — . If ¢1 is a periodic point of period k, con81der the entourage £; € U
such that (p, fi(q1)) & FEi, for all i € {0,1,2,...,k — 1} and let E € U be such

and w;
Jk
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that £ o Fo ' C F;. Using arguments similar to that given in proof of Theorem
3.1, one can obtain F,(E) = 0.

Consider the bijective map h : B — C, given by h(a) = 2@, for all a € B.
To show that A is a homeomorphism, it is sufficient to show that h is continuous.
Let {a,,}5°_; be a convergent sequence in B such that a,, — «a. Then for any
1 > 1, there is an mg such that, the first ¢ members of sequences O, and a are
equal for all m > myg. Therefore, the first ¢ members of {u m) , and {u 2

are also equal, and hence the corresponding z(®m) and z(* belong to the same
Wilz;]. Thus, as m — 00, oy, — « implies that z(®») — 2(® Hence, h is a
homeomorphism and C' is a Cantor set. Since C is a TDC1 scrambled set, the
mapping f¢|c : C — f(C) is also a bijective mapping. Continuity of f’|c implies
that f‘|¢ is a homeomorphism, for every ¢ > 1. Thus, Cisa Mycielski invariant
topological distributionally scrambled set of type 1. Moreover, for every a € B,
the corresponding #(*) € Ul[g], and hence C' C Ul[g]. Since g € X is arbitrary,
it follows that each point in X has a neighborhood which contains a Cantor
topological distributionally scrambled set of type 1. Il

Theorem 3.4. Let (X,U) be a uniformly locally compact second countable Haus-
dorff uniform space without isolated points. If f : X — X is a uniformly contin-
uous surjective map having topological weak specification property, a fized point
and countably many periodic points with distinct periods, then X has a dense
Muycielski invariant topological distributionally scrambled set of type 1.

Proof. Let {E}fil denote the countable closed base for the uniform topology on
X induced by (X,U), where E, = Uilg:] for some U; € U, g; € X. Since X
is uniformly locally compact there exists an entourage U € U such that U[t] is
compact for each t € X. Let V) = U and let V,, be closed entourages in U such
that V2 C V,,_y, for any n € N. For each g; € X, using the arguments given in
proof of Theorem 3.3, for the sequence

{ugaﬂ) j= 1= {p7q1aw§ )7q1ap7q17q27wé )aqlap7q17q27q37

w:(), )7qiapa Q17Q2>Q3>Q47wz(1 )aqivpa .- '}7

o € B, there exists a Cantor TDC1 scrambled set C; = {z{®V | a € B} such
that C; C F. Let M = |2, M;, where M; = [J3,, f*(C;). Then, M is a dense
Myecielski invariant set in X.

We now prove that M is a TDC1 scrambled set. Clearly, M; is a TDC1
scrambled set for each ¢. Consider y, z € M such that y € M; and z € Mj, 1 7.
Then y = f'(z(®9) and z = f™(2(59)), for some [,m € NU{0} and o, B € B. We

assume [ > m. Choose a sequence {s,,}>° | such that u{™” = u>?) = p_for every

n > 1. Then (f*(y),p) € V2 and (f*(2),p) € V2, forall as,1—m < k < by, 41—1.
Thus, we get F*(y,z) € V* for all a,, 41 —m < k < b, 1 — [ and for every n > 1.
Hence, F,, = 1.

Next, choose a sequence {t,}°°, such that ut ) — = ¢; and utﬁ 9 = = q;, for every
n > 1. Then F*(y, f'(¢;)) € V2 and F*(z, f™(q;)) € V2, for all a;,41 —m <
k < b, 1 — 1. If g; is a periodic point of period A and g; is a periodic point of
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period p, consider the entourage E € U such that (f*(¢:), f*(g;)) ¢ E, for all
ki€ {0,1,2,..., A — 1}, ks € {0,1,2,..., 4 — 1} and let Ey € U be such that
FEyo Eyo Ey C E. Since V2 C V,_4, there will be N such that V? C E, for
all n > N. For t, > N, if F*(y,z) € V2, for some ay, 11 —m < k < by, 11 — 1,
then F*(y, f'(¢:;)) € Vi and F*(z, f™(q;)) € V;2 imply that F*(f'(¢:), f™(q;)) €
FEyo Eyo Ey C E, a contradiction. Thus,

#{0 <k <by,1|F*(y,2) € EY < ay,41 + (I —m), for t, > N.
Therefore, F,,(E) = 0. Hence, M is a TDCI1 scrambled set. O]

In [16], it is proved that self-homeomorphisms on uniform spaces with topologi-
cal specification property have a dense set of periodic points and the construction
suggests that we can have infinitely many periodic points with distinct periods.
As a consequence, we have the following result:

Corollary 3.5. Let (X,U) be a uniformly locally compact second countable Haus-
dorff uniform space without isolated points. If f : X — X is a homeomorphism
having topological specification property and a fixed point, then X has a dense
Mycielski invariant topological distributionally scrambled set of type 1.

4. CONCLUSION.

In this paper, we have extended the study of distributional chaos to the broader
context of uniform spaces, which are not necessarily compact or metrizable. By
strengthening existing results, we have proved the existence of invariant topo-
logical distributionally scrambled sets of type 1 for uniformly continuous surjec-
tive self-maps on uniformly locally compact Hausdorff uniform spaces with the
topological weak specification property, a fixed point, and countably many peri-
odic points with distinct periods. Additionally, if the underlying space is second
countable, we have obtained that the map admits a dense Mycielski invariant
topological distributionally scrambled sets of type 1.

The size of the scrambled set and its invariance are two critical aspects in the
study of chaos. Under the given assumptions, we ensure both by establishing the
existence of a dense Mycielski invariant scrambled set.

Acknowledgement. We are thankful to the anonymous referees for their
valuable suggestions and comments for the improvement of the paper.

REFERENCES

1. Ahmadi, S.A. (2024). Strong chain transitivity via uniformity. Qual. Theory Dyn. Syst.,
23(3), Paper No. 123, 19 pp. https://doi.org/10.1007/s12346-024-00983-4.

2. Akoijam, S., & Mangang, K.B. (2020). On periodic shadowing, transitivity, chain mixing
and expansivity in uniform dynamical systems. Gulf J. Math., 9(2), 31-39. https://doi.
org/10.56947/gjom.v9i2.406.

3. Balibrea, F., Guirao, J.L.G., & Oprocha, P. (2010). On invariant e-scrambled sets. In-
ternat. J. Bifur. Chaos Appl. Sci. Engrg., 20(9), 2925-2935. https://doi.org/10.1142/
S50218127410027465


https://doi.org/10.1007/s12346-024-00983-4
https://doi.org/10.56947/gjom.v9i2.406
https://doi.org/10.56947/gjom.v9i2.406
https://doi.org/10.1142/S0218127410027465
https://doi.org/10.1142/S0218127410027465

48

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

N. YADAV, S. SHAH

. Balibrea, F., Smital, J., & Stefankova, M. (2005). The three versions of distributional chaos.

Chaos Solitons Fractals, 23(5), 1581-1583. https://doi.org/10.1016/j.chaos.2004.06.
011

Bowen, R. (1971). Periodic points and measures for Axiom A diffeomorphisms. Trans. Amer.
Math. Soc., 154, 377-397. https://doi.org/10.2307/1995452

Dolezelové, J. (2013). Distributionally scrambled invariant sets in a compact metric space.
Nonlinear Anal., 79, 80-84. https://doi.org/10.1016/j.na.2012.11.005

Du, B.-S. (2005). On the invariance of Li-Yorke chaos of interval maps. J. Difference Equ.
Appl., 11(9), 823-828. https://doi.org/10.1080/10236190500138320

Hart, K., Nagata, J., & Vaughan, J. (2003). Encyclopedia of General Topology. Elsevier
Science.

Kelley, J.L. (1955). General Topology. D. Van Nostrand Company, New York.

. Li, T., & Yorke, J. (1975). Period three implies chaos. Amer. Math. Monthly, 82(10), 985—

992. https://doi.org/10.2307/2318254

Oprocha, P. (2009). Invariant scrambled set and distributional chaos. Dyn. Syst., 24(1),
31-43. https://doi.org/10.1080/14689360802415114

Oprocha, P., & Stefinkova, M. (2008). Specification property and distributional chaos
almost everywhere. Proc. Amer. Math. Soc., 136(11), 3931-3940. https://doi.org/10.
1090/80002-9939-08-09602-0

Pirfalak, F., Ahmadi, S.A., Wu, X., & Kouhestani, N. (2021). Topological average shad-
owing property on uniform spaces. Qual. Theory Dyn. Syst., 20(2), Paper No. 31, 15 pp.
https://doi.org/10.1007/s12346-021-00466-w

Salman, M., Wu, X., & Das, R. (2021). Sensitivity of nonautonomous dynamical systems
on uniform spaces. Internat. J. Bifur. Chaos Appl. Sci. Engrg., 31(1), Paper No. 2150017,
12 pp. https://doi.org/10.1142/50218127421500176.

Schweizer, B., & Smital, J. (1994). Measures of chaos and a spectral decomposition of
dynamical systems on the interval. Trans. Amer. Math. Soc., 344(2), 737-754. https:
//doi.org/10.1090/50002-9947-1994-1227094-X

Shah, S., Das, R., & Das, T. (2016). Specification property for topological spaces. J. Dyn.
Control Syst., 22(4), 615-622. https://doi.org/10.1007/510883-0156-9275-6

Shah, S., Das, R., & Das, T. (2016). A note on uniform entropy for maps having topological
specification property. Appl. Gen. Topol., 17(2) 123-127. https://doi.org/10.4995/agt .
2016.4555

Shah, S., Das, T., & Das, R. (2020). Distributional Chaos on Uniform Spaces. Qual. Theory
Dyn. Syst., 19(1), Paper No. 4, 13 pp. https://doi.org/10.1007/s12346-020-00344-x
Sklar, A., & Smital, J. (2000). Distributional chaos on compact metric spaces via specifica-
tion properties. J. Math. Anal. Appl., 241(2), 181-188. https://doi.org/10.1006/jmaa.
1999.6633

Yadav, N., & Shah, S. (2022). Topological weak specification and distributional chaos on
noncompact spaces. Internat. J. Bifur. Chaos Appl. Sci. Engrg., 32(4), Paper No. 2250048,
6 pp. https://doi.org/10.1142/50218127422500481

Yadav, N., & Shah, S. (2022). Li-Yorke chaos and topological distributional chaos in a
sequence. Turkish J. Math., 46(4), 1360-1368. https://doi.org/10.55730/1300-0098.
3165

I DEPARTMENT OF MATHEMATICS, B. K. M. SCIENCE COLLEGE, VALSAD-396001, GuU-

JARAT, INDIA

Email address: ynav4d11@gmail.com

2 DEPARTMENT OF MATHEMATICS, FACULTY OF SCIENCE, THE MAHARAJA SAYAJIRAO

UNIVERSITY OF BARODA, VADODARA-390002, GUJARAT, INDIA

Email address: sks10100gmail.com


https://doi.org/10.1016/j.chaos.2004.06.011
https://doi.org/10.1016/j.chaos.2004.06.011
https://doi.org/10.2307/1995452
https://doi.org/10.1016/j.na.2012.11.005
https://doi.org/10.1080/10236190500138320
https://doi.org/10.2307/2318254
https://doi.org/10.1080/14689360802415114
https://doi.org/10.1090/S0002-9939-08-09602-0
https://doi.org/10.1090/S0002-9939-08-09602-0
https://doi.org/10.1007/s12346-021-00466-w
https://doi.org/10.1142/S0218127421500176
https://doi.org/10.1090/S0002-9947-1994-1227094-X
https://doi.org/10.1090/S0002-9947-1994-1227094-X
https://doi.org/10.1007/s10883-015-9275-6
https://doi.org/10.4995/agt.2016.4555
https://doi.org/10.4995/agt.2016.4555
https://doi.org/10.1007/s12346-020-00344-x
https://doi.org/10.1006/jmaa.1999.6633
https://doi.org/10.1006/jmaa.1999.6633
https://doi.org/10.1142/S0218127422500481
https://doi.org/10.55730/1300-0098.3165
https://doi.org/10.55730/1300-0098.3165

	1. Introduction
	2. Preliminaries
	2.1. Uniform Spaces
	2.2. Topological Specification Property
	2.3. Topological Distributional Chaos

	3. Main results
	4. Conclusion.
	References

