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L. D. Fosdick - December 10, 1956 

Midwestern Universities Research Association., Madison, Wisconsin 

PURPOSE 

Given the fixed point fra,ction x, - (1 - 2-35)~ x ~tO, to compute ZX as a' 
fixed point fraction. 

METHOD 

ZX is computed from the series 

12� 
ZX;; L {x loge 2}i� 

i :=: 0 i! 

-35with the leading term in the series taken to be 1 - 2 rather than 1. 

Accuracv: Since the above series is alternating the truncation error must 
be less than (loge2) 13 < 2-35 and is therefore negligible in comparison 

131 
with the errors from other sources. The other sources of error are 
roundoff from the 12 multiplications, each contributing a maximum error 
of 2-36, and the in.itial in.accuracies in the 13 constants. 12 of the con­
stants contribute a maximum_~]ror of 2-36 each and one, namely the 
leading t.erm is in error by Z Hence the total maximum error is 
13 • 2- 35 < 2- 31 . In most cases the error is considerably less than this 
limit sin.ce u.nder the assumption that roundoff errors are randomly and 
UD1Jormly distributed the RMS error from these sources is about fi-2- 35. 
Furthermore if x ~ l/Z it ~an be easily shown that the error from these 
sources never exceeds 2 -3 . 

Range: - (1 - 2- 35 ) ~ .x ~ +0, an error retu.rn. results for x ~ 2-35 . 

USAGE 

Callin.g Sequence: Entry i.s made with x in. the accumulator. 

UA SAP MURASS 

Loc.o Instrt1l.ction Loc. Instruction 

c'.. TSXEXP2 of... BTSX A 4 
0<+ 1 error return ~+ 1 error return 
D<+ 2 normal return a<+ 2 normal return 



-2­

The normal return is made with 2x in the accumulator. The error return 
is made whenever x ~ 2''' 35, with x still in the accumulator. If entry is 
made with X_-c,: + 0 the routine gives 1 - z-35for the exponential. 

Space Required: 

UASAP MURASS 

26 words program at: EXPZ A 
1 word temporary at: COMMON T 

CODING INFORMATION" 

Timing: 4. Z ms. 

The number of terms taken in the exponential series, cited above under 
MElHffi, rmybe reduced to some number N <. 12 by inserting N for the 
integer end constant in location EXP2 + 12, which is now 12. 

For each term removed from the series there will be a saving of O. 34 ms. 
The truncation error will be less than the last term neglected. 
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REM Exo2 MUf?A EX~ONtNTt~, BASE 2 MU !XPz 
EXP2 TZE EXP2+2 TfSt FOR X EOUAL TO ZF~O EXP2 OttO'1 

TPl 1,4 E'XP2 ot)O~ 
SXD 
LXA 

EXP2+12.1 
EXP2+12.1 

'~~VE 1~1 
$£1 TR1=1~ 

tXP2 
~XP2 

ot)O! 
o~n4 

5TO' COMMON EX~2 Of)~5 

CLA EXP2+25.1 FX~? 0006 
LRS 35 lOOP TO SUM FXPON~NTIAL SERrES FXP2 O~07 

~PR COMMO~ EXP2 0008 
ADD EXP2+26.1 EXP2 ~, .. 0009 
TIX EXP2+6.1.1 Lnop TRANSFFR. OUT AFTER 12 P~~$ES EX~2 001" 
lXD tjp~+l2. .1' RF.5TORF. I Rl £XP2 0011 
TRA 2.4 EX~2 0012 
HTf? 12 EXP2 001' 
OCT oooooonOOOOl (lN2) TO THE 12TH/I' F~CTORtAL EXP2 0014 
OCT ooooooon0011 (lN2) TO THE 11TH/l1 FACTORIAL EX D2001' 
OCT 
OCT 

oc,ooon0036~ 

COOOOO~~6651 
tLN2) 
flN2) 

TO 
TO 

THF 
THF. 

10TH/I0 FACTO~tAL 

9TH/9 FACTORIAL 
tXP2 
tXP," 

0016 
oe17 

OCT 
OCT 

noooonl~n54n 

OOO~~177746n 

ftN') 
(lN~' 

TO 
TO 

THE 
THf 

9T~/8 

7TH/7 
FACTORfAL 
~ACTO~tAL 

FXP2 
F-X P 2 

0018 
001 

OCT 
OCT 

00002414110~ 

6002566~777~ 
fLN?-) 
flN2' 

TO 
TO 

THE 
THE 

6TH/6 
5TH/5 

FACTORr~L 

FACTo~rAt 
~XP2 
F.XP2 

t'02ft 
0021 

OCT 002~5452556n (LN" TO THE 4TH/4 FACTORIAL EXP2 O()22 
OCT n16153~21534 
OCT 075'3767'5777~ 

OCT2613441~7671 

(lN7) 
tlN2) 
lN2 

TO 
TO 

THf 
THF 

'~O/~ FACTORIAL 
2ND/2 ,FACTOP TAL 

EXP2 
EXO~ 

EXP2 

002! 
0024 
0025 

OCT 377777771777 1-2 TO T~f Mt~US 35 E"X~2 0026 


