
-I



II

© SCERT 2018

www.textbooksonline.tn.nic.in

The wise
possess all

 



III

  

  

  

  

  

  

o  

o 
o  

o  



IV



V



VI

I

1 1

2 23

3 59

4 72

5 I
II

88
116

II

6 129

7 146

8 166



1

1 I 

:

(Booting)

1.1 

(e-commerce)

1837 (Analytical Engine)
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1.2 

 

 

1
 

1942-1955

(Vaccum tube) 

•

ENIAC EDVAC UNIVAC ENAIC - 27
8 x 100 x 3 150

2 1955-1964

(Transistors)

(Operating System) 

(Batch Processing 
and multiprogramming 
operating system)

  - IBM 1401, IBM 1620, UNIVAC 1108
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3 1964 -1975

Integrated 
circuits (IC)

 - IBM 360 series, Honeywell 6000 series

4 1975-1980

Very Large Scale 
Integrated Circuits 

(VLSI)

IBM APPLE

5 1980 - 

Ultra Large Scale 
Integration (ULSI)

(Parallel processing)

(Expert system)
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6

(Robots) 

1.1

1943 ENIAC 1946
ENIAC 1800 18000 

50
ENIAC

1.3

 (ANN - Artificial Neural Networks)

 (WAN 
- Wide Area Networking) (NLP–Natural Language 
Processing)   (AI–Artificial Intelligence)
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(DLNN - Deep Learning Neural Networks)
 (OCR 

- Optical Character Recognition)

(scans) 
(inscriptions)

417 
(expert-level)

 3700

1.4

“Computer”
19

Computer “Compute” 
“Compute” “Compute”

Computer 
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1.5

(motherboard), (memory), 
(monitor)

 

 1.2

(IPO- Input Process Output- cycle)

134, 16,

16

 - 16

1.1
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1.3 

1.5.1

1.5.2

 

(CU - Control 
Unit), (ALU - 
Arithmetic and Logic Unit)
(MU - Memory Unit)

1.5.2.1

1.5.2.2

 

1.5.3
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1.5.4

 

 (RAM - Random 

Access Memory)

 

(Hard disk), (CD-ROM)

(DVD ROM)

1.5.5

 (1)

 (typewriter)

(function 

keys) 

1.4

(2)

 (cursor)

 (icons), 

(menus),

(command buttons)

(Mechanical)

(Optical Mouse ), (Laser)

 (Air Mouse) 3D

(Tactile) 

(Ergonomic Mouse),

(Gaming Mouse).  
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 1

(Mechanical)

02/10/1968 
(Telefunken,  
German Company)

 2

(Optical) 

 

(acceleration)
1980-

(Richard 
Lyon),

(Steve 
Kirsch

. 

 3

(Laser)
(acceleration) 

1.2
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(Douglas Engelbart)

(Bill English)

1960 

1970

17

(3) (Scanner)

 (Xerox machine)

1.5 

(4) (Fingerprint Scanner)

 (biometric)

 (Fingerprint Reader)

(Scanner)

 1.6

(5) (Track Ball):

1.7
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(6) (Retinal Scanner)

(biometric) 

1.8

(7) (Light Pen)

(light-sensitive) 

 

 1.9 

8) (Optical Character 
Reader)

 1.10

(9) (Bar 
Code / QR Code Reader) 

 (electric 
pulses)

 (Q.R. – 
Quick Response) 

1.11 
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(10) (Voice Input 

Systems)

 1.12

(11) (Digital Camera):
(digital)

 – CCD 

(Charged Coupled Device)

(Electronic chip)-

(lens)

1.13 

(12) (Touch Screen):

(GUI)

 (tablets), (cash 

registers)

(information kiosks) 

1.14

(13  (Keyer):

 (switch)-

4 50

(“no board”)
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 1.15

(1) (Monitor)

 (PIXELS)

 CRT (Cathode 

Ray tube),

LCD (Liquid Crystal Display)

LED (Light 

Emitting Diodes)

VGA 

(Video Graphics Array

 

(Video Graphics Card) 

(motherboard)

1973 1

(Xerox 

Alto) 

.

1.16 

(2) (Plotter)

1.17

(3) (Printers)
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(Impact Printers)

(Non Impact 
printers)

 (ribbon)

(Dot Matrix 
Printer)

 30
1550 (CPS - Character Per Second)

1.18

(Line Matrix 
Printer)  (print 

head)-

1000 (Lines 
Per Minute)

 (Non-Impact Printers)

(striking)

(electrostatic) 

(Inkjet)  (Laser) 

 1.19 

 (Laser)

(Laser)
 (photocopiers) 
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(drum) 

 (resolution) 
 (DPI) 

 1200 dpi 
100

(PPM – Page Per 
Minute).

(Inkjet Printers) :

(Magenta), (Yellow)
(Cyan)

(color tones) 
 

(monochrome) (black) 

1  20 
(PPM – Page Per Minute).

1. 20

(bubbles) 

 (piezoelectricity)

(Speakers): 
 (audio) 

1. 21

(Multimedia Projector):  

1.22
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1.6

(Booting)

 

(OS - Operating System)

 (ROM – Read Only 

Memory)

(POST - Power On 

Self Test)  

 (

)

(BIOS-Basic Input 

output System)

(Booting)

Boot 

Strap Loader

(

) 

(Booting)

(1)  (Cold booting) 

(2) (Warm booting). 

1. (Cold booting) 

 (Hard booting)

2. (Warm booting)

(Soft booting)
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:

 (ALU), 
(CPU

(Cold booting)
 (Warm 

booting)
(Booting) 
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1. 

2. 
1993, ,1995, 

2005, 2008 2016

(RAM)

3. 

1. 

2. 

1.

2.

ROM PROM RAM EPROM

3.

4.
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5.

6.

7.

8. POST 

Post on self Test Power on Software Test

Power on Self Test Power on Self Text

9.

ROM RAM Flash drive Hard disk

10.

1.

2.

3.  (CPU) 

4. (ALU)

5.

6.

7.

8. ?
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1.

2.

3.

4.

5.

6.

7.

8.

1.

2.

3.

QR 

 

(1)  - PHI

(2) - NCERT

(1) www.wikipedia.org

(2) https://www.computerhope.com/jargon/c/computer.htm



21

 Computer

Vacuum tube

- 

Transistors

(" ")

-Punched cards 

(Hollerith)

- Machine 

Language

assembly language

(low-level )

Integrated Circuits 

M i c r o c o m p u t e r

-High-

level languages

(High-Level Language ) 
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Natural language 
processing (NLP)

(NLP - Natural Language Processing)

Robotics 

1921 RUR 
(Rossum's Universal Robots) (Karel Capek)

Nanotechnology
100

Bioengineering
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2.1 

 Data Datum 

(Raw 
facts)  

 (Name), (Age),  
(class), (Marks)
(Subject)

Name   = Rajesh
Age  = 16
Class  = XI
Mark  = 65
Subject  = Computer Science

2.1

16,

65 

2.2

‘0’
‘1’

‘0’ ‘1’

0 
1 (Machine 

Language) 0
1  
Binary Digits (Bit)

 (Binary) 

 

2 I 
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(Bit) 0 1
Bit Binary digit (Bi

(Nibble) 4 

 (Byte) 8

(Word length)
– 8 16 

32 64 32 
64 

 (1024 GB)

 (1024 MB)

 (1024 KB)

 (1024 bytes)

(8 bits)

 (4 bits)

(0 or 1)

2.2

(Kilobyte - KB)  (Megabyte -MB)
1 1000 103.  1 

1024 210
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2.1

K 2^10 = 1,024

M 2^20 = 1,048,576

G 2^30 = 1,073,741,824

T 2^40 = 1,099,511,627,776

P 2^50 = 1,125,899,906,842,624

E 2^60 = 1,152,921,504,606,846,976

Z 2^70 = 1,180,591,620,717,411,303,424

Y 2^80 = 1,208,925,819,614,629,174,706,173

 (ASCII - American Standard 

Code for Information Interchange)

0 127

ASCII 32. (0)  48

 97 122

65 90 ASCII 

2.3 

(Decimal) (Binary) (Octal) (Hexa Decimal)

 10

(0,1,2,3,4,5,6,7,8,9)
 2

(0,1)

8
(0,1,2,3,4,5,6,7)

 16
(0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F)
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2.3

Radix
Base

64
 64

32
64

32
64

32

2.3.1

0,1,2,3,4,5,6,7,8,9

(Positional 
Value) 

10

(123)10 = 1x102  +  2x101  +  3x100  
  = 100 + 20 + 3 
  = (123)10

2.3.2

0 1 

2
(2's Power positional weightage method) 
2

(Most Significant Bit – MSB)

(Least 
Significant Bit – LSB)

1 1 0 1

MSB LSB

 (1101)2

(1101)2 = 1 × 23  +  1 × 22 + 0 × 21 + 1 × 20

  = 8 + 4 + 0 + 1
  = (13)10

2.3.3

0 7 

8
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(547)8

(547)8 = 5×82 + 4×81 + 7×80

  = (5×64) + (4×8) + (7×1)
  = 320 + 32 + 7
  = (359)10

2.3.4 
16

0 9
A, B, C, D, E, F 16  A, B

C, D, E, F 10, 11, 12, 13, 14  15

2.2 

0 0000 000 0000
1 0001 001 0001
2 0010 002 0002
3 0011 003 0003
4 0100 004 0004
5 0101 005 0005
6 0110 006 0006
7 0111 007 0007
8 1000 010 0008
9 1001 011 0009

10 1010 012 A
11 1011 013 B
12 1100 014 C
13 1101 015 D
14 1110 016 E
15 1111 017 F

2516 

(25)16 = 2×161 + 5×160

  = 32+5 
  = (37)10
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.
1 (1010)10

2 (1010)2

3 (989)16

4 (750)8

5 (926)10

2.4

2.4.1

2 –

2- 0 1 
2-

“0” “1”

N

N-  2-
 Ni Ri 0 

1 
0 1 

0 1

.

 (65)10

2 65
2 32 -1
2 16 - 0
2   8 - 0
2   4 - 0
2   2 - 0

 1 - 0

LSB

MSB

 : 
65/2 = 32 + 1
32/2   = 16 + 0
16/2   = 8 + 0
8/2   = 4 + 0
4/2   = 2 + 0
2/2   = 1 + 0

(65)10 = (1 0 0 0 0 0 1)2

2.4.2

 
“8 

2.4.1- 

2

.

1. 786

2. 101

3. 7
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8-

(65)10

8 65
8 8 - 1

1 - 0

LSB

MSB

(65)10   = (1 0 1)8

2.4.3 

“16-

2.4.1

 
16-

16    31
1 - 15

LSB

MSB

(31)10 = (1F)16

2.4.4

 “2

“2-

1:
2

0 1

2: 1

2

1 2
0

3:  1 2
0 

1-

0.2  2 = 0.4 0

0.4  2 = 0.8 0

0.8 2 = 1.6 1

0.6 2 = 1.2 1

0.2  2 = 0.4 0
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(0.2)10 = (0.00110)2

1) 1920

2) 255

3)126

2.4.5

 
2's

(2s Power Positional notation 
method) 

 1

2

2:  2

3:

4:

2.3 - 2

2 2

20 1 26 64
21 2 27 128
22 4 28 256
23 8 29 512
24 16 210 1024
25 32

(111011)2

2
25 24 23 22 21 20

32 16 8 4 2 1

1 1 1 0 1 1

32 16 8 0 2 1

32+16+8+0+2+1= (59)10

(111011)2= (59)10

2.4.6 

1: 

2:

3: "2
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0 000

1 001

2 010

3 011

4 100

5 101

6 110

7 111

2 - 4 
3 /

(11010110)2

1

011 010 110

0

2: "2

011        010      110

(11010110)2   = (326)8

  3          2        6

{ { {

2.4.7

 1: 

0

2: "2

3:

0 9

10 15 
A

F

(1111010110)2
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1:

0011     1101     0110

0

2: "2

0011        1101      0110

(1111010110)2   = (3D6)16

  3          D        6

{ { {

3:

3  3 3

3  D 6

(11110110)2   = (3D6)16

2.4.8

1:  

 2.4.5
 2

2:

 2.1:

2.2

2

 2.3:
2

2.4:

2

2-1  (1/2) 0.5
2-2   (1/4) 0.25
2-3   (1/8) 0.125
2-4  (1/16) 0.0625
2-5   (1/32) 0.03125
2-6  (1/64) 0.015625
2-7   (1/128) 0.0078125

3:
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(11.011)2

11

011

1 1 . 0 1 1

2 21 20 2-1 2-2 2-3

2 1 1/2 1/4 1/8

0.5 0.25 0.125
2 1 . 0 0.25 0.125

(11.011)2  = (2+1). (0.25 + 0.125)
(11.011)2 = (3.375)10

1) 101110101
2) 1011010
3) 101011111

2.4.9 

 8

1: 

8

2:
8

3:

(1265)8

1 2 6 5

8 83 82 81 80

512 64 8 1

512 128 48 5

(1265)8 = 512 ×1 + 64×2 + 8×6 +1×5
 = 512 + 128 + 48 + 5
(1265)8  = (693)10

2.4.10 
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(6213)8

6 2 1 3

110 010 001 011

(6213)8=(110010001011)2

472 145 347  
6247 645

2.4.11

 16

1:

2:
16

3:

(25F)16

2 5 F

16 162 161 160

256 16 1

512 80 15

(25F)16 = 512 + 80 +15
(25F)16 = (607)10

2.4.12

(8BC)16

8 B C

1000 1011 1100

(8BC)16 = (100010111100)2

A6 BE
9BC8 BC9
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2.5

 

(Signed 
Magnitude)

(Left most bit), (MSB)
(Sign Bit) (Parity 

Bit)

 (Signed 
Magnitude Representation)

1

•  2

2.5.1 (Signed 

Magnitude Representation)

'-’

+43 43

-43 

 0 1
 8 

7

(Magnitude) 1

+43

1 1 1 1

 (MSB )

(LSB)

-43

1 1 1 1 1

 (MSB )

(LSB)

2.5.2  –  1

 

1

1:
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2: 8 

8

0 8 

3:
1 

0 0  1 

(-24)10  1

(-24)10 00011000 11100111

2.5.3 – 2

 2

1 0 0 1

(-24)10 2

+24 11000

8 00011000
1 11100111

1 +1

-24 2 11101000

22 -13 -65 
-46 255

2.6

(Binary Arithmetic)

 

2.6.1 (Binary Addition)

A B

(A + B) (Carry Bit)

0 0 0 -
0 1 1 -
1 0 1 -
1 1 0 1

 1 + 1 = 10
 1-

(Carry Bit) 

10112 + 10012
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(Carry Bit)→  1 1

 1 0 1 1

+ 1 0 0 1

1 0 1 0 0

} 1 0

 10112 + 10012 = 101002

2310 + 1210

1:  23 12

2310   

(1) 23 – 16 = 7         (2) 7 – 4 = 3
(3) 3 – 2 = 1              (4) 1 – 1 = 0

2 16 8 4 2 1

1 0 1 1 1
2310 = 000101112

1210   

(1) 12 – 8 = 4                  (2) 4 – 4 = 0 

2 8 4 2 1

1 1 0 0
1210 = 000011002

2: 

23 12

Carry Bit 1 1
2310 = 0   0 0 1 0 1 1 1
1210  = 0   0 0 0 1 1 0 0
35

10
 = 0   0 1 0 0 0 1 1

(Binary Subtraction)

 

A B

(Difference) (Borrow)
0  0 0 0
1  0 1 0
1  1 0 0
0  1 1 1

0 1
(MSB)

1 1

1 0

0
1

 0-

 0 
1

1: -21 5

10010102 - 
101002

0 1 10 0 10

1 0 0 1 0 1 0

(-) 1 0 1 0 0

1 1 0 1 1 0

(-21)10 + (5)10
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2110 

2 16 8 4 2 1

1 0 1 0 1
2110 = 000101012

510 

2 4 2 1

1 0 1
510 = 000001012

2:

2110 0 0 0 1 0 1 0 1
1 1 1 1 0 1 0 1 0
2 1 1 1 0 1 0 1 1

3:

-21 5

1 1 1 1

-2110 1 1 1 0 1 0 1 1
   510 0 0 0 0 0 1 0 1
-16

1
1 1 1 1 0 0 0 0

( 1010 + 1510 -1210 + 510  
1410 – 1210 (-210) – (-610)

2.7 
 (Representing Characters in 

Memory)

 

(Numerical form)

26
(Uppercase), 26

(Lowercase), 10 (0 
9 7 20 

40 

(Character Set)

(Encoding System)

• BCD – Binary Coded Decimal

• ASCII – American Standard Code for 
Information Interchange

• EBCDIC – Extended Binary Coded 
Decimal Interchange Code

• ISCII - Indian Standard Code for 
Information Interchange

• Unicode 

Binary Coded Decimal (BCD)

 
26 

26 = 64

2.7.1
. American Standard 

Code for Information Interchange (ASCII)

(USA) 
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27

27 = 128

 ASCII-8  28 

256

0  255

A ASCII 
65. 7

ASCII 1000001
ASCII-8 01000001.

2.7.2 Extended Binary Coded Decimal 

Interchange Code (EBCDIC)

ASCII
8 

IBM (International Business 
Machine) 

256 
 ASCII 

 ASCII EBCDIC 

EBCDIC 
ASCII

2.7.3
 Indian Standard Code 

for Information Interchange (ISCII)

 ISCII 
8

256 

(Department of Electronics)

(Standardaisation Comittee) 1986-88

(Bureau of 
Indian Standards – BIS)

2.7.4 (Unicode

 

ASCII 

ASCII 8  256 

ASCII

ASCII

ASCII

16 65536
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1991 2.6

2.6

0B8 0B9 0BA 0BB 0BC 0BD 0BE 0BF

0B82

0B83

0B85

0B86

0B87

0B88

0B89

0B8A

0B8E

0B8F

0B90

0B92

0B93

0B94

0B95

0B99

0B9A

0B9C

0B9E

0B9F

0BA3

0BA4

0BA8

0BA9

0BAA

0BAE

0BAF

0BB0

0BB1

0BB2

0BB3

0BB4

0BB5

0BB6

0BB7

0BB8

0BB9

0BBE

0BBF

0BC0

0BC1

0BC2

0BC6

0BC7

0BC8

0BCA

0BCB

0BCC

0BCD

0BD0

0BD7

0BE6

0BE7

0BE8

0BE9

0BEA

0BEB

0BEC

0BED

0BEE

0BEF

0BF0

0BF1

0BF2

0BF3

0BF4

0BF5

0BF6

0BF7

0BF8

0BF9

0BFA

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

0D0 0D1 0D2 0D3 0D4 0D5 0D6 0D7

0D00

0D01

0D02

0D03

0D05

0D06

0D07

0D08

0D09

0D0A

0D0B

0D0C

0D0E

0D0F

0D10

0D12

0D13

0D14

0D15

0D16

0D17

0D18

0D19

0D1A

0D1B

0D1C

0D1D

0D1E

0D1F

0D20

0D21

0D22

0D23

0D24

0D25

0D26

0D27

0D28

0D29

0D2A

0D2B

0D2C

0D2D

0D2E

0D2F

0D30

0D31

0D32

0D33

0D34

0D35

0D36

0D37

0D38

0D39

0D3A

0D3B

0D3C

0D3D

0D3E

0D3F

0D40

0D41

0D42

0D43

0D44

0D46

0D47

0D48

0D4A

0D4B

0D4C

0D4D

0D4E

0D4F

0D54

0D55

0D56

0D57

0D58

0D59

0D5A

0D5B

0D5C

0D5D

0D5E

0D5F

0D60

0D61

0D62

0D63

0D66

0D67

0D68

0D69

0D6A

0D6B

0D6C

0D6D

0D6E

0D6F

0D70

0D71

0D72

0D73

0D74

0D75

0D76

0D77

0D78

0D79

0D7A

0D7B

0D7C

0D7D

0D7E

0D7F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F
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2.6

0C0 0C1 0C2 0C3 0C4 0C5 0C6 0C7

0C00

0C01

0C02

0C03

0C05

0C06

0C07

0C08

0C09

0C0A

0C0B

0C0C

0C0E

0C0F

0C10

0C12

0C13

0C14

0C15

0C16

0C17

0C18

0C19

0C1A

0C1B

0C1C

0C1D

0C1E

0C1F

0C20

0C21

0C22

0C23

0C24

0C25

0C26

0C27

0C28

0C2A

0C2B

0C2C

0C2D

0C2E

0C2F

0C30

0C31

0C32

0C33

0C34

0C35

0C36

0C37

0C38

0C39

0C3D

0C3E

0C3F

0C40

0C41

0C42

0C43

0C44

0C46

0C47

0C48

0C4A

0C4B

0C4C

0C4D

0C55

0C56

0C58

0C59

0C5A

0C60

0C61

0C62

0C63

0C66

0C67

0C68

0C69

0C6A

0C6B

0C6C

0C6D

0C6E

0C6F

0C78

0C79

0C7A

0C7B

0C7C

0C7D

0C7E

0C7F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

0C8 0C9 0CA 0CB 0CC 0CD 0CE 0CF

0C80

0C81

0C82

0C83

0C85

0C86

0C87

0C88

0C89

0C8A

0C8B

0C8C

0C8E

0C8F

0C90

0C92

0C93

0C94

0C95

0C96

0C97

0C98

0C99

0C9A

0C9B

0C9C

0C9D

0C9E

0C9F

0CA0

0CA1

0CA2

0CA3

0CA4

0CA5

0CA6

0CA7

0CA8

0CAA

0CAB

0CAC

0CAD

0CAE

0CAF

0CB0

0CB1

0CB2

0CB3

0CB5

0CB6

0CB7

0CB8

0CB9

0CBC

0CBD

0CBE

0CBF

0CC0

0CC1

0CC2

0CC3

0CC4

0CC6

0CC7

0CC8

0CCA

0CCB

0CCC

0CCD

0CD5

0CD6

0CDE

0CE0

0CE1

0CE2

0CE3

0CE6

0CE7

0CE8

0CE9

0CEA

0CEB

0CEC

0CED

0CEE

0CEF

0CF1

0CF2

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F
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American Standard Code for Information Interchange (ASCII)

(Alphabets)

8

A 65 01000001 101 41

B 66 01000010 102 42

C 67 01000011 103 43

D 68 01000100 104 44

E 69 01000101 105 45

F 70 01000110 106 46

G 71 01000111 107 47

H 72 01001000 110 48

I 73 01001001 111 49

J 74 01001010 112 4A

K 75 01001011 113 4B

L 76 01001100 114 4C

M 77 01001101 115 4D

N 78 01001110 116 4E

O 79 01001111 117 4F

P 80 01010000 120 50

Q 81 01010001 121 51

R 82 01010010 122 52

S 83 01010011 123 53

T 84 01010100 124 54

U 85 01010101 125 55

V 86 01010110 126 56

W 87 01010111 127 57

X 88 01011000 130 58

Y 89 01011001 131 59

Z 90 01011010 132 5A

a 97 01100001 141 61

b 98 01100010 142 62

c 99 01100011 143 63

d 100 01100100 144 64
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e 101 01100101 145 65
f 102 01100110 146 66
g 103 01100111 147 67
h 104 01101000 150 68
i 105 01101001 151 69
j 106 01101010 152 6A
k 107 01101011 153 6B
l 108 01101100 154 6C
m 109 01101101 155 6D
n 110 01101110 156 6E
o 111 01101111 157 6F
p 112 01110000 160 70
q 113 01110001 161 71
r 114 01110010 162 72
s 115 01110011 163 73
t 116 01110100 164 74
u 117 01110101 165 75
v 118 01110110 166 76
w 119 01110111 167 77
x 120 01111000 170 78
y 121 01111001 171 79
z 122 01111010 172 7A
(Numerics)

(8
0 48 00110000 60 30
1 49 00110001 61 31
2 50 00110010 62 32
3 51 00110011 63 33
4 52 00110100 64 34
5 53 00110101 65 35
6 54 00110110 66 36
7 55 00110111 67 37
8 56 00111000 70 38
9 57 00111001 71 39
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(Special Character)

8
Blank 32 00100000 40 20

! 33 00100001 41 21
" 34 00100010 42 22
# 35 00100011 43 23
$ 36 00100100 44 24
% 37 00100101 45 25
& 38 00100110 46 26
' 39 00100111 47 27
( 40 00101000 50 28
) 41 00101001 51 29
* 42 00101010 52 2A
+ 43 00101011 53 2B
, 44 00101100 54 2C
- 45 00101101 55 2D
. 46 00101110 56 2E
/ 47 00101111 57 2F
: 58 00111010 72 3A
; 59 00111011 73 3B
< 60 00111100 74 3C
= 61 00111101 75 3D
> 62 00111110 76 3E
? 63 00111111 77 3F
@ 64 01000000 100 40
[ 91 01011011 133 5B
\ 92 01011100 134 5C
] 93 01011101 135 5D
^ 94 01011110 136 5E
_ 95 01011111 137 5F
` 96 01100000 140 60
{ 123 01111011 173 7B
| 124 01111100 174 7C
} 125 01111101 175 7D
~ 126 01111110 176 7E
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1.

2.

1000 8 4 1024

3. ASCII

American School Code for Information Interchange

American Standard Code for Information Interchange

All Standard Code for Information Interchange

American Society Code of Information Interchange

4.  2^50

 (Kilo) (Tera) (Peta) (Zetta)

5. Binary Coded Decimal 

64 255 256 128

6. 1101
2
-

F E D B

7.  00100110 1

00100110 11011001 11010001 00101001

8.

 645 234 876  123

1.

2. 1

3. (46)
10
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4. (28)10 1

5.

1.

2.

3. (150)10

4. ISCII 

5. -2210 + 1510 2010 + 2510

1. 

 (98.46)10

2. 1 2

-98  -135

3.  11010102 + 1011012

11010112 – 1110102
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CHAPTER 2
 - II - 

2.8 :

 

(George Boole)

  (1815 - 1864)

2.8.1 :

 

1.

/

2. 8-10=10  /

3.  / 

4.

 

(Logical 

Statement )

(Truth functions)

 (Truth values)

1  0 

 1 0

(Binary valued variables)

 (Boolean Variables) 

2.8.2

 

 I 
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AND, OR NOT
(.)

(+) 

2.8.3

 

AND 

AND operator

A B Y

0 0 0

0 1 0

1 0 0

1 1 1

2.8.4 AND

 (.)
AND

AND

 2- AND 

2-  AND 
Y = A . B 

2.8.5 OR :

 OR  (+) 

OR
 (1)

2 – OR

A B Y

0  0 0

0  1 1

1  0 1

1  1 1

 
Y = A + B

2.8.6 NOT :

 NOT

NOT 
NOT 

A Y 
NOT

  A Y

  0 1

  1 0

   Y = 
NOT
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A = 1
 (B = 0, C = 1)

D- 1
D  0

 AND, OR NOT
 

NAND  NOR

2.8.7 NAND

 NAND AND NOT 
AND

NAND 
NAND 

 Y = A . B 

 A B Y

 0 0 1

 0 1 1

 1 0 1

 1 1 0

A NAND B = NOT (A AND B)

2.8.8 NOR

 Y = A + B

NOR

 A B Y

 0 0 1

 0 1 0

 1 0 0

 1 1 0

A NOR B = NOT (A OR B)

2.9. :

AND, OR NOT 
NAND, NOR, XOR

XNOR
NAND 

 NOR
(Universal gates)

2.9.1 AND : 

‘True’
 ‘False’.

1
1
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1
1-  0 – 

A  B
C

A B 
 0  1 

AND 

A
C=AB

B

2.2 AND

AND C= A 
AND B 

 

AND
AND 

C=A.B  C=AB

“C A AND B”

00,01,10 11.

0

C= A . B

 = 0 . 0

 = 0

 AND

A B C
0 0 0
0 1 0
1 0 0
1 1 1

2.7 AND 

2.9.2 OR 

“OR” 
 OR

1 1 
 0 OR 

A

B
C=A+B

2.3 OR 

OR

C= A  OR B

+ OR 

 C= A  + B

“C  A  OR B

1 

 C= A  + B = 1+1=1
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OR

A B C
0 0 0
0 1 1
1 0 0
1 1 1

2.8 OR

2.9.3 NOT :

NOT

C=NOT A

NOT

 C  =  A

A C = A

2.4 NOT 

 “C NOT A C 
A-

 A- 0

 C  =   0  =  1

 A-  1

 C  =   1   =  0

NOT 

A C
1 0
0 1

2.9  NOT

2.9.4 NOR 

NOR OR

‘0’
‘1’

0

NOR 

A
B

A+B C=A+B

2.7 NOR 

A
B

C

2.8 NOR

NOR 

 C  = ( A  +  B)  

C A OR B- NOT” 

C A OR B

0 

 C  = ( 0  +  0)  =  0  =  1  

NOR 

A B C
0 0 1
0 1 0
1 0 0
1 1 0

2.10  NOT
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2.9.5  AND

(Bubbled AND gate):

AND

A

B

A

C=A.B

B

2.9 AND

AND 

 C  = ( A  .  B)   

A

B
C

 2.10 AND 

A = 0  B = 0  C=(0.0)    = 1.1 = 1

A = 0 B = 1  C=(0.1)    = 1.0 = 0

A = 1  B = 0  C=(1.0)    = 0.1 = 0

A = 1  B = 1  C=(1.1)    = 0.0 = 0

A B C
0 0 1
0 1 0
1 0 0
1 1 0

2.11  AND

AND
NOR
NOR AND

(A + B) = A . B

2.9.6 NAND 

 AND  NOT 

NAND 
 AND 

 1  NAND
0-
1- NAND

 
A

A.B C=A.B
B

 2.11  NAND 
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NAND

A

B
C

2.12  NAND

 NAND 

C = (A . B)

 A AND B- NOT  C 
A AND B –

 C-

 1 

C = (1 . 1)= 1 = 0

NAND 

A B C
0 0 1
0 1 1
1 0 1
1 1 0

 2.11 NAND 

2.9.7 :

OR 

 

A A

B B

C=A . B

2.13 OR

 C = A  +  B

A
B

C

2.14 OR 

OR

A B C
0 0 1
0 1 1
1 0 1
1 1 0

2.12  OR 

 OR NAND 

,

(A . B) = A  + B

(De-Morgan)

2.9.8 XOR

 (Exclusive OR) 
“either/OR
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A
B

A

A = A.B+ A.B

A A.B

B A.BB

2.15  XOR

1-

0- XOR 

 XOR

A B C

0 0 0

0 1 1

1 0 1

1 1 0

2.13  XOR

 Exclusive OR

“Encircled Plus” 

 C = A B

XOR

A

B
C

 2.16  XOR 

2.9.9 XNOR 

 XNOR (Exclusive –NOR)

XOR

 1-

0-

A
A B

B

C = A B

2.17 XNOR

 XNOR XOR 

NOT

C = A B

    = A . B + A . B 

    = AB + A  B

(De Morgan’s )

“included dot”

 C = A  B
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A
C=A  B

B

2.18  XNOR

XNOR

A B C

0 0 1

0 1 0

1 0 0

1 1 0

2.14 XNOR 

 (Digital Integrated Circuits)

Logical Gates Symbol Truth Table

AND

A B AB

0 0 0

0 1 0

1 0 0

1 1 1

OR

A B A + B

0 0 0

0 1 1

1 0 1

1 1 1

NOT

A A

0 1

1 0

NAND

A B A B

0 0 1

0 1 1

1 0 1

1 1 0
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:

Identity    

 A + 0 = A      
 A. 1 = A

 Complement    

A + A = 1
A + A = 0

 Commutative

 A + B = B + A 
 A. B = B. A

Associative  

 A + (B + C) = (A + B) + C
 A. (B. C) = (A. B). C

 Distributive

 A. (B + C) = A. B + A. C
 A + (B. C) = (A + B). (A + C)

 Null Element

 A + 1 = 1
 A. 0 = 0

 Involution

 (A) = A  
Indempotency

 A + A = A   
 A. A = A

Absorption

 A + (A. B) = A   
 A. (A + B) = A
3rd  Distributive

 A + A. B = A + B 
  

 (A + B) = A . B
 (A. B) = A + B

NOR

A B A + B
0 0 1
0 1 0
1 0 0
1 1 0

XOR

A B A + B
0 0 0
0 1 1
1 0 1
1 1 0

XNOR

A B A B
0 0 1
0 1 0
1 0 0
1 1 1

2.15
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– I

1.  

2. 

AND     OR  

NOT     XNOR

3. A+A=?

A  0  1  A

4. NOR

NOT(OR) NOT(AND)

NOT(NOT) NOT(NOR)

5. NAND

 – II - 

1.

2. NAND

3. XOR 
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4.

5.

 – III - 

1.

2. XNOR

3. NAND NOR 

4. XOR 

5.

 – IV - 

1.

2. NAND NOR

3.
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3.1 

(CPU)

3.2.

(Micro 
processor)

1970 
4004

 (Intel)

3.1

3 I 
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3.1 

• 1823 
(Si) 

• 1903
 (gates) 

• 1947

Bell 
Laboratories  
23 1947  
1956- 

• 1956
(IC’s) 

12,1958

• 1960  IBM 

(Arithmetic and 
Logic Unit - ALU): 

(Registers – Internal Memory)

/ 

RAMROM

3.2

a) (Clock Speed)

b) (Instruction Set)

c) (Word Size)

a)

(Mega Hertz) 
(Giga Hertz)
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• Hz Hertz

 
20 20,000 

20

“bass”
5000 Hz

“treble”

b)

c)

(RAM)

(Pins)

3.3

(CPU),
(MDR)

(MAR) 



62

Intel 4004  4 – bit
 4  4

 4-bit

4-bit

Intel 4004

 1971  

1981
Intel Inc.
740 kHZ

10
(μm)
2300

4
16

Intel 8085 8 
Intel 8086 16

Intel Inc

 32
 64

 
 RAM

8 Intel 8085

 (Program Counter)

 (bus) 

 (Decoder), 

MDR-

 0 1 

 MDR

3.3

 

Word

(RAM)

MAR

MDR

 3.3
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5V 

5V

(5V 
1  0V 0

3.4

3.4.1

8- 

16-  

32-  

64-

3.4.2 

RAM
8

8 
8

 8

R/W
1

 0
3.4 READ   

3.5 READ

1 1 0 0 1 0 1 0
MDR Memory Word

3.4 READ

11 11 00 00 11 00 11 00
MDR Memory Word

When R/W=1

3.5 READ

READ

WRITE
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3.4.2.1

(RISC)

 RISC  Reduced Instruction Set 
Computers.

• RISC :Pentium 
IV , Intel P6, AMD K6 K7

3.4.2.2

(CISC)

 CISC Complex Instruction Set 
Computers. 

 
CISC

Intel 386 & 486, Pentium, Pentium II, 
III Motorola 68000 CISC 

3.5

3.6

Main  Memory

Hard Disk

CD / DVD / Blu - Ray

Cache

Memory

3.6

3.5.1 (RAM)  

 (Random Access 
Memory)
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(Bit)
 8

(Byte) ‘B’

1
(MB) 10,48,576 

1 MB 1024 KB 1KB 
1024 1024 x 1024= 

10,48,576 

RAM

RAM

READ WRITE 

3.5.2

RAM

[Dynamic 
RAM -DRAM]

[Static 
RAM -SRAM]

3.5.3 (ROM)

 (ROM) 

ROM

ROM

ROM

3.5.3.1

(Programmable Read-Only Memory - 

PROM)

 

PROM

 PROM

PROM – ROM
PROM

ROM

PROM

PROM Burner
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PROM

PROM

PROM

3.5.3.2

(EPROM)Erasable 

Programmable Read-Only Memory:

 

  PROM

EPROM 

PROM

PROM

EPROM, PROM 

EPROM

PROM

3.7

3.5.3.3

(EEPROM) Electrically Erasable 

Programmable Read-Only Memory:

  PROM 

PROM

EEPROM

EPROM

3.5.4

 

(Access Time) 

3.8
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CPU Cache Main
Memory

Fast Slow

3.8 

3.6 

 (Backup Storage) 

3.6.1 (Hard Disks)

 

3.6.2 (CD)

 CD CD-ROM 1.2 

CD - 

“pits”

Pits 
“lands” 

CD
CD

CD MB

3.9

3.6.3

(DVD)

 DVD (Digital Versatile Disc
Digital Video Disc) 
(Optical Disc) 4.7 GB

6 CD-

DVD
DVD

DVD
 12 

4.7 GB
 8.5 GB 

8 cm DVD 1.5 
GB DVD- 
ROM 

DVD
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 DVD

.

3.10

3.6.4

(Flash Memory Devices)

EEPROM  EPROM 

(Pen drive

(Memory card)

(Personal Computer)

(Personal 

Digital Assistant)

1

(GB 2 (TB) 

3.11

3.11

3.6.5 (Blu – Ray Disc)

DVD-

 5.0 GB

5 DVD

70CD

DVD

 3.12

3.7  (Ports) 

(Interface)

 

 3.13

(Mother Board) 

 I/O 
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(Serial Port)

(Parallel 
Port) 

USB

USB 3.0

(Universal Serial Bus –USB) 3.13 

USB 3.0
5 (GB)

USB 3.1 USB 3.2

VGA LCD

 (Audio Plugs): 

(Head phone) 

 PS/2 Port:

SCSI Port:

 3.13 USB 3.0

Mouse Port

Keyboard Port

VGA
Port

HDMI Port

USB Port
Network Port

Serial
Port Power Supply

3.14

(HDMI)

LCD

Micro HDMI HDMI

  3.15 HDMI
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ROM

LCD

1.

2.

3.
 8 16
32

4.

(Locator) (Encoder)
 (Decoder) (Multiplexer)

5.
Intel P6 AMD K6 Pentium III Pentium IV

6.
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7. 8 

28 1024 256 8000
8.

4.7 GB 5.5 GB 7.8GB 2.2 GB
9. CD

10.
USB  Ps/2 SCSI VGA 

(1)
(2)
(3)
(4) (HDMI )
(5) EPROM

(1)
(2)
(3)
(4) PROM EPROM 
(5)
(6) CD DVD
(7) EEPROM 

(1)
(2) (READ / WRITE)
(3)
(4) ROM
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4.1

 
 

4.1.1 

1)  (Application 

Software)

2)  (System Software)

 

(MS-word)

(text document)
 (application 

software) VLC

 

 (Operating System)
 (Language Processor)

4.2  

  

(Disk Drive),  (Printer) 

 (File 
Management), (Memory 
Management), (Process 
Management) (Device 
Management) 

 

4 I 
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 4.1 

 

(Android) iOS

4.2.1 

 

4.2

- Booting
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4.3

 

 

4.3.1 

 

MS-DOS

4.3.2 

 

 (raspbion OS)
 (Raspberry Pi) 

4.4 

4.3

4.4.1 

 



75

(User Friendly)

 
(Graphical User Interface – GUI) 

 (GUI)

 (Pointing devices) 

4.4.2 
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4.4.3. (Process 
Management)

 

1.

2.

 (CPU time),

 

(Algorithms) 

1. (FIFO

2.  (Shortest Job First)

3. (Round Robin)

4. (Based on Priority)
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(FIFO -  

First In First Out):

 

(Queuing 

Technique)

CPU

 (Shortest Job First)

 

A B 

A 6 

 B 9 

A 

B

A

 (Round Robin)

 

(Time Sharing System)

A, B, C

A  B C 

 (Based on Priority)

A  B 
A

5 B  7
B

4.4.4. 

 

1.

2. 

3. 

 (access)
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4.4.5 

 

4.4.6 

 

 (FAT) 

 (

)
FAT - 

(NTFS) ext12 

4.4.7 

 

4.4.8 

 

P1, P2, P3
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30,40,50 P1,  
20 

P2
P2, 40

P2
P3

4.4.9

 (
)

 

(Host)

 4.4

4.5 

 :

• iOS

 (GUI) 
GUI-

(text 
elements)
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Windows

Free BSD

Solaris
Mac OS

Sun Cobalt
Red hat

Linux

4.5 

OS
 iOS 

: 4.6

4.5.1 

 

AT&T
 1970

4.5.2

(customize) 

4.7 
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1991

 

4.8

C
AT & T 

4.5.3 

OS 

4.9 
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4.10

4.5.4 

 3

 iOS
 iOS 4.11

 4.11 
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4.5.5

 

Alpha

Honeycomb

Beta

Ice Cream 

Sandwich

Cupcake

Jelly Bean

Donut

Kitkat

Eclair

Lollipop

Froyo

Marshmallow 

Gingerbread

Nougat

A

H

B

I

C

J

D

K

E

L

F

M

G

N 
4.12 

4.5.6 iOS -  OS

 iOS OS

Messages CalendarPhotos Camera

Youtube Stocks Maps Weather

ContactsClock Voice 

memos
Calculator

iTunes App Store SettingsCompass

Phone Mail Safari iPod

4.13xiOS -
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1:  (Logo)

GUI

2: 

1) 

2) 
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1. 

2.

 

1)

2)

3)

4)

5)

7 

 iOS 
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6) ?

7)

(GUI)

8)

9)

JELLY BEAN UBUNDU OS / 2 MITTIKA

– 

1)

2)

3) GUI

4) ?

5)

6) 

7)

1) 

2)

3)

4)
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1)

2)

3)

   

1) Silberschatz, Galvin Gagne, Operating System Concepts – John Wiley&Sons,inc

2) Andrew S. Tanenbaum, Modern Operating Systems – Pearson Publication

3) Andrew S. Tanenbaum , Operating Systems Design And Implementation, Prentice Hall 

Publication

4) Tom Anderson,Operating Systems: Principles And Practice, Recursive Books 

5) Thomas W. Doeppner, Operating Systems In Depth: Design And Programming, John 

Wiley&Sons,Inc
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5.1. 

 

  (Operating  System) 
 (System Software) 

 1  - 

5

 
(  5.1)

1 2 n 

5.1 

 I 
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• Windows 

• iOS

(Server) 

5.2. 

(GUI - 
Graphics User Interface)

(Multitasking)  

(Settings), (Colour 
Scheme),  (Screen Savers)

5.1

5.1. 

1.x

 

1985

(1) 16

(2) 
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 2.x 1987

 

(Customising Options)

(Computer 

System Setting)

(Control Panel) 

 3.x 1992

(Concepts of Multitasking)

• 256

 95 1995
• 32 

.

 98 1998

Internet Explorer)

• DOS

(Plug and play) 

 NT
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 Me 2000

 
2000

2000

2000

• Professional (
)

• Server (
).

• Advanced Server 

• Data Centre Server
(high-trafic)

 XP 2001
• 64-

 
Vista

2006

  7 2009

(Aero Peek), 

(pinning programs to taskbar), 
Handwriting 

recognition), 
8 (Internet Explorer 8)
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 8 2012

8 

8 - 
(Multo Core Processing)

 10 2015

(Cortana voice activated Personal assistant)

5.3. 

 5.2.
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5.5.

  (Desktop)   

 5.3

Winkey + D
(Aero Peak)

5.4

 5.3. 7

 

(item)

5.2
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5.4. .

5.5.1.  (Icon)

"
(GUI)

5.5.1.1

(Standard Icons)

  

(Standard 
Icons)

 (My Computer), 
(Documents)

(Recycle Bin)

5.5.1.2. 

5.5)

5.5.1.3.  

 

(C,D,E) 

CD-ROM / DVD 

(Pen Drive)

(Tablet) 

 5.6

 5.5
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 5.6.
5.6. 

"

5.7

(Minimize), 
(Maximize), (side 
by side), 
(Overlap) 

Word, Paint

5.7 5.8

5.8.

5.9

(graphics)
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 5.7. 

 5.8. 
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  5.9.

5.9

5.9. 

 5.10 

5.9.1

Alt 
 Alt F10 

 7 organize
layout Option  

5.11
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Menu Bar

 5.10. 

 5.11. 
5.9.2.  

5.10 

5.9.4 
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5.10 

5.9.5 

5.10

5.10 

” (Taskbar)

 (System tray) 

 (Quick launch toolbar),

 5.12.  
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5.13

5.10.2 

XP
(My Computer) 8 10  (This PC)

5.10.3 

 

1. : Start All Programs 
 5.15 

2. 

 5.14.
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 5. 15.

3. Run 
5.16 

  5.16. Run

4.
 5.17)
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 5.17 (Close) (Exit)

5. File → Exit  File → Close

RUN  
Word Pad

 File  Word Pad

5.11 

7

5.11.1. 

5.11.1.1 
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 1

1. 

2.
D:

3.File  New  Folder

4. “New Folder” 
 5.19)

5. Enter 
 (
task folder 

5.20) 5.18. File 

5.19 

5.20
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 2 

1- 
New 

 Folder  
( 5.)

 2- new folder 
(

5.22)

3-
 Enter

4 – 
 5.20)

2. (My Document) 

5.11.1.2  ( )

(Word Pad) 

5.21.
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1.  Start  All Programs  Accessories  
Wordpad Run  type Wordpad 

ok 

 Word Pad 5.23 

File  
Save  Ctrl + S   

3. Save As 

 look –in 

5. File name 

6. Save 
5.22.

5.23.Word pad
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3. Wordpad-  

5.11.2. 

Start Search

5.24. Start menu 

1. Start
Search 

2.
Search box-

3.

4. Search “See more 
results”

5.
Search Results

 1 
Start 

 2 (Disc Drive)

Search box
5.25) 

3 

4 
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 5.25. ' '

4. 
3 

5.11.3. 

5.11.4 

 

File

 1

File

 File -> Rename

 5.26   Enter  
OK 
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 5.26. File 

5.27.  5.27 SCERT  SCERT-DPI 
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   2 

 1- 

2 

5.28)

 3 
rename

 4  

 5   Enter   
OK

 5.29 . New Folder  C++  

5.28.

  5.29. C++

 3 

 1-  

 2 – F2 

 3 –

 4 – Enter   
OK

5.  File 
Menu

5.11.5. 
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1-

• 

• Edit  Cut  Ctrl + X

Cut

• 
Edit Paste

 Ctrl + 

Paste 

 2 –  

• 

• 

•

• 

  5.30. 
.

5.11.6 

 

 1

2. Edit  Copy  Ctrl + C 

 Copy

Edit  Paste Ctrl + 
V

Paste 
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 2 

1. 

2.

3. 

Ctrl + Click

5.11.7. 

 

2. Send To

1

 USB flash USB 

USB flash

• Start Computer 

USB flash
USB (

5.32)

Copy 

USB

Paste
5.34

 II Sent To

• USB flash

Send 
To

USB flash
5.35

5.31 Start 
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5.32  

5.33 Click 

6. 
D

D:/ 

 5.34

5.11.8.

•

 Delete 

Delete 

7.



113

Removable disk

 5.35. Send to 

SHIFT
Delete

Restore
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Restore all 

“Empty Recycle bin”

5.12  

Send to Desktop (Create Shortcut)

5.36

5.36

5.13. 
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• Start -> log off   Start -> Shut down  5.37) 

 (Force Shut Down)

Figure 5.37. Log off option

• Switch User

• Log off

• Lock

 

• Restart

• Sleep

Hibernate
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5.14 (Open 

Source Operating System)

Open Source

II-

5

5.15  (Linux)

  (Unix)

.

 (Linux)

 (Ubuntu Linux)
(Linux mint)
(Arc Linux)

(Deepin)
(Fedora)
(Debian)

 OS(Cent OS)

5.16  (ubuntu)

U.K.  
(Canonical Ltd.,) 

2004
(Mark Shuttleworth)

 I 
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5.16.1 

Windows-

(Firefox), (chrome)

VLC 

(Libre Office)

(Thunderbird) 

(Exchange),

(Gmail), (Hotmail) 

Smart Search

5.17 (Ubuntu Desktop)

 

(Micorsoft 

Windows),  (Apple) 

(Graphical User Interface – GUI)

5.38 
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(Search your 
C ompute r )

(Files)

(Firefox web 
browser)

(LibreOffice 
Wr i te r )

(LibreOffice Calc)

(LibreOffice 
Impress)

 (Ubuntu software)

(Amazon)

(System Settings)

 (Trash)

5.40 

(Menu bar)

5 . 3 9

 5.39 

(Network Indicator)

 (Text Entry settings)

 

(En, Fr, K

(Character map),

(Keyboard Layout chart)

(Messaging indicator)

 
(Instant Messenger)

 (Sound Indicator)

(Music 
Player)
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 (Session Indicator)

.

 (Title bar )

 (Directory)

(Tool bar)

 (browsing)

(File system) 

5.18 

(The Desktop Background) 

 (Menu bar)

(Ambiance)
5.38)

Firefox  

VBox_GAs_5.22 

 

5.40 
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5.19  – Launcher 

 (Launcher)
(Applications),

(Trash)

5.40)

5.20  (Elements of 

Ubuntu)

5.20.1 

(Search your computer Icon)

(Search)

5 .40)

5.41 

5.42
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5.20.2 

 File  ' ' 

 ( 5.40)

5.20.3

 
(Web Browser)

5.40

 

(Web Browser)
 (

5.40)

5.20.4 (LibreOffice 

Writer)

 MS-Word 
 ( 5.41)

5.20.5 (LibreOffice 

Calc)

 

MS-Excel
 5.42

s

 5.42

5.20.6  (LibreOffice Impress)

MS PowerPoint  5.43
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5.43 

5.20.7

Update 5.40

5.20.8 (Online Shopping Icon)

5.40

5.20.9  (System Settings)

 5.44 
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(Control 
panel) 

(
5.44)

5.20.10 

 

(Recycle Bin)

 ( 5.40)

5.21 

 File

 5.46

 File
 5.47 

 5.45 VBox_GAs_5.2.2 

 5.46 
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5.47 File

/
5.48 5.49)

5.48

5.49 Edit 
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5.22  (Shutting down in Ubuntu)

 (LogOut), (Suspend) (Shut 
Down) 

 5.50  (Session Options) 

1.

2.

3.

1.
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1. 

I/O

2.

My document     My Picture

Document and settings    My Computer

3. shift + delete

windows 7 windows 8 windows 10 MS-Dos

4. Linux

Ubuntu  RedHat CentOS BSD

5. Ubuntu OS

Settings Files Dash VBox_Gas_5.2.2

6. Ubuntu

 Thunderbird FireFox

 Internet Explorer Chrome

7. Ubuntu

Libre Office Writer Libre Office Calc

Libre Office Impress Libre Office Spreadsheet

8. 
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1. Cut Copy

2.

3.

4. Save Save As

5. (Open Source)

6.  (Open Source)

7.  (Server Distrubution)

8. Ubuntu OS

1.  (dirves)

2.

3. Cortana-

4. Windows Ubunto

5. Thunderbird FireFox

6. Ubunto OS Save Save As

1.

2.

3.
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GUI
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6.1  (Algorithms)

6 II 
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1 2 3 4 5

1 0 1 1 -

1 2 5 8 6

2 9 2 3 7

1 1 8 2 3

(Algorithmic Problems)
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(Building Blocks of Algorithms)

 

(Data)

 

 (Variables): 
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 (Control flow):

• 

•  

• 

(Functions):
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r h

A = 2 r2 + 2 rh

r
r

r, h

(r,h) × 
(r) 

(r) × h

(Algorithm Design Techniques)
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(Specification)
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0
0

≠ 0

0 ≤

0 ≤

≠ 0

0 ≤ r < 
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square_root (n)

 : , n ≥ 0.

 : y  y2 = n.

 (Specification as 

contract)

square_root (n)

 : n , n ≥ 0.

 : y  y2 = n.

6.6 (Abstraction)
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6.6.1 

 6.11. 

Example 6.12. 
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cross_river

-- inputs: farmer, goat, grass, wolf = L, L, 

L, L

-- outputs: farmer, goat, grass, wolf = R, R, 

R, R

if goat = grass then farmer = goat

if goat = wolf then farmer = goat

6.6.2 

variable := value

 m := 2

 

m

2

 

 variable := expression

 m := m + 3

 m + 3

 = 2 + 3

 = 5
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m

5

  v := e

 vl, v2, v3 := el, e2 , e3

1. m, n := 2 , 5

2. -- m, n = ? , ?

3. m,n:=m+3,n-1

4. -- m, n = ? , ?

 ^Unfortunately, several programming languages, including C++, use the symbol = as 
assignment operator, and therefore, another symbol, == as equality operator. 

m n

2 5

 m + 3 , n - 1
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 =2+3,5-1

 = 5,4

m n
   5   4

1. m, n := 2,5

2. -- m, n = 2 , 5

3. m, n := m + 3, n - 1

4. -- m, n = 2 + 3, 5-1 

-- m, n= = 5,4 

  m n

Example 6.14. In Example 1.11, we abstracted the state of the process by two variables p and 
c. The next step is to model the process of cutting the chocolate bar. When we make a single 
cut of a piece, the number of pieces (p) and the number of cuts (c) both increase by 1. We can 
model it by an assignment statement.

 p, c := p + 1, c+1
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

 – I

1.
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2.

3.

4

5.

6.    i =  5;  i: = i -1 

5 4 3 2

7 0 < i   i: = i -1 

0 < i 0 ≤ i  0 ≥ i
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 – II

1.

2.

3.  L, L, L, L

4.

5  √2 = 1.414 -1.414-

     -- square_root (x)

     -- inputs : x is a real number , x ≥ 0

     -- outputs : y is a real number such that y2 = x

– III

1.

2.

3.

4

5.

6. 

–IV

1. 

2. ax2 + bx + c = 0
quadratic_solve (a, b, c) 

  -- input :     ?
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 -- outputs:   ?

x a
b b ac
2

42!
=
- -

3. A B
B A 

B

Books

1. Roland Backhouse, Algorithmic Problem Solving, John Wiley & Sons Ltd, 2011.

2. Krysia Broda, Susan Eisenbach, Hessam Khoshnevisan, Steve Vickers, Reasoned 
Programming, Prentice Hall, 1994 
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 6

(hierarchical structure of 
algorithms) 

 (Function) 

6.1 

 

1.  (Programming 
Language)

2. (Pseudo code)

3.  (Flowchart)

(1)  (Programming Language)

(2)  (Pseudo code)
 

(3)  (Flowchart)

(Control Flow) 

6.1.1 

 

(Program) C, C++ 
(Python)

7 II 
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(Syntax)

2.1.2 

 

(Variables)

2.1.3 

 

(1)

S

(2) 

“True”
“False”

“True”

“False”

C true

false
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(3) 

Inputs Outputs

(4) Start End 

Start End

 7.1 A  
B 

Enter

A,B

q,r:=q+1,r-B

q,r:=0,A

r  > B
true

false

r,q

Exit

7.1

(1)

(2)

(3) (Alternative 
statements) (Loops) 

2.2 (Composition)

 

(Statements)

(Compound Statements)

(Sequential)

(Alternative)

(Iterative)
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2.2.1 

 

S1 S2

S1 

S2

 S1 
S2

 7.2

S1  S2
S1 S2

S1

S2

7.2

 P 
S  Q 

1 -- P

2 S

3 -- Q

S S1 S2
S1

P R1

1 -- P

2 S1

3 -- R

4 S2

5 – Q

7.1: 6.1.2 

L

R

S
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1 -- farmer, goat, grass, wolf = L , L , L , L 

2 S

- farmer , goat , grass , wolf = R , R , R , R

S

1. 

2. 

 7.3

1. -- farmer, goat, grass, wolf = L, L, L, L
2. farmer, goat := R, R

3. -- farmer , goat , grass , wolf = R, R, L, L
4. farmer := L

5.  farmer, goat, grass, wolf = L, R, L, L
6. farmer, grass := R, R

7. -- farmer , goat , grass , wolf = R, R, R, L
8. farmer, goat := L, L

9. -- farmer, goat, grass, wolf = L, L, R, L
10. farmer, wolf := R, R

11. -- farmer , goat , grass , wolf = R, L, R, R
12. farmer : = L

13. -- farmer , goat , grass , wolf = L, L, R, R
14. farmer , goat : = R, R

15. -- farmer , goat , grass , wolf = R, R, R, R

7.3

 1 15 7

9
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2.2.2 

 
(Condition)

C S1  S2

if C

 S1

else

 S2

1.

2. C S1 
S2

S1 S2 
if else

7.4

True S1 
False 

S2
S1 S2

C S1true

false

S2

7.4 

(Conditional Statement)

else 

C S

if C

 S

1. C

2. C  S
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7.5

C Strue

false

7.5

 

a  b
4   2 = 

2; -5  6 = -5)

minimum (a , b)

-- inputs : a , b

-- outputs : result = a  b

minimum

1. minimum(a, b)

2.     -- a, b

3.     if a < b

4.         result : = a

5.     else

6.          result = b

7.     --  result = a  b

2.2.3 Case 

 

C1, C2 C3
S1, S2, S3 S4

case

1. case   C1

2.     S1

3. case   C2 

4.     S2

5. case   C3

6.     S3

7. else

8.     S4

 C1, C2 C3 

case 
C1, C2 

C3
S4 

1.
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2.

Case

2.3

compare (a, b) = { 1-
0
1

if a < b
if a = b
if a > b

 a < b, a = b 
a > b 

case  

compare( ) 

compare(a, b)

2.     case a < b

3.      result := -1

4.     case a = b

5.      result := 0

6.    else -- a > b

7.      result : = 1

2.2.4 (Iterative statement):

 C

C S

while C

S

1. C

2. C S
1

C

 (Loop) 

C
S

C 

C,
(Loop condition)  S

 (Loop body) 

C
 (termination 

condition) 

7.6
C 

True False 

 True
S
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 C S
 C

False

C Strue

false

7.6

 7.4: A B

6.6

divide (A , B)

-- inputs: A  B ≠ 0

-- outputs : q  r; such that A = q X  
  B+ r --

   -- 0  r < B

 

 divide (A , B)

-- inputs: A  B ≠ 0

-- outputs : q r; A = q X B + r 

--   0 r  B

 q := 0, A

 while r > B

      q, r := q + 1, r - B

7.1

 A B
22  5

7.1

 q 
 r 

A B 0 

4
 (r≥B) = (2≥5)

 (q, r) 
= (4, 2) 

7.1: divide (22,5)

q q+1 r r-B A B
0 0 22 22 5
1 1 0+1 17 22-5
2 2 1 + 1 12 17-5
3 3 2+1 7 12-5
4 4 3+1 2 7-5
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7.5: 6.3

 a, b, c 

 A, B, C  a = b 
a = b = 0 c = A + 

B + C
monochromatize

 monochromatize(a, b, c)

 -- inputs: a=A, b=B, c=C, a=b

 -- outputs : a = b = 0 , c = A+B+C

 

A, B, C = 4, 4, 6 

7.2:

a b c
0 4 4 6
1 3 3 8
2 2 2 10
3 1 1 12
4 0 0 14

 a
 1 c 2 

monochromatize(a, b, c)

 -- inputs: a=A, b=B, c=C, a=b

 -- outputs: a = b = 0, c = A+B+C

  while a > 0

   a, b, c := a-1, b-1, c+2

7.7

a,b,c

a, b, c,: = a-1, b-1, c+2a > 0
True

False
a= b = 0, c = A + B + C

a=b, a=A, b=B, c=C

a,b,c

2.7: monochromatize

7.3 (Decomposition)
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7.3.1. (Refinement)

 

1.

2.

7.6:

1 

1 

2 

3 

1 

2 

3 

4 

  " " 

1 

2 

3 

4 

 “ ”

1 

2 

3 

1  

2  

3  

4  

5 

6  
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7  

8  

9  

10

11  

12  

13  

1 

2 

3 

4 

5 

6 

7 

8

8 

10  

11  

12  

13 

14 

15 

16

17 

18 

19 

“ ”

1 

2 

3 

4 

5 

7.8 “ ”  
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7.8

7.9 “ ”
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Enter

Put idlis 
on plate

hungry 
and 

idlis on 
table

true

false

Exit

Add 
chutney

Idli in 
plate?

Eat a bite 
of idli

false

false

Eat 
bananas

Eat eggs

true

false

true

true

hungry 
and 

eggs on 
table

hungry 
and 

banabas 
on table

7.9

2.3.2  (Functions)

 

 

7.10
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2.7:

a, b, c
c

 (Right angled 
triangle )

c2 = a2 + b2 

square( )

square(y)

-- inputs : y

-- outputs : y

 

square ( )
 square ( )

y

Algorithm

y2

7.11: square 

1  right_angled(a, b, c)

2 -- inputs: c ≥ a, c ≥ b

3 -- outputs: result = true if c2 = a2 + b2;

4 --     result = false , otherwise

5 if square (c) = square (a) + square (b)

6     result := true

7 else

8     result := false



161



162

 

1. u, v = 5 ,10

1 u := v

2 v := u

u, v = 5, 5 u, v = 10, 5 u, v = 5, 10 u, v = 10, 10

2. 

 1  -- i+j = 0

 2  i , j := i+1 , j -1

 3  -- ?

 i+j > 0  i+j < 0  i+j = 0  i = j

3. C1 C2

 1  if C1

 2   S1

 3  else

 4   if C2

 5      S2
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 6   else

 7     S3

S1 S2 S3 

4. C 

 1  S1

 2   while C

 3   S2

 4  S3

S1; S3 S1;S2;S3 S1;S2;S2;S3 S1;S2;S2;S2;S3

5. C S1 S2
  

C S1true

false

S2

  

C S1true

false

S2

1 2 1 2  2

6.

 i := 0

 while i 6= 5

 i := i + 1

4  5 6 0

1. 

2.

3
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4.

5

6.

1.

C S1true

false

S2

  

C S1true

false

S2

 (1)     (2)

2.

 1  S1

 2  -- C is false

 3  if C

 4   S2

 5  else

 6   S3

 7  S4

3. Case 

4.

5.
(1) n + n, (2) 2 × n.
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1.  A  B A 

A B

2. A, B  C 

B A C B 

A C

 A B C

5 8
8

8

4 4

  -- inputs : n is an integer , n ≥ 0

  -- outputs : f = n!

   f , i := 1 , 1

    while i ≤ n

    f , i := f × i , i + 1
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(Invariant) 

E. W.

 (Computer Engineering) 

(Strucutred 

Programming)

1972

ACM Turing

- E. W. 

8 II 
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8.1

 8.1.

 (u, v) = (20, 15)

 -- before u, v = 20, 15 

 u, v = u + 5, v - 5 

 -- after   u, v = 25,10 

 (u, v = 20, 15)
 u + v  

 -- before   

 u + v = 20 + 15 = 35

 -- after 

 u + v = 25 + 10 = 35

u+v 
 u+v

 -- before : u + v = 35 

 u, v = u + 5, v - 5 

 -- after: u+v = 35

u + v  u + v 
35  u + v = 35 

 8.2:

(p, c = 10, 9)

(p, c) = (11, 10)

 -- before p, c = 10, 9

 p, c := p + 1, c + 1

 -- after p, c = 11, 10  

 p – c 

p – c = 10 – 9 = 1 

 p – c = 11 – 10 = 1 

p – c = 1

 p (u, v) 
 u v

e1
v e2

p(u, v) [u, v := e1, e2]  p(u, 
v) [u, v := e1, e2] ≡ p(u, v) 
p(u, v) u, v := e1, e2

8.3

p - c  p, c := p + 1, c +1

p (p, c) = p - c
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p (p, c) [p, c := p + 1, c + 1] 

= p - c [p, c := p + 1, c + 1] 

= (p + 1) - (c + 1) 

= p - c  

= p (p, c) 

(p - c) [p, c := p + 1, c + 1] = p - c p 
– c p, c := p + 1, c + 1.

 8.4. 

m, n := m + 2, n – 1 m, n  
m+3n 

P (m, n) = m + 3n

 P (m, n) [m, n := m + 3, n – 1]

  = m + 3n [m, n := m + 3, n – 1]

 = (m + 3) + 3(n – 1)

 = m + 3 + 3n – 3

 = m + 3n

 = P (m, n)

(m + 3n) [m, n := m + 3, n - 1] = m + 3n 
m +3n m, n := m + 3, n – 1  

8.2 

 L
B  L 

 while C

  -- L

  B

  -- L

 L 

L

 L

8.1

L

1.

2.

3.

4.

1 -- L

while 

      C

2       -- L

     B
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3       -- L

4 -- L

inputs

C

1 

outputs

L

L

L

B
L

2 

3 
4 

8.1

1.

2.

3.

.

8.3 

8.5

 an

power(a,n)

power (10, 4) = 10000

power (5, 3) = 125

power (2, 5) = 32

power (a, n)
‘n’

{an = ax ax ... x a

  
n times

 power (a, n)

 -- inputs: n

 -- outputs: p = an

 p, i := 1, 0

 while i ≠ n

 -- p = ai

 p, i := p × a, i + 1

power(2, 5)
8.1 

 p, i 

p=ai  
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iteration p p x a i i+1 ai

0 1 0 20

1 2 1x2 1 0 + 1 21

2 4 2x2 2 1 + 1 22

3 8 4x2 3 2 + 1 23

4 16 8x2 4 3 + 1 24

5 32 16x2 5 4+1 25

8.1 – power (2,5)

p = ai 

i = 5. p = a5

p = an power (a, n) 

 8.6: 

6:11

p, c

p, c := p + 1, c + 1

p = 1, c = 0

n
p

 n

p, c := 0 ,1

while p ≠ n

p, c := p + 1, c + 1

p – c p, c := p + 1, c + 1

 8.2 p–c= k 
 k

p – c = k

8.2

p , c := 0 , 1

1  -- p - c = k

while p ≠ n

2  -- p - c = k

p , c := p1+ , c1+

3  -- p - c = k

4 -- p - c = k , p = n

p – c = k

 p 
– c = 1. k = 1  p – c 
= 1
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1 

p,c

p,c : =1,0
p-c : = k

p-c : = k

p-c : = k
p-c : = k

p ≠ n

p,c : =p + 1, c+ 1

2 

3 

4 

8.2:

p–c = 1,
p ≠ n 

p – c = 1,  
p = n

(1) p – c = 1

(2) p = n

(3) n – c = 1 (1), (2)

(4) c = n – 1 (3)

8.7:

 6 
 6 

6

1

i  
i + d

j  j – d

S

S = 1 + 2 + 3 + 4 + 5 + 6 = 21

 k 

S = 6k

S = 21,

S = 6k,
6k= 21,

21, 6

21, 6
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 8.8. 

6.3

13
15 17 

 r, g

r, g, b (r - 1, g - 1, b + 2) 
(r - 1, g + 2, b - 1)   (r + 2, g 

- 1, b - 1)

 r, g, b := r – 1, g – 1, b + 2

3

 r – 1 – (g – 1) = r – g

 r –1 – (b + 2) = (r – b) – 3

 g – 1 –  (b + 2) = (g – b) – 3

3

0

 r – g = 2- = 15 – 13

 g – b = 2- = 17 – 15

 g – r = 4 = 13 – 17

3

3.9. 
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BB BW
WW

8.3:

 w, b

8.3

1  

2  -- b , w
3  
4  Case   -- BB
5 
6  
7  - - b = b' - 1, w = w', b + w = b' + w' - 
8  Case  
--W W
9  
10  
11 - - b = b' + 1, w = w' - 2, b + w = b' + w' - 1
12 else - - b w
13  
14   
15  - - b = b' - 1, w = w', b + w = b' + w' - 1

 b, w, b + w 

 b', w'

w

2 w 

w 

w
w 

w + b = 1

1 w + b = 1
2 w = 0  w = 1 1 

3 w 
4 w = 0 2,3 
5 b = 1 1,4 

b + w
b + w. 

1

8.4 
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3.10. 

Length? Length? Length? Length? Length?

1 + 4 1 + 3 1 + 2 1 + 1  1
A B C D E

8.4

A

A B

B C

 E

 D “1’’ 
D,“1+1=2” C
C,“1+2=3”
B,“1+3=4” A  
A,“1+4=5” 

8.4.1

 3.10

A, 
B, C, D, E  5

[A, B, C, D, E]
[A, B, C, D, E]

(solver), length
 length

length [A, B, C, D, E] = 5

length  [A, B, C, D, E] 

(first)  [A, B, C, D, E] = A 

(rest) [A, B, C, D, E] = [B, C, D, 
E]

length [B, C, D, E] 

 (Sub solver) 

[B, C, D, E]

1  [A, B, C, D, E]

length [A, B, C, D, E] = 1 + length [B, C, D, E]

1

2

3 
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4

8.5

solution for the input

reduced input solution for the reduced 
input

solver
1

Inputs

2 3

4

8.5 

8.10 

8.6

1

5

(E)
(E)

 (E)  1

1+4

 1+3

1+2

1+1

1 

Length

Length

Length

Length

Length

[ A, B, C, D, E]

[ B, C, D, E]

[C, D, E]

[D, E]

[E]

8.6 :

[A, B, C, D, E] 
8.7

1        length [A,B,C,D,E]
2 = 1 + 1 length [B,C,D,E]
3 = 1 +1 + length [C,D,E]
4 = 1 + 1+ 1 + length [D,E]
5 = 1 + 1+ 1 + 1 + length [E]
6 = 1 + 1 + 1 + 1 +1
7 =  1 +1 +1 + 2
8 =  1 + 1 + 3
9 =  1 + 4
10 =  5

8.7 :

8.4.2 

8.10
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1  

1 + 
= {

 (cases) 

1. (Base Case):

2.  (Recursion step) : 

 solver ( input )

if

else

(1)
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(2)

8.4.3 

8.11. 

 (s) 

length (s)

-- inputs : s

-- outputs : s

if s - - 

1

else

1 + length (tail (s)) - - 

 8.12.

  an

 8.5 an

an

{an =
1  if n = 0
a x a n - 1 otherwise

 power (a, n) 

power (a, n)

 power (a, n)

-- inputs : n is an integer, n ≥ 0

-- outputs : an

if n = 0 -- base case

1

else -- recursion step

a x power (a, n-1)

power (a, n)  

8.8

n = 5

n = 4

n = 3

n = 2

n = 1

n = 0

2 x 16

2 x 8 

2 x 4

2 x 2

2 x 1

1
Power

Power

Power

Power

Power

Power

 8.8: power (2, 5)

power (2, 5)
 8.9
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power (2,5)
= 2  X power (2,4)
= 2  X 2  X power(2,3)
= 2  X 2  X 2  X  power(2 ,2)
= 2  X 2  X 2  X  2 X  power (2,1)
= 2  X 2  X 2  X  2 X 2 X power (2,0)
= 2  X 2  X 2  X  2 X 2 X 1
= 2  X 2  X 2  X  2 X 2
= 2  X 2  X 2  X  4
= 2  X 2  X 8
= 2  X 16
= 32

 8.9 power (2, 5)
8.13. 

 2nx 2n 

 L 

 8.10
L

 L

8.10

 n (2nx 2n) 

n = 1
2 x 2 

2n x 2n 

 4 

 2 n-1 x 2 
n-1. 8.11

2 n-1 x 2 
n-1 
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 3.11 23 x 23

4 

tile corner_covered board of size n

if n = 1 -- base case

 cover the 3 squared with one trioninoe

else -- recursion step

 divide board into 4 sub_boards of size 
n - 1 

 place a triominoe at centre of board,

    leaving out the corner_covered sub_
board

 tile each sub_board of size n - 1

23 x 23

-8.11



180

 

1.

2.

w

b := b + 2 w := w + 2  b, w : = b1+, w1+  b := w

3. m x a + n x b  a, b := a + 8, b + 7 m, n

 m=8,  n=7 m=7,  n=8 m=7,  n=-8 m=8,  n=-7

4. m, n : = m+2, n+3

m mod 2 n mod 3 3 x m – 2 x n 2xm – 3 x n
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5. 

{F (n)=

0   n = 0
1   n = 1
F(n — 1) + F(n — 2) otherwise

0, 1, 1, 2, 3, 5, 8, 13, 21...) F(4) F() 

 3 4 9 8 

6. 

 
{a n=

1   if n = 0
a x an -1   otherwise

 (a) 11  (b) 10  (c) 9  d) 8

1. 

2.  

3.

4.  

5.

6.

1.  7

2.
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 1234

3.

19  13 
 7 

22 
1000 

mod 3 –

1. 8 x 8 

 | (8 – b) – b|  

2.  power

{a n=

1   if n = 0
a x an -1   if n is odd
a n/2 x a n/2  if n is even
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Bit
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In-House


