Computer Arithmetic Fundamentals Kog

Construction of Baugh-Wooley Array

Let x = (z423227170) and y = (Y4Ysy2y190) be two numbers in two’s complement
form. The Baugh-Wooley matrix of these two numbers is constructed as follows: We
start with the values of these numbers:

3 3
Ty = =2z, + Z ;2" and y, = —2%, + Z y; 20
i=0 1=0

Since p = y - x implies p, = vy, - ©,, we have
3 3
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i=0 i=0
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Note that the last 2 terms are subtracted from the partial product. To avoid sub-
traction, we obtain two’s complement of these numbers and add them to the partial
product. Since

3
2 Z 242" = (0,0, 24y3, TaYa, TaY1, T4Y0, 0,0, 0,0)2
i=0

we have

3
—2421’4?/1‘? = (1,1,74Y3, TaY2, TaU1, Talo, 1, 1,1,1)0 + 1
i—0

= (17 1a T4Ys3, TalY2, TaY1, TaYo, 07 07 Oa 0)2 + (07 07 07 1a 07 07 07 0)2 3

and similarly,

3
2" “yuw2 = (1,1, 75, aTz, Va1, i, 0, 0,0,0)2 + (0,0,0,1,0,0,0,0); .
=0

This gives us the following array:



9 8 7 6 ) 4 3 2 1 0
Ya Y3 Y2 n Yo
Ty I3 X2 Ty To
ToYs ToY2 ToY1 ToYo
T1Ys T1Y2 T1Yr TilYo
TaYys T2Y2 X2Y1 T2Yo

TalYa T3Ys X3Y2 T3Yr T3Yo
11 T4ys Ta¥2 Tayi  Talo
1
1 1 YaZ3  YaTo YaT1  YaZo
1

The last 4 rows the array can be modified to produce simpler constructions. When
x4 = 0, the contribution of the rows

98 7 6 5 4 3 2 10

I 1 743 Ta¥2 Tayi Talo
1

should be equal to zero. This is easily verified by plugging a zero for x4 in the above.
The resulting 10-bit number have all zeros:

9 8 7 6 5

4 3 2 10
11 1 1 11

1

0

0 0 0 0 O

When z4, = 1, we obtain:

9 8 4 3 2 1 0
1 1 w3

7 6 5
Ys Y2 U1 Yo
1

The following row produces the same values for both x4 = 0 and x4 = 1, and can be
substituted:

9 8 7 6 5 4 3 2 1 0
1 7Ty x4y3s TaY2 Tali  Talo
1 X4

We apply the same reasoning to the row with the terms 747; and reproduce the array
as follows:



9 8 7 6 ) 4 3 2 1 0
ToYs TolY2 ToY1 ToYo
T1Ys T1Y2 11 T1Yo
TaY3 T2Y2 T2Y1 T2lYo

T4Y4 T3Yys T3Y2 X3Y1 T3Yo
I Ty w43 maa Y1 4o

1 T4
I Y1 ya®s yaTa YaTi Yo

1 Y4

We can also remove the 1s in the 8th column by adding. This will produce a 1 in the
9th column, which in turn will produce a 1 in the 9th and a 1 in the 10th column.
Omitting the 10th column (since our numbers need at most 10 bits: column 0 to
column 9), we obtain the Baugh-Wooley array as

9 8 7 6 ) 4 3 2 1 0
ToYs ToY2 ToY1 ToYo
T1Ys T1Y2 T1Yr TilYo
T2Ys T2Y2 T2Y1 T2Yo
T4Ys T3Yys T3Y2 X3Y1 T3Yo
T4 T4Ys TaY2 T4Y1  Talo
1 U1 yaTs yaTz YaTi Yalo
T4
Y4

The short paper by Blankenship offers slight improvements on the construction of the
values in the 8th and 9th columns. It is straightforward to show that the following
three constructions are equivalent:

9 8 9 8 9 8
TaY4
T4 1

I I Ty Ty+Ys Tyt ys




