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October 10, 1956 

STWTCH Float i s  Poiat Opcrationra 

The following paper ie  I dercripdar.of B oat of floating point operatiom for 
the redor machfna, Some, but probably not all,  of these operations will be 
nacdaeary ia the input-output conputar, 

The general design objsctivar are: 

1 ,  	 Automatic rign co~trol,  

2. 	 Preusrvs the maximurn number of data bite, 

3. 	 All exception cam18 are capable d cauring automatic 
transfers without pbogrsrrnmed tsrting. 

4. 	 Manipulation commrndr allow tcrdng of any part of 
floating point numbrl.8. 

5. 	 Iacilftier ate  provided IIO that muldp’ls precision operationo 
can be programmad with a natalmum of effort. 

Floating point numbsrr will be dafiaed lii c ~ n d a t i n gof a rigaad twelve bit 
exponent and a r igwd forty-sight kdt r#lnd881b For cornpariron putporar, ! 
the rsliativo importance of informa#arr tr mnti i&t r i p ,  exponent rign, 
expaePlfe and mantlsrr, Floating paint nuanbar8 d b be reprasentdd an 

here x id) the exponent tn the range - X & x q X  and y is the mrntirllrraetrrange l /Z&y Thu katelger, 1, t b t d o r a ,  Will be reprerentad a6 
t 1, + 1/2, Xn the cam of unsr;Omliocd awnbra, the mentiara can be in 
the range O k y  ~ 1 .The lrzgart psrriblr n m b w  (LPN) ir t X ,  + (1) where 
(1) msr I P r t h g  of 48 oam b the mJntb#&. The rmalleot porr?bl. nor-
maUm& number (WN)in  *X, .) & / t oFloating point aero (FPO)i8 4, t 0, 
Other SOFO man%ii~ra I)C 2 0) m ~ yoccur ao tho rsrult ot operationu atxicams 
tharr, may be preietwd. 

Tha arrurnption i r r  that there d l  be three ragistars, S, A, and B, where S 
i c  tha rsgJiter which holds all infQm’i3&~Onnowing to of from tho main 
mutmary Burr. A irdB ar+ rsrult Fagirtor8 whcih hold the final result of 
any operation, Two mow t . @ 8 t Q t O  m a y  be necobrsary i f  ail. operands are 
to br 	p~e8arv.d until rnfrrr an operrrtiha S I  8xlclcutd. !-



< .-

in S can be otomd in any OW of the tranrirtor ragirkrr 
operand in thir inrtructdon, 

* b  


Define a r i p  manipulator, m8 which can be part of any operation and can 
have four r a t e s  ar followi: 

1, Uea rign 

2, Invert rign 

3, Set sign plus 

4. 6st s i p  minus 

The 	sign rnanipulater will opexate on the rriga of S, A, or B a8 the factor i a  
1u r d  in the qmratSan, but the actual r i p  in the regirtar will not be dirhtrbsd 

so t k t  the factor with i t c  original riga may be w e d  in subrcrqumat ~ p e ~ a t i o n i .  

Define a n@rrnsaliastionopt~iratr~r,I?, having two otates am followo: 

1, n meaua normalire the rsoult, 

2, mean8 do not normalisle the re#&, 


Load A 
e 	 Load Anormal 


Load B 

Noxmai A B  

Normal AX3 amro 

Reset €3 

Rsret API ' 

Store A 

Stom A Raaat 

$to+@FPO 

Store B 

Gtors and Reast b 

Store B Remt 


Add 	operaElrCrsa -
-..3 

Add 	A 
Subtract %. 
Add Q 
Subtract D 
Add AB 

Subtract AB 

Add D te&AM 
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(Note that certain operatione a t a  redundant, t!iese can  be culled latar)

h 
Automatic break-in can be gpecified for the followin!; cases, hut i f  l?rcak-ii-L 
i r  not rpscified, the machine definition ir in the column on the right. 

1, Exponant overflow A LPN-4A (maintain siqn), FP0-J B. 
2, Exponant undarfiow A 	 SPN- * A  (maintain sidn), 27PO R. 
3. Exponent underflow B 	 FPO -+ B. 
4. Zero mantiesa A 	 Lf n, normalfse bite from B i f  epec i f i ede  
5, 	 Zero xnantisaa AB ff n, s e t  exponent A to  (x-911) and exponent 

B to x of A -1.44* , Lf %,do tiat change 
A ar B, 

The results in A and B will have the Bamc eign, Lf the operation spccilfea n, 
the rxiantisea of A will be normalfaad to the range 1 / 2  4 y 1, the exponent 
of B wi l l  be aet to x of A *-48 ( t b h  implies a m a n t i ~ a ain €3 not nacerredriiy 
normal), If S, A,  or B is detected ts contain FPO before the, execution of 
the operation, it will not be conridarcad 8 6  a factor i n  the operation, Lf the 
operation specifism n and either A'dr  S contain6 a sero mantissa before tlic 
operathn, its exponent will not be w e d  to dsterinina a ahift amount, If 
both S and A contain xero rnantiPioaa, no operation will be parformed but 
poet operrfiena r w h  a r  break-in and riormalirath~will take place. U the 
apexstion specifier % i ero  rnantiesakl (not FPO) will be treated a8 if the, 
mnt iusa  were not w r o .  

Multiply epwationr -
Multiply D 	 I)->S, mB*A--.SN (AD) 
Multiply A 	 D 25, mA*S --$N(AB)  

The prior eonlenta of B will nat affect the reauitant product. Nornuiliaation of 
only OSM leading t a z a  i a  possible if tha operation spocifiea n. If the mantiooa 
of S or A is ewe,  the reault will ba r;ero.but the normal rules of exponent 
addition and notmslilrration will apply. 

h 

Break-in caaea are a8 followr: . 
1, Exponent overflow A LPN -+ A (maintain dgti ) ,  FPO--+B, 
2. Exponlsnt undes f lw  A 	 SPN .--+ A (maintain aignl, PO - s ~ .  
3. Exponent underflow B 	 FPO ~ € 3  
4. Zero Mantirra A 	 Normalize one place i f  s p e d f i e d ,  
5. Zero Marrtirsa AB 	 Normalize o m  place i f  specified. 

Divide operation8 -	 t 

Divide by D D .f S A B  =+ mS- j 	 NO in A, FPO i n  B 
Divide by D with R D bS,  A B  i.mS R in A, NQ in B, 
Divida A ' D -+S, FPO 	+B,  A 2 m4i .--,NQin A,  FPO in B 
Diddo  D D--+s ,  FPO B,J- m~ . N , - ~in  A, FPO i~B 
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Lf the operation specifies ti, th is implies tilo generation of a quotient with a 
leading bit not aezo. (This can be achievcad by partial or coniplete p r s -
normaliaation of the dividend or by taking extra divide rrub-cycles until 
112 .:-idG 1, If the operation specifies%, this implies that if the dividend 
hae p more leading Zero8 than the divisor, the quotient wi l l  have p leading 
riiez-08. 

Break-in can be 	specffisd a0 follow@: 

1. 	 Exponent overflow Q ' ' L P N 4  Q, R undloturbed 
2. 	 Exponont underflow Q SPM--h Q, R undisturbed 
3. Exponent underflow R FPO-9 R, U undieturbad 

4, Didoor  mantiem amro LPN*+U, FPO--)R 

5 ,  	 Diviror has more leading LPN-AU, F P 0 - R  


SO WE^ than dividend, 


Lf the dfddand mantiran [S, A, olr (AB)']dcr EOIPO the quotient wil l  be BOXO but 
ordinary exponent differencing ruler apply. 

Round A, If B centaim a notrsutf.nn~aUoaaadd lone to the mrgdtude of 
. 11#sn#$8& A. S"PO-)B, NA. 

Make exponent of S inh a normalifted aaatilcrg pdnt number ia A, 
FFO fB, If exponent 0 ir 14m0, A would cdntafn 
the number FRO, 

Put mantdrre of 	S (coaold~rada r  an integer) plur one into the expenont 
$orition cd A, rat xnmkirrr A to 1/2, FPO+B. Break-in 

I. 	 u 
f07 $Xpan@ntOyerflow ox urrdsraow. 

.I 

t 

Borrow one fxam the low ord+r poruion of mantlrra A and replac'e xnadraa 
B by 1/2 atad 88md rign a8 A, Sot exponent B to x of A-47. 
If x at A 4 7  would c a w e  exponent unde~flow,do not execute 

# rat FPO-+B. 

Xntetcaiange exponent S and exponent A. 

lntqrchanga rnantiaua S and mantbra A, 

Compare expqnent S to exponent A, 

Compare rnantitstm S to xnaadrra A, I 
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Special oparationlr (continued) 

Compare S to A. 

Cornpara exponent A with W t r  rpecified. 
? 

Count leading swos 0f.A and parribly W; do not normalipre, 

Add or aubtract from exponent A, * fiormaf break& rulea for 

, exponent overflow or underflow apply. 


T h e  Bet of operations shown here irr not complete (in facts only P few conditional 
tranbfere are ahown) but Will s e ~ v e&I a round bash for the aenior computer 
floating point ayetam. Other operatione may be epecified after consultation 
with LQBAlarnoo. The c h a r  of Bpect.1 operatima is eurceptibta to the greateat 
c!iange am the inveragaldon of $ha derirabtilty and feadbfllty of functions ouch 
a8 sin x, 608 x ,  e ln x ,  asctrn Y, r a i b i ,  etc. proccsedr. 

I 

* 
Operations have been defined for FPQ and aero mantirsa caaes. Further 
invertigation rhauld be m a d s  for the frasibillty or necessity of defined operouonr 
with LPN and SPN to denote infidty opwatotr. ( 0 ,  g. LPN X * LPN, X - LPN = 
SPN, LPN SPN, etc,) -

D. W. Swsaney 
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