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What is a Logic?
A Logic is a formalism with
@ a sintax
@ a semantics
@ an inference mechanism for reasoning
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The First Age of Logic: Symbolic Logic
(500 B.C. - 19th Century)

@ Originally, Logic dealt with arguments in the natural languages
used by humans.

Socrates
All Mortals
All Men All Men A
O
All Martals

Socrates is aman

All men are mortal
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The First Age of Logic: Symbolic Logic
(500 B.C. - 19th Century)
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@ Natural language is too ambiguous!
@ Itis needed a Symbolic Language.
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The 2nd Age of Logic: Algebraic Logic
(Mid to Late 19th Century)

In 1847, George Boole attempted to formulate logic in terms &
of mathematical language. '
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The 3rd Age of Logic: Mathematical Logic
(Late 19th Century to Mid 20th Century)

@ As mathematical proofs became more sophisticated, paradoxes
began to show up in them just as they did in natural language.
@ Hilbert proposed logic for computing each mathematical problem.

-

@ Godel’s Incompleteness Theorems proved that logic cannot prove
every statement and it cannot prove its own consistency.
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The 4th Age of Logic: Logic in Computer Science

@ "Logic occupacy a central place in computer science so that logic
has been called . ... Computer
science started as Logic.” (M. Y. Vardi)

@ | expected that digital computing machines will eventually
stimulate a considerable interest in symbolic logic. ... The
language in which one communicates with these machines ...
forms a sort of symbolic logic.” (A. Turing)
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Propositional Logic

@ A formalism for modeling statements that are either true or false.
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Boolean Logic
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First Order Logic

@ A formalism for specifying properties of mathematical structures,
such as graphs, Database System,...
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: Customers

Custemrid : Number
CustFirstName - String
CustlastName - String
Custhddrass : CustiddrssTyp
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customer (Id, Name) = purd

order(Id, Date) e e oy
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OrderStatus : Number
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Modal Logic

@ A formalism for modeling necessity and possibility.
Model Checking: v ="there is a deadlock”

My, is it possible there will be a deadlock?
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Nonmonotonic Logics

A Nonmonotonic Logic L is s.t. adding a new axiom to a theory 7 on L
may cause the lost of a theorem proved in 7.
@ Access Control Policies:

P ={...,aut(Sogg, Act, Ogg, —) < not aut(Sogg, Act, Ogg, +), ...}

P & aut(john, read, file, —)

U
P U {aut(john, read, file, +)} ¥ aut(john, read, file, —)
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Nonmonotonic Logics
A Nonmonotonic Logic L is s.t. adding a new axiom to a theory 7 on L

may cause the lost of a theorem proved in 7.
@ Commonsense Knowledge and Reasoning:

"My car is in garage.”

..00ps..! "My car is not in garage”
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Impact of Logic in Computer Science

@ Computer-Aided Verification (model checking)

@ Database System (SQL, relational algebra)

@ Computational Complexity (complexity and expressivity)

@ Programming Languages (formal semantics, type theory, rewriting
systems,...)

@ Computer Security (access control policies, negotiation policies,...)

@ Artificial Intelligence (commonsese knowledge and reasoning)

@ Distributed Systems (domain description)

@ Logic Programming (inference)

@ Software Engineering (modeling)
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