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Preliminaries s 

Formall Logic 

Wee wil l assume that the reader is familiar with the basic notions of classical 
logic.. See introductory texts (Barwise and Etchemendy 1992, 1994) or standard 
textbookss such as (Tarski 1946; Enderton 1972; Chang and Keisler 1990). 

FIRST-ORDERR LOGIC (WITH EQUALITY ) 

Syntaxx A logic is based on a particular set of symbols. For first-order logic these 
aree a fixed set of the logical symbols (variables; connectives ->, A, V, , and <-»>; 
equalityy symbol =; quantifiers V and 3; and parenthesis and commas) and a varying 
sett of non-logical symbols (individual constants; functions; and predicates). 

Theree are strict rules that define which sequences of symbols are well-formed 
formulass of the language. A formula with no free variables is called a sentence. 

Semanticss A (formal) model consists of a universe (a non-empty set) and an 
interpretationn function that is a mapping between the non-logical symbols (i.e., 
constants,, functions, and predicates of the language) and elements of this universe. 
Thee logical symbols have a fixed interpretation. 

Thiss allows for a strict definition of relative truth, i.e., whenever a sentence ip is 
satisfiedd (or true) in a model A, in symbols, A f= <p. We will use E \= <p to denote 
thatt sentence <p is satisfied in every model of the set of sentences E, i.e., <p is a 
logicall  consequence of E. 

Prooff Theory We use E t- ip to denote that sentence <p is deducible from the set 
off  sentences E, i.e., there exists a proof of <p from E. Such a (formal) proof is a 
finitefinite sequence of sentences ending with <p and such that each sentence is either a 
logicall  axiom (i.e., a tautology, quantifier or identity axiom); belongs to E; or can 
bee inferred from earlier sentences using an inference rule. 

Theree exist sets of inference rules that are sound and complete, i.e., such that 
EE h ip if and only if E f= tp. 

xv v 
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Inn this thesis we wil l assume that the underlying logic is standard first-order 
logic—generallyy conceived as the logic by outsiders.1 Although a reader lacking 
somee proficiency in formal logic may not be able to follow all detailed arguments 
orr their underlying motivation, we made particular efforts to ensure that the main 
pointss can still be understood. 

Artificiall Intelligence 

Thee automatization of logical inferencing has a long history (Newell and Simon 
1956;; Beth 1958b). The decision to use standard first-order logic makes imme-
diatelyy available a wide variety of computer applications. We do extensively use 
genericc tools from the field of automated reasoning.2 

AUTOMATEDD REASONING TOOLS 

Automatedd Theorem Provers are programs designed for finding proofs of the-
oremss (usually by proving that a set of sentences is unsatisfiable). We mainly used 
OTTERR (McCune 1994b), a resolution-style theorem prover for first-order logic with 
equality.. Other automated theorem provers we used include metafor (O Nuallain 
1993),, SPASS (Weidenbach 1997), and bliksem (De Nivelle 1999). 
Automatedd Model Generators are programs designed for enumerating the fi-
nitee (small) models of a set of sentences. We mainly used MAC E (McCune 1994a), 
aa model generator for first-order logic with equality, based on a Davis-Putnam pro-
ceduree for propositional satisfiability testing. Other automated model generators 
wee used include Finder (Slaney 1994b) and SEM (Zhang and Zhang 1995). 
Problemm Library There exists a comprehensive library of automated reasoning 
problems,, called TPTP (Sutcliffe, Suttner, and Yemenis 1994). TPTP uses a uni-
formm format for representing problems, which can be translated into the appropriate 
formatt required by specific programs. 

AA general introduction to automated reasoning is (Wos, Overbeek, Lusk, and 
Boylee 1992) or the more formal treatment of (Fitting 1996). Automated reasoning 
iss a subfield of artificial intelligence. For a general introduction, see (Genesereth 
andd Nilsson 1987) or the classic collection (Feigenbaum and Feldman 1963), which 
iss especially recommended since it originated from a business school. 

Thee substantive theories we investigated are qualitative theories. Their repre-
sentationn is related to research on formal theories of the everyday physical world 
(Hayess 1979, 1985b; Davis 1998) and common-sense reasoning (McCarthy 1959; 
Hobbss and Moore 1985; Hobbs, Blenko, Croft, Hager, Kautz, Kube, and Shoham 
1985;; Davis 1990). One chapter deals explicitly with qualitative reasoning tech-
niquess (Weld and de Kleer 1990; Kuipers 1994). 

JThee notions we use generally do not depend on this choice and can easily be generalized to 
otherr logics. 

2Thee programs we will refer to as automated model generators are sometimes called a (finite) 
domainn enumerator, model generation program, model searcher, model finder, or model builder. 
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Since,, in our view, the axiomatization of theories is not restricted to jus-
tificationn only, there are some links with machine discovery (Langley, Simon, 
Bradshaw,, and Zytkow 1987; Thagard 1988; Shrager and Langley 1990). 

Sociology y 

Wee wil l extensively discuss the formalization of theories from the field of sociology. 
Forr a general introduction to sociology, see (Eister 1989). In some chapters, we 
wil ll  use theories from a remarkable approach to sociological theory development 
thatt attracted much attention in the fifties and sixties. This approach, based on 
thee work of Zetterberg (1955, 1965), attempted to put ordinary language theories 
inn an axiomatic form.3 Although these theories are relatively simple from our 
currentt point of view, their perspicuous form makes them excellent illustrations 
forr discussing various issues that arise during the formalization of social science 
theories. . 

Thee other substantive theories we deal with belong to sociology's subfield of 

organizationn theory. 

(SOME)) ORGANIZATION THEORY 

Rationall adaptation theories Mainstream organizational theories regard orga-
nizationss as agents that adapt rationally to changing environments. Specifically, 
thesee theories try to explain the structure of organizations by analyzing their ad-
justmentt to external influences. We will extensively discuss the axiomatization 
off  a particular rational adaptation theory (Thompson 1967), which discusses the 
adjustmentss due to external influences that introduce uncertainty in the organiza-
tion'ss decision making process. These organization theories describe organizations 
fromm an individual viewpoint. 

Environmentall selection theories Complementarily, a change in environmen-
tall  conditions also affects the whole population of organizations. For example, if 
resourcee conditions deteriorate, the total population of organizations will decline 
{regardlesss of efforts of individual organizations to avoid this fate). Two chapters 
deall  with the theory of organizational ecology (Hannan and Freeman 1977, 1989). 
Organizationall  ecology describes the processes by which organizational populations 
groww and decline due to changing environmental conditions. It abstracts from the 
rationall  behavior of individual organizations, and assumes that organizational pop-
ulationss are solely dependent on the environmental conditions. 

Forr overviews of organization theory, see (Perrow 1986; Scott 1998) or see (Grandori 

3Thiss so-called axiomatic theory approach used ordinary language exclusively and based its 
theoreticall  inferencing on an intuitive notion of deduction. It is important to note that the 
virtuess of these axiomatic theories have not been disputed. Criticism primarily focused on the 
validityy of its ordinary language deductions (Costner and Leik 1964). There have been attempts 
too give a causal interpretation of these ordinary language statements, and to investigate under 
whichh conditions valid inferences can be made in the resulting causal models (Blalock 1969). 
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1987)) for an overview that attempts to stress commonalities instead of differ-
ences.4 4 

Philosophy y 

Anyy effort to formalize scientific theories is bound to encounter various issues 
off  philosophical interest. For a general introduction to philosophy, see (Quine 
andd Ulian 1970; Glymour 1992b). The most relevant subfield is philosophy of 
science.. See (Bechtel 1988) for an overview, or more substantial texts (Nagel 
1961,, especially chapters 13 and 14) and (Hempel 1966; Rudner 1966). 

Theree are important relations with various issues treated in the rich logico-
philosophicall  literature. Specifically, there is an obvious link with the philosoph-
icall  movement known as the logical empiricism or logical positivism (Ayer 1959; 
Neurath,, Carnap, and Morris 1970). Moreover, our approach is closely related to 
application-oriented,, formal approaches in the philosophy of science (for exam-
ple,, Kyburg 1968; Goodman 1977; Balzer, Moulines, and Sneed 1987). And last, 
butt not least, there turn out to be interesting parallels with the philosophical 
treatmentt of mathematical discovery, especially with (Lakatos 1976), based on 
thee critical philosophy of (Popper 1959, 1963) and the revival of mathematical 
heuristicss by (Pólya 1945, 1954a,b, 1962, 1965). 

4Currentt research in organization theory is extremely fragmented, therefore it is recommend-
ablee to start with reading some of the classics (for example, Simon 1947; March and Simon 1958; 
Cyertt and March 1963; Thompson 1967). Alternatively, it is often insightful to read research 
onn the edge between organization theory and the more coherent field of economics (for example, 
Barneyy and Ouchi 1986). A great last resort is (Nicholson 1995). 


