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ABSTRACT

We introduce a query rating scheme that identifies the possible in-
terpretations which can be assigned to a semantic query. The in-
terpretations range from the traditional bag-of-words interpretation
to more context- and semantic-aware interpretations. The aims of
this scheme are to communicate the extent of semantics that is be-
ing interpreted for a query and to assign suitable query processing
methods for each level of interpretation accordingly.

Categories and Subject Descriptors: H.3.3 [Information Storage
and Retrieval]: Information Search and Retrieval

General Terms: Standardization, Measurement, Performance.

Keywords: Semantic search, query interpretation, logic.

1. INTRODUCTION & MOTIVATION

Modern retrieval systems have become more complex and
semantic-aware by exploiting more than just the text, e.g. [1, 3].
Nowadays, large-scale knowledge bases can be automatically gen-
erated from high-quality text sources such as Wikipedia or rich
semantic data repositories such as ontologies and taxonomies that
contain entities (e.g. people, movies and companies) and relation-
ships (e.g. bornln, actedIn and isSCEOof).

Such knowledge bases not only affect data/query representation
and ranking strategies, they also affect query processing strategies.
For example, the query “find actors who acted with Woody Allen
and obtained an award for best-supporting actor" requires a search
over instances of classes, such as “actor”, a search over instances
of relationships, such as “actedIn” and, then, aggregation (join) of
the results from the different searches. The processing required
to answer such a query differs from instances when no semantic
knowledge is incorporated. The same query can be answered using
a bag-of-words interpretation, but it will not necessarily achieve the
same effectiveness as when semantic knowledge is interpreted [7].

This paper attempts to formalise a rating system for the different
interpretations which can be given to a semantic query. The ratings
serve as an indicator of how and which type of semantic knowl-
edge has been considered when processing a query. Furthermore,
they help to determine the best representation and processing strat-
egy required to answer a query. The scheme in general helps to
quickly communicate an agreeable interpretation of a given query.
Such a feature can be desirable because it helps to associate several
properties, such as semantic complexity, with a query.

The motivation behind this scheme is that a semantic-aware re-
trieval process (semantic retrieval in short) impacts the query pro-
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cessing strategy. On a physical level, a semantic query usually
requires a search over different knowledge bases and indexes and
then a join of the retrieved results. On a logical level, a semantic
query resembles a natural language question that contains word-
s/terms and classifications/relationships and which can then be fur-
ther extended, either explicitly or implicitly, e.g. [4], with more
terms, classifications and relationships. However, each retrieval
system or retrieval process need not necessarily be aware of the se-
mantic knowledge contained in each query. Therefore, we propose
four levels of rating for a semantic query along with their defini-
tions to help identify the semantic awareness assigned to a query.

2. SEMANTIC QUERY RATING SCHEME

The Semantic Query Rating (SQR) scheme relies on two types
of data: textual data embodied in terms (words) and semantic data
embodied in classifications, relationships and attributes. We de-
scribe these two types of data using terminology similar to [5].
A classification, a class name with an object, e.g. “actor Woody
Allen”, a relationship, a subject with a relationship name and ob-
ject, e.g. “Diane Keaton worked with Woody Allen” and an at-
tribute, an object with an attribute name and an atomic value,
e.g. “Woody Allen directed Husbands and Wives” are referred to
as propositions; terms (a term and a context) are also considered to
be propositions because one can probabilistically reason about the
“importance” (power) of a term for representing the content of a
certain context (e.g. a document).

2.1 How Does the Scheme Work?

The SQR scheme rates a query’s level of semantic complexity.
For example, what is the rating of a query such as “find titles of
famous movies directed by Woody Allen where Woody Allen also
plays an actor in the movie”?

Figure 1 illustrates keyword-based and logical formulations of
the aforementioned pseudo query. Each formulation illustrates a
certain interpretation assigned to the example query. A higher rat-
ing demonstrates greater semantic awareness.

The first row of Figure 1 gives the simplest interpretation of the
pseudo query. The keyword representation and logical represen-
tation coincide. Such an interpretation resembles a topical query
where the search is based solely on the term proposition. This
query, which is common in traditional document retrieval, is rated
as SQR-0 (Semantic Query Rating 0) because “zero” semantics is
interpreted.

DEFINITION 1. SQR-0: Query q is an SQR-0 query iff each
proposition ; € q is a term proposition. Formally, this is denoted:

q is SOR-0 : < VS@Z €q:p;cE Dierm



Rating Textual Description Propositions Used Logical Representation

SQR-0 contexts containing the term “woody” and the | Piem retrieve(X) :-

words term “allen” X[woody & allen];

SQR-1 objects of type movie and display the attribute | Pauribuee retrieve(Y) :-

structure title X.type(movie) & X.title(Y);

SQR-2 contexts in which Woody Allen is classified as | Pciassification retrieve(X) :-

semantics an actor X[actor(woody_allen)];

SQR-3 famous movies Drague retrieve(X) :-

vagueness famousMovie(X);

SQR-123 titles of famous movies directed by Woody | Pauribute, Pelassification, | retrieve(Y) :- famousMovie(X) &
Allen and containing a story with Woody | ®relaionship> Pvague X.directedBy(woody_allen) & X.title(Y) &
Allen classified as an actor X[story[actor(woody_allen)]]];

Figure 1: The Semantic Query Rating Scheme (The ‘?’ Denotes a Query and ‘&’ Denotes the Boolean ‘AND’ Operator)

In the next rating, SQR-1, the unit of retrieval (answer type),
which can be one of the document’s elements (e.g. title, section),
is interpreted. Such an interpretation of query words is similar to
meta-data retrieval because it identifies the attributes (characteris-
tics) of an object. This is demonstrated in the logical represen-
tation of SQR-1 in Figure 1 where “X” of type “movie” with a
title “Y”. The resulting rating, SQR-01, from combining SQR-0
and SQR-1 is similar to the content-and-structure classification of
queries in [6].

DEFINITION 2. SQR-1: Query q is an SQR-1 query iff each
proposition p; € q is an attribute proposition.

qis SOQR-1: <= Vy; € q: v;i € Punrivute

For the third level of interpretation, the list of contexts is re-
stricted to the ones in which actor “Woody Allen” occurs. In SQR-2
classifications and relationships are interpreted. In the logical rep-
resentation, the context “X” (expressed by the square brackets)
contains the semantic knowledge that “woody_allen is an actor”.
“woody_allen” is a unique object Id (e.g. URI) that identifies the
object “Woody Allen”.

DEFINITION 3. SQR-2: Query q is an SQR-2 query iff each
proposition p; € q is either a classification proposition or a rela-
tionship proposition.

q is SOR-2 : <— V(pl €q:pi € (Dclas_yiﬁcariun U (I)relutionship

The fourth rating takes vague propositions into account. Vague
propositions, which can, for example, be expressed using logical
rules [2], include notions such as “recent” and “famous”. Interpret-
ing such notions means utilising frequency- or probability-based
estimates to define a particular vague proposition. In short, the last
formulation consists of vague propositions (e.g. famous movies),
which may or may not occur within a particular context.

DEFINITION 4. SQR-3: Query q is an SQR-3 query iff each
proposition @; € q is a vague proposition.

q is SQR-3 = VQOz €q:p; € q)vugue

The final row demonstrates one possible combination, SQR-123,
of the “basic” ratings. The rating contains the components of
SQR-1, SQR-2 and SQR-3 and, hence, describes a query that has
attributes, classifications and relationships.

Maintaining the four basic query ratings as atomic ratings pro-
vides reasonable granularity. It helps to easily and precisely pin-
point the components of each query and to distinguish between a
wide range of queries, including textual, textual and structural and
textual, structural and semantic queries.

2.2 What are the Scheme’s Benefits?

One of the benefits of the SQR scheme is the ability to com-
municate clearly and quickly the extent of semantics that is being
interpreted for a query. This allows one to refer to a query as “this
is an SQR-0 query" or “this is an SQR-2 query" and by doing so,
to associate several properties, such as semantic complexity, with a
query. In general, the proposed rating scheme can facilitate discus-
sion about semantic search, and on a technical level, it can help to
determine the right tools for effective processing.

Evaluating a retrieval model’s performance while considering
the level of semantic complexity of the queries can provide a
more “targeted” evaluation. For example, if the evaluation is con-
cerned with assessing the performance of a semantic-aware re-
trieval model, it could be set to be biased towards queries that incor-
porate SQR-2 (semantic) components. This, in return, would allow
for a more accurate assessment of a model’s effectiveness and for
identifying the best model for each query or query type.

3. SUMMARY

We introduced and formally defined a scheme for rating queries
according to their semantic complexity. The scheme aims to
achieve a middle ground by being neither too complex to commu-
nicate and explain nor too straightforward and elementary to im-
plement and utilise. Furthermore, the scheme helps to distinguish
between a more semantic-aware processing of a query and a bag-
of-words like interpretation. The latter requires only a one-step re-
trieval process based on an inverted file structure while the former
involves several processing steps. Overall, this scheme highlights
the gradation between these two extremes and helps to connect the
processing and evaluation methods for semantic retrieval with the
level of semantic expressiveness of a query.
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