Page 20 of 13
Chapter 1: Introduction to Computers

Appendix A: Coding Schemes and Number Systems
Objectives for Appendix A
After completing this chapter, students will be able to:

1. Identify the ASCII and EBCDIC coding schemes

2. Explain how parity works

3. Recognize the Decimal, Binary, and Hexadecimal number systems

4. Convert numbers from the Decimal to the Binary number system

5. Convert numbers from the Binary to the Decimal number system

	Coding Schemes, ASCII, EBCDIC, & Unicode


Coding schemes represent numbers. The ASCII coding scheme was invented by the ANSI (American National Standards Institute), a group who were working on standardizing personal computers and peripherals. ASCII stands for the American standard code for information interchange and it's a coding scheme that assigns decimal equivalents to the keys on the keyboard.  The chart showing in appendix B. page one of your textbook is not actually the ASCII (or EBCDIC) coding scheme.  Instead, the codes shown to you in the ASCII or EBCDIC columns are the binary equivalents of the symbols.

The actual ASCII coding scheme assigns the decimal numbers from zero to 127 to the keys on your keyboard including letters, numbers, punctuation marks, and the most common special characters.  Most people do not memorize the ASCII code.  Computer science people and programmers, however, do learn some of the basic codes.  The capital letter A was assigned the decimal value of 65.  Therefore the capital B is 66.  The small letter a. was assigned the decimal value of 97.  Therefore the small b is 98.  The space bar key's assignment is 32.  Below is a table of ASCII codes for each of the basic symbols on the keyboard.
	ASCII codes

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	 
	 
	 
	 
	 
	 
	 
	\bell
	\back
space
	\tab

	10
	\newline
	\vertical
tab
	\form
feed
	\return
	 
	 
	 
	 
	 
	 

	20
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	30
	 
	 
	space
	!
	"
	#
	$
	%
	&
	'

	40
	(
	)
	*
	+
	,
	-
	.
	/
	0
	1

	50
	2
	3
	4
	5
	6
	7
	8
	9
	:
	;

	60
	<
	=
	>
	?
	@
	A
	B
	C
	D
	E

	70
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O

	80
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y

	90
	Z
	[
	\
	]
	^
	_
	`
	a
	b
	c

	100
	d
	E
	f
	g
	h
	i
	j
	k
	l
	m

	110
	n
	O
	p
	q
	r
	s
	t
	u
	v
	w

	120
	x
	Y
	z
	{
	|
	}
	~
	\177
	 
	 

	
	The codes are read by adding the column indicator to the row indicator. For example, the capital letter A is in row 60 and column 5, therefore its ASCII code is 65. 


The problem with ASCII is that it did not include all of the characters that people wanted to use around the world.  There are special characters such as the é, ô, or ¥ that were not included in ASCII.  To handle all of the extra special characters such as these and some of the foreign languages the ASCII coding scheme was extended. The chart below shows the ASCII extended coding scheme.
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ASCII does not include code for Asian foreign anagoges. Therefore, Unicode was invented to encompass a wider number of symbols. Unicode includes coding for all languages. It represents more than 65,000 characters and symbols. Here is a sample of Unicode for the Chinese language:

	Chinese

一

1
	丨

2
	丶

3
	丿

4
	乙

5
	亅

6
	二

7
	亠

8
	人

9
	儿

10


	入

11
	八

12
	冂

13
	冖

14
	冫

15
	几

16
	凵

17
	刀

18
	力

19
	勹

20


	匕

21
	匚

22
	匸

23
	十

24
	卜

25
	卩

26
	厂

27
	厶

28
	又

29
	口

30


The EBCDIC coding scheme was the scheme that assigned decimal equivalents to all the keys on a keyboard for mainframe computers. You do not need to know the EBCDIC coding scheme.

	Parity


You know that one charter is equal to 8 bits. The ASCII coding scheme is based on 7 bits. The 8th bit is called the parity bit. It is used for error checking on the computer. Parity bits are either odd or even. If all 8 bits are used for data, parity is set to None. If the parity bit is 1, parity is said to be Odd, and if 0, Even.  Parity bits o reveal errors in RAM, on the disk, or in transmission of data.
	The Number Systems: Decimal, Binary, and Hexadecimal


The decimal number system is the one that we use. We learned, for example, that when we see the number 3,564, that the 3 is in the thousand' place, the 5 in the hundred' place, the 6 in the tenth' places, and the 4 is in the one' place. The decimal number system uses base 10. Look at figure B-5 on page 3 of Appendix B to see the decimal numbers setup.
The binary number system uses only two symbols, 1s and 0s. This is the numbering system that your computer uses. Look at figure B-6 on page 4 of Appendix B to see the base 2 or binary numbers setup. 

The hexadecimal number system uses 16 symbols. The symbols include the numbers from 0 - 9 and the letters A - F. Combinations of these letters and numbers represent the numbers. You can look at this numbering system as a short hand way of binary values. Look at figure B-7 on page 4 of Appendix B to see the base 16 or hex numbers setup. 

	Converting Numbers from Decimal to Binary Numbers


You have always known that your computer was an alien and it is. It only understands binary numbers. Therefore, for humans to be able to talk to the computer, we need to convert the human words to binary. The ASCII coding scheme was the first part of being able to do this. By assigning a decimal equivalent to every human symbol, we are able to convert the decimal number to binary. You have seen that we convert decimal numbers to other numbering schemes. The decimal number 5, for example converts to V in Roman numbers. As long as we are able to convert the symbols to a number, the computer can convert that number scheme (decimal) to binary. This happens instantly.
You should know how to convert decimal numbers to binary and visa versa. To convert a decimal number to binary, there are two ways that you can do it. The first is by division. 

Converting Numbers from Decimal to Binary via the Division Method

Assume that the decimal number that you wish to convert to binary is the number 9. Although we will use division, what we are interested in is the remainder of the divisions.
1. Divide the 9 by 2 (base 2). The number 2 goes into the number 9 four (4) times. 
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What is the reminder of that division? Since 9 - 8 = 1, the answer is 1.

2. Continue dividing the dividend by 2.

Divide the dividend 4 by 2. The number 2 goes into the number 4 two (2) times. 
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What is the reminder of that division? Since 4 - 4 = 0, the answer is 0.

3. Continue dividing the dividend by 2.

Divide the 2 by 2. The number 2 goes into the number 2 one (1) times. 
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What is the reminder of that division? Since 2 - 2 = 0, the answer is 0.

4. Continue dividing the dividend by 2.

Divide the 1 by 2. Since we are working with integers (whole numbers) fractions are not allowed. Therefore, the number 2 does not go into the number 2. It goes into the 1 zero (0) times.

What is the reminder of that division? Since we were unable to divide the 1, what is left over is the 1 that we were not able to divide. The answer is 1.

Once you end up with zero, stop. You have found the answer to the problem. The decimal number 9 is = to 1001 in base 2 (binary).

Another way of looking at this problem is this:
2
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Now read the remainders from top to bottom. The decimal number 9 is = to 1001 in base 2 (binary).
Here is another example:

The decimal number that you wish to convert to binary is the number 50. Again, remember that although we will use division, what we are interested in is the remainder of the divisions.

1. Divide the 50 by 2 (base 2). The number 2 goes into the number 50 two (2) times. 2
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 Remainder = 0

What is the reminder of that division? Since 50 - 50 = 0, the answer is 0.

2. Continue dividing the dividend by 2.

Divide the dividend 25 by 2. The number 2 goes into the number 25 twelve (12) times. 2
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 Remainder = 1

What is the reminder of that division? Since 25 -24 = 1, the answer is 1.

3. Continue dividing the dividend by 2.

Divide the 12 by 2. The number 2 goes into the number 12 six (6) times.

2
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 Remainder = 0

What is the reminder of that division? Since 12 - 12 = 0, the answer is 0.

4. Continue dividing the dividend by 2.

Divide the 6 by 2. The number 2 goes into the number 6 three (3) times.

2
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 Remainder = 0

What is the reminder of that division? Since 6 -6 = 0, the answer is 0.

5. Continue dividing the dividend by 2.

Divide the 3 by 2. The number 2 goes into the number 3 one (1) times.

2
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What is the reminder of that division? Since 3 -2 = 1, the answer is 1.

6. Continue dividing the dividend by 2.

Divide the 1 by 2. Since we are working with integers (whole numbers) fractions are not allowed. Therefore, the number 2 does not go into the number 2. It goes into the 1 zero (0) times.

What is the reminder of that division? Since we were unable to divide the 1, what is left over is the 1 that we were not able to divide. The answer is 1.

Once you end up with zero, stop. You have found the answer to the problem. The decimal number 50 is = to 110010 in base 2 (binary).

Another way of looking at this problem is this:

2
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Now read the remainders from bottom to top. The decimal number 50 is = to 110010 in base 2 (binary).

Converting Numbers from Decimal to Binary via the Base 2 Table Method
The decimal (base 10) table looks like this:

	106
	105
	104
	103 
	102 
	101 
	100 

	1,000,000
	100,000
	10,000
	1,000
	100
	10
	1


I have brought this table out to only 10 to the 6th place, but it goes to infinity. 

The binary (base 2) table looks like this:
	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1


I have brought this table out to only 2 to the 6th place, but it goes to infinity. 

Again, we will assume that the decimal number that you wish to convert to binary is the number 9.

1. Select the biggest position value that is not greater than your chosen number (in this case 8 is the largest value 8 < 9). You will go from left to right.
2. Put a 1 in the 8's (23) column.

	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1

	
	
	
	1
	
	
	


3. Subtract 8 from 9, 9 -8 = 1.

4. Start again with 1.
5. Select the biggest position value that is not greater than 1 (in this case 1).

6. Put a 1 in the 1's (20) column.

	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1

	
	
	
	1
	
	
	1


7. Subtract 1 from 1, 1 - 1 = 0.

8. Put a 0 in any empty column(s).
	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1

	
	
	
	1
	0
	0
	1


910 = 10012.  The decimal number 9 is = to 1001 in base 2 (binary).

Here is another example:

The decimal number that you wish to convert to binary is the number 50.

1. Select the biggest position value that is not greater than your chosen number (in this case 32 is the largest value 32 < 50). You will go from left to right.
2. Put a 1 in the 32's (25) column.

	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1

	
	1
	
	
	
	
	


3. Subtract 32 from 50, 50 -32 = 18.

4. Start again with 18.
5. Select the biggest position value that is not greater than 18 (in this case 16)
6. Put a 1 in the 16's (24) column.

	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1

	
	1
	1
	
	
	
	


7. Subtract 16 from 18, 18 - 16 = 2.
8. Select the biggest position value that is not greater than 2 (in this case 2)
9. Put a 1 in the 2's (21) column.

	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1

	
	1
	1
	
	
	1
	


10. Subtract 2 from 2, 2 - 2 = 0.
11. Select the biggest position value that is not greater than 1 (in this case 1)
12. Put a 1 in the 1's column.

	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1

	
	1
	1
	
	
	1
	1


13. Subtract 1 from 1, 1 - 1 = 0.

14. Put a 0 in any empty column(s).
	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1

	
	1
	1
	0
	0
	1
	0


5010 = 1100102.  The decimal number 50 is = to 110010 in base 2 (binary).
	Converting Numbers from Binary to Decimal Numbers


The division method does not work for converting from binary to decimal, but the table methods works beautifully. All you need to do is to goes from Right to Left.
Converting Numbers from Decimal to Binary via the Base 2 Table Method

	26
	25
	24 
	23 
	22 
	21 
	20 

	64
	32
	16
	8
	4
	2
	1


Assume that the binary number that you wish to convert to decimal is the number 1001.

1. Going from right to left, if there is a one (1), write down the number that you see in the column.

2. For example, there is a 1 at the end of the number 1001 (right to left). Therefore, you will write down the number 1 from the 1's (20) column. Write down a 1..

3. Continue to the left, writing down the number from the appropriate column. There is a 1 in the 8's (23) column. Write down a 8.
4. Add up the numbers. 1 + 8 = 9. The binary number 1001 is = to 9 in base 10 (decimal).
Assume that the binary number that you wish to convert to decimal is the number 110010.

1. Going from right to left, the first 1 is found in the 2's (21) column. Write down a 2.
2. The next 1 is found in the 16's (24) column. Write down a 16.
3. The next 1 is found in the 32's (25) column. Write down a 32.
4. Add up the numbers. 2 + 16 + 32= 50. The binary number 110010 is = to 50 in base 10 (decimal).
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AppendixB Quiz
Multiple Choice
Identify the letter of the choice that best completes the statement or answers the question.

1. Unicode and ASCII are two different codes that are used to represent letters, numbers and other characters in digital form. What is the advantage of Unicode? 

a) Unicode transmits faster.
b) Unicode is a universal coding scheme for music and graphics as well as characters.
c) Just one version of Unicode exists, whereas there are several incompatible versions of ASCII.
d) Unicode can represent many more distinct characters than ASCII.
2. The most widely used binary code with non-IBM mainframes and virtually all microcomputers, is

a) EBCDIC
b) DOS
c) ASCII
d) LAN
3. The binary equivelant to the decimal numver 37 is:

a) 10100101

b) 00000101

c) 00100101

d) 00100100

4. The binary equivelant to the decimal numver 58 is:

a) 111010

b) 111010

c) 111010

d) 111010

5. The decimal equivelant to the binary number 11011 is:

a) 27

b) 25

c) 17

d) 51

6. The decimal equivalent to the binary number 001111 is:

a) 13

b) 14

c) 15

d) 16

7. Both EBCDIC and ASCII commonly use

a) 4 bits to form each character.
b) 8 bits to form each character.
c) 16 bits to form each character.
d) 24 bits to form each character.
8. Computers represent information using the base of:

a) 1

b) 2

c) 3

d) 4

9. The base for hexadecimal is:

a) 2

b) 4

c) 8

d) 16

10. ____ is a method to check for errors.

a) Parity

b) Tolerance

c) Activity auditing

d) Bridging
Binary Eye Test
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Chapter1 Quiz Answers
MULTIPLE CHOICE

1.
ANS:
D

2.
ANS:
C

3.
ANS:
C

4.
ANS:
B


5.
ANS:
A

6.
ANS:
C

7.
ANS:
B

8.
ANS:
B

9.
ANS:
D

10.
ANS:
A
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