Lecture 6

Multioperand Addition

Applications of multioperand addition
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Multiplication Inner product
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Serial implementation of multioperand addition
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Adding 7 numbersin the binary tree of adders
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Ripple-carry addersat levelsi and i+1
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Ripple-Carry Carry Propagate Adder (CPA)
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Carry Save Adder (CSA)
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A Ripple-Carry vs. Carry-Save Adder
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Operation of a Carry Save Adder (CSA)

Example
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Carry propagate and carry-save adders
in dot notation

°Ciy Carry-propagate adder

e e e°e‘e’e Carry-save adder (CSA)
or

(3:2)-counter

or

////// 3-to-2 reduction circuit

Specifying full- and half-adder blocks
in dot notation

////./' " ————— Half adder




Carry-save adder for four operands
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Carry-save adder for four operands
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Carry-save adder for four operands




Carry-save adder for six operands

CSA tree Implementation of
one-bit slice

Tree of carry save addersreducing
seven number sto two

Addition of seven
six-bit numbers
in dot notation

6 FAs

AFAs+ 1 HA

Total cost = 7-bitadder + 28 FAs+ 1 HA
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Adding seven
k-bit numbers:
block diagram

The index pair
(i j] means that
bit positions
fromiup toj
are involved,

Parameters of tree carry-save adders (1)
Latency
Latencyga= h(n) O Tea+ Latencypak, n)

Tree height
for n operands

Component Adder% Widths

typically

CSA k .. k+(|09 ”W close to k bits

CPA < k+ (Iog2 ni‘

Parameters of tree carry-save adders (2)

Maximum number of inputs that can be reduced
to two by an h-level tree, n(h)

n(0) =2

n(h) =E n(h—lj
n1)=3 n@4)=9
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Parameters of tree carry-save adder s (3)

Smallest height of thetree carry save adder
for n operands, h(n)

mm=1+(%{D

h(2) =0

n
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Table 8.1 The maximum number n(h) of inputs for an h-
level carry-save-adder tree

nh) h n() h  n(h)

2 7 28 14 474
3 8 42 15 711
4 9 63 16 1066
6 10 94 17 1599
9
3
9

11 141 18 2398
12 211 19 3597
13 316 20 5395

OO WN=2O

10FAS+ 1 HA

As+1HA

= THICPA + Z8FAS+THA

3. 8.14 Adding seven 6-bit numbers using Dadda’s
strategy (left).

3. 8.15 Adding seven 6-bit numbers by taking advantage
of the final adder’s carry-in (right).




Wallace vs. Dadda Trees

Wallacetrees

« Reduce the size of the final Carry Propagate Adder (C|
* Optimum from the point of view cfpeed

Daddatrees

* Reduce the cost of the carry save tree
« Optimum (among the CSA trees) from the point of
view of area

PA)

5-to-3 Parallel Counter

2 2?22
a 0:1:0i1:0
b 1:1i0i1i1
c 1:0i1:1:1
d 1:0i1i1i1
e 1:1:1:1:1
s0 0:,1,1.1.0
sl 11 0,0
s21 00011

a+b+c+d+e = sO+sl+s2

I mplementation of 1-bit of 5-to-3 parallel counter
using single CLB dice of a Virtex FPGA
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Carry Save Adder vs. 5-to-3 Parallel Counter

y=a+b+c+d+e mod'2

y=at+b+c+d+e mod*2

Generalized Parallel Counters
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(5, 5; 4)-counter Fig. 8.17 Dot notation for a (5, 5; 4)-counter
and the use of such counters for reducing five
° numbers to two numbers.
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columns LX)

Generalized parallel counter =
Parallel compressor

N

(2, 3; 3)-counter

Sum register
Carry register

Serial carry-save addition using a single CSA.

10



Serial carry propagate adder with pipelining
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