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Binary Systems

• Why Binary?
• Binary Physics
• Binary Information
• Binary Algebra

• Automatic System
• No error
• Digital
• Synchronous

• Binary Algebra
• Boolean Algebra
• Binary z-Transform
• Two’s Complement 

Arithmetic
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d ∈D�Infinite Binary Number
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Digital Algebra 22 z→� � � �ND� N B Z� Z�

is a Boolean Algebra
is a Boolean Ring  
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Half Adder
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y x= −Circuit y=-x
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Serial 
Operators
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Full Adder
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Serial Adder
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Serial 
Subtract
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Time/Space Tradeoffs
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Binary Rings

2 (2) 2N c⊂ ⊂ ⊂ ⊂ ⊂ ⊂ ⊂ ⊂� N Z P Z AF� D � D� D�

1
1 2

1
1

x

zx
z z

z

−

⊕

−

−

¬ ∪ ∩ ⊕
− + ×

⊗
↑ ↓ ↓:

0 1(0)ld d d d −∈ = "N
0 1( )l ld d d d d−∈ = "Z

0 1( )pd d d d −∈ = "P
(2) 0 1 1( )i i i pd d d d d d− + −∈ = " "Z

(2) = ∩Z D Q



Sept 02 Vuillemin: Digital Algebra 14

Binary Fields
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Binary
Rational N

Let with odd

Write in binary!
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Ultimately 
Periodic
Binary 
Sequences
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Periodic
Constant 
Synthesis

2
22 0101(110)
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Unary Encoding: 7 Unary Encoding: 7 regreg + 5 not+ 5 not

Binary EncodingBinary Encoding
OBDD: 3 OBDD: 3 regreg + 9 + 9 muxmux

s[0] s[1] s[2] s'[0] s'[1] s'[2] o
0 0 0 1 0 0 1
1 0 0 0 1 0 0
0 1 0 1 1 0 1
1 1 0 0 0 1 0
0 0 1 1 0 1 1
1 0 1 0 1 1 1
0 1 1 0 0 1 0
1 1 1 0 1 1 0
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