





CS150 

Covers: 







Week 1, Lecture 2

1) Summary of 2-input logic functions

2) Input and output of logic functions

3) Boolean logic and notation using gates

4) DeMorgan’s theorem and bubble pushing

5) Bigger logic circuits

6) Addition & Half and Full adder

7) Introduction to Timing

1) Summary of 2-input logic functions












Some 2-input gate symbols:

_                                                       __

X                     X                               X                  OR, when used with a gate:


           A

AB                    B                                AB

                           A

A+B                   B                                  A+B

     _                    A                                        _

A+B                   B                                   A+B

___                    A                                  __

AB                    B                                  AB     ( NAND )

                                                               ____

____                   A                                 A+B      ( NOR )

A+B                   B                                 

2)
Input and output of logic functions

(  Combinatorial circuits ( No memory/state )


How many combinations of outputs ( in other words, how many functions ) are possible for a 1-input, 1-output combinational circuit?





There are 4 possible functions.

For 0-input, 1-output circuits: 2 possible functions

For 1-input, 1-output circuits: 4 possible functions

For 2-input, 1-output circuits: 16 possible functions

If the circuit has n inputs and one output, then there are 2n possible output combinations or representable functions. 

Examples: 8 inputs ( 256 output combinations. 256 inputs ( ( # of atoms in universe.

(  Sequential  Circuits ( No memory/state )

How many combinations of outputs ( in other words, how many functions ) are possible for a 1-input, 1-output sequential circuit?



For clocked synchronous circuits:

   Input Xi is X at time i. The value of F at time i is F(Xi, Xi-1, Xi-2, Xi-3…).

# of functions undeterminable…

For asynchronous circuits:

  Fi = F( Xt   (t  ( I )

3)
Boolean logic and notation using gates

Other important theorems of Boolean logic:

X+0 = X

X(1 = X


X+1 = 1

X(0 = 0


X+X = X
X(X = X


X = X




X+X = 1

X(X = 0







4)
DeMorgan’s theorem and bubble pushing

DeMorgan’s theorem: Get the complement of an expression by:

i) Replace all literals with complements

ii) 1 ( 0, 0 ( 1

iii) Replace ORs with ANDs and ANDs with ORs.

Example:
_     _   _ 

   F = AB  then
F = A+B



_     _ _

   F = A+B then 
F = AB

Bubble pushing is just DeMorgan’s theorem using symbols:

Example:
       _   _ 

   F = AB  then
F = A+B

        

       _   _ 

   F = AB  then
F = A+B



       _ _

   F = A+B then 
F = AB



       _ _

   F = A+B then 
F = AB

5)
Bigger logic circuits






Lab XOR circuit analysis using DeMorgan’s…


Simplifying circuit using bubble pushing…









(








6)
Addition & half and full adder

Remember how you add in base 10:



            1 1 1

123                     789

+456                     456

  579
             1245

   
No carry              Carry

3-inputs per digit: Ai, Bi, Carry ini-1 

2-Outputs per digit: Sumi, Carryi
Binary addition is same thing. 

Half adder ( No carry in ):

Step 1: Identify inputs and outputs.              
Step 2: Truth table

Step 3: Equation





















S = A(B
C = AB





















Step 4: Circuit


Full adder ( With Carry in ):


Example of binary addition:


1 
              There are only carries of “1” in binary.

01010


01101


10111

Step 1: Identify inputs and outputs.

Step 2: Truth table.
Step 3: Equations









       _ _      _ _ __     _









S = ABCI+ABCI+ABCI+ABCI









   = A(B(C















C = BCI + ACI + AB

Step 4: Circuit








OR ( among others ):







7)
Introduction to Timing

















CI





B





CO





S





Half


Adder





A





A  B  CI     S    CO


0   0   0      0     0


0   0   1      1     0


0   1   0      1     0


0   1   1      0     1


1   0   0      1     0


1   0   1      0     1


1   1   0      0     1


1   1   1      1     1








One bit addition:





CO    	     CI


           A


        + B


            S








C





S





B





A





A  B        S    C


0   0        0     0


0   1        1     0


1   0        1     0


1   1        0     1





Si         


 


CO





Ai


Bi


CIi-1





S  ( Sum )        


 


CO ( Carry Out )





A





B





B





A





(





B





A





B





A





A





F(A,B,C)





A


B


C





B





(





___


AB





B





A





                          ___    ___        _    _        _   _         _     _


AAB BAB  = AAB+BAB = A(A+B)+B(A+B) = AB + AB


             		= A(B


                             _


NOTE:     BAB = B+AB





   ___


BAB





   ___


AAB





A





B





   F		OUT





INPUTS  	Possible outputs ( For a particular F the outputs are described by a single column. )


  A    B		OUT0  OUT1 OUT2 OUT3 OUT4  OUT5 OUT6 OUT7 OUT8  OUT9 OUT10 OUT11 OUT12  OUT13 OUT14 OUT15





0		 0        0      0       0       0        0       0       0       1        1       1        1         1         1        1         1


1		 0        0      0       0       1        1       1       1       0        0       0        0         1         1        1         1


0		 0        0      1       1       0        0       1       1       0        0       1        1         0         0        1         1


1     1		 0        1      0       1       0        1       0       1       0        1       0        1         0         1        0         1





Explanation: When F is an AND gate the output of F is represented by the values in column OUT1.


Outputs and their functions:			Some more complicated functions:


OUT0 ( The 0 function


OUT1 ( AND  ( AB )


OUT3 ( A


OUT5 ( B


OUT6 ( XOR  ( A(B )


OUT7 ( OR    ( A+B )


OUT8 ( NOR    ( A+B )


OUT9 ( XNOR   ( A(B )


OUT10 ( NOT B   ( B )


OUT12 ( NOT A   ( A )


OUT14 ( NAND   ( AB )


OUT15 ( The 1 function





OUT2 ( AB





OUT4 ( AB





OUT13 ( A+B





F(X)





X





X     F0    F1    F2    F3


0      0      0      1      1


1      0      1      0      1





  XOR  		


A    B		A(B





0		0	 


1		1	 


0		1	 


1     1		0	 





            _           _                          


A(B = AB + AB                        


 





INPUTS  		_   _ 		_ _


A    B		A+B	A+B	AB	AB





0		0	1	0	1 


1		1	1	0	0 


0		1	1	0	0 


1     1		1	0	1	0 








            _ _                          =


A+B = AB                        


          _   _                          =


AB = A+B


____    _ _


A+B = AB


___    _   _


AB = A+B





F(Xi, Xi-1, Xi-2, Xi-3…    )


      The result of F(X) is influenced by past events.





X





Commutative:	X+Y = Y+X		XY = YX





Associative:	X+(Y+Z) = (X+Y)+Z	X(YZ) = (XY)Z





Distributive:	X(Y+Z) = XY+XZ	X+(YZ) = (X+Y)(X+Z)





   _


AB





_


AB





A(B





A





B





A





B





Half


Adder





CI





S





CO





B





A





A    1


       0


B    1


       0


CO 1


       0


S     1


       0





Time








