A Factor-Graph Approach to the Context-Tree Weighting Method

Pascal O. Vontobel^1 Coordinated Science Laboratory University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA E-mail: vontobel@ifp.uiuc.edu

Factor graphs [1, 2] (FGs) are graphical models with origins in coding theory. The sum-product and the max-product algorithms (SPA/MPA), which operate by message passing in an FG, subsume a great variety of algorithms in coding, signal processing, and artificial intelligence. E.g., FGs together with the SPA/MPA have been used successfully to formulate the decoding of capacity-approaching codes like turbo and LDPC codes. This paper aims at showing that it is possible to give an FG/SPA interpretation of one of the best data compression algorithms, namely the context-tree weighting (CTW) method by Willems, Shtarkov, and Tjalkens [3, 4].

An arithmetic encoder/decoder needs the conditional probabilities of the next symbol based on the past. These probabilities can be obtained by performing the SPA on the FG (see figure) which represents the joint pmf/pdf of all occuring random variables. (This FG is actually a normal graph as defined in [2].) Note that in order to obtain SPA update rules that can be computed efficiently, the use of a special weighting of all context trees as proposed in [3] is absolutely crucial.

Once the CTW algorithm is formulated in the FG/SPA-framework, new extensions of the algorithm become readily apparent, e.g. compression of two-dimensional data or embedding the data compression algorithm within a larger system. More information can be found under [5]. References

[1] F. R. Kschischang, B. J. Frey, and H.-A. Loeliger, “Factor graphs and the sumproduct algorithm,” IEEE Trans. on Inform. Theory, vol. IT–47, no. 2, pp. 498–519, 2001.

[2] G. D. Forney, Jr., “Codes on graphs: normal realizations,” IEEE Trans. on Inform. Theory, vol. 47, no. 2, pp. 520–548, 2001.

[3] F. M. J. Willems, Y. M. Shtarkov, and T. J. Tjalkens, “The context-tree weighting method: basic properties,” IEEE Trans. on Inform. Theory, vol. IT–41, pp. 653–664, May 1995.

[4] http://www.data-compression.info/Algorithms/CTW/. [5] http://www.ifp.uiuc.edu/~vontobel.

1Supported by NSF Grants CCR 99-84515 and CCR 01-05719. I would like to thank Andi Singer who posed the question if there is a connection between the CTW method and graphical models. It is also a pleasure to thank Ralf Koetter for general discussions about the topic.