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To date, uany;on-line libraryisystems have beenbdesigued

'and'implemented. However, very llttle work has been done to S

i design'audfimplement an economlcal and efflcient on llne

ihtegrated UDC based llbrary system whlch uses to advantage.

r G . ¥ S _ e
the characteristics of‘the-UDC‘notatlon. , o ’,,.—f
o R L. . R v _ . . o ((> o

. .. p=

' Thls study is 1nvolved Wlth the de51gn con51deratlons of
‘an on- 11ne UDC based llbrary system, It represents the

S de51gn,z 1mplementat10n, testlng and evaluatlon of a flle

P

structure that is feconomlcal in terms ‘of dlsk storage :

L

\\\\\\regulrementS' and’ in terms- of C P U. time needed to prov1de

. very short reSponse tlmes forA on—l;ne' transactlons. ‘”The

proposed flle de81gn uses features “of the UDC notatlon to

prov1de an economlcal thesaurus for the 1ntegrated system.

«

°

Most of the effort 1n the 1nvest1gat10n was expended in"’

the des1gn‘ Of'ja - new method for ‘the constructlon of the

diotionary ' flles :ffor searchable | words, : éhd thelr

correspondlng 1nverted 1ndex flles. An evaluatlon of these

flles in terms of storage requlrements and flle access tlmes

rbshouszthe_pouer oﬁ;tbe;proposedyde51gn,bf

Lod . ot
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. CHAPTER'I_ ' . R

:INTRODUCTION
‘1{0 Introduction"l o . S .U,!'q

~

The exponentlal growth of: 1nformatlon 1s prov1d1ng

most 11brar1es ulth an, unmanageable amount ~of materlal to

process. In thelr 'efforts .to surV1ve the rapid and.

t . A . _. u' QT'
.continual. change, many llbrarles are maklng increasing _use

of the 1nformatlon storage and retrleval technology ‘that has

[

devel8ped . as a result of -the 1ntroduct10n of the electronlc'

digital computer: R ~7~ .

The fleld of 1nformat10n storage and.fretrieVal fiSk'

& - -y
=y

concerned .with methods of creatlng and managlng collectlofs \\

v "P

of 1nformatlon 1n ‘such manner as to facmlltate the recovery
B » . A . / . ]
- of pertlnent records as they are needed e

il
.. 1

£d

’ < . -

1.1 ',ﬁAutomarion of a UDCvBased:Library'
. ) ) . \ . ) N .
- N

date,"many onvllne library systems have been
de31gned and 1mplemented. , Dlmsdale [1] glves a detalled
"reV1ew of the more 1mportant work that has been done towatds

the’ 1mp1ementatlon of on- llne llbrary automatlon systems.

"

With regard to the automatlon of Unlversal Dec1mal

Cla551f1catlon ' (UDC) based 11brar1es, Heaps et 'al [2], and

Freeman and Atherton [3}, have. shown that the automatlon of
a UDC based llbrary is not only fea51ble but ~that thek UDC“f

b d

‘_notatlon 1ends_ 1tself to machlne manlpulation by computer.

e

.\"

Lo B .
i T .

. . . . N
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' : o co Sy

Lo
wl

‘However, very littlé ;work 1has“_beén done to"design and ;

1mp1ement an\ economlcal ,and‘efficient‘onrline4lntegratedf'

- UDC-based library system,‘ s

1011 The Performance of ‘an OnslineISystem. ;ﬁ_r

: \ “ . i . T ) ..‘i‘.‘..
Computers can - scan- records at speeds- that are

thousands of tlmes faster than humans can achleve. ‘However'

1t does not always happen that a machlne search ‘is faster,'

more convenlent, has as hlgh a recall' or ‘can: be as pre01se '

as a manual search. _For example,"a very large flle;'

| records in alphabetlcal order may be stored on. a magnetlc

tape, and a. correspondlng flle may exlst elther [as a-‘card

-file',or *as,'af prlnted 1ndex.,‘ To conduct a search for a

7

spec1f1c 1tem on the tape by computer ,mlght ‘take, 'onv the'f;

average,"some flve mlnutes, since the tape must be scanned -

&
)

. .

ithei manual card f11e or book 1ndex in a- few seconds because:,’

+ 'o

dlrect access to the approprlate ‘area ff p0551b1e and.

",arrelevant material may ‘be sklpped very rapldly, Dlrect

',access capabllltles can’ also be 1ncorporated 1nto a’ computer

untll the 1tem 1s found.' The same itenm mlgh t* be . found ~in

'search system, but at- present tlme the storage of very largerﬁ“

_'collectlons of records on dlrect access deV1ces may vell.l

prove to. be prohlbltlvely expen51ve.-lA.Br Veaner has stated -

'*that 60% of the. total 'cost 'of operatlon of the SPIRES‘f’5

i, ALLOTS system is: attrlbuted to dlsk Storage [u] The'ﬁﬂ.t L

‘

o



present charglng rate for dlsk storage by the Unlver51ty ;of<

;nlberta; Computlng‘ SerV1ces is $1 00 per 4096 bytes per

T

—@enth. o e
' 7 - e T .,
Qﬁxfﬁ;;:‘:*y ‘Li#,fﬁ_l L L

) w1 .—2___?1‘he_c on~$-truCt i O'D__‘_(')Af_ﬁ a_;‘_’T“heAs’ag ris £ or ,. a upe - Bas oi
.LibrarY System - L yf\/ﬁs\ it |
When examining  the non?cierica17 activities~'of

-1nformatlon storage and retrleval systems such as selectingyf
o .

1ndex terms, translatlng records and evaluatlng records, it
/)

is found that c0mputer technlques have ”made 'relatlvely
llttle 1mpact.-'A computer wlll search for a glven word with
;'great success, but : wlll not select a synonymous Hordf
unless 1t has also been glven a deflnltlon of - 'synonym' by
approprlate algorlthm.. Work has been done 1n thls fleldm

by Herc1er [5] and Alber [6] 1n the form of pIOVldlng a"

- fthesaurus to’.ald the llbrarlan in cla551fy1ng and the user

1n searchlng. However,“thls approach requlres large‘fand

expenslve computer memorles and exce551ve programmlng.gh.v

1.2 Lf Statement offthe:Probiem__-.ph o vft»};?375;
;~The fore901ng sectlons have referred brlefly to the
development of 'on-llne UDC based 'llbrary systems.‘ The

de51gn con51deratlons for such systems form the maln subject

’ of the present study



: The. work ‘reported in thls the51s 1s concerned Hlth
3two_ problems : The first ~problem 1nvolves ‘the de51gn,
D lr B : .
.1mp1ementat10nh testlng and evaluatlon of a fast, economlcal

- file structure and the related flle -‘access strategles for an

4on-llne UDC based llbrary system whlch can" serve both large
and small UDC.libraries. The'second problem _1nvolve5' the
design of an- economical thesaurus for anDC'hased.library.f

B an el o

Mh”h' general dlscus51on':of the .upc is ﬁ‘giyen':hy

'Harper [7], " Miles [8], 'vand'f the ‘fBritishu:.‘Stanﬁards_‘,

. Instltutlon [9]

‘The' present study was carrled out 1n the Pepartment

:of-]Computing- Sc1ence at the Unlver51ty of - ilberta

.conjunctlon with‘ the _L;brary»-of the Boreal Instltute;foryy

lNorthern Studles.,\. . "hi s
;;a;j., The Boreal’lnstitute“Forlnortherniﬁtudies'

-

/h The, Boreal Instltue for Northern'_ StudieShf-ﬁasy

'_establlshed at the Unlvers1+y of Alberta in 1960 to advance

'...the vaUISltlon and dlssemlnatlon of knowledge of the

North' [1,0].- .

- Since that tlme the Instltute has developed 1nto a
,major research body functlonlng as an 1ntegra1 part of the

‘ Unlversaty- It also acts as a. catalyst and coordlnator

A ey e s

&



‘betVeen varlous 1nd1v1duals and organlzatlons with’ northern

res earch 1nterests.

-~ A

Research conducted and/or funded by the Instltute

\ ‘ﬁ_'.
v 4

_l_spans practlcally all dlslpl;nes,mand rangesmfrom studles of~—_
50115. and vegetatlon to selectlon of readlng materlals for |

: Northwest Terrltory schools.; It 1ncludes_ studlesl relatlng
to the 1nfluence of ptpellnes on the env1ronmentL

1
|

. 'To haid‘ the researfh,' the' Boreal Instltute for
‘aNorthern Studles malntalns a llbrary devoted to publlcatlons

relevant to northern reglon o
, v ¢ )

1,341 . The rary of the Boreal ’Institutevffor.:Northernl"

Studlesj

A

The llbrary of .. the - Boreal Instltute for Northern

1aStud1es contalns approx1mately 7, 000 books and ‘more then

':10 000 documents 'that 1nclude reports and perlodlcals. In¢
addltlon, 1t has newspaper cllpplngs and maps._“All relate L
’toﬂ;'thea_ 01rcumpolarnorthern - countrles w1th partlcular

empha51s on Canada's North and boreal reglons.;r' _hﬂn”f;;:;hk.h

Because of the spec1allzed nature of the llbrary, 1t
[ T RN N PO
‘is 1ndexed through the i'Unlversal Dec1mal C1a551f1catlon

.ffor Use 1n Polar lerarles. These schedules are produced hr:h
'the~ Scott Polar Research Instltute of Cambrldge,‘England

=It 1s a spec1allzed exten51on of the more general UDC and



~is designed to suitgthe'special.needs“of’a polar ‘library as

‘@escribed by Roberts [11,12].

'1.4*,- An Overview of the .Automated Library'System

.The automatedpSystem-uill include a catalogue‘search'
" subsyStem,"a.dcomputer  assisted’ cla351fy1ng subsystem,'a‘

real-time circulatiohn subsystem, “and - an 'yacquisition B

';subsystem. fﬂhlthough' all these subsystems are’ de51gned to:»'

J;OPerate prlmarlly in in on-llne mode, they can also run'»in;:"
batch mode.~_': o t'h~::‘?ﬂ,7_‘b ,ﬁ'{ S
}FiQUIeV1- gives7a’highiywsummariied, conceptual“vieuu
8 -

ujof the -on- llne UDC 11brary system. The rectangles in Flgure ‘5

:1-represent those parts -of» the overall system. that 7are'
‘automated. ~fThe? solld 11ues represent flow of 1nformatlon

__between the subsystems and the dotted llnes represent flow4'

el

of phy51cal documents between the subsystems." The followlng’f

dlscu551on summarlzes the func%ions of .the c1ted subsystems.ﬁ;.

A S , o _ ‘ . -

Tasat TheVSéarching;S#bsYstemwx-‘,77’¢313T7°Tf‘

. The cataiogue,:searCh'1subsystem, 1llustrated by -

‘IFiQure*Z, allous the user to search for books, pamphletsplz

é;perlodlcals,fiand -selected stltles‘ of perlodlcal artlcles.”ffn

'hThe search may be speclfled wlth respect to any comblnatlonl-f

'of acce551on numbers, tltle words, authors, publlshers, UDC~{Q

hfnumbers, or subjects.‘ If an 1tem has,morelthan one author,
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any 51ngle author spec1flcat10n is suff1c1ent to locate the

‘ﬂ

1tem. Any word or comblnatlon of words that appear in the

tltle or descrlbe the subject, wlll locate the 1tem. ~If the

item has several UDC numbers, then any comblnatlon' of then

__n—wlll—servemto~y1eld the*ltem. ‘ ‘_é

Questions may 1be.'expressed"usiﬁglhbgblean ‘loglc
"operations-to connect'termsjz A'precise :definition' of the
" query .language _is given innthe-Appendlr. In this system,_
.each guestlon term may be-tagged to indicate whether it is
}to be _searched for as a complete term 1n the data base, or

as the left-most fragmentlof a larger term. ‘,;

The.design'of~the 'data‘ base Ulll support_ rlght-. ;
_truncation' to: the extent that a search on a rlght truncated
'word requlres the the same order of t1me as a search on. an

vuntruncated word. . , o -
. The composition of - the UDC notatlon comblned wlthm
_the .ability to search on’ rlght-truncated - uDC :»numbers‘

prov1des the system wlth the means to search on unlts of the

class1flcat10n. Such an ablllty, not p0551ble to achleve'-l

‘wlth the LC- cla551f1cat10n, w1ll allow a search for a group

_ of tltles closely related to the'-de51red toplc; This_"

'ablllty wlll also allow the. search subsystemlsto_ provrde a
thesaurus dlrectly from the“ UDC number and subject word
"dlctlonarles.. The method of -obtalnlng thlsz;thesaurus. is .

outllned in Sectlon u 9. A', ; - ' B g
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..

1.4.2 The‘claSsifying Subsysten’

The‘élassifying sgbsystemvreguires an'interdependent
de51gn 'of the UDBC and subject dlctlonarles. Figure 3 shows

‘the basic structure of the ,computer assisted ,classifying

SN

subsystem' -uhich aids the ‘librarian 'by_dperforming the

‘followlng operatlonS' | |

»i). | the subsystem Hlll 1nd1cate whether a copy of a book
belng catalogued is; already 1n the llbrary.

ii)_ ~-given a subject, xthe ‘subsystem Hlll 'prov1de the

;subject s’ correspondlng uDC number.u. | |

‘iiij ‘ glven ‘a UDC number, the subsystem vill prov1de the '

correspondlng subjects

iv). - the thesaurus can be uSed to aid 1n4.theg phoicelﬂof
subjects,//, ‘
v) - 'the subsystem -will permit .fast and \easilyimadeyy\
< \

. amendments to UDC numbers and/or subjects.\(
~vi) the subsystem.wlll allow for. qulck and, effortless
addlng of' uDc ‘numbers and subjects. "This fsature _'

the_a

Hlth the prev1ous one will ‘in effect, update'

. llbrary s ver51on of the UDC . schedules.

\

\

vii)"' to ald the llbrarlan in analy21ng holdlngs, t‘e'
subsystemf can produce-;:a' frequency ; count o?\
d

_classification numbers that relate to accessione

titles;"
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1.4.3 The Acquisition Subsystem

The basic elements ofvthe acguisition subsystem are

outlined in Figure 4. . The acquisition subsystem will

follow, and account for, the progress of an order from “the
'f;rst request of "a tltle to its phy51cal arrival in the
library. Thisvsubsystem should have an-accounting facility
to supply such information as total money spent on books to
:idate, total momey reServed ror;books on-order, number of .new
tltles obtained durlng the past _year,j total . money spent

durlng the past " year, ~and total number of titles in the

~11brary. ’ L

once the book arrives, much of the ”standard
-processing can be done by the<acquisitron subsysten. Hitn
information provided 'by‘ thej classifying subsystem, the
nrocessing L owill. " include sucn“ opérations as a551gn1ng
' Vaccession ' numbers,. producing‘, catalogue cards, 'A and’

automatlcally enterlng the tltles into the data base.

-

1.4.4 The Real Time Circulation Subsystem -
The real‘ time 01rculatlon subsystem, outlined by
' Figurels' prov1des a complete up to the .mlnute account of

- all  phases of c1rculatlon., It wlll account for tltles on
loan, tltles returned tltles overdue,\tltles to be renewed,

and tltles to be. reserved. The subsYstem also prov1des. a

a‘user control file.



i

13-

© Wa1sASGNS UOI3ISINbOY

~ v Sunbi4y

'_{: 3

-SP3[gns

A .

J43quInN
~2an

~QWIDN

mem.,__o:m.rrl;..

.c_Oc.u_3<___.,

2

PIOM -

BURUNOJDY|

- 931l

<

JaquinN

Y

JO}IUO N

. X3ANI G3143AN]

AMVNOI 121G

. U0 SS90V




@

W -

B Emym\nwa:m_co_po_s_u;_u_mrc__.,,_umm
S - Gaunbid .

>  SUupPO7]

\'

SONpJUsAD [

"l JOHUOW|

SOAJSSIY [ i " sdasN

S |DMBURY




15

-

Since the réal time circulation subsystem does not
directly /zeiy“\cn ' the compressed coding - scheme,"}y the

development of the subsystem will not be’part of the present

——study. -Lt;shou;d_be_noted_that_nimsdale“LJq,~as_pariuof_his___.

L]
o

nasters research designed\an excellent ,circulation subsysten

.whicﬁ could be ‘adopted .to the systenm Apreéently' beiqg'

discussed. ' = _ .,

-
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'CHAPTER.II“

s ' ;” . COMPRESSED DATA BASE

- 2.0 Introductlon ] - o ‘.'o B
' ’

“An%onaline;library_system—requiresewthe—wstorlngm-of_fe;w

finformation about the llbrary s holdings on mag ntlc dlsk.

For the proposed system, each record lncludes _1nfo arlon

\ s . E
about the‘ holdlng s acce551on number, callinumber,.author,ﬂ

e titie, subtltle, publlsher, abstract, aYear,'gpages, " book
,format serles, blbllography, L glossary, L. C.. number,
e e I.S.a. number, G.D.C.™ number, order“number,b U D. C. number,5

andmfanayltical' authors.

1 Each fleld of the record 1s named

“. by the contents of the fleld.'

A 51gn1f1cant cost of an on-llne llbrary system is.
that requlred for storage of the holdlng records on magnetlc -
disk. Thms study attempts to reduce the requlred amount of
_di*k storage to an absolute mlnlmum. ThlS reductlon_;is
‘achleved through use of‘a data base stored in’ a compressed ;
,form. f\u:

2.1 ° The. Selection of a Compression‘Coding.Scheme;‘
The cod‘ing .'scheme'usved'for this study ;u‘a"s adarpted
from the scheme proposed by H. s. Heaps-and'L‘H. Th1e1 [13].
;'Its ba51c pr1nc1p1e is that the shortest codes are a551gned

“to- those words that have the hlghest frequency of occurrence-."

and . the longest codes are a551gned to those words that havef

e



hthe‘louest freQuenCy of‘bccurrence.‘ The-expected length, of -
'the resultlng codes is thus 51gn1f1cantly 1ess then 1t would

‘be if all words Nere . mapped 1nto codes of the same length.
v . . £ (N

‘e

N s N .
Thls codlng scheme was selected—over"bther methods

[1“ 15 16 17 18 19 20 21 22 23 24], because the codes are o

‘dunlque, and hence have no 1nformat19p loss durlng decodlng.

. In addltlon, the codes have a very small average length and ..

may he constfucted by purely automatlc means.‘ The codes are_
constructed: in numer1ca1 order. hence. all p0551ble codes of'
'a glven lengrhAmayabe used‘before_ltlhiS'inecessarv_1£o; use
'codes of»A'gfearerviénérh?; | | R | o

0
:

”i?t;é;zwri‘.AiDescrdprionfof fhehéeleCted ?bding'Schgmef'
" mhe s= lected cOding';scheme ’as.vadapted from’rhers
‘.scheme proposed~by H. S Heans “apd;,L.H, Thlel [13] 'is'fas‘h’
follows:- ' - | o
7~fi{4..rThefnosr‘frequenrd12jfword5~areiCOdedeinuohehbvfe:asi_;
';1Xikxxxx wherelxvdenoteslo ord1 71The one;bytevcodé;
'wlll be the blnary representatlon of a number i ‘such

o

o that 125 <‘1 < 255. Thls code w111» be denoted by

'7(C).j# It follows from a word frequency dlstrlbutlon-¢g'

.-of H. Kucera and W N. fran01s [25] that thls 'codej
B covers '39.572%j_of.'all word occurrences in wrlttenf‘
‘English text. . The 'izsth code . 11111111 yllln,be_]‘f

reserved for use as an escape code.
' ’ ' 8



| ' _ L . _
ii) The next most frequent 16, 38& words are coded in tuo v

bytes. as_ OXXXXXXX1XXXXXXX where X denotes O or 1.

.Thls code wlll be denoted by (B C) where the' left»n

-byte of~—the~~code formsnthe _B_part. —of. the_code_and_m_;;

'{the rlght byte of the Code forms the o part of the @-‘

_code.  The B part of the code Hlll be the blnary
representation of a number i such that 0.< i_s 127,

" The C'_ parti of the code .Hlll be the,'binaryr

representatlon of a 3number' j}-ﬁ such that

~

\

‘_128 < . £ 255. The‘ (B‘C)' code w1ll cover anotherA'

45, 5&4% of word occurrences in arltten Engllsh text

[25]
- 1ii) "'The next frequent 2, 097 152 words are coded in threea.

| bytes as 0XXXXXXXOXXXXXXX1XXXXXXX,‘where x denotes 0

ore 1. ThlS code w1ll beé denoted by (A B, C) wherel‘“~

the left byte of ‘the code forms the A part of rtheuf"
hcode, ‘the" mlddle byte of the code forms the B part:

'of the code, and. the rlght byte of the code forms
‘;the C part of the code.fu The A part of the code wlll
h*be the blnary representatlon\of a number i such that'
‘5v7p:"7-r'Q,§?i < 127.- fTheh_B' part of the code wlll be the
| dbrnary?frepresentatlon of 'a'.number ;j“ such “that.
.0 5'5w3'127., The . C part of the'code wlll be the jii
vbinary':representatlon of ‘a number k‘ such that :

128 < k < 255. The (A,B C) code covers all but an
R '1nf1n1te51mal proportlon of. the remalnlng 4., 88&%

' wword occurrences in. wrltten Engllsh text [25]. :

hid
N

»



It shouid'be noted that the C part of each code,;by
belng greater than 127, inddcates that. any.'immediately

followlng byte on the rlght is the flrst byte of a new code.

l.. "
!

:2,3 ' f,Measure' of the. Efficiendyt of,thefse;ected Coding

Scheme

2,31 The‘Ekbected_Code ;ength
L . . ) B . : C . o

Dne measure of the eff1c1ency of a codlng technlgue

e _ﬂ‘\ i

is the expected code length ‘c, whlch is deflned by.

IYF*

';45;# - P(j)C(J): - 2

1

J

ﬁhéﬁg.C(j)»_is)fthé- length of the»fﬁ;thhfgtonp‘ of cods,
C(3) >\C(j—i), P(j) 1s the relatlve freguency of occurrencebv
of codes of length C(]), and M is the_‘number of dlffereﬂt
: code lengths.g_ln terms of f(l) s” (the relatlve freguency of
'occurrenCedfin the materlal to be coded of: the i- th Hord 1n :j

“the,focahnlary) P(j) 1s deflned by.

g N( i=1)
P(j) =.2_:f(1) 2 (@), o -;(2;2).
RN | = R S

1 . Z-',l 1v.

o

where the N words of. the vocabulary are ranked in: \order _off

decrea51ng frequency of occurrence so that f(l) < f(1 1) and B

where N(]) 1s the total number of words mapped 1nto codes of'f~

",1engths‘C(J)Ithrough,C(jy.

_For the _coding scheme selected for use in the '



...
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present study we haves: .
| ‘-‘P(1) = 0 u9572 Lw;;«;’;”fff;fﬂ.
U P(2) = 0.45544 S B

P (3)-=-0+04884-
o =1

c@) =
e =3
. o m s jf;
' Using Equation (2;1)jwe'obtai§;
c . =2_ P(j)C,(j) R
= R

P(1)C(1) + P(2)C(2) + p(3)C(3yi

0. 4957 X 1 + o ussuu X 2 + 0. ouasu X 3 s

_ 1 55312 bytes/code."‘ » '
'Thls expected length 1s con51derably lesi then that obtalned":
by use of ‘most. other schemes. d‘_' o

r_2,3.2.“»The_bata Compression Ratioz5.;

Dav1dson [26] deflnes the datafrcombressdon »ratio,ifﬁ

-Rs{z as:jthe ratlo of the space requlred to.- store the data

5 base 1f the data base 1s uncoded to the.zspace requlred ;iff' ,.

'the .data base 1s compressed by means of a. codlng technlgue.
The data compre551on ratio 1s deflned by. |

Rs=EsE. :.-'<,2-'3>‘ i

where w;’ 2 f(l)w(l) is~ the expected length of the word to B




be compressed f(l) is the frequency of the i~th- Hord and -

w(l) is’ the length of the 1-th word in the vocabulary.

-

Accordlng to Reld and Heaps [27] the expected lengthgu'

¥

of the tltle word ;w is 5 6 letters per uord. From Sectlon

5 2"3-1,

c = 1. 55312. 051ng Equatlon ‘(2 3) Rs is found to

.edual 3;67.A Thls 1mp11es that the compressed data flelds

occupy

only 27. 2% of the space ‘as; that is occupled by the"’

Same data in a nen- compressed form.guw'A

”‘fﬂCompression'ofnthe“Titie Field i

F

The Expected Compre551on and Expected Sav1ng 1n Flle

, Storage Costs

‘The  Savings in  File ' Storage Costs Obtained by

-

"fAccordlng to Reld and Heaps [27] the average number}hjl

ofawords per tltle 1s 5 5 words.h The total space occupled

by an uncoded tltle fleld of .50, ooo tltles is .

5 0 X 10‘ x 5. 5 X 5 6 = 1 540 x 106 bytes."

The space needed by a compressed tltle fleld lS;ﬁ

r k

Tﬁus

,,1 113 x 106 bytes‘ The current rate for dlsk storage by thehay

5.0 x 1o~ x5. 5 x 1. 55312 # u 27 x 105 bytes. S

c?mpre551on of the tltle fleld results 1n a sav1ng ofj:'

Un1vers1ty of Alberta Computer Serv1ces 1s $1 OO per uogsj"

byte'

title fleld represents a sav1ng of'

page per fmonth ' .Therefore, the compre551on of the -

IR 1"

21 o



" 1.113 x 106 bytes x $1.00/4096 - byte-month = $271.62 per -

:'month,wper 50,000 titles.

22

2.4.2 ' The -'saving . in File Storage Costs  Obtained. by

- ‘Compression of thevseries”Field

~ 0f the 50 Oﬁb t1t1es, close to half have a  series

‘field wlth ~an .average length of ten words.' Assmming the.

' javerage length of each word to be 5 6 characters, [theh‘disk',

- space regulred by the uncoded serles flelds is:

AN

2. 5 x 108 x 10 x 5.6 = 1. 4 x 108 oytes.-A
B The dlsk space regulred by the coded serles fleld 1s

2.5 x 10% x 10 x 1. 55312 = 3.88" X105 bytes.. .

fThus, ‘compre551on of .the. serles fleld allows a sav1ng of.h

'J~1 012 x 108 bytes or 1.012 X 106- bytes .x»$J.00/ﬂ096,'bYte- |

month $2Q2 18 per month..j“

W

"2;4.31'-The Sav1ngs 'ml Flle Storage Costs-'dbtaimedfvbY'aﬁf‘

sCompre551on of the Abstract Fleld ,

The average number of wordstape -abstract is 7.
3'-1Hence, the Space used by a non compressed abstract fleld 1s'

5.0.x 104 x 17 x 5, 6 = 4. .76 x 108 bytes,:,"fv ¥'1~.g:“

1.ﬁ7wh11e the compressed abstract fleld uses only
‘ 5 0 X 104 x 17 x 1 55312 = 1 32 x 106 bytes. fﬂf
’d.Thls is a sav1ng of 3 uu X 106 bytes or . 3 uu x 106 bytes X

$1 OO/MOQG byte month = $839 90 per mOnth



‘

" 2.4.4 The Total Savings in File Storage Costs Caused by

Compression..of3 the Title, Series, and - Abstract

fFields_

In Sectlons 2. u 1 2. 4. 2 ‘and 2 4 3, it waS- foundd

that for 50, ooo tltles a total of 5 565 x 106 bytes of dlsk“‘

storage was saved 1f the tltle,eserles, and abstract f1e1d57

'were compressed accordlng to the scheme descrlbed 1n Sectlon

l2 2..f Based in the current charge for dlsk storage by the4'

"Unlver51ty of Alberta Computlng Serv1ces, thls represents da -

.saV1ng of $1353 80‘ per month. - Of course, thls savlng 1n'

dt?dlsk storage cost 1s partly offset by the costs of encodlng'
d’and decodlng the flelds of the compressed catalogue entrles;

.Also, 'thls‘ sav1ng is. reduced by the 51ze of the dlctlonary

‘ ﬂ;needed to encode and decode the flelds.

;o . - RN

2.5 jFaCtors'thatﬁlnfluence'theHDeslgn offthe-bictionarj o

-On *uohjective' of-othis'.study W s'dto des1gn | é_‘

'dlctlonary that ’vouldb allow rapld encodlng and- decodlngd
hwhlle at the same tlme reduc1ng the ~amount of dlskﬁ storageh
oneeded to store the dlctlonary to :a;.mlnlmum.. If theﬁ'
fddlctlonary can also be used for the-'searchlngluof‘-records K

”'U'then there is. an—add1t10na1 sav1ng of the space that vould

have heen used to store another llst of uncoded words needed

",for the search.‘ Thls ‘represents ‘anf average sav1ng ofi

_:i280 000 bytes for every 50 000 searchable words.‘ .

[

[N



2.6. - Theory of

24

[}

.The’-'theory' of abStract  ;trees _ provides ‘the

fundaﬁentalS~reguired*to design :a' dlctlonary .which T will

achleve the ahove mentloned objectlves.»'

Abstract TreeS'

;f*“~hA_~gtreet Ms a 'sPecial ‘type of directed lgraph~;"

. u N . ‘_ . N : ,.' ) ,‘ ) .’ . . E )
~consisting of elements . (nodes) ‘and associations between

vpairs'of_elements (branches). - .’

Knuth [28] deflnes 1a 'tree.recursiveiy as a finitel

set’ T of one or more nodes such that-. » f;v _"‘ f‘ o
a) b-: a;he:e is omne spec1ally des;gnateah,node .celleé :the
R ‘c:root,of;the]tteeg:andx' IR DR '

- b) the ~7renaining h’nodeS‘J(eiclnding 'the frootfb.ate~

'u}partltloned 1nto n 2 0 dlS]Olnt sets T(1),...,T(n)

and each of these sets xn turn 1s a tree.,'
‘ _ . C _ S

Mosti:of: theﬁfpropéftieSf of - trees ;ane,définéd by™

'Salton [29] The followlng _arefsfhe. concepts  needed to.

dlSCUSS trees 1n the present treatment. o

"»f}path--

If an :aSSOCiafiQn is deflned between nodes P(1-1)

“end'P(i) for‘all'i, (i= 2 3,...,n), a path of length

- n 1s sald to connect node P(1) to node P(n).
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Terlmlnal nodes.

Nodes P(1) and P(n) are called the termlnal nodes of_f

the above path.

Circuit:

| A' non-trival. path whose,"terminal"nodes\ are_

identical;_ A tree :is-’a Adlreoted »graph. 'ghioh

| l.oontains no circnits. |
_Marimalbpatht |

Sincec:a tree contalns no c1rcu1ts, the length of a-

path in a flnlte tree 1s bounded " and there exist

a

max1mal paths whlch are not 1ncluded 1n any‘longer
paths. | | | . |
‘Rooti T o
| Thé7iﬁ;fiél npdé of a narimal'path.t B |

Leaft\.

"The final_node'of‘alnarinal path.

-

‘Tree level'

Termlnal nodes of paths of length K=1" from a root of
.the tree are sald to lie on the K=-th - 1evel of the:-

-,tree. A root lles on the flrst level of the tree.
Réachable: - | | S
a lf,ja” nath derlsts{from node I;tolnode jqonodefj is-

i.‘Said‘to heireachahleifrom:node i |
”Subtree.d 3 B | |

Any node of a. tree deflnes a subtree of. whlch 1t is

-

the root, con51st1ng of 1tself and all nodes



_____Father node: "

26

reachable from it. Every subtree of a tree is
therefore ‘itself a rooted tree. '

s

QEachfroot is‘said_to behthe.father'of.the nrootsJ of

'its- subtrees.  The root of an entire tree has .no

father.i | | |
Son node- ‘ ‘

The roots of. the subtrees of the same node are ‘said-

to be brothers or they are sons of the father node.'}
' Degree:.
. iThe .numherhof branches;leaving>ahnode i$ called its
\ hhranchinéfratfo or'degree:_ |

or

Forest:

L set of zerg or more diSjoint trees form a forest.
hThese'conCepts'are illuStrated in . Flgure 6 whichr
shows a -tree-,Hith”seven‘nodes.- The. root is A, and 1t has

‘_two subtrees {C} and [B D,E,F,G}. The leafs of the tree are

Lo, D, F, G.‘ The tree {B D, E F, G} has. node B 'as; its root

1

'hode VB is on 1evel 2 wlth respect to the whole tree, and it
has subtrees {D}, {E,G}, {F},_ therefore B has ra' degree.
.-';ndlcated left or of-3;>‘E 1s the only node wlth a degree of
-1 A is the only-node w1th a degree of 2.- The max1mal_pa$hg
length 1s 4. Nodes B and C are the sons. of nodn A. hode'jﬁ
is . the father ‘of nodes D, E,zand@E‘ | | | |
v,-Thev.tipeooof"tree whlch supports searchlng ?andh

encoding is a tree of degree tuo.- ThlS type of tree,.called_*»
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a-binary'tree,nis defined~by Knuth [28]'as a finite " set of
nodes whlch 'elther is empty, or con51sts of . a root and two
______ _;;dlSjOlnt blnary_trees calledsthe left and rlghtmsubtreesssofrsu__
, the root. Flgure 7 1llustrates a blnary tree.
vKnuthi[28] cla551f1es a binary tree not as.a spec1al
case 'of a tree, but as another‘concept entlrely. The ba51c
- differénce~between'trees'and‘binary trees,isfaitree 1s'neverj'
.‘emnty: and each node of a tree can have Q,1,2,3n.;.sons.k
‘While a binaryitree can be'empty; and e€ach of its nodes_canj
'nhaVe 0 1, 'or 2’sons.. In the case of a singleison’there is a

dlstlnctlomfﬁetween a "1eft" son and a "right" son.

For the purpose of this study, a binary tree'uill‘bef-
assumed to be the same as an ordered’ binary tree. ‘In a
,ordered b1nary tree the relatlve order of the nodes isESuch."”
'<;that the left most node of any blnary subtree 1n th° blnary;:,
'tree is. the smallest element of that subtree uhlle the rlght
most node of the same suptree is the largest element of the
_subtree. D<B<H<E<I<A<F<J<C<Glstheorder -

‘for the blnary tree in Flgure 7.

v".A‘ two-dlmenslonal blnary tree consists of a number
‘fof blnary subtrees whose roots are 301ned together to form a
“blnary tree. The result is a main blnary tree of the roots
:;wlth the 'subtrees‘ hanglng down from each node of the’ ‘Bain’

‘tree. It will be shown in Sectlon 2.6, 1 that thls type ofﬂ“

structure accommodates rapld searchlng;on large blnary .
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Figure 7

A _Binqry’ ‘Tree



trees. "Likewise, threeﬁdimensional hinary tree'consists of,
. [}
o

-a number of two- dlmen51onal binary- subtrees whoses roots are3~

j01ned together to form a blnary tree.

.2.6.1- Use of Binary Trees tov$upport:the.‘Selected 'Coding .

Scheme -

The. theory ofj hinéry trees is used to design the .
. Adlctlonary needed to support the ‘seleeted . coding scheme..
.gIhls dlctlonary consists of three main parts;'one‘for eéch :

part.of the-code,s"g“ v uwtf‘

. : . . E v
] 4 L .

°‘The most frequent 127 words, each of whlch 1s ooded _
in one byte, are 1nserted alphabetlcally 1nto a blnary treet

4sfas shown in Flgure 8. The next freguent 16 384: words,‘whlch]’"

, arégcoded in. two byues,'are 1nserted 1nto »128 subtrees ;og

B .
',thettsame deé%gn. xhese 128 subtrees are comblned 1nto an
_alphabetlcally ordered two adlmen51onal blnary tree;; ~Thef}

,,,‘-’, .

“nodes ,of‘ thls tree, 1llustrated 1n Flgure 9, %epresent the
roots Qf the 128 subtrees Hlth the correspondlng suhtree;
fex1st1ng in the Z plane below its root."f"”‘

Rz

leewlse, the remalnlng words"whioh”arefcoded in

PRI

three bytes {are{ 1nserted 1nto ’ forest _of‘* 28 two-»”

dlmen51ona1 blnary trees.f These 128 two-dlmen51ona1 treesn<t

- are5'comb1nedh“into' .anif alphabetlcally ordered,;_three-;

dlmen51onal b;nary tree.

n\
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The»'code for each uord is a551gned accordlng to the
' node 1t occ1p1es in the’ tree. The one-byte codes for -the »

.127, most frequent .vords are, establlshed by the followlng

algorithmﬁ v |
_f.é_=.12#t \ﬁ;-A
hn‘= root of one byte code’tree
1A1;.o . n = left most rode of subtree(n)*
T2y c'=lc+i1 -
| ':word(n) = ch
no= father(n)
L e = ¢41: i
- h rlght son(n) .
;IF n # leaf GO TO A1
c = Cf1 |
dord(h) = é;
VVABE ‘ hn“= father(n)

i,IF n # left son(father(n)) GO mo A3
sfather(n) o - ']:

60 T0 AZ ,'- ST
USing‘:this: algorithmu.the resuitirg-'?codes rvare_;
'13551gned accordlng to the alphabetlc order of the words.;?
1'The numbers at the nodes of the tree 1n Flgure 3 glve'_the‘

Lcode assoc1ated Hlth each node.»

,Thed two-by%e' codes are established 1n the samed‘

N

. manner. The algorlthm, modlfled only by 1n1t1a1121ng c to ,'

g



-1, is applied .to the main tree;_ Thejresult”is that each of
the 128 subtrees is as51gned a number as glven in Flgure 9.

"The’ orlglnal algorlthm is® then applled to each of the~

subtrees to‘obtaln-:th numbepang of the nodes ~of‘ each-
‘ subtree given- in Flgure 8. These two numbers glve the tvo
byte code of any node, the flrst byte belng the' number 'of‘
‘theA subtree,».and_.the‘ second byte belng the number of the'
:"node; B |
leewlse, the nodes for the' thrge-byte code trees_!
.dare’ coded.A' ihe' flrst byte 1nd1cates the two dlmen51onal‘
subtree of the three dlmen51onal three-byte code tree thch{j;
.:contalns the node., The second and thlrd bytes are obtalned_‘r
1n the ‘same manner as are the twot,bytes ‘for‘»the Htw07byte

- code.

+The, search for a word beglns at the root node of7the -
one abytev COde= tree. The de51red word: 1s compared toythe_"'

f_root node-' f the word is egual, the search termlnates' _if'

the' word 1s less, the left node of the root 1s examlned- if”“-‘”

the word is greater, the rlght node of the root is examlned.

Thls process contlnues until the’ de51red node 1s found or 1t‘.’

:'1s concluded that the de51red word 1s not 1n the tree. ' Iti

is known that the word does not ex1st in the tree Hhen the

ol



right - node does"not‘exist, 'Figure 10 gives_the,flowchart’

- for thisjsearch'algorithm;,fw

~ I
A

.’.‘

If the uord 1s not- found then a Similar search“'is.,'

357

performed on the two- byte code main tree‘to find the subtree -

'that should contain the de51red word. ;Absearch for the w0rd

.'lS then performed on that subtree. If the word is Stlll notj‘.'”'

,found then searches are made in turn on each two dimen51onal.
rsubtree of the three dimenSional three byte code tree until
either the word is found or all subtrees have been examined.j”
' If the latter is Ehe case, then the word does not appear inf:
the dictionary and it must be inserted 1nto the structure ata'
v,the last referenced node.'li-‘.:“v,‘j‘.f;]ri'ngf. o
2.6.3 lnsertion-of.Nehrﬂords‘in:théfnictionary;fy

”fhe‘vbinary 'tree'ruhose search 4fe§§iré§,-7a§_gthej
.i;ayeédge, the examination of the least number of nodesdlisffa

“balanced binaryaﬁree.'

balanced binary tree 1s a. binary tree where the-'““”

o only anompletely occupied level of the tree is - the. lowest"

A

”jone. Thus two Subtrees differ at most by one.,f

S

'Thefbalance'of-the-tree is maintained bj-filliné the f",f

~’ﬁlev'els?vof 'the tree to completion. i. e., no- new level shall7'
' e : : ' o :
be initiated as long as yacanciesh are - available in_ t?e

- preceding level. .
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In order to follow the balance algorlthm of - Gauthler-:'

N

'.and Ponto [30] the followlng deflnltlons are necessary.<

:Path nodes" : :
‘ i

v p- Dlrectlon.

: NodeS‘ on  the ipath' de51gnated : by" symbols
(X1 x2,...,Xn) where ‘the. root is X1,,and the insert'
node 1s Xn.,; 

"g" The flrst path n e_out]of balance.

'h For' any node Xi ln"the path, deflne the(pathf'

dlrectlon at Xl as left 1f X1+1 1s left of Xl. Path'

o

: ﬁﬂ dlrectlon 1s rlght if X1+1 is rlght of X1.$J17ff;f
th llnk.,f;fe _“,:.h | _ | | R . :%4 :
For any node Xi 1n the path, deflned P 11nF(X1) Sh d
,-",_thé llnk p01nter 1n Xl that p01nts to X1+1., .
hQ-flnk.Jlll | | |
"»“Qgcrw any node Xl 1n “the path deflne Q llnk(x1) ashQ;
& the llnk p01nter 1n Xl that does not p01nt to X1+1. L

ra

[ |

Bofore applylng the balance algorlthm, the node £§u.ﬂ

'{; be 1nserted is flrst llnked to the bottom of the tree. 'C,

"Th balance algorlthm must flrst chart and save the

,-path nodes X1 X2,...,Xn.d7 thle d01ng thls 1t can 3alsoj

determlne the. focal node Xf,;,.Then, based on condltlons

<{con51der. h- R

'-,fabout Xf, there ;a_, _f;ve- casesr‘for,:the algorlthm tog}ﬂ
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Case 1:
IF £=0, THEN

- indicator(Xi) =-P-direction (Xi) for.i=1,2,...,n-1

Case 23

L IF P dlrectlon(Xf) # 1nd1cator(Xf), THEN

.“1nd1cator(xf) 'B; 'rf'_'f f

[

,31nd1catpr(X1) JP-difection(Xi) fot i#f+1,g.;;n-1h
‘case 3:. |
B IF P*dlrectlon(xf) = 1ndlcator(Xf) AND ‘

p- dlrectlon(xf) = P- dlrectlon(xf+1) THEN

: 1ndlcator(xf)-= B'

. p- Link (X£) Q-linkkkf+1)'

Q- llnk(Xf+1) Xf

1l

‘TP-llnk(Xff1) ‘Xf#l' ?va' ”: -~

indiﬁatot(ki) ;fp-di;éétioh(xii E6r'1£f+2;;.,,nf1

H.v4.é IF P-di£ebtioﬁkaf-# 1nd1cator(Xf) AND

,‘ P~ dlrectlon(xf) # P- dlrectlon(xf+1) AND
‘P-dlrectlon(xf)-; P-dlrectlon(Xf+2) THENc‘

1';1nd1cator(Xf) P dlrectlon(xf+1) -

- p- llnk(Xf+1)

Q 11nk(Xf+2) ‘* I "» f,‘ ¢?if

“i?pfllnk(xffﬂ) xf¢3-:

_Q-link (X£+2) - RE

Xf#1

‘p;link(Xf+2)

1]

" p-link(X£-1) Xf+2 .;g;jf"

e

-  _f1nd1cator(X1) P dlrectlon(X1) for i= f+3,...,n-1[



Case S5: L

IF P-direction(Xf) = indicator (Xf) AND

P-direction (Xf),# P-difection (Xf+1) AND

T P-direction (Xf) # P~direction (X£+2) THEN
‘indieator(xf)'= B o

indidator(xf+1) P*directidn(xf).

- p- llnk(Xf) X430

: P~ 11nk(Xf+2) Q-link (Xf+2)

> Pfl;nk(x£+2)  X£

‘Qflihk(3£+é)'= Xf+1'.

e Tak e = ez o . .
_iﬁdicato:(ii) = p- d1rect10n(X1) for i= f+3,...,n -1,

1JIt 1s eas1ly seen that thls process qﬁllnsertlng neu'}
wqrds 1n the dlctlonary vs rather complex and will requlre a
vnon.negllglblle amount of C  P. U._tlme for lts execu*lonﬂg s

fHowever, 1t should be noted, that a uord ‘is 1ncorporated 'in'

.7 the dlctlonary .only once,-although durlng 1ts 11fet1me in

‘the dlctlonary 1t may ‘be- searched and retrleved many timesﬁ

3Consequent1y, f'in‘»'the ' organlzatlon‘-of an:‘lnformatlon"
:"retrleval system, the empha51s should be ,oh the retrleval

"qperatlons ,whereasﬁ'tH g,eff1c;ency of »the »efficiensy of

-

updating is_Of‘secbndafy importance.
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o
CHAPTER III -

DICTIONARY DESIGN FOR TITLE WORDS.

3.0 Introduction

For. every on.ilne Anformatlon system"that ‘eses a
.compressed data base, the dlctlonary 1s the component that -
"most dlrectly 1nfluences the efficient performance Cof the .
1systee. i | ”

bThe' time ~£aken 'ﬁq‘edecode 'e;’fecotd is of;p;iqe‘
’i@pefiance. Since-all fecdrds"are;.stored'“in coipressede'
ffo;@,fieheﬁ .eech"time a'record is retrleved for output it

‘5mus% fifst be decoded.’ Wlthout efficient decodlng, ,the~”f

.

o codlng overhead would soon“%ounterbalance the “saving in- dlsk

'spprage,produeed by use of_a comp;essed_data base.

'_Fo:ﬂ similar reasops, the de51gn of the dlctlonary_
.emust allow rapld encodlng and searchlng. In- addltlon, .tﬁe~
. _ ; .

' dxctxonary is more powerful 1f it 1s structured to. support P

“:rapld rlght truncatlon searchlng._e

To keep the cost of storlng the‘dlctlonary op' disk

'_low, the des;gn of the dlctlonary 1s such as to 1nclude only

. those flelds wh;ch,x re necessary to preform the varlous

: dictieﬁarfieper;tioﬁs.e As a result, the length of each word

and .ghé! 1eft .aﬁd‘ fight-,p01nters of--each vnode' were l”

leliminate& ‘, They were replaced by the relatlve address of
ach node stored at the tcp of each dlctlonary table.~' Thej

'nse_'of the relatlve, node ‘address ‘with a,blnary search



- perform the spe01f1ed operatlon. Thls chapter w1ll preseut.fﬂf

‘“vofdfaf;the*corfesponding—node.

@

“provide- implied ‘left 'and right xpointers,  while the

subtraction of  two adjacent address provides the length of

_The, resulting design‘ appears - to 'be"‘more of ‘a

, modified list Structure then a tree"structure' 'Hovever the

result of the searchlng on the dlctlonary tables 1s the same.

- as 1f they were in- the conventlonal tree form of 1nc1ud1ng

.

.the left .and rlght p01nters with each each node of the.

binary tree.

The disadvantage of the'chosendstorage technique ‘is'f
that updatlng oﬁ.the dlctlonary, descrlbed in Sectlon 3 2.1, .

is, more 1nVOlved However the constant cost'of the extra-

' storage out welghts the small amount of»:extra; proce551ngi d

tlme regulred by theslrfrequent updates._
S _ e
Even  this reduced size of the dlctlonary prohlblts‘

'“residencé'of'the entlre dlctlonary ‘in.:core,~ the greatest;v.

.-

fector that 1nfluences the speed of the above operatlons ls,'

the tlme requlred to access enough of the dlctlonary flle to

‘and jevaluate va' dlctlonary .whlch is. de51gned to reduce,

‘operational time to avmlnlmumt
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3.1 7slgn of the chtlonary. -

The dlctlonary wlll be d1v1ded 1nto three sections,'

e oneefer each 1engthrofh¢ompressed-codeh > -

3.1.1  Design of the One-Byte Code Table

To construct the dictionary, the words that appear
.,L . R : :

in the abstract serles 'and titie- fields of the. llbrary

‘lholdlngs- are arranged according to their - frequency of -

‘occurrence. ' The 127-mostvfrequent]7words' are arranged in -

nalphabetic';brder.Aand'inserteddin a table, DIC(O), startlng_

hjax'theezsb-tu~by¢e\of theetable.‘

| :}In'the‘saue“order; the addressibf the' heginningi of

v_each word is 1nserted in table D'“(O), startlng at the flrst"
lbyte.' ThlS two byte address 1s relatlve to the- 260 th byte

ff’of the table.‘ Hence the i-th address plus 260 will glVe the;“

“«locatlon of the start of the 1th word 1n DIC(O).» leewlse.'
vthe"1+1-th address mlnus the i= th address Hlll glve the;

Llength of the 1 th word. Thus the 128-th address 1s' needed‘;

"fto 1nd1cate the length of“the 127 th word.

The ‘code ~for a word that appears “in DIC(O) 1s the4f:"7

i

L blnary representatlon of the posltlon of the term. 1n‘ DIC(O)’

5plus the blnary number that represents 127. In;thls manner-i‘h

ue' obtaln

,

128 r-f 255.§s descrlbed»in Sedtidn;Z.Z;ﬂh

one- byte: blnary code LXC). ‘'such that{-~v-



Figure 11 illustrates( the design ofltahle DIC (0),

| where the i-th4address is noted as A(i).and the i-th word is

——noted—as W (i)~

3,1;2; Design of;the’Two—Byte Code Table
. e :

‘The next 16 38u most frequent terms are_alphabetizeg

) : ‘

and then Spllt 1nto 128 llStS of 128 words. The 1lists . are
.gdnserted -in order 1nto tables DIC(n), 1 <'n £ 128, in the

/same manner as‘descrlbed 1n Sectlon.3.1.1a

‘A header table HEAD(O) is created ‘for jthe, set of,vji

.I.

tables by plac1ng in order ‘the flrst four characters of theﬂ

flrst word of each table 1nto HEAD(O). leewlse, ‘the .four

byte relatlve d1sk locatlon of each table is placed 1n order“

AU

' lntO"HEAD(O)e Thls header table 1s used to obtaln dlrect
K accesshof'the‘two byte COde»tables, : S

A

' . e
The set . of two byte code tables, IC(n) 1 ¢'n

'and header table, HEAD(O), are 1llustrared 'i‘ Flgure 12,a

'Thei 1 th address A(l) of the 3 th tahle plus 260 glves the‘ﬁf

. locatlon of the 1—th word, w(l), in the j th table, DIC(]).
The - four characters of C(]) are the flrst four characters of
'the, flrst Fword in table DIC(j) and the address P(j) glves

'the relatlve dlsk locatlon of table P(j)

e

'ﬂ Each word that appears,ln thls set of tables wlll be-
coded by a two—byte code (B C) as descrlbed in Sectlon 2.?.‘b

The flrst byte is glven by the blnary representatlon of the'
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e

table that contalns the term. The second byte 1s the blnary
representatlon of the position the term occuples 1n that

"~ table plu5‘127.

3.1.3 ~Design of the fhreeeByte Code Table

If there .arew more”’ than 16, 384 ‘wordsl remaining;
proceed as in Sectlon 3. 1 2,»sett1ng up sets of 128 tables.
untll fewer than 16 38“ words remaln. The codes for the‘
fwords yin these sets of tables Hlll be the three byte codes
f(A B C) as descrlbed in Sectlon 2 2., The c byte of the code,.
is’ glven by the set’ of tables in - thch the word appears' the*

B and C bytes are obtalned in the same manner as the B. and C :

bytes of the two byte code. ' . Kl .

-~

when fewer than 16 38& words remaln, the prev1ously‘
ﬁllled sets of 128 tables are- examlned to obtaln a 128 part(
lelSlon‘Of the alphabet accordlng to the vord usage. U51ng;
'rhthese d1v151ons as a gulde, the remalnlng words are 1nserted;7

'falphabetlcally 1nto the next set of 128~ tables.

Slnce these tables wlll not be full, Hhen a new vord K

is added to the dlctlonary'lt Hlll be added to thls set Of

-rqtables.a Because the operatlons of searchlng and encodlng

v77requ1re alphabetlcally ordered tables, updatlng these tables"
could change }he p051tlon of a uord in a table.-- Hencef the
',_p051t10n, of the 'uncoded word cannot be used as a- constant'

'plndlcatlon of the c part of the code, (A B C)., Instead the'*

- N - . ' ) . | .. o .
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number of words, that are in the table when a- word is_
entered, plus 128 will be used as the last byte of the code.
To allow encodlng and decodlng, an 1nd1cat10n of thls part

of the code must alSo be stored in the table.“. o : .

when—rthe_“tablesr“are“mconstructei} the—address—aadm~
: word are 1nserted as outllned in Sectlon‘ 3 1. 1 _and 3 1 2
'-except tlhat the words start at- the 388 th byte and that the
addresses are relatlve to 388 1nstead of to. \260.. aThe one

byte tlndlcators of “the third byte of -each code are stored
"starting~atvbyte‘260..1E;gure 13 1llustrates.th;s group zoff
tabiesv and‘Figure‘1ﬁ iilpStrates theai-th‘tahie70f-the'j-th

" set. .

v h_' To obtaln dlrect access to these tables"aﬂtset _of -
_header tables, _HEAD(n) :uhere 1 n 127 re 'desighed:‘
51m11ar to HEAD(O) as _escrlbed in Sectlon 3. 1 2._ T ﬁ: 1£¥h‘

h set of _four charac'ers,' C(I), of the j ~th. header table,

HEAD(]) are the flrst four characters of the flrst _uord: in
~fthe'.'-th table of the‘ j= th set of dlctlonary tablesf“
'ﬂslmllarly ;he 1 th address, P(1), of HVAD(j) wixd glve the

“”trelatlve dlsk locatlon of the i- th table of the j-th set of'f

’

o d1ct10nary tables.~”'

s

, o o . o - IREE ,
':'3;2 Updatiﬁg the Dictionary:f e ;‘f} A
" . . I’ " .‘ g K '

As a new: record is added to the catalogue data base,'

there is a remote p0551b111ty that it- contalns at least ‘one’ '
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word that does not appear 1n theodlctlonary..'In'this ‘case,
"to‘vallou'~a; completely compressed data base,,and to. allow"
Searchlng on all words,, all new wordf must be added to the

[){‘( N

'dlctlonary. The pnew words wlll qbe- added to the. last -

by /

constructed set of dynamlc dlctlonary tables.

y Method‘ofjupdating:thefDictionary fh“ﬁ

: A new word is 1nserted 1nto the‘ dlctlonary at the"
Vlocation found by the folloulng method.‘ A blnary search 1sd
Upreformed on the header tabl‘lof the 1atest set ’of dynamlchi
b_tables.,,vA‘ check 1s made of the number of words already 1n_
the correspondlng dynamlc table.vh If -theh table"already l
d_contalns 128 words, then thlS set of d1ctlonary tables 1sf

con51dered complete and a new set 1s fconstructed.-u.lnh the’f

constructlon of - the new set of . tables the prev1ously deflnedff
128 lelSlonS of the alphabet are reflned wlth respect toiz
' the word dlstrlbutlon of the 1ast set of tables., U51ng the{h
,e.same method -as descrlbed in Sectlon 3 1 3, the new word 1sff

| 1nserted lnto the new set of dlctlonary tables.l:fff'
g If the table contalns fewer then 128 words, 'then*"

blnary search 1s preformed on the table to flnd the pos1tlonﬁ
‘ & ) I
wgzre' the hew word 1s to appear. All words 1n thls table[;

from thls pOSltlon on, are:ln turn.shlfted the 1ength of the,g

'fnew wordhdoun the table. The new word is then 1nsé%ted 1nto

the table. Also the addresses are updated‘

e

relatlve to the’?

new word p051t10ns,

oo

-

I )



~the; p051tlon of the new Hord lS 1nserbed 1nto the convert:--

~v5d

s

N

Each convert code that is equal to, or greater than,

the p051tlon of the new word is ‘increéa ed by one. leeulse,

code sttlon determlned by the number of

- Flgure 15 shows; DIC(l), whlch contalns‘ n 'words[

n < 128, before a new word W(k) of length 1 is 1nserted 1n

' postlon R Flgure TG _1llustrates‘ DIC(1) uafter W(k)'-is_A“

S ctw

h”3f3iq_;huethodfoffbecodingh1 :

3fdthe code and the'l
,*,1ocatryn -of fthe-

i;]table DIC(O). “Thi

:coderis‘extracted in turn from the record.;_‘

~1nserted 1nto p051t10n h whéréih

b _'a_na :

'IA '

{m) - for O s,md

N arw =
' ‘ A A(m 1)+1 for h <fn an+jfl:;fd L SRR ;;L.

m<n

'forfall ni such that 0

R

C(m) for C(m) < 3 'and

[

Tj?cy(hﬁx ¢C(m)+1 for C(m) > h

t?d{(nti)..;

. .
'\ '4'

""'fTojdecode a record 1n the compressed data base,‘each[7~

LU

’“‘dro, decode codes of one byte, 127 is subtracted fromv"’mj

esult 15 multLplled my ﬁo to glvel the

relatlve _address of the de51red Hord 1n

;address plus 260 glves the start of the 5

z‘dword that 'corresponds' to the code._ Flgure 17 111ustrate5'“'

ithlSOPIOCQSS.‘. : 5. S ’ '
: .. @ " - ﬁ“’» v

vords in the,table.g‘ L
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MethOd Of Decodlng One B)’te Codes o
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To" deqode tuo byte codes, the first t byte" is
‘;multlplled by four and the result is 1ncreased by 512 to‘

‘*glve the relatlve dlsk address in- HEAD(O) of the table that

contalns the de51red”‘word. Thls table is read 1nto core.»af

l

U51ng the second byte of the code, the de51red word is found - -

1n the same manner as descrlbed for the ‘one= byte codes.w The -

4'decod1ng of two-byte codes is 1llustrated by Flgure 18.,;

To decode a three byte code, use the fact \xhatbﬁthef.

first byte 1nd1cates ;in whlch set of tables the word:f

“appears. The header table hEAD(k) for that set of tables 1sl7

7

therefore read 1nto core._ Four tlmes the second byte of the;'*”

code plus 512 ylelds the d1sk address of the dynamlc table,-'

DIC(]) VﬂIhe 1ast byte of the code less 127 plus 260 glvesf'b

the locatlon of the convert code. Tulce the value of. thls~
i
convert code glves/the relatlve address of the de51red word.

'Thls ‘address' plus 388 glves the startlng locatlon of the';'ﬂ’

R

_desirédbword?;_Figure‘49,;llustrates.the decodlng of . a threevf
' bytie;c'ode.‘ - .
- 3’”.'&[1-' heth'od of Enco'ging"_,'

Each tlme a new tltle 1s added to the catalogue data;

.~3~

.base, each word 1n the tltle,_ abstract,--and' serles fleld-__'f

._must be encoded to produce a compressed dataﬁbase./t

I
.)_/>.. o t/ .

' For each word to be encoded, a blnary search for the
word_is performed‘on-DIC(O)._ If the Hord is found in.

/ - o _\j
R

g £
o f
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. HEADIO)
C( 1) l 0(2)

Three Byte C ode

I+127

oy

—cn27)~_p(1
P(2)

o L—‘»HEAD(K)

vh;v»GHZH

Tl

C(i27)

’::?'z"’" "‘/P.,ﬁz 7 ) ,

[ a2l
cu)

P(Z)

E’IJI!

P(127)

“HEAD(IV1£27)
- :- 6(1) j'qz) L

Fﬁﬁ?ﬂ—_-

- zan]

N

l——DIC(J) Of Se’t K

A(1)

A(Z)

Sl |

ALT)

el

¢l2)

waa |

P(Z)'

»Pu )

%

| A(1)+'353 o N

“clp).

W) .

wi1)

Flgure 19

i " Method of D,ecodmg Three B)’teCode{ i



DIC(O), then the p051t10n of thlS uord 1n DIC(O) plus 127 is-

' the one-byte code for thls term. 1 ';‘: ;, ivlﬁ.f
If the‘ udrd is not found in DIC(O); ih?n,a’binary.
rﬁv‘SéaECh on HEAD(O) flnds ..h t"°°byte able vthat- should -

e

-

: contaln the term. A blnary searchafor the word 1s performed-l
on DIC(n) If the word is found 1n DIC(n), then that word,\

is coded 1n tuo bytes. The table number wlll form the flrst‘
J-byte of: the code and the p051tlon of the vord in 'the“ table

N .
5' i

plus 127 w1ll fofm the second byte of the code.

If the word is. noti‘fOuhd;'f blnary &seaﬁFh 1s-‘

f"f%performed in turn on the header tables HEAD(m), 1< £ 128/

' After,each HEAD(m) is searched, the approprlate three' byte '

v

S .mable ﬁis[.read 1nto cor nd' searched. Thls process 1s“

) contluued untll elfher the word 1s_pf9und "or, all sets EOf.

L ~ - M \.

tables have falled to prov1de the word. If the latter 1s¢1

«fiatheggaser then@the word 1s not 1n the dlctlonary -

it IR ’ e P .‘x:'-
-

Thege,words are coded 1n, three bytes. T‘The flrsttf

."--' .
. ,9

. ',s_e‘t'.:

of tables that contalns the,g

 the'
'.,Ahgs.;
‘A llnear searchr:

byte of the code.
9, - ‘t\!

made to

R I - T : o
‘pointer- to the posytlon*bf the des1red word in DIC(n) ' The
f B . - 5' ! .

_thlrd byte riﬁ.-

: he : ““ (2 Rt "'r

. p051t12n of th1

i the code. . '";;
B I A



‘j' L.
thQSJtJ,‘ thod . of-Searching on Title Words. in the catalogue
iy Data Base "h._ o

7/
[ e : ) . .' - . . .
. ' . « i . R -

1

Ve } . ;‘. . L/“\ v ' IR ) : f . .

,;'Y L Leal 1.

dsin_ the Aggendéx..mfbr eéch guestlon Q’tered,

ﬁSearch guerles are \fordﬂlated “&ccordlng .to the -

L

..

. . : I3

decodéd,fand prlnted ¢ut ‘h . o :x;.q. = 'h ‘:;

/f s : -'=',°:

The document llSt for a query word 1s found from the

i compressed codes of\athe guery ’word. The codes serve as

(

\\\\goanters 1nto the Document Index ﬁo the approprlate llst.
-, B S -): - . . - o ‘, .‘ v -;“ .
. —,“‘ - __‘.. ‘..'1!: 4, . ’ ° s

The lmportant feature of theadlctlonary structure 1s

:i»"

: t'ai 1t,allows for fast searchlng on &1ght tguncated 'words,i

-1mw1th ‘a minlmal 1ncrease 1n storage and dlsk access tlme. TR

N ‘» ‘. ~

;rlght truncated search is

Lo

k:search for all words that begln

'dwlth & glven word fragment-g‘ o 7:
AL L W .

Lt ’ o . - v'\‘

For a search spec1f:e§kln terms of rlght truncatlon,

e .

7the system searches DIC(Q) f‘¥rthe glven root.; If the root
| | 2
},rls in DIC(O) thén the code for the' least alﬁhabetlc uord

that star&s wlth that root 1s returned.' Slnce the Hords are

.
b=

X .
A . .0

LT =& =
£ ';the cod%§ of‘éll theu?ordsvlanIC(O) that have thatistartingﬁ‘

¢
4. o o \f . .\‘ 5}, .»‘ i
finf all the sets of tableSt. Hence the above type of search

ey N K Goa

‘;in; alphabetlc,order, a llnearosearch doun the tablehreturns‘

Py

R

root. wNote that words Hlthuth&S startlng root could appear}f
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.

'must.be executed .on all Sets"of tabies“in the dictionaf}.j

-‘E’

After all the tables a re searcheu, theyﬂdocument'.'
i .
.llStS for the words that satlsfy\the truncatlon are “OR"ed,"

. -

"the resultant llst‘g1v1ng all‘documents—*wh1ch_~satlsfy~~the

k trkunt,:at_-lon."i = L

‘ ' . sy “
e '

3.5.1 .:The Docunent'Index:for'Tit1e7ﬁordsv 1 : - ' _ N

To support the retrleval of document ‘lists accordlng

..,.J »'"'

~to . compressed codes, the Docum t Index must be subd1v1ded
\\ ' .
*_1nto three sectlcns, one for each 51ze of code."The de51gn

P
of. the 1ndex was also 1nfluenced by the nece551ty of on-llne

-

_ amendments to the 1ndex.
) '0‘5_

;3 5.1, 1 De51gn of the Document Index o lx-;l;'rﬂ 'L.ﬁ
Wh@n t‘h ffsystem isr created - the keys to” all thﬁ&h

vdocuments that can be retrae by thewiwords L“n' DIC(ﬁ) ,ane'

'entgred +into INDEX(O).Y _Th de31gn for the}one byte code'?

"4\ .

hlndex lS 1llustrated in Flgure 20. TH'A'l th list, L(l),

:‘5&2, Lo .
contalns Athe Keys of all the documents that are; referred tog‘

——

"-'-,-v, T

[
%by word W(l) 1n DIC(O) The keys in. L(l) are i : ascendlng o

"r'

"anumerlcal order.“ Immedlately,jollowlng the last key in L(l)

ylS "a polnter, Pt, 1n1t1ally set to zero.‘ Thls p01nter w1ll :
‘ S ‘:’ T %‘
. be- used to 1nd1cate the contlnuat;on of the llst of keYSv
o T4 a’—_ N . ) ) 3 (c: 1o

. created by theoaddltha of records to the data base. Stored

after DINDEX(O) is a dynamlc'table to allow the additlon of
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“to allow the- addltlon of data base.v The dynamlc table is

d1V1ded 1nto flxed length llst, DL(j) to hpdd new keys each ‘

-

DL (3) ends- Hlth a- contlnuatlon p01nter DP( %\inltlally set
<th

mm“mto_zero.i The size of the dynamlc table and ' length_ of

each d1v1sion ;i 'dependent on the - frequency at thCh new
. :v¢3~
1tems ‘are added to- the lrbrary.t .

an additional 128 indexes, DINDEX(n)'," 1< N <128
1are,-_established for the 'two Dbyte codes. _'Figure ,21 -

,,llustrates this set ~of 'tableg!. Onedhundred and twenty-

elght of these sets of tables are created for the’ three byte

0 . - ey . .-
©3.5.1.2 Updating’ the Document Index:

,For every <searchable. word in.'a neu.record~be1ngv

oyt RO K}

'd‘-_added tg\thas catalogue data base, the\record's storage‘&keyf‘

Vfgfgmust~ _be added’ to ~the ,searchable. word's correspondlng

,document 11st DLQl)
' ‘ L -5”; .

If the bo *ter PT(l) is zero a- new llst is started

S o LU e ~

;;gbwitb ‘ pext°locatlon 1n the dynamlc

-!'_“table.h PT(1) isisg. to?p01nt to ghlsnllst. If PT(l) ;s not

) S L] A ) w &' 3 X N t# . N Y}" A N
zero, the dynamlc llSt DL(j) llﬁﬂagatedw by PT(l) 'isl
'retrleved. r Hl".gkﬁjﬁ_,“ Y RN

. k)
’ ~
),q..../‘ a2

. " ‘f » "
[ 2O G My

If DL(]) s_'not full then the new key is. Epserted
.ilnto the next empty p051t10n in. DL(]).i k_t DL(J) iis' full,,

”the contents of p01nter DP(j) governs the next stép. _Thé’
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"’merge is done, ﬁb keep " the dynamlc tables. doﬁﬁn*tou'a

,‘reads needed to retrze%e‘% complete document,llst”

R ;
~examined. .

U

. 8

v - - o

,*steps. taken: are the same as those performed Hhen PT(1) was,

> -

At intérvals, depeudington.the frequehcytdff updates”

'correspondlng ndex llsts to 2bta1n new 1ndex llsts Hlth

p01nters reset to zero, and empty dynamlc vtables._v ThlS
c e ‘o

A

m&nageable size and to llmlt the amount of chalnlng and dlSk

"""}To 3 hold N

iR

S .
o g i v |
seanch tlme down,ﬂ he average number of iisk accesses fhoulde

be Kept b,elow 1.3 N o S e T

"3.5.153_De1etiontof DOcumEntsxfromythe*Document'Iist5@_ Dt

e

“ﬁ“~d Whenever a record 1s deleted from the catalogue dataey

base,:lts correspondlng,search keys must be removed from the.

documept llStS.. The searchable uords in the record 1ndlcate'e

whlch llsts .cohtaln the sought after key.d The key 1s thenf

.‘-J .

: found in. each llst and set to null.‘A.When, the'.merglng ’
f'performedp.all null keys are’ removed from the llsts. . B h/hjf

. '»"'-‘B»iétionar)’!fgmes'i‘g;n’l e

o | . -
. ¥

i.yAnﬁ evaluatlon of the dlctlonary's de51gn requlres a

»/,..

"discussion of both the tlme taken to perform theﬁ varlous

“

dlctlonary operatlons and also the storage space requlred.
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v . : ‘ i . : . R ' >

In the present evaluatlon, 1t 1s assumed that tables'~“

DIC(O) and HEAD(O) re51de in. core.: It 1s also supposed that

o
(' -

o b

there uare 57 800 &aocuments' in the catalogue data base.[»k

J;'Accordlng “to Reld and Heaps {27] th&s corresponds: about

\‘\' IQ

33 000 'different ”uords 1n the tltle word dlctlonary..:From:'
o

'{ thlS,‘lt follows that t*o sets of tables are' requlred th,
i the three byte codes.;?afj'£5‘$~%_; - ;, --‘U;'fq :Lf o

~.346}ﬂ, Expegted Decodlng Tlme 3‘3;\ ]}gﬁﬁflij',

:vefexpected¢decodimg tdmeéde;éisfdefiued-bj:‘fvt/

Vo ‘.'"

R RPAREE S . R
'-where'-Ta~'is the expected tlme to read a, record from the{v

_dlctlonary f1187 and A 'iéi'thé expected number of fllew'”

'°.accesses needed to decode “one code._QI

. . L . . - Lo
" e e v . . . . " M
) : ' .
]

"5,"“rThe length of t1  to. access ‘a dlsk 76 6 ms for a

n..,' L
E i

fﬁl 1000 byte record on an IBM 2316 dlsk pack,‘renders CPU‘ tlme .
. X _ ; ,W ,0 '«,.i) ) o e ;
n51gn1f1cant in’ comparlsonito dask access tlme..f

br‘iiil-The /eipected ”numbér of f11e accesses requlred perf

« : -

code durlng the decodlng Cof tltle,pfabstract,\ and 'SeElES“

g

v

flelds is caiculated from Table  ‘.” From thls table 1t' |

4. -

follows that the expected number of accesses to decoder ohe -
‘c' code ls &59’46. _.._‘v‘-;.‘:. o | . B

LUy e N o . P A
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Type of . - . (C) . (B,¢) - (A,B,€)
Code. . - : K . o

Probability of . . . .. . . '
Code Occurrence ~ .0.49572 . 0.45544 . 0.00134

“DISK ACCESS - = '
Header Table o T o 1
Dictionary Table 0 - . = f‘(. .' 1_u.

ToraL: . @ 0 1 g v

Taﬁie‘1“~ :‘>

- Decoding -Overhead

. - N



e " This number. of disk ~accesses can be reducéd if,

during the: decoding ‘of‘frecords}' all codes"are' SOrted“

"according to size- and».valﬂe{‘;;Tben any” ~table Hill be

accessed at most once.

3;6:2 B ExbeCtedvEnCOding'Time'

The nunber of dlSk accesses needed tb' find ‘the -
"-tabie, and the number of probes needed to flnd the word 1n

[y

| tbatvtable, are the maln factors that govern the tlme to;
encode” a\ Hord.. Table 2 llsts ‘the dlsk accesses and probes{‘
.Aneeded to’encode a word accordlng to thch table contaans<
'-i]the word.d From Table 2 1t follows that .46020 dlsk accesses;

dare used to encode a word., leewlse, 17 39 probes Hlll flnd,g

’ \

;the qgrd to be encoded.a

'i
""‘J)

if -the words are alphabetlzed‘géfore belng encoded"

N
B

:bthen“%he -number of dlsk accesses may r2 'substantlally

‘ reduced.g‘ Encodlng of uords that are- 1n the same dlctlonary}
':fthen requlres only the{number‘off'dlsk 'accesses‘ needed_ to .
.eﬁcoaé one‘word. .AlSo.all yords.that are to be encoded into

.a' three byte ccde, and are:infthe Same-Se%%?need‘onlj-one

’*,read of- that set s header table.'~:mrv,3fA;l*,w ; -

-
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POSSIBLE WORD  ~ DIC(0) SET(0) SET(1) SET(2) NOT IN
—_LOCATIONS e T DICYIONARY-

PROBABILITY OF T

~ WORD LOCATION ., -~ - S

_ WQRD LOCATION 0-4S§T2 0.45544 0900096 0.00038 0.04740
Vo Lo o "' . ) ) . N . T . e .

h.nIsK'AcCEssEé. L T
e Hee‘d',e‘j:-Ta:lee“. o i Q : i 1 L2

Dictionary Table 0 ° 1 1. Y3

TOTAL % . . Q- E RN

'SEARCHfPROBES‘f ~ SRR

‘Header Table 6 .. 6 & -6  og
o e e S T T RPN

I.‘)ic'ti_onar-y_ Tab;le 6 fl s 6'5;. 1 'éj“'l"w'_"22'_ “
ToTALE . 12 C st 3grc 45 o e

‘i.‘}'Totals take 1nto c'o'nsz.deratlon that s"ev’en probes were. _
needed  to confirm that the. word does not appear J.n the ;
: ;,prev1ously searched dlctlonary.e : : . T

3

LS

©.. - . Encoding Overhead. ™ -

g
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b.',l"
w3;6.37~ Expected.Updating Time
. . K ’: ) " B : - ,. ) . , ) . ‘ ,

It takes five ‘@isk iaccesses -and forty six blnary

search 'probes. to, determlne that a word does not appear 1n
rf“r“the d1ctlonary“_—ﬁ“new word- may"then ‘be— added_“to—~the“—1ast*_ """"""
tahle »read 1nto_corea; The p051t10n orfthe new word in that"
tablevis‘indicatedlbfithe last search probe. Hencé/ onCe it
'islbestabllshed " that - the word“does~lnot .ehlst' in ;th%
.~td1ctlonary, one dlsk access is needed to rewrlte the amended_

~ table onto’ dlsk.v”

h'_;3;6L4 - Expected Search Time ‘
Ce oy f o o PP
The dlctlonary s contrlbutlon to. the expected search.}

,.of full words is through the tlme taken to establlsh a.

. p01n_er to the search word' document llSt. SlnCe thls p
polnter is the compressed code for the search Hord, the time-

'taken,'is; ‘the same as that regulred to encode the word An
‘ . - o .

'analys1s of encodlng t1me is glven in ‘Sectlon. 3 6 2.r_<To

thls tlme, thev tlme-‘needed for tan' addltlonal 1. 3 dlsk'
"accesses are addéd to. aCCount for.~the retrleval of ”the_

document llst.. ‘Vg”ﬁ"

" I o . )

R _r,iA"search specifiedl i““-terms 'of rlght truncatlonft-"

L5 o . - °
- '

’iplnvolves more than one document llst p01nter.f Eaéh *'6f e

[

tahles must be. examlned to flnd all.the approprlat document.

llSt p01nters - From Table 2 1t fol}ovsjthat a total of flve

dlsk faccesses and forty 51x blnary search probes are~neededv

. vot-ﬂy,‘ a.

Y

B . i
o A
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.- = N

to. find dll the docuheﬁt-ﬁoiﬁters-for ‘the righti‘truncated

-search.
37675 T Estimated ?"si‘z'é“‘b‘f—th*e‘*-l‘{;i"t“l“éfwbré' ‘D’i“b‘t’i‘dﬁfar*y — :
. . . . ?'47‘“:1_ g . . ‘ e ' g L

o ) -

The, amount of dask stoqgge space requlred for the‘

P

'title-wcrd dictibnare

'-estlmated as follow5°

i) h:Reld and yeaps [27] found that the mean length of -

@

'dlffere

S ", _:t
section

58

SRR L ?' _
' .require 7. 6 x 3.3 x 104m 25 08 x 104 bytesv_of _

P AR -

storage. e

ii) =~ . The address section -of" eachxntable.krequlres. 260

e bYtes;vflfhere~ are 385;'tables,'~hence:lthe totald

S storage . regulred *‘.for’f “the addresses : iS
i . . ; : >. .t
o ”260 b'q 385 = 9q95 x 104 bytes.;;.“

of\33 000 dlfferent tltle words cd&‘bebl

thtle' words 1s 7.6 characters. The ‘term

the dlctlonary tables can be expected to"

S idi) %'The 'convert _code 901nters,£or the three byte code,-'

LA RO .

ftables requlre-ﬂan addltlonal 32 768 bytes ~hof”.*;;

-

”‘storage..

iy) H,Each header 'reguires.TS? bytes for each of the 128;“‘k

- ;3i‘ﬁf‘tab1°S to whlch it p01nts.~ Four bytes are used

:;store the flISt fipr'characters of the flrst Hord of}

| Neach table:;:}The’»remalnlng four bytes are used to_f'
store ‘the read p01nter for each table." Thls,
}-gf;ff.regurres‘kang_addrtlonal 102u k;a 3072 bytes ofi

- storage.
&rg, T



V) It“folloﬁs#that]the expected]size' of  the’ compléte_4‘
- ) . ) }/. . . . : | N ) L “
Ctitle word dlctlonary flle - is

2508x104+993x10‘+328x10‘+”.30x10* -

38% 59-x“104-bytes. _'ﬁ?|'
~ \J ’ Tl

‘3.6.6 Conclusion ©of Evaantion

"Thelﬁpreviously“mentioned fiﬁhres regardimg'speed of

o ' ( ‘ ‘

' access and. storage space have llttle meanlng by themselves.

S It is necessary to compare them to those of other systems
o * .

whlch use the same compre551on technlque. o

The only“other systems that usekthe selected codlngf
scthe "are _the system de51gned by lhlel and Heaps [13] andf

the .systemk descrlbed by Dlmsdale [1] and Dlmsdale and',f
o Sa . . o

2aps (317. o ' ' '

ST B ‘:q;"'.'.

R R : T I U

”5,;:5Tables. 3 andf%W“compare'these two systems w1th th

A ! e

'pr0posed'syStem.. These tables clearly 1nd1cate the superloj

'des1gm of the . proposed dlctlonary for— on~11ne \retrleVal

s

‘;systems. o

‘ ‘ » . o . ) . - . B ]
T The Hone ‘area where.‘the proposed system does not g
*excel is, that concermedf
),')

'.However the hashlng technlque of . Dlmsdale [1] would 1ose all*7c;‘

searchlng om3 full terms.'

Cit galns 1n 675 full term searches oh’ one truncated search
Tt ]shou1d7 be ‘noted that the comparlson may not be;"

hfair rm~that;the Thlel and Heaps system was :erglnally f:_



i " ' =t o oy
.‘:", - - ' . ' . i u ‘ R ‘ «.-72 I
S - - s |
B T ¢ R
Lo N ”5ﬁtﬁu“aitgﬂh, '
de51gned s a geqﬁential,, magnetmc tape, batchp?rlentedh
B ‘“@' ey B T R AL S
SYS‘Eem' ¥ Ce N L I TRt
AT W v & SRR T .
N . oy - O " .__ L - (3 n.D' ;
o Lo . Lot - C E .u ; T . S 3
R PITS LI TSR o ‘

RN Y Comprgssionjof"OtherFE;elds~qf;Zthe -Catalogue’ Data,y

B A B L m . . _~“‘. ...""
o ?Base s T g, ;ﬁ o S
L‘:Y,’ : “ _. ' ".‘.' j-’ b-v . : n‘. n o A,\ .
" ) e o - L "_ . ¥ i 4 P
T Ay "‘ ‘ h
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Egﬁd abstract fle;ds, tHe UDG number, author, and publlsher':
/,_
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E&ﬁlelds should4to be stored 1n a. compressed form., Not ~on1yuﬁ'

Ly
l ﬁ N'

does Jthe codlng of theSe flelds gréatly 1ncxease the saxrng
& N\ R I~

. @ g

‘°of dIsk storage, but at the same tlme 1t* prov1des a:*ad*w ST
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N .o {r‘ Choa

Astructur%§ t0~ support the_ searchlng on;:UDcfanumbers, dn:v "
[ . Lo e e ) v‘ .. .

. RN T ) '.‘ ‘ * P S A . t " B ._."' o
,,author%aand on publlshers.,fﬁﬁ T TP
: . SRR SLEARY ,f T S "’s"f‘.-' i

L oe T w S 1

The codrmg scheme used to compreé% the author flelds

';and publlsher flGld and 1n the dicti' desagh, fe the s
tL 3’” . ~ .'

xsame-' aspw.use& for tltle words._ Hen e- tha prequlng
._9‘ R ﬁr : ) B\'.g s
dlscusclon about the codlng and searching eﬁ title‘.worQS‘

Zapplxes to the compre551on and searchlng on author words and

on féﬁbllSher Hords "lth the 5x;ePtlon of the amohnt of dlsk‘q;
.‘spaCe saved. smhls 15‘ due to <thel dlfference ,i9”>averagéfc“

1ength and"ffeéuencyt‘of author words and qulrsher.words.A T
:ﬂihef sav1ng 1n dlsk ';tonage ﬂcan be c&lcula%ed ln;@the';fﬁﬁ
‘ RN 8 N , ‘

follow;ng manner.c
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the’ perlod March 1969 £ Jay.1970 there werJ'

which contalned ac publ::uerI field;- T1'527 o
5 7; e
dlfferent [27] From ‘this data . 1t follows that o
; = ‘ e T ,
N P(1) ~‘0.g091, T ST
| R S R R
: -,,P?@) = 0.59¢9 o 0
) "4, J" 1"’." - 'R . v'v_' : : - ! :A.;l SN . ) S . .-Al' el
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K . ooyt . N : e
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3,
D
IR
0'7

-,; .1'

'ﬂfhlw;c"22.6- L fi;

. 0 :

value of Rs 1mp11es that the compressed code occuples

%s much space as is: _occupled by «the publisher ,ﬁi
*,. . - AR

) . PR A [ ;e Sy
sﬂbre& 1n bnon compres d form, In. terms of dlsk

‘|
- a 0&

—-——" _,t‘y‘ﬁ

’“storage thls repreggﬁts'a savlng of 1;113:x!106;,bytes erA

f57.811 103 tltles. ,ﬁI terms ;of costs : the- Uﬁ?of A L
RO P . -2 \(i - ) o d ) '
_Computlng SerV1ces, thls 1s a sav1ng “of $27a in dlsk storage o
Tl - : . K - o Q Lk . . E - v ‘
wﬁ”iper month »i” -}”.j o ' P R
VLN . A ¥ ¢ : -
" RL : » u"F',‘ e S Do
' ' 'b;th “regard to .t‘ ?av1ng acgulred "1n’ the
. e . ,'_ 4 1"! . : ’_
. compress1on Jof . thafauthor tleld the” follaglng flg Ies are
. = P S
.. attalned from'Dthdale [1],. g .:'?\f ' '::~'!'”,"§“3r.“
) RS = 2.0"."" Tel P
) ! . ’ "> : : ;:f ¢ : ’ ’ : . ‘/ ) e
Even though these flgures 1mply only a. 50% sav1ng dlsk A;%*A
.~®-" !

‘storage used by the authon:flelde 1t should be noted that al;'

5author dﬁctlonary 1s neeﬂed to support'searchlng on anthorjwj

~ - IR

. Lo e T T . b . R . ~



-3

i

compre851on of the author flo&ds is not lost 1n overhead
4 ‘.\ . .

'\V : "» - ’ . o _'Ar‘ -

oo

' : : n

if | the UDC number dictiouiiyris deeigned7Such'£héf

v A 76
' \— ) “"
v 4' ;."‘7 1 .
o 4 ‘ . o . .
V. . -,- . S - . . s ) ] N . T e t
words. Thus,- in fact, ther'smaller storage"sav1ng in

&

Lo

@the-‘UQC schedule's subject ’words. are, %1inked to'théitf

Correspondlng UDC nufﬁ?r then thie’ structure fill also.'"M

gy

o

suppq;t seag@hlng on subject words vlthout haV1ng uo _fé;

cla551fy ed

~
~

subject word dlctlonary contrlbutes greatly to the pouer and

versatllltg o@.gggwsystem. A detalled desc;raﬁ;on of thls;~‘

QS‘*

v)

4
h document as to 1ts subject. Thls uDC number.
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r(b

;number.t By use of the UDC schedules the UDC humbers gf any

-Ff,&ocuméht oa ‘be translated 1nto

3fprograms that\searqh fon

nﬁthls dlctlonary {é llnked‘to~

J vl .
called sub]ect wordS L@" . ° N *
N T e Ll
. 'In the present d951gn a dlctlonary 1s used by the,
o . o , ‘.
o2, - : Bl ﬁ< S e o @

'UDC numbers' If

~ o‘ ‘ .! B

I

- ’

G.

Vvafac1llt6tes the~ problem of searchmng on’ subject words.~ Itg7

5 llsh subject dﬁsérlptonsﬁ '

ﬁﬁlt ATk
- Wﬁ;‘&-ﬂ’x-* g
 Hozd/ 3 R eutly

\ ‘ :"' = ’ ’ *’ﬁ‘f/ o . 77
.m-)_", . . D : ‘:.‘:9-"‘ “ ‘ [
E | . o N - .
: . BT B e C
S S . CHAPTER IV o “‘u-~ R
L THE oDC NUMBER DICTIONAR e T
= SR, . I Y,
BT ¢ Intrbductlon R . . ‘. _f? o S Lo
."" - : ' [ S P R B VoY n
. ‘ e : _ A R
i a;’ uDC . based llbrary the indication_*of.,a
' fdocument's subject matter is: expressed throughu the UDC i
) . ) g M v

e . . I o %
allows a' search for Sa., subject Hord to consrst f.fa. }gﬁ
;translatlon 'of hthe:;subgect word to 1ts correspondlng UDC |
~mumber. The problem 1s then reduced to that of searchlng o??y

'.’UDC numbers. T RERY __', ;
" To all%w thls type of subject searchlng,\ the:i'DCfﬁ -
Number chtlonary may be d1v1ded ln+o two parts, the SubjECt' e
(fword Flle,_ and he; UDC Number Flle. Comblnlng these two v
"parts prov1des the deté;ls of the UDC schedules _1n~ use by--
'v]the 11brary. ﬂ;fﬁrﬁl“ 4 _;f 5~ﬁ £ s
.o : ' v "'1"'.‘*;:.,- R . 4.__‘_\‘
| | ? i ’ g
',;u,T AR Codlng Scheme for UDC Numbers R T
S T NN
_‘ " v La “ . ,‘-, -7 v,.._'. }‘:,‘-“ SR ,_. . "‘ " ‘;
“?_ihe faceted structure oﬁ the UDC notatlon allows a:
pc! llbrary to use a much smaller c1a551fy1ng schedule 'then'



iﬂj?ieeded by a comparabke LC based lﬁgrary. In fact the Boreal

N ) . - w

A

Instr&ute «lerary usea s less then,vu OQO qlfferent UDC
: . . et I'P“ v W .' . .' . :‘ v«u )
- numbers. . g WA uﬁA.-;*yf; Lr;?;g IR
SERRTERN h , f' : *._Avf"f"'- -, ﬁCJ i e WD
{ b L . ) A ~,_§3 p. ,2...1._ . 2 La; K RS _
L ¥ IO
T

Because of thz?relatlvely low nmmbef‘ of dlfferé,t e
Wi g : ’;??

':::.UDCT numbe:s they can all be com ressed 1ntona code of two Tt
| . mpressed .1} ix o

A

denoted bjﬁf (A B) f wﬁfre' e’;

bytes. ~ ThlS codeﬂa'"

n»- .

It'%ﬁould be noted bhat sInce 7if

o < k < 255, @nd 0

¥
u -

s me.lendﬁh, avflégzbyie 1s not peeded‘

6&

°'€
"‘gf’a‘”“ - ;Q:U |

-

&q s\x o ,;«r. ; €
‘!\ 4? A %,’ T .

1
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,
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el T
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e
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Instwtute llbrary

’

_'~; UDC flllng\order.- The,llst ma'
~ R 32;\ L ..7,,“ N

ﬁéﬁgﬁh ?56 : whlch areﬂwﬁucceSE1vely placed ei tables‘/,\:

then be spllt 1nto llstsg of

’- E R '} .cn‘ R
UDC(O) UDC‘l),...,UDC(N) untll feuer then .256 g%DC numbers,]
remaln.&: The llsts of UDC numbprs, U(é? 0 s'nf_'255,istart;i»e'
ke t F N
b R ’i,,_ ——— . . LT . : o
:'at byte 1026 of the table.: gf e e
K Ql : _' . q . _.‘1.‘ - vt e A N\ ) o , J ‘fv B o N

~for*each UDc77‘

.ff;};f ~r¢ Theuhwo-byte adﬁress, A(n) O 5.n
. . MY o,-~ 5»
numb?r 1s 1nserted 1nto the table starﬂlng at theaflrst byte.,, .
] ,.-a -
v : 7o
df the table.“_'These addresses’ are the ‘'same aS' those -

descrlbed iii».SectIonu;351;1 except that ;thereigare‘f257';

5 relatlve to 1026. x;,’“" '”‘e:' 1,§ Rk
. ' e e o n_).'
' The 256,§uo byte fleldsz SP(n), fs,n'< 255,5 thatz*jyi
i © . : T R AT R
‘bqifoiibﬁi the-_ed@tegses ‘Wlll be oused to p01n¢ to eaf ‘UDC ol
. Lo X ; /. . . A ' - '“ ) . e PPN . ST
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R T I : LR e
er's quﬁect last. The use of thls part of the table

3 e,
Xplarned ~.in, Sectlon 4, 6._ The*de51gn of at e,

N

UDC(l) from thls Set 1s shoun 1n Flgure 22.-, ‘ . ~~-,

P T A T — — N
Two dynamlc tables'ﬁ UDC(N+1) }aqﬁt.UﬁCiN+2) ':are

: : -Q,v RS v:J.- ’ :
created to hold the remalnlng UDC numbeﬁs and to fac111taté

‘updatlng" Table UDC(N+1) is ‘1nat1ally' empty _thle. table

.

UDC(N+2) 11n1t1a11y contalns tha remalnlng UDC mumbers..iThj,_

‘design’of these tables is lllustrated 1n Flgure 23. wherevth"g;gﬁ

fhrst @12ubytes are used as- addresses,r ) $~_7the“ next.. 256
. ) ‘}4 " - Q’ . L
'ﬂbytes areﬁused as subject llSt poxntenf.' ), the next 256

R “

» & RE- SO
: ~‘bytes are’used as convert codes, CC(1), an&&the remalnder ofy_»

‘m ' _l R "‘4' A ;f.‘... , i L - : z\"’-;{‘." A -
hfthe'table;contalns the d@c numgers. B .
; C .»7 .. s ﬁ’ ' . . . ‘ i .
“The' convert: codes _1n these two, ‘tables perform the '
RER : ey

i”s?me function as those descrlbed in Sectlon 3.1, 3. That 1s, -

'they are used to rndlcate the 1ast byte of each ch"

Yoo
. s L e . _' o
N - .

When elther of theseM%wo tables becomgsw'fuffﬂﬁ

HEATS . s .
A . -

~;ith kpalr SE tablexxls cons&%gg@d to be complete and another
= e

o

5}f'set of two dynamlc tables is’ crea?éd and uséﬁ for further
.v'Eupdatangoﬂ.;%‘t,~:ifgnf.?{‘» :'f‘liut_xzf»;;lﬁ-xgﬁpgfiahﬁf
R L e i't’fﬂ,fﬂfff'-f- R SO TR S

L - Lo
To allow dlrect access to the tables, a.header table

'UDC HEAD is ‘cneated in_ the form shown in Flgure 2“\& fh"f"-"'
'oC(f) ﬂ i'f N; are. the correspondlng tlrst four characters
’ ~of the flISt UDC number of each table UDC(l).v C(N+1) is set’:

. \

;]ftto four blanks, and C(N+2) 1s set accordlng to -a, fuﬂct10n7m
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UDéf numbers and the number of UDC numbers already in table

UDC(N+2) The 901nters,, P(l) 'contalnL'the} relatlve dlsk :
: e u _

- 1°°“@Ps of the’ respectl‘ve tables. - .

_.‘T'Flgure. 25 shows the complete set of tables UDC(l), o

| <R < N+2 and 1ts correspondlng header table UDC HEAD¢ '
TR . . . ’ &
. R v . R SN
\4.3% . .operations Performed on the UDC Number File . - = o
g .";3'-4“ “' _ o = . ) ) - ‘ ) . . - ., . T _‘w' L
iwﬁ‘f The varrous dlctlonary'operatlons for UDC_Gnumbers
. "i.:.,.-.;' ) " L . T
'are performed baslcally ‘1n the same manner as- the slmf%ﬁn'A o
iy . e . o B -‘ ’ ‘ ~ B T = ‘ L \_ .
operatuohﬁvfor tltle words. L g R -;“t;w._-,zl“
s , T T L
.. v - . R ) . el P ! - ‘,. .;.v- . . . ‘w r
4¥.3.1 Decoding ;‘UDC. Nembers . . . o T
:G/ . _ ' "‘ KR ‘_ < o N . K .v' ‘vv"‘&v .‘dv,.‘._‘“ S ... .
. . - oo E }.' .. . .. «r» B o o 'ﬁ'
To decode a UDC code, the' flrst byte is uSed_‘tos_¢~.
-indicat the tablé that contains the UDC number. ‘By ‘use of "3
the read p01nter 1n UDC HEAD, that~tab1e 1s then %ead‘~1nto _
Q. - ¢ » ; ) .
d’core. The éecond byte of the code 1nd1cates thi p051tronvof e
) Y 1 . RS 1 o ;" v
o o . RS . IR
: the ”ﬁbc _number?;i the ,table..ﬂ.051ng the address of the S
( . ; o : N R . \ L - P A

iT_If thé flrst byte o'F the q:de rnélcates a table w1th .f??
'a value greaten than N, then the c_rresp ndlng.}table ja~ﬁf
dynamf@ﬁ one.i. Search Sa dynamrcvtable makes use of the

. AR A - SR oA w
‘.convert codes 1n the same mannerdZs'was descrlbed Ln Sectlon

e T ," 5
- 3. u3to locate ‘the. proper UDC number. o s ,*' 5'wa\.
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'Vfipart1Cular UDC n“

.
)

e

Ia

..,determlnef whlch UDC table may contaln
~N

o p051tlon of the word 1n the table.

HEAD.» If the \gDC ,num

)

“to ,1oca¢e ‘the' word.

- &
number...@The'u

3

o I STk

If the UDC number JAis: not

\/“s

\:\)

on .

ws
”’ freadc%nto core.ﬁ Otherwlse table UDCXN*2) lS read 1nto core.

. 9 .

N\

v

m'read»

;another set of two dymamlc tables, then?t ese

I

'“faﬂNumber Flle..'

\

4.3.3°

e o A . S
A L

~

- A blnary search 1s performed on the table that

Y

was

1 to core;_ If the word 1s found 1t i
' }1 .)‘, . ’ . .‘.".; \|'.,‘- & ’

'uﬁf &he number lS notafoui

A L .- v p .

A \;.

Ke UDC number. Thls

‘table ls read 1hto core and a blnary search 1s performed

) found tables :Upéfif;
o = b
N, ghen/the UDC numher is’ comparedoto C(N+2) of UDC—
'.-\*}r,

2

If qhéﬁﬁﬁmber is found, then the'
is the g

drst byte of the code s f lue 'bf the' tabre- th
it -
e ontalns wthe

d byte of the code 1s the

’

S : : : . ‘ - 8%
- : . 3 _ el >
¥ : 2 i :
s , . B a,
. Encoding UDC ‘Numbers . T . A
T ' T
To, encode a‘UDC‘number;”a hinary search*is‘perfOrMef
“on the Set C(l), "O;S;imi,ﬂhm_of“_UDC_HEAD__ln__order__tor__ x
. : PR ,

S

ber is less--then table U%C(N+1) 1s;yh

\).;'. .

then a351gned a,;
code us before, except that the segbnd byte is

,.ﬁhgets of dynamlc tables to examlne, then 1t is: known tha% theﬁu;

. ..oc_-ﬂ..
.,;5a,n;
mher has not been °-&ncluded in. the' uDpcCc .
. . R ,,’_ - \ ”..‘-I.‘\”.;" T
‘ . - LA . ‘ :" s
¢ X N ‘

-upda{ing;thetnbb'rj

LR
Ve

Lo T "_. -"N' : 1 “ . S . . . o -A\ ‘
‘When~eituflsvknoﬂn_that a-UDC pumber, does not appear

' A

ERR T

N




N

in the UDC Number Flle, then ‘the " numher to’ be added K is ./2//

.~

\compared to the header character for the last table of the//’;

last set of dynamlc uDC tables. If the number. t,. be added

——1s-—iQSSL~then theufirst—table of—theusetuls read_lnto core.__r;__

¥

Otherwlse the second table of the set is read 1nto core.-‘ N

N

After\the'table to. which the'new'number.to be'"added S

is put into: core, the process of 1nsert1ng the new number is

thei,same as descrlbed in Sectlon 3. 2. 1 for the 1nsert10n of»

new tltle Hords in. the Tltle word: chtlonary.

N .
4.3.4 Searching on UDC .Numbers

The method of searchlng on. UbBC numberslls identical
..to that for searchlng on tltle words. The UDC number to be'
'searched on is f1rst encoded. - The code'points to .the‘,list‘
'.in 'the UDC Document Index that contalns all documents that.f‘

are referred to hy that UDC number.' . f'r -

The UDC Document Index 1s de51gned 51n11arly to the'
e
.Tltle Word Document Index. rhe only dlfference is that each

sectlon of - the 1ndex contawns 256, rather then 128, l;sts.

It”'ds possible . to. search on right truncated UDC ‘/c;
numbers because’the'UDC'numbers in:fhe-UDC.Number File ,a;e*;
| arranged in UDC flllng order.; The process is the same as

that used to search\on rlght truncated tltle words, all sets R
of tables belng examlned for codes of all UDC numbers that

"start Hlth the de51red root. Ihe UDC Document Llst for each
R 1 : . R



. . . o, R
code is -retrieved‘ from the UDC. Document’ ‘Index.’ These
, document llStS are "OR"ed to produce a  resultant document

'llst that contalns ‘a llst of all documentsuthat satlsfy the

right’ truncated.search. . : . )

. ~- - . . S —
~~~~~ L

4.4 Desigmr of the Subject .Word File ' - I

"

Ail subject words presently in use dt the Boreal

S

;//insti&ufg '‘Library may be arranged"in aiphabet%cal order.

These sub3ec+ words are then inserted in order into tables
SUB(O{,SUB(1),...,SUB(N); The de51gn of table SUB(l), glvenx\\

in Figure 26, is of similar form to table UDC(i) .

. The kcodesi‘to the‘subject'hord'slcorrespomdimg uDC
‘ .
number are COmtained7in the‘512.bytes, starting at ‘position
55@. ‘Thus the ©DC pormrer, Ué(i),~comtains~the§cpde of the
UDC,number to vmich;rheisuhject'wordAS(i)'refers. P -fiP

A\

However the correspondence betueen subject- words and
- UDC numbers 1s not always 5Qﬂ€ -to- one, .thus,‘the two—byte
code,—‘UP(i),V must allow locatrpn of more then one UDCu
i _number.l The tables,'UDC(J), 128 é j £ 255, ere createdr ;s _

‘needed to contaln the locatlons of the addltlonal UDC number B

iocatlons. S - o C . ,ij\u
o - Y
e - . . . :/, -. e .
. The - 512 byte ‘tables: UDC(j), . 128 £ j < 255, ‘are
® "

 d1v1ded 1ﬁto sectlons of four slots. Each slot

is two bytes

long. The four slots Hlll contaln up fo Afour .UDCL number

4;codes. Jf a 1list of more than four locatlons is requlred

;
~ §
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"then the fourth entry 'is & 'pointer amend a UDC number

‘requires only a to anothergset of up to - four UDC number

codes. “

'wa:there isbonly‘ohe UDCinumber'correepondinglto the?

.glten subject word, then UP(i) will contaln the. code of that
l‘UDC number. | OIf there is more then u -gac number
cOrresp0nding”to the given.shbject Qord, “then rAUVL;(i) will
- give the 1location in table”UDC(j),.{és < j < 255, of the

o . &
-1list of corresponding UDC number. codes.

The dlstlnctlon as to’ whether ﬁP(l) contalns “a.'QDC ’
nhmher #cdde ~or a p01nter to a list of UDC number codes 1$
maae bf the value of the flrst byte qf UP(1). If this flrst .
byte is léss then 128, then UP(i). containe a UDC number
code, or 'elee“ it. bbints to a list of'UDC'number_cOdes in

" UDC () -

Flgure 21 111ustrates the structure of the 'Subject;j
~ Word File and tables UDC(128) %DC(130),...,UDC(255). For
these tables, dlrect -access is obtalned by means of the read '

polnte: P(j), 128 < j < 255 of UDC-HEAD.

4.5 . . Operationms Performed on the-Subject'Ndmher File

The operations of decoding " and- enceding are.
\ , .

Ekrfdrmed in the same manner as outllned in Sectlon u 3 for‘

the UDC number flle.



4.5.1 Updating the Subject Word File.

The ondly way'in'which updating:the Subject Word File
___differs: from updatlng the UDC Number Flle ls that Hhen_a nevw._
subject word is 1nserted in p051tlon i, 'all - - po;nters
UP(j), i <3k 256 are shifted down one position. The UDC
' pointer for the neu‘subject.word,is inserted‘in UP(i)-

& . . V

4.5,2 Searching'on»Subject Words’
-To‘search'thedCatalogue Data Base‘on'a subject’word,

the subject word is flrst found in the SubjeCt Word File.

This procedure is the'<same as that of encodlng a subject

“word.--

Once the subject word 1s found,“,'ts 'corre ponding

L4

uDC p01nter, UP(l),’ls_located. All UDC codes 1nd1 ated by

UP(l) are then retrieved. These codes 1nd1cate th -regulred

llStS to be retrleved from- UDC Document Index. .8 ch lists
are. fetched and "OR"ed together to obtain a res'ltant llSt

- of all documents that are referred to- by that subj ct W
. Tﬂv T - . B - - ‘-3\- .

Since'the¢Subject'words are arranged in alphabetlcal
‘order,‘it it very easy to‘search on. rlght truncated “subject

words.‘: This search is performed 1nvthe same style'as.the
-~ . : : ! :

VR \

'_search on right truncated UDC numbers or.title words.

~o. P



. 4.6 - ‘.Translation of UDC‘Numbersgto Subgect Words e

L, h3

Whenever a new document is catalogued, a check JEusﬁ

7——_—be-made~—to ensure that the as51gned—UDC_numbers accurately———

L.

| deStrlbe the subject matter of the document. . There is

. R

therefore a - need ;t translate.,a upC number to its

e
n

' correspondlng subject uord. _:?o achleve .thisV;translation
,there hust be ~a link: between each 'UDC number.and its’

" .corresponding subject_words.

The 11nk is accompllshed through the 'useA of‘hthe
Sé(i)'s,':ois‘i <. 255,. of each table UDC(]), hsfj < N, in-
"~ the UDC Number Flle."The SP(l) s of the UDC Number File are:
.used exacfly 1n the ‘same "mannér’ “;.« th ’*UP(lj‘s of the“”k
‘Suhject Word. File.- Each SP(1), O‘S i‘$.255, contalns elther"‘
the 'code'of the UDC number s correspondlng subject word, or“

. (.

- a pointer to-a llSt of subject codes 1n the 512 byte table-

,-

. SUB(§),. 128 < j —;255°- The complete UDC Number File with
the linkage to the subject word file is shown. in Figure 27.

1
. 1.:_

correspondlng subject »words; 'the. de51red translation,ish

Wlth thls p01nter h;tween. a UBC ~'n'umber:'.andi_..its‘_'
5 Yol
stralght forvard. The UDC number to be translated 1s found&~
.in the UDC Number F;le, The correspondlng subject word;
codes for_that 1] ;number »are' retrleved. Thls. 1lst-~ fh
subject 'uord codesbvis‘ithen* decoded to. the approprlatehiu

subject words. _ , ,A.&
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. It should be noted that vhen a inew uDC ”number is

ot

'-added to a dynamlc‘UDC table at pos1t10n i, then all SP(j),.

h isg j 255 are shlfted dOHn one p051t10n.<~.1he subject

4

““"—“p01nter for_the qnew UDC number 1S lnserted at SP(l)

a . . . : , P . . o=
¢_1
s

'7u,1;1-> Translatlon of Subject Hords to UDC Numbers
o *tiﬁ'-thé'.process tof VCIassifying-fa document, its,
. 'subject content is translated to UDC numbers. * To  aid  in
thls phase oF class1fy1ng, ethe' subject .words;nmustf be
translated 1nto UDC numbers._r‘
\lThe~procedure used‘tofexecute cthls translatlon ~is .

" the <Same’ as that used to search on subject words.=,However, e

¥

after the UDC number codes are found, 1nstead of - retr1ev1ng_ﬁ
“"the . correspondlng document llSt the codes are decoded to'
e o

obtaln the subject word's correspondlng uDC number._

Q.B : Amendmentshto UD¢:ﬁumpers
The natureiof the UDC schedules allows the llbrarlan;'
to construct a UDC.number to express a ,ne subject. ‘Hhen
thls 7l -done, 1t often happens that a dlfferent UDC numberv
is- off1c1ally ass1gned to . that subject or conversely ‘af:
dlfferent subject rs off1c1ally as51gned to that UDC number.f”

After thls change 1n UDC schedules, all book .referenced to.h}

~

bY that UDC number must be re-clas51iiii}//iikeﬂisét fﬁeﬂ l



T

.t1correspondinglreCOrds'in.the'Catalogue Data- Base must 1be .
' changed. . | '

. e
. .

If‘“the~“UDC~“numbers—~were‘—not>.coded——the task— fw——
”u,changlng UDC numbers 1n thé Catalogue Datathase would be |
very costly The problem lles 1n the fact that UDC numbers'g
%ware not of a flxed length._ Thus when a new) UDC .number>ils;b'
longer then. the number 1t replaces, the complete Catalogue ‘f
;Data Base would have to be reconstructed. 'But 51nce the UDC’
numbers are all coded An’ two bytes, to amend a UDC number ls"

‘ to ‘change’ two bytes 1n the Catalogue Data Base.“7;7

.To“.facilitate searchlng Jbﬁ,;'tﬁé;l amended .fﬁDstf
f;schedules,> changes must be made to the UDC Document Index.;
These changes con51st of deletlng from the old UDC number'

document llSt gthe»-keys‘ for 'all documents whlch were re-a'J

o =

rclassified,_ These qus for the re-cla551f1ed documents, arefﬁ

then 1nserted 1nto the new UDC number's document llst.‘ f":_

PR o . - : ;_‘ . >(-‘.

jfThel'searchf,ong subJect .uords and the translatlons‘*f
between UDC numbers ,and"subject vwords must be kept= ink{;
agreement wlth the current UDC schedules._ To obtaln thls

con51stency, changes are made in. the subject p01nters jand»:

‘,DC «p01nters; f‘The~ code of the;oii.pDC number 1n the
’ect word's correspondlng UDC nolnter llst 1s replaced by
code of the new UDC number. The code of" the subject

7 ted from the old UDC numbeﬁ' _subject p01nter llSt /énd '
| ‘is added to the new UDC number's subject p01nter 1lst.r o

. /‘:



4.9 Thesaurus forha uDc Based‘Library'

The facet features of UDC, the arrangementglofwﬁﬁpc T
: ', e ,/y T e

\numbers' rn UDC flllng order wlthln the

I3

, ablllty to search on unlts of the class facatlon,
nrevaiﬁlng . hlerarchlcal correspondence between 1the 'UDC'm,

"notatlon and the subjects they represent, make 1t very >easy.

1 to create ‘a thesaurus dlrectly from the UDC chtlonary.';hli"

thata is requlred is a small program "to manlpulate th UDd

flllng order and the relatlonshlps between subject wordi andf

UDC numbers._'Some relatlonshlps between subjects ”’ndw'ﬁbd

.numbers have been 1nvestlgated by Merc1er [5]

‘ | For every sub]ect word 1nlthe subject word flle, thei_
';.thesaurus‘ shou;ﬂ prov1de the subject words that satlsfy the
z?,relatlonshlps of synonyms, broader terms, related terms, anddt”
f.narrower terms.l ; | | . ‘.’
;.i).ﬁ 2;,,; dj Synonyms are deflned as alldvsubﬁect wéfasxt
‘ referred to by the same UDC number that refers tod.
i'the glven subject word._ To obtaln the synonyms of a:'

‘nsubject word, that subject word's UDC p01nter llstvﬁ

‘a_is retrleved.’ The subject p01nter llStS of all the7'

,

'fUDC codes in’ the. UDC p01nter llst are ORed. : xcepts;
‘for the code of the glven subject word, all subjectji
_codes of the resultlng 1lSt are decoded to prov1de’y“

é

f“‘the approprlate‘synonyms._



..\i_i)

given term is defined to include all. subject‘ w0r£s
1y

iii)

;iv)_‘» . R

" the given subject uord., "ﬂ'

l-whlch are referred to"by a right trucated UDC“number

of the given subPect word To obtain all broader

‘corresponding UDC ‘numbers. 'The last digit of each

of the corresponding UDC numberSj i then deleted.

v,

'_uords. These subject words are the broader terms of

e

Related terms are subject words -teferenced g

‘from the UDC number of the glven subject word.; ”The”

T*The set 'bf"broader terms annotated with:a.»

A N

terms the givén subject word is translated to. _its'

" The ‘new_ UDC numbers are then translated to subject

';by - UDC . numbers 1n which only herlast digit differs -

related terms ‘can, be obtalned by flrst retr1ev1ng

,the UDC numbers of the- given sub ect uords., A rlght

truncated search is made for all uDpcC numbers of the.éA

‘same length

from the UDC number ‘of the 'given subject 'word.

These uDcC numbers are translated to give the related

terms for the given subject word.

whlch inywthe last digit dlffers'

Narrower. terms are defined as subject uords b

' ,referenced by UDC numbers that are the same vaS‘AUDCfﬂ

referring UDC numbers are ‘one digit longer.. To find

the narroyer terms of a given subject 1word,: thev,‘

e

‘»subject -word is translated ‘to 1ts correspondlng UDC

1 §?.

‘4 .

numbersa»of the given subject word except that the:
T :

,numbers._.These QDCjnumbers_are.then used in a right-’



w'truncated search for all UDC numbers that ,are one

.97

dlglt longer. The longer UDC numbers are translatedv

to,'provide‘ the narrower terms of the gluen-subject
‘vword-‘“ Io S

[}

Illustratlon of the process of forc1ng a,htheSaurus

s

~from the UDC schedules 1s prov1ded by Flgure 28’ whlch shows

a sectlon of-the UDC-schedules~and the‘resultlng-thesaurus.

-It*is uorth notiné_that it'is‘impossible to . prOVide"

: ' . ) S f .
-the above type*’of, thesaurus on --amn automated UDC Nsed

\

11brary whlch does ‘not keep the UDC numbers\ in UDC f111 gjjn

'“order’,or'TiiEz fails~ to support elther of the operatlons of
h

d‘a_fast rig

Tuncated search, or the,,translatlon between=r

upc numbers and sub]ect uords.n For such UDC based-

“librarle§5 and all non_-UDC- based libraries, .é Sizable‘

'addition to the data base 1s needed to suppon¢ a. thesaurus.
! .(,(

If a thesaurus 1s needed then the programs by Alber [6 31]

' may be used._ They prov1de for creatlon, update, and use of

. a more comprehens1ve thesaurus whlch does not rely ~on the o

>.
‘gUDC'cla551f1caﬂ;on system. - -

.

”14§10 ' 'Evalution-of the-ﬁDC\numbér,Coding Scheme_‘

-fI addltlon to prOV1d1ng an easy method of changlng

’,UDC numbers 1n the Gatalogue Data Base 'as" descrlbed in-

'fSectlon 4.8,-and prov1d1ng a efflclent means of 11nk1ng UDCf

' numbers to_subject-words,fas}descrlbed-lnFSectlons a.6‘and»



 SECTION OF_UDC SCHEDULES D

536 7 Thermodynamlcs: ST .
. Heat energy PR ’ .

. ~

. . .
X . . o

1
<711

2712

713
ST
«715
T17
.72

.721
.722

.73
.73

'RESULTANT THESAURUS

Al

B
Wi

SUBUECT

‘< \‘

’Ihesaurus,and‘iréiCbrrespondiag UDC Schedules’

fre N

SYNONYHS

BROADER TERMS

Equlvalence of forms

Change of state. Equatioﬁe"
Adlabatlc ‘ T
Isothermal : S

At constant pressure

At constant volume.

Under other condltlons oo
Cycles.:' Diagrams =~ = . e
First law of thermodynamlcs '
Equivalénce of:forms.

Llaw of conservation of energy
Mechanical equlvalent of heat

Energy forms:

‘Enthalpy

Second law of thermodunamlcs
Thermodynamlc temperature

-t

o

e T
- I'A

.-
AR

A

.First: lav of. thermodynamlcs

Law of conservatlonyof energy o

o

!

ThermodyhauJCS‘\T7
Qﬂeat

energy L o | PR °..r

e

RELATED ‘TERMS - ,7' C N e
- ,¢ Change of state.. Eguatlons B
- Second law of thermodynamics ©= = .

2

Thermodynamlc temperature

eNARROWER TERMS

-Mechanical equlvalent of. heat
Energy forms . - e

‘Enthalpy-

_Figure.

-

-

- o .



4.7, the codlng of UDC numbers prov1des a snbstantlal savrng

in disk storage space.
!

LY ’
o AN . . "

A.10.1-"Disk‘5torage saving Attributed to a ‘Compressed UDC,

Number Field ' ' S

 With 'the average length of a UDC number belng 11.6

Y

characters and wlth an expected compressed code length of

~ two bytes, the data compress1on ratio expressed 1n equatlon

(2.3) is found to :egual 5.8. rr'h:Ls 1mp11es that the,v

;_compressed data flelds occupy only 17. 2% as much space as is.

o - o ;
iii) o It follows that the ,compressed .code»'represents'.a'

4

occupied by the same data stored 1n,a‘non-compressed‘fgrm.

This sav1ng ' be expressed' in terms oftdisk
storage saved for 50, 000 titles as folloHS'

i)y Wlth an average of elght UDC uumberS'happearing .in

each document record ~‘the total Space neededhto"'

_ store the uncoded UDC numbers is:
11 6 X 8 X 50 000 =4, suo 000 bytes.r
ii)ﬁ,_'The space needed to store the qompressed UDC numbers S

6';“'_1s 2'x 8 x 50, ooo = eoo ooo=bytes.'

“.'sav1ng of 3 840 OOO byte of dlsk storage for 50, 000

1_documents. n U51ng : th_ Unlver51ty ;of Albertal B
‘fComputlng Serv1ces's 'charglng rate,nf' . given 'in

Sectlon 1 1 1, the sav1ng 1n dlSk storage representsf :

a sav1ng of 3, 8u0 000 bytes x $1 00/ u096 byteomonth'

$937 50 per mpnth.; ' FR )

v

B2 - . N ) A 3



100

To obtain 'a- net estimate of the sav1ng in disk
storage produced by use of a compressed UDC' number fleld,“
the storage sav1ng mus be weighed agalnst the overhead in

. terms of CEU tlme and dlsk storage regulred to support “the’

compressed UDC number field. Sectlon 3.6.1 shoued”that the

CPU t1me regulred to decode items was suff1c1ently small as

to ,not effectlvely 1ncrease the operatlng cost of thep,f

‘system. A comparable amount of dlsk storage to that used by’

~ the UDCT chtlonary uould be- regulred by non' compressed -

code ,retrleval system :mhold ra~f11e structure to allowy_‘

~

‘;searchlng on UDC numbers and subject words. Thus 1t can " be

:‘concluded that the net sav1ng produced by a compressed UDC_:

"number fleld for 50, OOO documents is over three ,mllllon

1bytes of dlsk-storage.

4.11 ' Evaluation of = the Design of . the UDC Numberh

. 'Dictionary. ‘ |
‘.The design of the UDC Number<Dictionary;provide54the”
_,system Hlth an extremely powerful dev1ce. ‘It'has_been shown:

-

: 1n thlS chapter that the UDC Number chtaoﬁar§ :supports a. .

"Hlde range of on- 11ne act1v1t1es._ The operatlons are' -

h“i$;:>fThep full text and rlght truncatlon searchlng on UDC”‘
:numbers.' e .

”f:iijfi"The full text and;sright7’truncation1‘searChing::on<:

subjectewords.'-t__ : ”f'j. ?ﬁf. .
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X{iii) ‘The. creation andhktfport of a compressed UDC number -
: field, T
iv)‘xi)The translatlon of ubcC numbers to. subject words.
v)‘tf>The translatlon of subject words to UDC numbers.¢
‘vi) The malntalnlng of an up to date Anc.. schedule 1m on=~____

llne mode.

‘vii) The forc1ng of a thesaurus from the unc schedules to
prov1de an a1d in ‘the. searchlng of subject words of

the the on -line catalogue.v . ‘g"~\ , o
4 " Not only does the UDC dlctlonary perform ail these'
operatlons but at the same tlme 1t 1s economlcal 1n terms of
storage regulrements of the dlctlonary and 1n terms of CPU
tlme needed to prov1de these operatlons.' Slnce there does
' not ex1st another on- llne llbrary system which supports:,all

v

these operatlon 1t is very dlfflcult to compare the

economy of the UDC dlctlonary.

To 1llustrate the economy of storage requlrements of .
the dlctlonary,4 1t may be~ remarked~,that Alher's [6,31]_.'

de51gn of~ a very ;efficient‘ method'”of. providinggoniy'a:
fthesaurus, or’ Dimsdale's [1] hash address -technique to
'provide" only full word searchlng on UDC numbers and sub]ect."

words, requlres ‘more disk  space then ’used by “the ;UDC_‘

Dictionary.

To 1llustr %e the economy of CPU tlme, Table 5 shows_ff

-the number of d1sk accesses and seargh\grobes needed

-~
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" SEARCH PROBES .

UPDATING

- fSubjec£1Wprd_F3;e_

ENGODING

UDC Number file

'
)

TRANSLATION * - -
_ Subject Word. to UDC/Numbeﬁ_'

‘UDC‘Numbér to Subject Word .

" SEARCHING ON UDC NUMBER

Full Ternm . °
'Right Truncation
« " o L

‘tSEARCHING'ON SUBJECT WORD o

. Pull Term

Right Truncation

CREATE A~THESAURUS!

. UDC’Dictidnary ngrhead“

14

14

14

RIS

20
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to perform:the7various‘operetions. ‘Taking into account that
- the. timé taken for one disk access of a 1,000 byte record is
- 71.6 ms and the average'time taken for a search’prebe.is 15

“micro sec., it becomes quite apparent that all the = ©ODC

N

di~*i{onary operations will have very short response time.

. From the above discussion, it becomes apparent that
even with the fact _that  the design of the. UDC Number
V\Dictionery prOV1des more on- llhe act1v1t1es for a uDC based_

llbrary tha any other flle structure, it does so with less

\
‘use of dlSk storage and CPU tlme then used by other systems

whlch only prov1de a few of the same act1v1t1es.
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CHAPTER- V . R
PROGRAMMING. CONSIDERATIONS

: 5,05 - Introduction

Tme_tile“structureswdeyeloped__tpr_;this__study;_ﬁasl;_
‘implemented in 360 Assembler‘language on the Umiversity‘of
'Alberta Computer Center's,‘lBH' 360/67. | This computer ‘ls
_controlled ‘hy‘ -a large'vbatch—termimal smulti- proce551ng
| Operatlng system called the Mlchlgan Termlnal System (MTS)

-\ t

The purpose of the 1mplementat10n was to demonstrate.

»'that the data structure developed in this study _cah be47;

freely' 1mplemented to. prov1de an on-llne automated llbrary

system.ﬁ The result prov1des a mean;ngful test.of the baslc
deslgnls, flekiblity and .poyer ‘since- the vimplementatiom
completes:an‘on-line automated,UbC library‘ system .for _the7

*Library |of the BorealiInstitute-for NorthernfStudies,e

Tue ;desdgu of  the system is modular as there-is a
“separa e‘routine to'control»each_of thev,commands descrlbed
n'.Appeudix'I; There ls also a:llbrary of.routlnes used'by‘
the c mmand routine to;performvthewfollouing'fumctious.

- J.f?Indicate tue nextvtable that should be looked at to
flnd a glven word. » o o
_ Read 1nto core the desired dlctlonary table. 2

Search an -1n-core(.d1ct10naryb table_;in. order toJ:

‘loqate a spec1f;c word or a .set of luordsy that

'satlsfy a glven rlght truncatlonn :
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.3 R . s
iv)  Decode a record from the compressed catalogue data
. _-' 2 ! . ‘,4'4
base. o T o
o Lt T o SO
v) . Encodé a new holding into:the compressed catalogue -

record format.

vi) For a giyen compressed code, find its correspgndlng
1nverted index llst.

Flgure 29 1Llustrates the overall structure of the system.

‘The implementation was programmed in 360 Assembler

1anguage.. -Assembler’ language was . chosen 'because-of-the.

[

.great ease of byte malnpulatlon not avallable through use of

most hlgher level programmlng languages. Assembler language'

was' also used because a large on-llne retrleval system needs

a hlgh eff1c1ency 1n use of computer tlme 1n order to obtaln’“

'mlnlmal response delay.

~
Y

'_The IBM 360/67 can serve a large_number'of users;.byii

concurrently - offering -each one a wide variety of'Services,

The task of keeping traCR of all he programs ‘in  the.,

'machine, whlle devoting some attentlon <~ each of. them every"

second or tWO,‘lS handled by. the ‘MTS offratlng system. In
addition to executlon »~control, MTS +andles command

interpretation,:accounting maintenance, and file management.

. The implementation.of the file structure(into an on-
line retrleval system -directed;¥-this study to the

1nvestlgat10n of two areas- whlch must be con31dered in the

Pl
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?vtotal design of anion—line-retrievalisystem.' They. inVol#e,'

obtaining. of the .best . possible disk a¢cess-time'and‘thep

protection of .the data base ”during- syStem failureg_f1The-

y

- order. to greatly re,u

mcyllnder.;, For example)gbof th

'remainder - of thei‘present chapter will preSent awdesignlof

these tuo segments of an on- llne system.f It may be remarked“

-that 1ack of access to a hands ‘on computer prevented the;

-1mplementat;on ‘of' these two = features ‘durlng.the present

studp e - v o~ - - . v “ - v . . N ‘ . !
. : » ) e T R . : S )

5.1 "Improved_Disk Accesshfime" S

As shown 1n Sectlon 3.6. 5 the greatest overhead for

< ‘.

'the proposed data structure 1s the dlsk access tlme taken to

search—afor, a non-rlght truncated ter: tThrs sectlon will

:‘dis}_ in"“

propose a- method of storlng the 1ct10naries

thls,overhead,i

The,‘greatest‘»compone A of dlsk access: tlmeﬁls the73

.4time reguired'tq_move-the__read—w 1te head to the proper

average tlme of 75 7 ms'

-regulred to access a 1,000 byte r,cord on -a IBM 231u -dlskn

1

pack, - an _average -ofg 60 msf, e used to- p051t10n the read-'

write heaq.:
If the retrieval system 'isAgimpiemented(‘\on ‘a
computing resource thCh allows for at least d1rect control'n

[ :
of the disk operataons then‘the‘average,drsk~access-t;me can

_ ibe3‘greatiy"diminished.]3 The . object is . to . store  the
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2
[

dictionary on disk-in such a manner that the minimum number -

- of head movement:s is needed.

v For“the"titleltword“.dictionary‘;theﬁf 1are” five ‘b

W+

complete sets of 128,rand one'set of‘128} dynamic tables'to

;<betstored on disk; The average size of. each table 'is' such

"‘as to allow five tables to be stored on’ one track of a 231u

s : e .
i . } o a

%dlsk.

1

. Wlth respect to disk- access tlme, the best ‘prsible |
:'storage method for thls 51ze of dlctlonary Hould be to storeir
| the’ Nth table of each of the flve sets of 128 tables on the

L”lsame track.; ThlS placement 1s such that_ by storlng theu
j‘tables track by track, cyllnder by cyllnder the g;der of the
'Vtables'vis preserved.. Wlth thls method of table placement,
all words wlthln a certaln d1V151on of the alphabet would be

,arranged on the dlsk such that they can all be accessed w1th

.

' only ‘one’ head movement.

“-Forithe dynamlc tables each"trackm is: split'ftopw
‘prov1de 'storage for two consecutlve dynamlc tables.f This
allows space “for another uo 000 dlfferent Hords.f’More spacet
"dwlll-not bejneeded unt;lithe ‘50,900 document llbrary has
_expanded Ifto. exceed—7977006' documents.v leeylse -for as
.’;dlctlonary that expands at a slower, d"‘7faster;: rate the
inumber 'of dlffereut d1v151ons of a track will vary.i; hef
»searchlng for 99, 526% of all words 1n the‘ dlctlonary' wlll
requlre-'one Wdrsk access.', A max1mum of ‘two- dlsk accesses

H



will findfany word im‘the.dictionary.V’Thezsearch on ﬂrighé\
truncation will require only two disk accesses. This is a

.‘great’ 1mprovement of ‘the search times given in Section -

3o,6- uo » ) . | -:“ -

".15.2'5 ;hRecovery | ’.?7\;
o vtf',' S L . .
-All on—line .retrleval svstems must have a recovery
‘»techmique;' A recovery system Hlll assure that the database
'.is fuever: suspect or ‘lost due to fallure of the retrieval
syStem;~ Such a failure,rmay be;'due to - the presence >of‘:
unamticipatediidata,'-program ffault, hardware fault, systemy
'overioad} partlal or ‘total-lioss; of power, or: operating‘
:system fallure. fThe_ suggested .method of recovery is’ an_
adaptatlon of a system presently belng developed at the Clty

of Edmdnton's Computer Systems Branch for use wlth vUnlvacfsv

‘1100 Data Management System {33]

T;TQ' obtaln recovery, prov151ons must be made to save
ycritical or..non- reconstructable 1nformatlon im tlmely
7manner.v ”Thls must be done contlnually 1n order to prOV1deb

7vsuff1c1ent 1nformatlon to allow recovery from any fallure oﬁ

-jthe retr1eva1 system..“'

© 5.247 -fBulk-Tape'Saves f_
Theb most ‘dlrect approach to prov1d1ng recoVery»lﬁ

:informationﬂdis. by a perlodlcal bulk tape save. of the data



A . v .
base. \The perlod between saves 'must be tailored to the
r.amount 'of alteratlon 1ncurred through data base usage. The_"'
time taken to obtain a bulk save. can be greatly 1mproved f:
——~Lwthe——sav1ng—wmechanlsm 1s sensmglvento flles whlch cannot be_wwf
altered; The effect here his that such flles,' llke :;hétf

stable dlctlonary tables,,need only be saved oncée. . ;\;\;\

.VBuiko-*save' 'Can lrbe '.characteriied ras., ai.slou;f_b
:1nerpen51ve method of prov1d1ng. for‘ recovery.,i It"causes’
Vrestoratlon of -a 1arge data_ base to be tlme consumlng.‘
There wlll also be dlfferences between a’ saved data base and

v_the operatlng one.v These two factors make bulk save falone

‘_1nadeguate for real time. on= 11ne retrleval systems.'f“

5202 ¢ Audit Trail Tape o L
7vfhed.u ;1of 'an:’audit traiihtape'enhancesfthe‘bmik;;;
';save technlque and is- more sulted to an on-llne env1ronment.ff
'dhn audlt traal is .at chronologlcal : serles of h'event‘
fdescrlptors. .vThef audlt trall tape wlll contaln before
‘7looks,‘after looks, and the change transactlons. ‘hA‘ before
‘look'.ls a copy of the table before 1t 1s modlfled, an . afteré
_flook 1s a copy of the table after it 1s' modlfled, uhlle faT
change transactlon u111 be the command 1nput that caused the"'h

VI

'~change,'
/The audit’ trall tape is. not suff1c1ent by 1tself to"

' kprotect agalnst a system catastrophe."The« reason .is, that(_



_total ‘data base recovery . 'wonld 1nvolve applylng all ‘the .
after looks ln the entlre audlt trall from the‘ moment~ of:
uoccurrence - of Athe flrst ﬂdata base 1nformat10n 1tem.'_For

thls _reason perlodlc bulk saves are employedo and an@:andit‘

’trall is assoc1ated with each save, The recovery con51sts
of loadlng the mcst recent save and applylng the after 1ooks
.-on the assoc1ated audlt trall 1n~order to reconstruct ‘the

B

data base.

This vmethod “also cauSes 'a con51derable doun tlme.t
duridg recovery. Thls time is dlrectly related to-vthe'
biamount of time needed to reload the data base from the bu1k~‘
. . . - o - . "\ . .
].,save;

YAnfimprorementfon»the above metéod is to spec1ff

.‘intervals ath.which* break p01nts are wrltten on’ the audlt.]
%rail tapeh ‘A break pointfls an-lndlcatlon. that the data

baseﬂ;wasf.#alid at that particular,.point in tlme.~lThe

resdlting method,of7tape'reCOVery'consists‘of applylng, 'in‘r-~

:.backward order; .the before 1ooks from the tlme of system.
ffallure untll a’ break p01nt is encountered.v ThlS und01ng of'

. changes from the 1ast break p01nt to‘_the: system- falluren

'3prov1deS»;af valid data base. ThehbaSe is made cnrrent by -

htagﬂéylng the, after looks in the same ~mannerih“'~ deScribedfai

o N\ :
':E%ev1ouslx<; If the system fallure was caused by an 1nput
A :

B programmlng error; then ‘the data- base‘ can' be brought to :e

‘current status ' by selectlvely ‘réprocessingg the saved””
. . . N - . '. - N } ) 'nu N . . . ) . . .. ‘&“.»"’: .
fdtransaction 1nput. S
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This method could still cause down timgs) of _upwar

‘of an hou - Such is ,Still 'hnexceptable for an on-Y¥ine
;ﬁsy;te ' ' '

= \Eetrieva7

\‘ T
5.2.3 vDisk‘Scratch,Pad' o
A faster method of recoveny is to use ~disk storage

.

X iny a scratch pad met d to hold before looks of all tables
: : «

that ‘are modlfled by any one transactlon. Theﬁdnsk, storageLN\

-that contalns these coples of tables is: reieased when the
command is. sucessfullyf’;\pletfd: These coples of tables

| are ‘to be used when a transactlon termlnatés in error. Thﬁ

any changes 'made;‘to.rthe_ data' badse by ~the ‘;ncomplete.f

I

When comblned w1th the audit tra11 and bulk save,

transactlon can be undone.

the temporary dlsk save can v1rtua11y guarantee that the

14
{ o r

database of the system<;s complete no matter how severe the

e

fallure.ml The length of down tlme requlred to recover the

’ data base w1ll be kept to a mlnlmum and is proportlonal to

the sever'ty of.the’system failure.

‘E«

',qontinuous»System operation

. o RO |

Another problem that ex1sts durlng system fallure is
that of what happens to the aser at thls t1me° The solutlon
to - thls problem depends on the on-llne system. For'systems“'

such as the one developed in thls study, whlch makes use of
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~} . B 1 . . . . ) ‘ ‘
a third party's‘computer,dvery little can he,done. 'Atlbést
"terminals‘ with"nemories .can- be ‘used so' that change
transactions--oan still be entered and the input saved for

o

processing at a later date.

- For on-llne retrleval systemsﬁ-wﬁioh requirej high;
,fsystem avallablllty then unlnterruptable power supply and 1

' redundant hardware are necessary.

Redundant hardware is: protection"against 'hardware L

unlt ‘fallures.“ The general rule 1s that cen;ral hardware,
core and CPU, have one extra unlt for each osystem fallure.

Reripherals 'such 'as'_disk, prlnters, ,and,tapes, have One
'ee#tra-unit wherekerncritical; Itfmayf.be"noted ‘that ~such

'eitra hardware ‘can be'used_at' 111 at“times when=a]sYstém

fallure is not present.

A useful feature’ of; redundant .hardware is ‘the
_ability to have the- data hase:"andggits- dual storedvon;”
.different vdevices.‘ﬂ Dual fstorage ' inwolwesiy'maintaining.”
.,dnplicate coples of the da+a base on dlSk. BothnCOpres-are‘

‘activelyvused. A wrlte operatlon is’ done 51multaneously tQ_

A both» copies{ l Read operatlons are done from the copy whlcﬁ‘f

'wlll respond most qulckly.b If a read falls, ,the SOftware_r”

.

wlll attempt retr1eva1 from the other copy and, 1f p0551ble,L.t

28

“wlll overwrlte the 1nform§klon on the flrst copy in order to':‘ﬂ

3 - N

'f‘make'-lt ‘useable agaln. 1Furthermore, and most-lmportant,
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_mass storage unlt fallure Hlll no \capse any 1nterrupt10n 1n

.se:vice if the data has been duplexed oA\ZHSYBer dev1ce.

Redunaant hardhere; tende to’ be l;an ) expensivef’

___Mfimplementation,.m_Jme' extent of_the_lmplementatlon must_bem;W“;
»careful;y weighed against the unacceptabllty of system, down

Jtime.
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CHAPTER VI ,  °.

CONCLUSION

The investigation' reported in this thesis was

“”T‘concerned—“mlth”‘the““de51gn“‘and‘”lmplementat10n-of*—~flle_;~—4

‘-‘structures for use in an on- llne retrleval system for a UbC
based library. /%{

T The prlmary purpose of the implementation;/ﬁagfftwo
fold.J 'The‘ flrst vas to dlscover any 1nadequac1es in the

scope oOr de51gn of the proposed flle stru ure. 'The' second .

was to. demonstrate the fea51b111ty Keo) ‘1mp¥fmentat10n of an

"on 11ne llbrary system us1ng the’ fll

, ?1n_Chapters VI and-IV. ﬂ; ';///Z,W

hesis has shown that not oniy‘,is 7the'_SYStem..'

structpre as descrlbed

fea51b1e,- but 1t 1isj,more.,flex1ble and powerful then are
"r'other compressed data base retrleval system such-ga those»
7descr1bed ‘by 'Dlmsdale [1],' Heaps and Thlel [13], nd .

-ilDlmsdale and Heaps [31]

It has been shown that the file -struCture chmpetes
_weli.'wlth the~'other systems.' Its power 1s exempllfled 1n:
'the fact that, ulth no addltlonal overhead, the dlctronarles,
7prov1de fast - rlght truncated searchlng and a thesaurus forat'f
‘UDci based 11brar1es. The total space needed to support all.h‘
'h‘ these operatlons is less then that'»needed;rfor the_-other{t;v

<,

’gsystems.a'
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'~ The flexibility of the data structure is shoin\by\\\\
the'fact that it can.be’used by both large .and"gsmall _upnc
,'llbrarles. It should by noted. that'the sYStem'could be. used,

L]
‘,for a .non unc based 11brary wlth only loss of the thesahrus

‘an ab111ty to search on subject ‘words.; The. search‘ on
«f:subject words could. be regained if . the holdings of the -j
,'libraryl are 'classified‘ accordlng to subject uﬁords viort
.keywords.‘ The flexibillty of the de51gn is also shown by
the fact\“hat 'although "the” flle' structure ‘Has ‘;ntended-
“mainly- for~ on-line ‘retrlevaL systems,v only a few minor
modifications .are needed~ t_order- produce a batch
‘n*retrievallsyStem._i“
‘Additional study, not‘covered in thls thesls,vuouldvl‘
'show other uses of the ba51c flle structure.J‘further .studyy .
should be done on the follow1ng | |
»i)J" The modlflcatlons necessary to convert the structure
"‘E‘tod-»an-'non_.elght-b;t' byte, and four—byte' wordd.
_computer; f , o | - |
:-ii)byh The fea51b111ty of forc1ng a thesaurus out :of part-

of the LC Schedules, based on the Hork done by Dobay

.'and Heaps [3u] \5\\\ |
diif’s:yThe approprlateness 'af**thé' baSlc.structurefforvai
| Liretrleval system that makes use Iofl'uord fragments'b
developed by Schuegzaf and Heaps [35] Thls type of:
| ~sYsteub*-would P:QV;de\\\\n\ eff1c1ent 'method ’oijhp-;
supbértlngirightland left truncat;on searchingi-.:' "

—~
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1.0 IntrOductiom"

The purpose of this 1nformatlon retrleval system is

to prov1de a. complete on-line. automated llbrary ,system‘ for

the lerary of the Boreal Instltute of Northern Studles.

2.0 ““The_Command Language

The command language 1s a phrase . structure language,

:._deflned by a formal metalanguage. Thls metalanguage makes

.use of the notatlon and deflnltlons explalned below.__{t
-i) . A syntactlc emtlty 1s.denoted by lt§? name ’enclosed‘
<;/\ in the brackets < and }. o
;gil)' A syntactic rule,has the form"
. .‘ k »_<A> s3= x o
.'where <3> ’is a member of’ the‘-set'of»SYntactiCj
entltles and X 1s any p0551b1e Sequence:-ofrzbasicnlf
;constltuents and syntactlc entltles. e |

iii) The form <A> i&;'xQ[_y |7;;. r'ririS"'Sed‘fas‘ian

A
o]
"4
s
(X

It

<A> s:= z

-i "All words rnclosed 1n guotes, called reserved words,‘

s W . o
~—

are represented by the same words in capltal letters
7-w1thout the quotes 1n an’ actual request.v,-Reserved;

‘words may be abbrev1ated by typlng 1n the underllned

122
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" portion onmly. . o ~\ o
- o L S ¢
Thé’,bdsic-constituentsfare défined by the following

sYntactic-ruleé;

tay
-1
S
-e
)
~N

.. Ccharacter> =B 4 £ | « 1< | &1

T S U SRR ST I I SRR BT BV S

Ol P 1 QI RESITIO LV EH XY Z 10
Nz o f11 21318151617 1819

'_<b1ahk>':t='h,i'hf<b1ank>,f ;'(oﬁéfpr morezblanksy_f

<1oglc> ::;<and>'1 <or> | <not>
<command5word> ;f: '*DELETE':li'*POINT"].‘fEEQQRDf.j:
. _§§ARCH:’ | ?;§;$f"|5'fzSIGN0fF'.jl'u'*glgndNinifff
_§g; ISTIcs'f] | XTHESURDS' v '*TRANS' e

<type Hord .:: '*ACCESSION' ( '*AUTHOR' 1-'*PUBLISHER' {

'*SUBJECT' [ '*TITLE' 1 '*UDC'-:

<control wox '*BROADER TERMS' |,'*FULL' |;

"*NARROWER TERMS'»]"*RELATED TERHS"[ !*SINONYHS'.  - -‘

<output Hord ;::=.'f§ggL!_|.l§§gALL"

sz _i syntactlc entltles are’ deflned by the fol%avlng "
éyntactlc rules. A h . i_ | i
<word > = <letter> e <1é£te£> <}ord>3‘
 ~<words .:%% <word> |72word> <words>

<d-51gn>&:3é”$ |.$ <df51gn>‘



'g<q-uord>‘::f <word> | <word>#v| <word> <d 51gn>

”<question>_:£a <q}wprd>g[h( <guestlon>;)‘1y <g word) <loglc>

. <queSti0n>'|v<q-uord>.<1ogic> <question> <logic>

<type uord) <quest10n> 1 (q-uord> <1ogic>'¥-
Lo ( <guest10n> <type word> <guest10n> ) »‘.x
<password>ytt—<letter> <letter> <letter> <letter>
<account'number,iz:—'<1etter> <letter> <letter;»<letter>
o v , :

- The command 1anguage was de51gned to demonstrate’the.

advantageous of 'the data ;structure de51gned durlng thls

124

,istudy.; The 1nput of commands is in: free form text Vhlch maqu~~

be. entered through elther a, termlnal or a card reader.',yThefﬁ

'retrleval system always types out a colon, ':‘,'when 1t 1sit;
e ready to recelve 1nput -

"

Precautlonary steps to guard agalnst p0551ble
'destruct;on_'of 1nformat10n are v1tal for a system to whlch_

'manytusers ha?e- access._'_In AthlS system the <password>

feature ellmlnates the p0551b111ty of an unauthorlzed userv” .

belng allowed to alter 1nformatlon 1n system flles.a Further -
safe guardlng could be 1ncluded 1n the operatlng 1system' by\'
d‘_allowlng ionly 1nput from selectlve termlnals to alter the"

the data base.fﬂ”f *”3,~ S ;ffv E tj>;f an

Note that the flrst two 1nput llnes of . all :commands}’
that_'requlre fa <password> have a. restrlcted format. -The .
flrst llne must only contaln the <command word> whlle the{d'

second 11ne must only contaln the <password>.: Contlnu;ngiin S

RN
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.line three, the remainder of the command is format free.

‘_3.0'.pf-C6mmands

0 '3,2.0 - *ROINT .

3,40 #DELETE - .- SR
;This_”écmmand_,délétés. the fécd:d.'with the given

accession number from the compressed _catalogue data base.

. A1l references in the inverted index to this record are also = . .

2
. e

o v
deleted.:

 ;\‘ .

' 3.1.1 Syntax of the *DELETE Command

spELETE

i <§assu6£a}'j 

’*<acqéséioﬁ ndmhe;5,#§Nb\”'i

-3~3;1.2‘1 ﬁxéﬁP1e bflfbé ¥DEﬁETEﬁ¢9mmaﬁa‘ o
:_A'.;\ s ' - | | |

i *DELETE

 PASSWORD?

LY I

-~

000256 *END ..

' This .command: is used to alfer the UDC-Subject .

. .. »4:‘.. ‘ .‘ | i . - ) ) } . . SR ‘.--, -\

PR

v
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K

i) . Fbrﬁat 1 ) 6
T ‘fEOINT . '
<password> ° ;

S
_ -~ %5UB <word> *TO *UDC <word> *END
| § ;
~ii). -  Format 2
.7 *POINT
.<password>

i.*UDC <w6\ﬁ> +T0 *SUB <word> *END TR

iii) ', Fogmat 3
' *pofNT -,

1<pa*svord>
%S0 <word> *FROM *UDCu<word> *TO *UDC <word> *END

0 ‘ . ‘," . ) R - X ‘ | - . . . J‘ | v
L) Formai‘u”_:v“ o
| seor

a<password>

*UDC <word> *FROM *SUE <word> *To *SUB <word> *END

‘~,F6fmat‘1fa1te;s thé dicti6narx3such that the . given-:

"‘subjecf“ iordfwill_refet to“thehéiven UDC:numbér.~*ﬁikewise, o

{‘fdrmaflzhalters'the ‘dictionary. such 'thép thé"givenf UDC*
‘number will~refer to the given subject word. .
_ . ' %) . :
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.lg
Format 3_ex/aanges the subject word's reference from

';th flrst uDc number to the second UDC number.* Slmllarly,-'

format 4 exchanges ‘the UDC. number's reference frdm the flrst

subject word to the second Subject Hord.'h .'>f'_ -
o+ K _ S . . 1
3.2.2 Examples of the *POINT Command ,
. _ ) -
: . o [ _ A :
: *POINT : [ = R - T B
v o . F— o ‘ T . .
PASSWORDZ = =~ - .
- A o
: BEEB |
. & ¥UDC 591 54 *10. *SUB BEARS DENNING HABITS ¥END |

The above example results 'in %he UDC number:'591.54,"‘

referlng to. the subject word 'BEARS DENNING HABITS'

|31 *POINT .
e L . R
e ’.PASSWORD’ B T A
: EEEB A Sa n
" o = ‘ ° : ) , . \
"i *UDC 330.02" *FRGﬁ *SUB T
i;;anVELoanNT *TO *SUB ECONOMIC Co e T
: @ " - - R
‘i'.DEVELOPuENT CTT e . S
:‘*END . o
-:‘(:;":w" . . e
!

Ihisr.‘commend | alters hthef upc number _'33b102'
reference from the subject word 'DEVELOPMENT' to the subject1.‘

'ﬁord 'ECONOHIC DEVELOP&ENT'




®RECORD . ., . - N R

' Thig'iCOmmandf’instructs‘-thef ;ystém to add ‘the:

indicated iecotd;toﬁihé'éomPreSSed_data'baSe;

-
.

Tra,.

3.3,

de:mat'1 for non periodical-holdings . .

h TIT'<vor65> ’~f‘(tit;é)

X . . : S T S ) -
- PUB.<words> ' ~ (publisher) - S T

. ABS <words> (abstract)’

Coa

-VYEA»gwords>
_PAG{(wdrds>;_' (pages) .

‘FOR~<wordé>'

 syntax of the *RECORD Command.

*BECORD o

<password> = . ~“' EE R ;:‘. » ‘,Q R

ACC <ﬁ6rds>‘ ~ (accession number)

 CAL <words>. . (call number)

“ AhT‘<words>fg_ (author)

| SUB:<words> = . (subtitle)

P 4

El

. (book format). . oL R

_SER;{iofds>.' (Se;ies)b

‘BIB,{u0rds>Vurfﬁ(bibiiog:aphj)f-f7

i'GLd’(wotds) - 'j(gléssarY) _»:

LCN <words> ' (LC number) -

ISB <wo£ds>  (ISB@ﬂumbery

. 6DC <words> . (GDC mumber). = -



. '
| N
. x .
“ORD <uords>-'b‘ (orde;.n;agef{
~'UDC_(wofds} .  (ch'number)
KﬁA <wofds§, ,(anayitical aathors)
XEND - (‘ ERRE,
ii)',, fFerma£52' T periZdicals '
_ / o :
S fb'fgggoéDw“7‘ ,
/\<pasewerdb>i
| ' Acévgwoids$ '"  (acceselon nuﬁber)
: : 9T‘i._<viords>*‘ ‘ (tltle\) |
\\ “5M£<§erés>"e> (publlsher)
'k(werds> o (date of flrst 1ssue)
) PAD”(words>' f  (addltlonal 1nformat10n)

' PLA((VOIdS)rV“' (1ssues in llbrary)

PVO‘<words>3‘_ (volume number)
»PIS~<w0rds> (1ssue number)' I
aan pYEv<words> an_(date.of”issue) ‘

PAN <words>"’jf{analyfic adthor), g

KEND

'The  descrlptors in pﬂ}enthe51s are not part of thear,'.

-~
¢

3*syntax but are i

‘entry. :“NQte, hat 1nclu51on of any one of the\egtrles 1s

.rqptioaaIQ# Als optlonal 1s the order the entrles appear  in;’

' the command. / R

B

luded to 1nd1cate 'the' contents: of eachf



$A1l ehtries-' muSt start on a new line w:.th its
keyuord followed by a blank 1n the first four columns of the
line. Contlnuatlon llnes are 1nd1cated by four blanks _iu

e

“the flrst four columns - of t‘he’-' llne._ T»h.e ‘underscore

c'h‘aract_er_- 't must be entered 1nstead of a blank in a word.

)
*

e

 3.3.2 -.Exdmplé of the *RECORD Command ¥

i owmEC
PASSWORDZ-

lv;‘jjll. |
'2{ACF105678‘9~ -fy‘,7 SR 1;e-la"o',ve;x

CAL 91(091).(7) cun

AUT CUMMING w.P;, SKELTON Re A. AND QUINN D, D.
i TIT THE DISCOVERY OF NORTH AHERICA ;‘~;

“PUB NCCLELLAND AND STEHART

.ABSfDISCOVERY AND EXPLORATION OF THE"V

NORTH AMERICAN CONTINENT, FROM

EARLIEST REFERENCES TO THE FIRST

1-PERMANENT SETTLEMENTS AS- DESCRIBED

“i'BY THE EXPLORERS AND DELINEATEDV

"ByuCONTEMPQRARYuEUROPEANS.,;

cct

YEA c1911.

pae13oup

FOR 31CH ILLUS MAPS

'BIB 298-300

Z*END
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The above command will add - to the data base . the
‘_1ndlcated holdlng. The 1nverted 1nd1ces for all searchable
uords Hlll be updated to fac111ate searchlng for thls , new

”record. leewlse, for all new words that do not appear 1n‘

\

the dlctlonary,'a request 1s made to conflrm the addltlon of
;the new word into the dlctlonary. ThlS conformatlon 1s made
:tto protect agalnst fllllng the dlctlonary Hlth‘ 1ncorrectlx»{
jlfspelled words.' | | RO

N

3.4.0 *SEARCH . . PR R TR

. The '*SEARCH command spe01f1es a search of holdlngsj°
in the compressed data base..'$he' search " can be made Von;
*accessmon numbers, authors, publlshers, subject words,,tltle,

";words, UDC numbers, or . any comblnatlon of the above types.;

~The 1ogic- symbols _+, l; and - represent the loglcﬁ
”function.-of conjunctlon (AND), dlSjunctlon (OR),:; and

'_negatlon (NOT) respectlvely.

‘&hw' tuo»_types ;of rlght truncatlon whichdmaf.heiﬁp
‘spec1f1ed by -a search word are llmlted and junllmlted righti
.truncatlon., _hn ’unllmlted rlght truncated search word ends?&f
eiln a # ThlS 1nd1cates to the search° program 1tot_retr1eve -
'fall records referenced by words wlth a 1eft root of the
.‘glven search word wlth zero or more‘.addltlonal letters 'bn
' ‘the. rlght._ :\ llmlted rlght truncated search word ends w1thn‘

© S
-one or more $. Thls requests a 'retrleval« of all records;‘



.'referenced' by verds_ with "a‘ieft robffbg the‘given‘search‘;
| word Hlth from zero to n. addltﬂzhal letters on ~the rlght,.
:jwhere n is the number of $'s that appear on the rlght of the
—;“““search—“wordrfrfor example the“search“word—government$ would“__
retrleve all records referenced by; elther government‘eor
governments; | vhileeibthe‘ search" vord government#‘avould’;
Cetrieve all'records referenced by any_hone' 6; .the‘:vords
government, governments, governmental, or-governmentally.f}}

3.4.1 ,Syntax of theL*SEABCH‘Command,:

*SEA CH. <type word}_<question>;#END"‘f
aEER N Format 2'"‘ | E

’

*SEARCH *FULL-'-<tyipe word)I_, '<g-ue'.s't.iion>} *Ems o
idy .Format 3 | | IR L
| f *SEARCH <type word} <§ueStion§_fggAiIsTiCSv*Eﬁﬂf‘
'riv);: °Format u; ' e . },?r. B '”" “e |
| ‘i..v__§EAR | XFULL <type Hord> <question> XSTATISTICS
Ye”*ENb”j . ‘ el T
The 'r'e‘sérived.f word 'XFULLY controls the format of ‘the
h}ﬂoutndt'of“the.records in thehicomﬁressed‘.dataf‘hasedTwhich?f‘
W:tsatlsfy ‘the search questlon.f"ihef use of the vord *FULL
‘1nd1cates that the user wlshes the' complete record to be‘Zh

wrltten out.- The om1551on of *FULL would 1nd1cate that thec"

"*user only requests an. abhrev1ated form of the record to beflf



‘:j33‘

written 'out.,n This smaller output would include*fthe‘
:acce551on number, call number, author, tltle, abstract,' and'
year of publlcatlon. 'ThlS' abbrev1ated form_ allows the,

average user to recelve the pertlnent 1nformatlon about ra”

hholdlng ,at a cheaper and faster rate t en by requestlng af.

N 'full output,

The'*STATISTICS command word glven after ‘a Search;_
; guestion reguests‘ 'analytlc . statlstlcs of the search
'question;‘ The statlstlcs returned '1nclude the number be‘

frecords_ retrleved by each search ‘word and the number ofm

records retrleved by each level of the search questlon.’ o

3.4.2 ~ Examples of the *SEARCH .Command -
‘ht *SEARCH *FULL *TITLE ANTARCTIC @ ( *AUT

e WALLEN I. E l LLANO G« A ) *END

w
| This. example‘.reguests'éa” full ' llstlng ulthout
statlstlcs' of a11 holdlngs wlth.a tltle word of 'Antarctlc'v
lt and author of 'Hallen, I. E' or 'Llano G A'FQ. |
8 5 *SEARCH *PUB CLARKE IRﬁINu& co..h
5[.§?1‘Aurnrcan GEOPHYSICAL UNION

=.f,:,[ ( uccnaw HILL @.*acc 000579 ) *STAT *END

"-Thlsv_command requests ”the short llstlng uwith’;'

statlstlcs of all holdlngs that have as publlshers 'Clarke,hv_”

1-
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'HIrwln 8 Co' or 'Amerlcan Geophydlcal Unlon' or has publlsher

N

L'McGraw-Hlll' and acce551on number3'000579"

.

3.5.0 _ *SET
’The'*SET_command changes'tﬁe4pastgid.

a7

4 3.5.1\1.Syntax,of’the *SET Command

*SET <password> <password> *END

N~ e

"-f3,5;2'; Examples of .the *SET Command ' = = P

i *SET
ﬂ'PAsswonnv,-‘ -

S Illl b
o
e o

': NEW *END

t~The result of thlS example would change the passuord

to 'NEW'.

'3.6.0  *SIGNOFF °

V;the current user 1s flnlshed proces51ng commands.;

71v;2fv_ : ‘>_t v'

'[7’;:_

The -f*SIGNOFF command -1nd1cates to. the system that:;
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/

The *SIGNON command :Lndlcates that a user wlshes ._to",'

: start to us-the system.

v

©3,7.1 Syntax of the *SIGNON .Comm,an_d‘,

/%S TJGNON <account number> -

., ‘hlS command allows the uaser: to obtaln a thesaurus

'ﬂ_f_@sAUR_Us.<eontrol_,uor‘d_}_;> <Word> *END

,The <control word> ._in'di,catevsl,v the _.';ty'peb. of ,'output- -

des:Lred by the user.,.‘



| j‘1'3's-.-

|
3.8.2 ,EXamplesﬁofvthe *THESAURUS Comma:}\~
. . o
: *THESAURUS *FULL economlc development
‘2 natural resources *END ‘ R SEEE—

i *THE *NAB_eéonduic development nratural resources
'_'*END
The f1rst example reguests a full thesaurus for .the

word 'ecqnomlc development natural-resqurces!. thle'the

. second example requests only.the_narrower terns.

:The t*TRANS command translates a :ﬁDC‘ numberk'or"
:subjeet word to the subject words or UDC number whlch they.
respect;vely refer’tq, o '

3.9.1 syhtax of the *Tghﬁs:éammaqa
‘if..‘ format'i » o

ie *TRANS *SUBJECT <word> *END
BECI Format 2 '

" XTRANS *UDC <word> *END . .

' f3.9.2'._Exahpies of the *TRANS;COmﬁand-' -
: *TRANS *UDC 330.02 *END ’



| \_)-v-

: *TRANS *SUB BEARS DENNING HABITS *END

The flrst transactlon llsts all subject words which

‘,correspond to the UDC number 330 02. The second transactlon.‘

 llStS all UDC numbers whlch correspond to the subject word

\'bears dennlng hablts'

k0 Promptinq
There is an exten51ve promptlng feature built"lintoz
the 'retrleval system. : If the 11brar1an or the patron is

’enterlng a command and is unsure of what 1s -regulred,‘next,

Sy

then he\,canl type‘ 1n a guestlon mark, 2; ‘The system will

f,then type out a message to 1ndlcate what _data"should ‘be

5.6 ETTOTS. o SRR 'm}“"rffi;;wTﬁm;wflr

,‘InPRopER TYPE

entered next.,

' If a syntactlcally incorrect. command 1s entered the

'program rw111 .1nd1cate the error.- After an error, ‘the user

dmust re—enter the complete command.,

~.

The'following_error messages,may appear.ig»

Invalld <type word>}- <control ~word>, 'orv_<output o

'word>.vrr ‘t SRR



. T T "T,'T;N‘I-T'.{.-, ..; ~13a{
IMPROPER COMMAND.
. Invalid'<commahdwﬁerd>;‘;
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" The  *POINT . commahd - entered _ is._syntactiCaII{j

incorrect.

* IMPROPER RECORD FIELD
| ';ajfieldIdescripto;_in:theT*ADD conmand is fncortect.
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_<WORD>

\ T T ERTT R
IS ) BE\ADDED TO DATABASE o

\
, PLEASE CONFIRH "oxv OR "CANCEL"

s'The- iﬁdic eﬁ word does nqt'f appear' ‘ini»Tthe_w;”

;_approprlate dlctlonary._ A response of OK wfll causeg':l‘

’Nthe..addltlon 'of thls‘ Hord,fto the dlctlonary at“'
‘response of CANCEL wlll result in the word not belngA
added. -_;\%,ig“

NO TRANSLATION IN DICTIONARY
The reqﬂested word 1nd1cated fin ta’_seerchgehas no

| correspondlng UDC number.iNI
v R j?’ o
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. 'PASSWORD .INCORRECT, TRY AGAIN
i/_‘ Invalid ‘<password> entered, re-enter the password.
.
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__ INVALID PASSWORD -
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This 'was. the- third consecutive time an invalid
con o Yes TR HEeEE R e rers
. <password> wvas entered. . Re~enter the command. -
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