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SILLIAC CODE R6

Fast bScuare Root.

Closed, A1l medified orders re-set before exit,

See bhelow.

For nunmbers uniformly distrivbuted in the range O
to 1, the average duration is 5.6 milliseconds
(R1 “verﬂgeﬂ 6.0 milliseconds). For very small
numbers R6 is much faster than R1, the maximum
duration being 9.0 milliseconds.

This routine is intended for use in place of the
standard scuare root routine R1 in those programs
where time taken by the scunre root routine is of
more importance than the store space occupied by
it., The time saved by using R6 'is appreciable
only for numbers less than 1/10. The graph on
page 3 provides a comperison of the times taken
by R1 and R6 to find the s uare root of numbers

of verious mrgnitudes,

R6 is entered with the normsl subroutine entry
with a positive number 'a' in the accumulator., 1t
computes 'x', the scuare root of a, and links

back with x in the accumulator. 1f entered at

the right hand order in the first word it computes
the scuare root of the number in store location 1,

RE is not designed to handle negntive numbers, If
'a! is negative, R6 may loop or may produce an

~answer X which may or may not be the square root

of -a. What happens depends upon the mwgnltude
of a, If a negative value of 2 1is liable to

occur, & '‘suitable test should be included in the
main program. Alternatively, R6 may be entered
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with a 36 order in place of the usual 26 order,
in which case a test for negative x should be
made.
R6 first computes

al = g2°T

where r is such that
1/4S ats 1,

and then cnmﬁutes successive aggrmximatinns‘
X4 to xn by Newton's method. we start with

Xp = 2=T

~ the next iterate is

xq = 1/2(a/xgxp)
= (at & {) 891

which is computed by R6 directly from a' and
r. The successive iterates are caleulated from
the formula

X1 -xn =1 /E(In_1 -a/xn_1 )

=en_1.

The x3 forma a monotonically decreasing series

which converges to the truwe root. The Convergence

is of second order, hence, if ep is small it
provides a good es%i

of the error in Xp,' The iteration ceases at X
when : -

-20
015 <

for then we know that

en < 2'h1/x,

?

and this is the eeror which is inherent in x,
the "exact" root of 'a', owing to the fact that
'a' is known only to a total of 39 binary digits,

mate, albeit an underestimate,




R6

However, there is an additional error in x_ due
to the division round-off which, for suffifiently
large values of x, predominates over the error
calculated above. Thus we have:

If a > 1/16

whence
_2-39 ‘38

p

If a<1/16 fewer than 39 digits are needed to
express X accurately and hence the division
round=off is insignificent and

=4 5
-2 ?E = K. % 2 o

CODED BY: B.,A. Chartres.
M2y, 1957.
AP’ROVED BY: J .M, Bennett.
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OCATION ORDER | Cd - N S
0 40 1F . | Store a. in.1.
15 16LF - et et g
1 40 F | Plant 1ink in 0O.:
K5 T |
2 42 F
50 1F 8 —a (0).
3 S3 ¥ Link out with (A)=0 if a=0.
32 F |
4 S5 F From 7
4 17L
5 32 9% Test if (Q) > 1/4 - 2737
00 2F Scale up a by factor 4.
6 5 8L Prepare shift order.
42 8T,
T 26 41
T5 171 | From 5 (A)' =2739 Z 1/4,(Q) = a'.
8 42 8L Re-set shift order.
10 (1)F|By 6',8. () = Xy = (a'+1).2_r-1.
9 S5 F
40 2F | From 15. | X3 —> (2)
10 50 2F
L1 1F i _
11 66 2F (Q)' = a/xi.
ST F
12 LO 2F ()" = la/x,} -x,.
10 1F | (A)! = Xipq = Xy
13 L4 18L
32 15L Test if |x; 4 = %51 < 56
14 L0 18L
L4 2F (A)' = x;,. |




O CN—
15 | 22 9L g8
10 18L |From 13' |
16 L4 2F |By O Link out.
i | 22 F '
17 | FO ¥ By 4',7' | -1/4 + 2739
00 1% ) + o .,
18 00 F- |By 13,14,
15' ! ’ 2_20.
80 F




