
DELL INC., EMC CORP., HPE CO.,  HPES, LLC
IPR2017-00176- Ex. 1005, p. 1 of 23

SOFTWARE
PRACTICE & EXPERIENCE
201. LIME 25. No. 10 OCTOBER 1995

EDITORS

DOUGLAS COMER

ANDY WELLINGS

WILEY
PI:Hnhrn Smrr Mu.’

Chichastar - New York - Brisbana 'Ton:mto - Singapore

A Wiley-Interscience Publication

%F'SEhfBL 25110} 1065-1182 (1995!
' °°3"‘°BELL |NC., EMC CORP., HPE co., HPES, LLC

|PR2017-00176- Ex. 1005, p. 1 of 23

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


I SOFTWARE 
PRACTICE & EXPERIENCE 
Editors 
Professor D. E. Comer, Computer Science Department, Purdue University, West 
Lafayette, IN 47907, U.S.A. . 
Charlotte I. Tubis, U.S. Editorial Assistant. Computer Science Department, Purdue University, West Lafayette, 
IN 47907, U.S.A. 

Dr A. J. Wellings, Department of Computer Science, University of York, 
Heslington, York Y01 5DD 

Advisory Editorial Board 
Professor D. W. BARRON 
Department of Electronics and Computer Science, 
University of Southampton, 
Southampton S09 5NH, U.K. 

Professor P. J. BROWN 
Computing Laboratory, The University, 
Canterbury, Kent CT2 7NF, U.K. 

Professor J. A. CAMPBELL 
Department of Computer Science, University College London, 
Gower Street, London WC1E 6BT, U.K. 

Professor F. J. CORBATO 
Electrical Engineering Department, 
Massachusetts Institute of Technology, 
545 Technology Square, 
Cambridge, Massachusetts 02139, U.S.A. 

Dr. Christopher W. FRASER 
AT&T Bell Laboratories, 600 Mountain Ave 2C-464, 
Murray Hill, NJ 07974-0636, U.S.A. 

Professor PER BRINCH HANSEN 
School of Computer and Information Science, 
4-116 CST, Syracuse University, 
Syracuse, New York 13210, U.S.A. 

Professor D. R. HANSON 
Department of Computer Science, 
Princeton University, Princeton, 
New Jersey 08544, U.S.A. 

Professor J. KATZENELSON 
Faculty of Electrical Engineering, 
Technion-Israel Institute of Technology, 
Haifa, Israel 

Dr. B. W. KERNIGHAN 
AT&T Bell Laboratories, 600 Mountain Avenue, 
Murray Hill , New Jersey 07974, U.S.A. 

Aims and Scope 

Professor D. E. KNUTH 
Department of Computer Science, Stanford University, 
Stanford, Californ ia 94305, U.S .A. 

Dr. B. W. LAMPSON 
180 Lake View Ave. 
Cambridge, 
MA 02138. U.S.A. 

Dr. C. A. LANG 
Three-Space Ltd, 
70 Castle Street. 
Cambridge CB3 OAJ, U.K. 

Professor B. RANDELL 
Computing Laboratory, 
Univers ity of Newcastle-upon-Tyne, 
Claremont Tower, Claremont Road, 
Newcastle-upon-Tyne NEl 7RU, U.K. 

Professor J. S. ROHL 
Department of Computer Science, 
The Univers ity of Western Austra lia, 
Nedlands, Western Australia 6009. 

D. T. ROSS 
Softech Inc. , 460 Totten Pond Road, 
Waltham, Massachusetts 02154, U.S.A. 

B. H. SHEARING 
The Software Factory, 
28 Padbrook, Limpsfield, Oxted, 
Surrey RH8 ODW, U.K. 

Professor N. WIRTH 
Institut fUr Computersysteme, ETH-Zentrum, 
CH-8092 Zurich, Switzerland. 

Software--Practice and Experience is an internationally respected and rigorously refereed vehicle for the dissemination and 
discussion of practical experience w ith new and established software for both systems and applications. Contributions regu
larly: (a) describe detailed accounts of completed software-system projects which can serve as 'how-to-do-it' models for future 
work in the same fie ld; (b) present short reports on programming techniques that can be used in a wide variety of areas; (c) 
document new techniques and tools that aid in solving software construction problems; and (d) explain methods/techniques 
that cope with the specia l demands of large sca le software projects. The journal also features timely Short Communications 
on rapidly developing new topics. 

The editors actively enr.ou rage papers which result from practical experience with too ls and methods developed and used 
in both academic and industrial environments. The aim is to encourage practitioners to share their experiences with design, 
implementation and evaluation of techniques and tools for software and software systems. 

Papers cover software design and implementation, case studies describing the evolution of system and the thinking behind 
them, and criti ca l appraisals of software systems. The journa l has always welcomed tutorial articles describing we ll -tried tech
niques not previously documented in computing literature. The emphasis is on practical experience; articles w ith theoretical 
or mathematical content are included on ly in cases where an understanding of the theory will lead to better practical systems. 

Articles range in length from a Short Communication (half to two pages) to the length required to give full treatment to a 
substantial piece of software (40 or more pages). 

Advertising: For details contact-
Michael J. Levermore. Advertisement Sales, John Wiley & Sons Ltd, BaHins Lane. Chichester, Sussex POt9 lUD. England (Telephone 01243 
77035 1, Fax 01243 775878, Telex 862901 

Software-Practice and Experience (lSSN 0038-{)644/USPS 890-9201 is published monthly, by John Wiley & Sons Limited, BaHins Lane. Chichester. 
Sussex, England. Second class postage paid at Jamaica, N.Y. 11431. Air freight and mailing in the U.S.A. by Publications Expediting Services tnc., 
200 Meacham Avenue, Elmont. N.Y. 11003. © 1995 by John Wi ley & Sons Ltd. Printed and bound in Great Britain by Page Bros, Norwich. Printed 
on acid-free paper. 

To subscribe: Orders should be addressed to Subscriptions Department, John Wiley & Sons Limited, BaHins Lane. Chichester. Sussex. P019 lUD, 
England. 1995 subscription price (13 issuesl : U.S. $825.00. 

U.S.A. POSTMASTER: Send address changes to Softwar..-Practice and Experience, c/o Publications Expediting Services Inc., 200 Meacham 
Avenue, Elmont, N.Y. 11003. U.S.A. 

DELL INC., EMC CORP., HPE CO.,  HPES, LLC -IPR2017-00176- Ex. 1005, p. 2 of 23
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


DELL INC., EMC CORP., HPE CO.,  HPES, LLC
IPR2017-00176- Ex. 1005, p. 3 of 23

SOFTWARE——-PRACTICE AND EXPERIENCE

(Softw. pract. exp.)

CONTENTS

VOLUME 25. ISSUE No. 10 October 1995

Migration in Object-oriented Database Systems—A Practical Approach:
C. Huemer, G. Kappel and S. Vieweg ....................................................... .. 1065

Automatic Synthesis of Compression Techniques for Heterogeneous
Files: W. H. Hsu and A. E. Zwarico ........................................................... .. 1097

A Tool for Visualizing the Execution of Interactions on a Loosely-coupled

Distributed System: P. Ashton and J. Penny ........................................... .. 111?

Process Scheduling and UNIX Sernaphores: N. Dunstan and I. Fris ........ .. 1141

Software Maintenance: An Approach to impact Analysis of Objects

Change: S. Ajila .......................................................................................... .. 1155

SPEXBL 25l10l 1065-1182 [1995}
ISSN E|O38—064-4

Indexed or abstracted by Cambridge Scientific Abstracts. CompuMath Citation Index l|S|i,

Compuscience Database, Computer Contents. Computer Literature Index, Computing

Reviews, Current Contents;"Er19. Tech 8: Appiied Sciences, Data Processing Digest, Deadline

Newsletter, Educational Technology Abstracts, Engineering Index, Engineering Societies

Library, IBZ [international Bibliographv of Periodical Literature], Information Science Abstracts

lPlenumI|. INSPEC, Knowledge Engineering Review, Nat Centre for Software Technology.
Research Alert USIII and SCISEARCH Database {ISIL

DELL lNC., EMC CORP., HPE co., HPES, LLC

lPR2017-00176- Ex. 1005, p. 3 of 23

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


DELL INC., EMC CORP., HPE CO.,  HPES, LLC
IPR2017-00176- Ex. 1005, p. 4 of 23

SOFI'WARE—PRACTICE AND EXPERIENCE. VOL, 2S(iI'..'l), lt}§l'.i'—il I6 (OCTOBER 1995)

Automatic Synthesis of Compression Techniques for
Heterogeneous Files

WILLIAM H. HSU

Department of Computer Science, University of Illinois at Urbano-Chornpaigrt, Urbana, IL 6i8t}i, U.S.A.
{'ernar't'.' bitsn@cs.rrinc.edtr, voice: (2I7J 244-1620)

AND

AMY E. ZWARICO

Department of Computer Science, The Johns Hopkins Um'ver.rity. Baitirnore, MD 2}2I8, U.S..-1.
fernor't'.' an1y@cs.j!'m.edu, voice: (410) 5E6-5304)

SUMMARY

We present a compression technique for heterogeneous files, those files which contain multiple types of
data such as text, images, binary, audio, or animation. The system uses statistical methods to determine
the best algorithm to use in compressing each block of data in a file {possibly a dilferent algorithm for
each block). The file is then compressed by applying the appropriate algorithm to each block. We obtain
better savings than possible by using a single algorithm for compressing the file. The implementation
of a working version of this heterogeneous compressor is described, along with examples of its value
toward improving compression both in theoretical and applied contexts. We compare our results with
those obtained using four commercially available compression programs, PKZIP, Unix compress, Sfttfiif,
and Compact Pro, and show that our system provides better space savings.

KEY WORDS: adaptivetseleclive data compression algorithms; redundancy metrics; heterogeneous files; program synthesis

INTRODUCTION

The primary motivation in studying compression is the savings in space that it provides.
Many compression algorithms have been implemented, and with the advent of new hard-

ware standards, more techniques are under development. Historically, research in data com-

pression has been devoted to the development of algorithms that exploit various types of

redundancy found in a file. The shortcoming of such algorithms is that they assume, often

inaccurately, that files are homogeneous throughout. Consequently, each exploits only a

subset of the redundancy found in the file.

Unfortunately, no algorithm is effective in compressing all files.‘ For example, dynamic
Huffman coding works best on data files with a high variance in the frequency of individ-

ual characters (including some graphics and audio data), achieves mediocre performance on
natural language text files, and performs poorly in general on high-redundancy binary data.

On the other hand, run length encoding works well on high-redundancy binary data, but

performs very poorly on text files. Textual substitution works best when multiple-character

strings tend to be repeated, as in English text, but this performance degrades as the average

CCC 0038-0644t95t10109'?-20 Received 20 April I994
©1995 by John Wiley & Sons, Ltd. Revised 5 February I995
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length of these strings decreases. These relative strengths and weaknesses become critical

when attempting to compress heterogeneous files. Heterogeneous files are those which con-

tain multiple types of data such as text, images, binary, audio, or animation. Consequently,

their constituent parts may have different degrees of compressibility. Because most com-

pression algorithms are either tailored to a few specific classes of data or are designed to

handle a single type of data at a time, they are not suited to the compression of heteroge-

neous files. In attempting to apply a single method to such files, they forfeit the possibility
of greater savings achievable by compressing various segments of the file with different
methods.

To overcome this inherent weakness found in compression algorithms, we have developed

a heterogeneous compressor that automatically chooses the best compression algorithm to

use on a given variable-length block of a file, based on both the qualitative and quantita-

tive properties of that segment. The compressor determines and then applies the selected

algorithms to the blocks separately. Assembling compression procedures to create a specif-

ically tailored program for each file gives improved performance over using one program

for all files. This system produces better compression results than four commonly available

compression packages, PKZlP,2 Unix compress} Stnfilt,“ and Compact Pro5 for arbitrary
heterogeneous files.

The major contributions of this work are twofold. The first is an improved compression

system for heterogeneous files. The second is the development of a method of statisti«
cal analysis of the compressibility of a file (its redundancy types). Although the concept

of redundancy types is not new,“-7 synthesis of compression techniques using redundancy

measurements is largely unprecedented. The approach presented in this paper uses a straight-

forward program synthesis technique: a compression plan, consisting of instructions for each

block of input data, is generated, guided by the statistical properties of the input data. Be-
cause of its use of algorithms specifically suited to the types of redundancy exhibited by

the particular input file, the system achieves consistent average performance throughout the

file, as shown by experimental evidence.

As an example of the type of savings our system produces, consider compressing a
heterogeneous file (such as a small multimedia data file) consisting of 10K of low redun-

dancy (non-natural language) ASCII data, 10K of English text, and 25K of graphics. In
this case, a reasonably sophisticated compression program might recognize the increased

savings achievable by employing Huffman compression, to better take advantage of the fact

that the majority of the data is graphical. However, none of the general-purpose compres-
sion methods under consideration are optimal when used alone on this file. This is because

the text part of this file is best compressed by textual substitution methods (e.g., Lempel—
Ziv) rather than statistical methods, while the low-redundancy data‘ and graphics parts

are best compressed by alphabetic distribution-based methods (e.g., arithmetic or dynamic

Huffman coding) rather than Lempel~Ziv or run-length encoding. This particular file totals

45K in length before compression. A compressor using pure dynamic Huffman coding only

achieves about 7 per cent savings for a compressed file of length 42.2K. One of the best

general-purpose Lempel-—Ziv compressors currently available” achieves 18 per cent sav-
ings, producing a compressed file of length 37.4K. Our system uses arithmetic coding on

the first and last segments and Lempel—Ziv compression on the text segment in the middle,

achieving a 22 per cent savings and producing a compressed file of length 35.6K. This is

a 4 per cent improvement over the best commercial system.

" This denotes, in our system, a file with a low rate of repeated strings.
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