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Abstract: An efficient algorithm is proposed for computing the
solution to the constrained finite time optimal control (CFTOC)
problem for discrete-time piecewise affine (PWA) systems with a
quadratic performance index. The maximal positively invariant ter-
minal set, which is feasible and invariant with respect to a feedback
control law, is computed as terminal target set and an associated
Lyapunov function is chosen as terminal cost. The combination
of these two components guarantees constraint satisfaction and
closed-loop stability for all time. The proposed algorithm combines
a dynamic programming strategy with a multi-parametric quadratic
programming solver and basic polyhedral manipulation. A numer-
ical example shows that a larger stabilizable set of states can be
obtained by the proposed algorithm than precious work.

Keywords: constrained optimal predictive control, multi-parame-
tric quadratic programming, dynamic programming, receding hori-
zon control, positively invariant set.

DOI: 10.3969/j.issn.1004-4132.2010.06.024

1. Introduction

In the last few years, several different techniques were de-
veloped for the analysis and controller synthesis for hybrid
systems [1–5].

Piecewise affine systems have attracted much interest in
the research community since they can approximate non-
linear systems and because of their equivalence to many
classes of hybrid systems. They are obtained by partition-
ing the state space into polyhedral regions and associating
to each region a different affine state update equation [2].

A large part of the literature has focused on end-point
constraints to guarantee stability of the closed-loop sys-
tem [3,6,7]. This type of constraint generally requires
the use of large prediction horizons for the controller to
cover the maximal attractive set, such that the complexity
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quickly becomes prohibitive. Other methods computa-
tional [8] only provide stability guarantees if the origin is
contained in the interior of one of the dynamics.

For any dynamical system, stability is guaranteed if an
invariant set is imposed as a terminal state constraint and
terminal cost corresponds to a Lyapunov function for that
set. Moreover, the decay rate of the “terminal Lypunov
function” must be greater than the stage cost.

In this paper, we show how to compute a maximal pos-
itively invariant set with the associated Lyapunov function
such that stability and constraint satisfaction of receding
horizon control (RHC) is guaranteed. The scheme is based
on the results in [9–11].

Based on the results above, we propose an efficient al-
gorithm for computing the solution to the constrained fi-
nite time optimal control (CFTOC) problem for Piece-
wise affine (PWA) systems. The algorithm uses a dy-
namic programming together with multi-parametric pro-
gramming solver.

2. Constrained finite time optimal control of
piecewise affine systems

Consider discrete-time constrained PWA systems of the
following form

x(t + 1) = fPWA(x(t), u(t)) = Aix(t) + Biu(t) + fi

if
[

x(t)
u(t)

]
∈ Di :=

{[
x

u

]
|Hix + Jiu � Ki

}
, i ∈ I

where t � 0, x ∈ X ⊂ Rn is the state, u ∈ U ⊂ Rm is the
control input, and {Di}s

i=1 is the polyhedral partition of
the sets of the extended state+input space Rn+m. Further-
more, we assume that X and U are compact and polytopic
which contain the origin in their interiors and let the union

of the polyhedral partitions be D :=
s⋃

i=1

Di. The set is

defined as I � {1, 2, . . . , D} where D denotes the num-
ber of different dynamics. We will henceforth assume that
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the sets Di are non-intersecting. Note that linear state and
input constrains of the general form Kx(t) + Lu(t) � M

are incorporated in the description of Di.
Additionally, define the following cost function

J(UT−1
0 , x(0)) := ‖QxN x(T )‖p +

T−1∑
k=0

‖Qx(k)‖p + ‖Ru(k)‖p (1)

and consider the finite constrained optimal control problem

J∗(x(0)) := min
UT−1

0

J(UT−1
0 , x(0))

s.t.

{
x(t + 1) = fPWA(x(t), u(t))

x(T ) ∈ χf
(2)

where the column vector UT−1
0 := [u(0)′, . . . , u(T −

1)′]′ ∈ RmT is the optimization vector, χf is the termi-
nal target region and p in (1) denotes the corresponding
standard vector norm, in particular, 2-norm. Additionally,
we assume that R, Q, and QxN are of full column rank.

We summarize the main result of the solution to the
CFTOC problems (1)–(2) which is proved in [5].

Theorem 1 (Solution to the CFTOC) The solution to
the optimal control problem (1)–(2) with p = 2 is a piece-
wise affine state feedback control law of the form

u∗(t) = ft(x(t)) = F t
i x(t) + Gt

i if x(t) ∈ �t
i (3)

where �t
i (i = 1, . . . , N t) is a polyhedral partition of the

set χt of feasible states x(t) at time t = 0, . . . , T − 1.
When we apply the receding horizon control policy in

which only the first element of the computed optimal con-
trol sequence is applied to the systems, (3) can be further-
more denoted as

u∗(0) = f0(x(0)) = F 0
i x(t) + G0

i ifx(0) ∈ �0
i (4)

3. Computation of maximal positively invar-
iant set OPWA

∞
In this section, we will show how terminal set χf and cor-
responding weight matrix P can be computed such that
stabilizing RHC controllers can be constructed for generic
PWA systems.

We assume that the origin is an equilibrium state of the
PWA system. Specifically, it would be necessary to require
that the feedback law Ki associated with each dynamic sat-
isfy the input constraints over the entire state space.

In a first step, we select all dynamics i ∈ I0 which con-
tain the origin, i.e. I0 � {i ∈ I|0 ∈ Di}.

The search of stabilizing piecewise linear feedback con-
trollers Ki and an associated common quadratic Lyapunov
function V (x) = x′Px can now be posed as

xTPx � 0, ∀x ∈ X

xT(Ai + BiKi)TP (Ai + BiKi)x − xTPx �
−xTQx − xTKT

i RKix, ∀x ∈ Di, ∀i ∈ I0 (5)

If we relax this condition by setting Di = Rn, ∀i ∈ I0,
the problem can be rewritten as an semi-definite program-
ming (SDP) by using Schur complements and introducing

the new variables Yi = KiZ and Z =
1
γ

P−1 (see [9] for

details)
min γ, s.t. (6a)

Z � 0 (6b)⎡
⎢⎢⎣

Z AiZ+BiYi (Q0.5Z)T (R0.5Yi)T

(AiZ+BiYi)T Z 0 0
Q0.5Z 0 γI 0
R0.5Yi 0 0 γI

⎤
⎥⎥⎦�

0, ∀i ∈ I0 (6c)

where the scalar γ is introduced to optimize for the worst
case performance. Note that it may not be possible for the
worst case switching sequence considered in (6) to occur in
practice, since not all dynamics are defined over the entire
state space.

In a second step, we will compute the maximal posi-
tively invariant set OPWA

∞ of the PWA system subject to
the feedback controllers Ki with the method in [10], which
is guaranteed to terminate in finite time for the problem
at hand, since the closed-loop system is asymptotically
stable.

Here, we will summary the method in [10].
Let k(x) = Kix if x ∈ D∗

i , ∀i ∈ I0, where D∗
i �

{x|Kix ∈ Di} , i ∈ I0 and we define

X0 �
⋃
i∈I0

D∗
i (7)

So we consider the following autonomous system

x(t + 1) = fa(x) � (Ai + BiKi)x, x ∈ D∗
i , i ∈ I0 (8)

For the system above , we use φ(k; x0) to denote the so-
lution of x(t+1) = fa(x) at time k if the initial state is x0

and Pr ea(S) to denote the set of the states that evolves to
S ⊆ X0 in one step, i.e.

Pr ea(S) � {x ∈ X0|fa(x) ∈ S} (9)

moreover, if S ⊆ X0 is a P-collection, then the set
Pr ea(S), defined in (9), is also a P-collection.

Definition 1 (The maximal positively invariant set
OPWA

∞ ) The maximal positively invariant set, OPWA
∞ ,

for the discrete time system x(t+1) = fa(x), where fa(·)
is defined in (8) subject to the constrains in (7), is defined
by

OPWA
∞ � {x ∈ X0|φ(k; x) ∈ X0, ∀k ∈ N}
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The following algorithm provides a procedure for com-
puting the maximal positively invariant subset of X0

[12–14].
Algorithm 1 (Computation of OPWA

∞ )
(a) Ω0 = X0.
(b) Ωk+1 = Pr ea(Ωk).
(c) If Ωk+1 = Ωk, return; set k = k + 1and go to (b).
The algorithm generates the set sequence {Ωk} satisfy-

ing Ωk+1 ⊆ Ωk, ∀k ∈ N and it terminates if Ωk+1 = Ωk

so that Ωk is the maximal positively invariant set OPWA∞ .
The proposed computation scheme above is summa-

rized in the following algorithm:
Algorithm 2
(a) Identify all dynamics which contain the origin, i.e.

i ∈ I0.
(b) Solve (6) for all i ∈ I0 to obtain Ki and P . If (6) is

infeasible, abort the algorithm.
(c) Compute the maximal positively invariant set OPWA∞

of the PWA system subject to feedback controllers Ki with
the Algorithm 1.

(d) Return the target set OPWA∞ , the feedback laws Ki

and the associated matrix P .

4. Computation of the CFTOC solution via an
efficient dynamic program

Here we show that how the considered finite time optimal
control problems (1) and (2) can be solved with an efficient
dynamic programming approach.

The equivalent dynamic program is of the following
form

J∗
j (x(j)) := min

u(j)
‖Qx(j)‖2 + ‖Ru(j)‖2 +

J∗
j+1(fPWA(x(j), u(j)))

s.t. fPWA(x(j), u(j)) ∈ χj+1 (10)

for j = T − 1, . . . , 0, with boundary conditions

χT = χf

J∗
T (x(T )) = ‖QxN x(T )‖2 (11)

where χj =
{
x ∈ Rn|∃u, fPWA(x, u) ∈ χj+1

}
is the set

of all initial states for which the problem (10) is feasible.

4.1 The dynamic programming strategy

The dynamic programming problems (10) and (11) can
be solved by using a multi-parametric quadratic program
solver going backwards in time starting from the target re-
gion χf .

Consider the first step of the dynamic program (10), (11)

J∗
T−1(x(T−1)) := min

u(T−1)
‖Qx(T−1)‖2 + ‖Ru(T−1)‖2+

J∗
T (fPWA(x(T − 1), u(T − 1)))

s.t. fPWA(x(T − 1), u(T − 1)) ∈ χf (12)

The cost-to-go function J∗
T (x) in (12) is piecewise

affine, the terminal region χf is a polyhedron and the con-
straints are piecewise affine, thus, problem (12) is a many
s to one problem that can be solved with s mp-QPs.

At the second step, j = T − 2, the cost-to-go function
J∗

T−1(x) is polyhedral piecewise affine and the terminal
set χT−1 is a union of N r

T−1 polyhedra, where N r
T−1 is

the number of polyhedra of J∗
T−1. Note that the constrains

are still piecewise but χT−1 is not necessarily a convex set.
Problems (10) and (11) become a many s to many N r

T−1

problem and can be solved by solving sN r
T−1 mp-QPs.

From the third step j = T − 3 to the last one j = 0, the
cost-to-go function J∗

j (x) is polyhedral piecewise affine
with a certain multiplicity dj , the terminal set χj is again
the union of N r

j polyhedra and the constrains are piecewise
affine. Therefore, problems (10) and (11) are a many s to
many N r

j problem with multiplicity dj that can be solved
by solving sN r

j dj mp-QPs. The resulting optimal solution
will have the piecewise affine form (3).

5. Numerical example

In order to illustrate the proposed procedure, we consider
a 2-dimensional PWA system

x (k + 1) =

{
A1x (k) + B1u (k) + f1, x1 (k) � 1

A2x (k) + B2u (k) + f2, x1 (k) > 1

where

A1 =
[

0.6 −0.2
−0.1 0.8

]
, B1 =

[
0

0.5

]
, f1 =

[
0
0

]

A2 =
[

0.7 −0.3
0.8 0.6

]
, B2 =

[
0

0.5

]
, f2 =

[
0.2
0

]
subject to constrains

−x1 (k) + x2 (k) � 15

−3x1 (k) − x2 (k) � 25, − 6 � x1 (k) � 8

0.2x1 (k) + x2 (k) � 9, − 1 � u (k) � 1

Weight matrices in cost function were chosen as Q = I2

and R = 1. The prediction and control horizon are consid-
ered to be N = 3. By solving the SDP in (6), the follow-
ing stabilizing feedback controller and associated common
quadratic Lyapunov function are obtained

K = [0.156 0 − 0.565 9]

V (x) = xTPx = xT

[
1.620 4 −0.445 9
−0.445 9 2.016 4

]
x

The terminal set χf = OPWA
∞ was obtained by comput-

ing the maximal positively invariant set with Algorithm
1 (see Fig. 1) and corresponding weight matrix is chosen
as P .
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Fig. 1 Maximal positively invariant set and stabilizable sets

Then, by solving the CFTOC problem (1) with proce-
dure aforementioned, the resulting stabilizable set denoted
as K1 is also depicted in Fig. 1.

Fig. 2 shows the states evolution for some initial states
for the CFTOC problem above. As it can be seen, the states
evolve asymptotically to the origin.

Fig. 2 State trajectories of the system of example with OPWA∞

In comparison with the maximal positively invariant
set, a smaller invariant set around the origin is chosen as

χf �
{
x ∈ R2, ‖x‖∞ � 0.5

}
while the other parameters

of CFTOC problem are the same. The resulting stabiliz-
able set K2 is depicted in Fig. 1.

It is obvious to observe that the solution to the CFTOC
problem with maximal positively invariant set has larger
stabilizable set of states than that with smaller positively
invariant set.

6. Conclusion

In this paper, an efficient algorithm for computing the so-
lution to the CFTOC problem with maximal positively
invariant terminal set for discrete-time PWA systems is
proposed. The algorithm combines dynamic program-
ming strategy with multi-parameters quadratic program-
ming solvers and basic polyhedral manipulation.

A maximal positively invariant chosen as terminal target

set with respect to the local stabilizing controller is com-
puted efficiently and the terminal cost is an associated Lya-
punov function so that the stability of closed-loop system
is guaranteed. Through a numerical example, the proposed
algorithm is shown to have larger stabilizable region.

References

[1] M. S. Branicky, G. Zhang. Solving hybrid control problems:
Level sets and behavioral programming. Proc. of the Confer-
ence on American Control, 2000: 1002–1007.

[2] E. D. Sontag. Nonlinear regulation: the piecewise linear ap-
proach. IEEE Trans. on Automatic Control, 1981, 26(2): 346–
358.

[3] A. Bemporad, F. Borrelli, M. Morari. Optimal controllers for
hybrid systems: stability and piecewise explicit form. Proc. of
the Conference on Decision and Control, 2000: 1428–1432.

[4] M. Morari, M. Baric. Recent developments in the control of
constrained hybrid systems. Computers and Chemical engi-
neering, 2006, 30(2): 1619–1631.

[5] F. Borrelli. Discrete time constrained optimal control. Swiss
Federal Institute of Technology, 2002: 114–168.

[6] F. Borrelli. Constrained optimal control of linear and hybrid
systems. Control and Information Sciences, 2003: 1100–1106.

[7] A. Bemporad, M. Morari. Control of systems integrating logic,
dynamics, and constraints. Automatica, 1999, 35(3): 407–427.

[8] D. Q. Mayne, S. Rakovic. Model predictive control of con-
strained piecewise affine discrete-time systems. Journal of Ro-
bust and Nonlinear Control, 2003, 13(3): 261–279.

[9] D. Mignone, T. G. Ferrari, M. Morari. Stability and stabiliza-
tion of piecewise affine and hybrid systems: an LMI approach.
Proc. of the Conference on Decision and Control, 2000: 987–
993.

[10] S. V. Rakovic, P. Grieder, M. Kvasnica, et al. Computation of
invariant sets for piecewise affine discrete time systems subject
to bounded disdurbances. Proc. of the Conference on Decision
and Control, 2004: 1122–1127.

[11] P. Grieder, M. Kvasnica, M. Baotic, et al. Low complexity
control of piecewise affine systems with stability guarantee.
Proc. of the Conference on American Control, 2004: 556–559.

[12] D. P. Bertsekas. Control of uncertain systems with a set-
membership description of the uncertainty. Massachusetts In-
stitute of Technology, 1971: 125–198.

[13] E. D. Santis, D. D. Benedetto, L. Berardi. Computation of
maximal safe sets for switching systems. IEEE Trans. on Au-
tomatic Control, 2004, 49(2): 184–195.

[14] E. C. Kerrigan. Robust constraints satisfaction: invariant sets
and predictive control. The University of Cambridge, 2000:
98–152.

Biographies

Fu Chen was born in 1980. He received his B.S.
and M.S. degrees from Liaoning Technical Uni-
versity in 2002 and 2005, and his Ph.D. degree
from Zhejiang University in 2008. He is cur-
rently an engineer in Key Laboratory of Tobacco
Processing Technology, Zhengzhou Tobacco Re-
search Institute of CNTC. His research interests
include model predicitve control, robust control,

and the application of advanced control technology on tobacco pro-
cessing.



1094 Journal of Systems Engineering and Electronics Vol. 21, No. 6, December 2010

Guangzhou Zhao was born in 1946. He received
the Ph.D. degree from Zhejiang University. Now
he is a professor in Zhejiang University. His re-
search focuses include nonlinear control theory,
signal analysis and processing.

Xiaoming Yu was born in 1979. He is currently a
Ph.D candidate at College of System Science and
Engineering, Zhejiang University. His main area
of research includes network control, robust con-
trol, and signal analysis and processing.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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 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 600
  /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 600
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


