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Abstract— A wireless sensor network (WSN) usually operates
in an unreliable wireless environment with energy constraint.
Many researchers are primarily interested in energy awareness
and communication reliability of WSNs to maximize network
lifetime. However, dealing with the conflicting problems of
improving energy efficiency and fault-tolerance simultaneously is
a challenging task. Most previous studies have shown that both
problems can be approached by using either data link or network
layer protocols. In this paper, we present a cross-layer protocol,
which integrates a multipath routing protocol and a data
interleaving technique based on Reed-Solomon code. We
formulate the problem of selecting sensor transmission paths as a
knapsack problem and solve it by a greedy algorithm. Our
multipath routing protocol then enables each sensor to select
multiple transmission paths using the proposed optimization
algorithm. On the basis of multiple transmission paths, the
technique of data interleaving is employed by using Reed-
Solomon code to provide reliable data transmission. Simulation
results demonstrate that our scheme outperforms the existing
multipath routing protocols with respect to the network lifetime

since it balances energy consumption and promotes
communication reliability.
Keywords—wireless sensor network; energy awareness;

communication reliability; knapsack problem; Reed-Solomon code;
interleaving technique; greedy algorithm; maximizing network
lifetime.component;

I. INTRODUCTION

As the applications of WSNs become public and pervasive,
numerous techniques of WSNs have recently been requested
and developed [[10],[27],[35]]. These techniques include the
processes of balancing energy consumption to improve
network lifetime and maintaining data integrity for
communication reliability. Due to the importance of WSN,
many researchers have been devoted to both fields of balancing
energy consumption and achieving data integrity. By
maximizing network lifetime and maintaining the correctness
of sensed data, ambient monitoring systems could persistently
and promptly analyze the sensed data to make appropriate
decisions regarding the domains concerned.

The routing protocol of a wireless network could be
designed to serve different purposes, including transmission
reliability  [[25],[34]], congestion control [[16]Error!
Reference source not found.], fault tolerance [[3],[27]],
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quality of service (QoS) [[6],[19],[32]], transmission delay
minimization [[8],[15]], interference awareness [[11],[32]] and
energy awareness [[5],[6],[14],[15]]. Among the existing
proposals, multipath routing protocols are proposed to meet
one of the purposes [[5],[11],[12],[23],[34]]. We are motivated
to employ a multipath routing protocol to balance energy
consumption.

In this work, we propose a novel cross-layer protocol to
balance energy consumption and achieve communication
reliability in WSNs. Our scheme integrates data interleaving
technique [[4],[20]] with a multipath routing protocol to
prolong network lifetime and achieve transmission reliability
simultaneously. The interleaving technique based on the
notable Reed-Solomon code [[9],[18]] operates at the physical
layer to provide redundancy-based data protection. We
transform an “Ad hoc On-demand Multipath Distance Vector”
(or AOMDV)-inspired multipath routing protocol into a
multipath routing protocol for providing fault-tolerant routing
and balancing energy consumption. By improving the
reliability of data transmission and providing fault-tolerant
routing, our scheme can reduce data retransmission and then
conserve power dissipation. We approach the problem by
employing the algorithms designed for the notable knapsack
problem. Our scheme first executes the modified AOMDV-
inspired multipath routing protocol [[17][17]] to calculate all
available paths to the sink. When a sensor node transmits
sensed data, it integrates Reed-Solomon code and data
interleaving for data integrity by jointly considering energy
consumption and signal quality.

The remaining parts of this paper are organized as follows.
The related researches are reviewed in Section 2. Notation used
in this paper is defined in Section 3. Section 4 presents a
multipath routing algorithm for maximum network lifetime and
communication reliability. Performance evaluation is provided
in section 5. Finally, Section 6 concludes this work and
outlines some plans for future development.

II. REVIEW OF THE RELATED APPROACH

A. Related AOMDY Protocol Selecting

The AOMDYV protocol was proposed by Marina and Das to
discovery multiple paths in an ad-hoc network [[24]]. AOMDV
is a multipath version derived from AODV, a single-path



routing protocol [[30]]. AOMDYV consists of two phases. In the
first phase, multiple loop-free reverse paths from destination to
source sensor nodes are discovered by transmitting route-
request (RREQ) messages. Since there could be many
discovered paths in this phase to result in diminishing
effectiveness [[28]], the second phase selects useful link
disjoint paths. There are link and node disjoint paths. The
node-disjoint paths only discovered a few paths in a dense
network using flood, but link-disjoint paths are opponent.
Therefore, AOMDYV discover the link-disjoint paths are a good
solution. However AOMDYV does not consider any mechanism
of load distribution for splitting network traffic over the
discovered paths. AOMDV-inspired multipath routing protocol
[[17][17]] uses different strategy of routing table management.
While AOMDV finds all the possible link-disjoint paths
between each sensor node and the sink node optimized for hop
counts, AOMDV-inspired multipath routing protocol reduces
the transmission delay and interference by requiring all the
sensor nodes to retrieve the timing information of their
neighboring nodes. It also provides the mechanism of load
distribution. In the procedure of data transmission, each relay
node searches its routing table and forwards packets to the next
hop awakening nodes.

B. Reed-Solomon Code

Currently, error control techniques can be classified into
two types: forward error correction (FEC) and automatic
repeater quest (ARQ). Although both techniques can guarantee
the transmission reliability, ARQ usually consumes more
energy under a heavily-interference circumstance. FEC has the
ability of self correction by using the error correction code. By
sending the data along with the redundant bits over the
transmitted channel, the receiver can correct the error bits
under a limited fashion. Since a wireless sensor network
usually operates in an energy constraint and unreliable wireless
environment. ARQ method may suffer from unreliable energy
efficiency. We prefer the FEC method that employs Reed-
Solomon (RS) codes invented by Reed and Solomon
[[18]Error! Reference source not found.]. RS codes is a non-
binary cyclic error-correcting code used in communication
systems to resist the random error. The Reed—Solomon codes is
a linear block code of length n over the finite field F with k
dimensions, where the minimum Hamming distance between
any two RS codesis n—k+ 1. Thus, RS codes is
a/n k n—k+ 1] code. Formally, the set A of codewords of
the Reed—Solomon code is defined as follows:

A= E';r':x':}.'f':x'l}.llll.-f':x-r::'ﬂf 2 Flghdeg (F1= E‘}.-fi"t" lakznsg|Fl

TABLE 1. THE PARAMETER AND ITS DESCRIPTION FOR REED—SOLOMON CODE

Parameter Description
m Symbol width (unit of RS), where 7 *m is the amount of
coded data.
n Codeword length, where n*m is the amount of coded data.
k The number of information symbol.
t=(n-k)/2 or | The number of maximum correctable symbols. If the error
position cannot be predicted, RS code can correct up to (n-k)
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n-k / 2 errors; otherwise, it can correct up to n-k errors.

t*m The number of error-correcting codes.

C. Packet Interleaving Technique

Interleaving is a technique widely used in storage systems
and digital communication. It can be combined with forward
error correcting codes to improve the performance of error
correction. In a heavily interference environment, transmission
errors usually occur not independently but consecutively in
burst. Packet interleaving alleviates this problem by mingling
source symbols across several code words stored in different
packets to create a uniform distribution of errors [[4],[20]].

D. Knapsack problem

Knapsack problem is a combinatorial optimization
problem first proposed by Mathews in 1897 [[26]]. Let there
be nitems, li, where [/ = ; =< n. Each item/ihas a
benefits bi and weight wi. The maximum weight that we can
carry in the knapsack is W. The knapsack problem determines
the number of each items in a collection so that the total
weight is less than or equal to a given W with the largest total
benefit. Aiming at different applications, the knapsack
problem has been derived into different problems, including 0-
1 knapsack problem, bounded knapsack problem (BKP),
unbounded knapsack problem (UKP), fractional knapsack
problem (FKP) and o)
on[[1],[2],[7],[13],[21],[22],[29],[311,[33]].

III. PROBLEM AND NOTATION DEFINITION

Our scheme requires that before a sensor node transmits
data, it needs multiple paths by executing our modified
AOMDV-inspired multipath routing protocol. Next, the
transmitted data is split over multiple paths by using
interleaving and Reed-Solomon code. This process derives a
data assignment problem, which jointly considers residual
energy, bit error rate, and reliability simultaneously. We
attempt to maximize the lifetime of sensor nodes while
maintaining the data reliability. We list the notations used in
this paper as below.

L: the total number of bits of the sensed data;
B: the maximum number of error bits that can be recovered by
Reed-Solomon code;

n: the total number of paths;

ci: the number of hop counts on the i-th path, 1 =i =n;

€reis: the residual energy of j-th node on the i-th path, 1
¢, 1 =i=n;

dij: the distance between j-th node and j+1-th node on the i-th
path, 1 =j=c-1, 1 =i =n;,

l;: the number of bits of the sensed data transmitted through the
i-th path, 1 <isnp;

Ep(dy): the energy consumption of transmitting one-bit sensed
data to the j+I-th node of the i-th path, 1 =j <c-1, 1 =i =n;
Er.: the energy consumption when a node receives one-bit
sensed data;

Sj=<



e;: the energy consumption of one-bit sensed data is
transmitted and received of the j-th node on i-th path.
Formally, the ey is defined as follows:

8u=Er (dy), forlsism, f=1;
Q“{am =B .forlzizm f=cy

8= Ep + Er(dy) for 1sisn 25/ 56— 1L

The first sensor node only transmits sensed data, the energy
consumption is e;=En(d;) and the sink only receives sensed
data, the energy consumption is &, = &z . Otherwise mid-nodes
need to receive and transmit sensed data, the energy
consumption is e, = Eg_+ E (dy).
E;: the energy consumption of one-bit sensed data is
transmitted and received on the i-th path, 1 <isp, E,-:F_.;:j_‘ab-;
S: noise spectral density in the WSN;
J3;: bit error rate of the i-th path, 1 <is<p, /a’,-:E;:i‘ 85

We formulate the problem of splitting the sensed data to
multiple packets as follows. Each packet takes different paths,
while maximizing the lifetime of the sensor nodes.

(Output) m;: Optimal data chunk size on the i-th path,
1<i<n,

There are three constraints in this problem.
L DiZtmy
2 TSty = B

3 myey; = érogpforl=i=nl=j=gqg

— =1

The problem of assigning the sensed data into different
paths while achieving communication reliability and
extending network can be formulated as a bounded knapsack
problem, which can be approached by using greedy algorithm.
We show how the data assignment problem is transformed to
the knapsack problem in Table 2. The notations are listed
below.

TABLE 2. MAPPING OF THE DATA ASSIGNMENT PROBLEM TO THE KNAPSACK
PROBLEM

- Knapsack Prblem Data assignment problem

Inputl A knapsack  with A sensor node with sensed data >0
weight W>0
Input2 n items (/i) with n paths (Pi) with basic unit of digital
weights w > 0, communication li = 1, residual
benefits bi > 0 and )
bounded number of  energy ¥é€; = MILIT [ém . .!] =0,
ttems Mi > Ofori =1, forj=12,.., Ci,fori=I, 2.,n
2.n and bounded number of transmitted
bits
M, — nrin I.S:/ﬁ;’rg‘fﬁ';] = O
fori=I1,2.n
Output Optimal number of  Optimal data chunk size on the P; can

[;can be placed in a
backpack, mi

Purpose =
TEX E g by
-

be sent sensed data, m;

neax 1 min | € ]}
1£:m{1£}£q Tef
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subject
to i

'FTE:":_:M: mﬂM:

ir
NIy XoWy = W E g b — E ny — Lo
1 =1 (3

It
E B, =R
=1

re;: the residual energy on i-th path is the lowest residual
energy which j-th nodes, for 1 <j <c.re; = min[éwq] ls5j=
c, 1 =i=n;

B/B;: the bounded number of transmitted bits on i-th path
which the limits of max error bits and error bit rate, 1 <i <n;
re/E;: the bounded number of transmitted bits on i-th path
which the limits of residual energy and energy consumption
rate,] <i=n;

M;: the bounded number of transmitted bits on i-th path which

' 7 ¥ .
= min[—,—] [ =i=n,
5:’51]
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the limits of energy and error bit, M;

IV. THE PROPOSED SCHEME

The proposed cross-layer protocol uses the modified
AOMDV-inspired multipath routing protocol to generate
multiple paths for the sensor nodes without routes to the sink
node in their routing tables. The modified AOMDV-inspired
multipath routing protocol generates n paths, where n denotes
the number of paths from the sensor node to the sink node.
Some of the n paths are then selected for data transmission.
The sensed data is divided into multiple parts so that each part
is transmitted by a unique path. Each part of the sensed data is
converted to block-based error correction codes using Reed-
Solomon code. The data interleaving aims at balancing energy
consumption while maintaining the data correctness from burst
errors. As mentioned above, we map the problem of slicing
data into multiple pieces to a bounded knapsack problem. We
use greedy algorithm to approach this problem.

We begin with the proposed routing protocol. Our protocol
is based on the AOMDV-inspired multipath routing protocol
by modifying the mechanism of load distribution, but retaining
the mechanism of optimal link-disjoint paths for availability.
The paths generated by our protocol have disjoint nodes to
balance the energy consumption. In addition, we also avoid
using the long paths because each packet relay causes energy
consumption. In the following, we describe the proposed
routing protocol stepwise.

A. The routing protocol for generating multiple paths

INPUT: A wireless sensor network with at least one sink and
multiple sensor nodes.

OUTPUT: A set of paths from a sensor node to the sink node.

STEP 1: When a route is needed, source node broadcasts a
route-request message (RREQ) for acquiring paths to
the sink node.

STEP 2: When a node receives a RREQ, it checks the
advertised hop count of send node of this message. If
the answer is lesser than received node’s, then a
reverse path to the original sensor node is yielded.
Else if the answer is equal, then checks the id of send
node, if the answer is bigger than received node’s.



Then a reverse path to the original sensor node is
yielded. Otherwise, ignores the message.

The route-request message is broadcasted once. Both
STEPs 2 to 3 are repeated until the message is
received by the sink node.

STEP 4: When the sink node receives a route-request message,
multipath from the sensor to the sink node is
generated. These paths information is stored in the
routing table of every node. In the routing table, there
is a lot of paths information as destination, next hop,
last hop, Ei, Bi, rei. These paths information in
response to the reverse path is entrained in the STEP
2. These sensor nodes only reserve the link-disjoint
paths by checking whether the next-hop and the last-
hop sensor nodes are unique.

After generating multiple link-disjoint paths, we use
the paths whose length is shorter than the average
path length of all paths for data transmission and the
rest are reserved for availability.

STEP 3:

STEP 5:

When the set of paths is generated, the sensor node is
ready to transmit data. In addition to generate packet route to
the sink node, the routing protocol also gathers the path
information, including the residual energy of each node, the
bit error rate and transmission energy of each hop.
Accordingly, the original sensor node can calculate the
residual energy, energy consumption and bit error rate of each
path. Next, we present two methods to calculate the optimal
data assignment for maximizing the network lifetime. As
mentioned above, we have mapped the data assignment
problem to the fractional knapsack problem. The proposed
greedy algorithm is described as follows.

B. The Greedy Algorithm for data assignment

INPUT: Data for transmission L of a sensor node, whose
routing table has a set of n paths, P;, to the sink node,
1 =i = n. P; has residual energy re;, energy
consumption rate £;, bit error rate f3;.

OUTPUT: Optimal data chunk size m; for the i-th path, / =i <
n.

STEP 1: Sort the paths in a descending order of the value re;
/E; (the bounded number of transmitted bits on the i-
th path which is limited by residual energy and
energy consumption rate), where 1 <i<pn.

STEP 2: Set i=1, where i denotes the number of paths used for
data transmission.

STEP 3: Check whether the value L is equal to 0. If the answer
is positive, then the algorithm ceases. Otherwise, it
proceeds to the next step.

STEP 4: Check whether the valueXazy M; is less than L. If

2=%¥ M is less than L, then the algorithm ceases
because the energy or data error rates of the unused
paths are not enough for transmitting the /-size data.

Otherwise, the algorithm proceeds to the next step.
E=Tr
M: =« Er;

a=L
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STEP 5: Set m;=M,; where m; is the maximum allowable
number of transmitted bits on the current path.

STEP 6: If m; is less than or equal to L, then we set
i=i+1,L=L-m; and repeat STEPs 3 to 6. Otherwise,
we set m;=L, i=i+1,L=L-m;and repeat STEPs 3 to 6.

The greedy algorithm determines the paths for data chunk
transmission. Before starting transmission, the Reed-Solomon
code and interleaving technique are applied to the data chunks
for communication reliability. The following flowchart
illustrates how Reed-Solomon code and interleaving technique
are used in this paper. By encoding the original data using the
Reed-Solomon code, all data chunks are then interleaved by
transmitting them over different paths based on the previous
calculation. After these interleaved data chunks are received by
the sink node, they are merged and decoded their Reed-
Solomon codes to recover the original data.

V. EXPERIMENT

In this paper, a framework has been proposed for
maximizing  network  lifetime  while = maintaining
communication reliability in a WSN. We evaluate the
performance of the proposed framework. We also relate our
framework with two previous routing protocols, AOMDYV and
AOMDV-inspired multipath routing protocol. All protocols
are implemented using C++ carried on a laptop with Intel Core
15-4200U 1.60GHz CPU. Three different WSN grid topologies
are used in the evaluation, where the number of sensor nodes
in each WSN is 48(7*7), 120(11*11) or 223(15*15). In the
smaller two WSNs, there is only one sink node while the
largest WSN has two sink nodes. These grid topologies, in
which the distance between nodes is 1 meter. The sink
positions in intermediate of grid topology. The communication
radius of node is 2 meters. The amount of energy consumption
for communicating with different nodes within the radio range
is listed in Table 3.

TABLE 3. POWER CONSUMPTION

Distance Action Amount of energy
send 0.1
1 meter
receive 0.05
send 0.2
1.5 meters
receive 0.1
send 0.3
2 meters
receive 0.15

The first experiment shows the relationships between the
network lifetime and the initial energy capacity for different
routing protocols. The network lifetime is measured in a cycle
that each sensor node transmits 100 bits to the sink node, until
the remaining energy of any one sensor node cannot send any
further packet. The results of 120 sensor nodes are shown in
Figure 1. The results show that the number of network lifetime
cycles increases along with the increasing initial energy



capacity, which is consistent with our intuition. The proposed
greedy algorithm outperform both AOMDV and AOMDV-
inspired multipath routing protocol, regardless the initial
energy capacity. Our algorithm achieves better performance
for two reasons. First, we use Reed-Solomon code for
maintaining transmission reliability. In spite of the overhead
of Reed-Solomon code, our algorithms avoid packet
retransmission to reduce overall energy wastage. Second, our
routing algorithms balance energy consumption of a WSN by
adaptively transmitting data over multiple paths. As a result,
each node could transmit more data by extending the lifetime
ofa WSN.

25
numbers of —m—greedy routing
lifetime cycle AOMDV-I
2 ——AOMDV

15

10 /
; )/%/
=

0 T T T T T T T T T |
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
initialization energy

Fig. 1. The relationships between numbers of network lifetime cycle and
initialization energy along with different routing protocols.

Next experiments consider the relationships between the
numbers of network lifetime cycles and initial energy capacity
using three different topologies. We show the results of the
greedy algorithm in Figure 2, respectively. In this figures, it is
obvious that the network lifetime increases along with the
increasing initial energy capacity. Our algorithm can be
successfully executed in WSNs of different sizes. Also, the
results from our first and third topologies are higher than those
of the second topology, indicating that the maximum network
lifetime is closely related to the routing protocol and the
numbers of sensor or sink nodes.

70
numbers of
P —+—smallest network topology
&0 lifetime cycle
) ==medium network topology
50 biggest network topology
40
30
20
10
B
0 = T T T T T T 1
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
initialization energy

Fig. 2.The relationships between network lifetime and initial energy capacity
for three different topologies using our routing protocol with a greedy
algorithm
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VI. CONCLUSION

In this paper, we have proposed a novel cross-layer
framework including a multipath routing protocol and a packet
interleaving technique based on Reed-Solomon code. By
distributing the sensed data to multiple paths, the energy
consumption of each sensor node can be balanced to prolong
network lifetime. We present a greedy algorithm of assigning
data chunks to different paths. The employment of Reed-
Solomon code also ensures the communication reliability to
avoid packet retransmission. As a result, the network lifetime
can be extended as shown in the experimental results. In our
future work, we will jointly consider TDMA schedule to
improve overall energy efficiency of a WSN.

REFERENCES

A.L. Olsen. Genetic Algorithms and the Knapsack Problem: A Study of
Penalty Functions. Masters thesis, University of North Carolina at
Charlotte, 1993.

A.L. Olsen. Penalty functions and the knapsack problem. In Proceedings
of the First IEEE Conference on Evolutionary Computation, Orlando,
Florida, June 1994. IEEE Press. pp. 554-558.

Alwan, H.; Agarwal, A. A Survey on Fault Tolerant Routing Techniques
in Wireless Sensor Networks. In Proceedings of the 3th International
Conference on Sensor Technologies and Applications (Senosrcomm
’09), Athens, Greece, 18-23 June 2009; pp. 366371

B. Vucetic, J. Yuan (2000). Turbo codes:
applications. Springer Verlag. ISBN 978-0-7923-7868-6
Bagula, A.; Mazandu, K. Energy Constrained Multipath Routing in
Wireless Sensor Networks. In Proceeding of the 5th International
Conference on Ubiquitous Intelligence and Computing, Oslo, Norway,
23-25 June 2008; pp. 453-467.

Ben-Othman, J.; Yahya, B. Energy Efficient and QoS Based Routing
Protocol for Wireless Sensor Networks. J. Parall. Distrib. Comput. 2010,

(1]

principles and

70, 849-857.
[7] Dantzig, George B. (1957), "Discrete-variable extremum
problems", Operations Research 5: 266—

277, doi:10.1287/opre.5.2.266, MR 0089098.

Dezfouli, B.; Radi, M.; AbdRazak, S. A Cross-Layer Approach for
Minimizing Interference and Latency of Medium Access in Wireless
Sensor Networks. Int. J. Comput. Netw. Commun. 2010, 2, 126-142.

F. J. MacWilliams and N. J. A. Sloane, The Theory of Error-Correcting
Code, New York: North-Holland Publishing Company, 1977.

Fonseca, R.; Gnawali, O.; Jamieson, K.; Levis, P. Four-Bit Wireless
Link Estimation. In Proceedings of the 6th Workshop on Hot Topics in
Networks (HotNetsVI), Atlanta, GA, USA, 14 November 2007.

Fu, B.; Li, R;; Xiao, X.; Liu, C.; Yang, Q. Non-Interfering Multipath
Geographic Routing for Wireless Multimedia Sensor Networks. In
Proceedings of the International Conference on Multimedia Information
Networking and Security, Wuhan, China, 18-20 November 2009; pp.
254-258.

Gallardo, J.R.; Gonzalez, A.; Villasenor-Gonzalez, L.; Sanchez, J.
Multipath Routing Using Generalized Load Sharing for Wireless Sensor
Networks. In Proceeding of the International Conferences on Wireless
and Optical Communications, Montreal, QC, Canada, 30 May—1 June
2007.

Goodrich, Michael T., Tamassia, Roberto (2002), "5.1.1 The Fractional
Knapsack Problem", Algorithm Design: Foundations, Analysis, and
Internet Examples, John Wiley & Sons, pp. 259-260.

Hassanein, H.; Luo, J. Reliable Energy Aware Routing in Wireless
Sensor Networks. In Proceedings of 2nd IEEE Workshop on
Dependability and Security in Sensor Networks and Systems, Los
Alamitos, CA, USA, 24-28 April 2006; pp. 54—64.

He, L. Delay-Minimum Energy-Aware Routing Protocol (DERP) for
Wireless Sensor Networks. In Proceedings of the International
Conference on Software Engineering, Artificial Intelligence,

[10]

(1]

[12]

[13]

[14]

[15]



[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

Networking, and Parallel/Distributed Computing (SNPD ’07), Qingdao,
China, 30 July—1 August 2007; Volume 3, pp. 155-160.

He, T.; Ren, F.; Lin, C.; Das, S. Alleviating Congestion Using Traffic-
Aware Dynamic Routing in Wireless Sensor Networks. In Proceedings
of the 5th Annual IEEE Communications Society Conference on Sensor,
Mesh and Ad Hoc Communications and Networks (SECON ’08), San
Francisco, CA, USA, 16-20 June 2008; pp. 233-241. Sensors 2012, 12
683

Hurni, P.; Braun, T. Energy-Efficient Multi-Path Routing in Wireless
Sensor Networks. In Proceedings of the 7th International Conference on
Ad-Hoc, Mobile and Wireless Networks (ADHOC-NOW ’08), Sophia
Antipolis, France, 10-13 September 2008; pp. 72—-85.

Reed, Irving S.; Solomon, Gustave (1960), Polynomial Codes over
Certain Finite Fields, Journal of the Society for Industrial and Applied
Mathematics (SIAM) 8 (2): 300-304, doi:10.1137/0108018

Jaswant Kumar Joshi*, Devendra Singh Bais,AmarNathDubey,
Analyzing Video Streaming Quality over Different Routing Protocols on
Mobile Ad-hoc Network, International Journal of Advanced Research in
Computer Science and Software Engineering, Volume 3, Issue 10,
October 2013, ISSN: 2277 128X.

K. Andrews et al. (November 2007). "The Development of Turbo and
LDPC Codes for Deep-Space Applications". Proc. of the IEEE 95 (11).

Korte, Bernhard; Vygen, Jens (2012), "17.1 Fractional Knapsack and
Weighted Median", Combinatorial ~ Optimization: =~ Theory  and
Algorithms, Algorithms and Combinatorics 21, Springer, pp. 459—
461, ISBN 9783642244889.

Kuk-Hyun Han, Jong-Hwan Kim. Genetic Quantum Algorithm and its
Application to Combinatorial Optimization Problem. Evolutionary
Computation. Proceedings of the 2000 Congress, Pages1354 - 1360
vol.2,Jul 2000.

Li, S.; Neelisetti, R.K.; Liu, C.; Lim, A. Efficient Multi-Path protocol
for Wireless Sensor Networks. Int. J. Wirel. Mobile Netw. 2010, 2, 110—
130.

Mahesh Marina, Samir Das. Ad Hoc On-demand Multipath Distance
Vector Routing ,In Wiley Wireless Communications and Mobile
Computing (WCMC) Journal Special Issue on Wireless Ad hoc
Networks: Technologies and Challenges, Vol. 6, No. 7, pp. 969-988,

92

(23]

[26]

[27]

(28]

[29]

[30]

(311

[32]

[33]
[34]

[33]

Nov 2006. An earlier version appeared in Proc. IEEE ICNP, Riverside,
USA, Nov 2001.

Marjan Radi, Behnam Dezfouli, Kamalrulnizam Abu Bakar and Malrey
Lee, Multipath Routing in Wireless Sensor Networks: Survey and

Research Challenges, Sensors 2012, 12, 650-685;
d0i:10.3390/5120100650.
Mathews, G. B. (25 June 1897)."On the partition of

numbers". Proceedings of the London Mathematical Society 28: 486—
490.

Mohamed Younis, Izzet F. Senturk, Kemal Akkaya, Sookyoung Lee,
Fatih Senel, Topology management techniques for tolerating node
failures in wireless sensor networks: A survey, Computer Networks 58
(2014) 254-283.

Nasipuri A, Castaneda R, Das SR. Performance of multipath routing for
on-demand protocols in mobile ad hoc networks ACM/Kluwer Mobile
Networks and Applications (MONET)2001; 6(4): 339-349

Oscar H. Ibarra; Chul E. Kim. Fast Approximation Algorithms for the
Knapsack and Sum of Subset Problems. Journal of the ACM (JACM)
Volume 22 Issue 4, Oct. 1975, Pages 463-468.

Perkins, C.E., M. Belding-Royer E.: Ad hoc On-Demand Distance
Vector (AODV) Routing, RFC 3561, 2003

R. Hinterding. Representation, Constraint Satisfaction and the Knapsack
Problem, in Proceedings of the 1999 Congress on Evolutionary
Computation, pp. 1286-1292, Jul 1999.

Radi, M.; Dezfouli, B.; Bakar, K.A.; AbdRazak, S.; Nematbakhsh, M.A.
Interference-Aware Multipath Routing Protocol for QoS Improvement in
Event-Driven Wireless Sensor Networks. Tsinghua Sci. Tech. 2011, 16,
475-490.

S. Martello and P. Toth. Knapsack Problems. John Wiley & Sons, 1990.
Tarique, M.; Tepe, K.E.; Adibi, S.; Erfani, S. Survey of Multipath

Routing Protocols for Mobile Ad Hoc Networks. J. Netw. Comput.
Appl. 2009, 32, 1125-1143.

Tarn, W.H.; Tseng, Y.C. Joint Multi-Channel Link Layer and Multi-Path
Routing Design for Wireless Mesh Networks. In Proceedings of the 26th
IEEE International Conference on Computer Communications
(INFOCOM °’07), Anchorage, AK, USA, 6-12 May 2007; pp. 2081—
2089. Sensors 2012, 12 684.




<<
  /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


