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Abstract—TIn this paper we consider the problem of efficient
data gathering in sensor networks for arbitrary sensor node
deployments. The efficiency of the solution is measured by a
number of criteria: total energy consumption, total transport
capacity, latency and quality of the transmissions. We present
a number of different constructions with various tradeoffs
between aforementioned parameters. We provide theoretical
performance analysis for our approaches, present their dis-
tributed implementation and discuss the different aspects of
using each. We show that in many cases our output-sensitive
approximation solution performs better than the currently
known best results for sensor networks. Qur simulation results
validate the theoretical findings.

I. INTRODUCTION

A wireless sensor network (WSN) consists of
transceivers (nodes) that are located in the plane,
communicate by radio and have no fixed communication
backbone. The temporary physical topology of the network
is determined by the relative disposition of the sensor nodes
and the transmission range assignment of each of the nodes.
The combination of these two factors produces a directed
communication graph where the nodes correspond to the
transceivers and the edges correspond to the communication
links. The transmission range of each sensor node is
determined by the assigned transmission power.

Our main objective in this paper is to construct efficient
communication backbones for multi-hop data collection with
aggregation in WSNss for arbitrary sensor node deployments,
while measuring the efficiency based on the next four
metrics.

e  The transport capacity metric represents the sum of
rate-distance products over all the active links. It is
measured in bit-meters and was first introduced by
[1]. The idea behind this measure is to capture both
the notion of the overall rate and distance that the
information travels in a network.

e  Hop-diameter is another important metric which
reflects the depth of the data gathering tree, i.e. the
maximum number of hops from any of the sensor
nodes to the base station.
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e  The stretch of the paths connecting sensor nodes to
the base station. The distance stretch factor has a
strong effect on the quality of geographic routing
protocols [2]. These protocols use greedy forward-
ing decisions based on the geographic progress
towards the destination, thus having a low distance
stretch factor in the underlying topology graph is
essential for efficient and successful geographic
routing.

o  Total energy consumption is probably one of the
most important parameters of a WSN as the sensor
nodes are often deployed in areas where battery re-
placement is infeasible [3]. Wireless communication
is a major contributer to the energy budget of a
node. In this paper we focus on minimizing the total
energy consumed by all nodes for communication
purposes.

We will follow two main approaches in our construc-
tions. The first is based on so-called balance nodes, where
the main motivation is to build data collection routes based
on centrally located nodes in topologies which are already
efficient in terms of some of the metrics. In our second
approach we examine the addition of shortcut links to
the currently constructed topology in order to allow the
required tradeoff between studied criteria. In what follows
we describe the model, discuss previous work, and describe
our contribution. In Section 2 we show our balanced nodes
based construction. The shortcut edges design is described
in Section 3. Section 4 outlines a possible distributed im-
plementation of our algorithms. We present our simulation
results supporting our theoretical analysis in Section 5. Fi-
nally, we discuss some possible future research and conclude
in Section 6.

A. System settings

A wireless sensor network (WSN) consists of n wireless
sensor nodes, S = {s1,...,$,}, distributed in some area
A. These nodes perform monitoring tasks and periodically
report to a base station r which is located somewhere within
the area A (we consider different locations throughout the
paper). During the report phase, the sensor nodes propagate
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a message to the base station through a data collection tree,
Ts = (SU{r}, Es), rooted at r. We consider data collection
with aggregation, where every node s € S forwards a single
unit size report message to its parent. The message holds
an accumulated information collected from a subtree of T’g
rooted at s. An example of this scenario can be found in
temperature monitoring systems for fire prevention, intrusion
detection, seismic readings, etc.

We assume the use of frame-based MAC protocols which
divide the time into frames, containing a fixed number
of slots. The main difference from the classic TDMA is
that instead of having one access point which controls
transmission slot assignments, there is a localized distributed
protocol mimicking the behavior of TDMA. The advan-
tage of a frame-based (TDMA-like) approach compared
to the traditional IEEE 802.11 (CSMA/CA) protocol for
a Wireless LAN is that collisions do not occur, and that
idle listening and overhearing can be drastically reduced.
When scheduling communication links, that is, specifying
the sender-receiver pair per slot, nodes only need to listen
to those slots in which they are the intended receiver —
eliminating all overhearing. When scheduling senders only,
nodes must listen in to all occupied slots, but can still
avoid most overhearing by shutting down the radio after
the MAC (slot) header has been received. In both variants
(link and sender-based scheduling) idle listening can be
reduced to a simple check if the slot is used or not. Several
MAC protocols were developed to adapt classical TDMA
solutions which use access points to ad-hoc settings that have
no infrastructure; these protocols employ a distributed slot-
selection mechanism that self-organizes a multi-hop network
into a conflict-free schedule (see [4], [5]).

Let d(u,v) be the Euclidean distance between two sensor
nodes u,v € S. It is customary to estimate that the energy
required to transmit from u to v is proportional to d(u, v)*,
where p is the path-loss coefficient. In perfect conditions
@ = 2, however in more realistic settings (in presence
of obstructions or noisy environment) it can have a value
between 2 and 4 (see [6]). In this paper we assume u = 2
for simplicity. However, it is possible to extend our results
for other values of p which are greater than 2.

Let E(Ts) be the energy requirement to execute a
single report phase. Note that every sensor performs a single
transmission, during which it sends a single message to its
parent in Ts. Thus, the energy requirement is proportional
to the sum of squares of lengths of the edges Fg. The
focus of this paper is to study the asymptotic performance of
data collection trees, thus we can express F(Ts) as follows,

E(TS) = Z(uﬂJ)eEs d(“? U)Q'

Minimizing the energy requirement is one of the
primary optimization objectives when deploying a WSN due
to the very low battery reserves at the sensor nodes and the
high costs that are associated with replacing these batteries
(if at all possible).

Another critical aspect in the design of a WSN is the
hop-diameter of T's. The data flows from the leafs of the

delivery tree to the base station, where each intermediate
node waits to receive the report messages from all its
children, before sending its own report message to its parent.
Therefore, the hop-diameter of Ts, denoted as H(Ts),
determines the delay of data collection.

The third measure that we are interested in is trans-
port capacity, D(Ts), of the data collection tree Ts. As
mentioned earlier, the main idea which stands behind this
metric is to capture the spatial rate of the network, which
is represented by the total rate over some distance. In our
scenario, the rate on all links is fixed as all the nodes
transmit an aggregated, unit-size message, to the parent in
the collection tree and the schedule is conflict-free. Thus,
to maximize the transport capacity we need to minimize the
total distance traveled by information, which is the sum of
lengths of all the links, D(T's) = >_(,, ,)epy d(u,v).

Finally, we also aim to decrease the stretch, 6(7s), of the
paths in the data collection tree T's connecting sensors with
the base station (root) of Ts. Let dr(u,r) be the length of
the unique path pr(u, r) connecting u with the root r in Ts.
Then, the stretch factor of this path (pr(u,r) is the ratio

%. The stretch factor of the paths in Ts is defined as

maxyer, 6(pr(u, 7))

Unfortunately, it is impossible to achieve optimal perfor-
mance in all four measures at the same time. For example,
minimizing the hop-diameter results in all nodes transmitting
to the base station, which is disastrous in terms of transport
capacity or energy consumption, whereas the best topology
to minimize energy consumption' results in a relatively
high hop-diameter. While we are interested in arbitrary
deployments of sensor nodes, it was shown by Milyeykovsky
et al. [9] that single-hop construction having optimal hop-
diameter and stretch factor by choosing a centdian as a root
node may lead to very bad transport capacity and energy
consumption.

B. Previous work

To the best of our knowledge, the only work which
takes into account three of the aforementioned performance
measures simultaneously (except of paths stretch) is by
Milyeykovsky et al. [9]. They [9] consider the random uni-
formly spreaded sensor nodes in unit size square in the plane
and three dimensional space and present centroid-based
hierarchical construction with hop-diameter of O(logn) that
performs optimally (up to constant factor) in terms of energy
and transport for three dimensional space and provides
O(logn) approximation factor for energy consumption and
asymptotically optimal transport capacity for planar case.

Below we discuss some other of the related work on data
collection, energy efficiency, transport capacity, bounded-
hop and bounded paths’ stretch communication.

It has been proved in [7], [8] that using the minimum
spanning tree for data collection (gathering) with aggre-

IThe Euclidean minimum spanning tree minimizes the energy consump-
tion, see [7], [8].
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gation achieves optimal solution in terms of total energy
consumption. Elkin et al. [10] proposed the solution for
the broadcast tree construction (which is easily deformable
into the data collection tree) such that the total energy
consumption is of factor p from optimal bound (which is
proportional to the weight of minimal spanning tree for
the set of nodes where the weight of edge is defined as
the squared Euclidean distance between the nodes) and
the hop-diameter is n/p + logp, for any chosen integer
parameter p,1 < p < n. Their solution [10] is based on
Hamiltonian cycle construction of weight proportional to
the weight of minimal spanning tree for squared distances
with a consequent design of the hierarchical tree using this
cycle. For more details regarding energy consumption in data
gathering problem, we refer the reader to a recent survey by
Ramanan et al. [11], and a paper by Li et al. [12] which
cover a diverse set of data gathering algorithms in ad-hoc
networks.

The notion of transport capacity was introduced by
Gupta and Kumar in [1]. They showed that for any layout
of n wireless nodes in an area of size A, with each node
being able to transmit W bits per second to a fixed range,
the overall transport capacity is at most (WW+/An) bit-meters
per second under both interference models (protocol and
physical). In [13] the authors derive upper bounds on the
transport capacity as a function of the geographic location
of the nodes. It has also been shown that the scaling of
transport capacity depends, among other factors, on channel
attenuation and path loss [14], [15], [16].

Some communication backbones with bounded hop-
distances and/or bounded paths stretch between partici-
pating nodes have also been studied. For the linear layout
of nodes and an upper bound on hop-distance, Kirousis et
al. [17] developed an optimal power assignment algorithm
for strong connectivity in O(n*) time. In the Euclidean case,
[18] obtains constant ratio algorithms for the bounded-hop
vertex connectivity for well spread instances. Beier et al. [19]
proposed an optimal algorithm to find a bounded-hop mini-
mum energy path between pairs of nodes. In [20] the authors
obtain bicreteria approximation algorithms for connectivity
and broadcast while minimizing the hop-diameter and en-
ergy consumption. Funke and Laue [21] provide a PTAS
for the h-broadcast algorithm in time linear in n. Additional
results for bounded range assignments can be found in [22],
[23], [24], [25]. Li et al. [26] considered a problem of con-
structing energy-efficient broadcast tree with bounded stretch
paths. However the approximation factor shown in [26] for
the total energy consumption can be as worse as Q(n2A),
where A stands for the degree of the obtained tree. Segal and
Shpungin [27], [28] considered several spanner (opposite
to data collection tree) constructions under the total energy
consumption and hop-diameter, but ignoring the transport
capacity measure.

C. Our results

We study the power assignment problem in wireless
sensor networks so as to produce data collection tree while

optimizing several properties of the construction: energy
cost, transport capacity, hop-diameter and stretch of the
paths. Our constructions work for arbitrary sensors deploy-
ments. Let us denote by OPT, the minimal possible value
that can obtained by E(T%) for some TG and denote by
OPT, the minimal possible value that can be obtained by
D(TY) for some T¢. Let T” be the minimal spanning tree for
SU{r}, w(T") be the weight of 7", w(e*(T")) be the weight
of the heaviest edge in T”. Then our first construction for Ts
guarantees the following bounds for %i\geHQhOP-d/iameter pa-
rameter h, 1 < h < n: E(Ts) = O(MJT(;,)(T)) -OPT,),
D(Ts) = O((1 + 72;) - 24D . OPT,), h(Ts) = h,
0(Ts) = «, for & > 1. The second construction for Ts pro-
duces the following results: F(Ts) = O(n*~2¢ - h-OPT,),
D(Ts) = O(n?>=¢-h-OPT,), h(Ts) = h, 6(Ts) = n® - h*.
Note that all the upper bounds derived in this article are com-
pared with the best possible (optimal) lower bounds. Thus,
the produced results serve as approximation guarantees for
the considered problems.

II. MULTI-HOP COLLECTION FOR ANY DEPLOYMENT:
TRANSPORT, HOP AND STRETCH

In this section we propose hierarchical structure which
has guaranteed bounds for transport capacity and hop-
diameter in the scenario where the nodes S are placed
anywhere in the area A.

We start by describing the hierarchical structure obtained
by balanced tree partitioning and then show how it can be
used to produce an efficient communication backbone.

A. Balanced tree partitioning

We begin with some notation. Given a tree T = {V, E'},
denote the set of nodes in the subtree of T, T/, by V (T”)
and the set of the edges in 7", by E (T”). Denote the induced
tree on the set V' C V of nodes by Ty. Next we provide
the definition of balanced tree partition followed by a proof
that it exists for any tree 7.

Definition 2.1 (Balanced Tree Partition): Given a tree
T = {V,E}, a partition into two connected subtrees of
T, (Tl,TQ), where T1 = {V (Tl),E(Tl)} and TQ =
{V(Tz),E (Ts)} is called a balanced tree partition iff the
following conditions hold:

e V(I)UV(Ty)=V(T).
e Thereexists v € V such that V (T1)NV (T) = {v}.
o [V2] < Wi <2Vl

We refer to v in the second condition above as the balance
node.

Theorem 2.2 (Balanced Tree Partitioning): For any tree
T there always exists a balanced tree partition.

Proof: We prove the theorem by contradiction. Suppose
that for every node v € V, the partition we obtain does not
satisfy the claim of the theorem, that is for every v € V,
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and for any partition of 7" into 77 and 7% such that V' (77)U
V(Ty) = V(T), V(T1) NV (Ty) = {v}, and |V (T1)| >

2|V (T3)]. Let v’ be the node in V' such that the ratio }g(ggi

is minimized over all possible choices of nodes. Let k =
|V(T1)| and m = |V (T2)].

Let us consider a set Np, (v") of the neighboring nodes
of v’ that belong to Tj. Since we assumed that v’ gives
us the minimal ratio IK&%;} over all possible choices of

nodes, it means that a different partition (77, T43) which can
be obtained from partition (77,7%) by moving some node
w € Np, (v") into T3 and possibly some other nodes from T3
which are connected to w as well, should produce a larger
ratio.

Since we have that |V (T7)| < |V(T1)| and |V (T3%)| >
|V (Tz)| the larger ratio can be produced only when

|[V(T3)| > 2|V (TY)|, because otherwise the ratio }gg%;l
will be less than }“;(%)l which contradicts our assumption.
Moreover, if |V (T4)| > 2|V (TY)| we can always bound the
number of nodes added to 75 (denoted by a) to be at most
|V (T1)/2|. This is because | N, (v')| is at least 2 - in this
case we can always add to T the smaller subtree of T3
rooted at some node of Ny, (v'). The reason for the fact
that | N7, (v')] > 1 comes from our assumption that the ratio
}gg%gi is minimized over all possible choices of nodes. If

7““//((;2 )U\%T; ((Zl,))))l‘ will be less than
1

|N7, (v")] = 1 we have that
[V(T1)|
V(T2)l

To conclude, we have k& > 2m (or in other words
[V(Ty)| > 2|V(T3)]) and 2(k —a) < m+a,1 < a < k/2.
These inequalities have no solution and thus we have reached
a contradiction. [ ]

B. Obtaining a tree partition

Below we describe the algorithm that chooses the bal-
anced tree partition of minimum spanning tree 7" with n
nodes in O(n) time. We also emphasize that the algorithm
uses only local information and, therefore can be easily
implemented in a distributed way. First, for each edge
e = (u,v) € T, we compute how many nodes are located
in the subtree T, of T that includes uw but not v and in
the subtree T, of tree 1" that includes v but not u. Notice
that T, N T, = 0 and T,, UT, U {e} = T. This can be
done by a simple scanning of the tree 7', starting from the
leafs, and converging towards the internal nodes of the tree
while counting the number of nodes on the way. For the
distributed version, we first establish the connectivity and
run the algorithm of Awerbuch [29] that builds a minimum
spanning tree. In order to find the above-mentioned values
for each edge, we use the convergecast process. Next, we
use a well-known fact that the maximal degree of any node
in T is at most 5 [30]. It means that the number of partitions
that can be possibly made (per each node) is constant. Using
the information computed in the previous step, we can find
each such partition in O(1) time. Thus, we can find the best
partition for each particular node in O(1) time (and in O(n)

time for all the nodes) and the best balanced tree partition
in O(n) time.

C. Data collection through tree partitioning

Using the above, we can define our hierarchical con-
struction in the following recursive fashion. We find the
balance node v (which we assume is the location of the base
station as well) of the minimum spanning tree 7" and split
the tree into two subtrees 77 and T» sharing the same node
v. Next we connect v with recursively computed balance
nodes of T and 75, respectively, and continue in the same
way. Clearly, the hop-diameter of the obtained hierarchy H
(in fact, it is a binary tree) will be O(log ) and the total sum
of edges, or in other words, transport capacity D(H) will
be O(logn - w(MST)), where w(MST) is the weight of
minimal spanning tree for our set of nodes, when the edge
weight is defined as the Euclidean distance between two
nodes. We point out that such a partition can be obtained in
O(nlogn) time since we will spend O(n) for each level of
the hierarchy. For distributed version, we observe that the
total runtime will be bounded by O(n) since the balance
nodes in each level of the hierarchy can be computed in
parallel and the time needed for computations in each level
of the hierarchy is decreasing proportionally to fraction %
of n (the size of the largest component).

We can provide some tradeoff mechanism between the
hop-diameter of the hierarchy and the total distance of the
obtained edges. Using the above-mentioned partitioning pro-
cedure we can build an m-ary tree hierarchy (for any integer
parameter m, 1 < m < n). Instead of performing a (binary)
partition of the tree 7' and connecting every parent node
with two recursively computed children, we can partition
the tree into m components by using a balanced partition,
choosing the largest component from all components in
current level and continue partitioning until we have m
components. Next we connect the parent node with the m
children which are recursively computed in the same manner.
The obtained hierarchy H’ has hop-diameter of log,, n;
however the total transport capacity D(H') deteriorates to
O(m]log,,n - w(MST)). We may note here that Hassin
and Peleg [31] suggested another construction based on
separators of the tree; however the obtained degree of the
resulted tree (and, therefore, the hop-diameter) can not be
chosen (opposite to our strategy) and can be twice as large
as the degree of the initial tree.

D. Augmenting shortest paths

At this stage we have a collection data tree T's having
hop-diameter of O(logn) and having transport capacity of
weight O(w(MST) -logn). Clearly, the weight of minimal
spanning tree is equal to the optimal transport capacity
OPT, that can ever exist (each node, except of the root,
needs to connect to its parent; thus the total transport
capacity equals the sum of the edges’ weights in the tree).
Thus, our collection data tree has transport capacity of
weight O(OPT, - logn). It may happen that the given root
node r does not coincide with the current root of T's. In that
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case we simply redirect the corresponding edges towards r.
This procedure does not change asymptotically any bound
derived for Ts.

Next we proceed following the construction suggested by
Khuller et al. [32]. A LAST is a combination of a minimum
spanning tree and a shortest path tree. Given a graph G,
edges’ weight function w and a source node r, Khuller et
al. [32] presented a linear time algorithm, which computes a
spanning tree of T, so that its weight is at most /3 times the
weight of a minimum spanning tree of GG, and for every node
v, pr(v,r) < a-d(v,r) , where « > 1 and 8 > 1+ %
A spanning tree that complies with the bounds is called an
(c, B)-LAST. Basically, the algorithm for computing («, 3)-
LAST works as follows. First, we compute the minimal
spanning tree 7' of initial graph G. In the following step,
a preorder scan is performed over the vertices of 7T and
the comparison is made between the weight of the existing
path pr(v,r) of currently scanned node v and the weight of
the shortest path existing in G between multiplied by «. In
case that the weight of currently existing path is larger, we
add the edges of the shortest path in G to T'. Finally, the
unnecessary edges are removed from 7" by running shortest
path tree algorithm on 7" from r.

We are going to incorporate our currently constructed 7's
into the Khuller et al. [32] algorithm above. In particular,
instead of computing minimum spanning tree, we supply
Ts as the first step of the algorithm and the rest remains
the same. We also note that the weight of the shortest path
between any node v in G and r is simply d(v,r), i.e. we
might need to add only one directed edge between r and v
to Ts in case that the length of current path violates the
given requirement. We also note that this procedure can
only decrease the current hop-diameter of Ts. The same
proof for the obtained weight of spanning tree holds to our
case as well, i.e. at the end of the algorithm we obtain a
tree T's having hop-diameter O(logn), transport capacity of
O(OPT,-(1+ =25 ) log n) and stretch factor §(Ts) = O(a),
for o > 1.

E. Lower bound for sum of squares with bounded hop

One may wonder whether there is hope for designing
bounded hop hierarchy for arbitrary points positions that
simultaneously provides good bounds for transport capacity
and the sum of squared distances, i.e. the energy require-
ment. Unfortunately, the following example shows that it
is not possible (see Fig. 1). Consider the unweighted n-
path: any tree 7" with hop-diameter A, contains an edge
with an interval length of at least (n — 1)/A, and so its
weight is at least (n—1)2/A2. Observe that for the minimum
spanning tree T, E(T) = n — 1. However, for tree 7", we
have E(T') > n — 2 + (n — 1)?/A2. It means that the
approximation ratio we can have while aiming for the hop-
diameter of A is at least “’A}l. For example, it follows that
for A = logn we can not build any hierarchy having energy

requirement less than 27 times the optimal one.
log® n

(n-1y/A

Fig. 1: Demonstrating a lower bound for sum of squares of
distances.

III. MULTI-HOP COLLECTION FOR ANY DEPLOYMENT:
ALTOGETHER WITH ENERGY

In this section we are going to build a structure that
can perform well under all of the proposed criteria: energy
consumption, transport capacity, hop-diameter and stretch
of the paths to root node. As we already mentioned, Elkin
et al. [10] proposed the solution for the data collection
tree problem such that the total energy consumption is of
factor p from optimal bound OPT, and the hop-diameter is
n/p+log p, for any chosen integer parameter p,1 < p < n.
In some sense, this is almost best (up to logarithmic factor)
we can do in a view of lower bound example above.
Nevertheless, below we present a novel construction that in
many cases outperforms the construction of Elkin et al. [10].

Let us denote by 7" the minimal spanning tree for the set
of nodes where the weight of edge is defined as the squared
Euclidean distance between the nodes, and w(7T") is the total
weight of the edges in this tree. As can be easily seen, w(T"”)
is the lower bound for the energy consumption for data
collection tree (each node, except the root, transmits to its
parent in the tree). The main weakness in Elkin et al. [10]
approach is that they completely ignore the current hop-
diameter of 7”. Assuming we are given a desired bound h for
hop-diameter and h(7T’) > h, they immediately transform
T’ into corresponding Hamiltonian cycle with a consequent
hierarchy construction. However, in cases when h(7T”) not
exceeds by much at h (as we show, it can be as much as
O(h?)), we can do better. Below we present and analyze our
construction.

First we find 7’. We can do this in O(nlogn) time
using Delaunay triangulation. Next, we check, whether the
resulting tree 7’ satisfies the requirement of hop-diameter
at most h. If yes, we are done. Otherwise, we are going
to shorten the tree in the following fashion. We choose the
given vertex r to serve as the root and tag every other node
using its distances from the root. It can be done using the
standard BFS algorithm. Every edge also receives tag being
the minimum value between its both endpoints. Next, we
make h stages. At stage 7,0 < 7 < h — 1, we remove
from the tree 7’ rooted at v all the edges being tagged
i-h+j, for every 1,0 < ¢ < MT_J, and connect the
nodes tagged ¢ - h + j + 1 directly to the root r. We call
the resulting tree 7). After all h stages we choose between
h trees T} the tree having minimal weight. We call this
tree T”. We bound the performance of this solution as
follows. Since 7" has the minimal weight between all & trees,
it follows that weight w(T") < (1/h)SI—jw(T}). Next,
notice that when considering the entire collection {Tj }?;01
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of trees, every edge of T" has been replaced no more than
once. Every such replacement (we have at most n such
replacements) produced a new edge of weight of at most
n?-w(e*(T")), where e*(T") is the largest edge in 7”. This
is because a weak triangle inequality is satisfied (i.e., for
u,v,w € V, (d(u,w))? < 2((d(u,v))? + (d(v,w))?) and
following Cauchy-Schwartz inequality we have that for any
T1,T2,... 2 €ER, (SF_ )% < k-¥F 2l

SHORTCUT MST

1 Compute minimum spanning tree 7" of complete graph defined on
nodes S U {r}.
if hop-diameter of T' is at most h then

| output T”
Tag nodes in T" according to their distance from root .
Every edge (v, w) receives tag that is minimum between tags of v
and w.
for j=0— h—1do

Remove from the tree T" rooted at r all the edges being

V=3

[N )

SN

tagged ¢ - h + j, for every ¢,0 < ¢ <
8 Connect the nodes tagged i - h + j + 1 directly to the root r
obtaining tree T7.
9 Let T" be the tree of minimal weight from {7
10 Output 7.

h—1
Jj=0"

Thus, Z;-Zolw(Tj) < h-w(T") +n®-w(e(T")). Com-
bining things together we obtain: w(T"”) > w(T’) + n3 -
w(e*(T"))/h In other words, the weight of 7" provides
1+ %{T(,T)/)) approximation for optimal solution. The
SHORTCUT MST algorithm shows the formal description
of aforementioned scheme.

But, in fact, we can do much better. The idea is that
every edge cut and its replacement will lead to an additional
O(h? - w(e*(T")) increase of energy, instead of current
increase of n? - w(e*(T")) per edge. The crux is to cut the
edges not in intervals of size h but rather take intervals of
size h,h — 1,h — 2,...,1 and connect the node u (that
became disconnected as the result of cut) in the interval of
size t,1 <t < h to the node (that became disconnected) in
the interval of size ¢ + 1 that lies on the same path in 7’
as u. The node in interval of size h is connected directly to
the root. We perform the same shifting strategy as before.
This scheme is presented in IMPROVED SHORTCUT MST
algorithm figure and guarantees that every new added edge
may need to bypass at most h original edges of 7’ and,
therefore, will lead to O(h? - w(e*(T")) increase in total
energy consumption. To conclude, we have a construction

that provides O( %) approximation for total energy
consumption with hop-diameter of h assuming that the hop-
diameter of minimum spanning tree is at most h2. This
result compares well with the best solution to date by
Elkin et al. [10] from the following reason. Of course, the
value of w(e*(T")) can be as large as w(7’) but in many
cases, the weight of the heaviest edge of minimum spanning
tree behaves similarly as the length of the average edge
in minimum spanning tree or similar to this. For example,
for uniformly distributed points in 2-dimensional unit size
square, w(e*(T")) = O(logn/n) and w(T”) is at least
Q(1), see [33]. It means that for this and similar cases,

the approximation factor stands at hlogn. If we choose
h = O(logn), then our approximation factor is O(log® n)
while the solution in [10] produces approximation of n.

Moreover, even if 7”(;(7(;)’)) = n%0 < & < 1, our
approximation is An'~¢ and for the polylogarithmic values
of h our algorithm gives better approximation than in [10].

Speaking of transport capacity, the similar analysis shows

that the approximation factor is 1 + %T(,)T/)), where
d(e*(T")) denotes the Euclidean length of the longest edge
in 77 and d(T") is the total length of the edges in 7".
For uniformly distributed points in 2-dimensional unit size
square, d(e*(T")) = O(y/logn/n) and d(T") is at least
Q(+/n), see [34]. Thus, we obtain sublinear approximation
for this and similar cases following similar argument as

above.

IMPROVED SHORTCUT MST

1 Compute minimum spanning tree 7" of complete graph defined on
nodes S U {r}.

2 if hop-diameter of T’ is at most h then

3 | output TV

4 Tag nodes in T" according to their distance from root 7.

s Every edge (v, w) receives tag that is minimum between tags of v
and w.

6 for j=0— h—1do

7 Remove from the tree T" rooted at r all the edges being

tagged - h +j — Eézop, for every ¢,0 < ¢ when such edge
exists.

8 Connect the nodes tagged ¢ - h+j + 1 — Z;:Op directly to
the node tagged (1 — 1) -h+j+1— Z;;{)p lying on the
same path in 7" or to the root r when ¢ = 0 obtaining tree 7.

9 Let T" be the tree of minimal weight from {7} };‘;01.

10 Output 7.

Remark. The IMPROVED SHORTCUT MST scheme can
be applied in a bootstrapping fashion for the case when
h € o(y/h(T")). In particular, we can take 7" and cut the
edges in intervals of h(T"),h(T") — 1L, h(T') — 2,...,1 by
adding shortcut edges. In such a way, we will obtain a new
tree 77 having hop-diameter h(T"). If h € o(\/h(TY)), we
apply the same procedure to 77 cutting it in intervals of
h(TY), h(Ty) = 1,h(T}) —2,...,1 with addition of shortcut
edges. We repeat this process until we obtain a tree of
desired diameter. Clearly, the number of bootstrapping steps
is at most O(log log h(T")) since we shrink the hop-diameter
recursively by square root factor.

Now we suggest how to incorporate the stretch of paths
characteristics into our solution. We will show that while the
stretch of the paths drops to the factor of h?(T") - n¢,0 <
€ < 1, the total energy consumption in new tree increases by
factor of at most n'~2¢ from the energy consumption in 7.
We start scanning all of the nodes in our constructed tree 7.
In general, the technique will work for any data collection
tree. If the distance d(v,r) between currently scanned node
v to root 7 is less than d(e*(T"))/n®,0 < € < 1, then we
remove the edge from v to its parent node in 7" and put a
direct edge between v and r. Notice, that the hop-diameter,
h(T"), can only decrease as the result of our procedure.
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Let us compute what happens with total energy con-
sumption. In the worst scenario, we replaced all the edges
in the tree and, therefore, the total energy consumption is

bounded by %*E(Tl)) and the approximation factor from
2—2e 2/ % ’
the optimal solution is O(%) € O(n?>72%.h).

71_)2 T

For appropriate values of € and, (for) example, for polylog-
arithmic values of h or even higher, we obtain a sublinear
approximation factor. We leave to any interested reader to
obtain the exact range of values when the approximation
factor for total energy consumption is o(n) (notice that in
our analysis we assumed that w(e*(T”)) = w(T") where for
many cases as shown above w(e*(7")) is much smaller than
w(T"), and, better approximation factor can be derived; the
same holds for transport capacity as well).

In order to evaluate the stretch factor of the ob-
tained paths we notice the following. First, if d(v,r) <
d(e*(T"))/n®, then a shortcut has been added and the stretch
of the path between v and r in new tree is 1. Second, if
d(v,r) > d(e*(T"))/nc, then the length of the path between
v and 7 in a new tree is at most h(T") - d(e*(T")) <
R2(T") - d(e*(T")) < n® - h3(T") - d(v,r). It means that
the stretch of the path is at most n¢ - h2(T").

IMPROVING THE STRETCH OF PATHS

compute 7.

foreach v € V do

if d(u,r) < d(e*(T"))/n® then
remove edge from v to its parent in T”'.
add (v,r) to T".

Output 7.

1
2
3
4
5
6

To summarize we have the following theorem.

Theorem 3.1: Given an integer value h,1 < h < n and
€,0 < ¢ < 1, and assuming that minimal spanning tree of
the set of nodes has diameter O(h?), we can find a data
collection tree T's such that the total energy consumption
E(Ts) = O(n*72¢.h-OPT.), D(Ts) = O(n*~¢-h-OPT,),
h(Ts) = h and 5(Ts) =nf - h2

We also may use the LAST construction as described in
previous section in order to obtain different tradeoff approx-
imation for our criteria. In particular, applying Khuller et
al [32] produces the following results.

Theorem 3.2: Given an integer value h,1 < h < n and
€,0 < ¢ < 1, and assuming that minimal spanning tree of
the set of nodes has diameter O(h?), we can find a data
collection tree T's such that the total energy consumption

E(Ts) = O(ZRw (M) opT,), D(Ts) = O((1 +

w2(T")
%)1. wle S OPT,), h(Ts) = h and 6(Ts) = a, for
a > 1.

IV. DISTRIBUTED IMPLEMENTATION

The distributed implementation of our construction heav-
ily depends on the construction on minimal spanning tree
(with the consequent manipulations) which is quite straight-
forward once we established connectivity between the nodes

and chose the leader (the root of the tree). For this we can
follow two different approaches as described in [9]. The first,
described in Dolev et al. [35] forms a temporary underlying
topology in O(n) time using O(n®) message. The second
(better) approach is given by Halld6rsson and Mitra [36] that
shows how to do this in O(poly(log~y,logn)), where 7 is
the ratio between the longest and shortest distances among
nodes. After the topology is established, we can use leader-
election algorithm by Awerbuch [29] that shows how to find
a leader and minimum spanning tree in a distributed fashion
in a network with n nodes in O(n) time using O(nlogn)
messages. In our former construction, the leader initiates
the process of finding the balance nodes with following
hierarchy construction and (¢, 3)-LAST computation in a
distributed fashion as described in [37]. In the latter design,
the leader initiates the process of shortcuting edges with the
consequent convergecast process towards the leader. Each
node (in parallel), computes the edge required to be added
to the data collection tree and chooses the largest outgoing
edge. The total time and message complexities for each T;
calculation are dominated by the initial minimum spanning
tree construction step.

V. SIMULATION RESULTS

In this section we show some simulation results with
respect to the construction in Section 3, where we mainly
interested in comparison of total consumption energy criteria
obtained by ours and Elkin et al. [10], which is considered
to be the best algorithm in terms of energy consumption
with predefined hop-diameter. As we show, the simulation
results fully support our theoretical analysis. In our first
experiment we have randomly and uniformly distributed n
sensor nodes in a square of size 10 x 10, with the network
size n ranging from 200 to 600 in steps of 20, see Fig.
2(a,b,c). We have computed the energy consumption (Fig.
2(a)), the ratio between the weight of the heaviest edge
in minimum spanning tree and the weight of minimum
spanning tree (Fig. 2(b)) and the number of nodes that
located in different levels of minimum spanning tree (Fig.
2(c)). The results are an average of 10 tries for every
network size n, where the predefined value that has been
taken for required hop-diameter h is the square root of the
obtained minimum spanning tree diameter d. This is since
for larger values of h our algorithm performs even better as
there is no need in doing shortcuts for many nodes. We
can, in fact, observe from the Fig. 2(c) that the amount
of nodes that need to be shortcut when the value of h
close to the diameter of minimum spanning tree is small.
As it can be concluded from Fig. 2(a), for the values of
n started from 240 our solution always outperforms the
one given in [10]. Moreover, Fig. 2(b) also confirms the
fact that the ratio between the weight of the heaviest edge
in minimum spanning tree and the weight of minimum
spanning tree deteriorates as n grows up. As our algorithm
depends linearly on such ratio, we deduce that it works really
well for real, large-scale deployments.

Our second experiment modeled a wireless sensor net-
work by 2D Poisson point process of normalized unit density
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in an 25 x 25 region for various values of n, see Fig. 3(a,b,c).
This is a standard technique for modeling random wireless
network with omni-directional transmission as in [38]. We
evaluate the same criteria as in the first experiment. We
observe the same tendency for all Fig. 3(a), Fig. 3(b) and
Fig. 3(c) as for uniformly placed sensors although the rates
are slightly different. We also learn that the ratio in Fig. 3(b)
indeed decreases but more slowly than for random uniform
network.

VI. CONCLUSIONS

In this paper we have presented two constructions for
data collection tree with provable performance bounds on
total energy consumption, total transport capacity, hop diam-
eter and stretch of the obtained paths from the nodes towards
the root of the tree. We have shown that for various sensor
nodes deployments our solutions outperforms the previously
known schemes. It would be interesting to investigate how
well our structures perform in terms of average hop-diameter
(i.e. hop-diameter taken over all paths connecting nodes to
the root) which can serve as another potential criteria to
optimize for scenarios where sensors send the information
towards the root in different time frames and periods of
time. It looks like our schemes can be extended to a more
general, SINR model, where a transmission is successful if
the signal is strong enough compared to the interference (as
a result of simultaneous transmissions). This is because we
can adopt some of the known techniques for dividing the
nodes into interference/transmission regions based on the
transmit powers [39].

In order to adjust the solutions to mobile settings we
can follow the approach in [35]: as nodes are allowed to
change their positions according to their mobility plans, the
topology will change with respect to the node movement.
It makes sense then to indicate the time interval [ts,7],
for which the induced topology, where ¢, and ¢y are the
start and finish times. The two possible modes for topology
construction can be considered: the static mode, preserves
all the relevant communication links (those that are used
for inducing the required topology) for the whole time
interval [t,t¢]. Note that some other links might appear and
disappear during the time interval, however the important
links, which define the required topology remain unchanged.
In other words, the communication graph, which is variant
in time, always includes a subgraph which is unchanged
for the whole time interval. The dynamic mode is different
in that there is no constant subgraph which holds the
topology property. However, as communication links are
added and removed, depending on the movement of the
nodes, the topology property requirement (e.g. connected
dominating set) is satisfied during the entire period [t,t¢].
It can be shown that if we define a weight function w’
which reflects amount of energy for any pair of nodes,
ie. w' =maxep, ,)(duw(t))?, it satisfies a weak triangle
inequality and therefore we can use algorithms minimizing
energy consumptions for static environments to solve the
static mode mobile scenarios. Also, it can be shown that if
during the time interval [¢,, ;] every node moves in a single
direction along a straight line with constant speed then there
exists t' € [ts,ty] for any pair of nodes u,v € V so that
the distance function d,, ., (¢) is monotone non-increasing in
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[ts,t'] and monotone non-decreasing in [t’,¢s]. Following
this we can conclude that there is a finite set of critical time
points for verifying structure properties, and then based on
these verifications we can find it for the whole time interval
[ts,tf] in dynamic mode mobile setting.
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REFERENCES

[1] P Gupta and P. R. Kumar, “The capacity of wireless networks,” IEEE
Transactions on Information Theory, vol. 46, no. 2, pp. 388-404,
2000.

[2] J. Gao, L. Guibas, J. Hersheberger, L. Zhang, and A. Zhu, “Geomet-
ric spanner for routing in mobile networks,” in ACM International
Symposium on Mobile Ad Hoc Networking and Computing (Mobi-
Hocl), 2001, pp. 45-55.

[3] A. Chandrakasan, R. Amirtharajah, S. Cho, J. Goodman, G. Konduri,
J. Kulik, W. Rabiner, and A. Wang, “Design considerations for
distributed microsensor systems,” in CICC’99, 1999, pp. 279-286.

[4] V. Rajendran, K. Obraczka, and J. J. Garcia-Luna-Aceves, “Energy-
efficient collision-free medium access control for wireless sensor
networks,” in SenSys’03, 2003, pp. 181-192.

[5] L. van Hoesel and P. Havinga, “A lightweight medium access
protocol (Imac) for wireless sensor networks:reducing preamble
transmissions and transceiver state switches,” in INSS’04, 2004, pp.
205-208.

[6] K. Pahlavan and A. H. Levesque, Wireless information networks.
Wiley-Interscience, 1995.

[71 M. Segal and H. Shpungin, “On construction of minimum energy
k-fault resistant topology,” Ad Hoc Networks, vol. 7, no. 2, pp. 363—
373, 2009.

[8] P-J. Wan, G. Calinescu, X. Li, and O. Frieder, “Minimum-energy
broadcast routing in static ad hoc wireless networks,” in INFO-
COM’01, 2001, pp. 1162-1171.

[9] V. Milyeykovsky, M. Segal, and H. Shpungin, “Location, location,
location: Using central nodes for efficient data collection in wsns,”
in IEEE WIOPT, 2013.

[10] M. Elkin, Y. Lando, Z. Nutov, M. Segal, and H. Shpungin, “Novel
algorithms for the network lifetime problem in wireless settings,”
ACM Wireless Networks, vol. 17, no. 2, pp. 397-410, 2011.

[11] K.Ramanan and E.Baburaj, “Data gathering algorithms for wireless
sensor networks: A survey,” IJASUC, vol. 1, December 2010.

[12] X.-Y. Li, Y. Wang, and Y. Wang, “Complexity of data collection,
aggregation, and selection for wireless sensor networks,” IEEE Trans.
Computers, vol. 60, no. 3, pp. 386-399, 2011.

[13] A. Jovicic, P. Viswanath, and S. R. Kulkarni, “Upper bounds to
transport capacity of wireless networks,” IEEE Transactions on
Information Theory, vol. 50, no. 11, pp. 2555-2565, 2004.

[14] L.-L. Xie and P. R. Kumar, “A network information theory for
wireless communication: scaling laws and optimal operation,” IEEE
Transactions on Information Theory, vol. 50, no. 5, pp. 748-767,
2004.

[15] ——, “On the path-loss attenuation regime for positive cost and
linear scaling of transport capacity in wireless networks,” IEEE
Transactions on Information Theory, vol. 52, no. 6, pp. 2313-2328,
2006.

[16] F. Xue, L.-L. Xie, and P. R. Kumar, “The transport capacity of
wireless networks over fading channels,” IEEE Transactions on
Information Theory, vol. 51, no. 3, pp. 834-0847, 2005.

[17] L. M. Kirousis, E. Kranakis, D. Krizanc, and A. Pelc, “Power con-

sumption in packet radio networks,” Theoretical Computer Science,
vol. 243, no. 1-2, pp. 289-305, 2000.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

1383

A. E. FE Clementi, P. Penna, and R. Silvestri, “On the power
assignment problem in radio networks,” Electronic Colloquium on
Computational Complexity, vol. 7, no. 054, 2000.

R. Beier, P. Sanders, and N. Sivadasan, “Energy optimal routing in
radio networks using geometric data structures.” in ICALP’02, 2002,
pp. 366-376.

G. Calinescu, S. Kapoor, and M. Sarwat, “Bounded-hops power
assignment in ad hoc wireless networks.” Discrete Applied Math-
ematics, vol. 154, no. 9, pp. 1358-1371, 2006.

S. Funke and S. Soren Laue, “Bounded-hop energy-efficient broad-
cast in low-dimensional metrics via coresets,” in STACS’07, vol.
4393, 2007, pp. 272-283.

A. E. F. Clementi, A. Ferreira, P. Penna, S. Perennes, and R. Silvestri,
“The minimum range assignment problem on linear radio networks,”
in ESA’00, 2000, pp. 143-154.

A. E. F. Clementi, P. Penna, and R. Silvestri, “The power range
assignment problem in radio networks on the plane,” in STACS’ 00,
2000, pp. 651-660.

H. Shpungin and M. Segal, “Low-energy fault-tolerant bounded-hop
broadcast in wireless networks,” IEEE/ACM Trans. Netw., vol. 17,
no. 2, pp. 582-590, 2009.

X. Li, S. Yan, C. Xu, A. Nayak, and I. Stojmenovic, “Localized
delay-bounded and energy-efficient data aggregation in wireless
sensor and actor networks,” Wireless Communications and Mobile
Computing, vol. 11, no. 12, pp. 1603-1617, 2011.

Y. Li, M. T. Thai, F. Wang, and D.-Z. Du, “On the construction of
a strongly connected broadcast arborescence with bounded transmis-
sion delay,” IEEE Trans. Mob. Comput., vol. 5, no. 10, pp. 1460—
1470, 2006.

M. Segal and H. Shpungin, “Improved multi-criteria spanners for
ad-hoc networks under energy and distance metrics,” in [EEE IN-
FOCOM’10, 2010, pp. 6-10. Also in ACM Transactions on Sensor
Networks 2013, to appear.

H. Shpungin and M. Segal, “Near optimal multicriteria spanner
constructions in wireless ad-hoc networks,” IEEE/ACM Transactions
on Networking, vol. 18, no. 6, pp. 1963-1976, 2010.

B. Awerbuch, “Optimal distributed algorithms for minimum weight
spanning tree, counting, leader election, and related problems,” in
ACM STOC 1987, 1987, pp. 230-240.

C. L. Monma and S. Suri, “Transitions in geometric minimum
spanning trees,” Discrete & Computational Geometry, vol. 8, pp.
265-293, 1992.

Y. Hassin and D. Peleg, “Sparse communication networks and
efficient routing in the plane,” Distributed Computing, vol. 14, no. 4,
pp. 205-215, 2001.

S. Khuller, B. Raghavachari, and N. Young, “Balancing minimum
spanning and shortest path trees,” in SODA’93, 1993, pp. 243-250.

C. Redmond and J. Yukich, “Asymptotics for euclidean functionals
with power-weighted edges,” Stochastic Processes and their Appli-
cations, vol. 61, no. 2, pp. 289 — 304, 1996.

J. M. Steele, “Probability and problems in euclidean combinatorial
optimization,” Statistical Science, vol. 8, no. 1, pp. 48 — 56, 1993.

S. Dolev, M. Segal, and H. Shpungin, “Bounded-hop energy-efficient
liveness of flocking swarms,” IEEE Transactions on Mobile Comput-
ing, vol. 12, no. 3, pp. 516-528, 2013.

M. M. Halldérsson and P. Mitra, “Distributed connectivity of wireless
networks,” in PODC, 2012, pp. 205-214.

Y. Ben-Shimol, A. Dvir, and M. Segal, “Splast: A novel approach
for multicasting in mobile wireless ad hoc networks,” in IEEE
PIMRC’04, 2004, pp. 1011-1015.

C.-K. Chau, R. J. Gibbens, and D. Towsley, “Impact of directional
transmission in large-scale multi-hop wireless ad hoc networks,” in
INFOCOM, 2012, pp. 522-530.

S. Ji, R. A. Beyah, and Y. Li, “Continuous data collection capacity
of wireless sensor networks under physical interference model,” in
IEEE MASS’11, 2011, pp. 222-231.




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts 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
    /blex
    /blsy
    /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
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /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
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /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
    /SimSun-PUA
    /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


