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e '1,
Abstract | e
fW ;f_;{r In a manual retrieval system, the process of associating a book
*we- = or document with a specified term reflects the recall, associativity

.;;;;gg;;j",;and.flexibility of the human mind. Someone will enter a—library.and,MMQwam@_;;;.-.

-

[ —_— U -

book on a specific topic. To the librarian, this one word will bring -

to-mind a spepific topic which, in Eﬁrn, wiii/£e associated~with a
unique field ofendeavorf_All that rémaiﬁs-is for the librarian to go
to—the proper area of the library and retrieve the desired bobk;-“ '
- With the tremendous increase in the ﬁumber of doéuments, it becomes
nécéssary to design té automated-hechaniZed fetrieval systems.
( | ~ It is hopeful that the ﬁechanized systems will function in iden-

!

'ticélly the same manner as the manual system. -

- The first step towards achieving this parallel between the manual
system and mechanized system is to be able to uniquely define and cata-'

i S

“gorize all documents. In this report, the definition is achieved by — ~

‘"‘-;calculating_the dénsity of a document:. The density is a function of the - .
index terms used to characterize the document. The specific index terms
andthe:o:deripg of them.relative_to,théir importance in characterizing = =

a document is preserved when calculating the density. The catagoriza-

' f; 77"ﬂ“ '”f.wtidn:is accomplisheduby-firstdefihing~a~specific~type of space and - - e

“then assigning locations for the documents within it. The space seléc-
 f; ;;Igj;('te&“is-the polar space and the document locations are assigned by means

e e e

'?f7  'offa‘radius and an ahgle which go ;gwards'making uP“tthPglarSPaCé“s;“;’.‘”“*f**“

".The locations reflect the document density values and_as a result, form
- | o o - e

" clusters which represent various topics common to all documents within- - -

~~—the clusters. The size of the clusters can be determined so as to




ey

. R U . " .-
. . . - [

. : ‘ . ' . . - | “- ; ,. .
| ,, fulfill the needs of the users of the system. -~ . .- S
o % © . Included in this report are a number of computerized programming EEEE
~ ~efforts which will enable the calculation of density values if given U
_._the spacial locations, and which will facilitate the identification of - .
-~ - - index terms when the density functions are known. - . = -
S L R L
3 o o S ; - e Srem s AR R e S o S - PR SR S N S I m__,m_,-*__- -
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1. INTRODUCTION

If two requestshR1 &:RZ contain the same index terms i1 & 12,-

“.one'mlght suspect that the same document should be retrleved for each

request Further negotiations do reveal that the person submitting

f;;;;;su-. Rl is really interested in a document about the top1c described by il

e

w1th Just a very llght treatment on toplc covered by*12 whereas the

S 1nd1v1dual‘subm1tt1ng R_2 is 1nterested in the converse There exists -

aa_f_mwonly a remote p0351b111ty that the same document would be adequate and . o

—~

suitable for both requests. 1In maklng a verbal request; one certalnly
.could spec1fy a preference of* topics whlch in turn, could instigate a
- search in a special area of a library. This last: statement presupposes
that a library‘does,infact,”existand,inaddition, the'dlstribution'
and location of elements (books, documents) napers, etc.) are accom-

. plished with utmost care. In a special type of system, one might find

" .a library divided into‘many'sectors each of which would supply the needs

of a particular group (e. g. the mathemat1c1an would be d1rected to one

"»sector the hortlculturlst to another the poet to still another, ete. )

r;emwa~pract1ca1 sense, this has a'maJor dlsadvantage in that a great

‘ \ ) .- —— . — - - PN - ;

- - -'~*—amount of dupllcatlon of elements would occur; another d1sadvantage one

Vaa

mi ht forsee would result from the "gray area or overlapping" area
& ‘

L ‘ where 1t would be difficult to decide on the sector for certain ele- .

R "l- .'Jments. A book which placed equal empha31s on."mathematlcs" and - o

phy31cs" mlght prov1de a d1ff1cu1ty in dec1d1ng to whlch sector 1t

——

belongs.——~—
A more 1deallst1c storage system mlght be one in Wthh the forma-
tlon of the sectors is a functlon of the elaments stored thereln. In

thlS system, each element is deflned 1n terms of 1ts characterlstlcs,v

e called 1ndex tenms, and the boundarles of the varlous sectors are
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'"*e'éStablished on the basis of the requirements of the users. An element

common to mathehmaticians and to physicists would be accessible by both =~ == |

© groups and, likewise, an element common to only one group would be e
| , - - : % e e T

S accessible by only that one group. One decided édvantage.of this Syé?f**—*_"[E ﬁﬁ;

” L£i*F@;““fem.WQu1dbethe'property'of having flexible boundaries._Theééwouid;Tig ] -
o "‘b? defined-on the basis of the range'of(tge subject material as speci- )
'- Afied'bytthe user. One would approgchithié syétgﬁ ﬁof frmm'fhéwé£;ﬁdQ -
_ Npoint of’sayiﬁg, "Direct me td ;he ﬁé@hematiciaﬁ}s afea of tﬁéflibrary"‘;'g.

— 1 ad

because I am a mathematician" but rather '"Direct me to the area defined

——

on the basis of index terms which suit my réquirements and which I will

N
AN

specify'". The index terms and the retrieved é;ement-frbm.this.library~

will reflect the unique aspects'of both the professional endeavor of

the person making the request and, also, the environment within which

2 .
N : -
- - —- - - - -

"his request occurs. | | o o | -

—

— o This report will explore a specific mathematical relationship and o

L

- ~show that it exhibits the qualities of the system described above. It

~will also be shown that the elements of a document retrieval system.can

i e e i e Gty g

~~*‘¥1ff<w--'be-associatgd'with the elements of the“mathematiCal relationship. @ - |

SR

. kS -
T TN i e M e Yo B T B S i o
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1

The retrleval system.wh1¢h*w111 be observed is made up of elements',

ca11ed index terms and documents. Given a-collectlon called "C",'it .

' Contalns a_set of- documents "D" and a set of index terms I. IR
o v o B B

n-l. L m= .. . .
'¥_~ N= Total numbér of documents in the collection o

M= Total- number of index %érms‘used to characterize all theidpcu- -

-ments in the collection. = ~° o~ : -

set. of index térms which describes or identifies the contents of that
particular document. 1In order to propérly identify the unique set of

k -
1ndex terms, a measure of den31ty "P "' is assigned to each document d,.

B= [(M) + ]JJ- = dgnsity of dn_

. . J-l J

K= Number of index terms assigned to d, - B .

>

'be”éﬁéfywdocument "d," in the collection D, there exists a unique

SJ Subscripts of index terms a331gned to d
- “e .g. glven d2 1ndexed by 13, 17, 18’ 112 there gxists a S

" Ry= 4 and sl"

=355, =75, =85 =12
2 2

32 4y

- P l'

he--a

b Pha qaallfxcatlonS‘for ‘the density functlon are as follows: .

fn

R R

. &n |

— i then Sg % s —=d 44
o ] ) . n ' ) Co. |
2. i, =i, —».§ S & a=b.
_ a b Kl 8n fn

1. Given Kn'where 8, =4 for i) and also vhen S. =t for e

s % —=L=¢6 & d =gl e

o [w+D 31 ihere 821 H; Kl = KZ hl then G = H — P

/

T st

also G #FH = P, # P, .

'/ﬁ.‘

G

. For K'n 1 then P Sl ’jyj,;"j ;"Af o ‘ VT TR L ,

B iyt ———— i

e ————

o
————

—/




" Items 1 and 2 reflect the unique assigﬁments of subscripts to in-

dex terms. | - E | | - - "-!

’  ¥Jf¢1,§”w " From item.B,'one,redognizes.thatthe.qrderingvbfindex'tenms within;mﬂggﬂl L

v

-

;Q;g;gjﬁizgggg;ffhé?deﬁSity‘fuqction,iS“impbrtant1~'Since~orderinguof index termS~whiChtzu;»>mf!?lp'

e

. characterize documents is-a'major'consideration,.and also, sinCéfunifof- i;’b
o 'nﬁty'in.interprgtatignﬂisdesirable,‘it is impera;iVé that an assignment -
: i .Of Fhe Foﬁ&ention fb;'ofdering be\established. It;shali-bewas follqws:
E — ‘ _ - | -‘ . .-._FOE/Kn'?1;$11¥NW111 hajlé- less to say aboﬁt ;d.n than S 2;1 'whiclh w111 ”‘
: | in‘tﬁrhhhave 1§$s‘to say about d, thgn\SBH‘?likewisef?r‘eacg successive -
B — Sﬁn untils(Kn )ﬁis.reached. In agmﬁlti-indexhterm QOcument,,the ?ight
-‘1ﬁéét index term reflects the'moét'prominent;cﬁaf;éééristic of the docu- ]
ment . - - ] o
Item 4 discloses tt;e property f.ha’t_ each iindéx term is: associated
SRR T i’f:'é”'é‘fvﬁpéc‘:uliér density. ' — o
Iq reéap, givén a set of index terms I sugh that‘each bf its eleQ
- ’ ‘*ﬁénts ié as‘igned a unique poSitionwithin that sef, the numeric'desig-»
‘ ~na;:iéﬁof théf positiqn functions ag-a subscript:iﬁ the notation for
A-mmg%mwwm'fheindex ﬁé;m,_ There exist*suBsets of index féf;s‘WhiéhQillsefvé_ * _ﬁi
g " as identifiers ofwdocumengs d_ belonging to thecollectionpféﬁymg@j" B
ﬁ “ﬁ_-\*; Bér of t@e gubsetis alSoJa/ﬁkmber:of thé géti;Amathématical evaiu-ﬂ 0
. H”'i—ation of the subset associated with dﬁ' ﬁrdduces‘a numeric label for -
©that specific document. This label called "ensity” is unique for each
e doéument inthecblleépion; it also reflects'the.reiative iﬁportancegf, -
f”' Af‘gacﬁ term in the_subset. ’ﬁ R .__“;ff  ‘¥5> L -, f5 | | L
o | R . ;1  11 ‘;v¥f '*; SR _;*i-; T7 _




III. DESCRIPTION OF A DOCUMENT SPACE IN POLAR COORDINATES

The next consideration of this report is to be able to prescribe

.a 'Space which will encmnpass_ all‘ docuxﬁent densities of the collectiOn D R

e and whlch w111 have propertles such that each documents dlstlngulsh- _; :

ab111ty will be maintained. At the saxr{e t1me it is highly des1rab1e

SE NN U S .

to preserve the "toplc relatlonshlp" Wthh may'ex1st W1th1n ‘the collectlon
The space which will be considered for this report is the two,'-d‘Men_-, |

d_“s‘ion'al space defined by the polar coordinates of "radius'" and "angular

di‘splacement". Th_e relationships between the document locations in the:

— polar space and the polar coordinates are as follows:

o ' L o i=
| | 5j = 1 if ijis used to characterize d .
.. . | - n

§ =0 if ij_is not used to characterize d_.

. . Consider a collection of documents "C" With N=64 & M=4. 1In this

T, = radius relative to the center of the polar space = ZS )
] y

collectlon, there are 4 index terms 11, 2, 13, 4, also, there are 64“"““*‘;

documents characterlzed by a comblnatlon of the 4 1ndex terms For each-

document the density function is evaluated N

) ”":Eatﬁe~d~v-a~]_.}ues . The - i

- See figure _l';‘gjor;-agc{omp-let-e ~~11'i—s-t—i-ng;=~oi —all

values for this table 'h'ave' been obtained by means of an IBM §/360 Model

—_—

30 Computer;

) f‘ o Th“e’“cla ‘f at10n and evaluatlon of documents is ‘an uncompllcated
B 'process. .‘ Each document 'of the c*ollection is ass'igned a-unique number ;
from the set of numbers 1 to N whereN represents the number of docu-
ments in the col‘lection. ,_,T‘he index terms‘WhiCh are used to character£’°
ize all 'documents in the'collectlion are assig_ned numbers from the setoﬁ '

‘numbers 1 to M where M is ‘equal to the total number of index terms used
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" ¥in the collection. Each document number;“with its associated index- ..

.y

I

) ,ferm‘numbers,is recorded; utilizing these humbers, the density function f
- “and thepolarwéoordinates.can'be calculated. Thereineed be no prior
- “Jrelétionship béﬁween the'docﬁme&t gnd the document'numberiﬁg_systém,
© hovever, once the numbers have been assigned them, they must be re- -
o Eaihed.-~Referrihg-toAfigurevl,,itcanbé7§éid’that~therewexist3«a; -
) — documéht referenced by the number 1. Associated with thié document )
.  -;is an index term.with subscript?1. No other dodument_ih the collection : L
wilthaVe'anuassignment which ié i&éﬁgiéal té this one. Because df o
| Tthié unique assignment of iﬁdex-tétm'numbers,document densitiés can _
=~ - * b¢ca1cu1ated which will posséssthe-property~0f~distinguishability."
Again referring to figure 1’.it can bé observed that ali_the densit&
values are distinguishable one from the other. —
N , | ‘ |
_'With_the addition of new documents, it will not always be'neceséﬁry- )
f to re-evaluatg the»entire'collection. If the new document is character-
ized by index4tefms,which are alréady includéd in the‘¢011e§tion,;the~‘;mmf___h
) 'onlyAcalculatiqn which need be performed is that of evaluating“the dén- :
: o 'sity of the added document. This is quite obvious when one observes v e
_ that“theidensityisa function.9f the‘totalinumber of indexlferms in | . ;WM§,u
g T the collectio@; When new index terms ére added, then it becomes neces-
- ' sary‘to recalgulate all the.densiﬁy'values. This may appear to be a |

_'nwcﬁmbersome_chore if the cbilect10n~is quite large and the addition of =~ -

 this rqcélculation effort would be to anticipate-new additions by in-
" troducing pseudo-terms into the system. Then, as new terms are to be .

‘cadded, they Can replace'thevpseudo-terms.f In the.éémple problem, it w fi;f f: 3ﬂ

index terms is frequent; however, with computerized programming, this: o

becomes less burdensome than one would imagine. One way of minimizing
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-appears as if 4 index terms  are used’to characterize the documents . ...

-

in the collection; however, it is conceivable that there“cbuld

a

' - ...\ A | v ' .‘ . | E
| " - » exist only two terms:ﬁ)'and"iz with 13 a'nd‘:i.4 serving as pseudo-terms. ~ -
;“;“ ;;?f 5f%%ﬁf*All_thQWC31CUlatiOné for a 4 term system are performed even though it -~
B oAl term syste & 3 v S

) ‘ : -

; - a  contains only documents of a two term system. With the advent of 2

B L - additional terms, ig’ & 14 can then be reassigned to represent the |
| e - S - T S

two new terms, thus forming a four term system whose numeric calcula- =

_f;_mms;~! f<; >tiohé héve_already beeﬁpe;formed,; _A.l‘,~f ﬁ_.Am—‘
;  Figu;e 2 is a fgpresentatibn of the poiarvspacevith the 1o¢ations
ﬁ _ "~ of each document in the samp le proglem;" It can Be-observed that each
document of the collecFion ﬁas a ugiqueiocationin this polar sﬁace. | -
i} | The locations, just as the dénsities, are'distinguishabie. The fange:
| of the space‘cbordinates are as follows: the radius ranges from
_m 1"va1ues ofil'to'Kﬁax“whefe-Kﬁax is eQual to the maXimum_numbef-of,indéx
‘'terms used to,characterize-a document. All values of radii are integern'
" numbers. The‘valﬁes’of "o "' raﬁge between O and,2‘~~#{ )
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FIGURE 2 Documents Located in Polar Space i . -
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ﬁf : . _Computerized Uutput of Tndex Terms

Obtained from Document Densities | " 13 1

| /1 EXEC _

| : NUMBER OF INDEX TERMS IN COLLECTION = 4 DOCUMENT DENSITY = 111. _
| SN1 = 1 e L
SN2= 2 SIRRING
SN 3 = 4 T Lo o N o
NUMBER OF INDEX TERMS IN COLLECTION = 4 DOCUMENT DENSITY = 222,
| . - SN1 = 2 T )
%g SN 2 = 4 ) - "i"'m .
%; -SN-3 = 3 - - - = 1 - N
: SN 4 = 1 T e S
; NUMBER OF INDEX TERMS IN COLLECTION = 4  DO