Programming Languages

Fall, 1998

Do-Hyung Kim
Department of Computer Science

Sungshin Women’s University
Table of Contents


Chap. 1 Introduction

Chap. 2/3 History and Design Principles
Chap. 4 Syntax

Chap. 5 Basic semantics

Chap. 6 Data types

Chap. 7 Control

Chap. 8 Abstract Data Types

Chap. 9 Object-oriented Programming

Chap. 10 Functional Languages
Chapter 1. Introduction


1.1 What is a programming language ?
1.2 Abstractions in Programming Languages
1.3 Computational Paradigms

1.1 What is a programming language ?


Importance of programming languages
·  The primary tools of programming 


Computer science has made progress  in terms of progress of programming language
· object-oriented programming language
· object-oriented database management system
· object-oriented software engineering
·  The structure of a language defines the boundaries of thought


A given language can facilitate certain mode of thought 

- procedural languages

- functional languages

- logic languages

- object-oriented languages
What do we learn ?
· The facilities in programming languages

· the motivation
· the use
·  Implementation of the facilities 

· the benefits
· the costs
· Choosing the best language for applications

· no best languages for all purposes
·  Easy learning of new languages

· You can learn a new language like Java easily if you are familiar with an object-oriented language like C++
What is a programming language
 A programming language is a notational system for 

describing computation in machine-readable and human-readable form

·  Computation


computer operations such as 

   - data manipulation

- text processing

- information storage and retrieval

·  Machine readability

· efficient translation or execution on computers
·  Human readability

· programming convenience : 
· abstraction of the actions of computers that are easy to understand
1.2 Abstractions in Programming Languages


Data abstractions
· Basic abstractions
· variable
locations in memory that contains data values
· data type
the kind of data values is given a name

example : integer, real, ...
· declaration
gives names and data type of variables

· example : int x, y;
· Structured abstraction
· Data structure
· abstraction of collection of related data values

· example :



record : collection of data with different types



array  : collection of data with the same type
· Structured data type
· type declaration
· Unit abstractions
· - abstract data type (or data encapsulation)

· (data + operations)
· allow operations  to the data
· - example

· module of Modula-2
· package of Ada
· class of C++

Control abstractions
·  Basic abstraction
· combining a few machine instructions into an abstract statement
· - example
· assignment statement 
x := x+3
READ X

ADD X, 3, TMP

STORE TMP, X


- goto statement

· 

abstraction of jump operation
· Structured abstractions

· Structured control abstraction
· abstract groups of machine instructions that are nested within test

·  Examples


- if-statement


- case-statement of Pascal, switch-statement of C

· for, while, repeat, …
repeat



        

<statement>


  until <condition> 


L1 : code for <statement>

    if  <condition> GOTO L2

    GOTO L1

L2 : ...

·  Advantages

· abstract view of machine 
· nesting within other control statements
·  Procedure

- declaration

abstract a sequence of actions as a single action and give name to it


- invocation (call)

called by simply naming it and supplying actual parameters

· Unit abstraction

· abstract data type

1.3 Computational Paradigms


1. Imperative language

Programming languages began by imitating and abstracting the operations of a computer, which is usually based on von Neuman model

·  Von Neuman model
- stored program (instructions and data) computer

- a single CPU sequentially execute instructions in memory that operate on values stored in memory
·  Characteristics of imperative languages

- the sequential execution of instructions


- the use of variables representing memory locations

- the use of assignment to change the values of variables

· Example in Pascal
function gcd(u,v: integer): integer;

begin

if v= 0 then 

return u;

    else

return gcd(v, u mod v);

    end

end

·  Disadvantages
· languages based on a machine model

· not driven by  language needs

·  What can be alternative computational models ?
· functional computation model

· logic computational model 
· object-oriented model

2. Functional language
·  basic model

· evaluation of functions 
· application of functions to values
· passing parameters
· return values

·  example

(define (gcd u v)

(if (= v 0) u

(gcd v (remainder u v))))

·  characteristics

· no notion of variables or assignment
· repetitive operations by recursion, not by loop

·  advantages

· independent of machine model
· precise meaning of programs since it is  based on mathematics

3. Logic language

·  Basic model


- based on symbolic logic

· declarative language
· a set of logical statements describing what is a problem
·  Example


gcd(U,V,U) :- V=0.

 gcd(U,V,X) :- V> 0,

Y is U mod V,

gcd(V,Y,X)

·  Characteristics


- no control abstractions such as loops or selections


- control is supplied by underlying system (interpreter)


- variables as names for partial results, not as for memory location 

·  Advantages


- machine-independent and precise meaning


- declarative programming



descrive what is a problem rather than how to solve it

4. Object-oriented language

· Basic model

- object


a collection of data together with all the operations on it
- computation 

the communication (interaction) between objects.
- class


a type for all the objects with the same property


an object is an instance of a class

1.4 Language definition


Why formal definition of programming language ?

·  A  formal  definition of programming language
· clear meaning of language constructs
- precise meaning of program behavior and interaction


- declarative language

machine or implementation independent  language definition 

·  Language definition
· syntax

-  syntactic structure(구문 구조) 


-  by context-free grammar or BNF



<if-statement> ::= if < condition then < statement>





    [else <statement>]

· semantics
 - meaning of programs or program constructs

 - informal description vs. formal description 



semantics of if-statement
- formal description



denotational semantics



operational semantics, axiomatic semantics

1.5 Language Translation


·  Interpreter


· Compiler



· compile into target program
· further translation

assemble into object program



linking with other object programs
- executable program

.exe file in DOS or Windows or a.out file in Unix
· Compile and Interpreter
source code
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