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ABSTRACT

This study presents two degree distributions narmelyand medium nodal degree distributions aimimg t
build a low overhead Luby Transform (LT) codes. Thetivation is to design a fast encoder/decoder
especially for real-time multimedia streaming anditioasting applications using LT codes. The kidgai

of this study is to restrict the average degretheftransmitted encoded symbols as minimal. Theatgoof
low and medium degree encoded symbols on the pesfuce of LT codes over an Additive White Gaussian
Noise channel (AWGN) have been analyzed by the meamit Error Rate (BER), encoder/decoder delay,
ripple size, throughput, overhead and bandwidtlization as the performance metrics. Simulatioruitss
show that the proposed nodal degree distributiamsLT codes achieve better throughput and BER
performance at low overhead and delay with minideadoding iterations by having a constantly decrepsi
ripple in comparison with conventional Robust SwliDistribution (RSD) based LT codes.

Keywords LT Codes, Low and Medium Nodal Degree DistributioAslditive White Gaussian Noise
(AWGN) Channel, Bit Error Rate (BER)

1.INTRODUCTION For achieving reliable data delivery in cellular biile
and wireless broadcasting applications, the Autamat
Luby Transform (LT) codes are the first realization Repeat Request (ARQ) scheme may not be an apppria
of digital Fountain codes (also called as ratetexfes), one to use. Because, ARQ allows the retransmisgibns
specifically designed for erasure channels to trans data, introducing more delay, which is not accdpta
the data reliably. LT codes are rateless in tinss¢hat ~ broadcasting applications (Eduardbal., 2010). Low-
an infinite stream of encoded message symbols ardensity Parity-Check (LDPC) codes are one of the
being transmitted until the decoder reconstructsha! Forward Error Correction (FEC) schemes achieve
original message symbols K (Luby, 2002). Here, thereliable communication with minimum retransmissions
message symbols are decoded from any subsetKhedr and Sharkas, 2012). However, the assumpion
ofencoded message symbols N, slightly larger than K that both transmitter and receiver should know the
Recently, LT codes find its suitability in many prior knowledge about channel conditions. This may
applications due to its simple and efficient, esthe not be feasible like in Internet, where the channel
OR (XOR) based implementations of both encoder andcondition is always time-varying. Adaptive coding i
decoder (Byerst al., 1998; Cataldet al., 2009). one of the effective mechanisms to achieve the
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maximum throughput in time varying channel more computations and consumes more bandwidth. For
conditions (Sekaet al., 2011). Hence, LT codes prove smaller value of N, LT decoder terminates premdayure
to be an ideal choice for these applications dudésto with some source symbols yet to be recovered cgusin

adaptive nature to the varying channel conqlition§. _ minimal throughput (i.e., poor success rate) bugsus
~InLT codes, a data stream to be transmitted isleiv  minimal bandwidth and low encoding/decoding ovedhea
into K blocks of bits known as source symbols ossagje Hence, determining the overhead of LT codes is the

symbols with fixed length. LT encoder takes K seurc key design criteria to achieve an optimal balareteveen
symbols as an input and generates N encoded symbolgroughput and bandwidth. This issue can be adetieiss

where N is slightly larger than K based on the uyd®  two ways: (i) Determining number of encoded symbols
degree distribution (Cataldt al., 2006). On the basis of required for recovering all source symbols and (i)

degree distributionQ(d)., LT encoder de.term.ines the determining the number of source symbols that can b
degree dof each encoding symbol where i varies from 1 ... ered for the specific number of encoded sysabol

to N. Here, LT encodgr uses S|mpl_e XOR operatians t The second approach finds the suitability of LT efbr
construct each encoding symbol independent of other

. . c}he limited channel conditions such as wireless.
encoding symbols. The continuous stream of encode

symbols is transmitted over the communication ckann th Theh Cotnveln “g”?‘ LT C.Odefh ach|ev.e (tjh? maximum
At the receiver, N consecutively received encoded roughput only by Iincreasing the required transrars

symbols are collected by LT decoder for reconsimgdt’ bandvv.idt.h which may not be _applicablg if the chdnsie
source symbols (where K'K) as illustrated ifFig. 1. band-limited. The aim of this study is to reduce th
Although LT codes have the advantages of bein bandwidth requirement of LT codes at the same time
simple and fast compared to other traditional cgdin achieving the same throughput at low bit error.rates
schemes such as block codes and convolutional codeBecomes feasible only if the degree distributionction
but may cause a bottleneck in terms of bandwidthused atthe LT encoder is optimal.
utilization. The value of N, i.e., the number ofceded While, traditional ~degree distribution functions
symbols plays an important role in the performante originally designed by Luby for LT codes perfornetbr,
LT codes. If N is large, then LT decoder achievetes but still the researchers are finding their own neays to
throughput (i.e., successful recovery of sourcetmis) ~ optimize the degree distribution and its impact the
at the cost of encoding/decoding overhead involving performance of LT codes over various channel ctomdit

Transmitter

Information » LT encoder »| Modulator
source
K source N encoded
symbols symbols v
Noisy channel
Sink LT decoder Demodulator |«

K’ received N received
encoded encoded
symbols symbols

Receiver

Fig. 1. LT encoding and decoding
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Hence, the main focus of the various degree digich that there will be always more than one degreecbaed
functions discussed in literature for LT codesviglésign  symbols in the ripple during decoding iteration. t8at,
a more efficient decoder (Jenketcal., 2005). But, the  the probability of successful recovery of sourcmkgls
decoding efficiency of LT code directly dependstba by the decoder can be increased. But, the decoder
overhead involved in the underlying encoding precats  overhead increases exponentially as the number of
the transmitter. Because, the degree distributitsues  source symbols K increases.
that LT decoder recovers K source symbols from N In continuation to that, Raptor codes are also tmian
received encoded symbols with high probability (mhe codes built upon LT codes, invented by (Shokrollahi
N is slightly larger than K). 2006) mainly to address the non-linear decoding
At the same time, when the encoded symbols areproperty of LT codes. To ease the recovery proaess
transmitted over the channel, there is a probgbdit fast encoding/decoding, Raptor codes employ the pre
errors being introduced into the system and thesmse coding as the outer code and concatenating witledde
might affect the integrity of the system. Hencdagtomes  to achieve linear time encoding and decoding byirttav
essential to assess the overall performance ofddex  minimal average degregnfl .4 Of the encoded symbol
with Bit Error Rate (BER) as a key parameter. One compared to LT codes.
approach that can be used to reduce the BER &dtaxe Hyytia et al. (2006) emphasized the need for designing
the bandwidth. But, this results in reduction irotighput ~ the proper degree distribution for LT codes in thei
of the system. Therefore, the motivation for thiglyg is to work for optimizing the number of encoded symbols
adopt low and medium nodal degree distribution tions required for achieving the maximum decoding
for LT codes and to determine the optimal perforoean probability (Hyytidet al., 2007). Sanghavi (2007) also
with restricted maximum nodal degree that aims toinvestigated the intermediate performance of LTesofdr
achieve the maximum throughput with smaller N. the limited number of received encoded symboldat t
The remainder of the paper is organized as follows.decoder, especially for real-time scenarios whesersi
In section 2, we briefly introduce the various dmgr do not receive sufficient number of output symbols.
distribution functions already proposed for LT cedad Bodine and Cheng (2008) discussed the importance of
the need for its optimization. Section 3 descrilties having smaller number of encoded symbols by opiigiz
proposed degree distributions for LT codes. Section various parameters of the Robust Soliton distritputio
deals with simulation results. The summary of our reduce the encoder/decoder delay and to maximiee th
findings are discussed in section 5. Finally, weegbur throughput. The Suboptimal Degree Distribution (S)D

conclusions in section 6. for LT codes for improving efficiencies of datatdlsution
applications was presented (Zal., 2008; 2009).
2. RELATED WORK In addition to that (Chest al., 2010) also proposed

the evolutionary computation techniques for optimiz

The performance of LT codes depend on a giventhe degree distribution used in LT codes. Zang ety
degree distribution. So, this section discusses#n®us  (2011) also analyzed the two commonly used digiobs
degree distribution functions that were earlierpoged  |deal Soliton and Robust Soliton degree distrimgiand
in literature for LT codes. found that the number of degree 1 encoded symhemysap

The initial work by Luby on Ideal Soliton Distribah  vital role not only in the successful decoding ofise
(ISD) promised to achieve the lower bound on symbols and also in deciding the overhead of the
encoding/decoding overhead by maintaining a cobstanencoder/decoder. Sorensenal. (2012) also emphasized
ripple of size one during each decoder iteratioay rhe the need for decreasing ripple size during decodinhigh
having some redundant degree 1 encoded symbols. reduces the decoding overhead.

But practically, the poor design of random degree  Zhiliang et al. (2012) introduced different metrics
generator, as a part of LT encoder makes the ISda like average degree, release probability and oeethe
conventional LT code to suffer by premature teriara  analyze the performance of LT codes and proposed a
of decoding. This is due to the absence/less nuraber well defined degree distribution for LT codes. Herihe
degree 1 encoded symbols and/or non-selectionroéso motivation behind this study is to achieve the i
of the source symbols as the neighbors in any ef th performance of LT codes by successfully recovesdhg
encoded symbols generated (MacKay, 2005). source symbols at low bit error rate with minimalay

Hence, the Robust Soliton Distribution (RSD), the and overhead by proposing low and medium nodal
variant of ISD was also proposed by Luby, promising degree distributions.
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3. PROPOSED WORK In LT codes, there should be enough number of highe
degree encoded symbols to ensure that all sourobady
This section illustrates the LT encoding processa as participate in the encoding process. This helpstover
bipartite graph, the need for modifying the degree as many number of source symbols as possible. &t th
distribution and followed by the proposed degree same time, the number of higher degree symbols brust

distributions for LT codes. controlled because they increase the computational
3.1 Bipartite  Graph Representation of complexity of both the encoder and decoder.
L TEncoding Hence, there is a need for as many number of

lower degree symbols (where d is 1 or 2) to make th

A message is a stream of data that consists of bitsgecoder to run continuously. This maintains a camist
This stream of data is partitioned into K sourceisgls ripple for the decoder to continue its further reexy
represented as S =i{s, &, ....., &}, where the symbol  of source symbols.
length is same for all K source symbols. The LToefer Therefore, a good degree distribution should ensure
accepts these K source symbols as the input angnhat there is always a balanced number of lower and
produces an infinite stream of encoded symbols Orhigher degree encoded symbols generated by the
codewords by the use of an encoding algorithm. encoder. Therefore, the average degrag, df an

This algorithm generates an encoded symbalye  encoded symbol is bounded as log K. Now, the lower
performing XOR operations on randomly and pound on the number of encoded symbolschh be
uniformly selected dsource symbols, wherg & the determined as K multiplied by,g,
randomly chosen degree based on the degree Hence, the objective of this proposed work is to
distribution Q(d) for the encoded symbo| #om the  present the two simplified degree distribution soke
degree sequence D =fdb, ds, ..... &k} for LT encoder and to determine the suitabilityboth

The degree ;ddecides the number of unique source schemes for the transmission of encoded symbols ove
symbols that can be chosen as the neighbors tdraohs  additive White Gaussian Noise (AWGN) channel to
an encoded symbol;.eThe connection between the achjeve the better performance of LT codes in terms
source symbols and the encoded symbols can begy performance metrics such as BER, delay,

modeled as the bipartite graph G as describ&dgn2. constantly decreasing ripple, overhead, throughput
Figure 2 illustrates the LT encoding process as the g3nd pandwidth utilization.

bipartite graph where the number of vertices inavid o
V, are K and N, where K and N are the number of 3.3. Low Degree Distribution (L DD)
source symbols and the number of transmitted

. The significance of the degree distribution funetio
encoded symbols respectively.

used at the LT encoder side for the successfuldiego
3.2. Analyzing the Role of Modifying Degree of all the source symbols is understood by exparting
Distribution the LT code with the different degree combinatiarfis
encoded symbols like {degree 1, degree 2}, {dedkree
The connections between the encoded and sourcelegree 3}, {degree 1, degree 4} and etc. It wasfbu
symbols of the bipartite graph G shown Rig. 2 can that, the combination of degree 1 and degree 2d=tto
reveal the complex patterns for the increase inbarof symbols achieves the better performance in terms of
source symbols that may lead into a complex straaé bandwidth utilization, overhead and delay in
the bipartite graph. Therefore, analyzing the caxpl comparison with other combinations.
bipartite graph is a quite challenging one for In this proposed scheme, all the encoded symbols
understanding the LT encoder process. Hence, tigmde have onlylower degrees with the degree as either 1 or 2
of the LT encoder can be viewed as a simplifieccpss ~ as similar in real-time networks. The probability o
by modifying the degree distribution. choosing encoded symbols having degree 1 is same as
At the same time, the careful design of the degreethat of the probability of encoded symbols haviegre
distribution function(d) decides the complexity of both 2. So, the maximum degree of this distributigg,ds
LT encoding and decoding processes. Because, thieede only two. That is, the degree distribution has been
of each encoded symbol generated by LT encodeesvari restricted in such a way that, there is an optibpzddnce
from 1 to K. The maximum degree,& an encoded between the number of degree land degree 2 encoded
symbol can hold is K called higher degree symbol. symbols.
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as the modulation scheme by varying the number of
81 82 83 Encoded Symbols (ES) to be transmitted from 100 to
300 with a step size of 50.

‘ In addition, RSD has been implemented with the

\ number of input source symbols K = 100 and tested f

‘ varying the failure probability of the LT procedsnd a
positive constant ¢ that affects the probability of
generating degree 1 encoded symbols. In the siionlat

analysis for RSDg§ = 0.05 and ¢ = 0.2 have been used.
OROBONO R

The BER performance of LT codes based on LDD,
MDD and RSD over the AWGN channel is presented
in Fig. 3.

- Figure 3 shows BER Vs Signal-to-Noise Ratio
Depending on the number of encoded symbols to be
transmitted, the fraction of degree 1 and degree Z(SNR) performance of LT codes for the number of

encoded symbols vary. The purpose of this distoput crcoded symbols ES = 200 with the respective
scheme é to reguce th)le P complexity of the Throughput (T) achieved, that is the number of seur

encoder/decoder operations, delay, ripple size and'symbolsthataresuccessfullyrecovered at thedco

overhead. The performance of the same has beem 2 Average Encoder/Decoder Delay
explained in the simulation results.

Fig. 2. Bipartite graph representation ofLT encoding

) S The average encoder and decoder delays are
3.4. Medium Degree Distribution (MDD) considered as the two performance metrics. Hem, th

In traditional random networks, most nodes have a2verage encoder delay is the time taken by the LT

medium node degree. The degrees of all nodes ar&ncoder to generate the required number of encoded
distributed around the average. Hence, in this geeg ~ SYMPOIS, where the average decoder delay is the tim

scheme, the degree of the encoded symbols has beéﬂke” for the decoder to recover the source synitmis
considered only in the combinations of {degreeQrde the received encoded symbols. The delay perfor_mm;nce
2, degree 3, degree 4}. Here, the degree distdhut plotteq for the ngmber of epcoded symbols varieanfr
restricted in such a way that, there is an optinaénce 100 with a step size of 50 with respect to SNR.

ity Figure 4 and 5 show the average encoder/decoder
between the distributions of degree 1 degree Zege8 . :
and degree 4 encoded symbols. delay (in msec) experienced by LDD, MDD and RSD

This distribution is actually a mixture of lowerand bas%d ILT COdﬁs as abfunct]lon of ctjh% numge{ O.f axod
medium degree encoded symbols in contrast to LDD symbols. As the number of encoded symbols increases
. . X . ‘the average encoder/decoder delay also lineartgaises
Here, the maximum degreggis restricted to 4 in order

; X in all the three distributions.
to reduce the encoding/decoding overhead. The
performance of the proposed MDD based LT codes is4.3. Constantly Decreasing Ripple Size
investigated for the given input source symbols by
sending the slightly larger number of encoded symbo
for recovery. That is, the number of encoded sysibol
that are needed for recovery is well-defined. Ifs th

The successful recovery of original source symBols
by LT decoding process is truly depending uponkine
parameter called ripple size. The ripple is a buffeed
in decoding to store the count of degree 1 encoded

model, only N symbols by including these symbols itself. The rfiedi
degree distribution ensures that a constantly dsorg
4. SIMULATION RESULTS ripple size is maintained throughout the decoding

) ) ) process. Based on the number of encoded symbols
The above described methods are simulated with theyenerated, a desired ripple size could be mairdaate

following specifications. Sample source data taken  the decoder. And also, the overhead of the deccaier
analysis is 1Dbits. The number of source symbols is 100 be determined for its successful terminatiGigure 6
with the symbol length of 10,000 bits. The perfont& jllustrates the decreasing ripple size during déugd

of LT codes using LDD, MDD and RSD are studied over process for the varying number of Encoded Symbols
AWGN channel with Binary Phase Shift Keying (BPSK) size (ES), using LDD, MDD and RSD respectively.
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Average encoder delay performance

T T T T T T 1
—4—LDD: Average encoder delav at SNR =85 dB
250 Frorereinernnnin —4—MNDD: Average encoder delav at SNE =385 dB
: —&—RSD: Average encoder delav at SNR =8.5 dB

200

100

Average encoder delay (m sec)

0 | I 1 | ! L | | |
100 120 140 160 180 200 220 240 260 280 300
Total number of encoded symbols

Fig. 5. Average decoder delay performance of LDD, MDD &8D based LT codes
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Fig. 6. Constantly decreasing ripple size for LDD, MDD d&8&D

4.4. Throughput of the LT codes T is measured as the ratio betvileen
number of source symbols successfully recoveredhby
The total number of encoded symbols transmittethey  decoder Kwith respect to total number of source symbols
sender decides the successful termination of ticedde. K. Figure 7 shows the comparative throughput
Therefore, the LT decoder successfully terminatdg i performances of LDD, MDD and RSD based LT codes for
all the source symbols are recovered. Hence, thaghput  the varying number of encoded symbols.
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Throughput performance
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Fig. 7.Throughput performance of LDD, MDD and RSD basedchiles

5. DISCUSSION minimum encoder delay compared to other two at the
encoded symbols size ES = 30@igure 4 also
The BER Vs SNR plot as shown ifig. 3 illustrates that the proposed MDD and LDD schemes

illustratesthat LDD based LT code gives approxityate decreases the average encoder delay by about 43% to
0.5 dB improvements over MDD and RSD based LT 64% respectively compared with RSD for the number
codes at the cost of 6% unrecovered source symbaés.  of encoded symbols ES = 300.
BER achieved by using LDD and MDD is #0at Figure 5 clearly proves that the average decoder
SNR=8.5 dB whereas by using RSD, the BER i§10 delay is also linear with respect to number of efezb
with 100% recovered source symbols. symbols for all the three distributions. Howevedre t
Figure 3 clearly shows that by using the proposed linearity constant is different for each distribarti It
schemes in LT codes, approximately® bits in error,  is found that, the decoder delay increases by an
for the given message of ABits. This motivates us to average of approximately 13, 26 and 62% respegtivel
find out the required SNR for achieving the emaef  for every addition of 50 more encoded symbols using
transmission using LT codes over AWGN channel using|. pp, MDD and RSD.
the proposed schemes in comparison with RSD. It is  Unlike encoder delay, the rate of change in decoder
clearly found that improved BER performances of*10 delay varies by varying the number of encoded symbo
to 10° is obtained by increasing the SNR from 8.5 dB by in LDD, MDD and RSD. And these variations are small
2 dB in LDD whereas for both MDD and RSD, it in LDD and MDD compared to RS[CFigure 5 also
requires an addition of 0.5 dB more SNR than LDD to explains that the proposed MDD and LDD schemes
achieve the same error-free performance. Thisdecreases the average decoder delay by about=B/to
improvement in BER performances has been achievedespectively compared with RSD for the number of
by an additional signal power of 1.58 mw by usirig0. encoded symbols ES = 300.
and 1.77 mw for MDD and RSD approximately. Figure 6 illustrates the decreasing ripple size during
The encoder delays of LT codes based on all tleethr decoding process for LDD, MDD and RSD respectively.
distribution methods increases by an average ofSmaller the ripple size implies only the fractidntioe K
approximately 32% as shown iRig. 4. Hence, the source symbols can be successfully recovered. iBhat
encoder delay is linear with respect to the numiifer throughput of the system greatly influenced byripple
encoded symbols. And also, it is found that LDDegiv  size. Hence, designing an optimal ripple size raagor
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concern for achieving higher throughput and alsketep constraints, but it tries to extend the availalzledwidth by
the decoding overhead in under controlled. Heratber 4 times. But, in terms of ripple, MDD reaches the
than maintaining a constant ripple size, the predos convergence quickly than LDD and RSD during deagdin
degree distributions sustain a constantly decrgasin However, RSD outperforms both LDD and MDD in terms
ripple size for the successful termination of tleeater.  of throughput by consuming less bandwidth but atdbst
The constantly decreasing ripple size for LDD, MDD of large encoder/decoder overhead and delay. Irtimea
and RSD for maximum throughput is describeéiiq 6. multimedia streaming and multicasting applications,
The decoder successfully terminates only if thplép  bandwidth and delay are the two primary conceraisrteéed
size is zero with the number of recovered souroebsys to be addressed. Hence, MDD based LT codes sedpes to
K'= K. On observing the results froririg. 6, the an ideal choice for reliable data transmission awasy
convergence point for ripple size reaching zerohwit channel with tolerable encoder/decoder overhealdy,de
maximum successful decoding is determined for LDD, BER, memory requirement in maintaining ripple and
MDD and RSD.Figure 6 clearly reveals that, the MDD bandwidth conservation. Both LDD and MDD schemes ca
reaches the convergence of ripple size for suaglessf be further extended by analyzing the influence afying
decoding very quickly than LDD and RSD. the number of degree 1 encoded symbols on the
The number of decoder iterations required for MDD performance of LT codes.
to achieve the convergence of ripple size to zerbrito
64% lower compared with LDD and RSD respectively.
Then, the optimal size for the initial ripple usiktpD is
to have nearly 20% of the encoded symbols as theede  Bodine, E.A. and M.K. Cheng, 2008. Characterizaifon
1 encoded symbols for achieving the optimal Luby transform codes with small message size for
performance of LT codes. Iow-Iate_ncy decoding.Proceedings _ of_ IEEE
It is inferred that by varying the number of enabde International Conference on E:_ommumcatlons,May
symbols, the throughput T can be increased as sfown 19-23, IEEE Xplore Press, Beijing, China, pp:1195-
Fig. 7. In LDD, since the selection of source symbols to 1199. DOL: 10'1109”(:02008'233
be encoded allows redundancy, the maximum throughpuByers’ JW. M. Luby, M. Mitzenmacher and A.

7. REFERENCES

performance can be achieved by consuming 4 timéseof
bandwidth. In MDD, the maximum throughput is ackigv
by consuming 2.5 times of the bandwidth itself. Vélas

Rege,1998. A digital fountain approach to reliable
distribution of bulk data. ACM SIGCOMM Comput.
Commun. Rev., 28: 56-67. DOI:
10.1145/285237.285258

using RSD, it requires only twice as much bandwitttts
found that, in terms of bandwidth utilization, RSD
performs better by reducing the bandwidth requirgrby

20 to 50% compared with MDD and LDD respectively as
shown inFig. 7. These results clearly show that, the
proposed degree distribution schemes for LT codes
outperforms RSD based LT codes in terms of BERyydel
constantly decreasing ripple and overhead for ssfgke
decoding (Zhilianget al., 2012).

6. CONCLUSION

Cataldi, P., M. Gerla and F. Zampognaro, 2009.
Ratelesscodes for file transfer over DVB-S.
Proceedingsof 1st International Conference on
Advances in Satellite and Space Communications,
Jul. 20-25, IEEE Computer Society, Los Alamitos,
California, pp: 7-12. DOI:
10.1109/SPACOMM.2009.20
Cataldi, P., M. P. Shatarski, M. Grangetto and E.
Magli,2006. Implementation and performance
evaluation of LT and raptor codes for multimedia
applications. Proceedings of 2nd International
Conference on Intelligent Information Hiding and
In this study, two nodal degree distribution scheme Multimedia Signal Processing, Dec. 18-20, IEEE
such as LDD and MDD have been proposed to overcome Computer Society, Pasadena, California, USA, pp:
the encoder/decoder overhead and delay by restittie 263-266.DOI: 10.1109/iih-msp.2006.264994
average degree of the encoded symbols as minimalChen, C., Y. Chen, T. Shen and J.K. Zao, 2010. On
Simulation results show that considering BER asnibtic, theoptimization of degree distributions in LT code
LDD gives the better error performance for the ager with covariance matrix adaptation evolution
transmission of 200 encoded symbols against MDD and  strategy. Proceedings of IEEE Congress on
RSD. In addition, LDD also minimizes the average Evolutionary Computation, Jul. 18-23, IEEE Xplore
encoder/decoder delay compared to other two schemes  Press, Barcelona, Spain, pp: 1-8.DOI:
Though, LDD seems to be better in terms of delay 10.1109/CEC.2010.5586202

% Science Publications 1592 AJAS



I. Joe Louis Paudt al. / American Journal of Applied Sciences 11 (9843593, 2014

Eduardo, L.D., S.E.P Hernandez, G.R. Gomez, M.A.Sekar, V., V. Palanisamy and K. Baskaran, 2011.
Medina and J.A.M. Gomez, 2010. An efficient Performance analysis of IEEE 802.16d using

causal protocol with forward error correction for forward error correction. J. Comput. Sci., 7: 431-

mobile distributed systems. J. Comput. Sci., 6:-756 433.D0I:10.3844/jcssp.2011.431.433

768.DOI: 10.3844/jcssp.2010.756.768 Shokrollahi, A., 2006. Raptor codes. IEEE Trans.
Hyytid, E., T. Tirronen and J. Virtamo, 2006. Ogtimg Inform. Theory, 52: 2551-2567. DOI:

the degree distribution of LT codes with an 10.1109/TIT.2006.874390
importance sampling approach. Proceedings ofSorensen, J.H., P. Popovski and J. Ostergaard.

RESIM, Oct. 9-10, Bamberg, Germany, pp: 64-73. 2012.Design and analysis of LT codes with
Hyytid, E., T. Tirronen and J. Virtamo, 2007. Opdim decreasing ripple size. IEEE Trans. Commun., 60:
degree distribution for LT codes with small message 3191-3197. DOl:

length. Proceedings of 26th IEEE International 10.1109/TCOMM.2012.091112.110864

Conference on Computer Communications, May 6-Zang, Q. and G. Feng, 2011. Degree distribution

12, IEEE Xplore Press, Anchorage, Alaska, pp: analysisof LT codes. J. China Univ. Posts

2576-2580. DOI: 10.1109/INFCOM.2007.324 Telecommun., 18: 28-33. DOI: 10.1016/S1005-
Jenkac, H., T. Mayer, T. Stockhammer and W. Xu,5200 8885(10)60214-2

Soft decoding of LT-codes for wireless broadcast. Zhiliang, Z., L. Sha, Z. Jiawei, Z. Yuli and Y. Hai

Proceedings of IST Mobile Summit, Jun. 19-23, 2012. Performance analysis of LT codes with
Dresden, Germany. different degree distribution. Proceedings of 5h

Khedr, M. and M. Sharkas, 2012. Wireless HD video International Workshop on Chaos-Fractals
transmission over multicarrier error-correction Theories and Applications, Oct. 18-21, IEEE
channels. J. Comput. Sci.,, 8: 1897-1913. DOI: Xplore Press, Liaoning, China, pp: 142 -146. DOI:
10.3844/jcssp.2012.1897.1913 10.1109/IWCFTA.2012.39

Luby, M., 2002. LT codes. Proceedings of the 43rd zhy H., G. Zhang and G. Li, 2008. A novel degree
Symposium on Foundations of Computer Science,  gistribution algorithm of LT codes. Proceedings of

Nov. 16-19, IEEE Computer Society, Washington, 11th  IEEE  International  Conference  on

DE, USA, pp- 211 Communication Technology, Nov. 10-12, IEEE

280.DOI:10.1109/SFCS.2002.1181950 : _ _
MacKay, D.J.C., 2005. Fountain codes. Proc. IEEE  XPlore Press, Hangzhou, China, pp: 221-224. DOL:

Commun., 152: 1062-1068.DOI: 10.1049/pp- _  10.1109/ICCT.2008.4716207 _

com:20050237 Zhu, H.P., G.X. Zhang and Z.D. Xie, 2009.
Sanghavi, S., 2007. Intermediate performance efass Suboptimaldegree distribution algorithm of LT

codes. Proceedings of Information Theory codes of digital fountain. J. Applied Sci. Electron

Workshop, Sep. 2-6, IEEE Xplore Press, California, Inform. Eng., 27: 6-11.

USA, pp: 478-482.DOI:

10.1109/ITW.2007.4313121

% Science Publications 1593 AJAS



