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Knowledge -Based Systems 

and Deductive Databases  



ÅLast week: Potential applications of knowledge based 
systems 

ïDeductive  Databases  

ÅUsually built on top of Datalog 

ïExpert Systems  

ÅUsually built on top of some type of uncertain  or fuzzy  
reasoning  

ïSemantic Web  
ÅBuilt on top of Description Logics  

ÅAll these technologies are based on  
formal logics  

ïTopic of this lecture!  
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2. Summary  



2.0  Introduction to Logics 

2.1  Syntax of First Order Logic 

2.2  Semantics of First Order Logic 
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2. Logics for Knowledge Bases  



ÅLearn something about the history  of logics 

ïIdeas and people behind logic 

ïCome (hopefully) to the conclusion: òHey, logics is cool. I 
need to know more about ité!ó 

ÅLearn of syntax  of logical languages 

ïConstruct valid terms and formulas from a given signature; 
detect invalid expressions 

ÅLearn of semantics  and interpretation  

ïWhat are interpretations and why are they needed 

ÅMost importantly:  
syntax has no meaning without interpretation  

ïInterpret given formulas and terms 
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2.0 Goals Of this lecture   



ÅRemember: Our long term goal is to build 

deductive DBs and expert systems... 

ÅBasic question:  How can we generate new 

knowledge?  

ïStart with some knowledge that is (generally?) 

considered true (axioms ) 

ïDerive new knowledge in a  

consistent and understandable  

fashioné (inference ) 

ïHmmm, éseems far from trivial 
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2.0  Knowledge Generation  



ÅInference comes in two major flavors 

ïInductive inference :  

Perform multiple observations and draw a conclusion 

ïDeductive  inference :  

Provide some true facts (axioms) and rules and then  

combine them to generate  

conclusions (theorems) 
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2.0  Knowledge Generation  



ÅLetõs do some time travelé  

sophism  (5th century BC) 

ïPre-socratic philosophy 

ïOnly fragments survive  

ïKnown through the writings of  

opponents like Plato or Aristotle 

ÅRhetoric as a (paid) skill  

ïUsed for persuasion of others  

ïUse ambiguities of language in order to  

deceive or to support fallacious reasoning 
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2.0  Knowledge Generation  

Protagoras 

Gorgias 



ÅFirst appearance of formal logics was  
around 330 BC in ôPrior Analyticsõ and  
ôOn Interpretationõ appearing in  
 Aristotleõs Organon 

ÅLogic was intended as a tool  for 
valid philosophical arguments 

ÅAimed at formal and safe inference  

ïDescribing the process of deriving new knowledge 
from old knowledge or observations 

ïDiscovers many sophistic tricks and fallacies in ôOn 
Sophistical Refutationsô in the Organon 
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2.0  Logic as a Tool  



ÅPropositional Logic deals with atomic logical 

statements and logical connectives in a merely 

structural sense  

ïAtomic statements cannot be further divided 

ÅExamples are ôThe earth is flatõ or ôSocrates is deadõ 

ïConnectives  are ôANDõ, ôORõ and the implication ôõ 

ïBasically all connectives are truth functions that 

evaluate to ôtrueõ or ôfalseõ in bivalent logic  

ÅThere are also multi -valued logics , think for instance 

about NULL values in relational databases  
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2.0 Propositional Logic  



ÅFirst approaches date back to Aristotle  who 

discussed some basic principles in the collection  

ôMetaphysicsõ (around 4th century BC) 

ï ôA statement and its contradiction cannot be true at 

the same timeõ 

ïôEvery statement or its contradiction  

has to be trueõ 

ïThe technique of indirect proofs 

ÅPropositional logic then has been  

heavily refined during medieval times 
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2.0 Propositional Logic  



ÅA first sound and complete  

formalization for truth  

values was given by George  

Boole in 1847 with his  

algebraic calculus 

ïBoolean Algebra 

ÅGraphic representation by Venn diagrams  
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2.0 Propositional Logic  

x AND y                                 x OR y                          NOT x 



ÅThe first real calculus with implications  was 

then formalized by Gottlob Frege (1879) and 

subsequently refined by Bertrand Russell (1910) 

 

ÅBut propositional logic is the  

simplest kind of logical calculusé  

ïIt does not investigate the statements  themselves 

ÅFor instance quantifiers or predicates  are not used, 

which limits the applications 

ïSometimes referred to as zero th -order logic  
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2.0 Propositional Logic  



ÅFor the special application in deductive inference  

from statements Aristotle introduced term logic  

ïTerm logics remained the dominating logical paradigm until 

the advent of predicate logics in the late 19th century 

ÅConsists of three basics constructs  

ïTerm :  A word representing ôsomethingõ 

ïProposition :  A combination of two terms (the subject 

and the predicate) 

ïSyllogism :  An inference where some proposition 

(conclusion) directly follows from two others (premises) 
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2.0  Term Logic  



ÅTerms  

ïA term per se is neither true nor false  

ïExamples:  Aristotle, man, mortal, blue, é 

ÅPropositions  

ïProvide a statement which is either  true or false 

ïPropositions have a quantity  and a quality  

ÅUniversal and affirmative:  'All  men are  mortal' 

ÅExistential and affirmative:  'Some  men are  philosophers' 

ÅUniversal and negative:  'No  man is immortal' 

ÅExistential and negative:  'Some  men are not  philosophers' 
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2.0  Term Logic  



ÅThe square of opposition defines the allowed 

logical conversions  
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2.0  Term Logic  



ÅThe syllogism  is the actual device of inference 
 
proposition  &  proposition    proposition 
 
minor premise     major premise          conclusion 

 

ïThe minor premise contains a minor term (subject) and 
a middle term (predicate)  

ïThe major premise contains the same middle term 
(subject) and a major term (predicate) 

ïThe conclusion  contains the minor term as subject and 
the major term as predicate 
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2.0  Term Logic  



ÅIn syllogisms of the four terms in the premises, 

one has to make the connection  

ïThus, one term has to appear twice  and work as 

subject  and predicate  

ïAll Greeks are men .   &   All men  are mortal.  

 All Greeks are mortal. 

ÅFor Aristotele in propositions and syllogisms only 

plurals  (universal terms) are possible 

ïTerm logic largely ignores singular terms  

ïCan you say ôEvery Socrates  is a philosopherõ? 
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2.0  Term Logic  



ÅLater, singulars have been introduced predicating 

only one thing and treated as universals  

ïAll Socrates are men.  &  All men are mortals.  

 All Socrates are mortals. 

ÅIntroduced in the Port -Royal-Logic   

by Antoine Arnauld and   

Pierre Nicole (1662) 

ÅObviously, this is a little  

awkwardé 

Knowledge-Based Systems and Deductive Databases ς Christoph Lofi ς IfIS ς TU Braunschweig 18 

2.0  Term Logic  



ÅEubulides of Miletus (4th century BC) 

ïPhilosopher of the Megarian School 

ÅHeavily criticized Aristotleõs  

syllogisms 

ïA grain of sand is no heap.  Adding a  

single grain does not make a heap.  

 There is no heap of sand! 

ïI still have, what I have not lost.  

I have not lost horns.  

 I have horns! 
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2.0  Early Criticism  



ÅBut some fallacies are not Aristotleõs fault 

ïFor instance ôQuaternio Terminorumõ 

ïAll adults  love children .  &  All children  love 

chocolate .  All adults  love chocolate . 

 

ÅWhere is the fallacy? 

ïAll adults  are children -lovers . All children  are 

chocolate -lovers   éNothing!!! 

ïBecause only three terms are allowed in syllogisms  
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2.0  Early Criticism  



ÅWell, it does not seem easy to avoid all fallaciesé 

Knowledge-Based Systems and Deductive Databases ς Christoph Lofi ς IfIS ς TU Braunschweig 21 

2.0 Criticism  



ÅThe actual downfall of term logic was  
mainly due to Gottlob  Frege  (1879) 

ÅTerm logic dealt with few logical  
constructs  

ïAND, OR, IF ... THEN..., NOT, SOME 
and ALL 

ÅFrege recognized the need for 
quantifiable variables and  
predicates in mathematical  
statements 
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2.0 Criticism  



ÅBefore Frege a major problem was the distinction 

between object  and concept  

ïConsider:  

ôThe Morning Star is Venusõ   vs.   ôVenus is a planetõ  

ïOne sentence is reversible, the other is noté hence it 

cannot be the same ôisõ 

ÅWhat was needed is the concept of objects  and 

predicates  leading to predicate logic  

ÅThe first ôisõ means the equivalence of two objects , the 

second ôisõ belongs to a binary predicate ôis_aõ and in this  

case describes the concept  of ôbeing a planetõ 
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2.0 Criticism  



ÅThe work now was to axiomatize  the new system 
of logic 

ïBasic theory: mathematics is an extension of logic and 
therefore some (or all) mathematics is reducible to logic 

ÅFoundation of analytic philosophy : logical 
clarification of thoughts can only be achieved by 
analysis of the logical form of philosophical 
propositions 

ïNeo -Positivism  with the Vienna Circle (Rudolf Carnap, 
Kurt Gödel, etc.) and the Berlin Circle (Hans Reichenbach, 
David Hilbert, etc.) 

ïIdeal language analysis (e.g., Ludwig Wittgenstein) 
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2.0 Logicism  



ÅHowever, Fregeõs mathematical logic for set 

theory still contained a contradiction  

ïRussellõs paradox or Russellõs antinomy (1901)  

constructs a set containing exactly the sets that are 

not members of themselves 

ïImagine a barber shaving all people, if and only if   

they do not shave themselvesé 

Does this barber shave himself?  

 

ïFrege was frustrated and gave upé 
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2.0 Logicism  



ÅThe modern logical calculus was introduced by 

Bertrand Russell, 3rd Earl Russell 

ïFather of the axiomatic set theory  

ïCo-author of the ôPrincipia Mathematicaõ 

with Alfred North Whitehead 

ïIdea: if a complete and consistent set  

of axioms is known, every true theorem  

of the system can be derived eventually 

ïTaken up by David Hilbert to axiomatize  

all mathematics (Hilbertõs program) 
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2.0  Logicism  



ÅThe hopeõs for complete axiomatization of all 
mathematics were shattered by  
Kurt Gºdelõs incompleteness  
theorems  

ïôOn formally undecidable propo- 
sitions of Principia Mathematica  
and related systemsõ (1931) 

1. If the system is consistent, it  
cannot be complete. 

2. The consistency of the axioms  
cannot be proved within the system. 
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2.0 Again Criticism  



ÅAlthough it is not possible to formalize all 

mathematicsé 

ïIt is possible to formalize essentially all the 

mathematics that anyone uses  

ïFirst big success was by Kurt Gödel himself in 1929:  

the completeness theorem for first order logic  

 

ïAny valid logical consequence of a series of 

axioms is provable by a finite deduction (the 

ôformal proofõ) 
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2.0  After Gödel  


