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PERFORMANCE STUDY OF THE MODIFIED FAST SERIAL PARALLEL
MULTIPLIER WITH RECO TECHNIQUE
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ABSTRACT

This paper studies the speed and hardware performance of the
modified fast serial-paralle! (MFSP) multiplier with concurrent error
detection (CED} by REcomputing with Circularly shifted Operands (RECQO)
technigque . The MFSP multiplier has been proposed primarily to increase
the speed of the fast serial paralle! (FSP) mulitiplier by using fast parallel
adder instead of the parallel ripple carry adder . This multiplier can be used
for VLS! when the chip size is limited for high speed applications . By using
RECOQO technique for CED applied to the MFSP multiplier , the copmromise
between suitable error coverage , small error latency , suitable
multiplication speed improvement and low hardware over-head as possible
is expected. This multiplier is suitable for VL8] and can be used efficiently
In digital signal processing (DSP) applications . Speed and hardware
comparisons to the carry save-add shift (CSAS) multiplier with and without
RECO technique are also made.
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1., INTRODUCTION

Many important signal processing and communication algorithms

use multiplication intensive operations [1-3) and owing to the
fact that speed and cost are the most important design criteria,
digital signal processing (DSP) engineers have explored speed/cost
efficient techniques for computing these operations [4-5].
Taking into comsideration circuit complexity , hardware area, pin
limitations, execution speed , and data transfer type, the serial-
parallel multiplie is most suitable for digital sig-nal processing.
With the advance of VLSI technology , large integraticon of
processing elements which can cooperate with each other to
accomplish massive computation tasks, have resulted in higher
speed, However, owing to the increasing comlexity and density
of VLSI circuits, any failure of a chip may sericusly affect all
the operations of the system , and hence high c¢omputing reli-
ability 1is reqguired to ensure validity and integrity of computed
results specially long computaions [6-9], such case appears in some
critical fields such as radar communication and real time image
processing for robotics control.

A new architecture of serial-parallel multiplier called Modified
Fast Serial Parallel (MFSP) multiplier that can be used when the
chip size is limited for high speed applications, i.e., the case in
which a compromise between the speed, area and hardware overhead is

considered 1is presented in [(10). This multiplier uses a 4-bhits
fast adder stages connected in cascade instead of the second row of
parallel ripple carry adder of the fast serial parallel (FSPE)
multiplier (5] . Concurrent error detection (CED) by using

REcomputing with Circularly shifted Operands (RECQO) technique [9]
applied to the MFSP multiplier has been proposed in (11]}. It has
bagn tried to make a compromise between suitable error coverage,
small error latency, suitable multiplication speed improvement over
that of the CSAS multiplier with RECO technique(2) and low hardware
overhead as possible for this model. The error detection capabilty,
the error performance and fault coverage are discussed in [11].

This paper studies the Speed and hardware performance ¢ e
MFS5P multiplier with RECO techingue o«nd provides comparisou Q
the CSAS multiplier with and without RECO technigue as well.

Fig. {1} shows a proposed implementation o 8-bits MFSP multiplier

with RECO technigue. It con-sists ol two subcircuits, the upper
is the Carry Save ~ Add Shift (CS5AS) multiplier shown in fig. (2)
which has been proposed in ({9] and the other is n-bits Parallel
fast adder shown in fig. (3) [11-13]. This multiplier acts as
CSAS multiplier with RECO technique for the first 2m clock cycles
and then reconfigures itself as n-bit fast parallel adder with
RECC technique to add the sum and carry words residing in the
multiplier structure. The error latency is about 2 clock cycles
for the CSAS subcircuit of multiplier and few clock cycles for
the parallel fast adder subcircuit depending on the size of the
maltiplier ([11].

This paper makes a comparative study in order to test the
validity of the MFSP multiplier with RECO technique against
the CSAS nmultiplier with and without RECO technique . This
comparison is based on speed and hardwars factors for different
slzes of multipliers.
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2. MULTIPLIERS SPEED COMPARISON

The multiplication speed is one of the most critical factors .
the comparison because increasing the multiplication speed wi
wide the spectrum of application of such multipliers especial
when reliable multiplication results are required as one of t!
important demands of the multiplier , since congurrent err
detection technigques slower the normal multiplication speed of a
multiplier and add some hardware overhead for error detecti:
depending on error latency and error coverage.

The execution speeds of the two multipliers ( CSAS with RE(
technique and MFSP with RECO technique } are tested |
calculating the time consumed by each multiplier . The time of ti
multiplication is wused as an indication for the speed of t
multiplier.

The two multipliers CSAS and MFSP with RECO technique produce a)
add the summands by the same way for the first 2n clock pulse:
The difference between each techingue appear in the addition
the sum and carry words which are present in the structure of ti
multiplier after the first 2n c¢lock pulses. So that, the tot:
time of the multiplication process can bhe calculated by ti
following formula

T =t + t {:
tot 1 2

Where;
t : is the total time of the multiplication process.

kot
t : is the time taken through the first 2n clock pulses.

1
t : 1s the time taken to add the sum and the carry words

2 residing ir the multiplier structure after the

first 2n clock pulses.
The time taken through the first 2n clock pulses t is constas
for the two multipliers and can be calculated fromlthe followir
formula:
E=nt {z
where;

n : is the size of the multiplier in bits

t : is the time required to compelete single step of multiplicatic

for the primary computation , the clock interval t is given by

c

£t =t + t +t + t {3
c AND shiftex PAa setup

for the recomputation step, the clock interval t is given by

R

t=t + t + £t + t {4
R sw shifter FA comp

Where;

t is the clock interval in primary computation.

c

tR is the clock interval in recomputation step.



E.115 A.I.EL-DESOKY, AIDA. O. ABD EL-GAWAD, Y.H.EL-SHESHNAGY

t 15 the delay time of AND gate.
t is one full adder delay time.
t is the switch gate delay time.
t

is the shifter delay time.
shifter
t is the setup time of the shifter.
setup
t is the equality checker delay time.
comp

Assuming that t =+t and t =t , then from eqn’s(3) and{4)
AND S setup comp

t=2t (5)
Substituting from egn (5) in egn (2} giving

t =2n t (6)
1 c

The value of t 1is not the same for the two multipliers because
2

it depends on the methed of the addition of the carry and sum

words residing in the multiplier structure after the first 2o

clock pulses. This time is calculated for the two multiplier

technigques, and then the total time 1s calculted £for theses

techingues using eguation (1).

In the CSAS multiplier with RECO technique, ancother 2n clock
pulses are used to add the sum and carry words residing in the
multiplier structure and to propagate the carry through the

multiplier structure to produce the n MSB’s of the product. So
that the time t is given by the following cquation :
2

£t =nt

2

t =2nt (7)

2 c
Subsituting from egn’s (6} and (7} into eqn ({1l) gives the total
time T consumed by the CSAS multiplier to complete the
CS5AS multiplication process
t =T = 4n t (8)
tot CSAS c

The MFSP multiplier adds the sum and the carry words by using
the second row of fast adders instead of using another 2n clock
pulses. So the time t c¢an be calculated as follows :

2
The computation interval for the fast adder is t and is given by:
PC
t = t +t +t +t {92)
PC shifter ADD SW setup

Where;
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t is the computation delay of fast adder.
PC

£ is the addition time of the fast adder.
ADD

The reccomputation interval t is

PR

t =t + t + & + t {10}

PR shifter ADD 5w comp
thus

t =t (11)

pc PR
and

t =2t

2 pc

=2 (¢t +t +t +t } (12)
shifter ADD sw setup

Where;

t is the recomputation delay of parallel adders
PR

Since the delay of the i-bit full adder c¢ircuit together with the
storage and gating elements is given in [5,14] by

t =it {(13)
cell FA

Where A is a cofficient accounts for the margin required to
ensure the adequate decay of the transient, s¢ that the proper
information is set into the storage cells at each clock pulse.

Observing that t 1is in fact equal to t [5,14], and substituting
c cell
from egn (13} in egn (8) gives

t =T = 4n A t {14)
tot  CSAS FA

Also, it can be shown from egn (3) and egn (13) that :

£ + t + € = { A-1) t {15)
swW shifter setup FA

Substituting form egn‘s (15) in (12) we get

T = 2 {(B-1} t + t i (16)
2 FA ADD
The MPSP multiplier uses 4-bits fast adder stages connected
in cascade for the second row of parallel adder and t is
ADD
calculated by
t =285+38 . n/4 . (17
ADD .

where 8 is one gate delay
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But t =2 § [1] {18)
FA
From eqn‘s {(17) and (18) it is found that

t = ( 1+ 0.375 n) t {1%9)
ADD FA

Substitution from egqn (19) ip egn (16), giving t for the MFSP

2
multiplier with RECO technigue
t =2 (A +0.375n) ¢t (20)
2 Fa
From substitution of egn’s (6) and (20} into eqn (1), it gives the
total time T consumed by the MFSP nmultiplier with RECO technigue
MFSP
to complete the multiplication process
T = T = T + T
tot MFSP 1 2 _
={n {24+0.75) + 2 A&} t (z21)

A
Using eqn‘s{14) and(21),the time consumed by the two multipliers
with RECO technique for A =2 and A = 4 can be calculated in
texms of t as shown in fig.{(d4).FPig.(5) shows the speed comparison
FA
of these multipliers with RECO technigue to the cordinary
noanredundant CSAS multiplier.

From these figures, it can be shown that,

1- The speed of the CSA5 multiplier with RECO technique is about
50% of the speed of the nonredundant CSAS multiplier for both
A=2 and A=4.

2- The speed of the MFSP multiplier with RECO technique of size
n = 64 bits is about 83.12% and 890.14% of the speea F

the nonredundant CSAS multiplier for A=2 and A=4, respective’
3— The speed improvement of the MFSP with RECO technique increa:
as n increases largely, and it can be zhown that, the speed of

MFSP multiplier with RECO technigue is about B4.21% and 91.43%
of the speed of the noaredundant CSAS multiplier for A& = 2
and A = 4 respectively.

3. MULTIPLIERS HARDWARE COMPARISON

The hardware of the wmultiplier is an important £factor in
choosing the multiplier especially when concurrent error detection
techniques are used because they add some hardware overhead for
error detection. An increase in the hardware leads to increase in
the power consumption and area of multiplier , thus increasing
the cost of the multiplier. Alse , the hardware may be a limit
factor for the production of the multiplier in a single chip when
the chip area is limited.

The gate count [1,15]) is used to compare between the hardware
of the CSAS and MFSP with RECO technigue because the power
consumption [1] and the size [15] of the multiplier depends on
the number of 1logic gates used in the multiplier circuit. Also,
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it is a good factor of cost estimation of multiplier circuits.
Under the assumption that the fan-in of each logic gates i
restricted in a certain constant, but fan-out is not restricted
Also for simplicity in evaluztuion, it is assumed that all logi
gates (AND, OR, NAND, NOR) have the same hardware complexity. Als
the area of a circuit is defined by the area of the minimu
rectangular region on a plane including the layout of the circui
[15].

The two multipliers consists of one or more of the followin
circuits
i - AND gate
ii - One bit full adder [10, 13])
iii - One bhit latch {18&]

iy - 2 to 1 line multiplexer {16]
v - 4-bit fast adder stage (10, 12, 13]
¥i - switching gate

vii — TSC~-XOR equality checker [17, 18)
Table (1) shows the gate count of each of these circuits.

For different number of bits, the hardware comparison for the two
multiplrers in terms of the gate c¢ount is shown in fig. (6). I
can be shown that -

1- The hardware of the CSAS multiplier with RECO technique i
abocut 200% of the hardware of the nonredundant CSAS multiplier.

24- The hardware of the MFSP multiplier with RECC technique i:
about 270% of the hardware of the nonredundant CSAS multiplier

3- The hardware of the MFSP multiplier with RECO technique i-
about 135% ¢of the CSAS multiplier with RECO technique.

Table (2) , Fig {7) and fig. (8) shows the speed improvement ant
the hardware overhead of both of the CSaA8 , MFSP multipliers
without and with RECO technigue.

4, CONCLUSION

This paper studies the speed and hardware performance of the
modified fast serial parallel (MFSP) multiplier with REC(
technique which has been proposed in [11). Comparison study i:
made between this mnultiplier and the CSAS multiplier with RECX
technigque. The results reval that :

&
1- The MFSP multiplier with RECO technigue has about 15.79% anc
8§.57% wunder that of the nonredundant CSAS multiplier for
A=2 and A=4, respectively with 170% increase in hardware.

2- The MFSP multiplier with RECO technigue has about 34.21% and
41.53% of nonredundant CSAS multiplier speed for & =2.and & = 4,
respectively over that of the CSAS5 multiplier with RECC(
technique with about 35% CS8SAS multiplier with RECO technique
hardware overhead.
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Table (1) Gate count of multiplier's components

r 1 1
| Circuit | no. of gutes |
[ | |
I | 1
I | I
| AND gate | 1 |
| [ |
| One bit full adder | 9 |
[ [ [
| One bit latech b !
f

| 2 to 1 line multiplexer 3

{ [

| i-bits fast adder | 38

l

| switching gate i

]

|  TSC~XOR equality checher 6

!

l; 1

gale count

BN CSAS with RECO tech. MFBP wiih RECO tsah.

n=5 n=1g

n=32 n=54
Heo of multipliar

Fig. [6} Herdware comparigon for the two muitipliers
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