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Abstract In some recent letters, it was reported that quantum strategies are more success-
ful than classical ones for coin-tossing and roulette game. In this paper, we will solve the
quantum game of two discriminable coins. And we develop two methods, analogy method
and isolation method, to study this problem.
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1 Introduction

Classical game theory [1, 2] has always been applied successfully to economic and industrial
decision models to resolve and determine the best possible strategy. Recently, quantum game
theory [3–13] has been investigated, which discusses versions of some classical game (for
an account of classical game theory, see [14]) where new rules that make explicit use of
quantum mechanics lead to new solutions. D.A. Meyer [8] demonstrated that in a classical
two-person zero-sum strategic game, if one person adopts a quantum strategy, then he has
a better chance of winning the game. And based on these work, Xiang-Bin Wang, L.C.
Kwek et al. [15] extended this case by replacing the coin which has only two possible states
(namely head and tail) with a roulette with N states, and concluded that quantum strategies
can also be more successful than classical ones; Jing-Ling Chen, L.C. Kwek and C.H. Oh
[16] studied noisy quantum game. In this paper, we will attempt to solve quantum game
problem of two discriminable coins. And we develop two methods, analogy method and
isolation method, to study this question.
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2 Single Quantum Coin

Now we firstly review Meyer’s strategies. It is well known that a classical coin has only two
possible states, namely head and tail. These two states could be represented by the columns:

|1〉 ≡
(

1
0

)
, |0〉 ≡

(
0
1

)
. (1)

Classically, there is a choice of 2! possible flips corresponding to all possible permutations
of the set {0,1}. Explicit matrix forms of the two permutation operators are

F 0
N=2 =

(
1 0
0 1

)
, F 1

N=2 =
(

0 1
1 0

)
. (2)

After acting on |0〉 or |1〉, F 0
N=2 lets the coin rest in its original state, while F 1

N=2 transforms
the original state into another different state.

Owning to F 0
N=2 and F 1

N=2, we can construct a density matrix G2 as follows:

G2 ≡ 1

2
(F 0

N=2 + F 1
N=2) = 1

2

(
1 1
1 1

)
, TrG2 = 1. (3)

One can easily verify that G2 commutes with F 0
N=2 and F 1

N=2, i.e.,

[G2,F
j

N=2] = G2F
j

N=2 − F
j

N=2G2 = 0, (j = 0,1). (4)

Since F
j

N=2 is unitary, from the above equation we then have an identity

G2 = (1 − p)F 0
2 G2F

0†
2 + pF 1

2 G2F
1†
2 (5)

which is independent upon the parameter p.
The general pure state of a quantum coin is

|χ〉 = cos
θ

2
|head〉 + eiφ sin

θ

2
|tail〉 =

(
cos θ

2
eiφ sin θ

2

)
, 〈χ | = (

cos θ
2 , e−iφ sin θ

2

)
(6)

whose corresponding density matrix reads

ρ = |χ〉〈χ | = 1

2

(
1 + cos θ e−iφ sin θ

eiφ sin θ 1 − cos θ

)
, ρ2 = ρ. (7)

Now Alice and Bob come to play a coin-tossing game. And Bob could control this game
by quantum strategies.

(1) Supposed the initial state of the cion which is placed by Alice is |χ0〉, and its density
matrix is ρ0 = |χ0〉〈χ0|;

(2) Then Bob acts on the coin by a quantum strategy, unitary transformation U1, instead of
a classical stochastic matrix and the state of the coin becomes

ρ1 = U1ρ0U
†
1 = G2 = 1

2

(
1 1
1 1

)
, (8)

where U1 = 1√
2

( 1 1
1 −1

)
if ρ0 = |χ0〉〈χ0| =

( 1 0
0 0

)
, U1 = 1√

2

( 1 1

−1 1

)
if ρ0 = ( 0 0

0 1

)
;
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(3) And Alice continues to using classical tossing. However, from (5) one can know Alice’s
classical strategy does not change the density matrix of the coin,

ρ2 = pF 1
2 ρ1F

1†
2 + (1 − p)F 0

2 ρ1F
0†
2 = ρ1 = G2; (9)

(4) At last, Bob could control the game by an appropriate unitary transformation, U2 = U
†
1 .

That is, because the density matrix is still G2 he can adopt an unitary matrix U2 to
transform it into the state which he wants.

3 Two Discriminable Coins

In this section we extend the single quantum coin game to two discriminable quantum coins.
Now, we see the first method, namely analogy method. Here we can consider two discrim-
inable coins as a quantum roulette of N = 4 after two classical definitions.

We give the first definition as follows:

(1) We define the state that both of coins (denoted by A and B) are head up is the following:

A ↑ B ↑= |+〉|+〉, (10)

(2) For the state that A is head up while B is tail up, we define:

A ↑ B ↓= |+〉|−〉, (11)

(3) When A is tail up and B is head up, we have

A ↓ B ↑= |−〉|+〉, (12)

(4) When both A and B are tail up, we have

A ↓ B ↓= |−〉|−〉. (13)

Based on the above definition we can give the second definition so as to solve the problem
of two quantum coins by means of quantum roulette of N = 4. The reason we can do this is
that the numbers of the states of the two quantum coins and the quantum roulette of N = 4
are equal.

The second definition is

|3〉 = |+〉|+〉, |2〉 = |+〉|−〉, |1〉 = |−〉|+〉, |0〉 = |−〉|−〉. (14)

From the [14] we can conclude that the states of the roulette of N = 4 could be repre-
sented by the following matrices

|3〉 =

⎛
⎜⎜⎝

1
0
0
0

⎞
⎟⎟⎠ , |2〉 =

⎛
⎜⎜⎝

0
1
0
0

⎞
⎟⎟⎠ , |1〉 =

⎛
⎜⎜⎝

0
0
1
0

⎞
⎟⎟⎠ , |0〉 =

⎛
⎜⎜⎝

0
0
0
1

⎞
⎟⎟⎠ , (15)

moreover, the states of the two discriminable coins could also be represented the same way
under the above definitions. Therefore, we can associate the two coins with the roulette of
N = 4 in mathematics. The two discriminable coins have four states (that are (14)) which
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have 4! = 24 transpositions corresponding to all the permutations of {3,2,1,0}, and the

explicit matrix forms of the 24 permutation operators are

F 0
4 =

⎛
⎜⎜⎝

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

⎞
⎟⎟⎠ , F 1

4 =

⎛
⎜⎜⎝

1 0 0 0
0 1 0 0
0 0 0 1
0 0 1 0

⎞
⎟⎟⎠ , F 2

4 =

⎛
⎜⎜⎝

1 0 0 0
0 0 1 0
0 1 0 0
0 0 0 1

⎞
⎟⎟⎠ , (16)

F 3
4 =

⎛
⎜⎜⎝

1 0 0 0
0 0 1 0
0 0 0 1
0 1 0 0

⎞
⎟⎟⎠ , F 4

4 =

⎛
⎜⎜⎝

1 0 0 0
0 0 0 1
0 0 1 0
0 1 0 0

⎞
⎟⎟⎠ , F 5

4 =

⎛
⎜⎜⎝

1 0 0 0
0 0 0 1
0 1 0 0
0 0 1 0

⎞
⎟⎟⎠ , (17)

F 6
4 =

⎛
⎜⎜⎝

0 1 0 0
1 0 0 0
0 0 1 0
0 0 0 1

⎞
⎟⎟⎠ , F 7

4 =

⎛
⎜⎜⎝

0 1 0 0
1 0 0 0
0 0 0 1
0 0 1 0

⎞
⎟⎟⎠ , F 8

4 =

⎛
⎜⎜⎝

0 1 0 0
0 0 1 0
1 0 0 0
0 0 0 1

⎞
⎟⎟⎠ , (18)

F 9
4 =

⎛
⎜⎜⎝

0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0

⎞
⎟⎟⎠ , F 10

4 =

⎛
⎜⎜⎝

0 1 0 0
0 0 0 1
1 0 0 0
0 0 1 0

⎞
⎟⎟⎠ , F 11

4 =

⎛
⎜⎜⎝

0 1 0 0
0 0 0 1
0 0 1 0
1 0 0 0

⎞
⎟⎟⎠ , (19)

F 12
4 =

⎛
⎜⎜⎝

0 0 1 0
1 0 0 0
0 1 0 0
0 0 0 1

⎞
⎟⎟⎠ , F 13

4 =

⎛
⎜⎜⎝

0 0 1 0
1 0 0 0
0 0 0 1
0 1 0 0

⎞
⎟⎟⎠ , F 14

4 =

⎛
⎜⎜⎝

0 0 1 0
0 1 0 0
1 0 0 0
0 0 0 1

⎞
⎟⎟⎠ , (20)

F 15
4 =

⎛
⎜⎜⎝

0 0 1 0
0 1 0 0
0 0 0 1
1 0 0 0

⎞
⎟⎟⎠ , F 16

4 =

⎛
⎜⎜⎝

0 0 1 0
0 0 0 1
1 0 0 0
0 1 0 0

⎞
⎟⎟⎠ , F 17

4 =

⎛
⎜⎜⎝

0 0 1 0
0 0 0 1
0 1 0 0
1 0 0 0

⎞
⎟⎟⎠ , (21)

F 18
4 =

⎛
⎜⎜⎝

0 0 0 1
1 0 0 0
0 1 0 0
0 0 1 0

⎞
⎟⎟⎠ , F 19

4 =

⎛
⎜⎜⎝

0 0 0 1
1 0 0 0
0 0 1 0
0 1 0 0

⎞
⎟⎟⎠ , F 20

4 =

⎛
⎜⎜⎝

0 0 0 1
0 1 0 0
1 0 0 0
0 0 1 0

⎞
⎟⎟⎠ , (22)

F 21
4 =

⎛
⎜⎜⎝

0 0 0 1
0 1 0 0
0 0 1 0
1 0 0 0

⎞
⎟⎟⎠ , F 22

4 =

⎛
⎜⎜⎝

0 0 0 1
0 0 1 0
1 0 0 0
0 1 0 0

⎞
⎟⎟⎠ , F 23

4 =

⎛
⎜⎜⎝

0 0 0 1
0 0 1 0
0 1 0 0
1 0 0 0

⎞
⎟⎟⎠ . (23)

Then we can construct the density matrix G4,

G4 = 1

4!
23∑

j=0

F
j

4 = 1

24
· 6

⎛
⎜⎜⎝

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

⎞
⎟⎟⎠ = 1

4

⎛
⎜⎜⎝

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

⎞
⎟⎟⎠ . (24)
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The same to G2 of the single quantum coin, G4 commutes with F
j

4 , (j = 0,1, . . . ,23),
i.e.

[G4,F
j

4 ] = 0. (25)

So we have

G4 =
(

1 −
23∑

j=1

pj

)
F 0

4 G4F
0+
4 +

23∑
j=1

pjF
j

4 G4F
j+
4 (26)

which is also independent on parameter pj .
From

det(G4 − λI) =

∣∣∣∣∣∣∣∣∣

1
4 − λ 1

4
1
4

1
4

1
4

1
4 − λ 1

4
1
4

1
4

1
4

1
4 − λ 1

4
1
4

1
4

1
4

1
4 − λ

∣∣∣∣∣∣∣∣∣
= 0, (27)

−λ3(1 − λ) = 0, (28)

the eigenvalues of G4 can be obtained,

λ3 = 1, λ2 = λ1 = λ0 = 0, (29)

with the eigenvectors as

V
λ3
N=4 = 1

2

⎛
⎜⎜⎝

1
1
1
1

⎞
⎟⎟⎠ , V

λ2
N=4 = 1

2

⎛
⎜⎜⎝

1
1

−1
−1

⎞
⎟⎟⎠ , (30)

V
λ1
N=4 = 1

2

⎛
⎜⎜⎝

1
−1
1

−1

⎞
⎟⎟⎠ , V

λ0
N=4 = 1

2

⎛
⎜⎜⎝

1
−1
−1
1

⎞
⎟⎟⎠ . (31)

Thus, we can obtain the unitary transformation matrices,

S3 = (V
λ3
N=4,V

λ2
N=4,V

λ1
N=4,V

λ0
N=4) = 1

2

⎛
⎜⎜⎝

1 1 1 1
1 1 −1 −1
1 −1 1 −1
1 −1 −1 1

⎞
⎟⎟⎠ , (32)

S2 = (V
λ0
N=4,V

λ3
N=4,V

λ2
N=4,V

λ1
N=4) = 1

2

⎛
⎜⎜⎝

1 1 1 1
−1 1 1 −1
−1 1 −1 1
1 1 −1 −1

⎞
⎟⎟⎠ , (33)

S1 = (V
λ1
N=4,V

λ0
N=4,V

λ3
N=4,V

λ2
N=4) = 1

2

⎛
⎜⎜⎝

1 1 1 1
−1 −1 1 1
1 −1 1 −1

−1 1 1 −1

⎞
⎟⎟⎠ , (34)
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S0 = (V
λ2
N=4,V

λ1
N=4,V

λ0
N=4,V

λ3
N=4) = 1

2

⎛
⎜⎜⎝

1 1 1 1
1 −1 −1 1

−1 1 −1 1
−1 −1 1 1

⎞
⎟⎟⎠ (35)

and the diagonalized matrices

�3 =

⎛
⎜⎜⎝

1 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

⎞
⎟⎟⎠ , �2 =

⎛
⎜⎜⎝

0 0 0 0
0 1 0 0
0 0 0 0
0 0 0 0

⎞
⎟⎟⎠ , (36)

�1 =

⎛
⎜⎜⎝

0 0 0 0
0 0 0 0
0 0 1 0
0 0 0 0

⎞
⎟⎟⎠ , �0 =

⎛
⎜⎜⎝

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 1

⎞
⎟⎟⎠ (37)

with �j = S+
j G4Sj (j = 0,1,2,3), respectively.

Now we consider the two-coin-tossing game and discuss Bob how to control the game
by quantum strategies. After the above work we know the two coins game is the same to the
roulette of N = 4, and we find the diagonalized matrices (36, 37) are the density matrices of
the four states of two coins or roulette of N = 4, i.e.

⎛
⎜⎜⎝

1 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

⎞
⎟⎟⎠ ←→ |3〉 = |+〉|+〉 =

⎛
⎜⎜⎝

1
0
0
0

⎞
⎟⎟⎠ , (38)

⎛
⎜⎜⎝

0 0 0 0
0 1 0 0
0 0 0 0
0 0 0 0

⎞
⎟⎟⎠ ←→ |2〉 = |+〉|−〉 =

⎛
⎜⎜⎝

0
1
0
0

⎞
⎟⎟⎠ , (39)

⎛
⎜⎜⎝

0 0 0 0
0 0 0 0
0 0 1 0
0 0 0 0

⎞
⎟⎟⎠ ←→ |1〉 = |−〉|+〉 =

⎛
⎜⎜⎝

0
0
1
0

⎞
⎟⎟⎠ , (40)

⎛
⎜⎜⎝

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 1

⎞
⎟⎟⎠ ←→ |0〉 = |−〉|−〉 =

⎛
⎜⎜⎝

0
0
0
1

⎞
⎟⎟⎠ . (41)

Supposed that the initial state of the two coins (the same to the roulette of N = 4) is
|χ0〉, and its density matrix is ρ0 = |χ0〉〈χ0|. Now Alice and Bob come to play a two-coin-
tossing game. During the game, Bob adopts a quantum strategy by using a unitary rather
than a stochastic matrix to act on the coins, while Alice still adopts the usual classical prob-
abilistic strategy. Firstly, Alice places the two coins on one box and the state of the coins
is known by both Alice and Bob. Secondly, Bob uses a unitary transformation U1 to act on
the coins, where, if the initial state is |3〉, |2〉, |1〉 or |0〉 the unitary transformation U1 is cor-
responding S3, S2, S1 or S0 (see (32–34) and (35)), and then the state of the coins becomes
ρ1 = U1ρ0U

+
1 . And thirdly, Alice continues to play by employing a convex sum of unitary
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Table 1 The two quantum coins game

Initial state |χ0〉 Final state

2 coins 4 roulette ρ0 U1 ρ1 ρ2 = ρ1 U2 ρ3 2 coins 4 roulette

|+〉|+〉 |3〉 a S3 G4 S+
3 a |+〉|+〉 |3〉

|+〉|−〉 |2〉 b S2 G4 G4 S+
2 b |+〉|−〉 |2〉

|−〉|+〉 |1〉 c S1 G4 S+
1 c |−〉|+〉 |1〉

|−〉|−〉 |0〉 d S0 G4 S+
0 d |−〉|−〉 |0〉

(deterministic) transformation, namely she perhaps changes the state of the two coins using
the transformation F

j

4 (j = 0,1, . . . ,23) with the probability pj . Thus, at the end of Alice’s
turn, the state of the coins is described by the density matrix

ρ2 =
(

1 −
23∑

j=1

pj

)
F 0

4 ρ1F
0†
4 +

23∑
1=0

pjF
j

4 ρ1F
j†
4 . (42)

Finally, Bob transforms the coins using the unitary transformation U2 so that the density
matrix of the final state of the coins is ρ3 = U2ρ2U

+
2 , here if he wants to get the state |3〉

then U2 = S
†
3 ; and |2〉, U2 = S

†
2 ; |1〉, U2 = S

†
1 ; |0〉, U2 = S

†
0 . Thus, Bob can control the game

by the above quantum strategies. The results are listed in Table 1, where

a =

⎛
⎜⎜⎝

1 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

⎞
⎟⎟⎠ , b =

⎛
⎜⎜⎝

0 0 0 0
0 1 0 0
0 0 0 0
0 0 0 0

⎞
⎟⎟⎠ , (43)

c =

⎛
⎜⎜⎝

0 0 0 0
0 0 0 0
0 0 1 0
0 0 0 0

⎞
⎟⎟⎠ , d =

⎛
⎜⎜⎝

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 1

⎞
⎟⎟⎠ . (44)

From Table 1 one can observe that

1. For the initial state |χ0〉, i.e. |+〉|+〉 = |3〉, |+〉|−〉 = |2〉, |−〉|+〉 = |1〉 or |−〉|−〉 = |0〉,
the unitary matrix U1 (that is corresponding S3, S2, S1, or S0) could transform the initial
density ρ0 = |χ0〉〈χ0| into ρ1 = G4.

2. When ρ1 = G4, whatever the probability pj is, ρ2 is always equal to G2.
3. Bob can always control the final state of the two coins by using the unitary matrix U2 =

S
†
3 , S

†
2 , S

†
1 , or S

†
0 . Hence Bob can always win the two-coin-tossing game if he wants. For

instance, suppose that the initial state of the coins is |+〉|+〉 i.e. the two coins are both
head up, and in the end of the game, both Alice and Bob agree that Bob will win the
game if the coins are both head up, and will lose otherwise. In this case, Bob could use
an appropriate unitary transformation, U1 = S3 (j = 3,2,1,0) and U2 = S

†
3 , which yields

ρ3 = ρ0, thus Bob wins. For other initial states Bob could use the similar way to win the
game if he wants.

At last, we will use the second method, namely isolation method, to analyze the two
quantum coins. Here, because the two coins are discriminable we could consider the two
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coins as two single coins, and the result is the simple superposition of the two single coins.
Thus we can structure the density matrix as follows:

G2×2 = G2 ⊗ G2 = 1

2

(
1 1
1 1

)
⊗ 1

2

(
1 1
1 1

)
= 1

4

⎛
⎜⎜⎝

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

⎞
⎟⎟⎠ . (45)

Obviously, we obtain the same density matrix as (24), then we could analyze the problem
like the first method, and the difference between them is just that we use different methods
to obtain the density matrix G4 or G2×2.

4 Discussion and Conclusion

To summarize, we introduce two methods, the analogy method and the isolation method, to
discuss the quantum game of two discriminable coins. In the first method, we consider the
two coins as a roulette which has four states; and in the later, the two coins can be seen as
two single coins which are isolating. When we use any method, we can get a matrix G4,
which the density matrix of the initial state of the two coins can be changed to after Bob
using a proper unitary transformation U1, that is ρ1 = G4. And then, Bob can use another
proper unitary transformation U2 to control the game because this matrix G4 is invariant
under the classical transposition. Therefore, for two discriminable coins, quantum strategies
are more successful than classical ones. For any finite discriminable coins (e.g. M coins),
we can conjecture that the same conclusion is obtained if only we regard the M coins as a
quantum roulette which has N = 2M states or as M single-coins.

Acknowledgement This work was supported by Xinzhou Teachers University Foundation.

References

1. von Neumann, J., Morgenstern, O.: Theory of Games and Economic Behavior. Wiley, New York (1967)
2. Gibbons, R.: A Primer in Game Theory. Harvester Wheatsheaf, New York (1992)
3. Eisert, J., Wilkens, M., Lewenstein, M.: Phys. Rev. Lett. 83, 3077 (1999)
4. Benjamin, S.C., Hayden, P.M.: Phys. Rev. A 64(3), 030301 (2001)
5. Piotrowski, E.W.: quant-ph/0211191 (2002)
6. Gutoski, G.: arXiv:cs.CC/0511017 (2005)
7. Orlin Grabbe, J.: quant-ph/0506219 (2005)
8. Meyer, D.A.: Phys. Rev. Lett. 82, 1052 (1999)
9. Goldenberg, L., Vaidman, L., Wiesner, S.: Phys. Rev. Lett. 82, 3356 (1999)

10. Zhang, Y.-S., Li, C.-F., et al.: quant-ph/0001008 (2000)
11. Piotrowski, E.W., Sładkowski, J.: Int. J. Theor. Phys. 42, 1089–1099 (2003)
12. Ahmed, E., Elettreby, M.F., Hegaziet, A.S.: Int. J. Theor. Phys. 45, 880–886 (2006)
13. Piotrowski, E.W., Sładkowski, J.: Int. J. Theor. Phys. 42, 1101–1106 (2003)
14. Luce, R.D., Raiffa, H.: Games and Decisions. Dover, New York (1989)
15. Chen, J.-L., Kwek, L.C., Oh, C.H.: Phys. Rev. A 65, 052320 (2002)
16. Wang, X.-B., Kwek, L.C., Oh, C.H.: Phys. Lett. A 278, 44–46 (2000)


	Quantum Game of Two Discriminable Coins
	Abstract
	Introduction
	Single Quantum Coin
	Two Discriminable Coins
	Discussion and Conclusion
	Acknowledgement
	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


