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Reed Solomon Codes for Molecular Communication
With a Full Absorption Receiver

Maheshi B. Dissanayake, Yansha Deng, Arumugam Nallanathan, E. M. N. Ekanayake, and Maged Elkashlan

Abstract—Molecular communication (MC) has recently
emerged as a novel paradigm for nano-scale communication
utilizing molecules as information carriers. In diffusion-based
molecular communication, the system performance is constrained
by the inter-symbol-interference caused by the crossover of infor-
mation carrying molecules in consecutive bits. To cope with this,
we propose the Reed-Solomon (RS) codes as an error recovery
tool, to improve the transmission reliability in diffusion-based
MC systems. To quantify the performance improvement due to
RS codes, we derive the analytical expression for the approximate
bit error probability (BEP) of the diffusion-based MC system
with the full absorption receiver. We further develop the particle-
based simulation framework to simulate the proposed system
with RS code to verify the accuracy of our derived analytical
results. Our results show that, as the number of molecules per
bit increases, the BEP of the system with RS codes exhibits
a substantial improvement than that of non-coded systems.
Furthermore, the BEP of the proposed system with RS codes
can be greatly improved by increasing the minimum distance of
the codeword.

Index Terms—Molecular communication, error correction
codes, Reed Solomon codes, particle-based simulation.

I. INTRODUCTION

ITH the advancements in nano-technology, new multi-

disciplinary research on communication between bio-
nanomachines via chemical signals is emerging [1]. This new
paradigm, namely Molecular Communication (MC), adopts
biologically-inspired techniques for information transmission
among nano-machines. The nature inspired molecular com-
munication can be observed in calcium signalling among
cells, and Deoxyribonucleic Acid (DNA) signalling among
DNA segments [2]. In this letter, we concentrate on the
molecular communication via diffusion (MCvD) [3] to provide
the baseline for the communication design, which will serve as
an important foundation for designing more complicated MC
systems with drift. In MCvD, the transmitter modulates the
information onto the physical properties of the information
carrying molecules. Once emitted by the transmitter, the
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molecules diffuse in the medium and certain portion of the
transmitted molecules arrive at the receiver during the current
bit interval. The receiver then demodulates the transmitted
information using the number of molecules captured during
that bit interval. Due to the random walk of each molecule in
the fluid medium, there exists high probability of crossover
between the molecules emitted in neighboring bits. These
molecules which arrive during different bit intervals, result
in the so-called inter-symbol-interference (ISI) [4]. Note that
ISI is regarded as one of the fundamental bottlenecks of
MC systems that degrades the system reliability.

In the literature, there exist many different approaches
for ISI mitigation in MC. As summarized in [1], borrow-
ing from traditional communication system designs, equal-
ization techniques like decision feedback filter technique,
transmitter-based novel modulation techniques such as mole-
cular transition shift keying and Molecular ARray-based
COmmunication (MARCO), and energy efficient transmitter
and receiver-side signal power adjustment methods have been
proposed as ISI mitigation techniques for MC environment.
Although, some of these techniques increase the complexity
of the MC system, they provide a significant improvement in
terms of ISI mitigation. Furthermore, inspired by the biological
behaviour of MC system, different types of molecules with
resistance or kill effect on information carrying molecules
have also been proposed as another method to overcome the
ISI effect [1]. Yet, this technique requires extra resources and
intelligence to handle the resistance molecular type and tends
to increase the amount of molecules in the medium most likely
creating collision.

Error correction codes (ECC) have been proposed as an
alternative way to mitigate the adverse effects of ISI in
MC systems by providing error correction capability at the
receiver. Hence, ECC can results in easy manipulation of
the system compared to using resistance molecules to over-
come ISI. More specifically, the bit error performance of estab-
lished codes, such as Hamming codes (HC) [5], Euclidean
Geometry Low Density Parity Check, and Cyclic Reed-Muller
codes [5], have been applied and investigated in MC systems.
A new type of ECC, called ISI free code, was proposed
and designed to prevent occurrence of ISI via the prede-
fined redundant bit patterns in MC systems [6]. Furthermore,
Lu et al. [7] concentrate on improving the bit error perfor-
mance via self-orthogonal convolutional codes, which takes
into account the energy requirements at the receiver for
decoding the error correction information.

Different from existing literature, we introduce the Reed-
Solomon (RS) codes for error correction in the point-to-point
MC systems with a point transmitter and a full absorption
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Fig. 1. Block Diagram of the Proposed MC system

receiver. The RS codes are non-binary block codes and are
highly effective against burst and random errors in many real
channels [8] compared to HC that only capable of correcting
single bit error. Also RS code is one of the few forward
error correction code, which can attain the theoretical limit
known as the Singleton bound. Since, RS codes utilize the
symbol based arithmetic, it can decode codewords with longer
block lengths with less decoding time, compared to HC [8].
Another advantage of RS codes is the existence of efficient
decoding algorithm due to vast applications of RS codes in
data communication. More importantly, simplified RS codes
are relatively easy to implement in terms of hardware [9].

In this letter, we present an analytical model for the point-to-
point MC systems with RS codes and derive an expression for
the approximated bit error probability (BEP) of the proposed
system. Furthermore, the derived analytical result is verified
by the proposed simulation framework, which captures the
random Brownian motion of each molecule in the diffusion-
based MC system. The results obtained from simulation are in
close agreement with the analytical values. Furthermore, it is
observed that the BEP performance is greatly improved via RS
codes, and the performance gain increases with the increase
of the number of molecules per bit and the minimum distance
of the codeword. The remainder of the letter is organized as
follows. Section II presents the system model, and Section III
briefly introduce RS codes. Section IV presents an expression
for the BEP of the proposed MC system. Section V evaluates
the performance improvement achieved by the proposed RS
codes using numerical and simulation results. Conclusions are
given in SectionVI.

II. SYSTEM MODEL

We consider a point-to-point diffusion-based MC system
with a full absorption receiver with radius r and a point
transmitter located distance d away from the surface of the
receiver. The block diagram of the proposed MC system is
outlined in Fig. 1. In the diffusion-based MC system, the
information is modulated on the number of the molecules
emitted by the transmitter at start of each bit interval, Tp.
Given that the molecules are released into a medium of large
extent compared to their size, collisions between messenger
molecules are neglected. Each molecule randomly diffuses
in the medium following Brownian motion, with constant
diffusion coefficient D. Once a molecule reaches the surface
of the receiver, it will be absorbed by the receptors at the
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surface of the receiver. The process of messenger molecules
hitting the body of the receiver is named as the hitting process.
For the modulation scheme, we adopt the Binary Concen-
tration Shift Keying (BCSK) as in [2]. At the transmitter,
the information is conveyed through the number of molecules
being emitted at the start of each bit interval. At the receiver,
if the total number of molecules absorbed during a bit interval
is above a threshold, the received bit is demodulated as 1,
and otherwise as 0. To facilitate error correction, RS encoded
redundant data is embedded into the message bit pattern at
the transmitter. These extra data is utilized at the receiver to
recover from bit errors, in turn improving the overall BEP.

III. REED SOLOMON CODES

In communication theory, ECC is used for error detection
and correction to achieve an acceptable level of accuracy for
the received information, when data is transmitted through
error prone transmission channels. As one type of ECC,
the Reed Solomon codes was first proposed by I. S. Reed
and G. Solomon , which is a non-binary Bose, Chaudhuri,
and Hocquenghem (BCH) code, with a simple algorithm for
the error detection and correction [9]. Considering that the
RS codes are well suited for correcting burst errors, they
are widely used in digital data transmission and storage
applications. We denote RS code with n length codeword and
k length input message block, as RS(n, k) and it is defined
over a Galois Field (GF(p™)), where p is a prime, and m is
a positive integer. The length of the parity bits is n — k bits,
which has the capacity to correct up to % number of errors
per codeword [9].

The RS codes can be implemented very easily at the encoder
using Linear Feedback Shift Registers and at the decoder using
Berlekamp algorithm. The systematic RS encoder, appends
parity information to the original message in such a way
that the constructed codeword is completely divisible by
the generator polynomial using Galois Field algebra. This
generator polynomial is shared by both the RS encoder and
decoder.

The RS decoding operates in two main stages. In the
first stage, the decoder inspects the received codeword for
errors. The received codeword is identified as in error, if it
is not completely divisible by the generator polynomial. This
technique is called syndrome computation. If syndrome cal-
culation results in zero, the decoder terminates, otherwise in
the second stage, the system attempts to correct the error by
detecting the error position and error value. To correct the
identified errors, the decoder first determines the error locator
polynomial using either Berlekamp-Massey algorithm [10] or
Euclidean algorithm [10]. The former leads to a more efficient
implementation, while the latter is easier to implement. In the
next stage, the Chien search algorithm [10] is used to solve
the roots of the error locator polynomial gernerated, which
indicate the error locations in the received codeword. Then,
Forney algorithm [10] is used to estimate the error magnitudes.
Once the error location and the error values are estimated, then
a correction is applied to the received codeword to recover
from the error. In depth description of each algorithm used in
the implementation of RS codes can be found in [10] while
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RS decoder implementation presented in this letter can be
found in [9].

One of the key bottlenecks in the implementation of ECC in
MC environment is the complexity and the processing power
requirements. Inspired by the extensive application of RS
codes in battery powered devices, many research are conducted
on optimizing the energy performance of the RS coders. For
instance, it is reported in [11] that the energy consumption
of RS coding can be reduced by 40% in low activity envi-
ronments and can be synthesized by using 45 nm technology.
The reduced complexity algorithms with acceptable level of
bit error rate are another method adopted by many researchers
to achieve low complexity and low power requirements. For
instance, [12] proposes to apply the soft information based
decoding to achieve better results in error correction rates
compared to hard decision decoding, while keeping the com-
plexity at lower level. In summary, it is safer to assume that
RS codes can be implemented with reduced complexity in MC
with the advanced research on low complexity implementation
of RS coders.

IV. BIT ERROR PROBABILITY

It is known that in MC, the number of absorbed molecules
during one bit interval, T}, can be modeled as binomial distrib-
ution. For computational tractability, the binomial distribution
can be approximated using the normal distribution, when N,
the number of molecules sent at the start of each bit interval
is large, and Ppj;(d, t) the fraction of molecules absorbed by
the receiver is not near O or 1. Thus, we express the total
number of absorbed molecules, in the i’ bit Npi[i], during
[G@ — 1)Tp, iTp] in the absence of ISI as

Nhil [l] ~ </’/(I\ImPhll(d’ Tb); NmPhiI(d5 Tb)
X [1 = Pyir(d, Tp)]). ey

Yet, due to ISI, the actual number of molecules absorbed
during 7}, account for the number of molecules recieved from
the current bit (a;), Ny, and from the previous bits, Ny, ,.
However, prior work [13] shows that the most prominent effect
on ISI is contributed by the nearest past bit, a;—1, with an
appropriate bit interval, 7. As such, in the presence of ISI,
the Npj:[i] can be approximated as

Nhit[i] = aiNa; + ailea,'_l (2)
where
Na; ~ A (N Put, N P [1 — Pu1]) (3)
and
Ng_y ~ [JV(Nmth, Ny P21 — Py2])
— A (N Pnts N Pra[1 — Phl])i|- “4)

In (3) and (4), Pyj denotes Py;;(d, jTp) and it can be derived
as in [1], using Eq. (6), Eq. (7) and Eq. (8).
For an uncoded binary channel, the bit error probability, P,,
over all possible combinations of a; can be expressed as
Pe=Prle | ai = 01P;la; = 0]+ Prle | ai = 1]P[a; = 1],

)
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This can be further expanded by considering the possible
outcomes for both a; and a;_1 as

P, = Plela =0,a;—1 =0].Pla; =0].P[a;—1 = 0]

+ Prle|ai =0,a;—1 = 1].Prla; =0]. Py [a;—1 = 1]

+ Prle|ai =1,a;—1 = 0].Pla; = 1]. P;[a;—1 = 0]

+ Prle|ai =1,a;—1 = 1].Pla; = 1].Pr[a;—1 = 1]
(6)

where P.[e | a;,a;—1] is the conditional probability of error
for i'" bit with known transmitted bits a; and a;_;. The con-
ditional probabilities in equation (6) can be approximated as

Ple|a; =0,a;—1 =1]

= P [Npis = 1] = P/ [N, > 7]

i1 =
Q( T — [(Nim Pr2) — (N Pr1)] ) o
N (Ny Ppi[1 = Pp1]) + (N Pr2[1 — Pi2])

lai=1,a;—1 =0]
Py [Npir < 1] = Pr[Nai < 1]

~
~

P, le

T — (N Pn1) )
~1-— 8
Q(\/NmPhl[l_Phl] ( )
Ple|a;=1,a;—1 =1]
= Pr[Npir < 7] = P[Ng; + Ng;_, <7]
Nl_Q( T_(NmPh2) )
N Q2N Ppi[1 — Pui]) + (Ny Pr2[1 — Pr2]) )
and
Plelai=0,ai-1=0] = P[Nps > 7] =0 (10)

where 7 is the detection threshold and Q(.) denotes the tail
probability of the standard normal distribution.

The evaluation of the post-decoding BEP of block codes,
Py, is complex, even classical coding books like [9] and [10]
fail to present a closed-form expression. As such, bounds for
post-decoding BEP of block codes can be obtained as

1

%PwEPbSPw 1D

following [10], where P, represents the block error proba-
bility. When the complete weight distribution of the specific
RS(n, k) code is not available, the upper bound is used as
the post-decoding BEP. As such, we approximate the post-
decoding BEP of RS codes as [10]

n

P=> (:_‘)P;(l — Py

i=te+1

12)

_ n—k

where . = 5= and P, is the bit error probability for the
un-coded channel. Substituting (7), (8), (9), and (10) into (6),
we obtain the P, in (12).

V. PERFORMANCE EVALUATION
A. Simulation Framework

To validate the expression of BEP derived in Section IV,
we present particle-based simulation framework extended
from [2] and [14]. This simulation framework takes into
account the bit pattern generation, the RS encoding, the signal
modulation, the propagation, the molecule reception, the signal
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Fig. 3. Bit error probability of RS codes and Hamming Codes (HC).

demodulation, and the RS decoding as outlined in Fig. 1.
We simulate the 2D environment due to the computational
complexity in particle-based simulation for 3D MC system
with RS codes. The information bits are randomly gener-
ated with simulation parameters set as: d = 1 um, D =
79.4 ,umz/s, T, = 0032 s, 7 = %, and the length of
the bit sequence is 2400000 with 100 repetitions per each
iteration. The analytical results are plotted using (12), with the
assumption that the occurrence of bit 1 and 0 of the transmitted
bit is equally likely.

B. Numerical Results

In this subsection, we present the simulation and analytical
results of the bit error probability of our proposed MC sys-
tem. The accuracy of the theoretical BEP approximation is
evaluated. Fig. 2 plots the impact of RS coding on the BEP
of proposed MC system. It is shown that the theoretical
results match with that of particle-based simulations, which
validate the accuracy of our derived expression. Compared
with uncoded case, the BEP is greatly improved with the help
of RS(4,2) applied in our proposed MC system. For instance,
with N,, = 100, the BEP achieved by the RS(4,2) is 5 x 1079,
which is a negligible level.

Fig. 3 plots the BEP of the proposed system with various
minimum distance of the RS code and HC. According to
Fig. 3, RS codes is shown to provide a significant level of
BEP improvement compared to HC. We also observe that the
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BEP of the RS codes can be greatly improved by increasing
the minimum distance and the coding gain, % This is because
increasing n — k increases the error correction capacity of
the RS code given by %, in comparison to HC which is
only capable of correcting single bit error. In addition, since
particle-based simulations for very large input bit streams are
time consuming, only analytical results are presented.

VI. CONCLUSION

In this letter, we introduced RS code for error correction
of the diffusion-based MC system. We derived the bit error
probability of the proposed MC system with full absorption
receiver using theoretical approximations. The derived analyt-
ical results for the bit error probability are verified by particle-
based simulations. It is shown that the RS code substantially
improves the bit error probability of MC systems, compared to
uncoded MC systems. The bit error probability can be further
enhanced by increasing, the number of molecules emitted per
bit and the minimum distance of the RS codeword. These
results justify the effectiveness of RS codes in diffusion-
based MC systems. The extension of this work under adaptive
weighted threshold detection scheme and finding the optimum
combinations of (n, k) can be considered in future work.

REFERENCES

[1] N. Farsad, H. B. Yilmaz, A. W. Eckford, C.-B. Chae, and W. Guo,
“A comprehensive survey of recent advancements in molecular com-
munication,” [EEE Commun. Surveys Tuts., vol. 18, no. 3, pp. 1-29,
3rd Quart. 2016.

[2] Y. Deng, A. Noel, M. Elkashlan, A. Nallanathan, S. Member,
and K. C. Cheung, “Modeling and simulation of molecular communi-
cation systems with a reversible adsorption receiver,” IEEE Trans. Mol.
Biol. Multi-Scale Commun., vol. 1, no. 4, pp. 347-362, Dec. 2015.

[3] Y. Deng, W. Guo, A. Noel, A. Nallanathan, and M. Elkashlan, “Enabling
energy efficient molecular communication via molecule energy transfer,”
IEEE Commun. Lett., vol. 21, no. 2, pp. 254-257, Feb. 2017.

[4] Y. Deng, A. Noel, W. Guo, A. Nallanathan, and M. Elkashlan,
“3D stochastic geometry model for large-scale molecular communica-
tion systems,” in Proc. IEEE Global Commun. Conf. (GLOBECOM),
Dec. 2016, pp. 1-6.

[5]1 Y. Lu, M. D. Higgins, M. S. Leeson, and S. Member, “Comparison of
channel coding schemes for molecular communications systems,” /[EEE
Trans. Commun., vol. 63, no. 11, pp. 3991-4001, Nov. 2015.

[6] P.-J. Shih, C.-H. Lee, and P.-C. Yeh, “Channel codes for mitigating
intersymbol interference in diffusion-based molecular communications,”
in Proc. IEEE Global Commun. Conf. (GLOBECOM), Dec. 2012,
pp. 4228-4232.

[71 Y. Lu, M. D. Higgins, and M. S. Leeson, “Self-orthogonal convolutional
codes (SOCCs) for diffusion-based molecular communication systems,”
in Proc. IEEE Int. Conf. Commun., Jun. 2015, no. 1, pp. 1049-1053.

[8] G. Mitchell, “Investigation of Hamming, Reed-Solomon, and turbo
forward error correcting codes,” Army Res. Lab., Adelphi, Garden City,
NY, USA, Tech. Rep. ARL-TR-4901, Jul. 2009.

[9] S. Wicker and V. K. Bhargava, Reed-Solomon Codes and Their Appli-

cations. Piscataway, NJ, USA: IEEE Press, 1994.

S. Lin and D. J. J. Costello, Error Control Coding: Fundamentals

and Applications, 2nd ed. Englewood Cliffs, NJ, USA: Prentice-Hall,

Jun. 2004.

J. D. Allen, “Energy efficient adaptive Reed-Solomon decoding sys-

tem,” Ph.D. dissertation, Dept. Master Sci. Elect. Comput. Eng.,

Univ. Massachusetts, Boston, MA, USA, Jan. 2008.

N. Wehn, S. Scholl, P. Schlifer, T. Lehnigk-Emden, and M. Alles, Chal-

lenges and Limitations for Very High Throughput Decoder Architectures

for Soft-Decoding. Champ, Switzerland: Springer, 2015, pp. 7-31.

M. S. Kuran, H. B. Yilmaz, T. Tugcu, and B. Ozerman, “Energy model

for communication via diffusion in nanonetworks,” Nano Commun.

Netw., vol. 1, no. 2, pp. 86-95, Jul. 2010.

W. Guo, Y. Deng, B. Li, C. Zhao, and A. Nallanathan, “Eavesdropper

localization in random walk channels,” IEEE Commun. Lett., vol. 20,

no. 9, pp. 1776-1779, Sep. 2016.

(10]

(11]

[12]

[13]

[14]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Aachen-Bold
    /ACaslon-AltBold
    /ACaslon-AltBoldItalic
    /ACaslon-AltItalic
    /ACaslon-AltRegular
    /ACaslon-AltSemibold
    /ACaslon-AltSemiboldItalic
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-BoldItalicOsF
    /ACaslon-BoldOsF
    /ACaslonExp-Bold
    /ACaslonExp-BoldItalic
    /ACaslonExp-Italic
    /ACaslonExp-Regular
    /ACaslonExp-Semibold
    /ACaslonExp-SemiboldItalic
    /ACaslon-Italic
    /ACaslon-ItalicOsF
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-RegularSC
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /ACaslon-SemiboldItalicOsF
    /ACaslon-SemiboldSC
    /ACaslon-SwashBoldItalic
    /ACaslon-SwashItalic
    /ACaslon-SwashSemiboldItalic
    /AGaramondAlt-Italic
    /AGaramondAlt-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-BoldItalicOsF
    /AGaramond-BoldOsF
    /AGaramondExp-Bold
    /AGaramondExp-BoldItalic
    /AGaramondExp-Italic
    /AGaramondExp-Regular
    /AGaramondExp-Semibold
    /AGaramondExp-SemiboldItalic
    /AGaramond-Italic
    /AGaramond-ItalicOsF
    /AGaramond-Regular
    /AGaramond-RegularSC
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGaramond-SemiboldItalicOsF
    /AGaramond-SemiboldSC
    /AGaramond-Titling
    /AJensonMM
    /AJensonMM-Alt
    /AJensonMM-Ep
    /AJensonMM-It
    /AJensonMM-ItAlt
    /AJensonMM-ItEp
    /AJensonMM-ItSC
    /AJensonMM-SC
    /AJensonMM-Sw
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Americana
    /Americana-Bold
    /Americana-ExtraBold
    /Americana-Italic
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /AvantGarde-Demi
    /BBOLD10
    /BBOLD5
    /BBOLD7
    /BermudaLP-Squiggle
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chaparral-Display
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ComicSansMS
    /ComicSansMS-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /Cutout
    /EMB10
    /EMBX10
    /EMBX12
    /EMBX5
    /EMBX6
    /EMBX7
    /EMBX8
    /EMBX9
    /EMBXSL10
    /EMBXTI10
    /EMCSC10
    /EMCSC8
    /EMCSC9
    /EMDUNH10
    /EMFF10
    /EMFI10
    /EMFIB8
    /EMITT10
    /EMMI10
    /EMMI12
    /EMMI5
    /EMMI6
    /EMMI7
    /EMMI8
    /EMMI9
    /EMMIB10
    /EMMIB5
    /EMMIB6
    /EMMIB7
    /EMMIB8
    /EMMIB9
    /EMR10
    /EMR12
    /EMR17
    /EMR5
    /EMR6
    /EMR7
    /EMR8
    /EMR9
    /EMSL10
    /EMSL12
    /EMSL8
    /EMSL9
    /EMSLTT10
    /EMSS10
    /EMSS12
    /EMSS17
    /EMSS8
    /EMSS9
    /EMSSBX10
    /EMSSDC10
    /EMSSI10
    /EMSSI12
    /EMSSI17
    /EMSSI8
    /EMSSI9
    /EMSSQ8
    /EMSSQI8
    /EMTCSC10
    /EMTI10
    /EMTI12
    /EMTI7
    /EMTI8
    /EMTI9
    /EMTT10
    /EMTT12
    /EMTT8
    /EMTT9
    /EMU10
    /EMVTT10
    /EstrangeloEdessa
    /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
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /Fences
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FreestyleScript
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GreymantleMVB
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Impact
    /jsMath-cmex10
    /Kartika
    /Khaki-Two
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /Latha
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LINE10
    /LINEW10
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOD10
    /LOGOSL10
    /LOGOSL8
    /LOGOSL9
    /LucidaBlackletter
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaBright-Oblique
    /LucidaBrightSmallcaps
    /LucidaBrightSmallcaps-Demi
    /LucidaCalligraphy-Italic
    /LucidaCasual
    /LucidaCasual-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaNewMath-AltDemiItalic
    /LucidaNewMath-AltItalic
    /LucidaNewMath-Arrows
    /LucidaNewMath-Arrows-Demi
    /LucidaNewMath-Demibold
    /LucidaNewMath-DemiItalic
    /LucidaNewMath-Extension
    /LucidaNewMath-Italic
    /LucidaNewMath-Roman
    /LucidaNewMath-Symbol
    /LucidaNewMath-Symbol-Demi
    /LucidaSans
    /LucidaSans-Bold
    /LucidaSans-BoldItalic
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /LucidaTypewriter
    /LucidaTypewriterBold
    /LucidaTypewriterBoldOblique
    /LucidaTypewriterOblique
    /Mangal-Regular
    /MicrosoftSansSerif
    /Mojo
    /MonotypeCorsiva
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MT-Symbol-Italic
    /MTSYN
    /MVBoli
    /Myriad-Tilt
    /Nyx
    /OCRA-Alternate
    /Ouch
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Pompeia-Inline
    /Postino-Italic
    /Raavi
    /Revue
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RSFS10
    /RSFS5
    /RSFS7
    /Shruti
    /Shuriken-Boy
    /SpumoniLP
    /STMARY10
    /STMARY5
    /STMARY7
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /UniversityRoman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /WASY10
    /WASY5
    /WASY7
    /WASYB10
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


