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Abstract: In this article, we consider some types of derivations in Banach algebras. In detail, we investigate the
question of whether the superstability can be achieved under some conditions for some types of derivations,
such as Jordan derivations, generalized Lie 2-derivations, and generalized Lie derivations.
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1 Introduction

Let A be an algebra, not necessarily with unit e, with center Z(A). For all x,y € A, the symbol [x, y] will
denote the commutator xy — yx and the symbol x - y will write the anticommutator xy + yx. A derivation is an
additive mapping 6 : A — A satisfying §(xy) = §(x)y + x6(y) for all x,y € A. A Jordan derivation is an
additive mapping § : A — A satisfying §(x ° y) = 6(x)° y + x » §(y) for all x,y € A. This concept has
been generalized in many ways. For example, a Lie derivation defined as an additive mapping § : A - A
satisfying &([x, y]) = [6(x), y] + [x, §(y)] for all x,y € A. In addition, an additive mapping & : A - A is
called linear if §(tx) = t§(x) for all x € A and all t € C.

A type of stability was studied by Bake et al. [1]. Indeed, they proved that if a function is approximately
exponential, then it is either a true exponential function or bounded. Then the exponential functional equation
is said to be superstable. It was the first result concerning the superstability phenomenon of functional
equations. Baker [2] generalized this result as follows: Let (S, -) be an arbitrary semigroup, and let f map S
into the field C. Assume that f is an approximately exponential function, i.e., there exists a nonnegative number
& > 0 such that

If O ) = FOOf Wl < &,

for all x,y € S. Then fis either bounded or exponential.

Later, the superstability for derivations between operator algebras was investigated by Semrl [3]. Badora
presented the stability concerning derivations in [4]. The study of the stability mentioned earlier has its origin
in the famous talk of Ulam [5]. Hyers [6] had answered affirmatively the question of Ulam for Banach spaces.
After then, many authors have generalized Hyers’ result; see, for example, [7-9]. A great amount of subsequent
studies of stability to various functional equations involving derivations are still being done. The main
objective of the present article is to investigate some types of derivations in Banach algebras. We first try
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to prove some theorems related to superstability of these derivations in Banach algebras. In addition,
we considered the continuity of these derivations.

2 Jordan derivations

In this article, we set T, = {e?® : 0 < 0 < &} for a given £ > 0. As an example of a Jordan derivation in Banach
algebra, we can consider the following:

Let A = My(C) be the Banach algebra of all 2 x 2 upper triangle matrices over the complex field C.
We define amap 6§ : A —> A by

ab

600

_ (o b
0 of
Then, we see that § is a Jordan derivation.

Next, we introduce the following lemma necessary to prove theorem on Jordan derivations.

Lemma 2.1. Let L be a linear mapping on a Banach algebra A and let T and § be mappings such that
Lxey)=T(X)ey+x0°8@) foralx,y€ A. 2.1
If A is semiprime, then T and § satisfy

() - tr(x) € Z(A), X +Y) - () — 1Y) € Z(A) (X,y € A, t € C),
8(tx) - t800) € Z(A),  S(x +y) - 8() - 8(y) € Z(A) (x,y € A, t € C).

In particular, if A has a unit, the mappings T and § are linear.

Proof. It follows from (2.1) that fort € C and all x,y € A4,
tr(x)e y + tx ° 8() = tLx ° y) = LOx ° ) = tr(x)° y + X ° 8(ty).

Hence, we have

X o(t6(y) - 6(ty)) =0 forall x,y € A, 2.2)
which gives that
x(t5(y) - 6(ty)) = -(t6(y) - 8(ty))x forall x,y € A. (2.3
By substituting wx in place of x in equation (2.2) and using (2.3), we obtain
wix, té(y) - 6(ty)] = 0, 24

that is, [x, t6(y) — &(ty)] lies in the right annihilator ran(A) of A. If A is semiprime, we have from (2.4) that
[x, t8(y) = 8(ty)] = 0. So we arrive at §(ty) - t6(y) € Z(A). If A has a unit, set x = e in (2.2). Then §(ty) =
t6(y) is true.

In view of (2.1), we have

Ly +z) =10y +1(0)°z+x°68Qy+2). 2.5
Again, by (2.1) and additivity of £, we obtain
Lxey+2))=Lixeoy)+ Lxez)=1(X)ey+1(0)°z+x°(6Y) + 6(2)). 2.6)
By combining (2.5) and (2.6), we see that
x (8@ +2) - (6(y) + 6(2))) = 0. @7
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By using (2.7), we obtain similar results to (2.3) and (2.4). As a result, if A is smiprime, then we have
8(y +2) - 6(y) - 8(z) € Z(A). Moreover, if A contains the unit, then we have §(y + z) = §(y) + 6(2).
It can be proved in a similar way for 7. The lemma is completely established. O

Bhushan et al. [10] introduce the notion of centrally-extended Jordan derivation (CE-Jordan derivation)
of a ring A as a mapping § : A —» A satisfying

Sx+y)-6(x)-6(@y) €Z(A) foral x,y € A,
S(xey)-8(x)ey—x-°8y)E€Z(A) forall x,y € A.

In [10, Lemma 3.4], it is proved that if A is a 2-torsion free ring with no nonzero central ideals, then every CE-
Jordan derivation is additive. Due to this fact and Lemma 2.1, we obtain the following result.
Theorem 2.2. Let A be a semiprime Banach algebra with no nonzero central ideals. Assume that mappings
O:AxA-[0,0)and ¢ : A x A - [0, o) satisfy
@ olx,y) = Z] 02]@(21x 2Jy) < w0 (x,y € A),
@) LMoo (2%, ) = iMooz (X, 2) = 0 (X, y € A).
Suppose that § : A - A is a mapping subjected to
I6(x +y) = 6(x) = (Il < 2%, y) (x,y € A), 2.8)
[6(x e y) =800y —x 6O < o(x,y) (x,y € A). 2.9

Then § is a Jordan derivation. Moreover, § is a derivation.

Proof. It follows from (2.8) and the Gavruta theorem [8] that there exists a unique additive mapping

L: A - A satisfying ||6(x) - LX) < %a(x, x) for all x € A. In this case, the mapping L is defined as
follows:

forall x € A. (2.10)

n
£00) = lim 2&X)
n-eo 2"
We then have by (2.9) that

1L e y) = LOOey = x o LY = 11m—llfff(Z”X ° 2ly) = 8(2"x) e 2y - 2"x 52"yl

22n
< hm ﬁw(Z"x 2ny) =
which implies that
L(Xeoy)=L(X)ey+xe L(y) forall x,y € A. 2.11)

By (2.9), we see that
o1
LG y) = LX)y = x ° W)l = 111152 Z—nll5(2"x °y) = 8(2M) ey = 2 ° S|
< lim Zinq)(Z”x,y) =0

Hence, we obtain
L(xey)=L(X)ey+xe8y) foral x,y € A. (2.12)
So, by virtue of Lemma 2.1, we find that

Sx+y)-6(x)-6@y) €Z(A) forall x,y € A. (2.13)
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By combining (2.11) and (2.12), we obtain
xeo L(y)=x°6() foral x,y € A. (2.14)

But then, we found that

o1
I£0ce y) =800y = x o LI = Um o fI50x » 2%) = §(x) 2y = x = 5@yl

IN

1
}Ilggo gfp(x, 2"y) = 0.

This gives that
L(Xeoy)=8x)ey+xe° L(y) forall x,y € A. (2.15)
Considering (2.11) and (2.15), we are lead to
L(X)ey=8(x)ey forall x,y € A. (2.16)
Therefore, with the help of (2.14) and (2.15), we figure out that
L(Xxoy)=8x)ey+x-°8y) foral x,y € A. 2.17)
The expression (2.16) can be represented as follows:
(L(x) - 8(x))°ey=0 forall x,y € A. (2.18)
By replacing y by yw in (2.18) and using (2.18), we obtain
[£L(X) - 6(x),ylw=0 forall x,y,w € A.

That is, [£L(x) = 8§(x), y] lies in the left annihilator lan(A) of A. The semiprimeness of A implies that
[L(x) - §(x), y] = 0. So we have

[£(X),y] = [6(x),y] forall x,y € A. (2.19)
By applying (2.17) and (2.19), we yield that [6(x ° y) = §(x)° y — x ° §(y), z] = 0, that is,
§xey)=80)ey-x-°6(y)€Z(A) foral x,y € A. (2.20)

Then, due to (2.13) and (2.20), we see that the mapping § is a CE-Jordan derivation. So, based on [10, Lemma
3.4], § is additive, hence the relation (2.10) forces to § = L. Therefore, by referring (2.17), we conclude that

S(xoy)=8(x)ey+x-°8(y) foral x,y € A.

Consequently, § is a Jordan derivation. Moreover, since A is semiprime, § is a derivation [11]. This proves the
theorem. O

To prove the next corollary, we will use the following well-known results [12,13]. Note that semisimple
algebras are semiprime and that any linear derivation on a semisimple Banach algebra is continuous.

Corollary 2.3. Let A be a semisimple Banach algebra with no nonzero central ideals. Assume that mappings
O AxA-[0,0)and g : A x A — [0, ) satisfy the assumptions of Theorem 2.2. Suppose that § : A - A
is a mapping such that

I8(tx + ) - 1500 - 6] < B(x.y) (x,y € A, tET), @21)

together with (2.9). Then § is a continuous derivation.
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Proof. We first consider ¢ = 1 in (2.21). According to Theorem 2.2, we see that § is a derivation.
Inequality (2.21) yields that for all x € A and allt € T,
1 _ L1 _ _
[[£(tx) = tLO)|| = lim §||6(2"tx) - 2t6(2")|| < lim FQJ(Z" Ix, 271x) = 0,
n—oo n—oo

where the mapping £ is defined as (2.10). Hence, we have L(tx) = t£(x). Then the mapping £ is linear (refer
to [14]). Therefore, since § = £, the derivation § is also linear. The semisimplicity of A ensures that § is
continuous. This completes the proof of the corollary. O

3 Generalized Lie 2-derivations and generalized Lie derivations
We first prove Lemma 3.1 for the proof of Theorem 3.2 concerning generalized Lie 2-derivations.

Lemma 3.1. Let A be a Banach algebra and let L : A — A be a linear mapping. Suppose thatt : A - A and
6 : A —~ A are mappings such that

LA,y = [t(x), y] + [x, 6()]  for all x,y € A. 31
If Z(A) = {0} holds, then the mappings T and é are linear.

Proof. For all x,y € A and allt € C,

e, y] + [x, 6(ty)] = L(Ix, tyD) = tL(x, y]) = t{r(x), y] + [x, t6()].
Then 6 satisfies the equation [x, §(ty) — t6(y)] = 0, that is,
6(tx) - t5(x) € Z(A) (x €A, tE€C).
We now have from (3.1) that
Lx,y +z]) = [t1(x),y + z] + [x, 6(y + 2)]. (3.2
On the other hand, if we calculate in a different way, we obtain
Lx,y +z]) = LXx,yD + L(x, z]) = [t(x0),y + z] + [x, 6(y) + 6(2)]. 3.3)
By combining (3.2) and (3.3) gives [x, §(y + z) - §(y) - 6(z)] = 0, which forces to
S(x+y) - 8(x) - 8(y) EZ(A) (x,y € A).
It can be similarly proved that 7 also satisfies the following relation:
o(t0) - tr(x) € Z(A), Tx +y) - () - T(y) € Z(A) (x,y € A, L EC).
Therefore, if Z(A) = {0}, then 7 and 6 are linear, which is the assertion of Lemma. O
A generalized Lie 2-derivation &, : A — A associated with the Lie derivation §; means that A generalized
Lie 2-derivation &, : A — A is a linear mapping satisfying So([x, y]) = [So(x), y] + [x, §1(y)] for all x,y € A,

where 6, : A — A is a Lie derivation, that is, §; is a linear mapping such that §;([x, y]) = [61(x), y] + [x, 6:(¥)]
for all x,y € A, see to paper [15,16].

Theorem 3.2. Let A be a Banach algebra. Assume that mappings ® : A x A - [0, ®), ¢, : A x A - [0, »)
and ¢, : A x A — [0, o) satisfy

D o(x,y) = Yy ®(2x, 2y) < @ (x,y € A),

@) iMoo 02X, ) = LMoy (X, 279) = 0 (K = 0,1, X,y € A).

Suppose that 8§ : A > A and 8, : A — A are mappings such that for each k = 0, 1,

||6k(tX + 0’) - t(Sk(X) - t6k()))|| < q)(X:_y) (X)y € ﬂ: te —HS) (34)
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and the following inequalities
160([x, ¥D) = [60(¥), ¥1 = [X, 61V < @o(x, ) (X, y € A), 3.5
161(1x, y1) = [6:00, ] = [x, &Il < 9%, y) (X, y € A). 3.6)

If Z(A) = {0}, then &, is a generalized Lie 2-derivation associated with the Lie derivation &;.

Proof. Employing the same method as in the proof of Corollary 2.3, for each k = 0, 1, there exists a unique
linear mapping Ly : A — A satisfying ||6x(x) — Lx(X)|| < %o(x, x) for all x € A, where the mapping L
is defined as (2.10).

It follows from (3.5) that

1
Lol YD) = [Lo), y1 = Ix, LI = Lim =571180([2"x, 2y 1) = [60(2%), 2] = [2"%, 612 Y)I
< rlgg z—in(po(znx, 2hy) = 0.

This means that
Lollx, yD) = [LoC0), y] + [x, Li(y)] forall x,y € A. 3.7
Moreover, we have by (3.5) that

1
ILo(lx, YD) = [LoX), y1 = [x, )N = Lim 27 160([2%, Y1) = [60(2"x), y] = 2%, i)
< lim %gpo(znx,y) =0,
which implies that

Lo(lx,y]) = [Lo0O, ] + [x, 6:(y)]  forall x,y € A. 38)

It follows from (3.5) that
1
1-Lo([x, ¥ = [600), ¥1 = [x, LI = ,IH?OEHSO([X’ 2y]) = [60(27x), 2"y] = [2"x, 812"W)]||
< lim %(po(x, 2"y) = 0.

Hence, we have
Lo([x,¥]) = [66(x),y] + [x, L(y)] forall x,y € A. (3.9

Expressions (3.8), (3.9), and Lemma 3.1 ensure that §; and &; are linear. Then by (2.10), we are lead to §;, = Lo
and 6; = £;. Thus, we obtain by (3.7) that

So([x, y1) = [8000), ¥] + [x, 6:(y)] forall x,y € A.

The following equation &;([x, y]) = [81(x), ¥] + [x, 61(y)] can be proved in a similar way to the one proved
above. Hence, &, is a Lie derivation. Therefore, &, is a generalized Lie 2-derivation associated with the Lie
derivation ;. This completes the proof. O

We consider the following property regarding Lie derivations.

Theorem 3.3. Let A be a semisimple Banach algebra. Assume that mappings ® : A x A — [0, ®) and
A x A - [0, ») satisfy the assumptions of Theorem 3.2. Suppose that § : A — A is a mapping subjected
to the inequality (2.21) and

||[5([X,)’]) - [5(X),)’] - [X? 6()))]” < q)(XJ)
forallx,y € A. If Z(A) = {0}, then § is a continuous Lie derivation.
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Proof. By similar approach to the proof of Corollary 2.3 and Theorem 3.2, we can see that § is a Lie derivation.
Also, it is known that every Lie derivation on a semisimple Banach algebra A is continuous if Z(A) = 0 (refer
to [17]). Therefore, we complete the proof. O

The concept of generalized Lie derivation can be found in [15,16]: A linear mapping &, : A — A is called
a generalized Lie derivation with the associated derivation 6, if there exists a derivation §; : A — A such that

So([x, y]) = So(x)y = So(¥)x + x61(y) — ybi(x) forall x,y € A. (3.10)

For an example of a generalized Lie derivation in Banach algebra, we have the following:
Let A = M,(C) be the Banach algebra of all 2 x 2 upper triangle matrices over the complex field C.
We define a map 8y : A — A by

ab
0 c

8o 0 0

a Zb]
Then, we see that &, is a generalized Lie derivation with an associated derivation &§;, where 6, is a map

defined hy
[ l

Note that the definition of the generalized Lie derivation should not be confused with the concept of the
generalized Lie 2-derivation. Now we consider superstability of generalized Lie derivation.

ab

510(:

Theorem 3.4. Let A be either a semiprime Banach algebra or a unital Banach algebra. Assume that mappings
Q:AxA-[0,0), gp: AXxA—[0,0) and ¢, : A x A — [0, ») satisfy the assumptions of Theorem 3.2.
If§y: A > A and 8 : A » A are mappings such that the inequality (3.4) and

160(1x, 1) = So(X)y + o)X = X81(y) + Y6100l < 9p(x,y) (X, y € A), (G.11)
16:xy) = 81()y = X6 (W)l < (%, y) (X, y € A) (3.12)

are fulfilled, then &, is a generalized Lie derivation associated with the derivation ;.

Proof. As we did in the proof of Corollary 2.3, for each k = 0,1, there exists a unique linear mapping
Ly : A — A satisfying ||6x(x) - Li(X)|| £ %o(x, x) for all x € A. Here, the mapping L is defined as (2.10).
It follows from (3.11) that

1Lo([x, y]) = So(X)y + Lo(y)x — xLy(y) + y&1 (X))l
1
= }11525”50([& 2"y]) = 2M8p(x)y + So(2"y)x — x61(2"y) + 2MySi(x)||

IA

o1
lim -, 0x, 2) = 0.

Hence, we figure out that
Lo([x, y]) = So(x)y — Lo¥)x + xLy(y) - y&1(x) forall x,y € A. (3.13)

On the other hand, in view of (3.12), we see that

1
1£100) = Ly = x& )l = Lim 2716:(2%y) = 6:(2x)y = 2'%6: ()l

IA

1
,1,152 g(pl(z"x, y) =0,

which implies that
Li(xy) = Li(x)y + x61(y) forall x,y € A.
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Then we have by [18, Lemma 2.1] that &, is linear. Considering (2.10) gives §; = £; and then, 6, is a derivation.
Equation (3.13) can be expressed as follows:

Lo([x, y]) = So(x)y = Lo()x + x61(y) - y&1(x) forall x,y € A. (3.14)
Hence, by linearity of §;, we obtain
Lo([tx,y]) = So(tx)y = tLoY)X + tx81(y) ~ tySi(X) (3.15)
for all x,y € A and all t € C. Furthermore, due to (3.14), we have
Lo([tx, y]) = tLo([x, y]) = t&(X)y = tLoY)xX + tx61(y) =~ tyi(x) (3.16)
for all x,y € A and all t € C. By combining (3.15) and (3.16), we are lead to
(6o(tx) = t6C))y =0 (x,y € A, t € C). (317

This means that &(tx) — t6o(x) lies in the left annihilator lan(A) of A. If A is semiprime, expression (3.17)
ensures that §o(tx) = t6y(x). If A has a unit, set y = e in (3.17). Then we arrive at §y(tx) = t5o(x).
But then, we have by (3.14) and by additivity of &;, that

Lo([x +z,y]) = Solx + 2)y = Lo()x = Lo(Y)z + x8:(y) + 261(y) ~ y61(X) = y61(2). (3.18)
Another way to compute this is

Lo([x + z,y]D) = Lo([x,¥D + Lo([2,y])

(3.19)
=8o(x)y = Lox + x61(y) — y&1(x) + 8o(2)y — Lo(y)z + z61(y) — y81(2).
Combining (3.18) and (3.19) yields
(So(x +2) = 8o(x) = 8p(2))y =0 forall x,y € A. (3.20)

That is, §o(x + z) = §o(x) — 8p(z) lies in the left annihilator lan(A) of A. If A is semiprime, then by (3.20),
6 satisfies §p(x + z) = §y(x) + 6p(2). If A has a unit, let y = e in (3.20). Then So(x + z) = p(x) + 8o(2).

Thus, & is linear, hence we are forced to conclude that §, = £,. Therefore, expression (3.14) guarantees
that &, satisfies (3.10). Consequently, &, is a generalized Lie derivation with the associated derivation &;.
The theorem is proved. O

Acknowledgment: We would like to thank reviewers for taking the time and effort necessary to review
the manuscript. We sincerely appreciate all valuable comments and suggestions, which helped us to improve

the quality of the manuscript.

Funding information: This work was supported by the National Research Foundation of Korea (NRF) grant
funded by the Korea government (MSIT) (No. 2021R1A2C109489611).

Author contributions: All authors contributed to the writing, review, and editing of this paper. All authors
have accepted responsibility for the entire content of this manuscript and consented to its submission to the
journal, reviewed all the results, and approved the final version of the manuscript.

Conflict of interest: The authors state no conflict of interest.

Data availability statement: No data were gathered for this article.



DE GRUYTER On superstability of derivations in Banach algebras =—— 9

References

[11 J. A. Baker, J. Lawrence, and F. Zorzitto, The stability of the equation f(x + y) = f(x)f (y), Proc. Amer. Math. Soc. 74 (1979), 242-246.

[21 J. A. Baker, The stability of the cosine equation, Proc. Amer. Math. Soc. 80 (1980), 411-416.

[31 P.Semrl, The functional equation of multiplicative derivation is superstable on standard operator algebras, Integral Equations Operator
Theory 18 (1994), 118-122.

[4] R. Badora, On approximate derivations, Math. Inequal. Appl. 9 (2006), 167-173.

[51 S. M. Ulam, A Collection of the Mathematical Problems, Interscience Publishers., New York, USA, 1960.

[6] D. H. Hyers, On the stability of the linear functional equation, Proc. Natl. Acad. Sci. USA 27 (1941), 222-224.

[71  Z. Gajda, On stability of additive mappings, Int. ). Math. Math. Sci. 14 (1991), 431-434.

[8] P. Gavruta, A generalization of the Hyers-Ulam-Rassias stability of approximately additive mappings, ). Math. Anal. Appl. 184 (1994),
431-436.

[91 Th. M. Rassias, On the stability of the linear mapping in Banach spaces, Proc. Amer. Math. Soc. 72 (1978), 297-300.

[10] B.Bhushan, G.S. Sandhu, S. Ali, and D. Kumar, On centrally extended Jordan derivations and related maps in rings, Hacet. J. Math. Stat.
52 (2022), 1-13.

[11] M. BreSar and J. Vukman, Jordan derivations on semiprime ring, Proc. Amer. Math. Soc. 104 (1988), 1003-1006.

[12] F. F. Bonsall and J. Duncan, Complete Normed Algebras, Springer-Verlag, New York, 1973.

[13] B.E.Johnson and A. M. Sinclair, Continuity of derivations and a problem of Kaplansky, Proc. Natl. Acad. Sci. USA 90 (1968), 1067-1073.

[14]1 M. E. Gordji, Nearly involutions on Banach algebras; A fixed point approach, Fixed Point Theory 14 (2013), 117-124.

[15] D. Benkovi¢, Generalized Lie derivations of unital algebras with idempotents, Oper. Matrices 12 (2018), 357-367.

[16] B. Hvala, Generalized Lie derivations in prime rings, Taiwanese J. Math. 11 (2007), 1425-1430.

[17]1 M. L Berenguer and A. R. Villena, Continuity of Lie derivations on Banach algebras, Proc. Edinb. Math. Soc. 41 (1998), 625-630.

[18] H.-M. Kim and I.-S. Chang, Asymptotic behavior of generalized *-derivations on C*-algebras with applications, J. Math. Phys. 56

(2015), 1-7.



	1 Introduction
	2 Jordan derivations
	3 Generalized Lie 2-derivations and generalized Lie derivations
	Acknowledgment
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


