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ABSTRACT:; Blnary and hex normallzatlon, various 32 48 and
. 64 bit formats, and the formats used by the
. competition in the larger machine market are
- discussed. A recommendation on the formats
:”vtc choose for alternate marketlng strategles 
‘,jjls made. , : i
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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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T blnary normallzatLOﬁ tlme forthe ll W1thout EAE is- rcughlV*.
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;1f all other bits = ﬂ'.g.f_ :
,fnormallzatlon gomptete e

¥: Pxomhﬁhe’abGVé éiample and the blnary normallzdt1on examp]e in the 5
pDP~-11 Handbook we see that the ratio of hex normalization time to SN

Wbefe n is the number of blnaty'dlvlt shlfted,kf ””’“f*

.‘7;shift 4'plaééég~try next digif
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b»té (2) from the mantlssa to the exponent fleld ﬂ Thus
v,lnary normallzatlen is malnualned ‘but other problems ‘are

1ntroduced These problems may be broken 1nto two classes-

“.addmtlbnal mahtlséa bltS

leght\justlflcatlon of thef
word as the low order blts

With;these restrlc dns; eXponent handllng 1n,,m ,
',;ne as if nicely allgned on a byte boundary Checklng
verfJow and underf ow is done 51mply w1Lh CMP’

Signed vs Excess Code Exponents - Thé"éavahtaée’of ekceéé”ébdél'”

is that floating @ can be represented with @ exponent thhout
; fcau51nq loss of prec1alon in operatlons 1nvo]vmng addition or
 fjsubtract10n of @g. Thus, an array can be filled with normallzed 3
::floatlng point @' s by repeatedly executing an. ;nstructlon .

of the form "CLR (R)+ " Signed code allows exponent arzthmetlo -
1n emulatlons to be done a little more easxly (In multlpllcatlonj;
'nd lelSlOH an. addltlonal ADD #N h ? 13 requlred wmth excess
code‘to readjubtfthe exponent) ‘ ; e
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4 'dlglts + 96ﬁﬂ exp,

1 '1t exponent 56 blt mantlssa ‘ﬁinéryQﬁorﬁéiiééﬁiéﬁ”
6» 2 "dlgltsl ,{ 38 eXP; e ‘ S ! iy R
54 blt mantlssa bihaﬁyfnérmaliZation, ff;

ih&lgxp;;

iHex normallzatlow 15 not con31dered because of 1ts speed
‘dlsadvantage 1n emulatlon for arlthmetlcally orlentated rout:nes.f

.Note-that4alternat1ve l 1ack% suff1c1ent prec1510n to,bé ;
'competltlve,‘that alternatlve 2 has 1nsuft1c1ent range and that;»
5alternat1vc 3 outperforms all competltors. ‘ v ‘

fThusgthe‘best 64rb1t‘floatlng 901nt repre»entatlbn for thexll
‘seems to be binary normallzatlon with a 1¢ blt exponent ahd :
a 54 “t}manthsa S gl B L g

__4;,ShorL~Eormat Floatlng POlnt - The observable factors
'*Vf_market,beaxnnq cn;short format seem to be,thesef

\IBM s short format (5 7 dlglts prec1510n) seems to be
recognlzed as of very llmlted use: 1n that class machlne

,J“Most users of FOCAL on the DDPwS use the 3 work package‘$:“
{?(6 6 dlglts 1nqtead of the four wor@ lﬂ 2 dlglts)

;’QfMost OL the small }6~b1tters uae a. 24 blt mdntlssa WLth
J'blnary rcrmalzzatmon (6 6 dlgltg, % 38 range\ L
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low prec151on llmlted ranée and.
extended range format ‘

Further, mchoosxng?formats that arelmultlples of " ak32 may offer ot
VSOme advantage in a 32 blt processor 1mplementatlon of the ll.o_ﬁ

;f:W1th:these poxnts 1n’m1nd 'lt seems that a‘short format'w1th‘8 |
-  bits of exponent, 24 bits of mantissa, and blnary normallzatlon'
““j,gfwnll be de51reable (6 6 dlglts, + 38 range) : i :

: fNote however, that as ehown in DN—llﬂI 29 blts mantlssa
~plus sign (8.4 digits) is just as easy to emmulate as 24 bits
on a 16 bit machine with EAE. Also if the short and long

-~ Lormats are of dlffexent formats, Lnetructlons w1LL have to

‘fbe prov1ded to convert between them.

 nmantissa bits 6-31|1o| mantissa bits g-15 )

~p:mantissa,bitS:34—4q’ ’ S%orf‘fmantissa 16-32 iexponent?
el e e S e e BT e
VWRZ§1XJAM”' mantissa bits 48—5% ‘ N Coaeln s

ffﬂjMantiSsa B - 7,”7f
. Dbits g-5 exponment’ . M.,

L

~ (word order is as dieouesedkin:DNéllﬁZ)

'Li3}2f}48gBit Format - If we can compete in thevlarger machine market
~ without 15 digit precision and + 15§ exponent range, a single
- 48 bit format may suffice for all floating point operations.
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~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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