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ABSTRACT

A model of a generalized informac ion storage and retrieval system is

proposed. The model consists of six subsystems (or blocks): logical

Pr sor, lector, descriptor, file, locator, document file, and

analysc block These sub ystems function in a partial environment

defined by the user and data blocks. Proceeding from a verbal descrip-

tion, a functional representation of each subsystem is developed. The

functional representation describes not only what Is done but also,

some degree, how tasks are accomplished within each subsystem. An

immediate result of the funtional representation is the definition

of a metalanguage for identifying some neees ary characteristics of

higher level languages used in the implementation of information st rag

and retrieval sys!tems.



INTRODUCTION

Lack of a recognized, well accepted theory of information retrieval has

provided a constant disturbance to some workers in this field. In the Fall, 1966

issue of the Fo (the n wsletter of the Special Interest Group on Information

Retrieval), Lauren Doyle [5] refers to the "so ialt--moil"cetdby use of the

term "information retrieval". This upheaval stems, as he notes, from the inability

of people to accept a common definition of the term. With such .'.isagreement on

the d finition of "information retrieval", a more disparate perception of what

is encompassed by the field is a natural consequence. Recognition and acceptance

of a theory is believed by some [31 to offer some hope for redo ing this diversity

of views. We admit our memberShip in this optimistic group, and our purpose is to

attempt a amall step in the path toward establishment of some fundamental principles.

The fundamental description offered LA this paper is not proposed as a theory;

rather, we seek to identify an approach by which a theory could evolve. Characteristic

of this appr-.7, are the dual objectives: (1) descriptiv ness and (2) gener lity.

Descriptiveness is necessary if we are to evolve an accepted theory, i.e one con-

tributing to "theory ners" [33. Generality or the integration of severol athiy

distinct eAti. 'e, chracteristics, and/or methods into a single conc:-:tual unit, is

a requirement of any theory, but we are determined to avoid the usual corequisite

abstraction, Abstracti n may prove necessary in subsequent stages of develop ent,

but our preent gork is based on the practical objective of describing the functions

performed within an information retrieval system.

RELATED WORK

Several authors have proposed theories of information retrieval or documen-

tation and we s_ vey only the recent attempts that include the perspective of

automatic information retrieval systems. A more co prehensive treatme t, exploring

3



-2-

various subdisciplines and techniques of mathematics applied in the modeling

of information retrieval syst ms and subsystems, is given by Hayes [7]. His

purpose is to identify the role and contribution of mathematical models ratler

than to develop a theory of information retrieval.

Most theories of information retrieval (IR) begin with a specific aspect of

the total problem. Jonker [9] offers a theory that deals primarily with the

classification or ind :ing aspect. His idea of the descriptive continuum is

that the existing indexing systems form a continuum based on the average length of

index terms. This continuum would have at one extreme the inde-,Ing systems using

single word terms; at the other extreme are the hierarchical classification

s hemes in which the longest possible terms are used. Since the cost of an

IR system is largely dependent.on the indexing task, Jonker [9, p. 1311-1312]

argues that total system costs are reflected in the position of an indexing

system on the continuum. More recently, Soergel [12] proposes a formal system

representation of documentation systems in terms of the classification and query

search functions. Using primarily a set-theoretic approach, ,Soergel is able to

construct a classification of IR systems based on the relationships among desc-iptor

and query components, indexing terms in the former case and query te:r s in the

T rskj 151 proposos a model of an IR system focused on a dl:velop-

ment of the thesaurus concept.

In his recent text Salton [11] summarizes three approaches to modeling IR

systems. From these m dels certain theoretical relationships can be derived.

One approach is based on the search function, i.e. the relationship between the

cified set of query terms and the resulting document set retrieved. An IR

system (/) is defined by the triple

/ = (D, R, T)

where
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D is the F.inite set of documents,

R is the request language (finite set of request terms),
T is a function mapping R into all possible subsets of D.

Given the requests r and s from a partially ordered set R, and if the ordering

(<) is such that s < r, then the rerieva1 functio T: R
_D

defines en

inclusive retrieval system if

s < r T(r) C T(s).

A second approach is to model the IR system with respect to the classification

function. This approach, stemming from the earlier work of Mooers [10], defines

an IR _ystem as

/ = (D,R,C,X,F)

where in addition to the document set (D) and request language (R)

C is the classification language,
X is the classification function, i,e. X: D C, and

F is a function mapping the request language (set) into
all possible subsets of the classification language,
f.e. F: R 2C.

The retrieval fun ion 57: R 2D is then defined in terms of the functions

and F, i.e, given the request r the set of documents d returned is

T(r) = 1i1X(d) e V(r)}.

Nocers USes th cepts above to classify IR toms: (I) dcisc.:,(ol's

(association or a set ot terms with each document ), (2) characters wit b*Lorarchy

(an hiera hical classification scheme), and (3) characters with logic (characters

combined by logical operations). Mooers 110, p. 1332] defines a character as a

verbal symbol which (a) can be independently manipulated, (b) is primitive (non

decomposable), (c) has definite meaning, and (d) is from a finite repertory.

A third approach discussed by Salton uses graph theory as the modeling

technique.



FILMED FROM BEST AVAILABLE COPY

Other nurnors have chosen to avoid mathematical develo -t3f an IR

theory and preferred to concentrate on formulating the fundamental problems.

For example, ,,nscn [13] gives a thought-provoking discussion of ths several

subproblems - indexing, file organization, and performance requirements - com-

prising the general IR problem.

THE FUNCTIONAL LANGUAGE APPROACH

Concern with the languages of information retrieval has been demonstrated by

at least three authors. Dolby [4] reviews the population of pr..,gramming languages

and discusses their relative capability for IR applications. He concentrates on

assembly languages, COBOL, FL/I, and several special purpose, pl-imarily string

and list processing, languages'. Vickery [18] ralc4tes the function of an

language to the Lud and search tasks, providing a description

that 4,1v be perforn,e.d in sae partic-;u5.,,Ir Fairtilorme

algubraic reptesent cica of IR laupub,-,es that seeks Co desc

among terms in the s7" -on! vocabulary.

Our approack p a model of a generalized i.14. The model

comprLd 3L.eiroi with distinct functions. We w1c! w.:jT

functio repl .eutation is to define a me]an describing not only wh.at

happens within the IR system but, to some degree, how it happens, In this respect

we differ from previous approaches but at the potential expense of sacrificing

generality. In this effort we have emphasized descriptiveness.

io represent these subsystem functions. On,,-4 P of this

1
We have shown the model to represent adequately four IR s- toms deceribad
in the literature, QUERY, GIPSY, BIRS and SMART [2].
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FUNCTIONAL REPRESENTATION

0' _ difficulty in developing theory of information retrieval is the

lack of a well defined, completely comprehensive, existing system. In contrast

with the physical sciences, no entity is available for our examination. Con-

sequently, the comparison of the theory with the physical process, i.e. retrievi

information, is impossible. Thus, as Soergel [12, p. 170] notes, we must begin

with a preconceived model around which the theoretical framework can be structured.

propose a generalized model of an IR system, Identifying the six subsystems

and the environment in which the total system functions, i.e. the user and data

populations. Each subsystem is called a "block" (or module), and the user and

data populations also constitute "blocks". The blocks are examined independently,

and each subsystem is represented in terms of the language requirements for im-

plementing that block.

The Generalized Mode1

'Figure i shows the generalized model of an information store and tet..rleval

system (IR systEm) proposed in the earlier work by Crouch [2]. The st uctural

similarity te models proposed by other authors, notably Vicke..y [16:! ts

acknowled i developing the representation of the IR system, r,.e conee -rate

on the funct=ions executed by or within each subsystem (the rectanguar blocks).

Together rhe user and data blocks serve to define the partial environment in which

the system operates. The total environment would include the fenders or operators

of the system with considerations of policy and economics of operation. A brief

des ription of the relationships among the blocks follows.

The user (generally assumed to be unfamiliar with mechanized ISR systems or

digital computers) inputs its query to the system. The query is taken by the

logical processor which operates on the query and outputs to the selector the

query in terms of descriptors or index: terms. The 8 lector uses the descriptors
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to search the descriptor file (or index ). The resultant specifications,

pointers to those documents which have successfully satisfied the search aeco ding

to some pre-established criteria, are returned to the selector. The selector,

which may or may not operate on these specifications, sends the final selected

specifications to the ioctor, which uses this information to search the

docunient file. The documents themselves are returned first to the locator and

from there to the 7.46er.

The second part of the environment definition is the data. Data enters the

system at the analysis block. The analysis block operates on the input to produce

two outputs--a representation of the document in terms of descriptors, to be stereo

in the descript r file along with a pointer to the document in the document file,

and a reference to the document itself (i.e., an iden ifier) to be stored la the

document file.

Note the thr e feedback loops involving the user:

(1) from the to the logical processor and back to the use2,,

(2) from the user to the logical processor and selector then back

to the uee.1,, and

(3) from the u(31' to the logical processor, selector, and

i,;k to the user

in the first case, the logical processor is asking the user to rc-f rmulate,

clarify, or augment his query. In the second case, the selector is requesting

user approval of the selected specifications, i.e. for the user to designate

from amongst the set those that most accurately describe his needs.

We assume that all information stored within the system enters through the

analysis block; thus any information concerning the user, his use of the system,

or resulting from this use must be viewed as imput to the analysi block.



Descri-tion of the Environ

The environment is described by the user and data blocks. Economic aspects

system operation are ignored; so that we actually describe a partial environ-

ment. Our assumptions about this environment are limited. We consider that the

user is motivated by a need for information and interacts with the IR system in

his attempt to satisfy this need. Perhaps being quite unknowledgeable of the

system structure and/or capability; nevertheless, he is able to supply the initial

character string in interaction with the system. We designate the input query Y

to be the set of all strings initially used to describe the eed for infer-

-)

mation.

-8-

= {y}

The second part of the environment, the datc2 block, co prises the raw material

input to the IR sys'em. We assume this input to be unprocessed t 3 material

in the recorded form convenient to the system. Although certain cprven ions may

be followed in romi1ing this material for input, no manipulal:ion by trained

personnel prior to entry is assumed. No doubt the form of thLs raw material can

influence the system's ,Tirocessing effectiveness (reducing t1x -reqoirements for

autolatic coateni [15, 71 for e ample), but for ow- p: ma:z.erial

consi ered as a set of recorded symbols recognizable by the

This set of recognizable recorded symbols is call d a document (D),

-([ ] [c4.] e A}

where each document is composed of a finite number of symbols (characters)

i.e. single character strings which are members of the finite symbol set A.

We impose few requirements on the user and data blocks, consequently forcing

2
A11 symbols and notation used, except the operators in Table 1, are defined in

the Appendix in addition to their definition in the body of the paper.

10
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the IR system to accept an increased responsibility at two points--the logical

procesor and analys7-9 blocks. In fact, we see nothing at this time to prevent

the IR system's serving either a fact retrieval or document r trieval purpose;

however, the representation of the blocks corresponding to the six IR subsystems

(the Zogical processor, sele tor, descriptor file, locators document fiZ , and

analysis block) is oriented toward document retrieval.

A Lan-ua-
_ Approach to Functional Representation

The symbols used in specifying the functional representation are defined in

the Appendix. Wherever possible we have attempted to follow "c nventions" em-

ployed in programming language definition or the "usual" mathematical notation.

Unfortunately, no single set of symbols and no standard terminology are univer-

sally accepted; hence, we apologize a priori to the reader for our failure to

adhere to his individual preference.

The operators used in the functional representation are defined in Table 1.

Basic definitions used in the development of the representation are given in Table

2. Necessary additional notati n is introduced within the development of each

block.
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Operator Description/Definition Use

-t comparison

parentheses

compares element on left side

of operator to every element

of the set on the right side

of the operator

alters usual left-to-right

execution of Boolean expression

by giving higher priority to

operations to be performed within

innermost nested parentheses

relational (=,--,>,>,<, e denotes any member of the set

of relational operators

logical (A,V) o denotes any member of the set

of logical operators. Both and

(A) and or (V) have the same
priority, modified only by the

presence of parentheses

oX eX::[x ox-o...ox I the application of the operator
1 2 V(X) o to the set X to form a string

(where square brackets denote that
the contents of the brackets is

considered a string, and v(X)

demites the number of elements in

the set X)

[a41;[ "=Ecti'i+13
string concatenation

Table 1. Operators Used in the Functional Representation



Notation Description

Q(D)

T(d)

v(x)

c::={g}

11::=611

A .={[ai i=1,2,...,v(A)1

a document

a descriptor

set of all documents

set of all descriptors

a. contents of record R corresponding

to record identifier x, or

a set of items associated with

identifier x, or

o. a mapping which as ociates with

x a set of items R(x)

set of descriptors associated with

(describing) document D

set of documents (document identifiers)

associated with (described by) descriptor d

value associated with x

set of all grammatical constructAons (punctuatioi

symbols, non-meaningful strings)

set of all query terms

the symbol set recognizable by the system

Table 2. Basic Definitions in the Functional Representation

13
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The LogicaZ Fracas

We assume that the query is expressed in a restricted natural language;

if desirable the degree of restriction could be minor. The primary task of the

logioal processor is to accept the query as input and to produce a reduced query,

i.e. the query expressed in the system's vocabulary, as output to the selector.

Production of the reduced query can be subdivided in__ the following tasks:

(1) query recognition - identifying the input string Y as a

legitimate query and possibly performing a syntactic

analysis of the input either independently or in dialogue

with the user to enable modification according to system

requirements;

(2) query reduction - removing all grammatical constructions

and nonsubstantive words unrelated to the supposed

"information content" of the query;

normalization - expanding the query by dictionary reference

in the process of translating the input strings into terms

consistent with thesystem vocabulary; and

(4) pre-search activities - using the formulation of the query

resulting from the three previous tasks, to allow user feed-

back in further query modification.

We can represent the function of te Zogical processor by beginning wtth

the query input string Y, i.e.

tyl

where the set of all substrings y comprise the query Y. An essential assumption

is the left-to-right ordered scan of all character strings, those produced as

well as thosesupplied. Thus all strings are eXamined in a left-to-right order

unless precedence operators, elK. the parentheses characters, are present to

alter this order. We assume the permitted operator set to be composed of the

precedence operators ( , ) and the logical operators

o:: = fA,V1

(with the negation operator omitted).



Let
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G::={0, the set of all grammatical constructions (punctuation
and non-substantive terms, and

U::=={11}, the universal set of all query terms,

then the set of all possible (Boolean) queries is defined recursively as the

set of strings

B*;=-4J1(3) 'BOB

During the que y recognition phase denoted by the subscript R,
3

the logical

processor (L) acts either to reject the query (if it is not syntactically

recognizable) or to augment it (in the case of incomplete syntax)

L
R

(YUly)1)

where {y} may be null and the rejection, indicated by (I), obviously prompts some error

message.

The logical processor begins the query reduction task with a stt ng Y (pos ibly

different from that submitted to the query recognition phase) where

Y= (11- UG )and U c U, G C G.

In the query reduction phase the logical processor is appl ed to construct Y

(the reduced query) member of the Boolean query set implicit in Y.

L -) Y'
P'

with all g C T'stripped away. The query reduction function P acts on the ordered

sequence as follows

P(Y) iP(Yi), P(Y2),..., P(Yy(y)

where v(Y) indicates the number of elements in Y. Note that the order of Y is

preserved in Y , i.e. for Lr';:=,{ul then the scan of Y causes u1 to be the first yi

such that yi=u, u c U ete.

3
-The use of a subscript on a function sYmbol, e.g.. ER, serves only to identify a
particular task of a more comprehensive function in this case the logical processor.

No relationship is intended between the function and the entities to which it is
applied.

15



For example, the input to the qvary reduction phase is Scanned so as to

form strings with each string [y], having one of the prope ies:

(1) consisting entirely of meaningful characters,

(2) consisting entirely of non-meaningful characters

(punctuation, blanks, articles, etc.), or

(3) consisting entirely of one or more reserved characters

(parentheses cr logical characters).

The query reduction operation causes the following value assignments

P y

u y=u, u e U

Y="
y=)11

1 A y="and"

A y=g, g e G

M(E)U y otherwise

where M(E) is an error message a tivated by the attempt to process y.

In the normalization or expansion phase each meaningful term u is used to

identify the subset of all descriptors associated with u, i.e, N(u).

L_ PON(e)] =
-N

where N(e) =

N(u) if e = u

otherwise

The decomposition function el[oX] breaks the string of terms and logical

operators into separate elements

p[oX]::=P(x ox ]

1 2 v(X)

= Ix1,o,x2,o,...,0, xvool

and forms the set Y""' by its operation on Y. Members of Y" are parentheses, the

logical operators (A V) and discriptors (d) from the set of all descriptors
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The function of the logical processor in presearch activities would involve

repetition of these three phases. One can visualize the function of the logi, al

processor to be defined in terms of the individual task functions

L::= {-)}}.

The Selector

The selector, using the processed form of the query (Y-') as input, retrieves

from the descriptor file the set of all documents associated with each descriptor

(d E Y ). The indicated logical operations are then performed in the order

specified (by the use of parentheses). The result is a set of selected.specifi-

cations, i.e. the set of all document identifiers associated with the initial

query. In addition, selected specifications, e.g. a docum nt listing, the number

of documents associated with each d, etc., may be returned to the user. This Is

often termed post-search activity.

In representing the function of the selector, we must consider the relation-

ship between this block and the descriptor file. we represent the descriptor file

essentially as a passive block acted upon by the select r (and the analys block).

Let 2 be the fuiction which evaluates any valid set expression. Tho F1ALction

the selector ) with respect to the descriptor file is represented as

Sd: ((d (p["("VT(d)")"])3; dEY' U , A 11) = D

where '5 is the set of all documents.

While appearing complex, the representation of the selector is quite

straightforward. Consider the simple example

17
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Y" = fdl, V, (,d2, A , d3,)J

th the following document references

d- refers to D
3'

D
5'

D
-1 6

d refers to D D
2 -4' 5

d3 refers to D4, D7.

The actions of the selector are:

(1) identify the document set T(d) associated with d, g.

for d
1

.07
3'

D
5

D
6
1'

' '

(2) "or" the members of the document set (in a sense this

creates a string) and enclose them in parentheses, e.g.

for d -(D
3
VD

5
VD )-

6 '

apply the decomposition function to T(d) in its string

form and replace d by T(d), E3,L. for d1 (D3, V, D5, V ,

(4) this is repeated for all d c Y" to give the result, f...A.

{(D3, V , D5, V, D6),V (, (D4, V , D5),A , (D4, V , D7)01;

(5) all logical operators are replaced by the union and Intersection

operators and the result is evaluated by applying Q

((D3U D5UD6) (041JE5) rI(D4LJD7)))

producing the set of documents D', e.g.

fD3, D4, D5, Dd.

The second function (sometimes called post-search activity) of the selector

is to operate on D.- in some manner so as to return some aspect of D' to the

user. We use the notation v(D) to indicate some "value" associated with V as

the output.

S (D')

The nature of D') is system dependent.

18
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Representing both functions of the selector (S) requires the execution of the

document selection followed by post-search activity, i.e.

s::=s s_{.11
u -d--

The Descriptor File

Representation of the descriptor file begins with two assumptions:

(1) The hardware capability of the system is similar

to that of many existing systems; it includes

(besides a large mass memory and multiple tape

units) a number of auxiliary storage devices such

as disc, drum, and/or data cell. With the possible
exception of an interactive capability through

teletypewriter, it includes no specialized hardware
devices.

(2) The main concern in enr generalized retrieval

system is single query processing (i.e., the query

of the individual user), rathez- than the batch
processing of multiple queries.

.

The descriptor file is viewed as passive as wt- :-)te above. We can characterize

it by representing its organization rather Lhan prescribing any active functions

performed by it. A similar app--aah is taken by Hsaio and Harary [8] in representing

the search functions (selector) as they relate to various file (descriptor file)

organizations.

We consider the system vocabulary to be changing (i obably increasing) and

determined by

is assumed).

The essential

the criteria invoked in the analysis bloa (no static thesaurus

Furthermore, we assume no weightings are applied to descriptors.

task is to represent the process by which the set T(d) is defined

for the three principal file organization te.2h...1:_ques:

multilist.

19

serial, inverted, and
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1. The Serial File

A typical serial file entry is seen as follows:

D)

Associated with each document D is a set R(D) of terms

or descriptors, d.. The serial file may then be characterized

by:

(1) Q(D)::=R(D)

(2) T(d)::fd
V(D)

R(D), V D 6 W.}

Thus T(d the set Of all documents associated with

descriptor d, is found by the following process. First

d is compared to every element o the set R(D). If d

is an element of R(D), (D) (the associated document tag)

is returned. The comparison is made for all D contained

in the set 5.

2, The Inverted File

A typical inverted file entry is reproduced below.

That is, associated with every descriptor d is a set R(d)

ofdocumentsD_Inverted file organization can be represented by:

(1) T(d)::=R(d)

(2) Q(D)::={v(D),1 R(d d c'ZI
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The Multilist File

Multillst file organization is somewhat more complex

than the others, since it involves the use of an additional

file, frequently called the Directory. Multilist file

organization is pictured below.

Directory Main File

d. v(D
k

v(D
k

)

D.

v(D

v(D

dit

1d

v(d.
3

All main file entries are of the form where

=v(D
k) .

The diagram shows the directory entry associated

withsomespecifieddescriptord.and the corresponding main

file entries.

Thus multiiist file organization can be characterized by:

(1) T(d)::{d
v(d)

t R(R(d)) / v(d).= A}

(2) Q(D)::={..,(D)d t T(d),A d e i}

In each search of the descriptor fUe by the selec or, the object of the search

is the set T(d).

194
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The Locator)

Just as the selector
searches the descriptor file in order to extract the

documents or document tags associated with each descriptor in the expanded query,

the locator (R) searches the document file to extract the record associated with

each docume c in the set (D-) passed to it by the selector. This record may con-

sist of the document title, an abstract, or an extract. In any case, the contents

of the document file entry associated with the document are returned to the user

under the heading of "located documents." We represent the function of the locator

as simply:

R: {R(D), V D6D1- user

where R(D) is the entire data record (entry) associated with document D.

The Doownent File

The document file is composed of entries R(D) which are the TR system's repre-

sentation of the corresponding documents. Formed by the analys2,8 block, the system's

representation of each d c ment is determ ned by the criteria applied there. We

assume that in every case a unique docu ent identifier v(D) is au entry in the

document record R(D).

Vickery (17] states that document representation may be formed in three

ways: by simple extraction, by selective extraction, and by the assignment

of certain keys (a.g., standard descriptors). The analys s block may leave the

document (data) input virtually intact, operating only to construct the document's

representation in the descriptor file. Consequently, the entire, unaltered

document may serve as its representation.
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The document file, like the descriptor file, is considered a passive block.

In this case the locator is the active block operating on the document file.

Similarly, the representation involves defining the file organization which is

assumed to be simply by the document identifier v(D) or an ordering based on

frequency of use. In either case the document file is organized according to some

at ibute (or combination of attributes) of tha record R(D) corresponding to the

document D.

R (D )

-1
R(D

2
R(D.)

.3

Thus file organization is represented simply as R(D).

The Analysis Block

The analysss block constitutes the second entry point for input external

to the IR system (the other being the logical processor). The function of the

analysis block is to process the incoming data in order to produce two outputs:

(1) some indication of the contents of the

incoming document, to be stored in the
descriptor file along with a pointer to
the document in the document file, and

(2) a representation of the document itself

(i.e. the system!s representation of the document),

to be stored in the document file.

Obtaining the description of the document contents is commonly called the

indexing task.
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The importance of the indexing task has been noted by several authors

[16, p. 22) [1, p. 317]. Automatic indexing techniques fall into four general

categories:

(1)

(2)

(3)

(4)

permutation indexing,

citation indexing;

statistical procedures, or
syntactic procedures.

While application of the techniques in each category require quite different

assumptions and utilize different aspects of the data, they all operate on the

da,a with the same objective: to construct a set of descriptors that "... somehow

indicate (emphasis given original y) the information content of the document ...

[1 p. 317].

The second major task of the ana ysis block is the construction and storage

of a document representation in the document file. This representation would

include a document identifier, all the elements of a bibliographic reference

(author, title, publisher, etc.), and might include references, an abstract, and/or

the complete document text.

We should also note the possible use of clustering techniques within the

analysis block. In information retrieval, the object of cluste ing algorithas is

to generate groups of associated terms (for use in a thesaurus) or to form

document clusters facilitating the matching of the analyzed search request with the

document identifiers. The result is to simplify the retrieval process.

We view the task of document representation as requiring some of the functions

employed in the indexing task. Usually the indexing task is much more cumplex

while the document representation may be almost perfunct ry. Considering the

indexing function of the analysis block, Vickery [16, pp. 21-22] recognizes three

24
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stages in the assignment of document descriptors:

scan of the text to derive those words,
phrases, and/or sentences which best represent

information content,

(2) a decision as to which of the descriptors

are worthy of being recorded in the descrip or
in view of the purpose of the system,

aad

(3) the transformation of the selected descriptors

into a standard "descriptor language," the re-
sulting terms of which serve as the entry or

entries In the oi4-e&xl:pto21 fila.

We describe these three stages by two functions, i.e. the string formation function

(4 ) and the descriptor determination function Ad).

Recall that a document (D) is defined as a set of strings, i.e.

]1 [ailcAl -

In its raw, unprocessed form, the data entering the alysl. s block are members of

thefinitesymbolset i1,2,...;V(A)1, which can be cons dered single

character strings. This set can be partitioned into t o subsets

CT CA and CRC A

T_

where C is the set of terminator symbols and C- the set of non-terminators and

cT n cR
9.

Thus we represent the data (a single unprocessed document) as a L3L

{[ai]l[ i] Al.

The scan of D is assumed to be from left to right.

The string formation function A
F

operates to form the set of descriptor

co produce terms.
AF: (;[a.] El [a.] [a] 1.1[(1.] e. D) = A.

1-

As a consequence of this operation the set A can be defined as a set of strings

e CR V[ ] e 1).
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The descriptor determination fun tion A operates on the set A to select th

descriptors to be inserted in the descriptor file.

Ad: A -4- (dId E Q(D)1

where Q(D) is the set of all descriptors associated with document D. In this

manner no limitations are placed on the size of the descriptor vocabulary ()

where A is the set of all descriptors

E::=idl.

Again, we use an example to illustrate our representation. Let

_T
C =

R r

C-

then A = cTU C
R

. A sample from the input string follows:

THIS BOOK DESCRIBES THE USE OF THE'DIGITAL COMPUTER IN THE WORLD OF INDUSTRY,

COMMERCE, AND BANKING.

Then the first five symbols are

H

"S"

Ifpt

The operation of AF results in the set

A = (Ea] ] , (c017)
1, 2'.

where La]l = "THIS", [c02 = "BOOK",..., [a]l7 = "BANKING".

The criteria used in the selection of descriptors is system dependent.

Application of Ad to the set A is equivalent to applying the function to each

member of the set, ie. for our example

Ad: A = fAd: Ad:[a]2,..., A :Call7



where A
d'

[a] d according to the criteria applied, otherwise

Ad: [a] A . If a fixed descriptor vocabulary is used, the descriptor

qualification Ad_ -[a] -4- d is easily determined. In a system where a fixed:

vocabulary is not used, a) might be used to determine the result.

Thus the function A
d

can, produce a different set of descriptors Q(D)

depending on the criteria which are applied. For our example, let us assume

that A
d

operates onthe set of strings A associated with document D as

follows:

A
d

: lai
1

= A
d

:

A
d

= [a]
2

= A
d

=

"THIS" A

"BOOK" A

Ad: [a]8 = Ad: "DIGITAL"

[a] = Ad: "COMPUTER" ÷ d
2

Ad: Ledi = Ad: "IN" A

Two additional functions remain to be accomplished in the ciaZyei-s block,

and these relate to the file maintenance requirements. For the descriptor file

the tasks required differ according to the file organization employed. We

denote the maintenance function required for the descriptor file by Am and

represeat the activities as follows:

1. The Serial File

A : {did E Q(D)} R(D)

2. The Inverted File

A : {v(D)UR(d),V d 6 Q(D)) 4' R(d

27
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The Multilist File

Am: {dl (d) A T d E Q(D)} -4- R(D)

v(D) R(d),Vd dE (CD) Z:\

dv(d) R(R(d)) / (d) A

v(D) v(d)

} VdDdc (Q(D)11 70

Note that in each case the file maintenance function begins with the set

Q(D) produced by Ad.

The serial and inverted file maintenance functions na.--2 simple. In the

serial file the descriptor set is assigned to a document record; while the

inverted file requires the addition of a document identifier to the set of

document identifiers referenced by each descriptor d. For the multilist file,

the first op ration refers to the formation of a main file record, the second

describes the formation of a new directory record, and the hird describes

the setting of the main file link.

After determination of the descript set Q(D) and its subsequent use

in file maintenance functions, the analysis block operates on the original text

input to construct and/or maintain the document file. This functi n involves

only the construction of the document re o d R(D) and th-,- ad--Lsor

document to the set of all documents.

AD: (V R(V))1J{R(V), D 6 5) -1- {R(D), D E

In summary, the function of the analysis block-(A) can-be represented as

A: .AmfildfAF{.31}

where the angular bratkets enclose an ordered pair.



-27-

OBSERVATIONS ON THE FUNCTIONAL REPRESENTATION

Figure 2 provides a summary of the functional representation of an IR

system. The verbal description of each block is replaced by the functional

representation. The descr-iptor fiZ.e and document file are indicated to be

passive entities by the nature of their interaction with the selector,

locator, and analysis blocks. In addition to representing the function of

each block, the production or output of one block that servec, as input to

another is identified for each interaction between active blocks.

Several observations on the functional representation seem appropriate.

First, our purpose is to describe not only what is done in an IR system but

also, to some degree how it is done. The functional representa ion serves

this purpose and in so doing defines a metalanguage for IR l ngu-ges. Second,

we have strived for descriptiveness at the possible sacrifice of generality.

Our contention is that an immediate result of the functional representation

is a metalanguage that provides useful information on the capab lity of higher

level programming languages used to implement either the entire IR system or

any subsystem, In the earlier work by Crouch [2], an algarithia, based on the

metalanguage, is described that provides a quantitative evaluation of the data

structure and operator capabilities of several programming languages.

Finally, the functional representation furnishes a direction that offers

some promise in the identification pf common ideas, practices, and methods

and the eventual integration of these into a coherent body of concept . A

theory evolving in this direction should prove sufficiently descriptive to

"theory users".

29
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Notation

:

{a I condition}

VD

Al

APPENDIX

Descripti_52a

definition sign

equivalence

"set of all a, for which condition holds"

an ordered pair

any set

any string

null set

an element of"

replacement (or assignment)

any binary relation (=

any Boolean relation (AN)

the set evaluation functiPn

function op rator

fD., 2,...,n) where Dici5

("for all D")

9
"such that"

AN corjunction, disjuucL:lc:n

A null field

union of sets

alternative (AIS ::=A or B)

p..
lit-r l string delimiters

fl intersection of sets

A
c the complement of set A (AC, = Al,

blank character

Table Al, Notation Used in the Functional Representation
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: f(z)

f(x) / yoz

ff(x) / yez}::=

if x6f(z)

0 otherwise

Note: t is the value retu ned (n(
subscript)

x r

f(r) r

yez

true return r

x r

r

return r

--false yez
true

Table A2. Definition of Special Functions
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