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Abstract A new loop algebra containing four arbitrary constants is presented, and the cor-
responding computing formula of constant γ in the quadratic-form identity is obtained in
this paper, which can be reduced to computing formula of constant γ in the trace identity.
As application, a new Liouville integrable hierarchy which possess bi-Hamiltonian structure
and generalized Burgers hierarchy are derived.

Keywords Loop algebra · Computing formula of constant γ · Quadratic-form identity

1 Introduction

Loop algebra Ã1 is used to constructing isospectral problem

{
ψx = Uψ, U,V ∈ Ã1, ψ = (ψ1,ψ2)

T ,

ψt = V ψ, λt = 0,
(1)

whose compatibility condition exhibits a zero-curvature equation

Ut − Vx + [U,V ] = 0 (2)
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and the stationary zero-curvature equation

Vx = [U,V ]. (3)

Some hierarchies, such as AKNS hierarchy, KN hierarchy, BPT hierarchy [1] and so
on [4–8], are derived with Ã1 by establishing linear isospectral problem. In the following,
we consider a general-form Lie algebra.

Set Vs to be an s-dimensional linear space with base e1, e2, . . . , es , and let

a =
s∑

i=1

aiei = (a1, a2, . . . , as)
T ,

b =
s∑

i=1

biei = (b1, b2, . . . , bs)
T

be two elements of Vs and define a commutation operation as

[a, b] =
s∑

i,j=1

aibj [ei, ej ] =
s∑

i=1

ciei = c = (c1, c2, . . . , cs)
T . (4)

It is easy to verify that Vs along with (4) becomes a Lie algebra.
A corresponding loop algebra Ṽs is presented with base and commutation operation re-

spectively as follows

ei(m) = eiλ
m, [ei(m), ej (n)] = [ei, ej ]λm+n,

i, j = 1,2, . . . , s, m,n = 0,±1,±2, . . . . (5)

The linear isospectral problem which is constructed by Ṽs can be taken as

{
ψx = [U,ψ], U,V,ψ ∈ Ṽs ,

ψt = [V,ψ], λt = 0,
(6)

from which, the zero curvature equations (2) and (3) are easy to be derived, and we should
define rank(U) and rank(V ) and let the two arbitrary solutions V1 and V2 of (3) with the
same rank have a linear relation

V1 = γV2, γ = const. (7)

For a, b ∈ Ṽs , s-order matrix R(b) is determined by

[a, b]T = aT R(b) (8)

and constant matrix F = (fij )s×s , is determined by

F = FT , R(b)F = −(R(b)F )T . (9)

We introduce quadratic-form identity functional

{a, b} = aT Fb, a, b ∈ Ṽs (10)
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and consider functional

W = {V,Uλ} + {�,Vx − [U,V ]},
U,V,� ∈ Ṽs (11)

which has the following variation constraint conditions

∇�W = Vx − [U,V ] = 0, (12)

∇V W = Uλ − �x + [U,�] = 0. (13)

Then, we obtain

[�,V ] − Vλ = γ

λ
V, γ = const. (14)

Suppose the above conditions hold, the following formula holds:

δ

δui

{V,Uλ} = λ−γ ∂

∂λ

(
λγ

{
V,

∂U

∂ui

})
, 1 ≤ i ≤ l, (15)

where γ is a constant to be determined. We call (15) the quadratic-form identity. It is worth-
while to mention that constant γ of (14) is the same as that of (15). In order to further discuss
matrix R(b) presented in the expression (9), we obtain the following results:

Definition Set Vs to be an s-dimensional linear space, and Ms a set of s × s matrices. Let
R be a linear operator from Vs to Ms and satisfy

R(RT (b)a) = [R(a),R(b)] = R(a)R(b) − R(b)R(a) ∀a, b ∈ Vs, (16)

then R is called a commuting operator on Vs . All the commutators on Vs constitute a set
denoted by K(Vs,Ms).

Vs is a Lie algebra with the commuting operation [a, b] if and only if there exists
R ∈ K(Vs,Ms), so that

[a, b]T = aT R(b). (17)

Let

b = (b1, b2, b3)
T ,

R(b) =
⎛
⎝ α1b2 + α2b3 β1b2 + β2b3 γ1b2 + γ2b3

−α1b1 + α3b3 −β1b1 + β3b3 −γ1b1 + γ3b3

−α2b1 − α3b2 −β2b1 − β3b2 −γ2b1 − γ3b2

⎞
⎠ ,

(18)

then R ∈ K(V3,M3) if and only if

⎧⎨
⎩

α2γ1 − α1γ2 = β1γ3 − β3γ1,

α2β1 − α1β2 = β3γ2 − β2γ3,

α3β1 − α1β3 = α2γ3 − α3γ2,

(19)

where αi, βj , γk are constants, i, j, k = 1,2,3.
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Consider

R∗(b) =
⎛
⎝ c1b2 −c2b3 c3b2

−c1b1 − c4b3 0 −c3b1 + c1b3

c4b2 c2b1 −c1b2

⎞
⎠ , (20)

where c1, c2, c3, c4 = const., c2
1 + c3c4 �= 0.

It is easy to verify that R∗ satisfies (19) and R∗ ∈ K(V3,M3). Furthermore, the com-
muting operation of R∗ is concise so that it is easy to be applied. The new loop algebra
engendered by R∗, is denoted by Ṽ ∗

3 . And taking

F =
⎛
⎝−c2c3 0 c1c2

0 c2
1 + c3c4 0

c1c2 0 c2c4

⎞
⎠ , (21)

we are easy to obtain the following results

F = FT , R∗(b)F = −(R∗(b)F )T (22)

and the quadratic-form functional

{a, b} = aT Fb = −c2c3a1b1 + c1c2a3b1 + c1c2a1b2 + c2c4a3b2 + (c2
1 + c3c4)a2b2,

a, b ∈ Ṽ ∗
3 . (23)

2 Computing Formula of Constant γ

In this section, in terms of loop algebra Ṽ ∗
3 , which brought from R∗(b) (20), we obtain the

corresponding computing formula of γ in the quadratic-form identity (15). Since constant γ

in (15) is the same as that in (14), we start from (14) to solve it. For

U = e0(λ) +
l∑

i=1

ei(λ)ui, {e0(λ), ei(λ),1 ≤ i ≤ l} ⊂ Ã1,

we should define the proper rank number denoted by rank(λ) and rank(ui) so that

rank(e0(λ)) = rank(ei(λ)ui) = α (1 ≤ i ≤ l)

and simultaneously we call U the same rank, i.e. rank numbers of U is α, denoted by

rank(U) = rank

(
d

dx

)
= α = const. (24)

Suppose that solution of (3) is given by

V =
(

v1 v2

v3 −v1

)
, vk =

∑
m≥0

vk,mλ−m, k = 1,2,3

and rank(vk,m) is defined so that

rank(vk,mλ−m) = ξ = const., k = 1,2,3, m ≥ 0,
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then V is called the same rank, denoted by

rank(V ) = rank

(
d

dt

)
= ξ. (25)

Lemma 1 Suppose that conditions (24, 25, 7) and (12) hold, and

V =
⎛
⎝v1

v2

v3

⎞
⎠ ∈ Ṽ ∗

3 , vk =
∑
m≥0

vk,mλ−m,

G(V ) = −c2c3v
2
1 + 2c1c2v1v3 + c2c4v

2
2 + (c2

1 + c3c4)v
2
2,

(26)

then the following equation holds

(G(V ))λ + 2γ

λ
G(V ) = 0, (27)

where constant γ in (27) is the same as that in (15).

Proof From the conditions of Lemma 1, we are easy to test that (14) holds and unknown
vector � (∈Ṽ ∗

3 ) exists, denoted by � = (η1, η2,η3)
T . Turning (14) into equation systems,

we read

c1v2η1 − (c1v1 + c4v3)η2 + c4v2η3 = v1λ + γ

λ
v1, (28)

−c2v3η1 + c2v1η3 = v2λ + γ

λ
v2, (29)

c3v2η1 + (c1v3 − c3v1)η2 − c1v2η3 = v3λ + γ

λ
v3. (30)

Let

(c1v3 − c3v1) × (28) + (c1v1 + c4v3) × (30),

then

v2(c
2
1 +c3c4)(v3η1 −v1η3) = 1

2
(2c1v1v3 +c4v

2
3 −c3v

2
1)λ + γ

λ
(2c1v1v3 +c4v

2
3 −c3v

2
1). (31)

Also let

−v2(c
2
1 + c3c4) × (29),

then

c2v2(c
2
1 + c3c4)(v3η1 − v1η3) = −v2(c

2
1 + c3c4)

(
v2λ + γ

λ
v2

)
. (32)

Comparing (31) with (32), we are easy to get the following results: (14) is solvable with
respect to � if and only if

1

2
(2c1v1v3 + c4v

2
3 − c3v

2
1)λ + γ

λ
(2c1v1v3 + c4v

2
3 − c3v

2
1)

−v2(c
2
1 + c3c4)

(
v2λ + γ

λ
v2

)
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that is

(G(V ))λ + 2γ

λ
G(V ) = 0. �

Remark 1 If G(V ) of Lemma 1 is taken as

G(V ) =
∑
m≥0

gmλ−m, (33)

then

gm = const., m ≥ 0.

We are easy to obtain (G(V ))x = 0 by turning [U,V ] = Vx into equation systems and using
of transformation which is the same as that in the proof of the lemma. Hence, gmx = 0,
gm = const.

Theorem 1 Suppose that conditions (24, 25, 7) and (12), then computing formula of con-
stant γ in the quadratic-form identity is obtained as follows

γ = −λ

2

d

dλ
ln |G(V )| (G(V ) �= 0). (34)

Proof It is easy to see that G(V ) is a unitary function with respect to λ and independent of x.
Also from Lemma 1, we know that (41) is convergence, that is G(V ) = g2γ λ−2γ , therefore

γ = −λ

2

d

dλ
ln |G(V )| (G(V ) �= 0). (35)

�

Remark 2 Theorem 1 is the main result in this paper, where G(V ) is the quadratic-
expression of V . It is not difficulty to find the highest power λ−m0 in the G(V ) so that
γ = m0

2 .

3 Application

Taking the following linear isospectral problem

{
ψx = [U,ψ], U,V, ψ ∈ Ṽ ∗

3 ,

ψt = [V,ψ], λt = 0,
(36)

where

U = (q, r − λ, s)T , V = (v1, v2, v3)
T , vk =

∑
m≥0

vk,mλ−m,

rank(λ) = rank(q) = rank(r) = rank(∂) = rank

(
d

dx

)
= 1. (37)

Solving

Vx = [U,V ] = (UT R∗(V ))T = (R∗(V ))T U, (38)
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we give rise to⎧⎪⎪⎨
⎪⎪⎩

v2,mx = −qc2v3,m + sc2v1,m,

c1v1,m+1 + c4v3,m+1 = v1,mx − qc1v2,m + rc1v1,m + rc4v3,m − sc4v2,m,

c1v3,m+1 − c3v1,m+1 = −v3,mx + qc3v2,m + rc1v3,m − rc3v1,m − sc1v2,m,

v2,0 = β, v1,0 = v3,0 = 0, v2,1 = 0, v1,1 = −βq, v3,1 = −βs,

(39)

and

rank(vk,m) = m (k = 1,2,3,m ≥ 0),

rank(V ) = rank

(
d

dt

)
= 0.

(40)

For arbitrary natural number n, denoting

V
(n)
+ =

n∑
m=0

⎛
⎝v1,m

v2,m

v3,m

⎞
⎠λn−m, V

(n)
− = λnV − V

(n)
+ ,

then (38) can be written as

−V
(n)
+x + [U,V

(n)
+ ] = V

(n)
−x − [U,V

(n)
− ], (41)

the terms on the left-hand side of (41) are of degree ≥ 0, while the terms on the right-hand
side of (41) are of degree ≤ 0. Therefore,

−V
(n)
+x + [U,V

(n)
+ ] = −

⎡
⎣

⎛
⎝1

0
0

⎞
⎠ ,

⎛
⎝v1,n+1

v2,n+1

v3,n+1

⎞
⎠

⎤
⎦ = −

⎛
⎝ 0

c1v1,n+1 + c4v3,n+1

c3v1,n+1 − c1v3,n+1)

⎞
⎠ .

Denoting V (n) = V
(n)
+ + �n,�n = (0, δn,0)T λ−n, the following zero-curvature equation

Ut − V (n)
x + [U,V (n)] = 0 (42)

gives the new Lax integrable system⎧⎨
⎩

qtn = c1v1,n+1 + c4v3,n+1 − qc11δn − sc4δn,

rt = δnx,

st = −c1v3,n+1 + c3v1,n+1 − qc3δn + sc1δn.

(43)

Case 1 Taking s = 0, δn = c3v1,n+1−c1v3,n+1
qc3

, hierarchy (43) was reduced to

⎧⎪⎪⎨
⎪⎪⎩

qtn = c2
1 + c3c4

qc2c3
v2,n+1x,

rtn =
(

c3v1,n+1 − c1v3,n+1

qc3

)
x

,

(44)

ut =
(

q

r

)
tn

=
⎛
⎝ c2

1+c3c4
qc2c3

v2,n+1x

(
c3v1,n+1−c1v3,n+1

qc3
)x

⎞
⎠

=
(

0 1
qc2c3

∂

∂ 1
qc2c3

0

)(
c2(c1v3,n+1 − c3v1,n+1)

(c2
1 + c3c4)v2,n+1

)
= J

(
c2(c1v3,n+1 − c3v1,n+1)

(c2
1 + c3c4)v2,n+1

)
. (45)
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Substituting v2,0 = β = const. �= 0, v2,0 = v1,0 = 0 into (26), we have

G(V ) = (c2
1 + c3c4)β

2

and

γ = 0. (46)

By making use of (15, 23) and (46), a direct calculation gives

δ

δui

− (c2
1 + c3c4)v2 = ∂

∂λ

{
V,

∂U

∂ui

}
, u1 = q,u2 = r,

(
δ
δq

δ
δr

)
= −(c2

1 + c3c4)v2 = ∂

∂λ

(
c2(c1v3,n+1 − c3v1,n+1)

(c2
1 + c3c4)v2,n+1

)
. (47)

Comparing the coefficient of λ−n−1 in (47) leads to

δ

δu
− (c2

1 + c3c4)v2,n+1 = −n

(
c2(c1v3,n+1 − c3v1,n+1)

(c2
1 + c3c4)v2,n+1

)
.

That is (
c2(c1v3,n+1 − c3v1,n+1)

(c2
1 + c3c4)v2,n+1

)
= δHn

δu
,

where

Hn = c2
1 + c3c4

n
v2,n+1 (n ≥ 1, c2 �= 0, c2

1 + c3c4 �= 0). (48)

Therefore, (45) can be written as

ut =
(

q

r

)
t

= J
δHn+1

δu
. (49)

From (39), an operator L meets

(
c2(c1v3,n+1 − c3v1,n+1)

(c2
1 + c3c4)v2,n+1

)
= L

(
c2(c1v3,n − c3v1,n)

(c2
1 + c3c4)v2,n

)
,

where

L = 1

c2
1 + c3c4

(
(c2

1 + c3c4)r qc2c3 + ∂ 1
q

(c2
1 + c3c4)∂

−1q∂ −(c2
1 + c3c4)∂

−1r∂

)
. (50)

We observe that

JL = L∗J. (51)

Hence, (45) can be written again as

ut =
(

q

r

)
t

= J
δHn+1

δu
= JLn

(
c2c3βq

0

)
(n ≥ 0). (52)
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From (51), it is not difficulty to verify that Hamiltonian functions Hl (l ≥ 1) in (52) are
involutive each other and each Hl (l ≥ 1) is the common conserved density of (52). There-
fore, the hierarchy (52) is a Liouville integrable hierarchy. Furthermore, hierarchy (54) was
reduced to Burgers hierarchy [2] when taking c1 = 0, c2 = c3 = c4 = 1. Hence, (52) is a
new integrable hierarchy, we call it generalized Burgers hierarchy. Especially, when n = 2,
hierarchy (52) was reduced

qt = −β

(
rqx + (qr)x − qxx

q
− rx

q

)
,

qt = −β

(
r2 − 1

2
q2 + qxx

q
+ rx

q

)
x

.

Let q = 1, β = −1, we obtained well-known equations

rt = rxx + 2rrx.

Case 2 Taking r = 0, δn = 0, hierarchy (43) was reduced to
{

qtn = c1v1,n+1 + c4v3,n+1,

stn = −c1v3,n+1 + c3v1,n+1,
(53)

ut =
(

q

s

)
tn

=
(

c1v1,n+1 + c4v3,n+1

−c1v3,n+1 + c3v1,n+1

)

=
(

0 1
c2− 1

c2
0

)(
c2(c1v3,n+1 − c3v1,n+1)

c2(c4v3,n+1 + c1v1,n+1)

)
= J

(
c2(c1v3,n+1 − c3v1,n+1)

c2(c4v3,n+1 + c1v1,n+1)

)
. (54)

Substituting v2,0 = β = const. �= 0, v2,0 = v1,0 = 0 into (26), we have

G(V ) = (c2
1 + c3c4)β

2

and

γ = 0. (55)

By making use of (15, 23) and (55), a direct calculation gives

δ

δui

− (c2
1 + c3c4)v2 = ∂

∂λ

{
V,

∂U

∂ui

}
, u1 = q,u2 = r,

(
δ
δq

δ
δs

)
− (c2

1 + c3c4)v2 = ∂

∂λ

(
c2(c1v3,n+1 − c3v1,n+1)

c2(c4v3,n+1 + c1v1,n+1)

)
. (56)

Comparing the coefficient of λ−n−1 in (56) leads to

δ

δu
− (c2

1 + c3c4)v2,n+1 = −n

(
c2(c1v3,n+1 − c3v1,n+1)

c2(c4v3,n+1 + c1v1,n+1)

)
.

That is (
c2(c1v3,n+1 − c3v1,n+1)

c2(c4v3,n+1 + c1v1,n+1)

)
= δHn

δu
,
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where

Hn = c2
1 + c3c4

nc2
v2,n+1 (n ≥ 1, c2 �= 0, c2

1 + c3c4 �= 0). (57)

Therefore, (54) can be written as

ut =
(

q

s

)
t

= J
δHn+1

δu
. (58)

From (39), an operator L meets

(
c1v3,n+1 − c3v1,n+1

c4v3,n+1 + c1v1,n+1

)
= L

(
c1v3,n − c3v1,n

c4v3,n + c1v1,n

)
,

where

L = 1

c2
1 + c3c4

×
(−c1∂ − c2(qc3 − sc1)∂

−1(qc1 + sc4) −c3∂ − c2(qc3 − sc1)∂
−1(qc3 − sc1)

−c4∂ + c2(qc1 + sc4)∂
−1(qc1 + sc4) c1∂ + c2(qc1 + sc4)∂

−1(qc3 − sc1)

)
.

(59)
We observe that

JL = L∗J. (60)

Hence, (54) can be written again as

ut =
(

q

r

)
t

= J
δHn+1

δu
= JLn

(
β(c3q − c1s)

−β(c1q + c4s)

)
(n ≥ 0). (61)

From (60), it is not difficulty to verify that Hamiltonian functions Hl (l ≥ 1) in (61)
are involutive each other and each Hl (l ≥ 1) is the common conserved density of (61).
Therefore, the hierarchy (61) is a Liouville integrable hierarchy. When taking c1 = 0, c−2 =
−1, c3 = c4 = 1. Furthermore, hierarchy (61) can be reads

ut =
(

q

r

)
t

= J
δHn

δu
= JK

δHn−1

δu
,

J =
(

0 −1
1 0

)
, L =

(
q∂−1s q∂−1q − ∂

s∂−1s − ∂ s∂−1q

)
, (62)

K = JL =
(

s∂−1s − ∂ s∂−1q

−q∂−1s −q∂−1q + ∂

)
,

K,J are Hamiltonian operator, αJ + γK (α,γ are constants) is also Hamiltonian operator,
so hierarchy (62) has bi-Hamiltonian structure.

References

1. Tu, G.: A hierarchy of new integrable systems and its Hamiltonian structure. Sci. Sin. Ser. A 12, 1243–
1252 (1988)



Int J Theor Phys (2008) 47: 1817–1827 1827

2. Tu, G.: The trace identity, a powerful tool for constructing the Hamiltonian structure of integrable systems.
J. Math. Phys. 30(2), 330–338 (1989)

3. Tu, G.: On Liouville integrability of zero-curvature equations and the Yang hierarchy. J. Phys. A: Math.
Gen. 22, 2375–2392 (1989)

4. Guo, F., Zhang, Y.: The quadratic-form identity for constructing the Hamiltonian structure of integrable
systems. J. Phys. A 38, 8537–8548 (2005)

5. Guo, F., Zhang, Y.: A type of expanding integrable model of the AKNS hierarchy. Acta Phys. Sin. 51,
951–954 (2002)

6. Guo, F., Zhang, Y.: A new loop algebra and a corresponding integrable hierarchy as well, as its integrable
coupling. J. Math. Phys. 44, 5793–5803 (2003)

7. Guo, F., Zhang, Y.: A unified expressing model of the AKNS hierarchy and the KN hierarchy, as well as
its integrable coupling system. Chaos Solitons Fractals 5, 1207–1216 (2004)

8. Guo, F., Zhang, Y.: Expansion of the Lie algebra and its application. Chaos Solitons Fractals 4, 1048–1055
(2006)


	A New Loop Algebra and the Corresponding Computing Formula of Constant gamma in the Quadratic-Form Identity, as Well as the Generalized Burgers Hierarchy
	Abstract
	 Introduction
	Computing Formula of Constant gamma
	Application
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJDFFile false
  /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 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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


