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INTRODUCTION 

After the  development and presentation of Schem I, it wae f e l t  by 
a considerable number of experienced programers t h a t  it was possible  t o  
design a much simpler scheme- preferably one without 1's or  e l s e  It is 
the  purpose of t h i s  paw t o  t r y  t o  make such o scheme specif ic .  

CHARA-STICS OF SCHEME 11. . 

1. 	 Scheme is designed f o r  normalized and unnormalieed modes of operation. 

2, 	 Brponent overflows and underflows can occur only when a t  least one 
of the  operand mantissas is non-zero, 

3. 	 Let Q represent any f l o a t i n g  point number with a zero mantisaa. ( I t  
may be t h a t  Q should be f u r t h e r  r sa t r ic ted . )  # 

4. 	 Let N represent any f loa t ing  point number with a non-zero mantissa. 

5. 	 If one o r  both of the operands is Q, t h e  primary operation is not 
performed. Again, it may be desirable  t o  perform r e s u l t  normalisa- 0 	 t i on  ( i f  nonnalieed operation) as in N + Q. This i s  &one i n  t h i s  
write-up, 

6. 	 @grand (argument) mantissas are aslsumed i n  t h e  following 
t o  be e i the r  normalized or  unnormalieed. 

7. 	 Each ar i thmetic  ins t ruc t ion  contains a b i t  ca l led  the  Break-in b i t  (BI).
This b i t  is relavant only on exponent underflow s i tua t ions  (described 
l a t e r ) .  Assume t h a t  t h e  absence of B I  means t h a t  Break-in doe$ not 
take place, i ,e. i s  usually ignored. 

> 

8. 	 Each Load or S tore  (relevant t o  arithmetic r eg i s t e ra )  ha8 a Reset b i t , -
(R), ins tead  of t he  corresponding B I  b i t .  The presence of an R b i t  
resets the  three t r iggers  (described i n  10 below) and clears the  
nInstruct ion Location Preserve Begi8terH7desczA.bed i n  2 below) If 
t h e  R b i t  i a  not present i n  the  instruct ion,  ne i ther  o f  these event8 
take place, 

9. 	 It is  assumed t h a t  t he  machine contains an t t Ins tmct ion  Location 
Preserve Register", (ILPR). This register is self-explanatory and 
t h e  conditions f o r  i t s  being set are indicated la ter  i n  the  paper. 

3 T h i s  register contains t h e  last  "interesting" location t o r  poasibly 
no location) , 

0 10. The machine is assumed t o  have th ree  t r iggsrs :  
a. nHi-Ov@tt Indicates h i &  order exponent overflow. 
b, ttHi-Un" t Indicates  hi& order exponent underflow. 
C. 	 # w  ZD I Indicates  division by zero. I n  this respect the  

division, I?/&, is always assumed t o  take place 
re ard less  of whether o r  not there  am more lead 
reIi088 i n  the 	divisor  than i n  the dividend.c 
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CHARACTEIiISTICS OF SCHM I1 	(Continued) . 
> 

11. 	 It is assumed t h a t  there  a re  two tmes of Division operations (both 
having B I  provisions) bo allow the- programer e i t h e r  intervention or  
no intervention due t o  attempted division by %ero (9). Let us c a l l  
the first type "Divide or n*ansfe)rtt and t h e  second type "Divide or 
Bypass". I n  "Divide or  transfer", t h e  t ransfer  is assumed t o  be t o  
M 3 (Fast Meuoory, location 3) ,  and the "ZD" t r iggar  i s  not set. In 
W.vide or by pas^", t h e  tUD" trigger i e  set  (when appropriate) and the 
program continues t o  the next instruction. In  all sera division ca1e8 
t h e  dividend is l e f t  a6 the result i n  the A and B registers, i.e. MN/Q - WH 
and "Q/Q * Q". 

12. 	 Assuma (for convenience) t ha t  s i G e d  exponents are used. 

'*el 
M A N "  ISSA 1 Datle Word 

A reg is te r
Iv ~ w ?  I MANTt SSA I (or r e s u l t  reg is te r )  

3 ' * *  
I 

V t  Facess exponent b i t .  

(The rsign of the exponent distinguishes expok~ntoverflow 
from exponent underflow. ) 

Let the, dot tea  Une, L ( f o r  l imi t ) ,  between b i t s  1and 2 (for the  time 
being) represent t h e  upper exponent boundary. When L ier%rossed* due 
t o  exponent underflow 3r ovwflow, t h e  event w i l l  be designated as a" 1st Class" d e r f l o w  o r  averflow. The result of an operation on ordi-
nary arguments which produoes a 1st c l a m  evsnt can be completely repre-
sented i n  a data word. Triggewing, Break-ins, etc,  which are performed 
are donet t o  provide advance warning. , 

Exponent carries from b i t  1t o  b i t  V are referred t o  .a@"2nd Classtt 
exponent underflows a-d overflows. In t h i s  case more dras t i c  action is  
called for. 

TYPES OF 	 EXPONEWT WmTS % 

Exponent Overflow (Notes 	 Whenaver low order overflow occurs, then high 
order must also have exponent overflow and hencar 
high order exponents only are considered.) 

A. 	 L s t  Claas Exponent Overflow ( + exponent).
"Hi-Ov" t r igger  i s  set. Trigger i a  examfned by separate instruc- 
t ion such as YCransfer on Hi-Ov" and not by B I  (Break-in) i n  t h e  
offanding instruction. (BI  b i t  is igporcsd.) The ILPR i s  set. 

B. 	 2nd Class Exponent Overflow ( 4  exponent).
The machine does an immediate ard mandatory tranrsfer t o  some 
fixed memo location, say PM 1. No t r iggers  are set. (BI b i t  
is  ignored? The ILPR i s  eet.  

ni,,. L 
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TYPES OF 	EXPONWT EVENTS (Continuad) 

Ekponent Under f l o y  

A. 	 l r t  Class Underflow (- exponent).
The B I  b i t  of t h e  ins t ruc t ion  i s  examined and i f  1st Class 
exponent underflow occurred during the  execution of t h b  instruc-  
t i on ,  Break-in t o  FYl 2 takes place. No t r i g g e r  (namely "Hi-Unti 
t r i gge r )  is set and no c l e w i n g  of t h e  h i &  order r e s u l t  takeo 
place. The ILPR is  set i n  e i t h e r  caw. 

c 

%B. 	 2nd Class Underflow exponent).( 0  

The nurnber is cleared and "Hi-Unt' t r i g g e r  is set. Trigger is 
examined by ttTransfer on Hi-UnI' i n s t ruc t ion  and not by B I  
which only appl ies  t o  1st Class underflows at time of forma? 
t ion.  The, flgR is  set. 

Clearing of low order underflows is done and there is no s e t t i n g  of triggers, 
no BI's, no s e t t i n g  of ILPR, etc .  

J 

RANDOM OBSERVATIONS 

1. 	 Possibly some 3rypcs of " in te rna l  switch" could be designed t o  allow 
posi t ioning of L instead of having it rigidly fixed between exponent 
b i ts  1and 2, "L = #- Mode". 

2. 	 Ceulcesllation ind ica t ion  could be an addi t ional  b i t  ( o r  two) i n  
data word. 

1b i t t i  ICI [ c - ~t bss than jj word 
, cancellation. 

c 1 More than 9 word. 
2 b i t s r r  bpi  

I Less than word. 
: More than less than g. 
: More than f: l e a s  than 3/4. 
: More than 3/4. 

(Would Break-in techniques be desirable--more b i t s  from instruct ion-?)  

3. 	 Should an i n t e r n a l  switch be provided t o  halve "effective" mantissa 
lengths  t o  provide, unused b i t s  t o  be used by the programmer i n  any 
way he desires ard which are) not disturbed o r  modified by arithmetic 
operationrr? (Would t h i s  be more flexible if done i n  quarters?) 

b. 	 The operands are always assumed t o  be i n  t h e  S-register and t h e r  A 1 , B t  
registerer ahe r  the execution of any operation. 

5. 	 The r e s u l t  of an operation involving operands, both of which are Qts,
is  assumed tdproduce  a Q whose exponent i s  computed by t h e  usual  
rule8 f o r  exponents. 


