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Abstract

This paper provides the basic algorithmic definitions
and performance characterizations for a high-performance
adaptive noiseless (lossless) “coding module" which is
currently under separate developments as single-chip
microelectronic circuits at two NASA centers. Laboratory tests of
one of these implementations recently demonstrated coding
rates of up to 900 Mbits/s. Operation of a companion "decoding
module" can operate at up to half the coder's rate. The
functionality provided by these modules should be apphcable
to most of NASA's science data.

The hardware modules incorporate a powerful adaptive
noiseless coder for "Standard Form" Data Sources (i.e., sources
whose symbols can be represented by uncorrelated non-
negative integers where the smaller integers are more likely
than the larger ones). Performance close to data entropies can
be expected over a "Dynamic Range" of from 1.5 to 12-15
bits/sample (depending on the implementation).

This is accomplished by adaptively choosing the best
of many "Huffman Equivalent" codes to use on each block of 1-
16 samples. Because of the extreme simplicity of these codes,
no table lookups are actually required in an implementation,
thus leading to the expected very high data rate capabilities
already noted. The "coding module” can be used directly on
data which has been "pre-processed" to exhibit the
characteristics of a Standard Form Source. Alternatively, a built-
in Predictive Pre-processor can be used where applicable. This
built-in Pre-processor includes the familiar one-dimensional
predictor followed by a function which maps the prediction error
sequences into the desired standard form. Additionally, an
External Prediction can be substituted if desired (e.g., for two-
dimensional applications), further extending the module's
generality.

|, _Introduction

References 1-4 provide the development and analysis
of some practical adaptive techniques for efficient noiseless
(lossless) coding of a broad class of data sources. These have
been applied, in various forms, to numerous applications.

Those functions and algorithms most desirable for
incorpoeration in a "coding module" which could be implemented
using current custom VLS| capabilities were presented at the
first NASA Data Compression Workshop at Snowbird, Utah, in
1988.5 A workshop committee recommended that NASA should
proceed and implement this "coding module.” Since then, both
the Jet Propulsion Laboratory (JPL) and the Microelectronics
Research Center (MRC) at the University of New Mexico have
implemented first-generation single-chip CMOS VLSI coding
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modules.6-9 The MRC 1.0 um coding chip was successfully

tested under laboratory conditions at up to 900 Mbits/s.”"9 A
companion MRC "decoding module" is designed to run at up to
half the maximum rate of the coding module. These first-
generation MRC chips are now available commermally from
Advanced Hardware Architectures in Moscow, Idaho.’

Both the MRC and JPL developments are nearing
completion of second-generation space-qualified versions for
the coding modules.11-14 It is anticipated that the high
performance functionality of these modules, first- and second-
generation, can serve most of NASA's science data needs
where a lossless representation is appropriate.

The intent of this paper is to provide a concise
description of the basic algorithmic and performance
characteristics which are embodied in the coding modules. A
more general algorithmic development can be found in Ref. 15
along with some application notes. Observe that the actual
implementations have diverged slightly from the definitions
provided here and from each other. Most of these subtleties will
be discussed.

he Coding Module

A functional block diagram of a general-purpose
lossless "coding module" is shown in Fig. 1. A variation in
Rice's original notation (of subscripting the Greek letter y) will
be used to name various coding operations. Subsequent
sections will quickly converge to more specific definitions that
relate to the VLS| modules being implemented.

The input to this coding module
XN =xqx2...%] ().

is a J sample block of n bit samples. Y is a priori or Side
Information that might help in the coding process.

The overall unspecific process of representing XN is
named PSI1?7+ so that the actual coded result is

PSI? + [XN,¥]

As Fig. 1 shows, the coding process is split into two
independent steps discussed below.

Step 1

A Reversible Pre-processor is a process designed to
convert the source represented by Xn sequences (and Y) into
a close approximation to a STANDARD FORM Data Source,
represented by 8" sequences. This process usually includes a
de-correlation procedure (prediction).






