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Each of the 16 2x2 tables above represents the truth table of a binary boolean 
operation.  
Label each table with a boolean expression for which it is the truth table (five 
tables are already labelled – begin by checking whether these are correct). 
How many of the binary operations actually depend on both variables? 
How many depend on only one variable? 
How many depend on no variables?
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T

⊥

¬(A⋁B)

¬(A⋀B)

A ¬B

¬(B→A) ¬(A→B)

A ⊕
B

A↔B

B→A
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Note the symmetries and duality apparent in the diagram.

If we think of each truth table as a set of valuations, then the sets are 
arranged by size (number of 1s in the truth table).

Of course we can use de Morgan, and expansions of → and ⊕, etc., to 
give other equivalent expressions.
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R A G

{x | G(x) $ R(x) $ A(x)}
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Lewis Carroll (The Rev. C.L. Dodgson)



R

AG {x | G(x) $ R(x) $ A(x)}
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00 01 11 10
00 
01 
11 
10

4 atoms:16 states:  64K subsets

Karnaugh Maps
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if R then A else G
(R?A:G)

✔

✔

✔

✔

𐄂

𐄂
𐄂

𐄂



multiplexer – ITE

(R?A:G)
=

(R⋀A)⋁(¬R⋀G)
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R?⊥:⊤ 
R?⊤:A 
R?A:⊥ 
R?A:⊤ 
R?⊥:A
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R?⊥:⊤ 
R?⊤:A 
R?A:⊥ 
R?A:⊤ 
R?⊥:A

¬R 
R ∨ A 
R ∧ A 
R → A 

¬(A → R)
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R A G ??
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1
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R A G ??
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1

R ∨ A ∨ ¬G

¬R ∨ A ∨ ¬G
¬R ∨ ¬A ∨ G

∧
∧

Three constraints
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R A G ??
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1

R ∨ A ∨ ¬G

¬R ∨ A ∨ ¬G
¬R ∨ ¬A ∨ G

¬R ∨ ¬A ∨ G

A ∨ ¬G

∧
∧

∧



R ∨ A ∨ ¬G

¬R ∨ A ∨ ¬G

A ∨ ¬G∧ =



R ∨ ¬G

¬R ∨ A 

A ∨ ¬G

∧ ≤=


