
AFountain CodesFountain Codes are Sparse Graph Erasure Codes introdu
ed in [8℄, inthe form of LT Codes its �rst pra
ti
al realization, and are expe
ted to workwell with erasure 
hannels. The transport of multimedia 
ontent over pa
ketswit
hing networks with erasures su
h as IP, 
an be 
onsidered as a targetappli
ation for this type of 
odes.This Appendix starts by presenting the main properties of FountainCodes that make it attra
tive for IP video appli
ations. Next, the en
odingand de
oding algorithms and main parameters are explained.The aim is to assist with the understanding of the LT simulationspresented in Chapter IV.A.1 Main PropertiesThe main properties of Fountain 
odes in
lude (1) the possibility ofimplementation of a rateless transmission s
heme, where the sender does notneed to know about spe
i�
 
hannel details prior to transmission, (2) theUniversality property and as 
onsequen
e of the latter, (3) the bene�ts inMulti
ast s
enarios.(a) Rateless and Universality PropertiesAs mentioned, Fountain Codes 
an be 
lassi�ed as rateless. This resultsfrom the fa
t that Fountain 
odes have �nite dimension and in�nite blo
klength, i.e., the amount of en
oding symbols that 
an be generated fromthe same input blo
k 
an be s
aled up to in�nite. It provides the ability ofvarying the 
ode's rate for every en
oded blo
k during transmission and thusthe rateless designation.Therefore, Fountain 
odes are pointed as an interesting solution for 
aseswhere the 
hannel 
onditions are unknown prior to en
oding and the 
ode's rateis adapted on the �y. In [17℄, su
h s
enario is depi
ted and the use of a minimala
knowledgement is suggested, where the re
eiver transmits a termination bitto the en
oder when the input blo
k is su

essfully re
overed.
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Appendix A. Fountain Codes 70The se
ond aspe
t of interest regarding the Fountain 
oding s
heme
on
erns the Universality Property. A Fountain 
ode with dimension k issaid Universal if it needs any subset of k.(1/(1 − p) + ε) en
oded symbolsfor su

essfully de
oding the input blo
k with a probability that is at most
1/kc, where ε is the overhead and p is the erasure probability of the BEC
hannel.(b) Multi
ast s
enarioThe Universality Property makes Fountain 
odes very attra
tive forCarousel Multi
ast s
enarios.An explanation for this transmission mode is found in [14℄. This s
hemeis 
ommonly employed for distribution of media per 
ontext- or lo
ation-aware demands. As an example, 
lients 
onne
ting to an airport's mobilenetwork (lo
ation-aware) and having its preferen
es displayed or 
onne
tingto a parti
ular servi
e (
ontext-aware) within a multi
ast group.The �rst 
hallenge in this s
enario is that re
eivers may be joining the
arousel asyn
hronously. A new re
eiver that is joining the multi
ast grouplater will re
eive 
ontent reliably from that point in time on and not from thebeginning of the multi
ast transfer. Moreover, in a network where re
eption
onditions are diverse depending on the lo
ation, one user might not re
eivepa
kets whi
h were properly re
eived by its neighbor. In su
h events, the
lient might request retransmission and as a result, other parti
ipants of themulti
ast group, that already re
eived the same data reliably, will su�er withthe retransmission delays and de
rease of available bandwidth.As an attempt to avoid the bandwidth waste and timing impairments,transmitters in Carousel Multi
ast mode 
ommonly ignore retransmissionrequests when these are greater than a prede�ned threshold, what a

ountsfor 
lients that joined the group at a later moment.Another work around for retransmissions in multi
ast environments, isthe distribution of the same information or portions of it through parallelpaths. This type of s
heme is denominated Resilient Multi
ast, explained in[25℄. and [16℄.Both solutions 
ited are not ideal, sin
e redundant information will betransmitted. Universal Fountain 
odes are expe
ted to 
ope with the redu
tionof retransmissions in a 
arousel s
heme, even when the pa
kets drop rate wouldnot allow for su

essful de
oding of the entire sour
e blo
k. This results fromthe fa
t that any new en
oded symbol that arrives integral to the de
oderwill 
ontribute with the de
oding pro
ess. Hen
e, the 
lient does not need
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71 A.2. LT En
odingto request retransmission, it simply waits for the next en
oding pa
ket thatarrives without 
orruption, whi
h will 
ontribute equally for de
oding su

ess.A.2 LT En
odingThe input of the LT en
oder is de�ned by the sour
e symbols ve
tor
s̄ = {s1, s2, ..., sk} with dimension k and its output by the en
oding symbolsve
tor t̄ = {t1, t2, ..., tn} with dimension N . The 
ode's rate is de�ned by
R = k/N .Ea
h en
oding symbol, also known as transmission node t(i) is obtainedfrom XOR operation of the sour
e symbols s(i) or as a dire
t 
opy of it.Ea
h t(i) will have an asso
iated degree d(i), whi
h is sampled from a degreedistribution fun
tion and indi
ates how many sour
e symbols are XOR'ed inorder to 
ompose the resulting en
oding symbol. The degree distribution thatwill be sampled in order to de�ne the degree of ea
h en
oded symbol is thekey to the 
ode's su

ess.The following steps des
ribe the en
oding algorithm for generation of theen
oding symbol t(i):� Sample the degree distribution fun
tion to obtain the degree d(i) of ofthe en
oding symbol t(i);� Choose d(i) sour
e symbols at random;� Perform the XOR operation of the sour
e symbols 
hosen in the previousstep, obtaining t(i).The operation is repeated until N en
oded symbols are generated andthe ve
tor t̄ is 
ompleted.We 
an des
ribe the generation of the Fountain en
oded blo
k as themultipli
ation of the sour
e blo
k by a Generator matrix G. The nth transmis-sion node tn is given by the XOR operation, or bitwise sum modulo 2, of thesour
e pa
kets for whi
h Gnk, the element in the nth line and kth 
olumn ofthe Generator matrix equals one. The transmitted pa
ket tn is given by:

tn =

K∑

k=1

skGkn (1)A Fountain en
oded blo
k 
an be 
ompletely des
ribed by a TannerGraph. The same indi
ates the 
onne
tions of ea
h sour
e symbol to thetransmission nodes, of whi
h generation it is 
ontributing. All sour
e symbols
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Appendix A. Fountain Codes 72have to be 
onne
ted. The amount of 
onne
tions to a parti
ular en
odingsymbol de�nes its degree and might vary from a single 
onne
tion (a degree-one transmission node) up to k 
onne
tions, when all sour
e symbols 
ontributeto the generation of that transmission node.Ea
h en
oding symbol is asso
iated to a 
olumn in the Generator matrix.Thus, the Tanner graph indi
ates the positions of 'ones' in G. The Graph issaid Sparse be
ause the mean degree is signi�
antly smaller than k.A.3 LT De
odingThe de
oding algorithm is des
ribed by the following steps:� Find the next en
oded symbol with degree-one;� "Dis
over" the original sour
e symbol by simply repla
ing its value withthe value of the degree-one en
oded symbol found;� Perform the XOR operation of the dis
overed input symbol into itsneighbors and remove the 
orresponding Tanner Graph 
onne
tions;� Repeat the �rst step until all sour
e symbols have been dis
overed andsu

essful de
oding is a
hieved.If at some point during de
oding, there is no single-degree element leftat the de
oder, the pro
ess is interrupted and a failure is de
lared. Dependingon the proto
ol implementation, the 
lient might request more pa
kets or not.The task of �nding a single-degree element 
an be a

omplished by simplyexamining the 
olumns of the generator matrix in order to �nd the next 
olumnwith a single non-zero element.(a) Degree Distribution ConsiderationsThe 
hoi
e of the appropriate degree distribution is key to the 
ode'ssu

ess. The degree distribution aims to keep the 
osts asso
iated to en
odingand de
oding as low as possible while assuring maximum de
odability of thein
oming string at low overheads upon 
hannel erasures.The �rst goal is a

omplished by providing the lowest mean degreepossible. The se
ond is translated into having at least one single-degree en
odedsymbol left after ea
h iteration during the de
oding pro
ess.The Ideal Soliton Distribution, given in [8℄, addresses the desirablebehavior of having a single degree-one elements after ea
h iteration and isgiven by:
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73 A.3. LT De
oding
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Figure A.1: Robust Soliton Distriution
{

ρ(1) = 1/k, for d=1;
ρ(d) = 1

d(d−1)
, for d=2, 3, ..., K.Still a

ording to the same referen
e, the problem asso
iated to thisdistribution is that the minimum �u
tuation that o

urs in pra
ti
al de
odingmight 
ause the single degree-one element disappear at some point before fullre
overy of the original message, resulting in failure of the de
oding pro
ess.In order to provide more robustness, a 
onstant c and the failure probabilitywere in
luded, originating the Robust Soliton Distribution:

S ≡ c ln(K/δ)
√
KThis is the distribution employed in the simulations presented in ChapterIV. An example of su
h distribution is shown in �gure A.1.
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BAdaptive Channel En
oder
B.1 Simulation results and ba
kgroundBy examining he results of the simulations presented in Chapter IV, itwas noted that, for some de
oded samples, the byte degradation was lowerthan others, but the playba
k appli
ation [24℄ was presenting a few time-outsor not even opening the de
oded 
ontent.The byte degradation measurement employed does not 
onsider the upperTransport Stream layer. When 
he
king Transport Stream alarms, explainedin Chapter II, with the assistan
e of a TS analyzer [7℄, it was veri�ed thatwhenever "time-outs" or the "non-de
odeability" symptoms were observed,under low degradation at byte-level, PSI information was 
orrupted.Hen
e, the s
heme proposed herein provides greater robustness to thein
oming stream whenever PSI information is found. In a latter approa
h, PCRTSP's were also in
luded in this "privileged" information blo
k, 
onsideringits importan
e, as reviewed in Chapter II.One 
an think of other �elds that 
ould fun
tion as 
riteria for varyingthe rate of the Fountain 
hannel en
oder. As an example, in a Multi-programTransport Stream s
enario, the servi
e provider might want to privilege aparti
ular servi
e, 
onsidered more important. In su
h 
ase, the �ags 
itedhereunder, indi
ating the importan
e of the in
oming TSP or the Elementarystream being 
arried by the same, 
ould trigger the transmission of additionalen
oded symbols for that pa
ket:� the Elementary Stream Priority bit, the 10th bit in the Adaptation Fieldof the TSP;� the Transport Priority bit, the 10th bit in the header of the TSP.Sin
e the present simulation is working with a single program TransportStream, let us fo
us in the de
oder syn
hronization only and make use of theAdaptation Field and PCR �ags as 
riteria for triggering the transmission ofadditional symbols.
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Appendix B. Adaptive Channel En
oder 76B.2 Overall work�owThe work�ow for this approa
h is shown in �gure B.1. At the en
oder,when the Transport Stream �le is read, a parallel blo
k is analyzing thein
oming TSPs. This is not intended to be a 
omplete analysis, only of the�elds of interest, at low pro
essing 
osts.For the sele
tion of PCR information, the items analyzed, in
lude theAdaptation Field presen
e �ag, (sh(26)) and sh(27) and the PCR presen
e �ag,
sh(26) and sa(11), explained in II. If both bits are set, the TS Analysis blo
kwill swit
h the in
oming TSP to the appropriate 
hannel en
oder employingdi�erentiated Generator matri
es.For PSI information, the examination �rst looks for the known PAT PID,where it �nds the list of PMT's and from this point on, the same are in
ludedin the sear
h.Sin
e it was observed, in the LT 
ode performan
e presented in �g. B.1,that, when 
lose to de
oding 
ompletion, an in
rement of one or two per
entin the overhead is 
apable of signi�
antly improving the de
ode-ability up tothe entire blo
k, we made the 
hoi
e of providing an additional four per
entof bytes of the entire LT en
oder input blo
k upon dete
tion of PCR or PSI,i.e., twi
e the overhead in
rement 
apable of assuring su

essful de
oding.

Figure B.1: Adaptive LT en
oder 
onsidering PSI and PCRThe following notation is employed.
t(i) is the ith bit entering the en
oder, resulting from the reading pro
ess.
BTSP is the Transport Stream pa
ket bu�er, of the size of one TSP of 188Bytes.
TSP(j) is the jth entire Transport Stream pa
ket stored in BTSP being fed tothe analysis blo
k.
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77 B.2. Overall work�owTSP Analyzer this blo
k will be 
he
king for presen
e of PSI or PCRinformation in the TSP.PMT PID storage This blo
k will store the PMT pid for the single program� in this se
tion we evaluate an SPTS � on
e the same is obtained fromthe PAT. It will be used for 
he
king PMT presen
e in the up
omingpa
kets.
BPCR,BPSI,BPLD The PCR Bu�er, PSI Bu�er and Payload Bufer, respe
t-ively.
LTPCR,LTPSI,LTPLD input pa
kets to the LT en
oding pro
ess.
EPCR,EPSI,EPLD LT en
oding of LTPCR,LTPSI and LTPLD respe
tively.
LToutPCR,LToutPSI,LToutPLD output pa
kets of EPCR,EPSI ,EPLD re-spe
tively.
BTS is the Bu�er for the string 
omposed of LTPCR,LTPSI and LTPLD.
ITS Interleaver for the string 
omposed of LTPCR,LTPSI and LTPLD.
PRTP Pa
ketizer of the adaptive en
oding s
heme into RTP/UDP/IP pa
kets.(a) Preliminary Transport Stream Analysis Blo
kThis blo
k reads the original Transport Stream �le and reshapes thesame into a matrix whi
h 
olumns are given by ve
tors 
orresponding to theTransport Stream pa
kets of length 188 Bytes ea
h.

s =
(
s1; s2; . . . ; sNtsp

) (1)is now is a matrix of dimension 188× L and ea
h ve
tor 
omponent hasthe form
S =




s(i, 1)

s(i, 2)

. . .

s(i, k2)




. (2)This matrix of bytes has ea
h of its elements 
onverted into binaryformat, thus, the Adaptation Field Control Flag and the PCR Presen
e Flagare 
omposed by two and one bits respe
tively.After 
onversion into binary format, the matrix is inverted and reshapedinto a new matrix named M_bin of dimension [Ntsp, Nlin], whereNlin is 
learlythe amount of bits per TSP.
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Appendix B. Adaptive Channel En
oder 78nTSPs=numel(S)/TSP_lengthinput_s=reshape(input_s,TSP_length,nTSPs);bin=de
2bin(input_s);S_bin=bin';s_bin=reshape(M_bin,1504,nTSPs);S_bin=double(M_bin);As seen in 
hapter II, the PCR may be presented inside the AdaptationField, thus the presen
e of the same is a ne
essary 
ondition and its 
ontrol�ag needs to be veri�ed as well.The Adaptation �eld and the PCR positions a
ross all TSPs 
an beveri�ed through examination of lines 27 and 44 of M_bin respe
tively:afield=input(27,:);afpositions=find(afield==49)p
r=input(44,:);p
rpositions=find(p
r==49);Sin
e we are looking for 
olumns in whi
h both �ags are set, the following
ondition is implemented:PCR_Positions=find(p
r==49 & afield==49)The elements of the ve
tor PCR_Positions identify the TSPs 
arryingPCR. As mentioned, this information is forwarded to the Generator matrixblo
k. As soon as the en
oder rea
hes these portions of the stream, an inputblo
k N ′, of size 1.02N is employed.G = spallo
(N',N
ol,nzmax)In the simulations next ensued, values of N whi
h are multiple integers ofthe TS pa
ket size have been employed. This approa
h might require 
roppingof the original input �le, more spe
i�
ally of the �rst and last TSP's if the sameare not integral. Another work around would be the addition of stu�ng bytesat the end of the input blo
k to the LT en
oder. We 
hose the �rst option.The identi�
ation of Program Map Table is performed as follows.TSPn=input_symbol(:,n);TSPn_HEX=de
2hex(TSPn)b=de
2bin(TSPn)PIDbin=b(3)PIDhex=[TSPn_HEX(3);TSPn_HEX(3+188)℄'PIDde
=hex2de
(PIDhex)
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79 B.3. ResultsThe 
ode sele
ts the value of n that returns PIDhex = 47.On
e the same found, the PMT value is retrieved from the PMT. Fromthis point on, PMT PID's will also serve as 
riteria for the analysis blo
k.B.3 ResultsReferring to the LT Performan
e presented in �gure V.1, the presents
heme was applied to the point in the 
urve between overhead values of 1.075and 1.085. At this point, few additional overhead will su�
e to 
ompletelyde
ode the LT pa
ket. This was assured when an extra 4 per
ent was trans-mitted for the PCR TSP's. As a result, no PCR errors were found in thede
oded string.The result is visible when playing ba
k the de
oded 
ontent with VLCappli
ation [24℄. In most simulations, the de
oder was able to playba
kthe entire 
ontent without interruption, even though visual impairment wasobserved in some portions of the de
oded 
ontent. Employing a "�at" LT[8520,7896℄ as presented in se
tion IV.1, signi�
antly more time-outs and visualimpairments were observed.

Figure B.2: Sample frame of "�at" LT at N = 1.075k
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Figure B.3: Sample frame of "Adaptive" LT at N slightly larger than 1.075k
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