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In het navolgende wordt een samenvatting gegeven van enkele door
de Rekenafdeling van het Mathematisch Centrum in ELAN opgestelde
standaardprogramma’s t.b.v. de EL-X8. Het betreft achtereenvolgens

programa’s voor de berekening van:

polynoom (POL)

entier (ENTIER)
integerdeling (IDI)
machtsverheffing (TTP)
worteltrekking {SQRT)
natuurlijke logarithme (LN)
exponenti8le functie (EXP)
sinusgicosinus (SINg_COS)

arctangens (ARCTAN),

De programma'’s zijn nog niet zo grondig getest, dat ten volle voor

de deugdelijkheid ervan kan worden ingestaan.

Amsterdam, 24 november 1965

F.J.M. Barning.
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standerd-functions nr., 1

"BEGIN®

[-2]
corar (Mc[=1])
A= 2
GOrO (sCYCIE)

fEND?

IBEGIN®

G, P
F, E
garar (Mc[=11)
F = HAIF, E
JuP (&)

S= FyE
Garor (Mc[=1])
F + SCHOLTEN

F = SCHOLTEN, Z

F +
S =

START, CYCLE

POL IN FF

g

i)

F= 0

Goror (Mc[=11)

= 65535

R ¢“ ]
+ 12288

+ O 99
SENDY ENTIER "
F + 4]

MC = Fg P

S==F, E *
F= 0

F + Mc[=5], P

S= =F, E w
SUBC (<ERRORTABIE[11])
F/ MG, P

F= =F w

SUBC (:ENTIER)
F==F
corar (Mci+1])

[y

]
1]

clear OF

teke last coefficient
X argument

+ coefficient

if OF then exit

9 instructions

HALF, SCHOLTEN

argument already integer ?

+HO<F < .57
then entier = + 0
F = .5 integer ?

o9
3 x d38 = Bl 633 720 8%

15 instructions

divisor not integer ?
V dividend not integer ?
take sbsolute value of guotient

entier with correct sign
i2 instructions



" standerd-functions nr., 2

TTPs

EVEN TEST:

IN UL EXPs

END3

CY¥ClE:¢

ENDI ¢

EVEN TEST, LN MUL EXP; END,

MUL, CYCLE, END1

YBEGIN?

F + 0, Z
F= 1

GOro (END)
M= F

F = M[B-5]
F+ 0,%

S = MEB‘=H,9 P
F= 0

coro (sENDT)

S = MB=1}, P
A g «= M{B‘Q]s E
Goro (sLN MUL EXP)

A+ 0,2

GOro (:EVEN TEST)

S+ 0, P
S= =8

S = 313 P
GOTPo (ML)
S+ O0,P
Res (1), E
S = Gg P
suBC (sLN)
F x Mc[=2]
SUBC (:EXP1)
F= = F

B -]

GOrOR (MGM)
F = 13 P
MB=2] = F
F = M(B=5]
Fx F
MB-5] = F
S %* 1, Z
F x MB-2]
M{B=2] =
RUs (1), 2

, GOPO (3CYCIE)

A+ og P
F=

F [/ MEB=~2]

B =

GOIOR (m[‘ﬂ])

YEND® TTP

[
08

"

exponent = 0 ?
then result = 1

take bese

" -0 ?

]

and exponent > 0 ?

" then result = O

3]

exponent not integer ?

" head of exponent = O ?

"
[
2

bl
80
99
n
99

]

Ll
7
a8
)
(il

2
i)

exponent positive ?
take absolute value
abs (exponent) > 31 ?

exponent even ?

if odd, then bese positive ?
in (ebs (base)) :

X exponent

and exponential of that

and inversed if necessary

start cyele with 1 en condition YES
base A (2 A 1

becomes (excepb for the first time)
vase A (2 A (i+1))

this power of base of interest ?

then incorporate it in the resulb
ready ?

" was exponent originally negative ?

ee

"

then invert the result

Lo instructions
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-andard-functions nr, 3

YBEGIN® D26, CO; C1s (2, HALF

F +
F= 0
carar (Mc[-=1])
Ag ng
F==F

MC= F

A= F

RUA (15)
Mc= A

A= F

S= G

F = M0

A *x? 32767
NCRA; Z

A= S

0, &

B o

" m+$+wwn+'
P
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=
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=
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]
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o

o

)

a0
LE)
1]

i
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0

argument = 0 ?
then resulb = + 0

replace x by abs (x)
Dreserve X

isclate

and preserve binary exponent

preserve stack pointer
isolate mantissa in AS

take

the 26 most significant bits
of mantissa in A

and the corresponding
binary exponent in S

restore stack pointer

form complete binaxy exponent
is it even ?

estimate sqrt (a)s
if a > .T12k
then x0= (1 +a) /2

else x0 = 3219 + (3/k) x &

first Newton step:
x1 = (afx0 +x0) / 2

second Newton step:
x = (afx1 +x1) /2
take binary exponent

transform x2 into floating point

restore x :
third Newton steps

x3 = (F/x2 +x2) [ 2



" gtandexrd-functions nr., L

" SQRT continued

D26:
COsz
Cis

HAIF¢

400 000 000*

+ 83 88608 ¥ 125

+ sk 00586 " .080hT5
+ b8 08355 ® .Ti2h

= 65535

+ j " .5

‘END® SQRT " 59 instructions



" gtandard-functions nr. 5

‘BEGIN® CYCLE, LIST, IN X, IN ¥, C1, C3, C5,
LN2, ONE, EPSILON, BIN EXP 4O

LNs F+t 0,5% ,
¥, i = EP?ILDH» P " replace argument O by 2 A (-204T)
= 9 E
N, i = = F ® replace x by abs (x)
= F
RUA (15) " isolate
iofc = A " and preserve binary exponent
= F
A ' 32767 " replace binery exponent
A + BIN EXP L0 " by Lo
S= G
F= A
F+ O " standarize
A= F " and isolate anew
RUA (15) ‘;” binary exponent
irg[a-»‘n ]F+ A ﬂ: add it to former binery exponent
= replace
g "t 30767 ¥ pinery exponent by O
= G
Fs= (%2) " and consider 40 bits of F as fraction
is;i[;] OA " analyse first 27 bits of fraction
CYCIE; RUA (3) " in order to
PLUSA (M[B]), P '
%’9 g = (’0 ) ¥ pring fraction
s GOTO {sCYCIE
ﬁs :%ST " in range sqrt (8/9) < f < sqrt (9/8)
G MA :“ mltiply fraction by appropriate power of 9/8
?Gfamg ' and preserve resulting fraction
MC= F " compute
F = ONE "P] =
F = Mo[=h] "1 =-1£)/
2%
F/ MC (1 + £)
i:lc = F ¥ preserve f1
"X F
MC= F
Fx 5 " compute
F 4 G 20 °
Px MG%-Q] 5 gzlymmal
F+ Cl " £1 square
;’Zx Mc[=2] " result x £1
C= F
G = S Z
Ny PXINY ® appropriate multiple of 1n (8/9)
F + Mc[ 2] " added
F+ INX ® and (1/2) x 1n (9/8) added



" gtanderd-functions nr. 6

" IN continued

LIST:

IN2s

ONE
EPFSILON:
BIN EXP kos

)

M= =F

G = MC[=3]; Z

Fx IN2
F + Mc[-1]

corar (Mcl[=11)

32768
3686k
LikTe
16656
52488
59049
14 59121
38 95640
14 26353
38 95640
12 69752

13 32565

N YL

+ 266 Bik32
= 13 32131
+ 351 25202
+ 5 06966
+ 659 90648
= 671 08863
+ 1
+ 13 10720

'END® 1IN

" take binary exponent
"x In (2)

A15
9 /8)42 x %
9/8) 3 %
9/8 %‘
"1n (9/8) [/ 2=
" 1n (8/9) = =.117783035656
® 4+,200000000002 5+
" +,666666478939
" 4+, 400433275889
" 1n (2) = +.693147180560
" sqrt (8/9) x 2 A 55 = +.339682755868,+17

"2 4 (047) = +.618869R09UTTy~616
bo x @15

Voo
RN
(o2}
g

8 8 8 8

+.588915178282, =1

o
=

* 77 instructions



* standerd-functions nr. 7

'BEGIN® ENPIRE, CO, Ci, C2, C3, Chs C5, C6s CT»
G B, OMEGA, HALF

EXPs F+ 0 _
EXP1s M[B] = F, P
Ny F= =F ¥ gbs (x)
F = 17, P "> kg ?
N, F = M[B]
Y, F = 14bs7 " then replace
Y, S= = M[B+1], P " x by thhT
Y, F= = 1hls7 ¥ with correct sign
FxX LG E " % log (e) => computation of 2/
MJ = Fa P
SUBC (SENTIER1)
A= G " integer rart of x
F = MCc[-2]), 2 " fractional part of x = zero ?
¥, F= 1
Y, GOPO (SENTIRE)
MC= A
F=«=F ¥ compute log (fractional part)
F = HALF; P
F = HALF
Ns F X HALF " pring argument in range =1/2 <x <0
A= 3CT
SUBC (sPOL IN F) " and compute polynomial
Ny FX F " square, if argument was halved
A= Mc[=1] " integer paxt
A+ 1 " corrected for subtraction of 2 X HALF
ENTIRE s U, A + 2048, P
U, A = 2047, E * outside range 2047, +R04T ?
N, JUMP (5)
A= A, P v > o0k7 ?
N, F / OMEGA
N, GOrorR (Mc[-11)
F x (OMEGA
A = 2047
A (15)
A x? = 32767
S= 1
Fx A
corar (Mc[-=1])
Cos = 13 2710k
- Y ¥ +.999999999999
Cls = 13 32131
+ 351 25162 " +,693147180524
23 = 13 93280
+ 32k 9872 ¥ +,240226505508
C3s = 14 60009
+ k2 24865 " +,555040853706 =1
Chs = 15 30010
) + 98 20595 ¥ +,96179504001 -2
C5s = 16 27221
+ 23k 73550 " +,1332563136005-2



" standard-functions nr, 8

" EXP continued

LG E3
OMEGA 3
HALF g

= 17 26494
+ 299 6123
= 17 35842
+ 348 22787
= 12 98901
+ 37h 3164k
+ 6T0 76096
+ 1
N 6555?'

4

‘END* EXP

" +,152132608000y=3

" +,1283763199995 -4

" log (e) = +, 114269504089, +1
"2 A 2047 = +.16158503035Tx+617
" /e

" 60 instructions



" standard-functions nr. 9

C5s

SINsg

JOINT 2

P1c0s
WO OVER PI:z
€03

'BEGIN®

JOINT, PICO, WO QVER PI,

€0, Cl, C2, C3, Clts C5, Gé

S= 0
coro (sJoInr)
MGE Fp P
F= =F

F = PICO, P

F = Mo[-2]
GOTR (Mc[-1])
§= =0

A= =2

F x ™0 OVER PI, P

Fs =F

S+ 0,P

A= O

MC@ FgP

SUBC (sENFIERI )
0, P

G

1

¢ 1, %

NEEHDOONW
+>?W ] %i%ﬁl +

92

2l
¢ (
c Mc[-2]
oR (Mcl-1])

88127

1

13 33057
253 90670

12 97852
- ok k8862
+ 13 3290k
= 319 28613
= 14 31346
+ 316 68077
+ 15 630h5
= 233 86613
= 16 98552
+ 296 17533
+ 17 03815
= 437 50969
= 17 0393k
+ 558 98867

rgrgTas

+

8

‘END? COS

sPQL IN FF)

]

8
o

a0
a8

]

o

L]

11

L]

3

1

[1)

1]

a1

i34

cos wanted

abs (x)

>2 A (=20) ?

otherwise sin (x) = x

sin wanted :

and sin is an odd function
argument positive ?

take absolute value of argument

cos wanted ?
cos is an even function

cos wanted ?

teke the quadrent mumber

cos (x) = sin (x + pife)

2nd or bth quadrant 7
otherwise teke complement

3rd and bth quadrant give extra = sign
store reduced argument with sign of result

compute polynomial in F square

2 A (20) = +.953674316406,=6
2/pl = +.636619772367
+.157079632679y*4

= 645964097498
4079692626122k =1

= 1681753391122
+,160439054240, =3

=4359570801 978y =5

+ 546264060652 =T

48 instructions



ARCTANS

TOGETHER:

Ns

U,
H,

N,

N,

ndard-functions nr. 10

&

‘BEGINY TOGETHER, Cl, (2, C3, Cb, C5, C6s
TG15, T630, PI OVER 6 :

B +

]
]
Pﬂdjwkjﬁgﬁo
g g

= o @
&

gwwmm§w§m
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&
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5707
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o
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-
B}

B X
g
-t
|

b

(RGBT B i <
EE® &
# 9
]
M =
@ o w
™ o

&
o

X
+ Mcf 2]}

= Mc[-1), P
Fs =F

GaoreR (Mc[=1])
+ 13 65333

+ 223 69812

= 13 69702

+ hop 22387
+ 13 99661

= 119 33Th2

= 1h 27237

+ 5T1 Te235

0 v g G

8
o
1
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"
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]
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0
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2
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"
[
21

a0

L4

]

presexrve original sign of x
and replace x by ebsx = abs (x)
preserve absx -

and stert analysiss

gbsx > 1 ?

then replace absx by 1/absx

else restore absx ia F

and change indication appropriately
abs (x) >1 = absx > tg (pi/12) ?
then change indication appropriately
abex > tg (pifi2) ?

then
replace
absx

¥
= 6
fors e 0

preserve indicabion

compute polynomial in F square
X 8bsx square

X absx

indication
>1 1

indication = 0 ?
original sign of x > 0?
=,333333533246
+.199999980477

=, 142855496622
+,1110k707738



" standexd-functions nr. 11

" ARCTAN continued

C53 + 14 03157
= 595 65289 ® =,895216002195,=1
C6s = 14 589
+ 433 906kl ® +,622201788749y~1
152 = 13 0852k
+ 26 69885 " tg (p1/12) = +.2679491 92430
= 13 05990 :
+ 438 L8 " tg (pi/6) = 1/sqrt(3) = +.577350269190
= 13 34909 . .
+ 431 06668 " pi/6 = +.523598775599

YEND* ARCTAN " 57 ingtructions



