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Part II 
Two Kingdoms 

Every year of her life, she had invented something. The first invention 
she could remember was the separated-vision experience, conducted in bed 

with one eye above the blanket and one below. She had been four then. 
Although she recalled that there had been inventions even before that age, 

the separated-vision experience had been so seminal that it obliterated 
its feebler forerunners. Most of the later inventions owed something 

to the separated-vision experience, which had revealed to her 
— and still continue to reveal — that if you took up certain positions 

you could receive dual and conflicting impressions of the universe. 

from "Year by Year the Evil Gains,'' Brian Aldiss 

In this part of the thesis we will introduce the basic details of the two families of 
languages we will study: description and hybrid logics. 

Description logics are a collection of specialized languages for the representation and 
structuring of knowledge, together with efficient methods to perform different "reasoning 
tasks." Nowadays, the fact that these languages can be regarded as variations of first-
order logic, either restrictions or restrictions plus some added operators, is broadly ac
cepted. These variations are mainly motivated by the undecidability of the satisfiability 
problem for first-order logic, but they are also rooted in a desire to preserve the structure 
of the knowledge being represented, and to capture a finer grained notion of "reasoning." 
The main tools used for providing decision methods and studying complexity-theoretical 
aspects in the area of description logic are based on labeled tableaux. 

The history of description logics (or concept or terminological languages as they were 
initially called) is relatively short, starting around the KL-ONE system of Brachman and 
Schmolze [1985]. But in virtue of their applicability to problems as varied as deductive 
databases, image retrieval, system modeling and information classification, they flour
ished rapidly. Applications and effective inference algorithms are the bread and butter 
of the field. 
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Hybrid logics on the other hand, are much older, starting with the work of Arthur 
Prior on the logic of time and tense in the mid IQfifts The earliest published reference 
is probably [Prior, 1967, Chapter 5 and Appendix B3]. The original intuitions of Prior 
were built around the phrase terms as formulas. Prior's intentions of providing an 
implicit account of tense by means of modal languages, collided with the generalized use 
of explicit references like now, yesterday, on May 21st. etc. in tensed expressions. By 
treating terms as formulas, he discovered a way of dealing with references in a genuinely 
modal way. Prior usually worked with what today are known as strong hybrid languages, 
in which references could even be bound by quantifiers. The ideas of Prior were later 
investigated by his student Robert Bull. [Bull. 1970] contains important technical ideas, 
and also introduces special "course of history" nominals to name paths through models, 
bringing into the picture the general theme of sorting. 

Hybrid languages developed in a purely logic environment, and bear all the marks 
of it. The main results concern expressive power, axiomatizations and completeness. 
The field went into a revival with the work of Gargov, Passy and Tinchev [Passy and 
Tinchev, 1985a, 1985b; Gargov et al, 1987; Gargov and Passy, 1988], who indepen
dently rediscovered the idea of hybrid languages and nominals. The work of the Sofia 
School, as this group came to be known, focused on hybrid languages built over prepo
sitional dynamic logic, and includes some of the first results on (un)decidability. They 
also examined quantifier-free systems, thus initiating the trend towards weaker hybrid 
languages. 

In this part of the thesis we will first introduce the two families of languages indepen
dently in Chapters 3 and 4, defining the basic notions we will need in the chapters to 
come, and highlighting the strengths that each of them has. 

As we will make clear in our presentation, the two families are closely related. It is 
well-known that the description language ACC is a notational variant of multi-modal 
logic, but this relation only holds for very weak inference tasks. Hybrid logic's ability to 
explicitly refer to elements in the domain together with operators to change the point 
of reference, will make it possible to account also for reasoning involving terminological 
definitions and assertional information. 

The bridge we will build in Chapter 4, will lead to cross-fertilization between the 
two fields. Given that the two areas have developed different techniques and evolved 
in divergent directions, "trading" between them can be specially fruitful. Description 
logics can export reasoning methods, complexity results and application opportunities; 
while hybrid logics have their model-theoretical tools, axiomatizations and expressive 
power analysis to offer. 


