Chapter 8: Algorithms




Algorithms + Data Structures
= Programs

- Niklaus Wirth, 1975.




CONCEPT




| nformal definition
Informally, an algorithm is a step-by-step method
for solving a problem or doing atask.

An algorithm accepts an input list of dataand
creates an output list of data.

Input List

Algorithm ¢

A step-by-step method for
solving a problem or doing a task

Output List




Exampl e

The algorithm uses the following five steps to find the largest
Integer.

12 8 13 9 11 IInputList

FindLargest ¢

ELargest [ 12 12 List
Step 1

Largest ‘ 12 8 List
Step 2

Largest | 13 13 List
Step 3

Step 4

éLargest ‘ 13 11 List
Step 5

13 | Output Result




‘ Defining actionsin FindLargest algorithm

12 8 13 9 11 IInputList

FindLargest *

Set Largest to the first number.

Stepl

If the second number is greater than Largest, set Largest to the second number.

Step 2 T

If the third number is greater than Largest, set Largest to the third number.

Step 3
If the fourth number is greater than Largest, set Largest to the fourth number.
Stepd

If the fifth number is greater than Largest, set Largest to the fifth number.

v

13 | Output Result

Step 5




Refi nement

12 8 13 9 11 Input List

Set Largest to 0.
‘Step0
If the current number is greater than Largest, set Largest to the current number.

Step 1 TTTmmmmmmmmmm—

If the current number is greater than Largest, set Largest to the current number.

Step 5 mmmmmmmm—m—

Output Result



Generalization

Input List

FindLargest

Repeat the following step /Vtimes:

............................................................................................................................................................................................................

| Largest |




THREE CONSTRUCTS




Three constructs

A program is a combination of seguence constructs,
decision constructs, and repetition constructs.

do action 1
do action 2

do action n

a. Sequence

if a condition is true, while a condition is true,

do action 2

- do action 77 |

b. Decision c. Repetition
10



ALGORITHM
REPRESENTATION




F lowcharts for three constructs

1A flowchart isapictorial representation of an
algorithm.

Action 1

Another sequence
of actions

A sequence
of actions

a. Sequence

b. Decision

while
condition

';. false

true

A sequence
of actions

c. Repetition

12



Appendix C: Flowcharts

SYMBOL NAME APPLICATION

: Shows the beginning or
Terminal
€ > ! end of an algorithm

I J Elow Lines Show the action order
> In an algorithm

Shows the continuity of
the algorithm on the next

page

(n) Connector
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'START and STOP

>

S




‘ Connectors

C::D

N

( START )

¢ STbP)




‘ Sequence Symbols

Assignment statement

/ / | nput/output statement

Module call

_______________________

Compound statement
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‘ Assignment statement

variable <— expression
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‘ Module-Call Statement

<i: START :> <: AVRG :>

AVRG

<: RETURN :>

S




Two-Way Selection

F‘T

A\ 4
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‘ for L.oo

End of | Initializati m

action | Limit test

AN
e




Pseudocode for three constructs

I Pseudocode is an Englishlike representation of an
algorithm.

. if (condition)
| then B
N . action - while (condition)
action 1 action action
action 2 P B e
else B e
| e action End while
action
a. Sequence c. Repetition
End if

_____________________________________________________________

b. Decision
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=o)L

Write an algorithm in pseudocode that finds
the average of two numbers

Selution

See Algorithm 8.1 on the next dlide.




Algorithm 8.1: Average of two

AverageOfTwo
Input: Two numbers
. Add thetwo numbers

. Dividetheresult by 2

. Return theresult of Step 2
End




=)

Write an algorithm to find the largest of
1000 numbers.

Selution

See Algorithm 8.5 on the next dlides.




‘ Flow Chart




Algorithm 8.5:  Find largest of 1000 numbers

FindL ar gest
Input: 1000 positive integers
1. SetlLargesttoO

2. Set Counter to 0
3. while (Counter lessthan 1000)
3.1 if (theinteger isgreater than L argest)

then
3.1.1 Set Largest tothevalue of theinteger
End if
3.2 Increment Counter
End while
4. Return Largest
End




MORE FORMAL

DEFINITION

Formally, an algorithm isan ordered set of
unambiguous steps that produces a result and
——terminatesin-afinite time.
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SUBALGORITHMS




Concept of a subalgorithm

_1An agorithm can be broken into smaller units called
subalgorithms.

29



BASIC
ALGORITHMS




Shmmmmn

Set sum to 0 |

_

More
numbers

Add current
number to sum

Return sum
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1
-

Sorted

Wall

Bubble sort

Bubble up

=

Unsorted
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Exampl e of bubble sort

- 23|78| 8 (45|32 56
- Unsorted >

Original list
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Exampl e of bubble sort

23| 8(78|45|32 |56
- Unsorted >

Original list
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= xample of bubble sort

38

23

/8

45

32

96

Unsorted

Original list
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Exampl e of bubble sort

' a

T

78

32

45

96

Unsorted

>

After pass 1
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Exampl e of bubble sort

N

T

32

/8

45

96

Unsorted

>

After pass 1
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= xample of bubble sort

23

32

/8

45

96

sorted

>

After pass 1
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=23

78

45

8

32

26

Unsorted

23

78

45

32

26

-

Unsorted

>

23

32

78

45

96

>

Unsorted

Exampl e of bubble sort

Original list

After pass 1

After pass 2
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Exampl e of bubble sort

8

23

32

45

78

96

- Sorted -

= >
*Unsmted

23

32

45

o6

78

Sorted

After pass 3

After pass 4
Sorted

Andsoon...
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Search concent

Searching, aprocessto locate atarget in alist of
data, 1sabasic agorithm.

Sequential search is used for unordered lists.

Binary search isused for ordered lists.

[.ocation wanted

4 21 | 36 | 14 B624 91 8 | 22 7 |81 [ 77 | 10

~ Target given
(62)

41



Example of a sequential search

position

Location wanted
' (4)

position

1 2 3 4 B 6 7 9 10 11

. S 21 | 36 | 14 | 62 | 91 8 22 81 | 77 | 10

position Ly N
Tﬁrget given
T62)

4 9 6 7 9 10 11

62 | 91 8 22 81 | 77 | 10
1 2 3 4 2 B 7 9 10 11

81 | 77 | 10

21 | 36 | 14 | 62 | 91 8 22

62 != 36
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Example of a sequential search

position

position N

0 1 2 3 4 5] 6 7 8 9 10 11




‘ Examgle of

a binary search

first  mid last
0 1 2

9 10
4 7 8 10 14 2/11 22 36 | 62 ¥r 81 91
first mid last
11
91

mid




Chapter 9:
Programming
Languages




EVOLUTION




Evolution of computer languages

&
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1940s 1950s 1960s 1970s 1980s 1990s 2000s
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Program 9.1 Program in machine language

1
2
3
4
5
6
7
8
9
10
11
12

= S
O Obhw

00000000
01011110

11111000

11101111
11110100
00000011
11101111
01111110
11111000
00000110
11101111

00000100
00001100
11101111
11101111
10101101
01100010
00000010
10101101
10100010
00000010
11110100
10101110
10100010
00000010

0000000000000000

11000010
00010110
10011110
11011111
11011111
11111011
11011111
11011111
11111011
10101101
11000101
11111011
11111011
00000100
00000100

0000000000000010
0000000000000101
0000000000001011
0000000000010010
0000000000010101
0000000000010111
0000000000011110
0000000000100001
0000000000100100

0000000000101011
0000000000110001
0000000000110100
0000000000111101
0000000000111101




a computer Is machine language.
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Evolution of computer languages

A symbolic language uses symbols to represent
various machine language instructions. Symbolic
languages are also called assembly languages.

A high-level language Is portable from one computer
type to another and free the programmer from one
computer type to another and frees the programmer
from hardware concerns. BASIC, Pascal, Ada, C,
C++, and Java are high-level languages.

Natural language

50



Program 9.2 Program in symbolic language

Entry main, “m<r2>
#12,90
CSMAIN_ARGS
$CHAR_STRING_CON

-8(fp)
(r2)
#2,read
-12(fp)
3(r2)
#2,read
-8(fp),-12(fp).-
6(r2)
calls #2,print
clrl ro
ret

1
2
3
4
5
6
7
8
9
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Program 9.3 Program In C++ language

[*  Thisprogram readstwo integer numbersfrom the
keyboard and printstheir product.

*/

#include <iostream.h>

int main (void)

{

/[l Local Declarations
Int number 1;
Int number 2;
Int result;
Statements
cin >> number 1;
cin >> number 2;
result = numberl * number?2;
cout << result;
return O;
/[ main

1
2
3
4
5
6
7
8
9
10
11
12

S e S e
O~NO O D W
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BUILDING
A
PROGRAM




Building a program

—_—

M\A(

The StepS tO Text Editor %
building a
program
i )
| nCI Ude m\‘ Coimolls Prepmcessor\
W t| ng, - Translator
edl tl ng’ System
COmpI I | ﬂg, Q Library
and linking o

A
code. m < Linker \>

#include
int main (void)
{
int a,
int b,

retum 0,

}

<iostream.h>

00110100
10101010

01001011
10110100

Object

Source

0011010010101010
0011001101001001

0100101110110100




PROGRAM
EXECUTION




Program execution

%




Mid-Term Exam

Date: 10/29 (Wednesday)
Time: 14:10-17:00

Scope: Chapter 1,2,3,4,5,8,9

Close Book

o You have seen all the English vocabularies in the textbook
or the homework, so do not ask the TA to explain the
guestions.
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