Binary Hex and ASCII
What is ASCII?
ASCII is the American Standard Code for Information Interchange, also known as ANSI X3.4. There are many variants of this standard, typically to allow different code pages for language encoding, but they all basically follow the same format. ASCII is quite elegant in the way it represents characters, and it is very easy to write code to manipulate upper/lowercase and check for valid data ranges. 

ASCII is essentially a 7-bit code which allows the 8th most significant bit (MSB) to be used for error checking, or even omitted to save space such as in early implementations of the email standard, however most modern computer systems tend to use ASCII values of 128 and above for extended character sets. 
What is EBCDIC? 

EBCDIC (Extended Binary Coded Decimal Interchange Code) is a character encoding set used by IBM mainframes. Unlike virtually every computer system in the world which uses a variant of ASCII, IBM mainframes and midrange systems such as the AS/400 tend to use a wholly incompatible character set primarily designed for ease of use on punched cards. (For an excellent page on punched cards, see Doug Jones's Punched Card Codes). 

EBCDIC uses the full 8 bits available to it, so parity checking cannot be used on an 8 bit system. Also, EBCDIC has a wider range of control characters than ASCII. 

The character encoding is based on Binary Coded Decimal (BCD), so the contiguous characters in the alphanumeric range are formed up in blocks of up to 10 from 0000 binary to 1001 binary. Non alphanumeric characters are almost all outside the BCD range. 

There are four main blocks in the EBCDIC code page: 0000 0000 to 0011 1111 is reserved for control characters; 0100 0000 to 0111 1111 are for punctuation; 1000 0000 to 1011 1111 for lowercase characters and 1100 0000 to 1111 1111 for uppercase characters and numbers. 

There are several different dialects of EBCDIC, and these tend to differ in the punctuation coding. The following table uses some fairly common EBCDIC codings. 

ASCII Non Printable Characters
	Binary
	Oct
	Dec
	Hex
	Abbr
	PR[1]
	CS[2]
	Description

	0000 0000
	0
	0
	0
	NUL
	␀
	^@
	Null character

	0000 0001
	1
	1
	1
	SOH
	␁
	^A
	Start of Header

	0000 0010
	2
	2
	2
	STX
	␂
	^B
	Start of Text

	0000 0011
	3
	3
	3
	ETX
	␃
	^C
	End of Text

	0000 0100
	4
	4
	4
	EOT
	␄
	^D
	End of Transmission

	0000 0101
	5
	5
	5
	ENQ
	␅
	^E
	Enquiry

	0000 0110
	6
	6
	6
	ACK
	␆
	^F
	Acknowledgment

	0000 0111
	7
	7
	7
	BEL
	␇
	^G
	Bell 

	0000 1000
	10
	8
	8
	BS
	␈
	^H
	Backspace[3][7]

	0000 1001
	11
	9
	9
	HT
	␉
	^I
	Horizontal Tab

	0000 1010
	12
	10
	0A
	LF
	␊
	^J
	Line feed

	0000 1011
	13
	11
	0B
	VT
	␋
	^K
	Vertical Tab

	0000 1100
	14
	12
	0C
	FF
	␌
	^L
	Form feed

	0000 1101
	15
	13
	0D
	CR
	␍
	^M
	Carriage return[6]

	0000 1110
	16
	14
	0E
	SO
	␎
	^N
	Shift Out

	0000 1111
	17
	15
	0F
	SI
	␏
	^O
	Shift In

	0001 0000
	20
	16
	10
	DLE
	␐
	^P
	Data Link Escape

	0001 0001
	21
	17
	11
	DC1
	␑
	^Q
	Device Control 1 (oft. XON)

	0001 0010
	22
	18
	12
	DC2
	␒
	^R
	Device Control 2

	0001 0011
	23
	19
	13
	DC3
	␓
	^S
	Device Control 3 (oft. XOFF)

	0001 0100
	24
	20
	14
	DC4
	␔
	^T
	Device Control 4

	0001 0101
	25
	21
	15
	NAK
	␕
	^U
	Negative Acknowledgement

	0001 0110
	26
	22
	16
	SYN
	␖
	^V
	Synchronous Idle

	0001 0111
	27
	23
	17
	ETB
	␗
	^W
	End of Trans. Block

	0001 1000
	30
	24
	18
	CAN
	␘
	^X
	Cancel

	0001 1001
	31
	25
	19
	EM
	␙
	^Y
	End of Medium

	0001 1010
	32
	26
	1A
	SUB
	␚
	^Z
	Substitute

	0001 1011
	33
	27
	1B
	ESC
	␛
	^[
	Escape[5]

	0001 1100
	34
	28
	1C
	FS
	␜
	^\
	File Separator

	0001 1101
	35
	29
	1D
	GS
	␝
	^]
	Group Separator

	0001 1110
	36
	30
	1E
	RS
	␞
	^^
	Record Separator

	0001 1111
	37
	31
	1F
	US
	␟
	^_
	Unit Separator

	0111 1111
	177
	127
	7F
	DEL 
	␡
	^?
	Delete[4][7]


ASCII Printable Characters
	Binary
	Dec
	Hex
	Glyph
	
	Bin
	Dec
	Hex
	Glyph
	
	0110 0000
	96
	60
	`

	0010 0000
	32
	20
	(blank) (␠)
	
	0100 0000
	64
	40
	@
	
	0110 0001
	97
	61
	a

	0010 0001
	33
	21
	!
	
	0100 0001
	65
	41
	A
	
	0110 0010
	98
	62
	b

	0010 0010
	34
	22
	"
	
	0100 0010
	66
	42
	B
	
	0110 0011
	99
	63
	c

	0010 0011
	35
	23
	#
	
	0100 0011
	67
	43
	C
	
	0110 0100
	100
	64
	d

	0010 0100
	36
	24
	$
	
	0100 0100
	68
	44
	D
	
	0110 0101
	101
	65
	e

	0010 0101
	37
	25
	%
	
	0100 0101
	69
	45
	E
	
	0110 0110
	102
	66
	f

	0010 0110
	38
	26
	&
	
	0100 0110
	70
	46
	F
	
	0110 0111
	103
	67
	g

	0010 0111
	39
	27
	'
	
	0100 0111
	71
	47
	G
	
	0110 1000
	104
	68
	h

	0010 1000
	40
	28
	(
	
	0100 1000
	72
	48
	H
	
	0110 1001
	105
	69
	i

	0010 1001
	41
	29
	)
	
	0100 1001
	73
	49
	I
	
	0110 1010
	106
	6A
	j

	0010 1010
	42
	2A
	*
	
	0100 1010
	74
	4A
	J
	
	0110 1011
	107
	6B
	k

	0010 1011
	43
	2B
	+
	
	0100 1011
	75
	4B
	K
	
	0110 1100
	108
	6C
	l

	0010 1100
	44
	2C
	,
	
	0100 1100
	76
	4C
	L
	
	0110 1101
	109
	6D
	m

	0010 1101
	45
	2D
	-
	
	0100 1101
	77
	4D
	M
	
	0110 1110
	110
	6E
	n

	0010 1110
	46
	2E
	.
	
	0100 1110
	78
	4E
	N
	
	0110 1111
	111
	6F
	o

	0010 1111
	47
	2F
	/
	
	0100 1111
	79
	4F
	O
	
	0111 0000
	112
	70
	p

	0011 0000
	48
	30
	0
	
	0101 0000
	80
	50
	P
	
	0111 0001
	113
	71
	q

	0011 0001
	49
	31
	1
	
	0101 0001
	81
	51
	Q
	
	0111 0010
	114
	72
	r

	0011 0010
	50
	32
	2
	
	0101 0010
	82
	52
	R
	
	0111 0011
	115
	73
	s

	0011 0011
	51
	33
	3
	
	0101 0011
	83
	53
	S
	
	0111 0100
	116
	74
	t

	0011 0100
	52
	34
	4
	
	0101 0100
	84
	54
	T
	
	0111 0101
	117
	75
	u

	0011 0101
	53
	35
	5
	
	0101 0101
	85
	55
	U
	
	0111 0110
	118
	76
	v

	0011 0110
	54
	36
	6
	
	0101 0110
	86
	56
	V
	
	0111 0111
	119
	77
	w

	0011 0111
	55
	37
	7
	
	0101 0111
	87
	57
	W
	
	0111 1000
	120
	78
	x

	0011 1000
	56
	38
	8
	
	0101 1000
	88
	58
	X
	
	0111 1001
	121
	79
	y

	0011 1001
	57
	39
	9
	
	0101 1001
	89
	59
	Y
	
	0111 1010
	122
	7A
	z

	0011 1010
	58
	3A
	:
	
	0101 1010
	90
	5A
	Z
	
	0111 1011
	123
	7B
	{

	0011 1011
	59
	3B
	;
	
	0101 1011
	91
	5B
	[
	
	0111 1100
	124
	7C
	|

	0011 1100
	60
	3C
	<
	
	0101 1100
	92
	5C
	\
	
	0111 1101
	125
	7D
	}

	0011 1101
	61
	3D
	=
	
	0101 1101
	93
	5D
	]
	
	0111 1110
	126
	7E
	~

	0011 1110
	62
	3E
	>
	
	0101 1110
	94
	5E
	^
	
	
	
	
	

	0011 1111
	63
	3F
	?
	
	0101 1111
	95
	5F
	_
	
	
	
	
	


Binary and Hex
BINARY
Computers work on the principle of number manipulation. Inside the computer, the numbers are represented in bits and bytes. For example, the number three is represented by a byte with bits 0 & 1 set; 00000011. This is numbering system using Base 2. People commonly use a decimal or Base 10 numbering system. What this means is that in Base 10, count from 0 to 9 before adding another digit. The number 22 in Base 10 means we have 2 sets of 10's and 2 sets of 1's.

Base 2 is also known as binary since there can only be two values for a specific digit; either a 0 = OFF or a 1 = ON. You cannot have a number represented as 22 in Binary notation. The decimal number 22 is represented in binary as 00010110 which by following the below chart breaks down to:

	Bit Position 
	7
	6
	5
	4
	3
	2
	1
	0

	 
	0
	0
	0
	1
	0
	1
	1 
	0

	Decimal 
	128 
	64 
	32 
	16 
	8 
	4 
	2 
	1 


22 or 00010110:

All numbers representing 0 are not counted, 128, 64, 32, 8, 1 because 0 represents OFF

However, numbers representing 1 are counted, 16 + 4 + 2 = 22 because 1 represents ON

To convert from Decimal to binary, you continually divide the required number buy the base (in this case 2), making a note of the remainder as follows

2 | 22

2 | 11
0
(22/2 =  11 with a remainder of 0)
2 | 5
1
(11/2 = 5 with a remainder of 1) ..etc
2 | 2
1

   1
0
So reading the remainder digits from bottom to top, we get 10110 which is 22
HEXADECIMAL
The other major numbering system used by computers is hexadecimal, or Base 16. In this system, the numbers are counted from 0 to 9, then letters A to F before adding another digit. The letter A through F represent decimal numbers 10 through 15, respectively. The below chart indicates the values of the hexadecimal position compared to 16 raised to a power and decimal values. It is much easier to work with large numbers using hexadecimal values than decimal.

To convert a value from hexadecimal to binary, you merely translate each hexadecimal digit into its 4-bit binary equivalent. Hexadecimal numbers have either and 0x prefix or an h suffix. For example, the hexadecimal number:

0x3F7A

Translates into, Using the Binary chart and the below chart for Hex:

0011 1111 0111 1010 

[image: image1.png]Binary Hex | Decimal
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7
1000 8 8
1001 9 9
1010 a 10
1011 B 11
1100 c 12
1101 D 13
1110 E 14
1111 F 15





