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Plan for Lecture 01
e Why Formal Method8
e What isLogic?
e Applications of Logic in CS

— Specification and Verification
— Artificial Intelligence
— Programming Languages

e Broad Course Overview
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Safety Critical Systems

Consider the followingystems
e Air Traffic Control
e Space Shuttle Launcher
e Nuclear Power Plant
o ...
Some features:
e Real Time
e Reactive
e Safety Critical
How to design and build such systems?



Example Chemical Plant
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Traditional Approach

Build and Test!

FORMER PRACTICE

R . * describe control logic using
relay-ladder diagrams

-- *fix bugs code * write assembly code for the
control microprocessor

Would you fly on a plane whos&vionicssystems are developed this way?
Testingcan only reveal bugs some times. Cannot guaracteectness.



Formal Methods Approach

Constructing a mathematical model of the computer program, hard-
ware, or system concerned, and then using calculation to determine
whether the model satisfies desired properties.

MFEP

e Model using “formal language” (logic)

e Calculation ) is “formal deduction” (proof)



Traffic Lights Property

Specification
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Safety:
L1 and L2, not both green.

Liveness:
Eventually, L1 will become green.

Fairness:
Every 5 minutes,

L1 becomes green at least once.

Difficulties in usingnatural languageo specify properties
e Ambiguity (Aswattama is degd
e Incompleteness



What is Logic?
e Engineer, Mathematician, Logician joke about brown sheep (not Indiar

cricket team!) in New Zealand.
e What is the Indic word for logic?
For our current purposes, we can live with
Logic is aformal languagewith precisesyntaxandsemantics
Issues
e Expressive Power (Propositional, First Order, Higher Order, Modal, ..)
e Decidability and Complexity

— Sound (What | prove is correct)
— Completeness (If something is correct, | can prove it)



Logic in Computer Science

One of the mairpillars of Computer Science.
Along with concrete mathematic§Knuth) ordiscrete structures
Some prominent areas (examples follow)

e Specification and Verification
e Artificial Intelligence

— Knowledge Representation

— Expert Systems (medical diagnosis)
— Planning (robot motion)

— Machine Learning (non-montonicity)

e Programming Languages
— Algorithms = Logic + Control
— Logic Programming
— Compiler Optimizations



Non-classical Logics

e Non-Monotonicity
(As more knowledge comes in, we have to revise earlier beliefs).

— “Penguins are birds”
— “Penguins can'’t fly”

TR
 Twepage | — “Birds fly” (general rule inferred from examples)
| e |

e Resource Constraints

e » ]
— If I have 5 Rupees, | can buy coffee
C — If I have 5 Rupees, | can buy tea
— If I have 5 Rupees, | can buy coffee and | can buy tea



Functional Programming

Consider a simple function like additiopl(is )
Functional View
Binary function— Two inputs and one output.

Example:
plus(2,3) --> 5,
plus(1,4) --> 5

Directionality is associated.
Given the two inputs, a program caomputehe output.



From Functions to Relations

Suppose we tregitlus as a relation taking 3 arguments.
That is, we say

plus(2,3,5) istrue becaus + 3 = 5.
plus(2,3,4) isfalse becaus® + 3 # 4.

andsoon....
A Logic Program for plus is one that somehow expresses for any three
arguments, Y, Z thetruth valueof plus(X,Y,Z)



Querying a Logic Program
Now we can ask the Logic program interpreter queries like:

?- plus(2,3,6).
?- plus(1,4,3).
?- plus(1,1,2).

and it will correctly answeyes or no.



Queries with Variables

Queries can also be of the form:
?- plus(2,3,X).
?- plus(2,4,Y).

where uppercase letters denote variables.
Now the interpreter will answer

X =5
for first query and
Y =6

for second query.
This seems to be doing some computing.
But nothing new from imperative or functional programming yet.



No Directionality!

But, what about goals like

?- plus(X,2,6).
?- plus(2,Y,7).

or even
?- plus(X,Y,5).

The interpreter will generateX = 4 for first query, andy = 5 for second
query, and many answers for the third query including

<X =1 Y = 4>

<X =2, Y = 3>,

Question: What about a goal likplus(X,Y,Z)  ?



Broad Course Qutline

General Plan
e Syntax and Semantics of
— Propositional Logic
— First Order (Predicate) Logic
— Temporal/Modal Logic

e Proof Methods

— Natural Deduction
— Refutational Proofs (Resolution)
— Inductive Proofs

e Applications

— Logic Programming (Prolog)
— Specification and Verification

* Hardware
* Network Protocols
x Embededded Systems

Web Page with more details soon.



