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Abstract We study the behaviour of trajectories of real homeomorphisms h. There are exactly 15 order types
among them. For each h let Th be the collection of all order types of h-trajectories. This Th will be called a
package (of order types). We prove that | Th |≤ 11 always. As h varies over the set of all homeomorphisms from
R to R, we ask how many sets can arise as Th? We prove that the answer is exactly 36. An example is given at
the end to show how these packages are helpful for conjugacy classification.
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1 Introduction

The subject of dynamics is all about the study of behaviour of orbits. For any real homeomorphism f we denote
the identity map on R by f 0 and the map f ◦ f n−1 by f n, ∀n ∈ R. The sequence { f n(x)} is known as f -
trajectory of x . Two trajectories, say f -trajectories of x and y, are said to be of same order type( of same orbit type
or of same type simply) if there exists an order isomorphism φ : R −→ R such that φ( f n(x)) = f n(y), ∀n ∈ N

[9].
Two sequences are said to be order isomorphic if there is an order isomorphism (may not be extendable to

whole R) between their ranges, i.e.,

Definition 1 [4] Two sequences (an) and (bn) are said to be order isomorphic if

am < an ⇐⇒ bm < bn ∀m, n ∈ N

From the following example, we can see that the terms ‘same order type’ and ‘order isomorphic’ are not the
same, but former is the stronger than the latter, as mentioned in [9].

Example 1 The sequences { (−1)n

n } and {(1 + 1
n )(−1)n} are order isomorphic but they are of different order types

since first is convergent, whereas second has two limit points.

The set of all order types of a map is used implicitly in [2] & [3] to understand the drawbacks of a population
model. Set of all order types of the map f (x) = −x3 is discussed in [5].
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356 V. Kannan, S. Malegaonkar

Table 1 Notations and order types

S.No. notation order-type Example

1 k Constant sequence 0,0,0,…
2 ic Increasing convergent {−1

n }
3 dc Decreasing convergent { 1

n }
4 iu Increasing unbounded {n}
5 du Decreasing unbounded {−n}
6 t Two-cycle {(−1)n}
7 {(−1)n+1}
8 cf Convergent flipping { (−1)n

n }
9 { (−1)n+1

n }
10 fi Flipping inward {(1 + 1

n )(−1)n}
11 {(1 + 1

n )(−1)n+1}
12 fo Flipping outward {(1 − 1

n )(−1)n}
13 {(1 − 1

n )(−1)n+1}
14 uf Unbounded flipping {n(−1)n}
15 {n(−1)n+1}

In [6] the set of all order types of the map f (x) = x2 is used to understand the dynamics of that map. The
dynamics of a map can be well understood by studying the set of all order type exhibited by it. Table 1 lists 15
order types available for real homeomorphisms. Let T be the set of these order types. While giving notations for
them, we do not distinguish two types if each is a tail of the other. In this way, ten notations are given.

Let us denote the collection of all these ten order types as S. That is,

S = {k, ic, dc, iu, du, t, f i, f o, c f, u f }.
Let H be the collection of all homeomorphisms on R.

Definition 2 For h ∈ H, define

Th = {τ ∈ T | h has a trajectory of type τ }.
And

Sh = {τ ∈ S | h has a trajectory of type τ }.
For example

Example 2 Let I : R −→ R be such that

I (x) = x

Then SI = TI = {k}
Example 3 Let ρ : R −→ R be such that

ρ(x) = x + 1

and σ : R −→ R such that

σ(x) = x − 1

Then Sρ = Tρ = {iu} and Sσ = Tσ = {du}
Example 4 Let f : R −→ R such that f (x) = sinx + x . All the f -trajectories are showed in Table 2 below.

S f = T f = {k, ic, dc}
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Table 2 Order types for f (x) = sinx + x

position of x Trajectory Trajectory type

x = nπ, n ∈ Z constant sequence {nπ} k
x ∈ (2nπ, (2n + 1)π), n ∈ Z increasing and converging to (2n + 1)π ic
x ∈ ((2n − 1)π, 2nπ), n ∈ Z decreasing and converging to (2n + 1)π dc

Table 3 Order types for g(x) = sinx − x

position of x Trajectory Trajectory type

x = 0 constant sequence {0} k
x = nπ, n ∈ Z, n 	= 0 Two cycle {nπ,−nπ} t
x ∈ (−π, π) \ {0} flipping converging to 0 cf
x ∈ (2nπ, (2n + 1)π), n ∈ Z flipping inward asymptotic to two cycle {2nπ, 2nπ} fi
x ∈ ((2n − 1)π, 2nπ), n ∈ Z, n 	= 0 flipping outward asymptotic to two cycle {2nπ,−2nπ} fo

It gives, S f = T f = k, ic, dc

Example 5 Let g : R −→ R such that

g(x) = sinx − x

then the g-trajectories are shown in table 3 below.
So, Sg = {k, t, c f, f i, f o} But Tg contains four elements more than Sg .

In Section 3, we will use Example 4 and 5 to construct homeomorphism for some packages.
Since S is a finite set a natural question can be raised.

Question 1 As h varies over H how many distinct Sh are possible?

We will prove that the answer to this question is 36.
Note that there are 1024 subsets of S but only 36 of them are qualifying to be Sh , for some h ∈ H. The

number 36 in this context is somewhat special, because it is stable in the following two senses;

1. If we count as per the known definition of order type, there are 15 order types available for self-
homeomorphisms of R (in place of 10 in our counting). But this does not change the number of packages
available. The same answer 36 remains.

2. If we enlarge the class of maps under study to, say, F = { f : R −→ R | f is injective continuous}, then it
is (not obvious but) true that not only the answer 36 but also the sets Sh themselves remain the same.
To be precise, we have:

max
h∈H

| Sh |= 6

max
h∈H

| Th |= 11

|
⋃

h∈H

Sh |= 10

|
⋃

h∈H

Th |= 15

and

| {Sh | h ∈ H} |=| {Th | h ∈ H} |= 36

In our proof we use these three kinds of results,
(a) Some order types force some others
(b) Some order types cannot coexist with some others
(c) some pairs of order types, force some other order types (even though individually they do not force it.)

These lead us to further research on these for general maps.
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2 The number of packages is not more than 36

In this section first we will prove that the set S, mentioned above, is the set of all possible order types of real
homeomorphisms, then will give some consequences of intermediate value theorem to study the forcing relation
between these order types.

Theorem 1 Let f : R → R be continuous and increasing. Then each of its trajectories is of one of the following
types:

1. constant sequence (k)
2. Increasing bounded (ic)
3. Decreasing bounded (dc)
4. Increasing unbounded (iu)
5. Decreasing unbounded (du)

Proof Since x, f (x) ∈ R, exactly one of the followings is true:

• x = f (x)

• x < f (x)

• x > f (x)

If x = f (x) clearly the f -trajectory of x is a constant sequence.
Let x < f (x). This implies that f (x) < f 2(x) since f is increasing. By induction f n(x) < f n+1(x), ∀n ∈

N. This proves that the f -trajectory of x is increasing.
A similar argument shows that if x > f (x) then the f -trajectory of x is decreasing. 
�

Remark 1 If no fixed point of f exists to the right of x and x < f (x), then the f -trajectory of x is increasing
unbounded.

Similarly, if no fixed point of f is to the left of x and x > f (x), then the f -trajectory of x is unbounded
decreasing.

Theorem 2 Let f : R → R be continuous and decreasing. Then each of its trajectories is of one of the following
types:

1. constant sequence (k)
2. a two cycle (t)
3. flipping inward asymptotic to a two cycle(fi)
4. flipping outward asymptotic to a two cycle (fo)
5. convergent flipping (cf)
6. unbounded flipping (uf)

Proof Since x, f 2(x) ∈ R exactly one of the followings is true:

• x = f 2(x)

• x < f 2(x)

• x > f 2(x)

If x = f 2(x), clearly the f -trajectory of x is either a constant sequence or a 2-cycle.
Let x < f 2(x). This gives f (x) > f 3(x) since f is decreasing. The function f 2 is increasing; hence, by

mathematical induction f 2n(x) < f 2n+2(x) and f 2n−1(x) > f 2n+1(x). This proves that the f 2-trajectory of x
is increasing and the f 2-trajectory of f (x) is decreasing.

Being a decreasing continuous function, f must posses a fixed point, say p. Then f (p) = p. Without loss
of generality, let x < p ⇒ f (x) > f (p) = p ⇒ f 2(x) < p. Again by induction, f 2n(x) < p, f 2n−1(x) > p.
This proves that the f -trajectory of x is a flipping. Depending on the position of x , it will be either inward,
outward, convergent, or unbounded.

If it is bounded but not convergent, then the subsequences of even terms and odd terms, being monotonic,
will be convergent. As { f n(x)} is not convergent, those sequences will converge to two different points, and the
trajectory will be asymptotic to a 2-cycle. 
�

The fact that every bijective continuous function on R is monotonic implies that each trajectory of a homeo-
morphism on R can have one of the above mentioned ten types only, i.e., S is the set of all possible order types
of real homeomorphisms.
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fi fo

ic dc t cf uf

k

iu du

Fig. 1 A Hasse diagram for forcing relation

Lemma 1 Let h ∈ H. Then no element of P = {ic, dc, iu, du} can coexist with any element of Q =
{t, f i, f o, c f, u f } in Sh.

Proof From the above Theorems 1 and 2, it is clear that if f is increasing, then Sh ∩ Q = φ and if it is decreasing,
then Sh ∩ P = φ. This completes the proof. 
�
Corollary 1 For h ∈ H, 0 <| Sh |< 7 .

The next definition is a formal continuation of the above study of coexistence, which plays an important role
in the counting of packages (Sh).

Definition 3 An order type τ1 is said to be forcing an order type τ2 if every real continuous function having a
trajectory of type τ1 must have a trajectory of type τ2.

Lemma 2 The following Hasse diagram shows forcing relation between those order types. Where in the diagram
τ1 −→ τ2 means order type τ1 forces order type τ2.

Proof We will give proof for bounded flipping. Same proof can be given for f i forcing t and f o forcing t .
Let { f n(x)} be a bounded flipping. This implies that the subsequences { f 2n(x)} and { f 2n−1(x)} are monotone
bounded sequences. Therefore, they are convergent. Since { f n(x)} is not convergent, they will converge to two
different limits, say r and s, respectively. That is

{ f 2n(x)} −→ r and { f 2n−1(x)} −→ s

⇒ f ( f 2n(x)) −→ f (r) and { f 2n−1(x)} −→ f (s)

⇒ f (r) = s and f (s) = r

which proves our claim.
A convergent trajectory of a continuous function converges to a fixed point of that function. This proves that

ic forces k, dc forces k, and c f forces k.
Let us prove now that t forces k. Let f (s) = r and f (r) = s. Without loss of generality assume that r < s.

This means f (s) < s and f (r) > r . This implies that there is a fixed point of f between r and s. This proves
the required forcing.

To prove u f forces k Suppose that the f trajectory of x is a flipping around a. Without loss of generality, let
x < a. Then f 2(x) < x < a < f (x). Say f (x) = r . This implies that f (r) < r and f (x) > x . This implies
that there is a fixed point of f between x and r as required.

To prove that no other forcing is there, refer to the Examples 1 to 5 and 19 to 23 in the list of Sh given at the
end of Section 3. 
�
Corollary 2 Let f : R −→ R be continuous. Then between any two consecutive terms of a flipping of f , there
is a fixed point of f . That is, that flipping is around a fixed point.

Lemma 3 For h ∈ H

1. {iu, du} ⊂ Sh ⇒ k ∈ Sh
2. {c f, u f } ⊂ Sh ⇒ t ∈ Sh
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Proof (1) If f -trajectory of x is increasing unbounded and that of y is decreasing unbound, then x < f (x) and
y > f (y). This implies that f has a fixed point between x and y, completing the proof.

(2) Since a f -trajectory is flipping, f is decreasing function; hence it has a fixed point, say p. Let x be a
(first or second) term of convergent flipping and y be a (first or second) term of unbounded flipping such that
x, y < p.

⇒ f 2-trajectory of x is increasing and that of y is decreasing.
⇒ f 2(x) > x and f 2(y) < y.
⇒ f 2 has a fixed point between x and y.
Its f -trajectory is a 2-cycle. 
�
With this theory, we are ready to provide the answer to Question 1 as below.
In the light of Lemma 1, it is clear that for any h ∈ H, Sh ⊂ P = {k, ic, dc, iu, du} or Sh ⊂ Q =

{k, t, c f, f o, f i, u f } depending on whether h is increasing or decreasing, respectively. So, let us count the
number of Sh for increasing h first.

Since ic forces k and dc forces k, the number of subsets containing ic of P can be Sh for some h is 23, i.e,
If P denotes power set, then

| {Sh | ic ∈ Sh} |=| P({dc, iu, du}) |= 23

And the number of subsets containing dc of P that can be Sh for some h is 23, i.e.,

| {Sh | dc ∈ Sh} |=| P({ic, iu, du}) |= 23.

The number of subsets containing both ic and dc of P that can be Sh for some h is 22, i.e.,

| {Sh | dc ∈ Sh&ic ∈ Sh} |=| P({iu, du}) |= 22

The number of subsets containing neither ic nor dc of P that can be Sh for some h is 23, i.e.,

| {Sh | dc /∈ Sh & ic /∈ Sh} |=| P({k, iu, du}) |= 23.

Out of which φ and {iu, du} (Lemma 3 part 1) should be rejected. So, the total number of subsets of P that can
be Sh for some h is

23 + 23 − 22 + 23 − 2 = 18

Now let us do the same for decreasing h.
By Lemma 2, f i forces t and t forces k. So the number of subsets containing f i of Q that can be Sh for

some h is 23, i.e.,

| {Sh | f i ∈ Sh} |=| P({ f o, c f, u f }) |= 23.

Again by Lemma 2, f o forces t and t forces k. So, the number of subsets containing f o of Q that can be Sh for
some h is 23, i.e.,

| {Sh | f o ∈ Sh} |=| P({ f i, c f, u f }) |= 23

And the number of subsets containing both f i and f o of Q that can be Sh for some h is 22, i.e.,

| {Sh | f i ∈ Sh & f o ∈ Sh} |=| P({c f, u f }) |= 22

The number of subsets containing neither f i nor f o of Q that can be Sh for some h is 23, i.e.,

| {Sh | f i /∈ Sh & f o /∈ Sh} |=| P({t, c f, u f }) |= 23

Out of which {k} (since every decreasing homeomorphism has exactly one fixed point) and {c f, u f } (Lemma 3
part 2) should be rejected. So, total number of subsets of P that can be Sh for some h is

23 + 23 − 22 + 23 − 2 = 18
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3 The number of packages is not less than 36

The above argument shows that the number of distinct Sh is not more than 36. We will prove that it is exactly 36
by giving a list of them and a way to construct h for each Sh . For doing so, the two examples below are helpful.

Example 6 Define f : R −→ R, such that

f (x) =
⎧
⎨

⎩

x + sinx if | x |≤ 2π;
2x − 2π if x > 2π;
2x + 2π if x < −2π.

Then S f = P = {k, ic, dc, iu, du}
Example 7 Define g : R −→ R, such that

g(x) =
⎧
⎨

⎩

sin x − x if | x |≤ 4π;
−2x + 4π if x > 4π;
−2x − 4π if x < −4π.

Then Sg = Q = {k, t, c f, f i, f o, u f }
Here is a list of all 36 Sh with ideas for constructing a homeomorphism for each of them.
Refer to Example 1 and Example 2 for

1. {k}
2. {iu}
3. {du}

To construct a homeomorphism h for Sh ⊂ P such that k ∈ Sh let τ1, τ2...τn ∈ P \ Sh . Then define
A = {x ∈ R | f -trajectory of x is of one of the types τ1, τ2, ...τn} and h : R −→ R such that

h(x) =
{

x if x ∈ A;
f (x) if x /∈ A,

where f is as defined in Example 6. Then Sh = P \ {τ1, τ2, . . . , τn}
With this idea, we can construct homeomorpnisms for each of the following sets:

4. {k, dc}
5. {k, ic}
6. {k, ic, dc}
7. {k, iu}
8. {k, ic, iu}
9. {k, dc, iu}
10. {k, ic, dc, iu}
11. {k, du}
12. {k, ic, du}
13. {k, dc, du}
14. {k, ic, dc, du}
15. {k, iu, du}
16. {k, ic, iu, du}
17. {k, dc, iu, du}

and the Example 6 as it is gives for

18. {k, ic, dc, iu, du}

Now for decreasing h we have 18 number of Sh namely

19. {k, cf} with h : R −→ R such that h(x) = − x
2

20. {k, uf} with h : R −→ R such that h(x) = −2x
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To construct a homeomorphism h for Sh ⊂ Q such that t ∈ Sh and so, k ∈ Sh . Let τ1, τ2...τn ∈ Q \ Sh . Then
define A = {x ∈ R | f -trajectory of x is of one of the types τ1, τ2, ...τn} and h : R −→ R such that

h(x) =
{−x if x ∈ A;

g(x) if x /∈ A,

where g is as defined in Example 7. Then Sh = Q \ {τ1, τ2, . . . , τn}
With this idea we can construct homeomorpnisms for each of following sets

21. {k, t}
22. {k, t, fi}
23. {k, t, fo}
24. {k, t, cf, fo}
25. {k, t, cf}
26. {k, t, cf, fi}
27. {k, t, fo, fi}
28. {k, t, uf}
29. {k, t, cf, uf}
30. {k, t, fo, uf}
31. {k, t, fi, uf}
32. {k, t, cf, fi, uf}
33. {k, t, fo, fi, uf}
34. {k, t, cf, fo, fi}
35. {k, t, cf, fo, uf}
36. {k, t, cf, fo, fi, uf}

For each one of these 36, as remarked already, we can construct a real homeomorphism h such that Sh is
same as the given set.

4 Further results

In this section we will consider the packages of general continuous maps also (not only homeomorphisms). No
proofs are included here. Some results presented here are already proved elsewhere.

4.1 Result on counting conjugucy classes

Our first result is an application of this notion using the following terminology. Two real continuous maps, f and
g, are said to be topologically conjugate if there exists a homeomorphism h : R → R such that f ◦ h = h ◦ g
[6]. If this h is increasing, then f and g are said to be order conjugate [1].

By calculating the package for each, we have proved elsewhere that there are exactly 18 conjugucy classes
of antisymmetric polynomials of degree less than three [7].

4.2 Results on cardinality of packages

It is natural to study the cardinality of the package. In [9], the possible order types for the map f whose S f is
finite are characterized. It is proved there that such an order type is eventually one of the order types in S. In [8],
we studied the cyclic patterns whose presence in the package assures that the package is uncountable.

4.3 Resut on complete conjugucy classification

A fixed point p of f is said to be attracting if ∃ δ > 0 such that ∀x ∈ (p − δ, p + δ) the f -trajectory of
x, { f n(x)} converges to p [3] [6]. If p is an attracting fixed point for f −1 then it is known as the repelling fixed
point of f . A fixed point is said to be neutral if it is neither attracting nor repelling. A 2-cycle {s, t} is said to be
attracting, repelling, or neutral if s and t are of that type of fixed points of f 2.

123



15 Order types in 36 packages 363

Remark 2 If f and g are order conjugate, then S f = Sg.

The following theorem gives an application of packages in conjugucy classification.

Theorem 3 Let H ⊂ H be such that no member of H has a neutral fixed point or neutral 2-cycle. Then f, g ∈ H
are topologically conjugate if and only if

1. f and g have the same number of periodic points.
2. S f = Sg.

4.4 Connection with topological entropy

Also it is expected that the topological entropy increases with the package, i.e., for interval maps f, g if S f ⊂ Sg
then the topological entropy η( f ) ≤ η(g). Though it seems to be a correct statement, it remains to provide a
proof.

4.5 An open question

We conclude with a question whose answer will supplement this result. Consider the collection C of continuous
maps from R to R that are homeomorphisms on their range.

Question 2 As h varies over C, how many distinct Sh are possible?

Acknowledgements The second author acknowledges the Council of Scientific & Industrial Research, India, for financial support
(Ref. No. 09/1045(0042)/2020-EMR-I).

References

1. K. A. Akbar, A class of simple dynamical systems, Applied general topology, 21 (2020) 215-233.
2. R. L. Devaney, An introduction to chaotic dynamical systems, Westview press, Colorado, 2003. https://doi.org/10.4324/

9780429502309
3. S. N. Elaydi, Discrete chaos: with applications in science and engineering, Chapman and Hall/CRC, New York, 2007. https://

doi.org/10.1201/9781420011043
4. E. Harzheim, Ordered Sets, Advances in Mathematics - Kluwer academic publishers, Springer New York, 2005. https://doi.org/

10.1007/b104891
5. R. A. Holmgren, A first course in discrete dynamical systems, Springer science+business media New York, 1996. https://doi.org/

10.1007/978-1-4419-8732-7
6. V. Kannan, Real dynamics, in: Elements of dynamical systems (A. Nagar, R. Shah and S. Sridharan eds), Texts and readings in

mathematics, Hindusthan book agency, Delhi, 2020, pp.1-54. https://doi.org/10.1007/978-981-16-7962-9_1
7. V. Kannan and S. D. Malegaonkar, There are exactly 18 order conjugacy classes of anti symmetric polynomials of degree less

than three, Preprint
8. V. Kannan, S. D. Malegaonkar and P. N. Mandal, Which cycle force uncountably many orbit-types?, Topology and its applications,

341 (2024). https://doi.org/10.1016/j.topol.2023.108727
9. V. Kannan and P. N. Mandal, Which orbit types force only finitely many orbit types?, Journal of difference equations and

applications, 26:5 (2020), 676-692. https://doi.org/10.1080/10236198.2020.1784152

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under a publishing agreement
with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed
by the terms of such publishing agreement and applicable law.

123



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2026-03-14T12:55:29+0530
	Preflight Ticket Signature




