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Announcements

• Problem Set 5 due Friday

• Lab 4 due Sunday

• Office Hours Tuesday 13:30 – 14:30



Boolean Algebra

• Branch of algebra in which all variables are 1 or 0 (equivalently 

true or false)

• Introduced by George Boole in 1847

• Multiple notations

– x ∧ y x ∨ y

– xy x + y



Boolean laws

• Commutativity x + y = y + x, xy = yx

• Associativity x + (y + z) = (x + y) + z, x(yz) = (xy)z

• Distributivity x + yz = (x + y)(x + z), x(y + z) = xy + yz

• Idempotence x + x = x, xx = x



Which Iden;ty Laws Are True?

A. x + 0 = x, x0 = x

B. x + 0 = x, x1 = x

C. x + 1 = x, x0 = x

D. x + 1 = x, x1 = x

E. None of the above



Which Complementa;on Laws Are True?

A. x̅ + x = 0, xx̅ = 0

B. x̅ + x = 0, xx̅ = 1

C. x̅ + x = 1, xx̅ = 0

D. x̅ + x = 1, xx̅ = 1

E. None of the above



Which Annihilator Laws Are True?

A. x + 0 = 0, x0 = 0

B. x + 1 = 1, x0 = 0

C. x + 0 = 0, x1 = 1

D. x + 1 = 1, x1 = 1

E. None of the above



Simplifying Expressions

A.

B.

C.

D. This cannot be simplified further

F = XY Z +XY Z +XZ

F = XY +XZ

F = X(Y Z + Y Z + Z)
F = XY (Z + Z) +XZ



DeMorgan’s Law

• DeMorgan’s Law

– Use to obtain the complement of an expression

<latexit sha1_base64="fcxr+ljz7Ey4FozpfSHDeuSu/eU=">AAACRXicbVBNS8MwAE39nPOr6tFLcCjCYLQy1Isw8OJxgvuAdYw0TbewtClJKpbSP+fFuzf/gRcPinjVdCs4Nx8EHu+DJM+NGJXKsl6MpeWV1bX10kZ5c2t7Z9fc229LHgtMWpgzLroukoTRkLQUVYx0I0FQ4DLSccfXud+5J0JSHt6pJCL9AA1D6lOMlJYGpuNwbeft9KGaZPDkCs4omYM9rn6FJHOc8oy/WKjOhgdmxapZE8BFYhekAgo0B+az43EcByRUmCEpe7YVqX6KhKKYkazsxJJECI/RkPQ0DVFAZD+drJDBY6140OdCn1DBiTrbSFEgZRK4OhkgNZLzXi7+5/Vi5V/2UxpGsSIhnl7kxwwqDvNJoUcFwYolmiAsqH4rxCMkEFZ6+LIewZ7/8iJpn9Xs81r9tl5pNIo5SuAQHIFTYIML0AA3oAlaAINH8ArewYfxZLwZn8bXNLpkFJ0D8AfG9w+kfrTC</latexit>

x+ y = x · y

xy = x+ y



What is AB + ACI? 

A. A9 B9 + A9 C

B. (A9 B9)(A9 C)

C. (A + B)(A + C9)

D. (A9 + B9)(A9 + C)

E. None of the above
<latexit sha1_base64="fcxr+ljz7Ey4FozpfSHDeuSu/eU=">AAACRXicbVBNS8MwAE39nPOr6tFLcCjCYLQy1Isw8OJxgvuAdYw0TbewtClJKpbSP+fFuzf/gRcPinjVdCs4Nx8EHu+DJM+NGJXKsl6MpeWV1bX10kZ5c2t7Z9fc229LHgtMWpgzLroukoTRkLQUVYx0I0FQ4DLSccfXud+5J0JSHt6pJCL9AA1D6lOMlJYGpuNwbeft9KGaZPDkCs4omYM9rn6FJHOc8oy/WKjOhgdmxapZE8BFYhekAgo0B+az43EcByRUmCEpe7YVqX6KhKKYkazsxJJECI/RkPQ0DVFAZD+drJDBY6140OdCn1DBiTrbSFEgZRK4OhkgNZLzXi7+5/Vi5V/2UxpGsSIhnl7kxwwqDvNJoUcFwYolmiAsqH4rxCMkEFZ6+LIewZ7/8iJpn9Xs81r9tl5pNIo5SuAQHIFTYIML0AA3oAlaAINH8ArewYfxZLwZn8bXNLpkFJ0D8AfG9w+kfrTC</latexit>

x+ y = x · y

xy = x+ y



Sum of Products form of Boolean function f

• Developed from the truth table for f(x
1
, …, x

n
)

• Find all the rows of the truth table in which f = 1

• By definition, f(x
1
, …, x

n
) = 1 if and only if the input x

1
, …, x

n

match one of these rows

• We can write f as an OR (sum) of expressions checking if the 

input matches one of the rows:

– f = (input matches row 1) OR (input matches row 4) OR …



Sum of Products

• Developed from the truth table

– Each product term contains each input exactly once, complemented 

or not.

– Need to OR together set of AND terms to satisfy table

– One product for each 1 in F column

X Y F

0 0 0

0 1 1

1 0 1

1 1 0



Sum of Products

A. A] + BC]

B. AB]C] + AB]C + A]B]C]

C. A]B]C] + A]B]C + A]BC] + A]BC + ABC]

D. ABC + ABC] + AB]C + AB]C] + A]B]C

E. None of the above

A B C   F 

0   0 0 1

0 0 1 1

0 1 0 1

0 1 1 1

1 0 0 0

1 0 1 0

1 1 0 1

1 1 1 0



Product of Sums

• Express the same func`on as the AND of ORs

• Write out the sum of products for F] and then take the 

complement using DeMorgan’s law

X Y F

0 0 0

0 1 1

1 0 1

1 1 0



Product of Sums

• Simplified: Select the rows where F is 0 and take the 

complements of the inputs to form the ORs

X Y F

0 0 0

0 1 1

1 0 1

1 1 0



Product of Sums

A. F = (A +B]+C)(A+B]+C])(A+B+C)

B. F = (A]+B+C)(A]+B+C])(A]+B]+C])

C. F = (A+B]+C])(A+B]+C)(A+B+C)

D. F = (A+B+C)(A+B+C])(A+B]+C)(A+B]+C])(A+B+C]) 

A B C   F 

0   0 0 1

0 0 1 1

0 1 0 1

0 1 1 1

1 0 0 0

1 0 1 0

1 1 0 1

1 1 1 0



Reading

• Next lecture:  Combinational Logic

– Section 3.3 (Skip Don’t Cares section)

• Problem Set 5 due Friday

• Lab 4 due Sunday


