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Given ©/x in A, the routine places (1/2) ein @ in A
when a standard entry is used.

(1) If A contains 1/2 + 6/x, the quamtity 1/2 cos
will be cbtained. | |
(2) 1If 6/x overflows in A from left shifts or sddition
the result is unaffected because sin (@ + 2n x) = sin Q.
(1) If memory location q contains Ofs, (1/2) cos @ may
be obtained with the entry
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(2) To find sin 3.82 radians when memory location q
contains 0.382 and memory location r contains 10/hx, we
proceed as follows, ignoring the overflow in A.
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(1) Given @ in radians we evaluate sin (9/2) by a
Tchebyscheff polynomial expension to the Taylor series
expansion of the sine function, using Librayy routine
KA."lo



(2) If @ is scaled so that -1 < 2™% < 1, we form
2" (2™¢/n = 6/x (mod 2)) = 6'/x.
(3) Using the identity sin a = sin (x - a) we obtain

8'* with =1/2 < 8''/x < 1/2 such that sin'6'' = sin o
= SiIl gn
ERROR ANALYSIS (1) 1In word 4 we develop -4 (&/x) 2. Consider

|9/ﬁ| < 1/2. This quantlty possesses up to 38 significant binary digits. We
form (Q/n) < 1/4 and shift left twice, introducing thereby at most an error
of 2 59, since ql contains a significant binary digit.
(¢) We next develop the polynomials
1/2 sin 6 = o/n [a15(29/n)12 +:all(29/ﬂ)l°

a9(2@/n )8 +2a7(29/n )6 + ag (2e/x )lL +

a3(29/:t)2 +a,]

This is accomplished by the recursion relation:

=0
(i=0,1,2,...6)
Si41 (29/“) S *855(5213,11,9, ...1)

At each one of these steps we introduce a round-off
error due to the multiplication. Letting (2@/1)2 = X, we obtain:

.o RS 6 5 b 3. . 42
“*f2-sin 9 = ﬂ[alBX *apX Fagr +ax +axX +ax+a
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Since x cannot exceed 1 and l@/ﬁl < 1/2 we have as error
5.2-h0 + 2-%0‘ The maximum total generated error is therefore 2~

(3) There will also be developed a propegated error due
to the inaccuracy of the quantity h(e/n)go We will admit only the error result-
ing from the term 35(29/ﬂ)2 in equation (1) due to the relative small contribu-

tions propagated by the other terms.



Thus 2 |
5115(29/:02 = Ak P/if + 2771 = (2e/<® + ()2,

The propagated error is therefores (.h)2=39
(4) The total maximm error is therefores

278 4 ()2 24 ) 2739 - (o)
(5) A sample of caleulations for the sine of a number
of arguments was found to be in error at most 3 x lOﬂlE
which is less than the maximum error indicated above.
(6) Finally, we consider the case |0/x| = 1/2. The

error was found experimentally to be less than 2727,
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NOTES PAGE 1

LOCATION ORDER T 5
00K (T5)
0 ho F Store 6/«
K5 14L
1 k2 12L Plant link
I9 F 1/2 - o/x
2 o r
IS F 1/2 - ‘11/2 - 8/x| = 6"/
3 o F ’
50 F -1/2 < 8'/x < 1/2
4 L F
00 2F -} (Q'/rt)2
5 ho 1F
I5 L
6 ko TL
50 13L
7 79 1F h(or/x)* 8, + a
ih (141 | 6,9’
8 4o oF
50 2F
9 5 TL
ho TL
10 L0 20L Test
36 TL
11 LT 9L Prepare round off
™" F 1/4% sin @
12 00 1F 1/2 sin ©
22 () |1
13 100 F ;
00 272327 a)5/2 = 27232 x 1077
1h NOF : ‘
00 4999982024095 | — a;;/2 = <179T59L x 107
15 ,00 F
00 802191997 a9/2 = 80219199 x 107

1




TOCATION ORDER NOTES ~ PAGE D T 5

16 NO F

00 4976591235013 —a,/2 = 2340876499 x 1072
17 00 F

00 39846323004 a5/2 = 3984631300k x 107F
18 No F 32P54IIHR. RYP

00 1770179512587 —a5/2 = 785308163397
19 o F

00.2853981633973 a,/2 = 185398163397
20 19 1F End constant
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