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Figure 8.41 A4:2 (5:3)
compressor circuit

FIGURE 8.42 Serial multi-
plier
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The two numbers X and Y are presented serially to the circuit (at differ-
ent rates to account for multiplier and multiplicand word-lengths). The par-
tial product is evaluated for every bit of the multiplier, and a serial addition
is performed with the partial additions already stored in the register. The
AND gate (G2) between the input to the adder and the output of the register
is used to reset the partial sum at the beginning of the multiplication cycle. If
the register is made of N — 1 stages, then the 1-bit shift required for each par-
tial product is obtained automatically. As far as the speed of operation is con-
cerned, the complete product of M + N bits can be obtained in MN intervals
of the multiplicand clock.

I -
1-Bit

reset

C |CLEAR serial register

X— +J
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FIGURE 8.36 A 4 x 4 array
P<7> P<6> P<5> P<4> i BCI_U__Q_‘

array cell). In this case the appropriate inputs to the first and second row would
be connected to ground, as shown in Fig. 8.36.

The cell design for this multiplier is relatively straightforward, with the
main attention paid to the adder. An adder witi: equal carry and sum propa-
gation times is advantageous, because the worst-case multiply time depends
on both paths.




_H—'

8.2 DATAPATH OPERATORS

Y<0> Y<i1> Y<2> Y<3>

Serial Stream
LSB First

X : Al A yaN

A A Al L FIGURE 8.43 Serial/
delay ' parallel multiplier

Using the general approach discussed previously, it is possible to realize
a serial/parallel multiplier with a very modular structure that can easily be
modified to obtain a pipelined system. The basic implementation is illus-
trated by Fig. §.43. In this structure, the multiplication is performed by
means of successive additions of columns of the shifted partial products
matrix. As left-shifting by one bit in serial systems i§ obtained by a I-bit

~ delay element, the multiplier is successively shifted and gates the appropri-

ate bit of the multiplicand. The delayed, gated instances of the multiplicand
must all be in the same column of the shifted partial-product matrix. They
are then added to form the required product bit for the particular column.
This structure requires M + N clock cycles to produce a product. The
main limitation is that the maximum frequency is limited by the propagation
through the array of adders. The structure of Fig. 8.43 can be pipelined with
the introduction of two delay elements in each cell, as shown in Fig. 8.44. If
rounding or truncation of the product term to the same word length as the
input is tolerated, then the time necessary to produce a product is 2M clock
cycles. In this case the multiplier accumulates partial product sums, starting
with the least significant partial product. After each addition, the result is an

Yn

Xj A A Xj+1

Cout

+ A Partial Sum Out

Partial Sum In

A FIGURE 8.44 Pipelined
serial/parallel multiplier

Cin
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x3y5 :C g +!—J
x;;;_ A 1
+
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FIGURE8.40 Wallace adder
x0y0 P0  tree (for 6 x 6 multiplier)

layout for a 54-by-54 bit multiplier using the compressor shown in Fig. 8.41
may be found in Goto et al.16

8.2.7.4 Serial Multiplication

Multiplication may be performed serially. The simplest form of serial multi-
plier, shown in Fig. 8.42, uses the successive‘addition algorithm and is
implemented using a full adder, a logical AND circuit, a delay element (i.e.,
either static or dynamic flip-flop), and a serial-to-parallel register.
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