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Reets of a Polynomial (DOI ovly)

Mtire program

Depends on conditiom of the polyncmial. Ususlly about 9
decimal places. '
0.08 e 4 5.2 n + 18 seconds »

The time will depend partly om the distributien of roots.
This progrem calculates the roots of & polyromial

nel

£(x) = n x’+ulx +weem ta =0

0
whose coefficients have been pumched on tape. Am m'th
degree polynomial having cemplex coefficiemts may e punched
and n complex roots cbtained. Reasl numders are treated as
cemplex numbers whose imeginary parts are zero. .

The mester tape is read into the computer and then the tape
containing the coefficients is resd. As each root is com-
puted it will be punched. After all n roots have been punched
the computer will stop on a black switch stop'and another

tape of coefficlents may be read. 'Hence cohe may prepare

several equations on a single tape and bave them all selved
by leaving the black switch in the disable pesitien. If this
is done the tape should be terminsted with the symbol N.

Whea this sysbol is reed in place of a new set of coefficients

‘the routine will stop om OF.

PREPARING THE TAPE OF COEFFICIENTS To prepare a tape of ceefficients of -

~the polyncmial |

n n-1
8, X +a, X et 0
one should first type n &s a decimal integer follewed by &
carriage return. The n + 1 coefficients are now typed in

order an, ai, =--y 8- Each must be follewed by a carriage
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return. Each coefficient aj must be regarded ss a complex number in flosating

decimal form .
’, = (A + 1B) x 10P
where |A| <1 and |B| < 1 and p ic an integer.
The three numbers A, B, and p are typed in order, A and B as
signed fractions with the decimal point preceding the first digit in each case,
and p as & signed integer. The absence of digits after a sign is treated as

Zero.
EXAMPLE The equation
O+ 2hxt 4 (3 - 641) x° - (.05 + .0034) X° + .39 = O

would be prepared as
>

+1++1

+24+42

+03-64+2

-5-034-1

+++

+3G++ .
FORM OF THE RESULTS The roots are printed in floating decimml form A B p,
with A and B printed as signed fractions to nine decimal places and p printed
as & signed integer. Each rcot 1s followed by a residual printed to 3 decimal
places wbich is obtained by substituting the root back into the original equation.
Tae residusls also sppear in floatiny decimsl form.

MATHEMATICAL METHROUD The program uses abl.ath order>1terative procedure to
find & roct. Each successive itarant is otiained by solving for the nearer root
of the quadratic passingAfhrough the last three iterants. This solution is
accomplished by a variation of the stancard quadratic formula. By use of this
method the number of evaluations ofvthe 7. :ction is reduced, and hence the time
' to solve equations of high degree. As ea . ‘ont is found it 16 divided into the
polynomial, thus reducing ite degree by one, and tt process is repeated.
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The specific algorithm which is used may be described
as follows: Given quantities fo, fl’ fe, X, A, 3, h we calculate A\' by the
formula

-2f,. 8
)\" 2
2
bin -hreax(fox-fla+f2)
vhere b = £, A° - £. 8% + ¢ (» + 8)
0 1l 2

The sign before the radical is chosen 80 s8 to meke ihs
denominator have the larger magnitude. In one iteration we replace

X by Al

h by A'h

Xbyx+ A'h

5byl+ A

£, by £{x + A'h)

£, by 1,

to by fl

Before calculating each root ve start with the initial

values.

o]
[}

L e )
n = o
[

£(0) - £'(0) + 1/2 £%(0)
£(0) + £'(0) + 1/2 £*(0)
r(0)

x =0

A= 1/2

3=+ 1/2

h=-~1

We make use of the reiations
’

£(0) = 8 £'(0)

(Y 1/2 £"(0) = .,

A final wvelue of x, say X, is printed vhen

Ixg - x| -9
<10 7, that ie vhen the change in x is

| x

g |
Lo more then one part in 1 9.



In order to ensure convergence a special process is used
i3 replaced by 1/2 A' and h, x, and f2

wheneyef f2/fl > 10. n this case \'
is then resumed. Final convergence is

are}tégﬁmputed. The original process

notjﬁffeétgd‘by this process.

/g



LOCATION ORDER NOTES PAGE 1
Library Routime X-1 Decimal Order Input
00 3K
0 OO F
00 120F
1 QF
00 123F
2 00 —Preset Parameters
00 3T7OF
3 00 F
00 698F
b 00 F
00 93F |
00 371K
0 Q0 F
00 F -8, = 0
1 00 F
o0 F
00 120K
0 00 F
00 F
i 00 F
| 00 F L. Floating accumilator
2 00 F
00 F
!
00 123K
Library Routine A-5 Complex Number Arithmetic
oc 8k
0 50 TYL
81 4F
1 LO 2038k .
32 TTL _ Read n
2 Lk 2035k

T4 20354

ne



LOCATTON

ORDER

NOTES PAGE 2

9+

10

11

b
(82

14

S B
B ¥
0S 85
o8 S6
© 9L
‘¥ CF
21 F
SIS

e LA -
U LU
ey oy
PRSI I

nh 101835
Os 102085

ga oy
NERSASN

0C 102085
00 102085

85 97

!

=1
—
1

j

1l

i~ Read polynomial 7

Form [

Piant n

Enter A-5

OJ
i_n_itial}.y

z'l,_ :f'2

— Form initial &, x, A, h

J 2



LOCAY [ON ORDER
20 B 14T !
87 1087
21 & 1687
81 287
22 7 687
85 1557 |
23 87 657
‘ 53 2047 ﬁ
2k S L
8u 87
25 87 b37
. 8 1687
26 8L 2087
, 88 1687
27 87 1637
8s 2087 Compute A
28 &w 27 oy the formula
3 RGT
29 87 6S7 ﬂ
) 8s 2287
30 81 1487
80 18387
31 80 us7 l
3 87 1087
| 52 87 2287
8s 1487
32 84 1487
8L 2087
24 8J 22534
8s 1487 H
o) 87 L2sk
87 1637
36 82 37L
81 1h4s7

J 2



LOCATION ORDER NOTES PAGE 4
37 88 1487
85 1687
38 84 1487
8s 1ksT
39 81 2287
86 1487
40 8s 1087 |
87 1287 :
8 83 1287
8. 837
4o 8s 887
'8N 64L L Form new 1, x, 8, fo’.'fi.
43 8K 1F ’ BRI
81087
ik 85 6ST
85 257
45 8s ST
85 L7
46 83 257 |
OK F i
47 85 s5
87 887
48 ok 28? Form nev £,
02 WL '
49 85 ksT |
87 5TL 2|
50 35 1087
87 T8L
51 8: 1087 ,
85 1257 Replace A' by 1/2 A'
5 87 7L and recompute h, x, and 8
| Bu 1287 ; ' |
57 | &5 83T
| 80 1287

J2
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PAGE 5

4

55

62

70

s
Lig]

-

i

- Test for f‘g/fl > 10

 Tegt for convergence

r::- Enter A-5

et

|

Print roeot

Jd 2
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LOCATION ORDER ROTES PAGE 6
T 87 887
1k 286 - Form residual and primt
Te 13 T1L
OK F
1 89 F
05 55 H
Th 87 887 |
oh 235 ‘t. Divide through by reet
75 08 285 L
- TIL
76 23 12L B
‘ 8J TTL Test for end
77 2k L
OF F
78 20 F |
00 16F - 1/2 in floating form
19 00 F
00 F .*[
80 00 F Convergence criteriem
00 8F
B1 00 18L
00 F
Library Routine X7 3.m Check
2k 8N

J2
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