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• 1. IDENTIFICATION 

File number: 2.01.07 

b. Titles Cube Root Routine (CUR) 

c. Authors Donald. E. Coon d. Accepted: 

2. PURPOSE 

r = ~ 

;. LINKAGE AND STORAGE 

a. Routine link~ges Standard L and L ~ 1 orders. The link word iss 

Order If Type A B c 

L + 2 [e] [~] 

b. Adaptation link word: 

L + 2 

c. Storage informations 24 storage locations are required and 

~ 4 OPSTO (86o - 86;) 

• 

4 METHOD AND OPERATION 

a. Operation: Floating point 

b. Additional routines required: None 

c. Range and form of data: b must be real and normalized. Its 

ranges 9 x lo-75 S fbf ~ 9 x 1075 

d. Accuracy' -40 Max. 1 x 2 of the significant number , otherwise 

as determined by e. 

e. Methods The method used is the Newton - Raphson iteration: 

ri + 1 = ri + (b/rr - ri)/; 

5. PROGRAMMING INFORMATION 

a. Performance time: The time is dependent on the number of iterations 

as follows: 

Number of iterations 
Time in seconds 

1 
0.780 

4 
l.;80 

5 
l.56o 

6 
1.800 

7 
1.980 
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fb = 0, :. r = OJ 
\ 
\ 

l E ] b[ into (A] of 4 
2 E J r [ into (O] of 22 
; E p into [CJ of 2; 

4 Put b into 861 

Yes 9 
Does b = 01 

0 

6 Put b in 862 
7 Clear 860 
8 
9 

E q of Jl into 860 
Put 1-2 O into 861 

10 D RI by; - - -
11 E 1qj/; into 861 
12 Affix signs of b to 861 
l; E l e[ into [AJ of 21 

14 Put ri+l into r 1 

15 r. x r. = r? 
1 1 1 

16 D b + r? = b/r? 1 l. 

17 s b/rr - ri 

18 D (b/rf - r 1 ) + ; 

19 (b/rr - ri)/; + ri = 

20 s ri - ri ..- 1 =4r 1 

No 

Yes 

ri -r l 

22 Put answer, r r1 l into r 
2; Go to fJ 

Fixed point division 
of exponent of b to 

form exponent of r 0 

r 0 has been formed 
and the iterative 

loop set 

For greatest accuracy let 
e = O, for greater speed 

let e equal desired 

6. Flow Diagram 
for 

Cube Root 
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8. ANALYSIS 

a. Program 

· The cube root, r, of the normalized binary number b is 

found by the iterations 

ri + l = ri ..,.. (b/rf - ri)/? 

The routine is so written that the iteration ends when 

r i ... r i + 1 ~ e where e is zero for greatest accuracy but may 

be any positive number in floating point form. 

The form of b iss 

The initial guess, r0 , is formed by extracting the exponent q 

into bit positions )1 thru )8 of a cleared location, perform-

ing a fixed point divide by three, and extracting bits ?? thru 

40 of the re.sult into the exponemt position of .1111 ••• 1
2 

• 

The sign of b and the sign of q are then extracted into the 

signs position of the above number. 

Thus if q is evenly divisible by )s 

r 
0 

::. ~ ( l-2-4o) x 2:t-q/' 

and if there is a remainder of 1: 

r
0 
= :t: (1-2-4o) x 2.t (q-l)/? 

and if the remainder is 2: 

the following cases may arise: 

( 1 ) b_,. 0, r 
0 

:c 1 x i t:q/? then: 

b = r? = p x 2~q = p x r6 

and rofr = (p)-l/) 

but since 0.5 ~ p < 1, 

1 ' rofr ~ (2)l/? 

... 

and the maximum number of iterations to find r is 7. 
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( 2) b > 0, q > 0, r 0 = 1 x 2 ( q-l )/:; thens 

b == r3 = p x 2q = 2p x r6 
and r0/r = (2p )-l/:; 

but since l S 2p <. 2, 

(2)-l/:; ~· rofr .c: l 

and the maximum number of iterations to find r is 6. 

(:;) b > o, q< O, r
0 

= 1 x 2-(q-l )/.? then: 

b = r? = p x 2-q = p/2 x r6 

and rofr = (2/p)l/; 

but since 2 < 2/p ~ 4, 

(2)1/; c:: rofr ~ (4)1/; 

and the maximum number of iterations to find r is 7. 

(4) b > o, q > o,_ r
0 

= l x 2-<q-2 )/; then: 

b = r3 = p x 2q = 4p x r~ 

and rofr = (4pfl/:; 

but since 2 s 4p ~ 4 

( 4 ,-1;:; ..: r of r ~ (2 ,-1;:; 

and the maximum number of iterations to find r is 7. 

(5) b > 0, q < 0, r 
0 

= l x 2- ( q-2 )/:; then: 

b ;: r? -= p x 2-q = p/4 x r6 
and r of r == ( 4/p )1/.? 

but since 4 < 4/p ~ 8 

(4 )1/.? .c: rofr ~ 2 

and the maximum number of iterations to find r is 7. 

A similar analysis holds for b < 0 since the sign of b did 

not enter the analysis • 

It is interesting to note the way in which the routine 

r2fr = K2 , etc., then since: 
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it follows that: 

and the iteration is finished when Kj :b Kj + 1 • The number of 

iterations required for several values o.f K
0 

·are given below. 

!o_ o.6 0.7 0.8 0.9 l.O 1.1 1.2 1.4 1.6 1.8 2.0 
N 7 7 6 5 l 6 6 7 7 7 7 


