
1-bit “state” is carry-in bit
Mealy machine: output (sum) depends on state and inputs

Serial Adder

Combinational
  Logic (FA)

 D                Q
         FF
>

 a
 b

cout cin

sum



a = 10110            sum = (1)00101
b = 01111

Example of Serial Adder

Clk

 a

 b

cin

sum

cout

Clock Rising Edge:
  cin    cout
  recompute sum, cout

Before Next Clock:
  inputs a,b may change
  recompute sum, cout



a = 10110            sum = (1)00001
b = 01011

Another Example

Clk

 a

 b

cin

sum

cout

Clock Rising Edge:
  cin    cout
  recompute sum, cout

Before Next Clock:
  inputs a,b may change
  recompute sum, cout

Sum is correct only
  just before clock



2-bit “state” is carry-in bit and (previous) sum
Moore machine: output (sum) depends on state only

Serial Adder - Moore

Combinational
  Logic (FA)

 D                Q
         FF
>

 a
 b

cout cin

sum
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z



a = 10110            sum = (1)00001
b = 01011

The Same Example - Moore

Clk

 a

 b

cin

 z

cout

sum

Clock Rising Edge:
  cin    cout
  sum     z 
  recompute z, cout

Before Next Clock:
  inputs a,b may change
  recompute z, cout

Sum is available at
  next clock
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We want to build an n-bit carry-lookahead adder ...
    - a, b, cin are the inputs
    - G, P, sum are the outputs

Doing Carry-Lookahead Top-Down

A[n]

a         b

G       sum     P

cin



Use “divide-and-conquer” approach

Build a 2n-bit adder from two n-bit ones

A[n]

a         b

G       sum     P

cin
A[n]

a         b

G       sum     P

cin cin

a b

G sum P

A[2n]



Carry Lookahead

a[n:2n)  b[n:2n) a[0:n)  b[0:n)

Ah Al

G P

a[0:2n) b[0:2n)

Equations for G,P:

   G = Gh + Ph•Gl

    P = Ph•Pl



Carry-in and Sum

a[n:2n)  b[n:2n) a[0:n)  b[0:n)

Ah Al

sum[0:2n)

a[0:2n) b[0:2n)

Equation for cin:

   cinl  =  cin
   
   cinh = Gl + cinl • P1

sum[n:2n)  sum[0:n)

cinh cinl cin



  Phase 1: compute all G,P values
        T(1)  =  constant
        T(2n)  =  T(n) + constant
     Solution:  T(n) is O(log n)

  Phase 2: now compute sum ... how much longer?
        S(1)  =  constant
        S(2n)  =  constant + S(n)
     Solution:  S(n) also is O(log n)

Asymptotic Time

A crude approximation:  phases


