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Abstract

An on-line fountain code is defined as a fountain code for tiin optimal encoding strategy can be found efficiently given
any instantaneous decoding state. This property is impofta data distribution in practical networks. In this papee formalize
the problem of on-line fountain code construction, and psgpnew on-line fountain codes that outperform known onédmaiing
factor 3-5 lower redundancy overhead. The bounding of thde coverhead is carried out using analysis of the dynamics of
random-graph processes.
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I. INTRODUCTION

Fountain coding was proposed [3] for efficient distributiohdata in lossy networks, with the goal to allow information
transmission that is oblivious to losses of individual petsk Fountain codes that meet this goal with negligible lnwad were
found [10], and later improved in complexity [11]. These k®rand others that followed, specify methods to encode (and
decode) data blocks at the sender (and receiver) nodesravel yppper bounds on the average overhead in the case ofmando
losses.

Low overhead is clearly an important code-design objectivie some applications may find it insufficient on its own,hwit
system performance being dominated by other propertiehetbde. The long code blocks and fixed pre-defined encoding
procedures of the aforementioned fountain codes resultgh @iecoding latency, and no way for the receivers to cordrol
even monitor the progress of the data reception. In addifiacket losses in the network may not be all random, further
exacerbating the risks of a long batch transmission dedigoiepure-random losses. A practical fountain code sholic t
balance low redundancy overhead with @mline ability to adapt the code to instantaneous network conuitio

In the framework developed in this paper, a fountain codaliedon-lineif given an arbitrary decoding state at the receiver,
the optimal encoding strategy at the sender can be foundeetfiz This is a much stronger property than conventional
fountain codes, which only guarantee optimality for thdiahistate of decoding. The importance of the on-line proper
that it guarantees optimal performance even at states ftfiat dignificantly from the expected under random losseg, e
due to an adversary or extremely unfortunate circumstafce# turns out, there are known fountain codes with the ina-I
property such agrowth codeq8] and real-time oblivious codef?], (see also [5]). However, these codes suffer from very
high redundancy overheads.

The codes proposed here attain the on-line property withifeéggntly lower overhead, between factdiand factors lower
compared to the previously known codes [8],[2]. This sigaifit improvement is achieved by representing the decodatg s
as auni-partite graph, and using the graph structure to efficiently find thenogd coding strategy at the current state. The
simple graph representation also allows to analyze thengodverhead, building on fundamental results from randoaply
theory [6]. The contributions of the paper include the figinfialization of the on-line property for fountain codesdtsm 1),
the development of the uni-partite view of fountain codesc{®n 1), an on-line fountain code construction usingedficient
algorithm to find the optimal coding strategy (Section I\M)débounding the overhead of a simplified construction byariad
the dynamics of random graphs (Section V).

There are many potential applications for on-line fountades. One is data distribution in the presence of inteemtitt
adversaries, which bring receivers to arbitrarily bad déug states and then leave them to recover. Another importan
application is for distributed storage, where code symlaoés distributed among multiple nodes, and the on-line ptgpe
gives sufficient transparency to control the long-term vecability of the data given an instantaneous node-faittiage.

Il. ON-LINE FOUNTAIN CODES

Block rateless fountain codes, such as LT [10] and Raptdrdades, are designed fbatchtransmission of coded symbols.
These codes aim at minimizing the number of coded symbolsinexdjto successfully decode the entire code block with high
probability. Given a current state of code symbols alreatyived at a receiver node, batch fountain codes do not sslthe
minimization of code-symbol transmissions until complééeoding. It has been recognized in prior work that not atersig
the current state of already received symbols results inogtinal performance in many practical scenarios. Sewsoaks
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