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Information Representation

© All information (instructions and data) in a binary digital

system is encoded and transmitted as binary numbers

© Notation

• bit: 1 digit binary number

• byte: 8 digit binary number (8 bits)

• word: 16 digit binary number (16 bits)

• double word: 32 digit binary number (32 bits)

© Range

• bit: 0 to 21 − 1 = 1

• byte: 0 to 28 − 1 = 255

• word: 0 to 216 − 1 = 65,535

• n bits: 0 to 2n − 1
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Numbering Systems

© Binary

• base: 2

• digits: 0 1

© Octal

• base: 8

• digits: 0 1 2 3 4 5 6 7

© Decimal

• base: 10

• digits: 0 1 2 3 4 5 6 7 8 9

© Hexadecimal (Hex)

• base: 16

• digits: 0 1 2 3 4 5 6 7 8 9 A B C D E F
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Numbering Systems cont.

© Byte Representations

• decimal: 65

• binary: 01000001 0b

• hex: 41 0x

• ascii character: ’A’

© Bit Sequence

• 65, 41 0x, ’A’, 01000001 0b are equivalent

© Bit Sequence Interpretation

• is byte an instruction, numeric data or a character?

• depends on context
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Positional Numbering Systems

© Counting
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Positional Numbering Systems

© Addition
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Converting to Decimal

© Decimal To Decimal

• e.g. 354 = 4 ∗ 100 +5 ∗ 101 +3 ∗ 102

© Binary To Decimal

• e.g. 101 0b = 1 ∗ 20 +0 ∗ 21 +1 ∗ 22

© Hex To Decimal

• e.g. A0B 0x = 11 ∗ 160 +0 ∗ 161 +10 ∗ 162

© xn−1..x2 x1 x0 in base N To Decimal

• Σxi ∗N i(0 ≤ i < n)
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Converting to Binary

© Decimal To Decimal

• not useful, for demonstration purposes only
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Converting to Binary cont.

© Decimal To Binary
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All Other Conversions

© Binary ↔ Octal ↔ Hex
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Computer Arithmetic

© Subtracting By Adding (Ns Complement)

• consider a number x in base N with n digits

• the Ns complement of x is Nc = Nn − x

• assume two numbers a and b are in the

same base with the same number of digits

• a minus b is achieved by adding a to

the Ns complement of b
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Computer Arithmetic cont.

© Decimal (10s Complement)
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Computer Arithmetic cont.

© Binary (2s Complement)
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Computer Arithmetic cont.

© Binary (2s Complement)

• easy way to get 2c of x is to complement

each digit in x and add 1 to the result
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Different Representations (4 bits)
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