This article appears in the Proceedings of the Science Information Management and DataCompression Workshop held at NASA/GSFC, Greenbelt, MD, U.S.A. on October 26-27, 1995.Selecting a General-Purpose Data Compression AlgorithmGary Jason MathewsNASA/Goddard Space Flight CenterGreenbelt, Maryland 20771Email: mathews@nssdc.gsfc.nasa.govHome Page: http://coney.gsfc.nasa.gov/~mathews/AbstractThe National Space Science Data Center�s Common Data Format (CDF) is capable of storingmany types of data such as scalar data items, vectors, and multidimensional arrays of bytes,integers, or floating point values. However, regardless of the dimensionality and data type, thedata break down into a sequence of bytes that can be fed into a data compression function toreduce the amount of data without losing data integrity and thus remaining fully reconstructible.Because of the diversity of data types and high performance speed requirements, a general-purpose, fast, simple data compression algorithm is required to incorporate data compression intoCDF. The questions to ask are how to evaluate and compare compression algorithms, and whatcompression algorithm meets all requirements. The object of this paper is to address thesequestions and determine the most appropriate compression algorithm to use within the CDF datamanagement package that would be applicable to other software packages with similar datacompression needs.Keywords: Data compression; Algorithm comparison; CDFIntroductionBecause of the large amounts of data collected by the National Aeronautics and SpaceAdministration (NASA) and the scientific communities, data compression is an importantconsideration for archival and data management systems. The National Space Science DataCenter (NSSDC) is evaluating various compression techniques for incorporation into theCommon Data Format (CDF)[1], which is a data management package for storing, manipulating,and accessing multidimensional data sets.Obviously, the best data compression algorithm would compress all data with the highestcompression rate in the least amount of time, but no such algorithm exists. There is no bestcompression algorithm for everyone since the criteria for measurement are both data- andapplication-dependent. One user might want a high data compression ratio regardless of time,another fast compression with some sacrifice to the compression ratio, and others something in-between. There are trade-offs among time to compress and decompress the data, compressionrates, memory requirements (hash tables, frequency counts, temporary buffers, etc.), andalgorithmic complexity, so application developers must let their requirements determine whattrade-offs are more or less important.

CDF provides a programming interface for applications whose goal is to provide fast access tothe data; therefore, speed is a high priority for the desired compression algorithm. There is notmuch need for compression if most data cannot be compressed, so users need a general-purposecompression algorithm that compresses most data with a good compression ratio. Thecompression ratio is defined as the percentage of reduction achieved or as (1-compressed datasize/uncompressed data size) x 100. A maximum of 100% compression is not possible unless thecompressed size is zero, a situation only possible if the uncompressed data size is zero as well.Therefore, the upper limit is 100%, and the ratios will approach this limit. A negativecompression ratio will result if the compressed data size is larger than the uncompressed datasize, that is, the data have expanded with negative compression. There is no lower limit, sincedata can expand infinitely by recursively adding a single byte to the previous data ad infinitum.For all intensive purposes the lower limit can be set to zero, since if we fail to compresssomething, then we can leave it uncompressed with a compression ratio of zero. A goodcompression ratio is defined as a significant data reduction for all test data as a whole for aparticular compression algorithm. Furthermore, CDF provides a library that is linked into allCDF applications, so also needed is a compression algorithm that does not dramatically increasethe application size. Portability is another important aspect since both the CDF software anddata sets are portable to DEC Alpha, DECstation, HP 9000, IBM PC, IBM RS-6000, Macintosh,NeXT, SGI, Sun, and VAX platforms. The hallmark of the CDF concept is its data setindependence, so a compression implementation with minimum architecture- and machine-leveldependencies is preferable to simplify porting to other platforms. In the context of therequirements classification, portability will be an implied requirement for a simple algorithm.Therefore, the following three factors will be used to compare the different compressionalgorithms and decide what algorithm is best for the users’ needs: ¥A fast algorithm that minimizes compression/decompression time. ¥A good algorithm with a high compression rate. ¥A simple algorithm with a small code size.Data CharacteristicsCDF can handle data organized conceptually as scalar and multidimensional with arrays of up toten dimensions. The supported data types are those consistent with types available with C andFORTRAN compilers on most systems, which include 1-, 2-, and 4-byte signed and unsignedintegers, 4-byte single-precision floating-point, 8-byte double-precision floating point, and 1-byte signed and unsigned character types. For example, there may be data defined as a singlescalar 1-byte integer and another as a 512 x 512 x 16 array of double-precision floating pointnumbers. Although it is not very promising to compress a single scalar byte, compressing a largearray or stream of bytes has significant results. Similarly, any data value with 2 or 3 bytescannot be reduced because no reduction is possible. However, a 4-byte quantity can be reducedto possibly 3 bytes, so the minimum file size of 4 bytes is selected. Since most data stored inCDFs are typically under three dimensions, such as scalar data types, three-element vectors (e.g.,x, y, z components), and two-dimensional images (e.g., 320 x 240), the size of the sample datafiles is arbitrarily chosen to range from 4 bytes to 144 Kbytes. Although larger files achievehigher compression ratios, the smaller data files better represent the typical size of data stored ascomponents within a CDF.

To evaluate a general purpose compression algorithm, a representative collection of sample datato test the algorithms must be defined. As used by the Dr. Dobb�s Journal (DDJ) DataCompression Contest[2], data samples were selected from graphics, text, executable, and soundcategories. Although it is not very likely that MS-DOS executable programs will be stored inCDFs, these files have their own structure, and the goal is to find a general purpose compressorfor all types of data, so all of the files used by the DDJ tests are included in the tests. In additionto these common file types, a subset of scientific data from the International Solar-TerrestrialPhysics (ISTP) Key Parameter Data CD-ROM[3] was included since it represents the typicalvalues and types of data that CDF actually stores, such as ISTP spacecraft orbit, attitude,magnetic field and particle measurements, and image data.ProgramDescription 1 ahuff*Adaptive Huffman coding 2 ar*Haruhiki Okumura�s archiver 3 arith*Arithmetic coding 4 arith1*Order-1 arithmetic coding 5 arj�Robert Jung’s ARJ, v2.41a 6 arth1e*Order-1 arithmetic coding 7 cmp*Linear conversion scheme for sound 8 compress�UNIX compress uses LZW variant 9 cmp40-14�Compress w/COMP40 option + 12-bit10 comp40�Compress with COMP40 option11 comprs12�Compress 12-bit12 comprs14�Compress 14-bit13 comp_optModified/optimized compress14 copyMS-DOS COPY command15 dct*Discrete cosine transformation16 dogzip�gzip-like LZ77 variant17 doz�UNIX-like LZW18 gzip�Gnu ZIP uses LZ77 variant[7]19 huff�Huffman coding20 lha�Harayasu Yoshizahi’s LHA v2.1321 lzari�LZSS with adaptive arithmetic coding22 lzhuf�LZSS with adaptive Huffman coding23 lzrw1Ross Williams[5] LZ variant24 lzrw3aRoss Williams LZ variant25 lzss�Storer-Szymanski modified LZ7726 lzss*LZ77 with 12-bit sliding window27 lzw12*12-bit LZW compression28 lzwcom�Kent Williams LZW variant29 pkarc�PKARC v3.630 pkzip (default)�PKZIP v2.04g LZ77 variant[7]31 pkzip -ex�PKZIP using maximal compression32 rdcRoss Data Compression uses run-length encoding[4]33 snd*Silence compression coding34 zoo�Rahul Dhesi’s Zoo archiver, v2.1* Source available on disks provided with the Data Compression Book[6].� Source and/or executables available on SimTel anonymous ftp sites (e.g., oak.oakland.edu).Table 1: Data Compression Programs Tested with CHURN

The compression programs evaluated are implementations for variations of the LZ77, LZ78,LZW, Huffman, run-length encoding, and arithmetic compression algorithms. Table 1 shows theprograms that were included for the MS-DOS compression tests.A compression utility program called CHURN, which accompanies Nelson’s Data CompressionBook[6], is capable of running compression and decompression programs on all data files in aspecified disk volume for MS-DOS, measuring the elapsed compression and decompressiontimes and verifying that the contents of the decompressed files match the original data files.CHURN is called with three arguments. The first argument is the drive letter and path name torecursively search for files to compress. The second parameter on the command line is thecompression command. CHURN needs to compress the input file to a file called �TEST.CMP�.The compression command tells CHURN how to do this. CHURN will execute the compressioncommand by passing the command line to DOS using the system() function call. It inserts thefile name into the compression command by calling sprintf(), with the file name as an argument.This means that if the compression command has a %s symbol anywhere in it, the name of theinput file should be substituted for it. Finally, the third argument on the command line should bethe command CHURN needs to spawn to decompress TEST.CMP to TEST.OUT. An exampleof how this works would look like this:CHURN D:\DATA\ "LZSS-C %%s test.cmp" "LZSS-D test.cmp test.out"The double % symbols are present to defeat variable substitution under some command lineinterpreters such as 4DOS. A more complicated example testing PKZIP might look like this:CHURN D:\DATA\ "PKZIP.BAT %%s" "PKUNZIP TEST.CMP"where PKZIP.BAT has two lines that look like this:COPY %1 TEST.OUTPKZIP -M TEST.CMP TEST.OUTCHURN creates a summary of compression results in a file called �CHURN.LOG�. This filecan be used for further analysis by other programs. This file is reformatted and used to generatethe graphic output in Figure 1, where the numbers correspond to those in Table 1. CHURN andthe corresponding compression programs were tested on an IBM compatible 80486-33 with MS-DOS 6.20.