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Abstract

A quantum algorithm for the traveling salesman problem by a numbering method
and its example are reported. A route of the shortest distance is decided on tur-
ning round n points with fixing a starting point. When the counter routes are
excluded, a computational complexity of a classical computation is (n − 1)!/2. In
the quantum algorithm by using quantum phase inversion gates, quantum inversion
about mean gates and the numbering method, its computational complexity is about
3(log2(n − 1))2(n − 1)2. Therefore, a polynomial time process becomes possible.
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1. Introduction

The methods for the very first steps towards building a quantum computer were developed
by Haroche and Wineland [1]. The algorithms of the quantum computer by Deutsch-
Jozsa [2–4], Shor [3–5], Grover [3, 6, 7] and so on are known. A quantum algorithm for
the vertex coloring problem by the central limit theorem has recently been reported by
Fujimura [8]. Its computational complexity becomes a polynomial time. The traveling
salesman problem [3,4] is examined this time. Therefore, its result is reported.

2. Traveling Salesman Problem

It is the traveling salesman problem to decide a route that turns round n points in the
shortest distance. The computational complexity of a classical computation is (n−1)!/2
because a starting point is fixed and counter routes are excluded.
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3. Quantum Algorithm

It is assumed thatnpoints ofP0(x0, y0), P1(x1, y1), · · · , Pn−2(xn−2, yn−2) andPn−1(xn−1,
yy−1) are set, P0 is fixed, and a distance between Pi and Pj is Li,j [ = Lj ,i]. Therefore,
routes of P1, P2, · · · , Pn−2, Pn−1 are considered.

(1) The number of the repeated permutation of n − 1 points is (n − 1)n−1.

(2) The number of the permutation of n − 1 points is (n − 1)!.
When (n−1) points are Pa1 , Pa2 , · · · , Pan−2 and Pan−1 , a1(n−1)n−2+a2(n−1)n−3+· · ·+
an−2(n−1)1+an−1(n−1)0 = U is the numbering datum from 0 to (n−1)n−1−1 [The 0-th
datum is 0, 0, · · · , 0 and 0. The ((n−1)n−1 −1)-th datum is (n−2), (n−2), · · · , (n−2)
and (n − 2).] in (1). In (2), it is assumed that the first datum is 0, 1, · · · , n − 2,
and the (n − 1)!-th datum is (n − 2), (n − 3), · · · , 0, the V -th datum is obtained from
v1(n − 2)! + v2(n − 3)! + · · · + vn−21!. Each of ϕi [1 ≤ i ≤ n − 1. i is an integer.]
is 1 piece of permutation from 0 to n − 2. When vi is 0 from i = 1 to i = n − 3
sequentially, ϕi is the smallest number in remained numbers. When vi isn’t 0 from i = 1
to i = n − 3 sequentially, and vi+1, vi+2, · · · , vn−3 and vn−2 are 0, ϕi is the vi-th small
number in remained numbers, and ϕi+1 > ϕi+2 > · · · > ϕn−2 > ϕn−1 is selected in
remained numbers. When vi isn’t 0 from i = 1 to i = n − 3 sequentially, and there are
vi+1 �= 0 or vi+2 �= 0 or · · · or vn−3 �= 0 or vn−2 �= 0, ϕi is the (vi + 1)-th small number
in remained numbers. When vn−2 is 1, ϕn−2 < ϕn−1 is selected in remained numbers.
Therefore, ϕ1(n − 1)n−2 + ϕ2(n − 1)n−3 + · · · + ϕn−2(n − 1)1 + ϕn−1(n − 1)0 is U (V ).
This method is named a numbering method for this problem. g that is the minimum
integer follows (n − 1)!/2 ≤ 22g = 4g. U (V = 1), U (V = ((n − 1)!/4) − 2), U (V =
((n − 1)!/16) − 2), · · · , U (V = ((n − 1)!/4g−1) − 2) and U (V = (n − 1)!/4g) are
computated. M1 that is a starting distance value is decided at random.

Next, a quantum algorithm is shown as the following.
First of all, quantum registers |a1 >, |a2 >, · · · , |an−1 >, |b1 >, |b2 >, · · · , |bn−2 >

, |c1 >, |c2 >, |d > and |e > are prepared. When α is the minimum integer that is
log2(n − 1) or more, each of |af > that f is an integer from 1 to n − 1 is consisted of α

quantum bits [= qubits]. States of |a1 >, |a2 >, · · · , |an−1 >, |b1 >, |b2 >, · · · , |bn−2 >

, |c1 >, |c2 >, |d > and |e > are a1, a2, · · · , an−1, b1, b2, · · · , bn−2, c1, c2, d and e, re-
spectively.

Step 1: Each qubit of |a1 >, |a2 >, · · · , |an−1 >, |b1 >, |b2 >, · · · , |bn−2 >, |c1 >

, |c2 >, |d > and |e > is set |0 >.

Step 2: The Hadamard gate H [3, 4] acts on each qubit of |a1 >, |a2 >, · · · , |an−2 >

and |an−1 >. It changes them for entangled states. The total states are (2α)n−1.

Step 3: It is assumed that a quantum gate (A) doesn’t change |b1 > in af < n − 1,
or it changes |b1 > for |b1 + 1 > in the others of af . As a target state for
|b1 > is 0, quantum phase inversion gates (PI ) and quantum inversion about
mean gates (IM) [3, 6, 7] act on |b1 >. When β is the minimum even integer that
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is (2α/(n− 1))1/2 or more, the total number that (PI ) and (IM) act on |b1 > is β,
because they are a couple. Next, an observation gate (OB) observes |b1 >. These
actions are repeated sequentially from |a1 > to |an−1 >. Therefore, each state of
|af > is 0, 1, · · · , n − 3 and n − 2, and the total states become (n − 1)n−1.

Step 4: It is assumed that a quantum gate (B) changes |b1 >, |b2 >, · · · , |bn−3 >

and |bn−2 > for |b1 + 1 >, |b2 + 1 >, · · · , |bn−3 + 1 > and |bn−2 + 1 > in
af = 0, 1, · · · , n − 4 and n − 3, respectively. This action repeats from |a1 > to
|an−1 >. As the target state for |b1 > is 1, (PI ) and (IM) act on |b1 >. When
γ1 is the minimum even integer that is ((n − 1)/(n − 2))(n−2)/2 or more, the total
number that (PI ) and (IM) act on |b1 > is γ1. Next, (OB) observes |b1 >.
Therefore, only the routes that contain 1 piece of 0 remain. The number of data is
(n − 1)(n − 2)n−2. As the target state for |b2 > is 1, (PI ) and (IM) act on |b2 >.
When γ2 is the minimum even integer that is ((n − 2)/(n − 3))(n−3)/2 or more, the
total number that (PI ) and (IM) act on |b2 > is γ2. Next, (OB) observes |b2 >.
Therefore, only the routes that contain 1 piece of 1 remain. The number of data is
(n − 1)(n − 2)(n − 3)n−3. Similarly, these actions are repeated sequentially from
|b3 > to |bn−2 >. Only the routes that contain 1 piece of number from 0 to n − 2,
respectively, remain. The number of data is (n − 1)![ = W0].

Step 5: It is assumed that a quantum gate (C1) changes |c1 > and |c2 > for |c1 +
L0,a1 + La1,a2 > and |c2 + (n − 1)n−2a1 + (n − 1)n−3a2 >, respectively, from
|a1 > and |a2 >. Similarly, (Ci) [2 ≤ i ≤ n − 3. i is the integer.] changes
|c1 > and |c2 > for |c1 + Lai ,ai+1 > and |c2 + (n − 1)n−(i+2)ai+1 >, respectively,
from |ai > and |ai+1 >. This action is repeated sequentially from |a2 > to
|an−3 >. (Cn−2) changes |c1 > and |c2 > for |c1 + Lan−2,an−1 + Lan−1,0 > and
|c2 + (n − 1)0an−1 >, respectively, from |an−2 > and |an−1 >. Therefore, |c1 >

and |c2 > become |Ltotal = L0,a1 + La1,a2 + · · · + Lan−2,an−1 + Lan−1,0 > and
|U >, respectively.

Step 6: It is assumed that a quantum gate (D) changes |d > for |d + c1 > in c1 ≤ M1,
or it changes |d > for |d + M1 + c2 > in the others of c1.

Step 7: It is assumed that a quantum gate (E1) doesn’t change |e > in d ≤ M1 and
M1 + U (V = 1) ≤ d ≤ M1 + U (V = ((n − 1)!/4) − 2), or it changes |e >

for |e + 1 > in the others of d. As the target state for |e > is 0, (PI ) and
(IM) act on |e >. The number of the data that is included in d ≤ M1 and
M1 +U (V = 1) ≤ d ≤ M1 +U (V = ((n−1)!/4)−2) is W1 ≈ (n−1)!/4. When
δ1 is the minimum even integer that is (W0/W1)1/2 or more, the total number that
(PI ) and (IM) act on |e > is δ1 ≈ 2. Next, (OB) observes |e >, and the data
of W1 remain. Similarly, (Ei) [2 ≤ i ≤ g − 1. i is the integer.] doesn’t change
|e > in d ≤ M1 and M1 + U (V = 1) ≤ d ≤ M1 + U (V = ((n − 1)!/4i) − 2),
or it changes |e > for |e + 1 > in the others of d. As the target state for |e >

is 0, (PI ) and (IM) act on |e >. The number of the data that is included in
d ≤ M1 and M1 + U (V = 1) ≤ d ≤ M1 + U (V = ((n − 1)!/4i) − 2) is



548 Toru Fujimura

Wi ≈ (n − 1)!/4i . When δi is the minimum even integer that is (Wi−1/Wi)
1/2

or more, the total number that (PI ) and (IM) act on |e > is γi ≈ 2. Next,
(OB) observes |e >, and the data of Wi remain. These actions are repeated
sequentially from 2 to g − 1 at i. (Eg) doesn’t change |e > in d ≤ M1, or it
changes |e > for |e + 1 > in the others of d. As the target state for |e > is 0,
(PI ) and (IM) act on |e >. The number of the data that is included in d ≤ M1
is Wg ≈ 2. When δg is the minimum even integer that is (Wg−1/Wg)1/2 or more,
the total number that (PI ) and (IM) act on |e > is δg ≈ 2. Next, (OB) observes
|a1 >, |a2 >, · · · , |an−1 >, |b1 >, |b2 >, · · · , |bn−2 >, |c1 >, |c2 >, |d > and
|e >, and one of the data of Wg remains. Therefore, one example of routes that
are Ltotal ≤ M1 is obtained.

Step 8: When the state of |e > is 0 or 1, M1 is assumed to be M2[ < M1] or M2[ > M1],
respectively, these computations from step 1 to step 8 are repeated. It is assumed
that the minimum distance Mmin obtains by repeating about log2(n − 1)! [9].

4. Numerical Computation

It is assumed that there are n = 10, P0(0, 0), P1(1, −2), P2(3, −1), P3(4, 1), P4(2, 3),
P5(1, −1), P6(3, −2),P7(4, 0), P8(0, 1), P9(2, 2), g = 9[9!/2 = 181440 ≤ 49 = 262144],
U (V = 1) = 6053444, U (V = (9!/4) − 2 = 90718) = 95584572 [for examle,
V = 90718 = 2 · 8! + 1 · 7! + 6 · 6! + 5 · 5! + 4 · 4! + 3 · 3! + 2 · 2! + 0 · 1!,
U = 95584572 = 2 · 98 + 1 · 97 + 8 · 96 + 7 · 95 + 6 · 94 + 5 · 93 + 3 · 92 + 4 · 91 + 0 · 90],
U (V = (9!/16) − 2 = 22678) = 26275564, U (V = (9!/64) − 2 = 5668) =
10598756, U (V = (9!/256) − 2 = 1416) = 6894596, U (V = (9!/1024) − 2 = 352) =
6198348, U (V = (9!/4096) − 2 = 87) = 6073748, U (V = (9!/16384) − 2 = 20) =
6055548, U (V = (9!/65536) − 2 = 4) = 6053532 and M1 = 20.

First of all, |a1 >, |a2 >, · · · , |a9 >, |b1 >, |b2 >, · · · , |b8 >, |c1 >, |c2 >, |d >

and |e > are prepared. When α is the minimum integer that is log2(n − 1) = log29 ≈
3.170 ≤ 4 = α, each of |af > that f is the integer from 1 to 9 is consisted of α = 4
qubits. States of |a1 >, |a2 >, · · · , |a9 >, |b1 >, |b2 >, · · · , |b8 >, |c1 >, |c2 >, |d >

and |e > are a1, a2, · · · , a9, b1, b2, · · · , b8, c1, c2, d and e, respectively.

Step 1: Each qubit of |a1 >, |a2 >, · · · , |a9 >, |b1 >, |b2 >, · · · , |b8 >, |c1 >, |c2 >

, |d > and |e > is set |0 >.

Step 2: H acts on each qubit of |a1 >, |a2 >, · · · , |a8 > and |a9 >. It changes them
for entangled states. The total states are (2α)n−1 = (24)9 = 169.

Step 3: (A) doesn’t change |b1 > in af < n − 1 = 9, or it changes |b1 > for |b1 + 1 >

in the others of af . As the target state for |b1 > is 0, (PI ) and (IM) act on
|b1 >. When β is the minimum even integer that is (2α/(n−1))1/2 = (16/9)1/2 ≈
1.333 ≤ 2 = β, the total number that (PI ) and (IM) act on |b1 > is β ≈ 2.
Next, (OB) observes |b1 >. These actions are repeated sequentially from |a1 >
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to |a9 >. Therefore, each state of |af > is 0, 1, · · · , 7 and 8, and the total states
become (n − 1)n−1 = 99.

Step 4: (B) changes |b1 >, |b2 >, · · · , |b7 > and |b8 > for |b1 + 1 >, |b2 + 1 >

, · · · , |b7 + 1 > and |b8 + 1 > in af = 0, 1, · · · , 6 and 7, respectively. This action
is repeated from |a1 > to |a9 >. As the target state for |b1 > is 1, (PI ) and (IM) act
on |b1 >. When γ1 is the minimum even integer that is ((n − 1)/(n − 2))(n−2)/2 =
(9/8)4 ≈ 1.602 ≤ 2 = γ1, the total number that (PI ) and (IM) act on |b1 > is
γ1. Next, (OB) observes |b1 >. Therefore, only the routes that contain 1 piece
of 0 remain. The number of data is (n − 1)(n − 2)n−2 = 9 · 88. As the target
state for |b2 > is 1, (PI ) and (IM) act on |b2 >. When γ2 is the minimum even
integer that is ((n − 2)/(n − 3))(n−3)/2 = (8/7)3.5 ≈ 1.596 ≤ 2 = γ2, the total
number that (PI ) and (IM) act on |b2 > is γ2. Next, (OB) observes |b2 >.
Therefore, only the routes that contain 1 piece of 1 remain. The number of data
is (n − 1)(n − 2)(n − 3)n−3 = 9 · 8 · 77. Similarly, these actions are repeated
sequentially from |b3 > to |b8 >. Only the routes that contain 1 piece of number
from 0 to 8, respectively, remain. The number of data is (n − 1)! = 9![ = W0].

Step 5: (C1) changes |c1 > and |c2 > for |c1+L0,a1 +La1,a2 > and |c2 +98a1+97a2 >,
respectively, from |a1 > and |a2 >. Similarly, (Ci) [2 ≤ i ≤ 7. i is the integer.]
changes |c1 > and |c2 > for |c1+Lai ,ai+1 > and |c2+910−(i+2)ai+1 >, respectively,
from |ai > and |ai+1 >. This action is repeated sequentially from |a2 > to |a7 >.
(C8) changes |c1 > and |c2 > for |c1 + La8,a9 + La9,0 > and |c2 + 90a9 >,
respectively, from |a8 > and |a9 >. Therefore, |c1 > and |c2 > become |Ltotal =
L0,a1 + La1,a2 + · · · + La8,a9 + La9,0 > and |U >, respectively.

Step 6: (D) changes |d > for |d + c1 > in c1 ≤ M1 = 20, or it changes |d > for
|d + 20 + c2 > in the others of c1.

Step 7: (E1) doesn’t change |e > in d ≤ M1 = 20 and M1 + U (V = 1) = 20 +
6053444 ≤ d ≤ M1 + U (V = ((n − 1)!/4) − 2) = 20 + 95584572, or it changes
|e > for |e + 1 > in the others of d. As the target state for |e > is 0, (PI )
and (IM) act on |e >. The number of the data that is included in d ≤ 20 and
6053464 ≤ d ≤ 95584592 is W1 ≈ 9!/4. When δ1 is the minimum even integer
that is (W0/W1)1/2 or more, the total number that (PI ) and (IM) act on |e > is
δ1 ≈ 2. Next, (OB) observes |e >, and the data of W1 remain.

Similarly, (Ei) [2 ≤ i ≤ g−1 = 8. i is the integer.] doesn’t change |e > in d ≤ 20
and 6053464 ≤ d ≤ 20+U (V = (9!/4i)−2), or it changes |e > for |e+1 > in the
others of d. As the target state for |e > is 0, (PI ) and (IM) act on |e >. The number
of the data that is included in d ≤ 20 and 6053464 ≤ d ≤ 20+U (V = (9!/4i)−2)
is Wi ≈ 9!/4i . When δi is the minimum even integer that is (Wi−1/Wi)

1/2 or more,
the total number that (PI ) and (IM) act on |e > is γi ≈ 2. Next, (OB) observes
|e >, and the data of Wi remain. These actions are repeated sequentially from 2
to g − 1 at i. (Eg) doesn’t change |e > in d ≤ 20, or it changes |e > for |e + 1 >
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in the others of d. As the target state for |e > is 0, (PI ) and (IM) act on |e >.
The number of the data that is included in d ≤ 20 is W9 ≈ 2. When δ9 is the
minimum even integer that is (W8/W9)1/2 or more, the total number that (PI )
and (IM) act on |e > is δ9 ≈ 2. Next, (OB) observes |a1 >, |a2 >, · · · , |a9 >

, |b1 >, |b2 >, · · · , |b8 >, |c1 >, |c2 >, |d > and |e >, and one of the data of W9
remains. For example, whena1, a2, a3, a4, a5, a6, a7, a8, a9, b1, b2, · · · , b8, c1, c2, d
and e are 4, 0, 5, 1, 6, 2, 7, 3, 8, 1, 1, · · · , 1, 18, U (V = 163491) = 174944564, 18
and 0, respectively.

Step 8: In the example, the state of |e > is 0. Therefore, M1 is assumed to be
M2 = 15[ < 18 < M1 = 20], and these calculations from step 1 to step 8
are repeated. It is assumed that the state of |e > is 0. When the state of |e > is 1
at M3 = 10, M4 = 13 and M5 = 14, respectively, the minimum distance Mmin is
15[ = M2]. Therefore, a1, a2, a3, a4, a5, a6, a7, a8, a9, b1, b2, · · · , b8, c1, c2, d and
e are 4, 0, 5, 1, 6, 2, 8, 3, 7, 1, 1, · · · , 1, 15, U (V = 163493) = 174944644, 15 and
0, respectively. As a result, the shortest route P0 → P5 → P1 → P6 → P2 →
P7 → P3 → P9 → P4 → P8 → P0 is obtained.

5. Discussion and Summary

In the example of the section 4, the computational complexity of this quantum algorithm
[ = S] is 795. The computational complexity of the classical computation [ = Z] is
(n − 1)!/2 = 9!/2 = 181440. After all, S/Z becomes about 1/200. In general, S

becomes the following. In the order of the actions by the gates, the number of them
is α(n − 1) at H , n − 1 at (A), β(n − 1) ≈ 2(n − 1) at (PI ) and (IM), n − 1 at

(OB), n − 1 at (B),
n−2∑

i=1

γi = 2(n − 2) at (PI ) and (IM), n − 2 at (OB), 2(n − 2)

at (Ci) [1 ≤ i ≤ n − 2. i is the integer.], 2 at (D), g at (Ei) [1 ≤ i ≤ g.],
g∑

i=1

δi =
2g at (PI ) and (IM), and g at (OB). These processes repeated about log2(n − 1)!.
Therefore, S becomes (α(n− 1) + 10n− 13 + 4g)log2(n− 1)!. When n is large enough,
S becomes about 3(log2(n − 1))2(n − 1)2, where α is about log2(n − 1), g is about
(1/2)((log2(n − 1)!) − 1), and n! is about nne−n(2πn)1/2 [Stirling’s formula], and S/Z

is about 3(log2(n− 1))2(n− 1)2/((n− 1)!/2). For example, as for n = 50, S/Z is about
1/1057. Therefore, a polynomial time process becomes possible.

References

[1] Kungl.Vetenskapsakademien (The Royal SwedishAcademy of Sciences), The Nobel
Prize in Physics 2012, [Online], Available: http: //www.kva.se/en/pressroom/ Press-
releases-2012/The-Nobel-Prize-in-Physics-2012/, 2012.



Quantum Algorithm for Traveling Salesman Problem by Numbering Method 551

[2] Deutsch D., and Jozsa R., Rapid solution of problems by quantum computation,
Proc. Roy. Soc. Lond. A, 439:553–558, 1992.

[3] Takeuchi S., Ryoshi Konpyuta (Quantum Computer), Kodansha, Tokyo, Japan [in
Japanese], 2005.

[4] Miyano K., and Furusawa A., Ryoshi Konpyuta Nyumon (An Introduction to Quan-
tum Computation), Nihonhyoronsha, Tokyo, Japan [in Japanese], 2008.

[5] Shor P.W., Algorithms for quantum computation: discrete logarithms and factoring,
Proc. 35th Annu. Symp. Foundations of Computer Science, IEEE, pp. 124–134, 1994.

[6] Grover L.K., A fast quantum mechanical algorithm for database search, Proc. 28th
Annu. ACM Symp. Theory of Computing, pp. 212–219, 1996.

[7] Grover L.K., A framework for fast quantum mechanical algorithms, Proc. 30th Annu.
ACM Symp. Theory of Computing, pp. 53–62, 1998.

[8] Fujimura T., Quantum algorithm for vertex coloring problem by central limit theo-
rem, Glob. J. Pure Appl. Math., 7:401–405, 2011.

[9] Durr C., and Hoyer P., A quantum algorithm for finding the minimum, [Online],
Available: http: //arXiv.org/quant-ph/arXiv:quant-ph/9607014v2, 1996.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


