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Abstract— The performance of multi-radio multi-channel
Wireless Mesh Networks (WMNs) based on the IEEE 802.11
technology depends significantly on how the channels are assigned to
the radios and how traffic is routed between the access points and the
gateways. In this paper we propose an algorithmic approach to this
problem, for which no conclusive solution has been put forward in
the literature so far. The core of our scheme, called PaMelA,
consists of splitting the overall Joint Channel Assignment and
Routing (JCAR) problem into a number of local optimization sub-
problems, one for every node of the WMN, that are solved
sequentially. Any sub-problem is formulated as an Integer Linear
optimization Problem (ILP), whose optimal solution can be found
using branch-and-cut in a reasonable amount of time. The final
solution is obtained after a post-processing phase. In its current
form, the algorithm is tailored to suit WMNs with a single gateway in
a square-grid topology, which is of practical interest in many
application scenarios. PaMelLA is compared through detailed packet-
level simulation with several state-of-the-art JCAR algorithms and it
is shown to attain better performance, in terms of the packet loss
rate.

I. INTRODUCTION

Wireless Mesh Networks (WMNs) consist of three types of
wireless nodes [1]: clients, routers and gateways. The mesh
clients are the end-user devices, typically mobile or nomadic.
The mesh routers are fixed stations that form a multi-hop
wireless backbone between the mesh clients and the mesh
gateways: each client is connected to one mesh router to have
its packets forwarded from/to a mesh gateway. Finally, the
mesh gateways are mesh routers with Internet connectivity. In
this work we focus on the backbone tier alone.

Even though the IEEE 802.11 technology does not provide
native support for multi-hop forwarding and other WMN-
related features, most WMNSs are made of off-the-shelf IEEE
802.11 devices, because of their widespread availability and
very low cost. WMN capabilities are then added in software
[2]. Task group ‘s’ has been created within the IEEE 802.11
working group to amend the standard and add the missing
WMN functions, but the standardization process is not yet
terminated [3]. One of the most important functions needed is
routing. In fact, the existing routing protocols for wired
networks, like the Open Shortest Path First (OSPF), are either
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inadequate and inefficient [4]. Therefore, routing protocols
from the domain of ad-hoc wireless networks, like Ad-hoc On-
demand Distance Vector (40DV) or Optimized Link State
Routing (OLSR), are commonly re-used in WMNS.

Unlike mesh clients, which are most often equipped with a
single radio device, the mesh routers typically have many
radios, or Network Interface Cards (NICs), to increase the
network capacity [5]. In fact, by setting the radios on
orthogonal non-interfering channels, multiple packets can be
transmitted over-the-air simultaneously without colliding with
one another. In a multi-channel environment, any two nodes
can only communicate with one another if they are in the
transmission range of one another and they have at least one
radio set on a common frequency. For this reason, the
processes of routing and channel assignment are very much
inter-related. Moreover, both depend on the traffic load
distribution. For instance, more frequency diversity can be
allocated to those areas of the WMN which are expected to
have a higher load, to cope with the limited availability of
channels.

In the literature, the problem of channel assignment in
WMNs has been considered mapped to the know problem of
finding the minimum number of colors to be assigned to nodes
in a graph [6], such that adjacent nodes never have the same
color. While these works are important from a theoretical point
of view, they remain somewhat limited for practical
implementation, because network-specific constraints and
objective functions, e.g. traffic load or cumulative interference
model, cannot be captured in a straightforward manner. The
problem of Joint Channel Assignment and Routing (JCAR) has
been formulated also as an Integer Linear Problem (/LP), e.g.

[7]. Since the problem is A/P-hard, no approach exists to find

the optimal algorithm in a reasonable amount of time, for non-
trivial WMNSs. Therefore, some heuristics have been proposed,
e.g. [8, 9]. Furthermore, to model interference, protocol model
assumptions are often made. This simplistic approach considers
as negligible the effect of cumulative interference from
multiple nodes transmitting at the same time [10]. In this paper,
we tackle the JCAR problem, with cumulative interference, by
proposing a novel approach, called Partitioned Mesh network
traffic and interference aware channel. Assignment (PaMeLA).
The core of our method consists of solving a sequence of sub-



problems, one for every node, in a given order. Each sub-
problem is much simpler than the global JCAR problem,
because only the local constraints on interference are tested.
The solution obtained is refined via a post-processing
procedure. In this work we focused on a specific scenario,
which is of particular interest for WMNs [11], where the nodes
are placed in a square-grid topology, and the gateway is located
in a corner. The order in which sub-problems are solved and
the post-processing are optimized for this scenario. Extension
of PaMeLA to the general case is an ongoing research activity.

The remainder of the paper is organized as follows. In
Section II we define the system model and assumptions, and
describe PaMeLLA, while the state-of-the-art is summarized in
Section III. The performance evaluation is reported in
Section IV, and Section V concludes the paper.

II. PAMELA

In this section we describe the system model and
assumptions on which PaMeLA is based, along with the
notation used.

A. System model and assumptions

In the following we distinguish between logical and
physical links. A physical link exists between any two nodes if
they are in the transmission range of one another. Two nodes
that share a physical link are called one-hop neighbors (or
neighbors, for short), while two nodes that have a common
neighbor, but are not neighbors themselves are said two-hop
neighbors. A topology consisting of physical links is called
physical topology. On the other hand, a logical link between
any two nodes means that (i) a physical link exists between
them, (ii) they have at least one NIC set to the same channel,
and (iii) there is at least one traffic flow traversing them. The
definition of logical topology follows. Hereafter, the terms
router and node are used interchangeably.

We assume that the process to assign channels and
determine the routing paths, using PaMeLA, is run periodically
in the WMN by a centralized entity, which is also responsible
for disseminating the updated channel assignment and routing
to all nodes. Such a process can be carried out as part of the
duties of existing routing protocols for WMNs. The procedure
is provided with input on the configuration parameters and the
current status of the WMN, which can be retrieved by means of
a network management protocol running in the WMN. The
network functions to collect data from nodes to the centralized
entity and to enforce the channel assignment and routing that it
produces are outside the scope of this work, which focuses only
on the algorithm that it runs.

The centralized entity running PaMeLA requires the
following configuration parameters. First, it needs the physical
topology, which can be represented as a graph G(N, E), where
N is the set of nodes and E is the set of unidirectional physical
links. We indicate with || and |E| the cardinality of sets N and
E, respectively. In the following we indicate with A the
minimum hop path from node s to node d in G(N, E). Second,
the configuration parameters include the number of NICs per
node. To simplify the notation, without loss of generality, we
assume that every node is equipped with the same number of
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NICs, equal to K. Then, the number of available channels is
Chl. In the IEEE 802.11 we have 3 and 12 orthogonal
frequency channels for the standard b’/‘g’ and ‘a’ [12],
respectively. The limited number of channels implies that some
logical links must be assigned to the same channel, i.e. these
links cannot be active simultaneously, except for very small
networks. Finally, PaMeLA requires knowledge on the
received power at node ¢ when node p is transmitting, indicates
as @,,. The received power is proportional to the transmitted
power and inversely proportional to the Euclidean distance
between nodes. The concepts of received power and
interference are closely related, we will define the interference
model in Section II.B.1).

The current status of the WMN includes the channel rate
and the traffic load. The channel rate ‘I";q represents the

nominal data rate of the link e,, on channel k. For instance,
with IEEE 802.11a technology the channel rate ranges from
6 Mb/s to 54 Mb/s. With regard to both the received powers
and the channel rates, it is worth noting that the nodes in a
WMN are static, hence channel conditions are rather stable [2].
Estimating the physical layer status such as that required by
PaMeLA has been investigated recently in the literature, e.g.
[13], and it is not considered further in this work. Finally, the
traffic load from any source node s to any destination node d in
the WMN, indicated as qu’ is needed. In practice, such
information is either available as a priori knowledge, based on
historical data, or it can be estimated while the WMN is
operated.

We assume that the nodes in the WMN are located so as to
obtain a square-grid as physical topology graph. This kind of
networks are widely used in both theoretical and experimental
studies on WMNs [9, 14, 15, 16], and they have been shown
via numerical analysis in [11] to have some beneficial
properties, with respect to, e.g., networks where nodes are
uniformly distributed. Therefore, they are of practical interest
in those application scenarios where the WMN is deployed
from scratch by a network operator, e.g. municipal wireless.
Furthermore, we consider the case of a single gateway to the
Internet. In fact, if there are 6 > 1 gateways, then the overall
problem can be divided into 6 sub-problems that are solved
individually using PaMeLA. The nodes can be assigned to each
sub-problem based on a combination of factors, including the
distance from the gateway and the traffic load. Finally, for
simplicity of illustration, the gateway is assumed to be located
in a corner of the WMN, which is visualized in the figures as
the top-left corner. The extension to the case when the gateway
is located in an arbitrary position within the square-grid is
straightforward. Several cases were thoroughly analyzed but
their related assessments are not reported here due to limited
page budget.

The notation used throughout this work is summarized in
Table 1.

B.  Algorithm description

The system model and assumptions reported in the previous
section are typical in most studies on the JCAR problem in the
literature, which are reviewed in Section III and can be broadly
classified into two categories: (i) those modeling the JCAR



TABLE L NOTATION.
Symbol Value
N Set of nodes
E Set of edges
Chl Number of channels
K Number of radios for each node
A Maximum link utilization
T Maximum routing length
D, Received power at ¢ when p is transmitting
v, Channel rate of link e, for channel &
v Traffic load from node s to node d
Interference threshold
1 Minimum hop path between node s and node d
C Set of network crews
R Set of ranking functions
U Set of criteria to assign channels to unused NICs
Set of JCAR problems. P, € P is a specific
P instance with network crew ¢ and ranking
function r
o Solution to problem P.,,, using criterion # in the
o second phase

problem as a mathematical optimization problem, which is
proved to be NP-hard, then solved by relaxing the constraints
or using a heuristic sub-optimal algorithm [7, 18]; (ii) those
proposing empirical algorithms, whose effectiveness 1is
typically verified through simulation [8, 9, 14, 17, 19].

In this work we propose a different approach, which
consists of two phases and can be outlined as follows. In the
first phase we use an inner core procedure, which finds the
optimal solution of a sequence of sub-problems. Each sub-
problem is formulated as an ILP, whose output defines the
channel assignment and routing local to a single node. One
sub-problem per node is solved. Due to the limited number of
constraints, these sub-problems can be solved optimally in a
reasonable amount of time with standard solvers, e.g. using
branch-and-cut techniques [24]. Multiple instances of the inner
core procedure are run, by ordering the execution of sub-
problems based on different ranking functions and enforcing
different routing constraints via so-called network crews. In the
second phase of PaMeLA, for each instance we apply a post-
processing phase, which ensures that the resulting logical
topology is connected and that there are no unused NICs. The
best solution is selected among all the instances, according to a
max-min fairness criterion combined to a load-aware
interference objective. The two phases are described separately
below.

1) JCAR phase
Before providing a formal description of the first phase of
PaMeLA, we need to introduce network crews and ranking

functions concepts.

A network crew ¢ € C is a way to define a number of sub-

sets of N, indicated as N!. For every sub-set a single node is

selected as sub-gateway. The sub-gateway must be a one-hop
neighbor of the gateway, which does not belong to any sub-set.
A given network crew ¢ adds the following constraint to JCAR
problem: all the nodes in a sub-set can only reach the gateway
through the respective sub-gateway. If there are nodes, other
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Figure 1. Network crews for a 6 x 6 grid.

than the gateway, that do not belong to any sub-set, traffic
flows originating from them can follow an arbitrary path. The
idea behind the use of network crews is to balance traffic
among the gateway’s links, which are likely to become
congested during the network operation. We found that using
any of the three network crews illustrated in the example in
Fig. 1 give good results in all the networks and traffic
configurations tested.

On the other hand, a ranking function € R is a criterion to
sort the nodes in V. This function will be used to determine the
order of solution of the sub-problems, as described below. For
the scenario investigated in this paper, we tested the two
ranking functions illustrated in the example in Fig. 2. The
rationale driving this decision is that a node closer to the
gateway is more critical than a peripheral one, since it relays
more traffic. Therefore, such a node should be considered at an
early stage of channel assignment and path selection.

For any network crew ¢ in the set C, and for any ranking
function 7 in the set R, we define P as the set of channel

assignment and routing problems where P., is a specific
instance of P. Let’s further denote with P, the solution of the

JCAR problem P.,. Thus, the maximum number of instances

output at the end of the first phase, and passed to the post-
processing phase, is |C| X |R|, but there can be less, in case no
solution is found for one or more instances.

Every instance P, is solved via the following sequential
iterative algorithm. Nodes are visited one by one in the order
defined by r, hence the total number of iterations is |N|. The
node being visited is called tagged node, indicated as t € N. An
ILP instance, indicated as 7' , is formulated including the

routing constraints from the network crew ¢, and all the
constraints on routing, capacity, and interference that affect the
one-hop neighborhood of the tagged node, plus all the
constraints due to any previously assigned channel and selected
path for nodes that have been already visited before the current
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Figure 2. Ranking functions for a 6x6 grid

one. Therefore, the set of constraints of problem P, is a
7)1'

!, » with
j=0,...,i—1. The solution G., is eventually obtained by
combining together all the channel assignment and routing
choices in all the iterations. The workflow is reported in the

pseudo-code in Fig. 3.

superset of the constraints of any other problem

We conclude by formulating in Fig. 4 the problem PCf,, as

an integer linear optimization problem, using mathematical
notations, where E, is defined as the set of unidirectional

physical links of #:
]m( E, H} LW

b

where E+={(p, q) € E:p=—=tv g==t}. The ILP has many
working variables, which are described in Table II.

U

ord(p)=<ord(t)

U E,

peN;e,eE

pt

As proposed in [7], the ILP also uses as input two tunable
parameters, i.e. A<1 and I"'>1, which represent an upper
bound on the expected link utilization and on the routing
length, respectively. More specifically, in practical networks,
the channel rate cannot be used entirely due to the Medium
Access Control (MAC) and physical layer overhead, including
headers, collisions, inter-frame spaces, preambles, antenna
switching gaps. With A we force PaMeLA to utilize only a
fraction of the nominal capacity, by leaving room for any such
overhead. On the other hand, I' is used to force the inclusion of
those routing paths that are longer, in terms of the number of
hops, than the shortest ones. Say, if I' = 1.5 and there is a path
in the physical topology graph from node s to node d of length
4, then all the paths shorter than or equal to 6 hops are
considered as eligible. As a special case, with I = 1, only paths
of minimum length are allowed. Finally, we also consider
another tunable parameter, indicated as B, to represent the
resilience to interference. Let us consider a node p. Depending
on path-loss and other effects, nodes outside its one-hop
neighborhood can or cannot interfere with transmissions from
p. This is not know a priori, but still an assumption has to be
made in the ILP formulation. With B we decide how strict
PaMeLA is with respect to this assumption, by decreasing 3 we
increase the spatial re-use in the network, but also the number
of concurrent transmissions, hence the interference. In any
case, the absolute value of B depends on the received power
provided as input.

We now discuss the constraints in Fig. 4: (4) and (5) denote
that the links must be bidirectional and that the number of NICs
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let Py be a JCAR problem with basic constraints
find the set R of possible rankings
find the set C of possible network crews
for each ce Cdo /I'|C| = 3 in square-grid
P.= P, + constraints due to ¢
for each r € R do /I'|R| = 2 in square-grid
for each node ¢ € N sorted as r do
/I tis the tagged node
produce P’ by adding constraints
from the previous solution obtained
c,, =solve (P,)
if o,, = then break
if3 o, suchthat o, = then
., =0
else
o, =combine (o, , =1, .

- IND)

Figure 3. First phase: pseudo-code.

per node is limited, respectively; (6) and (7) are the logical
topology constraint [7]; (8) states that the tagged node can only
communicate with a one-hop neighbor via a single NIC. This
limit is relaxed in the post-processing phase; (9) limits the
effective capacity, defined in Table II, to the channel rate; (10)
limits the utilization, defined as the fraction of time that is
spent for transmission, of any logical link [7]; (11) defines the
aggregate traffic, as in Table II; (12) limits the aggregated

traffic based on A; (13) and (14) define the variable y; L, (sc€

Table II); (15) limits the spatial re-use, see the definition of 3
above; (16) and (18) are routing constraints well-know in the
literature [7, 20]; (17) forces bi-directional traffic to follow the
same path. This constraint has been added because empirical
evidence suggests that this leads to using less channels per
node, yielding better solutions. This constraint is relaxed in the
post-processing phase; (19) limits the path length, based on A.

The objective function, expressed in (3), has been first
defined in [7], though in a slightly different formulation. This
represents an attempt to reach localized per-node max-min
fairness, since it maximizes the minimum difference between
the channel rate and the traffic load across all channels and all
links around the tagged node. For a given solution ©.,, the
overall objective function 8, is derived as the maximum over
all &, for each node r € N.

2) Post-processing phase

The goal of this second phase, called post-processing, is to
fix the following two issues in the solutions produced in the
first phase: (i) the network can be disconnected; and (ii) there
can be some NICs that are not set on any channel. Fixing these
issues would not be needed if the solution were found by
solving a global optimization problem, like that proposed in
[7], which takes into accounts all the constraints at the same
time. Post-processing consists of two subsequent steps, which
are described below and illustrated by means of the pseudo-
code in Fig. 5. In this phase we use the following metric to
decide which is the best solution:

Chl

Dm[ — Z Z (l;;g . 2MAXhup—hop[,.(_) + Z l(;fg . 2MAthp—hnpq.(_)) , (20)

k=1| peN qel,
e €k e €L
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<Y . Ype Niord(p)= ord(t)Vk =1,....Chl. (6) o . ¥,
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> > Mt <T-h, Vs.deN. (19)
Figure 4. ILP formulation of the JCAR problem.

where /I, represents the set of nodes whose transmissions would
interfere with those from node p if occurring in overlapping
time intervals, MAXhop denotes the minimum length, in
number of hops, between the gateway and its furthest node in
the logical topology and /op, is the path length, in number of
hops, between the node p and the gateway in the currently
selected routing. D, represents the total interference weighted
on the traffic load and the distance from the gateway.

The first step is to force the network to be connected by
adding more logical links. In general a network is connected if
any node can reach any other node through at least one path of
arbitrary length. This definition is used to build the procedure
detailed in the first step of Fig. 5, which adds logical links to
any solution o, until the logical topology becomes connected.
This is achieved by creating those logical links that incur the
least interference, according to D, The second step then
consists in adding logical links, in case there are some NICs

that have not been assigned channels. Provided that a node p
has an unused NIC, in order to improve the quality of the
solution, we define U as the set of the following three criteria.

1. if there is a neighbor with an unused NIC too, set them
to a common channel £;
2. otherwise, if p is not a bottleneck node, i.e. if &7, is

greater than the overall 8, set the unused NIC to a
common channel & with a neighbor;
3. re-use a channel £ to add a logical link anyway.
Any of the three criteria above is less restrictive than the
previous ones. In all cases, the channel £ is selected so as to
minimize D,,,.

Thus, for every solution G, obtained from the first step, the
output of the second step is a set of three solutions G, 1, C,,2,
and G, 3. The exact procedure is reported in Fig. 5.

203



// step 1: fix disconnected nodes
for eachce C,re€ R do
for each node 7 € N sorted as » do
the current solution is G,
if 7 is the gateway then continue
if # can reach the gateway then continue
find the pair (g, k) such that: activating channel & on the link e,
creates a path from node 7 to the gateway, with the min. D,y
if no (g, k) then continue
in G, set qu = x; and y," =1
/] step 2: assign channels to unused NICs
for eachce C,r€ R do
for each criterion u € U do
00,”,1( = GC,I’
for each node t € N sorted as 7 do
while 3" )F <K do
/I criterion 1
if u = 1 then find the pair (g, k) such that: activating
channel & on the link e, yields ZZ: y2 <Kna y2 =0 and
produces the minimum D,
// criterion 2
if = 2 and node ¢ does not have the minimum &, in G.,.»
then find the paircgﬁg, ky such that: activating channel k on
link e, yields Z/(:I] y2 =K and produces the minimum D;,,
// criterion 3
if u = 3 then find the pair (g, k) such that: activating
channel & on the link e,, yields produces the minimum Dy,
/I create a new logical link
if no (g, k) then continue
in G, set qu = x; and yf =1

Figure 5. Second phase: pseudo-code.

After all the possible solutions are found, whose number is
smaller than or equal to |C] X |R| X |U], the final solution is:

8min (Gc,r,u )
]
cru Dtot (GC,)‘,M )
ceC,reR,ucU

i.e. the one that provides the best compromise between the
max-min fairness and the load-aware interference objectives.

@n

C = argmax

c,

I1I.

As already introduced, joint channel assignment and
routing is perceived as a key problem in the context of WMN:ss,
as demonstrated by the amount of works that appeared in the
literature recently. In the following we review the previous
works that are more relevant to this study.

RELATED WORK

In [7] the authors propose an ILP formulation to address the
overall JCAR problem. The problem is proved to be A’/P-hard,

and a heuristic algorithm based on choosing randomly the
initial solution, then refining it within a limited configurable
number of steps, is proposed to trade the solution’s accuracy
for a (much) faster execution time. The constraints and
objective function of the problem in [7] are adapted to the local
per-node problem that we propose in this work as part of
PaMeLA.

Due to the inherent complexity of the JCAR problem, many
heuristic algorithms have been proposed, a fraction of which
aim at minimizing interference. In [8] the authors proposed the
Connected Low Interference Channel Assignment (CLICA),
which is based on the use of a conflict graph. In [19] the

TABLE IIL JCAR PROBLEM VARIABLES.
Symbol Name Definition
+ Link channel It is 1 if node p communicates with
pe allocation node ¢ over the channel &, 0 otherwise.
This variable expresses the logical
topology.
yy Node channel Itis 1 if 3p e N and e, € E such that
allocation \ )
x,, =1, 0 otherwise.
Ve Interference Itis 1 if 3g pe N and e, € E such
that y; = x:q =1 over the same channel
k, 0 otherwise.
o Effective It is proportional to the traffic that
e capacity of a crosses the link e, € E and to the
logical link number of NICs over channel £.
P Binary routing | It is 1 if the traffic from source node s
pak to destination node d is being routed via
link e,, over channel £, 0 otherwise.
Ik Aggregate Sum of the traffic on link e, over
n traffic channel .
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authors proposed a JCAR algorithm suitable to be performed
by a central server that periodically collects dynamically-
changing channel interference information. However, the
problem addressed in [8] and [19] differ from that investigated
in this work since the former does not consider the traffic load
on links, which is instead taken into account by PaMeLA.

The following solutions, instead, pursue the same objective
as PaMeLA, hence they have been evaluated for comparison
purposes in the performance analysis in Section IV. First,
Raniwala et al. [9] proposed a centralized heuristic Load-
Aware joint Channel Assignment and routing algorithm, called
LACA. The proposed algorithm can be used in combination
with any routing mechanism. The same authors also proposed
Hyacinth [14], which is optimized for scenarios where the
physical topology graph is a tree. Finally, in [17] the authors
proposed the Flow-based Channel and Rate Assignment
(FCRA) algorithm, which can be compared to PaMeLA by
disabling the rate adaptation function. The heuristic algorithm
proposed in [7] has not been compared, because the accuracy
of the solutions founded depends substantially on the
maximum number of steps run.

IV. PERFORMANCE EVALUATION

In this section we report a performance analysis of
PaMeLA. First, in Section IV.A, we report the execution times
of PaMeL A in several scenarios, to demonstrate that it can be
run at the time scale of provisioning with non-specialized
hardware. The rest of the analysis is carried out via detailed
packet-level simulation, whose settings are described in
Section IV.B. The results are discussed in Section IV.C.

A. Execution time analysis

PaMeLA has been implemented using the ILOG tools
AMPL ' and CPLEX? for describing and solving the ILP
instances in the JCAR phase. Input preparation and post-

"'URL: http://www.ampl.com/, version 11.21.
2 URL: http://www.ilog.com/products/cplex/, version 11.21.




TABLE IIL PHYSICAL LAYER PARAMETER VALUES.

Minimum SINR for each PHY
rate
PHY rate (Mb/s) 6 |9 12|18 |24 |36|48 |54
SINR (dB) 9 |10 11|13 ]17 [20|25]27
Dy 17 dBm
Band 5.15 GHz
H -95 dBm

processing has been implemented in C++. The results presented
have been obtained with a dedicated Linux 2.6 workstation
equipped with an Intel Core 2 CPU at 2.13 GHz and 2 GB of
main memory. The C++ code has been compiled with the GNU
gce  compiler version 3.4.6, with architecture-specific
optimizations.

Figure 6 shows the execution time of PaMeL A against the
grid size, with three different combinations of the number of
available channels and the number of NICs per node. As can be
seen, even with rather large WMNs, i.e. with more than 36
nodes, the execution time is relatively small. For comparison,
solving the global JCAR problem with the same hardware and
software used for PaMeL A becomes impractical, i.e. execution
time in the order of many days, starting from 4 X 4 WMNs.

PaMelLa 1is easily scalable because the maximum
complexity is given by the time needed to solve a single
neighborhood.

B.  Simulation environment

The simulation study has been carried out with ns-2°,
which has been modified to enable MRMC and to include a
SINR-based physical interference model. Specifically, the
SINR of the transmission from node p to node ¢, which takes
place between time instants T, and 1,, is [22]:

Pq

> @, +H’

geT(7.75)

SINR(pa QJTIJT2) = (223)

where @, is the received power at node ¢ when node p is
transmitting, 7 (T, T,) is the set of nodes transmitting in the
time interval [T}, T,], and H is the background noise power.
The received power, in turn, depends on the Euclidean
distance d(p, q), in meters, between node p and node ¢, the
transmitted power @7 which is assumed to be the same for all
nodes, the path loss exponent K and the signal wavelength A,
in meters:

_ @, (M4’

 d(pag)

The MAC frame is assumed to be correctly received if the
SINR is greater than or equal to the minimum value required
by the IEEE 802.11 standard. The parameters used in the
simulations, which refer to the IEEE 802.11a OFDM-based
physical layer, are reported in Table III. Using the physical
interference model, we can obtain a realistic measurement of
the interferences resulting from channel assignment and routing
decisions. The maximum number of retransmissions at the

(22b)

Pq

* URL: http://www.isi.edu/nsnam/ns/, version 2.33.
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Figure 6. Execution time of PaMeL A against the grid size.

MAC layer was set to 7, which is the default in most devices. If
this limit is exceeded, the packet is dropped. Another reason
why a packet can be dropped is when it overflows a node's
MAC buffer size, which was set equal to 100 packets. All
experiments are conducted with RTS/CTS mechanism
disabled.

The nodes are arranged in a 6 X 6 square grid topology,
where the distance between any two consecutive nodes has
been varied from 50 m to 180 m. Due to limited page budget,
only the results with 140 m are reported, where the channel rate
of all links was 6 Mb/s. Depending on the scenario, every node
in the WMN is equipped with a number of NICs (K) between 2
and 4, while the number of available channels (Ch/) ranges
from 3 to 12. As far as traffic is concerned, every node (except
the gateway) is assumed to have exactly one Constant Bit-Rate
(CBR) traffic flow towards the gateway, each flow is
bidirectional. The packet size was kept constant to 1024 bytes.
The following transmission rates have been considered:
26 Kb/s, 52 Kb/s or 104 Kb/s.

The duration of each simulation was 500 s, which has been
verified to be enough for the simulated system to reach a
steady-state. Samples were not collected during the first 100 s
to remove the initialization bias. Several independent
replications for each scenario have been run, according to the
method of independent replications [23]. Mean values were
then estimated along with 95% confidence intervals, which are
not reported in figures whenever negligible.

As already mentioned, PaMeLA is compared to the
following state-of-the-art JCAR solutions, with minor
modifications: Hyacinth [14], FCRA [17], and LACA [9].
Additionally, random channel assignment was considered as a
reference. PaMeL A has been configured with A=0.8, T' =1,
B=3.5.

To assess the performance, the following performance
indices have been used. First, the collision probability is
defined as the probability that a packet experienced a collision
along the path from source to destination node. Then, the
normalized throughput for a given JCAR scheme is defined as
the throughput, i.e. the number of bits received by the
destination nodes in the unit of time, obtained with the JCAR
schemes divided by the random channel assignment scheme
throughput. Finally, the packet loss is the ratio between the
number of packets sent by the source node and the number of
packets correctly received by the destination node.
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All metrics have been collected both per traffic flow and as
network aggregates. Per traffic flow results are sorted in
increasing values to improve readability.

C. Simulation results

The channel assignment and routing output with all the
combinations of K, Chl, and the transmission rates have been
tested through simulation. In the following we only report a
sub-set of the results obtained for limited room availability.

We begin by showing in Fig. 7 the impact of increasing the
number of non-overlapping radio channels available from the
physical wireless network technology. Each node is equipped
with 3 NICs and ¥ is 26 Kb/s. The number of channels, 3 and
12, correspond to the number of non-overlapping channels
available in IEEE 802.11b and 802.11a, respectively. The other
numbers of channels correspond to the cases when some of the
wireless channels might be already in use by the access
network or some other networks. This experiment demonstrates
that the channel assignment algorithm can adapt itself with the
number of available channels. If a new channel becomes
available, the algorithm can split the collision domain and thus
increase the cross-section throughput.

Figure 8 shows that increase the number of NICs on each
node does not help as much as increase the channels in the
network. We can see that with 3 NICs the network performs
worst that with 4 NICs per node, but this increase is not
meaningful.

Figure 9 shows the normalized throughput in respect to the
random channel assignment. We show the case with 3 radios, 4
channels and y* equal to 26 Kb/s. Some studies [25] have been
conducted to estimate the maximum throughput is arbitrary
wireless networks with SINR but the results are still for a
simplify SINR model.

Figure 10 and Figure 11 show the case with 3 radios and 8
channels and v, 26 Kb/s (a), 52 Kb/s (b) and 104 Kb/s (c).
Figure 10 shows the packet loss occurred for each flow, the
correspondent packet collision is shown in Fig. 11. These
results show that the packet loss is decreased because the
collisions are decreased.

V.

In this paper we have proposed a joint channel assignment
and routing algorithm for multi-radio multi-channel WMNSs,
called PaMeL A, which consists of splitting the overall problem
into a number of local ILP sub-problems.

CONCLUSIONS AND FUTURE WORK

7
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We have shown that the execution time of PaMeLA is
relatively low, which makes it feasible to be implemented in an
operational WMN with non-specialized hardware, even for
large WMNss with tens of nodes. The performance of PaMeLA
is assessed through detailed packet-level simulation with a
square-grid topology, with several combinations of the number
of available channels and NICs per node. The results have
shown that it improves significantly the network performance,
in terms of the packet loss of all traffic flows, with respect to
many state-of-the-art channel assignment and routing
algorithms.

While the framework of PaMeLA is generic, some
components are optimized for square-grid topology WMNs
with a single gateway located in a corner. The extension of the
specialized functions to the general case is an ongoing research
activity. Furthermore, another research direction that can be
followed is the design of a protocol to enable the online
collection of network data, like channel conditions and traffic
load, and to enforce the channel assignment and routing
produced by PaMeLA.

ACKNOWLEDGEMENTS

The authors would like to thank Dr. Stefano Avallone for
sharing the source code of his JCAR heuristic algorithm FCRA
for comparison purposes.

REFERENCES

I F. Akyildiz, X. Wang, A survey on Wireless Mesh Networks, /IEEE
Communication Magazine, vol. 43, no. 9, pp. 23-30, Sep. 2005.

[1]
[2] J. Bicket, D. Aguayo, S. Biswas, R. Morris, Architecture and evaluation
of an unplanned 802.11b mesh network, in Proc. of ACM MobiCom’05,
Cologne, Germany, Aug. 28—Sept. 2, 2005.

IEEE P802.11s/D3.0. Draft standard — IEEE 802.11. Amendment 10:
Mesh Networking. IEEE, Mar. 2009.

R. Draves, J.Padhye, B.Zill, Routing in Multi-Radio, Multi-Hop
Wireless Mesh Networks, in Proc. of ACM MobiCom 04, Philadelphia,
PA, Sep. 26-Oct. 1, 2004.

H. Skalli, S. Ghosh, S.K.Das, L.Lenzini, M. Conti, Channel
Assignment Strategies for Multi-radio Wireless Mesh Networks: Issues
and Solutions, /[EEE Communications Magazine, vol. 45, no. 11, pp. 86—
95, Nov. 2007.

H. L. Bodlaender, T. Kloks, R. B. Tan, J. van Leeuwen, Approximations
for A-coloring of graphs, The Computer Journal, 47(2):193-204, 2004.
A. H. Mohsenian-Rad, V. W. S. Wong, Joint Logical Topology Design,
Interface Assignment, Channel Allocation, and Routing for Multi-
Channel Wireless Mesh Networks, IEEE Transactions on wireless
communications, vol. 6, no. 12, Dec. 2007.

[3]
(4]

(3]

(6]
[7]



(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1
0016 ™ FaMel A —— ] o6 |- PaMelA —— e o
0.014 Hyacinth H : Hyacinth )
FCRA s o5l FCRA ol 0.8 w gttt
0.012 - LACA res = A - LAGA romemms " ot o o !
@ Random +--e--= @ Random -0-_'/ [ i P oer g
3 0.01 004 K 00.6 i 2
%0.008 ,—‘. %0_3 f‘; %04 4 ol |
S o.006 A oo ! i |
0.004 pood ’ H PaMeLA ——
! s 04 Ve J 0.2 [ goosd ¢ Hyacinth !
0.002 il A - I FCRA s
sasont ettt ! R __f i CA e
(O it _ T 0l Z 0 ladusssett Random =-e--:
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
FlowID FlowID FlowID
(a) (W] (©)
Figure 10. Packet loss per traffic flow, with K =3, Chl =8, and ¥* equal to 26 Kb/s (a), 52 Kb/s (b), 104 Kb/s (c).
0.2 0.9
PaMelA —— ! 0.6 [ PaMeLA —— 4 PaMelA —— 4
Hyacinth ’,‘ Hyacinth '_..' 0.8 Hyacinth o
0.5 1l i
. " it
C c i K
3 Boa ™"
3 3
o o I
a & s
,awavﬂ“ﬂwl
10

30 40
FlowID

(2

50 60 70

M. K. Marina, S.R. Das, A topology control approach for utilizing
multiple channels in multi-radio wireless mesh networks, in Proc. of
BROADNETS 05, Boston, MA, Oct. 3—7, 2005, pp. 381-390.

A. Raniwala, K. Gopalan, T. Chiueh, Centralized Channel Assignment
and Routing Algorithms for Multi-Channel Wireless Mesh Networks,
ACM Mobile Computing and Communications Review, vol. 8, no. 2,
pp. 50-65, Apr. 2004.

K. Jain, J. Padhye, V. Padmanabhan, L. Qiu, Impact of interference on
multi-hop wireless network performance, in Proc. of ACM Mobi-
Com’03, San Diego, CA, Sept. 14-19, 2003.

J. Robinson, E.W. Knightly, A Performance Study of Deployment
Factors in Wireless Mesh Networks, in Proc. of [EEE Infocom’07,
Anchorage, AK, May 6-12, 2007, pp. 2054-2062.

IEEE 802.11: Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) specifications. IEEE, June 2007.

K. H. Kim, K. G. Shin, On accurate measurement of link quality in
multi-hop Wireless Mesh Networks. in Proc. of ACM MobiCom 06, Los
Angeles, CA, Sep. 23-26, 2006, pp. 38—49.

A. Raniwala, T.Chiueh, Architecture and algorithms for an IEEE
802.11-based multi-channel wireless mesh network, in Proc. of /IEEE
Infocom’05, Miami, FL, Mar. 13-17, 2005, pp. 2223-2234.

A. K. Das, H.M.K. Alazemi, R. Vijayakumar, S.Roy, Optimization
Models for Fixed Channel Assignment in Wireless Mesh Networks with
Multiple Radios, in Proc. of [EEE SECON’05, SantaClara, CA,
Sept. 26-29, 2005, pp. 463—474.

M. Alicherry, R. Bhatia, L. Li, Joint channel assignment and routing for

throughput optimization in multi-radio wireless mesh networks, in Proc.
of ACM MobiCom’05, Cologne, Germany, Aug. 28—Sept. 2, 2005.

30

40

FlowlD

(W]
Figure 11. Collision probability per traffic flow, with K =3, Chl = 8, and y* equal to 26 Kb/s (a), 52 Kb/s (b), 104 Kb/s (c).

207

[17]

[18]

[19]

[20]

(21]

[22]
[23]

[24]

[25]

30 40 70

FlowlD

(©

50 50 60

S. Avallone, I. F. Akyildiz, G. Ventre, A Channel and Rate Assignment
Algorithm and a Layer-2.5 Forwarding Paradigm for Multi-Radio
Wireless Mesh Networks, [EEE/ACM Transactions on Networking,
vol. 17, pp. 267-280, Feb. 2009.

S. Ramanathan, A Unified Framework and Algorithm for Channel
Assignment in Wireless Networks, ACM Wireless Networks, vol. 5,
no. 2, pp. 81-94, 1999.

P. Kyasanur, N. Vaidya, Routing and interface assignment in
multichannel multi-interface wireless networks, in Proc. of [EEE
WCNC’05, New Orleans, LA, Mar. 13-17, 2005.

A. Karnik, A. Iyer, C. Rosenberg, Throughput-Optimal Configuration of
Fixed Wireless Networks, [EEE/ACM Transactions of networking,
vol. 16, no. 5, pp. 1161-1174, Oct. 2008.

J. Gao, L. Zhang, Tradeoffs between stretch factor and load balancing
ratio in routing on growth restricted graphs, in Proc. of ACM PODC 04,
St. John's, Newfoundland, Canada, Jul. 25-28, 2004, pp. 189-196.

G. L. Stuber, Principles of Mobile Communication, Kluwer Academic
Publishers, 2001.

A.M. Law, W.D. Kelton, Simulation modeling and analysis. Third
edition, McGraw-Hill, 2000, ISSN 0070592926.

A. Lucena, J. E. Beasley, Branch and cut algorithms, in Advanced in
Linear and Integer Programming, J.E. Beasley, Ed. Oxford University
Press, 1996.

D. Chafekar, V. S. Kumar, M. Marathe, S. Parthasarathy, A. Srinivasan,
Approximation Algorithms for Computing Capacity of Wireless
Networks with SINR constraints, in Proc. of IEEE INFOCOM, Phoenix,
AZ, USA, Apr. 13-18,2008, pp. 1166-1174.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


