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Administratrivia!

 Homework 3 is posted.  Due: Today (11:59 pm) !

Extra Credit Homework is posted.  Due: October 26 !

  Reading: Chapter 4.!

  Reading: Appendix C !
  Available on: . . . cps104/Handouts/Appendix-C.pdf!
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Review: Boolean Functions and Gates !

 Examples: Boolean functions: NOT, AND, OR, XOR, . . . !

a  NOT(a)!
0    1!
1    0!

a  b  AND(a,b)!
0  0     0!
0  1     0!
1  0     0!
1  1     1!

a  b  OR(a,b)!
0  0     0!
0  1     1!
1  0     1!
1  1     1!

a  b  XOR(a,b)!
0  0     0!
0  1     1!
1  0     1!
1  1     0!

a  b  XNOR(a,b)!
0  0     1!
0  1     0!
1  0     0!
1  1     1!

a  b  NOR(a,b)!
0  0     1!
0  1     0!
1  0     0!
1  1     0!
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ReviewBoolean Functions and Gates  (Cont.)!

 Gates are electronics devices that 
implements simple Boolean functions:!

 Examples:!

a!
b!

AND(a,b)! a!
b!

OR(a,b)!

XOR(a,b)!a!
b!

NAND(a,b)!a!
b!

a!
b!

NOR(a,b)! XNOR(a,b)!a!
b!

a! NOT(a)!



cps-104  Lecture-14.5! ©GK Fall 2009!

Review: Boolean Expressions!

 Boolean algebra notation: Use:"
* for AND,  + for  OR,    ~ for  NOT.!

 Using the above notation one could write boolean 
expressions for functions:"

Example :!

F(A, B, C) = (A * B) + ( ~A*C)!
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Review: Boolean functions simpliÞcation!

 Boolean expressions could be simpliÞed by using the 
following rules:!

 A*A = A!

 A* 0 = 0!

 A*1 = A!

 A*~A = 0"

 A+A = A!

 A+0 = A!

 A+1 = 1!

 A+~A = 1"

 A*B = B*A  ;  A+B = B+A!

 A*(B+C) =  (B+C)*A = A*B + A*C!
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Review: Boolean Functions  SimpliÞcation!

   f1 = ~a*~b*c + ~a*b*c + a*~b*c + a*b*c!
      = ~a*(~b*c +b*c)  +a*(~b*c+b*c)!
      = ~a*c*(~b+b) ~a*c*(~b+b)!
      = ~a*c + a*c!
      = c*(~a+a)!
      = c!

   f2 = ~a*~b*~c + ~a*~b*c + a*b*~c + a*b*c!

      = ~a*(~b*~c + ~b*c) + a*(b*~c + b*c)!

     = ~a*~b(c+~c ) * a*b*(~c+c)!

     = ~a*~b + a*b!
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Review: Boolean Functions and Expressions!

The Fundamental Theorem of Boolean Algebra: "
Every Boolean function can be written in 
disjunctive normal form as an OR of ANDs (Sum-of 
products) of itʼs arguments or their complements. 

ÒProof: Ó Write the truth table, construct sum-of-
product from the table.!

Example:!

a  b  XNOR(a,b)!
0  0     1!
0  1     0!
1  0     0!
1  1     1!

XNOR = (~a * ~b) + (a * b)!
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Boolean Functions and Boolean Expressions!

 Example-2:!

a b c  f 1f 2!
0 0 0  0 1!
0 0 1  1 1!
0 1 0  1 0!
0 1 1  0 0!
1 0 0  1 0!
1 1 0  0 1!
1 1 1  1 1!

f1 = ~a*~b*c + ~a*b*~c + a*~b*~c + a*b*c!

f2 = ~a*~b*~c + ~a*~b*c + a*b*~c + a*b*c!
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Boolean Functions, Gates  and Circuits!

  Circuits  are made from a network of gates. ( function-
compositions ).!

  Example: !

a!

b!

F = ~a*b + ~b*a!
F!

a  b  XOR(a,b)!
0  0     0!
0  1     1!
1  0     1!
1  1     0!

F=or(and(not(a),b),and(not(b),a))!
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Gates and circuits!

 There are simple rules for constructing a circuit out of gates.!
 Primary inputs:  The set of inputs into the circuit. !

 Primary inputs can only connect to (different) gate inputs.!

 Each primary input can connect to one or more gate inputs.!

 Each gate input is connected to only one  primary input , or a 
gate output .!

 Each gate output can connect to many different gates-inputs.!

 One cannot   connect two gate-outputs together.!
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Example: 2-1 MUX!

F = a*s + b*~s!
s"

a"

b"

F"

0"

1"
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Example 4x1 MUX!

s0!

a!

b!
y!

c!
d!

s1!

0!

1!

2!

3!a!

b!

c!

d!

y!

S!

2!
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Circuit Example: Selector!

I1  I0   Q0 Q1 Q2 Q3!

0  0    1   0   0   0!

0  1    0   1   0   0!

1  0    0   0   1   0!

1  1    0   0   0   1!
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Full Adder!

a  b  C in   Sum  C out !
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!

01101100!

 01101101!
+00101100!
 10011001!
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Example: 4-bit adder!

a0!a1!a2!a3! b0!b1!b2!b3!

Cout!

S0!S1!S2!S3!



cps-104  Lecture-14.17! ©GK Fall 2009!

Example: Adder/Subtractor!

a0!a1!a2!a3! b0!b1!b2!b3!

Cout!

S0!S1!S2!S3!

Add/Sub!
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Overßow!

Example1:!
0100000!

 0110101 2 (= 53 10) !
+0101010 2 (= 42 10) !
 1011111 2 (= -33 10)!

Example2:!
1000000!

 1010101 2 (=-43 10) !
+1001010 2 (=-54 10) !
 0011111 2 (= 3110)!

Example3:!
1100000!

 0110101 2 (= 53 10) !
+1101010 2 (=-22 10) !
 0011111 2 (= 31 10)!

Example4:!
0000000!

 0010101 2 (= 21 10) !
+0101010 2 (= 42 10) !
 0111111 2 (= 63 10)!
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Add/Subtract With Overßow detection!

S0!S1!Sn- 2!Sn- 1!

Overßow!

a0!a1! b0!b1!an- 2!bn- 2!an- 1!bn- 1!

Add/Sub!
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ALU Slice!

Add/sub

Cin

Cout

Add/sub F

2
0

1

2

3
a

b
Q

A   F         Q!
0   0        a + b!
1   0        a - b!
-    1      NOT b!
-    2      a OR b!
-    3      a AND b!
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The ALU!
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01" 01" 01" 01" 01" 01" 01" 01"

01" 01" 01" 01" 01" 01" 01" 01"

01" 01" 01" 01" 01" 01" 01" 01"

A0"A1"A2"A3"A4"A5"A6"A7"

1"

1

0"

S0"

S1"

S1"

Shift-Right (0-7)!
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Memory Elements!

 All the circuit we looked at so far are combinational circuits : the 
output is a Boolean function of the inputs.!

 We need circuits that can remember values. (registers)!

 The output of the circuit is a function of the input AND a function 
of a stored values (state) .  !

 Circuits with memory are called sequential circuits .!
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Rest -Set Latch!

R  S  Q!
0  0  Q!
0  1  1!
1  0  0!
1  1  -!
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Rest -Set Latch (cont.)!
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Rest -Set Latch (cont.)!

Q

Q
S

R

0

0

0

1

1

1
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Positive Edge D ata-Latch!

Q

Q

Data

Enable

D   E   Q!
0   1   0!
1   1   1!
-   0   Q!
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Negative Edge D-Latch!

D   E   Q!
0   1   0!
1   1   1!
-   0   Q!
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Master-Slave Data-Flip-Flop!

Q

Q

Data

Clock

Master! Slave!

  On C    D is transferred to the master stage and the slave is stable."

  On C    the Master stage is transferred into the slave stage (output), "
   and the master stage is stable.!


