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enerations of programming languages

Problems solved in an environment Problems solved in an environment
in which the human must conform in which the machine conforms
to the machine’s characteristics to the human'’s characteristics

/

N O O O 4

1st 2nd 3rd 4th
Generations

o
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% 2nd-generation : Assembly Language

: Load 100 « ADD AX,BX
 Loadi 100  Sub AX,BX

» Load [100] + OR ax,d;(

* Load R5, 100 e JLT there
 Load RS, [100] e JMP there

3¢ Store RS5, 100 « CMP AX, 200
« Move AX,[100] e JGE there
 Move [100],ax e Push AX

RARE T £3LHe 51 6_PL-7



The evolution of programming
paradigms
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| | | Functional
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19

VB 6.0 and before: Object-Based

VB dot Net : Object Oriented
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Imperative Paradigm

* Procedural paradigm

* Develops a sequence of commands that when
followed, manipulate data to produce the
desired result

« Approaches a problem by trying to find an
algorithm for solving it

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Object-Oriented Paradigm

* Grouping/classifying entities in the program
" _ Entities are the objects
— Qroups are the classes
— Objects of a class share certain properties
— Properties are the variables or methods

* Encapsulation of data and procedures
— Lists come with sorting functions

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

e Natural modular structure and program reuse
— Inheriting from mother class definitions

 Many large-scale software systems are developed 1n
the object oriented fashion

RARET £E3CHE 511 6 PL-10



Declarative Paradigm

* Emphasizes
— “What 1s the problem?”

— Rather than “What algorithm 1s required to solve the
problem?”’

* Implemented a general problem-solving algorithm

* Develops a statement of the problem compatible with
the algorithm and then applies the algorithm to solve
it

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

RARE T £3LHe 51 6 PL-11



Functional Paradigm

Views the process of program development as
connecting predefined “black boxes,” each of
which accepts imnputs and produces outputs

Mathematicians refer to such “boxes” as
functions

Constructs functions as nested complexes of
simpler functions

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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0

8 The composition of a typical imperative
gprogram or program unit

UOISIaA [P} 18Julidno0p DIASSN
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Program

The first part consists of
declaration statements
describing the data that is

manipulated by the program.

The second part consists
of imperative statements
describing the action to
be performed.
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The same variable declarations in
different languages

a. Variable declarations in Pascal

var
Length, Width: real;
Price, Tax, Total: integer;
Symbol: char;

b. Variable declarations in C, C++, C#, and Java

float Length, Width;
int Price, Tax, Total;
char Symbol;

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

c. Variable declarations in FORTRAN

REAL Length, Width
INTEGER Price, Tax, Total
CHARACTER Symbol

RARE T £3LHe 51
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Figure 6.5: A two-dimensional array with two
rows and nine columns

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Scores
r/ N\
Scores (2,4) i N Scores [1]1[3]inC
FORTRAN where and its derivatives
indices start at one. where indices start
at zero.
INTEGER Scores(2,9) int Scores[2][9]:

Column major

Row major
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0
2 Figure 6.6a:
& Declaration of heterogeneous arrays in Pascal and C

a. The array declaration in Pascal -

var
Employee: record
Name: packed array[l. . 8] of char;
Age: integer;
SkillRating: real
end

b. The array declaration in C

UOISIaA [P} Iajulidno0op bIAeaN AQ

struct
{ char Name [8];

int Age;

float SkillRating;
} Employee;

RARE T £3LHe 51 6_PL-17



Figure 6.6b: Declaration of heterogeneous arrays in
Pascal and C (continued)

c. The conceptual organization of the array

Employee
|

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Name Age  Skill
Rating

User defined data structure

RARET £E3CHE 511 6 PL-18
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1gure 6.7a: Control structures and their
representations in C, C++, C#, and Java
switch .. case

l

UOISIaA [P} Iajulidnoop pirneaN Ag pal

What
is the value —— switch (N)
oL { case Cl: S1; break;
N = C1 N = 02 N = 3 case C2: S2; break;
l case C3: S3; break;
v \ 4 s
sl S2 S3 '
v Falling through !
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§Figure 6.7b:
%Control struc-
< . Control structure C. C++, C#, and Java
ztures and their l
%-representations
inC O Ch PR T s
Fand Java & o |
3 (continued) '
gif-then-else |
cwhile loop Ny W o
lTrue o
v il

RARET £E3CHE 511 6 PL-20



Q : L
2 The for loop structure and 1ts representation 1n

§Pascal/Delphi, C++, C#, and Java

Pascal C++, C#, and Java
for Count := 1 to 3 do for (int Count = 1; Count<4; Count++)
begin body ;

body

()
(=)
(o}

I

Assign Count the value 1

l

Count< 4? <

l True

Body —>

UOISIaA [P} 18Julidno0p DIASSN

False

Assign Count the
value Count + 1

RARE T £3LHe 51 6 PL-21




for(i=

{

}

1;5i<=9; i++)

/* Loop body */

for Loop vs. while Loop

ﬁ{i
A
-
f._}
B
i
i

.o i

o

i=1;
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{

1++;

for( ;i<=93; )

/* Loop body */

RARE T £3LHe 51

i=1;
while( i<=9)
{
/* Loop body */

i++;
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for Loop vs. while Loop

for(® ; 6 ; ©) O;

0;
while(® ) 0

UOISIOA [DlI] J9julidno0op DIA8SN AQ pajpald

E....
|

O;

}
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Figure 6.8 The flow of control involving a
procedure or function

Calling
program unit

Procedure

Procedure is
/ executed.

Control is
transferred
to procedure.

Calling program
unit requests
procedure.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Calling program

unit continues. \

Control is returned to
calling environment when
procedure is completed.
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oreIo

Starting the head with the term
“void” is the way thata C
programmer specifies that the
program unit is a procedure

he procedure Project Population written
the programming language C

The formal parameter list. Note
that C, as with many programming
languages, requires that the data
type of each parameter be specified.

rather than a function. We will
learn about functions shortly.

void ProjectPopulation (float GrowthRate)

This declares a local variable

' . /
{ int Year; named Year.

Population[0] = 100.0;
for (Year = 0; Year = < 10; Year++)

Population[Year+l] = Population[Year] + (Population[Year] * GrowthRate) ;

These statements describe how the
populations are to be computed and
stored in the global array named
Population.

_ UOISIaA DU} 19JULgNI0P DIASSN E o)
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eﬁ_?:o

xecuting the procedure Demo and passing
arameters by value

a. VWwhen the procedure is called, a copy of the data is given to
the procedure

Calling environment Procedure’s environment
Actual Formal
— e
5 5

b. and the procedure mianipulates its copy.-

Calling environment Procedure’'s environment
Actual Formal
5 &

UOISIaA [P} 18julidno0p DIASSN A

c. Thus, when the procedure has terminated, the calling
environment has not been changed.

Calling environment

Actual
5

RARET £E3CHE 511 6 PL-26




o , |
8 Executing the procedure Demo and passing
gparameters by reference (1/2)

a. When the procedure is called, the formal parameter becomes
a reference to the actual parameter.

Calling environment Procedure’s environment

Actual Formal

5 & —

—

UOISISA |DII} 18Julidno0p DIASSN

void swap(int& x, int& y);

SRR

procedure swap(var x:integer; var y:integer);
RRET. ZEXHE 5H 6_PL-27




Q . .
8 Executing the procedure Demo and passing

gparameters by reference (2/2)

b. Thus, changes directed by the procedure are made to the
actual parameter

Calling environment Procedure’s environment

Actual

B
6

c. and are, therefore, preserved after the procedure has
terminated.

UOISIaA [P} 18Julidno0p DIASSN

Calling environment

Actual
6
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The function CylinderVolume written
in the programming language C

The function header begins with
the type of the data that will
be returned.

float CylinderVolume (float Radius, float Height)

Declare a
{ float Volume; ——o local variable

named Volume.

Volume = 3.14 * Radius * Radius * Height;

\ Compute the volume of

return Volume; the cylinder.

\Terminate the function and
} return the value of the

variable Volume.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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An example of formatted output 1n
C/C++ Language

Insert proper value,16

UOISIOA |Dl} Jojulidnoop DIA8SN AQ pajpald

|
l Insert proper value,25
| | I I

printf 4|:pr1ntf ("The ages are %d \n and %d. \n", Agel, Age2)
-command

First Start

line new line

v v
The ages are 16

Final output S_econd
on screen and 25. < line

Java JDK 1.5 (5.0) and above support printf( )
RARET £E3CHE 511 6 PL-30




The complete program preparation process

Linker (Link editor)

Compiler

P DIA AqQ pajpaid

o
—

Qo

-

8 Source _,  Translate —» Object Executable

¢ program program program

=3

=

—

@

=1

Q

<

1)

2,

(@)

-
Source , Lexical plE i , Code . \ Object
program analyzer generator program

These tasks are What the compiler doing.
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0
: Compiler vs. Interpreter

+ Compiler fF¥H (WRESER A T)
— Source code = Object code

* Interpreter i a#ay (BRI EZRIGHR)
. — Source code = Object code = Result

Data
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A syntax diagram of the 1f-then-else
pseudocode statement

if (boolean-expression) then statement-1

else statement-2;

Boolean
expression

UOISIaA Tm 19]ulidno0p pIAeaN Aq palpald

—» then —» Statement —» else —» Statement T

Similar to the 1f-statement 1n Pascal Language

C/C++/Java 1 if statement yZ & “then”
H else ZHIH T 7
RARET £E3CHE 511 6 PL-33




othe structure
oOf a 81mple ferm

||ouJ, 1|Jungn

Qo
e
aQ
a
on
-
V)
ek o
@

expression

Expression

——»{ Expression

X

——»» Term

———» Term

x:

——»{ Factor

Factor

UOISIOA

ZEHITY

Wirth, Niklaus
(Pascal Y 2§HHE)

X
|

Syntax diagram is invented by Niklaus Wirth

RARE T £3LHe 51
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Expression
The parse tree /
%for the string !
g_X + y X 7 Term Expression
Q

gbased on the ‘

-

T syntax B T

2 diagrams 1n / \

8 previous

0 F; X Factor X Term
2 Figure

-

q pajoaid

Y Factor

parse tree != EX
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Two distinct parse trees for the statement
if B1 then if B2 then S1 else S2 (1/2)

Statement

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

. Boolean
if expression then Statement else  Statement
B1 S2

. Boolean
if expression then Statement
B2 S1

RARET £E3CHE 511 6 PL-36



9 I
¢ Two distinct parse trees for the statement
2if B1 then if B2 then S1 else S2  (2/2)
2
% Statement
y)
<.
Q
Q
O
0
C
A
3
% if E::::::ion then  Statement
F
<
o) B1
2
-
|
if S:;::::ion then Statement else Statement

B2 ST S2

RARET £E3CHE 511 6 PL-37



Chapter 6: Programming Languages

N Aq pajpaid

.6.1 Historical Perspective

DIASO

6.2 Traditional Programming Concepts
5 6.3 Procedural Units

é 6.4 Language Implementation

noop

g_ 6.5 Object Oriented Programming
® 6.6 Programming Concurrent Activities

6.7 Declarative Programming
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Objects and Classes

* Object
— Active program unit containing both data and
procedures (methods or functions)

e Class
— A template for all objects of the same type

OISISA DL} 19JUlidNO0pP DIASSN AgQ pajpaid

> An Object is often called an instance of the class.

Object Ft 2 CARTHYEL; class B —F&H type

RARET £E3CHE 511 6 PL-39



Components of an object

* Instance variable (attribute)

— Variable within an object

e Method

— Function or procedure within an object

— Can manipulate the object’s instance variables

 Constructor

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

— Special method to 1nitialize a new object instance

Class i1s an ADT

ADT : Abstract Data Type

RARET £E3CHE 511 6 PL-40



Class Example

class LaserClass

void turnRight ( )
{ ...}

void turnLeft ( )

{ int RemainingPower =

100; — Description of the data
that will reside inside of
each object of this “type.”

Methods describing how an

void fire ( )

{0

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

object of this “type” should
respond to various messages

RARE T £3LHe 51
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Constructor Example

class LaserClass Constructor assigns a
value to Remaining Power
{ int RemainingPower; when an object is created.
{ LaserClass (InitialPower)
{ RemainingPower = InitialPower;

}

void turnRight ( )

[ ... )

void turnLeft ( )

{ ...

volid fire ( )

{ ...

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Encapsulation [}k

.* Encapsulation

— A way of restricting access to the internal
components of an object

— Private
— Public
— Protected

— Package available (default access 1in Java)

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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N Aq pajpaid

computer game

DIASS

Components in the class
are designated public or
private depending on
whether they should be
accessible from other
program units.

UOISIaA [P} Iajulidnoop

RARE T £3LHe 51

Encapsulation Example

class LaserClass

’//jprivate int RemainingPower;

| _—public LaserClass (InitialPower)

{RemainingPower = InitialPower;

}
\\\\public void turnRight ( )
public void turnLeft ( )

public void fire ( )

{ ...}
}

The structure of a class describing a laser weapon 1n a

6 PL-44




LaserClass definition using
encapsulation as 1t would appear 1n a
Java or C# program

class LaserClass

private int RemainingPower;

Components in the class
are designated public or
private depending on o o
whether they should be {RemalnlngPower = InitialPower;
accessible from other }

program units.

public LaserClass (InitialPower)

public void turnRight ( )

(o)

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

public void turnLeft ( )

{ e}

public void fire ( )

(o)

RARE T £3LHe 51 6 _PL-45




Additional Concepts

 Inheritance #EzK (extends IEFT)

— Allows new classes to be defined 1n terms of
previously defined classes

» Polymorphism Z6%; [F]44 55

— Allows method calls to be interpreted by the object
that receives the call dynamically

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Function name Overloading : static binding

Polymorphism : dynamic binding
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Program Concurrent Activities

Parallel or concurrent processing

Simultaneous execution of multiple processes

True concurrent processing requires multiple
CPUs (true concurrent means Simultaneous)

Can be simulated using time-sharing with a
single CPU

« Examples: Ada task and Java thread

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Concurrent !'= Simultaneous
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Calling

Calling program
unit requests
procedure.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

RARE T £3LHe 51

Parallel Processing

program unit

Procedure

Procedure is
activated.

\ / |
Both units

execute
simultaneously.
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Basic Idea

* Creating new process (or thread )
« Handling communication between processes

e Mutually exclusive access over critical regions
— Data accessed by only one process at a time
e Monitor

— A data 1item augmented with the ability to control access to
itself

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

 (LMRAE Java gRaTm
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Declarative Programming

e Resolution

— Combining two or more statements to produce a new,
logically equivalent statement

e Resolvent

— a new statement deduced by resolution

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

« Example: (P or Q) AND (R OrR —Q))
resolves to (P or R)

RARE T £3LHe 51 6_PL-51



Logical Deduction

» Either Kermit 1s on stage (Q) or Kermit 1s sick
(P)

e Kermit 1s not on stage (not Q)

« Kermit 1s sick (P)

e Resolution Principle

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

PORQ, =0 > P
-0 P
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0O
2 Resolving

3(P OR Q) and (R OR — Q) to Produce (P OR R)

POR Q R OR -Q

N

POR R

UOISIaA |DLI} I8julidno0p DIASSN A
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Truth Table

P 0 —P PAQ | PvO | P>0| PoO
False | False | True False | False True True
False | True True False | True True | False
True | False False | False | True False | False
True | True False | True True | True True
RARKE T £E3HE 5T 6_PL-54




Clause Form

* First-order predicate logic vs. Higher-order
predicate logic

e (Clause form

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

(P OR 0,)AND(P, OR Q,)AND--- AND(P, OR O,,)

RARE T £3LHe 51 6_PL-55



Confirming the Inconsistency of a Set of
zInconsistent Clauses

PORO ROR -Q

PORR

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

empty clause
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Interpretation

e P: Kermit is on stage
* Q: Kermit has got SARS for two weeks
* R: Kermit coughs

ROR—0Q=—R -0
PORR=—-R—>P

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Automatic Reasoning
using reduction ad absurdum

« Want to confirm a collection of statements
implies the statement p

e Same as contradicting the statement —p

* Apply resolution to the original statements
and the statement _p until an empty clause
OCCUrs

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

 With —P inconsistent with the original
statements, the original statements must

mply
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Unification

* The process of assigning values to variables
so that resolution can be performed
(Mary is at X) = (Mary's lamb is at X)
Mary is at home
—(Mary is at X)OR(Mary's lamb is at X)
(Mary is at home)

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

—(Mary is at home)OR(Mary's lamb is at home)
(Mary is at home)

(Mary's lamb is at home)

RARET £E3CHE 511 6 PL-59



Prolog

 PROgramming in LOGic

* A Prolog program consists of a collection of
initial statements upon which the underlying
algorithm bases its deductive reasoning

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Prolog Syntax

Fact

— predicateName(arguments).
— Example: parent (bill, mary) .

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

 Rule
— conclusion :- premise.
— - means “1f”
— Example: wise (x) :- old(x).
— Example: faster (X,Z) :- faster(X,Y), faster(Y,Z).

 All statements must be fact or rules.

RARET 3 He 51l 6 PL-61



Sample Prolog program (1/2)

bsd2% cat hom.pl

:-dynamic loves/2.
loves (kmy,mary) .
loves (mary, kmy) .
.loves (chang3,mary) .
- samesex (X,Y) : - male(X), male(Y).
samesex (X,Y) :- female(X), female(Y).
‘male (chang3) .
female (mary) .
female (kmy) .
hom (X,Y) : - loves(X,Y), loves(Y,X), samesex(X,Y).
shuey (X) :- loves(X,Y), hom(Y,Z), not(Z=X).
bsd2%

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

RARET 3 He 51l 6 PL-62



Q
)
Q

Sample Prolog program (2/2)

bsd2% pl

Welcome to SWI-Prolog ...

1 ?- [homl].

hom compiled, 0.00 sec, 1,672 bytes.
Yes

2 ?- listing.

3 ?- hom(kmy,mary).

Yes

4 ?- shuey(chang3).

Yes

5 ?- listing(loves).
loves(kmy, mary).
loves(mary, kmy).
loves(chang3, mary).

Yes

6 ?- assert(loves(leed4,kmy)).
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A GCD program 1n Prolog

bsd2% cat -n gcd.pl
1 gcd(A,0,A).
2 gcd(A,B,D):-(A>B), (B>0),
3 R 1s A mod B, gcd(B,R,D).
4 ocd(A,B,D):- A<B, gcd(B,A,D).
5 run:- write('first number="),read(X),
6 write('second number="), read(Y),
7 gcd(X,Y,ANS), write("The gcd of '),
8 write(X), write(' and '), print(Y),
9 put(' "),print(1s), put(' '), write(ANS).
bsd2 % pl
Welcome to SWI-Prolog ( ...
1 ?-[gcd].
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Run the GCD prolog program

?- gcd(4,6,ANN).
.ANS =2
Yes

?- run.

econd number=9.
he gcd of 6 and 9 1s 3
2. Yes

4 - listing.

2
3
_ first number=6.
- S€
T
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A Factorial(N) program 1n Prolog

bsd2% cat —n factn.pl
1 fact aux(N, FactN, I, P) :-
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2 [=<N,!,
3 NewP 1s P * 1,
4 Newli1s I+ 1,
5 fact aux(N, FactN, Newl, NewP).
6 fact aux(N, FactN, I, FactN) :-
7 I>N.
8 fact(N, FactN) :-
9 fact aux(N, FactN, 1, 1).
10 run:- write('Give me a positive number: '),read(X),
11 fact(X,ANS),
12 write('The Factorial of '),
13 write(X), write(' is '),
14 write(ANS).
bsd2%
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Run the Factorial(N) Prolog program

bsd2 % pl

Welcome to SWI-Prolog ( ...
1 ?- [factn].

Yes

2 7- run.

Give me a positive number: 5.
The Factorial of 5 1s 120

Yes

3 ?- run.

Give me a positive number: 6.
The Factorial of 6 1s 720

Yes

4 ?- listing(fact).
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