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The basic word length and wordl format a8signed.to a calculator impose 
certain limits an the range and pmcision o:Ip the numbera which the machine 
is to handle. The effect of these l i m f t s  can be minimized by expressing 
the numbers in floatin8 point form and by mrformlng the four elementary 
operations in this mcxle. In addition, both the range and the precirsion 
CQXI be further increase4 by, respectively, maling operations and ex-

gasion (multiple precision) techniquee. me Stretch calculator must have 

these general capabilities. 

We assume, in what S o l l ~ ~ s ,that 55 binary b i t s  auffice for repmsentixq 
a f i n i t e  non-zero nwber (e,m)? and that  a +bit  exponent to the barsa 2 (lalgn a,e) 

coupled weth a 46-bit metntft36a (sign 81,  m) represente a good balance between 
range and. precision. This number format allows %or up to 13.5 significant 
decimal digits in m, Oc m 4 , and, since /e/< E = 256, for 8 large range ,  
represented apprsxfmately by (IOo7?, If' m is in the ram (1/2,1) 
then (ce,m) fe m i &  to be normalized. 

The limits diecu~imedabove lead, at times, to the gemeration of do-
called exceptions, 2. .e * ?  ta the appamrance cbf 0- l ike  and p -like quanti-
ties. ~pecifically exceptton# arise: (1)from complete mantiseea cancellation 
on a d i t i o n  09 truncated numbem, (2)when e becomes large an8 negative 
(underflaw) e Z -E, (3 )  when e becorn0 large and posttive ( o v e r f l w ) ,  e 3 E, 
and (4)  by divaleion by 8 zero-like quantity. It is convenient to identify 
the results of (1) and (2 )  with a tsignlese mathemtical zero$ and the 
remalts of (3 )  ana (4 )  w i u  EL signless rspbol for  in f in i ty .  T M ~ ,meantab 
of coume, that the cancellation of exact numbers and the  division by an 
exact zero a m  thrown fa wfth the exceptions. %?aistar regarded ljcs 
acceptable 

Since arithmtt;ic with exceptione, no matter how theeie and the 
associated arithmetic are define&, may lead to normeme resultfa, it i e  

important that the progranmer be warned of the generation of' exceptioaa 
ana be provided with meane for taking the steps he thinks proper if such 

events take place. 
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We, therefore, euggest tha t  a trigger be asaocia-ted wfth each t x -

ception mc1 tha t ,  if an exception l e  &merat;ed, the corresponding trigger 

i a  set. The etatus of the triggers shall be rsubJec3t to t e s t  by instruction8 
of' the tretnefer type. A t  the prograMI[&er%sptlon, such instructions m y  
a l te r  the triggers tested, L e . ?  reverse, e c t .  or repret the trfggere. 

1x1addition, G break-in register with b i t s  corresponding to the 

triggers l e  recommended, 80 tha t  the progrcurk can a x i t  automatically to a 
f ixed location (one for each exception case) I f  aa exception is generated 
and if the comeeponding b l t  in the break-in register fs present. Xn such 
caws, no triggem are set but the locntion of the inetructlon which gen-
erated the exception i s  transferred to a special regfrster. 

We now &@finearithmetic with the aymbols 0 ,  r;ro and x where x 
b 	 is am arbitrary f i n i t e  non-zero number. The tablere given below eufffce 

for the gurpsrse if subtraction i s  regarded 8s  the addition of a negative 
number and div3kBian $8 the mltigl.lcebtl.on by the recfprocal. For this 
purgsrsa we! aleo leLo[1ba the recipraccstl of fsi and v i m  verara. 

A M ftion 

ff one of the operands tsr 0 o r b  the mehlne ehoula, of C O U T ~ ~ ,  

not; go thrmgh the corsyrlfcatcd steps involved when both oprande are IC%, 

it ahould, in other worth, be able to recognize exceptions. We propom, 

tkrerefore, that the genaration of" an exception sets m to zero an8 EI to 
either zero (for zero oxceptione) or to unWy (farm exceptiona). Ae an 

alternattve to setting m = 0, a special b b i t  (normally unity) m y  be 
set to z w a c  



SchemntIeaLly, the wos8 f o m t  (60 bitw) now propoloed looks as  Pollowe: 

where p r e p r e ~ t n t abitB yet to be asrslgned. If, f o r  some reason it esaserns 
desirable to have a @+-bit wcaml, one could, f o r  axlanrple Sncreaso m byI 

t h e e  and p by one. 

It4> enable the programer to scale plumbers before the alloweta 
range haa been exceeded we require break-in f 'ac i l i the  eimilar to thoac 
deacsibed above f o r  axceptiolas if ( 5 )  e c t - E ' ,  and (6 )  e > E ' ,  where E' is 
an arbitraw e ~ p ~ m n t ,E'< E, rspecified by *,he program. 




