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phenonena which vas called the "inforﬂation explOSion"‘ lgl'he

' .1.;(

fegular custodians of recorded knowledge, ;h' lihrarians,

”‘were confronted ‘with .an unnanageable flood of ;nfbrnatlon';g

and requests fdr 1t. Vannevar anh [10] was the’ fltst to

drav. attent&on to the fact that -the computer had potentlsl

‘;-u~.

1n the lanagenent “ﬁﬁﬂ dissemlnatlon of 1nforﬁatiog‘; 1n‘«y

o

additlon to lts already accepted potential for nqnetlcal =l

‘e
. .
.

co\ T R
Attentlon qulckly focused -on the new appllcatlon, ;and

: problems.rf A R ’.‘

1nformatlon.'systens were concelved 'and developed. Sone\

td'hnlcal workers fam111ar ulth the. newf nachines .iere

B 3?' L. . ‘_A
already« aware f thelr personal needs for qulék and easy(//ﬂf*‘

r . ,¢
access to 1nformat1on, and hence were ready to work on ’thé
‘l )

develqpment of aechanlzed 1nformatlon retrievala- 51nce that

\

' tlme the deVelopment of 1nforlat10n systeus ‘has paralleled ,_ﬂi'

that of computlng systens qu, and has even 1nf1uenced the

n i e
; \‘r\ s

led to conseguent development of new technngues and to the

. \ . - » N . .".’. v “ - c - Rt
) - N - : v ST T

", - . v .

- Y . : A R [ .-
- s . B - ~



L e AT L |
_f 'f;“v55 grovth of the fiéld\ofvintdilﬂﬁion retrieval. "%H@ffuﬁfuu\,.r
V%;;iﬁxff‘fiﬁg Ln}%rngtion‘;etri val is defined hy Salton {71] ‘as! the C :
W‘” ';”{,: "ﬂield concerned with the sttuctd(e, analyszs, osqanization.‘gﬁf
fz,f;f?%$7 sqqyaqe, searching and retrienal of-lnfa:mation" s In this ”\/
;Yf;u:: dieedp;ine tﬁfre ﬁave' develgped methods, al orithnsw ganng;e
ii i ‘lfobnpgete systehs eo handLe the vast anounts iédqggr-a;ipnd{7
‘. ?:fﬁ,dd:\that is required. hy today's- technoloaxc? ' fﬁkf(l‘}(’ ”f
,;.‘.-},-' , \ inportant COncepto of a izi,gu'lzabase as a collectlon of related
L ;;5 ' 1nfornatnon' haskﬁpnerged _and&'at present ﬂ‘f?lot;_»of
dq},gi'f;**con!ideratlon as belng glven to datahase problems._ But >he, 4£
. i novement towards the’@sign of he' perfect; form ] of. ‘ h\“: o

.....

f,ﬂvj’\ datab se ’is stall ;1' 1tsgxnfancy [12] and therefore many "if
K ‘\' open questlons remaln. Among thenjbre questlons concernlng :

database‘ storage and otganizatlon, 1ntegratlon of dlf?erent -y f“ﬂ

,;,f-”f{, datahases,_ af% N dévelopnent ‘of, eféic1ent prdcedures

ﬁdi;_'al‘ appllcable to Searchlng of dlffereﬁ& forqg of databases:"' ‘;
);‘\.\ . ..-. - ‘ . ' " ’;‘ \Fu.h‘ ) '— ) " l.l:.‘v~ !T » " . ‘ ‘. - - . "i‘;"' | .’h" - .
SV 1.2 - Regsearch.objective. el e A o N
. 6“\.?7:‘1' e . . v - . . ; & i o ) v "‘\ . .'_'~..,-' - Y ‘; ‘. "- . ': \
N ' ' N o B s -
: 0 Y.tw The work descrlbed in thls‘the51s relates tonstorage and

: .management consideratlons that -arise ;inv the de51gn off'f 2

f?ﬂ1'71; databases for 1nfbrmatlon retrleval.i,A éartlcular approach

:;f: to database des1gn is. sugges%ed, and is. studled wlth regard R

g;i;.;" toﬁlts fea81b111ty for practlcal appllca%1%9 N,Q. | ; e ﬂ
};;; - ) The alm oﬁ‘tHe 1nvestlgatlou‘1s t&' prov1de sufflclenf e
'f vﬁffdata and experlmental ’eéldence for .an evaluatlon of the
;{:55.;'Pr090sed technlques as weliwdasfﬁtbﬁ 1nd1cate the 1nherent .nf' -

. . - . T . :
.. - . « 2SN . \ e

O



problens that nust be con51dered during the systen des1gn,

L]

#Pormulae.are developed to %orn a basis for extrapolat1on. - Ty

3

: Infornatlon theoretlc technlques,- and con51derations<

§

~_'uased~on—i¢ngu1strc—concepts7*are’used‘ﬁs—a—hKSIs_for—making
certain dec1sipns concernlng the system de51gn.' It iS'not
lntended to develop detalled theoretical analyses of all

aspects of the proposed approach.» It-ls.hoped) hovever,

T

that the ba51c theory may be presented in such a form as to

»

':prov1de‘ a f1rm foundatlon for the approach adopted and to

W

o -justxfy the gatherlng of the requ;red experlmental data.
. , / | ::,? .
‘)—_

dx.
N

R

5 - B . . . . . . ] x.w‘ -' : ) i
. . - " N . : . i
i \. . . i "u'\' P g . Mk \/ : t ;:""‘;T' -
Certaln ba51c concepts and * asSumptions form the. ;&7

o>

' .1nte11ectua1 requlrement for ~any study, _providing the

foundatlons and llmltlng the scope ofw/the :work. They,

Y

‘;nchnde the- set .of-ax1oms/oJ;uh1ch ali further deductlons
f . are based It 1s 1mportant to explaln the ba51c' concepts
;l" ;fti ' and assumptlons in some detalf before proceedr?g‘wlth the
study.._ ' L : Yo o _— i:‘
1_1.,:ir“7 . The spec1a1 area of 1nformat10n retrleval‘:o whlch the['
;1pr§sent 1nvest1gatlon ;relates is ‘that wh;ch deals wlth kt'/_
x‘j?t‘i o retrospectlve document retrreval systeas that Jlnvolve very.
- ;”;' large databases, Thls 1np11es the use of spec1al methods to
handle -and retrleve "~ the 1nformation. , The‘ systems ;of-
e - wpartlcular 1ntere§t are those 1ntended to he:'operated on-
‘line.v ThlS requlres. spec1al empha51s to.be'placed on tvo

-
rg
.



‘e

system elements, and

%
.'.'.‘,

particular aspects. These are the size of 'core resident

&

the nulber -0f disk accesses for the

system in'operation. The problen of updating the system is

not considered in the present study although it may prove to
be important in some 1nstancesz . Also, considerations of
database structuring to allow ‘adaptive retrieval are -not
1ncluded in the ' present’ study._ Such adaptlve retrleval
m1ght Be througﬂ userlfeedback or other neans. '

The basic elements of most exlstlng retrieval systems

are. the - words as in common usage. The main concern of the

B

present study is to investigate how the use of -alternate
basic e}ementsgq_caiied.- "fragnents" may -affect PYsten
organlzatlon and performance. Thus the scopé of the present
research may- "be summarized as con51dEratlon of:: " The effect
of fragment useé on o:ganlzatlon and performance of a statlc,
6n~11ne retrospectlve retrlevak systea",

The value of such ‘a study could be -Questioned 'wiﬁh '
regard “to ite validity if 4a, certa1n basic "stabilltf"
assumption were omitted, and therefore attention‘ uill be

9
flré‘ dlreeted to the 1np11cat10ns' of this assunptlon.

gt‘Stablllty and’ honogenelty of the database over a - perlod f

time _is postulated throughout the préifnt study. It is

\

sugposed.that a sample of the.database can be con51dered to

‘be representatlve of the vocabulary of the whole. With this .

'\‘4

.‘assunptlon the. vallﬂlty of any results derlved from the

s uple can be extended\ to apply to the_ Hhole database '
[ ] a“ .

grov1ded the sﬁhple is suff1c1ently large. Accgrdingtto_'
. . ) ' », " A "'\_ . .



. ’ . . .
g : Lo . .,

uandelbrot 48] ve must cemsider:

' : 4

", . sanples of discourse long enough to allov one to speak"

of probabilities as limits of frequencies and short enough

L4

N

.. to allow one to assume that these probabilities-have not °
;chang ed between the beginning and end of the sa ple. ‘

‘Aé.

The assunption ‘1np11es _ that for- different, . Ahut~
sufflciently large,',sanples\ of equal size chosen from the‘
‘database, only small-differences are expected. in the rank
-frequency dlstrlbutlon of'words and in the distribution‘of

‘word lengths, regardless of the point in time at which . the.

samples were taken.

The work of Long et al. [41] provides some’ justlflcatlon

~.

for the assumptlon lade above, even ¢hough their

1nvestlgat1on deals only wlth a fvery special vocabulary.

i’ .

However, strong support.for the valldlty of the assumptions

'is'also brovided by Lynch et‘al.'[QG] . Their‘ examination

<ofw the INSPEC datahase showed that ‘over a’ three year perlod

the character and n-granm dlstrlbutlon shoved very llttle

variation. They report: "... = interflle‘dlfferences.are'

v o

minimal and no significant trends.apparent".

This evidence is cohsidered to‘be the support  .for ‘the’

justification . of the assumptions “which’ villA’be tacitly
present throughout the following chapters. |



.. . W

CBAPTER II
» BACKGBOUND AND SURVBY OP RELATED LITBRATURE‘

The purpose of. this"ﬂwpter is to’ relate the researq& of

. the present sthdy to work already published and docuuented'

“in the open llterature.. ‘only naterxal relevant to the

present study willj bef'discussed here since a' general

1ntroduction 'to information retrieval isn‘contained in a
Al ) ) . 2 ’ .

number of booksA[7fj,[51],[3].‘ “ﬁhel.present chapter' also

. . - \ .
provfhes most -of the background;?aterial,xdefinitious. and

equatlons on ’which subSequent chapters depend. 'Certain

’

: aspects are d1scussed i deta11 and sone of the partlcularly'

‘relevant papers are studxed cloSely.l The 1np11cat10ns of .

- wtheir content are con51dered) éggether wlth certaln‘conCepts

4

chosen from 11ngulst1cs and 1nfornatlon theory.h
- ‘\- |

2.1 Linguistic E.L.eaenss P

: , : e N
— = NP
+

The de51gn of any system that 1nvolves natural language

'processlng must also take 1nto account certain language‘f
-charaoterdstaos.» If the text. 1n a database is con31dered to-;ﬁmiwi
forn a subset of natural free language then the relevant?
;charaeteristlcs - may be used to advantage in the deslgn of/ a'p

retrieval systeu._ The propertles of 1nterest 1n the presenti

study are- all of a stat1st1cal nature and can Abe borrowed

fron studles of statlstlcal llnguastlcs.

.Most | of the regulred propertles nay be derlved fron a’



',’:"" 1% )4.1. ’

'language B |

le 1angungé'node1. According to Chonsky [16] an4

nodel is based on the fnniliar conception of"

a particularly sinple type oi infornationffffd'

' sourcem nanely a finite uarkoz process.. This finite state@ .\

.Harkov nodel{has been the,'subject of freqnent linguisticﬁ

studles,uone of,the most recent being~that of Damerau [21].
Despite'certai obv1ous def1c1énc1es of the- nodel, it proves
‘snfficient t3\ 1ntroduce those elenents ~of s€2tistical“
linguistics'thaéxare regu1red in’ the ;resent study.l\. |
. The oldest, a d peataps nost uidely known, vocabu ary'
'relatlon' vas brou ht ‘to llght by 21pf [95] amd has beenkthe.

‘subjbct of many dls ussions.\\The so called "21pf's law" lay

nIf the D dlfferent wonds . (types) in a\ sanple- of T\.wordsl

\(tokens) of‘jfree tex ,'a‘ , tanked in order of decrea51ng’

frequency, _1t is foun thg& the follow1n§\~ emplrlcalf

.«\\‘

‘\

" "'. 2 1.

' A.sone}hdt,more complicated equatidn
f(r) C*(r + V) ¥x-B \: o e

_hasf been proposed by &andelh\oﬁk547] and has,been explalned

© as the result of a’ mlnlmlzatlon procesvlln vhlch the d"cost"

»

’

of a word is to?be n;ninlzed._lrhe "y st"'ii ‘."15399& as'



':”-enconpassinq everything 0hich arfects the expens& d! ’g
transnitting the: vgrd :t dhy be visualized as the nunber ﬂf

of digits necessary for transnission. - ':sﬁi‘i@f,

In uandelbrot*s eguation the constants v and. B’ ared'n
language dependent and indd!tte the ‘richness5 of’tthe“ )
vod&bulary, uhile c is deternined by an equation sinilar toh ;f
2. . uiner [52] has shown that Q,un nay be derived""

" fron a sinple two state Har%ov nodel, subject only to the,'aﬁfi
assunptlon that the probabillty*%f 1etters 1is. approxinately?fiid:
0% 8 and that the probablllty of a space 1s approxinately .2.d_'r '

_ It nust be nent;oned fﬁat the zipf 1av has been severelyf.
oy crit1c1zed by many ‘writers, particularly Herdan f31]. -

“'Desplte' such critlclsns the lef 1au 1s useful because off‘

the 51nple forn of equation 2.1(1) and because it has ‘been

"1 found to, glve ia relat1ve1y good f1t with neaSured data.~ |

Hence 1t ulll he used throughont the present study.:J;"xr“‘ .
76 br1ng eguatlon 2 1(1) 1nto manageable forn ’a: weli Q-’sﬁ%
‘.knovn approxlnatlon for the sum 1n 2’1(2) can be used to;;fﬁ~T3
.give‘the-fornula f%“" B = |

e T/ln(v + 9, ;”7”1,Jf7'~f*ﬁi';;i 2.1

twhere KR 1s Euler's constnnt and in_ denotes the loganathn_ to”;_me"
'the base e. - Thls ylelds the follovlng equatlon for Ehe B
h'in,r%}atlve freguenc1es p(r) of a word o{ rank r.;:[d:_b_ ’ o
‘_ﬁ$ ,xﬂ‘lmn‘1ﬂun+m*rﬂ ifif3 éﬂwML 
. Booth [5] has noted that equatlon' 2. 1(1) nay be .used tof, u
caldulate the number I(n) of words that occuf n tlnes 1n a _f‘rfk

sanple of text.‘ For small values of n the I(n) are glven
. T L -



R I(h) = C/(n(n*ﬂ)

"vhich 1nplies that{kpproxilhtely 50% of all,

: ;once, 161 tVice,‘ and so. op..v ;tfﬂj

uists,(blnong these

relat;ons is that which describes t {st'ib tion“ of vord

a

__‘ typeS» and tokens‘Qes function of ‘uofd” length.- Suche;,fgi
distributlons have been thoroughly in'eStlgated'by 1inguists R
£31]:[53] [1“] and a.wsinplé equation_ has - been shown to Q&J

'A' sat;sfy nost of the data.‘ If the relatlvé freqoencies °fa:f;?-

- ubrd types, or tokens, of fHe sane lenqth ,ar?’ plottedw

I‘

agalnst the 1ogdr1thm of thelt Eespective length, afnotnals%u ﬂQ 

.

v

: dlstrlbutlon 1s' observed. , Thls has heen experlnentallyf-fﬁj,.

verlfled by-Carroll {15] fogya sanple of ong llllibn vo:ﬁg, - i%

o Tﬁe‘ relatlve' freqnency of - vord types or’ tokens of length L & }'
*vfwmmmunmw«.-qe-;;&»aaax;
: B(L) = (1/5'VZF )*esp(la (1) - w) 2/2s2) RS
.m«f:‘ | uhereuthe constants s and u have different values tor types_ghtiit

. and tokens.‘; slnce thesev dlstrlbutlons\uere observed forff- e
‘ L IR %
sanples of free- text 1t is of 1nterest to See 1f they also‘ R

.hdid for, thel_databese vocabularles used ;1n-the_p:eseqt.

study.

Studles of stat15t1cal llnguistlcs have also prOV1ded

.

'relatlonshlp betveen- the nunber of types and tokens.' Thls_fi

. ‘ﬁ« . ot . ,"\ : . N e
. ) ) . o, S ) . R T



explored by various‘_investigators [68},[31] an has beeni

"l i
:»: i '

\found to be valid for '*Mrious a;;sesg[N], [6“]. : It

iﬁf;d‘ states that the- hunbe ' of ;@rd types D is related ‘to- the o 7\

...... . . 4
. - . .

\@/d"'f nunber of tokens T hy an eqnq‘ion'w% the forn
L b ERETap I I 1m o

A b ‘ot

where K and b are vocﬂbulﬁry de@endent coﬁstants and 0<b<1.;_A gf&

Since thlS equation 1e1ates tge grdvth of the vocabulary toﬂ;

”f"“‘}" h length of the database it*has far re@ching inpllcations .

for the design of retrqsﬁéctiye systens., A dxscussion of
e e & -
o the, 1nfluence of database ¢haracterlst1cs, partlcularly the
S : _ \ |
21pf Iau, on systen perfornance 1s g;ven by Lowe [uu], ‘ d

;n lore deta;l hy Sller [83]Q§ Thls“aspect w111 be dlscussed o

- s
5 L,

“;» agadn rn'Chagter II; '.; 3"_';J- g e
t -

'“. In- tEF presgnt stxd} c0351derab1e attentlon is' focused_’

4

| c0n51dgiab1y

‘ .

dlfferent databases. One database nlghtﬁ,wvgf‘
X - BN .

',.use a; few uord§ very fregnently, uhlle another nlght contain .

@ thez~vocabular§K 3f the' database, d whlch '_Iay~ 3vat1*

IR / . - . X .
,{-“( : é large v0cabu1ary of seldon used uords.-';r thls reasondib'§\\
bo. ; t llnqulsts cr1t1c1ze -the lef lav as helng unsatlsfactory for-_f

: L S
the ----- characterlzhtlon of .a text salple, sxnce ﬁthe onlyms;§*+;

\

paraneter avallahle, the constant C of equatlon 2 1(3), 1s afi,gfﬁu

L functlo? of the sample S1ze.v Good [2?] has proposed thattX””*t”

. . ] ” ) . a2 - - ‘v,' R ;’ . . 4 o

the repeat rate, deflned as.ffv:

-0

nay”#:e - used ‘as__ai vocabulary characterlstlc 51nce 1t 1s.';‘

1ndependent of sanple 51ze.' Accordlng to Herdan [31] ap_]

' A

Dt

‘.‘\' :
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A\

. et e o ) D

nbiased estiuate of r;\is given by. | . o
.re-= ( > I(r)*rt -ﬂT)/T(T-f} R 'é.1i7)

; vhere I(r) is .the nunber of different uords that occur T

i}
.

T 2.2 ";gformationﬁiheggy gogt;igut;ggg,'f‘

tines in the -saipie- This guantity, Qogethen‘ vith the -

\

’ average vord length, vill be used as a characterlstlc of the

vocabulary throughout the present investigation,

S e
n v !

o ¢

.f ' As’ 1mportant as the study of related 11nguist1c elenents---"

Y absolute comparlsons. ’g h, o SRR e

: language and 1ks treatnent. The_def1nitions and'equatlons

\

theory. These concepts cannot " be ~neglected as they» are'

valuahle cfor the development of some of the theoretical_'

background for the priient ‘study. ‘Furthermore, _1nfornat10n

B theory prov;des theoretlcal lower llllts for some guantltles

that are 'of interest to the presenb study. A knowledge of:f

these 11l1ts 1s valuable 51nce they prov1de a - base ' for

~
-

Infornatlon theory vas. developed by Shannon [81] and was oo

,is knowledge of .sane of " the ooncepts -of 1nfornat10n ——

"soon g@plled to dlfferent fields of sc1ence and other areas,

Shannon-grelated 1nforlatlon theory to llngulstlcs [82] andim_f;

hlS results la1d the foundatlons for a new approach to‘
_that form~ the “ba51s‘ of infornat{on.fthégry are readily: a

"W relevance to the%present study 1s the book by Abrauson [1].

" The 1nformat10n of an ‘event x that OCCUrs yr}h-

s
2

' -avallable ) _in-'- the llteratnre [65],[61]. .of parti-cular :
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pfﬁbability p(x) is 91'eq~by.,‘,E; vérw ' ‘: o =”,~;";> ‘
I‘xL =". ld (P ‘x)) ‘ -;,'-,. . E ;

PR & ' N
'uhere ld denotes the logarithutlo the baseig -The eiiﬂdée

W
AP

any systenf‘ concerned wlth 1nfornat10n .handling and

- of f1ve parts whlch perforn varlous functlons. The source

1nf6”lation content of a series of n nutually exclusiue. R
. J " \\

'-. events x(i) hav1ng a probabllity of p(x(i)) is defined as’ ' .

B = -> p(x(x))*la(p(x(i))) . 2‘2(1f

’This guantlty has been called the "entropy" because of its

--analogy to the deflnltlon 1n phy51cs.; The ‘unit" ,of leasure

K

.for ‘His the bit. It is well knojn that H 1s a Synnetrlcal 'k

. . .
o

convex functlon Hlth 1ts maxlnum at the p01nt p(x(1))—f eee -

= p(x(n)) = 1/5.:; The entropy H Lsxan ;mportant-guantity in "ﬂut:

_jtransmissionQ 51nce any retrleval systen can be con51deied

as a spec1a1 case of a general connunlcatmon systen as shown A

..

in flgure 1, the propertles and parameters of sncb a systen o

c~

play ‘a 51gn1f1cant role in-a retrleval system.v A dlSCussion

of such a system and rts respectlve entroples is »therefore

RIS ) '. . "‘

’relevant to the present study.‘ Cw

The communlcatlon systen descrlbed in flgure 1 con51sts B

',

-~
»

gen\\:tes n dlfferent Characters X [ X(1),m..., X(n)] with*

*ba 111t1es p(j), j— 1-,..v,n uhlch re passed to ‘the
. o

channel encoder. The, channel encoder.:converts source"

charactersh or blocks<of cbaracters; _into - the fSanois, or .

T

~_strings . of symbols needed - for transaission through the.
chammel. Let T= { T(1), ..."T(t) } be the set of s’nbdi‘s"-’

used forltranSDission; These synbbls fora the transn1551on

e~
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‘halphnbet T. ¢ 7 »{f. 'a,".' ". ,i.f S :ff3 ' ?
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; Ve “ AN v, . 5 B m : L .
‘;nlphnbet.v The channel encher E perfdrns a napping f of ‘a-
varying nﬁnhgt of sonrce synbols into\ the trnnsnissipn

g T

.The group of transnission synbols fgt one bloe" oﬁ.,source

o‘. .;. '. f. . x —----) T' R . . / ‘

4

,.vsynbols is called the corresponding codeword for that\bhock.

;perforns the inverse napping f‘ ‘ ann the transnission

. \W : / \w
d The channel c is a nedinn for infornation transnission »

iand can have different properties.‘ The channel decoder

1. ~‘ o
-

!’-‘

‘halphabet into the blocks of*source synbols.v If.the nappings h

’g and f- " are one-gg-one then -in thea terninology of

T ~

"1nformation theory ve havé a: noiseless channel- otherv;sefr

,conditional probabilities p(y(j)lx(k)) vhich indicate the ?

"{._the channel is. said to be noisy.' The noise characteristics ,

=

-of the channel are nsually specified by an n x n latrix of ’

R S RN

i &
/-

’;prohability that y(j) vas received uhen it is knovn that -7;_5

K¢ et e

’:ﬂx(k)‘ was - sent.‘, 0bv1ously 'iforf ;a;f n01seless channel .

, ."P‘Y‘j”‘”’) =1 for 3'= 1:n and p(y(i)lx(j)) X fo‘i”:' all ii" |

;and j except when 1 = j, The following three quantities,

ywtransnission hetween sourcerand.rEQeiver. ‘f}%4f**3"

- .

'all diffetent*entropies, are snfficient to characterize the o

-
4 . A B
- B 0 Y PP RN, Ay

'._H(X) Average; 1nfornation at the 'source defined by.

i'-. . [ - o o= . LN L

, equation 2 2(1)

.:'Higfﬂ ._Average infornatiag et"destination, defined by-

.:equation 2. 2(1) vith y(i) repla01ng x(i) ,_é{f-ft

H(Xl!) _.‘Heasure of 1nfornation about the sonrce when it is T
. - - o
- known thate Y '1s received. rhis is sonetines
. ‘\‘ - M . . . '- '°
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 f;< called egug}ocation, 'and indicutes how ueil the

‘if input gfﬂrbe recovered fron the outgﬁt. v It ig°
idefiq§a g’ R ‘;"., S [ ) ; 'i 'f;u

el H(x:r)=325 z.p(xci).y(k))ld(p(x(i)ty(k)) 2202
. _”Q?It may ; be‘°seen that a’ knovledge or the above~thnee T
- «entropies ilplies the . availabilityf gf“ﬁtheA probability B

distribution ',?t».rﬁhﬁif source ‘and - receive ; the’ joiut

~natrix which pr;

l, B

probability matrix p(x(i),y(j)r aud the noiee

specifies the conditional probabilities-bet_ eﬂpsoyrce qgg frf:i‘

."

| receiver. The average nutual infbruation tranSnitted by the

systen, sometines called the '"ffansinfornation" - 15. givehi :7*
‘bys --'*”,-j}ah'“- SRV wi,..,;\;- 3

Q

I(X Y) 2 P(I(l),y(j))*ld(p(X(i)Iy(j))/p(x(l)) 2. 2(3)
By vir&ge of equation 2. 2(2) thé equatlon for I(x,Y) naq*beV

e : 0 L

|

”4‘3

t P . - . .‘.".,~
e . : v

' xewitten as. f)‘;'u os i?".-3u’.'?7\.ﬁ"ig‘}w*vif SULL
LE L‘,‘.“‘ T e Z’ ’ ' R ' h '.' . __4' . v ’ »' " "~ “ -~ .
o : ,.. , I(X Y) = H(X)-- BCXIY). T S 2 2(4) R
Assuning that the transmissiong tile for all transn1551on}f35h
é L . . +

synbols is the saue then the capacity C of a channel‘

gi;eu noise uatrix. The naxiuization 1s vath re'pect to all "
B poss:ble*ségg’of prob&bilities that“could“bé aS‘igﬁﬁﬂ to fh"“-ffi f;
'gi'-source. ,' Thus }channel "capac1ty-? is . linked to thefi i?f%
'",tranginforiation I(x Y) through the relation }, f”-‘ ;'

, _ A I

Tcs “" G (X1 ’- N EE 2 2(5)
The difference\between the actual rate 7£ 1nforlationjft_*;'

-transn1551on and its maxinun p0561b1e value [of 1s~de£ined<asﬂ; r,ﬂ'

‘_the' absolute redundancy, lﬂhlle the' ratio qf ' a'!blute :;g‘fﬂ

Y.
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e ' redundancy to channel capacity c\ ls called st

e redundancy., Au impn\tant paraneter‘”that occurs ‘

o :‘“ subsequent sectibns , the"effic1ency of translission ‘Te

L defiusd as™- ‘“ j' j " o F‘ ;ghu

o e -<.~, C7e = I (X, !)/c. z 2(6) .
A R S, e . v, i .
| : The ahGVe fev dafinltions consbitute a’l the elen htsﬂb “‘"i_t
| .-infornaticn theory needed in éhe- prdsen _eigﬁ" 5 »

PR o

" sgecial case of a retrieval system an agsulptlon nay be naiajfi;;g;

'”f,t allov ehe‘general equatlons to be sfﬂpllfled and brouéh. _
P N R

1nto a nore‘nanageable forn. u-;I :1. ‘ hz;mUtk,hlJ.,_,q‘ Y
| “_.' “rhé assumptlon wh1ch allovs the reducfion 1ng.co%;1éxity~af:”“f

......

¥ 1s that the channel 15 consxdered noiseless. Thrg 1mpﬁtes a’ff:}fd

n01se _matrlx in dlagonal foru so that pex(l)ly(l)) 1 andij~:.ff

(xm |y(j)) o for all 1,j = 1, .-.,n (1#3)». - It nay he' b

N .

'; seeﬂﬁfrom equatlon 2. 2(3) that this reduces 2 2(“) to }siziYV,f
el i E}_"{’ I(x t) = H(X) TS f o "5";1 _' 2 2(6) |

Y

Usinq the fact that H(X) has a imxau;m 1f all source symbols. 77

”

jure equally probable the channel capac1ty C 1s glven as

ld (n) —* ~2 2(7)
; and 2 2(6) can be reduced‘to '.__::;~i ST .; ” .
e - ‘“"“MW @ e ﬁbr«
- >7f31tha~thése ba51c deflnltlons the operatzon of the encoder~
- ‘.can be studled dn -ucre detalll and concepts from codlwa

B

5}theory can be applled.;‘-da_f',;

. o .» " o .
The encoder assoc1ates vzth.apletter, or: a seqnence of j@f‘

‘;letters, froh X(an elenent from the transmlssion dlphahet‘hcsffg}

'the element is called a\codevord.; Thls codewdrd 1s used forﬁ;

£ L
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the transmlssion through the channel, and comnonly consfsts v
of a seguence of bfnary dlglts.- since a %ertaln cost ’is- <
generally assumed for a11 ‘the symbols golng through the,

channel, éﬁ% encoder is Expected either to reduce overall

transm1551on cost ‘or to achieve more reliable error free

transm1551on.+ Shannon has prpved that H(X) 1s the mlnrmum

>

avenage _code lengthvpossible for a transmlssion of symbols..

‘ Hlth a d1str1butlon ngen by p(x(l)), i=1,n. - The .average

. o

v
R

r';fi°WJggggver, in

h codeuprd must con51st of an 1ntegral number of bits, and

.code length H(X) results only if the codevor&s are expressed

- , -

in the most compact code.' Lengﬂf) "be, the length in’ blts of

the' codeword for the element x(1) whose probablllty of

& —— ¢

occurrence is p(1). The average code length L is glven by

L =3 (1)*1:(1) ' | o 2.2(9)

and u31ng Shannon's result that H(X) is the nminimum value +,‘

&

.‘ cbta1nab1e fOr L, the eff1c1ency Ce of a code 1s deflned by

b »

et %}X)/L. o T \2,2(19)

_The . redundancy of the codlng is given by
s e - ‘
: <o RD = 1~ Qe .

and“aiCOde which.minimizes RD is.called ‘a minimum_redundancy'

”eaaé. - A redundancy of zero iseobtained if b(i) = -ld]p(i)).

practice~-there is the d1imitation that’ the

~gw»—- A - . N

o

A

, hence the m1n1mum practléal value of b(i) is N

LIRS b(1)1=,ce;14 14 (p (i))) ;‘ L ,_’ ©2.2911)
Hhere ceil(r)'.denotes thelnext idteger'gréafbr or‘egualeto

¢

X. The resultlng mlnlmum 'value of Rd r€éduces to a value 'of

Zero only 1f the p(‘I) 's ‘are q‘nverse powers of two.

. . JS is
y

-8 . -



The problem- of”";nding a'minimum redundancy code for a

| \ . .
given probability distrlbution has been solved by Huffman
'[33] by a well known comblnatorial thpe algorithm. The more

complicated problem of determinatlon of a mlnlmum redundancy

codqﬁiyitcﬁ—preserVes—a—g1ven—order—of anut_has_heen_solyed
by Gilbert ~and Mooore [26]. The codewords generated by

either algoritnm are of variable'ylength and are nnlquelyl

dec¢ipherable . or . separable since they possess the prefix

o ’

property gor codes. : — -

The llterature concerned with codxng is very extensive

;since it’is ‘not only mmportant in the study of communlcation

systems, but - also for the constructlonJ/of log1ca1 and.

'iarithmetic,circuits. “

Codrng and 1nformat10n theory .can nou~ be' applied to

'linguistics since language can be consmdered to orlg1nate

from a .simple Markov type 1nformatlony‘ source. Thep'.
11ngulst1c interpretation of the two basic deflnltlons of
entropy and redundancy was:- given b’y@annon [‘82_]. Hé

indicated that: ,

" The entropy is a statlstlcal parameter uhlch measures'ln a.
certaifh sense, - how much information 1is’ produced on the’
average for each letter of text in the language. If the
language is translated, 1ntp blnary digitg in thie most .
efficient way, the entpopy -H™ is the dverage nimbgr. of binary -

digits required per letter of the .origimal 1 nguageé.  "The
redundancy on the other hand measures the amount. of
constraint imposed on a text-in the ‘language due. to its

statistical structure.” ' I . '

Shannon also + has estimated7 that, when "statisticdl

effects extendlng over not more than eightfnletters are"

con51dered, 0then the entropy is approxlmately egual to 2. 3.
. 2 . ' ‘ N - S

3

°

T —
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bits perlletter,.

This reduction in entropy per letter can be'achieved 'bx'

- coding - blocks ef letters for -transmission through the .

channel instead of coding only the single letters.. The

cha;ce_oj_langnage_elemeu'

4_51nce there are D dlfferent words - 1n the cod:~7.

‘minimum - redundancy COde caw’ be constructed

deSLgner. . He can choose ezthér fixed or varlable length

" blocks of. letters dependlng upon hls Sp601flc regulrements.

A natural choice of language elenent to be coded is the vord:

defined as a strlng of characters delimited by blank. spaces.

- If a codeuord is transmltted, and words 'are the language.

.elements used for coding, a. blank is_ihplied to follow each

word in the decoded output.
For transm1551on based on words as language elements a
relat1on between: codes and words ‘is’ requlred.' Such

relatxons'can be provided»through use~of_uav,code ‘book, or

- .code dictionary, that :lists Hords@ togetherd with their l

o

respective codes.. If sender and - receiver have the - code.

. books, and the channel is noiseless, then error free

transm1531on is guaranteed prov1ded the channel capac1ty ‘isf

not . exceeded. The entropy ofi‘a. text Hlth T vords can’.

o

- readlly be calculated by comblnlng the 21pf law of equatlon

2 1(u) wlth the deflnltlon of H in 2 2(1). It ylel

H(T) = 1d(ln(D + g)) + ld(D)Z/(Z*ln(D + g)). f{j 2 2(12)

"'The correspondang transm1551on eff1c1ency is glven by

Te = H(T)/ld(D),v_'. . " 24 2(13)

“Qonary.; A

‘words by

©

sby—the—systea——f—
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.:applfing Huffnan;s' algorithn to the.'relatlve frequency

Adistribution'of the uords. . ’ . AR '
The above con51derations have far reachiﬁg inplications

for a . retrleval systen, since the ﬁroblen of doculent

———————;stosage——mast—~be——soivéh—hefote—successful—operatton—of—th———“—

'system. '

Ellllnatldn of codlng redundancy 1s clearly des1rab1e.‘
‘The redundancy 1nherent in the nachlne orlented character
lcode representatlon can. be reduced by use of Huffnan codes'”
for the letters,°but can also be 1nproved by other schenes,a_
-among them woﬁd codlnga | | “
- The reductlon of stotage requlrenents by ellnlnatlon of‘
‘fredundancy ‘is called compre551on.' A neasure of conpresslon;k
is the compres51on ratlo cr as deflned by Dav1dson [22] -

| Length of or1g1na1 strlng '

CR = =+s+ecccccrcmcmccatcccntcancnax g { '2_2(1ur

v Length of compressed string
(R . LR e

The 1nverse of CR is :used :more coanonly in information;ﬁ'

S

Nretrleval since 1t expresses the fractlon of the orlglnal ”35
y strlng needed to store the conpresSed strlng. It vlll be.-
called compre551on \and wlll be denoted by ICR Because of
“the- great 1mportance of compre551on J'_.n~ the operatlon of’f“
1arde retrleval systems a. closer look at varlous conpre551on,ﬂ‘
”'nethods seems de51rahle. The popularlty of text conpre551on I
'can‘ be seen fron the large anount of llterature avallable.‘“k
One of the flrst surveys were those of Nugent [56] and
Ranamoorthy [63]. 'uore recent ones are those of uulford et Qé&

'al [5“] and Byrne and Hullarney [11] : A ;blbl;ography_ ofl

i

Y



‘ Villers [68].a

A‘papers related to coupression5:1§ anQY?ded:,hj.fRuth}and;"

s

20241 'ggggfhgglgg‘Coégress;gg:e‘

cOmpre551on methods can be dlvided 1nto tvo groups.,7The

fxrst group to be dlscussed includes allsscheaes of the typeu"'

which Nugent [56] has called nonsiugular. B These ‘are ‘the"

~

"methods that can. nap more than one 1nput uord on to ‘the sane'

codevOrd, 'so that when glven a codeword there ;s anblguity‘"

in{ recovefy of the .1nput. l‘Thls deflnltlon fo non-,'ﬂf

‘ 51ngular1ty } somevhat at varlance v1th the mathematlcal
~ use of~ the tern to. descrlhe slngular'A-matrlces"*andf*;‘
transforuatlons.' ' | '

"In ‘many .such schemes the redundancy of 1nfornat10n 15}.'5'

'reduced by dlscardlng certaln characters of the vord “to be'huf

«_compressed.' Clearly thlS results 1n a 1oss of 1nformatlon./

"*’f : . ‘\

“However,f non51ngu1ar 'mﬁfhods have ‘many appllcatlons audfgg;

"1nclude nany well known a1gor1thns that reduce the 1nputl'_j

:uords- to ‘a flxed length kef for fuse."in a part1¢ularf;

”'51tuat10n.A Surveys of the dlfferent schemes can be found 1nf7ﬁp

zpubllcatlons by Bourne et al. [7] and Nugent [56] hed°;-

",'method used to ellmlnate. selected 1etters depends on thetii¢

:appllcatlons, and these can be d1V1ded 1nto four _areas asz
descrlbed below. '

.'for example, a” comnonr problen 1n the puhllshlng a“d:“i*:

'banklng 1ndustry 1s the generatlon of a set of keys to- beQr‘W



4

-ist to . truncate tﬂe wqrds to fixed length

' 'Lused for subseqnent searching of the,databaﬁe..'ith theﬂ“

order of the input words\preserved in the keys.i;.t solutionﬁjj

&

'”fusually by .

;dropplng the rightmost lettters.‘- The uniqueness of thedfﬁf

b

'%spelllng of the: input) such keys have -appllcatlon .in'
'}alrllne reservatlon , tems.:- The solutlon 1s normally by7eﬁ_
';use of Remlngton Rand's SOUNDEX code or VQwel ellmlnatlon asV":'

v-descrlbed by Bourne [7]

o Sller [83] and Loﬁe [u3J.-",; x*-'; ﬂ;';}

Alphacheck methods,' whlch con51st of truncatlon p{%s an’ﬁ

resultlng xeys as ~a functlon .of the key length has beenf‘f

s

R N e

A second aPPllcation COncerns';tbe‘f ’eg of a set o£,~£ﬂ

retrleval keys whose derivatlhns from'ithe natural wordsl

o .

remaln o 1nvar1ant under a. certaln amount of - incorrecty

R 3

. . N
’ X ce o : A P
. - . A [ f

A simllar problem, but Hlth a dlfferent hypothe51s\about

) uthe 1nput arlses 1n labrary automation.e A set of keys fromg

g

:accurate blbllographlc, records must be created Hlth the?t

. ,’7 . .‘l\ {\

}ﬁobjectlvetof maxlmum dlscrlmlnatlon betveen slmllar entr1e§.<

s

A*,falgorlthms to ach1eve thls objectlve have been proposed by

o,

;;'performance uas tested by leetz et al.»[QO]. :}

A further group of non51ngu1ar compre551on methods has‘bfff

L EE B fen it i

-‘been de51gned wlth the objectlve that the resultlng set of
'Qflle keys shall exh1b1t hlgh human readabillty and hlgh

‘t-dlscrlmlnatlon. between 51m11ar words.» Dolby [23] proposed'

..

st

' studled by Lowe [wsg apd the effectiveness for retﬂeeval by?nfﬁ

o

'_“‘. .

‘,Nugent [57] d Ruecklng [76] and thelr retrlevaL ‘i;

‘an- algorlthm to solve thlS problem, but more common aret,ﬁﬁV
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?f.,additional check character deternined fro- the fhiilblnﬁiihdf;

‘ vord as descrlbed by Bourne (7]..;‘{*1 thd,"“fE: ;g{f'~‘<:";

The nain application~for nohsingular conpressaon nethodsh»;”

-vis ;ﬁ the generation of keys for retrieval.; The uethods areh,}”

i"lt is required to have an \exact representatlon w1thout7fﬂu
"’-anformation loss. Record and file conpre551on' is' usuallyi_ﬁl

<achieved by 51ngular cpnpre551on 1n Vhlch there ls a one to "

t»,,”one «relatlon between _1nput ,and codenord,~l @*that"the:t
"hvrelatlon may be 1nverted unlguely.,' 5 { -
o . . ) ] : .-r':;: i
2.2.2 ingular Compression s
o T 2 '
\ "‘ ""-. b - e .

e e g e

“i’dec1pherable code. The flrst proposal to use Huffman codesfe'fg

”f}for document compre551on was made by SChHartz [76],. and éuffii

._fvords descrlbed 1n [77] S The effect‘ of G pO§ang:_7'”

-ifaddffiogam constralnts fhe codes -was 1nvestigated hyfﬁf?f

'b051ness,‘f11es are glven by,Ruth [69} and for systen\jllesff;yf

T e o Lo T T T e

For a retrleval'Bystem that 1nVO1ves a large database 1t2r:fr

hlghly de51rab1e to compress the reéords, the larger the;le

COmpre551on ratlo the better. 'Thls ls the maln appllcatlon

| Qriorf;151ngular methods.». The HuffmanT code f' the mostffﬁfj

o

g.‘. e e ,. o

2 '-'7’.._.advantageous to "ui_s'e;.?, for conpress:.og It s, shown by
t“fGllbert 'aﬁdﬁuoore [26] that the Huffm n encodlng has a- code;'"ta

.“*length whlch lS less than or" egual to that of any otherﬂ”f7f

\/."~

\ i TS

‘;;program to_;generate the codes for a glven dlstrlhutlén offf;fc

\

'5l5chwartz [78] ; Pract1cal results regardlng compre551on of{lQrﬂ

\ «/i‘:':_‘.— L
- - ¥
| P
e B . A
2 o ! ,
i DAL : -

CORp essed forn vhen% T




[by ue11s [92]. L e \ L

'f;he one to one relation between words and codes nay be

lspeciﬂﬂed through a stored dictionarz of all different uords

'”3together ”w1th thelr assoclated codes. These codes are then

_and the 1nsert1on of thxs code 1n the oompressed
Decodlng nore tedlous, 51nce the varlable

.words must be decoded by tree search.-. Thls

‘”:use of Huffnan codes aukuard, and ‘the task of "

A

' unde.rest:.mated.

i .‘.
(3 . . . R . i
. . o

0 . a

s

proce551ng is chosen. An ohv1ous ch01ce of unlt length

# .

f;the un1ts,_so that the code length 1s alvays a‘.multlple

of the ba51c unlt length A detalled descrlptlon of the use

ES
-.oa, \

i%f" of these codef?,together wlth a*thorough storage analy51s 1s
;gﬂ ‘ glven vby Heaps [29], thlevyartlcuiars about the program
?fl. ; de51gn for codlng and decoding_asé?'repotted by Th1el ?99,";45
) Heaps [87] ' .f.'fl'bt;nt;ﬂ,ll.?,”ij“" i .: ST
| The approach te-conpreSSLOn taken 1n the Natlonal Bureau L

of Standards SOLID system is’ qulte dlfferent as ev1dent from

K )

K 3 '.‘. »",& o o ‘. ._“' . . .-' ) " . ‘ K ’» o ) R .,>v._ } - ,( BT
o g : i
L S Lo (. 7 .

't dlctlonary h'isg 59tt .fo: ‘be

Slnce the han&llng of varlable length codes 1n conputers

“*“he_dﬂtahase in 'conpressed torm. thne‘,

cess tegulres the 1ocat10n of the code for the gpy

T

j'ilthl- flied word 51ze 1s clunsy, 1t Has proposed by Heaps.Q
" and. Reld [6&] to use restrlcted var;ahle length codes.;alh'ff.

blt"stfrhg,bof unlt length sultable for cbnvenlent mathne 1;77

d:WSIX- or elght bltS.J Codes are constructed by concatenatlon'u-fv

e

.f'h descrlptlonsj [u9] [24]._ The SOLID system was de51gned ﬂaﬁ
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felements for compression.‘ Varlable\{ength blt str;ngs of

' high frequency are replaced by fixiz\length codes. The i

icompressed datahase con51sts of a lixtur of both codes -and_ .

“to be'independent'of any~.linguistic .influence, ,and " hence

ﬁw_uords of - natural language were not chosen as the 1anguage

.uncompressed b1t strlngs. i The latter ar

'1enqth”codes.a It allows 51nple decodlng by 1ndex1ng 1nto:%

| ‘close to the theoretlcal 11m1t of 50!.;m

v

-

"codeword. A\ dictlonary is also. used 1n the S'LID system.

~ - o 4._‘

ltj relates blt strlngs .to. correspondlng »codes. ) ?fhe_

‘needed before a code is 1ntroduced for it.

the b1t strings_"

"'whose low frequency does not ﬁﬁrrant the 1ntro uctlon fof haﬁJ

T

.dlctaonary can be llmlted in sSize, because the ninlnum ’

'ifrequency of occurrence for-a bltstrlng ”can‘-be varled laS'i

Yet another approach has _been taken by Snyderman‘andf

e -

Hunt [aa] ‘and by Schleber et al. 731 They "pfopo'sej to

la551gn, the unused EBCDIC comhlnatlons to the most frequent

\

‘-

:Hlth the code.. Schleber rejects the useq of trlgrams or

'ZaA sav1ng of about uox ifi. the storage requirement, whlch*ls

Hhen plcklng a 51ngu1ar compre551on method the »ch01ce

-’-I,

-

"falso among the p0551b1e language elements.‘ It 1s possxble

bdlgrams and to stbre the database by replaclng these digramsf'

;‘.otherg;_ ograms because _he feels that the 1ncrease in
f'_process;ng.tlme is not Justlfled hgi_the 1mprovement “in .
- .compression. 'VThis method preserves the advantage of f1xed’d

B

_\ i
-
R

'table, and Stlll achleves good compre351on. SChleber clalms -

e T

"mustsnot only be made among the three schemes descrlbed but :fa
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b

T to choose a linguistic unig such ‘as the word, to fus fixed*’

“length charaqter strings, or to euphasize the. bit string as
vln the SOLID system.. Schvartz [77ﬂ proposed to 'u' ugrd

.@palrs Of high freduency as’ 1anguage elelents and he reports

.’that considerabie*conpresston—~vas——achteved——for——a——high}f—————

_speciallzed ‘vocabulary. \frhe 1nvestigat10n of Varlable ~;.‘
“length strlngs as language elelents v111 be pursued n\ the 1
.present study and the llterature relevant to thls approacﬁ."

,"1s referted tc-ln'the next sectlonr.

PR

14

.. LT ’ “

.5 _e.l._s.d teﬂ Fragments

' TR ) o .
- With the arrival .of.;a..large, numherv of - ccﬂputeri:ed

searchl serv1ces _ seﬁeral 1 investigatdrs~i haue ;7gduen‘*'“‘

b'fcon51derat10n_ to' the fu' e of ’variabies Iengthv character - .
istrlngs -and its effect oh systen operatlon. 'Suchﬁeffcrts

dihaue folloved tvo d1fferent directions. hQne vas ,'toh::st
u.f:ffac111tate the .u of truncated search terns, uhlle the

-."other tr1ed to study the su1tab111ty of these Strlngs er f'
w{Conpressmon.;k‘. ‘ _ o }

-;mﬁe" flrst reference.to.the ternr?fragment" apppeared 1n o
'_a paper by Colombo and Rush [19] in c%nnectlon with' current.
A:awareness searches of Chem1ca1 T1£ié tapes.h“Thelr retr1eva1 iMJM
system 1s based ogna sequent1al search andvpernlts truncated

g
-lwords to '1é 'used as search terns.» In a sequent1a1 search

’ithe search tlme 1s dlrectly proportlonal to the gumber _thhh

”'charadters .1n' the seareh“ term.' To reduce thls t1ne they

'\." -

I X I P
. . L. . ST . o Lo . . -0
~ . - e S LT [ 7 Lot e . . : ‘
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"-tried ‘to isolate ’in eaCh vord the. shortest ‘ possible
,”character‘ string vhich uniguely identifies the vord.' These
l. varfiile 1ength character | strings_" vere f naned v "vord 5“'

- fraglents“ To assist the systen user in his use of the

»

fraguents they generated a ftagnent-word 1ist in iiicﬁ“LeIchr—"—*

}@q¢.n fragment of length greater than three is listed together
R 3 . !

d‘ with all words that contain the fraguent. A similar list

i calle& a’ KLIC (KeyLetter In COntext) ‘was- published by Kent

'[37] Hith the intention of shoving the effect of the use ofﬂ'$7

) 1eﬁtg¢runcatgd search terms.ﬂ
. Variable‘ length character strings’;as"thei basis.for;$

| transpiSSion of data vere first investigated by Hhite.ﬁ[93]t;|\
i{u: with §§;§ial éﬁphaSis on the elimination of redundancy., Hisﬁ'

'f-nethod 'i'é!hdes the construction of a dictionary to contain e
.4. e ’ '.' 3‘ .J . - .

~.thé’nost freguent VOrds, bigrans, and longer n~grans. .~Each..
l. . . E ‘ v'
"dictionary entry uas to be coded for transniSSion purposes.

| _The, nain feature ) of% the paper is the sqggestion that the |

J/ e

;encoder coliect s&atiSQpcs on the. coding perfornance Aahd;“'

ithat hgpuse the results to modify the dictionary and make it
_v‘f closer ‘totlgptimal. ThemfeaSibility of this suggestion was i?:
.'jLiptested by a Sinulation :irough Hhich a conpreSSion of the |
;%_;;original text toﬁabo?q' _
!:figasﬂ predictedaj’ Theﬁ_%ggﬁf of adaptive ,dictionary.is,g{:
g T o

feaSible forgtransmiSSion where the codewords - are- ‘décoded
%_.

“;or 70 percent of its original Size_u*;

R et

innediately Aiafter transniSSion. ' It-~is unsuitable' for"“'
' ‘!q,COEPrESSIOn in a retrieval systen Since there nay be 'ai'7

'VJ‘H conSiderable -tine 1ag between the input of the coded string

f ~ . .
. . . - . - ipgat o
’ Y S ’ . T b
R e &
.



~ and the.decoding; A change in’ language elenents for the
S L T & .
e COdevords betueen ' coding and decoding would have a

-:disastrous effect.-'

Hord fragnents},and': dgta .Qconpression'Y vere first—"

Eassociated by Halker [89].m He introduced the idea of usingv'

variable length character strings, which he calls,;x-grans, ’

- to store nanes in conpact forn by concatenation of codes for“

. the x-g{ams.~ ih&f%ﬁt\Of X- grals forn a dlctionarx in which‘-

oo each entry is associated nith a fixed ength code. The , é_

.

. grams 1n‘ the dlctyonary are selec d by an itetatlve
. argorithn whlch takes 1nto \account both frequency d»:-:

. RN

the use of varlable length character strings. However,

P -

prov1ded they are part of the record ' Por th1s reason ‘they

: word and t;xt fragnents throughout the renalndera 67T thls

’;:study. . Text fragnents"nay contaih enbedded blanks, andf

_ ob71ously the set of word fragnents 15 a. suhset of the set'

R

D YRR S .'(.-.wx

- of text fragnents. n.*gf. .t:h; PRI _'f§' -r‘?ﬁ@ég

Clare et al. place an interestan‘“addxtaonll rest@zcﬁi&neﬂ

'E\\\ on the text fragments to he 1ncluded an a dactl'naty, nalelyf”
- that the dlctlonary fragnents should 0ccur 1n the database3}

. p N
: ‘)wlth appméxlnately equal frequenclest ‘ These drctlgnaryﬁ_

.q)

’°fragnents are' ‘1ntended to be used as ’the indexing,,-].;

¢
.

conpress;on and retrieval eleaents. ffA algorrthn

’ A recent suggestlon by Clare et al: [17] also proposes‘f

?4can bevcalled "text fragments" The tern fragnent 1nc1udes\\\

/ " . . o “:-',:':'f-' '

these strlngs fare‘ not llnlted to be elenentsxof words,,l 3ﬁ
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S ..
’,*fragnents to Iie ;belou a. certain threshold. Only text

ffragnegts '1th a frequency belov thqlhipreshot; are included

'ftext units has been investig_ted hy Barton et a1. [2].;_3 he'

RS AN v UR

1N

x

[ .{descrtbed vhich reduces~the frequency of occurrence of the-,h.:

*yin' the dictionary.‘ The effeq;iveness of these elenents as(_;ﬁ

proposal by Clare et al. has sufficient lerit bo warrant a

e

.'eguifreg%:::y property. . ;l’ 1..5 ; '_;f‘

-purposes, the equifrequency property of terns used %Prf

_ 1ndex1ng 1s very des;rahle. The 1nvestigatlon of SvenonluS'

closer look,' espe01ally at the ' inplications of ,fthehs

,[86] and Salton [70] provd'othis. " salton nakes th-e ,follovw:l.ng'

tobsérvatlon in his. statenent of the principles of :thesaurus'

, constructlon._;, h‘f IR G ': a : 3 -,g‘: o fﬂ}‘_“
-__"h' Each B group "of related terns‘ should account for
- . approximately the same- total freqnency of occurrence of the

*;correspondlng uords in the doculent collect1on. _"> :

Dy s

. 3-wou1d 1ndeed be the 1dea1 1ndexing elenents. , A sonewhat

v‘vv' ' l

\,7-"

, égdlfferent result uas obta1ned by Znnde and Slanecka ;96]

"yu51ng ag lnfornatlon theory model, but as 3venon1us notes 1t

f;

:is~ questlonable uhether "1nforlat10n the semse‘g of

- - o=

7eva1uat1ng the dlstrlbutlon of 1ndex terns'r __;”“VT*“*ﬂj"
-_,,,“‘.,

The characterlstlcs of good (dlscrlnlnatlng) and had

nby Yu [9&] and salton [72]. Good and bad arer defaned Ilth

the help of the freque cy dlstrlbution of 1ndex'terns 1n the

'1nformat10n theory can_'prov1de an ,d&eguate neasureffogy-

Slnce text fraguents uould satisfy thls requirenent, they e

-If " the texé~ fraglents are ‘to be, used fOrﬁlndexing‘:

o

(non-dlscrlnlnatlng)‘ 1ndex terns have been studled recently ,:f-




Xl
»-

e database, f»fil?“&

;'; It is, worthuhile to exanine Clare's ptoposal fro' anJ5

infornatioﬁ theoret\c approach, despite the criticisa of'”

infornation theory in connection aitb the evaluatlon of

Tdy

-

‘77, codxng theory provxde the necessary neasures.;5f2ﬂ4

. .f of eqnifrequency. It Ras the value of _jmé

. t‘..ﬂ,.'r .

“ t.«y .

Egksﬁtlo, qalled the e£f1c1ency E, deflned by

Ly dlstrlbutlon and 1s less for all other dlstrxbutlons.;"”

indexing systems. One of the proposed uses for fragnegis is w'?

I

~-xia't:a conpre551on &ﬁﬁ coding, and for this 1nfornation ,and
\.\‘" L T e

Assunlng | that.. tﬁe dlctionary con51sts igff ND »fﬁﬁ

1. .approxinate1y eqnifreguent fragnents, it can be 1seen fronVE“ﬁ

eguatxon 2 2(1ﬁ) that mlnlnum redundancy codes would all.q_f

'r_have ‘a connon code Length of C = dell(ld(ND)). 51nce thefrif

dictlonary size can be#chosen by adjustlng the threshold 1t av?«

!

D"fls possxble to let ND be a poaer of two., Let the entropy

and ne are glven by.i}‘ - |

’ P o’

-fjée” a/ ce11(1d(un)3.r,,i,';ff' 2.3(2)

.
. .

If ND is a pouer of" tuo then Ce and Te ‘can. be conh;n

bl uofgklﬁ ‘4;,235 a/1d(un).,;_'/t:j¥j'e~ 2 3(3)

J3Thls quantlty B as deflned above w111 be used as a neasureff

s *»

'.Q;f the' ND»dligionary fraglerés be H, then the neasures Ce |

-.b ."l

“""‘H
»
"

. ‘*nnst be remarked that because H 1nvolves logarlthds, E 1s a“fiV?

- R
B 1nd1cates a cons1derab1e 1nprovenent tovard a nore unlform
dlstrlbutlon.‘;j§?r47“'

ratlo of 1ogar1tbn1c meaSures and hence a snall 1ncrease 1nf°””:
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The critlcal p01nt in the use of equlfreguent fraqnents

.‘for compre551on (as proposed by Clare et ar ) canjeasily be

overlodked. Thelr d1ct10nary con51sts of all fnagnents that

75 occur wlth a frequency less than a certaln threshold value,

-~

. .

%o

and/ such fragments have con51dgrable mutual overlap.‘ The -

? compressed 'daﬂabase con51sts of . the codewords £or the .

’.

fragments and “a record is represented by the. concatenatlon

‘e

of these codewords. Overlap betveen the - fragments of _ two.'

<
e -

su¢ce351Ve' codemords cahnot be tolerated for two reasqns.

/
, Flrst it would be'necessary to speclfy the amount of overlap

A [

¢ het!een the fragMents of succe551ve codeuords, and secondlj

there$§§ould;‘be' a supstantlal 1ncrease . in the storage Lo

--requirements ' for the compressed database since certaln

~
A

? characters within the record would be stored mo&e than once.
If,; houever, the Qatahase is - coded by non-overlapplngf
fragmentSuﬁfe result1ng dlstrmbutlon of fragments used for

ccbdlng wlll be completely dlfferent ‘fron the dlstrlbutlon of

overlapplng fragments f'n the dlctlonary. For these two
-

K reasoﬁs 1t 1s necessary to code the database by use of non-

i .overlapplng fragments ani take thls. 1nto account: when

?"’“ . .

selectlng dlctlonary fragments‘v The reductlon of overlaps

v

among d1Ctlonary \fragments"w;llr decreasé the size of the,
dlctlonary. T e ‘ ; <

v .

e

Choos;ng fragments with a’ freguencyw less | than a-
< threshold (as done by Clarq et al )} must also ‘be guestloned

“with regard to eff1c1ency bf 'compre551on. It "is nots .
e SR S .
- advahtageous to replace a fragment of lob frequencx by a

' I._ . e . ‘n_ ) ' ” o 2 o t_'\‘—
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code because of the fairly hlgh cost of inclusing it )
d1ctlonary ,which must .be kept in an easily acce551b1.,e, aib.-

therefore more expen51ve, storage medium. *. For compression

)
e

E— -purposes“‘it is more de51rable to  code hlgh freguency‘

fragments and to exclude the~ low freguency ones. This

- -

_ approach is taken in the ptesent stn&y by con51der1ng only

high freguency fragments. Furthermore thef*fé&uctlon of

b z

'mutual overlap between fragments is- cqn51dered to be a major

factor durlng constructlon of the fragment dfttlonary. The

‘actual compre531on of the. database using a glvenl dlctlonary :
/ I

is a 51gn1f1cant problem, since ‘the egulfreguency property vf%/

~

.should be preserved. _." _{-‘ T : ‘ t..ol,

vWagner [90] has treated the problem'uof minimum text

b3

Aorage in connectlon Hlth work related to compller

'construction} He was concerned with the storage of messages

7

formed fronm a spec;fled phraSe d1ct10nary. He con51dered‘ _
'representatlon of text by the use of . phrases from a: glVen,;m
dlctlonary, the partlcular set of phrases for a4 message
chosen--to- requlre mlnlmum storage space. He prOV1ded a 3
,dynamlc programnlng:algorlthm to generate the space opt;mal
representat;on -[9]]. It is 1nterestrng to note_that he»didf'
not 1nvestlgate the problen 'of:ldetermining 'the ‘set of
phrases»which uonld'yieldvmaxinnm COmpression.'
| The  study of' character' strlngs .and fragments has
‘ recently recelved the attentlon of several 1nvestigators.'

>0nder151n [58] proposed to perform a dlctlonary lookup on

the least common blgram of the term to’ be located. ,'In



- .

compardsonv - the dlcflo.ary lookup for the inztlal blgnam“
the method of 0nder1s1n reguires a reduced number of lookups:'

'fn order to ‘find the term in a. suitable arranged list.f

;\—"‘ » [ 4

' Schipna [74] analyzes fragments Hlth regard to the inversion

'of fraes ;n order to study the prohlem of truncated search_"

>

terms in- retrospect1ve systems. lglckman and Gardner [66]
:'lshowed'thatibigrams,COuld-bedused for automat1C'1ndex1ng{‘,
Prom - this. short overviev it can “be seen that.units
smaller than uords have been snccessfully 1nvest1gated from
'-dlfferent points of view ‘in several areas of 1nformat10n'

retrieval.' It apppears that many more appllcatlohs can be

-
A

fexpected 1n the near future.

A 51m11ar' approach 4 ed on the ‘use of unitS'smaller

than words has been tr1ed in the area .of conputer speech
: -

processing; This is of partlcular 1mportance wlth regard to'

lspeech synthe51s for/telephone answerlng systems [25] : ”6\
Small phonetlcﬁ unrtsf i? thls case sylléﬁles,-varepf
.recorded and.stored on»:a spec1al dlsk sulted fOr audlo
| recordlngs. ‘ ‘N\rds | andi ‘messages V.are'j produced ;-by_
"concatenatlng the prerecorded ‘units vithl'some add1t10na1
lsmoothlng betueen nelghborlng syllables. “Such,a scheme has
‘i produced satlsfactory results [36]. o ;ka .‘~|--
“Phe related development referred to above 1nd1cates that
1nformatlon retrleval 'is not - the only fleld in whlch thereff

o

is 1nterest in  use of fragments snaller than vords as the

o

"atoms" of natural 1anguage.. Hovever, the \"atom"‘ may be"

_deflned differentlypfor dlfferent‘areas;

4.



CHAPTER III

‘. . ) ,.)'._‘

DESCRIPTION AND PARAHETERS OF RETRIEVLL S!STEHS ‘ e

l

cOmmerc1al search installatlons ‘offer a wlde spectrum of‘g‘

Serv1ces to the user.ﬁ,They diffen cdﬁsmderably Hlth respect

. the nqnber of databases searched, methods used - andfhf

zconVenience afforded to the user. Host of ’the- serviceslh
provide '.current auareness searches una whlch questlonS‘n,;

_ supplled by the users are compared ulth the current content ‘

&

“'of a database whose content 'isk replaceg‘ at. regular,_;g_l.

) intervals.’ Such serv1ces heep the user up tO‘dateﬂ'in_-hls* S

'knouledge of new publlcatlons and may be made avallable atﬂ-“

small cost.v A common procedure used by many prov1ders ofjil-

current awarenessfserv1ces is" to batch all the questlons for,.t
a".one-pass comparlson agalnst the database, usually by a'

sequentlal search. Only documents that satlsfy the questlonv,'

loglc are. output to the uSer. »?}_,?"c.‘::a \3, ;}ff.

51nce search t1me i' proport10na1 to ‘the ‘length ‘of

. questlon terms aevarlety of schemes have been trled to saverf

'CPh time._ Colombo and Rush [19] have suggested reductlon/ofl'vh‘_;

hlS tlme by u51ng fragments aSp search terms. Onderlslmhw

[58] reduced the number of comparlsons through the use of a

' lookup procedure based .on the least common—blgram.
Questlon formulatlon 1s- one of the ma1n dlfferencesl'

betueen' servlces," and for proper asseSSment of a retrlevals-
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.system a study of permsziﬁle query ﬁorms 1s necessary. The R

| gue531on form descrlbed here 1s a s1np11f1ed version of the__ "

e Proposed hy Th1e1 and Heaps [37].1 A Very detalledl"*"
tfﬂexplanat1on with examgles can helfonnd_ln_thé_lectur“f

ﬂtof Heaps [30] : The 1ntroductory deflnltion follows Hsrao

X '

‘rand Harary [32]. 3 "]. ml-‘ff.,{'ﬁﬁ ~:¢"

7""’ Con51der a set of attrlbutes A and a set of "values" V. B
. - : .‘-\) E
A record R lS a subset of the 'carte51an product A x thln PERGE

.‘,whlch an attrlbute has one and only one value. Thus R 1s a:i:t
hset of ordered palra of the form (Attr1bute Value)._ The setldgxif;
fof attrlbutes for document retrleval 1ncludes author, tltle,ffﬁuwf

subject headlng, publlcatlon date, publisher names and o~
Hforth ' A search query 1s normally a set of attrlbute ﬁalue“ﬁff

-’jpa1rs (Avp)féonnected by Boolean- operators. ' Only record525

whose AVP' satlsfy the questlop 1oglc are de51red to beg fhﬁff

v"'zloutput to the Pser. "T«‘h‘? ba51c | queQ structure, ‘4 Hlthouti\ |

“jwelghts for the AVP's 1s suff1c1ent for the present study.ﬂﬂea*f’
bIt can be‘deflned by the uell knovn Backustaur form.. i

\;<Attr1bute> A 1ffw‘$:='Element of A, usually spec1f1ed by a

,"Punlgue abbrevxatlon (AUT IIT PUB,...)

'{<Character> 5 ;7;=A|B|C|«'ff,f |XlY|Z :

‘“.“;<D1g1t> '}:5‘0|1|2|,J}1F'l8l9 ’?*}f”'ff[frffwfifffffi;;'
:<91Ph§“9r;9>~ i;ii<character>|<D1g1t> .7ffidiqeh:hfffffidﬁ;,fh
‘<§trin§§f”' ::£H<Alphamerlc>|<Str1ng><hlphamer1c> o

e;?kTruncation!op.};f':fs;$|* S ST'UL?»“'- T

e

‘<Str1ng>|<Rstr1ng>$l<5tr1ng>*‘:g,'hf*

<Rstr1ng> u;}‘ e

‘“»<Lstr1ng> o h::=.<Str1n9>l$<Lstr1ng>l*<Str1ng> B i



q7,k€¢¢¢hz”; ﬁgﬁ.}j'_my P a<String>|<Lstr1ng>t

;|<Rstring>|<Lstring>*|<*Rstring>".~fo“fﬁfV

(1]
Cewt
i

. <v§1ue>ia‘.-‘ fli<Tern>|NOT<Term> ‘;ff3?}:~ jgaf]jff'ﬁ'ﬁ

Lo

;(Avb>-_-5 SRTRARIN 'r<Attr1hntez,<ya1uezj

<Span> f<Dlglt>|<Span><Dlglt>

e
Y]
ﬂf.

{Ann|on|anJ<Span>|pRE<Span>|uITH

..
.. ee
"

. 0 T .

| <LPglc op > hf?dﬁit

<Concept comp.

o
-

o8
K

W<AVP>|<AVP><Concept comp >

_<Concept seg.‘ l _<Concept cbmp.)l

’ gt|<Loglc op.>(<Concept comP.>)

M

"<Concepf>" ‘<Log1c op ><Concept seg.)

_mﬂ

) <Query> ”,;.v'fufiléﬁ ’QUE <Concept> END _;fhx”;“g.ff{;fHQ

e Some explanatlon about the semantlcs of these deflnltlons 1s¢,;;"*

ﬁf;n order, espec1ally Hlth regard to truncatlon and loglcalig.»n”ﬁ

'foperators._;gl AVP represents a Boolean Varlahle.; The AVP:wa-ﬁJ}

is consrdered true 1f the character string spec1f1ed by the”;ﬁ,J;ﬁ'

1

' '\value Can_:be found ‘in. the proper attrlbute fleld of theehlfﬁfgi

TR

R 51ngle character truncatlon. EI,ﬂV“j.ﬂ'iT;“4=fﬁf§Tﬁ

f'record.v If° houever, ithe' strlng sf‘negated by the NOT=fﬂ-'hh,

,,«-—

B operator,_ thee AVP 1s con51dered true 1fﬂ the str:.ng J.s”i 5

'H'absent from the attrlbute fleld., If the search term 1s inotgvl

11m1ted by 1a truncatlon operator on one slde 1t 1s 1mp11ed5:‘,v‘ﬁi

'c}fthat the strlng must be found 1n the record and must be“fifea”

"’_dellmlted by a blank on thls sxde., The trunca;_ ;fob‘ atofﬁfﬂﬁ

t*’

Tk 1nd1cates that an unllmlted numher of characters 7céh*55f

'_;precede, ho follow,A the strlng., The operator S spec1flesyf’i

The loglc operators can be d1v1ded into tuo groups, theiiff:{uﬁ

e regular Boolean’ operators ANQ andQ»OR, and the somevhat2> T

d-,..rs -
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o stronger group of ADJ (Adjacency),v PRE (Erecedence) "dfi

"ITH" Operators that *é\a\\aSSOClated wlth a nulber thatf'fittf

1. ”'° represents a span have the same functlon é; the ANDj

*‘?‘i“r_’»'nif__} e

wlth the addltlonal requlrement that the terms connected bnggﬁgj]

d number of

the operators must be found wlthrn sPec;fﬁ

words as gﬁven by the span. The operator HITH restrzcts the_}*

;Q: l-terms. to occur in the same sentence.. A sample questlon andf?&"%fy
f' 'b 1ts verbal equlvalent 1s 'shown 1n Table From -thls;“” ;
ls eiduple it can be ‘seenv that truncated terms, especrallygl}fafk
:;% terms "1th * :Can lead to the retr1eva1 of records which a;ef' &

hnot des1red.ﬁ A record retrleved erroneously because of [f#ffﬂ?ﬁ

"»ftruncated search term as called a false hlt., The number offﬁ}f”

't;false hlts gryes‘.r good 1nd1cat17nv“o£3v‘the system'srvf

e '(ﬁperfOrmance.,v~A AR .
: .fgﬂ_—_—étandard measgres for .retrleval systems are Pr'°151°nhidih

and recall. Prec151on 1s the ratlo of retrleved -relevantthﬁ

documents#5t:f all documents retrleved, whlle recall ls theflig';?

;;atiqnﬁoﬁq.retrleved relevant documents to all relevantfﬁf”i

'vfjdpcuments rh the database.ﬁ The problems encountered Ulthfr

K

;,?fprec151on and recall are dlscussed by Salton [71]., Varlousfof;
*ﬁgther'x measures~f have been proposed one of the moreﬁfff5ﬁf

'vlnterestlng ones 1s the expected search 1ength suggested:-byﬁg

'*’HCooper [23],,(wh1ch ylelds a 51ngle number as a performancetf.?

Z:measure. [,-
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on([rrr RETRI%VALf [TIT anczss*] )}x

. mamms includes maezmaes,menfmey

,;Qi[}lbés.ka;;iq¢lgd;§i eriss, etiin: FILE%M ;‘ S

; é§9E#§$;¥ﬂiﬁ§iﬁdés7'PROCEss PROCESSES PROCESSING,erﬁ
AR u“,-tapnocnssrvz PBOCESSION,‘{  e

':PROCESSIONAL,YPROCESSED

ST R R, TR _
. -

LA

oL

vﬂﬁffffgifA;}TREE§ or FILE$ ’6:}; both, together vlthﬂl

e e e bt

1

[

>f_sentence.__;:“4_‘;t}325}ﬂji3";‘ﬁn_jV ~:% f_f 

v

“7*fﬂfjf:f’3zvf7-t&*ft.[}, TABLE ‘ ST
‘qujSAupLE QUERY AND ITS VERBAL EQUIVALENT

in “ tl records In the database vhlch have eltherﬁiﬁ't

VR;INFOBHATION R_gg;EVAL or Inronnarxon pnocnss* 1qu“
'“the tltle._ Furthermore, INP gua I n RETRIEVAL or;3*““f*

t"_"’7,1111?012:111&53101: PROCESS*_inust:_ogqurz;lni ‘the, saneﬁ*;;gV
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In contrast fo the common- avallabillty of current

E }awareness systens lS the rarlty of search serv1ces uhlch_use______

wass1stance to any researcher who wlshes to 1nvestigate a neu
'Retrospectlve systems 'are apt»ﬁ% coq51st of a large statlcrl

pdatahase Hlth a set of rapldly changlng one-shot guestlons.'

'1;of~ sectlon 2 2.2 «-. usually selected £or thls purpose.fjff

.~:The prlce pard for the compre551on of the database 1s h1dden;y

"ah database that covers~yaf‘51gn1f1cantly longer perlod ofhf

“time;,. These retrospect1Ve 'systeqs are 7”ofjf 1nva1uab1ewf

C e

v ] o

.ftoplc and 1s 1nterested 1n all relevant background materlal.fu
;vThls represents a mar&ed difference to the current awareness“?'

systems where a. flxed set of questlons, the user proflles,

~are5 compared to the changlng content -or':a- database.b

“M

. For these jsystems ; %‘sequentlal search not feasrbleﬁf_ﬁ\m
"fbecause ‘of the hlgh c;;t of such f?search on a largeﬁji:ffh
’Vf:database.' Hence a dlfferent Search procedure is: requlred -
' Elihe size. of ;h 1arge database.*is7h0nef'of the majorhyﬂ’é,;
:ernoblens. ;'_If‘ stored idi chdracter form the storage'v:' .
frequlrements are prohlbltlve, eved for such cheap fandix'

: { r
'«convenlent storage medlum as magnetlc tape.- ¢ompres51on of

b'.?the datahase 1s the normal solutlon and one: of the‘}methods;i;{”

T -

-~

'TAss“mlng that '°rd5 are regarded j?Sd the natural languagenfﬁn,

"elements .for_,codlng then : dnctlonary on random access*'

!istorage is requlred for purposes of codlng and decodlng. H';

-' S

the codlng and decodang tlme, the 1ncrease 1n expen51vef,okﬂ7'“



et ;wa'“ifg.'xg;;€ﬂ1wp}_;!

deisk storage and the 1ncrease in the nulber of disk ok
“fJN,

5accesses. A deta;led descriptlon of coding and decoding for

.;Vrestrlcted variable 1ength codes 1s glven by Thielrand Heaps
c s S _ S .::. .o

’uoibe H“ffman codes 'dre‘ used for compre551on, wlth vords as;siu
':rflanguage elements, the entropy Hw of the database spec1f1es‘j'“
,_;tﬂthéglmlnlmum number of b1ts needed sto code the language :,

Auilhfelement.; The 1ength of the database compressed by Huffnan,,:ﬁﬁ

L In order to fornulate the trade-off that results hetween~'
.lth decrease <o£ database storage and the hncrease.'in c‘l
,}dlctzonary storage, it proVes convenient to' introduce sone
%»haSlC datahase paraneters. l?he followlng dlscuss1on 1s ‘5ﬂyﬂ@
ﬁ;ﬁsummarlzed 1n a paper by Schuegraf and Heaps [75] | o
‘Let the database con51st of NR records wlth a total of T

v"words of uhlch D are dlfferent Hlth the"assumptlon that“"

-5the database con51sts of TC non blank characters the average_” ,1‘

/

}nw.; TC/T -~1:;f,;7,'s?.. l; ?ﬂ» 3. 2(1)

word length Aw may be calculated as
rhe, length of thelvuncowpressed database,w 1nc1ud1ng the””V

nhxapproxlmately T blanks, 1n a character representatlon wlth';.f.
: :CR b1ts per character 1s i | ‘ |

(TC+T)*ca.-.Ff;},f:;»;'f57 3, 2(2)

e

o

"4f”fcodes is- glven wlth HH spec1f1ed by equatlon 2. 2(12) as’

CLc -(TC/AW)*HH ..1.,5 _f':j253 : 3 2(3)

Vwbra codlng can neglect the tralllng blanks of words 1n thef

"database 51nqe ‘each codeword 1mp11es‘_thls blank..‘ The - tﬂ@:

s o

C rnverse compre551on ratlo ,'1nd1cat1ng the fractlon of the_,,v“=7

S - e . . - BT
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.-original database taken up by the conpnesSed *étSibﬁilriST%'
\ sion,  is-"

N - s . “ . . B ’ . . N v v ’
|

given by ‘ ., ‘ ;\\ : . \1 ‘ & ,. . '.\ - Co ‘../
| ICE Tc*nﬂ/(u*ca*(mcw)).__.- SRR 2(‘1)

L e

Thls value represents ‘a lower bound for the value of ICB and

a

'fl 1s the value wvhich can be achleved with K Huffuan code. Any ;
other code v111 result in a largeﬂ?ICR and less conpression.-

The -space on random access storage taken up by the 5‘

e dlcﬁuonary is glven by -r_\‘-_;' o 1; ve RTRE
B B _ SD =D *CH AD POV RS 8 2(5)

‘ AHlth AD denotlng the average word length 1n the dlctronary.

AL The value of - AD cannot be derlved from kdbqn quantltles, but '
T |
f_-1n practlce 1t 1s always 1arger than AH, snormally ,by_‘a

factor hetveen 30 to uo percent [7@] [88]

.;yl,‘.',It nUSt be mentloned that the actual codlng of the

database is a one shot affalr, so that the eff1c1ency of thevf

coding procedure is: not df'prlme lmportance.»"I“t contrastfj,

-the, decodlng of '1nd1v1dual documents »1s a very frequent”

operatlon, and a speedy and efflclent decodlng process ,is_Vﬁ*

'-.'

necessary for good system performance.uﬁ,f5 '

'Ihe“ problem of rapld response to a varlety of guestlons;'j

,

can be solved by the ,constructlon of ian aux111ary flle;'

SRR T A

‘ calledh,an wlndex,’ vhlch normally res1des ,on random access;_p'

o storage. ‘!ethods for constructlon and handllng 'of these_f;f}t?f

flles have been dlscusSed by Lefkov1tz [39] and in a formallyﬂ

manner by H51ao and Harary [32] the best organlzatlon forf~fsz:'

the':lndex depends on the database characterlstlcs and the:ﬂLﬁ

complexlty of the query stream. Thls has been invest;gated-'



' 1ndex provldes good resul

Vu%f r ;ﬁJf-‘”;{'f”qff';"?7ffﬂﬁ7:¢iff

: 'm‘by 51ler [83], uartin [50], CollmeyerHTWBJ, and cagdenas{

ts for most dat‘

A ,...

. in: the follovxng part.'.

7

W':f\especlally well wlth complex queries., It will be assumed"

: that the auxlllary flle An the system to be cons1dered is an,f

I3

'jlnverted 1ndex Its form ulll be described zn -norelfdetall’

)

Asanme the dictlonary words to be ordered, say by rank :

l‘l

" [13] who provides comparative data. In general the resultsf-'

‘.shov that an autlliary file organizatlon called an inverted~76u

‘ﬂaccord1ng to: frequency, and that each record has been- glVenff'

e

ff]con51der it" as a set of llSts, 1n uhich a llst L(h) contalns‘.'\

:{fthe patrlx 1s stored 1n blt strlng*fogm?

a unxque_ record 1dent1f1cat10n numher (RIN). An 1nVertedz“'

"1ndex can be deflned as a- Boolean matrlx I df s;{lb D x NR'

ulth elements@I(k,j) ‘= 'Truejﬁlf ;Prd k- occurs 1n ddcument jn‘.~

i’"

',;N"W‘ - e

" for the storage of such a latrlx 1s@to?he;pen51ve, eVen 1f,

e

“and 'False' otherwlse.7'For a large.databaSe the use of dlsk*7'

A dlfferent approach to the"ln?erted 1ndex 1s to§*7

kS

B

The documents that satlsfy thq query ar found by:ii

performlng the requlred lOQlC operatlons on the rows of the"

e 1nverted 1ndex' and deterannlnq the RIN's of the resulting{

-Hdocuments~'f The documents \are‘ then retrneved from thep

i

fcompressed database and decoded. The structure of such af'

"lw.

‘rretrospectlve syStem 1s outllned in flgure 2.-"

'.all‘*RIN's of the documents that contaln the k th rotd. e _rf{{

"5of the llst is given by f(k) as deflned 1n equatlon 2 1(1).:*"“

: vords that are not repeated wlthln the document the lengthff S
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_ kt this poigt;fﬁt seens ﬁrapi:ropriate _to 'relark
during tﬁe search phase of the progran“ff
o ;
' 1n#érted index)* the operators ADJ BRE
. R . ..~ 4-_‘.‘ T R

*treated 1ik

ﬁVThis is necessary 51nce ﬂhe 1ndgx does

:_1n£o¥atlon‘ about the order of vords J.n the ,_"nents. Agfféé‘-!“»

J

‘f' s%§uent1a1 search of the doculents is%?sed to ‘test if thef;'"”
f;terns Occur v1thin the spec1fiedxsggnw, In thls case thei‘fffﬁe

”“'vlnverted rndex QtOVldes the' hooks to retrleve possibleﬁiﬂ:sﬁf
y. I . o
“candldates whlch could satlsfy the guery. When the search{i_; ;f

~,l ic is restrlceed to AND and’OR Ehe seguentlal sear&h can B

f‘be cmltted 51nce all retrleved dccunents sat1fy the query.«ef,j95¢

DT

.inbv1ously the powerful search loglc ADJ, PRE ‘and iITH-ﬂf”f' 

o"‘.‘v
R

\Compl1cate5" fﬁé‘ search procedune- by 1ntroducing the»-ifh**

.3requ1renent for q sequentlal séarch. fﬁﬂA;ﬁ'f '(Ei};;'%fff’”"

L -

A more serlous dravback han the need for a Sequentlal

:'aPPIOX;nately the same magnltude._ These requlrenents can:fi

'?”ea51ly be calculated lﬁ”'he 1ndex 15 St°red 1n llst flﬁf

.A_»number is g; 'f% L

-zglécﬁjkéii(ldiux)f;;;f?iﬂ;';Ehsiésjéksy;j
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]

. and becad!%vthere are TC/AW entries the required storage for
: <

the ;ndex is - .. . . - K

1
_—_— f' SI = (TCyAW) * R\ é~ffs::,, 5 2(7)y

¢ - 14
. .

ST Thls eXpress1on may be regarded S a theoret;cal upper lluii

Mled by the llStS)} can be

v forg ST since the ~space occ

__lwrednced_hyla_comhlnatlon_ofmbltmnap_rep:esentat;ogrand—RlR—s_——
as gescrlbed by ThieTand Heaps [87:).7 T

* 6 o . . -
e . An ’:obv1ous reductlon' in - SI ‘nay * be . achieved by -

7

o -~

eltninating the"most frequent;vords,'or vords that are not A

likely to be used for guerles. ‘the list of words £or. which

noifrov of ,the' 1nverted 'index is generated'is called a

~, -,

"stopllstm and 1ncludes words llke "the for,and of" and ‘many .

o .
A

.more. The 1ndex ttself is generated during the _compre551on

13 e

process and only an addltlonal sort is necessary.

) By"use of 3. 2(5)1and 3. 2(7) the total disk storage ‘can

,fho

1

now be calculated as '“.‘ e - ',.-‘
_.ST-= (TC/AH)*R + D*CR*AD . ";M‘ s 2(8)

"The organlzation "of . the 1nverted lndex 1s a cr1t1cal factor;

[y

* [

in, the system and wJ.ll thereforJ be glven a closer look.

N

The. dlsk is d1v1ded 1nto small sectlons usually called

[

seCtOrs,‘uhose ;51ze .»ish[ often llmlted " by -fhardware .

5 consideratlons,. Each sector, or:bucket, con51sts of a flxed
number of bité'fwhlph cdn be transferred in ‘one read andia'

' hence wlth a slngle dlsk access."Each of these buckets ;iéﬂ”"

et
-~

1ntended to hold the RIﬁ's of one rov of the 1nverted 1ndex.£\

However,‘ the dlsparate length of these LOWS. as. 1nd1cated by
A N ‘,” B i -
S 2 1(1) serlously affects thlS 1ntent10n.7 SOme llsts ~uihf<iﬂ
Lo ° . -, . -2 L v
: : Co v . - ;

. . L4
. ~,’v . i . - B . - ' . ¥ - N : . . -
€ LT o A ‘; Lt
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',spill' over 1nto more than on€ bucket vhile others 'will not
“£ill thelr bucket. mhis ma es im90551b1e the calculation of
. ;’ : /
a buckét address for a spéclflc row . of the .. 1nverted 1ndex,

so that with each erm. in the dictionary there must he o

_,qﬁkored a p01nter to the proper bucket. ' The storage space

Gm-d

‘wasted by unfilled buckets 1s'a more serious matter. It can .

be ke@t small by selecting a snall bucket capac1ty. but this
. t -
choice cis ‘11m1ted unless small buckets -are processed by

3

. software routlnes which make~for tumbersome. proce551ng.'h hu‘
. good meaSure for"the vasted disk space is proposed by Lowe
[(44] and 1s called the memory utilizatlon factor P.:l‘Itg-ls

deflned.as‘~:h.' | L | |
o . ::P'é'( V- oK R)/T * R N i g 3'2(9)' -

| uhere f ﬂis thef.actual storage occupied, uhile T#R is thevi'

total mlnimum amount of, storage needed for the“ 1ndex.«

I

Assuming bucket capacity of " C*R bits, use of, 2.1(11)
‘ . v . : B . . '» . ) .t - .

'-allous v to beécalculated as " -

P 9
!
.

Pa

’ﬁ‘ 19‘ . 2 ’ ; ] . o L . T
o v =¢9*R:g_ ce11(T/ln(D+g)*1/(r*C)). C3.2(10) ¢
,e .y . {,&

It may be noted that P has the value of zero- only' uhen;_no

-

. - f’ S ~.
‘waste occurs, unitx uhen tuice as much nemory as needed 1s .o

- ;dedlcated, and so forth.v lelts for P ‘are given by Love -
_ > : . _

ztuu] ’and’ 1t can’ bé"seen that the lef dlstribution 15
‘Iespon51ble for the large amounts of Hasted disk, space.rr If

the elements used for 1ndex1ng ‘are. varied so that a more

.

"unlform distributibn occurs a suitable choice of the bucket:,'-'{

7/
/

capac1ty Cfcan reduce P con51derab1y.



ST R e
~.  The que of an 1nvertdd 1ndex stored o disk results in;‘
the requirement for a -1a;ge .number of accesses ythe'
buckets during the retr1eva1 phase, and thls is‘ very
crit'ical for ‘an on’-ln% system, The dlfferent length of thej

L4 .

rows .of the 1ndex is a major factor 51nce for the ﬂostfd

_"_s___fregnent__terms_more_thdn—nn_ _hucket must be accessed before’

e,
o Al

te

;'This"vas calculated by Loweﬂ

f_1nvolved in the analy51s. T

all document numbers are retrieved. ’The aVerage number of'
“dlsk~accesses 1s'def1ned as- a; e N «»“DL<7

AC =

(r)* cexl(T*p(r)/C), S azan

eaPnc

“and with: p(r) of ‘e'é_{"uation 2.1 (u') yields

.- -

» e AC .= > ceil(1/r*‘.lnv(D+g))*1/(r*1n'(D+g°).).‘

N .,‘_ . 1‘ . ' . i . ‘_: . [ - R BN
"‘also provides upper
and lower;bounds for AC.

-It nust be.rememberedjthat, he inverted’indei is not thei-

»'only'source»of disk accesses," 51nce durlng the decodlng

. operation ‘one- disk access is necessary for each. term to be

)

f‘decoded.t The quantltles requlréf for system evaluatlon.,are
o p. for- the dlsk storage utlllzatlon, AC for ‘the number of;
'Elesk accesses, and the compre551on ICR.. To 1llustrate the
z precedlngvanaly51s flgures for sD, ICR and si are prov1ded 1n5_e'

Table .2, and are computed for dlfferent values of the ‘iV‘A

) : -

‘datahase parameters. The formula used for T as'? functionfj':ﬂ”

A

of ]D",is' the ~one*~glven by Heaps [29] for Chemlcél Tlglei_u-"

Tanes.; It shows clearly the magnltude. of th? Quantltles,dfﬂ?f
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st

D AR " e H(blts)' L(bifé) - ICR»VSD(bits)*

3. 3 108 9.5u..-1;6 1oéf‘.j§9»; 5.3 108
1.9 108 ',17o.a é;w71osw
2.1 108,149 '7.5-10%

3y

’..r

1.9°1010 .205° 6.4 106 o

‘ ,
Ty

LS 2.11010 0180 7.5 106 -

5
6
| 7 R
100,000 ‘5‘ .}313?15?a  11;56:f1;s‘{0}§';2uo 53 108
N PP e | SRR .
;
5

1,000,000 3.3 1010 13.81 106 1012°.279 - 5,3 107 |

S . 1same g7 si3or

I
>

| 7‘"" . ;:f W 1oxa .210. 7.5 107

* I'lleE:l.ﬂg,l’), .1 333*AH vas used in the formula for SD. o
. NR A S(blts) . ST‘(b-lts‘)g*_‘ | .

10,000 5;f"'1°r°0b;‘“ 3;107 '~4ﬁ.3,101 = -

-dbo;b0034_;3#109 4.3 id°ril

. 4 :
1,000,000 4.3 1011 w3 tors e
'1?6}66§4._T 1 ,10,060-;:;3.101 -f5;3,io%\“- ¥ L
- h “fjod;bbo;-“;3.109' 7 5;3l1o9-’
‘ 1017 Q §;3'1d;1 -; «;;ilf;;" ;”w..:;I}

5
_ 5
!'f)17_  "*;5,006;9004 5; j
 1;660;009    .' 110,000 6

) oo j

3
ﬂm h T.f.)"iff 11061060,' “5 109 ‘.6.3 iQ;f “ S
o | 1 ,000, ooof 633:,o1; 26~3v10‘1 j_j

K

**NOTE The dlfference 1n magnltude betueen SI and SD makes ﬂ
~. - . / ) N h

S¢ nearly 1ndependent of D.

e . : . el A
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. STORAGE RE f QUIREHENTS FOR RETROSPECTIVE SYSTEHS
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“'3.3fldjgetfo§g ct1v §1stems Based on Fg.ggents :{;'h“~"
SR e _,;;:t R {,\,’ o

The dlscussion in the prev1ous section -indicateé”;tbatj;.c
there are some dlsadvantages to the organlzatlon’:ofvaggf{

) retrospectmve system as descrlbed A brief summary of them?l]

L

‘ is as follows"ﬁv "E.-,»““f ;'“”“’f"-ﬂ' L w{t7”'1

'_"I;, . 1 i .
.‘A)'~}Proce551ng ‘of “the entlre database is necessary before.-T’*

"3the dlctlonary size 1s knoun.-dfﬂ*, . lf:* C ,:‘l{;‘}“n}aiﬁf
:‘b)lt‘Durlng codlng the d;ctlonary must be constantly updatedhhff;
i'and kept 1n an order sultable for .locat1ng the mnpnt;:lJU'
:;iwords rapld;y. | T l ." S f;r»im?;;_*h?.f

€) ‘_Codlng and decodlng fregulre freguentsdlsk acesses‘t03f11f

. ‘the dlctlonary, becausevthe dlctLonary ,s too large tolf.f”f
}»be kept 1n core.‘::;:ﬂf'f.‘;"~f.€kff: ‘Jﬂyl : ]
4TTD)*:ﬂ disparate llst length of the 1nverted 1ndex makes

;“vfflts organ1zat10n 1nto buckets clumsy and results nghays*fﬂ‘

) ;lot of Hasted dlSk space. "{

It seems that one- solutlon to these problems 1s to adopt

'”fth proposal of Clare.et al [17] thai the ba51c-language

r'and 1ndex1ng elements be changed from Hords to fragments. ,;]* \

ﬁfspec1f1c property,_that of egulfrequency,‘uas 1mposed On the ,f{

'ifragmentsi to be used ;in order~ to overcome the above i
:fudlfflcultles. Changlng from words to equlfreguent fragments

A

‘“ﬂju:vould edimlnate the dl'advantages above, because »“J{j;,aﬁq;fff@;

“aL57 A. small representa 1ve sample of the database shOuld be
"F_suff1c1ent to generate a fragment d:ctlonary ulth the tf”"

desxred propertles.c. : _f-ﬂ'ff?zj R

S BRI



“"‘before. codlng the entire database, 1t can be arrangedft‘V"

21_'1n the. order necessary for codlng and noi'further,
»updatlng is regulred.n,;,if;a3~k,9-cuftlg.;;'wlr

.";5¢YfifThe saze of the dlctnonary can be held Variable through}lftv

"fdpresent study to 1nv

5'quest10ns arlse.lagf'“'

fadjustqent of the frequency 1evel._‘ Thus 1t can be; -

:limlted 1n 51ze and could concelvably be stored 1n*

, . ) L R
‘ core.»Tf. 'g’e‘

’hﬁdy _hTh equlfreguency of the selected 1ndex1ng elementsf'f?;

‘;rovs of the 1nverted 1ndex.; W1th the proper ch01ce of o

-:bucket capaclty the unused dlsk space can be v1rtuallg:f.
/y'vv »ellﬂlnated- . vh' Sl ;A'). L . o ;.' '.':"'--"f'.“f_ PO NS "1 »
. , S , - - R S
S However 1t should be reallzed that the fragment approach;'

Ly

h-;may also haVe som drawbacks.m} It 1s the purpose‘of the IR
zitlgate the fea51b111ty of

Q,guarantees approx1mate1y unlform llst length for' the '.ﬁw

vfragnentjghy;f

' orlented -system and 'report on the serlousness of the.¢;v1

o B i

'h~prob1ems encountered At thlS stage the follow1ng obV1ous Lo

4__“1

sl e

w,.” \ Can P representatlve database sample be found and can.ﬁf o

’ at least 'approxlmate unlformlty of the freguency

'1”Qdastr1butlon of dlCthDaIY fragments be obtalned ? f,it”:'“““

\\»

,4o
'\

r,fz)lﬁ;ﬂou -serious is: the lncrease 1n»couplexlty of the codlng '1“w

7:process when varlable 1en9th str;ngs are used

KT
i

[7;3j\f‘a the storage requlggnehts for a fragment systen the f

S el

ffsame as for a word orlentéd system ? ;{xr vjvu;_xt;av‘ =
: s - et

| uf?: W11l the change of 1ndex1ng elenents result 1n the sane
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system performance, or wlll the nunber of false hits

These guestlons Hlll be answered 1n the rem.in;ng

';';ﬁ»chapters but,; to keep d1rectlon and contlnuity tf

1nvest1gat10n, concentratlon -must center for the ﬂsmbnt on

~—~the—fev—parameters governlng the system._. Basically theseijgf?

,——""" _

f.“parameters 'are the fragment egulvalents of Hord o‘1ented

ulSYStems. the average fragment 1ength AF";theinﬂumuu

S g .

uudlctlonary elelents ND, and the rank frequency qt

s;}ASSumlng that the fragments are approxlmiteiyse§u1fregueq;,

. ‘the average freguency F is suff1c1ent tq; cqeracterlce: that T

-~

7ﬁdlstr1hut10n, and the entropy is. glven by “ﬁtﬁ. \f"ﬁw;ﬁ'

Hié» = 1ap) .. a ~_ﬂ_, > TR I 3(1)

LRI
P S
: ot

fThey number of fragments 1n the compressedxaatabase and 1n ;f"

,;the 1nverted 1ndex is TK/AF wlth TK,‘ theﬁttotal mumber fftfagf?
T ; ' R R A Sl
gcharacters defuned as - A ; 1~<. S
s ,“g”f,’m*'fgf {.TC=~": for Word fragments.f

vﬂ_;{q'fﬁ:'”TK‘$f=fﬂ :
L SR TC+T g‘ for Text fragments

ﬂ?{ifw’aneeﬂfT ' approx1mately the numher og blanks 51n thef;?ﬁff
'“?_&Atasase.- Thls Yleldﬁ for the 51ze of the compreSsed;;fqu
.Q,database, when fragments are used as language elements, a

- e ZL '——-I.CF i I(TK/AI’) *HF 5 _‘ t ~ R 3 3 (2)

. \.°ﬁ;ﬁ , : NS
' . To- fac;lltate comparlson wlth other word compressron schemesL3¢.;;5

frifvthe eqqatlon for LCF may be wrltten 1n the fo%m glgﬁgfﬁfhffdj;gfﬁl
W e _ ERRNT

LCF (HF * AH)/(AF*HH) * LC.h_'” 3 3(3)

v f‘T7in¢lcatesathatftggriiis*‘less7:cohbressign,ﬂthanrfsithfiabrdf,”l

-



: *ﬂ‘codlng.. Hlth R deflned hy 2(6ﬂ1‘-

':51ze of the 1nverted

1ndex SIF based on fragnents as*ﬁndexing elements .is 1ven

'-,n_-

"‘sxr =’ (TK/AF) e R " ‘r:-egl 3. 3(u)

f'and may be expressed 1n terms of the wOrd 1ndex as

‘"3f\b,ff; ! .
ﬁ",frort vord fragments AF pi 1ess than AH‘and hence 3 3(5)

l_.t'n ";"f, SI?.= (AH/AP) * 51 .‘af ?1' 3 3(5)

.

indlcates a larger 1ndex than for ivords., Only wlth text

fragments“ does there ;ex;st a p0551b111ty of reduc1ng the

storage requlrements below the value of SI.;_EHowever the f.'

'\n-\

presence of embedded blankssdfn"
: The storage requlrement for‘the fragment dlctlonary 1s

SR SDF = WD ’UP *cr, R X 3(6)

L]

:flremembered that F ND and AF are connected by the relatlon }~

average number of dlsk accesses equal to one. _'7 ,_7L<*;ffk

'~Q;TK ND * AF * F . j~., : ';w‘_ 3 3(7)

A ch01ce of any tvo parameters determlnes thevvalue of the

(.» ‘:.

~

thlrd A natural cholce for one parameter to be set 1n the
\
. I

dmslgn of the system is: the average freguenCy ,P, thCh by

.r.

Lo .51mple 'fOrmula of 3 .3 (5) does not then apply because of the

: whlch wlth the proper ch01ce' of ND rand AF may ~be made

o~

cen51derably less than SD.u_ At thlS polnt : must be, E

o

proper ch01ce iéan ellmlnate unused dlsk space. If thegz,f'h

Iy :.Q;“n\f”?;;
harduare operates wlth a;’ sector 51ze of S bltS thejﬁideal;_;;;.

choice for the average frequency 1s

.__.-v\,

'.\'}.'

- - : - P R -
N . - = PR ot - y N N N

»vhich -results 1n a memory utlllzatlon factor of zero and an S



T to. make, 51nce they depend on the manner 1n whlch dlctlonaryf-V:

The other ch01ces of\malues of parameters are not ’easyj Lkb

“fragments f"re selected,. and on the avallah" f,5Y$te¢ fdl]
resources., The product ND*AF 1s flxed Qy::f” ef:;f;f;ff;
' ffand thls determlnes the size of the dlctlonu 5 Aiw éﬁ&hgh]ﬁ-%d
.Sik‘sk_—space——but—on&y—a—sma&l—core—memarf;ﬁ:1 ',_ ijﬁuf;f;??ff

eAF can be tolerated sznce the 1ncrease 1n SIP 1s not serlous.dhdA

’-

"'1n thms 1nstance. However 1n the Lnstance of llmlted dlsk”ﬂ

'space,\AF should be made as large as p0351b1e.- The relatlonf"d
;between ND and AF {e deternlned by the way the dlctronary.::f‘

‘fragments are selected.7 ThlS 1s an 1mportant 'stepuvl . the_lf

[

t‘,‘system de51gn 'and must be made wlth great care,l..hn_'

oo

:'rf“ialgorlthm for the selectlon of drctlonary fragments'"fEif.';f

J,deVeloped and descrlbed 1n the next chaptef

. ’ . B
u J i
o Fy
- ) s,
L
3 -
- ’
Ed o .
.
: S
s : N



'fil'selectlon sof fragnents,/ynd outlines th% con51deratlons and?”"

o tnf.wv

The present chapter descrlbes a heurlstlc lethod for theﬁ

N A T L LT WL L)
R B CHAPTER E T T s

N .

C ”SELECTION OF EQUIFREQUENT FRAGHENTS

T o 1
'.aExperlmental results wlll be used to justlfy thlS approacheg

' 71denoted by

?fragments.; These sets afe generated by mov1ng a flxed ;s1ze 'tiif

e

-:'and to suggest eguatlons whlch can be used to predlct theh'

SR

’*{crltlcal parameters. Before proceedlng ulth the descriptlonfi;

Assume that arl fragments of length less than ;afj equal//A'f

f“ should be- mentloned that the‘ length dlstrlbutlon of

"fragments may be,calculated u51ng a result from llnguLstlcs.

Tto p are generated for a glven sample of NR records wlth T

(

;5fragments dlsplayed 1n the wlndow. Thls 1s done for zallj’

L.

'f{reCOrds and vlndov slzes.wup to p; The fragments can. be*a

Lol

tr'types, an excerpt of thls llst 1s.shown in. Table 3.” The setf

, e

Assume the length of record J 1s spec1f1ed by L(j) vhef;7>
¥ e

:‘;number of fragment tokens of length up to p 1s glven by~hn*-~

'FR

fd-of fragmentf

ufarauments_which~leé——t0——the——deveiopment‘—of__fﬁé“_method,.S{’:

\tokens and D types., Let the number of fragment tokenS/ be.T"'

FT(p)fo_ text fragments and FH(p) for word o

-iwlndov_ across the record (uord) and ‘recordlng all thevg~”

of fragments e :,_n also be generated in ’he same manner, or

tiflnstead reference may be made to ar word frequency llst. l;ffif%n;f



- : A e e T T T

- and, using the total number of characters Txeas /defineg in ']'g

0

7:' section 3 3 the sum 0 0(1) reauces to

;

e L FR p((TK+NR) - NR(p+1)/2) iﬁf-'j'. ) u g(z) '\.‘
' :‘If 1t is knoan that thbrg/gre 1(1) records of length i, then :-Af

f'.u 0(2) can be reurltten as f,iif ,f7j_, ’j:j = -_'i}g L5

e

e 'fﬁ‘ kmax g”‘”s o T SN S
B '.FR-,=,> : z(k) (k+1 j) ij A

kf;;and the relatlve- frequehc1es of fraqnents of 1ength j are

fg:.ven by t

J;.‘

Q rf(:i) =~..*. .z(k) (k+1 :n/ra,.‘f o ._4-‘0(3) e

"For wor& fragments the values‘ " z(k)- "re' known from;-.-"

'j:,equatlon 2.1(6) dnd hence rf1j) nay be calculated.: For'text

’fafragnents the average record length RA can be subst;tuted

.hfor L(1) s1nce p is usually much less vthan L(l). - ThlS ‘hf;

ﬁl.YIGIdS for vthe. relat;ve freguenc1es of text fragments of

"‘;1ength j ffh;" f."a,f fh;* '”lﬂ,'

" EEE(I) = (1 A/ (RRY ) ap L 'v:_"‘/_\lﬁow) .

bfThls 1mp11es that the short fragments are more frequent than .

'a:the longer on&s.f The ‘number of fragment types _however,

\A.

ucannot be 'calculated 1n terms of the parameters used above

?§~51nce 1t 1s a: vocabulary dependent quantlty.»;; /,(2?

The number of types s an' 1mportant guamtlty to be

"’{“fconshdered ' 1n fragment selectlon,. slnce.,lt determlnes

’"wﬁrrnspect;on_.qf, them‘setszFT(p) and Fw(p)'“shous that the}.

71nd1rectly the size' of;-the fragnent | dlctlonarx}-;, 1:717

'¢¢‘5iﬁéﬁ°rial.¢191°siqn durlng the fragnentatlon processg:'#“:

SRR ».;.
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1eads,to considerable duplaéatlon. The nulher of characters
' in FT(p) or rn(p) can be calculated as | . 1
CEC = (p*(p+1)/2) * ((Tma) - Nn(zpﬁm 8.0(8).

which isfe alnost p(p+1)/2 tiles the total nnmber g@?

; ' characters 1n the database., However, thls 1s not unerpectediﬁ

I D sxnce there is consrderable_eves%ap——angng_"”x%

Reductlon, of thls over-redundant overlapping set 1nto a

manageable dtctlonary 1s the basiq;problem 1n the selectlon

‘-_j;of dictlonary fragments. It will be considered agaln when

the relatlons among the fragnents of FT(p) and ‘PH(p) have_'7

3 been explored further.' T
. . . q -~ NI‘"—‘"""‘ ) .
j'Uﬁdah;1- | Relat1o b etw en'Prgggggt;;7f - ‘;/ . N
- ~, ) . :. . . L - ‘i)' - . R L ‘ :..: ’ o ' " _.- ) . , " ‘ v " .» .- . “ A p- :
L ;The\_fragnentationf process, and the 1nterna1 relatlons

g :betaeen' the'adifferent fragments, can be _explalned bj_‘f
-borrowlng and adaptlng termlnology that has been wldely used
ok for’ the descrlptlon of. graphs and trees.:uh;pnj,i_;;i%' |

ffrilligal' : fragnent 1s sa1d t0' he of" length k 1f 1t 1s a

"concatenatlon of k characters from the respect1Ve character

gset.,f It should be noted that for vord fragnents thls set
. “ Id . I..
f,con51sts of alphabetlc and numerlc characters, hnt for text '

gl

7’!fragnents<rb’1nclndes the "bIank" or space character as well hf

.ten §ragnent.ﬁ The subfragnen:?set S(k) nay be strnctured
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. drnsing the inherent rel@tions betveen a fraghent and itsfhfﬂ‘

AR

ffsubfragnent, The explanation of the structure becones ”e;%y;;;*

:*‘.Ulth the following definxtions-*'jtffﬁ = ;;se:_‘

1Node-Fragnegt f-i Each fragnent of length k>1 “Can bet L

&

h;considered as a node of a binary ~tree. f:Th “tio bﬁanches}fi»;

o.‘

{

uhich ] ead—to—nodes—:u}entrﬁ:ed— 'y

i“are obtalned fron the node-fragnent by dropplng* either itsf’fi}

VI

Aflrst or 1ast létter.f'ﬁ.ﬂ“j'jw?ﬂ;;-'jﬂf.'* ";ht: ?l%xﬂigy

\—« .

;another fragnent 1n S(k) 1s called the root-fragnent.;g f‘

ﬂLeaf Fragment Fragments of 1ength one (31ngle characters)~fva,-

e

}cannot sprout further -fragments and~;_,e4 the. 1eafs;,orff!

C e

5term1nal nodes.f' -~ rh fvjwj_ﬁ77g;u.flgg‘1f; ;,'f.“y& s

ﬂIf*fragnents of the sane length 1n S(k) are arranged on‘ the_ﬁﬁf,f

1

isang level, ulth the root fragnent on level one, thergf"*i

e 1,_'

a”len's‘Of length k 1;;d'”

'Root rragnent The fragnent uhich cannot be sPrQutea fr0mf:5'f

"f‘gemerataon -of“}a unlque conplete b1nary tree fully;d;f&f

L e
N L

n'deSCribed; lprov1ded a rule_for sprohtlng the tvo branches ‘ﬁj‘"

e

_’_ ﬁfrom a node fragment 1s spec1f1ed.4v;.fg:'7:;;'TL‘F~Uhfl Iif;iuﬁ
“:*Fi'_groutlng Rule : Let the r19ht(l.§t) branbh sprouted fron ‘ajf;f*
;node fragnent of length j (j>1) be the one whrch leads tof: ;;f

”:thhe ff!gnent of length j 1 that 1s obta1ned fron the nodeVI

; fragnent by peellng off the £1rst(1ast) letter.lﬁ@;}

‘VTghppllcatlon of thrs rule results in a conplete blnarybtreefifij;;

PN
et

",).f s

f:of k levels whose nodes represent a11 elenents of S(k) heuf;‘-:;

6

'2**j nodes.on level j can be numbered from left to' rightf:'(

hls conventlon and the 5prout1ng rule are sufflclent for

I W i Ly
“AP_nldentlfylng each node 1n the%ﬁree for a g ven ropt fragment.jeai_ﬁ*

.....




Inspection of the full tree teveals ﬁgat sonei'neiqhbougingfff

.;;iglf"_node f;agnentS"/on "each level

e '~ \,'

> - e

;;t;;fg duplicatlon may be eliulnated hY. nerq;ng theSe identi¢a117

nodes level "by level, but tHe resnltant structure is no

x, . .A.'-

longer a tree.‘ In terns of graph theory a»gradable acyéiic' !

ujfﬂ~ dlgraph is* obtained [591.~;~Thrs digraph_i;'ﬁ;/?@“f””
related to the former tree Structnre, hqt at each level ‘_

there ~w111 be j nodes and the total fumber of nodes in the

e A ’1 . t." L »"~;. R .",' ,..“
compressed tree 1s glven by ktk+1)v2.»e ‘ 5,jﬁa J{.Lﬁajyf‘é;ﬁg
| ' mhls type of graph.appears in the theory (

netuorks 1n svlgchlngdtheory [38] and 1n the social s01ences'

[28] It has been called "reproductlfn graph" by Ore [60]
C"'and "status graph" by Harary [ga] when used € ?;desrlbe the'fﬂ

| f;:.:‘ status -of ~1ndlv;duals vlthln an ”organlzatron.- For;thlsfgﬁ

hreason the: compresse& fragment tree that spec1f1esb

$<swfffT§§£Sfragmemtg and thelr relatlons Hlll he called an S-grap_

[{5*fif it 1s fo nd necessaﬂt to- 1ndlcate the helght of the tree,

N ‘vhrch ‘~ egual to the length of the root fragment, iﬁ 1s
;Qg : “referred to as a- S(k) graph.- An eXample oﬁs a blnary tree

{,and the correspondlng S~graph ls shown 1n flgure 3jfor the
e T fﬂ.‘*?~ e T L

word fragment "UNIT"‘V~

figuféi‘ehaf nelghbourlng“m

of ah ,S graph have"commo'“
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¢ is 1mnedgately obv1ods that the S-graphs for two\dlstanct 1.¢%”j€

£ gments F (1) and Ffz) of length L(1) and Lﬁg) need not to

be in@gpendent of eacn other.. Three cases of relatlonghlp

bet&%

,5§he two S- graphs Sl and Sz°can be distingulshed and

: PV ¥ R
f are deplcted in flgure a. 7"h" e 4. : : oy
Total dependency. .One of the s graphs, say St 1s a’ 3ubgranh S
. ?f ;52 Thls- nust imply that L(1)<L(F) and Hence ; f+?{;
.C fragment F(1) is. compleﬁeiy embedded in F(2) o F
. Partial dependency Both S- graphs share a conmon* subtree df R
f‘( fclﬁh say n 1evels. Thls 1nd1cates that&a character strlng _;“.yéﬁ
: ‘_4'; : of lgngth m‘is contalned in both fragments F(1) and}t ;ﬁ/kf
< o F (2)« ﬁl’gﬁ;’ .' & J Lii "J.'S prefa.xed by L(1') -m '/'
' _' :' lettersﬁ;uhlle L(Zﬁ—m chaf/ ‘:the‘ suffix ,tov;F/ " :
‘;' r ‘}?;'; “%,;/ t. e cohlltlon sgbét‘:plng’ An F (2) , ¢ . :J‘,“:'-;s.,‘ q/ .
3”': -Tat&L 1ndepeﬁ ce v fThéi“t?o=ngra:; ' Qe.no common nodesaﬁnf
h ‘“”’?{ whlch lmplles that thegihave 6 ette;s in commdn. -

'.-d ..",:" N

$he flrst and the last case aré tr1v1al and of no .. .w
R ': ’ - L 94 s ); :
un?.;interesg, .,In: connectlon vlth the second case the questlon T

'ij arlses regardlng the numher of dlfferent SPgraphs that share'x~

o , _ LA
the same subtree. Thls can be restatea~a5° S 3 ' -“5: "",fﬁf‘
: i o .

Hou many dlfferent fragments contaln a spec1f1ed substrlng

-y -.,

An answer eis» 1mmed1ate for k letter fragments that ‘h'“

:”*CQntaln a common substrlngﬁof k-1 characters.-.T0~construct .

-

. a fragment of length k 11th a spec1f1ed subfragment F! ‘of:‘” S

°

-length k-1 ,1twls‘suff101ent to add a. 51ngle character from o
: : o -\‘.-"x R - T

the character sef. Aany of the 1etters L can be eoncatenated@}"':
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S u1th F' 1n two vays nanely as Lllr'for as F'||L. If the

j character set' has ;t; synbols there are therefore not nore
o thanoz*r dlfferent franents of 1ength k that contaln F' : {‘ff
-

This dependency can be shovn by using F' as a root :node

e

—~————of——a——ne#—tree—uhLch_5prouts_all_posslble derlvatlons of k-‘

letter fragments~from the F' node. From a knovledge of the”?

b

B vocabulary of the language used, 1t can be shovn that not .

all 2*r comblnatlons of F' and a letter fo’n‘ elenents that'

A

actually occur 1n the language.' Thus the numbér ofvbranches ff }E

te

e »f ‘ " R
It ls obV1ous th t thls concatenatlon process of letters

and.fragments Is r8Cur51ve and leads to the constructlon_jofli S

.-
A

tree'that shous all fragments.‘ The depth of this.tree 15

s the maxlmum fragment length., ThlS approach p01nts. t° 1afdﬁf

7

method of storlng all the' fragments ﬂienerated fron

database sanplé. The followlng sectlon wlll descrlbe thxih

./J‘v

- Ingmore~deta11. -

i .;f R
‘{H Téﬁ -
I capable of dlsplaylng all fragnents occurl 1n the database

?;r sampne but '1t has one serlous dasadvantage. Each fragment-}f;f
. . . ""?" . .s e E".‘ -:..:
1s stored tw;ce,ior more, and subtrees are dupllcated 51nce_::f-

. e} < IR
Tréa h k-letter fragment h_ be derlved by preflxlng or e




sufflxing the k 1 1etter fragnent with

ThlS dupllcatlon can be eliﬁinatad'by applying only one cf

:3the two concatenatlon rules. The éne selecteﬂ in this stﬁdy

fls the Sufflx rule.f Only fragments derlved fron shorter e

-2 . 'from. the

,;Qnes by suff1x1ng a slngie cnarﬁtf@r‘aré—sﬁvvn"as—btanch_ifﬂ.?.J

e

propertles of such n?



R

e R L R A R SN e R
- shown in flgune 6 and uall be referred to s7gseguently..£'j~‘

5~;It should be 1mplememted wlth upward and dovnvard polnters

'ffghef storage of the selectlon forest does not cause any

.,.‘, . .”._-.

problems since it can follow uell established procedures.'w

N

‘associated fragment}at each node°‘the letter to be snfflxed

»eaEach node' fragment Ls then found by

the‘node to the,ﬁootuand recordlng all the

M

' letters‘*%ncountered; when»‘vlsltfng a .node..j Thls letter

.

\

4' .

Ve o T oy

If the freguen01es are also assoclated wlth the nodgs,of:

: h‘of'ﬁa” lower level node 1s always equal to JOL greater than

Ve

e e
ke - B0 . .

'vof the tuo structures. eyff:fl.Lwyﬁf ’:l ,
BN ) o :

frequency 1s alwayskequal to of greater than that of any of

i

‘;”a'frequency of a root node ls the sum of the freguenc1es of';

g’regard toh the frequenc1es aSSoclated V1th each node.fﬁfhé o

.7all the,nodes n the flllal set ThlS 1mplibs that the rootf--5*~

the nodes 1n the flllal set.; ”ffjf:f;fhlﬂdl*ﬂyl“ﬁiiifﬁfhr;:'J

algorlthm to be descrlbed relles heav11y 0n these propertles;"'

*f? the S~ graph a srmxlar pnopeﬁay 1s obServed.,_vThe freq n§3‘53\"f

“ﬁi:jthat Of lts root node on the hlgher level. =1ThedvselectlonAQig_ 
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.7'13_ summary of this sectlon and a desﬁrlptlon of the;i”-

"“resultlng aLgorlthm as described 1n sectlon a u can be found:f:"j

B

H{Efjln [75], and a 51m11ar algorlthm Has outllned by Lynch

"‘t 1s 1ntroduced two optlons arqupen.crf”*ﬁf{.ar”“

'Eté)i’fEllmlnate a11 ff%gments Ulth the

t\_'a good 1nd1cat10n.,:

, "'."fr";;.al. [46].4.

1\,; From the set F(p) of all dlfferent fragnents a smallerfg:;f

Th" over redundant set F(p) is unusable as an eff1c1ent'r
'fﬁdlctlonary because of the dlsparate frequency dlstrlbutlon/ PIERn

B S reduct1on 1n the. 51ze eof F(P) an“ be ‘achl yed byf

\

'¢ . . o 3 -
. v'4 N .‘ : N ‘.4"‘ S, .'A: . DN -

“ﬁQEabove the thresholdt

fothreshold t;“faig 7.3 ""-{'?f ’,;ffﬂ'_.,f ﬁf*g“ﬂ‘f“
8 _ ST e Ty

e

M

.~fsubset, called the dlctlonary set DI, is t0»-be' selectedu,ﬁl' B

.‘fdlscardlng certain fragment types._ If a: frequency t reshold:m[fj
.511, 7311m1natev all fragmentS' wlth an assoc1ated freguencyigh“.
reguency’ belows the ~ -

”“tThe flrst approach~proposed by Clare et ‘als [17] and used bygff7

Lynch x> [46], chops off the hlgh end Qf the rank-<¢fii*

fl frequency dlstrlbutlon of the fragments and hence leads to afgfg;
more unlform dlstrlbutlon 1n the remainlng set.; However the’it*
"*,reductlon 1n the 51ze of F(p) 1s not very 51gn1frcant, 51ncei7”"
the 1ow end of the dlstrlbutlon accounts for most of theﬁfff“

A :
fragments 1n F(p)., ThlS can be seeg flom Booth's 1aw whlch ’

5 s . SN \ Ve

B TP Lo e

The method thus leads to 51gn1f1cant reductgpn only 1f a ,”

Ca

4

'1 although only partlally appllcableuno fragments, stlli‘glvesh'}:mt



o f{very low hreshold . ' o
| the requifegents for effect1ve .cq-pression of

‘

han: a 1ow freqnency one. 75The

‘ "frequency fragment ‘rather

:ﬁ?QTQIVen,as TD by the formula-;f,7;"“ Lf;:““ff“q" 7:5._'

atd—tn~both—caf

f]_storage._<1{*”f;rlaw;_":§fﬁvj{fjf';.’ﬂg fyxﬂgﬁ;'}iﬁf

Assunlng that egudfreguency of the elenents 1§ uséd for o

'n?_codlng,wthe nunber of characters 1n the dlctlonary D!‘ f

Sy

. 5
i

"*1ftherefore seems de51rab1e to compress those fragnents whoseﬂ?f'

.ﬁ}dfrequen01es exceed the threshold and to neglect all thosefhf

2“*fdatabase.? It 1s preferalle to lntroduce a code for a high 4:“:

_iith F :denotlhg the average frequency of occurrence.'ffor‘J

belou ST Su,ch afh approach to”_.’:ﬁ".':*

{'13F>t thlsfn“mher TD Hi clearly less than for F<t.,f‘Itvf3;${

L LTI

ustwbe:p01nted out, that the proposed approach couldf.br,ﬁ

737dlscard certaln strlngs whlch occur 1n the database wlth loifl;;_

‘ffrequency and yet whosellnclﬁ51on n dlctlonary t,jaﬁt;cﬁ“f

v:jabSOIute j nece551ty 5in Order'ff".tblf}]jensurej ay. completefj'

’”ﬁ;representatlon of the database.‘ The dlctlonary DI@xrust heﬂ

”lmmade pomplete ﬁ the sense that the whole database can beéﬁﬁﬁ;ﬁ

l

f*ﬂ;represented bY concatenatlon of elements of DI. ThlS can bed*ﬁf"

. .«;ffv

fachleved by lncludlng all menbers of the character set

.aﬁoccurrence.'

e . D : coe : ; S ST s } L el
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_ﬂaf
"redundant.i Hany fragnents of the reduced Se_.‘

"gl.e.s have—connon—substrtngs~—a—featnre~t?efﬁ”:
.Efiifbe av01ded.“ Ellninatlon o£ overlapplng fragnents from the ;f?

““'”set 1s a nece551ty and has the advantage of fn&ther redn01ng,

7‘1ts 51ze.f When performlng the reductlon 1t must be kept rn:;f;'

T‘F'ﬁ'ﬁ 2

the 1mp11catlons
»

yhlch 1nvolre the averige—-»ﬁ

fo:j";fragient‘iength AF. Slnce a small value of Lﬁ* 1mplies a'eé*

tfrelatlvely large demand on storage space 1t 1s 1mperat1ve tool-

fkeep AF as large as p0551h1e 1n order to keep the sgzrageﬂ‘;;ﬁ

";costs down. .)7;g&=.I*'ﬁ=¥;'7:f‘f{~f7 ‘f-{?;; Lw
entsﬁplay a- dual role, they arT used ii$9%‘$i;
”‘Aif”compre551on and 1ude v‘g;elements._ If 311 sxﬁéle CharaCterSi”i -

»Qarejilncluded fi the dlctlonary order guarantee;};j[w
, K - ('L_‘ Q ‘,

*f;fcompleteness~
"':-~-_.—>-v*-~r

,q1nverted‘ 1ndex correspondln

,jtof,51ngle characters.. Thlsf:'ff:

:flcould caqse ;an exce551ve number of false h1ts dhrlng.fﬁ*m

L2

f’_}.‘retrle"al«' If smgle characters are Omltted »from the':z.,"‘?”" '

'51nverted 1ndex then 1t becomes 1m90551b1e to retrleve' words- L
: ,A. ’ ”). ; .

ijgh;ch,, poncatenatlons of 51ngle characters?
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conta;n at least a. bzgran or a longerf'“'
o
ﬂetfrloratrbn.

nininized nnd&can he

necall

should’}be

R é"A_)ff 1_':
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| V;ﬁto be egulfrequent-_ Cleee A
aef_The set of. fragments should be chosen tO ﬂaliiiiéfstﬁﬁix

I “"‘\ IR

‘nj,average fragm_"

i,tD):fiﬁﬁgﬁ database »should contaln“' 'f;feﬁffhhfdgu;;ﬁqgu

'irepresentatlon rqulr% -

Q:HE)::ffk set of dlctlonary fragmf?

f7redundant 1n the sense of hav1ng unneceSsary overlap:

bbetveen 1ts nembers. Also 1t shonld not be posslble‘tos

. '\'

_'-«choose a sal

‘set ;that satlsfles regulremeqts‘a

»through D. v;v.gj, .{‘ﬂf?i i#é.:ﬁ
The extEnt to thCh these objectlves haVe been reaiized infﬁ

the actual 1mplelentat10n of the algorithm 1s descrlbed 1n
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/ «The %1ect10n qlgorlthm may ‘be descr;gga J.'n ri:nerms of- the;-‘;
/ S gra’ph‘wa.nd the selectlon forest._ I%'vc;arin‘ be interpretéd dsp Q\'&i‘:
. 7, trac1ng of the | S- graph ll‘i“:"t{lé sel_‘; " : -it :
/manlpulatlon of the node frgquencmes, .Fronr: thé dlSC ‘
the prev1ous4’ sectlpril .1t 1s obv1ous that a,,ny algpm.fh“m‘__:‘,-'
,nAust con51dert the n«gest:b é»t;égnents g fJ.rst ST
] ’é" max:lmlze the avera fﬁ{a‘%’éut leﬁg‘\:.h .} If ;foQment F ho
freguencz f is- grea’!:.er ;t‘l;r;,:’thé'"“{hfesg _H.“ " s t“?j Jt}e';ﬁ a8 4
candldat“ 7‘foz; 19cluflon a.n __ t.h ' 1 ’~hen 1ts relo'val i ‘
o s . 3

“lthe, set.i

BRI S

together wa.th thelr frequén‘lés, ,n.p the Sa‘@v’rap .df‘?__‘“: X

L. PRSI N LA eI -
subfragments can. eas:.ly ';_bgﬁ gong “_ '_ iﬁ‘ “%

’E s:.nqe the1r occurrencéﬂls deCr?ase‘i

fen ffthe strlng

Con e o g

W ‘.'_fjg 1ncludecl °.1n the dx.ct.;. ‘a # hence
f thé permanengistructux;ae
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-,thelr‘,‘&requenc1es. The re@.‘ﬁctxbp of node

v L
'}achieved by trac:mg out the S graph In the {rest th1§ 1s a
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i v‘751mple operatlon wﬁén ’a&l the po;nters are prov1ded. A _f
.‘sultab}e ‘node seé 7§Le rer’the vord fragmept “UNITED" _;T;;i
,g ,Shﬁﬁe“én figurefijand the cerrespondlng relgzant;ght_lens orrfif;iw
%' flthe selectlo..forest are. sho:r in flgure 6'r§daj;*?%fe;g?frr;;ff "
2o | | proeeedlng wlth t:e ;eeiectlen'aé descrlbed: anéﬁh;i:{f
'-COHSLﬁf;:;é'ther fpagments forflncluSLOn in- the dlctlonary p't);f
"fgyeuéver thelr fré?uency exce:;s the threShola,'tﬁe schenehalp%gk
S ‘\%}l eventﬁally fall. Theﬂa&justnent?wa"noqe“ fre%uenCIGSL:;ezsg
1f2i1 “durlng removal i f"prev1aasly selected e?Enenég Hrli'causegiiwﬂt%
/'v :Yo ~or me\re 'no‘de's‘.‘ 1{1. the éfgi:ap{ to .#I}:ave ﬁa‘ ?equent:y smallér ‘
‘:K“ ‘than that of the root fragment. Fhls is not crltlcal- itt,i
;( ;.'1nd1cates fhat part of théﬁfragmen;a¢andid‘¢é 15 alreaéyiigfa
4 -i:coverEd ?y éomeafri?mentﬂef theld1°§¢°°,#§%§§’§h¥s fragment,fﬁ L
A e G E & 4 N
. saoa;a 1be farecarded, _51ncé the elgmln%flon pf owerlaga;ngk;fr K
AR fr;gﬁgnts .'LS %‘fn-e'of ﬁhe maln gaa\!ls.-ch Tl@ eutug‘lon Qfgrlbed '4’
'f?“uﬁ-aﬁove proéldes'aAvepy, 51mp1e 5c;1t§rlon £or” SRR

ﬁforest.ﬁk

"fkletterwﬁragments, thdse of L@ngt"p-‘

k:rfscheme can be regéated untf? 51ng1§"

‘overlapprng f!agments.i A 51mpI$ test :S‘é

ibe made/Qhen

Ja

the root nodes of thé,gﬁoreét“

Tet

ﬂare the pre:_, b_currenbeg SLngle letters 1w the

e .represeﬁtatlap of the poded dagabase.' Tgyf_ldeal algorlthm f;a?fﬂ
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. -u'uouldv reduce. these frequenc1es to “zero and thus satlsfy

:x requlrement' “pfﬂihe 'Qev1ous Sectlon. "\-4" ',._g?"jj.""

A .‘v "?‘ ' ’l _;. o Lo (PR Y y . : ..\.‘ o :."'(

SR ’wt mathem tmﬁal for'hlatlon forwthis process is‘ possible_A ”

fﬁfu *but dlfflcult and cumbersome.: It _can- be ‘treated as a

‘

‘ nonllnear 1nteger programnlng‘pr%blen'fez uhlch a: solutlon r‘,ﬁf‘

+ v BRI XY

W be found‘ by _.enumerat‘:mn -of all poss.l.bleféequences ':f

s ‘nQQ“5€a T Es has niot been attempted for two reaﬁpns.. ~‘,.;;

Flrstly, the comblnatorlal explzslon durlng enumeratlon j”tf}‘

“h

- .

uter tlme because of the

.o

_(¥ leads to excessrve demands on co

_ larée number of' nodes lnvolvedp‘euf

/fia:;”fh._‘s%atlstical fluctuatlbns. ..}V
; result 1n a’ very sam le dependent'so :

;;fﬁ deCLued to 1nvest1gate the use bf a hef?istic Algorljhm ln =

IR T e '

the hope that the selevted set mlght proVe almost.@s good as,fﬂbf}

the best_§0551b1e onef

e . ‘ to e ‘4 ' . X
~‘JT§e~ ct;terlon by 'thCh fo measure:
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-Lhe algor1thm opdtates under‘ Qme

fju;.--fTh.* set - F(p) -of fragment types 1s avaikaﬁfg andﬁw- .
T : el '_" RO ‘nr . e ::
4‘ —2 B o
fragmenx there are assoc1ated xwo extra quantltlesa: -
R ] . ,“- * n-'".' i
are thé frequency xof ‘occurfence'ln the database .i' s

}fﬁ@; found,"vThls ‘last quaptlty is

of the frequency 11se;! Th'

.‘quantltles are
u\ . *J".,'.‘_-.»‘

os:.freguency e*ge
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* ‘.-1when ;bu11d1n9¢¢he fﬁredt ThlS saves stotagewandf_ S
T .‘,'ti. Ehe stgggtof the algorlthm are as outllned belou.;. .

e "f: ’ - . . T B R . o K : :'...‘
o ALQ_BITHH e ;3 . 41, T q,.:_: e

- v. '_":“v" . [ - L ' ,:‘ 41' ‘.v)‘.:‘,“‘ ‘ ’..,:’_‘J . l . ‘ . ‘-" .
-;.-_—ﬁsvtepgéﬂ—ﬁet—l.—p, D e e

Step, 2) 5$rom all nodes onilevel L of the seleCtlon £orest f‘,,

o

‘.\
b, .

Y

:f;';{threshold te Order all remalnlng N(L) fragments
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oo '"-I‘tf ev:.dent that ‘this’ algor:.thn attempts to satisfy R
v . .-V . A !
ok, ‘the five requ;rements. llsted at the end of sect:.on ll 3._ The

‘vfirst one is taken, care of by J.ncludlng the charac’ter set in -

.

‘the dlctlona%-uhlle the second is satlsfie? hy 1~nc1us;|.on ' ‘:

,.\.

“ "".of the sort. .in\‘ step 2, - whlch pu& ”Jal,emﬁasis on.
'fragments Awlth a - frequency close to _,’ the' threshoLd. ' o
?”;C "i'ﬁ‘, satlsfled by start:.ng w:.th tEe lox:?est

._‘vfragments finrst.‘. .Regulrement D ‘i‘s met by' 1nc1u<hncj the ) | ‘
'\,secondary sort 1n stép tuo. Ste;) smx~ J.s 1nc1uded because of

Requlrement

LEy

- requlrement E SR Lo R : SR e
R . ,t‘f o o R : o -'v e : . :. L "é‘
< The algorlthm as descrlbed can be used Hord, as. uell e

’- as_:- for -text, fragment& mThlS algorlthm was 1mplemented and %v
B A

P

glts performance recorded* Specgal attentlon.uas devoted to TR )
" ;the equ}frequency propep& and the aVerage fragment length _
S \The results are presented .}n the. next sectlon.__' P ‘_~: S
D “."" AV .", '. . '. ' .. e s a «, ’ N o '
f ) >\?a o ; A . . LT L . : > - :’ . sy * \ "‘.
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To te”st ‘th%e propos theory and the perfornance of the - ﬁ

e Ll,brary of C‘ongress (35.] Tvo

e w-* k -‘.». e
o ",’selectlon algorlthm, 1t uas dec1ded to use 'j'fj ‘Sample i‘_ﬁ" ‘a .
I..-,.‘ ‘t“' o “.‘4_ o l""" L ey, o, . . S . a‘l‘
TSN datahase t'hat 'is, 1n frequent use. It 1s obv’gous that‘ the B e
e . . TR ~L... . e
- -'not mz of the same magn:.tude as 2. database used';
'\‘ - i . . i ,',_, ; ’o,‘ ey T, : gt "..
IR %’y t: al 'retrospecto.v'e ysystem, , because 00 the J.arge
. .~ 3 ( S . ‘( N . 'v““l\
e -'expense . 12‘ computer tlme regulreda foﬁ*the man:.pulatlon of ,r
X - "c E . 9 e "l - . LR e .,‘ T . w. L
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,,,_"' : - : v e wg;w
.:f samples, dlfferent 1n sxze and structure, were ﬁsed.

. The’
el flrst vas ' ah 1ssue "ot the IHARC tapes gpr 1969. It was :

avallable 1n the form, of conplete records con51st1ng of

S
& N

‘auphor,. t1tle, and subject heading flelds._ Thls sample 1s

. g; characterlzed by Table 4 and é‘k dastrlbutloni-of word dr;t” "
\:}f fecord 1engths is shown in flgure 8.. f}v -.fbfh_~ {Li; ,-r* L
»l_'-‘.. . R . e ' .’-' h / “ . | v . ”l
SRR 's’:'.bThec'second Much larger, sample was ava11ab1e as a word RN

Y

_gguency l:Lst._ Thls llSt was c‘a.led from author, t:Ltle .._
"‘;‘\’ : g $
;,nuand subject headlng flelds ffor all HARC tapes 1ssued F”‘

4969 The sample characterastlcs are spe01f1ed in Table '5ni
e i .

and tke uatd length dlstrabution 1s shown 1n f}gure 9. _the'

flrst of the two samples provlded the base for experlments"
[ : N
M”aﬁth*“vord and: text fragments, but the second permlttedwonly
ﬁ Eg?erlments wlth word fragments.a "j! - '; ..“_ e
T e

‘ S, .“
. giaThe experlment was started by u51ng the flrst daﬁ&?ase-

sample te. generate the set: FT(10) of: alL text fragmen;s of

R /4

v“ "

'“flength up to 10 and also’the set FU(@) oﬁ word fragments ?ff:b>

ﬂ”length -up to 8.. These sets were compressed and a trequency

»’i»ﬂ

bfrlxst.prepared. The above values for the maxlmum length uere | If*

'jchosen because the longer the fragments are,.}th smaller

D R .» _\

'fdthelr-g frequency of occurrence."_ Thls 1sA conflrmed by

“¥§; ’Table 6.,, Slnce fragments wlth fre uency Ibélow'ﬁither_.ﬁ'ff
e . 1#? q -he

Lm
-
b

\threshold Hlll be e11m1nated by the selectlon algorlthm,

only very feu\\long fragments would be 1ncluded 19 vthe.:hv:;a
;if_ d1¢tlonary. ' The\small 1mprovement an compre551on gdwsed by |
ili lencludrgg the few 1ong Qnes' whose\\freguencresarexc%e&h;ingﬂ;j;rs
mputatlonal effort #hE#[L;

threshold does justlfy the”c e
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‘1n; each’“leagtﬁ grOup

of tokens (and types)
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ﬁfﬁ‘; plotted on 1ogar1thm1c scalés;i
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] since only relevant nodes nnst he handled. The algoritiii&ii

fragaents were‘elininated. This not only decreasesm storage o

; A Lo - ‘. . . | ".,~ . ta . . ', ! iy
The selection torest aust he stored befOre the alqorithl ‘

gﬁ can be applied and, ‘ihce this alqorithn iwvolves only ’the .

fragnents ‘with a frequency ahote the threshold,»all other

requitelents‘ but also the tine to construct the forest,

‘|

inplelented by a PORTﬁAN .program that follovs tﬁl@ sf

»description in\se\tion 4, u. The node sequence traced out in-

the selection forest follous the pattern of the example. of

T~

" figure 7. L T | : : . o .

- The only paraneter input to~:he selection algorithn is'

the threshold value t and it was decided to study the

"influence of t on ‘the system and its operation.: Por each

\

sample four diﬁferent values of"t ugre,~cho’en. Absolute

threshold frequencies for salple\bne vere 5 10,15 20‘and for i@.

ll

fsanple two verp 336,672, 1008,13““. The reason for chooSing -

the rather different values for the thresholds of the tvo_

sanples fwas ‘the sanple -size.: The threshold values vere - S

selected to yield the same relative threshold frequenCies in =

‘the set of fragnent tokens for each sanple.

S
\‘

Let Q(t) ‘be the nunber of fragments that reiain' after

felinination of those belou the threshold (equivalent to the'

size of the selection forest) and lez’ND(t) be the nunber of

dictionary fragments chosen by ‘the selection algorithl.

\;

- Prom-—— section 3.3 it is knoun,ihat the critical paraletersrf”

that govern perfornance are the average fragnent length, the_~'

‘size of the dictionary ND, the average‘ dictionary entropy,,'
. o

-



N i;ﬂ efticionqg E..Vikf'valuos o8 theae'lltn plraneths {:{;‘
' thnt fﬁeult tron appxicatiqn\of the uegg::Znn algorithl are

CorEy ©i .
listdh 1ny rable 8. Tvo se 8 ot tgyn are prdvidod !or~ : fl
each~ pnraneter, one, set annotd%dd by a - quote.-,_,rheoiﬂ 3.

difterence betveen °the tuo Sqts 1103 1n the lanner of x11

o | qi}cnlation. 1£3rag;ters Ar, ay,1g, r vefh calcnlated vith ey
4 511 dictionary traglents. In contrnst AP' nr'..s' r' vere;;gﬁ
. cilculnted only uith the set -of -index trnglents vhich f;;,
excludes the single 1etters. The first set of pnranetsze is. ‘r;x
ﬁﬁ?the o to ‘be used in ealc?datiods that 1nvolve the
_ bOlpreesed database, uhile‘the‘seeond set characteri&es the ix;?
ey .

b inverted index a.nd should lfe**ktsed in ﬁny torlulas that

’ PR ]" : - ~-.¢t- B .o ) o N'

- —

: relate to the g%dex., _' ;;. o : w @
o The appendlx ‘lists tvo' sets of. dictionary fraglents

“ @

L ,
:selectéd by :re ald;rithn,n Each fraq“nt is given tOgether
iny

°

4 wrth each heoretical frequency of,bccurrence. The first

f set represents a dictienary of text ﬁraglentsfor a threshold

t

of 1Q, yhzle the secondeis a word fraglent dxctidnary for .

= . - A
: 'sanple twvo and ~a threshold of 972.7 Tne set of drc"?nary

text fragnents shows * considerable sanple dependency, , nt

' this: is less e11dent 1n the sapond Qet owlng to the larger

-
3 4

i e. L L e
ottlng the paraneters of Table 8 ageinst the'r

-threshold on . -log paper, ‘as’ in ﬁigures 12 thrbugh 15, it
vf"fl teréSting and pﬁ aps* surpristng**‘to**see**that ‘they- é
7.? result in straight 11nes. fglsg stra1ght 11nes ilply Silplo :

'relatlons of the forl°'4'4 L f‘ zv«in- N 4__'11 i"',m;‘




: tions ’a‘sfm“ =4,

_oriented retx::l.eVal, ybte‘
) is also aﬁ:opl;ii '
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'19 disglay the gn\q qnantitie'}'s.,r:",-_“I,‘-':.'
o j‘:r | and "ac

ges of” fnagnenta

uig : ‘r‘a'lized and 1:61:61:634911!i 4‘sﬁbs}-iﬂti'ﬂ- 1‘Pf°'°'en*' ‘over: he‘-:
use of vofds. 'rext lragnents a@n 81191“‘-1} befte‘n' g‘“n '°rd

v
: + . N .‘ <. ‘~.“-:
ate; - s
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disk accesses than do lov onesv bnt thev 'torage ut}lization

W

for tile §]stel (ba.sed "'on argﬁle'nfis*;

‘conﬁ" i ﬁﬁng oy

nust consj.def thes%
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cOnpres'ed datahase :ecords.}are ;theﬁ concatenation.>of

variable. 1eng,h .codes.fﬁ These connafree codes allovi'a
'f

nnlt, the wlrd, as the basic‘a

conpression co%ing. The dxsaavaﬁtage 1: th :varlable leﬁgthg*“""

decodlng process.fi,ﬁ

}‘fThg







'*Q.;§~ It vill be supposed that the unc%;pressed dataﬁ%se

"it-bfa,ljif;of;. 1 {xibﬁl%bi_&ﬁ)’é ¢ha

lenqth,of AF._ The valnes of AP and ND are functlons of




: “: e%&:ient cﬁde uou].d assign a’ shorter“"
. s .

arker% than ?’&an othar fraglents. since a. R

’ v..‘!:
I', N

coi‘preséed d tabdse »is given b HEI” ~? : ." T :.:"": ) l
e ey
o DR IR =~nr * d + T*d b T
SRR o '.}-d . —”,, v

Using eqn‘ationéf“ 5.2(1)‘ and 3.2( ) the folloning relation' caﬂj'. ‘.

“-.

x a~ng.1?*' ' s\;idi'-'f i.v?flnk
mé = Tc *d (“/“’ M, |

verhead, ,- dezfi d as the ratio 'o \the nunber of bits‘.
- gyert ?e of .

TC*d/LH ocdupied by"vord deliliters to the nu-ber of bits

rc*d/u oq:cupiede hyﬁ/ lie :ragnents without delinters,\isﬂ," o

"0‘.". . A

S . . . .A,v_‘\ = R . Y R IR
t oL AT L R ol e . B
d : !' N N . v > o

"fimks,ixafgegi;ta

:f'll,‘ -

overhead.i _ro_r salple\ene withfts four thres‘holds v of

¢5,1o,15 and 20 the overhead;"ou,ld be »55 ae,as 4‘3 perces

e » J:espectivelyg-._ o '-j_ e ;_‘ L e

"‘B) ,1_);_ ::1 of go:.nters . B

Each record can be considered as «t},se ce of

]fength fields, with each -'_'-'field rebresen.t‘_ng ’one iord

'!'1s t% store at the beginning of each record a direézfjory that"-f“':"
: "':".‘jcontains fixed length PO:Lnters to the start of',.each field.

directory of pouzters*‘tq the codeword vhich repreSents the',“'.-‘_“r"‘{-f._




»

I ‘\\

M09

1ast fraglent of_? vord is" sho'n in figure 20, and 1t can be}f~]7h
ﬁif seen that this prgteives the advantgge oﬁ fi:ed 1ength ,1”1“

cqpes..‘ The ’nunher of bits noedeﬁgfor the Storage of one,*

pointer lust be sufficient to treat the case in vhich the;"

i ."‘ >
- longest record “in the database, say of length R, is a
concatenation.of single characters,-“,rhis. yields forh the .
length of one pointer,i'_ vc,“’} \ e oL

RS

=’ "(vﬁ‘_.-‘;f:;” il"*-k»% ceil(ld (n))

/_and for the length of the conpressed databaﬁe

T _.,:” LOW = NP *x @ + T % k.

This can be rewritten, using eguations‘s 2(1) and 3 2(1), ash‘
'_' LCH" . * d * (1/AP + (k/d)*(1/hﬁ)) fﬂ s 1(3)

The overhead 1s glven by fff'~w3l.V |

R (k/d) * (BF/l')

For a, systen in HhaCh k<d the overhead 1s snaller than vlthfff'““

boundary narkers. A dlctlonary v1th nore‘than 512 elelentsf»thc'

:'__',,..\.‘-

and a- doculent \Fatabase whlch does not contaln abstracts_ai?e

should satlsfy k<m. For conparlson, the values for the RS

b e e §

séheme A.-"hgﬂu ,
kiféff gged Codewords ;g

'-ﬁﬁu _ In the last approach 1nve3tlgated, all codewords are RN

;h overhead .of salpi% one u51ng this approach, were calculated*('

a§ QO 36 38 36 percent, and are consxderably ;oyer than 1n'fir%,ﬂ

“tagged to~1dent1fy the p051tzon of the fragnent 1a the vord.ff”“ -

jff}d“hs seen in figgre 20 each codeword can’ be _tagged 'Hlth a“f?ﬁ;;fﬁ

3-tﬁ§extra‘ b1t,,’wh1ch 1s set eto one> only 1f the codeuord“f'{i;f

-

jgcrepresents the 1ast fragnent of a vord. It 1s convenlent tof”fk‘

. e -



A

- bits’ can @ be used as an index 1d ol thn"di&sfonary. !ch:l.s

'the imconvenience 'of hit lanip lation.; The calculation‘hffl-fh

: the length of the conpressed data ase yields
~l from vhich the overhead nay be cal‘ulated as ﬁdi.7v;-~f
'Th1s result represents the snallest overhead of4 the three;f

. of 9, 10 10,11 percent that result for sample one.'_LItt-is;

'uorthwhlle to express LCH and ov as a functlon of t by n‘Efﬁ

' of the enplrical eguatlons found ;n chapter four.w””

- Lcw (TC/AO) *t**a(1 -cell(ld uo - n*ld (t)) 5 1(5)

.e'and for the overhead
vh51nce LCU and ov are 1ﬂbrea51ng functlons of the threshold

"‘to achleve good conpre551on.;. \

e schegeqyreserves the fixed code length advantage, bnt adds&fﬁﬁ@."

gl

q

oW 5 (ac/aR s (aen ) SR YT S

‘Q'.:

A3 B ; ) '../‘

ov= 1/d .‘

'
v A
Ve

h“"'
S

: 1
RN
: e
L s

PRI N

D
g

. ./,i-‘

L%

i

P

different 'storage nodes as shown by the illustrative values “f?

. 1nteresting to note that the overhead 1n thés—schele is"h’

ndependent of the average fraglent/length.-

.\,

The third schene 1s clearly the best and therefore it 1sf?ﬁgfd

Substitutlng 4. 5(1) and u 5(2) into 5 1(4) ylelds
g

.','i‘-,m OV ,J/ceil (ld uo ~‘,_Jlilt],d, (t)) : f‘.r;." . 5-1 (6)

' 1t may be concluded, that a 1ov threshold 1s the h¢§t choice~f‘ljﬂf

. L Sl ~ tes
. : T N
. e
g

I when conparlng text and word fraglents as aboveViit’_isf”ujfg

'}seen that text fraglents~ are‘ superlor s;nce they do notf:fg v

’1ntrodqce any overhead. Pract1cal results ohtalned Ilth the”;,j.”l

two' alternate schbhes v111 be provided later. .; Cl;iﬁifa{ﬂf#! ¢







’15&%:.‘ 18 ;affected euhetantially by

.“'elelente. The disparate Zipf dietributio

i

4 Hovever,‘ ﬁhe qgal inccease in GZe nnnbet of entties‘iﬂ'
L co-parieon to d‘yord oriented index is larget ;ﬁan specified

‘ﬁ
5? 3 3(5), sinde in the vord sgstee sone of the elelents

N A

;k?g ﬁlllinated &re ones fot which 1ndex entries should be nade.i*ﬁfﬁ

All VOrds on the stoplxst are neglected vben igking index

- entries.gjff

necessitates constant'reorganlzation of the 1ndex{ during‘;

".f}ihé}fnﬁiféfiffii ‘lengthf:or_a fragnent oriented index

LiF;presenis‘a cpn51derab1e/”adVanta9e then organizlng‘ the y -

7 V

index.: The”storage allocation fon the indem 1s silple since
EATURR T A o . el o

Er R




f111 np aQ a constant :até. | ng.lng ccun‘g '(vhen,..the 1naen
en ries a:e nade) nq bucket oVetﬁlow is encoun,ered_ ‘al no ;'
raordeting” is necessary, prov‘ded the Eu: etl~size was ‘;[*'

|1t

I R

The storage fon the -
reduced by ddgignating

‘entties afe to

li”vhich fnaglentdl_%hould

based q@b_jﬁ freguencies. 
5 '”Ron the basxs lnf s‘itabzlity of ’thégfraglehis”for\_

words

ntazn

ary fraqrents isisuall. The dlctiona y'eleuentsinpt






- RN

the statistmcs of the database.i]{ .

‘.

assunption is va11d 1f the probability of occurrence of a

\Eggt the distributlon of fraglents is lultinonial. . Tbis -

o

This teduction factor can be qatilated if it is assu-ed w,~’

¢ o

e strong and does” not agree entirely vlth realxty. It is»‘

;'assunptlon A that \ tbe; fragnents : follou nult1nonla1
d1str1butlon, the probablllty for a partlcular conflguration -
RV ) n BT
- is glven by : B . : .
R p(f(1) ,...,f(ND)) =._ .. . NPRI . L *(1/ND) **NPR . 5."'_2.(.3)"} . o
) . f(1) !.....f(ND)! _ ‘ - =
@Defxne the reductlon coeff1c1ents c(j) of frdﬁnent j as '
o ,_1_-’0_ o if f(j)
g:(j) =4 o 2
» . f(j)-1 if f(j) >‘0 .
The reductlon fapﬂ'r is the ratlo of 1ndex space afterf--

X4

{-particula{ fraglent is 1/ND(t) and a record is regarded as’

. obtalned by independent dravs of a fragnent fron the full.

dlctlonary. The regulrenent of indepehdent dravs is' quite

quite connon that 'some tltle words also occur ‘in the subject
"

headlng. This leads to Dmore duphcation ' of fr glents per

'record than predlcted hy the lultanllal dlSt 1but10n and '

¢

rthe predlcted reduction factor nust therefore be ‘cons1dered

0

as a louer bound. ~ o

i)

7 " Let each fragnent j occdr-vxth a nultlgllclty'of f(j) in

o

‘. . NFR =

i .-"V|g’ |

(3) R | ,[-f“

e

fraglents; 0bv1ously nost of the f(j)'s are zero. .ith.the

. ellnlnatlon'- of éiuplicates to _the 1ndex 8pace before

.8 P ! . .
< R DA S e



'.,115‘

..p-_ O ) . ) N . .

., elimination. The expected reduction»factorARr.isvtherefore'

. 4 —..—' . . ‘ ) : ,Eg '
RP-.= _(VNFR)_?_L(B‘(f(U.-»-.f(ND) )""(UPR -2 2. 5(:!)), 5--"’-(_")
J where the first suunation is over all possible pernutations )

. * - ":’SH‘M
. of all;gantltions of NPR.v The expression can be reduced to .

l

‘a single sum over all..partitions if; the' nukber of
combinations for ohe,partitipn’is calcuIated as belov. .
hI.et.}_-:. g(k)ik’_ NFR represent a partition P of NFR Hlth.‘

. fl‘ncgsero g(k)'s. Each partltion generates.

aa,e) = NERL. % ____1.
e ‘ a! NFR O
ot Q(k)! '
< k=1 o
- (k)>0
. v ) ’ )

-~ permutatlons- Insertlng thls 1nto 5. 2(“) ylelds._ .
' ’ Y o . . o /J
e ._,,..___'_ . NFR | .

RF = _1 * NFEL *>__ 'd(m,P) (NFR - 2__a(k) (x- 1) - 5.2(5)

- NFR , NER 0 k=1 .
' 1A pg (k) *kY : :

q(k))O . @ Voo
SRR - . - L R
.The sunmat;on nou\exteuds only oVer all partitions of NFR.'

’

This still represents’a-conSiderable amount offcalculation,;

because of the 1nherent comblnatorlal problen of detérniug u*"

. B . ] "éu""” .

(\~> all partltlons of NP&. . To 'obtai‘ an’ estllate‘ of the’
[N L. - ‘!

~~magn1tudemof RF the above -expressio o

'different‘ values of NFR and ND, and the ‘result 1s displayed'iff

in”ﬁigure 21. To generate the part1t1ons of NPR,‘~Algor1thl
- _
' 95 frou‘ the Comuunlcatlons of the ACH Has used [85].,u ot:f

surprlslng 1s.the fact that the greatest re@uctlon occurs

’
v

'fcr large records aud a‘;snall d1ct1onary.‘, In a later

[

= C—

iasﬂ~evaluated~wfor"ﬂ'?



'hassunption‘of independence. 1

KO

5lsection, uhen it is possible to conpate theoretical -yithh

N
*_,,

cdnstruction of the 1nverted index occurs at - the sale'

£ -
practical ~resu1ts it"uill“be seern hou realistic is the-.

‘preserved the probablllty of overflov

'Q0cunent, can also _enter the . doculent references in the;
index. Por s;ngle letters or fragnents on. the !stoplist ‘no -
-entries are nade. The»proper bucket 1snlocated by po;ntersd

assoc1ated vith each fragnent, and . counters nay be wused‘ to

bucket overflow,‘,the best - nethod for ’ contalnlng cfthe; -

sp1110vér is to chain an overflow hucket to the fllled one..f

s

v_algor1thm used f6r conpres51on. If the algorlthn preserves

\-'"

results produCed by the actual codxng of the sanplef%ﬁfr

database.'

heep. track :0f how . the ﬂbuckets fill ups In the event of -

' the equlfrequency property well, the prohahlllty of overflou5j
is small. ' the other Mand 1f this property is not vell ff

high and 1essﬂ~(
'favorable ‘results are obtamned. It 1swnecessary to natch.if3f

'the cod1ng algorlthn t° the 90&15 ’Ofi&‘the' selectlon'f%

</

"The Qccurrence of ‘overflow is a dlrect functlon of the“i'

!

':ti'e~)as the d&taht&e ﬁisi§01pressed. Thé algorithl vhich ":h'

;:locates those traglents,‘uhich by concatenation nake\up the e

: algorlthn. B The real neasure, houever, is prov;ded hy the{ ;J:
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)b kept 1n. lund that'. it










The next section




The nlninun storage forn of ,he whole databaée 1s the oneﬁfil

A.'»'.

S

»l'.‘.'.s» “ o L
'f]connéctlon '1th conpiler construction and was fornulated asggfﬂ

where all records aref in nininun storage goru._ Thus thejffﬂ

L4

Lnfornatlon loss.an_»’;f‘.lj{.*ﬂ A o

This problen has heen 1nvestigated by‘

\'-‘

';Hovever the use of ‘h_('algOrithm was not 1nvbst1gated

‘~problem ls"reduced to flndlng the? linlnun nunber “fi_Qf

3;f codevords necessary to} represent a single recard wzthoutri:i
a.gner .,{,9‘0’-']" in"u't'

J:fan 1nteger progranhlng problen. : Hagner also prov1&es ;efﬁffs
*ﬂ;dynamlc programmlng algorlthn to solve the problem (91]..71§}F
?*The descrlbed algotlthn has the renarkahle ﬁroperty that theffv”

’{fffcodlng tlme 1s a llnear functlon of the length of}the recordff{t}




: 'ﬁg?egulvalent. ;,;L#gxii“

lssune that the letters in a record (word)

E“*"_;:,tmlnluared consecntively frqp to r and that each letterf

n“?d:tepresents a nodeoln a graph. 'Aﬁsign node r+1 to the bldﬂkll'
'5*fffolkoving thé record. , A k-letter fragnent‘ starting at_ﬂ,f

'”"'_letter 1 can be considered a path fron node k to node‘ k+i.

RO .
Flssign each 11nk a cost of one regardless of the value of k.;}wg

i}ff?_"adll _ihgse 1inks are d1rected wlth the edge alw&ys pq;xfang‘. y

v'ffron the 1ower numbered node to one vith a hlgher nunher.iﬁﬁ‘“

o

31 1ocate all the edges 1n the r+1 node graph a11 fragnents;ﬁ?:

.:*-.

L e
J;facontalned completely 1n the record must be found. Each llnk-,

frepresents one codevord,eand the associated ﬁfortest patﬁ¢

7“&:‘prob1en 'can. noq be solved., The m1n1nun nunber of 1inks 1sjjfgj

'”rfthe same as the mlnanul numb:r of codewordsﬂ for the codedﬁﬂ"d
! . ;

,"irecord.: The*'seguencé of edges 1n the shortest path yieldsgjf

3

"jﬁfthe fragnents for the lln;nun storage forn.

An example of the HS problen 1n a forn 'sultable for

:iffshortest path solutlon ls shown 1n flgure 22.“ It can be"ffaf

:Ufsegp that the 1nc1u510n of the; 51ng1e letters ,1n the}”‘ :

-

'}fdlctlonary gﬁ,'antees at least, ne path between start andvs

};ﬁﬁﬁ?;end node, so that the graph 1s not sepatated and-a *soiut&on' ;l

;VQaluayS exlsts. ',f'ﬂfifﬂ'folaiffffjﬁfiszuf”jfiifiyf:

The advantage of reduclng the us-problen to a shortest?i'

well

5path problen lles 1n the fact that %t 1s a understoodz”




ﬂ;\~ublished by @oothroyd [6] based on Nicholson's paperu{fitfﬁf

]

(S
i

s L
The representati&h of the l1nks between the nodqs of an

q r—letter record is normally done by an adjacency iatrix ‘of
%¢ 51ze (r*1) x (r+1).g If only fragnents of naxinul 1ength p

' are qﬁed, and the fact that all llnks are forward is taken

tgto account, then an (r+1) x (p+1) latrlx is suffic;ent. efff"

problem of locating all fragnents contalned in theﬁf.;”

vfﬁ?recordﬂean be solved eas;ly. To find the sxngle 1etters is:;[Ef

Longer4 fraglents can be located by u51ng bigransefaf'

toigash Lnto the root nodes of a1 tree-llke dictlonary {andﬂf_ff
then proCeedlng Hlth a tree search.4 It is obiious that aﬂf[“'

n searchlng the“*ﬁmf

, 1arge anount wof tlne wlll be spentwf

dlctionar%

Unfortnnately Nzcholson“ d1d not derlve any results to

...;@

':Hence executlon tlne dependency on the length of the"h1nputgf{f4

"record is..
s : .4. e e __._._,',: ""‘b’l

;llshortesg pat‘ S

;i'are Qﬁesented 1n~secF1°nls u_ i
j Q"‘ Q' . “ - - S

IR



OCIATED




”and the anount of tine nee&ed for coqingui Ihe alternate

.A,r°<' BN

'"vschele jnvesthated can be called a longest fraglent ﬁirst

| Ip thls apgroach all frag-ents containh4,£h4the,recora ’
il e
nust be locatedaand stored sililarly to the &s-algorithu.‘,’

| ~._~ - ‘_,

A‘?aalfterv.all suhfgiglen%s' cf tﬂej record ~are azailable the~if~'

( ““'
e

algorithn recnrsively -renoves the longest fraghentu [Ifﬂ N
< . -
deletes the longest dictionary fragnent fron the record and




The algorlthnr

A

found ”vhichi natch the




use;

“This schele d nuopenate with an auiilitty VQctonﬁ"

:vlength p aad therefore has reduced ;Qﬂ._ ,

:_conparison to _the other two_ algori M;my

-

' algbrlthn conpares v1th the tuo previous ones vith regatd*to

o ~ o . \
5.4 ‘Results from Coding ;liz.nssi entg
. . /.l . . .' . ' L ‘ . : '.' o ..

‘tﬁe spec1fied criteria vill .be seen . in’ the next section -

-, )
e ‘ K
¢ e

ts
=3

:The three -algo:ithhs described vere . applied to the '

s .

or191nal datahase of sample one and various statlstlcs vere

\rthese

jtests

gathered. iny sample one was aqsed, for the testsb since

experiments are quite time consuning?hnd}eipens§ve,

S o R L o .. R
. The codiag _wes ‘performed with.  the 'var;ous dlctionamies

'_generated by - the alqorithn of dhabtei feur. In all these

the fnplementatlon collected_ the, same statlstlcs

a4,

. during

¢0d1nq ‘Sb that the. overheaa was the sane for all

4

"'experllents. ThlS allovs good conparlsons between the

]

dlfferent algorlthms bnt does not 1nd1cate hou luch,of it is.

' ‘

- _overhead.: The experllental results can be d1v1ded into- tvo

3

«_ For,

.. and

~uord or text fragnents. C

20. "

’:groups based On the-dlctionar;\used,’vhether theg contalned

- . o . Ty

these test iﬁhfee__fdifferent. text fragnept

The dictioqexy assbciated with,d-threShbld of ﬁive'

()

,d;gttenaries-vere used éqrrespending to thnesholds_ef 10,15 .

Y



> . . "'.._‘,"' v HRE

v e R

qcould not be tested fbecause of the//iinited core-~lelory'
L available on the systel used.. Bovever, the results of thepﬁl‘u g

' tests with the three dictionaries are. fairly indicative, $° e

______that the results of the one. set Can be dispensed withJ'

The input vdata - for the three algorithls aere all the

..
. o ?

database records, and~each record yas treated separately. o
0 .

&

The. results of the coding experinents can. be found in Table

11 andrare represented by the criteria ;as described in_-

e

e section, 5.3. *Afori contrast, the nearly optinal values for

T : " oo M. : .
the dictionary are also 1isted. graphical representation-w
,’L _' ca be found in figures 23 24,25, vhich for conparison also B

dictionary. .'I(t) 1s.\the anulber of entries in the 1ndex,“

.f’?

. " code the sanple measured 1n se:fnds..* C
: L w

Hhen uinspecting ‘the

Fl o

notigeable. rhe"figures prodnced hy a11 three codihbi

“algorithus 'are substantially dlfferent from those of the_'

N B

d1ctionary ‘and shov a narked deterioration. hfter coding,

[ .
® ‘Q

-Character per fragpent and the entropy is 'ldierv by aliostﬁfﬂ
tuo bits per fraglent. The conpre551on ICR is the nostﬁh.’“

\.affected quantity, sance both HF and AP 1nf1uence the value”"‘

AN

disgdays' the ,"predicted"‘ perfornance -paraneters of thei

'T(t) ‘the total number of codevords 1n the database, L{t) thei

S »
esults one"thinga is very -

-:'the"average lehgth of the fragnents 1s lower hy almost one 3

|- 41ength of the coded datahase in bits and C(t) the tine_ to =

of ICR. ;5Ihe;~performancé of the three algorithns is about' Ydjﬁf

“ P

athe same with regard to conpre551on. Houever, the 51ze of'

ithe conpressed database is about tuzce the saze as- prédicted -

‘\ . - ee EREY SR R o ’ '_ . I



-

hy the nearly opﬁﬁnul dictionary..,ln genera; the as hnd LPF

1algorithns ‘are alnost 1ndrstinghishable in the results they

‘ produce, while the L!bhlgorithn is genenally vorse"h n the Ajf !

’nf'fother tvo. In the grapha SOle results uere not plotted for

@

alI algorithns ’since in usron' of -511,‘ results '9?1& -;.t,,

. -obllterate the graph _f:? fj if"f':uhlhfj,h

LThea quantltres connected v1th the inverted ihdex show a ;°'"”

‘rather 1nterest1ng behav1onr." The, efficiency E' "sﬂ;aﬂ‘

measure of - egnrfreguency, deterlorated by only about three
'}percent.;»ﬂovever, when lookrng at the number of lndex
’-entries .1t is 'btions- that the .nunber- of eptrles is

. consrderably lower than predrcted.‘ It '1ndlcates that the

- nunber of 51n characters in the database 1L nuch larger .fij\f

-

,than;one vould expect from the dlctlonarys,statrstlcs.,,;{;

.Obv1ously noﬁe of fhe three codlng algorrthns 1eads to the
tjlncrease in fh;'nunber of 1ndex entrles as %Sﬂlcted by
~

:;'equatlon 3»3(5)r3;'"h1s. mlght lead toéfover recall of the cfli

T“retrreval systen, a. questron to be studled later.

i ~ .

‘_ The\\uo other/characteristlcs of the 1nverted rndex, the

/

accesses are shown in flgures 26 and 27 as a functlon of the d..Q~

hucket slze €L For comparison the graphs for,word codlng
1L;and the dlctlonary are also shovn. e fﬁ,qfl ‘ o

wlth-regard to‘ the vvalues' of P and AC all three

. ~algorlthms yleld only sllghtly drfferent results.v Agarn it"ff*'“

PN

';can he seen that the 'perfornance is’ well helow the one f

| "predlcted but 1s far better than for words."

"ﬂ storage gtllrzatlon factor P and the average nunber of dlsk ,?_

.// e



| "~Q“;the;‘most 51gnificant differencesfoccur.f

SRREEE EAEE TIZ

":;Th ' lrst guanttty-le£tn~to'tiscuss s.the'codxng tii

C(t) as a measure ow

with its’ seathing and bacﬁtracking feature donsunes ’abouth

L3

L*j shoun in Table 12.. The dlctlonary used 1s the one llstedylnvl

@jalgora |

‘ compressed records generated by the .th:ee algo“

tu1ce 7as¢ nuch tine as the nore stra;ghtforward.”erb

‘muoh ‘as the{fQ:

unneﬁ%ssary searches.; If computer tlme 1s a najor factor,f]f"

oy K

then con51derab1e savlngs 1n coding tlne can result hy usej,_fhw”

Of the LH odiLFF algorlthm., ThQ decreasé ln conpre551on fié"thf“

1

not very s;gnlflcant hetween the three algorlthns.m The tlnecé

requlred to code. the Sanple database appears gulte 1arge'uf,,

’1

but lt must be renembered that the codlng operated Hlth thefﬁh;;_f?

conslderable overhead of gatherlng statlstlcs. All prograns“
ve:e vrltten in FORTRAN and s xfelt that the same
algorlthms programned in a low level 1anguage would y1e1d E

much smaller codlng tlme.eijﬂ

. ,.v’,~

-'73kif"' 111nstrate the three‘ﬂdlfferentf'algorlthn_5}.fﬁf,:o;

Appendlx I for text fragnents wlth a; threshold of ten.iyf;;,_




‘**,ALconxrnug,

“,»““

kaGOR ITHH

ALGORITHH

288807
A,:_A. 740—7 < .






















'ﬁfTahle 13 in vh1ch the dictionary values are listed forfﬁf:

~-7;,contrast.‘ A graphical rep:esentation is found in figurgs‘zswﬁ}ff

f;'through 30. The uenotj‘uﬁllization factor P ana the”averagefw

1t1ca,l

R at ﬂ"'"-‘f‘\




c°nsunes 'the'"lbast auountk of"colput L tineen

fl..

 :xthe three algorithns &g q1Ven in-Tableji#; It shovs'thafbﬁ
A ,/ e g .
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valldlty of the results wlth;'“

.,; Is the behavxour of word and”f:

”ﬂfﬂfﬁ_text fragments wlth respect to selectlon d#df; %f i

97ﬁfessent1a1f§ the same'?

conparlson of d1fferent¥ﬁﬁ




 CHAPTER VI

fraqnents requlred signlflcant changes 1n the systeu-f?

genkratlontbphase.ii It can be expectedf\that the gueryﬁy;

processingl;‘s also affected.jf In the last chapter it wast‘e

6

concluded that 1t 1s better;}@éﬁse vord,'rather than text,ffi

fragments. 11For thls reas text fragnents vlll not befff

cons;dered 1n thls chapter.. However, one p0551h1e advantageg'f

'*.7 of text fragments for query processzng must be mentloned

L used as search terms.. Longer phrases nust be expressed as.

Retrospectlvearetrleval systems that are hased on 'wordsjfﬁ

.?jas language elements nornally allov only 51ng1e words to beﬂf'

4"

ST . 'f‘.-:
jtuo- separate ternsv'connected by the adjacency operator,

1mp1emented as an “lﬁD"- operator.yjfThe”;é

wh1ch lS flrst
/

docunents retrleved by the manlpulatlon of the approprlate“h?

lndex rous are then checked for adjacency by»;a sequentlall,?

search before the:njbnv

exlsts aqfindex fragnent‘to connect the

C-v

rﬁwo terds :"*

The ellmlnatlon offgf



-1, Expansion of Search Ters

R

<5 ~
s

One najor prohlem to be solved vhen process*ng a querpﬁ-#wﬁ

. ““ B :: *‘ ‘o ) .
©o-is to f1nd the fragments related tO\a Search tern._ Each’ffyh,

AN L “

search term must be expanded 1ntoff varlable nunber offfffgl

fragments, hut~only 1ndex fragnents are of 1mportance. The}f¢vr

tree search, whlch flnds adl fragments as part of the COdlngo a*"

“””algor;thlso may be used. However, 1{ lS 1nsuffic1ent for

1{ constructed

Sl

t;_auxlllary tables 15 shown 1n flgure 33 and vlll be explalned {_'

."v;gg_g_ nt chtig z

"E”Vflssume: the

ﬁ'ln the followang sectlons,“‘?‘

query proce551ng,d; 51nce‘ 1t anapable of ﬂandllngf}T}Sf
A dlfferent approach proposed 1n order to treatu,mifﬁ

,\
truncated and nntruncated search;aterms and produce they”ﬁ

truncated search terms.f"fr“

de51red fragnents. However, two auxlllary tables, nust belrf

hefore B

«{hé“" algorlthn can operate.;,;Tnev"'

. l 4
between the 1ndex, tn ‘ﬁdlctlonar'g

relataonshl and the »

./ e

lengthasthe Prl,marykey: A' ﬁ each

group of the same length Let P(l) be a P01nter to the 1asf57:¥fl:

ofﬁ Hb_group of lenqthgi.: The dlctlonary cangxhusf":

fraqment




J”Tﬂunlquely ident1f1ed by its gfsition in'the}ordfrednlist.svn&;ff

| fDF represents the’list of all dictionary ‘fragments. then thel sl
o hee u,~'~® ll-ww :

:"”whlch alsorfunctions as an index fraglent has‘an"'l'ﬁﬁf'sm'i‘{.

!

.5ﬁf{ffpointer to 4 rou of the ihVerted index. : If all ’fraglents

Q?‘;enen's'

and flxed 1ength buckets/are

be onitted,; hecagfe {j straight“;ﬁ*

The naln auxlliaég table for query processing can be :?;””
ﬁballeﬂ ‘a "bigram dlrectory"‘“ It_ can be enV1saged anlh;,"

lnverted'Ilndex wlth the blgrams as the 1ndex elenents andhfaiﬁ

v

alodlrectory 1s generated in the follov1ng manner..;hf;fz_yd

o All fragments of length two or greater are partltioned

"?Elnto thelr coustltuent blgrans. W1th each of ﬁhese bigrans

’

'*the followlng 1nformatlon 1s stored to form one record The ii}ﬁf

“’°ﬂfragqut 1ndex idn DF from where the blgram o;;glnated, the

:N;ffand the element BL(j) 15 "ell deflned

ﬁ;} of I and T 1s B(t) x p.hl

d~~p051t;on of the flrst blgram letter 1n the fragnent DF(1):f;i;~

, e S
’Qand an " 1ndicatqr of whether the blgram nas the last one 1n ;rfj*

= ?%Dy(l)-* ffj *§f,§»<t3fo; ;zVQ;ﬁT;Zth;fﬁh 5m;f'vf”
Assume that a11 B(t) dlfferent hlgrans »éfe??

1&alphabet1ca11y ordered llSt BL, so thatlthey':

A:_rare llStS.. Let p be the maxlnun ftagnent length}




dlctionary and is essentlally @ rigidly‘ sq;uctured

Ry

collection.-of p01nters 1nto the dlctlonary._ T is strncture ;;;n?

k]

‘ ;
can be used for rlght truncation but incapahLe of
handllng left truncation. ;fTo handle Ieft truncation

: eff1c1ent1y another auxlrlary table nust be introduced.‘ i‘~'5?7““

e 1 o Lo . T

N\

,g;}{; Tegilna; Letter Dlreg _1

“”'Assnme that the L dlfferent letters in.the alph&bet,ﬂfe'p

'3Ln ordered accordlng to a glven collating Sequence, so that the

"‘ M

k th element 1n the seguence 1s vell deflned;

'5:”?1 TLD(k) LlSt of allsbigram 1ndmces for_whlch the assoclated_

blgram has letter k~oﬁ thef alphahet as the ;Iast‘n”ﬂsil

Va.;ﬁ,letter.‘;gtiffﬁ”ﬂf~”*

:gLVen let{e” 'thlso,'*all blgrans startlngg"

A

since - they ar

ound ea511y”




f?truncation indicated by $.ﬁ'»
;xi truncntiOn ate adnissible., ?

D

‘anot unémpectedly, s1nce the elelents of

‘l‘/.'

%1ﬂ£ernlnai letter dlrectory are Ixsts._;ﬂfi"

Let ‘% denote. the 1091ca1 ”AND' Operation perforled on 3t

-7fﬁtuo llsts and ll the concatenation o£ onL llst to the ﬁ&Per.

.,fﬁto the; lndices of BL







) contazns thé 1ndicbs of all 't

ff'all valﬂes of'an index set Q..K/This index set Q ﬁ f{f:

e rovs & the bigran

directory for whlch the asSociatqg.bigrdn starté vith
B - S m'

letter L(r)- ' S .. _;T ) ‘ “". . :I i

N

,,fﬂ b)

-'ﬁﬂaj_

..;4

-
i,
e i i
~. et ..:
t T
[ Lo
!
-
- 1
*
LA . N
k2

) Loz (1 1 z(ﬂ1 j+1)81' G W4 .

' sgx 2}1;41 £fS 3

w’\} v K " B

fj?a all the values of an fﬁaex

'&?the 1nd1ces of ali thé tbws of the blgrqn directory

"rThe37 de51red fragnent ’ 1nd1ces of the fraglents -131'?u;f

_{conpletely contalneﬂ in the truncated ﬁgrm ré found,

'1_sp§c1f1ed letters are found in R'g—||2(1 j) for.1<j<r.:v?

= ra

Calculate the 1ower triangnlar matrix z of size A‘fi‘ﬂ,' jpf -
(t 1) xn u51n9 the recursion forqula f@“a&'."» SRRV IS ;Q?

e,
v [N -

® v el e LT

Again B . llz(jrﬂ) (1&Jnr) conta1m§'a11 the iqﬁice§ of RPN
the fragment llnkéd to thersgarch tern.‘F ' ::_~'.”‘yff’§‘f'£)2

% s,:f*vL(Z):.;.’ L(r{y>tW“ 9r"~
-;u o R

v et

:|T-(k j)"“‘for ,i-‘sjsa o

- Set. o zn.,j)
(l+l1) = Eo . kj_s '.a‘ R 1 T £ Y 1 T T V- P
W : - ’

'set G. The set G cdntalns

"‘J: ) ‘ N

S : ! 7
'for_ which the assgflated blgran ends 1n letter L(2)._,

\

:gletter d1rectory correspoqdlng to the,letter L(2).:,_,:)

\3

;Calculate the ™ full matrlx 2z of 51ze T x m u51ng the ffﬁ R

2 A : n'_ LI .

FATE N

’: recurs1on fornula' ]» k. ff_, “‘f_.: ;-* o _R‘ i SR

g (:.,j) = (ur, 3+1) 51' ody 1 L ¥ o : -'-:.T._-,g.-"lf_- - e

R-llZ(j,1) for 2<}<r. Those extenﬂlng beyonﬂ the

N
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: e T S
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R N ¢ S e
- e »\v_ \'.'.
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It can be seen tron these three cases that it is very d
easy to conbine the tvo different boundary values £or a ternﬁ{kh

trnncated on’ both 51des.f4, tf'“

ti‘fosame schene but - vith nodifieisggund;ry candztions.‘ Assn!e~§éf“
.Vthat~thene are; q. single charac%er truncatlon 1ndicator;'!L :
‘.slde of the-search tern.; Hhen the houndary values are setﬁff'
;ln the algorithn'rt is necessary to prescreen the elements‘
.7'of Z whlch are used for 1n1tia112atlon.; References to allv

”fragments uhldfvwafe‘f$chnp;tdh;e length Ulth : thgg
:{speclfled tr?ncatlon m it ?be? deleted. | Us1ng the Iength

;%glnter P(l) 1;%0 the. dictionary fragnent llst DF allous;y,v,r

S Y 'a): -

-1i}cod1ng akgorlthm f’uhen conpre551ng'.

"Qf:by the above scheme.

*f‘ The__single__character__trnncetlon_cnn_be_hahdled_hy5

¢ ~

‘pthls to be done wlthoutwco'pllcatlon.f In the case of rlh 2??
- truncat1on 1nclude only th se 1ndnces x of Z(r,l) for whmch _v_é
,_;x<g(k), With' k detlned as [ o . o ;?i ft;fﬂg
; [ ivgile teazp S ' U
"fhi+q>pefb‘7;t:n‘37’;3ééri<€d

"1in1nate those 1nd;cesu£ of Z({,l)

\ “foverlapping 1nto the,f arch term are. foundaw\

-~

Ty 2
Before athe guer.,

';nbmust be extracted.,~5ynce the 1ndex'entr" ;;{Rfj

-



Lrtﬁowthat are selecﬁ@d ‘hy the applicatioh of ,the; Codingﬁ{y
’jffiﬁﬁlgorithn are tbe desired index %raglents.%iﬂ B

Thxs approach g straightforuard for un,truncoted terns ,’\f'-

. but donplicated truncation. fvThef .raéne_‘

d1v1ded into two sets, nanely the setqc contalnlndzall the
-5;7, fraglents conpletelx covered by the.specified terl,,and thewt:

‘*:i’,set A contalning the fragments that~$verlap 1ntd»the tern.

v7_7_ The codlng algorlthm must be applled nore than once, eachfﬁiilgff

tlme< operatlng w1th all the menbers of C and one elenent offth -

If A has t denbers, then t groups of fragnents '111 befmﬁuiyw,
'y generated. - The. lndex. rows of the fragnents 1n each groupfff

af[nustbbe "and"ed to produce 'just one: 1lst of documentﬁ'
el 9 : T
L numbers.' The t lists that result fron the t groups nust beg
. &
' “codcatenated to produce the f1na1 llst whlch represents the

%

;.;;Q;searcb'term durlng further proce851ng~

”

Thls terl expan51on 1s a.time‘consunlng process, butﬂfr?

‘uw,because of the omgg'hot nature of retrospectlve quest;ons P

Cis o not toe serlous.f-ln exanple ofxﬁan“
'.uslng- the word fragment driilohary wlth a threshold of 10 R

_; 0 (B : : .. .

’_j.can he found in Table 15.. The» exanple shovs how thlsl.“f

JUA

sexpanded quest1on}Af5w5.”'

,»__’ PR

erpans;on fcan 1ead to the retr1eva1 of unwanted fragnents..ﬁﬁﬁg

P ¥ .
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o ‘- ] e ‘ B . B
o : . A T e e
W . R e i LR WL -

AR ) . ] T e T
L ey - R T Yo '
- # LI - N a .
NS : . . e R J

et . 1~ '-/ - Y
- @ e R A L . A
N O B . -,
N ¢"‘ - L S Y “ .
B . - Ta L o ) T "
- . el 0
s ’ Lo F ol

[ c. w g L
B e SRS *
T .
\ °




;-{AG AGE ET,NET}

'A —[ETC,ETE ETH ETT ETTB}
,‘ . . o . K P N

. ;)

: _"-uqu%T o
AR _Ai,_lAGE|N|BTCfQ’$Rm
o "f7\,ﬁlAGE|N|ETE¥$'~A,;
U MIAGEINIETH Lo
UMIBGEN[ETT L L
! 'iHIAGEINIETTE ], e

: [TIT, ‘MATElRIAL -
Tf S HATEIRJIIALS
:ffﬁ >”f HATElRIIIALL "_=~“

T MATEIR{IIALT ]










ugcontaln at 1east one

\f*f"candldate" docunents fa

:fdcheck for the delayed NOT tern and 1nh;b1t fhe outputt ofﬁda_

n_mfdocunents contalnlng thls term.,
‘ﬂAND-0R=‘ These two connon operators can be handled 1n t e

e sane manner as 1n a word orlented system.. If tvo Search-*

-~

1\:erms are connecnsd by ”a. AND operator the two llsts of

’-1 : SRR

document references are retrleved from




‘ﬁﬁall the documents satisfylng‘thls "Veaker" 1ogic.3 Perforn a

A' Fromfthe ahove conszderatlons 1t can be seen that. the .W g

are IanIo R

'rfgg_@hé 1ndex ‘is unavo;dablesfor,all querles thaxgconta n o,




 “.”£§{,t d‘.sfaﬁdardﬁ svasures for .

2°ffatretr1eva1 syste..“:%‘.@,

regulredsi7

':,*then Furthermore 'a7335

g '»wﬁlnvolved the calculatlon of recall.;

It vas‘pec1ded not}‘
'fgato create an; artlflcial set.“of test guestlons for the_f,ﬂl
ol - .

.‘»‘ (N -

'f*:follov1ng reason. '"; vould *have, opened t'e‘way forrth”h

'tV;cr1t1c1sn that any method may be nade to 1ook good by choltef

_;Jiﬁof a. sultable exanple.a T addltlon, the a1m of the presentft..”,;“w

d*!hudy 1s wofqiohevaluate a particular system's perfornance,ifuﬂj

i;;but to make a comparlson between wor ‘and fragnent dtlehte&,}“7

.‘J"fﬁlretrleval sttems""fThese neasons wer cons1dered §hffic;entff.

~1ff-32 ' justlfy dlscardlng'the use of preclslon and recall. The'._ .
e A e e

aPproach taken uas as desdflbed belou.l"”"“

v

,#¥$.onesrﬂf\
ra : Ll

cbnparisd
vhlch dlrectly affect “the system's user. {7i§eT flrst;f}ﬁ;;;~ﬁ

A g Fa
ﬁk;i*. The paraneters selected for ,theﬁ_

R parameterflf 1nterest 1s the._umber HI of ‘wordsi m1s5ed by;ffﬂff‘fL

ffuse Tof a ofragment _1nverted 1ndex.7 All Hords whlchvareﬁiﬁf

:"

" e concatenatlons oﬁ,SLngle letters cannot be retrleved 51ncec’
e L .- S

.1nyerted entrles ex1st only for frTgnents of lengt.“

greater than“oae.A_

'f*;' alaorlthm '\whlch aakes the

v algorlthms lnvestlgatedfl

greater than one nffl.laord 1f 1t GXIStS at all.l Durlngf

retrleval a guestlon tgrn'ahach“ 1s represented by slnglerﬁi




"f;;terus 1n thevyoncept have no index entrmes.f}f{f“f}ifﬁ-'

';; Obviously the quantlty HI of lissed vords is a- function .

iof5 the threshold ,t. Yalues of uI as a functlon of _ﬁare#ﬂV?'*
gglven 1n Tab1e216. nj,;*’Tb;P}q\f[”U{*,y~l'g-ff;$?¢’~
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The second parameter of 1nterest 1s the nunber of false

K

/U;}hlts orlglnatlng fron the operation of the 1nverted 1ndex’

‘;fialone._ The user should not see these falSe hlts because
N

‘ffithey \should be: suppressed by the succe551ve sequent al

“:fSearch; However, the nunber of false hlts lS st111 of great,

1 "’

%ygfasflnterest to the systen Voeslgner, 1nce the vnumber of A._

4

_order toxprov1de good response tlne.,j_

’TPthIn contrast to uI the false h1ts are a

algorlthm.__ HoweVer, 51nce thel"
l

@Sacodlng

'ﬂldea of the lagnltude'of the 'errors

efdetermlne the false h1ts an x v”rted 1ndgx based on word o

o e

fragments ‘was’ generated,'and thf

fiﬂwmm : g
‘L"”f@ sear h term wlth the fragnent lndex vere coqpared Hlth thOSe g,fu
. -

,Q_

. ‘<I 163 the orlglnal uord 1ndex.<
"‘”’*——'ﬂ; ) o 3 BTN s Lt
generated by the LPF-algorlthm.;:;J;_.ﬂfm

flndex entr1es uere '} :

:;ff;efﬁﬁ}»fh experlment uas perforned Only Hlth sample one. *b;j E

Author, t1t1e and subject head1ng f}eld Here consxdered rto




.‘1executed. The resultlng .llst of docunent nulber

'3jfconpared wlth;fthe 1ndex Erov 'of the orlginal word.-n

‘s

_LiijﬁeStatlstlcs were collected durlng th;§ phase to determlne theii

g';lnfluegpe of the threshold.h - R .A‘V S
jf\ "fhfheﬁ,statlstlcs gathered during the generatl.

:ffragment 1ndex and& the retrleval of 51ngle

dﬂfpresented 1n tab1e313. They requlre some explanat'on.‘

It 1s qu1te ﬂco.agg' to

’appears nore than 'oncel?d =

'-nﬂ,

’Vy]feature pecuH&ar to the uag<}¥§!95 51nce most df the-
headlngs repeat one or more ﬁdrds already. frzesent',”

?Jﬂlggave storage..‘

*ﬂfmffactor of equation 5‘2‘5)‘

The exper*:ental results can”novﬁuff

“fifbéfﬁrcompared . nlthf

'r

The ualn portlon of the table dlsplays the resultsw

”?f_51ngle term guerles.f-For all four th*”
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Hoe

reduces tlxe ,rch'ance for a.-‘ false hit",j' If ge ~~c$ﬁon

subfragmen&l‘fi's f.he dtrly one found in both a:erns~ then/a large

'2) Hhen : tet\m in a guery contaiwd a sequence of dlgits,

;.
-'\..-

the %hany false hlts‘! were encountered Thlﬂs J,s due td _.thé
: . - Ao n, _
' that l{g;he dm"tlonary contains feu fragnents of. ]:ength

SN
e . N -4 B

'w‘ 3

’ e RN 4 i 0 .7 \' -
greavter than one that rgpresent seqnuences of d1gits. « These A\
AR e Lo :

numer1ca1 fiag‘nq&ts* a;e usn&&lly  short and occur ' id n_""""

3"

- \ iAW, v "' ’..' .:' o
docunent's, but aerln nost cases a part'ﬁof d~ gnnb,xt u h Q?» R

‘ .

/ more dlgits.'

. y e
nnmer:.t:al term because the P
N ,. N

o

seg_u.ence\of dlgits appe@ts .with a 1ow*,probab111ty¢ 1d the
data base._. ‘ ¢

" “"‘ U

fea_tute pec\flllaa: t3 t&:

> ? , sec‘ond index cfrabnent' i‘for% a’:.vﬁ

e‘uuc tep‘

,nq -

e:i:vat;.ons if‘mmeﬂﬁately u 's

the selectlon algorrt:,l;mﬂ.F

G 1;0 the vd,"ctmﬂatx; Hﬂu‘\fdm .of 'courée da.stort thle @quiﬁ'éq

propert‘



1  @b d1g1t qumhers in the dictloﬁa¥

«

y,z Thls vo

v

S v
for a sequentlal‘search of the docunenfs retrieved“‘hx the

""r... o K

1ndex.f It can be expected that ﬁore compllcated guerles may

R

i.' y1€1d no false hlts, &mt "”-h‘e addit:.q.na@'search effort' nust

;t+

"!‘1

The }major conclu51qp frgﬁﬁ_

%.Thq;e confluctlng;regulrenentg.mﬁ5t7
: e X

ghe‘de31gnervof“the 'yéiem.hased on hrsckno‘ledge'oﬁﬁﬁ&he
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t(2)/TO(2) - represents the ﬁnornelized relatlre“

\"

whe abiglute threshold for the

~,€hreshold !requency. N
.~sanple is obtnined by nultiplicetionﬂf vitg the

' \

.

7} - -Generate all frnglents up .0 length P. £oi§thevdatebesev-f

and prepare i fraqnenttfreque‘cy list.

8) Blininate all fragnents uith e frequency belou the

T9y T 1f the diction
™

: f;satisiﬂed. A f“*- K - ,'4 ‘ - . e

,"If conditionn Ja) :is v1olared, increase the threshold, ifj

'condition (c) 1s*not satisfied, lover the the threshold\ 'jn:“]

'threshold and apply the selection aigorithl. . Recqid

'dictlonary s1ze and éveraqe trag‘ at lengjgg
n WD elenents increase =

v . . )
_the threshold and .go back to step 8, ; -

. e .
'T'ev selected Set “of ﬁictionnr? fraglents nay be fised >

éi‘sfactorily if all of the folloving conditions ate )
4 ..,

a); }he size of the dictionary is 'sufficientlf :snell |
that 4t can- be’ held 1n prilary nenorz during decoding.,”
| 'rh'e storage space needed\;,or the 1ist of 'uccession--":.'j}’?g
T% nunbers (aSsoc1ated vith “one ipdex rov)v shguld .be
sclose to a nnltiple of the sector size of. the disk.
<) Enough, disk ;space nust be available to store the
. inverted index.r The totel 51se'of the index‘ nay bei“:

‘ E ’\\_
calcnlated fron eqnation 3 3(u).‘~ - o .'J.',;

<

: .'W-_“"the case of (b) z, the threshold adjnstlenf‘ "nvja_y_ ) he_w i !ch_?td,e____:_in

) either direction.

. B | . o
The ~dictionary deterasined by the above procedure should'~’_
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be satistnctory tor the intended purpose., rhe above sfepe,”}
were ,inid out in such a torniih:a the resulting dictionary,'
o ?

a snall nd!ber of disk ccesses and exhihit good‘

t

retrieval behaviour. S B \' FL‘Q_;

- To illustrate the-above gnidelines, a fragnent oriented '

e

' retrieval systen vas designed for tvo cqipnter systens vith

- contrasting characteristics. The design utilited in both ;

lﬂ ~-
' .

-

L33 - N .
/ .- . F

'the accunnlated ulnc\tapes .for 1969. 4 _
It seens appropriaté at this point to recall the v‘

;ditensions of a vord oriented systen for Salple tvo. ”rhe
‘. [4
dictionary contains approxinately 32 000 entries vith a .

Can total of 260 000.characters. The length of the co/pressed

' database using restricted variablesfiength codes is about

5,§I1O§- bits. The inégrted inhex cqnsists'\of ~i25 000

“entries.- 1% bits are needed to represent one entry and the .
:,’" @4. -3 * v
© total storage reguirelentwfor the index is 7.2, 100 hits. :

[
1

-

The two conputer systens under consideration are assuned
to consist af central processor, printer, card Jreader and

‘prinary ,nenory. At least one tape drive nust be’ available f

¢ ]

‘&0 allow ‘the - storage f‘f'the co.pressed | datahase.

. Purthernore,f at- least one nagnetic disk=nnst he present to.
serve as randon access storage for thqlinvertedggindex. :fit':A

nust be-assuned, that in case of need, a11 systen resources

ra

,__1,,".,..,~

’vgeneration_ of the index or the conpressed datahase layfi

\ , -
S R Lo .« oY
\". ‘i o . L ) ot A
R C - ! R o [ et S T : ’ . v, -

PSETI

“ nay be aiailable to the retrieval systen. ,Ihe*systen nay Qef;JQ'

R i D e et ]

' Operational"on' the‘ conputer assﬁ§ed, even though,, the, o
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: _5 otceoq tho syqtg

tasnlod thet"’

f retdurces. Iu thLi casd‘ g% Iﬂ't«*bbﬁ
. ) . .ﬁ,-p

b auxiliary«filo‘e
systel' ond .thonp traaste;red ' to %;the ’xdi;

uuw

)
considoration%.‘ Hdgever, the problel \ot goﬁertting.'the ‘

ll’

syste- vill not be dealt vith, since 1t iﬁkfoduces qdpects‘;>'

L “ e ‘ .
e %:Fﬁﬁh oﬂly obccnre the problel ot the desiqn. \{Q \/. j‘ .
LT rhi ting; lachine tdshqaﬁzed as an exalple is a<€DC 6“00{~f'

.'.

) . o L’ . i h y - A A . .
. 'iéstructions are available to ltnipnlate bytes vi;hin dheAw s

. ‘wﬁrd, §;rce a: character is also represénxe& by a byte. mye.V3
! ) ’, ] C
su&port d&sk of the systen is assulgd to be. a CDC 853, where' &

.
Lo . -w

,'the slallest addressable unit. called 'PRU' by CDC, consists e

5 *'f\r)

FT - of 64 voras. The -a:i-uihpnnher of yords to bea,transferred

v e

. in one re&d is 4996 t&ﬂ PRU's) , q:restriation ilposeémby the

v KA

pheriphegal pjfcessor\\\ v~} ; : "fﬂ!?-. “t ;I is¢

In | this systenm t%p obvious cf%ice for the length of

......

.codewoéd'ts 12 bits, wlich. - according to step _ of €he

L
o\

a

- R _
.guidelines 1nplies a dictionary ot 2008 elelenfs. According c.
to step‘éz a 'suitahle iaxilunigfgag-ent length nust be

selected.. In thls case a decision 1s easy,gkinde p=10 is “a

L

“hatural choice. ‘Uithgthls choice of p, one»fraglent may. be
™~ B

‘d in one worx. and the total dictio‘Aibllay be lilited

'“1e-nry. If it 1s desirable, say for

u:]n o‘prefix each fraglent hy its respective
’ . -"‘ Lo .
‘llenqth, one byte conlh\be used to store the length as a

"~.«-- e e s S L ——»—-\ e

, binary- nusber. f The lall\ﬂi fraglen%'iength wonld thns be
. _

“‘lliq1ted-to nine.. 051ng un-zoae as a variable in fignre 13, ‘?f'
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"‘ ok "line::}', _‘and supported by ftho i;‘

1t ,“lay he-"‘c_ hj«;tnred’,#thgt 12 bits 1,9 inda
suitable cod&ltngth A, codewm:s; # thﬂ length
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X 'confq,nienily processe in a lachine rit‘ a s:l.x-b:l.t\-p.
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'desctibed in chepters toux, tive cné st} hany

n&g and oVerueu of ‘ﬁhe nin _:&ults. A ,; : '_ | L 4,

:;I In chapters &.o and three Qhe 'theory "d“lyﬂ‘q the use \z

<

.'.of fragients 1n retrospectil& sjstens was _'_"'.developed. /

. i <

Furthernore; equt&ons vere: gerived to predict the changes.; * A

,:”fﬁ.‘de ?e vencountered wuep estng fraglents, rather ggan uords,‘ﬁi’?
.~ . " for. rettiéval and conpression./ Reqni:enents o&, a suitable-fﬁ,]
F ;?.set of.. dictionary”fraglent% vere deterlfhed in chapter font°f;'Lz

%hey uere hased on an attelpt to avoid spne of the kﬂbvn;ef
dlsadvantages of . word.Otienteé Systels. ': ‘f}:w~. fﬂ”iti?if‘fef;
f An algorithl uas : developed toq select d:i.ctionary \
ftaglents fro- the set of a11 frag;entq_contained in the“;. f
database.: This schene utllized LA s?.‘pgle paraieter,%the‘%‘_‘;;?’;‘?{f
- threshold ftequency,. as the lail; mri@bile. A knouIedge of
L h @

: the :.nherent rehtionshipsLanpng ﬁ‘agnentsﬂms used 1n tlu_s,'. o
= algor:[thn, T and su:.éhble ' data structnres v'.~fo41.:1 o its

.- Lo i I

P bl
A e et WFeRiched =

\‘f,"v_. ;;_;’r.z.nple-entati};ﬁ gere describe@-, . : i' N R ’ S

. .T_:.A
. . ) i
. »
g . =
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\i v:.i'ah the snallest overhead. A "-2}: B ‘f f‘ -,
. The 1nverted 1ndex vas the least affeqted by the changed
A ‘1 ud

~ special storage node for the coipressed recotg,s‘ and tl;d%

in thé’ equations uas found to be alnost independent of

P 'rhéop ?‘uantitien vete
tne t‘ir‘sholdvand lm:e !.’ouhd

‘x.‘

sa-ple 'size. 'rhese enpirical eguations, j.f- .wuseﬁ 1m

__.,S..‘u _..!.._.- —— e

ot . -

eonjunction gmLth thg egnatioﬁs of chaptet three, ‘:e_'-»,

...... . .

| .'."A AR

considered ‘ﬁto he'

%f great value for the predicti-on of e

storage requirenents xqt‘ a fraglent aiuted s"ysten. '

'- S In chapter' five the effect of fgag.ént usage uas atndf.ed

uth elphasis placed on : the conprqsseﬂ datahase and the .:1

a

inverte& inde!.'-, It was seen that text fz:agnents did not

introduction of

storage overhe‘ word fragnents, hovever, necessitated ‘

-'f‘-:-,-~'overhead. . mu:ee Scheles were investigated and

the one that used tagged codewords va's foqn‘d to be theu

Tae TR

of language: élelents. _ Pixed si¥e buckets were found to be




'R~}V~to ~solxing;

record._ Three diftﬁte t
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=y | | | | ' E
#thfough all the deliﬁeratlons of'chapte s five and six.ﬁ¢

possible~nodification to’ the selection' alqorithl is- the‘j
4

inclusion'eof the most connon uonds in t e*dlctiouary before '

a

'5'selection'5takes~;place1 ! Lnother : fication "1s 'the

,inclusion"of -all bigrans,. or a lixture of word and text :ff-

hV‘ fragmentsh in the d1ctionary in- ~onder to'. chieve better'

L compression. An example zgulﬂ be the inclusion of text
.»

) cOnSLderatlon is. the Ynclusio

fraglents like "AND THE"> ND- OP" in the vord fragnent"

*e°

’

dictionary. Ahother approaih -that llgh& be Iorthy of"f

of connon U%td endings—in the
L .

d1ctionary in order to 1nprove retrieval. o ’, v
' . . .

%nother lnterestlng problen 1s the change in dictioparf-:lu,

fraglents caused by hange_ of vocabularles. Cau certainﬁ, ’
" \)& ‘

fraglents be consxdered part of‘ a "unlversal" fragnent

‘fraglents chosen solely to produce uaxﬁnu'

': ThlS probably 1np11es ‘the use of variable

-

dlctlonary, whlch would be 1ndependent of the vocabulary or_

even of the source language?
'11

One othen aspect uorth 1nvestlgat1ng is ‘the use of "

on@ressxon.

‘gth codes for

, o
the fragnents. What effect would this"gfe on the ;nverted ‘

o

ndex and retrleval behav;our? ”'r‘.ﬁ'.f,“‘7_ S S
i / > '¢~ e |~—» P TV

deternlnatlon of a selectlon a@gorlthn uhlch might

1

te sone oﬁ-the proposed nodlflcatiOHSA tPe\Quest1on

cof - retrleval errors conld. be settled mby -a; _th ﬁgh‘

‘f’llngu1st1c and conblnatorlal analysxs._ Thls is a-uontr1v1al-

' K

'_problen and rd@ulres data that is not present]y_available; fl.

"Thxs- data con51sts of‘ statlstxcs about 1,retrospectiwe'

[

,77.‘:. e



. ’,/'

-*.‘éueries, the 1ength of the tarns in the query, and the'

[.fregnency of guery terns‘in conparisgp to their occurrence "

-

) in the database..

f" The last question arising ﬁron this st%dy is fairly
. J, .
general and concerns "the use of ftaglents in other areas of

: a
1nfornation retfieval. Ricknan and Gardner [65] ‘have shovn
Tar

that bigrans spn be usif for autonatic indexing. Presunably

there will be nore, an other, applications for fraglents.

It ".is‘ hoped\n that the present research ‘has made a.- .ﬂ

contribution towards the use 'of fragnents in infornatibn

-

_retrieval and that it has served to provide guidelines for

' work on sone of the relarning problens. o ¢

fa
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