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Abstract— Recently, there has been a lot of
discussionson Avalanche, a Micr osoft prototype
for large scale content distrib ution on a peerto-
peer network that usesnetwork coding as the
core technology In this paper, we present an
analysis of Avalanche, showing that it achieves
the theoretical lower bound on the file download
time.

I. INTRODUCTION

Microsoft has recently announceda proto-
type called Avalanchefor large scale content
distribution on peerto-peernetworks that uses
network coding [1] the core technology[8].
This prototypecan be regardedas Microsoft’s
versionof BitTorrent[2]. For quite sometime,
BitTorrent and other peerto-peerapplications
(e.g., eDonley [3] and BitComet [4]) have
dominatedthe Internet traffic [5] [6]. What
distinguishesAvalanchefrom BitTorrentis the
application of network coding in the former
It hasbeendemonstratethroughsimulationof
scenario®f practicalinterest7] thatAvalanche
can improve the expectedfile download time
over BitTorrent by 20 to 30%. Potentially
Avalanche can be incorporatedin Windows
Vista [9], so that hundredsof millions of PCs
on the Internetwill form a gigantic peerto-
peer network. On such a network, software
updates,patches,entertainmentcontents, etc,
can be deliveredefficiently to a large number
of usersin a scalablemannerIn this paper we
analyzeof the performanceof Avalanchefrom
the network coding perspeciie.

The rest of the paperis organizedas fol-
lows. In Section2, we describehow Avalanche
works. Thenin Section3, we present network
coding analysisof Avalanche.Concludingre-
marksarein Section4.

Il. How AVALANCHE WORKS

In this sectionwe give a brief introductionto
AvalancheWe will only focuson thoseaspects
of the systemwhich arerelevantto our analysis.
For further detailson Avalanche,we refer the
readerto [7].

Considerthe distribution of a file originally
residingon a single sener to a large number
of usersby meansof a so-calledcollaborative
contentdistribution network ExamplesareBit-
Torrent and Avalanche.In such a system,the
sener doesnot uploadthe file to eachindivid-
ual user Rather it dividesthe file into k£ data
blocks, B1, Bs, - .., B, and uploadspossibly
codedversionsof theseblocksto differentusers
at random.Theseusersagain help distributing
thefile by uploadingblocksto otherusersn the
network. By meansf suchrepeatedperations,
information can be dispersedvery rapidly, and
thefile is eventually deliveredto every userin
the network.

In a collaboratve content distribution net-
work, new userscanjoin the network asa node
atary time aslong asthe distribution processs
active. Upon arrival, the new userwill contact
a tracker (a centralizedsener) that provides
a subsetof other usersalreadyin the system,



forming the set of neighboringnodesof the
new user Subsequeninformation flow in the
network is possibleonly betweenneighboring
nodes.

What distinguishesAvalanchefrom BitTor-
rent or any other collaboratve contentdistri-
bution network is the application of network
coding in the former, which was introduced
in [1]. Comparedwith routing, network coding
allows codingat the nodeswithin the network,
andit offers the benefitof achieszing the maxi-
mum possiblethroughputwhen informationis
multicastin a point-to-point network. It was
further shovn in [10] [11] that linear net-
work coding sufiices to achievze the maximum
throughputwhena single messagéde.g., a file)
is to be multicast,which is the scenariounder
considerationFor a tutorial on network coding,
we refer the readerto [12].

In AvalanchethedatablocksBq, By, ..., B
are representecby symbolsin a large finite
field F', referredto as the basefield, which
hassize of the order2'6. At the beginning of
the distribution process,a Client A contacts
the sener and obtains a number of encoded
blocks For example, the sener uploadstwo
encodedblocks E; and E5 to Client A, where
fori=1,2,

Ei = CZiBl + CéBQ +...+ C;;Bk, (1)

with c; 1 < j < k being chosenrandomly
from the basefield F. Note that each E;
and E, is some random linear combination
of By, Bs,...,Bg. In orderwords, insteadof
choosingtwo particularuncodeddatablocksto
upload, the sener forms two encodedblocks
by applyingnetwork codingto all the blocksit
possesseand uploadsthemto Client A.
Associatedwvith eachencodeddlock E; (i >
1) is a coeficient vector u* that gives the
necessaryinformation to construct £; from
By, Bs,...,B;. We have explained how the
blocks F;, and E, areformed,andit is readily

seenfrom (1) thatfor i = 1,2, u’ = [¢}]. When
the block E; is uploadedthe coeficient vector
u’ is attached.

In generalwhenerer a nodeneedsto upload
an encodedblock to a neighboringnode, the
block is formed by taking a randomlinearly
combination of all the blocks possessedy
that node.Continuingwith the above example,
when Client A needsto upload an encoded
block F3 to a neighboringClient B, we have

E3 = C?El + C%EQ, (2)

wherec? andci arerandomlychosenfrom F.
Substituting(1) into (2), we obtain

k

PCE

=1

k
Z(c‘;’ u]1 +c- u?)Bj.
i=1

E3 c; +c- c?)Bj

Thusthe coeficient vectoru? is given by ¢3 -
u'! + ¢3 - u?. Togethemwith u?, the block E3 is
uploadedto Client B.

The exact stratgyy for downloadingencoded
blocks from neighboringnodesso asto avoid
receving redundantinformation dependson
the implementation,and two such stratejies
were proposedin [7]. The main idea is that
downloadingfrom a neighboringnodeis nec-
essaryonly if the neighboringnodehasat least
one block not in the linear span of all the
blocks possesseby that particularnode.Upon
receving enoughlinearly independenencoded
blocks,a nodeis ableto decodethe wholefile.

Intuitively, the applicationof network coding
can reducethe file download time becausea
codedblock uploadedby a node containsin-
formation aboutevery block possessety that
node. Moreover, if a nodeleaves the network
before the end of the distribution process,it
is more likely that the remainingnodeshave
all theinformationnecessaryor recoveringthe
whole file whennetwork codingis used.These



have beendiscussedn [7]. In the next section,
we give a quantitatve analysisto substantiate
theseclaimedadwantage®f usingnetwork cod-

ing.
1.

In real operation of Avalanche,blocks of
dataaretransmittecbetweemeighboringnodes
in an asynchronousmanney and possibly at
different speeds.To simplify the analysis,we
assumethat every transmissiorfrom one node
to anotherneighboringnode is completedin
an integer numberof time units. We therefore
unfold thegraphG in discretetime into agraph
G* = (V*, E*) with the nodeset

MODEL AND ANALYSIS

V*={(i,t) :1 € V andt > 0},

where the node (i,t) € V* correspondsto
the node: € V attime ¢t. The edgeset E*,
specifiedin the following, is determinecby the
stratgly adoptedfor the centralizedsener as
well asfor the nodesin V' to requestuploading
of datablocks from neighboringnodes.There
is an edgewith capacitym from node (i,t)
to node (j,t'), wheret < t', if m blocks are
transmittedfrom node: to node j, startingat
time ¢ and endingat time t'. For each: € V
andt > 0, thereis an edgewith capacity &
from node (4,¢) to node (i,t + 1). Suchan
edgemodelsthatthe blocksgenerated/receed
at a nodeareretainedin that nodeindefinitely
over time. Without loss of generality we may
assumethat all the blocks received by nodes
(1,1),1 < t are transmittedon the edgefrom
(i,t) to (i,t + 1). An illustration of the graph
G* uptot = 3 is given in Figure 1, where
the edgeswith infinite capacitiesare lightened
for clarity. Note that the graph G* is agyclic
regardlessof whetherthe graphG is agyclic or
not.

We are now readyto determinethe time it
takesfor a particularnodei € V to receve the
whole file. Considerthe graph G* and regard

node(s,0) asthe sourcenodemulticastingthe
whole file with & datablocksto all the other
nodesin G* via randomlinear network coding.
Denotethe maximumflow from (s, 0) to anode
v € G* by maxflow(v). Whenthe basefield is
sufficiently large, those nodes(s,t) suchthat
maxflow((z,t)) > k canreceve the whole file
with probability closeto 1 [13]. In otherwords,
with high probability the time it takes a node
i € V to receve the whole file is precisely
the minimum ¢ suchthat maxflow((¢,t)) is at
leastk. Obviously, this is a lower boundon the
time it takesanodei € V' to receve the whole
file, andit is achievable by the systemunder
investigationwith high probability. In the rare
eventthatnode: cannotdecodeatthe minimum
time ¢ suchthat maxflow((7,t)) is atleastk, it
caneventuallydecodeupondownloadingsome
additionalencodelocksfrom theneighboring
nodes.

When somenodesleave the systembefore
the end of the distribution process,an impor
tant questionto ask is whetherthe remaining
nodeshave all the information necessaryfor
recoveringthewholefile. This questionis again
easyto answemwhennetwork codingis applied
as prescribed.To be specific, assumethat a
subsetof usersU¢ C V leave the systemafter
time ¢, andwe wantto know whetherthe users
in U = V\U*¢ have the information necessary
to recover the whole file, and if they do, by
further exchanginginformation among them-
selwes, every userin U can eventually receve
the whole file (provided that no more nodes
leave the system).Toward this end, consider
thegraphG*. Let U (t) = {(u,t) : uw € U}, and
denotethe maximumflow from the node(s, 0)
to the setof nodesU (t) by maxflow (U (t)). If
maxflow(U(t)) > k, thenthe usersin U have
the information necessaryfor recovering the
wholefile with high probability (whenthe base
field is sufiiciently large). This is almost the
bestpossibleperformanceone canexpectfrom



sucha system becauseéf maxflow(U(t)) < k,
it is simply impossiblefor the usersin U to
recover the whole file evenif they areallowed
to exchangeinformationamongthemseles.

IV. CONCLUSION

In this paper we have presenteda network
coding analysisof Avalanche,shaving that it
achieves the theoretical lower bound on the
file downloadtime with respectto the stratgyy
adoptedor the centralizedsener aswell asfor
thenodesdn thenetwork to requesuploadingof
datablocksfrom neighboringnodes.However,
theactualperformancef the systemis affected
by how the strateyy is chosenwhich involves
considerationof computationalefficiency, in-
centve mechanismsetc. We refer the reader
to [7] for furtherdetails.Furtherresearctalong
this line mayinclude performanceptimization
of the systembasedon the analytical frame-
work presentedn this paper
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Fig. 1. A illustration of the graphG*
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