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Abstract In this paper, we provide a method to determine when transitive imprimitive groups synchronize a
transformation of non-uniform kernel, that is, we give the condition of hG; ai being a synchronizing
semigroup where G is transitive imprimitive and a is transformation of non-uniform kernel.
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1 Introduction

Suppose that a deterministic finite automata A ¼ ðQ;RÞ is such that all but one letters from the alphabet R
act as permutations of the state set Q and the exceptional letter acts as a transformation with non-uniform
kernel. In other words, the automata A can be regarded as a transformation semigroup hG; ai where G is a
permutation group and a is a non-invertible transformation. Which properties of the permutation group G
ensure that hG; ai becomes a synchronizing semigroup?

This question has attracted the attention of many experts, and they have obtained a lot of innovative
results about primitive groups. In 1995, Rystov in [1] proved that a transitive permutation group of degree of
n is primitive if and only if it synchronizes every map of rank n� 1. In 2009, Neumann in [2] proved that
any non-synchronizing primitive group fails to synchronize some uniform transformation.that the primitive
group G synchronizes some special maps. In 2013, Araújo, Bentz and Cameron in [3] provided two methods
to find non-synchronizing but almost synchronizing groups, that is, G is a primitive group and it syn-
chronizes every non-uniform transformation.

In this paper, we are interested in the case that the groups G are transitive imprimitive. Let D be a non-
trivial block of G and R ¼ fDgjg 2 Gg be the system of blocks containing D. For transitive imprimitive

123

Communicated by Gadadhar Misra.

This work was supported by the National Natural Science Foundation of China (Grant N. 11871360), the Ph.D. Research
Startup Foundation of Lingnan Normal University (ZL1924) and Natural Science Foundation of Guangdong Province
(2019A1515011031).

W. Li (&)
School of Mathematics and Statistics, Lingnan Normal University, Zhanjiang 524048, China
E-mail: 121691065@qq.com

X. Li
School of Mathematical Science, Soochow University, Suzhou 215006, China
E-mail: xhli@suda.edu.cn

Indian J Pure Appl Math (2021) 52:816–821
https://doi.org/10.1007/s13226-021-00125-5



groups, it is easy to see that every imprimitive group fails to synchronize a non-uniform transformation
which its kernel classes are contained in a system of blocks of G (see Theorem 2.7 in [4]). Meanwhile,
observe that there are many primitive groups G which are contained in a union of imprimitive groups, that

is, G ¼
St

i¼1 Hi where Hi is a imprimitive group. Araújo et al in [5] prove that there are infinite families of
primitive groups entirely composed of imprimitive permutations (A permutation g 2 Sn is said to be
imprimitive if there exists an imprimitive group containing g.). Further, if H is an imprimitive subgroup of
the primitive group G and hH; ai is a synchronizing semigroup for a being a non-invertible transformation,
then hG; ai must be a synchronizing semigroup. Hence it is natural to consider that when hG; ai is syn-
chronizing where G is imprimitive. In section 3, we provide a method to determine when imprimitive
groups synchronize a transformation of non-uniform kernel, that is, we give the condition of hG; ai being a
synchronizing semigroup where G is transitive imprimitive and a is transformation of non-uniform kernel.

2 Notation and preliminary results

Let Tn and Sn be the full transformation semigroup and the symmetric group on Xn ¼ f1; 2; � � � ; ng,
respectively. A partition q of Xn is a non-synchronizing partition for G� Sn if there is a subset T of Xn such
that jP \ Tgj ¼ 1 for all parts P of q and all g in G. The set T is called a G-regular section for q. A partition q
of Xn is said to be uniform if all its parts have the same size. Given an equivalence relation q on Xn define

Eq ¼ ffxg; ygg 2 Xf2gn : x � yðmodqÞ; x 6¼ y; g 2 Gg

and given T � Xn define

ET ¼ ffxg; ygg 2 Xf2gn : x; y 2 T ; x 6¼ y; g 2 Gg:

Here Xf2g is the set of unordered pairs, that is 2-subsets, from Xn. Then define Cq and CT to be the graphs
with vertex set Xn and edge sets Eq and ET , respectively. We will denote adjacency in Cq by s . The

neighborhood of an element x in Cq will be denoted by CqðxÞ ¼ fy : xs yg and the closed neighborhood of

x in Cq will be denoted by Cq½x� ¼ fxg [ fy : xs yg.

Suppose that q is a G-non-synchronizing partition of Xn as witnessed by a section T. If G is a primitive
group, then Cq is vertex-transitive and Cq is the complement of CT . If G is an imprimitive group, the result is
not necessarily true. For example, let G ¼ hð1; 2; 3; 4; 5; 6Þi be a cyclic group on X6. Suppose that q1 ¼
f½1; 4�; ½2; 3� ; ½5; 6�g and T1 ¼ f1; 3; 5g. Then Cq1

is vertex-transitive and Cq1
is the complement of CT1

(see

Picture (1,2)). Suppose that q2 ¼ f½1; 4�; ½2; 5�; ½3; 6�g and T2 ¼ f1; 2; 3g. Then Cq2
is not vertex-transitive

and Cq2
is the complement of CT2

(see Picture (3,4)). Suppose that q3 ¼ f½1; 2�; ½3; 4�; ½5; 6�g and

T3 ¼ f1; 3; 5g. Then Cq3
is vertex-transitive and Cq3

is not the complement of CT3
(see Picture (5,6)).

Suppose that q4 ¼ f½1; 4�; ½2; 5�; ½3; 6�g and T4 ¼ f1; 3; 5g. Then Cq4
is not vertex-transitive and Cq4

is not

the complement of CT4
(see Picture (7,8)).
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Lemma 2.1 Suppose that G� Sn is a transitive and imprimitive group and q is a G-non-synchronizing
partition of Xn as witnessed by a section T. Then

(1) T is a largest clique in CT ;
(2) P is a maximal clique in Cq.

Proof The result is implicit in the proof of Lemma 2.6 (see [2]). Then the proof is omitted. h

Lemma 2.2 Suppose that q is a G-non-synchronizng partition and P is a part of q. Then
\

x2P

Cq½x� ¼ P:

Proof By Lemma 2.1, P is a maximal clique in Cq. Clearly P is contained in the intersection on the left; if
the intersection contained an additional point z, then P [ fzg would be a clique, a contradiction. h

The next lemma is the Lemma 2.4 (see [4]).

Lemma 2.3 Let G be a transitive and imprimitive group on Xn with non-trivial blocks D and let a 2
Tn n Sn with rankða2Þ ¼ rankðaÞ. Then hG; ai is a completely regular semigroup if and only if kerðaÞ ¼
fDgjg 2 Gg or imðaÞ ¼ D and jAi \ Dgj ¼ 1 for all Ai 2 kerðaÞ and all g 2 G.

At last, in order to formulate our main theorem, we recall some definitions. Let q be a G-non-synchronizing
partition of Xn as witnessed by a section T and P be a part of q. We define the parameter m(P, T) to be the
smallest number m such that the intersection of the closed neighborhoods of any m points of P in Cq is equal
to P, that is,

mðP;TÞ ¼ minfjAj : A � P;
\

x2A

Cq½x� ¼ Pg:

We define a parameter m(G) as follows: m(G) is the maximum of m(P, T). We also need an additional
condition. For two distinct G-non-synchronizing partitions q and r of the same rank k, let Mðq;rÞ ¼ jq\rjk ;
and set M(G) to be the maximum over all such pairs.

3 The main results

We will show that imprimitive groups G synchronize a kind of special transformations with mðGÞ ¼ 2 and
MðGÞ� 1=2 (see Theorem 3.8).

Lemma 3.1 Let G be a transitive group on Xn and a 2 Tn be a transformation whose kernel is a non-
uniform partition. If the semigroup S ¼ hG; ai is non-synchronizing, then there exists a map q 2 S such that
rankðqÞ[ kS, rankðqgqÞ 2 frankðqÞ; kSg for all g 2 G, and that there exists an h 2 G with rankðqhqÞ ¼ kS

where kS is the smallest rank of the transformations in S.

Proof The proof of this lemma follows in a same way of Lemma 3 in [3]. Let
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Q ¼ fa 2 hG; ai : rankðaÞ[ kSandð9h 2 GÞrankðahaÞ ¼ kSg:

As rankðaÞ[ kS, there exist elements g1; � � � ; gm 2 G such that rankðag1a � � � agm�1aÞ[ kS and
rankðag1a � � � agmaÞ ¼ kS. This implies that

rankððag1a � � � agm�1aÞgmðag1a � � � agm�1aÞÞ� rankðag1a � � � agmaÞ ¼ kS

and in fact rankððag1a � � � agm�1aÞgmðag1a � � � agm�1aÞÞ ¼ kS, as kS is the smallest rank possible. Hence Q is
non-empty. Let q 2 Q be of minimal rank. We claim that q satisfies the desired property.

By definition of Q, rankðqÞ[ kS and there exists h 2 G, with rankðqhqÞ ¼ kS. Let g 2 G. If
rankðqgqÞ[ kS, then rankððqgqÞhðqgqÞÞ ¼ rankðqgðqhqÞgqÞ� rankðqhqÞ ¼ kS. As above, it follows that
rankððqgqÞhðqgqÞÞ ¼ kS. Thus qgq 2 Q and as q has minimal rank in Q, rankðqgqÞ ¼ rankðqÞ. The result
follows. h

Corollary 3.2 If q, h satisfy the condition of lemma 3.1, then hG; qhqi is a completely regular semigroup.

Proof Since rankðqhqÞ ¼ kS, then rankððqhqÞgðqhqÞÞ ¼ rankðqhqÞ for all g 2 G. Thus hG; qhqi is a
completely regular semigroup.

Theorem 3.3 Let G be a transitive imprimitive group on Xn and a 2 Tn be a transformation whose kernel
is a non-uniform partition. Let X be the set of all systems of blocks of G.

(1) If there exists R 2 X such that Ai � Dg for all Ai 2 kerðaÞ and Dg 2 R, then hG; ai is a non-
synchronizing semigroup and kerðqhqÞ ¼ R for R 2 X.

(2) Suppose that there is A 2 kerðaÞ such that A*D for all blocks D of G. If hG; ai is a non-synchronizing
semigroup, then jAi \ Dgj ¼ 1 for all Ai 2 kerðqhqÞ and all g 2 G.

Proof

(1) By the result of Theorem 2.7 in [4], hG; ai is a non-synchronizing semigroup. By Lemma 2.3 and
Corollary 3.2, we can find that kerðqhqÞ ¼ R for R 2 X.

(2) Since there is A*D for all blocks D of G and ker(qhq) is uniform, then a block of ker(qhq) is either a
block of kerðaÞ or a union of blocks from kerðaÞ. By Lemma 2.3 and Corollary 3.2, since hG; ai is a
non-synchronizing semigroup, then jAi \ Dgj ¼ 1 for all Ai 2 kerðqhqÞ and all g 2 G.

h

Note that, from Corollary 3.2, we find that ker(qhq) is a G-non-synchronizing partition as witnessed by the
section im(qhq). Meanwhile, by Theorem 3.3, there are two kinds of G-non-synchronizing partitions for a
transitive imprimitive group G, but ker(qhq) is the only G-non-synchronizing partition for the semigroup
hG; ai.

Now we make an assumption that G is a transitive imprimitive group with mðGÞ ¼ 2 and MðGÞ� 1=2
and q is a G-regular partition of Xn as witnessed by a section T. Further, suppose that Cq is vertex-transitive
and Cq is the complement of CT .

The following lemma is a direct consequence of mðGÞ ¼ 2.

Lemma 3.4 Suppose that T � Xn is a G-regular section for two non-synchronizing partitions q and r. If
x 6¼ y and y 2 ½x�q \ ½x�r, then ½x�q ¼ ½x�r
Proof Since Cq (Cr) is the complement of CT , Cq (Cr) is vertex-transitive and mðGÞ ¼ 2, then
½x�q ¼ Cq½x� \ Cq½y� ¼ ½x�r. h

Remark 3.5 The result of Lemma 3.4 need not be true when Cq (Cr) is not vertex-transitive. Let G ¼
hð1; 9Þð2; 10Þð3; 11Þð4; 12Þð5; 14Þð6; 13Þð7; 16Þð8; 15Þ; (1, 5)(2, 6)(3, 16)(4, 15)(7, 11)(8, 12)(9, 14) (10,
13), ð1; 8; 6; 11Þð2; 7; 5; 12Þð3; 9; 15; 13Þð4; 10; 16; 14Þi (TransitiveGroup(16, 2) in GAP [6]). Suppose that
q ¼ f½1; 2; 5; 6�; ½3; 4; 15; 16�; [7, 8, 11; 12�; ½9; 10; 13; 14�g and r ¼ f½1; 5; 9; 14�; ½2; 6; 10, 13], [3, 7, 11,
16], [4, 8; 12; 15�g are two non-synchronizing partitions for G as witnessed by the same section

T ¼ f1; 4; 7; 13g. But, as mðGÞ ¼ 2, the result in Lemma 3.4 is false.

The next two results will show that if the semigroup hG; ai is non-synchronizing, then the transformation
q will take a special form.
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Lemma 3.6 If kS [ 1, then for any g 2 G, a block of ker(qgq) is either a block of ker(q) or a union of
singleton blocks from ker(q).

Proof For q satisfying the condition of Lemma 3.1, if rankðqgqÞ ¼ kS for g 2 G, then the result being
trivially true otherwise. Let A1 and A2 be distinct blocks of ker(q) such that A1 [ A2 is contained in a block B
of ker(qgq), say A1q ¼ fa1g and A2q ¼ fa2g with a1 6¼ a2.

As kS [ 1, fB;Xn � Bg is a partition of Xn. Since B is not a block of G, then there exists an h 2 G such
that a1h 2 B and a2h 62 B. Note that for any a 2 G, im(qgq)a is a section for both ker(qgq) and ker(qhqgq)
(otherwise, qgqaqhqgq would have rank smaller that qgq). So, by the previous lemma, we know that any
two blocks of ker(qgq) and ker(qhqgq) that have two elements in common must agree.

However, the A1-block of ker(qgq) contains A2 while the A1-block of ker(qhqgq) dose not. Hence A1

cannot contain two elements and must be a singleton. The general result follows by symmetry. h

Lemma 3.7 Let kS [ 1. Then the partition ker(q) consists of r sets of order 1, and s sets of order p [ 1,
such that r is a multiple of p, r\sp, r� 1, s� 1.

Proof For qgq as above, rankðqgqÞ ¼ kS. In order for qgq to have smaller rank then q, only singleton
classes of ker(q) can form larger blocks of ker(qgq) by the previous lemma. As ker(qgq) is uniform (see
Theorem 2.1 in [2]), the non-singleton classes must have the same size, say p. Moreover, the singletons must
combine in multiples of p. As q is non-uniform we also get that s; r� 1.

Since kerðqgqÞð¼ qÞ is a G-non-synchronizing partition as witnessed by the section imðqgqÞð¼ TÞ and
we have assumed that Cq is the complement of CT , then the singleton classes of ker(q) which are not in a
same block of G can form larger blocks of ker(qgq). Now pick an element d 62 imðqÞ and an image f of a
non-singleton block of ker(q). It is easy to find that d and f are not in a same block of G. Then there is h 2 G
be such that dh is in the union of the singleton classes of ker(q) and fh is in its complement. Note that
rankðqhqÞ\rankðqÞ as dhq 62 imðqhqÞ, and hence rankðqhqÞ ¼ kS. However this require that h maps all
images of singleton classes into non-singleton classes (of ker(q)). As h also maps f into this set, if follows
that r is strictly less than sp. h

Now we are ready to prove our theorem.

Theorem 3.8 Let G be a transitive imprimitive group on Xn with mðGÞ ¼ 2 and MðGÞ� 1=2. If a 2 Tn is a
transformation where kerðaÞ is non-uniform and there is a non-singleton class A 2 kerðaÞ such that A*D
for all blocks D of G, then hG; ai is a synchronizing semigroup.

Proof Assume otherwise, that is, let kS [ 1 and q be a transformation satisfying the conditions of
Lemma 3.4 and Lemma 3.7. Suppose that rankðqgqÞ ¼ kS for g 2 G. Since kerðaÞ is non-uniform and there
is a non-singleton class A 2 kerðaÞ such that A*D for all blocks D of G, then jAi \ Dgj ¼ 1 for all
Ai 2 kerðqgqÞ and all g 2 G. Let ða; bÞ 2 kerðqgqÞ such that ða; bÞ 62 kerðqÞ. Let h 2 G satisfy aqh 2 B,
bqh 62 B for some block B of ker(qgq).

Consider the functions qhqgq and qgq, both of rank kS. Note that im(qgq) must ba a G-regular section for
both ker(qhqgq) and ker(qgq). All non-singleton blocks of ker(q) are in ker(qgq) by Lemma 3.6. The same
holds for ker(qhqgq), as it needs to be uniform and contained in ker(q).

By Lemma 3.7 we have that the number of these blocks is larger than kS=2. Our assumption MðGÞ� 1=2
now shows that kerðqgqÞ ¼ kerðqhqhqÞ. However, it is easy to check that ða; bÞ 62 kerðqhqqqÞ.

Hence kS ¼ 1 and hG; ai is a synchronizing semigroup. h

The parameter m(G) induces an hierarchy on transitive imprimitive groups. We hope that this hierarchy
helps classifying the pair ðG; aÞ such that the semigroup hG; ai is synchronizing where G is transitive
imprimitive and a is a non-invertible transformation. In [7], we have proved that mðGÞ ¼ 2 implies MðGÞ ¼
0 for G being primitive. This need not be true when G is transitive imprimitive (Since a G-non-synchro-
nizing partition might be contained in a system of blocks of G.). At last, we give some examples of
imprimitive groups with mðGÞ ¼ 2.

Example 3.9 Suppose that G are imprimitive groups on Xn (n\16). Then G is mðGÞ ¼ 2.

(1) n ¼ 4, G ffi Cð4Þ;Dð4Þ;
(2) n ¼ 6, G ffi F18ð6Þ;F18ð6Þ : 2;F36ð6Þ;F36ð6Þ : 2;
(3) n ¼ 8, G ffi Eð8Þ : A4; 1=2½Eð4Þ2 : S3�2;Eð8Þ : S4; ½Að4Þ2�2; ½1=2:Sð4Þ2�2; 1=2½Sð4Þ2�2,½Sð4Þ2�2;

123

820 W. Li, X. Li



(4) n ¼ 10, G ffi ½52�2; ½1=2:Dð5Þ2�2; 1=2½Dð5Þ2�2; ½52 : 4�2; ½52 : 4�22; ½52 : 42�2; ½52 : 42�22,½Dð5Þ2�2; ½1=2:

Fð5Þ2�2; 1=2½Fð5Þ2�2; ½Fð5Þ2�2; ½Að5Þ2�2; ½1=2:Sð5Þ2�2; 1=2½Sð5Þ2�2; ½Sð5Þ2�2;
(5) n ¼ 12, G ffi M10ð12Þ;PGLð2; 9Þð12Þ;M10:2ð12Þ; ½Lð6Þ2�2; 1=2½ðLð6Þ : 2Þ2�2; ½1=2:ðLð6Þ : 2Þ2�2,½ðL

ð6Þ : 2Þ2�2; ½Að6Þ2�2; ½1=2:Sð6Þ2�2; 1=2½Sð6Þ2�2; ½Sð6Þ2�2;
(6) n ¼ 14, G ffi ½72�2; 1=2½Dð7Þ2�2; ½1=2:Dð7Þ2�2; ½72 : 3�2; ½72 : 33�2; L7 : 2ð14Þ; ½Dð7Þ2�2; ½1=6�:F42 ð7Þ2�

22; ½1=6þ:F42ð7Þ2�22; ½72 : 6�2; ½72 : 63�2; 1=2½1=2:F42ð7Þ2�2; ½Dð7Þ2 : 33�2; ½Dð7Þ2 : 3�2; ½Dð7Þ2 : 3�2;
1=2½F42ð7Þ2�2; ½1=2:F42ð7Þ2�2; ½F42ð7Þ2�2; ½Lð7Þ2�2; ½Að7Þ2�2; 1=2½Sð7Þ2�2; ½1=2:Sð7Þ2�2; ½Sð7Þ2�2:
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5. J. Araújo, J. P. Araújo, P. J. Camerron, T. Dobson, A. Hulpke and P. Lopes. Imprimitive permutations in primitive groups,

Journal of Algebra, 486(2017), 396-416.
6. The GAP Group: GAP-Group, and Semigroup, Version 4.7.7 of 13-Feb-2015.(www.gap-system.org)
7. Wangwei Li and Xianhua Li, On two problems of almost synchronizing groups, Theoretical Computer Science, 707(2018),

94-95.

123

Imprimitive groups synchronizing a transformation... 821



<<
  /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


		2021-12-20T15:13:00+0530
	Preflight Ticket Signature




