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This paper is a report of our early efforts to 
use a rule-based approach in the information 
retrieval task. We have developed a prototype 
system that allows the user to specify his or her 
retrieval concept as a hierarchy of sub-concepts 
which are then implemented as a set of production 
rules. The paper contains a brief description of 
the system and some of the preliminary testing we 
have done. In particular, we make some 
observations on the need for an appropriate 
language for expressing conceptual queries, and on 
the interactions between rule formulation and 
uncertainty representation. 

I THE INFORMATION RETRIEVAL PROBLEM 

Existing approaches to textual information 
retrieval suffer from problems of precision and 
recall, understandability, and scope of 
applicability. Boolean keyword retrieval systems 
(such as Lockheed’s DIALOG) operate at a lexica 1 
level, and hence ignore much of the available 
information that is syntactic, semantic, or 
contextual. The underlying reasoning behind the 
responses of statistical retrieval systems [41 is 
difficult to explain to a user in an understandable 
and intuitive way, and systems that rely on a 
semantic understanding [ 51 must severely restrict 
the style and content of the natural language in 
the documents. 

In the near future, large on- line document 
repositories will be made available via computer 
networks to relatively naive computer users. In 
this context, it is important that future retrieval 
systems possess the following attributes: 

(1) Queries should be posed at the user’s own 
conceptual level, using his or her vocabulary 
of concepts, and without requiring camp lex 
programming . 

(2) The system should be able to provide partial 
matching of queries to documents, thereby 
acknowledging the inherent imprecision in the 
concept of a relevant document. 

(3) The number of documents retri eved should be 
dependent upon the needs of the user (e.g., 

(4) 

(5) 

(6) 

uses for the 
reading them) 

document s, time constraints on 

A logical, understandable, and intuitive 
explanation of why each document was retrieved 
should be available. 

The user should be able to easily experiment 
with and revise the conceptual queries, in 
order to handle changing interests or 
disagreement with previous system performance. 

Conceptual queries should be easily stored for 
periodic use by their author and for sharing 
with other users. 

II A RULE-BASED APPROACH 

In our efforts to address the issues raised 
above, we have created a prototype knowledge-based 
information retrieval system called RUBRIC (Bllle 
Based Retrieval of Information by Computer), in 
which queries are represented as a set of logical 
production rules [2l. 

The rules define a hierarchy of retrieval 
topics (or concepts) and subtopics. By naming a 
single topic, the user automatically invokes a goal 
oriented search of the tree defined by all of the 
subtopics that are used to define that topic. 
(i.e., a search process similar to that used in 
MYCIN [71). The lowest-level subtopics are defined 
in terms of pattern expressions in a Text Reference 
Language, which allows keywords, positional 
contexts, and simple syntactic and semantic 
notions. The context functions restrict the 
pattern matching to occur in some specified 
syntactic context. So for example, one can specify 
that two patterns are of interest only if they 
occur in the same sentence or paragraph. Contexts 
can be made “fuzzy”, giving RUBRIC the ability to 
find patterns that are “almost” within the same 
sentence or paragraph. 

Our current implementation supports a variety 
of features including a simple explanation 
facility, variable thresholding and clustering of 
documents, one-level thesauri, and stem extraction 
on stories and queries. 

A. A Novel Rule Format 

As in most other rule based systems, each rule 
in the query definition may have a user-defined 
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selection of thirty stories taken from the Reuters 
News Servic e. Our basic experimental procedure is 

heuristic weight which represents the degree to 
which the occurrence of the antecedent supports the 
occurrence of the consequent. That is the user can 
write rules of the form: 

IF “the story is about topic A” 

THEN “there is evidence to degree 01 
that it is also about topic B” 

However, in contrast to other systems we also 
provide an extended rule format, which enables the 
user to incorporate auxiliary (or contextual) 
evidence into the query. 

Auxiliary evidence is evidence that by it self 
neither confirms or disconfirms our hypothesis, but 
which may decrease (or increase) our belief if seen 
in conjunction with some primary evidence. The 
syntax of such a rule is: 

if A then C to degree Q 
but if also B then C to degree 0 

where if OL is greater than p then B is 
disconfirming auxiliary evidence, and if (Y is less 
then p then B is confirming auxiliary evidence. 
This has the effect of interpolating between cr and 
/3 depending upon the truth of the auxiliary clause 
B. Thus we might have a rule of the kind: 

IF 
“the story contains the literal string ‘bomb”’ 

THEN 
“it is about an explosive device with degree 0.6” 

BUT IF 
“it also mentions a boxing match” 

THEN 
“reduce the strength of the conclusion to 0.3” 

Here we see the concept of disconf irming evidence 
in operation; notice that by itself “being about a 
boxing match” is not evidence that can be used to 
support or deny the conclusion we are trying to 
establish. (c.f., MYCIN which uses a concept of 
directly disconfirming evidence). 

III SOME EXPERIMENTS 

A methodological advantage of working with the 
information retrieval problem is that we always 
know independently of RUBRIC whether or not the 
stories in the database are of interest. This 
makes it possible to conduct a variety of 
interesting experiments. We report on just two 
that we performed as a preliminary investigation of 
the validity of the RUBRIC model of information 
retrieval. First, we look at the improvements that 
can be achieved over a conventional Boolean keyword 
approach, then second, we explore the effects of 
using different calculi for propagating the 
uncertainty values within the system. 

A. Exper imenta 1 Method 

As an experimental database for testing the 
retrieval properties of RUBRIC we have used a 

thus to rate the stories in the database by 
inspection (i.e., define a subjective ground 
truth), define a query, apply the query to the 
database, and then compare the rating produced by 
RUBRIC with the a_ priori rating. 

RUBRIC’s basic task is to assign a weight to 
each story in the database. This weight is the 
truth of the statement “this story is 

- 
relevant to 

the query”, with its value being determined by 
propagating the uncertainty values through the tree 
defined by the rule-based query. This makes the 
assessment of performance somewhat complicated, 
since we are interested in the properties of the 
ordering, both in absolute terms (i.e., the truth 
values returned) and with reference to the ordering 
that we determined beforehand. 

For the purposes of this discussion, however, 
can concentrate on two basic measures. Both of we 

these are based on the idea of using a selection 
threshold to partition the ordered stories so that 

1 

those above it are “relevant” and 
the first we 

those below it 
lower the 

those deemed a 
are “irrelevant”. In 
threshold until 
priori relevant 
unwanted stories 

we include all 
and then count the number of 

that are also selected (denoted 
In the second we raise the threshold until we 

exclude all irrelevant stories, and then count the 
number of relevant ones that are not selected 
(denoted NM). The first definition therefore gives 
us an insight into the system’s ability to reject 
unwanted stories (precision), whereas second gives 
us insight into the system’s ability to select 
relevant stories (recall). 

B. A_ Comparison with Boolean Retrieval ---- 
First we selected as a retrieval concept 

“Violent acts of terrorism”, and then constructed 
an appropriate rule-based query. This is 
summarized in Figure 1 where we make extensive use 
of our extended rule format (indicated in the 
figure by the use of “Modifier” sub-trees). 
Application of this query to the story database 
results in the story profile shown in Figure 2. 
Notice that for presentation purposes the stories 
are ordered such that those determined to be 3 
priori relevant are to the left of the figure and 
are further subdivided into definitely relevant and 
marginally relevant. In this case the ground truth 
defines nine definitely relevant stories, four 
marginally relevant ones, and seventeen that are 
not relevant. In Figure 2 each story rating 
assigned by RUBRIC is represented by a number in 
the interval [O,ll. A perfect profile would be one 
that gave the relevant stories a high rating, the 
margina 1 ones an intermediate rating, and the non- 
relevant stories a low rating. The performance 
scores for this output are: 

Precision: 
NF = 1 when we ensure that NM=O, and 

Recall: 
NM = 5 when we ensure that NF=O 



This is excellent performance, being marred only by To compare RUBRIC against a more conventional 
the selection of story (25) which, although it approach we constructed two Boolean queries using 
contains many of the elements of a terrorist the rule-based paradigm, one of which is shown 
article, is actually a description of an Figure 3 as an AND/OR tree of sub-concepts. The 
unsuccessful bomb disposal attempt. The lowest only difference between the two Boolean queries is 
rated relevant story, (26), is one about the that in the first we insist on the conjunction of 
kidnapping and shooting of a minor political figure ACTOR and TERRORIST-EVENT (as shown), whereas in 
in Guatemala. In our ground truth this was given a the second we require the disjunction of these 
marginal rating. concepts. 

TERRORISM _ Modifier 1.0 REASON 

REVOLUTION SENTENCE 
(OPPOSITION, 
GOVERNMENT) 

TERRORIST-EVENT -: Modifier Iso ASSASSINATION 

! -5 
.8 

SENTENCE (KILLING. POLITICIAN) 

AcT;ON _ Modifier 1.0 ACTOR 

SPECIFIC-ACTOR GENERAL-ACTOR 

I 
VIOLENT-EVENT : Modifier 1.0 VIOLENT-EFFECT 

.8 "DEAD" “DEATH" "DEBRIS" 

VIOLENT-ACT 

ENCOUNTER TAKEOVER BOMBING KIDNAPPING KILLING 

Figure 1. Rule Structure for "Acts of Terrorism" 

-Belevaat Stories --Non-relevent Stories - 

Figure 2. Story Profile from RUBRIC 

When we compare the performance of these 
simulated Boolean queries to the query defined in 
the extended RUBRIC language we find that the 
conjunctive form of the Boolean query misses five 
relevant stories and selects one unimportant story; 
whereas the disjunctive form selects all the 
relevant stories, but at the cost of also selecting 
seven of the irrelevant ones. 

While these results represent only a 
preliminary test, we believe they indicate that the 
RUBRIC approach allows the user to be more flexible 
in the specification of his or her query, thereby 
increasing both precision and recall. A 
traditional Boolean query tends either to over- 
constrain or under-constrain the search procedure, 
giving poor recall or poor precision. We feel 
that, given equal amounts of effort, RUBRIC allows 
better models of human retrieval judgement than can 
be achieved with traditional Boolean mechanisms. 

C. An Experiment with Uncertainty Calculi - 

Within the literature of expert systems, there 
has been a debate on the choice of “correct” 
calculus to represent and manipulate the 
uncertainty values. Indeed, there have been 
severa 1 attempts to construct a “calculus of 
uncertainty”, some based on the concepts of 
probability and others on the more general 
formalisms of mathematical logic (see [61 and 191 
for an introduction to some of these). In an 
attempt to clarify some of these issues, we have 
conducted a series of experiments in which we have 
adopted the view that the uncertainty values should 
be interpreted as representing the partial truth of 
the associated proposition. That being the case, 
we can use the formalism of multi-valued logic to 
define our calculus. Such logics have been studied 
extensively (see for example t.311, and lend 
themselves to efficient representation within the 
RUBRIC framework. 

Our experiments consisted of fixing the query 
(“Acts of terrorism” as before) and changing the 
uncertainty calculus. There are, of course, a very 
large number of calculi, but we have concentrated 
on those in which the AND and OR connectives can be 
modelled as triangular norms and trianpular co- 
norms respectively Lll. Prototypical examples Le 
‘min-max”, viz: 

v(A a& B) = min [v(A),v(B) 1 

v(A or B) = max [v(A),v(B) 1 

and “pseudo-bayesian”, viz: 

v(A and B) = v(A) .v(B) 

v(A m B) = v(A) + v(B) - v(A).v(B) 
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TERRORISM 

DEVICE EXPLOSION 
Figure 3. AND/OR Concept Tree for Boolean Query 

We also selected a limited number of detachment 
operators (i.e., the operators used to compute the 
truth value of the consequent, v(B), given the 
truth value of the rule, v(A=>B), and the truth 
value of the antecedent, v(A)) of which a 
prototypical example is “product”. 

In all, we tested twenty different calculi and 
found marked variations in the NF and NM scores. 

Some calculi gave good performance whichever 
measure we used, some performed well with one but 
badly on the other, and others did poorly with 
both. Interestingly, no one calculus seemed to be 
significantly better than any of the others. We 
were, however, able to select four that as a group 
seemed to out-perform the others, and of these, 
three were based on the prototypical connectives 
mentioned above. (See [81 for more details.) 

Our initial conclusion from this experiment is 
that a change in calculus can indeed have a marked 
effect on the interpretation of a query. However, 
in our search for an understanding of why some 
calculi did better than others we became aware of 
the fact that there is an inherent interdependency 
between rule writing and the uncertainty 
mechanisms. Thus although some calculi appear to 
be superior, this may not be because they are 
better in any absolute sense, but simply because we 
happened to construct a query that favored them. 
That is, if in developing a query we unconsciously 
expect the uncertainty values to behave in certain 
ways and write rules to exploit this, it would not 
be surprising to find that the calculus that most 
closely matched our expectations performed the 
best. This implies that we need to be more subtle 
in our investigation, and need to look more deeply 
into the role that the calculus plays. We address 
some of these issues in the next section. 

IV KNOWLEDGE AND UNCERTAINTY 

Our experience with the development of RUBRIC 
has given us some valuable insights into the 
information retrieval process. In particular, we 
have gained a deeper understanding of the nature of 
both the knowledge required to describe a query, 
and the meaning of uncertainty in this context. 

To introduce our comments, let us first 
observe that RUBRIC is not a story understanding 
system. Rather, it is a system which allows the 
user to construct a prototypical concept structure 
for the retrieval topic, and then returns a value 
that is a measure of the degree to which the story 
under consideration matches this structure. 

To make RUBRIC an effective tool we need to 
provide the user with a set of appropriate query 
building constructs. We have mentioned the Text 
Reference Language and our extension to the 
standard IF.. .TEEN.. . rule, but these are not 
sufficient and we need to consider others. Some of 
these will be determined by the nature of the 
particular application, but we believe that it is 
possible to develop a small set of primitives from 
which the user can build more elaborate forms. 

In our attempts to build experimental queries, 
we have been struck by the concept of “evidence” 
and the fact that it is used in several 
paradigmatic ways. The notion of “auxiliary- 
evidence” motivated our extended rule format; but 
we can identify some others . For example, the 
concept of “weight-of-evidence” applies when we 
want to express the notion that no single piece of 
evidence allows us to deduce the occurrence of a 
topic to any significant degree, but if we have 
several such pieces then we would like their effect 
to be cumulative. We can also conceive of a 
situation in which we need a “cases-of-evidence” 
construct. That is, we want to use the best of 
several alternative lines of reasoning, even though 
each individual path might provide a good 
indication of the relevance of the story. Yet 
another form would be “direct ly-disconf irming- 
evidence”, the occurrence of which reduces our 
belief in the relevance of a particular story at a 
global level. 

Clearly, the existence of such canonical 
evidence schemata has implications for the choice 
of uncertainty calculus that we use. For example, 
the min-max calculus cannot be used to model the 
weigh t-of-evidence form, and the pseudo- 
probabilistic calculus cannot model the cases-of- 
evidence form. Similarly, none of the calculi we 
explored in our second experiment have any direct 



mechanism for modelling absolute disconfirmation. 
This leads us to conclude that the choice of 
calculus is not a decision to be made independently 
of rule writing, and indeed, it seems to us that we 
probably need to allow several calculi to co-exist 
within a given query. 

An issue that quickly becomes apparent as more 
elaborate queries are constructed is the semantics 
of the relevance values. For example, all sea lar- 
valued ca lcul i, except min-max, have the property 
that very long chains of reasoning (i.e., in 
queries that have many levels in the hierarchy of 
sub-concepts) lead to relevance values which are 
very small. This is somewhat counter-intuitive; 
the user who constructs a very complex query to 
model his or her retrieval concept will in general 
get lower relevance values than those obtained from 
something more primitive. While this effect is a 
direct consequence of allowing non-Boolean 
reasoning, a user faced with story ratings the 
maximum of which is 0.2, say, will undoubtedly feel 
rather disconcerted. 

One way to overcome this is by normalization, 
two forms of which we might consider. First, we 
could normalize by scaling the retrieved stories so 
that the most relevant is assigned the value 1.0. 
This is merely a presentation device (in fact one 
we used in our first experiment) and is appropriate 
when the user is only concerned with the relative 
evaluations of sets of stories. Alternatively, we 
could compute the maximum value that any story 
could receive (i.e., the value obtained by setting 
all the terminal values of the query to 1.0) and 
divide the actual story values by it. This is more 
fundamental, since it amounts to a redefinition of 
the meaning of the uncertainty values attached to 
the rules. 

Finally, we have observed that as queries 
become more complex there seems to be a reduced 
sensitivity to both the absolute value of the 
heuristic weight assigned to rules and to the 
choice of uncertainty calculus. This suggests that 
we might not need the precision provided a 
numerical representation scheme, and we conjecture 
that a form of symbolic uncertainty calculus may be 
the way to proceed. Thus rather than evaluate the 
strength of support that some evidence gives to a 
hypothesis as 0.8, say, it is more natural, and 
appropriate, to label it by something like “very 
strong”. We conjecture that as we develop a more 
expressive language for query construction, there 
will be decreasing emphasis on uncertainty as a 
numerical adjunct to rule writing, and a 
realization that knowledge about uncertainty enters 
directly into the expression of retrieval concepts. 

V- FUTURE DIRECTIONS 

In the future we plan to conduct additional 
experiments to investigate the effectiveness of 
providing a richer language for writing queries. 
In particular, we will be looking at the impact of 
the cases-of-evidence and weight-of-evidence rule 
forms discussed in the previous section in terms of 
both their expressiveness and usability within a 
text reference language. As part of this effort, 
we will examine the effect of allowing several 

uncertainty calculi within the same rule-base, 
playing particular attention to the rule to rule 
interface questions that will arise. Finally, we 
will investigate the feasibility of using symbolic 
rather than numeric representations of uncertainty. 
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