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Design of Sparse Control With Minimax
Concave Penalty
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Abstract—In this letter, we propose a novel computa-
tional method for sparse control, also known as maximum
hands-off control, using the minimax concave penalty. The
sparse control problem is formulated as an L0-optimal
control problem, which is known to be hard to solve. To
overcome this difficulty, we propose using the minimax
concave penalty as a surrogate for the L0 norm. We demon-
strate the equivalence between the original and proposed
control problems without relying on the normality assump-
tion, which is typically required when approximating the L0

norm with the L1 norm. Furthermore, we present an effec-
tive numerical algorithm for the proposed optimal control
based on the Alternating Direction Method of Multipliers
(ADMM). A design example is shown to illustrate the effec-
tiveness of the proposed method.

Index Terms—Minimax concave penalty function, sparse
control, L1 optimal control, networked control.

I. INTRODUCTION

SPARSE control [1], [2], [3], [4], also known as max-
imum hands-off control, is a type of control that has

the minimum support length. In other words, sparse con-
trol deactivates actuation for as long as possible. Such a
control can reduce not only consumption of energy but
also generation of harmful exhaust gases in a vehicle, for
example. Due to these benefits, sparse control is often
referred to as green control [5]. Theoretical results on sparse
control have been actively reported for various systems,
including stochastic control systems [6], infinite-dimensional
systems [7], discrete-time linear systems [8], [9], [10], and
nonlinear systems [11], [12]. Additionally, applications in
diverse fields have been proposed, such as thermally acti-
vated building systems (TABS) [13], mobility networks [14],
quadrotors [15], spacecrafts [16], [17], [18], and robotics [19].
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Mathematically, the design of continuous-time sparse con-
trol is formulated as an optimal control problem with L0 norm
minimization, which is challenging due to its nonconvex and
discontinuous nature. A common approach to circumvent this
difficulty is to approximate the L0 norm by the L1 norm,
simplifying the control problem to the classical minimum-
fuel control problem [20]. Under the assumption of normality
of the L1 optimal control problem, the two optimal control
problems are proved to be equivalent [1], [4]. Specifically,
for linear time-invariant systems, sparse control computation
can be efficiently addressed as a convex optimization problem
after time-discretization. However, if the system matrix A is
nonsingular, the normality assumption may not hold for certain
initial states, which precludes the use of the L1 optimization.
Indeed, a gap between the optimal solutions of L0 and L1

optimal control have been observed in some systems [3].
The objective of this letter is to address this problem

using a nonconvex function known as the minimax concave
penalty (MCP) [21], [22], [23], which has been used for
finite-dimensional optimization problems in signal processing.
Namely, we approximate the L0 norm in the sparse optimal
control problem with the minimax concave penalty. This
letter first establishes the equivalence between the newly
formulated control problem and the original L0 optimal con-
trol, notably without the normality assumption. Subsequently,
we show an advantage of employing the minimax concave
penalty over other non-convex functions such as the smoothly
clipped absolute deviation (SCAD) and the log-sum penalty
(LSP) in numerical computations. It has been shown in [24]
that the nonconvex optimal control problem can be directly
formulated as difference-of-convex (DC) programming after
time discretization for non-convex penalty functions such as
MCP, SCAD, and LSP. However, we show that the problem
can also be equivalently transformed into an optimization
problem that can be more effectively solved by the alternating
direction method of multipliers (ADMM) [25], [26] compared
to the DC programming. Actually, the computational time
of the proposed algorithm is comparable with the convex
optimization algorithm based on L1-norm regularization as
shown in the numerical example in Section V.

The organization of this letter is as follows: Section II
formulates the sparse optimal control problem. Section III
proposes adopting the minimax concave penalty to solve
the control problem, and show the equivalence between the
original and proposed control problems. Section IV shows a
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numerical computation for the proposed control, which can
be reduced to an optimization problem that can be effectively
solved by ADMM. Section V illustrates an example of sparse
control to show the effectiveness of the proposed method.
Finally, Section VI makes concluding remarks.

II. SPARSE CONTROL PROBLEM

Consider the following state equation.

ẋ(t) = Ax(t)+ bu(t), t ∈ [0,T], x(0) = ξ ∈ R
d, (1)

where A ∈ R
d×d and b ∈ R

d are fixed, and x(t) ∈ R
d indicates

the state and u(t) ∈ R the control at time t. T represents the
terminal time, and ξ is the initial state. For this linear system,
we consider the optimal control problem of finding the control
u(t) that minimizes the following cost function:

J(u) = ‖x(T)‖2
2 + λ‖u‖0, (2)

where λ > 0, and ‖u‖0 indicates the L0 norm (the length
of the support) of function u. We also consider the following
magnitude constraint on the control:

|u(t)| ≤ 1, ∀t ∈ [0,T]. (3)

This problem is hard to solve due to the nonconvexity and
discontinuity of the L0 norm. In the next section, we adopt
the minimax concave penalty as a surrogate for the L0 norm
for efficiently solving the control problem.

The optimal control problem is the Bolza type with the
cost function including the �2 norm of the final state x(T).
This is different from the original formulation of maximum
hands-off control [1] in which the final state constraint x(T) =
0 is used and the cost function does not include x(T),
namely the Lagrange type. The method and theory in the
following sections are still valid when we consider the original
formulation.

III. SPARSE CONTROL VIA MINIMAX CONCAVE PENALTY

Here we introduce the minimax concave penalty function
ψMC(u;α, β) : R �→ R+ with hyperparameters α > 0 and
β > 0 defined by

ψMC(u;α, β) �
{
α|u| − 1

2β u2, |u| ≤ αβ,
1
2βα

2, |u| > αβ.
(4)

Figure 1 shows the curve of the minimax concave penalty
function with α = 1 and β = 1. From this figure, we can
see that the function is non-convex, but sharply pointed at
the origin. This property is known to induce sparsity more
effectively than the commonly used �1 norm.

We note that for a multi-input system with control input
u(t) ∈ R

m, we define the vector minimax concave (VMC)
penalty function [22] defined by

ψVMC(u;α, β) �
n∑

i=1

ψMC(ui;α, β).

For simplicity, we focus on single-input systems, but the
results shown below are the same for multi-input systems.

Fig. 1. Minimax concave penalty function with α = 1, β = 1.

We fix the hyperparameters α and β, and we reformulate the
original sparse control problem in Section II with the following
function as a surrogate for the L0 norm:

ψ(u) = ψMC(u;α, β)
ψMC(1;α, β) . (5)

Note that this function has the following properties, which are
used to show the equivalence theorem below:
(i) ψ(0) = 0,

(ii) ψ(1) = ψ(−1) = 1,
(iii) ψ(u) ≤ u0 for any u ∈ [−1, 1],
where u0 = 1 if u 	= 0 and 00 = 0. Then the proposed
optimal control problem with the minimax concave penalty is
described as follows:

Problem 1: Given ξ ∈ R
d, T > 0, λ > 0, α > 0, and

β > 0, find a control u over [0,T] that solves

minimize
u

‖x(T)‖2
2 + λ

∫ T

0
ψ(u(t))dt

subject to ẋ(t) = Ax(t)+ bu(t), t ∈ [0,T],

x(0) = ξ ,

|u(t)| ≤ 1, t ∈ [0,T].

Throughout this letter, we denote by JMC the cost function in
Problem 1.

First, we show that the optimal control has the following
property called the bang-off-bang property.

Lemma 1 (Bang-Off-Bang Property): Suppose that there
exists at least one optimal solution to Problem 1. Then, any
optimal solution to Problem 1 takes values belonging to the
set {0,±1} almost everywhere.

Proof: Let us take any solution u∗ to Problem 1. It follows
from [27, Th. 22.2 and Corollary 22.3] that there exists a
function p that satisfies

u∗(t) ∈ arg max
u∈[−1,1]

(
p(t)�bu − λψ(u)

)
(6)

almost everywhere. For any t ∈ [0,T], the function φ(u) �
p(t)�bu−λψ(u) is convex and is not constant over [0, 1] from
the definition of ψ . Hence, we have

arg max
u∈[0,1]

φ(u) ⊂ {0, 1}. (7)
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Similarly, we have

arg max
u∈[−1,0]

φ(u) ⊂ {−1, 0}. (8)

The result immediately follows from (6), (7), and (8).
By using the bang-off-bang property, we have the following

equivalence theorem between the original and the proposed
optimal controls.

Theorem 1 (Equivalence): Suppose that there exists at least
one optimal solution to Problem 1. Let us denote by U∗

0 and
U∗

MC the sets of all optimal solutions to the sparse optimal
control problem in Section II and Problem 1, respectively.
Then, we have U∗

0 = U∗
MC.

Proof: Let us take any u∗
MC ∈ U∗

MC. From Lemma 1, the
control satisfies u∗

MC(t) ∈ {0,±1} almost everywhere, and let
us put

E0 � {t ∈ [0,T] : u∗
MC(t) = 0},

E1 � {t ∈ [0,T] : |u∗
MC(t)| = 1}.

Note that the sets E0 and E1 are disjoint and μL(E0) +
μL(E1) = T , where μL denotes the Lebesgue measure. Then,
we have∫ T

0
ψ

(
u∗

MC(t)
)
dt =

1∑
i=0

∫
Ei

ψ
(
u∗

MC(t)
)
dt

=
∫

E1

ψ
(
u∗

MC(t)
)
dt

=
∫

E1

ψ(1)dt = μL(E1) = ‖u∗
MC‖0. (9)

Note also that we have∫ T

0
ψ(u(t))dt ≤ ‖u‖0 (10)

for any u ∈ U , where U � {u : |u(t)| ≤ 1 on [0,T]}, since
ψ(u(t)) ≤ u(t)0 for any t. Hence, for any u ∈ U , we have

J
(
u∗

MC

) = JMC
(
u∗

MC

) ≤ JMC(u) ≤ J(u),

where the first relation follows from (9), the second relation
follows from the optimality of u∗

MC ∈ U∗
MC, and the third

relation follows from (10). This implies u∗
MC ∈ U∗

0 . Hence, the
set U∗

0 is not empty, and U∗
MC ⊂ U∗

0 .
We next take any u∗

0 ∈ U∗
0 . For any u ∈ U , we have

JMC
(
u∗

0

) ≤ J
(
u∗

0

) = J
(
u∗

MC

) = JMC
(
u∗

MC

) ≤ JMC(u),

where the first relation follows from (10), the second relation
follows from U∗

MC ⊂ U∗
0 , the third relation follows from (9),

and the fourth relation follows from the optimality of u∗
MC ∈

U∗
MC. This implies u∗

0 ∈ U∗
MC, and hence U∗

0 ⊂ U∗
MC. This

gives the result.
From this theorem, we can focus on solving Problem 1

for sparse optimal control. In the next section, we show that
Problem 1 can be reduced to an optimization problem that can
be numerically solved after time discretization.

IV. NUMERICAL SOLUTION VIA ADMM

Here we show a numerical computation method for solving
Problem 1.

A. Time Discretization

First, we discretize Problem 1 by time discretization. For
this, we split the time interval [0,T] into n subintervals. Let the
width of time discretization be h > 0, and let T � nh. Then,
we assume the zero-order hold assumption [28] on the control
u(t). Namely, the control u(t) is constant in each subinterval,
that is,

u(t) � u(jh) � ud[j], t ∈ [jh, (j + 1)h),

j = 0, 1, . . . , n − 1.

Then, the state equation (1) can be described as the following
discrete-time state equation:

xd[j + 1] = Adxd[j] + bdud[j],

j = 0, 1, . . . , n − 1, xd[0] = ξ ,

where xd[j] represents the discrete-time state defined by
xd[j] � x(jh), and

Ad � eAh, bd �
∫ h

0
eAtbdt.

The terminal state x(T) is given as

x(T) = xd[n] = �u − ζ ,

where ζ � −An
dξ ∈ R

d and

� �
[
An−1

d bd An−2
d bd · · · bd

] ∈ R
d×n,

u �
[
ud[0] ud[1] . . . ud[n − 1]

]� ∈ R
n.

From this, the first term of the cost function (2) is repre-
sented as ‖x(T)‖2

2 = ‖�u − ζ‖2
2. The second term of (2) is

also transformed as

λ

∫ T

0
ψ

(
u(t)

)
dt = λ

ψMC
(
1;α, β)

∫ T

0
ψMC

(
u(t);α, β)dt

= λh

ψMC
(
1;α, β)

n−1∑
j=0

ψMC
(
ud[j];α, β)

= λ̃‖u‖MC

where

λ̃ � λh

ψMC
(
1;α, β) , ‖u‖MC �

n−1∑
j=0

ψMC
(
ud[j];α, β)

Finally, the constraint (3) on the control input is described as
‖u‖∞ ≤ 1.

Consequently, the optimal control problem (Problem 1) is
transformed into

minimize
u∈Rn

‖�u − ζ‖2
2 + λ̃‖u‖MC

subject to ‖u‖∞ ≤ 1. (11)

Although the cost function in (11) is nonconvex, the
optimization problem can be efficiently solved by the alternat-
ing direction method of multipliers (ADMM) as shown in the
next subsection.
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B. ADMM Algorithm

Here we derive the ADMM-based algorithm for the
optimization problem in (11).

First, let us define the constraint set C by

C � {u ∈ R
n : ‖u‖∞ ≤ 1}, (12)

and its indicator function IC by

IC(u) �
{

0, u ∈ C,
+∞, u /∈ C.

(13)

Then, the optimization problem (11) is equivalently described
by

minimize
u∈Rn

‖�u − ζ‖2
2 + λ̃‖u‖MC + IC(u).

Defining new variables z0 ∈ R
d, z1, z2 ∈ R

n by

z0 = �u, z1 = z2 = u,

we obtain the following optimization problem suitable for the
alternating direction method of multipliers (ADMM) [25]:

minimize
u∈Rn,z∈Rm

‖z0 − ζ‖2
2 + λ̃‖z1‖MC + IC(z2)

subject to z = 	u, (14)

where m � d + 2n, and

z �

⎡
⎣z0

z1
z2

⎤
⎦ ∈ R

m, 	 �

⎡
⎣�I

I

⎤
⎦ ∈ R

m×n.

Although the function λ̃‖z1‖MC is nonconvex, it has the
following useful property [22], [23].

Lemma 2: Let y ∈ R
n and γ > 0. Define f : Rn �→ R by

f (x) = 1

2
‖y − x‖2

2 + γ λ̃‖x‖MC.

If β ≥ γ λ̃ holds, then f is convex. Moreover, the minimizer
of f is given by

x∗ = firm
(

y;αγ λ̃, αβ
)
,

where α > 0 and β > 0 are the hyperparematers in the
minimax concave penalty function in (4), and firm(y; c1, c2)

is the firm thresholding function (see Figure 2) defined by

[
firm(y; c1, c2)

]
i �

⎧⎨
⎩

0, |yi| ≤ c1,

sgn(yi)
c2(|yi|−c1)

c2−c1
, c1 < |yi| ≤ c2,

yi, |yi| > c2,

for i = 1, 2, . . . , n with c2 > c1 > 0.
Now, the ADMM-based algorithm for the optimization

problem (14) is given in Algorithm 1. In this algorithm, �C

is the projection operator onto the set C in (12) defined by

�C(v) = [
sat(v1), sat(v2), . . . , sat(vn)

]�
where sat(vi) � sgn(vi)min(1, |vi|), and vi is the i-th element
of vector v. Although the optimization is non-convex, the
convergence of this algorithm is guaranteed [22].

Fig. 2. Firm thresholding function with c1 = 1, c2 = 2.

Algorithm 1 ADMM Algorithm for Solving Optimization
Problem (14)

Initial values: z[0], v[0] = [v0[0]�, v1[0]�, v2[0]�]�
Positive constants: α > 0, β > 0, γ > 0, λ̃ > 0
Maximum iteration number: MAX_ITER > 0
Initial iteration number: k: = 0
while k < MAX_ITER do

u[k + 1]: = (	�	)−1	�(z[k] − v[k])

z[k + 1]: =
⎡
⎣ 1

2γ+1

(
2γ ζ + (�u[k + 1] + v0[k])

)
firm

(
u[k + 1] + v1[k];αγ λ̃, αβ)
�C(u[k + 1] + v2[k])

⎤
⎦

v[k + 1]: = v[k] +	u[k + 1] − z[k + 1]
k: = k + 1

end while
return u[k], z[k], v[k]

V. NUMERICAL EXAMPLE

We here consider the following double integrator:

ẋ(t) =
[

0 1
0 0

]
x(t)+

[
0
1

]
u(t), x(0) =

[
ξ1
ξ2

]
.

It is reported in [3] that with the initial state (ξ1, ξ2) =
(10,−3) and the terminal time T = 5, the L1-optimal control
problem is not normal and hence we cannot adopt the L1-
norm approximation to obtain sparse control for this system.
On the other hand, our method does not require the normality
assumption on the optimal control problem, and hence we can
obtain a sparse control signal for this system.

For time discretization, we set the sampling time h = 0.05,
and the number of subintervals n = 100. We solve the sparse
control problem (Problem 1) with hyperparameters α = 1 and
β = 1 for the minimax concave panalty in (4). We change
the regularization parameter λ̃ in the range [0.0001, 4]. We
compare the conventional L1 optimization that minimizes

‖x(T)‖2
2 + λ

∫ T

0
|u(t)|dt.

Figure 3 shows the �2 norm of the terminal state, i.e.,
‖x(T)‖2 for each value of the regularization parameter λ̃
after time discretization. It can be observed that the control
performance measured by ‖x(T)‖2 by the proposed control is
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Fig. 3. The relation between λ̃ and ‖x(T )‖2 by the proposed method
(solid line) and the L1 optimization (dashed line).

Fig. 4. The relation between λ̃ and the sparsity by the proposed method
(solid line) and the L1 optimization (dashed line).

always better than or equal to that by the L1 optimization for
any regularization parameters.

Figure 4 shows the number of subintervals on which the
control is zero, which is a measure of sparsity, against the
regularization parameter. We can see that for small val-
ues of the regularization parameter λ̃, the proposed method
gives sparse control while the L1-based control exhibits no
sparsity.

To clearly illustrate the advantage of the proposed method,
we choose regularization parameters of the two control
methods such that ‖x(T)‖2 = 0.087. Figure 5 shows the
control signals by the proposed and the L1-based meth-
ods. The sparsity of the proposed method is 41 while that
of the L1-based control is 0, that is, no sparse control.
Moreover, we show the computational time by the proposed
method is almost the same as that by the L1-based method.
The comparison is summarized in Table I. This result
well illustrates the effectiveness of the proposed method.
The MATLAB codes in this example can be downloaded
at [29].

Fig. 5. The control signals that achieve ‖x(T )‖2 = 0.087: proposed
(solid line) and L1-optimal (dashed line).

TABLE I
COMPARISON OF SPARSITY AND COMPUTATIONAL TIME

VI. CONCLUSION

In this letter, we have proposed a sparse control method
using the minimax concave penalty. This method is par-
ticularly advantageous for sparse control problems that are
non-normal where L1-based approaches may fail. To illustrate
this, we provided a numerical example that demonstrates the
effectiveness of our method in addressing such non-normal
problems. Future work will focus on constructing an equiva-
lence theorem for discrete-time systems, and determining the
optimal choice of the hyperparameters α and β in the minimax
concave penalty.

REFERENCES

[1] M. Nagahara, D. E. Quevedo, and D. Nešić, “Maximum hands-off
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control,” 2014, arXiv:1407.2377.

[6] I. Exarchos, E. A. Theodorou, and P. Tsiotras, “Stochastic L1-optimal
control via forward and backward sampling,” Syst. Control Lett.,
vol. 118, pp. 101–108, Aug. 2018.

[7] T. Ikeda and K. Kashima, “Sparsity-constrained controllability
maximization with application to time-varying control node selection,”
IEEE Control Syst. Lett., vol. 2, no. 3, pp. 321–326, Jul. 2018.

[8] C. V. Rao, “Sparsity of linear discrete-time optimal control problems
with l1 objectives,” IEEE Trans. Autom. Control, vol. 63, no. 2,
pp. 513–517, Feb. 2018.

[9] T. Iwata, S.-I. Azuma, R. Ariizumi, and T. Asai, “Maximum turn-off
control for discrete-time linear systems,” Int. J. Robust Nonlin. Control,
vol. 33, no. 1, pp. 23–34, 2023.



HAYASHI et al.: DESIGN OF SPARSE CONTROL WITH MCP 549

[10] A. Dasgupta and A. Kundu, “Scheduling and control of networked
systems: A sparsity approach,” in Proc. 62nd IEEE Conf. Decis. Control
(CDC), 2023, pp. 5457–5462.

[11] B. Polyak and A. Tremba, “Sparse solutions of optimal control via
Newton method for under-determined systems,” J. Glob. Optim., vol. 76,
pp. 613–623, Mar. 2020.

[12] A. Sachan, S. Kamal, S. Olaru, D. Singh, and X. Xiong, “Discrete-
time sector based hands-off control for nonlinear system,” Int. J. Robust
Nonlin. Control, vol. 30, no. 6, pp. 2443–2460, 2020.

[13] Y. Shiraishi, M. Nagahara, and D. Saelens, “Optimal control of TABS
by sparse MPC,” in Proc. Build. Simul. Conf., 2021, pp. 1735–1741.

[14] T. Ikeda, K. Sakurama, and K. Kashima, “Multiple sparsity constrained
control node scheduling with application to rebalancing of mobility
networks,” IEEE Trans. Autom. Control, vol. 67, no. 8, pp. 4314–4321,
Aug. 2022.

[15] K. Motonaka, T. Watanabe, Y. Kwon, M. Nagahara, and S. Miyoshi,
“Control of a quadrotor group based on maximum hands-off dis-
tributed control,” Int. J. Mechatron. Autom., vol. 8, no. 4, pp. 200–207,
2021.

[16] M. Leomanni, G. Bianchini, A. Garulli, A. Giannitrapani, and
R. Quartullo, “Sum-of-norms model predictive control for spacecraft
maneuvering,” IEEE Control Syst. Lett., vol. 3, no. 3, pp. 649–654,
Jul. 2019.

[17] Y. Kayama, M. Bando, and S. Hokamoto, “Sparse optimal trajectory
design in three-body problem,” J. Astronaut. Sci., vol. 69, no. 3,
pp. 829–856, 2022.

[18] B. A. Kristiansen and J. T. Gravdahl, “Maximum hands-off attitude
control of a spacecraft actuated by thrusters,” IFAC-PapersOnLine,
vol. 56, no. 2, pp. 2026–2031, 2023.

[19] V. M. Gonçalves, P. Fraisse, A. Crosnier, and B. V. Adorno,
“Parsimonious kinematic control of highly redundant robots,” IEEE
Robot. Autom. Lett., vol. 1, no. 1, pp. 65–72, Jan. 2016.

[20] M. Athans and P. L. Falb, Optimal Control. New York, NY, USA: Dover
Publ., 2007.

[21] C. H. Zhang, “Nearly unbiased variable selection under minimax
concave penalty,” Ann. Statist., vol. 38, no. 2, pp. 894–942, 2010.

[22] S. Wang, X. Chen, W. Dai, I. W. Selesnick, G. Cai, and B. Cowen,
“Vector minimax concave penalty for sparse representation,” Digit.
Signal Process., vol. 83, pp. 165–179, Dec. 2018.

[23] I. Selesnick, “Sparse regularization via convex analysis,” IEEE Trans.
Signal Process., vol. 65, no. 17, pp. 4481–4494, Sep. 2017.

[24] T. Ikeda, “Non-convex optimization problems for maximum hands-off
control,” 2024, arXiv:2402.10402.

[25] S. Boyd, N. Parikh, E. Chu, B. Peleato, and J. Eckstein, “Distributed
optimization and statistical learning via the alternating direction method
of multipliers,” Found. Trends Mach. Learn., vol. 3, no. 1, pp. 1–122,
2011.

[26] M. S. Darup, G. Book, D. E. Quevedo, and M. Nagahara, “Fast hands-off
control using ADMM real-time iterations,” IEEE Trans. Autom. Control,
vol. 67, no. 10, pp. 5416–5423, Oct. 2022.

[27] F. Clarke, Functional Analysis, Calculus of Variations and Optimal
Control (Graduate Texts in Mathematics), vol. 264. London, U.K.:
Springer, 2013.

[28] H. Mai and Z. Yin, “A new zero-order algorithm to solve the maxi-
mum hands-off control,” IEEE Trans. Autom. Control, vol. 69, no. 4,
pp. 2761–2768, Apr. 2024.

[29] “Nagahara-Masaaki/MCSS.” 2022. [Online]. Available: https://github.
com/nagahara-masaaki/MCP



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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

  /CreateJDFFile 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 PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


