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Abstract—Tactical networks are wireless in nature to support
mobility and rapid deployment in contested environments. These
networks also consist of various heterogeneous networking tech-
nologies. Since the tactical networks are specialized purpose built
networks and their main motivation is to solve a special purpose
functions, the interoperability between different technologies was
not initially viewed as essential. As the deployment of wireless
networks become ubiquitous both in private and government
sectors, the lack of interoperability has become a disadvantage
in creating a unified control plane. A unified control plane can
abstract the complexity of heterogeneous wireless networks and
can provide a centralized control over the network resources. In
this paper, we develop necessary mathematical model to realize
the unified programmable control plane for heterogeneous wire-
less networks. We develop a cross-layer optimization framework,
which characterizes the interaction between physical, link, and
network layer for the unified programmable control plane in a
heterogeneous wireless network. By applying the framework on
a throughput maximization problem, we will show an application
of the model to solve practical issues in a tactical network and
gain some theoretical insight on the optimal behavior of the
unified programmable control plane for a heterogeneous wireless
network.

I. INTRODUCTION

The recent advances in the development of software defined
networking (SDN) make the programmable control plane in
the wired network a reality by separating the control and
data plane[1], [2], [3], [4]. In SDN architecture, the control
plane is completely removed from the hardware and externally
centralized on a server called controller. Fig. 1 illustrates
the differences in the control plane for the traditional and
programmable control plane.

Software defined wireless network (SDWN) recently has
been proposed as a natural extension of SDN from wired to
wireless network([2], [5], [6]. SDWN envisioned to provide
flexible resource management, end-user/application aware con-
trol plane , and vendor-independent wireless network hard-
wares. In addition to packet forwarding problem, SDWN has
to also focus on wireless access and interference manage-
ment with respect to physical layer design in complex radio
environment[6]. The current research efforts on SDWN[5], [6],
[7] mainly focuses on proposing network architecture. To the
best of our knowledge, the previous work does not show how
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to clearly model and solve the complex functionality of the
control plane.

In Fig. 2, we demonstrate the logical blocks of the uni-
fied programmable control plane for heterogeneous wireless
network. The network objective corresponds to the dynamic
objective which sought to be achieved by the network. The
network layer block ensures the flow balance constraints hold
in every node between source and destination for each session.
This block is further responsible to find the optimal routing
path for each active session. The MAC/link layer has two main
functions: i) resolve the medium access contention by link
scheduling over different time slots. ii) control the amount
of flow on each wireless link to ensure it does not exceed
the capacity of the link. The physical layer block manages the
signal processing, power management, modulation and coding.
This block is also responsible for interference management.
The programmable nature of the unified control plane allows
the modification of the network objective, constraints within
each individual block or even introducing new blocks. The
interoperability between different technologies for wireless
heterogeneous network can be captured by having necessary
constraints in these building blocks.

We claim that the functionality of the unified programmable
control plane can be modeled as a centralized network opti-
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mization problem, in which the optimal network decisions are
to be identified and the optimal wireless network resources are
to be allocated to achieve the optimal objective for the network
at a give time. Fig. 3 demonstrates a realization of a network
architecture for the unified programmable control plane. The
centralized network control center performs the control plane
tasks and the data will be carried through the core and wireless
network.

In this paper, we develop necessary mathematical model
to realize the unified programmable control plane in wireless
heterogeneous network. We develop a cross-layer optimiza-
tion framework, which characterizes the interaction between
physical, link, and network layer. By applying the framework
on a throughput maximization problem, we will show an
application of the model to solve practical issues in a tactical
network and gain some theoretical insight on the optimal
behavior of the unified programmable control plane for a
heterogeneous wireless network.

The remainder of this work is organized as following. In
Section II, we propose necessary mathematical model to real-
ize the unified programmable control plane for heterogeneous
wireless networks. In III, we develop a cross-layer optimiza-
tion framework, which characterizes the interaction between
physical, link, and network layer for the unified programmable
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control plane in a heterogeneous wireless network. In Sec-
tion IV, we will show an application of the model to solve
practical issues in a tactical network and gain some theoretical
insight on the optimal behavior of the unified programmable
control plane for a heterogeneous wireless network. Section
V concludes this paper.

II. MODELING UNIFIED CONTROL PLANE FOR WIRELESS
HETEROGENEOUS NETWORK

In this section, we will present the functionality of each
individual module in the unified control plane for wireless
heterogeneous network in mathematical programming.

Consider a multi-hop MIMO network consisting of a set
of nodes N which has N elements. Each node is assumed
to have M antennas. Suppose that there are L possible links
in the network. Denote Tx(!) and Rx(l) as the transmit and
receive nodes of link [, 1 < [ < L. We consider a time-
slotted scheduling, where a time frame consists of 7' time
slots. Depending on link scheduling, a subset of links will be
active in time slot ¢, 1 < ¢ < T.

A. Mac and Link Layer Constraints

Half-Duplex Constraint.  Although there has been signif-
icant advance on full duplex for single antenna node, there
remain significant challenges to have a practical design for full
duplex on a MIMO node. Therefore, we assume half duplex on
a MIMO node in this paper. Denote x;[t] as a binary variable
to indicate whether node 7 € N is transmitting in time slot
t, i.e., x;[t] = 1 if node i is a transmitter in time slot ¢ and
0 otherwise. Similarly, denote y;[t] as a binary variable to
indicate whether node i € A is receiving in time slot ¢, i.e.,
yi[t] = 1 if node i is a receiver in time slot ¢ and 0 otherwise.
For half-duplex, we have the following constraint:

zit] + yilt] < 1,
Node’s SM Constraints. If node 7 is not a transmitter,
then we have ), rou 2[t] = 0. Otherwise, the total number
of outgoing streams should be positive and lesser than the
number of antennas, i.e., 1 < >, qou 2[t] < M. These two
cases can be expressed in a compact form as follows:

z[t] < Z 2] < Maift], (1<i<N,1<t<T). (2

lecout
Similarly, depending on whether node ¢ is an active receiver,
we have the following constraint:

(1<i<N,1<t<T). (D)

vl < > altl <Myilt], 1<i<N1<t<T). @)
leLin

B. Interference Management

Strong Interference vs Weak Interference. We first intro-
duce a concept of “strong” interference range. For a receive
node 7, it may be interfered by all the unintended transmit
nodes in the network. We distinguish an interference as either
a “strong” interference or a “weak” interference through strong
interference range. Specifically, if the distance from a transmit
node to its unintended receive node is less than or equal
to interference range, we consider this interference as strong
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interference; otherwise, we consider it as week interference. In
our model, only strong interference will be considered for IC,
while weak interference will not be considered for IC. Instead,
weak interference will be treated as noise at the receive node
when calculating its achievable data rate. Denote Z; as the set
of nodes that are located within the strong interference range
of transmitter 7.
Ordering Constraint. In a multi-hop MIMO network,
to avoid duplication in IC while ensuring feasibility of DoF
allocation, Shi et al. [8] introduced a novel IC scheme among
the nodes based on a node ordering concept. Under this
scheme, all nodes in the network are put into a logical list
with the position of the node in the list representing its order.
Specifically, denote [t] as an ordered list of nodes in the
network in time slot ¢ and denote 7;[t] as the position of node
i € N in 7[t]. Then we have:

1< mft] <N, (I1<i<N,1<t<T). ¥
To model the relative ordering between any two nodes ¢ and
j in w[t], we define an indicator variable 6,;[t] as follows:

9j'[t]={

Denote Z; as the set of nodes that are located within the inter-
ference range of transmitter <. Then the ordering relationship
between any two nodes in the network can be represented by
the following mathematical programming constraints[8]:

1
0

if node j is before node i in 7[t],
otherwise.

milt] = N - 05[t] + 1 < mift] < mft] = N - 65[t] + N — 1,
(1<i<N,jeZ,1<t<T). %)

Based on 7[t], each node in this list has the following

responsibility in IC:

o Transmit node. If this node is a transmit node, then
it only needs to cancel its interference to those receive
nodes that are before itself in the ordered node list. It
does not need to consume DoFs to cancel its interference
to those receive nodes that are after itself in the ordered
node list. Interference from this transmit node to receive
nodes after itself will be canceled by those receive nodes
later. The number of DoFs consumed at this transmit node
for IC is equal to the total number of desired data streams
received by those receive nodes.

e Receive node. If this node is a receive node, then it only
needs to cancel interference from those transmit nodes
that are before itself in the ordered node list. It does not
need to cancel interference from those transmit nodes that
are after itself in the ordered node list. Interference from
transmit nodes after this node will be canceled by those
transmit nodes later. The number of DoFs consumed at
this receive node for IC is equal to the total number of
data streams transmitted by those transmit nodes.

The above IC rules can also be cast into mathematical pro-
gramming constraints. Then the DoF constraint at a transmit
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node and a receive node for (1 <i < N,1 <¢ < T) can be
written as follows [8]:

Tx(k)#i
2w t+2205[t X2 2t < Maift] + (1 — ai[t]) Bi, (6)
leLgut JETL; keLin
Rx(l)#t
22t 205lt] > z@t] < M- yslt] + (1= wilt]) B, (7)
keLin JEL leLgut
where B; is a large constant and is no small than
Sjer, Gl Sycn sl and X,cq 05t 200%" 2wt
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For example, we can set B; = M - |Z;].

C. Physical Layer Constraints

Power Allocation Constraints. For power control, we
assume that the transmission power allocated to gth outgoing
data stream at transmit node of link [ can be tuned to a finite
number of levels between 0 and P,,, . We further assume that
the total transmit power of a node is P;. To model this discrete
data stream power control, we introduce an integer parameter
@ that represents the total number of power levels to which
a transmitter can be adjusted, i.e., transmission power can be
0, %Pmax, %Pmax, .y Pmax. Denote p/ € {0,1,...,Q} the
integer levels for transmission power allocated to gth outgoing
data stream at transmit node of link . If node ¢ is an active
transmitter (i.e., x;(t) = 1), then its total transmit power
over all data streams is Pp.x. Otherwise (i.e., x;(t) = 0),
its transmit power for each data stream is zero. Then we have

Z[[t]
SN pit=Q-alt, 1<i<N,1<t<T). (8)

leLgnt g=1

SINR Constraints. Denote ¢ [¢] as the achievable rate of gth
data stream of link [ in time slot ¢. Denote ~/[t] as the effective
SINR at the receive node of link [ for receiving the kth data
streams of link /. Then the data stream capacity constraints
for (1 <1< L,1<qg<zt],)1 <t<T)can be written as
follows:

cilt] =W -logy(1+/[t]) , ©)
where W is the system bandwidth.

We know calculate the effective SINR ~/[¢]. The DoF IC
cancels the strong interfering signals and weak interference
signals is treated as noise. Therefore, the effective SINR at
the receive node of link [ for receiving the gth data streams
of link [ for (1 <1< L, 1 <q<z[t],l <t<T)can be
written as

It
GTx(l)R,x(l) %[]Pmax
£ Tx(1)

>

P€EN\Tro(1)

V[t = (10)

A;I[t] [ Gin(l)PmaXl‘i [t] + Pn]

where G;; is the path loss from the transmit node 7 to the
receive node j; P, is the noise power at the receiver; Alq [t] is
a power scaling coefficient of the interference and the noise
for the gth data stream of link /, which is determined by the
channel matrices.
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Link Capacity Constraints. Denote ¢;[t] as the aggregate
data rate at link [ over its z[t] data streams in time slot ¢.
Then we have

z[t]

alt] = [,

Denote 7;(f) as the amount of data rate on link [ that is
attributed to session f € F. Since the aggregate data rate
on link [ cannot exceed the link’s average rate, we have

(1<I<L1<t<T). (11

12)

where the right-hand-side represents the average throughput
on link [ over a frame (7" time slots).

D. Network Layer Constraints

Flow Routing Constraints. Suppose there is a set of active
sessions F. Denote r(f) as the rate of session f € F and
Tmin as the minimum session rate, i.e., 7y = mingc - 7(f).
Denote s(f) and d(f) as the source and destination nodes
of session f € F, respectively. Then at source node, s(f),
f € F, we have the following flow balance:

S nlf)=rlf). (i=s(f).feF).

leLout

13)

At any intermediate relay node, we have
S )= nlf), (A<Ki<Nits(f),i#d(f), f € F) . (14)
leLin leLout
At a destination node, we have
S n(f) = (),

lecin
III. PROBLEM FORMULATION AND SOLUTION

15)

(i=d(f), feF).

In this section, we show how the unified heterogeneous
wireless network model developed in the previous section can
be used to study tactical networking problems. Let’s consider
a typical throughput maximization problem in a multi-hop
MIMO network. It can be easily verified that if (13) and
(14) are satisfied, then (15) is also satisfied. Therefore, it is
sufficient to have (13) and (14).

Putting all the constraints together, we have the following
formulation for the throughput maximization problem:

TMP max
S.t.

Tmin

Tmin < 7(f) (f€F)
Ordering Constraints.:(4),(5);

Half Duplex Constraints.(1);

SM Constraints.: (2),(3);

DoF IC Constraints.: (6),(7);

Power Allocation Constraints.: (8);
SINR Constraints.: (9)—(10);

Link Capacity Constraints.: (11),(12);
Flow Balance Constraints.: (13), (14);

In TMP, constraints (6),(7), (8), and (9)—(11) are non-
linear. Therefore, TMP is a mixed-integer nonlinear program
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(MINLP), which in general is NP-hard [9]. MINLP problems
are known to be difficult due to the combinatorial nature of
mixed-integer programs and the difficulty in solving nonlinear
programs. Note that there exist some techniques to address
general MINLP problems (e.g., outer-approximation methods
[10], branch-and-bound [11], extended cutting plane methods
[12], and generalized Benders’ decomposition [13]). However,
these techniques do not exploit our problem-specific structures
and properties, and hence can only handle small-sized prob-
lems.

Through reformulation on (6),(7), (8), and (9)—(11) as well
as linearization of the logarithmic function in (9), TMP
can be reformulated into a mixed integer linear program
(MILP). Although the theoretical worst-case complexity to
a general MILP problem is exponential [9], [14], there exist
highly efficient heuristics (e.g., sequential fixing algorithm [15,
Chapter 10]) to solve it. Another approach is to apply an off-
the-shelf solver (CPLEX [16]), which we found can handle
up to a moderate-sized network successfully. Since the main
goal of this paper is to explore DoF IC and FD jointly, it
is sufficient to demonstrate our results with moderate-sized
networks. Therefore, we will use CPLEX to solve MILP. The
solution to this optimization problem gives us the optimal
decision on when and how to perform scheduling, SM, and
IC in different time-slots.

IV. NUMERICAL RESULTS

In this section, we present some numerical results to study
the performance of the unified control plane for wireless
heterogeneous network described in Section II. The goal of
this effort is twofold. First, we want to show how a solution
to the TMP formulation looks like for an example network.
By studying the details of our solution for an example network,
we will develop some quantitative understanding on how the
intelligent network decision made in the unified control plane
can significantly improve the network throughput. Second, we
will show how the intelligent centralized interference manage-
ment scheme implemented in the unified control plane for the
wireless heterogeneous network can cancel the interference
and improves the network throughput compared to the case
without such an intelligent interference management in the
unified control plane.

A. Simulation Settings

We consider a randomly generated multi-hop wireless net-
work with 30 nodes that are distributed in a 100 x 100 area.
For generality, we normalize all units for distance, data rate,
bandwidth, and power with appropriate dimensions. At the
network layer, minimum-hop routing is employed. There are
2 active sessions in the network with each session’s source
node and destination node given in Table I. Each node is
equipped with M = 4 antennas. We assume the bandwidth
W = 1. The transmit power for each node is set to 100.
The path loss parameter Gy (ryrx(x) = [2010g;¢(d) + 38.25]
(in dB) [17], where d is the distance between Tx(k) and
Rx(k). The number of time slots in a frame is 7" = 4. The
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worst case upper bound value for A][t] is 7.3753. We set the
maximum acceptable performance gap between the optimal
objective values of

TABLE I
SOURCE NODE AND DESTINATION NODE IN THE 25-NODE NETWORK
Session Source Node Dest. Node
f s(f) d(f)
1 7 22
2 11 2

Figure 4 shows the set of active links and the number of
data streams per link in each time slot in the solution. Figure 5
shows the combined results for all time slots. Table II shows
the details of DoF allocation for SM, aggregated capacity over
data streams, and session’s rate for all time slots for MIMO
half duplex. Table III shows the details of IC for time slot
T = 3. The IC within the network follows the node ordering,
which is shown in the third column of Table III. The number of
DoFs used for IC to/from other nodes is shown in the column
of Table III. As shown in Table II, the objective value i,
(minimum session rate) for this network scenario is 0.483653.

Fig. 5. Shows the combined results for all time slots (with the number of
data streams for each time slot on the link shown in a box).

V. CONCLUSION

The separation of the data and control plane is a key element
for designing a highly programmable wireless network. The
unfied programmable control plane for wireless heterogeneous
network can abstract the complexity of heterogeneous wireless
network and provides a centralized control over the network
resources. The abstraction of the complexity enables the inter-
operability between different technologies in tactical wireless
networks. Moreover such a unified programmable control
plane enables advanced routing, MAC/Link/Phy layer func-
tionalities, and advanced interference management scheme.
It is also providing a dynamic structure to re-configure the
network to achieve various network objectives over time.
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TABLE II
DOF ALLOCATION FOR SM, AGGREGATED CAPACITY OVER DATA
STREAMS, AND SESSION’S RATE FOR ALL TIME SLOTS.

Session Link Time Slot | DoF for SM Capacity Session’s Rate
1 1 11.1414
2 0 0
N7 — N13 3 0 0
4 0 0
1 i 0 0 0.441784
2 2 1.15608
Ni3 — Na2 3 0 0
4 1 1.01216
1 0 0
2 0 0
Niy = Noa 3 3 10.6387
4 0 0
1 0 0
2 0 0
2 Nag — N2 3 0 0 0.441784
4 4 1.76713
1 0 0
2 3 1.1577
Nai = N2 3 T 0.845915
4 0 0
TABLE III
DOF ALLOCATION FOR SM/IC FOR TIME SLOT T" = 3.
Node ¢ | TX/RX [ m;[1] | DoF for SM [ DoF for IC to/from
Niq X 2 3 0
Noy RX 1 3 0
Naiy TX 7 1 3 t0 Naa
N RX 3 1 3to Ny

We developed the necessary mathematical model to realize
a unified programmable control plane for wireless heteroge-
neous network. Our proposed network optimization frame-
work characterizes the interaction between physical, link, and
network layer. The unified programmable control plane can
dynamically solve the optimization problem to decide the
optimal values for network decision variables. By applying the
framework on a throughput maximization problem, we evalu-
ate our model and show the proposed unified programmable
control plane for wireless heterogeneous network can solve
complex problems in tactical wireless networks.

ACKNOWLEDGMENT

The authors express their gratitude to U.S Army Research
Laboratory for supporting this work. The work of B. Jalaian is
supported in part by an appointment to the Student Research
Participation Program at the U.S. Army Research Laboratory
administered by the the Oak Ridge Institute for Science and
Education through an interagency agreement between the U.S.
Department of Energy and USARL. The work of Y.T. Hou
was supported in part by the US National Science Foundation
(NSF).

REFERENCES

[1] B. A. A. Nunes, M. Mendonca, X. N. Nguyen, K. Obraczka, and
T. Turletti, “A survey of software-defined networking: Past, present,
and future of programmable networks,” IEEE Communications Surveys
Tutorials, vol. 16, no. 3, pp. 1617-1634, Third 2014.

[2] “Open network foundation.” [Online]. Available:
https://www.opennetworking.org
[3] “Open networking research center (onrc).” [Online]. Available:

http://onrc.net/



[4]

[8]

[9]

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in
the Sarnoff 2016 proceedings.

Noo
100 ‘ ‘ ‘ T o ]
o
N13 N20 Ni8
N2 e 0 N
80 N6 b
o No ON19O N280N 6
NS M ez ©
60 Nt N1 N
N24 o o
50- o 1
N17
O
40 N2 N29 1
N25
sor N5 |
20 ©
N15 N26
10f ON14O N2t
o JNoN10 |
0 20 40 60 80 100
(a) Time slot 1
1007 ‘ ; ; ——N22
N7 o
90- N18|
ON12 N13  N20 IS
. N3
I NG |
o No N19° N280N 6
g8 N4 o7 ©
60" N21 1
- N24 N11 N1
50+ K] ~\e‘/9 N17 |
40 N29 °
N2 N5 ©
30r 0N5 1
(@)
20f N15 N26 ]
10} ON14O N2t
o JNoN10 |
0 20 40 60 80 100

(c) Time slot 3

Noo
100F N7 1
90t N13 N1
N12 N N2g, N1§
80 N6 b
NO N19° e
70F N&° N4 o N2 |
o o oN27
60 N21 N1 N
o
sol Ne4 o |
N17
N2 o
40+ N29 |
N25
80r N5 |
20 ©
Ni5 N26
10F ON14O N24
N9 N10 o
o oo |
0 20 40 60 80 100
(b) Time slot 2
100F | ; ; ——N22
. 5 1
ON7
90r N13 N20 N18{
N12 N 2
80 N6 b
NO N19° e
70r N&° N4 o N2 |
(¢} o oN27
60 N21 N1 N
o
sol N24 o |
N7
400 N2 N29 1
N25
s0r N5 |
20 ©
N15 N26
10F ON14O N23
N9 N10 o
o 0o |
0 20 40 60 80 100

(d) Time slot 4

Fig. 4. Scheduled links, DoFs allocation on each link, and interference pattern in time slots 1 to 4, respectively.

N. McKeown, T. Anderson, H. Balakrishnan, G. Parulkar, L. Peterson,
J. Rexford, S. Shenker, and J. Turner, “Openflow: Enabling innovation
in campus networks,” SIGCOMM Comput. Commun. Rev., vol. 38, no. 2,
pp. 69-74, Mar. 2008.

Q. Zhou, C. X. Wang, S. McLaughlin, and X. Zhou, “Network virtual-
ization and resource description in software-defined wireless networks,”
IEEE Communications Magazine, vol. 53, no. 11, pp. 110-117, Novem-
ber 2015.

T. Chen, M. Matinmikko, X. Chen, X. Zhou, and P. Ahokangas,
“Software defined mobile networks: concept, survey, and research direc-
tions,” IEEE Communications Magazine, vol. 53, no. 11, pp. 126-133,
November 2015.

S. Sun, L. Gong, B. Rong, and K. Lu, “An intelligent sdn framework for
5¢g heterogeneous networks,” IEEE Communications Magazine, vol. 53,
no. 11, pp. 142-147, November 2015.

Y. Shi, J. Liu, C. Jiang, C. Gao, and Y. T. Hou, “A dof-based link layer
model for multi-hop mimo networks,” IEEE Transactions on Mobile
Computing, vol. 13, no. 7, pp. 1395-1408, July 2014.

M. R. Garey and D. S. Johnson, Computers and Intractability; A Guide
to the Theory of NP-Completeness. New York, NY, USA: W. H.

978-1-5090-1539-9@2016 IEEE

42

[10]

(1]

[12]

[13]
[14]
[15]
[16]

[17]

Freeman & Co., 1990.

R. Fletcher and S. Leyffer, “Solving mixed integer nonlinear programs
by outer approximation,” Mathematical programming, vol. 66, no. 1-3,
pp. 327-349, 1994.

O. K. Gupta and A. Ravindran, “Branch and bound experiments in
convex nonlinear integer programming,” Management science, vol. 31,
no. 12, pp. 1533-1546, 1985.

T. Westerlund and F. Pettersson, “An extended cutting plane method for
solving convex minlp problems,” Computers & Chemical Engineering,
vol. 19, no. 1, pp. 131-136, November 1995.

A. M. Geoffrion, “Generalized benders decomposition,” Journal of
optimization theory and applications, vol. 10, no. 4, pp. 237-260, 1972.
A. Schrijver, Theory of Linear and Integer Programming. New York,
NY, USA: John Wiley & Sons, Inc., 1986.

Y. Hou, Y. Shi, and H. Sheralli, Applied Optimization Methods for
Wireless Networks. Cambridge University Press, 2014.
“Ibm ilog cplex optimizer” [Online]. Available:
03.ibm.com/software/products/en/ibmilogcpleoptistud
“Universal mobile telecommunications system (umts); rf system scenar-
i0s,” 3GPP TR 25.942 version 3.3.0, 1999.

http://www-




<<
  /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 false
  /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
    /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
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /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 true
  /GrayImageDownsampleType /Bicubic
  /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 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

  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


