



CS150 









Week 3, Lecture 1

Covers:

1) Overview of FSM design

2) SOP, POS, Minterm and Maxterms (Canonical forms)

3) Simplification of logic

1) Overview of FSM design

Problem statement ( State diagram ( State transition table ( Implementation ( Flip-flop + combinational logic )

We will spend time throughout the semester talking about all of these pieces.

2)
SOP, POS, Minterm and Maxterms (Canonical forms)

   Canonical means: “Officially approved”, “Orthodox”, “Widely accepted”

   Lots of ways to write logic expressions:

      Truth table

      Schematic (gate) diagram

     Boolean algebra expressions

   Only one way to write a truth table but many ways to write a schematic diagram or the Boolean algebra expression.

   Truth table:

Enumerates all possible inputs in order.


              F( A, B, C ) 


F( A, B ) 


( Definitions needed before we go on…

  



           

  _

   Literal: A variable or its complement. For example: X, A, or Q.


   Minterm: ANDed (product of) literal where each variable appears once. ( Corresponds to exactly 1 line in a truth table ).

   Product term: ANDed literals.

   SOP: Sum of products.

   Maxterm: ORed (sum of) literals. Each appears once. ( Also corresponds to exactly 1 lin in truth table ).

( “Little m” notation (minterm expressions)

   ( A unique representation of a function given by a sum of minterms.

   ( m

For  F(A,B):


m(0) = AB


m(1) = AB


m(2) = AB


m(3) = AB

   Example: 2-input circuit

AND = ( m(3)      


A(B = ( m(1,2)  


1(A,B) = ( m(0,1,2,3)  

   Not always the simplest way to represent “minterm expansion”





_     _

Example:
F(A,B) = AB + AB + AB






F(A,B) = ( m(1,2,3) = A+B


         _     _

Both “AB + AB + AB” and “A+B” are in SOP forms. The first is the minterm expansion. The second is simpler.

( “Big M” notation (maxterm expressions)

   ( A unique representation of a function given by a sum of maxterms.

   ( M

   For  F(A,B):


M(0) = A+B


M(1) = A+B


M(2) = A+B


M(3) = A+B

   Example: 2-input circuit

AND = ( M(0,1,2)      


A(B = ( M(0,3)  


1(A,B) = 1  

   Maxterms of zero rows ORed 


i)
The uncomplemented literal if its value is 0

ii) The complemented literal if its value is 1

   Minterms generate functions with one 1.

   Maxterms generate functions with one 0.

   Need to OR all the ones in a truth table ( SOP. Little m. Minterm )

   Need to AND all the zeros in a truth table ( POS. Big M. Maxterm )

More examples:

   Minterm example:

   F(A,B,C) =    ( m(0,1,5,7) = ABC + ABC + ABC + ABC

   F(A,B,C) =    ( m(2,3,4,6) 

Maxterm example:

   F(A,B,C) =    ( M(3,4,6) = (A+B+C ) (A+B+C) (A+B+C)

   F(A,B,C) =    ( M(0,1,2,5,7) 

    F(A,B,C) = ( m(0,1,2,5,7) = ( M(3,4,6)

( Comments on Maxterms and Minterms


        __

mi = Mi 

___      _ _ _     _   _   _


m(0) = ABC = A+B+C = M(0)

___       _   _   _    _  _  _


M(7) = A+B+C = A B C = m(7)

 ( m(i) = ( M(i)

Minterms have a one-to-one correspondence to elements of the “on set”.

Maxterms have a one-to-one correspondence to elements of the “off set”.

( Conversion between Maxterms and Minterms

  Maxterm ( Minterm


Use complementary list of terms. (See above…)



            _

   Minterm F ( Minterm F

   Maxterm F ( Maxterm F

Use complementary list of terms.


          _

Minterm F ( Maxterm F


Use same list.

3)
Simplification of logic

   Example:

( m(3,6,7) = ABC + ABC + ABC

( M(0,1,2,4,5) = (A+B+C ) (A+B+C) (A+B+C) ( A+B+C ) ( A+B+C ) 

   Other SOP: 


AB + ABC 


AB + BC 

   Other POS:


(A+B) (A+B+C) (A+B)

(A+B+C)B

( How to find simplified equations easily.

   Boolean cubes:




   Minterms correspond to a “1” on the cube.

   Maxterms correspond to a “0” on the cube.

   Other product terms correspond to larger and larger subspaces as they have fewer and fewer variables.

( Here we use a 3-input function as a model. 3-inputs = 3-D = cube. For 2 inputs, a 2-D square is used. )

Other product terms correspond to larger and larger subspaces as they have fewer and fewer variables.

 









F = A + B



Other sum terms correspond to larger and larger subspaces of “0” as they have fewer and fewer variables.











       _  ____







F = B(A(C)




   But it’s difficult to draw cube so…


There are K-maps:

To see how they work draw a square for 2-input function:








(



For 3-input function, use cube:





(





(
K-map for 4-input function:


                                             _        _   _        _

Example:  F = ABCD + ABCD + ABCD + ABCD

Enter “1” where F equals 1 and enter “0” where it equals 0:









(




   (
F=BD
One more example:      F= ABC + B(A(C)






(




(   F = AB + BC


                                  _                   _       _ _ _

Last example:      F= B(A(C) + ABC +ABC












_





(




(   F =  B




(








           (                         (
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A   B   C    F 


0    0    0     0


0    0    1     0


0    1    0     0 


0    1    1     1 


1    0    0     0 


1    0    1     0 


1    1    0     1 


1    1    1     1 








	             _


A   B   C    F       F       M3   M4   M6 


0    0    0     1       0        1      1      1   


0    0    1     1       0        1      1      1      


0    1    0     1       0        1      1      1      


0    1    1     0       1        0      1      1      


1    0    0     0       1        1      0      1      


1    0    1     1       0        1      1      1      


1    1    0     0       1        1      1      0      


1    1    1     1       0        1      1      1      








A





	             _


A   B   C    F       F       m0   m1   m5   m7


0    0    0     1       0        1      0      0      0


0    0    1     1       0        0      1      0      0


0    1    0     0       1        0      0      0      0


0    1    1     0       1        0      0      0      0


1    0    0     0       1        0      0      1      0


1    0    1     1       0        0      0      0      0


1    1    0     0       1        0      0      0      1


1    1    1     1       0        0      0      0      0








	        (





A  B       F


0   0        0


0   1        1


1   0        1


1   1        1





A   B   C    Output


0    0    0      


0    0    1      


0    1    0      


0    1    1      


1    0    0      


1    0    1      


1    1    0      


1    1    1      
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_


A+C 





_ _ _


ABC = 0,0,0
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A  B       Output


0   0        


0   1        


1   0        


1   1        








