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ABSTRACT
Multipliers are essehbuilding blocks in VLSI circuits. Hardware
implementation of a multiplication operation comsisf three stages, specifically the
generation of partial products (PPs), the reduatibipartial products (PPs), and the final
carry propagation addition. The partial products te generated either in parallel or
serially, depending on the target application amel availability of input data. The
Project highlights a technique for serial multiption, which completes the partial
product formation in n cycles. This is accomplist®drevamping the partial product
formation architecture. The proposed techniquecgffely forms the entire partial
product matrix in just n sampling cycles for an n xmultiplication instead of at least 2n
cycles in the conventional serial-serial multipier
In this project, an algorithm named Serial to 8eaigorithm is proposed to arrive
at the architecture. The algorithm helps in redgdine complexity of partial product
formation and reduction . The architecture consedtsa series of asynchronous 1's
counters so that the critical path is limited tdyoen AND gate and a D flip-flop (DFF).
The use of 1's counter to column compress theglgrtoducts preliminarily reduces the
height of the partial product matrix from n to I¢g + 1), resulting in a significant
complexity reduction of the resultant adder tresing this algorithm the multiplier is
designed to carry out both signed and unsignediptiatition. The latency of operation is

compared with the existing Carry Save Add and SRIBAS) multiplier.
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CHAPTER 1
INTRODUCTION

Multipliers are fundamental and essential buildiigcks of VLS| systems. The
design and implementation on approaches of muétiplcontribute substantially to the
area, speed and power consumption of computatinteisive VLSI systems. Often, the
delay of multipliers dominates the critical path thiese systems and due to issues
concerning reliability and portability, powerrsumption is a critical criterion for
applications that demand low-power as its primastrio . While low power and high
speed multiplier circuits are in high demand, it always possible to achieve both
criteria simultaneously.

Typically, hardware implementation of a multiplicat operation consists of three
stages, specifically the generation of partial patsl (PPs), the reduction of PPs and the
final carry-propagation additi@®@]. The partial products can be generated either in
parallel or serially, depending on the target agion and the availability of input data.
The partial products are generally reduced by esame adders (CSAs) using an array or
a tree structure[3]. Carry propagation additionnivitable when the number of partial
products is reduced to two rows. This final adden de a simple ripple carry adder
(RCA) for low power or a carry look-ahead adder £ lfor high speed [9]. As the
height of PP tree increases linearly with the wemdth of the multiplier, it increases the
area, delay and power dissipation of the two sulesetystages. Therefore, a good
multiplier design requires some tradeoff betweezespand power consumption.

Parallel multipliers are more popular as the &zess critical due to technology
scaling. However, with the emerging developmenttioé on-chip serial-link bus
architectures [16],[17], serial-serial multipliersuld find their potential roles in the new
generation of System on Chips and Field Programen@aite Arrays to the design of
serial multiplier that is capable of processinguingdata at Gb/s without input buffering
and with reduced total number of computational @yé$ proposed.

1.5 ORGANIZATION OF THE REPORT

» Chapter 2 discussesn Introduction to Serial Multipliers

» Chapter 3 Explains The Serial-Serial Algorithm

» Chapter 4 Proposed Serial Accumulator

» Chapter 5 Explains Proposed Serial-Serial Multiplier

» Chapter 6 discusses Extension of logic For Signed Multifataon
» Chapter 7 discusses the Existing Serial multipliers

» Chapter 8 discussesimulation results

» Chapter 9 shows the Conclusion and future scope of the projec

1.1 PROJECT GOAL

The goal of this project is to design a Seriafi@emultiplier for the
purpose of fast performance with less area overtaat power consumption. Unlike
existing serial multipliers in which one of the oged is fed in parallel, here both the
operands are fed serially with reduced delay. Tdreptete partial product formation and
accumulation gets completed within n cycles fonan multiplier when compared to the
existing serial multiplier which takes about 2n legcfor partial product formation. The
Accumulator is Designed using Asynchronous 1's ¢euso that the critical delay path
is reduced to and gate and a D flip-flop.

1.2 OVERVIEW

The basic steps for designing a Serial-Serial mligti is based on an algorithm
named Serial —Serial algorithm. Using the algorinmarchitecture is being proposed for
Unsigned multiplication and this is extended torgawut Signed multiplication. The
partial products are generated, accumulated anddluenn height of the partial product
is reduced using the algorithm. Once the produetsa formed and accumulated , it can

be used for addition for generating the final prtdu

1.3 SOFTWARES USED

» ModelSim XE Il 6.2g

> Xilinx ISE 9.1i

CHAPTER 2
INTRODUCTION TO SERIAL MULTIPLIERS

Serial multipliers are popular for their low ar@ad power , and are more
suitable for bit serial signal processing applwasi with I/O constraints and on-chip
serial-link bus architectures. They are broadlyssified into two categories, namely
serial-serial and serial-parallel multiplier. Irserial-serial. multiplier both the operands
are loaded in a bit serial fashion, reducing thi @#ut pads to two . On the other hand,
a serial-parallel multiplier loads one operand irbiiserial fashion and the other is
always available for parallel operation. In twotsngplement pipeline multipliers consists
of a bit-serial input output multiplier which femes high throughput at the expense of
truncated output. A full precision bit serial mplter for unsigned numbers consists of a
5:3 counter and some DFFs. Later, the first bilabemultiplier was developed that
directly handles the negative weight of the moguificant bit (MSB) in 2's complement
representation. This method needs only n cellsafornxn bit multiplication but it
introduces an XOR gate in the critical path, whesids up with a more complicated
overall design.

In all these designs theejuires about 2n computational cycles for nxn
multiplication. To reduce the number of computatiocycles from 2n to n cycles in an
nxn serial multiplier, several serial-parallel nipliers have been developed over the
years . Most of them are based on a carry saveshifid(CSAS) structure. In CSAS
multiplier it can be observed that the criticallpabnsists of an FA, a DFF, and an AND
gate for the unsigned multiplier and an extra XORegfor the 2's complement
multiplier. Although the sampling frequency has been improwethe serial-parallel
multipliers and the total number of computationgtles is halved, one of the operands
has to be loaded in parall®ecently, there has not been any new developmesrial-
serial multiplier design due to the maturity of gentional architectures. Parallel
multipliers are more popular as the size is ledscal due to technology scaling.
However, with the emerging development of the oip-cerial-link bus architectures ,



serial-serial multipliers could find their potertiales in the new generation of SoCs and
FPGAs. In this project, an approach to the desigsedal multiplier that is capable of
processing input data at Gb/s without input buffgrand with reduced total number of
computational cycles is proposed. By exploiting thtationship among the bits of a
partial product matrix, it is possible to generallethe rows serially in just n cycles for
an nxn multiplication. Employing counters to cotiné number of 1's in each column
allows the partial product bits to be generatedtmnfly and partially accumulated in
place with a critical path delay of only an AND g@aiand a DFF. The counter-based
accumulation reduces the PP height logarithmicafig makes it possible to achieve an
effective reduction rate of log n using an FA-ba€&A tree The proposed counter-based
multiplier outperforms many serial-serial and depiarallel multipliers in speed but its
hybrid architecture does carry an area overheadrallythe ADP is comparable to other

serial-serial multipliers
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Figure 3.2 Proposed PP Generation Scheme

The partial products so formed are counted colwise for the number of ones.
The counter output is also arranged column wisee Bih representation of the
counter is based on the maximum number of onesch ealumn. The counter

output format is as shown in the fig 3.3

bpcafgh ijk]m

Figure 3.3 Counter output Scheme

The counter output is grouped as shown in fig &fBer grouping the groups are selected
to form the rows. The outermost group is takenhasfirst row. The second outermost

CHAPTER 3
THE SERIAL-SERIAL ALGORITHM

The Serial multiplication in the project is basedan algorithm named serial algorithm
that reduces the computation time of the partiatipcts such that they can be formed in
just n cycles for an n x n multiplier. According ttus algorithm the partial product row

and column structure is revamped. The figuresa®d 3.2 shows the partial product

formation of the conventional and the proposed ipligt.
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Figure 3.1 Conventional PP Generation Scheme

Fig. 2.1 illustrates the PP generation of a coriweat 8x8 multiplier for two unsigned
numbers X and Y and Fig. 3.2 shows the correspgngartial product generation in
the proposed serial multipliefhe PPs in Fig. 3.2 are generated in such an

unconventional way.

group is taken as the second row bit then the mwhifted once to left. The third
outermost group is taken as the third row but #hted twice to the left. The method is
continued till the last group and the final fornwdtpartial product is as shown in the
fig3.4
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Figure 3.4 Reduced PP Scheme

By comparing fig. 3.2 and fig. 3.3 we can see thatpp column height is reduced from 8
to 4. this reduction in the column height helpsdducing the computational complexity.
The above partial products ca then be further redidoy using any adders. demodulator
function is concerned, it is best performed digjtal a DSP processor outside the digital
receiver chip.

The following example illustrates the multipliat of two operands using

the Serial Serial Algorithm.
Let the operand length be 8 and the operands be

A =10000000001
B = 10000000000



10000000

10000001

10000000
000000O0O
000000O0OC
mo0000O0O
00WO0O0O0
0000OO0O
00000000
1000 0 000
104000@00000 0o
0Qoo0oO0 000000
ooo0opOpooOO0O

1
Figure 3.5 Example Of Serial Algorithm

After arrangement of groups the partial producésaa shown below. The partial
products so arranged can be added to get therésalt.

1 010000000
0000 0 0 0
0000

00000 0
00000 0
00000

0

100000100000000

So the final output is binary 100000010000000.Tixerands are 200000000001 and
100000000000 whose binary equivalent is 128 and R&fiuct of 128 and 129 are
16512 whose binary equivalent is 2000000100000@Ctaums the verification.
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An m bit accumulator can be realized with dedicatednters to concurrently accumulate
the 1's in each bit position. The dependency gi@b) of such a scheme with m=8 and
n=7 is shown in Fig. 4.1.

An example illustrating the serial accumulation othe inputs,
“10110001,” “00000001,” “11001101,” “11100011,” “©10001,” “11001101,” and
“10001101" in the DG is shown in Fig 4.2.
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Figure 4.2 Example for fig 4.1

The accumulated output after each cycle is inditaly the integer in each
node and the final accumulated output in each colean be represented by a 3-bit
binary number. At the end of the th iteration, le@ounter produces an n bit binary
weighted output. By arranging all counter outpis$ bif the same positional weight in the
same column with the least significant bit (LSB)afh counter output aligned at the jth
column, the result of the accumulation can be obthiby column compressing the
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CHAPTER 4
THE PROPOSED SERIAL ACCUMULATOR

Accumulation is an integral part of serial riplier design.
A typical accumulator is simply an adder that sssteely adds the current input with the
value stored in its internal register. Generalhe dder can be a simple RCA but the
speed of accumulation is limited by the carry pgaten chain. The accumulation can be
speed up by using a CSA with two registers to stbeeintermediate sum and carry
vectors, but a more complex fast vector merged raiddeeeded to add the final outputs
of these registers. In either case, the basic ifamait unit is an FA cell. A new approach
to serial accumulation of data by using asynchrenoaounters is suggested which

essentially count the number of 1's in respectiyit sequences (columns).
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Figure 4.1 Dependency Graph Of Proposed Accumulator
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counter outputs with a CSA tree structure of helghNote that the height of the CSA
tree would be a binary exponent of should thersation be carried out without the
1'scounters. The architecture of the accumulateresponding to Fig. 4.2 is shown in
Fig 4.3 . The bits of the input operands are dgrfatl into their corresponding counters
from column 0 (right-most in Fig. 5) to column 7hd&se counters execute independently
and concurrently. In each cycle of accumulatiomeav operand is loaded and the
counters corresponding to the columns that havénadt are incremented. The counters
can be clocked at high frequency and all the opiravill be accumulated at the end of
the nth clock. The final outputs of the counteeedhto be further reduced to only two
rows of partial products by a CSA tree. A carrygargate adder is then used to obtain the
final sum.

In Fig. 4.3, the counters C are used to count theber of 1's in a column. Each
of them is a simple DFF-based ripple counter. Tlbelcis provided to the first DFF and
all the other DFFs are triggered by the precedifi§ Dutputs. The CS block stands for

carry save adders.

[ 8-bit Serial Input Operands |

‘ Final carry propagate adder ‘

Figure 4.3 Architecture of Accumulator with Asynchronous 1's counters

and Carry save adders



4.1 Asynchronous 1's Counters

The counter is designed using Asynchronous countsirsg D flip flops. The
clock input is synchronized with the input dataerand thus the operands can be
accumulated with a high frequency defined by thtepséme and propagation delay of a
DFF. Moreover, the counters change states only wherinput is “1,” which leads to
low switching power .This simple and efficient bitcumulation technique is used to
design the proposed serial-serial multiplier. Ai¢gb 3 bit 1's counter is shown in Fig.
4.4

Figure 4.4 Architecture of Asynchronous 1's countes

PP = {0 r=0
X1 Yk 2™, 1=12,..0-1}

If X is fed MSB (bit 7) first and Y is fed LSB{O) first, then in
cycle r,PFis a partial product bit generated by the curreptit bits X,.;and ¥,and
PR are partial product bits of the current input bitahd each of the preceding input
bits of X and PPare the partial product bits of the input bit,xX and each of the
preceding input bits of Y.By appropriately sequencihe input bits of X and Y into a
shift register, one PPr in each cycle can be gezgr&onsequently, P can be obtained

in ncycles.

- ' : ¢ -

| % » 0 .
O N
X R — x
Adder Troe apd Vector Menting Adder |
" v v - -

Figure 5.1 DG of nxn serial-serial partial productgeneration and
accumulation.
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CHAPTER 5
THE PROPOSED SERIAL-SERIAL MULTIPLIER

This Chapter proposes a new technique of gengrathe
individual row of partial products by consideringat serial inputs, one starting from the
LSB and the other from MSB. Using this feeding sete and the proposed counter-
based accumulation technique presented inchaptetakes only n cycles to complete
the entire partial product generation and accurimrgtrocess for an nxn multiplication.
The theoretical underpinning of this design is etabed as follows.

The product of two bit unsigned binary numbeasd can be expressed as
n-
P=XY= ¥

in-1
T Xy 2" @
i

i=0
where Xand Y are the ith and jth bits of X and Y, respedtive
with bit 0 being the LSB.

By reversing the sequence of index of (1) andragging we get

P =%PF; @

Therefore PPr = ‘PP PRC+ PRR

Where
PP = {0 r=0
SiXnker- Y- 2™ r=12,...,n1}
PF = {0 r=0

EXnrt- Y 2™, r=12,.n-1}and

16

The DG shown in Fig. 5.1 illustrates the coetploperation of the

PP generation and accumulation for a general nxitiptication. Each node (circle) in
the DG represents a binary counter and an ancikdi{p gate to generate a partial
product bit. All nodes are identical in functiomgliand have three inputs and three
outputs, except that the data are propagatedferelift directions as depicted in Fig. 5.1

It can be seen from Fig. 3.2 that the nodesofithe left of the middle
column have the identical properties of shifting.X in cycle r computing the PP bit and
the counter output. Similarly the nodes(R) on tightrof the middle column exhibit
identical property but shift Yi instead. The nod€$ on the middle column receive a new
pair of input bits Xn-i-1 and YO in each clock tg/cprocess the pair to form the PP bit
and propagate and to the left and right nodes otisp. At cycle n-1 the registered
output of the nodes contains the sum of all 1's iespective columns.

The complete architecture of the proposed cotbased serial-serial
multiplier (8x8) is shown in Fig. 5.2.The functidity of the nodes in Fig.5.1 is mapped
to the structure of Fig. 5.2 with two shift registéo perform the left and right shift, 2n-1
counters of different bit widths sufficient to actulate the number of 1's in their
respective columns and an array of 2n-1 AND gategenerate the PP bits serialll.is
evident that for an 8x8 multiplication, the middielumn has a maximum height of 8 and
a 4-bit counter is sufficient to account for thexinaum column sum. The column height

decreases gradually to either side and the cowdiéh also decreases correspondingly.
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Figure 5.2 Proposed Architecture for 8X8 unsigned
serial multiplier
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Instead, a tree of adders can be formed, taking©(ibm - Ig n) gate delays. Using carry
save addition, the delay can be reduced furthiérBitie idea is to take 3 numbers that we
want to add together, x +y + z, and convert ib @humbers ¢ + s such that

X +y+2z=c+ s, and do this in O(1) time. Theagon why addition can not be
performed in O(1) time is because the carry infdiomamust be propagated. In carry
save addition, we refrain from directly passingtioa carry information until the very last

Figure 5.2 Full Adder and Carry Save Adder

step.

Figure 5.2 shows a full adder and a carry saveraddearry save adder simply is a full
adder with theginput renamed to z, the z output (the originalstaer” output) renamed
to s, and theq; output renamed to c.

In this project array type carry save addition sedi. The partial product formed using
the serial algorithm is reduced to 3 stages usiegcarry save adder and the final stage is
reduced using a carry propagation addition. Thehioation of carry save adder and

ripple carry adder gives the fastest result. Sbebmbination is preferred.
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The operation of the multipliendae explained with the aid of the structure in
fig.5.2. A PP bit corresponding to the middle cotuof the PP is produced by the center
AND gate when a new pair of input bits (Xn-i-1 ant latched by the two DFFs (top
middle) in each clock cycle. In the next cycle Xhand Yi are shifted to the left and
right, respectively, to produce the partial prodits with another pair of input bits Yi+1
and X n-i-2 by the array of AND gates. The AND gagee gated by clock to ensure that
the outputs driving the counters are free of gihEach counter changes state at the
rising edge of the clock line only if a “1” is pracded by its driving AND gate. After
cycles, the counters hold the sums of all the t’shie respective columns and their
outputs are latched to the second stage for summaEhe latched outputs are wired to
the correct FAs and HAs (half adders) accordintheopositional weights of the output
bits produced by the counters. From Fig.3.2, ibliserved that the column height has
been reduced from 8 to 4 and the final produciR ke obtained with two stages of CSA
tree and a final RCA. . This drastic reduction @luenn height leads to a much simpler
CSA tree, and hence reducing the overall hardwaneptexity and power consumption.
The latching register between the counter and diderastages not only makes it possible
to pipeline the serial data accumulation and th& @&e reduction, but also prevents the
spurious transitions from propagating into the addee. Two clocks, namely Clock 1
and Clock 2, are employed to synchronize the data between the two stages. The
counter stage is driven by to process the inputsigit speed as the critical path is
defined only by the delay of the And gate and th&lip flop. The counters and shift
registers are reset to “0” in every cycles to allamew set of operands to be loaded.
Clock 2 is derived from Clock 1to drive the latoiregister.

5.1 Partial Product reduction Using Carry Save addition

For the partial product reduction Carry save addits used. This helps in
reducing the delay. The straightforward way of addiogether m numbers (all n bits
wide) is to add the first two, then add that surth®next, and so on. This requires a total

of m - 1 additions, for a total gate delay of O(m)g(assuming look ahead carry adders).

20

Figure 5.3 shows the 3 stages of PP reduction.

5 (HiLam
— '

—— /

Tl e )

Figure 5.3 Stages of reduction of PP

The grouping of 2 shows half adder and the grouping shows full adder. For stage 3
reduction a simple ripple carry addition is carréed.

A ripple-carry adder works in thame way as pencil-and-paper methods of
addition. Starting at the rightmost (least sigrifit) digit position, the two corresponding
digits are added and a result obtained. It is ptssible that there may be a carry out of
this digit position (for example, in pencil-and-papmethods, "9+5=4, carry 1").
Accordingly all digit positions other than the rigipst need to take into account the
possibility of having to add an extra 1, from argahat has come in from the next
position to the right. This means that no digitifios can have an absolutely final value
until it has been established whether or not aydarcoming in from the right. Moreover,
if the sum without a carry is 9 (in pencil-and-papeethods) or 1 (in binary arithmetic),
it is not even possible to tell whether or not eegi digit position is going to pass on a
carry to the position on its left. At worst, wherwdiole sequence of sums comes to
...99999999... (in decimal) or ...11111111... (inaby), nothing can be deduced at all
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until the value of the carry coming in from thehtigs known, and that carry is then
propagated to the left, one step at a time, as d@ghposition evaluated "9+1=0, carry
1" or "1+1=0, carry 1". It is the "rippling" of thearry from right to left that gives a
ripple-carry adder its name, and its slowness. Wddting 32-bit integers, for instance,
allowance has to be made for the possibility thaaay could have to ripple through
every one of the 32 one-bit adders.

cannot be represented with the same number obbitause it is greater than the most
positive number that two's complement number by #xa.
Figure 6.1, shows two's complement and onefsglement representations.

Necative integers
Positive

+N integers -N

Sign 2's 1's

Magnitude | Complemen{ Complement

+0 0000 -0 1000 | ... 1111
+1 0001 -1 1001 1111 1110
+2 0010 -2 1010 1110 1101
+3 0011 -3 1011 1101 1100
+4 010¢ -4 110 110 1011
+5 0101 -5 111 1011 101¢
+6 011¢ -6 111C 101C 1001
+7 0111 -7 1111 1001 1000
8 -8 | L o0 | ...

Figure 6.1 2's complement and 1's complement repsentations

A two's complement 8-bits binary numeral canrespnt every
integer in the range -128 to +127. If the signi®i0, then the largest value that can be
stored in the remaining seven bits is 27 - 1, a.W&ing two's complement to represent
negative numbers allows only one representatiarend, and to have effective addition
and subtraction while still having the most sigrafit bit as the sign bit.

Baugh-Wooley technique was developed to desigectlimultipliers for two'’s
complement numbers. When multiplying two’s complemeumbers directly, each of
the partial products to be added is a signed nunitfars, each partial product has to
be sign-extended to the width of the final prodmcbrder to form the correct sum by
the Carry Save Adder tree. According to the Baugiwoley approach, an efficient
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CHAPTER 6
EXTENSION OF LOGIC FOR SIGNED MULTIPLICATION

Most digital systems operate on signed numbers ammhm
represented in 2's complement. In this section,uhsigned serial-serial multiplication
architecture of Fig. 5.2 is extended to deal wigned multiplication. The concept is that
with the same unsigned architecture if signed pligttion is carried out, the difference
in the final answer compared to the original signadltiplication is found out and that
difference is added to the architecture such thatdifference is nullified. Here the
signed multiplication is compared with the 2's cdempent multiplication using Baugh
Wooley Algorithm.

6.1 Baugh Wooley Algorithm

Two's complement is the most popular method pfesenting signed
integers in computer science. It is also an ofmeraif negation (converting positive to
negative numbers or vice versa) in computetsch represent negative numbers
using two's complement. Its use is ubiquitous tobagause it does not require the
addition and subtraction circuitry to examine thgns of the operands to determine
whether to add or subtract, making it both simpteimplement and capable of easily
handling higher precision arithmetic.

Two’s complement and one’s complement representafire commonly
used since arithmetic units are simpler &sigh. In an n-bit binary number, the most
significant bit is usually the 2n-1 s place. Butlie two's complement representation, its
place value is negated; it becomes the —2n-1 ®lad is called the sign bit. If the sign
bit is 0, the value is positive; if it is 1, thelwe is negative. To negate a two's
complement number, invert all the bits then add the result. If all bits are 1, the value
is —1. If the sign bit is 1 but the rest of theshére 0, the value is the most negative
number, -2n-1 for an n-bit number. The absoluteievalf the most negative number
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method of adding extra entries to the bit matrixsuggested to avoid having to deal
with the negatively weighted bits in the partiabgact matrix.

Partial product array’s of two’s complement muitiption of 5-bits x 5- bits are shown
in Figure 6.1.2

TR REL RN K Hk
TRy By By AN Ak
43y "Rgiy "Ry “H ¥y TEpEy

By By B R B B B OB B R

Figure 6.2 2's complement multiplication

Here is how the algorithm works. Knowing that tsign bit in two's
complement numbers has a negative weight, the #mrierm can be written in terms of
—a4x0.

-a,% =3,(1-%)-a, =a,% -a,

Hence the term —sax is replaced by a0 and —a If & is used instead of xathe
column sum increases by ,2aSo —a is inserted in the next highest column to
compensate the effect of 2aThe same is done fo; &, a Xz and a ¥ In each

column a and —a cancel out each other. The column P8 gets an -ta#which can be



replaced by a-1.This can be repeated for all entries. Now theeetwo -1's in the
eighth column which is equivalent to a -1 entryP@ and can be replaced by with a 1
and a borrow in to the non existing tenth column.

1B AD
X

4%3 X2 X1 Xo

1A% @X aXo axo aXo
AX1 BX1 BX1 aXy X1
T ax: ax: axe axi
2B BX3 X3 AX3 X3
A W B A A

P9 P8 P7 P6 PP4 P3 P2 P1L PO

Figure 6.3 Baugh Wooley 2's complement signed miptication

Baugh-Wooley method increases the height of thgdsncolumn by two, which may
lead to a greater delay through the Carry Save Attde

6.2 Proposed Serial Signed Multiplier

By combining the Baugh Wooley and the serial afgm, the
architecture could be modified to perform signedtiplication. Using Baugh Wooley

algorithm the equation for the multiplication of dwsigned numbers in two's
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204t 422 4 | 4222 Z 1

Therefore

n-2 n-2
2171(22 +22) = (5)
i i

hence? can be written as

v =28 xY,.2)+ (3%, 2) ®)
i i

The difference? is added to the proposed architecture such tieaatthitecture can be
used for signed multiplication. Thus we can write

P’ =PIt @)

In the proposed PP generation method,Yn-1 ardwésin cycle n-1. The generation
of £;"2X; Y n12" has to be delayed until cycle n-1. The remaingrgss ; "2 X o1
Y;j 2 can be computed during the initial n-lcycles. Herthe difference  can be
corrected in the CSA tree. It is trivial that a miL-shift register, a NAND gate and
several FAs are required for addifg

The architecture of the proposed 2's complemerilsgerial multiplier is depicted in
Fig.6.4
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complement form can be written as
n-2 n-2 n-2. n-2
P=XY'=3 3 XY 2T+ 2 (XY, 2 + Y X,.Y,2)
~ 5 ; ;

+ XY, 2202 42 -2t @)

Using the proposed architecture the multiplicatdéthe signed numbers can be written
as

n-2 n-2

n-2 n-2 S o2
P=XY=3 3XY,2" +2n-13" > XiYn-12i+) xn-1vi2j)
~ 9 T g ‘

+ XY, 2 @
The difference between 1 and 2 can be written as
Y =p-p
n-2 n-2
=2 XYL 2 + 3 x,.Y2)
:\172 Ian
S2HE KN Y X2 + 220 (3)
I i
The above expression could be simplified as
n-2
wo=2"(3 W-2XY,.)2)
n-2
+(Q@-2X,,Y;)2 )+ 20 -2 4)
i
To extend the unsigned multiplier architecture digned multiplication without
introducing a high over-head, the difference exggesn 6must be simplified. Since

% "22'=3;"221 the following summation terms embedded in (4h ke simplified
by the closed form expression of a geometric @Esgon
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Xn-i-1

Left shift Right shift
register register

T )
Clkl: U U
_ﬂ And array ‘

’ Counter stage ‘

I —
Cck2 ﬂ’ Latching register ‘

!

I

Figure 6.4 Proposed Serial Signed Multiplier



It is noted that the input can be fed at the sapeed as the unsigned multiplier. A
control input Ctrl is required to latch Xn-1 in thiest clock cycle to generate

Zjn'zx,..lY, 2 serially in n-1cycles. The bits of to be addedhia CSA tree are marked
in Fig. 13. The addition of the term raises tléght of CSA tree by only two bits

regardless of the word length of the operands.
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together, the addition of partial products must d@ne in the latter way. Binary
multiplication of positive numbers can be done gstme same algorithm, but it is simpler
since each partial product is either zero or etpugthie multiplicand properly aligned with
respect to the multiplicand. This is illustrated thie right side of Fig. 7.1.1 for a 4-bit
multiplicand and 4-bit multiplier.

0110 - >Multiplicand

X 1101 - >Multiplier

0000110 - >Partial productl
0000000 - >Partial product2
0011000 - >Partial product3
0110000 - >Partial product4

1001110 - >Final product

Figure 7.1 Basic Multiplication Algorithm

As presented in Fig. 7.1 the addition of the iphgiroducts requires an
adder that is twice as long as the length of thétiplicand and multiplier. Since a
portion (almost half) of each partial product igtds is inefficient. (Note that the nonzero
portion of each addition is just for the same numbe bits as contained in the
multiplicand, except for a possible carry into thext more significant position.) The
double length adder can be avoided by shiftingat®eumulated partial products to the
right with respect to the multiplicand rather theifting the multiplicand to the left with
respect to the accumulated partial products.

An example of this algorithm is shown in figurel.2. The initial partial

sum is zero.
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CHAPTER 7
EXISTING SERIAL MULTIPLIER

Serial multipliers are popular for their low ar@ad power and are more
suitable for bit-serial signal processing applimasi with /O constraints and on-chip
serial-link bus architectures. They are broadlyssifeed into two categories, namely
serial-serial and serial-parallel multiplier. Irserial serial multiplier both the operands
are loaded in a bit-serial fashion, reducing tha d#put pads to two. On the other hand,
a serial-parallel multiplier loads one operand imigserial fashion and the other is
always available for parallel operation . Severiiad-parallel multipliers have been
developed over the years. It is observed thahellreported multipliers have a common
computational unit known as the 5:3 counter in ¢tiical path. In addition, there are
also DFFs and AND gates in the critical path, wHimher the operation speed and limit
the input bit rate. Many attempts have been madedace either the hardware cost or
latency but there is no improvement on the clifizgh. Modifications are done in many
multipliers but then the computational latency iscdcles. Most of them are based on a
carry save add shift (CSAS) structure. Here fanparison the existing serial CSAS
multiplier is used . It can be observed that ttiical path consists of an FA, a DFF, and
an AND gate for the unsigned multiplier and an @%OR gate for the 2's complement

multiplier .Here a CSAS multiplier is implementesing the right shift algorithm.
7.1 Right Shift Algorithm

The basic algorithm to be used is the same asrtbeve use to multiply
decimal numbers. We multiply each digit of the nplilér times the multiplicand to form
a partial product and we add all of the partialdorcts together to form the final product.
This is illustrated on the left side of Fig. 8.1rddarily, we produce all of the partial
products and then add all of them together; howethes is not necessary and, instead, as
each partial product is produced, it can be addethé sum of previous ones. Since

adders in computers usually can only add two number
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Bit 0 of Adder

|
0000 XXXX---> Initial partial sum (zero)

0110 XXXX ---> PPO + partial sum (zero)

0011 OXXX ----> Shift partial sum right

0011 OXXX ----> PP1 + partial sum

0001 10XX ----- > Shift partial sum right

> PP2 + partial sum

-> Shift partial sum right

1001 110X ------- > PP3 + partial sum

0100 1110 -------- > Shift partial sum righingl
answer)

1
Bit 0 of Partial Sum

Figure 7.2 Add and Shift Multiply Algorithm

Since bit 0 of the multiplier is 1, the first paitiproduct (PP0) equals the multiplicand.
This is added to the left half of the initial paftsum, and the partial sum is shifted right.



Since bit 1 of the multiplier is 0, PP1 is zero after addition to the partial sum, the
partial sum is shifted right. This is repeatedHits 2 and 3 of the multiplier. At each step
the new PP is either zero or the multiplicand &ng added to the upper half of the
partial sum. Then the partial sum is shifted 1 tbitthe right. This Add and Shift
algorithm is done once for each bit of the mulépli

7.2 CSAS Signed Multiplier

CSAS stands for Carry Save Add and Shift MultipliEne CSAS
technique accepts multiplier bits serially (Isbstjrand produces outputs serially (Isb
first). Multiplication of two n bit unsigned numtserequires 2n clock cycles to complete
the process out of which n clocks are used fonmearry-save additions, and the other n
clocks are utilized only to propagate the remairiagies.

Almost all signal processing applications demancbnsiderable number
of multiplications. Some of these applications iiegthe multiplication to be performed
at a faster rate, and others concentrate on lessvhge and moderate speed. In order to
meet the demand for high speed, various paraltelyamultiplication algorithms have
been proposed by a number of authors . The arrdipiiers use a large amount of
hardware, consequently consuming a large amoumbwer. The applications which aim
at hardware simplicity traditionally use, in onenfoor another, the add-shift method for
multiplication. Referring to Fig.7.1.1, the basiadashift with the ripple-carry
propagation technique adds, one row at a timenthkiplication matrix to the partial
product using an n bit adder. In every additiore tarry is allowed to propagate full
length. This carry propagation, along with n-rovdiion time, contributes largely to the
slow speed. The speed can be improved by usingatirg look ahead technique, which

introduces more hardware in the implementation.

The working of CSAS multiplier is based on thghti shift algorithm. A
simple CSAS multiplier implementation for positimembers is shown in Fig. 7.4

Figure 7.4 CSAS Unsigned Multiplier

For n bit multiplication it takes 2n clock putséo complete the
process. At the end of the first n clocks the stmecontains a sum word {Sn(n), Sn-
1(n),.... S2(n)} and a carry word {C.n-1,(n), Cn-2(nE,(n)} the sum of which will yield
n msb's of the product. This sum is accomplishethbynext n clocks. Therefore, out of
2n clocks the last n clocks are expended only tpamate the carries residing in the
feedback latches.

Figure 7.1.3 shows a CSAS signed multiplier
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The figure below shows the basic PP formation & éwiltiplication

a4 a3 a2 al

b4 b3 b2 bl

adbl a3bl a2hlbl

a4b2 a3b2 a2b2 alb2

a4b3 a3b3 a2b3 alb3

adb4 a3b4 a2b4 alb4d

P8 P7 P®5 P4 P3 P2 Pl

Figure 7.3 Partial product matrix

The partial products are formed based on the abmultiplication and
after each pp formation . the PP is shifted onétiposto the left and is continued till the

last row. This is shown in the above figure.
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Figure 7.5 CSAS Signed Multiplier

Fig.7.4 shows the unsigned and 2's complemetiglggarallel multiplier
based on the CSAS structure. It can be observedtiieecritical path consists of an FA, a
DFF, and an AND gate for the unsigned multiplieFig. 7.4 and an extra XOR gate for
the 2's complement multiplier in Fig. 7.5Although the sampling frequency
has been improved in the serial-parallel multigierand the total
number of computational cycles is halved, one of e thoperands
needs to be loaded in parallel. Recently, therertwsbeen any new development in
serial-serial multiplier design due to the matudfyconventional architectures.
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CHAPTER 8
SIMULATION RESULTS

The simulation of this project has been done uslngelSim XE 11l 6.2g

and Xilinx ISE 9.1i.

ModelSim is a simulation tool for programming {V}YASIC}s, {FPGA}s,
{CPLD}s, and {SoC}s. Modelsim provides a comprehgassimulation and debug
environment for complex ASIC and FPGA designs. Supjs provided for multiple
languages including Verilog, SystemVerilog, VHDL darBystemC.The following
diagram shows the basic steps for simulating agdeisi ModelSim.

Create a working library

I

Compile design file

[ 1
E ]
I
[ J
[ l

Run simulation

l

Debug results

Figure 8.1 Basic Steps of Simulation in Model Sim

8.1 SIMULATION RESULTS
The following sections shows the simulation ressof the existing
and the proposed multipliers.

8.1.1 8x8 Unsigned CSAS Multiplier

1700ns

Figure 8.1 Simulation Result of 8x8 CSAS unsigned uitiplier

In the Simulation result , clk denotes the clock &t denotes reset, a and b are
the serial input operands and c is the outpub.ti8tetc are the and outputs , sl to 18 are
the full adder sum output and c1 to c8 are theesarr

a=15
b=15
c=225
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In ModelSim, all designs, be they VHDL, Verilogr some
combination thereof, are compiled into a librarye typically start a new simulation in
ModelSim by creating a working library called "wtrkWork" is the library name used
by the compiler as the default destination for cedpdesign units. After creating the
working library, we’ve to compile your design unitgo it. The ModelSim library format
is compatible across all supported platforms. Wen simulate our design on any
platform without having to recompile design. Withetdesign compiled, invoke the
simulator on a top-level module (Verilog) or a dgnfation or entity/architecture pair
(VHDL). Assuming the design loads successfully, shreulation time is set to zero, and
enter a run command to begin simulation. If t&uits are not as expected , we can use

ModelSim’s robust debugging environment to tractwddhe cause of the problem.

Xilinx was founded in 1984 by two semiconductargmeers, Ross
Freeman and Bernard Vonderschmitt, who were bottking for integrated circuit and
solid-state device manufacturer Zilog Corp. Theté#ll Pro, Virtex-4, Virtex-5, and
Virtex-6 FPGA families are particularly focused sgstem-on-chip (SOC) designers
because they include up to two embedded IBM Powedt€s The ISE Design Suite is
the central electronic design automation (EDA) paidamily sold by Xilinx. The ISE
Design Suite features include design entry andhegit supporting Verilog or VHDL,
place-and-route (PAR), completed verification amdbul using Chip Scope Pro tools,
and creation of the bit files that are used to igumé the chip .Xilinx is a synthesis tool
which converts schematic/HDL design entry into fiowally equivalent logic gates on
Xilinx FPGA, with optimized speed & area. So, afsprecifying behavioral description
for HDL, the designer merely has to select thealiprand specify optimization criteria;
and Xilinx synthesis tool determines the net lisihteet the specification; which is then
converted into bit-file to be loaded onto FPGA PROMSso, Xilinx tool generates post-
process simulation model after every implementasitap, which is used to functionally

verify generated net list after processes, like rpéace & route.
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8.1.2 8x8 Signed CSAS Multiplier

1900ns

Figure 8.2 Simulation Result of 8x8 CSAS Signed miiplier

In the Simulation result , clk denotes the clockl &t denotes reset, a and b are the serial
input operands and c is the output .t1 to t8 etdf@e and outputs ; ® s are the full
adder sum output and c1 to c8 are the carries

a=-1
b=-1
c=+1

8.1.3 8x8 Unsigned Serial — Serial Multiplier
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g [serial_csafa
p [serial_csalb
P [serial_csafy

Figure 8.3 Simulation Result of 8x8 Serial unsignecthultiplier

Here in the waveform a and b are the serialtioperands, clk and
rst are the clock and reset. 0-and denotes theibafpand array, p and pp are the input
and output of the latching register, Stage 1,2%ade the PP reduction stages using CSA
and rca_1 and rca_2 are the carry propagation aalplets and y is the output (product).

a=240
b =240
y = 57600

8.1.4 8x8 Signed serial-serial Multiplier

Figure 8.5 Simulation Result of 16x16 Serial sigml multiplier

Here in the waveform a and b are the serial inperands, clk and rst are the clock and
reset. 0-and denotes the output of and array, ppandre the input and output of the
latching register, Stage 1,2 and 3 are the PP fiedustages using CSA and rca_1 and
rca_2 are the carry propagation adder inputs @sdhe output (product).

a= 44303

b = 45583

y = 2019463649

8.2 SYNTHESIS REPORT
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T

B &
& IR T

Figure 8.4 Simulation Result of 8x8 Serial signedhultiplier

Here in the waveform a and b are the serialtioperands, clk and
rst are the clock and reset .d and dd denotesutipeits of the additional set of d flip flops
added 0_and denotes the output of and array, ppprate the input and output of the
latching register, Stage 1,2 and 3 are the PP tiedustages using CSA and rca_1 and
rca_2 are the carry propagation adder inputs asdhe output (product).

8.1.5 16x16 Unsigned serial-serial Multiplier
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This section describes the area and power repbtite @xisting

and the proposed serial multipliers.
8.2.1 Area Report of existing 8x8 CSAS unsigned multipéir
Design Summary
Number of errors: 0
Number of warnings: 0
Logic Utilization:

Total Number Slice Registers: 66 out 0f0B,4 2%

Number used as Flip Flops: 14
Number used as Latches: 52
Number of 4 input LUTSs: 111 out of @4 4%
Logic Distribution :
Number of occupied Slices: 78 outof 1,200 6%

Number of Slices containing only related logic78 out of 78 100%

Number of Slices containing unrelated logic: 0outof 78 0%

Total Number 4 input LUTs: 147 out 400 6%
Number used as logic: 111

Number used as a route-thru: 36

Number of bonded IOBs: 33 out 092 35%
Number of GCLKs: loutof4 25%
Number of GCLKIOBs: loutof4 25%

Total equivalent gate count for design: 1,311
Additional JTAG gate count for IOBs: 1,632
Peak Memory Usage: 119 MB

8.2.2 Area Report of existing 8x8 CSAS signed multiplier
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Design Summary
Number of errors: 0
Number of warnings: 1
Logic Utilization:
Total Number Slice Registers: 67 out 0of0D,4 2%
Number used as Flip Flops: 15
Number used as Latches: 52
Number of 4 input LUTs: 134 out of @4 5%
Logic Distribution:
Number of occupied Slices: 92 outof 1,200 7%
Number of Slices containing only related logic92 out of 92 100%
Number of Slices containing unrelated logic: O outof 92 0%
Total Number 4 input LUTSs: 170 out 400 7%
Number used as logic: 134
Number used as a route-thru: 36
Number of bonded 10Bs: 33 out 092 35%
0B Latches: 1
Number of GCLKs: 1loutofd4 25%
Number of GCLKIOBs: loutof4 25%
Total equivalent gate count for design: 1,462
Additional JTAG gate count for IOBs: 1,632
Peak Memory Usage: 118 MB
8.2.3 Area Report of Proposed 8x8 Serial-Seriahsigned multiplier
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Design Summary
Number of errors: 0
Number of warnings: 17
Logic Utilization:
Total Number Slice Registers: 160 out 0f0B,4 6%

Number used as Flip Flops: 101
Number used as Latches: 50
Number of 4 input LUTs: 123 out of @4 5%
Logic Distribution :
Number of occupied Slices: 189 out of 1,200 15%

Number of Slices containing only related logict89 out of 189 100%

Number of Slices containing unrelated logic: 0 outof 189 0%

Total Number of 4 input LUTS: 123 out of Q¥ 5%

Number of bonded 10Bs: 32 out 092 34%
0B Latches: 2

Number of GCLKs: 2 outof4 50%

Number of GCLKIOBs: loutof4 25%

Total equivalent gate count for design: 1,878
Additional JTAG gate count for IOBs: 1,584
Peak Memory Usage: 119 MB

The following table shows the comparison of logditization and logic distribution of
the existing and proposed multipliers

Design Summary
Number of errors: 0
Number of warnings: 16

Logic Utilization:

Total Number Slice Registers: 136 out of0B,4 5%

Number used as Flip Flops: 001
Number used as Latches: 36
Number of 4 input LUTs: 81 out of ¥ 3%

Logic Distribution:
Number of occupied Slices:

158 out of 1,200 13%

Number of Slices containing only related logict58 out of 158 100%

Number of Slices containing unrelated logic: 0 out of

Total Number of 4 input LUTSs:

158 0%

81 @it2,400 3%

Number of bonded IOBs: 32 out 092 34%
I0B Latches: 2

Number of GCLKs: 2 outof4 50%

Number of GCLKIOBs: loutof4 25%

Total equivalent gate count for design: 1,476
Additional JTAG gate count for IOBs: 1,584

Peak Memory Usage: 118 MB

8.2.4 Area Report of Proposed 8x8 Serial-Serial signed uitiplier
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Existing Proposec Existing Propose
Design summary Unsigned Unsigned Signed Signed
multiplier multiplier multiplier multiplier
No: used as
Flip flops 14 100 15 110
No: used as
Latches
Logid 52 36 52 50
Utili
ation|
No: of 4i/p | 111 out of 2400| 81 outof 2400 | 134 out of 2400 123 out of 2400
LUTS
Total no: of
L4UVTPS 147 out of 2400| 81 out of 2400 | 170 out of 2400 123 out of 2400
logic
distri
butiop
total gate 1311 1476 1462 1878
count

Figure 8.6 Comparison of the Existing and Propose8x8 Serial-Serial

Multipliers
8.2.5 Power Report of existing 8x8 CSAS unsigned multifgr




Power summary: I(ma) P(mW) Power summary: I(mA) P(mW)

Total estimated power consumption: 50 Total estimated power consumption: 53

Vecint 2.50V: 18 44 Vecint 2.50V: 19 47

Veeo33 3.30V: 2 7 Vceo33 3.30V: 2 7

Clocks: 14 34 Clocks: 13 32

Inputs: P 5 Inputs: 2 S

Logic: 0 0 Logic: 1 3
Outputs: Outputs:

Vo33 0 0 Veeo33 0 0

Signals: 0 0 Signals: 1 2

Quiescent Vccint 2.50V; 2 5 Quiescent Vecint 2.50V: 2 5

Quiescent Veco33 3.30V: 2 7 Quiescent Veco33 3.30V: 2 7

8.2.8 Power Area Report of Proposed 8x8 Serial-Serial gned

8.2.6 Power Report of existing 8x8 CSAS signed multipgr multiplier
Power summary: I(mA) P(mW)
Total estimated power consump tion: 57
Power smmmary: I(mA) P(mW)
Total estimated power consump tion: 53 Vecint 2.50V: 20 50
Veeo33 3.30V: 2 7
Veeint 2.50V: 18 16
Vceo33 3.30V: 2 7 Clocks: 13 33
Inputs: 2 &
Clocks: 15 36 Logic: 2 5
Inputs: 2 s Outputs:
Logic: 0 0 Veeo33 0
Outputs; Signals: 1
Veeco33 [] 0 B
Signals: 0 0 Quiescent Veeint 2.50V: 2 5
Quiescent Veco33 3.30V: 2 7
Quiescent Vecint 2.50V: 2 5
Quiescent Veco33 3.30V: 2 7
8.2.7 Power Area Report of Proposed 8x8 Serial-Serial wigned 8.3 COMPARISON
multiplier
51 52
This section shows the comparison of the existirdjtae proposed 8x8 It can be seen that with an area overhead of 1BeXproposed unsigned
serial-serial multipliers based on area , powertaecho of clock cycles required for the multiplier generates the output with half the cliogk speed when compared to the
output to occur. existing CSAS serial multiplier. Also it can beesethat the signed proposed multiplier

produces the output with half the number of clogkles required for the existing CSAS
multiplier with an extra area overhead of 28%.

Area Power | clk cycles | % increase
Architecture (Gate (mw) required in Area
count)
Existing CSAS Unsigned 1311 50 16
13%
Proposed Serial-Serial
Unsigned 1476 53 8
Existing CSAS Signed 1462 53 16
28%
Proposed Serial-Serial
Signed 1878 57 8

Figure 8.7 Comparison of the Existing and Propose#ix8 Serial-Serial
Multipliers

CHAPTER 7



CONCLUSION AND FUTURE SCOPE

In this project, a new method for computing sestial
multiplication is introduced by using low complexitasynchronous counters. By
exploiting the relationship among the bits of atiphproduct matrix, it is possible to
generate all the rows serially in just n cycles da0 nxn multiplication. Employing
counters to count the number of 1's in each colaffows the partial product bits to be
generated on-the-fly and partially accumulatedlaTe with a critical path delay of only
an AND gate and a DFF. The counter-based accumnlagduces the PP height
logarithmically and makes it possible to achieveediective reduction rate of log n
using an FA-based CSA tree The proposed countedbasiltiplier outperforms many
serial-serial and serial-parallel multipliers iresp but its hybrid architecture does carry
an area overhead. Overall, the ADP is comparab&ghter serial-serial multipliers. Last
but not least, the counter based approach has ateantage of low I/O requirement
and hence is most suitable for complex SoCs, adhf®GAs and high-speed bit-
serial applications.

FUTURE SCOPE
The future scope of this project is to implemene throposed Serial Serial
Multiplier hardware architecture using Field-Pragraable Gate Arrays (FPGAS).
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