. u & . v
N in relatidn to the selected microprocessor and the use of a
hardware table look- up for searchlng is examined

o
;& t

T use of a multi- 1ey%l dictlonary for .text data
compre551on has been suggested in the literature. In this
thesis,” a two level dictionary has been cocsidered in the
context of mieroprocessors-“\ The ; befformance of a
.qomgpeséion' scheme ' is studied by means of the coding time,
the compressionloratiq, "and  the acbesses to ' the zEwo

dictionaries. The effect of the size of thé‘firsb level

' dictionary on the yeeﬁférmance is examined A typical‘
- “implementation &f the second 1eve1 dictlonary using CCD’
aef e (charged coupled\deyice%ﬁend.its brganizabion are studied.
' v . The final part of this thesis is  concerned with the

2

« - . M B 'k ¥
observed ‘fregfendy distributions df.wdgg\iijgﬂggxs. Word

'~ fragments or grams have been studied by several authOrs in

L]

= different contexts., 'Thls thes1s examines the dlstribution

'y o "

. of word fragments for various values of "nt in the light of"

‘average word length of -the d?ta set, the threshold value
%sed in accepting or rejecting an:n:gnam; the sample sizej.
and the subject contents of the data sets. It is found that "~

a maximum or a peak occurs in the distributions between n=z4
and n=5 irrespective of the size of the data set, of the
.. threshold .frequency, of the average word ) length and

irrespective of the subject content of the data set. ' ¢

’ R [
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' CHAPTER I

INTRODUCTION

Most information'systemé require-direct access to 1large

-

data béses. ] " Sueh large data bases impose high storage and

maintenancge' costs.' In view of the "informatiqn exglosion",

}

data compression ?eoomes more important when large amount of- -

-

data is to be stored or transmitted.

The cost of storing data is a signlflcant part ‘of the-

total computers system cost Tth cost is composed of the
direct charges for the shprage media, such ms disk devices,

as” well as' the costs of transferring the data to and from

local and remote storage devices. Datg compression results

~in cost savings by reducing the amount of storage.required
: N -

to store data files. .In addition, data compression: methods
may enable more efficient information-retriéval operations

as well as more economical ‘transmission of large amounts of
. ; N _ ’ )

data over computer networks.: ’‘There are severél‘hypé5~of

data compression techniques and some of them are discussed
. R , o

and summarized in this thesis. i ‘

) ‘ .nl . ""’.‘_ R

In the past;‘researchers have‘spudied data'ponbression

in different éppiication fialds such as:
. . I

— . . . . '

.
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. files

" [Zipf,49] has shown that the distribution -of words or

o

1) signal. data compression
&#

-

2) text data compriession

3) image haﬁa‘ccmpression

[y
[

~

In this research, we are concerned mainly abqut text

a

data.compressiorn., Text data coﬁpression has been studied by

several authors with respect to library and
\

Text!compréssion is achieved

business
[Heaps,75], [Ruth,72]..

by reducling the intrinsic redtﬁﬁiﬁﬁy of stored’ te/z.‘\ Zipf

characters in a large text 'sample is hyperbolic, . .and

[Booth,67] ingicated that 50% of the différent terms occur

only once, 16% occur only twice and 8% occur. only three
h “ .
times. These vocabuiary ' characteristics are useful. for

bhiLdingnan\efficient'féxt compreésion module.

~A‘deééée aéo or so, minicomputer abplications(fended to

be primarily in instrumenﬁaQionw test and control systems,

Originally distinguished f#om Beneral-purpose main;frames by
tﬁeir size, p?ice, function specialization,'ahd apsénce oF a

solid ‘software base, minicomputers were often sold® as
control components of other Systgms.

~Then in' the early 1970's, the micrécombutef.was born.

3

LSI circuit technology .has allowed microcomputers :_tb

increase performance 'to where. today their dapabiIiiies are

.

V -
’ . N > . -

. E N . - -
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. 0
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almost¥ boundless. M‘icrocomp,uter's gained popularity a‘s
. \ 1 4

componen{? in word processdfs, data entry terminals, and
data communications equipment. They are versatile and have
stand-alone capabilities. 'Microprocessors.are proving cost-

4

effectiv% for a nuymber of applications and as more

experience is géined' heir applications will broaden.

The 9bj~

" of the use of general-purpose microprocessors for dictiona(y

“

based text data compression.
N .

- T B} : ’ )
Two classes of data rates may be distinguished:

(1) High data rates in the order of mega bits per second -

They occur in the transmission of TV ' Signals and in data’

«

transfers with high speed disks.

'(2) Low data rates in.the order of Qeqs'br_thousands of bits

per second = They' occur in on-line transmission of data:from
: L]

a

manually operated keyboards. ' ‘ .

B

¥
Due- «to'their low speed, éeneral-purpo&eumdcroproéessoré

are not diﬁectly suitable for high data rates [Lea;7Bj.

This thesis cpnsideﬁs their applications to cases where low

n

, data‘ratesmare common.' For .this stﬁdy, a dictionary » based

.tex£ . compression scheme, a coding algorithm, a general-

[y o

“purpose microprocessor, and a set ot eﬁperimeﬁpal data’ have

been ,sgiected. The encoding- time has been anaLysed-

[

empirically and performance curves and tables are presented.

v - .

q ,‘ . . A :
. , @,

4

of this thesis is to study the:feasibility

1

7 A PUDY B A S | e ST AT T W AR R LU B S RO




L
|
|

.

- am !

-

°

Another part of this th%sis considers the“impieméntation
of a multi-level Qietion;ry proﬁosed‘byw[Héaps,773. When
microprocessors are employed ﬁhe size of the first level
dictionary versus thg performance has ‘been jexamined as
controlled b; the followiﬁg parameters ‘1ﬁ"

A -~

- hit ratio
- procéssiﬁg time

- compression ratio
. \ !‘
»

‘Two different experimental data sets were used and the

v . \ .
results are compared. The o¥ganization of the second level

a

dictionary is-de§cribed as implemented on a CCD. The cost,
organization and  performance of such a model is discussed

and a multprocessor architecture is proﬁosed.

The last part. of ' the theéis is the study of. word

¢

fragments for .data cguwpression. Statisties of word

.ffagMents or n-grams of ﬁgxtual words have been studied by -

several . authors [Guptal??], {Suen,791. Most of these

styudie¥ have used large,experimental data basesy‘ahd hence

.were limited to n-grams with "n" varying up to 5 characters.

In this thesis 4 compromise is adopted between ‘the largest

‘"n"  examined and - the data size. When "n" is increased

L]

'sufficiently high, the number of different .n-grams .firs§‘

P . - ‘
increases, reaches a peak, apd then decreases. This

‘phenomenon has been- studied as a functiqn of the following

’

parameters: : ' ' . I

»
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1) Average word length of the data base

2) Threshold frequency used in acceptxng or rejecting
an n-gram R ‘ N

3) Sample size '

[

4) Subject matter of the data base
(technical, general, etc.)

P

The thesis is organized in the following way. .In
Chapter‘II a. literature survey of data compression is

presented . along with definitions of terms commonly used in

. 'y “' o \
Chapter III describes three data sets which were wused

data compression.

for tgsting the coding algorithm and building the necessary

dictionaries.

Cnapten IV contains .a discussion on fext data
compression and the desaription of three encoding algorithms’
ueed for text date"compression.‘JThis'chapter discusses the
two level dictionary structure u%qu the etorage.
requinements of théee ,dictionaniee, and the accésses to
them. "Results for tQO'gif}erent data sets areupresenhéo and
discussed.a |

4

Chapter V con31ders the applications of mldroproceSSors'
for data compression. Several contemporary technologies are'

described. An organizatlon of the second level dictionary

‘'with | CCDs (charge coupled - devices) 1is dlseuseed. A

x

'multiprocessor "architecture 'using CCD 'is pfopoeed ‘for

<
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on-line data. compression. Considerations in on-line data

r ]

compression with microprocessors are discussed. = An

experiment performed on MOTOROLA 6800 is presented and

[y
€ ' «

‘ 4

results are discussed.
; |
Chapter VI contains a study of the application of

n-grams for data compression, Several’ experiments were
performed and results are presented. T

. . :
© - (
'

e
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CHAPTER II

DATA COMPRESSION: A LITERATURE SURVEY _ R

U \
'L

2.1 INTRODUCT ION

Most computer-stored information contains . redyndant

3

information and compression of data is performed by

remoﬁing, either partly or ‘totally, the redundancy that
y :

ﬁight be present' infjthe datd. As the amount of data in

computer systems and in communication between systems such
. ' - 1 v A‘l .-
as 1in computer networks increases, data.compression will

become more and more useful. N

*

.Compreséion of stored or transmitted data is used

because of the following advantages it probidés: ¢

vy .
r

1) potential increase in transmission
.of data for .a given channel capacity

£ ,
2) reduction of physical storage space of a file

!

3) increase in capacity in mass storage devices,
.chahnels and communication lines .
. . 1 .
13
.-

4) cost savings'

P

'5) other related benefiﬁs‘sudh as security

In dictionary based daté eompfession;systems; a set of

codeable data units and their codes are stored 1in.’‘one or

‘" 1

]
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N,

. A
more dictionaries. When theser dictionaries are accessed

very often, it becomes necessary to store them in relatiVely

j :
faster dccess memories and such a necessity may be construed

as a "storage overhead". The compression "or decompression

process takes a finite amount of time and tﬁe increased CPU

>

time required for these operations is the price one pays for

L .
o)

. ‘o ) '
"storage overhead" and "time overhead” iare, the two

.data™ compression and is known aS$° "time overhead". The

disadvantages of data compression, K

Different types of data are used in data compression and
they may classified into the following three categories
, 1) signals C ‘ ' .
" / R - .
‘2) linear strings

3) structured data_

-

SIGNALS L

\ Transmission of signals in.digital form is more .common

today  than "in  -the past.  When analog signals are

encountered, théy are sampled and quantized into discrete

levels to “transmit them in digita} form. Seismie signals,

speech signals, TV sigqals are some examples of this data

Al

type.

et e

|




LINEAR STRINGS

This cétegory‘ includes numfric ana alphanumerié data.
'They are trfngs‘of éigits, characters Qr symbols * whieh
appear in general written texts, ﬁﬁsiness filés and in
specialized data. such as computeresource prdgrams and object’
programsl Reagndénéy and the non-uniform frequendy Qf ditan ¢
units in written texts f[Zipf,49] are explqitedd for

: Y
compression of such data:

STRUCTURED DATA

This class refers to two or multidimensional Structured
data types such as "~ line drawings, images, gnaﬁhs
flowcharts, maps;' two-tone pictures ete. It hay also be

combined with written texts as in newspapers, technical

N
- °

papers or‘"yeliow pages" of a phone book.

2.2 TERMS AND DEFINITIONS | S

‘

In this section, some commonly used' terms 'in data
, - 4 . W

compression are described. : L .
CODEABLE ELEMENT -. s a unit or subunit of the given data

type  selected for coding such as a word, phraée, n-grams or “ Ca
fragments, or a run of identical symbols (e.g.'bbb or 000),

which is gonvenient‘for the process of compression. -

Y

CODE -~ internal'code assigned to a codeable element. Codes -~
may be of variable or fixed-length. . VariableQIéngth ébdes,

L4
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[

such as “Huffman ~codes require éomblexl algor;thmé for

décdding\whiée'fifed—length codes are easiér to. process.

i ) . ' .
Between the two extremes, of fixed- lerngth and variable-

length codes, there is anqgther method of assigning codes to
. . ) \

a codepble element, which is known as freﬁtridted variable

length" codes tRamam,SH]., It is 'a compromise between’

Huf fman codes and. fixed-length codes.

DYCTIONARY . -. 1list of codeable elements with their

~ corresponding codes as used in a compression scheme.,. This

»

dictionary is' referred to during ﬁhe'coding and decoding

process.

ENCODING}DECOﬂING‘- encoding is the pgocess of geﬁerating
the compreSsed‘ data from the, originél data and decoding
refers to the ;eigrse p;ocess. The execuiion time of these
procedures constftuteS‘ "time 'qverhead"--in a cémpressioﬁ

schenme.

e

.COMPRESSION RATIO - it is defined as the ratio of the number
of bits or storagp units in the original data to that in the
cohpressed data. This ratio is highly data dependent. Alsc .

it is influenced by the dictionary and the encoding process,
LI i )

’

L3

REVERSIBLE/IRREVERSIBLE COMPRESSION - reversible compression
.is a technique in which the original data can be reproduced
from the code. Irreversible comp%esgion is a tebhnique in

which the coded information cannot be reproduced. . '/

t
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o

INFORMATION“DESTROYING/INFORMATION PRESERVING COMPRESSION -
in the case of an information-destroyingffompression scheme,
the data not relevant to an application are suppressed from . ;

«.transm1531on and storage. Obviously, this requires a clear i n;'P
v' af., ‘\

-artlculatioh of the user needs and a ?eans of communicating

' .
- LN " 1
it to the "data compression $ystem‘. In the information-

presérving compression shceme, ‘no data collected is

dLscéﬁded The informatidn—destroying séheme depends on the

property of the user of the informgﬁion and it‘ is popuiar
with 1mage data compression.- An example of this. scheme 13

the: class ofﬂtfapsform methods. N

REAL-TIME COMPRESSION - é real-time compression system is
‘one . in which .the input data enters'the!compdteﬁ directly g
from the point of ‘origiqptioﬁy it is theh -eomp¥éssed

"immediately" and the compressed output data are transmitted . °

directly to where they are used. An example of tfeal-time

compression 15, the compression of satelllte data, in which
1arge amounts o6f data” have ho be transmitted at very high
rates from a satelkite to the ground gtatién without much }/,

storage on-board the satellite. "

. { “9."*" ; .
. COMPRESSION’ schMEs - a eompression SChemeuis a method used
"to colpress a given data éet The ﬂgllowing arevthg four

general®categories of compression schemes 'used ‘im data

=

compression : . . ' N -~

L

. R v
| e R 7 a8 Vi, A AR S AT G L v St B RTT e o e e e £742 1T WY IR ek, e - il Y r—.ﬂm«awmms~4




S

i

8T - , \

12

|
1) Dictionary based suQstitution’: \

codeable elements ﬁn,the dictionary which éppear in the file

°

to be compressed-are replaced'by the cprrespondtng code of

|

the codeable ‘element., Examples of\ algorithms based on

1diétioqaﬁy based encodihg “are "LONGEST MATCH", "MINIMQ@

SPACE" and “LONGEST FRAGMENT FIRST" alg@rithms’[Schue,ju].‘
. . { ,
JEE N . —_ . { . |

" 2) Run-length coding : ) . .

A

- . ) | ’
" 'This scheme replaces a sequence or a run of identical values

P d
s |

by a code and | it does not require a dictionary. Null

~

Suppression and Pattern Subﬁtitqpion.éye eiamples of such

coding schemes [Arons,77]. ‘
1 % ' \\

3) Differencing (6e1ta.modulation) :

!

A sequence of data valués are considered, in this method.

L

The i-th data value is estimated as a function of the past

(i-1) data values. Then the difference between the actual °

N

and ﬁhe predictedyvalue, which generally rEquires fewer bits
‘ ' ol

than the actbal data value] 1is transmitted or stored

|
!

[Got11,751. o - o ,

4) Transform methods : . e

\Thisl class of compression methods are ibased on liheaf
&tranéformations.‘ A well Known traﬁsfgnh method, for which
N

even sbecial electronics : hardware has been deviséd, is

Fourier transform.




2.3 TEXT DATA' COMPRESSION 0

‘Thé present  section is concerned primarily with

‘compression of textual --data appearing in documents or
]

abstraéts and in légal, medical and library information
B . L]

systems.

Natural 1anguagé texts réqbire very high capgcixy of'on-:
line’ stofage and there is a rapid inecrease in the number of

systehs:handling such paierial.‘ Th%s’stoéage can be costly
and thus a method which. Fedpdés ‘the storage space is
desirable.n - /’/

I/ . ,
/ A natural language, such as. English, is highly redundant

and it- is therefore beneficial if some of this redundancy

cpuld be rembvéd and a mdfe compact representation of, the

v b

‘ éﬁxt ;tored. Text compreSsibn is achieved By reducingjthe
&nﬁrinsic redundancy af sto}ed text, Text “strings contain
céqsi@erable redﬁndancy dﬁe~bto the diSpargte .fréqueﬁfy
aistribuﬁion of characters'énd words; In a suffi;ientiy
large Isample ~of Enélish text, if the different wordg are
ranked . in ldescending order of their frequencies ' of
océurrgnce, it is fouﬁd.that,the word of rank r ‘occurs with
a‘pfobability P that is given'app;oxiéatély b& the equation
p- = A/r Qwﬁere A ;s a conStan@ that depqus on the 1enéth
’aﬂd type ofifext. This eduation is known ;s liipf Law
[Zipf,491.  The fFfequency-rank distribution is hyperb&lic

which'imblies that 50% of the different words in a data base
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K

occur only once, 16% occur only twice and 8% occur only
three ‘time [Booth,671]s Another characteristic of text data
bases is their property with regard to growbh of vocabulary.

If the data base has a total of N 'terms, then as N increases

-~

the ‘number D of different terms increases according “to the.

formula [Heaps,?&]

-
.

D = KNB .

[N R e

.where K and B are g&ggtants whose values depend on the

i
& Dk

particul%r data- base.  Thus . the vocabul ary grows

\ . . ) . P -‘~_‘
.logarithmically .as a function of the data base size. Zipf

"law and the logarithmic law are therefore very useful .for

pfédictiqn of data'base characteristics and” for estimating

the efficiencies of various’ schemes for compression and

~

coding of text' data pases. - " o )

Language elements and coding ,ﬁ
: . C 2 S
. Im. text 'compression, the Jlanguage elements-that may
constituté a dictionary may:be a natural unit 1like a word or

it may be some arbitrary fixed or variable length characﬁer

string éuch as phrases, fragments(n-grgms) and messages.

Each’ of (%hese’language”elements has'its own advanéaées.and

—

¢isadvanf§ges as codeable elements.

- »

‘When constructing the Qgictionﬁry,' a choice exists = . :

‘between fixed-length and variable length codeéble:eléﬁeqts;

In the case of fixed%lﬁngth elements, the language elemeqts

-

may be single characters, character strings or bit'patterns

-

a

o £l J
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re

: of fixed; length. Usually, .a variable:\length céde, Ju?h as
Huf fman code,' is assigned +to éhe fixed- length elements..
Since processing variable-length-bit strings requir%s more
processing time than }ixed-lfngth elements, variable-length
codes are used only wheP storagé space, not proéessor time

1y
- 7

is_ the main concern. #«
. ) 7

The use of .variable-length 1language elements . for
. : » :
compression is common. They may be selected to be words
[{Heaps,72} or some other convenient set of variable-length

‘character stfings. Word-stems and suffixes have been

' suggested as langudge elements {Schue,63], [White,671, as

well as.a.combination of words and word phraseé [Schwa,6T7]1®

¢

After the set of codeable elements are identified, codes

» must be assigned to construct the dictionary.

LI

- A .
Textual words are natural units considered fOﬁ}encoding.

In general, the distribution of words in wripted texts

follow the® Zzipf's Law. In order .to obtain optimud |

compression, variable-length codes have been considered for
encoding  the ﬁextual words. However, it is well kndﬁn that

variable length codes are difficult to mahipulate' Qith the

" -conventional computer arqhitectﬁre;‘ Although word coding

with variable-lengfh codes provides optimum ‘compression‘,it

has ‘some disadﬁantages: A disadvantage of word epcodgné is

- that it requires a 1a§ge dictionary that is highly data base

dependent andkugqus with each .update. Hence encoding and

. .
. ' -
. . ; .
. . Pl a *

- a ‘
, ' ) 1
}“(h '

R ORI



u’varlable-lengt

*erms.thére is no saving in storage.

- » ¥

. decoding .are slow in operation and expensive in storage

. \ 7
requirements. \a

o

A éompromise between variable-length codes (yariable at

bit level) and fiXeé-length codes, 1s the use of restrictéd"

variable-length codes. This coding scheme.was proposed‘ by
[Heéps,?ﬂj aﬁd -is baséd on the frequency of occurrence of
words in a text data; base. The coding.- scheme may be

[

described as follows:

Let N1, N2,........., Nk be a sequence of increasing

positive integers, and. suppose the most frequent 2%*(N1-1)

?
terms in the dictionary are assigned dlfferent codes, each

.of N1 bits, of which the first bit is always set to.1. The

‘ -~

‘next most frequent 2%¥*(N2-2) termsmln the dictionary are

assigned different codes of lenéth N2 bits in which the

first bit is always 0 and the (N+1)th bit is alwdys 1. The

codes will Qe assignedﬁiﬁ this fashion and there may be up

3

to 2**(N1 1)42% % (N2-2)4.0viveennnn +2%(Nk-k) Such d%%tionary

\
!

~terms As mentloned by [Heaps,70], altHbugB’ restricted

codes allgw - good -overall -compression of

M . > .
data, they have.several disadvantages. These disédvantages

i

are° the same

{ - Ce C
“are applied to words. On€ of them is for the same reason as

?

‘for variable-length 'codes that is the coding of infrequént

*

Fixed-length codes” are easier to- ﬁanipdiate during

decoding and ‘one .tends to use them. However Information

-

"

for variable-length codes since these deesz

\

-

- ) &
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.Théory requires that in order to obtain optimum combress{dn

. ® / with fixed-length codes, the associated °£§nguage _element3

set of dictionary elements which occur with "approximately"

equal frequencies- in the data has ‘been® considered.

Obviously, natyral units like words ar,e‘rul'éd out . by this

-

approach, since their distriﬁutioq'is far from being uniform
{zipf,49). Even aébitrafy‘ fixed-length character striggs
ate eliminated, since it is iméosaible-to,findVSUGh;a set
with equal fregquencies. Hen?é, the dibtionaéi will b&%ﬁﬁSEQ
of 1inéuistica11y meaningless, ;variagle-length character

Y ‘ \ ! 7 *
strings. _They can be selected to possess the ' property of
o . ) , : e . .
equifrequency [Clare,72]. NS i

- , . - ~— \ '
cee Coding methods. with the use of fragments as language

L - ; ' * elements ane-attractiye because it allows the use . of fixeg—

@

~

*
%

b dig}iogary of fragmehts.' Sev'eral metbods of:Fodiqg such as
v, ‘ﬁiﬁiMUm ‘Sp?qg,f Longest :Fnagmgnt' Firs£ and Longest Match
algorithﬁs have been studfed in_tgis context [Schue,74],

L _ - e TR P
SELECTION OF CODEABLE ELEMENTS ., o
‘- L )

. ‘ “ , \ .
The selection process. for . codeable elementst is -a

-—

¥ 4

: coop
o represeneztive~ text 'sequentially * and
! ' L ' ' g o ‘ - ’ v

L ]
determining the

mhét‘ocdur with e&gal probabilities [Reza,63]. Therefore, a.

<t length codes ‘and' reduces éoqggderably the - size of_tne'

e % dictionary.  This method  'simplifies the operatidn . of

,préprpcéssing phase. This prdcesg consists of’scanning:a
[ : : . L

.

' ‘o decoding since the code may be used as an index into a °

RN
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{ o
language elements which will ,constitute the dictionary.
'From thg implementation point of view, it is advantageous £o \

R 4l
restrict the 4maximum length of a dictionary element. to be

. . ‘:compatib}é with the computer's word length. The f;equenqy
of ocgurrence of the codeable. element ';n.the data base
should exceed a certain thresholi value for it to be -

© . considered as _a dictionary element. It is obvious théﬁ_a
character string or wofd which occurs‘only once of'twice in
the data base should Hdt be.included, sincé the savingé in

3

storage sbace would be insignificant. 4

.

In éext compression, many types of codeable elements,, .

such as words,’ fragﬁ;nts ‘(text or word) and phrases or a

N . ' ‘combination of them, may be chosen to code & given textual
data base., There is a bpoblem.in.determinink which type-of.

. 'codeablé elemént'wodld yield the .best, compression for. ar

v

<

. N , i\ - '
. particular compression technique. The problem of finding a
. ) - T @ )
_ suitable dictionary'. for compression . coding has been
- discussed by [Schwa,631, [White,67], [Heaps,721, [Clare,72],

'(Schue,731, [McCar,73], [Rubin,76]- and [Schue,76]. . ‘In a
. text cgmpression scheme the @ainﬂéonéern.is the oteatidn of

the dictionary. ' S . - <

t

b

MACHINE ARCHITECTURE FOR COMPRESSION i
N\ o L -

‘

In the past, text compressbr/decompressor‘ mo%gles have @ .
. » - ’ c ’ “ N '

Lo . ' been "implemented "entire;y. in software. Hoye#er, Lea

1Lea,76], has consfdeéed'the applic‘ﬁion o6f special purpose

, . .
- » R . . ! »
# ‘ 1

. s . .
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hardware with in associative para}lel processor, .for text

compression and ' decompression  tasks. Time spent on

®

compression and decompression routines implemented via
3 4

hardware 1is., smaller by a factor of 1000 than pure‘séftware
;ﬁblementation‘[Scpue,78J. Léa[s' machine architecture dis
well sqiéed for 'fragmenp: eﬁcoﬁing‘ and decoding. The
implementation of compress{on tasks. via hardware has not
\' been widely ;tuaied up. to now bﬁt ié'an attractive solution
for reducing <the coﬁphtér time qaken by the compregsion : and
decompréssi?n iéut}qes. K o . \\{

“ppricarronsl oF TEXT DATA COMPRESSION .. -

~

such as the following: o . c

i « 7 t

_ 1) Business files '

>

4

'Compressihn of‘large_business fil§s ﬁas . been discussed
in [Rﬁﬁhl?Z]. One characteristic of —thelyusiness.fileé
(e.gf;cﬁétoﬁbr‘orden'feoord), is thé ‘lgrge,hpérgentagef of

’ eros "and blanks. contéined,‘in 'the records. Also,. in

> ., -business records, all characters of all  fields are

—— tolerated. ‘The data must be reconstituted exactly. Hence,

compression techniqﬁes which. ‘achieve compression by

I

.

pqnmangntly discarding portions of the data cannot "be used

+ for bUSines§ files. These files are usually quite large and
o & . ' L
hence compression.can reduce the storage and transmission

' v

Al : w .
L. ) . T
TN ) - ‘> ’ .

e
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) Text data compression Ihas many areas of applications~

siéni@icant, £herefore no 1loss’ or chapgé of data can be
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coSt.
2) Compiler messages

' Compilers include an extensive body of diagnostic
messages. ”These.messages have several common ‘words ano
pnrases, which could form thelcodeable dictionary. . Thi;
approach was founo to reduce storage 'space.” A number of'
techniques have been used to m1n1mlze the amount of storagev S !
required by these compller messages [Wagne y731, [Hahn,72]

A method of compressing dlagnostic messages for compilers ’
e o through selectlon of words or phrases is discussed 1in ",. 5

. [Ra@ha,77].

3) Transmission.of computer programs

Computer programs, such-as COBDL source files, oontain
. some kind of redundancy. The language ‘in which™ it is
'writt(n’ahaS' keywordS' wh1ch repeat qulte often all through
the program :fhese programs which are stored on. secondary _ ‘ .
storage dev1ces have to be transmitted e1ther to the central.
prooessor or to several dlstant looat;ons 1n a netwbrg '
organizationJ‘ ComoneSSion 65 }nese progr%ms is desirable to', . :
save transmission cost and storage{ .Thé’ oompression of a A l P
°COBOL' source file has achieved a compression ratio of 5.91

and a. storage sav1ng of 82% [McCar,73]”

4
¥
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4) Addresses and proper names ' - e
. : y

. . *Given names are common items\gof information in many

information storage ‘and retrieval systems. Names - and
addresses are usually part of customer records 1in business

files, This information if compressed would yield savirgs

in storage spaeé. Walker [Walke,69] has considered

°

compression of naméq by x-grams, ‘ ' ‘ 4

. N ' . . \
5) Library doduments
‘ : /

! ' . . . f - .

' Library documents' .data bases are largﬁ’ in size and-

economic skorage of such data bases is a problem. Different
'techniqd%§ fpf compressing such files have been discussed in

;e

"the past literdture [Heaps,74], [Schue,75].
© _TESTING AND COMPARISON OF DATA COMPRESSION METHODS ' o

Severél types of compression methods have beéh discussed-

”ip the past and the performance of each method has been
studied ang comparedl in i[Arons,77];’b [&ﬁhge,?&]. The
.pgfqumance of - déQa‘ compression methods, differS'both‘in

”ﬁermg of percent reduction and cohgutation time, Aronson
has. éompared the performance of several ‘compreésion“

o techniéues only in terms of percent of reduction. He dia

. . '_qof conside} the computation time. It isnto be noted that:-

¥

more éomplex methods that require more computation time can

l‘

VAN not be 'equated to simpler methbds, such as the digraph .
. methods of [Snyde,70].
. 14 ’

» . o ' .

s
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2.4 SIGNAL DATA COMPRESSION s
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’

' Schuegraf [Schue,74], has" studied the performance of
three fragment oriented compression techniquels such as

Minimum Space, Lonéé§t Fragment First and Longest Match

algbrithms. "He' found that all three algorithmé perform

equally well as far as compression ratio is concerned. In .

terms oﬁ computing time, xthe‘longest match algorithmeas
found to take the least amount of computer time due to its
// ' J [
simplicity. ¢

-

Electricél. signals whose amplitudes vary as a function

of time hayé'been widely studied by Communication Engineers.f

This “typé of .data are encountered in the.transmission of

e

. speech signals in telephohy and video signals in }ele?;sioni

a

or facsimile. By means of linear transforms, like Fourier .

-

t

domain and . analysed for transmission or processing..

‘Research in compression of signal data dates back to' the

& . ., . ' . , .
early 1950's and an excellent collection of the results are

found in the Proceedings of the IEEE, March 1967, a special'

issue on Redundancy Reduction. S e

. In television and speech applications, ﬁhe//iignals

_obtained from transducers are analog signals. The analog

signals"ane, converted ito' digital. form by sampling and

‘quantization for transmission ‘*and processing. Basic
. A -

cggcebtq and problems 1in digitization and transmission of

-

.k

N

Transform, the signals may .Dbe éransformed to frequency

PO SP—




)

23

_digital signals are'found in [Kall%?S]. Studies -p signal
data 'cqmpression have bgen “in. two ‘major girections: a)
Reduction of band and width, (b) susceptibility of the
reduced signaﬁ to errors in transmission [Gucci,ggiﬁ in
data communicétions,rreduc@&on of data or data compression
leads to banéwiath reduction and‘ hénée ‘the terms data
édmprégsion:and bandwidth combression are used more or less
syﬂénymously ‘ Several doctoral theses have been wrltten in
\ the areagof bandwidth "compression of television signals‘
[Cherr,63]f '

?

IOQe of the popular methods - used for signal data

. compfegsioﬁ iS'ﬂrunflength coding™. A detailed‘study of the o
theory of run-lengih codés, standard runJIengths and fhéir
relations,‘to run—lenéth : probahilities :are . found in \
[Cherr,63]. ﬁuﬁ-length coded data is more §useeptiﬁle to
noise. than the uncoded data and the "run" information Has to,
be ‘protected againsﬁ the -channel noise. Two-tone or blacg . | .
and white images with only two 1levels of brightness are |
common in facsigiig transﬁissi;n of hand-written business . R
documents, engineefing‘drawzééﬁ, newspaper 'pages,: weather

‘. maps and finger printjcards. Efficient codiég tecﬁniqqes
for comﬁfession ofutwo—%pne images hajel been studiéd by

i
(Huang,77]. . . S . !

ot

Another commonly used method for signal data compression

is based- on the 'principle of "Differentiél Pulse Code -

’ ' Nbdulation or' DPCM" ., Suppose the signal ‘is changing slowiy

. \
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1

t

! o . . .
with time. Then the difference between two successive

_ signal - samples will be smaller than the abéolute value of -

~ the.sigﬁal.» Let x(1), x(2),...... be the signal values at
, . ‘ - ]
the sampling times't = 1, t = 2 etc. "

i

$ = x (n¥1) - x(n).
For slowly varying signals
[6]< |x(n)]

18]< [x(nen)] - .

By transmitting 5. or . some approximationg to d, which
will require fewer number of bits ﬁpan x(n+1), d4ta
N i / . * ’ - -
compression can be achieved. In the "predictive techniques"

of DPCM, x(n+1)-is predicted as a function F of ' the past

'y
K

values:

X(n+1) = F(x(n), x(n-1), x(f=2)....)

R(n¥1) - x(np1) ; Lo m Ty

Y

4

'The"ﬁredictor_ function F 1is known:  a priori both to the . -

transmitter and the receiver [Habib,?S]{

In almost all methods of signal data compression, the

.feedback information has been used to obtain a new class of

"adaptive methods". “For example, the use of adaptiye DPCM

for Speech data compression is discussed in [Rosen,?ﬂ], and

‘

other adgpﬁive'methods are -surveyed in [Mark,74] and in .

e M ek o i e £
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e
’
»

[N611,751. A | A , B

0 ’ ot e
R

+ In ¢omparing - signal °compression’systems; the fapio of

" the power of the signal—tofqubntizatipn noise has been ' used

as a main criterion [Rabin,78]. ngever;/the compression -

. ratios, in the order of 3.3 to -1 or 5k to 1, have been

ireported in some cases [Huang,77j. In all these

appiiéations "réal-time" neeéé have .Qeen asgsumed. . This-
implies ' that .signalk from transducérs are encoded by the
travsmitter without "much" delay and~decoded’by the'feceivér
at' an acceptable rate. Signal speeds of a few;kiio Herii in
speech signals and ‘a few megga Hertz ih visual signals are

commonﬂf The techniques of run-length coding‘and—?PCM have

been applied also to text data compression [Smith,76].

Cherry concluded in [Cherr,63] -that 6ompressiop of
signals- is 'very largely a problem of technique, of ’
instrumentation, rather than ‘q Lthéoretical problenm ‘of

principles. In mass communication of visual and audio

signals, the receivers are with the common men. Hence, the
% : ' ) !

receivers must be inexpensive, reliable, and simple to .

3
e,

'pperateu "Develgpments in LSI technology offer newer -

solutions ta these' problems [Harte,75), [Guthi,78]. ,

' . . !
. N ‘I v

An image is a more general data type ‘than alphanumefi§

texts or signals. Different types of images are éncounpered;"

\(

.
.
“ . .
. . - ¢
n‘ \ il “
. . . 3
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in computer data processing satellite images, photog}aphg'of
objects and scenes, newsbapef bages with advertisements,
X-rays, engineeripg drawings,mweaﬁher maps etc: A class of
images, sometimes referrea to as '"pictures",, ?onsiét

entirely of straight lines or curved lines. Engineering

drawings, flowcharts of computer ﬁrog?ams, and contour maps

‘are some examples of picfures. They m;y be stored by

describing the,bouﬁdary lines. In general, an image can be
represented by a twé or multidimensional matrix of data
values whére each yalue is referred to as a "pixel” or:
picture ’elementf A piﬁel may be binary valued or integer
valued: Inrthe,?bllowiﬁg, a brief account Jf' image dafa
gémpfession is given and detailed surveys can be found in

A

[Rosen,T61, [Hablb 75] ;) [Pratt,781, [Radha,79].

L]

t
-

Techniques in image data compression which is commonly

known as "pizture coding” can be classified ‘into the
[ ] ’ 3

following four qategorieé [Radha,79]:

a) Transform Methods -~ “based on° some mathematical
-transforms . for, which-  generally inverse
transformations exist. '

b) Encoding Methods - based on, run-length codes, PCM
techniques, pred1ct1ve coding and entropy ‘codes like
Huffman code.

c) Compression by Description of Images - in this class
of methods, 1images are described syntactically or
otherwise, by means of the constltuent parts. They-
are well suited far pictures.

d) Specialized Techniques - they depend on the:.nature
of data.. For example, the 2-to-1 1line interlacing
used in conventiocnal television gives "video frames"
are to be transmitted sulcessively (about 30 frames
of 525 scan lines‘per setond), the transmission of

v Cr
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° -

- . inter frame differencé, instead of the entire'fréme,
leads to data compression [Rose‘77].

_ Trapsform Methods: This class‘of methods employs one or more
A transfo;mation "techéiqu?s. The transformed déta s
:gharacterized by a sef .of parameters. Bj trénsmitting a
selected subset of these parameters, Hata comPression is .
“achieved.— The following transforms have received a major
attention ‘in image data ’coﬁpression and an  extensive
Sibliqgréphy og this topic is providea in [Radha,8071. .

(1) FQPrie; Transform } - . o -
! (2) Karhunen-Loeve Transform o ‘ v (

(3) Hadamard Transform ) ’ o : -

(4) Haar Transform

(5) Cosine Transform

(6) Slant Transform

Enqodinﬁ Methods - RuA—leﬁéth codes, Huffman éoéé, and ‘DPCM -
(Diffefent?al PulsenCode qudition) Haye beeq, applied wto o ': -
sighal data as well as to image dgta. A In fact, for
communication mu;poses an,image is scanned by a scanner and
converted into. signal” data. Then what is the difference

‘between signal data and image déta? -The main difference
lies in- the two dimensional (hultidimensional) nature of =
‘images.  In a' time-varying image signal, there are “two . N

coordinates: - time and space [Pease,71], . C,
[Pratt,78, éagé 602]; and this gives an additional degree of

»

freedom for data compresgsion.
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'Compressionfby Description of Images - Suppose the users'
. ' ~ \-
S needs in image processing “are clearly ‘identified. Then,
af/ ' : ’ L
' those details of the images can be extracted and coded for

transmissioy, and that would fequire far less number of bits
than the whole image. However, the discarded details of
images can not be recovered and in this sense these methods

are called "information destroying" compression schemeés.
<

\ Extraction of predetermined features and their use to
‘represent a given image is ‘an example of this method.
Another example 'is as follows{ In general, thé images from

‘earth resources’ satellites~ are classified by means of 2

automatic classificgéﬁon methods for further use. Iﬁstead

of. the dfiginal‘raw iﬁages, on could classify them for a
specified | application, co{e\ the claséified images and | \\\
transmit  such éoded images. In coding of olassified imaées ' |

*  for 1and use study, boundary tracing methods have been found
quite 1 usefui [Amido,71]. Feathré extracPi&n and

4

classification 'methods,\'hold great /promise for -data;
comp;;s;ion of satellité iméges, but have not been .practical
up to now. With the édveht of LSI (large scale integration)
.technoloéy and microprocessors,,itlmight‘be posi}ble in. the'
future t;. storé dﬁfferenﬁ methods of featur;-extraétion.or
automatié classification on-board a‘sételliye and to select
‘one  or @ore of them from & ground control té match ﬁhe user
needs. A summary of the applicatibnd of the. Jé}ious

. ’ compression'methods ére shown in -TABLE 2.1. Y

1
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SIGNALS |

. - LINEAR
STRINGS

STRUCTURED
DATA
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- ) . o .
* TABLE 2.1 '
'DICTIONARY RUN-LENGTH DIFFERENCING TRANSFORM
BASED ) .
. £
NOT COMMONLY COMMONLY APPLIED
APPLIED APPLIED APPLIED \
(PRATT, 67] [PRATT,67) ° (RABIN}YS)
s | (CHERR,63) [ROSEN, 74 ) .
_ COMMONLY APPLIED * APPLIED NOT
APPIFIED - 'APPLIED
[HEAPS,75) | . [JEWEL,76) [DORON, 75
(SCHUE, 74] [SMITH,76] [SMITH,76)
NOT . APPLIED APPLIED COMMONLY
APPLIED ‘ APPLIED
i [HUANG, 77) [KRAUT, 7} ) (RGSEN, 76]
(AMIDO,71]) [READY, 71)
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2.6 Summary

In this chapter, brief accounts on cbmpréssion of text:'
signal and image data éha;é been ‘presented. Certain
techniques like tun-length coding, Huffman codes; and

differenéing are common to all of them (see TABLE 2.1). ht

o

the sanme timé,r there are“différenceé in the approacﬁ;s Eo
compression of text dat? on the one side and compressioﬁ of
'signal or image data on thg oéher sidé. Stud}es in the case
of,the - former nge ’béen main1§ toy rgdu;e thev étorage

.requirements; whereds that 1in the case of the latter -have
v 4 M ' ®

" been to reduce thé bandwidth (or time) requirements. o
3. \7 ¢ . . ' L\ . ". ) v

In the case of signal and, image-type data, the "receiver. ’ .

cﬁaracteristics and fidelity criéeria play a major role in

v ~

.data pombression. For example, in some cases the ' transform
- methods yield compression ratios in z:i/Prder‘of 16 or so

[Rosen,76]. ° Since the comgréssed data trawsmitted over

"noisy channels", sfudy of  the’ susteptibility to- chdnnel

errors is important.'_ln text "data éompression_ these are

either irrelevant or not tonsidered in .the pasQ'studiés.° .
n - ‘ . -' v ‘ ‘ ..' ' . R )' ‘ - .
Let the term "composite data" refer to a combination of

image and text type—da ite &a.tg'are :not. uncompdn. -
: ' \ ‘ T A .
They' occur. 4n 'facs ansmission ©f.. newspapérg;

a _f' " . . . - .
"yellow pages"; computer. “instruction with the TV

s ) rqceivehs at home and so forth. In the past; while

t?an;ﬁitting TV images, oﬁg could not afford to usg data

N
'\ s - . A .
s '3 . B
L. . . B

I

" ' ‘ ’b" f. . . I ) K ....,
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( compression methods, “ that {would . require complex
" - v 3 . (9
o . decompression methods; because the. TV receivers must be
o N N . . ‘e
\L\ ‘1{1expen‘s@ve. Wiph the ad‘vent‘\\of microcomputers and their,
‘ % _—-suecessful use in cousumef.-electronics, .such"qonstraints' do
~ ~ /. ‘ < 4
o not . exist anymore,. On the c\ontr,ary, when -composite data
it '\ . § « ’
~ becomes more popul ar than -now, thein compression . for
~, M . . ' P & . ) F
v transmissidh and “storage will also become more important. .
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CHAPTER III

THREE EXPERIMENTAL \DATA BASES ‘
. ' * . N s " N -
In thie chapter three'data sets .are‘ described. ‘They

have been usé€d for generatlng word fragments and for testing

the codlng algorlthm described in this the31s.

v

The first two data sets consist of records which are S
A o . ~ o . . ¢

represected by a pair <WORD,FREQUENCY>. Each record in the

p third data set has ode,éntr&'which consists of "<WORD>. .

] - M ! “ .
3

-In the_experimental data, the term WORD refers to an

of alphabetlc:characters and, FREQUENCY is

ordered sequeﬂce

the total ocgurrenée of the word in a chosen/ textual data ; .
~ base. " |
) Y

— e . RN

3.1 DATA SET1

8 )

This Yata set 'is a portion of [Kucer 67] data which

ccgsists of 2506 most frequently used Engllsh words along

wi%ﬁ their “frequencies. se{ecfeﬂ. from a text~o§-1,milIion’

e wmm g b 4

N vords. Kucera's data set. 'has 'a total ‘of " 152, 178 word e

occurrences "and consists of 2 991 qlo0 charag{ers. o i 1 o ;

The averag?/zcrd\lengtﬁ of~these 2500 "disﬁincﬁ‘ﬁords",
is . 5.8

~R,

repeated , is, characters

L |
+
-, ' , I
1,
-

e

© ara e e . . ,
T e S TR PO wmm»—-q.lm P AT P AN ey D T g, ot AL » "‘,‘r‘j

\\\\, , thd% is no word is
B o o (deﬂotedna;,AVD) and the, weighted aVerage word length using - "
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. ’ frequency as the weight is 4.6 characters (denoted as AVN). .
’ The ché?acteristics of this data set are shoﬁ? in TABLE
’S, . ‘ ‘3 1 and the word length distribution is shown in FIGURE 3. 1.
- [} \ . ; .
a \ ‘ L ] . &
3.2 DATA SET2 - N q "
' KR . o

 This datd set consists .of 2500 most frequently used
toeo words'chosgn.from the abstracts of the paper.s in CACM

(Communication of the Association for Computing Machinery ).
o e . N Y . - \ ot . ; .

published during the yegrs~1968:tof1g7é,

‘

) o , ." ¢ . ,
- o " The set of 2500 most dlsflnct words in the data base
p " . gave rise to a‘total of 33,609 word occurrences. The 33,609
¥ ) , «\')> :
oﬁ?: '-word.00currences accounted ’ﬁpr 240 635 characters., The

average word length of the dzstinct words is 6 g characters

SO and the we1ghted average word length is 7.2 charactQFS.

‘ ' ) TheQéharactérisfics' of‘°thié dta set a{q‘ shown . in
ftable.3:2 and the wqrd Qlength distqibutiqnﬁ i§ shown in

5

FIGURE 3,2.  ° o T o/

' 33 DATA SET3 L A_ e | . Lt —' N
. ¢ ' N '- | - . ™ ‘ 2 " | |
The' third experimental data set consists of 1200 "

- : ~

. rd N . . N . N - r

. distinet words selected ‘from the. street names &f Montréal.

v . "The . average word’ length of the distinet words in this £ .

- v

casa is 7,% characters. No. frequency is assqciated with

: . (
each wafﬂ as ,the frequency jnformabion was notﬁreadilyi C

- . . i
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TABLE 3.1
L DISTINCT _ WORDS OCCURING IN
" WORDS - FULL TEXT

2 3y 169,362

3 144 207,362

Y ~ 430 182,812
5 ouTs 86,320

6 480 ' 55,677

- '

7 27 46,016

[} M

9 193 . 16,672

L 10, 2 - 167
 TOTAL 2500 . . 752,178
AV,= 6 CHARACTERS .
AVy= 4.6 CHARACTERS
. ’ | ' \’1 "’ .)
L =.length of ‘the word in characters .
. \ N 1
l .
» r ¢
\{ .
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Curve A : DICTIONARY FREQUENCY N
Curve B :. TEXT FREQUENCY
L {1000) ‘ - ' .
. scale2 scalel. . N ‘
, A . ( .
250 50047 ‘ : : :
N\ .
200 400 4
‘s 1 9' ¢
. 2 150 300 % L
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100 200 4 -]
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(] 3
- : FIGURE 3.1 WORD LENGTH DISTRIBUTION 'FOR DATA SET1 ot
.m} . .
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' ' " TABLE 3.2
L DISTINCT WORDS OCCURING IN
R | worbs © FULL TEXT
’ 2 Ty : © 2035
3. 157" o - 1495
\ ¥ 206 g 2790
5 269 ' 2857
. 6 RENPOVE 3754
2 7 332 ¢ ( 4916‘;'
5 . t .
( . !&’b‘ 8 3"3 Ao u985 ‘ /
9 282 ‘ 3969
P 10 21§.4 T
o 11 Tk 108 - 2086
1 ad ‘ 12 ) 53 . L ! 760 f
13 27 , 387
14 T R - 269 ‘)
15 “ 3 oy S 27
.16 o2 ‘ B
TOTAL' . co2500 0 | 33,609
! - ~ , AV = 6.9 CHARACTERS .
o . , AV = 7.2 CHARACTERS . LN !
: L.= length of the word in characters
; KR
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The characteristics of the data set are shown in TABLE
3.3 and the word length distribution is shown in FIGURE 3.3.

- .

.3.4 A COMPARISON

-

It can be seen from the graphs that fhe_word leﬁgth‘

L -

) : . I3
Data Set? has a higher word length (AVN.iil;f)‘than*ﬂata

Set1 (AVy = N.G),'becauée words of length L=T, occur 4 more
fréﬁuently in Data Sétz, while in Data Setl words of length
'L:é,u'ére more fréquent. ‘On the other hand Data Set3 .has
: the highest AV, = 7.9 of -the three dabé\seté-sidce words of
length L=6,8 are more?frequgnt. Yet an?ther - fact 1is . that

-

' . &
for Data Set1 AVp > AVy where as for Dd%a Set2 AV < AV, .

[

This can be explained by referriﬁg to ‘the TABLE 3.1.aﬁd
the TABLE 3.2. In Data Set1, those words of length less

than AVN occur more freqhently‘ than others in.the text.

v

words of dength 1less %ﬁan““AVD (L=2,3,4,5) occur less
frequently than words whose 1lengths are dlosef ‘to AVN
‘(L=6,%;8,9)¢ This fact ig evident from FIGURE 3.4. Also in
*Data Set2, words of iengﬁh greater. ‘than 10, characters

account fior. about 10%. of the word‘occurepces whereés in Data

Set1 they are insignificant.

~a

-

pr

distributions of the ‘three data sets behave diffeﬁ%ntly..

Thus AVN is smaller than AVD. On the other hand- in Data: .

0 Set2, -the situation is exactly the opposite, That is, the .

» : " »
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TABLE 3.3

~ [

L ] DISTINCT WORDS

S A | ' 29 .
12 - 9

13 ’ C T .

TOTAL  ° 1200

(4
a

AVp= 7.9 CHARACTERS

°
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) CHAPTER- IV N

A DIGTIONARY STRUCTURE \
FOR TEXT‘DATA‘CbMPRESSIOﬁ"

In this dhapter, three coding algorithms for _text
compression are, described. ' Their merits ‘és compression
methods is discussed along with théir disadvantages. Their

pér{ormances ané-compared ‘and discussed.

. Dict}bnary Based Text Data Compression

Al phanumeric texts occur in several data processing
.applications such as Management  Information, Of fice
. v . N o

Automation, n.ﬁibraty Informatien ° Retrieval . and other

N Informétion Retéiéval Systems; Most of the appljcatiéns of

'text‘ compression‘.aim‘ primarily at neduciﬁé the computer

storage requirements or the transmission time requifements

* N " M

over long ,distance communication lines.

[

a

Data cémpression' methods suitable for textual data ére'

-

- of special interest and a detailed,fsurvey of compression
methods for- non—Lumeric'\data baSses hqg‘beenldesbribed by

[Schue,T76]. A widely used method of text compression scheme
is based on engoding with the help of a dictionary.

The heart of such a &bmpression scheme is a set.qf

previously chosen 1language elements, 'which;'aonstituge a

T
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dictionary. In general, the dictionary is ordered so that

} .o .
each element can be wuniquely -identified by. i'ts ordinal

position in the dictionary. FIGURE 4.1 shows the Aasic‘

§5ructure and operatlon of such a system.

A record to be compressed be it a sentence or worq‘ is

scanned . and all elements of the d1et10nary contalned in the

. " A
record are 'xdentlfled. These . matching "elements . or

substrings may constitute the whole record or only part of

it. If the substrings represent only part of the record
A . : :
this 1is then known as "partial coding"' The FIGURE 4.2 -is

an example of such partlal coding. For each of the matching
dlctionary elements its correspondlng code is substltuted
The code is shorter in length than the coded element. ~The

. code may be chosen to indicate the position of the element
—‘\

' , ”~ . R ¢
in the dictionary for easy decoding. 'The resulting record

is cailed the "cempressed record" and the collection of all

these records is the "compressed. data base". ’

— S

Decoding is the reverse of the coding proeess ‘sand  will

reproduce the original recbfd,.providedntbe‘same‘dictionary

15 used for decoding. For each code, .the .corresponding

aictibnery' eiemenﬁ,‘is substituted to. generate the' original

string. T o

@
>

Seleetion 'of the‘ codeable 'language elEmeﬁts ,is an
important- .aspect of text compression. Such ‘language
N ’ <’ ’ Y N 4 c .

. elements may be chosen as. single characters, words, or.

o
o B
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< L= ) -
variable 1length character strings. Several auythors have

: . , )
considered the use of common words or phrases -as codeable

¢

elements for compression.
P .

]

White, ([White,67] has studied compression of printed

"English text by encoding the mostAfréquently.bccurfini words

and’ phrases, in.addition to 19€%er and letter s&yuences. In

,his ‘encoder, he obtains the lbngest possible m h betwezﬁ
"the input text. and dictionary entries, wand encodes it w% h

fewer bits tHan the eftry itself. Extensive experimedts

Wwith 'thié scheme. indicate tﬁaﬁ Sb% "compression can be

obtéined.for“genekal English language texts.
- AN Y o

v
't

*  In order tqf'redycé ‘the storgge requirements of .an

exhaﬁstive: yord coding scheme, [Schwa,63] has designed a
' )

spl%t dictiodéhy whibhﬂbontains,~not only® frequent"wbrds,'

but stems'and suffixes from which the less common words can

~ v
.
~

be syntﬁﬁsized.

‘CoLumbo, 3(C016&,69) has discussed the wuse of word .

‘fragménts in computer based retrieval systems. To provide

the infofmation necessdry to make such predictions as 'to

what are the cons€quences of choosing a pgfticular word
fragment as a search térm, he developed a dictionaryl which

copsists of ‘an alphabetical 1listing of word fragments,

‘together with the set .of words in which'eachY'word fragment

occurs (pa?ént words). (Word fragments were generated by

Means of a computer program which derives ‘all possible

. . ‘ :
' it ; ‘ -
— r} .
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fragments of fohr or more éharacéers from ‘the Parent‘word.
Once the fragments were generated and sorted,y those which
‘nereu contained  in ‘10 or, mo;e parent words were discarded;
With a few more selection rules, Aa. reduction of 75% was
achieved in the'sizé of the dictionany produced.' Hernoniced

that a considerable number of fragments occurred - in single

words

words llsted alphabetlcally together with ‘the fragment which

uniquely represents them. . This pair of dlctlonaries enabled

the selection of ‘appropriate fragments for retrieval of.

specifie Qords.

Al N EE. ' 9
Clare, [Clare,72] has proposed the wuse of 'variable
. » '

length character strings as codeable’ eiements. These

strings are not limited to be substrings of wonds, provided

they are part of a‘récord or sentence. * For this reason, the
‘ .

fragments are called "Text Fragments“ Text fragments ay

contain embedded blanks.. Qig#e et al place an- additional

e

restrlctlon on the. text fragments that are to be included in

a dlctlonary, namely that the dlctlonary fragments should

occur in the data base with approx1mate1y equal frequencies.

In their experimental study of a Chemical Titles data base

they attempted ‘to identify variable length equifrequent

M

character strings which, in’ contrast to those treabed by.

[Walke,69], may extend ‘across word boundaries. For a

.selected - threshold value Jor the frequency, tney increase

3

POl SRR WL D

/,'tha& is here ‘unique . that word. ‘Therefgre a

_second dlctlonary was created. This “diectionary containém\‘h

v
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the fragment lengths until frequencies of all fragments fall
below the threshold Such a procedure was used 1n an
attempt to.replace the Zipf distribution of words’ by a more
equlprobable distrlbutlon of fragments.‘ They propose that
the resulting fragments be used for purposes of index{ng,

retrieval, and compression of document 01tations.. However,

it "is not advantageous to replace, a fragment of Tow:

\ .
. frequency by a ‘code because "of the fairly high cost, of

”gre'descrioed in the following.

inecluding - it in 'the ;}bt1onary which must . be -kepb"in an
i -

£easily acces51b1e and heoe more ‘expensive storage medlum.

\\

A method of seleotion of equifrequent fragmeénts has been ’

described by [schue,73]. . Use. of equifrequeént chaéacﬁek

strings has some merits, As has been observed by these
' <

ahthors equifreéuency-property i) allows maximum .-

compre331on to be atheved by use of flxed length codes, ii)

permits the use of a fixed size d1ct1onary and allows more :

¢

freedom of design. o , | .

Three Algorithms for Encoding:

Three algorithms for compression of‘textuaI data bases

/

-~ ' 2

t

Minimum Space algorithm (MS)

This algorithm uses the optimum number of fragmentsl(

o~

possible and tous achieves the highest degree of compression

i
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[Wagne,737%

Assume that the r . 1etters.‘id- a record ~are  numbered
. - ,

. consecutively from 1 to r .and that each letter is

”represented by a node in a graph. Let node r+1‘ﬁepresent a

¥
blank space. A k letter fragment that beglnseit letter i

may be considered as constltutlng a link from node i to node

o

"k+i as’ shown' in FIGURE 4.3. Aésign each link a cost of 1
\ ! N .
regardless of the value of k, GAll 1links " are, regardpd« as

direpted ‘wfth"an, arrow —that always points from the lower
numbered -node -to.the higher numbered one. To locate all the
linké in the graph of r+1 nodes it is necessary to determine

all the fragments that are completely aoqtaineﬁ in the

. record. Each link represents one possible codeword, and‘the

»

problem f flndlng ‘the shortest path‘ that“ is the . least
& .

number “of llnks, between node 1 and node r+1 is con31dered’

equ1va1ent to "the problem of finding the‘mlnimum number of
codewords to représent the coded recond. This ‘is
illustrated in ;IGURE 4.3 in wh;éh the word ILLUSTRATED 1is
subdivided in three different ‘ways to 00rrespoﬁd to ghortest

paths of six links. It may be noted that the inclusion of

single letters in the dictionary guarantees at least. dne

path'between start and end.node, so that a solution always

exists.

‘Thé diéadvantage of thié <algori£hm, however, is its
. M t
backtracking behaviour and. the resulting complexity that

results in long exécution times.
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ILLUSTRATED - ‘ o C

.

| B Fragments of length ) 2 (t=10] ‘ '

¢

«{ST, STR, STRA, STRAT,.RAT, RATE, ATED, TED , .- S

’ Associ?ted'graph L . .
K O—0O—0O—U0O—E—=O—®—BO—~D—~E—D -~

h -

’

»
.
SORDRINEE R

Possible solutions : ..
I/L/L/UST/RATE/D
1/L/L/U/STRA/TED
.. 1/L/L/U/STR/ATED

FIGURE 4.3 GRAPH REPRESENTATION OF MS PROBLEM -
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Longest Fragment First aigorithm (LFF)

‘This .algorithm proceeds in a manner similan to that of

the MS algorithm in that all' fragments contained in  the

‘record must first be located and  stored. After all

fragments of the record have-begn stored the LFF aigorithm
recursively removes the lodgest fragment and deletes all‘bhg
subfragﬁénts which overlap the obne removed. The process is

continued until 'the record is empty. The removed fragments

1

are coded to form the dompressed record. For examplé, using

the same ’fraémept dictionary as in FIGURE,h.B, the LFF
algorithm subdivides the word ILLUSTRATED into the seven

'fragmentg

‘ " I/L/L/U/STRAT/E/D
\ ‘ 1234 5 69

whereas only six fragments result from-application of the MS

algorithm, 1In order to find thé longest codeable fragheﬁts,

this algorithm locates all the codeable fragments of the

input record. Hence it 'requires long search times and

creates large auxiliary tables.

»

. Longest h"iatch algorithm (LM) L

o

e B L . .
-“’«—r»nsa‘h-ﬁn.—n— Do r : MW Lies L ) o) AL £ L S g, SN VA ko) T ﬁ
e T I « - N L N ~ . o o o o A

4

algorithm., Starting with the first charaéter of a record

all fragments that consist of this character and subsequent

LY
.

The third, and’ thé"s;mplest .is;.the "longest match" -
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charécters of the record are ?éund. 'fhé maximum length of
chpseq fragments’ Is;arﬂing‘ ét letter Jne' can be p
(&he max imum lenéth of fragments in the dictionary). . Let
the  loﬁgest métching frggﬁent of length less than qr equal
to p- be of . length k. This fragment is Selecﬁéd for
pompreésion "of the record and the 3election process is
repeated starting at position k+1 and is eohtinued'until the
end of the record is reéched. In ﬁhe.instance of the word

ILLUSTRATED the LM algorithﬁlselects the six fragments

‘ 1/L/L/UST/RATE/D
123 4 5 6 -

Since thére is no need to look for all the fragments.

.- mim——— b a
)

" which start “at letters 2,3,...k of £H§Vﬁecqhd; the coding

- LY

procéss is relatively faster. Furthermore, it 1is’- not
' ‘ Y
necessary to store all subfragments during coding, hence

2

‘large auxiliary tables are not required and so 'leSss core

- ‘

.'stofaée is needed.

As mentioned by [Schue,74], +the coding time;‘of the
three algorithms éxhibit considerable differences, The MS
algorithm has the worst time éomplékiﬁy because‘of its gack-
ﬁracking nature, while the LFF. algorithm is s?mewhat #etter:
Of the three algorithms, the LM algorithm takes the least,.
amount of t;me for encodizi; The d{ff?reﬁées in cbm%ression
i

obtained by the three algorithms givén above are found, to be

2

hardly significaﬁt and ﬁencé the coding time may be used . as

o

N ey —————
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in this section. A ’

"Dictionary Organization:

;%3 ’

- the criterion for selection of an algorithm. The LM

algorithm was found to take aéproximately one third :of- the

time of the other two algorithms. Also it resulted in about-

2

5% less in/saving of the storage space when éompéred to’ the
other two algorithms. Furthermore, the LM algorithm is easy
to implement. Considqyihg all these factors, .the LM

algorithm ﬁaél been chosen for1£he study reported in this

- research,

-

> - - ~ .

4.2"A Dictionary Structure for Data Compression

The following section describes a two-level dictionary
organization whiohois psed in this thesis. The seléctidﬁ of

we‘ codeable elements for the dictionaries is alo explained
&("

AN
-

- This dictionary -organization was initially propbsed'ﬁy

1

. [Heaps,T77]. €or this research, a two-level hierarchy was

used td; organize the fragment dictionary. The first ieQél
dictiohary, bICT1, ho;ds the most frequent and hence the
most accessed 28: (2%6) fragments each -of whieh is assigned
an a\hiF‘fixed—length code, The second level dict}onqry,

( i
DICT2, holds the next most frequent 2ﬂb5165,536) fragments

. and their corresponding 16-bit fixed length codes. The

- dictionaries DICT1'and'DICTé may be arranged in alphabetiéal‘

-

order .~

e it s ot i b
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The trie organization (Knuth,71) of ‘the two dictionaries
has been used in this thesis for fast-searching. FIGURE 4.4
depicts euch an‘o}ggniéetiod. AllvfragmentsAthah start with -
the same first 1ettér are.grouped as one'entity and they are
stored .consecutively in the memdry There 'are 26" such
entltles, eath corresponding to the letters A,B,C,D,...,Z..
Tﬁe "table of pointers" in F;GURE 4.4 stores. the addresses
of the first fragment of each of these ehtities. There is a .
' one-to-one correspondence between the entrles of the, téblif »
of pointers and the p0531b1e inltlal chanactqrs of the |
fragmen%sf.namel? A,B,C,D,....Z. Hence it 1is. no 15ngen
‘ heeesearyl tor store 'each’.initiel character ‘witﬁ the

. fragments. ' :\.,. '

X ’ s .
The search'ls flrst pe;formed in DICT1 ¥nd if it fails,
,then DICT2 will be searched. If a‘fragment froﬁ DICT1 or
DICT?2 is matched with the 1nput string, then it is replaced
by the correspondlng code.  ¥ .
: ) .
Creation of Dictionaries: ‘ oo
¥ , .
Seiectien ‘of fragments to ggﬁ up tﬁe dictieneries is
knormally done after some statlstlcal analy51s -of a sample
data. fhe problem of selectlng a suitable dlcglanary has
been dlscussed extensively in the 11terabure [Schwa, g;? and
. [White,671. ‘ |
Codeable* fragments c¢an ﬁe fixed‘or variable in length and

]

their ‘codes may also be fixed or variable in 1length. 'Eachtl

r

~n
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. AN
TABLE OF POINTERS
. “ DICT1| DICT2
‘ 1 | 257
. 3 259
150 2003
256 6199
FRAGMENT | CODE " FRAGMENT | .CODE .
AB .. 1 " ADD . 257
. “.ACT 2 ADDR ~ 258
' | BaA 3 | BAC 259
P b . .. . &_ BET ) 260 *
o - . 3.
RUN 150 .
) . . . ¢
L] ;'\ . A .RAT
ZE -~ 256 (e ..
DICTT ‘ . D
P ZA, 6199
i . ZO 6200
, DICT2
A ) A 4 .
i ‘ A o .
(s ., FIGURE 4.4 TRIE ORGANIZATION OF
. A »
'-_The. underline characters are not stored
i Y N 4 .
s e g e vk

DICTIONARIES .
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oﬁ these. four combinations has its own. advantages and

disadvantages. . The four. échemesu are discussed in
! ' .

)

.[Schue,781. S .

For. theé. purpose of this study, variable length word
fragments which are also referred 'to as "n-grams" were
generéted. A fixed-length code that relates fragments to

theifﬂposition in the dictidﬁary has been employed. Using

.the Data Set1, word }ragmentg of léngth L;2,3;u,...,7 were

‘generated and their frequencies!of o¢eurrence in the data

order of the frequency and ﬁhe 6200 ,most frequent qférams

)

L ‘ - . e
were chosen to constitute the dictionaries qseé %n‘this

P

thesis. >

“
'

4.3 On phe‘ﬁeéignlof the dictionary structure

# . ., . ’ ' . X . .
1"The storage requirements of DICT1 and DICT2 and accesses

o them are' disgussed in tﬁis séction, together with il

effect of the size of DICTI" on the compression scheme.

© , '

Each word in Data Setl was partitioned into 'word

fragments of length L1=2,3,4,....,7. In the case where

~

' base was accumulated. They were then ordered in'decreasin@.

Fixed-length memory cells are used to store fragments, one

must' decide on the optimum, L', where fragments of length'

| .

smaller than L' will be padded with blanks. o

°

rnet o
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Y

The following *s an analysis to determine for each cell

size ' how 'much storage it would take to sStore all the

fragments and how, much storage would be wasted due to
badding.

»

Assume. a_, az‘,....aK demote the letters of a word of

length k. THe number of n-grams in a k-letter word is given

by . [
p=k -n + 1 where n £ k -

4 ' : ‘ . ‘
As n becomes larger, the number of n-grams p decreases for a

given word. o+ .

a >

, , W ,....W_ denote the total némber of
2 3 4 7 '
bigrams, trigrams, tetragrams .... hectagrams respectively °

‘Let W_, W
in thevselected dictionary. If we were to usé a’ one-byte
~ ' * )
cell to store the dictionary. entries, then the tofal space
'required to-store the fragments is given by: ’

T =2 W o+ UW 450+ 6W _ +TW  cells
g T M, H W e B BN+ B o aTH, o

- There would be no waste of space Tand the entries are
variable in length. Suppése_z-bytes pe< cell is uséa,.then
' v . ’ J“ ' C
the total space used is
T = W 2W _ + 2W .+‘3w + 30+ 44 cells -
s T2t 3T s T e T My

']

and the total amount of wasted space is:

| W =W_+W_+W_ bytes X
Co , H3 rW W, ”‘y : g :
It | / . ! . ) . , :
.. Y y

v e vy
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For a 3-byte cell the above formulae.becqpe:

@ ¢

4
+ 2W

. TS. = w2 + w3 4t 2w5 + 2W6 + 3w7 cells g
WS = WZ +‘2w4 + ws + 2w7 bytes
= cwz + w5 ) o+ 2(W4 + w7) .
‘ * .
The totél -space used Ts and the wasted space ws in general °
/ . . . »
* would be: . ‘ A
) . ' L
T = % ﬁ/a*-w '
] g , i

and [i/e] 1is thé sméTTg;t_inﬁeger

where ¢ is the céll size

: , , greater than or equal to i/c. - The unuéed 'spofége due- to
-+ . 5 . A2 . - ) T - N
padding is given by: . . ' ‘ )
\’r

“ g
) . ) j=2

The utilization of space

2 (c - i mod ¢ ) E3 w -

Xl

5

U ié defined as follows:

- WS ).

/ TS'

From TABLE 4.1 it can be seen that a cell size of 2 or y

. " gives the least wastage in’ storage Therefore, a . logical \
choice fﬁ,’ the size of a dlctlonary entry would be one of

these two. Another reasqn for this choice could be that_'

most computers ‘have’ 16- b;t or ‘32-bit words and so the -
,impIEmentgtion would be easier. The data used to Ealéulate
TABLE 4.1.is shown in TABLE 4.2. o RS ¢
: ‘ ) A s . ¥

For

number of accesses to the dictionaries. “This minimization

' . . . !

L o o ¢ . .
- v . -

q‘ [ 4
e
. ' ' N
Y 4 .
*
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efficient encoding, it is important to minimize the .
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T S . o ’
might require.some compromise in :storage. . \

’

Let
€ Py 3

‘bigrams, trigrams,tetfag?ams;..1..hecta-grams respectivelf,
. ‘then the total number of acbésses required for a cell\size c

3 S e

. **'///< : N 2[3 51* P T -

J.»-Z .
Z\//)' The results are s%gwn in TABLE 4.3. The number of,‘accesSes

[

and the storage required fo diﬁferent cell sizes are
plotted in FIGURE 4.5. . o

' ‘“f*fve : Lo )

, Study of the effect of the pICTY SIZE: ' .0 - .

¢

’ , ' . . o ) - , ) ‘
R ‘ The use of two léjel dict1onar1es DICT1 and DICT2 hag

SRR .. ., the same underlying principle as the virtual memory concept

o

@4, a topic well discussed in the llte?ature [Denni 70],. with

N i .
5 in Temoﬁw level M . The gross performance of a virtual

»

andéMz, dependS‘on”sevefsl.factdrs such'as::'

L '\ . ' - ) R

1) mégery access time of each level .

‘ S 2) storage ‘capacity of each level T \\\“

‘e

3) hit’ ratio, H o» s

be} (N + Nz) be the umber of data accesses consiﬂp(’gj

. ;\ of(IWhiCh Nibe the number of ﬁlmes the memory level M. alone

K}

p ‘......:, P be the frequency of access of

- 4.
the exceptlon that elements in memory level M do not appear\

;» memqry syskem that emplqyé'a tﬁo—level.ﬁemory‘hierarqhy, M1

- A
' is accessed ‘then H is given by: , “ '
g ' , ) S A
» \"
- /_\ g

«ﬂmau«x w skl & A g Aova wrvop Lonw sy g proinioenms i RENCTTIN
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. _TABLE 4.3
¥
‘ 'ty
. DICTIONARY ACCESSES .REQUIRED
CELL SIZE = . NUMBER OF DICTIONARY
o . ACCESSES REQUIRED
\ 3 « A € N
1 418,100, 353
;2 © 10,139, 101
3 _ 7,663,808
4 ' 6,607,532,
5 6,068,775
\ » ‘.r< .
6 . 5,771,331
’ . |
¥ A .
7 + 5,619,823
\ ¢ N " 4
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A
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3 SCALE2  SCALEL
i .

8 100

16 95 4

14 90 - +

10 .80 1 ¢

.

‘ ’ © cell size
' .\, NOTE:CURVE A CORRESPCNDS TO SCALEL . o ’ ‘
. ' _ ' SCALEl denotes the storgge required (1000's) - . .
. o ' CURVE B CORRESPONDS TO SCALEZ - B :
) SCALE2 denotes the nunber of accesses required (1000 s .
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H=N/(N+N)

1 1 2

m experiment was performed)to determine the size of

T DICT1 for’ the best peyformance., The two ~fr‘agment

Yictionaries DICT1 and DICT2 (refer to section 4.2) -were -

used in this “experimrent "‘and the following factors were
N ' =~ ¢ - . r
studied: - , ~ L NN

.

(a) hit ratio, H ) "
(b)Y average procegsing time per word

T (c) compression ratio

-

< To determine the hit ra‘ti‘o,-H, the (Ny '+ N, ) accesses

-

were generated using Data Sett. The f‘ol.lowi'ng i_;&lust)r’es

the different values,c’>f Nl and N2 ~for. different sizes, of

DICT1:. yd
} X : 4
2, * .Bize of. DICT1 Nl‘ i IC }H 3
o e L . )
) L{__‘_ 128 904911 | 213978 ‘81
256 1063673 guu87 92
-_....___....“_.____-___' ______________ U PO 4
512 ~{1086293 30279 97
) , P ST ‘
y 1024 1022194 8376 99
. g 2048 949191 2754 99 | . ‘
N \
------------ _T...J_....._._.__._ L e o 20 o > o s o -
e PR

- e e . b e

“ ]
A iean gl SLLES 2 U U Y S TPRREEL VR S TR SR Y

i
|
-
i
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It 1is to be noted-that the fragment” dictionaries as well as

the acqesées‘were generated from Data Set1.

v

' - . AN
'Using Data Set1, the average processing time per word '
. . - * ‘
was’' calculated as explained below. , *
» . \ug , : ‘ ‘
'Let w be the’total number of words.in the Data Sett, .to be %
codeq, and Ti be the total processing time to_gode word i, |
. : - Y
Then. the average frooessing time per word is defined as
follows: '; - o ‘ S
' W . -
- T = dz T.i/’wT o . ' ~
izl - \ T ., f
The following illustrates the values obtained for different . ‘
A . |
|
Lsizes of DICT1, with w = 752178..
SN "Isize of DICTY 'Ti(MSEC) T (MSEC)
> . : ‘ A
4 .- 128 3470753 4.61 '
256~ 2360650 3.14
512 2583802 3.4y
¢ [T —— 1"'—":' ----------------- °
e 02w 3763848 ' 5.00
u--l-o-o-b —————————— '.L...__...._—....l_--..;—-————...--——-’- . ' ) .
oy 2 I . . ~¥ “n o
2048 5887457 7.83 ' ‘ R T
R B R R DU ' .
\\S?NN‘ msec = milliseconds

" S e s i
-p meswvy i SErTR per w * TARA R Al WhdhASs




The compression ratio, e« , was determined as follows:

(; . _“4 = storage for uncoded data f

storage for coded data + dictionaries
The results obtained ‘are shown in TABLE. 4.4, MR

To study the effect of the fragment dictionaries om a

different data set, the éame. factors .as mentioned above, i

" “were computed f Data Set2. These results are also . \~'\Q\\

tqpulated dn TABLE 4.4. It is to-rbe noted that the poor
results® in the latﬁer case are due to the fact that the

‘

o fragmént dictionaries were genérated from Data Setl.

© From TABLE 4.4 we observe the following:

= s Sy e o 3P
-

(1) As the size of DICT1 increases, the hit ratio increases
as in cache memories [Hayes,78].

. s . ] R <
(2) The compression ratio increases marginally as the size

of DICT{ increases. This is due to ﬁ%e coding procedure and ‘ :
v v ‘ . : . ' '
‘can be exblainad by the following example. ~ .
. ! N | B ﬁ\
Suppose th® word to be coded is the word COM P U T E R.
The two dictionaries DICT1 and DICT2 contain the folioﬁing‘ ’
f ' : : - \ ' j
~. o ragmenti . ‘i . . o
. | + DICTI , . DICT2 Co |
e co " oM - .. : ;
o v M : v e e S - ° -
v . TER* , « ~  COMP R
,,. X & - . N - » , . R o
v .U UTER : D
. , > , - .
\\' a s 1 .
. ’ N ‘
~" '( r
s
- w&:ﬁf?f‘?f"ﬁ - ghiishebin e alibe dent i it o - :/ W e P ) ’ _":- ;‘;:;’_ " '. - ST




HIT RATIO

AVERAGE
PROCESSING

TIME/WORD
(msec})

COMPRESSION
RATIO .

Lt IRV

-

. TRBLE ~4.4 U
. ’ . ]
. ‘ i
: | |
SIZE OF DICT1
- (-4
128 256 512 1024 2048 «
( : -
DATA SET1 | 81 92 97 99 j; 99
——)——— = - - ‘ - . -
DATA SETZ |- 69 83 93 96 / 98 .
) =
) ,
DATA SET1 | 4.61 3.14 3.44 5.00 7.83 |, - !
DATA SET2.|12.62 7.96 6.52 8.60 13.64 T
? -
LV R ° o
e - ®
DATA SET1.| 1.96 | 2.10 2.32. | 2.57 2.80
DATA SETZ | 1.43 1.50 1.62 1.78 1.96 .
o N ‘ ‘( . )
. o Y '
" M —_ M 2.
.1
1 -—
. .
‘ 0 .
.\ 4
k]
. .
v , ‘
: < \ -
. p .
B ety . T U o VY RO ST A N T




e

" Using the LM Slgorithm, the coded word would be

6 N

»

Y

" CO/M/P/UT/E/R

' N
° ° A
.

“Now, let's- increase the- size of DICT1, so some fragments

‘from DICT2 will become part of DICTI.
) DICT1 . DICT? ’

co , COMP

e

Loy

com
. TER -

UT 7 ' o N
UTER

Tgﬁn the coded word becomes COM/P/UTER, .,
T Lo i -

A§ we can, see, more characters are ooded than the one °
previously. The reason is, as the size of DICT1 increasgs,

longer fragments become parﬁ of DICT1 and therefore more
» -

characters are colled. T ¢
(3) The évergge proceséﬁné timg-per word, Tp, increases as
" DICT1 increases except for Sp = 128 and S, .= 256, Mhis

. factor is a complex function of the following?
: ) L e
‘ (a) fragment coding algorithm;

(b) the corresponding program; o o 3 o
(e) dictionary sizes;
' g‘ . ° ' N D'
(d), the data structures and the methods used for searching;
(e) sthe p%océssor/memory/I-O speed of the computer used,
. - v . co .\
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The distribution of these  three factors isshown in.

- +

FIGURE 4.6, FIGURE 4.7 and FIGURE 4.8.

! ) - .

Summary ' ’ “ : v
v , f - ‘
Y 4 . :

From the resuits of the storage analysis shown in

TABLE 4.1, we observe that a cell 31ze of 2 or } yields the

L

least amount of wasted storage space “ia  the d1ctLonanies.

On the other hanq, from TABLE 4.3, we see that a cell size

of 4 does not yield the.least number of accesses required to

the dictionaries. However, the differénce between the

!

number of dictionary accesses for a cell size of 4 and 7

wastage of storage space

y

~neg11g1b1e. Also the dlfference 1n‘

for a cell size of 7 is much larger than that aof u

Therefore,oa cell size of "l is an appropriate choice._

1

. l\ M . R ’ = ' .

The effects of the size of DICT1, 'from TABLE 4.4 are
clear.  .Obviously, it is desirable to -have. the.hit ratio and
the compression éétio as high as possible, But at the same

-

I
time the average processing time per word should be as low

. as p0551b1e. A trade-off exlsts between the compression
"ratio, hit ratio and the size of DICT1 on the one side, and

. the avlerage processing time per wbrd oh the other;

aﬂ\ EN

The experiment was‘performed with Data Set1 and Data
Set2, and the same fragmént ﬂicti;néry was used for both?
We can see that;tﬁe results foy Dgta Set2 aKé not as good as
%ér Bata éet1,.ihe reason being that the textual éontené of

“Data Set2 is,much-diffgrenﬁ from that of Data Set1.

N
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) . e ” DATA COMPRESSION WITH MICROPROCESSORS
) X .
7oA .o ’ . * . , ) R S
. v’ ° . . oo L . I . ,
e - . 5.1 Micropocessors in Data Compresgion . T -
. " Dye  to, developments in  electronics ' techno].ogy,\g o
; ,;* . o '_ ‘ -parlichlarly in t,_hejfea of Large Scale Integration (LSI)
S - mi‘cr;oprocessors l’iav;el ecome' wideély usexf'ul They ar‘e small
, ‘ S r ' '
00 and light, use less po_v/ver, . progr;aﬁlmable for different N
C o o épp‘li.cati_‘ons,- reliable  in’ perf‘q(r.l‘nancé an'% . they a};e"
© .« ™. Jinexpensive. : \' i . ‘
"' o v ’ * " . " ' - ' /' - J ‘ "; B
- . . 7" Twoykinds of giicroprocessors can be identified .. P
] . - i ~ LR . . ' ‘Jl : B ’
N _+ - ..,€i) General purpose microprocessors B
. S ) . - . . .~ - 1
S w =« .. (ii) Bit-slice microprocessors. '* E o _
o ’ L . ‘ L ‘ ‘ T ' o ‘ .
wo s, General purpose’ micsoprocessors. are *available a8+ a
- - . \ . A .
e o .
Eﬂd_ : comphete.‘,computer with’ processors, memory, control. and I/0 -0
‘ ." - “ . ontrollers They are mar\ufactured with the MoS’ tephnology ]
) ”a,' ‘ which allows. a large number of components énd ‘henoe a_ l
o ’ complex functlon in ° é‘ single . LSI bh:ip., " But * they are - l
. , N ' f L ‘ Y
s _1 ’ inheren Iy si& andF a typical ,operation such as a‘adition
‘ ,; : takes’1 or 2 micr&'seconds. o . B " L .
Do . ( ,O/he other hand, the. bits-slice microprocessors 'émploy
ot : " ,' T’l‘L (transistor Transis%r ngic) or ECL (Emitter. . Coupled ‘.
: ' , ~ L l',,,,\ ': . o “*- L o
3’ . : Logici Atechnology which provide hig r spged in- the ‘order of ‘8
! . . .." .i""'l‘!..‘g, . E .,~ o4
s . Wt .‘}~ ol’ °‘ : ‘ii‘" . ~ e "
i el mittof ety
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a few hundreds of nanoseconds. However, .with bit-slice -
micropbocessors one requires _extra desigh efforts - and
! . : - ) - e ' ' . N . B . T .
assembly ‘work. e - , e B
. I ’ ‘ 4 : '
]pplications of microprocessors for data compression
have . been considered by several authgrs [Murra,771,
. LLeé,?S];,[R%dha,79]. " N « e -
5 g )
.\' Murray, uses U4-bit slice précessors to 1mp1ement a data’
compression' algonithm that is:based on ‘Cosine tyansform and
DPCM (Differentlal Pulge ‘Code Modulat on)u}, ‘His data

. compressor abLg to process data at’ the ratepof’ 200, 400,

or 800 kilo bits per second. In the laboratory]«model the

eohtrolled by a PDP 11 mlni computer and

F’

the system has- been used to compress-the teleulslon signals.
\ N

single TV frame 1s cons#iered to

] -

mlcroprocessor is

'For this appllcatlon,v a

’

ccnplst of 256 11nes with 256 pixels per %gne. .
s .
J

Lea has cﬁéiidered the <Ose : sf general . purpose

R 3 - . i

"miéroprocéssors for text data compv/ssionpand'found them to

-

be too s}ow for diPk transm1531on rates. The processing’

found to\be in the order of 1.1K bytes per second‘

*
-

'for comp ession and 4, OK«byteS for decompre331on. The main

Y 4
objectlve of’ his research has. been to ‘compress (or
decompress) the’ alphanumeric texts &tored oh magnetic disks .
f
¢ by putting g hardwar@ .enooder (éécher) unit in ;?e data
I 3
path to (from) the disk. In this case, “tHe data rat€ is tn
 the order of a fev megga byt?s per seconi His cqppfession'.
-.‘, [ ' {
/ X ¢ -
i LN ! ’ . “ & ;.v
‘ el .
[Y \ ‘ gl — ’ ’ ) .
F 3 \ ¢ v, \' '- ‘ « F
] ; ' - .!' . \.{( - .
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algorithm cons?sts of a table of 206 most frequent n-grams

along with their codes. " If an n-gram<ofvth;s table occurs

in the text to be s?ored, its occarrence is substituﬁed fy

'thé correaponding secode which results in data com&;ession.

By using a special puhbasev associ%éiué pa;allel proeeasSr
: . -

for. this - table look -up, Lea has obtained a processing rate:t
o

‘ of u 1 to 6. 3 megga bytes per second

Radhakrishnan, considers on-board .data compression of

<

4 - ) '—’7\ had “ N -
satellite pata Radha,79]. He usad "run length coding" and

"differential 6ulse code modul ation™ as the two techniques

h

to. compress -the, satellite data. He examined the use of #
i ’ ) .

S M B n e AN it Sy g S §

bit-slice micros for on-board compression because of Iits

desir?ble%qualiﬁies for ag;boa\d data compression.

L d

-

‘ v i
5.2 Memoy&f;echnology Related to Micropﬁocessor\Applications

.

The past decade has witnessed dramatie advances in '

.

memory, a‘ﬁd storage technplogy, primerily - as a result of #the ,

. 4 P

. &
tremendous progress . in semiconductor technology. Today,
semiconductors have almost . reé?%ged core as the ferred

mainframe memory. The following section introduces two of

e e it e v o S
- -

these memory technologies. ‘ v

Memory Technologieé . , _

v "_ﬁ ' . é ’ .

'Thd state of memory féchpolog}es currentiy em loygg in

,most computer mehory,ﬁlera}chies is showh in FIGURE 5.1.

Choice tf a technology degpends on two'princigal faqﬁors,
o : N w s,

N -
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price pep\gjt and oerformance evaluated"in termrs of access
As

time. shown in FIGURE\E\J alcess tlme 1ncreases from

the hlgh-pe:formance, high-piigng bipolar and metaloxide

f .
semiconductor (MOS% memories on the 1left to .the lower

performance’, lower-pricelper— it, rotating serial access,

N

A'magnetic-memoriee‘shown on thd right.

» . R
. !.' L ) .
Magnetic bubble memories (MBM)

i

-

’ 0
'
c .
.
\ »
-

. ~

‘

lMBM< technology has been an active field for almost
fifteen years. .Today they can be pﬂ?chased off-the shelf
{ c .

from manufacturers like Texas Instruments, ‘ They 'are
\

avarlable in a wide range of capa01t1es, 16K to 76§K bytes,
.(\ v
witifan average access time of 3 mllllseconds [Tex,80].  The
’)‘
man§ potent1a1 advantgres of ‘bubbles .are their high

L4

density, relatively . few processinglsteps in manufacturing,

L4

< ) P -
and nonvolatility. In éhéﬁ type of memory, magnetic bubbles

are (prOpagated /}n shift register fashion to transport data
from one locatlox/ to another. : Several, shlft reglsgqf

.structures are so organfzed that the access. t1me to any data
' . /

* is relatively short. Like other magnetlc memories , data
—2 ' ro .

dan be stored indefinitely with no  power dissipation.

Detailed description of maénetiq bubble devices are found in,

[Bopec,?ﬁ],[Gensic;76],,LNiels,76]. ’ o ' ) AN

i
i
i
/
'




'\\bonspructlon and ‘the choice depends on desired system .
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CCD MEMOR® ORGANTZATION

(charge-coupled device), as -a serial shift
’ : "

visualized as"al

The CCD

register, might be set of flip-flops\"

organlzed serially, through which 1nformation is pSOpagated
» The

*+

bit by blﬂ at a rate establlshed by an external clock.
frequency' of the clock 'thaf shifts data thréugh the CCD‘
shift register can have a wide,»ﬁﬁée, limited At one extreme)k
circuit's maximum switching'speed, and at the other

A o N 3 .
by maximum allowable refresh time required to

by the

maintain the

f

In contrast to bubble memory, the CCD memory.is -

s

volatile.' T .. . (~ Y

.data Dbits.

1 i

Various organizations have reen proposed for CCD memory

performance. There are important trade-offs involving cligk

. frequency, number of phases, access‘tincs,.chip overhead for
peripheral circuits, and temperaturéh?ange, as well as other

_ parameters.

There are three popular CCD memogy grganlzatlons e

. synchronous or serpentine; serial- parallel serial (SPS), .and

1ine-addressable random-access memory (LARAM).

] L

The) synchronous organiza*ion,

e N k] ' '
shown in FIGURE 5 2, is oy

. 4 .
the simplest CCD Mayout which moves data from cell to cell e o N

K4
and fromeregister to register in one continuous .8tream, It

haS\the longest access. time and highesg‘%Ywer dissipation\of : . j
7 '
)

the - thrée schemes.: The SPS organization ~has numerous
' 4 . v &

D T R PR 1 N [N, S - B e
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'

parall;}} storage ‘registers placed between  two serial

‘registers. One serial register is meant for input and the

. other is for output. The FIGURE 5.3 shows such a layout.

A ' // The LARAM organization has) parallel ' storage registers

~]]that circulate data 'individually, and the regi§tgr§'afe ;
_.sgégrateiy‘addressable‘.at 'random. Power dissipation is
OJAminimal bé:guse only &:e register at a time need operate at
" higher than standby rate. ‘The FIGURE 5.4 shows a ’LARAM ;

organization,

4

A quantitative cbmparison of these basic orgaﬁdzations,

shows that SPS has tke lowest cost per bit and lowest power

dissipation. The Synchronous 'scheme ' offers the best ’
- ‘ » \ -

[ | - v
* . temperature range penformapceg while the LARAM has shortest N

? 0
access time and lowest clock capacitance drive requirements .

-

[Crouc,76]. | o .

""%5.3 Organization of DICT2 ON CCD

1 ‘
It has been mentioned in the earlier - section, that the

. [ '3
"o LARAM‘organization provides random access to stored data and

H \ﬂ ) ' . o

~t

&

has the least access time. ’ : ) ‘-}

B

. B
. . ' '
! - .
s ' ' ! !‘
4 P o b

“a - ' The 6rganiza£ibn.of Dict2 on the CCD will be described
using the FairchiLg CCD 460. The Fairchild CCD 460 has ;
LARAM organization and can hold‘16,38u bits or 2K bytes.

_FIGURE 5.5 shows the physical organizatiom of CCD U60, Its

Yli\ ‘ . '.data rate is 20M bits per second and has a 4-bit p?{;llel'
' ' ) S R y ‘
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‘readout, The four bits cone from four independent sections

each consisting of thirty-two 128-bit reglsters

. access at reglster 1eve1 is possible, but each register” by

i . . .
itself functions as;a seriaL shift register. When R is

2

selected in FIGURE 5.5, -for reading or writing, then S T
and Uy from other sections are automatically selected  for a

4 bit 1/0.
I

Average access time is 12 8 microseconds.

The dlstributlon of the fragments to be stored in D10t2

is sh0wn in FIGURE 5.6 and the total number of fragments 'is
5944 With a

- " o

fnagment ‘the total storage requirements for Dict2 is

fixed of 5 bytes and 2-byte code per

s;ze

29,720

bytes. - . T . . ;

o RN R

, ¥ o
COST OF STORING DICT2 ON _CCD 460 : o

.of 2K bytes and

CCD 460 has- a unit capacity

The

-

'therefore the total number of unitéfrequired is given by

‘ I Ny = 4160872048 : v
. . © =21 units
. S : - ,
'} At an -estimated coséwof .1¢/bit the., cost, C, of stofing
T D1ct2 is" . — I ‘: ' ,:. ‘Ja
; C =21*% 16384 * 1 -

n

Random .

2"

T AT $341’L m;, o ,
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into subprocess meets Khe ‘above demands. Desigh and
{ . . . . .

fabrication of a pipeline drchitecture, with a set of three

microprocessors, for reco nition of typewritten characters

o 7ﬂ are discussed by [Venka,77].

A ﬂ!peline architec%ure with sﬁhe general purpose

b

. . i *
microprocessors of today, night require over g hundred

3 6roéessors to  meet . the h1gL data rates” in real time

[ -

comprésﬁiqn, of data from the satellltes and hence may be

.

4 impracticai. 'However, it should.be femembered that even® a .

K o two-fold 1increase 7in thé spe?d of microproqéssofs; whicﬁ v ‘

does not seem ‘impossibley wiﬁly halve the nutber of "
processors. P ' -\ L. 0.k~ ‘ | ‘

Ll

' . ‘ ' Y ' ’
‘JMultlproce sor architecture ‘ : . : e
o 4 B ‘ . v ' O N
; L . ' : . . e L

The main opefation of the coding algorithm with LM is
'comparison or matching.ofdcharacters. It is pbssible to
'impleﬁent this operation uslng the relatively faster bit-

-
slice microprocessors. Such a special purpose processor,

) may be comblned with a CCD:unit as shown -ia FIGURE 5.8 ‘which

w111 be referred to as a CCDP. - EE ,)/ffEkg\ 1
. o BN i I - .
If a CCD 460 with a capacity of ng bits.is/used in . the A
sonstrucﬁisn of a cChP, about é9é‘five1¥rams’and their codes .
can be stored in . a single unit. - Se&eral CCDPs may be

\ ‘
connected to a central computer as dep1cted“1n FIGURE 5.9

LU .5nd i3 operation may proceed as mentioned below:,

-

v o . . T

smwj
{
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' An input data unit such as a "textual.word" is matched T

by. the central computer with-a table such as shown.in'TABLE~

.

5.1, and the appropriate CCDP ié‘selected for communication,
Eor example, the input word COMPUTER would be communicated
" to different CCDPs as shown below: ,

CYCLE 1 ° COMPUTER —-enn- > CCDP3
. o o =t PUTER wmmmmmmen :
. "CYCLE' 2 * * PUTER ~~--umn - CCDPI5.
PUTER agmmmmm-= |
CYCLE 3 UTER ==scmmm > CCDP20 - C
S o UTER w-e-momn .
: cycle ll o TER —eqmem-o CCDP18- . ' " e
| T ) ' ) : ' ,8 . ——— - ) }-\‘ . IA ,

The coded word .would be ok A .

o !. . V
Communication between the\CCDPS aéq the cénpral cﬁmputer .

2

;ma§ be through a .singlq bus or.a leti-bus systéﬁ{ This Co

aqchitedture has a resemblance to the lRAP architeciyre of

[Qzkar,75]. Suppose there is a sequen\e of input data as in
: i _ . o

a pipeline’, §nd accesses at different cycles are for

. diffei';ento CCDPs. Then convenient searching and coding may D 3

7 . ) ‘
take place.. ' -
Substrings of a single wotd, sugh §s COMPUTER may go °
[, ' ' .
[ 4 ‘
through more than one CCDP for encod1ng. For instance, from
. \h-.‘ N . ’ ) . ' | .
, . X . H A ¥ 3
‘ ! . . +
Al '\ \ Ll
- .--,';-4 - xu._mwam;.qm-w [Rpees wupw‘.-m: ey g n:-mvd;»wh«w-'—v;vﬁr?{j%:r > ﬁn,-ur.:\::;ws; \-'I.‘ Mo
gl




[Marti,721,) : )

96

-

the prev1ous example COM is coded by the CCDP3 and TER is

,coded by the CCDP18. ‘Each CCDP commihicates to the central

computer which. in turn may. communicate " the uncoded

3
substrings to other CCDPS. This necessitates some amount.of

bookeeping.in the central computer. The effects of such
bodkeeping, input data rate, 1limits of the single or

multiple buses, and processor speed may 'be studied through a

. J

simulation fiodel. . Results and obsegvabioqs of the

.
L]

: ) W
experiments discussed in this thesis woyld be wuseful -for

-

such ,a simulation study.

5.5 On-line Data Compression with Microprocessors’

\

" b \

Ai  on-line system may be defined ‘as otre in which. the

input data enters the computer directly from the \poipt of

origination and/or outpﬁt data are transmitted directly to
where" thex are used, as opposed to an off-line sSystem in “

wh1ch telecommun;cation data does not go dlrectly 1nto the;

computer ‘but are wrltten ontb magnetic tape or "disk, or

,,/“\punchéd into paper tape or cards féf later processing

[Marti,72].

-~
-

A real-time'cohputer system may be defined as one which
controls ‘an enviromment by receiving data, processing.them,
and taking action or Eeturniné,resuits sdfficiently quickly

to affect the,’ functioning of the environment at that t inre,




- few milliseconds to .many

~ 97

- ~

- Response time can be defined.-as that time interval from
o < ‘ ’ .
the operator's (ffessing the last key of the input to the

terminal's typing or displaying the, first character of the
response [Marti,72]. Wwhere a 'man—computér dialogue 1is

2

taking place, , the responses must be returned//tob the man

~sufficiently{ qdicklyﬂ‘sb ;s. not éd impedé his train of
thought. ‘Resgqnsg' times' between ‘1 and /5 ‘secénds are

typical. In"“real-time" systems 1in wpﬁéh a machine or

. R L .

process is being cbntrolled response timg%ﬂcan vary from' a

\\%inutéé. Tﬁe speed of response

differs from one type of systenm to andthé?‘abcording‘to the

needs. In a system for rad;r‘scanning a.reépbnqé gihe of

gMilliseconds is needed. ‘Im  contrast airlihg feServabion
Systems accept a response time of about 2 seconds. Some

typical _real-time sygﬁems are listed _ in TABLE 5.2

&
[Marti,72].

An Experiment e

<«

The coding algorithm LM was written in (MOTOROLA)
; wa,

cassembly 1language Vand/ was fmpiemented L on ‘ the M6800

. microprocéssor to werify the intended 'operation of the

‘proceéure. An in—core'dictionary of size 256 fragmenté' was
used. . Thg codeable ¢1emehts "were word fragments and the
dictionary was'drganized as discuségd in chapﬁer IvV. ,;Theg

average execution time (coding time) needed to compress a

e Y

! . e —— v . * R , ¢ NS
- word was estimated using two sets of data. One saqble was a

! 0

W Sy
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TABLE 5.2 . -,
‘ -~ L3 r' 1

SOME OF THE MANY TYPE QF ' COMMERCIAL

REAL-TIME SYSTEMS: L

-

.reponse times between 1-5 seconds o

- a

AIRLINE RESERVATIONS SYSTEMS

BANKING SYSTEMS

SALES INQUIRY SYSTEMS

SALES-ORDER ENTRY SYSTEMS \ .
POINT-OF-SALES DATA COLLECTION SYSTEMS

CREDIT-INFORMATION SYSTEMS : ‘

HOSPITAL-INFORMATION SYSTEMS
TEXT-EDITING SYSTEMS ‘ P
DOCUMENT-RETRIEVAL SYSTEMS .
INFORMATION RETRIEVAL SYSTEMS
LIBRARY CATALOG SYSTEMS &
"HOTEL-BOOKING SYSTEMS _ . .
STORES AND INVENTORY CONTROL SYSTEMS .
, PRODUCTION DATA COLLECTION SYSTEMS | ‘
MANAGEMENT INQUIRY SYSTEMS ...
-ENGINEERING DESIGN AIDS
STOCKBROKER INFORMATION SYSTEMS

.

.

Cmmevin .-



set of 500 dlst1nct words from the Time magazine,,OCtober 2,.

1978 issue. The second was Data Set1 described - iﬁ chapter’
III. The fragments were generated from.Data Setl. Results’

are shown in,the TABLE 5.3.

The "bulk" of the coding time is found to be in the table
look—up $1nce 90% of this processing time’,is épent
searching the dictionary, one &ould improve the sedrching by

. \ .

e ! 4

means . of a hardware taBle look-up; Suppose n- 13 the table

look-up tlme with the hardware unit arid n/9( u where un 15

the average coding time. The following table shows the new’

average coding time d& , that takes intp account the

availability of the hardware table look-up.

Coding Time

n ] minimum ﬁaximum “'mean (ug)
. ) , T . T
«5 u | .088 msec. 8.00‘msec. . 1.99 @sec.
.1 u .054 msec. |, 3.16 msec. ' ~.T12 msec.
.05 u .048‘mséc. 2.69 msec. ’ .552 msec.
.01‘uf ,0B6\méec.‘ 2522'mseg. : . U423 msec. | .
~005 u | .036 msec. 2.50 Wsec.  |. "..407 msec. -

1 . A

- P
N El

From.- FIGURE 5.10 which is a plot of the above results,
we can see hhat a table iook-up hardware;uith n = O 1 u, is

adequate and no SpeCIal advantage will accrue with faster.

. . . s N Y
devices. | oo ”
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. ) TABLE 5.3 :

[

[
0

{ .
& : ‘ o . 500 WORDS 2500 WORDS ' .

A ‘ MINIMM | MAXIMUM | MEAN || MINDAM | MAXIMUM { MEAN
. ! ©
-~
co CQUDING TDE (msec) .130 14.6 3.6 .144 10.5 2.7
“TIME SPENT IN TABLE. .
v LOOK~UP  (msec) .085 13.4 IR i .099 10.0 2.5
t N
. . . !
A -~ .
. < o ]
\ {4 OF TIME SPENT IN - <1
' D TRBLE ,LOOK-UP . 653 92%¢ 90% 69% 95¢ 93%
- * l . .J ‘ w . .

. ..
e -

. * . N 1 ' . v
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From TABLE 5.3 it is seen that the mean coding time per

j word 1lies between 2.7 and 3,6 msec. An'average word lendth

of 5 characters, would mean a processing rate of 1700 to

2dOO° pytb§ 'per second’. . By referring to TABLE 5.3 and

FIGURE 5.10 it s ﬁoteq that compressien of data in real-

» 3

', time applications like airline reservations or banking, can

adequately be supported with conventional microproce$sors;

¢ . However, for other types of real-time applicatiogf such

~as satellite ‘data or dlSk to CPU data transm1551on, where

the data rate is in mega bytes per second. this prOcessing

) . rate would not be sufficient. W1th a hardware table look-up

L

having n = :01"um, a mean coding time of .423 msec. per word

”» . R -
is . obtained. Therefore it could process about 2500 words

. per second. An average word.length'of 5 éharacters per“h&rd

would yiéld a processing rate of. 12 500 bytes per second.

4 J

Use of: hardware table look~up can improve this by a factor

of 5, Yet, it'is not fast enquh~for.certa1n applications

like: satellite data, or qisk transmission rates.

&

purpose microprocessors

t

Tt In summary, general

. © without " special

‘ used for- data compression of textual data for some real-time

applications) Newer memory bechnalogles llke CCD and MBM,

can be fruitfully used with microprocessors for storlng ‘the
.\
eodlng dictionaries. ' \ N

.- .

with or’

pur pose hardware for .table look-up, can.be
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.

A multiprocessor architecture with CCDP, such as proposed in

this chapter could be simulated and the results obtained in

F 3
the thesis could be used for such a simulation. ’
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CHAPTER VI '//
Use. of Word Fragments‘or\"n-graméw+>/

for Data Compression

Application of n-grams :
. . 4

In the inidial stages of this thesis work, n-grams and

their ‘occurrences were examined to construct a didtionary

o

for text compression algorithms. This study has-led to an
interesting observation that in the frequency distribution

of n-grams an optimum occurs between ‘n=4 and n=5. The
: o ‘ {
present chapter is a sumnary of the above. '

Al

-

Word fragments are substrings of words in written texts :
and they are also known as "n-grams" or "x-grams". . N-grams

_.have ' been used by investigators for boding, compression, ,
] ,

t
_character recognition, spelling  error correction . and

'hyphénatibn ‘of writtep texts. Statistical distributions of

n—grlms computed from written texts have been studied in the

1

past by several authors including [Suen,791, [Gupta,77].
’ ' i_ . . '

Suen ‘has studigd the -applications of n-grams statistics

for nattral language understanding and  text processing,

-

particularly for .chara¢ter 'recogﬁition. He cohputed the

- n-grams statistics (forn = 1 to 5) as they occur in
' ' \

1

\different fpositioné (1 to 11) ‘of ﬁhe words. He notes that

‘n-gram .statistics are strongly influenced by the 'vocabulaﬁy

P Py Phidny Wes <Ny | el et > N A NPT

BN Ll U A P AR
P ¢
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L
and characterizés the vocabulary by the num?er of different

words and their frequéhcies. As the vocabulary increaSes,

o

longer words and rarely used WO dB\appear and the average
4 Q‘//q
word length as well as the to al numﬁ? \Ff dlfferent n-grams
increase.-
. . ;/ ‘
. T // 3 . \
Suen used Kucera et al data sq,”for his experiment. The
data con51sted of 922,000 words whlch had an AV, = U.5
characters FIGURE 6 1 shows the woqd length dlstributlon

RN
of this data set. - ' - @

¢

Gupta has-studied the n—grgm distribﬁtions apd used them
Jin building dictionaries for data cémpression. She -
generated n-gra?§’(f9r n=2+to8) and reported thé£4 as‘rn
inpreages the total number of n-grams in the data base
decreases wheregas the number of distinct n-grams 'increaseé.

This increase 'is rapid until n equals 4.

Gﬁpﬁa ﬁSed'thé Marc tapes iésuedjby the U.S. Library.of
Conéress in 1969 as her.expérimental'détal It had 34,056
'wOﬁds of which 10,829 were. different. The average word
leng;h hﬁN = 5.8 characters. Tae dord length 'distripution

of this data set is also shown in FIGURE 6.1.

The three data sets described in ‘Chapter III are used
for: our experiment ., N-gréms (for n=2 to n=7) were used for
the * study repofted in ‘thig Ehapter. The word’ 1éngth
‘qiépribptiqn of Data Set1. and Data, set2 are plotted in

FIGURE 6.1 .to compare their word 1eﬁgtﬁ distribution with

1
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the other authors. Data Set1 has‘ an AV& = 4,5 characters

and Data Set?2 has an.AV = 7.2 characters. . i.,‘ \

fr'\ ‘
4.

The present study sin this thesis e;amineS"théN
distribution of n-grams and their behavior as influeiced by
‘the following factors: ' L ' ' J

. » , i

1) ‘sample size of data ' . .

3) threshold frequency ' o
- a.word fragment is not: con31dered if 1ts
\ frequency is less than this
) ' specified threshold value,
. 3) the average word length
A o . U4) subject matter of the data

technical literature versus
genéral english text

} v v s ]

EFFECT OF SAMPLE SIZE

' T ‘ o,

« i N ' ~ N . N
For various N, where N represents the number of distinet
words ifr the selected sample, and for a threshold of T = 50,
n-gréms of 1length n=2 tb n=7 were generated from Data Setl
and bata Set2. The ~§raphs of n versus #F (number\ of
\ é«v : differéni n-grams) for various N are plotted in FIGURE 6.2
-and FIGURE 6.3. .Both data éets contained 2500 most frequent
. and distinct words which wer® partitioned into the following
gample sizes N = 500, 1500, 2500 (most frequent words),
. A o

’ : ~ In FIGURE 6.2 the number of different n-grams increases

'unﬁil.‘n = 3 for « N = 506 and then it slowly decreasés.

ACurves A

B peak at different values .of n. " Also the

i
)

e e R

-
¢
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number. of different n—grams

el

2000

500 |

3

FIGURE 6.2 EFFECT OF SAMPLE SIZE

.
t : -

NOTE: This "graph corresponds to DATA SET1
, ' \
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curve A and’ B have associated AVD's y4.8 and 5.6

resi ctively. One is tempted fo correlate the AV - with
pea ing at n. But this is not confirmed by the axger;mént
with ‘Data Set2, the results of which are shown in
’flGURE 6.3. - In the case of Data Set2 (teehnical words from
CACMj, high'frequency words are longer than those in Data
Set1 for . N = 500 When N is 1ncreased to 1500, the AVvp's

change in opp051te dlrectlons in these two data sets. This

change i3 much more pronounped.ln.Data Set1 than Data Set2.-
:‘ R S, - . -

/ From- FIGURE 6 2" we can observe that as the vocabulary
lﬁnereaaas the number of different n-grams: as well as the
~word length increase which is 1in oonformity with the
investigations by other authors. Itlmay be notgd that - as
the vocabulary size is increased from 500 words to 2500
words, the numbe; of d15t1nct blgrams has indreased from 300
to U420, whereas the number of distlnct tetragrams hgs
' ;ncrease& from 600 to 3200. - ' |

"
»

From FIGURE 6.3 we observe that\fcr N = 500 the n-grams
. R ~ . . K\\
+increase up to n =1 and ®hen decrease.. Curves B' and C!
peak at n = 5. It is to be:nentloned that - -from this data
set, more n-grams were ‘genefated (for the same number of
words) than in Data set1, This is explained from' the fact
that Data -set1 has an AVD = 5 8 characters while Data Set2a
has an AVp = 6.9 characters. Also Data set1 has words. ofl

maximum length of 10 characters while this data set has .more

I e

”



;echnicd{’words which extend up to 16 characters.

The above results indicate,that curves A to C' peak

"between n = 4 and n =.5. The cu?ves of FIGURE 6.2 and

FIGURE 6.3 have ‘the sameaﬁistribution.' Another observation
~*f
is that as N increages/ the AvD for Data Set2 decreases.

while that of Data Set1 incpeases.

EFFECT OF THRESHOLD FREQUENCY

f ' X PR ‘ s (\ ,
For various T, where T is a threshold frequenei\ chosen .
arbitrarily, n-grams were generated for both data sets.- The

"n-gram size versus #F for various T is shown in FIGURE 6.4

and FIGURE 6.5. - - ' g
]

In FIGURE ’6.4 curveé D, E'and F peak at n = 5 while

curves A, B and C peak atn = U, For technical words in

-Cogputer Sc1ence as shown in FIGURE 6.5, the curve A’ peaks

2, °

.ata:n = 3/wh11e*curves B! and c' peak at n = 4.

L.

The two data sets .behave, similanly\ with "a max imum

"occufring betweeﬁ n=4andn=5, As the threshold value

S

increases the. total number of n-grams decreases and the peak.’

A

shifts tbwar%s lower)values of n,

o \ ‘ ’ 1

EFFECT OF AVERAGE WORD LENGTH o

»

In order to study the effect of AV on n-grams, the Data~

.+ 8et1 has been used. The n-grams versqs #F for T =.30 and

-
—
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.4 - T :100 are shown in FIGURE 6.6, for ‘three different “al“éi

of AV_. The average Wokd length of the 2500 dof Data Setd,
\ 4 ' M ! \%

e, ' istinct words (Ayb) is 6 ¢haf€cter§ which conrespopds to .
," -éurve C ié the figure: By consideringh*ghe words. of
o @ ¢ I‘sufffgient\léngth, a subset of these words was take; so that )
. - \\ AbD = 7 characters. " Similarly anopher‘subset was formed to ' .

have Avg': 8.4 characters. The curves B and A in FIGURE 6.6 o
3 ’ 2

¥ LY

Py correspond to these two subsets rjfﬁéatively.
. ! > \
-~ ' N A"‘ q
For AVD = 6 characters (curve C and C')z.the number of

n-grams increases untilgn.z 5 for T = 30 and n = 4 for T =

¥ characters (curves B and B'), the'.peaks

100.*. -For AV
D

. ‘ e
occur at m = 5 for T = 30 and n = 4} for T = 100. “Wor,
AV = 8.5 éhgracters (curves A and A'), the peaks occur at n
L R , . L °
: 'z 5 .for T_'= 30 and at n = 4 for T = 100." As:the AV.
R ! , / ’ D
L ‘ ]

increases, in all cases, the total ‘number of' fragments

: gehéfated; decredses. For all three average word lengths

* when T T 30, the peak occurs at n = 5; and when T = 100 thé

1
-

~ s

' ' peak océurs at 4 = 4.,

. - .
13 - 33
( . o, . ?
s v

o ® ' EFFECT OF SUBJECT MATTER . S
: s t . .7. . . N ) Lo« - i i ) - .
. r ) , - .
C e . . B For this study , n-grams (for n=2 to n=7) were generated ,
. ) BN ‘ . : T . :
IR from Data. Set1, Data Set2 and Data Set3. No threshold value .
K . was used. - A1l threé ‘daéar— sets have different
a ’ :

@ . . o
~ characteristics as deseribed in Chapter KILI.,'ﬁThe n-grams .

versus #F for all three data sets is shown ini:}GURE'6.7.
A ‘ " . :
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~In FIGURE 6.7, curve A, B and C all peak at n = 5. 1In

the curve C, corresponding to Kucera g%"él's data base as
general English text for n > 5, the drop is rapid. This may

be explained as the consequence of smaller AV of Data Seti..

G

All three curves have the same distribution even :though
their subject mattef, AV, and word length'dﬁstributiohs are '

different. .o
¢, , . ' ]
Considering allxthe results shown in FIGURE 6.2 through -

FIGURE 6:7 it is found that-a maximum occurs between n=4 and
. . :

n = 5 irrespective of the size of the data base, of the
threshold freduehcx, of the average word length (AVD) and

irrespective  of the subjeeQ matter of the Hata base. l

1 - 1
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CHAPTER VII

CONCLUSION

The results presented in thisithesis.are méinl& expgrimeﬁtal.

The results obtained in the first part of the thesis indicate tﬁe

- suitability of a microprocessor for text data compression where

low data rates are, dnvolved.  With ‘the use of MGBOO
microprocessor, the average encoding time per textual word was
)

found to be betweenalz 7 "and 3 6 milliseconds for the .longest:
\
match algorlthm ThlS 8?u1d accomodate on- 11ne appllcations suoh ’

\ ,
as a1r11ne5 reservations\ or banking where' “the response time

. required~is'in the order of one second.  In thesé cases  data

L4

originates from manually qperéted keyhoards. The number of words

- .prccessed ber unit time can be improved by a faector of five °with

the use of a hardware table look-up.

»

It was faund that a cé&ll size ofau‘byﬁﬂs would yield the

least amount of fragmentatloh in storage. On the othér hand in
-a two level dlctlonary scheme ' a cell size of 4 does not-result in
‘ the least number of accesses to the second level dlctlonary; The

) ratlo of the space required.for both dictionaries with the cell

N

size 7 to that with the cell. size H' (TABLE 4.1) is Z. This

V'contrasts with the corresponding ratio of dictionary accesses

(TABLE 4.3) that is .8. Therefore, when fixed-length dictibnaéy"

entries are desited 'a cell size'of b is appropriate. 1In a two

’
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4

v

' level dictionary scheme, it is found that "as the size of the

Tirsg level dictionary’ increases, the hit ratio increases, the
compression natio- increases but marginally and the - average'
encoding time also increases. The'results‘differ for 'the two
experlmental data sets, because those word fragments which were

generated from the first data sgt .are applled to both

.
1

<

From the stuay of the frequency distribﬁfions of n-grams it
‘ , ‘ . . ¢

was found that a maximum or a peak occurs between nzl anh n=5, |

This phenomena is con51stent when the parameters such as the size"‘

for the data set the threshold value, the average word length of

the data set, and'the subject content are waried.
FUTURE EXTENSIONS

The. proposed' multiprocessor architecture - with CCb,
necessitates sgne amount of bookeep{/g;in the éentral comouﬁer
The effects of such bookeeping, input data rate, limits of the
single .or multiple Buses; and processor speed may be studiee from

a simulation model,

N several ‘applieation,areas,‘composite data that is images
combined with text, arej common, There are many compression
techniques aoplied - to .either images‘or text but not both. The

application of compression techniques to composite data is worth
examining', | - e

The occurrence af a max imum in the fréqpency distribution of

n-grams ‘may further be examined ’using large data samplesf'

AN
¥



",W'.nw 2o TRTAT AR AR T A ST g SRR SR Ay ] A S
R e e el

o

" However , this would require a large amount of computer time.

A microprocessor implementation of text c0m6ression methods\
can bers incorporated into on-line data .terminals. ' Banking,

airline reservations, and wor% processing are some possible

application areas. This 1is essentially an 'instrpmentation

problem.

e

In dictioc:ry based. data compression, construction of a

0

suitable dictiohary of data’ elements for cbding is 'a major
,problem, - As aeen from‘FIGURE 4.8, the conpression obtained by
using a given dictionary is very much data dependent. One method
used . fOr constructing a dictionary is to sample the data base to

be compressed and to examine the frequencies of the data elements

of interest in the sample ahd their suitability for ineclusion in

the dictionary. Clearly this approach assumes the a priori\\,

availability of the data base or a representative sample of the
data base, Starting from an arbitrary dictionary, can methods be
:devised to adapt that dictionary for a data base? This is a
protlem for future résearch Probcs and counters can be
introduced in the dictionary té\\judge the contribution of an
existing dictionary element to compression. But how to know
about the data element not in the dictionary which might be
'ralatively better? Yet anotnér problem in this ‘conté’xtb is as
follows : When a.dictionary changes should one ngcode the already
coded parts of the data base’ Should one reatrict‘changes in the

dictionary so that no recoding is required; if so what is' the

price paid for this restriction?

- v..wm..'.«.‘\
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