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Module -5

DIGITAL SIGNALPROCESSORS
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Basic Architectural Features

v" PDSP’s should provide instructions similar to
MiCroprocessors.

v Basic computational capabilities provided by the way of
instructions should include the following:
1. Arithmetic operations
2. logical operations
3. MAC operations
4. Signal scaling operations

v" To perform all these operations a dedicated high speed H/W
must be provided.

v" The architecture should include the following H/W features
also:
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1. on chip registers — storage of intermediate results
2. on chip memories - signal samples (RAM)

3. on chip pgm memory - pgms & fixed data such as
filter coefficients (ROM).

1. Investigate the basic features that should be provided in DSP
architecture to be used to implement the following Nth order
FIR filter.

N-1
Y(n) =2 h(i) x(n-i) ; n=20,1,2...
=0

Where x(n) denotes the i/p samples
y(n) the o/p samples
x(n-i) is the i/p sample I samples earlier than x(n)
and h(i) the it" filter coefficients
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DSP Computational Building Blocks

The basic building blocks that are essential to carry out DSP
computations are as follows :

1. multiplier

2. shifter

3. MAC unit

4. ALU

MULTIPLIER
v Earlier multiplication schemes relied either on
S/W or Micro coded controllers
v Both these options require several processor cycles to
complete the multiplication

v The advances made in VLSI technology in speed & size made
possible the H/W implementation of parallel multipliers

213



vBefore designing an actual multiplier, the specifications such as
speed , accuracy and dynamic range must be clear.

vaccuracy and dynamic range - is decided based on the
number of bits used to represent the multiplication operands
and whether they are represented in fixed point or floating

point format.

vSpeed - is decided by the architecture employed.
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Parallel Multiplier

Let us consider the multiplication of 2 unsigned numbers A & B

Let
A --- represents m bits multiplicand [Am-1, Am-2...A0]
B --- represents n bits multiplier [Bn-1, Bn-2...B0O]
P ---product of A & B . Max (m+n) bits

m-1

A=3 A2 e 1
i=0
n-1

B = z B] 2J --------------------- 2
j =
o o I+j

P= 2 [ A B 2 ] ----- 3
j=10 i=0
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The multiplication operations using 4 bit s for A & B are shown
below.

A3 A2 Al AQ

B3 B2 Bl BO
A3BO A2BO A1BO AO0BO
A3B1 A2B1 Al1B1 AOB1
A3B2 A2Z2B2 Al1B2 AO0B2

A3B3 AZ2B3 Al1B3 AO0B3

| | | |
.‘l, .\l, \lf NP Vr

P7 P6 P5 P4 P3 P2 Pl PO

The fig below shows the H/W structure of the multiplier for
this example and is called as Braun multiplier.
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La
S P6 P5 P4 .

The structure of 4 x 4 Braun multiplier
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v For a nx n multiplier we require n(n-1) adders.

v The Structure requires : 12 [3i/p & 2 0o/p]

v Braun’s multiplier does not take in account the signs of the
numbers that are being multiplied.

v Additional H/W is required before & after the multiplication
when signed numbers represented in 2's complement are
used

v Let us consider A& B represented in 2's complement format

A & B having m & n bits respectively
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A — —Am lzm—l = i ZAzzt ------- |
1=0
n—2

B = _‘Bn—lzn' : g § :BJZJ ----- -
j=0

The product p = pyiny IS written as

p = BB "2 T : A; Bj 2'+J

=0 ]O _____

vthe 2 subtractions in egn 3 can be expressed as addition of
2's complement number.

v This can be implemented through a structure similar to the
Braun multipliers using only adders.

v This modified structure is called as Baugh Wooley multiplier.
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wooley multiplier is shown in Fig. 2.22.

A2B0 A I Bo AOBO T Bo

—— B,
- 'B2

Y L 4

P, Po

Y ¥

P, Po

54 . (for 2's complement addition
e Rsultplication = subtraction of (A;xB,B;Bg + B3x<ASA [ Ag))
A5 X BZBIBO S A3B2 A3B] A3Bo

B3>< AzAle s

o
P, | Py P3
1 i 1 1 1
(" J_L 5 1) vty ) J L
S o R
5 Py P; Py

1's complement of
(A3xB>B By + B3 <X ALA [ Ag)

(b) Generation of P35 — Pg

Structure of Baugh wooley multiplier for signed number multiplication
of two 4-bit signed numbers.
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shifters

<« Is an essential component of any DSP architecture.

<« Required to scale down or scale up the operands & results to

avoid errors resulting from overflows & underflows during
computation.

Let us consider the following cases.

1. Let us consider the sum of 'N° numbers each represented by
n bits.

» As accumulated sum grows the number of bits required to
represent it also increases

» The max no of bits to which the sum can grow is
(n + log 5 N ) bits
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-~ If each of the N no is scaled down by log 5, N bits prior to

addition, the loss of the result due to overflow can be
avoided.

» The accumulator will then hold the sum scaled down by
log , N bits.

» Accuracy of sum is lost but the summation would be
completed with out overflow error.

»The actual sum can be obtained by scaling up the result
by log , N bits when required.
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2. When 2 no’s each of 'n’ bits are multiplied, the product can
have a max of ‘2n’ bits

» when this product is saved in memory which is ‘n’ bit wide,
the lower order 'n’ bits are generally discarded resulting in

loss of accuracy

» in case of multiplication of 2 signed no’s, the accuracy can be
slightly improved

» By shifting the product by one bit position to the left before
saving ‘n’ higher order bits.

» The accuracy improves because instead of discarding n dits
we now discard (n-1) bits
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3. When carrying out floating point additions
» the operands should be normalized to have same exponent.

» This is done by shifting one of the operands by required no of
bit positions

Problems:

1.1t is required to find the sum of 64 no’s each represented by
16 bits. How many bits should the accumulator have so that the
sum can be computed with out the occurrence of overflow error
or loss of accuracy?

Ans:- sum grows by a max of log, 64 = 6 bits

to avoid over flow the number of bits the accumulator
should have is 16+6 = 22
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2. If for problem 1 it is decided to have an accumulator with
only 16 bits but shift the numbers before addition to prevent
overflow . By how many bits should each number be shifted?

By 6 bits to right since the sum grows by 6 bits

3. If all the numbers in problem 2 are fixed point integers , what
is the actual sum of the numbers

The actual sum = (contents of accumulator) x 2°
4-What is the error in computation of the sum in problem 3

Since 6 lower bits are lost the sum could be off by as much as
260-1 = 63
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Barrel Shifter

» In pps shifting is implemented by a operation similar to one
performed in a shift register .

» The operation takes one clock cycle for every single bit shift.

» In DSP’s shifting of several bits in a single cycle is possible by
a combinational ckt known as Barrel Shifter.

» Barrel shifter connects the i/p lines representing a word to a
group of output lines with the required shift which is

determined by its control inputs as shown below

» Control i/ps also determines the direction of the shift (left or
right)
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L/R ) no of bits positions for

the shift
Control i/ps

B.D of barrel shifter
» If the input word has 'n’ bits, shift is from 0 to n-1 bits

» The control i/p requires log, n lines to determine the no. of
bits to be shifted.

» One more line is required to indicate the direction of the
shift.

» Left shift:- bits shifted out of the i/p word are discarded and
new bits positions are filled with zeros.

» Right shift:- the new bit positions are replicated with the MSB
to maintain the sign of the shifted result.

227



Input

Bits
| Ao
So
A, :
"_:)j e
So S,
A, -
11— — 1 , e R
So S, S,
Al T
—1 1 o—{ | o—1 11—
S:, S, S; Sa, S3 S
Output
Bits . B; B, B, B,
Input . Shift (Switch) Output (B:B,B;B,)
AzAA A, | O (So) AszAA Ao
AACA A, | 1(SD) _ AsA3AA,
AzAA A, | 2(S2) AAGAGA,
AszAA A, | 3(S3) AzA3AZA;
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1. A barrel shifter is to designed with 16 inputs for left shift
form O to 15 bits. How many control lines are required to
implement the shifter .

ANS: 4 control lines are required.

Multiply & Accumulate (MAC ) Unit
» The configuration of a multiply & accumulate unit is commonly
known as MAC unit as shown below.

»The MAC unit is used to implement functions of the type A +BC.

» Multiplication & accumulation are 2 distinct operations, each
normally require separate instruction execution cycle.

»But they can work in parallel.
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Multiplier

Product Register

\ ADD/SUB

2n

2n

Accumulator

L 2n

A MAC unit
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Pipelined operation of MAC

The pipelined operation makes use of the fact that the

multiplier and adder can work separately and simultaneously.

y(n) = x;h;+ x;h, + x3h5

Consider a example

Cycle time number | Multiplier Adder
I X;hy -
2 X5h, A+x;h;> A
X5h5 A+x5h,> A
4 - A+xsh;> A
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At a time when the multiplier is computing the product , the
accumulator accumulates the product of the previous
multiplication.

if N products are to be accumulated, N-1 multiplies overlap
with accumulations.

During every first multiply, the accumulator is idle since there
is nothing to accumulate.

Like wise during the very last accumulation, the multiplier is
idle since all the ‘N’ products have been completed.

It takes a total number of *‘N+1’ instruction execution cycles
to complete the sum of products of ‘N’ multiplications.

If N is large the pipelined operation of multiplier & accumulator
work in parallel to execute a MAC operation per cycle.
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1. If a sum of 256 products is to be computed using a pipelined
MAC unit, & if the MAC execution time of the unit is 100 nsec,
what will be the total time required to complete the
operations?

ANS: total time required = 257 x100x10-2 sec =25.7usec.

Over flow & under flow
When designing a MAC attention has to be paid for
1. word size at the i/p of the multiplier
2. the sizes of the add/ subtract unit &
3. The accumulator
as over flow & under flow conditions can be encountered .
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Techniques to prevent over flow & under flow conditions are
Barrel shifters at i/p & o/ps of MAC unit

Guard bits in the accumulator

Saturation logic

. Barrel shifters

shifters are normally provided at i/p & o/ps of MAC unit.

the i/p shifters helps to normalize the data samples as they
are fed to the multiplier.

- The shifter at the output are used to denormalize the result

after the sum of products before storing in memory.

- 0o/p shifters can also be used to discard the redundant sign

bits or to shift the o/p by required no. of positions.
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2. Guard bits:
« If accuracy is preserved, the i/ps are not normalized.

<« When repetitive MAC operations are performed the
accumulator sum grows with each MAC operation.

<« This increases the no. of bits required to present the result
w/o loss of accuracy.

<« S0 extra bits must be provided in accumulator called as
guard bits or extension bits.

<« After completion of computation, the required sum of
product , the extension bits may be saved as a separate
word if required.

<« Or. The sum along with the guard bits may be shifted by
required amount & be saved as a single word.
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2. consider a MAC units whose inputs are 16 bits nos. if 256
products are to be summed up in this MAC , how many guard

bits should be provided for the accumulator to prevent
overflow condition from occurring.

Ans: 16 x16 multiplication has 32 bits. Since 256 such products
are summed, the sum can grow by max of log, 256 = 8 bits

guard bits should be provided for the accumulator to prevent
overflow condition from occurring = 8 bits.

= ~

{} 16 % 16
{ Multiplier ]

{ = Tsz

X ADD/§ UB /

30
Guard bits
=] |

e
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3. Saturation logic: -

<« With or w/o guard bits ,an over flow condition occurs when
the accumulated result becomes larger than the largest no. it
can hold.

» When handling a -ve no. an under flow will occur if the
accumulator becomes smaller than the smallest no. it can
hold.

<+ So it is better to limit the accumulator contents to most +ve
(most —ve) to avoid an error known as wrap around error.

< Limiting the accumulator contents to its saturation limit is
achieved with a simple logic ckt called as saturation logic as
shown below.

< This ckt detects the overflow / underflow condition &
accordingly loads the accumulator with to most +ve or most
-ve value
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« the overflow / underflow condition is detected by monitoring

the carry into the MSB & the carry out of MSB.

o If carry-in # to carry out, the overflow / underflow occurs

The selection bet’ the most +ve or most —ve value is made
based on the sign bit of the no.

Least negative
value
Multiplexer

Most positive
value

Sign
(MSB) Overflow/

Underflow

C, = Carry into the MSB
C,= Carry out from the MSB

A ERCEEE © e

A schematic diagram of the saturation logic
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