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SUBJECT: /

Reduction of the Number of Add operations in a multiply operation.

The purpose of this memo is to present a method of reorganizing the multiplier
in a multiply operation in order to reduce the number of additions required.

BASIC CONSIDERA TIONS:

The machine time required to execute a multiply instruction is almost entirely
determined by the number of additions required to pgxform the multiplication.
The proposed mantissa for the Stretch machines is 48; therefore an-average of
24 additions would normally be expected in a multiply operation. One methed

of reducing the quantity of additiens is to generate sub multiples of the multi~
plicand and apply these discretely as dictated by the multiplier., For instance,

if all of the 16 multiples 0-15 (hexadecimal) of the multiplicand were made
available, it would be possible to examine the multiplier four bits at a time

and add the particular multiple which is called for by each set of four bits.

This would then require only 12 additions for a multiply operation. There are
certain methods of reorganizing the multiplier such that the number of additions
required is less. For instance multiplying by 11111 is the same as 10000 {~1}.
That is to say multiplying By 31 is the same as multiplying by 32 and sub-
tracting 1. Therefore 2 additiona are required instead of 5 additions. The
number 3 (011) and -3 (~011) can alse be applied with good results. This of
course requires that the multiplication of the multiplicand by 3 be generated

and appropriately stored for application as dictated by the multiplier. For
instance 1101 becomes 1000 {-3) and 0110 becomes 0030. '

METHOD:

One method of reorganizing the multiplier is to scan 4 bits at a time and ;

reorganize these four bite according to the above methoeds. The reorganized

multiplier then dictates the multiplication process. As {llustrated by the ‘
. situation where there is a string of ones, the examination and conversion of .

these ones will result in what amounts to a carry into the higher order digit

positions of the multiplier.. The Multiplier-Quotient register therefore has a

carry propagation system attached to it such that as the lower order bits are

reorganized, the higher order bits are altered by the carries resulting from

this reorganization.

¥

A special situation is encountered where, after reorganizing the four bits,

a one biteis in the high order position followed by a zero such as in 1000.

Instead of performing the indicated addition the bit is saved and included in

the examination of the next four bits (making five). |




CONCLUSION
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Figure 1 is the truth table of the multiplier digits before and after reorganization.
Section 1 contains the 16 possible combinations representing the digits béfore
reorganizgation. Section 2 contains the results of reorganizing the 4 bits if the

bit to the right of these was zero. Section 3 is the reorganisation if the bit to.-

the right was a one. In each section is indicated under A, the number, under .
B the number of additions required, under C the fact that a carry was prupa;gated .
to higher order bits, and under D the fact that the high order one was saved fcn'
reorganization of the next four bits. The average number of additions reqmred

for’ fbur bits of multiplier without reorganization is two. Column 2B shows an.
average of 14/16 adds per four bits; and dolumn 3B shows an average of 24/16

adds per 4 bits. An examination of the D columns shows that if we are
reorganizing aparticular set of four bits according to section 2, 5/16 of the time we
will have to save a one and therefore will be reorganizing the next four bits ’
according to section 3; if we are reorganizing according to section 3, 4/16 of

the time we will be obligated to reorganize the following 4 bits according’ to

section 3 again. The probability of reorganizing: according to section 3 is
5/17 and the probability of reorganizing according to section 2 is 12/17.
average numb®f of additions required for four bits of multiplier is:

5/517 + 24/16+ (1-5/17) - 14/16 = 1.0588

For 48 bits the average number of additions will be" 12 ‘7 and the maxim
will be 24 '

. The develapment of the multxplication of the mult ucand by 3 and the applic
of:). ~1,3, and -3 in reorganizing the multiplier,. ‘results in the reduction’

‘ required -12. 8 additions.

FlJ:bea .

avaerage number of additions required for a multiphcation operation to 13 and
the maximum number to 24 Since the number of shifts is increased, a fast
ahi{tlng unit is presumed. The scheme requires & slightly complicated mui

mechanism and what amounts to a programmed multiplication The reor‘g niaing”,-. -

of the multiplier into 3 bit. or 5 bit groups was lnvestigated These scham '
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FIGURE 1 | Y

Table for Reorganising Multiplier by Applylgg 1, +1, 3, and <3,

A |8l s Blc|p A |slc
0000 o | 0000 fo| | | 00001 |1
0001 |1 ooo1 1| { | o003 |1
0010 |1} o010 |1l ~oo101 |2
o100 [1]| owo0 {1 | 01001 |2
1000 {1 | so00 0f.|x -tooor}:\‘}é:ﬁ 1 x|

o011 |2 0003 |1 | 3| | o103 |2

-

o110 |2 | o030 |1 «000-3|1| |x
o g2 | 0300 |1 | 03001° | 2

Lmorfs b 000-3 f1 | x 03003 |2 |

i“"*1°11 13 ¢ *003,5} 1| Ix 0300-1}2 |

ISR VSU 00-1'(.:)-“[“ 1 x| ,oooo-f;;*’
; .'95111»_ 3| w00-1 L x *oob.; a8 x
1111 14 I ooo;i?v: x| 0000-;‘ 1]x
o101 e "'°°°?’;’,.:i 1| | x ,01003;-:;};- 2|
010 |2 00-30 {1 |x| osoo~§fﬁf_z

1001 2 w001 |1 | |'x| wooos [1] |x

. Total. {32} 141 |5 » 24 4 ‘

% This multipi'iéf bésitibn is not determined until
the next 4 bits h_l\ie been examined,

0“8‘“1 multiplier. ‘ - AL ¢ bltn of multtplier , g

. Multiplier rcorganlzod if a zero appeared /B, No. of additions called for.

in previous high order position, - ' C. Carry propagatod to: Kb&har :

3. Multiplier reorganized if a one was saved ' order positions. -

from previoul 4 bits. - -D. High order one saved for next
: ' o ‘_;reorglniutlon
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