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ELEMENTARY FUNCTIONS - ROM Routines 

There are 14 special routines programmed in the ROM, shown in the 
following chart : 

ROM Routine Jump Argument Result Register 
required used 

Log
10

x y } in A 

Ln x AY 
lOX z in A }man in A M,A,R,B,b 

x exp in M 
e AZ 

-

ln 10 AV 
in M 

,r/2 AW 

sin x RV 
}M, A, R, B, 

RW COS X 

in A in A 
tan x RY 

}M,A, R, B, b 
arctan x RZ 

Floating + BV first 
operand 

'Floating - BW in B 
in A M,A,R,B,b 

Floating X BY second 
operand · 

Floating +- BZ in A 

In addition to there there are two other calls to the ROM that are useful: 

FW 

w 

. ·1r 
for evaluating cos ( - x} 
(see discussion in seclion 20. 1) 

for normalizing an arbitl'ary floating 
point number (see discussion in · 
section 20. 4) 



-2-

Actually, any label appearing in the ROM may be called, but attention 
must be paid to the status of the ROM sense switches in determ.ining 
their usefulness. 

Because there are so many common parts to the particular set of routines 
programmed in the ROM, the 14 routines are grouped into four sections 
here for explanation, plus a section showing the program instructions for 
the complete ROM: 

20. 1 

20.2 

20.3 

20.4 

20.5 

Cos x, Sin x, Tan x, .,,. / 2 

Arctan x 

X X 
1 0 , e , 1 o g x, ln x, ln 1 0 

FL+, FL-, FLX, FL+ 

Complete ROM 

The program instructions for the main computations performed are given 
under their respective sections. In each section there is also a flow chart 
to show the logical flow among the various parts of the routines, Jumps, 
labels and sense switches used are indicated on the flow charts. 

Notes: 

The sense switches used in the ROM are different from those in the 
main memory although of the same names. Whenever /~c is executed 
in the main program, all the ROM sense switches are automatically 
reset (turned OFF). 

All constants used in the ROM routines are generated using the A i 
instruction. 

Only registers B and b are used as working registers for the ROM 
routines. 

Return Jump is coded R✓ in the ROM routines. 

All trig functions deal with angles expressed in radians. 
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Title 

Cos x, Sin x, Tan x, 1r/2 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

Cos x 

This is the basic routine from which the sin x and tan x are also determined. 
The angle x must be given in radians and is first normalized by the following 
series of transformations: 

1.) ~ = * = 
\.u V\ev-e... 

t: ~ tJ ~ \'::> t'L A N.1 5; 

x. ~ (2..AO l A~S 

2x 
1r 

yields the number of quadrants co1,1tained in 
the angle (angle may rep re sent any number 
of revolutions. ) 

cos cos 
+ 

II I 

cos cos 
+ 

III IV 

2. ) r = fractional part of{-} } • After integer division by 4, the 
remainder must lie between O and 
4. The integer part of this re
mainder then represents the quadrant 
minus 1. Since cos 8 = cos (2n 1r + 8 ) 
this reduces the angle to: 
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3. ) u = I r I Since cos 8 = cos I 61, this further reduces the angle to 

0~8<21r 

4.) v = u - 2 yields - cos8 since - cos8- cos (9-1r). 
(In the units of v now obtained, 2 is equivalent to1r). 

s.) w = IV I 

0 

6.) y = I w -1 I 

Since - cos 8 = - cos I 8 lthe angle now satisfies O ~ 8 ~ 1r • 

This operation folds the plane such that 

I w I >l ~ a positive result 
(quadrants I and IV) 

I w I~ 1 ~ a negative result 
(quadrants II and III) 

( See following step for this test ) 

cos 
+ 

I 

1 

-1 = 

cos 

II 

2 

l -w if w< 1 
w-2 if > 1 

cos 

III 

3 

cos 
+ 

IV 

4 

A sense switch is set to change the sign of the 
final answer if w < 1. This transformation is 
allowable since 

cos = cos (-8) 
and cos = - cos ( 8 - ,r ) 

The angle now satisfies: 

_-1L. < 6 _< 0 
2 -

so that I yl (0 ~ y~ 1) represents .the original 
angle or a fraction of one quadrant. 

0 



alhreltl P &D2 Code 20.1 Date Page 3/7 

7.) A Chebychev series for cos ( ; y) where (-1 ~ y ~ 1) is now evaluated 

and the sign adjusted for quadrant. For scaling purposes the square of 
the argument is divided by 10 and the coefficients adjusted accordingly: 

ao = 1 

a2 = -12.337 005 343 

a4 = 25.366 932 25 original coefficients are: 

a6 = -20.862 687 5 

as = 9. 177 239 

' -i 
a2i = a2tlO 

alO = -2.382 45 

In summary, we then have 

10 

COS X = COS ( ; y) !.. 
~ 2i 
L..J. ai y 
1 = 0 

except for sign which is adjusted as shown above. Here x is the 
original argument in radians and y is the final transformed argu
ment used in the series. 

The theoretical error using the above aeries is of the order 2• 10- lO. 



alivetti P &D2 

The routine is: 

l 1r/ 2 in M 
x in A 

275 + 
Ai 
d+ 
/+ 
RJ. 
AJ. 
Ai 
dJ. 

AJ. 

Code 20.1 Date 

Transformations in text: 

s = I(~) t I ~ fract -Z 

(In the text: s = I w-1 I 

ifs > 0 
s 5 o • 

set final result positive 
set final result negative 

A-' 
AX 
Ai 
f J. 
ax 

297 Bl 

Then y = Is I -1 

2 
-fo- is now stored in B 

[The Series is now evaluated] 

Cos ( ; x) 

Page 4/7 

>O => positive 
-1 

~o ~ negative 

Advantage may be taken of part of the normalization for the cosine routine 
so that,given an argument x that is in units of 1r/2, the cosine of the angle 
represented may be obtained. The sequence uses a jump to the ROM Label 
FW: 

(A) = X 

~} 

(-l~x~l) 

clear M 

Jump to ROM FW 

change sign 

cos ( f x) is left in the Accummulator. 

result 

result 

0 
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Sin x 

The relation 

Sin x = Cos - x) 

is used for this function. 

Tan x 

Code 20.1 Date Page 5/7 

The tangent is obtained simply as the ratio of the sine and cosine using 
the previous routines: 

Tan (x) = Sin (x) 
Cos (x) 

The error for values of the tangent less than 1 is of the order+ 4. 10- 10• 

For values of tan (x) greater than 1 the error increases although the relative 

error remains under 5 • 10- lO. 
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Series for evaluating cos ( ; y) 

1 Ai 33 bi 65 GJ 2 H 34 + 
3 ax 35 BX 
4 Bt 36 At 
5 Ai 37 R-
6 8- 38 Rt 
7 B+ 39 Rt 
8 Bi 40 Rt 
9 B◊ 41 R➔} 

10 Bt 42 RX 
11 fi 43 RX 
12 -1, 44 Rt 
13 BX 45 D-
14 At 46 rt 
15 R* 47 + 
16 Rt 48 BX 
17 Rt 49 Ai 
18 R+ 50 Bt 
19 R+ 51 B+ 
20 R-1, 52 Bt 
21 d* 53 8-
22 + 54 BS 
23 BX 55 BS 
24 Ai 56 B+ 
25 8- 57 Bt 
26 B+ 58 Bt 
27 B◊ 59 Fi 
28 BX 60 b.!, 
29 Bi 61 + 
30 BX 62 BX 
31 8◊ 63 Ai 
32 FS 64 d.!, 

This sequence corresponds to the shaded 
box in the flow chart. The fir st instruction 
here corresponds to instruction 294 in the 
complete ROM chart. 

Page 6/7 

0 
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oliwetti P &D2 Code 

( Tan x ) 

rY 

Set 
Sense Switch 

"M" ON 

rW 

Set 
Sense Switch 

"R" ON 

rV 

Generate 1r/ 2 

Set 
Sense Switch 

"A" ON 

X - Tr/ 2 

fV 

Normalize to 
Quadrant 

( Cos x ) 

ON 

RETURN JUMP 

ON 

20. 1 Date 

( Sinx) 

aw 
Set 

Sense Switch 
"A" ON 

Reset 
Sense Switch 

"A" OFF 

Change sign 
of result 

Page 

eY 

Reset 
Sense Switch 

"R" OFF 

eV 

Reset 
Sense Switch 

"A" OFF 

T Sin x an x = _,,C_o_s_x 

RETURN JUMP 

7/7 
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Title 

Arctan x 

Number of Sides I Lower Oeclmal Wheel I Upper Decimal Wheel 

The evaluation of the ai:.ctangent (principal value) of an argument is based on a 
Chebychev series: If the argument is positive, the result will be negative; if 
it is negative, the result will be negative: 

2 2 2 2 
arctan x = -f- + z (al+ ~o (a3 + ~o (a7 + ~o (a9 + ~o all)))) 

where 1r/8 = 0.392 699 

al = 0.414 213 

a3 = - o. 236 892 

as = 0.243 829 

a7 = -0.297 563 

a9 = 0.376 074 

all = -0.359 1 

and the transformations are: 

z = (v'z+l)y 
( y2 - 1 ) y 

- 1 
+ 1 

y = Ix I if I x I< 1 

1 if I xi >1 

ixT 

0817 

5608 

255 

38 

9 
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1 Ai 
2 B.t, 
3 B* 
4 B-
5 Bt 
6 fS 
7 .i. 
8 BX 
9 Ai 

10 R+ 
11 R+ 
12 RS 
13 RX 
14 R+ 
15 Rt 
16 dS 
17 + 
18 BX 
19 Ai 
20 B* 
21 Bt 
22 BX 
23 B-
24 B+ 
25 B* 
26 Bi 
27 fS 
28 + 
29 BX 
30 Ai 
31 R◊ 

32 Rt 

Series for evaluating Arctan (x) 

33 R* 65 R+ 
34 Rt 66 dS 
35 R◊ 67 + 
36 Rt 68 bX 
37 R+ 69 Ai 
38 Rt 70 R+ 
39 dS 71 R.t. 
40 + 72 R◊ 

41 BX 73 RS 
42 Ai 74 R* 
43 B- 75 R* 
44 B- 76 RX 
45 Bi 77 Rt 
46 Bi 78 R* 
47 B* 79 Rt 
48 B◊ 80 dS 
49 BX 81 + 
50 Bt 
51 Bi 
52 fS 
53 + 
54 BX 
55 · At 
56 R◊ 

57 RS 
58 RX 
59 R-
60 Rt 
61 R.t. 
62 Ri 
63 R+ 
64 R.t. 

This sequence corresponds to the shaded 
box in the flow chart. The fir st instruction 
here corresponds to instruction 413 in the 
complete ROM chart. 

Page 2/3 
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(Arctan x) 

z = IX I 

Set 
Sense Switch 
"M" ON 

dZ 

No 

Set 
Sense Switch 
"R" ON . 

eZ 

T ransformatio 

(v'Z + l)z - 1 
y= -----vz - l)z + 1 

Yes 

Yes 

Code 

dY 

z = 

20.2 

1 
X 

Date Page 

Arctan (x) = 

; - T(y) 

dw 

ON 

OFF 

RETURN JUMP 

134 Instructions 
6 Labels 

3/3 

dv 

change 
sign 

2 Sense Switches 
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Title 

Number of Sides 

X 
e , 

Code 20.3 Date 

Log x, Ln x, Ln 10 

I Lower Decimal Wheel · 

Normalization of Argument of Log 10 X and Ln X 

Page 1/6 

I Upper Decimal Wheel 

In evaluating algorithms, the given argument is first normalized such that 
the significant figures ar··e represented as a decimal fraction: 

E X = x• 10 

LoglO~ 

, 0. I::; X < 1 

The evaluation of the common logarithm of the absolute value of the nor
malized argument xis based on a Chebychev series: 

Log 10 X 

where w 

al = 6.948 711 705 5 

a3 = 2.316 240 44 

as = 7.389 18 

a7 = 1.029 7 

T h -10 he t eoretical error in using this series is of the order 10 • 

After this evaluation, the exponent from the normalization is added: 
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Ln X 

The natural logarithm of the absolute value of an argument is taken from 
the evaluation of the common logarithm: 

Lnlxl =Lnl0Log 10 lxl 

where Ln 10 = 2. 302 585 093 

ex (Natural Antilog) 

The evaluation of the exponential to the base e ( ; 2. 7182 81828) is determined 
from the exponential to the base 10 by the following relationship: 

ex= lO(x LoglO e) = 10 ( L:io) 

Normalization of Argument for 1 Ox 

The given argument is first normalized by separating the integer and 
fractional parts: 

X = E + x, o::;x<l 

1 Ox ( Common Antilog) 

The evaluation of the exponential to the base 10 of the normalized argument 
is based on a Chebychev Series: 

X - ( X ( X ( X X X X 16 
IO - 1 + To al + To a2 + To (a3 + To (a4 + To (a5 + To (a6))))))) 

where al = 1. 439 115 683 ~ 

a2 = 1.035 526 975 

a 3 = O. 496. 747 48 

a 4 = O. 178 719 3 

as= 0.051 484 

a 6 = O.012 35 
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The theoretical error in using this series is of the order 

The result of this evaluation is left in the accummulator while the integer 
part of the original argument is placed in the M register. In this way, 
either a fixed point or floating point result may be obtained using the fol
lowing instructions, respectively: 

Note 

fixed point 

ax shift left 
or rignt 

floating point 

/t join expop.ent 
and mantissa 

In the case of X being a pure integer, the mantissa of the result for the 

routine lOX will not be normalized, so this normalization mµst be performed 
before joining exponent and mantissa with the instruction /l , should a floating 
point result be desired. Both the normalization and joining may be accomplished 
by calling the ROM Label W (see (see NORMALIZE FLOATING POINT 

NUMBER in section 20. 4). Since ex= lOX/Ln 10, the same procedure should 

be used for ex, if X is an exact multiple of the constant Ln 10 = 2. 302585093 

d . h X . use 1n t e e routine. 

Example 

10
11 6Ln 10 13.815510558 e = e 

1 1 1 3 I 8 1 5 S , 0 s s 8 
I • I • 
z AZ 

I • I • 
w liJ 

1 2 100000 I 0 7 1 0 0 0 0 0 0 0 0 0 I 0 
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1 Ar/" 
2 Av 
3 Ar/" 
4 + 
5 Bl 
6 8.1, 
7 
8 
9 B+ 

10 AX 
11 Bt 
12 Ai 
13 R.1, 
14 R* 
15 Rt 
16 RS 
17 d.l, 
18 t 
19 X 
20 Ai 
21 R◊ 

22 R.l, 
23 R* 
24 R◊ 

25 Rt 
26 d.1, 
27 + 
28 BX 
29 X 
30 Ai 
31 R+ 
32 R+ 

Series for evaluating Log
10 

x 

33 RS 
34 R+ 
35 Rt 
36 RX 
37 Rl-
38 Rt 
39 dt 
40 + 
41 BX 
42 X 
43 Ai 
44 R-
45 R-
46 RS 
47 R+ 
48 R.1, 
49 R.1, 
50 R+ 
51 R◊ 

52 R+ 
53 R* 
54 dX 
55 + 
56 BX 

This sequence corresponds to the 
shaded box for Log 

10 
x shown in 

the flow chart. The first instruction 
corresponds to instruction 188 in the 
complete ROM chart. 

Page 4/6 
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1 · lOx·. Series for eva uat1ng 

1 rt 33 R- 65 RX 
2 bi 34 RS 66 Ri 
3 Ai 35 dS 67 R-
4 f.t, 36 + 68 R-
5 + 37 BX 69 Rt 
6 bt 38 Ai 70 RS 
7 39 Rt 71 d.t, 
8 bt 40 R* 72 + 
9 rt 41 R.t, 73 BX 

10 Bt 42 R+ 74 Ai 
11 b.t, 43 R◊ 75 R+ 
12 + 44 R+ 76 Rt 
13 bt 45 R.t, 77 R◊ 

14 B.t, 46 dS 78 RX 
15 Ai 47 + 79 R-
16 f.t, 48 BX 80 R.t, 
17 ax 49 Ai 81 R.t, 
18 Bt 50 R◊ 82 R* 
19 Ai 51 R+ 83 Rt 
20 R- 52 R+ 84 R+ 
21 Rt 53 R+ 85 d.t, 
22 Rt 54 R+ 86 + 
23 R.t. 55 RX 87 BX 
24 RS 56 R* 88 Ai 
25 dS 57 R+ 89 d,l. 
26 ,1. 58 dS 90 + 
27 BX 59 + 91 AX 
28 Ai 60 BX 92 AX 
29 R+ 61 Ai 93 AX 
30 R◊ 62 R- 94 AX 
31 R+ 63 R+ 95 b+ 
32 R.t. 64 R* 96 

This sequence corresponds to the shaded box for lOx 
in the flow chart. The first instruction corresponds to 
instruction 83 in the complete ROM chart. 

Page 5/6 
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( Ln lxl ) 
Code 

(LoglO lxl) 

y 

/y 

Set Sense 
Switch "R" 

ON 

a 

Normalize 

( exponent: bf) 

186 Instructions 
6 Labels 
2 Sense Switches 

ON 

RETURN JUMP 

20.3 

OF 

Date 

( 1;,n 10 J 
1n M 

av 

Set Sense 
Switch "A" 

ON 

aZ 

Generate 
Ln 10 

"O l.' 'T' TT "O 1\T T TT). A' D 

Page 676 

~ ( X ) e 

@ 

ON 

RETURN JUMP 

ON 

fZ 

LoglO I xf = 

(Ln lxl) (Ln 10) 

RETURN JUMP 

Q 
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Title 

Floating+ , Floating - , Floating X , Floating+ 

Number of Sides I Lower Decimal Wheel l Upper Decimal Wheel 

The ROM provides the elementary operations of addition, subtraction, 
multiplication and division upon operands expressed in floating point. 
These operands must be placed in the B and A registers; at the end 
of the operation the original contents of B and A are destroyed and the 
result is left in A. For the non-communative operations of subtraction 
and division the sense of the operation is defined as: 

(A) - (B) ➔ A 

(A) 
TBr ➔ A 

The maximum number of places in the mantissa of the result is 14, and 
if the upper decimal wheel is set to FL, then 14 decimal places will 
result. However, when joined to an exponent of more than one digit, the 
result cannot be stored in a half register. 

Operations on Signs 

Both the signs of the exponent and the mantissa may be operated up.on : 

Scientific Notation: O. mmmm x lQc . 

Floating Print c mmmm 

Operations on Signs: 

At change sign of contents of Accumulator, 
therefore of both c(exponent) and mmmm 
(mantissa) 

at change sign of decimal part of contents of 
accumulator, therefore only mmmm (mantissa) 
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•S.12345 
•S•1234S 

5 1 2 3 4 S 

5•12345 

I 0 
u 
a O 
a f 

a 0 

Print Floating 

Change sign of both exponent and mantissa 
Print Floating 
Change sign of Mantissa 
Print Floating 

NORMALIZE FLOATING POINT NUMBER 

Page 2/4 

An arbitrary floating point number may be normalized by calling the ROM 
Label W: (Exponent must be in register M and b; mantissa in A) 

Normalize 20. 456 X 10 
5 

2 0 • 4 S 6 
5 

7 2 0 4 S 6 

b T 

I • 
w 

a O 

The sequence performed by this call is: 

a+ 
bl 
+ 
l 

bJ, 
/l 

Normalize 123. 987 X 10- 7 

123.H- 7 

- 7 b f 

I• 
w 

•4 12398 aO 

Note that the instruction a+ normalizes a fixed point number in preparation 
for floating point representations. 

THE RESULTS OF ALL ROM FLOATING POINT ROUTINES ARE ALWAYS 
LEFT NORMALIZED. 

Q 
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Complete Routine for Floating Point Operations: 

1 bW 33 /t 
2 At 34 cY 
3 bV 35 R✓ 

4 bt 36 bZ 
5 BJ, 37 r+ 
6 RS 38 bY 
7 CV 39 rt 
8 rt 40 Ri 
9 Ri 41 Bt 

10 bJ. 42 rt 
11 rt 43 bt 
12 J, 44 t 
13 R- 45 rS 
14 AS 46 FY 
15 cw 47 R+ 
16 bt 48 bt 
17 rt 49 BX 
18 b+ 50 w 
19 51 fY 
20 rX 52 R-
21 Bt 53 bt 
22 rt 54 B+ 
23 bi 55 w 
24 B+ 56 cw 
25 /w 57 bJ, 
26 RS 58 Bt 
27 CY 59 BV 
28 r+ 60 cV 
29 bt 61 bJ. 
30 + 62 R✓ 

31 t 
32 bJ, 

This sequence corresponds to the following 
flow chart. The first instruction here corresponds 
to instruction 1 in the complete ROM chart. 

Page 3/4 
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BV 

(Floating -) 

bW 

change sign 
of (A) 

No 

Separate 
characteristic 
and Mantissa 

ADD 

Yes 

RETURN JUMP 

Code 20.4 

(Floating X) 

Yes 

No 

RETURN JUMP 

cW 

Interchange 
operands 

Normalize 

and Join 

Date Page 

(Floating+) 

bZ 

Set 
Sense Switch 

"R" ON 

bY 

Separate 
characteristic 
and Mantissa 

MULTIPLY 

62 Instructions 
10 Labels 

1 Sense Switch 

4/4 

fY 

DIVIDE 
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Title 

Complete ROM 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

1 bW 65 aZ 129 + 193 1 B.l. 257 R◊ 321 BX 385 Ai 449 R+ 
2 Al 66 Ai 130 BX 194 258 RX 322 Bi 386 dJ. 450 Ri 
3 bV 67 Rl 131 Ai 195 259 Ri 323 BX 387 - 451 dS 
4 bl 68 R* 132 R◊ 196 B+ 260 Rl 324 B◊ 388 bi 452 + 
5 B.l. 69 RS 133 R+ 197 AX 261 RX 325 FS 389 Bi 453 BX 
6 RS 70 R- 134 R+ 198 Bi 262 R* 326 bi 390 AS 454 Ai 
7 CV 71 R◊ 135 R+ 199 Ai 263 R+ 327 + 391 DY 455 'b-
8 rl 72 R- 136 R+ 200 R.l. 264 RS 328 BX 392 r+ 456 B-
9 Ri 73 Ri 137 RX 201 R* 265 B+ 329 Ai 393 + 457 Bi 

10 bJ. 74 RS 138 R* 202 Ri 266 R- 330 R- 394 eZ 458 Bi 
11 rl 75 Rl 139 R+ 203 RS 267 d.l. 331 Ri 395 bl 459 ~ 
12 J. 76 di 140 dS 204 dJ. 268 aS 332 Ri 396 A+ 460 B◊ 
13 R- 77 aS 141 + 205 l 269 CY 333 Rl 397 A✓ 461 BX 
14 AS 78 CY 142 BX 206 X 270 a+ 334 R* 398 bX 462 Bt 
15 cw 79 rS 143 Ai 207 Ai 271 rS 335 RX 399 bl 463 Bi 
16 bl 80 F2 144 R- 208 R◊ 272 FV 336 RX 400 B- 464 fS 
17 rl 81 + 145 R+ 209 RJ. 273 337 Rl 401 l 465 + 
18 b+ 82 Jz 146 a.. 210 R* 274 fV 338 D- 402 b.l. 466 BX 
19 83 rl 147 RX 211 R◊ 275 + 339 r"i 403 - 467 Ai 
20 ax: 84 bi 148 Ri 212 Rl 276 Ai 340 + 404 bl 468 R◊ 
21 bl 85 Ai 149 R- 213 d.l. 277 d+ 341 BX 405 + 469 RS 
22 rl 86 f.l, 150 R- 214 + 278 + 342 Ai 406 b+ 470 RX 

0 23 bi 87 + 151 Rl 215 BX 279 RJ. 343 Bt 407 AX 471 R-
24 B+ 88 bl 152 RS 216 X 280 A.l. 344 B+ 408 bi 472 Rl 
25 /W 89 153 d.l. 217 Ai 281 Ai 345 Bl 409 Ai 473 RJ. 
26 RS 90 bl 154 + 218 R+ 282 dJ. 346 B- 410 fJ. 474 Ri 
27 CY 91 rl 155 BX 219 R+ 283 347 BS 411 ax: 475 R+ 
28 a+ 92 Bl 156 Ai 220 RS 284 - 348 BS 412 Bl 476 RJ. 
29 bl 93 b.l. 157 R+ 221 R+ 285 AJ. 349 Bt- 413 Ai 477 R+ 
30 + 94 + 158 Rl 222 Ri 286 350 Bl 414 BJ. 478 dS 
31 l 95 bl 159 R◊ 223 RX 287 AS 351 Bl 415 ~ 479 + 
32 bJ. 96 BJ. 160 RX 224 RJ. 288 FW 352 Fi 416 B,;- 480 bX 
33 97 Ai 161 R- 225 Rl 289 a- 353 bJ. 417 B 481 A 
34 cY 98 fJ. 162 RJ. 226 di 290 fW 354 + 418 fS 482 Rt 
35 R✓ 99 ax: 163 RJ. 227 + 291 AJ. 355 BX 419 J. 483 RJ. 
36 bZ 100 Bt 164 R* 228 BX 292 - 356 Ai 420 BX 484 R◊ 
37 r+ 101 Ai 165 Rl 229 X 293 AX 357 dJ. 421 Ai 485 RS 
38 bY 102 R- 166 R+ 230 Ai 294 Ai 358 + 422 R+ 486 R* 
.39 rl 103 Rl 167 dJ. 231 R- 295 fJ. .359 aS 423 R: 487 R* 
40 Ri 104 Ri 168 + 232 R- 296 ax: ,360 EV 424 RS 488 RX 
41 Bl 105 RJ. 169 BX 233 RS 297 Bl .361 At 425 RX 489 Ri 
42 rl 106 RS 170 Ai 234 R+ 298 Ai 362 eV 426 R+ 490 R* 
43 bl 107 dS 171 dJ. 235 RJ. 299 B- .363 a- 427 Rl 491 Rl 
44 l 108 J. 172 + 236 R,t. 300 B+ 364 /s 428 dS 492 dS 
45 rS 109 BX 173 AX 237 R+ .301 Bi 365 EW 429 + 49.3 + 
46 FY 110 Ai 174 AX 238 R◊ ,302 B◊ 366 R✓ 430 BX 494 rS 
47 R+ 111 R+ 175 AX 239 R+ 303 Bt 367 aw 431 Ai 495 DW 
48 bl 112 R◊ 176 AX 240 R* 304 fi 368 a+ 432 ~ 496 Bt 
49 BX 113 R+ 177 b+ 241 dX 305 J. 369 RV 433 .Bt 497 J. 
50 w 114 RJ. 178 242 + 306 BX 370 eW 434 BX 498 A+ 
51 fY 115 R- 179 R✓ 243 BX 307 Ai 371 rS 435 B- 499 A+ 
52 R- 116 RS 180 fZ 244 b+ 308 R* 372 EY 436 B: 500 B-
53 ~l 117 dS 181 X 245 rS 309 Rl 373 b+ 437 ~ 501 dW 
54 8+ 118 + 182 R✓ 246 CY 310 Ri 374 R✓ 438 Bi 502 /S 
55 w 119 BX 183 /Y 247 r+ 311 . R+ .375 eY 439 fS 503 DV 
56 cw 120 Ai 184 r+ 248 AZ 312 R+ 376 r- 440 + 504 R✓ 
57 bJ. 121 Rl 185 aY 249 rY 313 RJ. 377 bl 441 BX 505 dV 
58 bl 122 R* 186 a+ 250 /+ .314 d* 378 RV 442 Ai 506 Al 
59 BV 123 RJ. 187 bi 251 bl .315 + 379 rZ 443 R◊ 507 R✓ 
60 cV 124 R+ 188 A✓ 252 bJ. 316 BX 380 AS 444 Rl 508 dY 
61 bJ. 125 R◊ 189 A✓ 253 rW 317 Ai 381 DZ 445 R* 509 + 
62 R✓ 126 R+ 190 A✓ 254 r+ 318 B- 382 A,1. 446 Ri 510 t 
63 av 127 RJ. 191 + 255 rV 319 B+ 383 /+ 447 R◊ 511 + 
64 a+ 128 dS 192 Bl 256 Ai 320 B◊ 384 dZ 448 Rl 512 :EZ 
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alivettl P &D2 

Title 

Number of Sides 

METHOD: 
X -X 

sinh x = e - e 
2 

Code 2l. 10 

sinh x 

I Lower Decimal Wheel 

= -½[-1- _ ex ] 
X 

e 

Date Page 

I Upper Decimal Wheel 

SPECIFICATION(S) OR ARGUMENT(S): 

I xi< 34 

LOGIC AND STORAGE: 

1 GENERATED CONSTANT: 
2 WORKING REGISTERS: 

ERROR: 

There is an error ip the 
tenth significant digit. 

-2 
b, B - half registers 

RUNNING TIME: 

6 seconds 

1/1 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A sinh x is left in A 

PROGRAM LISTING: SAMPLE RUN: 

V 
I • 
AZ X s 
IX sinh x 1 • 1 7 S 2 0 1 1 9 3 7 A 0 

i 

• X 
. , s 

sinh x •1 .17S2011936 A 0 
A T 

, ' 3 • 1 4 1 S 9 2 6 S 3 S s 
t 1 1 • S 4 8 7 3 9 3 S 7 1 A 0 



olivetti P &De Code 21.11 Date Page 

Title 

cosh x 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

cosh x = 
X -X 

e + e 
2 

1 
X ] 

e 

SPECIFICATION(S) ON ARGUMENT{S): 

I xt<34 

LOGIC AND STORAGE: 

1 GENERATED CONSTANT: 
2 WORKING REGISTERS: 

ERROR: 

There is an error in the 
tenth significant digit. 

2 
b, B - half registers 

RUNNING TIME: 

6 seconds 

1/1 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A cosh x is left in A 

PROGRAM LISTING: SAMPLE RUN: 

I • V 

AZ 
X , s a X 
cosh x 1 • S 4 3 0 8 0 6 3 4 9 A 0 

• 
• X . , s 

[;J]. cosh x 1 • S 4 3 0 8 0 6 3 4 8 A 0 

' 3 • 1 4 1 S 9 2 6 5 3 5 X s + 
cosh x 1 1 • S 9 1 9 5 3 2 7 S 4 A O 
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Title 

tanh x 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

tanh x = 
X -X 

e - e 
= 

2x 
e - 1 

e2x + 1 
= 1 -

2 

e2x + 1 

The calculations are carried out in floating point to avoid overflow. The answer 
is left in fixed point. 

LOGIC AND STORAGE: 

2 GENERATED CONSTANTS: 
2 WORKING REGISTERS: 

ERROR: 

There is an error in the 
tenth decimal place 

ARGUMENT(S): 

x in A 

PROGRAM LISTING: 

A • 

I • 
AZ 

I • 
~ 

~ 
B ' 
I • 
B V 

~ 
B t 

I • 
82 

1. 1, 1. -2 
b, B - half registers 

RUNNING TIME: 

10 seconds 

FUNCTION(S) OR RESULT{S): 

tanh x is left in A 

SAMPLE RUN: 

V 

X 0 , 5 s 
tanh x 0 , 4 6 2 1 1 7 1 5 7 2 A O 

X 6 s 
tanh x 0 , 9 9 9 9 8 7 J 1 1 6 A O 

0 , 6 s 
0 , S 3 7 0 4 9 S 6 7 0 A 0 

0 , 7 s 
0 , 6 0 4 3 6 7 7 7 7 1 A 0 

0 , 8 s 
0 , 6 6 4 0 3 6 7 7 0 2 A 0 
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olivattl P &D2 Code 21. 13 Date Page 

Title 

arcsin x 

Number of Sides I Lower Declmal Wheel I Upper Decimal Wheel 

METHOD: 

arcsin x = 2 arctan 2 ] 
- X 

SPECIFICATION(S) ON ARGUMENT{S): 

lxl~ 1 

LOGIC AND STORAGE: 

1 GENERATED CONSTANT: 
2 WORKING REGISTERS: 

ERROR: 

There is an error in the 
tenth decimal place. 

-1 
b, B - half registers 

RUNNING TIME: 

7 seconds 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A arcsin x is left in A 

7r 7r 

2 s arcsin x S 2 
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PROGRAM LISTING: SAMPLE RUN: 

V 

A X 

B f X 0 • 5 s 

~ 
arcsin x 0 I S 2 3 S 9 8 7 7 s 3 A 0 

' X 0 I 1 1 1 s 
A I arcsin x O • 1 1 1 2 2 9 2 1 1 7 A O 

• 
8 ' 

0 s 
R t • 0 I O O O O O O O O O 2 A o 

I • 
R Z • 1 s 
A • a 1 I 5 7 0 7 9 6 3 2 6 6 A 0 

s 
1 • 5 7 0 7 9 6 3 2 6 6 AO 

0 
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Title 

arccos x 

Number of Sides I Lower Decimal Wheel ·I Upper Decimal Wheel 

METHOD: 

arccos x = arcsin x = 7r 

T - 2 arctan ( 
X 

2 
- X 

SPECIFICATION(S) ON ARGUMENT(S): 

I xi $ 1 

LOGIC AND STORAGE: 

2 GENERATED CONSTANTS: 
2 WORKING REGISTERS: 

ERROR: 

There is an error in the 
tenth decimal place 

ARGUMENT(S): 

x in A 

1, 7r/2 
b, B - half registers 

RUNNING TIME: 

7 seconds 

FUNCTION(S) OR REGULT(S): 

arccos x is left in A 
O ~ arcos xc; 1r 
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PROGRAM LISTING: SAMPLE RUN: 

V 

A X 

B T X 0 .S 7 7 s 

CJ] arccos x 0 , 9 5 S 7 4 5 S 4 3 3 A 0 

' X • 0.31 5 s 
AJ arccos x , • a 9 1 2 s 2 9 a 1 o A 0 

• 
B I •0,9999 s 
R ♦ 3 • 1 2 7 4 S O 4 0 0 3 A O 
I • 
RZ • 1 s 
A • 3 • 1 4 1 5 9 2 6 5 3 4 A 0 

I • 
AW 0 s 

1 • S 7 0 7 9 6 3 2 7 0 A 0 

A l 
s 

0 • 0 0 0 0 0 0 0 0 0 2 A 0 

0 



alivatti P &02 Code 2L. 15 Date Page 

Title 

arctanh x 

Number of Sides I Lower Oeclmal Wheel I Upper Decimal Wheel 

METHOD: 

arctanh x = ½ ln {.l + x) 
\ 1 - X 

Note: arcsinh x = arctanh [ ✓l +xx~ 

arccosh x = arctanh [ ✓x2x - 1 
] 

] 

SPECIFICATION(S) ON ARGUMENT(S): 

IX I < 1 

LOGIC AND STORAGE: 

2 GENERATED CONSTANTS: 
2 WORKING REGISTERS: 

ERROR: 

There is an error in the 
tenth decimal place. 

1, 2 
b, B - half registers 

RUNNING TIME: 

6 seconds 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in B arctanh x is left in A 
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PROGRAM LISTING: SAMPLE RUN: 

V 

X 0 , S s 
B f arctanh x 0 • S 4 9 3 0 6 1 4 4 2 A 0 

B i 

~ 
X 0 , 6 s 
arctanh x 0 , 6 9 3 1 4 7 1 8 0 5 A o i 

8 f 0 , 7 s 
• 0 • 8 6 7 3 0 0 5 2 7 7 AO 

e • 
I • 0 • 9 s 
AY 1 • 4 7 2 2 1 9 4 8 9 6 A 0 

~ 0 • q 99 9 9 s f 

+ 6 • 1 o 3 o 3 3 a 2 2 e A 0 

0 



0 

aliveltl P &D2 Code 21.16 Date Page 

Title 

Rectangular to Polar Coordinates 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

For Y I= 0, 

I
R = 

9 = 2 arctan 

For Y = 0, X I= 0, 

For X = Y = 0, R =9 = 0 

SPECIFICATION(S) ON ARGUMENT(S): 

. X and Y arbitrary 

LOGIC AND STORAGE: 

ERROR: 

2 LABELS: 
3 WORKING REGISTERS: 

R is accurate to the Decimal 
Wheel Setting. 8 has an error 
in the 10th decimal place. 

fV, fW 
b, B, c - half registers 

RUNNING TIME: 

6 seconds 

1/2 

ARGUMENT(S) 

X in C/ 
Yin A 

FUNCTION(S) OR RESULT(S): 

R in C/ 
8 in A, - 1r( 9 ~ 1r 
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PROGRAM LISTING: SAMPLE RUN: 

R S V 

F V 

A X X 123,456 s 
b f y •654.321 s 
B t R 6 6 S • 8 6 S 8 6 8 6 0 7 9 C: 0 

C ' 
8 • 1 • 3 8 4 3 1 0 5 9 4 8 A O 

A X 
B • X •951.235 s 
A I y 0 s 
c: I R 9 5 1 , 2 3 S O O O O O O 0 C: 0 

(J 3 • 1 4 1 S 9 2 6 5 3 6 AC-C • 

A I 
b + 0 s 
/ II C s 
R Z 0 • 0 0 0 0 0 0 0 0 0 0 C 0 

A • 0 , 0 0 0 0 0 0 0 0 0 0 AO 

F W 
f V 

9/is/rso 
C l 

R S S 1 o(Z...E 'K IV\ c/ 
F W 
A l lf IV\ A 
C I 

~1~y 
C f V 
/ ti 12 ~ 6 J c/ .:= f2-_ 
AW 

X (Z_,<_d d A :;;.... G -== A~ IV\ vcl.d ,~IA..5. 
A I 

♦ 

f w 

0 



oUvetti P &D2 Code 21. 17 Date Page 

Title 

Polar to Rectangular Coordinates 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

X = R cos tJ 
Y = R sin 8 

SPECIFICATION(sr ON ARGUMENT(S): 

8 must be given in radians. 

LOGIC AND STORAGE: 

2 WORKING REGISTERS: 

ERROR: 

b, B - half registers 

RUNNING TIME: 

There is an error in the tenth 
decimal place in the sin and cos. 

8 seconds 

1/2 

ARGUMENT(S): 

8 in B 

FUNCTION(S) OR RESULT(S): 

Rin C 
Xis left in A 
Y is left in b 
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PROGRAM LISTING: SAMPLE RUN: 

V 

b ' 

I • 8 2 S s 
RV R 0 I S s 
C X X 2 1 I 9 3 9 S 6 4 0 S 6 7 A 0 

b f y 1 1 I 9 8 s 6 3 8 4 7 5 S b 0 

I • 
R W 8 3 6 s 
C X R • 2 s 

X • 1 4 I 9 8 , 2 6 6 , 3 0 9 A O 

y • 3 2 • 7 3 4 7 o 7 3 e , 4 t> 0 

1 4 s 
3 I , 4 , 5 9 2 6 ~ 3 5 s 

• 1 4 • 0 C O O O O O O O 0 A o 
0 • 0 0 0 0 0 0 0 0 2 8 b 0 

1 S 6 s 
1 .2 3 5 6 s 

S 1 • 3 1 6 9 1 3 9 8 8 1 A 0 
1 4 7 • 3 1 7 9 3 6 3 1 9 6 b 0 



0 Complex Valued Functions 

(Real and Imaginary Parts) 



olivetti P &D2 Code 21. 20 Date Page 

Tltle 

e
2 

(Z complex) 

Number of Sides I Lower Declmal Wheel I Upper Decimal Wheel 

METHOD: 

W ( X + iy) X.( + . . ) = e = e cos y 1 sin y 

SPECIFICATION(SO ON ARGUMENT(S): 

x very large will result in overflow 

LOGIC AND STORAGE: 

3 WORKING REGISTERS: 

ERROR: 

There is an error in the 10th 
significant digit. 

B, b, C - half registers 

RUNNING TIME: 

13 seconds 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A 
yin C 

Re [W] in A 
Im [W] in c 
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PROGRAM LISTING: SAMPLE RUN: 

W = e ( X + iy) 

I• V 

AZ 

• X 
X = s 

b I y= 0 s 
C i 

I • 
RV 

Re[W] = 2 • 7 1 8 2 8 1 8 2 8 A 0 
Im [W] = -0.000000000 C 0 

b X 

C f 0 s 
I • 

3 • 1 4 1 5 9 2 6 5 3 6 s 
RW 
b X • 1 • 0 0 0 0 0 0 0 0 0 A 0 

-0.000000000 C 0 

2 s 
0 • 5 2 3 S 9 8 7 7 S 6 s 

6 • 3 9 9 1 1 0 2 9 3 A 0 
3 • 6 9 4 S 2 8 0 S 2 C 0 
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Title 

Z a ( Z complex, a real) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

W = Z a = Ra ( cos a 8 + i sin a 8 ) 

if y -IO; W = (x
2+/)a/l ~OS ratan- 1 

~x
2
+/)½-X)} i sin Eatan- 1 

~x
2~/1½ -x~ 

if y = O; 8 = .;- (1 - 1; I ) 

W = 1.xl a (cos a8+ i sin a8) 

LOGIC AND STORAGE: 

2 LABELS: fY, fw 
4 WORKING REGISTERS: b, B, c, C =half registers 

ERROR: 

Maximum accuracy is 9 
significant digits. For x 
much larger than y, the 
error increases. 

ARGUMENT(S): 

x in C 
yin A 
a in C 

RUNNING TIME: 

25 seconds 

FUNCTION{S) OR RESULT(S): 

Re [W] in A 
Im [W] in c 



olivetti P 602 LI _co_de __ -=:,2..!.,l !,_• !:.2 .:..1 _..J.._o_ate ______ ...J-P_ag_e ____ 2..,_/....,2.___ _ __.I _ 

PROGRAM LISTING: SAMPLE RUN: 

R S 
y W = ( X t iy)a 

F y 

A X 

C X 
I • V 

8 ' 
C £ 

b f 

A X 

z 
• X X = 2 5 s 
C I y= 2 5 s 
C j a= 0 • S s 

B • 
Al 
C t 

I • 
RV Re [w) = 5 • 4 9 3 4 2 0 S 6 9 1 A 0 

C X Im [W] = 2 • 2 7 S 4 4 9 3 0 4 7 C 0 
C f 

C• 

A t 
b f 

I • 

I • s 
RW s 
C X 3.S s 

RZ 
A• 
F W 

·3.1075479500 A 0 
1 • 2 8 7 1 8 8 5 0 7 3 C 0 

f y 

C £ 
s 

R S 
F W 

s 
0 • 7 s 

u 
C f 

I• 

1 • 0 8 6 7 4 1 S 8 3 1 A 0 
0.66S9S60988 C 0 

AW 
X 

A t 

1 • 0 8 6 7 4 1 S 8 3 1 s 
0 • 6 6 S 9 S 6 0 9 8 8 s 

s s • 
, w 

C X 
C I 

•3.1O7S479535 A 0 
1 • 2 8 7 1 8 8 S O 9 4 C 0 

I • 

0 



alivatti P BD2 Code 21.22 Date Page 

Title 

zu (Z, u complex) 

Number of Sides I Lower Oeclmal Wheel I Upper Decimal Wheel 

METHOD: 

Z = X + iy , u = a + ib 

if y -# O; R = ✓· x2 + y-2 

if y = 0, x I O; R = f x I 
if y = X = O; R =8= 0 

W = z u = e u ln Z = e u ( ln R + i 8 ) 

8 = 2 tan - 1 ( R- x) 
y 

7r ( X 8=2 1-x) 

fa + bi) (ln R + i 8) a ln R - b 8 + i (a 8 + b ln R) = e = e 

= ea ln R - b 8 [ cos (a 9 + b ln R) + i sin (a 8 + b ln R) 

LOGIC AND STORAGE: 

2 LABELS: 
5 WORKING REGISTERS: 

ERROR: 

Maximum accuracy is 
9 significant digits. 

fy, fw 
b, B, c, C, d - half registers 

RUNNING TIME: 

25 seconds 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x ind 
yin b 
a inc 
bin c:; 

Re [W] in A 
Im [w] in c 
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PROGRAM LISTING: SAMPLE RUN: 

W = (x + i y) a + i b 

b 1 AY V 
R S b I 
f y d & x= 2 5 s 
A X c: X y= 2 S s 
8 S d I 
d 1 C X a= 0 • 5 s 
AX C S b = 0 s 
8 • t> X 
Al 0 • Re [W] = 5 • 4 9 3 4 2 0 5 6 9 1 A 0 
d I C I Im [W] = 2 • 2 7 5 4 4 9 3 0 4 7 C 0 
d • b X 
t) f C • 1 • 2 3 s 
Ai C J 4. S6 s 
I • I • 
RZ AZ 0 • 1 s 
A • I X 0 • 3 s 
F W C I 
f y 

C ' 0 • 6 S 2 7 8 2 8 6 3 2 A 0 
d 1 I • 0 • 4 4 3 2 1 3 0 1 S 6 C 0 
R S RV 
f w C X 0 • 6 S 2 7 8 2 8 6 3 2 s 
A & C I 0 • 4 4 3 2 1 3 0 1 S 6 s 
d I I • 
d t RW s 
I • C X - 3 s 
AW 

X 1 • 2 3 0 0 0 0 0 0 5 0 A 0 
A I 4 • S 6 0 0 0 0 0 0 2 3 C 0 
• 

f w 2 • 7 1 8 2 8 1 8 2 8 5 s 
d t 0 s 
I • 

0 s 
1 • S 7 0 7 9 6 3 2 6 8 s 

0 • 0 0 0 0 0 0 0 0 0 2 A 0 .Q 1 • 0 0 0 0 0 0 0 0 0 0 C 0 



olhretti P &D2 I Code 21.23 Date Page 

Title 

Ln ( Z) ( Z complex) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

W = ln ( Z) = ln ( R) + i 8 

For y I O ; R = ~x 
2 + y 2 

-1 [ R - x ] 8 = 2 tan y 

For y = 0; R = Ix I 
8=; 0-~) 

SPECIFICATION(S) ON ARGUMENT(S): 

z I o 

LOGIC AND STORAGE: 

2 LABELS: 
3 WORKING REGISTERS: 

ERROR: 

· There is an error in the 
10th significant digit. 

fY, eY 
b, B, c - half registers 

RUNNING TIME: 

12 seconds 

1/2 

ARGUMENT ( S): FUNCTION(S) OR RESULT(S): 

X in C 

yin A 
Re [w] in A 
Im [ w] in c - 1r ( 8 ~ 1r 
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PROGRAM LISTING: SAMPLE RUN: 

R S 
F y 

W = ln ( x + iy) 
A X 
8 I 

C ' V 
b f 

A X X = 1 s 
B • y= 0 s 
Al 

Re [W] = C I 0.000000000 A 0 
C • Im {W] = -0.000000000 C 0 

Al 
b ♦ - 1 s 
I • 0 s 
RZ 
A • 0.000000000 At 
C I 3 • 1 4 1 S 9 2 6 S 3 C 0 

I • 
AY 6 • 3 9 9 1 1 0 2 9 s 
EV 3 • 6 9 4 S 2 8 0 S s 
f y 

C ' 
2 • 0 0 0 0 0 0 0 0 0 A 0 

Al 0 • S 2 3 S 9 8 7 7 S C 0 
C ♦ 

I• 
AW 

X 

AS 

• 
C I 

I • 
AY 
• y 



0 
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Title 

sin ( Z) ( Z complex) 

Number of Sides I Lower Declmal Wheel I Upper Decimal Wheel 

METHOD: 

W = Sin Z = sin ( x + iy) = sin (x) cos (iy) + sin (iy) cos (x) 

= sin (x) cosh (y) + i sinh (y) cos (x) 

= sin (x) 
eY + e-Y 

[ 2 ] + i cos (x) 
y -y 

[ e - e ] 
2 

SPECIFICATION(S) ON ARGUMENT(S): 

\ y \ very large will result in overflow 

LOGIC AND STORAGE: 

3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

There is an error in the 
10th significant digit. 

ARGUMENT(S): 

x in C 
yin A 

B, b,c - half registers 
(F = 2) 

RUNNING TIME: 

14 seconds 

FUNCTION(S) OR RESULT(S): 

Re [W] in A 
Im [W] in B 
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PROGRAM LISTING: SAMPLE RUN: 

I• 
AZ V 

• X 
b J X = 0 s 

C ' 
y = 0 s 

I • Re [W] = -0.000000000 A 0 RV 
C I 

Im [w] = -0.000000000 8 0 

I• 
RW 0 • S 2 3 5 9 8 7 7 S 6 s 
B f 0 s 

' b t o.soooooooo A 0 
. -0.000000000 B 0 

F t 

B I 0 • 5 2 3 S 9 8 7 7 S 6 s 
8 X s 
AS 
8 I 0 • 1 7 1 S 4 0 3 1 8 A 0 

b • 1 • 0 1 7 7 5 4 0 8 8 8 0 

C X 
0 s 

2 F 0 1 s 

-0.000000000 A 0 
1 • 1 7 S 2 0 1 1 9 3 8 0 



olivetti P &D2 I Code 21.25 Date Page 

Title 

cos (Z) (Z complex) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

W = cos Z = cos ( x + iy) = cos (x) cos (iy) sin (x) sin (iy) 

= cos (x) cosh (y) - i sin (x) sirth (y) 

y -y -y y 
= cos (x) [ e ; e ] + i sin (x) [ e £ e ] 

SPECIFICATION(S) ON ARGUMENT(S): 

IY Ivery large will result in overflow. 

LOGIC AND STORAGE: 

3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

There is an error in the 10th 
significant digit. 

B, b, c - half registers 
(F = 2) 

RUNNING TIME: 

14 seconds 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in C 
yin A 

Re [W] in A 
Im [W] in B 
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0 
PROGRAM LISTING: SAMPLE RUN: 

W = cos (x + iy) 
V 

I• X = 0 s 
AZ y = 0 s 
I X 

Re [W] = 1 • 0 0 0 0 0 0 0 0 0 
b S A 0 

C & Im [W] = • 0 • 0 0 o· 0 0 0 0 0 0 B 0 

I • 
JW 0 • 5 2 3 5 9 8 7 7 S 6 s 
c I 0 s 
I • 
RV 0 • 8 6 6 0 2 S 4 0 4 A O 

8 I 0 • 0 0 0 0 0 0 0 0 0 B 0 

b f o • s 2 3 s 9 e 1 1 s 6 s 
• s 

F t 

8 I 1 • 3 3 6 3 4 7 0 3 0 A 0 

8 X •0.587600597 8 0 

B I 
b • 0 s 
C X 1 s 

2 F 0 1 • S 4 3 0 8 0 6 3 4 AO 
0.000000000 B 0 
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Title 

• 
sinh (Z) (Z complex) 

Number of Sides I Lower Declmal Wheel I Upper Decimal Wheel 

METHOD: 
Z -Z 

W = sinh (Z) = e - e 
2 

X 
( cos r + i sin r) - e- X (cos (-y) + i sin (-r)) e = 2 

X -X X _x 
(y) [ e - e ] + i sin (y) [ e + e ] = cos 

2 2 

SPECIFICATION(S) ON ARGUMENT(S): 

x very large will result in overflow. 

LOGIC AND STORAGE: 

3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

There is an error in the 
10th significant digit. 

B, b, c - half registers 
(F = 2) 

RUNNING TIME: 

14 seconds 

1/2 

ARGUMENT ( S): FUNCTION(S) OR RESULT(S): 

x in A 
yin C 

Re [W] in A 
Im [W] in b 
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PROGRAM LISTING: SAMPLE RUN: 

W = Sin ( X + i y) 

V 

I • 
AZ X = 0 s 
• X y = 0 s 
I) t 

C ' 
Re [W] = -0.000000000 A 0 

I • Im [w] = -0.000000000 b 0 

RV 
C I 1 s 
I • 0 s 
RW 
B I 1 • 1 7 S 2 0 1 1 9 3 A 0 

' -0.000000000 b 0 
l) f 

- 0 s 
r • 1 • S 7 0 7 9 6 3 2 6 8 s 
b I 
0 • 0.000000000 A 0 

C X 1 • 0 0 0 0 0 0 0 O 0 O 0 

b I 

8 X 0 s 
A I 3 • 1 4 1 S 9 2 6 5 3 S 9 s 

0.000000000 A 0 
0.000000000 b 0 

s 
1 s 

0 • 6 3 4 9 6 3 9 1 S A 0 
1 • 2 9 8 4 S 7 S 8 1 b 0 



0 
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Title 

cosh (Z) (Z complex) 

Number of Sides I Lower Decimal Wheel l Upper Decimal Wheel 

METHOD: 

W = cosh (Z) = 
Z -Z e + e-

2 

ex ( cos y + i sin y) + e - x ( cos ( - y) + i sin ( - y) ) 
= 2 

X - X X -X 

= cos (y) [ e ; e ] + i sin (y) [ e 2 e ) 

SPECIFICATION(S) ON ARGUMENT(S): 

I x I very large will result in overflow. 

LOGIC AND STORAGE: 

3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

There is an error in the 10th 
significant digit. 

ARGUMENT(S): 

x in A 
yin C 

B, b, c - half registers 
(F = 2) 

RUNNING TIME: 

14 seconds 

FUNCTION(S) OR RESULT(S): 

Re [wJ in b 
Im [wJ in A 
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PROGRAM LISTING: SAMPLE RUN: 

W = cosh (x + iy) 

V 

X = 0 s 
I • y= 0 s 
AZ 

•X Re [w] = 1 • 0 0 0 0 0 0 0 0 0 b 0 
b I Im [W] = 0 • 0 0 0 0 0 0 0 0 0 A 0 
C ' 

I • 1 s 
RV 0 s 
C I 

I • 1 • S 4 3 0 8 0 6 3 4 O 0 
RW -0.000000000 A 0 
B r 

0 s 
b f 1 • S 7 0 7 9 6 3 2 6 8 s . 
F t -0.000000000 b 0 
b I 

b • 
-0.000000000 A 0 

B X 0 s 
b I 

3 • 1 4 1 5 9 2 6 S 3 5 9 s 
C X 

Al • 1 • 0 0 0 0 0 0 0 0 0 b 0 
• 0 • 0 0 0 0 0 0 0 0 0 A 0 

s 
s 

0 • 8 3 3 7 3 0 0 2 S b 0 
0 • 9 8 8 8 9 7 J O 6 A 0 



0 
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Title 

tan (Z) (Z complex) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

W = tan Z 
sin Z 

= cos z = 
2 sin 2 x + i ( e 2 

Y - e - 2 
Y) 

2 cos 2x. + (e
2

Y + e- 2Y) 
, Where X = (x + iy) 

SPECIFICATION(S) ON ARGUMENT(S): 

I y Ivery large will result in overflow in intermediate steps 
tan (x + iy)-,i as IYI ➔ oo 

LOGIC AND STORAGE: 

3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

There is an error in the 10th 
significant digit. 

ARGUMENT(S): 

X in C 

yin A 

B, b, c - half registers 
(F) = 2 

RUNNING TIME: 

14 seconds 

FUNCTION(S) OR RESULT(S): 

Re[W] in b 
Im [W] in A 
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PROGRAM LISTING: SAMPLE RUN: 

V✓ = tan (x + iy) 

V 

A • 
X = 0 s 

I • y= 0 s 
AZ 

• X Re[W] = -0.000000000 b 0 
b S Im[W] = • 0 • 0 0 0 0 0 0 0 0 0 AO 
C ' 

A • 0. 5 2 3 5 9 8-7 7 5 6 s 
I • 0 s 
RV 
C S 

0 • 5 7 7 3 5 0 2 6 9 b 0 
A • - o • a o o o o o o o o A 0 
I • 
RW 

0 • 5 2 3 5 9 8 7 7 5 6 s 
8 I 

1 s 
b ' 

s 
0 • 2 0 3 1 8 7 6 2 1 b 0 

f o • a s o 9 3 , o 9 2 A 0 
b • 

F t 
0 s 

b S s 
b • 

B • -0.000000000 b 0 
C S 

0 • 7 6 1 5 9 4 1 5 S A O 
C f 

b I 
0 • S 2 3 S 9 8 7 7 S 6 s 

C f 
1 0 s 

A I 

0 • 0 0 0 0 0 0 0 0 3 b 0 
2 F 0 0 • 9 9 9 9 9 9 9 9 7 A 0 

0 
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allwettl P 6D2 I Code 21. 29 Date 

Title 

tan-\Z) (Z complex) 

Number of Sides I Lower Declmal Wheel 

METHOD: 

iw -iw 
-1 e - e W = tan Z where Z = tan W =---.----.--

i(eiw + e-iw) 

i ( 1 - y 
2 

- X 
2 

- 2xi ) W=-2ln 2 2 
(1-y) + X 

.2 (1 - 2 
if X = 0: Re[W] = +- 7r 0-y) 

-2-
II-y2\ 

. 
since 

1r 
Re[W] :5 7r 

--2- < -2- = 

Re[W] 
= 

Im[W] = ! ln I 2 I i 1 - y = ln 
0-y)2 T 

if X -/:- 0: 

Page 

I Upper Decimal Wheel 

and 2iw e = 

2) 1 - y 
(l-y)2 

1 + Zi 
1 - Zi 

7r .f -2- 1 hi >1 

0 otherwise 

\ 1 + x 1 
1 - y 

1/3 

- 1 + X + y 2 2 ] 

= tan-1 [ ~x2 + <x+l)2 ix2 + <x-1)2 

2x 

2 2 ] - 1 + X + y 

_/ 2 2 2 2 
Im[W] = 2.. ln JO-y - x ) +yx 

2 2 2 
0-y) + X 

i 
= T ln 

(l+y)2 + x2 
2 2 {1-y) + X 
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SPECIFICATION(S) ON ARGUMENT(S): 

z I- i 

LOGIC AND STORAGE: 

2 LABELS: 
4 WORKING REGISTERS: 
2 CONSTANT REGISTERS: 

ERROR: 

There is an error in the 10th 
significant digit. 

ARGUMENT(S): 

x in C 

yin B 

fy, fw 
B,. b, C, c - half registers 
( F) = 2, (£) = 1 

RUNNING TIME: 

15 seconds 

FUNCTION(S) OR RESULT(S): 

Re[W] in C 

Im[W] in A 



olhretti P &D2 I Code 

PROGRAM LISTING: 

f ' 
8 • 

C 1 

f ' 
• 

C 1 
R S 
F y 

A X 
b t 

ct 
A X 

C • 
Al 
C t 

A X 

C • 
Al 
C 1 

.8 ' 
A X 
B • , . 
B I 
ci 
C X 
8 • 
b f 

F t 

I • 
RZ 
C 1 

C t 
F W 
, y 

C I 

C l 
C t 
AS 
F W 
I • 
AW 
C f 
f w 

I • 2 
AY • 1 
F t 

21.29 

F 0 
f O 

Date Page 3/3 

SAMPLE RUN: 

W = tan - l (x + iy) V 

X = 0 s 
y= 0 s 

Re[W] = 0 • 0 0 0 0 0 0 0 0 0 C 0 

Im[W] = 0 • 0 0 0 0 0 0 0 0 0 A 0 

s 
0 s 

0 • 7 8 5 3 9 8 1 6 3 C 0 

0 • 0 0 0 0 0 0 0 0 0 A 0 

0 • S 7 7 3 S O 2 6 9 s 
0 s 

• 
0 • 5 2 3 S 9 8 7 7 5 C 0 

0 • 0 0 0 0 0 0 0 0 0 A 0 

0 • 2 0 3 1 8 7 6 2 1 s 
0 • 8 5 0 9 3 7 0 9 2 s 

0 • S 2 3 5 9 8 7 7 5 C 0 

1 , 0 0 0 0 0 0 0 0 0 A 0 

0 s 
0 , 7 6 1 ~ 9 4 1 5 5 s 

0 • 0 0 0 0 0 0 0 0 0 C. 0 

0 • 9 9 9 9 9 9 9 9 7 A 0 

0 s 
, 0 s 

1 • 5 7 0 7 9 6 3 2 6 C 0 

0 • 1 0 0 3 3 S 3 4 7 A 0 



0 
Complex- Valued Functions 

{Modulus and Phase) 
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alhrattl P &D2 I Code 21.50 Date Page 

Title 

Modulus and Phase of Ln (Z) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

ME.THOD: 

= ln ( x + i y) = ln ( r) + i 8 

r = r if y = 0 

if y I 0 

7r X 

"() = 
yO-fxi 

2 -1 ( r- X ) tan --y 

if y = 0 

if y f 0 

R= 
if,p=O (y;;O) 

[ln (r)]
2 + .P

2 if .p IO (y-/; 0) 

e= 
1r ( 1 lnr ) 

2 - Unrl 

2 tan - 1 [ R ; lnr ] 

if ,p = 0 (y = 0) 

if .P I o ( y I o) 

SPECIFICATION(S) ON ARGUMENT(S): 

Z -i 0 

LOGIC AND STORAGE: 

1 LABEL: 
3 WORKING REGISTERS: 
1 SUBROUTINE: 

fy 
b, B, c - half registers 
F✓ 

1/2 



olhrelll P aaa Code 

ERROR: 

There is an error in the 
10th significant digit 

ARGUMENT(S): 

X in C 

yin A 

PRO GRAM LIST ING: 

f l 

R S 
F y 

A X 

B f 
b I 

C ' 

A X 
b ♦ 

Al 
C l 
C • 

B t 

A S 

I • 
RZ 

A • 

f ' 
, y 

C ' 
u 
C I 
C f 

I • 
AW 

X 
Ai 

• 
, I 

F I 
C I 

I • 
AY 

C I 

F I 

21. 50 Date Page 2/2 

RUNNING TIME: 

18 seconds 

FUNCTION{S) OR RESULT(S): 

R inc 
8 in A -7r < 0$; 7r 

SAMPLE RUN: 

X 

y 0 

R 0.000000000 
-0.000000000 

- 1 
0 

3 • 1 4 1 S 9 2 6 5 3 
1 • S 7 0 7 9 6 3 2 6 

•0.989992496 
0 • 1 4 1 1 2 0 0 0 8 

3 • 0 0 0 0 0 0 0 0 0 
1 • S 7 0 7 9 6 3 2 7 

V 

s 
s 

C 0 

A o 

s 
s 

C 0 

A 0 

s 
s 

C 0 

A O 
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Title 

Modulus and Phase of sin {Z) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

i8 eY + e-Y [ eY - e-Y 
Re = sin {x + iy) = sin X { 2 ) + i cos x 

2 
] 

R= 

0= 

I sin XI 

I o -
2 -1 tan 

sin X) 
lsin XI 

[

R - ½sin X (eY + e-Y)] 

½cos X (eY - e-Y) 

if y = 0 

if y -/:. 0 

if y = 0 

if y I- 0 and 

x /; ~ .:!:, k 1r, k = 0, 1, 2 •• 

SPECIFICATION{S) ON ARGUMENT{S)~ 

I ylvery large will result in overflow. 
This routine does not preserve accuracy for x = f + kr(k = 0, 1, 2, ••• ) 
This is due to fact that the value for cos ( 2 I- k,r) will not be exactly zero, 
for all decimal wheel settings, hence this condition cannot be easily tested 
in the arctangc.n.t routine. 

LOGIC AND STORAGE: 

2 _LABELS; 
3 WORKING REGISTERS: 
1 CONST ANT REGISTER: 

fy, fw 
b, B, c - half registers 

(F)= 2 



alhretti P &D2 I Code 

ERROR: 

There is an error in the 
10th significant digit. 

ARGUMENT(S): 

x in C 
yin A 

PROGRAM LISTING: 

R S I• 
f y RZ 
I • A • 
AZ F~ . ) , y 

b t 
C ' 

C ' 
R S 

I • F W 
RV I • 
C t RV 
I • u 
RW C J 
B t R l 

' C f 

t) f I • 
AW 

F f X 

B t A t 
B X • 
B t f w 
b • 

C i 

A X 2 F 0 
b 2 

C T 

8 l 

8 X 

b • 

A J 
C t 

C • 

B t 

21. 51 Date Page 2/2 

RUNNING TIME: 

20 seconds 

FUNCTION(S) OR RESULT(S): 

R inc 
8 in A -11< 85: 1r 

SAMPLE RUN: 

V 

X 0 s 
y 0 s 

R 0.000000000 C 0 

8 0.000000000 A O 

0 • 5 2 3 5 9 8 7 7 S 6 s 
0 s 

o.soooooooo C 0 

-0.000000000 A 0 

•0.S23S987756 s 
0 s 

0 • S O O O O O O O 0 C 0 

3 • 1 4 1 ~ 9 2 6 S 3 A 0 

0 s 
s 

1 • 1 7 5 2 0 1 1 9 3 C 0 

1 • S 7 0 7 9 6 3 2 7 A 0 
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Title 

Modulus and Phase of cos (Z) 

Number of Sides I Lower Decimal Wheel l Upper Decimal Wheel 

METHOD: 

Re
i8 e Y + e -y 

1
. ( e Y - e -Y = COS ( X + i y) = COS X ( 2 ) - Sin X 2 

lcos xi if y = 0 

R= 

½ ✓sin2 x ( ey - e-Y) 
2 

+ cos 2 (eY + e-Y) 
2 

if y f 0 

0 = 

7r [ COS X ] - 1---2 lcos xf if y = ~ 

2 tan-1 [R - ½cos x (ey + e-Y)l 
½ sin x ( e - Y - e y) 

if y f O and x f K 1r; 
(K = O, 1, 2, •• ) 

SPECIFICATION(S) ON ARGUMENT(S): 

I y I very large will .result in overflow. 
This subroutine does not preserve accuracy for x = k1r, (k = 1, 2, ••• ) 
See comment in Subroutine 21. 51 

LOGIC AND STORAGE: 

2 LABELS: 
3 WORKING REGISTERS: 
1 CONST ANT REGISTER: 

ERROR: 

There is an error in the 
10th significant digit. 

fy, fw 
b, B, c - half registers 

(F)= -2 

RUNNING T !ME: 

20 seconds 



olivelti P &D2 

ARGUMENT(S): 

X in C 

yin A 

PROGRAM LISTING: 

R S I • 
F y RZ 

I • A • 

AZ F W 
a X f y 

b t C ' 

C ' I • 

I • RW 
RW R I 
C J C l 

I • R ' 
RV C f 

B t I • 
AW 

b f X 

A I 
F t • 
B t f w 
B X 
A X 

- 2 F o 
B t 

b t 

c X 

A X 
C t 
8 ♦ 

Al 
C l 
C • 

b f 

I Code 21.52 Date Page 2/2 

FUNCTION(S) OR RESULT(S): 

R inc 
fJ in A - 1r < fJ ~ .,,. 

SAMPLE RUN: 

V 

X 0 s 
y 0 s 

R 1 • 0 0 0 0 0 0 0 0 0 C 0 
(J -0.000000000 A 0 

0 • S 2 3 5 9 8 7 7 5 6 s 
0 s 

0 • 8 6 6 0 2 S 4 0 4 C 0 
-0.000000000 A 0 

0 • S 2 3 S 9 8 7 7 S 6 ·s 
s 

1 • 4 S 9 8 2 8 0 1 9 C 0 
•0.414261029 A 0 

0 



alivetti P &D2 Code 21.53 Date 

Title 

Modulus and Phase of tan (Z) 

Number of Sides I Lower Decimal Wheel 

METHOD: 
2y -2y 

Rei8 = tan (x + iy) 

• 2 +·(e -e sin x 1 2 
= 

tan x 
R= 

..?!... (1 _ tan x) 
2 tan x 

2y -2y 
cos 2x + (e ~ e 

if y = 0 

if y-/. 0 

if y = 0 
,. 

0 = 
2 tan -1 [ a~y - s~;:x] 

e - e 
2 

if y-/. 0 

e2y + e-2y 
where a = 2 - cos 2x 

2y + -2y 
b = e 

2 
e + cos 2x 

SPECIFICATION(S) ON ARGUMENT(S): 

Page 

I Upper Decimal Wheel 

I y I very large will result in overflow in intermediate steps. 
rr/28 

tan (x + iy)➔ le as IYl➔ oo 

LOGIC AND STORAGE: 

2 LABELS: 
3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

fy, fw 
B, b, c, - half registers 
(F) = 2 

1/3 



olivetti P 6D2 Code 21.53 Date 

ERROR: RUNNING TIME: 

There is an error in the 10th 20 seconds 
significant digit. 

Page 2/3 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

X in C 
yin A 

R inc 
8 in A - 1r < O :s;1r 

0 
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PROGRAM LISTING: SAMPLE RUN: 

Rei8 = tan (x + iy) 

R S X 
F y V , .. C S 

X 
I • 

0 s 
AZ b t 

y 0 s 
IX B i R 0.000000000 C 0 
b f C t 

8 
C l C S 0 • 0 0 0 0 0 0 0 0 0 A 0 

A • 8 l 

I • I • 0 • 5 2 3 S 9 8 7 7 5 6 s 
RV RZ 0 s 
C I A • 

A • F W 0 • S 7 7 3 S O 2 6 9 C 0 

0 I • f y -0.000000000 A 0 

RW C ' 
B t R S 0 s 

F W 
, s 

b f / it 

. RY 0 • 7 6 1 5 9 4 1 S 5 C 0 

F f C I 1 • S 7 0 7 9 6 3 2 7 A 0 

b I C l 

b • A l 0 • S 2 3 5 9 8 7 7 5 6 s 
B I c I s 
R S C f 

R • I • 0 • 8 7 4 8 5 9 4 9 9 C 0 

B I AW 1 • 3 3 6 4 0 4 2 6 1 A 0 

• X 

Al A I 0 • 5 2 3 5 9 8 7 7 S 6 s 
8 I ♦ 1 0 s 
Ai f w 

' 
0 • 9 9 9 9 9 9 9 9 7 C 0 

B l 1 • S 7 0 7 9 6 3 2 3 A 0 
2 F 0 



0 

0 Complex Number Manipulation 

0 



0 

alivetti P 6D2 

Title 

1 
z 

Code 22.01 Date Page 

(Z complex) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

1 
w = z = 1 

X + iy 
X - iy 
X - iy = X - iy 

2 + 2 X y 

SPECIFICATION(S) ON ARGUMENT(S): 

Z-# 0 . 

LOGIC AND STORAGE: 

2 WORKING REGISTERS: b, B - half registers 

RUNNING TIME: 

2 seconds 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in B 
yin A 

Re [w] in b 
Im [w] in A 
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PROGRAM LISTING: SAMPLE RUN: 

A I V 

A X 
b f X = 0 s 
8 I y= 1 0 s 
A X 

B 1 Re [W] = 0 • 0 0 0 b 0 

B t Im [W]= -0.100 A 0 

R • 
8 I 1 0 s 
8 f 0 s 
b I 

t 0 • 1 0 0 b 0 - -0.000 A 0 

3. 7 5 s 
2 • 9 S s 

0 • 1 6 4 7 2 6 5 5 b 0 
•0,12958488 A 0 

0 



olivetti P &D2 Code 22.02 Date Page 

Title 

Z 
1 
z

2 
(complex) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

LOGIC AND STORAGE: 

3 WORKING REGISTERS: B, b, c - half registers 

RUNNING TIME: 

2 seconds 

1/2 

ARGUMENT(S): 

x1 in C 

FUNCTION(S) OR RESULT(S): 

Y1 in b 

x2 in M 

Y z in B 

Re[W] in A 
Im[W] in b 



olhretti P &D2 I Code 22. 02 Date Page 2/2 

PROGRAM LISTING: SAMPLE RUN: 

C ! 
X 

b Z 

i V 

X 

B I xl s s 
t yl 0 s 
X X2 2 3 s 

y 
0 s ci 2 

X 

B • Re [w] = 115.000 A 0 

b I Im [W] = 0 , 0 0 0 b 0 

C • 
0 s 
6 s 
0 s 

, 2 s 

-12.000 A 0 
0 • 0 0 0 b 0 

2 .3 6 S 8 s 
1.36 S 2 s 
6 • 1 2 5 4 s 
3. 8 6 1 9 s 

9 • 2 1 9 2 0 S 4 4 0 0 0 A 0 

1 7 • 4 9 8 8 7 9 1 0 0 0 0 b 0 

0 



0 
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Title 

(complex) 

Number of Sides I Lower Decimal Wheel l Upper Decimal Wheel 

METHOD: 

X 1 + iy 1 z 1 x 2 + Y 1 2 + i ( Y 1 x 2 - Y2 x1) 
= = 

X 2 + iy2 2 2 
x2 + Y2 

SPECIFICATION(S) ON ARGUMENT(S): 

z 2 I o 

LOGIC AND ST ORA GE: 

4 WORKING REGISTERS: 

ARGUMENT(S): 

x1 in C 

Y
1 

inc 

x
2 

in B 

Y
2 

in b 

B, b, C, c - half registers 

RUNNING TIME: 

2 seconds 

FUNCTION(S) OR RESULT(S): 

Re [W]in B 
Im[WJ in A 
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PROGRAM LISTING: SAMPLE RUN: 

W= 
xl + i y 1 

B l x2 + i Yz V 
C X 
Ct XI= 0 s 
b X 

Y1 = 7 s 
C J 

X2 = 0 s 
i 

Yz = 2 8 s 
X 

C ' Re [W] = 0 • 2 5 0 BO 
C f Im [W] = 0 • 0 0 0 A 0 
R • 

C S 
4 s 

8 X 
0 s 

C • 
2 s 

B r 
0 s 

A X 

b f 2 • 0 0 0 8 0 
AX 0 • 0 0 0 A 0 
b • 

cs 7 • S 6 s . 
C ♦ 2 • 0 3 s 
8 t 3 • 6 S s 
C • 1 • 9 S s 

1.842481751824 B 0 
•0.428175182481 A O 



0 
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Title 

rz ( Z complex) 

Number of Sides 

METHOD: 

w = {z: 

=F 

= + ,& ~ - 1---Y-

I Lower Oecl{Tial Wheel 

+ . ..../R +x 1, 2 

I Upper Decimal Wheel 

To obtain the principal root, an examination of the complex plane 
shows the choice of sign to be as follows: 

+ sgn (y) ✓R 2 X 

where ( _ { + 1 if y) 0 
sgn y) - - 1 if y ( 0 

LOGIC AND STORAGE: 

1 LABEL: 
2 WORKING REGISTERS: 
1 CONST ANT REGISTER: 

ERROR: 

For X much larger than y there 
is a maximum possible err.er in 
the 7th decimal place of Im [w]. 

ARGUMENT(S): 
x in B 
yin b 

fY 
b, B - half registers 
(F = 2) 

RUNNING TIME: 

3 seconds 

FUNCTION(S) OR RESULT(S): 
Re [w] in B 
Im [W] in b 
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PROGRAM LISTING: SAMPLE RUN: 

b ~ W={x°:.iy 
A X 
B t 
A X 

V 

8 ' X = 2 S s 
B t 

R • 
y= 0 s 

A I Re [W] = s.0000000000 B 0 
8 • Im[WJ = 0.0000000000 b 0 
F ♦ 
B i • 2 5 s 
B • 0 s 
Al 
8 I 0.0000000000 8 0 
Al s.0000000000 b 0 
b I 
A S 

0 s 
F V 2 S s 
R S 
F V 3 • 5 3 5 S 3 3 9 0 5 9 8 0 
b £ 3 • 5 3 S S 3 3 9 0 5 9 b 0 
Al 
b I 

2 5 s , y 
2 S s 

5 • 4 9 3 4 2 0 5 6 7 3 8 0 
2 F 0 2 • 2 7 S 4 4 9 3 0 2 8 b 0 

0 
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Title 

u 
Z Recurrence (Z complex; n integral) 

Number of Sides I Lower Declmal Wheel I Upper Decimal Wheel 

This routine performs the following recurrence: 

u = X u - y V n + 1 n n 

V = X V + y u n + 1 n n 

u 1 0 = 

VO = 1 

Zu = U + i V , where U and V are termed harmonic n n n n 
polynomials and the above is a recurrence scheme for 

integral power of a complex number 

In matrix form the algorithm is simply: 

U+l=U V X 
n n n 

V+l=V Uy 
n n n 

Various applications, fr.om Fourier Analysis to extrapolation 

of equally spaced angles result. Some typical examples follow. 

Sine and Cosine of multiple angles: sin(nx) and cosnx 

The above recurrence is identical to the familiar "addition 

formula" used in developing the sine and cosine of multiple 

angles: 

Given, a = sin(x) 
b = cos(x) 
n = 0 

0 

Then: sin [(n + 1)] = a cos(nx) + b sin(nx) 
cos [(n + 1)] = b cos(nx) - a sin(nx) 



olhretti P &D2 Code 22.05 Date 

SPECIFICATION(S) ON · ARGUMENT(S): 

sin (x) and cos (x) must be given as input 

sin (nx) and cos (nx) are then computed for each pass, n, 
through the routine: 

(n = 0, 1, 2, •.• ) 

LOGIC AND STORAGE: 

2 WORKING REGISTERS: 

ERROR: 

Provided that sin (x) and cos (x) 
are given correctly to 10 decimal 
places, then there is no error in 
sin (nx) and cos (nx) until n 50. 

c, C 

Page 2/5 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

sin (x) must be placed in Register b 
cos (x) must be placed in Register B 
Register C must initially contain 1 
Register c must initially contain 0 

sin (nx) is left in Register c 
cos (nx) is left in Register C 

Sine and Cosine Extrapolation: sin (x + x) and cos (x + x) 

Taking two terms~:, in the Maclaurin series for sine and cosine and using 
the appropriate additiona formulas, we obtain: 

sin{x +ax) = a sin x + /3cos x 
n n n 

cos(x +t\x) = a cos x - {3sin x , 
n n n 

where: a= 1 -
(t\x) 2 

2! 

( A x)
3 

(3 = ax -
3! 

SPECIFICATION(S) ON ARGUMENT(S): 

a, (3 , sin' x and cos x must be given as input where ax must 
0 0 

be in radians. sin{x +ax) and cos{x +ax) are then computed 
n n th 

for each pass, n, through the routine. The n argument may 

be written as x + nax. 
0 
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LOGIC AND STORAGE: 

2 WORKING REGISTERS: 
2 CONSTANT REGISTERS: 

ERROR: 

c, C 
(B) = a 
(b) = (3 · 

Provided that x is small, the error remains small even for n very large. 

n 
E(v(v - l) , where v = 

n v-1 

(Ax)
4 

4! 

ARGUMENT(S): 

a must be placed in Register B 
,(3 must be placed in Register b 
sin x must be placed in Register c 
cos x 0 must be placed in Register C 

0 

*if desired one may let a= cosAx 
13 = sin ~x 

FUNCTION(S) OR RESULT(S): 

s in(x +Ax) is left in Register c 
cos(xn ~) is left in Register C 

n 

The routine as it stands would be useful for starting from a 

known.lx, sin x , 
0 

cos x and thus not having to compute cos Ax, sin~x. 
0 

SUMMARY OF TYPICAL USES 

Zn Multiple Angles Extropolation 
Register Argument Result Argument Result Argument Result 

b y sin(x) sin Ax 

B X cos(x) cos AX 

C 0 V 0 sin(nx) sinX Sin(X +n Ax) 
0 0 

C 1 u 1 cos(nx) cosX Cos(X +nAx) 
0 0 
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PROGRAM LISTING: SAMPLE RUN: 
n 

Z Recurrence 
z = (x + i y) 

C ' 
x= 1-245678 B f 

n y= -3.ososos b f 

b S 
, C f 

i 0 C f 

C ' 

X 

t) t V 

zl 1Ul •3,0S0S05 C 0 

Ct Vl 
1.245678 C O 

b ~ 

C: t z2 Ju2 
•7.S99893 C 0 

8 X v2 
•7,753867 C 0 

C ♦ 

C t 23 l u3 
1 4 • 1 8 6 1 8 9 C: 0 

v3 ·32.842336 C 0 

1 1 7 • 8 S 7 1 3 4 C 0 

2.364066 C 0 

1 3 9 • 6 0 0 4 4 2 C 0 
3 6 2 • 4 6 8 6 4 4 Co 

•931.815213 C 0 
8 7 7 • 3 7 1 0 6 3 C ◊ 

•3837.166527 C 0 
• 1 7 4 9 • S 8 S 1 3 ~ C ◊ 

0 
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SAMPLE RUNS(Continued) 

Sine and Cosine of multiple angles Sine and Cosine Extrapolation: 
sin(x+n.1x) cos (x+n.1x) 

x = 0~ 5 = 0. 0087266462 rad 

sin(o. 5) = 0.9999619229 8 ' 
cos(O. 5) = 0.008'26S3SS b t 

sin(l rad) = 0 • 8 4 1 4 7 0 9 8 4 8 D T 0 
0.2588190447 sin(lS ) = C f 

cos(l rad) = 0.5403023059 B r cos(15°) = 0.96592S8264 C ' 0 C f 
C t 

V 
V sin(l5°) = 0 • 2 6 7 2 3 8 3 7 S 6 co 

sin(l rad) = o.u1uo,a41 c ♦ cos(l5°) = 0 • 9 6 3 6 3 0 4 5 3 1 Ct 

cos(l rad) = o.s403023os, c• 
sin(l 5~ 5) = 0.Z7U)7JU3 ct 

0.9092974268 ct cos(lS~ 5) = 0.9612616957 C 0 
sin(Z rad) = 
cos(2 rad) = -0.41614683'4 co 

sin(16~ O) = 0.21401 S3441 c ♦ 

-,in(3 rad) = 0.1411200011 ct cos(l6~0) = 0.958819734S C 0 

cos(3 rad) = -o.9899924'66 co 
0.2923717041 co 

sin(4 rad) = •0.7S680249SZ ct 0.9563047554 C 0 

cos(4 rad) = •0.6536436209 co 
0.3007057988 C 0 

•0.9589242747 C ♦ 0.9537169500 co 
o.2au,211s1 co . 0.3090169936 co 

•0.27941§4983 C ♦ 0.9510565154 C ♦ 

0.9601702866 co 
0.3173046556 co 

0.656986S986 ct 0. 9 4 8 3 2 .3 6 5 4 2 CO 
0.7S390Z2S45 Ct 

0.325S681536 co 
0.9455185744 C 0 

0.3338068583 co 
0 • 9 4 2 6 4 1 4 8 9 8 Co 



0 Forward Recursion 



ollvetti P &D2 

Title 

Code 

X 
e 

22. 10 Date Page 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

Forward recursion: 

x= ~ ~ 
e ~ n! 

SPECIFICATION(S) ON ARGUMENT(S): 

X ~ 34 

LOGIC AND STORAGE: 

1 LABEL: aV 
3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

b, B, c - half registers 
(F)= 1 

RUNNING TIME: 

For Jx_) < 1, there is an error 14 seconds for 1x1 < 1 
in the last decimal place computed 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in b x in b 
x. B e 1n 
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PROGRAM LISTING: SAMPLE RUN: 

V 

C • 

F • 
X 0 , 1 s 

X 
1 , 1 0 5 1 7 0 9 1 8 0 7 S 6 1 

8 ' 
e B O 

av 

' 
X 0 • 0 2 s 

X 1 • o 2 o 2 o 1 3 4 a o 2 6 , 3 B 0 C S e 

F • 
C I 0 • 3 s 
C t 1 • 3 4 9 8 S 8 8 0 7 S 7 S 9 8 B 0 

bX 
8 I •0.123 s 
B • 0 • 8 8 4 2 6 3 6 6 2 S 6 0 8 2 B 0 

8 l 
u • 1 s 
AS 0 • 3 6 7 8 7 9 4 4 1 1 7 1 4 4 8 0 

AV 
1 s 

2 • 7 1 8 2 8 1 8 2 8 4 S 8 9 8 8 0 , F 0 

0 



0 
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Tltle 

sin x 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

SPECIFICATION(S) ON ARGUMENT(S): 

x in radians 

LOGIC AND STORAGE: 

1 LABEL: 
1 GENERATED CONSTANT: 
3 WORKING REGISTERS: 

ERROR: 

2 in the last decimal place 
for)x) < 7r/2 

av 
2 
b, B, c - half registers 

RUNNING TIME: 

10 seconds for )xi < 7r/2 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A sin x is left in B 
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PROGRAM LISTING: SAMPLE RUN: 

A X 
V 

Af 
0 • 7 8 S 3 9 8 1 6 3 3 9 7 4 S s X 

b t 
sin x 0 • 7 0 7 1 0 6 7 8 1 1 8 6 S 7 B 0 B f 

C I 
1 • 0 4 7 1 9 7 S S 1 1 9 6 6 0 X s •V 

sin x o.&6602540378444 B 0 
C ' 

[TI 1 I s 7 0 7 9 6 3 2 6 7 9 4 9 0 s 
1 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 

T 

• 0 • 1 s 
AX 0 • 0 9 9 8 3 3 4 1 6 6 4 6 8 3 B 0 • 
C £ 

0 , 2 s 
C f 

0 • 1 9 8 6 6 9 3 3 0 7 9 S O 6 8 0 R f 

b X 
0 • 3 s 

B I 0 • 2 9 S 5 2 0 2 0 6 6 6 1 3 S B 0 
B • 
B i • 0 , 1 s 
A ' • 0 • 0 9 9 8 3 3 4 1 6 6 4 6 8 3 B 0 
A S 
AV 

1 s 
0 • 8 4 1 4 7 0 9 8 4 8 0 7 9 1 B 0 

0 
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Olivetti P &D2 Code 22.12 Date Page 

Title 

COS X 

Number of Sides I Lower Decimal Wheel r Upper Decimal Wheel 

METHOD: 

Forward Recursion; 00 

COS X = L 
n=O 

LOGIC AND ST ORA GE: 

1 LABEL: aV 

(- l)n x2n 
(Zn)! 

2 GENERATED CONSTANTS: 
3 WORKING REGISTERS: 

1, 2 
b, B, c - half registers 

ERROR: RUNNING TIME: 

-rr 
for lxl ( 2 , error lxJ < ; 10 seconds 

( 2 in last place calculated. 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A cos x in B 
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PROGRAM LISTING: SAMPLE RUN: 

V 

A X 
0 • 7 8 S 3 9 8 1 6 3 3 9 7 4 S s X 

A l 
0 • 7 0 7 1 0 6 7 8 1 1 8 6 S S B 0 COS X 

b l 

~ X 1 • 0 4 7 1 9 7 S S 1 1 9 6 6 0 s 
' o.sooooooooooooo 8 0 COS X 

8 f 
C If 

1 I s 7 0 7 9 6 3 2 6 7 9 4 9 0 av s 
C l • 0.00000000000001 8 0 

~ 
0 • , s 

f 
0 I 9 9 5 0 0 4 1 6 S 2 7 8 0 2 B 0 

• 
A X 0 • 2 s 

0 • 9 8 0 0 6 6 S 7 7 8 4 1 2 S 8 0 • 
C l 
C f 0 • 3 s 
R + 0 • 9 5 S 3 3 6 4 8 9 1 2 S 6 1 B O 

b X 
• 0 I 1 B S s 

B • 
0 • 9 9 S O O 4 1 6 S 2 7 8 0 2 8 0 

B : 
1 s A 1 

0 • S 4 0 3 0 2 3 0 5 8 6 8 1 3 B 0 A S 
AV 



0 
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Title 

sinh x 

Number of Sides I Lower Decimal Wheel 

METHOD: 

Forward recursion 

sinh x = 

00 

I: 
n=O 

2n+l 
X 

(2n+l) ! 

Date 

SPECIFICATION(S) ON ARGUMENT(S): 

lxl s 34 

LOGIC AND STORAGE: 

1 LABEL: aV 
1 GENERATED CONSTANT: 2 

Page 

I Upper Decimal Wheel 

3 WORKING REGISTERS: b, B, c - half registers 

ERROR: 

2 in the last significant 
digit computed. 

RUNNING TIME: 

for lxl < 2, 12 seconds 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A sinh x in B 
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PROGRAM LISTING: SAMPLE RUN: 

A X 
b I 

B f 
V 

C I 

•V 
C & 

X 1 s 
sinh x 1 • 1 7 S 2 0 1 1 9 3 6 4 3 7 7 8 0 

C f 

[] f 
X 0 • 1 s 
sinh x 0 • 1 0 0 1 6 6 7 5 0 0 1 9 8 3 8 0 

• 
A X 

• 
1 0 s 

1 1 0 1 3 , 2 3 2 8 7 4 7 0 2 4 0 0 0 O B 0 

C ' 
C f 

R + 

-, s 
• 1 • 1 7 S 2 0 1 1 9 3 6 4 3 7 7 8 0 

b X 
8 l 

B • 

0 • 0 0 0 0 1 s 
0 • 0 0 0 0 1 0 0 0 0 0 0 0 0 0 B 0 

B i 
u 
A S 
AV 
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Title 

cosh x 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

Forward recursion 

cosh x = ~ 
fm1 

2n 
X 

(2n) ! 

SPECIFICATION(S) ON ARGUMENT(S): 

lxl ~ 34 

LOGIC AND STORAGE: 

1 LABEL: aV 
2 GENERATED CONSTANT: b, B, C - half registers 

ERROR: RUNNING TIME: 

2 in the la st significant 
digit computed 

11 seconds for j x I ( 2 

1/2 

ARGUMENT(S) FUNCTION(S) OR RESULT(S): 

x in A cosh x in B 
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PROGRAM LISTING: SAMPLE RUN: 

A X 

b f V 

A T 
d l 

X , s 
B f cosh x 1 • S 4 3 0 8 0 6 3 4 8 1 5 2 1 B 0 

C • 
X 2 s 

•V cosh x 3 • 7 6 2 1 9 S 6 9 1 0 8 3 4 4 B 0 

C S 

A f 1 0 s 
cl f 1 1 0 1 3 • 2 3 2 9 2 0 1 0 2 4 0 0 0 0 B 0 

• 
AX 0 • 0 0 0 1 s 

, .oooooooosooooo B O 
C l 
C f 

. , s 
R t 1 • 5 4 3 0 8 0 6 3 4 8 1 S 2 1 8 t 
b X 

B I • 0 • S s 
8 • 1 • 1 2 7 6 2 S 9 6 S 2 0 6 3 5 8 0 
8 i 
A S 
AV 

0 



0 

ollvatti P &D2 Code 22. 15 Date P.age 

Title 

(1 + i) k/m 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A forward recursion based on the binomial expansion 
00 

1/2 

( 1 + i)k/m = 1 + ~ [ (-k) (m-k) (2m-k) ••• (n- l)m ] (-i)n 
n=l m 2m 3m nm 

SPECIFICATION(S) ON ARGUMENT(S): 

Ix I ( 1 

LOGIC AND STORAGE: 

2 LABELS: 
1 GENERATED CONSTANT: 
6 WORKING REGISTERS: 

ERROR: 

There is an error in the last 
decimal place calculated. 

ARGUMENT(S): 

-kind 
mine 
-x in E 

aY, aZ 
1 
B, C, E - half registers 
d, D, e - quarter registers 

RUNNING TIME: 

10 seconds for lxl ( O. 1 k ( m 

FUNCTION(S) OR RESULT(S): 

(l+x)k/m is left in B 
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PROGRAM LISTING: SAMPLE RUN: 

A % 
V 

E % 
i 0 • 0 1 s s 
k , 4 s 
m 3 0 s 

A f 
(1 + i) k/m 1 • 0 0 4 6 5 4 2 8 5 4 2 7 1 4 B o 

d l 

s 
t f i 0 • , s 

k s s 

~ m 1 2 s 
' k/m 1 • 0 4 0 5 1 1 6 6 2 0 5 8 9 9 8 0 

B f ( 1 + i) 
C f 

0 • 1 2 s 
D • 1 1 s 
aY , 2 s 
D I 

1 • 1 0 9 4 7 2 4 4 S 6 9 6 1 7 S 0 
• ♦ 

D % 

d • 
0 • 1 25 s 

4 9 s 
E X 

9 0 s 
0 f 

1 • 0 6 6 2 2 7 0 7 5 4 3 3 3 8 8 0 
C X 

R S 

AZ 
B f 

B • 
8 f 
C f 
AY 
•Z 

0 



0 

0 Backward Recursion 

0 
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alhretti P &D2 

Title 

Number of Sides 

METHOD: 

Code 

X 
e 

22.20 

I Lower Declmal Wheel 

Backward Recursion based on series 

X 
e = 

oo n 
X 

nT 
n= 

Date 

SPECIFICATION(S) ON ARGUMENT(S): 

Page 1/2 

I Upper Decimal Wheel 

The number of terms calculated, 17, is sufficient for the range 
Ix I< 1. For Ix I ) 1 more terms are necessary. 

LOGIC AND STORAGE: 

1 LABEL: aV 
2 GENERATED CONSTANTS: 
Z WORKING REGISTERS: 

ERROR: 

Error ( 2 in the last decimal 
place computed 

ARGUMENT(S): 

x in B 

1 7, 1 
b, B - half registers 

RUNNING TIME: 

15 seconds 

FUNCTION(S) OR RESULT(S): 

ex is left in B 
xis left in b 



olivetti P &D2 

PROGRAM LISTING: 

b f 

[] 
' 8 • 

•V 
8 : 
B t 
b X 

l;J] 
• 

B I 
• 

A S 
AV 

I Code 22.20 Date I Page 2/2 

SAMPLE RUN: 

X 
X 

e 

X 
X 

e 

V 

s 
2 • 7 1 8 2 8 1 8 2 8 4 S 9 0 4 8 0 

0 • 1 S 
1 • 1 0 5 1 7 0 9 1 8 0 7 S 6 4 8 0 

0 .2 S 
1 • 2 2 1 4 0 2 7 S 8 1 6 O 1 6 B O 

0 • 3 S 
1 • 3 4 9 8 5 8 8 0 7 S 7 6 0 0 B O 

• 0 • S S 
0 • 6 0 6 S 3 0 6 S 9 7 1 2 6 3 B O 

• 1 S 
0 • 3 6 7 8 7 9 4 4 1 1 7 1 4 4 8 O 



0 

olivetli P &D2 Code 22.21 Date Page 1/2 

Title 

sin x 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A backward re cur sion based on the continued fraction expansion. 

sin x = 
X x 2 2•3 x 2 4•5 x 2 

l+ (2•3 - x
2)+ (4•5 - x

2)+ (6•7 - x
2

)+ 

LOGIC AND STORAGE: 

1 LABEL: 
2 GENERATED CONSTANTS: 
3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ARGUMENT(S): 

x in B 

av 
20, 1 

-b, B, c, - half registers 
(F) = 2 

FUNCTION(S) OR RESULT(S): 

sin x in A 
x in b 
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PROGRAM LISTING: 

A X 
b f 

B I 

[ill 
C f 

R f 
•W 

B ' 
R ♦ 
C I 
F • 

A X 

• 
R S 
AV 
C ! 
C f 

R X 
• 

B • 
AW 
•V 

Ll] 
C I 

• 
b I 
R ♦ 

2 F 0 

I Code 22. 21 Date Page 2/2 

SAMPLE RUN: 

V 

x= 0.01 S 
sin x = 0 • 0 0 9 9 9 9 8 3 3 3 3 4 1 6 A O 

0 • 0 2 S 
0 • 0 1 9 9 9 8 6 6 6 6 9 3 3 3 A 0 

0 • 0 3 S 
0 • 0 2 9 9 9 S 5 0 0 2 0 2 4 9 A O 

0 • 0 4 S 
0 • 0 3 9 9 8 9 3 3 4 1 8 6 6 3 A 0 

0 • 0 5 S 
0 • 0 4 9 9 7 9 1 6 9 2 7 0 6 7 A O 

0 • 1 S 
0 • 0 9 9 8 3 3 4 1 6 6 4 6 8 2 A 0 

0 • S S 
0 • 4 7 9 4 2 S S 3 8 6 0 4 2 0 A 0 

s 
0 • 6 4 1 4 7 0 9 8 4 8 0 7 8 9 A 0 

1 • 0 4 7 1 9 7 S S 1 1 9 6 S 9 S 
0 • 8 6 6 0 2 S 4 0 3 7 8 4 4 3 A O 

1 • S 7 0 7 9 6 3 2 6 7 9 4 8 9 S 
1 • O O O O O O O O O O O O O O A 0 

• 1 .S S 
• 0 • 9 9 7 4 9 4 9 8 6 6 0 4 0 5 A 0 

0 
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Title 

tan x 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A continued fraction expansion with a specified number of terms. 
2 2 7 

tan (x) = X X X X -,-: 3':" s-=- --::r:: . . . 
SPECIFICATION(S) ON ARGUMENT(S): 

X in Radians, XI= 7r -z- + n 7r 

LOGIC AND STORAGE: 

1 LABEL: aV 
2 GENERATED CONST ANTS (19) (Represents Zn-1 where n is 

number terms calculated) 
3 WORKING REGISTERS: b, B, C - half registers 

ERROR: 

For I xi < i- there is an 

error in the last decimal 
place calculated. 

ARGUMENT(S): 

x in A 

RUNNING TIME: 

17 seconds 

FUNCTION(S) OR RESULT(S): 

tan xis left in A 



olivetti P 6D2 I Code 

PROGRAM LISTING: 

A X 
b f 

8 J 

~ 
l 

C f 
a V 

C f 
J 

B l 

A I 
C • 
C 1 

~ 
♦ 

A S 

AV 

b ~ 

C ¼ 

22.30 Date Page 2/2 

SAMPLE RUN: 

V 

X 0 I 1 S 
tan (x) 0 • 1 0 0 3 3 4 6 7 2 0 8 S 4 4 A O 

X 0 .2 S 
tan (x) 0 • 2 0 2 7 1 0 0 3 S 5 0 8 6 7 A O 

0 .3 S 
0 • 3 0 9 3 3 6 2 4 9 6 0 9 6 2 A o 

0 I 4 S 
0 , 4 2 2 7 9 3 2 1 8 7 3 8 1 5 A O 

0 , 5 S 
0 , 5 4 6 3 0 2 4 8 9 8 4 3 7 8 A o 

-0.25 S 
• 0 , 2 5 S 3 4 1 9 2 1 2 2 1 O 3 A O 

1 I 5 7 S 
1 2 5 5 , 7 6 S S 9 1 5 3 1 3 3 O O O A O 

0 , 7 8 S S 
0 , 9 9 9 2 0 3 9 9 0 1 0 S O 4 A o 
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Title 

Arctangent: tan - l (x) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A continued fraction expansion with 19 terms 

tan - l (x) = X 

T-i-
2 

X 

-r.+ 

LOGIC AND STORAGE: 

1 LABEL: 

(2x) 2 

5+ 

2 GENERATED CONSTANTS: 
3 WORKING REGISTERS: 

ERROR: 

There is an error in the last 
decimal place computed for 

X 

ARGUMENT(S): 

x in b 

7+. . . 

AV 
19, 1 
b, B, c - half registers 

RUNNING TIME: 

17 seconds 

FUNCTION(S) OR RESULT(S): 

tan -
1 

(x) is left in A 
X is left in b 
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PROGRAM LISTING: SAMPLE RUN: 

X = 0 I , s 
Arctan (x) = 0 • 0 9 9 6 6 8 6 5 2 4 9 1 1 6 A 0 

A f 

D • 0 I 2 s 
, ' 0 • 1 9 7 3 9 S 5 ~ 9 8 4 9 8 8 A 0 
C f 

A • 0 , 3 s 
a V o • 2 9 1 4 s 6 7 9 4 4 7 7 e 6 A 0 
B S 

C ' 
0 I 4 s 

A t 0 • 3 8 0 S O 6 3 7 7 1 1 2 3 6 A 0 

d ' 

0 • S s 
C J 0 • 4 6 3 6 4 7 6 0 9 0 0 0 8 0 A 0 
C • 

8 • 0 , 6 s 
B f 0 • 5 4 0 4 1 9 S O O 2 7 0 S 8 A o 
C £ 

b X 0 • 7 s 
A X o • 6 , o 7 2 s 9 6 4 3 e 9 2 o A 0 
B f 
A S 0 , 8 s 
AV 0 • 6 7 4 7 4 0 9 4 2 2 2 3 S S A 0 
b £ 

f 0 • 9 s 
0 • 7 3 2 8 1 S 1 0 1 7 8 6 S 1 A 0 

s 
0 • 7 8 S 3 9 8 1 6 3 3 9 7 4 S A 0 



0 

0 Other Algorithms 

0 
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Title 

Exponential Xn 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

The following recursion is used: 

e. 

Yi+ 1 = [X.] 1 Y. ( e. = 0, 1) 
1 1 1 

xi+ = X.2 
1 1 

y = 1 
0 

X = X 
0 

SPECIFICATION(S) ON ARGUMENT(S): 

n is a non-negative integer. 

LOGIC AND STORAGE: 

2 LABELS: 
2 GENERATED CONSTANTS: 
2 WORKING REGISTERS: 

ERROR: 

If the full result does not exceed 
the D. W. S., there is no error. 
Error depends on number of mul
tiplications where result exceeds 
D. W. S. 

aV, aW, bV 
1, 2 
C, D - half registers 

RUNNING TIME: 

Depends on n. For n ( 300, 
running time is less than 
6 seconds. 

1/2 

ARGUMENT ( S): FUNCTION(S) OR RESULT(S): 

X in A 
n in C 

Xn is left in D 



olhretti P &D2 ~d_e ___ 2_2_._5_0_...1.-o_a_te ______ __,___Pa_ge ____ 2_/_2_---J 

PROGRAM LISTING: SAMPLE RUN: 

Cl) l 
D T 

bV 
C i 

ITI1 T 

/ t 

R I 
R S 
AV V 
R l X 1 • 0 1 s 
D t n 3 0 0 s n 

1 9 • 7 8 8 4 6 6 2 6 1 9 2 O 2 O C X X D O 
D 1 
R I X 2 s 
•V n 1 8 s 
R ' 

n 2 6 2 1 4 4 • 0 0 0 0 0 0 0 0 0 O O O O O {) 0 X 

R S 
AW X 3 s 
C i n 2 s n 

9 • 0 0 0 0 0 0 0 0 0 0 0 0 0 O A X X D 0 

8 V 
aw 

0 



0 

0 Real-Valued Functions 

0 



0 

alhratti P &D2 Code 23. 10 Date Page 1/2 

Title 

Gauss Hypergeometric Series 
2

F 1 ( a, (3; Y; x) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

a ( a + 1) • • • ( a + n-1) /3 ( f3 + 1) • • • ( /3 + n- 1) 

Y ( Y + 1) • • • ( Y + n- 1) 

SPECIFICATION(S) ON ARGUMENT(S): 

Jxl < 1 

LOGIC AND STORAGE: 

2 LABELS: 
6 WORKING REGISTERS: 
1 CONST ANT REGISTER: 

ERROR: 

In general there is an error 
in the last place calculated. 

av, aw 
b, B, c, C, d, D - half registers 

(F) = 1 

RUNNING TIME: 

Depends on size of x 

n 
X 

n! 

ARGUMENT ( S): FUNCTION(S) OR RESULT(S): 

ain b 
f3 in B 

Yin C 
x in D 2 F 1 ( a, /3 ; Y ; x) is left in d. 

x is left in D. 



alhretti P &D2 I Code 23. 10 Date Page 2/2 

PROGRAM LISTING: SAMPLE RUN: 

A • 
F • 
d f 

V 
C f 
aw l s a 
~ X /3 1 s 
8 X y 2 s 
C f X • 0 • 5 s 
C t 

2 
F 

1 
( a , /3 ; y ; x) 0 • 8 1 0 9 3 0 2 1 6 2 1 6 3 3 d 0 

D X 
R S a 0 • 5 s 
AV 

/3 1 s 
d I 

y , • 5 s 
d • X 0 • 0 1 s 
d f 

2 
F 

1 
( a , f3 ; y ; x) 1 • 0 0 3 3 5 3 4 7 7 3 1 0 7 3 d 0 

b f 

F • 0 • 5 s 
8 f l s 
• 1 • 5 s 

B I 0 • 2 5 s 
b I 1 • 0 9 8 6 1 2 2 8 8 6 6 7 9 9 d 0 
C I 

• 0 • 5 s 
C l 0 • 5 s 
C l 1 • 5 s 
• 0 • 2 5 s 

C S 1 • 0 4 7 1 9 7 5 5· l 1 9 6 4 9 d 0 
Aw 
av 

0 



olivatti P &D2 Code 23. 11 Date Page 

Title 

Confluent Hypergeometric Function 1 F 1 (a; f3; x) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

a(a+I). •. (a+n-1) 

/3 ( /3 + 1) • • • ( /3 + n- 1) 

n 
X 

n! 

LOGIC AND STORAGE: 

2 LABELS: 
5 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

av, aw 
b, B, c, C, d - half registers 
F = 1 

RUNNING TIME: 

1/2 

The error varies with the 
number of terms of the series 
computed. 

Varies with the number of 
terms computed. 

ARGUMENT(S): 

ain b 
/3in B 

X ind 

FUNCTION(S) OR RESULT(S): 

1 F 
1 

( a ; /3 ; x) is le£ t in C 



olivetti P 602 I Code 23. 11 Date Page 2/ 2 

PROGRAM LISTING: SAMPLE RUN: 

A • 
F • V 

C f 
C f a 1 s 
aw (3 2 s 
b X X 1 • 4 s 
8 t l F 1. ( a ; (3; x) 2 • 1 8 2 2 8 S 6 9 0 6 0 3 1 9 C o 
C f 

d X a 0 • S s 
R S (3 , • s s 
AV X -0.049 s 
cs 1 

F 
1 

( a ; (3; x) 0 • 9 8 3 9 0 3 9 9 1 9 7 6 3 7 C 0 

C • 
C i , • 1 s 
b t 2 • 2 s 
F • 1 • 4 s 
b t 2 • 1 7 1 6 0 4 1 9 8 2 8 8 8 0 C 0 

8 t 

• s 
8 t s 
C I • 0 • 7 s 
• 0 • 4 9 6 S 8 S 3 0 3 7 9 1 4 O C 0 

C S 

AW s 
•V 1 s 

1 s 
1 F O 2 • 7 1 8 2 8 1 8 2 8 4 S 8 9 8 C 0 



0 

alivetti P 6D2 Code 23.12 Date 

Title 

Bessel Functions of Integer order J (x)· n 

Number of Sides I Lower Declmal Wheel 

METHOD: 

A backward recursion based on the Taylor series: 

00 

~ 
k=O 

k 
( ~) - 4 

1 

k! (n + k) 

Page 1/2 

I Upper Decimal Wheel 

20 terms are calculated. For faster but less accurate routines, the first 
number generation should be changed to a lower number. 

LOGIC AND STORAGE: 

4 LABELS: 
2 GENERATED CONSTANTS: 
4 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

There is an error in the last 
decimal place calculated. 

ARGUMENT(S}: 

n in A, X in C/ 

bV, rV, cW, bZ 
20, 2 
b, B, c, C - half registers 
f = 1 

RUNNING TIME: 

About 40 seconds. 

FUNCTION(S} OR RESULT(S}: 

J (x) is left in C 
n 



al hrelti P &D2 

PROGRAM LISTING: 

• 
c I 
C f 

aTI 
♦ 

AX 
A I 
b f 

8 I 
b V 

8 X 
C ♦ 

C ♦ 
f • 

C I 

C I 

C i 

R S 

RV 
C I 
8 V 
r V 

C ' 

R S 
BZ 
cw 
C t 
b X 

C + 
C I 
f -

A S 
CW 
bl 

I Code 23.12 Date Page 2/2 

SAMPLE RUN: 

J 1 (x) 

J o(x) 

n 
x 2, 9 

V 

s 
s 

0 I 3 7 s 4 2 7 4 8 1 8 1 3 , 0 C 0 

n 0 

X 2 • 1 

V 

s 
s 

0 I 1 6 6 6 0 6 9 8 0 3 3 1 9 9 C o 

9 S 

1 S 

0 • 0 0 0 0 0 0 0 0 5 2 4 9 2 S C 0 

s s 
5 ~ 

0 • 2 6 1 1 4 0 5 4 6 1 2 0 1 S C 0 

0 S 

4 .5 S 
• 0 • 3 2 0 5 4 2 5 0 8 9 8 5 1 3 C 0 



olivetti P 602 Code 23. 14 Date Page 

Title 

Kelvin Function, Zero Order ber (x) 

Number of Sides I Lower Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

00 

ber (x) = L 
n = 0 

4n 
(-l}n ( ~) 

2 

[(2n)!]
2 

LOGIC AND STORAGE: 

1 LABEL: 
1 GENERATED CONSTANT: 
3 WORKING REGISTERS: 

av 
1 

I Upper Decimal Wheel 

b, B, c - half registers 

ERROR: RUNNING TIME: 

There is an error in the last 
decimal place calculated. 

6 seconds at x = 1. 

1/2 

ARGUMENT(S): 

x in A 

FUNCTION(S) OR RESULT(S): 

her (x) is left in B 



ollvetti P 6D2 I Code 23. 14 Date Page 2/2 

PROGRAM LISTING: SAMPLE RUN: 

f + x= 0 I 1 s 
A X ber (x) = 0.99999843750006 8 0 

A X 

A l 0 I 2 s 
b l 0,99997500001736 B 0 

~ 0 I 3 s 
' B f 0 • 9 9 9 8 7 3 4 3 7 9 4 4 9 4 B t 

CI 

•V 0 I 4 s 

' 
0 I 9 9 9 6 0 0 0 0 4 4 4 4 4 4 8. 

C l 
f • 0 • S s 
A X 

0 I 9 9 9 0 2 3 4 6 3 9 9 0 8 4 8 0 

• 
1 s 

C ' 0 I 9 8 4 3 8 , 7 8 1 2 , 3 0 7 8 ♦ 
C t 

R t 
2 s 

+ 
b X 

0 • 7 5 1 7 3 4 1 8 2 7 1 3 8 1 8 0 

B S 
3 s 

8 • 
• 0.22138024959871 8 0 

B S 

A ' 4 s 
A S 

• 2 • S 6 3 4 1 6 5 S 7 2 S 8 7 2 8 ♦ 
AV 

s s 
2 F t •6,23008Z47866640 It 



ollvettl P BD2 Code 23. 15 Date Page 

Title 

Kelvin Function, Zero Order bei {x) 

Number of Sides I Lower Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

bei {x) = :t (-l)n 
n = 0 

LOGIC AND STORAGE: 

1 LABEL: 
2 GENERATED CONSTANTS: 
3 WORKING REGISTERS: 

4n + 2 
(~) 

2 

[(2n + 1)!]
2 

av 
4, 2 
b, B, C 

I Upper Decimal Wheel 

ERROR: RUNNING TIME: 

There is an error in the last 
decimal place computed. 

6 seconds at x = 1 

1/2 

ARGUMENT(S): FUNCTION{S) OR RESULT(S): 

x in A bei x is left in B 



oliwetti P &D2 I Code 

PROGRAM LISTING: 

AX 

~ 
' A X 

A r 
b I 

B f 
CI 

•V 

' C I 

~ 
• 

AX 

• 
C & 
C f 
R t 

• 
b i 
8 I 
8 • 

8 I 
u 
A S 
AV 

23. 15 Date Page 2/2 

SAMPLE RUN: 

V 

x= 0.1 S 
bei {x) = 0 • 0 0 2 4 9 9 9 9 9 S 6 S 9 8 B 0 

0 .2 S 
0 • 0 0 9 9 9 9 9 12 2 2 2 2 3 8 0 

0 .3 S 
0 I O 2 2 4 9 9 6 8 3 s 9 4 1 s 8 • 

0 • 4 S 
o • o 3 9 9 9 e 2 2 2 2 2 9 3 4 e o 

0 • S S 
0 • 0 6 2 4 9 3 2 1 8 3 e 2 2 0 8 o 

1 S 
0 I 2 4 9 5 6 6 0 4 0 0 3 6 6 7 8 • 

2 S 
0 • 9 7 2 2 9 1 6 2 7 3 0 6 6 7 B 0 

3 S 
1 I 9 3 7 5 8 6 7 8 s 2 6 6 0 8 8 0 

4 S 
2 , 2 9 2 6 9 0 3 2 2 6 9 9 2 0 B 0 

s s 
0 I 1 1 6 0 3 4 3 8 1 5 4 9 6 2 8 0 



allvelti P BD2 Code 23. 18 Date 

Title 

Definite integral of the Bessel Function I (x) 
0 

Page 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

f (x) = I (t) dt = 
0 

LOGIC AND ST ORA GE: 

1 LABEL: 

00 

I: 
n = 0 

2 GENERATED CONSTANTS: 
3 WORKING REGISTERS: 

ERROR: 

There is an error in the last 
de cirr:al place computed. 

1 

(n ! ) 2 ( 2n + 1) 

av 
1, 2 
b, B, C 

(~) 
2 

RUNNING TIME: 

2n 

9 seconds at x = 1 

1/2 

ARGUMENT(S): 

x in A 

FUNCTION(S) OR RESULT(S): 

f(x) is left in B 



olhrelti P 6D2 I Code 23. 18 Date Page 2/2 

PROGRAM LISTING: SAMPLE RUN: 

x= 0 I 1 s 
f(x) = 0 I 1 0 0 0 8 3 3 6 4 5 e 9 s 2 B 0 

~ 0 I 2 s 
' 0 I 2 0 0 6 6 7 6 6 7 4 6 0 6 8 B 0 

C f 

A X 0 I 3 s 
b I 0 • 3 0 2 2 5 7 6 0 7 3 2 S 1 0 B 0 
8 T 

•V 0 I 4 s 
C 1 o • 4 o s 3 6 s 4 3 s 1 1 e 3 9 8 0 

X 

C I 0 I s s 

rJ 0 • 5 1 0 S 1 4 8 0 8 7 9 7 3 7 B 0 
T 

I s 
• 1 • 0 8 6 5 2 1 0 9 7 0 2 3 S S 8 0 

X 2 s 
X 2 • 7 7 S O O 1 9 0 S 4 2 8 0 4 8 0 
• 

3 s 
C I 6 • 1 6 0 9 6 1 4 9 1 5 0 1 8 0 B O 
• 

b X 4 s 
8 l 1 3 • 7 7 5 2 0 8 8 6 8 0 3 8 2 0 8 0 
B • 
8 I s s 
Ai 3 1 • 8 4 8 6 6 7 7 7 6 1 6 7 3 0 8 0 
A S 
AV • 1 s 

• 1 I O 8 6 s 2 , 0 9 ' 0 2 3 5 s B o 

0 



olivatti P &D2 Code 23. 19 Date Page 

Title 

Dilogarithm. 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

f(x) = I: 
n = 1 

O-x)n 
2 = 

n 

ln(t) 
t-1 

SPECIFICATION(S) ON ARGUMENT(S): 

0 X 2 

LOGIC AND STORAGE: 

1 LABEL: aV 

dt 

. 3 WORKING REGISTERS: b, B, c - half registers 
1 CONSTANT REGISTER: 

ERROR: RUNNING TIME: 

1/2 

There is an error in the next 45 seconds at x = 1. 5 
to last decimal place calculated. 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A f(x) is left in B 



olhratti P &D2 I Code 23. 19 Date Page 2/2 

PROGRAM LISTING: SAMPLE RUN: 

V 

X = 0.S s 
f(x) = 0 • 5 8 2 2 4 0 S 2 6 4 6 4 6 7 B 0 

0 • 6 s 
F • 

0 • 4 4 9 2 8 2 9 7 4 4 7 1 0 3 B 0 

A % 
0 • ' s 

C f 
0 • 3 2 6 1 2 9 S 1 0 0 7 S 3 3 8 0 

I 
b f 

0 • 8 s B T 
0 • 2 1 1 0 0 3 7 7 5 4 3 9 5 9 8 0 

• V 

C ' 0 • 9 s 
X 

0 • 1 0 2 6 1 7 7 9 1 0 9 9 3 2 8 0 
C X 
C t s 
F • -o.00000000000000 8 0 
A X 

1 • , s 
c I 

• 0 • 0 9 7 6 0 S 2 3 S 2 2 9 3 4 8 0 
f 

b X , • 2 s 
8 I 

• 0 • 1 9 0 8 0 0 1 3 7 7 7 7 S 3 8 0 
B • 
8 l 

1 • 3 s 
A ! 

•0.2800743337S959 8 0 
A S 
AV 

1 , 4 s 
•0.36S832S775124S 8 0 , F ~ 

1 • S s 
• 0 • 4 4 8 4 1 4 2 0 6 9 2 3 6 3 8 0 



alivetti P &D2 Code 23.20 Date 

Title 

Error Function: Erf (x) 

Number of Sides I Lower Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

erf (x) = 2 
= 

~ 

LOGIC AND STORAGE: 

1 LABEL: av 
-1 

00 

I: 
n = 0 

Page 

I Upper Decimal Wheel 

(- l)n x2n + 1 

n ! (2n + 1) 

1 GENERATED CONSTANT: 
3 WORKING REGISTERS: b, B, c - half registers 

F ={ir 1 CONSTANT REGISTER: 

ERROR: 

The re is an error in the 
last decimal place 
computed. 

RUNNING TIME: 

23 seconds at x = 1 

1/2 

ARGUMENT(S): 

x in A 

FUNCTION(S) OR RESULT(S): 

erf (x) is left in A 



alivetti P 602 I Code 23.20 I Date Page 2/2 

PROGRAM LISTING: SAMPLE RUN: 

~ ' C f 
V 

A • 

x= 0 , 1 s 
X erf (x)= 0 • 1 1 2 4 6 2 9 1 6 0 1 8 2 8 A 0 

A S 
8 T 0 • 2 s 
b I 0 • 2 2 2 7 0 2 S 8 9 2 1 0 4 7 A 0 
•V 

' 0 • 3 s 
C X 0 , 3 2 8 6 2 6 7 5 9 4 5 9 1 2 A 0 
b X 
C f 0 , 4 s 
A t 0 , 4 2 8 3 9 2 3 S S O 4 6 6 7 AO 
d T 

• 0 • 5 s 
A X 0 • S 2 0 4 9 9 8 7 7 8 1 3 0 4 A O . 
C ' 0 • 0 1 s 
C f 0 • 0 1 1 2 8 3 4 1 5 S S 5 8 4 A 0 
R + 
8 I 0 s 
8 • o.00000000000000 A 0 
8 I 
u . , s 
A S • 0 • 8 4 2 7 0 0 7 9 2 9 4 9 7 1 A 0 
AV 

8 ' 
F + 

1 ,7724S38S090SS1 F 0 

0 



0 

alivetti P 6D2 Code 23. 21 Date Page 

Title 

Fresnel Integral: S(x) 

Number of Sides I 'Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A forward recursion based on the expansion: 

7r S{x) = 1x sin ( ; t2 ) dt = T 

LOGIC AND STORAGE: 

1 LABEL: 
2 GENERATED CONSTANTS: 
3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

There is an error in the last 
place calculated. 

t 
n = 0 

av 
3, 4 

2n 
(- l)n (...!...) 

2 
(2n+l) ! (4n+3) 

x4n + 3 

b, B, c - half registers 
(F) = ; 

RVNNING TIME: 

15 seconds at x = 1 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A S(x) is left in B 



olivetti P &D2 

PROGRAM LISTING: 

A X 
B f 
F X 

A • 
b f 

AX 
A t 
b I 

8 X 

A f 
d I 

C T 

f 

B I 
8 • 

•V 
C l 

X 
C I 
A r 
d • 

• 
I 

X 

X 

• 
• 
• 

C I 

t 

b X 

8 I 
8 • 
8 I 
u 
A S 
AV 

I Code 2 3. 21 Date Page 

SAMPLE RUN: 

X 0 • , 
S(x) 0 • 0 0 0 S 2 3 5 8 9 S 4 7 6 1 

0 , 2 
0 • 0 0 4 1 8 7 6 0 9 1 6 1 6 S 

0 , 3 
0 • 0 1 4 1 1 6 9 9 8 O O 6 5 8 

0 , 4 
0 • 0 3 3 3 5 9 4 3 2 6 6 O 6 1 

0 I 5 
0 • 0 6 4 7 3 2 4 3 2 8 6 O o O 

0 • 6 
0 • 1 1 0 5 4 0 2 0 7 3 S 9 4 1 

0 • ] 
0 I 1 ] 2 1 3 6 4 S ] 8 6 3 4 5 

0 I 8 
0 I 2 4 9 3 4 1 3 9 3 0 S 3 9 1 

0 , 9 
0 I 3 3 9 1 1 6 3 4 4 3 9 3 2 1 

1 
0 • 4 3 8 2 S 9 1 4 7 3 9 O 3 o 

2/2 

V 

s 
8 0 

s 
B 0 

s 
B 0 

s 
8 0 

s 
B 0 

s 
8 0 

s 
8 0 

s 
B 0 

s 
8 0 

s 
8 0 

0 



0 

ollwettl P &D2 Code 23.22 Date Page 

Tltle 

Fresnel Integral: C(x) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

X t 2 4 n 
x(- 71'" X ) 

C(x} = i cos ( -f t2 ) dt = 
n = 0 

(Zn)! (4) (4n+ 1) 

L O G.I C AN D S T OR AG E : 

1 LABEL: 
2 GENERATED CONSTANTS: 
3 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

There is an error in the last 
significant digit computed. 

av 
1, 4 
b, B, 2c - half registers 
F = 71'" 

RUNNING TIME: 

13 seconds at x = 1 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in B C(x) is left in A 



alivetti P &D2 I Code 23. 22 Date Page 2/2 

PROGRAM LISTING: SAMPLE RUN: 

B & V 

A X 

AX 
X 0 • , s 

C(x) 0 , 0 9 9 9 9 7 S 3 2 6 2 7 0 8 B O F X 
b l 

0 I 2 
AT s 

d ' 

0 I , 9 9 9 2 1 0 s 7 5 9 4 4 6 8 0 

C f 

B • 
0 I 3 s 

av 0 I 2 9 9 4 0 0 9 1 6 0 S 2 0 5 B 0 

' 0 I 4 s 
C X 

0 I 3 9 7 4 8 0 ' S 9 1 7 2 3 6 
C I 8 0 

AT 
0 I 5 

d • 
s 

0,49234422587145 8 0 

• 
I 0 • 6 s 
X 

0 I s 8 1 0 9 S 4 4 6 9 9 1 6 4 8 0 

X 
0 I 7 s • 0 I 6 s 9 6 s 2 3 S 1 9 0 4 S 2 B 0 

• 
• 0 I 8 s 

C I 
0 I ; l 2 Q ~ 4 1 7 i 8 Y ' 3 2 8 0 

• 
b X 0 • 9 s 
8 I 

0 I 1 6 4 8 2 3 0 2 1 2 7 3 2 1 B 0 

8. , 
8 I 

s 
A& 

0 .1 7 9 8 9 3 4 0 0 3 7 6 8 2 8 0 

A S 
AV 

• 9 • 8 6 9 6 0 4 4 0 1 0 8 9 3 3 F O 



0 

alivatti P &D2 Code 23.23 Date Page 1/2 

Title 

Sine Integral Si(x) 

Number of Sides I Lower Declmal Wheel I Upper Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

Si(x .) = 
0 

(-l)n x2n+l 

(2n+l)(2n+l) ! 

LOGIC AND ST OR AGE: 

1 LABEL: 
2 GENERATED CONSTANTS: 
3 WORKING REGISTERS: 

ERROR: 

For Ix I 1 
There is an error in the 
last decimal place 

ARGUMENT(S): 

x in A 

= 

X f si~ (t) 

av 
1, 2 

0 

dt 

b, B, c - half registers 

RUNNING TIME: 

11 seconds for \ X \ 1 

FUNCTION(S) OR RESULT(S): 

Si(x) is left in B 



oliwetti P &D2 I Code 23.23 Date Page 2/2 

PROGRAM LISTING: SAMPLE RUN: 

~ V 

C T 

A X x= 0.01 s 
A S Si(x) = 0 • 0 0 ~ 9 9 9 9 4 4 4 4 4 6 1 B 0 

8 ' 
t,S 0 • 0 5 s 
•V 0 • 0 4 9 9 9 3 0 S 6 0 7 6 3 7 8 0 

' C X 0 • , s 
C S 0 • 0 9 9 9 4 4 4 6 1 1 0 8 2 8 B 0 

G] 0 • 2 s ' o • 1 9 9 s s 6 o e a s 2 6 2 3 B 0 • 
A X 

• 0 • 3 s 
X 0 • 2 9 8 S O 4 0 4 3 8 0 7 0 S 8 0 

C & 
C t 0 • 4 s 
R t 0 • 3 9 6 4 6 1 4 6 4 7 5 1 3 8 8 0 

bX 
8 t 0 • S s 
8 • 0 • 4 9 3 1 0 7 4 1 8 0 4 3 0 7 B 0 

8 S 
A & 

, s 
AS o • 9 4 6 o a 3 o 7 o 3 6 , 1 a 8 0 

AV 



0 

olivetti P &D2 Code 23.24 Date Page 

Title 

Cosine Integral Cin(x ) 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

A forward recursion based on the series: 

00 

Cin(x.) = -~ 
n=l 

(-l)n.x2n 
(2n) ! 2n 

LOG! C AND ST ORA GE: 

1 LABEL: 

= 

2 GENERATED CONSTANTS: 
3 WORKING REGISTERS: 

ERROR: 

For Ix I ~1 there is an 
error in the last decimal 
place. 

X 

Jo 
0 

av 
(-2), (1) 

cos t) dt 
t 

b, B, c - half registers 

RUNNING TIME: 

11 seconds at x = 1 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x in A Cin(x') is left in B 



olivetti P 6D2 I Code 23. 24 Date Page 2/2 

PROGRAM LISTING: SAMPLE RUN: 

V 
A X 

[[TI x= 0 • 0 1 s 
Cin (x)= 0 • 0 0 0 0 2 4 9 9 9 8 9 S 8 4 8 0 f 

f 

b I 0 • 0 2 s 
D ' o.00009999e33335 8 0 

♦ 

B r 0 • 1 s 
[TI 0,0024989S8S6479 8 0 

' C f 0 • 2 s 
8 • o • o o 9 9 a 3 3 4 a 1 4 o 2 2 8 0 
av 

' 0 • 3 s 
C X 0 • 0 2 2 4 1 S 7 9 3 S 4 6 7 6 B o 
C S 

/ f 0 • 4 s 
• 0 • 0 3 9 7 3 4 2 7 9 4 S 2 6 2 8 0 

• 0 • 5 s 
X 0 • 0 6 1 8 S 2 5 6 3 1 4 8 2 O B 0 
X 

C & 1 s 
C f 0 • 2 3 9 8 1 1 7 4 2 0 O O S 6 8 0 
R + 
b X 1 • 5 s 
B I 0 • S 1 2 3 2 4 4 5 S 8 1 4 3 2 8 0 
B • 
B I 3 s 
u 1 • S S 6 1 9 8 1 6 7 S 6 1 7 0 B 0 
A S 
AV 4 s 

2 • 1 0 4 4 9 1 7 2 3 9 0 8 2 4 B t 



0 

oliwetti P BD2 

Title 

Code 23.50 Date 

Hermite Polynomials H (x) 
n 

Page 

Number of Sides I Lower Declmal Wheel I Upper Decimal Wheel 

METHOD: 

The re cur sion: 

is used with 
H = 0 

-1 
H = 1 

0 

SPECIFICAT°ION(S) ON ARGUMENT(S): 

n>O 

LOGIC AND STORAGE: 

1 LABEL: 
5 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

av 
b, B, c, C, d - ha°If registers 

(F)= 1 

RUNNING TIME: 

For x an integer the polynomials varies with n and x 
are integers, hence exact. Non-
integer x will result in a small error 
for large n. 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

n inc 
x ind 

H (x) is left in b 
n ind x are undisturbed 
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0 
PROGRAM LISTING: SAMPLE RUN: 

F l 
b t 

C • V 
av 
C 1 n 8 s 
8 X 3 s X B ! H (x) 3 6 2 4 0 b 0 
b 1 n 

d X 3 s 
B • s s 
A • 9 4 0 b 0 
b ! 

B r , , s 
C 1 , 0 s 
F • 1 S 3 3 7 3 6 0 2 9 4 7 2 0 0 b 0 
C ! 

C ' 
C • 0 A S 
AV 

F 0 



0 

olhretti P &02 

Title 

Code 23. 51 

Hermite Polynomial 
He (x) 
, n 

Date Page 

Number of Sides I Lower Decimal Wheel I Upper Decimal Wheel 

METHOD: 

The re cur sion: 

Hek + l (x) = XHek( x) - kHek- l ( x) 

S P E C I F I C A T I O N ( S) 0 N A R G U M E N T ( S ) : 

n>O 

LOGIC AND STORAGE: 

1 LABEL: 
5 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

av 
b, B, c, C, d - half registers 
(F) = 1 

ERROR: RUNNING TIME: 

For x an integer the polynomials varies with n and x 
are integers, hence exact. Non-
integer x will result in a small 
error for large n. 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

n in C He (x) is left in b 
x in d n lhd x are undistrubed. 
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PROGRAM LISTING: SAMPLE RUN: 

V 
F ' 
b I n s s 
C • X 3 s av He (x) 1 8 D 0 
C & n 

8 X 1 0 s 
8 I s s 
b ' 179680 b 0 
d X 

8 - 1 0 s 
o I 1 4 s 
8 I 2 2 7 4 6 7 6 6 9 8 9 1 b 0 
C ' 

F • 1 4 s 
c I 1 0 s 
C ' 3 4 8 3 1 4 5 0 0 0 9 3 6 5 bO 
C • 

A S 1 5 s 
A V 1 0 s 
F 0 

2 9 0 9 0 2 6 1 S 9 S 4 7 5 O b 0 

1 0 s 
1 s 

1 2 1 6 b 0 

0 



·Olhretti P &D2 

Title 

I Code 23.52 Date 

Generalized Laguerre Polynomial 
L (a)(x) 

n 

Page 

Number of Sides I Lower Declmal Wheel I Upper Decimal Wheel 

METHOD: 

The re cur sion: 

( a) (a) 
(k + 1) Lk+l (x) = (2k +a+ 1) L~a) (x) - (k +a) Lk _ l (x) 

is used with 

L (a) (x) = 1 
0 

SPECIFICATION(S) ON AB:GUMENT(S): 

n > 2 

LOGIC AND STORAGE: 

1 LABEL: 
6 WORKING REGISTERS: 
1 CONSTANT REGISTER: 

ERROR: 

There is an error in the last 
decimal place calculated for 
n< 10, \al <10, and I xi < 1 • 

av 
b, B, c, C, d, D - half registers 
F = 1 

RUNNING TIME: 

varies with all three arguments 

1/2 

ARGUMENT(S): FUNCTION(S) OR RESULT(S): 

x ind 
a inc 
n in D 

L (a) (X) is left in b 
n 

X, a, and n are undisturbed. 
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PROGRAM LISTING: SAMPLE RUN: 

V 

n s s 
C ' 0 • S s 
cs • 

F • L (a) (x) = 
X 0 • S s 

•0,2437S000000002 b 0 
8 f n 

b I , 2 s 
C f 0 s 
IY , 0 s 
C 1 •9,'10374645930200 b 0 
C • 
8 X 6 s 
B a , s 
C & , s 
F • • 1 • S 1 S 2 7 7 7 1 7 1 1 7 7 S b 0 
C I 

C • 6 s 
C • s s 
d • s s 
b X 7 • 0 3 4 7 2 2 2 2 2 2 2 2 2 S b 0 
8. 
C f 3 s 
b I 2 s 
8 t , s 
D & 2 • 3 3 3 3 3 3 3 3 3 3 3 3 3 3 bO 
C • 

AS 8 s 
AV . 0 • 1 s 

, • 1 s 
F 0 0.2S84SS121S2779 b 0 




