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There has been a significant amount of interest 
the integration of document retrieval with data ment. 
model.
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Kingston,
Ontar io.

Ih thio paper we outline the array model- Here objects are 
represented as array members rather than set members. 
Further array members may themselves be arrays. This type 
of information structure seems to more accurately correspond 
to the structure of documents. We look at the implications 
of such a model with respect to the query language and we 
also look at implementation considerations.

recently in 
base manage- Most of this work has centred on the relational 

However there are significant defects with the rela­
tional approach. In particular, normalisation causes prob­
lems. Documents typically contain repeating fields such as 
author names, keywords, citations and so on. Normalisation 
causes what was once a logical unit of information to - be 
dispersed across a number of relations. This greatly com­
plicates the retrieval process. Other problems with the 
relational model include a lack of hierarchy and the inabil­
ity to retrieve objects of different types "simultaneously”.
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Representation 
bases de d---

semble mieux 
des documents.

implications du 
et aborde

matricielle des documents dans les 
donnees relationnelles.

Le present expose introduit le modele matriciel 
dans lequel les objets sont reprSsentes comme des 
ensemble plut6t que des elements d'un
d'une iatr-iJi I possible <3ue certains elements
d une matrice soient eux-memes des matrices Cette 

auteur 
le langage d' interroaat i nn J?1-Ca^lons du modele sur 
Nation?

On remarque beaucoup d'interet, depuis quelque 
temps, pour 1’integration du reperage des documents 
avec la gestion des bases de donnees. La.plupart 
des etudes effectuees sur le sujet ont utilise 1g^ 
modele relationnel. Il y a t .
fauts importants a 1 ’ approche relationnelle , 
ment des problemes de normalisation. f " w

gestion des bases de donnees.

toutefois plusieurs de- 
r notam- 

De faqon gene­
rale, les documents contiennent des champs repetitifs, 
tels les noms d ’ auteurs, les descripteurs, les refe­
rences bibliographiques, etc. Le processus de norma­
lisation fait que ces unites logiques d’information 
sont dispersees dans un certain nombre de relations 
differentes, ce qui complique considerablement le 
processus de reperage. Le manque de hierarchic et 
la difficulte de reperer simultanement des objets de 

------- -  au mo­
dele relationnel.
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able length text field, 
field into named paragraphs, 
first, SELECT mode, performs 
matted fields.
the wards contained in the ’ 
retrieval commands can be <—

In SELECT mode, we can ; 
field or a range search can

suggested the adaption of existing 
Most of these ideas have 

Of the three "tradi- 
most attractive mainly 

. query languages 
as a certain naturalness with the underlying 

This naturalness derives from the observation

It is an example of a ’’conventional" retrieval system produced to handle 
bibliographic data. It is also the system on top of which BPS, [7] , a 
MEDLINE derivative, has been developed. STAIRS permits a document to be

re rieval systems are primitive examples 
predetermined search strategies, 
■ any one time and are generally 

machine readable 
of inexpensive 
flexible docu-

It is also the system on_ top of which BRS, 
ueLivdLive, has been developed. L--  x

made up from up to eight formatted (fixed length), fields and one van
• - - - The ability also exists to partition the text

Two retrieval commands are provided. The 
retrieval based on the content of the for- 

The second type of retrieval, SEARCH mode, is based on 
e unformatted text field. The results of both 
combined using the usual set operations.

search for a particular value of a formatted 
be carried out. In SEARCH mode, searching 

7—— — —-- - word. Further, words can beis based on the presence of a P* h; a boolean combination may be 
required to be in a particular pa g P adiacent or present in the 
requested: two words nay be “quire ig.,ti:rj algorithms cm be applied 
^"“e'Z'lt'J “sX i£ S'“th‘n9 °thet

INTRODUCTION

By and large, information 
of information systems. They have 
often can only handle one data base at 
inflexible. With the evergrowing availability of ~ 
bibliographic data and the increasing accessibility 
hardware, there is a corresponding growth in interest in ment retrieval systems.

Recent work in this area has $---
data base models to document retrieval, 
focussed upon the relational model, [1,2*3,4] . 
tional" data base models, this has seemed the 
because of the completeness of the associated high level 
such as SQL, [5], as well 
tabular data structures.
that many of the structures in information retrieval map into tables.

At first sight the relational model seems well suited to this type 
of application since a lot of the underlying information structures in a 
document retrieval system are tabular - things like dictionaries, stop 
word lists, indexes, thesauri and so on, and when wo view the logical 
data organisation as a set of tables, then the relational concepts are 
ideal. However, when we try to extend the application of the model to 
more structured data, a number of the deficiencies of the relational 
model became more apparent.

THREE APPROACHES TO RETRIEVAL
In this section, we illustrate the relational approach together 

with that taken by a more conventional retrieval system, STAIRS, [6] , 
and look at some sample dialogues. We will compare these approaches 
with our proposed new model, the array model.

STAIRS is a widely available commercial product distributed by IBM.
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4----- 1---- ]---- 1------ F
| docno | para | sent | wordno | 
+—'

+------F
|text |
+------F

I

+--------------F
doc count 1

4---- F------ 4-
| word | pointer |4---- f----- f

DOCUMENT
4- F--------------- F
|doc_pointer|formatted_fields|
4----------- F--------------- -

J..13 information would roughly be stored 
The nested box denotes a repeating field.

INVERTED FILE 
--------- +---- 
word count

t consisting of a title, a set 
set of keywords and a year of 

here would be to have a single 
split the text field into three

as shown in

FIGURE I - Approximate STAIRS File Organisation
be sprlXeTtt^ TOUld appropriately

DOCUMENT (d#, Title, Abstract, Year?
AUTHORS (Author, D#)
KEYS (Key, D#)

This organisation is illustrated

strictly boolean retrieval is desired.
For example, suppose we had a document 

of one or mere authors, an abstract a L 
publication. The conventional approach 
formatted field called "YEAR" and to nprhaos TITLF
’’paragraphs", (the term is slightly misleading), called, perhaps, TITLE, 
AUTHORS, KEYS and ABSTRACT.

In STAIRS, this
Figure I. r—----
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, Because
normalisation problems.
j is itself an array, 
the relational model.

+--- +-------
+-----+
|Authors,
4------ F

Year

KEYS 
4-- 1-- p
|Key|D#|
+-- F I-

KEYS 
Tuples 
+-----p

the array 
the model

rather

DOCUMENT4. --- _p------ 4.--- p
|D#|Title|Abstract|Year|

4.—p----------4.----------------- h---------

AUTHORS
4--------------- 1------p

(Author | D# |
4.------------- p----- p

AUTHORS
Tuples

4.-------------------- p

[8,9] . * •
view is that the basic information structure seems to be a more 
able model of reality than do the sets of the relational model.

In the array model, the example document we had earlier can be 
represented as a single array as shown in Figure III.

FIGURE III - Corresponding Array Organisation

4—  p 
|Keys|4-- —4.

FIGURE II - Corresponding Relational Organisation
The approach presented here is to suggest a new model, 

model. This is a somewhat radical step but, as will be noted, 
is. based upon a generalisation of the relational model, rather than 
being totally new. Array theory has grown out of attempts to generalise 
APL, particularly to extend APL to permit non-rectangular arrays. These 
are arrays where elements of the same array may have different dimen­
sions and types. Trenchard More at IBM has been one of the leading pro­
ponents of array theory, [8,9]. The main interest from our point of 

------- ---  — —  -- j reason-

Each array element consists of an array of five items - a title, an 
array of authors, an abstract, an array of keywords and a year, 
non-atomic attributes are allowed there are no i„_ 
The result of retrieving something from this array 
The array model is really a generalisation of t Instead of retrieving tables from tables we retrieve trees from tre s.

At this level significant differences between the three aPP^che* 
are already noticeable In JIIAIK. “JTi„?"
treated quite differently from text tieias.



by the same query expressed in SQL and AQL.
a) Find all documents dated ”1984".

This type of
what happens in STAIRS.
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SELECT D# FROM Document 
WHERE YEAR = 1984

SELECT
year EQ 1984

specify what fields we 
In STAIRS this decision 

 In 
on, the search must be 

to the SQL query except for 
are not speci- 

the array 
is possible to 

rather than the

on the number of formatted fields 
the relational model, repeating 

treated differently from

the actual display
—J displayed informat i<

SELECT FROM Documents
WHERE Year = 1984

The first difference to note is that in qnr 
want retrieved as part of t-hn e. u ln SQL 
is postponed until the actual comman<3._  

w to alter the di JrutTJf f^_ntlng of documents.
performed aqain The a nr ™the /SerenTceeStT«y ,
tied, the entire document is rebri^1^5 tO r^trieved  
model does not prohibit indirection^ t M°re significantly, 
obtain a list of references (nr° Z In Particular, it 
-tual docents theMelves.

though not an unduly restrictive one, 
and paragraphs that are* f1 °^ho*rs are treated differently from non- 
fields_ such as keys ig caused by the normalisa-
tiOT^pr^es^^ere relations are designed so as to optimise updating. 
(For more detailed discussion of normalisation problems see, for exam- 
ole [2]). This creation of several relations from the original docu­
ment necessitates the introduction of a new field which we have called 
D#. Its purpose is to relate together the entries m the different 
tables which were derived from the same original document. As we shall 
see, it is this normalisation process that causes many of the problems 
with the relational model. In the array model, the internal organisa­
tion parallels the external view of the document.

We will now look at some queries expressed in the notation of the 
three systems systems and compare them. There are a number of rela­
tional query languages, all with similar power. We will use SQL, prob­
ably the best known, to demonstrate the relational approach. To illus­
trate the array model, the query language we use is AQL. This is an 
experimental language currently under development. It combines the 
basic. structure of SQL with a subset of the operations of NIAL, a pro­
gramming language based on Morels work, [10] . More detailed descrip­
tions of AQL are given elsewhere, [11,12] .

In the following examples, the STAIRS query is given first followed

retrieval more closely foliows



ASSIGN Myname: SELECT etc. (SQL)

Myname GETS SELECT etc. (AQL)

b) Find any document whose title is "WAR AND PEACE".

the search against title

"AND" ADJ

c) Find all documents containing the keyword "INFORMATION".

In STAIRS we would write:

is:In SQL, the corresponding query

83

the title, 
previous one.

cally and it is possible 
subsequent operations.
to results as in:

In STAIRS, the results of the i ‘ * 
to refer to the

In both SQL and AQL,

SEARCH
KEYS. INFORMATION

"PEACE"

SELECT D# FROM Documents, Keys 
WHERE Key = 
AND Keys.D#

In SQL, we have to relate information 
Document relation and the Keys relation, 
structured so that the Keys are : 
a single file structure.

SELECT FROM Documents
WHERE Title = "War and Peace"

SELECT D# FROM DOCUMENT
WHERE Title = "WAR AND PEACE"

retrieval operation are numbered automati-
- —‘ results using this number in

- / the user can assign names

SELECT FROM Documents
WHERE Key = "INFORMATION"

In STAIRS we can do a search and then restrict 
paragraphs as follows:

SEARCH
1: "WAR" ADJ
2: 1.TITLE

"INFORMATION"
= Documents. D#

information spread over two relations, the 
In STAIRS, the information is 

integrated with the rest of the data in 
The same query in AQL is:

This query cannot really be specified in STAIRS without making "Title" 
into a formatted field. If it is an unformatted paragraph, the normal 
choice, the best we can do is search for the adjacency of the words of 

In SQL and AQL, this query is structurally identical to the 
However in STAIRS we can search on the individual words 

of the title whereas in SQL and AQL it would first be necessary to build 
a separate structure to hold the words.



is much morelevel, the SQL query

one.

+—
+—+—

containing the keys
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This is not 
wanted. 7 ’ 
in the array model:

a ’
It can be contrasted with the

is 
represented

than the
- J tO X-
the documents- ? is no
- -- print.
> the required

+------------- +---------- 1-------- F
| THE ARRAY MDDEL | INFORMATION | MACLEOD |
+------------- +-------
| THE ARRAY MDDEL | DATABASE

4-- 1
(THE ARRAY MDDELI +---------F------ + +------ F----- -F

| INFORMATION | DATABASE | | MACLEOD | BARNARD | 
+----------------+ +----- L

very aesthetically pleasing representation of what 
 same information as

’’natural

BARNARD |
I- 

| BARNARD |

| MACLEOD |
+--------------------------- 1---------------------+--------------- F
| THE ARRAY MDDEL | INFORMATION |
+--------------------------- F--------------
| THE ARRAY MDDEL | DATABASE+--------------1.-------

In AQL, the query remains largely the same: 
SELECT Title (Authors) (Keys) FROM Documents 

WHERE Key = "INFORMATION”
Parenthesisation is used to denote non-atomic objects, 
example illustrates the main problem C__ 
normalisation. 1“ *’ -- **
the object retrieved is itself not a 
original document which satisfied the query - 
keys "INFORMATION” “ ----

this simpleother two.
look at the same query where we want to 

such as the title, authors and associ- 
difference. We simply specify the 

However in SQL the query becomes much 
information is spread over three rela-

' , or lists. This
*  * " i with the relational model, namely 

Not only is the complexity of the query increased, but 
-• >_—q "natural" one. Say there was one 

 ■ "THE ARRAY MODEL", with
‘and "DATABASE" and authors "MACLEOD" and "BARNARD".

Then the retrieved object which the user would see would be:

"INFORMATION" and "ARRAY"

It is obvious that even at 
difficult to formulate 1

It is interesting 
retrieve parts of 1— a ted keys. In STAIRS there 
fields of interest when we 1 
more complex, since Cm  
tions.

SELECT Title Author Key FROM Documents, Keys, Authors 
WHERE Key = "INFORMATION"
AND Keys.D# = Documents.D#
AND Authors.D# = Documents.D#

This is a much more natural representation in that it corresponds almost 
exactly to the original document.
d) Find all documents



)

Barnard is the first

"BARNARD"

- 85 -

SELECT FROM Documents 
WHERE FIRST Authors =

"INFORMATION”

In STAIRS we have little flexi- 
. On the other hand, it 

would be difficult to argue that the above query is either an elegant or 
natural formulation of the query being posed. 1 - 
AQL query is completely straightforward.

e) Find the titles of all documents for which 
author.

SELECT D# FROM Keys 
WHERE Key = 
INTERSECT
( SELECT D# FROM Keys 
WHERE Key = "ARRAY"

. This can­
information is

SELECT FROM Documents
WHERE ("INFORMATION" IN Keys) 
AND ("ARRAY" IN Keys)

SEARCH
1: INFORMATION AND ARRAY2: l.KEYS

SELECT Title FROM Documents, Authors 
WHERE Author = "Barnard" 
AND Author. Posit ion = 1 
AND Authors.D# = Documents.D#

f) Find all titles with more than three authors.

Another interesting class of queries involves .
not. be done in STAIRS, (although again, th^ 
available in the file organisation).

Boolean searches are one of the most common retrieval strategies. The 
SQL formulation is extremely awkward and very inappropriate for itera­
tive searching.

A major benefit of using a data base approach to document retrieval, is 
that the information organisation is not so rigorously pre-determined. 
It is relatively straightforward to add a new attribute to a relation or 
to add a new relation to the database.  
bility in defining the structure of the database, 
would be difficult to argue t*.— — — - - , . ,• • . However the equivalent

In STAIRS we apparently cannot do this, despite the fact that the infor­
mation is implicitly available in the file organisation. Nor, in the 
relational model, can W2 answer this query with the three relations we 
have currently defined. However, if the Authors relation was modified 
to contain an additional attribute, position, then the query could be 
processed.



the need for a new model
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DELECT FROM Documents
WHERE TALLY Authors > 3

1 the tuples with 
being temporarily

conscious 
, That 

seems to violate the 
solely composed of

Our view is that information is not naturally viewed and managed as 
a collection of sets. Rather information has structure and this struc­
ture is part of the information content. When we flatten information we 
lose part of the information itself. Our example on position illus­
trates this point.

information has structure and this struc 
is part of the information content. When we flatten information we 

the information itself. 1  ...
. In most relational systems it is probably impossible 

tn find the first author of an article. It can be said say that if this 
is important, a new relation can be created or position could be defined 
as an attribute. This seems unsatisfactory. It means a u_ 
effort has to be made to represent structure through attributes., 
is, we have to predict potential queries which : 
relational ideology. A typical document is not  
atomic objects but rather may contain lists of objects, such as multiple 
authors, keywords, references and so on. These lists have properties 
such as length and order. The relational model tends to become unwieldy 
when we try to represent such an object in a purely tabular form.

Probably the major way in which bibliographic data differs from 
conventional data base retrieval is that retrieval is non-deterministic. 
That is, two different users might well expect to obtain different 
results for the same initial query. Much of the user's efforts in the 
bibliographic context is spent in interacting with the system in order 
to obtain the optimal group of documents related to the original query. 
In the conventional data base environment, the user typically spends 
more time in formulating the original query whereas in bibliographic 
data the query is continually reformulated or modified in response to 
the results obtained.. Since continual viewing of the results is impor- 
tant in document retrieval, it is equally important that the structures 
implicit, in the underlying data model reflect the structure of the 
information being retrieved. A basic problem with the relational model 
is that the internal representation can often be quite different from

outside a computer information system ^d X^doJ't

SELECT D# FROM Authors
GROUP BY D#
HAVING COUNT (*) > 3

It is, once again, fairly obvious from this example that SQL does not 
lend itself to the straightforward expression of many types of simple 
queries. Essentially, what this query does is sort the relation by D# 
and count all the tuples with the same D#. In effect, non atomic 
objects ‘ -----™nc^’icted. In contrast, the AQL

equivalent

.an-u_y ------- i this example
Li. J.j straightforward expression 
Essentially, what this query docs 4<= 

count all the tuples with the same D#. 
are being temporarily constructed.

can be expressed quite naturally.
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