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",Normallza+¢on &adlx - The ch01ce of normallzatlon radlx'permlts

, hex)

 ﬁtra6e off of exponent range agalnst mantlssa pre0151on."The  73
,ftruncat:on/round:nc error for the mantissa is consadered
~to be 1 digit of the normall?atlon radix. - Thus Lhe error
. for binary normalization is 1 bit; in octal 3 blty, in hex,
4 blts,, The exponent 1ndlcates powers of the normalization
. radix, so the range in powers of ten is tripled for octal
iﬁznormallzatlon and quadrupled for hex normalization with respect
_ - to what thev are for. any glven length exponent fleld Wllh
' blnary normallzatlon.‘~3'~ T S ~
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‘°‘¥,quddrupLem,the exponent range -~ and only 2 blts (not 3 as in
‘hex normalization) are lost from the mantissa precision. The g

- principal advantage in hex normalization is that it permits

y i del1m1t1ng the mantlsOd - exponent field on a byte boundary.

. For the 11, “this would permit the exponent byte to be
h_f{separately manlpulated from the mantissa. This is useful
,V,f~7pr1nar11y in scaling fJXlng, floatlng, dnd 1/0 Convets¢on.'

5};’The dlsadvantages in hex normallzatlon are that~¥ : S

:“;1 ‘ It is hard to emmu]ate 1n software (normallzatlon
'f24 PreCLSlon is loat more rapldly than range is
~of the most significant four bits of the fraction is different

” ‘fxom‘the sign bit (but - #.5 is represented as l.llllﬂ...ﬁ).
. A sample hex normalization routine might be as follows:
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Emulation Of Hex,Normalizatioh = A number is hex normalized if or
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:fShift 4,plaééé{ftfy{neX£'digi:
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e blnary normallzatlon example in the
PDP—ll Handbook we seepthat the ratio of hex normalization time to
rthe 11 w1thout EAE is. roughIV: ‘

;comple%e
pif o so, check;for -3 G

sAif. all other bits = #,
' normal:zatwon comptete e

e 3 the mumber of binary disits shifted.
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‘lntroduced

"’%""”ing :

'nd floatlng lnstructlons}

~vhe floating ‘poin “mauhlne,.
udded to 9pec1flcally faC111tate exponent handllng (e. g.
Scallng can be dOﬂe by full’

evera

‘its (2) from the mantlssa to the expanent fleld
~b1nary normallzatlon ;s malntalned but other problems are
These prcblems may be broken 1nto two classes-,

'ls requlre

Thus

#lnstructions can be

'W,2;ﬁ ;S1gned Vs Excess Code Exponents - Tne advantaqe of excess code '
- is that floating # can be represented with g exponent without
- causing loss of prec101on in operations involving addition or |
37Usubtract10n of #. Thus,,an array can be filled with normallzedr 
i-floatlng point ﬁ‘s by repeatedly executlng an 1nstruct10n Ci
~of the form "CLR (R)+ £ Signed code allows eXanent arithmetlciﬁ
’ln emulatlons to be done a’ l;ttle more- easmly
and lelSlOn an additional ADD #N EY
odeuto readjubt the exponent) ,g :

ixing

(In multlplxcation
d”w1th‘excess ;i
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1 blt,exponent 56 b1t7mant1ssa,ﬂb;néiy.noimaii?aﬁion;
-dlglts * 38 exp,;1~ S e e e T

54 blt manflssa blnary normallzatlon
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es;

éNoLe that alternatlve 1 lack% suff1c1ent pre01s1on to,be o
‘competltlve that alternatlve 2 has 1nsufflc1ent range and that
falternatlve 3 Sahe =

fa‘54 blt manthsa.:,.,,n

';5 Short Format Floatlng 901nt - The observable factors in
ﬁjmarket bearlnq on- short format seem to be these. -

- _&¢;BM s short format (5 7 dlglts prec1510n) se@ms to be ,
"5,¢recognlzed as of very llmlted use in that claes machlne.if;

;ffMoat users of FOCAL on the DBP«S use the 3 work package?7 
“H(6 6 dlglts lnqtead of the four wor@ lﬁ 2 dlglts) e

ZQfMost DL the small ]6~b1tters use a 24 blt mdntzssa WLth
: 1nary normallzatmon (6 6 dlglt&, : 38 range\ ; :

,;SXE copE]  RumBER [ REV

'vnrafnnm NG o T e L eurer Y oF




ENGIMEERBNG swcmamgow fl;.@%m <:i:wnwim:{N o

JLQATING POINTHFORMAT - DN 11ﬁ3i€'¢ﬁ

ﬂfurther,
;some advantage 1n a 32 blt processor 1mplementatlon of the ll

low prec1élon 'llmlted range‘and
extended range format

_ch0081ng formats hhat:arewmultlples of a 32 may offer;

Jlethfthese p01nts=1n mlnd,ilt seems that a- short format With 8
- bits of exponent, 24 bits of mantissa, and blnary normallzatlon
»:"will be de51reable (6 6 dlglts, + 38 range) L ' -

 ‘Note however that as qhown in DN-llﬁI 29 blts mantlssa
‘v plus sign (8.4 dlglt") is just as easy to emmulate as 24 brts

on a 16 bit machine with EAE. Also if the short and long

»_~Lormats are or diffexent formats, instructions w111 have to -

be prov1ded to convert between them'

 mantissa bits 6-31 | lo|  mantissa bits g-15 f[‘}

""mantiSSa bits 34—4Q' S‘.’f vmantissa 16~32 iexponent?

e e

tj~MantiSsa !
;;AbitS'ﬁFS'i ‘
15 109 g

3.2
- without 15 digit precision and + 15§ exponent range, a single

Fe

R R e R
‘exponent "ihlt" .

“(WOrd ordér is as discuéséd in;DNvllﬂZ)

48 Blt Format = If we can compete in the larger machlne market

48 bit format may sufflce for all floatnng p01nt operatlons.
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pﬁ 8 dlglts:pr601510n S 153 range

~Of these, I favor format 2 s1nce 9 dlglts seems to me awfully
wgsmall when compared with 15 of the competition (7. 8 was after
. all a handlcap to the lﬂ) and the awkardness of 14 bit
'”Lf\exponents doesn t seem to me. worth the extended _range that 1st
 almost that of 3 == given that we need not compete p01nt for
”pr01nt with the 64 bit format ‘machines. - i = ' o

o

4. Conclusions*kny

e Hex normallzatlon does not appear to offer any 1mportant -
ymnwdhirgu&*% GRreTr 'h'lnarv {nnhaqq mosl Tlioatbt ““.., l)‘\;riiq'f"‘ -onNs
~are "fixing"and "floatlng“). The decision on whether we can
 or need to compete with SYSTEMS 86, SIGMA 7 et al with a 48
- bit format will need to be made by marketing. If we require
.~ greater precision and range to compete, then we should use
" the 1f bit exponent, 54 bit mantissa format. If we choose
_ a 64-bit format, we will need a short format as well; 48
 ‘g?b1ts, however,iseems awfully close to 64 so I would recommenﬂ
’:jan 8ub1t exponent 24-b1t mantlssa as the short format
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