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the pmgrarm know@what to  do about it ( e . ~ . ,  rescale, or restart f r o m  

some grevioue cycle, with different psramt?terPi). . 
The suggestions am also based on the obeervatlon that do presently 

contemplated instruction can produce, from legal operands: a rerult whose 

exponent has S p i l h d  by more than one b i t .  

Suggestion No, 1. Pretend that the exponent has an overflow b i t ,  or, 
~ 

glace ow 	 bit'shy of the exponent l i m i t ,  If thie  were really done, then 

result of eu ope ion which brought about exponent overflow would 

be a p w f w t l y  corredt number. Actually, the overflow bit need only be 

conceptual, not mal, mrlnce the inf'omtion i e  coataixmd in the overflow 

trigger, That th i s  0s eufficient w i l l  become clear. 

1, 	 positive exponent overflow. Negative exponent overflow vill be 
called "eqontant underflow". 
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go.e $u&+~ss t ion  2. Let it be improper t o  uae 'a@dn operand, except 

0 .  


for resealing, an overflowed number. 

It nobt remine t o  show how problem sf t h e  two kindsl mentioned ' 

above are prcargarly taken care of, z 

For kind (l), ing tbat could poraslibly be desired, when 

exponent ov@rflow occur8, is immsdiate and unconditional transfer o f  

control  t o  a rpclrsl  routine,  Tbat normcal requirement on the spec ia l  

routine would be t o  p r in t  Bone diagnostic information curd then c a l l  the 

next; prclblem, If errom t u n  out, after a l l ,  t o  exist, it might 

be 8craireb t o  return t o  a previou8 point and repeat, It wdll be observed 

t h d t t  under no circum-cear will it be useful t o  continue, since 

invest igat ion i e  c lear ly  neaeaeary when a number of super-aatronomical 

proportions arises unforeseen. Therefore, awe of t h e  overflowed number * 
as an operand i a  meaninglsso, 

For kind (2), It i s  ragain clear that Immedlste and unconditional 

transfer of control is required, t h i i  time t o  the portion of the prograta * 

Which b Q W e  ifhat Lo do about exponent overflow. (This suggest8 that the  ' 

Q 
sr&drese t o  which control ia t3sonrferred unconditionally upon exponent 

O V W ~ ~ Q Wba specifi&ble by t h e  progreun, bu t  if the addreaa isr b u i l t  i n t o  

the marchine then the cost nee& only be an extra t r ans fe r  order,) , 

It w i l l  again be noted that overflowed numbers med never be used 

as operands, except in the cam t h a t  the program dsrsires t o  rescale  and 

continue, But i n  t h i s  case only IS rctacaling operation i e  neceernsetry, and 

t h i s  can be accomplished wlth the logical vooabulary, rather than with 

the floatinag point arrithmetic vocabulary. 

It w i l l  now be noted that two grev iws ly  propored feature8 have 

quie t ly  dbsappewrecl, namely t h e  "I"tag fo r  overflowed numbem and the 



" t r l b w " ,  QI? "i$nore", a ~ '"non-bx'#akln" mode Of opertkt iOzI, These have, 
1 

. a f  course, disappearad together, since Cha tag 1s uanecsesa~-if one re-

qulrea immadisste comreat4~aof the difficulty, Retargons-rLbl@f o r  thiar 

ditmpparance i s  the fundamntal assumption that  exponent, overflow m y  

nevcsr,be Sgncmd, &in& this met now be justified. 

The $ustifieation f'oor problems of kind (1)h e  almady Men given, 

namely that inveejtigatiorz is cl@&rlynecettsary if such a number wapx m-

or problem of a n d  (2 )  rests partly in taa 

frenguecncy ar,gumsnt and part;Jy in tt specific questioning of the QLLB%S 

hem ignoring would be JuaCifiad. I f  one exgonent overflaw Qccurmd par 

dngy per 704 in a problem of' b6nB (2), it8 frequency, conpared to all 
(15 

oraere, would be much leers than 10a8e Since ignorable: overflow8 
\ 

certazlln2.y wcur in practice with frequencies down by ordeh of  mgnitudrs, 

t i m e  censS&erations do not enter at all, but only convenience, To meamre 

convcrnienoe, o m  mst only PL8k what the conditions are under which an 

overflow nay properly be ignored, 'There are two CBPIBI. The firat  i s  the 

cam whem the ov@sfl@wednumber wlll never be used, In thiEs c w e  it 

mkaw no difference w h a t  the moult@of using the number IBQ an operand are, 

aind there 16 real ly  no am&, in convenience; the speclcsl program need only 

tmUf'W MCk i n t o  the main flow and continue, The sscond i a  the case 

where, BL number of real intereat h a  an inverse aependence on the over* 

fLowe& number, and only hem cqn one claim added convenience Srsm re-

plac?tng the overflmed nu&sr automatically be i$wars b v l n g  the 

properties o f  infinity, Hwever, w h a t  itl required of' the special program 

in thls foreseen cease I r a  not very much; the program must @kipt o  the plraccp 

whib the zero result would be calculated end insert the zero. It fa  



e chimed t h a t  them caw8 will arise with such r idiculously low frequency 

that the advantage of the i n f i n i t y  i e  not worth even a penny. In  fac t ,  

the  csrep is much etronger, becauae every extra feature on the machine and 

Ievery extra sentence i n  the  manual acquires a smU negative value 
I 

through t h e  people who will. learn but - use, and occasionally waste 

mchine time through confusion or  d8creased a t t en t ion  t o  thingo of mom) 
importance2. 

X t  i a  sincerely t o  be hoped tha t  these remark8 will lay onee and for 

the ghoart of i ty,  for s tretch,  and we shal l  now pass on t o  the 

6 d i f f i c u l t  quo of exponent underflow3,-

# 

> 

It is Irresistible here t o  i n s e r t  a short sermon about t h e  dangerous
but wide-spread notion t h a t  extra f l c x i b i l l t y  should always be added 
t o  8 mchlne or t o  a program when thirs can be clone at prmall coet t o  
those adding the  extra f l e x i b i l i t y ,  The fctllacy lie6 i n  i@aoring the  
f i n i t s  nature of thoee using the machine o r  t h e  program, One must 
mmember that the increased flexibility alwayer dttcreg~sersthe e'fficiency 
with which the machine! or program i e  u w x  by those for whom t h e  extra 
f l e x i b i l i t y  is not rebvaht, For thirs reason, the extras muet be 
shown to give advantage8 which outweigh the concomitant d.fsadmntages. 
For programs, thita difficulty aan usua l ly  ba clrcumvented by eupplylng
leltemujrtive program, without the extnm, but for mchlnes the only
possibility f o r  circumvention beem t o  l i e  i n  a l t e rna t ive  machine 
deecript ione, i f i ed  and incomplete, and thi 
ground. 

3. Automtic detection of numbers exceeding presaribed l i m i t @  seem a 
.very 	desirable Stretch feature, but  ie not  r e a l l y  related $0 exponent

overflow, and should bo dlscusared elsewhere, The subjects 8eem t o  

have become associated onlp bac~lwaet h e  thought occurred, and m a  

mentioned, durlng 8 di8cussioa of exponent overf'low. 
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leme in to  kinds (1)and (2), re-

# but it i6 not t h i a  time BIo asc4mnlngf'ul. 

Far kind (21, the natum of physical problem is such tbt a) the fre-

quency of o c c u m n c ~is  much higher than fdr overflow, and b) i n  

vl~tuallya l l  caeea the thing to be done about it ie t o  replace t h e  over-

flowed nwber by z For kin@ (1), it will happen muoh more frequent1 

t ur, and in' most cases investigcstion w i l l  

mmJ* that they eWu3.d have been foreseen and set t o  SQFQ. Ecmver, we 

cer ta inly 40 not fiave a complete reversal of the  si tuatfon, eince 

"dieaetrouB" underfbwe seem much more l i k e l y  than ignarable omrf'lowtq. 

The following auwestions are not msde with  as great conviction as 

those f o r  overflow, but it should be pointed out tha t  they arcs cloeely 

rslsrted t o  the conclusions reached, after considerable study, i n  the 

d e e i p  of Mtaaiao XI, 

Being careful t o  r e m e m b e r  that re are concerned now only with 

onrent uaderflow not with zero8 arising Prom input or cancellnrtion, 

re be two modes ocEt Operation, one ent1ml.y 

OiOUB to that f Vetrflow, end the other, coneistin& of the immediate 

t of the underflowed numberrby c1 zem of some kind;
* 

the moment, take it t o  be a number with zero mantissa and the maximum 

l e e 1  negative exponent. For problem of kind ( l ) ,  

be usted. If', I n  the course of debugging, o r  when us ing  o code for a n o q l  

t of parameters, tr~xeoraseen underflow OCCUFB, then the 

atSon i s  the  s a0 for overflow, One cannot pretend that anything 

is possible w having the problem (or at lea& 8 g o r t i ~ nof $t) 
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infrequently t h a t  the iaver t igat ion transform w portion of the  * 

problem i n to  one of kind (2), and therefore Stretch muat offer reasonably 

convenian-b fac i l i t ies  for hnn ing  a portion of a problem l a  the aeoond 

made, Obviously, the most convenient f a c i l i t y  is a bit i n  each inst ruct ion,  

but  it seems most unlikely that on@ can j u s t i f y  t h i e  use of an ins t ruc t ion  e 
;#it, rather than some other use, since much cheaper mathode w i l l  be 


Q reaaonablx convenient; B.g., a epeclsll inatruct ion t o  Qhsng~ermoderir, O r  


an inst ruct ion b i t ,  but only on a few aommon ordms, quch a& Store. 


For a problem o f  kind (2) the  second mode obviates the need of 

fasgecial. grogramming for t h e  ctommon cam of chairing zero, and the first 

mode ie uaed for the  m e t ,  with appropriate speciaX programs, as fo r  

overflow, 

gow 1st u8 conraider the properbiss of' the, zero mantionad above. For 

addition and aubtrastlon, it has all the propert ies  of the null opemtor. 

For multiplicatlon, and 628 b 4ivl&nd, it does not have thoare propertiera,
, I 

since it will in general lead t o  a ~ e s u l twith zero mntiasa but  @om& new 

exponent. This leads Into the aubject of t h e  E bit tag, (The gueration 

of zero divisors  i b l  4~ aspttrate one, involving the concept of the  divide 

check,) It now 8eeme relevant t o  turn a t t en t ion  to zero6 arising f r o m  

input and cancellation. 

The following aesusrgtions concernfa& zero seem valib: 

. 1) Input zero8 and zero8 resu l t ing  from exponent underflow. while in  

the @VCondmode should have the properties of the n u l l  operator. The 

masonin& i s  that the  programmer hss decrath.5 t h a t  thee8 numbem slhoul6 in 
r 

no .way contribute! s ign i f icant  b i t e  t o  t h e  r sau l t ,  and therefore they had 

best stay completely out of thrs way. 



0 

-7-


e 2) Zeros produced by complete cancel la t ion a re  in a c l a s s  with 

exponent underflow i tself ,  i n  t h e  senm that they m y  be unf'oreseen 
t

disasters or  they may be foreseen zeros. 


The first assumption seems c lear ly  t o  c a l l  f o r  an L tag,  which Will 


easily enable St re tch  t o  maintain the  n u l l  operator propert ies ,  Let us 

> 

then forgot the  zero described above, and assume! t he  E t a g ,  
#

The lsecontt aeeumption seems t o  call  for two modepl of operation for 

cancellation, qu i te  independent of t h e  two modes f o r  exponent underflow. 

(Hote that "modes of operation" is only another phrase f o r  "trigger 

testing" .) However, the  prelaant e i tua t ioa  is more complicated. The 

main d i f f i c u l t y  is that many problem8 will expect cancel la t ion (implying 

zero) during the early cycles, but will want protection against  unfore-

men caacsllilatfons at  later stagee. The mode switching would be ra ther  

inconvenient, 

'The answer seem to  l i e  i n  the  fact t h a t  t h e  "diraetrous" cancel la t ions * 

are j u s t  l i m i t i n g  cases of comparably " d i s a e t r ~ u s ~ '  p a r t i a l  cancellertione, 


Thlsl indicates  that $& zero$ should behave as n u l l  operatore except a 


few which ac tua l ly  cons t i tu te  LB minority aubset of a larger group of 


numbers with the charac te r i s t ic  that they do not have enough s1a;nifIcant 

4 


bi te .  (If t h e  exuphaale on tbe  n u l l  sounds rad ica l ly  contrary t o  the 

d&Iecusralons of the  paPit three weeke, it should be remembered that t h e  

s i t ua t ion  ira rad ica l ly  changed a)  by i so l a t ing  t h e  diviae, oheckep, and 

b)  by removing the l a f i n i t l e e , )  

The best conclusion seem t o  be as follows: 

1) A l l  zeroa ahould be numbers with E tags and have the  properties 

of the  n u l l  operator, whether they are input zerop1, cancel la t ion Z ~ F O I ) ,  o r  

zeros meul t ing  from exponent underflow while i n  the  Isecond mode. 

I 
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2) Laas of fiaance from cancellation i o  hngarouer, and(b 

facIlitieL11 ehould ncorporsted in Stre tch  t o  warn of it, However, 

coaplete aancelhtion i a  only a part of the.prob1csm; It would not 80em 

wt ie fac to ry  to  mrn only of t h i s  part, even If them were BL convenient 

way t o  do PO w i t f a o u t  intcsrfsxing wlth Intent ional  complete cancellation. 

Batisf&ctory t ye warniw.without immerdiate. intarrmptlon. 

(X), it muet bs noted that them is no m y  t o  prevent the 

progreunmer from putt ing in numbers with zero mntisrsck and no L tag, E?w 
Stretch rahould ope i t h  auch numbere, however, belo 

culesion of UnnOmaSL arithmetic, t o  be given else 

Regurding (2 )  erions with  IBM engineers BdtemB called fo r .  

Xn normalized t i c ,  a divide check should our whenever a one 

bit; iUsplaceament o v i a n d  i e  inoufficieat t o  permit a legal 

., one where t h e  quotient of t h e  mantissrrs ire of mgnitude 

). This should be interpreted 80 as t o  include dfvikion by 

&to and unconditional transfer t o  a special program is again 

required, since one has either a) an attempt t o  do u m r ~ l a 4 z e dwork in an 

improper #ksb%Qp,or b) a s i tua t ion  fully equivsrlent t o  exponent’overflow 

(i.e., dfvierion by nsero) * 

Divide checke, do not occur i n  unnormalized arithmetic,  except for  

divlslon by zero; this, too, belongs with the Uiscuesion of unnomnsllfzed 
%

arithmetic.  

For the speci 88 of zero over zero, present 

euggest that zero is a nratisftwtory result. However, it w u l d  be mfer, 
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with negligible coet  in time or convenience, t o  call this a divide check, 

and let the apsc ia l  rou t ine  

opemnde), if desired, 

rl 
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