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VETHOD AND éﬁE@gﬁéﬂ? FOR FLOATI NG PO S AND FCRNAT
OPERATI ONS FI ELD’ THE | NVENTI ON The ention is i n

conput er operations on nunbers in binary *F#%®nts, including conver SI ons
between formats. BACKGROUND OF THE | NVENTI ON I n sonme conputer applications,

the required rgngg,ef w&epmmm 1&6&9&0 nkfz; bbj r RSk RS

represent such—mtnbers bké ERRISN Fractrons=2t he
menory required for stofrage M,mo. vc SO+ er of
significant bits required is small, the use of a rrul ti byte representation

s wasteful of nmenory. In addition nost very large or very small nunbers
do not require the precision of a rrultlbyte representation. A nore

ef ficient rqﬁﬁmarge or very small decimal nunbers is
floating poi ~ In digital systems floatlng poi nt

format I's the couphernatle GhyBRAENLE b DL P lonl ABF LBRLROAIL ok User U

for performng opera ons require many precrs “such as
operati ons i fumb@kdPhitRadPRIrh&ad, '1ﬁ9}ud:h%%ﬁvér§&%"’éeg@§&x %ot rﬁﬁgesent ations
of the nunmber 6 in both floating point d i nteger formats. 106 is a
base 2 floating point representation of the nunber 6. Nunber 108 is an
i nteger base 2 representation of the nunber 6. Nunbers in floating point
format are aBAGISGRUOUGNEY G THICINEENTIONt is, they are always nornalized
so that only one, non-zero nunber appears to the left of the decinmal point
as in nunber 106.In semgetompypteegppliations themeqhigedrhnge bamdymbess ial i gned
on the right, that is, the decimal point appears as far to the right as
possi bl e to Yepriasgmt While it i3 ppssipie Qno@rgswl%bowm@ﬂmmwby@e t he
nunber wi thout nultipli e\% ﬁ&t}a/ a nynber re resentaf} y the base raised to
toy RbE&F

a power. Stelf<egery oqqgu RBW edQFW% g&AHtre OTfgE 1$s converted
to the base 10 integ

converted to° ’f“ﬁ@s%gsg‘{lfa ?’Vr“e gtggs 11éerF*? O%lgggbqag?\[ghtgtreﬁg}rp ?‘g\rslni‘%it‘il"(‘?g
poi nt operath en8f H'Rhﬁﬂcl}laté gf#s ‘?:tx%ﬂelg' st u‘?%tf'rﬂgrpg% NhnG céH' trhosgot

per f or m oper a |ons suc subtraction ‘Beca

hecessary ory, ﬁgra%@eh sHa@laﬁmgegoa&tnow e thé pPE-iLiRRd %ff;?r every

application t ecut ed on a process processors have the
capability olfmnﬁb;@r asém@ﬁ@fﬁl ANendieidifcieht h@;srefs,érqahbﬂgoﬂwérgtlal? glgrs or
i nteger nunbers. ConverS| ons between the two formats are theréf of ten
required. Asvesesmbl dectmapaunters & floatiie polnydationnomitainadiO8in €gAwAr si on
bet ween floating point and integer formats involves shifting the deci nal

poi nt to thesysterhs, foatieg tpoifd amangs poe nouater pareifisciamifisnotatiorpi cal
processors include shift circuits. For exanple, a multiplication operation
i s equal to Bloghingtpent énhasei f@bBﬁtfPUﬁufg)PPévérqnsnﬁmat rpqiticatrhany by 2.
Preferably, existin fI oati ng 0| nt arithmetic circuitry could be used for
bot h per f or nPT§ISe GaEHIALOPSi S¥HC é‘ﬁlquﬂ?’és Hberedaphiss appdicabaterti ng

oper ands bet ween fJ] oati,n oi d i nteger. for ot. a

s!tor ai ght f orwar d p{:’&’:‘égsl g}fg‘\f\?&g%ﬁeafbﬂ%f& atipps HEEIB%P”B;L%W%H} BPE}ént bits
for a floati ont i t the ni fi cant
bits for a Icgg? és%gﬁén ngnr?ﬁrt‘t:ggeerr%f ﬁﬁuﬁgber lnd({]‘gn% ase %@Plﬁr mat
that | ncl udespiésctigfibh st ant nfamb%r@nm Berl f&s'd g&%g@} format with

a 23-bit manti‘'ssa N sSonNe processors, e data p in the

floating poi pdprasddthfiBhidt MBidurhBeds ombfe}soat nagnﬁg &3 nwcsﬁbﬁ&tsa@“ ng
processing is not adequate to perform conversions be en floating point

and integer &lov tailgTE@lroﬁxaérIHfte that i) frelyl 19 NMiaRs rdtilalizedise Waklonlpat i s
desi gned to nost 2 5 SEP 2002

one, non-zero number appears to the left of the decimal point as in number

106. Integer representations, on the other hand, are aligned on the right,

that is, the decimal point appears as far to the right as possible to represent
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" WD 99/ 56202 PC TNS99/ 09156 econoni cal |y perform operations on single?5SEP 2001 |
precision f ' poi nt nunbers does not have the required d 1 dth to
WL AR

. performcon . This is because the shift right or Left
floating point required by the conversion nmay be so large as to shift bits
outside of the avail able data path. SUMVARY OF THE | NVENTI ON A fl oati ng

' nunbers between an integer fornat

I nt Ithpeti f t
Er1 G a 11 oat B pOIn VBP R U WRRe AN 6 O er o rPRgases gy Hitbssces o
t dat a_. idth th ith ' ti .. The | t )
Qomr i ses 1 PR S FiBlet cofteR, Aordndl T2 Sn GBS ififoin woint Rermaesaios iy
int f ' | gt Lft.Cl ' I nclyd diti I
oaister possTane 10 e Bald I dRk! G198 pal 4l WA TR TRRES equi r ed
by an arit higd {CcRRRad Wth?ﬁgglpﬁﬁgg{aﬁré"m OF THE DRAW NGS Figure 1

shows differences between a ating nt  format and an integer format.

Figure 2 is a bl pecedb@r dat erforkd ﬂea'ﬁﬁg Mpbpéfaitmh?cag?din%ﬂm/eersi on

unit according to one enbodi nent of the present inv gure 3a is a

di agram of spddiaiafloating @oirit ettty {oOpeffbeaespdratifhs sGANYE hdddioRper ation
when the floating point exponent is |ess than 23, according to one

embodi ment . siEhtgaatorgtete.s Bacaliseitasmot nacddsanyt bneffiredritt fot dloatingt poinbt eger
format conversi on operation when the floating point exponent Is greater
than or equanmbgre® bgaseddiongvery applicationtivenay Begueeutedien a di agr am of
an integer format to floating point format conversion operation according

t o one enboBfRERTOT, POCESSOrS gEYE trcpapgbibty 96 peforpimgieperaigasousingure 5 i s
a di agram of.ﬁﬁ Sﬁ| ection circuit according to ?{ée enbodinent. Figure 6 is a
bl ock di agr &M\Tr 1GaLRB RQINLRUIMPEIS; QT HEeBEIINHEDESS: 0 kOTWRBUEN FrEREWESETAI LED

DESCRI PTI ONe two formats are therefore often required. As seen by a comparison of
number 106 with number 108, conversion betw;aen floating point and
integer formats involves shifting the decimal point to the right or left.
Floating point arithmetic units in typical processors include shift circuits.
For example, a multiplication operation is equal to a shift of one bit
position for every multiplication by 2. Preferably, existing floating point
arithmetic circuitry could be used for both performing floating point
arithmetic operations and converting operands between floating point and
integer formats. This is not a straightforward process, however, because the
number of significant bits for a floating point format is not the same as the
number of significant bits for a corresponding integer format. For instance,
an integer format that includes 32 significant bits converts to a floating
point format with a 23-bit mantissa.

In some processors, the data path provided in the floating point arithmetic
unit to process floating point numbers during processing is not adequate to
perform conversions between floating point and integer formats. For
example, a floating point arithmetic unit that is designed to most
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" An apparatus and nethod are described that allow conversions betweer] RISEP 2001
integer forrpy.akdo floating point format using a floating p H}f 1S99/
.arithmetic unit. According to the present invention, a nodi figd ?93(2 1|Sﬁg
point arithmetic unit allows for performance of conversion operations that
woul d not be possible in an unnodified unit. In one enbodi nent, the

floati i i td it . sihngl e .p. I Si floati i nt

nunber 5 A ot e o et o R HlE B € BloR o P por poi it uni

i s i nadequat I OMES & ' -hat n.single precision

:‘isolati ngqgoi ﬁghéb%@%d&%ﬁ&l nt eggiré)?%cﬁﬂrrg%dghggag%gg‘ é{?ﬁﬁ??}#ﬁ}% §§?’B#‘§,I shift

eft or IlghThxsdndsusdendinmdikhedr datdrmat Rostilk ol Mg crbodiarent.
ona | a

additional bit positions are added to operati ts a paet hs of

the floati ngeqrorersiony intalyries b6 latgetast @ SHAVGTESIALRIC SEEMEBXNUBlPLSS] D! €
shift required by a conversion operation. The additional bit positions

enabl e the fpadtoddIMARY QFi THFeINVHEMTIONO be easily used for conversions
both fromfl oati n%fgoi nt format to integer format and frominteger format
to floating point#f opaaRg poiot pcithmeti apraratiedfdrocdnaeetling widdeers con ng
into the floating point unit for conversion in a particular manner. A
circuit is a %"%Po% delggen formatangm Agatingpodey BERGE WHELISI0109156 t 0
nore qui ckly_ determn rlrlber of bits to ge shifted and a direction of

C

shift in or d%qn%eéslsgrc?%%ﬁ]%% BRRTES 3 BTeAleT difaopathnwidtiethan) astitlupeties.
Fi 2 i i f fl oat.i .poi nt._ar.i t hnet | it 300
rocording ¢ o RAaREl oRERRPRfd cErRP AR A ity e eselsendi rent

floatin oi it .addi tiaqn_and .subtractiagn.,on floatin oi nt
number sgiﬁ aﬁ‘g?‘%gkgngggcf?%%% EgP?rta .rhllﬁqbe‘ﬁ"t TR enrt‘g]ilﬁ]ﬁ}‘ftsﬁécqlﬁa’l udgsIO

dupl i cate sahelRles/4itioABR odblek DB [PLILARNBLLEL, SRFY BLIQNS, 08, L 10

sets of floating point opera plicate, func

desi gnat ed ipathi widt equitdd bi/ke BHMRRES: opefatfranpl e 304a and 304b.

Fl oating point unit 300 can therefore performparallel operations on packed
data formats, for exanple, as required by single instruction nultiple data
(SI MD) operations. Because functional units "a" are equivalent to
functional uBRiE DESCRIATION (F TGAEI DRAWENGS" wil | be described. Control
unit 302 includes_circuitry for controlling the operation of functional
units within flodiigtge goihawsdiffersoges berwestaaploating qratinoformmittandOsh
receives instructions and determ nes which functional units nust be used,
and in whi cHYHEMEPI ™3 carry out an instruction. Functional unit 308a is a
mant i ssa conpari sgn ltiplexing, and right shifting unit. The conparison
capability of uni 18§6‘g§ P& Bler‘ﬂck Cﬁégﬁaé'ﬂ qf p g‘éﬂ‘fi”ig BRI RaitBmsticaand on

oper ati ons. (g v, exponents of ,.two floatin oi nt operands are
equal , it i séﬁgggéggﬁy‘%@ C\(éé,gﬁ%é‘ eonﬁﬂfie&%c’cblg}eﬂtoc?‘fst%le %Fg%tr IVENg&Per ni ne

the smaller mantigsara3g ;arn’ 9 : void.a negative result.
-5 2 5 SEP 2002 WO 99/ égfo‘%ag%l‘%%%%%gi@g int et kS e RE it a0
conpar es | Namivegsi6N SPEeatisn Wheh 48k floating point exponent is less than 23,

according to one embodiment.

Figure 3b is a diagram of a floating point format to integer format
conversion operation when the floating point exponent is greater than or
equal to 23, according to one embodiment.

Figure 4 is a diagram of an integer format to floating point format

conversion operation according to one embodiment.




to determne which is the |arger exponent. In the case of an arithnet) §SEP 2002 |
oper ati on bebweesroi wo fl oati ng poi nt operands, exponent CO”%Q‘?U%@)O%S&
. receives an exponent 1 and an exponent 2 from an operand 1 and an opérand
2, respectively. in this enbodinent, in the case of a conversion operation,
an exponent of an incomng floating point nunber to be converted to an

i nteger format i iR 7 ned nunber for the purpose of
det er m ni ng whet ﬁler a cgﬁggragirgﬁp%gg%lt%%g{pg\ﬁrﬁyP'é?ﬁffjr“égEPQﬂ?ft beyond dat a
pat h space @gebmiileral | otted for single precision floating point nunbers in
floating point unit 300. As wll be explained nore fully below, floating
poi nt unit 300 i Biyutdesisadsidcka ra%b@a%@k@tiéﬂ%ﬁ'@ujtr%cgm toldr
functional units to accomodate shifts beyond a normal singPe precision
floati ng poembocapecitt y. I n addition, according to one enbodi nent, one of
two conversion constants is used in a floating point to integer conversion
operation. One conversion constant is used for the case in which normal

single prec@gﬁk_% i data path capacity is adequate to perform
t he conversion. : Eo erS % is used for the case in which the
conversion operajion will require a shift beyopnd the nornal data path
capacity requiré nfa(ﬂpasriah'bgl A f’é%tpgfioaﬁefcfeé%ﬁ?g‘?fgt ialow gapeersiomponent
subtract unit 306a, |n a conversion goperation, perforns a subtraction

bet ween an SRBAN Biteger fEmtiang # Iflvatinggosnt fermminising adfldetimpnver t ed
and a constant. As is known, constants used far conversion between a
floating pd@int esitheretignenit.ntAgerding trathecprisan niraenepoaaRbdified d t hat
contains a predeterm ned nunber and a nantissa field that is filled with

zeros. The flmmingapbirtiaksithrhbc RIACELIOKS 0P BEABEmbLOT MnDBINE, OPer and in a
conversion operation in floating point unit 300. The constant I's a

pr edet er m B i t. . on a.specifig -6 2 5 SEP
2002 WO 93%62%%%%88}%3%%%69?’2% |§ﬁ,“r¥’8?§lé Pl CLH M ticul ar
format use th nstant .allows the cqnversion to be perforned in
f1oating pt%nlll ulrrf?{m?)(sg? (h;%ﬁ§ iEc"é’ﬁﬁ&mﬁ?‘%m,uf}thP@Eﬁ’f@%%i%ﬂg@onstant al so

i ncl udes a bi as, is known in the art, processors comonly represent
exponent s FeGSIAraE@RtNG AANIrARSbeERN S datat widtborfsaramnmardifiedi singiéded to an
actual exponent so that the biased exponent is always a positive nunber.
The val ue @regisisinafoatipgsnbmnithis imadbguatefto drforay @bhaddseorf o
representing exponents in the floating point format bei ng used. The bias

and const ampeasttorahbetevedOsihhas Efé%@si@ﬂﬁio'aﬁﬁgﬁl%méi Zﬁ%ipmgér can be

reci procated w thout overflow For exanple, “in a conmon extePnal format,

12610 T tbamEmuaIIRGALiRAUSIBIBRERPRI APLEr, LIS ga0e. @ bl as of

+12710 i s added to the exponent. nmon r 68e's$o nal formats

t he actual  bj JeS 4l er_because the exponent field is larger than that of
an exter na|“li’}f§%%%1§gn?% i%%tg Ao AT %tlb?%? F&ﬁ’@gfrﬂeﬁ'@ﬂdé“%‘ale& @RsHioRubt r act
unit 306a i s used,to subtract an exponent of an incom ng floating point
nunber froﬁf%aagﬂgﬁ%rﬂpeﬁ\ﬂ*@?@ YiHEs e sletmpathaoif whie Sloatingnstiant pl us a
constant bias) in order to determ ne how many positions to the right the

fl oati ng parametisturide te hréarathadate thie maxdmung ipossiblg shifhequirde by for
integer format. Mantissa addition unit 312a is used for adding floating

poi nt nunbeosvémicnopesitidnonTapeidditienal B\(@g’bEﬁﬁﬁ\sLﬂHatbléﬂﬁeﬁgggﬂn | so be used
in a conversion operation for conplenenting a negative nunber. i s known,

floating pgbitit dHumaes I : t : ptive fractions in the
manti ssa w?thma sign tECI t%lﬁn iE(‘:%%?ﬂéﬂ%??g%%‘)@ﬁ‘%?Ir?ﬁh{)gﬁp.mI &g
negative i u r.s, may need to he canverted to positive nunbers for
f1 oating p@%ﬁgeﬂ;og%ra gis%§ﬁf1%ﬁgle)b{r§9 h?i‘@?&’méatﬁgﬁg?aré%f tlpatingtpaint
(LZA)/left shifting unit 314a is used for left shifting in the case of a
conver si onfdRah i Aiarratt iscprqvided g lateh numbers seMingoRthe dboa6iag.
PCT/L1S99/091 SG point. Unit 314a is also used to anticipate |eading Cs.
Wien a | ef pogtitrtit hars chmerrsiper froa peadticmlaa ntomeer A @irchiitoB 4164 e96¢ided
floating point, |leading zero anticipation circuitry of unit 314a determ nes
the nunber of zeros to the left of a lefgnost 1 if a resultant floating

poi nt nunber is not normalized. The nunber of |eading zeros is transmtted
to exponent adjust unit 310a. Exponent adjust unit 310a receives the nunber
of | eading zeros and shifts the nunber as necessary to normalize the
floating point nunber. Figure 3a is a diagramillustrating an operation to
convert a floating point nunber having an exponent that is smaller than a
certain nunber to an integer nunber according to one enbodinent. In this
enbodi ment, floating pint unit 300 is designed to operate on single
precision floating point nunbers with 23-bit manti ssas. Therefore, in this

R T L . - ~ ~ o, Y




“latched into right shifter 604 of floating point unit 300 as shown. 25 SEP 2007 |
Floating point nunber 602 is a nunber in an internal floatin I mat

. according t QN ¥oodi nent. The internal format of floati ngggg’iwﬁ?g/%{]g{)er

602 is a format on which floating point unit 300 operates, and differs from

an external format that is output fromor input to a processor including

floating point unit 300. Several external formats are known. Commonly

external fortremoroatiskly deteaminagtnumnber of bi twrbe shiftes! amd aRd igettior af

Engi neers (I EEE) specification. The present invention can be used with

di fferent exhéftialordetl to peefonal a konversibn ogeratioR ik foRr 2Lk HRIG16203

PCTI US99/ 09156 In the internal format of floating point number 602 the
leftnost field cqngawg ifa Y188 aiagraﬂdé%ﬁbaﬁngﬂfg,%m%m§ uﬁﬁ?fsdos .
e. reld that, in

positive or negati Nunber 602 so I ncludes”an exponent

this enbodi .includes 1 I h i ndicate a power-to which the

manti ssa po?t%?%fﬁjlg Ctr(1)uO ee?"‘%@%"%%n{ 8?%}5" Pgﬁsggé}mieﬁ&o&. sl%g&gdi ment, the
mant i ssa portion,incluges,the "J" bit_and the frgctlon field. The J bit is
a one-bit bisTaPdimentgEoatingeRpint apyt 349 peréorres pdditiohanfpiubiercdics ARl

point (or floating point) as shown, for exanple, in Figure 1, item 106. In
ot her enbodiflaating pohd wiebels irba sHrgle iprecisjon fosmabp Flaatinghpoirgturitpl i citly
shown as it is in this enbodinment. The fraction field contains a binary
fraction of 320 iachalesTheplidate bets df fuctiormed|enitsi fo pédérrhgiraleles whet her a
manti ssa overflow exists in the nunber represented. In binary floating

poi nt._f Or MBISheREBnBn 1A Q18 of MRMng SAUT: OUHIRES. TUNIRRIOGrRNErSENt ed

with just thé exponent field, the J Bit, and the f ion field. For
exanple, in fl. i NQ. int rati oncaddi gg the. nuobers 1 and 1.5, the
Feau tant | ndRBerSBALORERHL et BRARE ROFERR Pkl SRR AR et "ane
a 0, respectjyvely. ers that have a verf| ow condition are not in the
"nor mal i zed'aoﬁlao"\éidi %‘{Egoﬂ?@tmgr%ﬁ u%ﬁ‘?@mai\ége‘qu%et PeréoBiRaraliel nat
includes a value of zero in the Obit, a value of 1 in the J bit, and a

bi nary val ue®pesatioes pravcked datae farmatatfor asiroates gs dequived byfsingke t o whi ch

t he nunber nust be raised. The "GRS' field includes 3 bits that are used
for roundi ngnsteuttioh raaltipsle kdua(SIMDY) hpeaddtionsThBeédiSe Hubhstianel thétsguaar d,
round, and sticky bits. The value stored in the GRS bits is used by a

roundi ng ci rfzdidquifalehPab ifiHc RO turdkd tmrr%h%c (OREIGRal UStst QT RUNG e

resul tant nunber” according to sone predetermned nethod. In this
enbodinent,(ﬁgghgégnal storage capacity is present in right shifter 604 to
accomodat e a maXi num possi bl e nunber of bit position g 2 5 SEP 2002 WO
991 5620? PCT/ US99/ 09156 shifts. Specifically, in this enbodi nent, floating
point unit 300 p tJ : Sl i Si oAt L ng _poji at
urbers. Wit hout GenD] SRS SRAHSHERY SoPERTBIAR MGt RARRE, Coul g

not accurat ef'qucRSﬁEPﬁPﬂ_@Q@Nﬁﬁﬁh@?ﬁ&%ﬁo@&ﬂ QR 300. ESLEn bR kohREYIUHRE @

shift to the left or right over a c aln nunber of bit ‘positions. In the

case il ustranegbcbivesiigbir8cions hRe RAdsinhin@salhieRrasktiyn®f uhitghushbét er 604
of floating point unit 300 is not actually used because the exponent is
less than 23sddasd inh&hi@EX maihepORSEdt ¢ osiiaht ingtr@dtioh s Furidtional heniar ea
shown as the GRS field. After shifting takes place in right shifter 604,

t he resul t ari08alstaemansiss uongarison ourdplexG(QH ansli right steif @RS wiiit.s The t he
known way. The final 32-bit integer is available at the outputs of floating
poi nt unit 3@Inpimsoregaprilibty phuniti3d§n 43 enlysueddegsiny additioaragb6. Fi gure 3b
is a diagramillustrating an operation to convert a fl oating point nunber
havi ng an exyREastionheperREons « APEFifigakY. wher gXRORERE (Af S14P ﬂ@ﬁgﬁg RYNhn

i nteger number acgording to.one enbodinment. In thi .enbodLnenH{ i ncom ng
flloati ng poi PREATABEFE $8934 & 1§ RACRGPEY i BOMBRERTTATBEE RG PERHI RERGR® t hat
in one case, require the floatin oint to be shifted .31 bi. ositions
n order o SERvRITe HbSTRNE: BAReohaRBar orss QETARTT i d3dP TR I n

pri or floatiﬁ%géﬂ.JQ'éﬁﬂts t hat operate on single precision floating point
nunbers, a na MM SHITY of 24 bit positions is permtted in order to avoid
overflowng into the GRS field. This is because the GRS field nust be
preserved for rounding. In this enbodimenb; it is deternm ned whether an
operation to be performed is an arithnmetic operation or a conversion
operation (as explained nore fully below). If it is determ ned that the
operation to be performed is a conversion operation that requires a shift
into and beyond the GRS field, "virtual shifting" and "virtual rounding"
are enabled. Virtual shifting uses a special, larger -10 2 5 SEP 2002




" WD 991 56203 PCTI US99/ 09156 conver si on const ant conprised of a biased?5 SEP 2007 |
const ant pl gaxi mum nunber of bit positions that can b j .
~right. In tﬁi%sgwé?rf’gédi ment, the maxi mum nunber is the nunber gﬁ@ﬁ%’&’q""
positions between the J bit and the rightnost bit of the additional four
bits shown in right shifter 704. In the case of a maxi mumshift right, no
rounding i s perf e ield need .not be preserved. In
this case, the C%ﬁ%ﬁenﬁm&%?fﬁ \"%‘Qﬁ Cg;§%%‘?ﬁfesumcp”§65 FEREER IR %rgfirgnal
to disabl e tfiedsetehd G LR Gk Y- g [ e erred to as wvirtual
rounding). It is not necessary io | g? g?%ﬁ%(%tﬁnm ?ng %arS%LPsfeafhE’EIHHPe%fRs_ bits
PELAL T on)
y

because the ¢purhtiah BRwebhtiskdEbatif ot HEInS el '
are known to IJtsjk!e zero. Therefore, the bits gtaerﬁ{lsl,gelxﬁgﬂéﬁtlr?érggage ond the

ri ght nost bifeceives aghéxpoitieht @rantD4n(edipfbneh 09t frémds e eros and
do not have to be accounted for by bits in a GRS fi eOFg%W%ie%ngj t of the
conver si on opmrand @ respextiviehal 32hisi émbodrgent, ihahe icisead¥ah (BRVErsidn t he
out puts of floating point unit 300, for exanple, in a register such as
regi ster 706Qperaidomnean exponant bf astinavitong dfoadirgppuitt signbér esTb@2- bi t
integer format to single precision floating point format according to one
enbodi nent  FOTWREEHtOsAMINtEBR fMATTRRt isssamapPateshtd agrpdetermimed na@ther] foreger
nunber 402 itﬁxga nunber i n . 32-bi.t inggﬂ}er format coming into an input of

floating poi R}’rﬁPPS%é’é.Cpqi?Hatr}lﬂg‘ﬁ eT FIBRRVEIEIAN gpeTation wilk reguisara  of
el udes aadiiit SeapRBi 4R RRth Bhase rbrfruy A et lonsies@asertamforinghi s
i mum on 10§ o BfHert i loabirls BR300 B L FEN e il SRS RPBM ATHY event
FeSul tant 1 Foat naCatnPIC ARk SRS 1UAEhECRE pith Sege8in eAthaE: o

be created. iAcfieitiondl LaitshbSaRBhadbaRAL shihlsqgééiﬁg\giogﬂg?’@aggﬁggégg

determnes how to latch an incomng -11 WO

PCT/ US99/ 09 Fbcisionbfivatityg geiey ipaicitg. theaddiaiba, aécdrAfmgd REGRE NY si gnal t hat
indicates a type of instruction received. In the case of an instruction to
convert a nigmadifranh pne efawd comedrsiom Edrbnisgispoedtinf o figating fdciat kdg
point unit 300 | atches incom ng nunber 402 so as to align the rightnost bit
of nunber 40D!SERT RORKRISIATYRPREAIObI Ong comeeraidai cormtant isiuseddidedhe casde
right of the S I\i eld in left shifter 404. After shifting is performed by
| eft shi ft erNAOAChrmalsingle; precision floptiag peint sabdpathiogpadity ishi s

enbodi nent, _rounder, 406 .i s separate unit fromfloating point unit 300. In
ot her enbodiAPEALA' tOoRFHIRIMAYE OYeESIAR- | Anathesrongiant inysedfer e ¢aser 404.

Resul tant floati. i nt_punber 408 i t f ounder 406. Fi 4
doss not show euier B L REBE e ptioR il Pehute s Bebavang Hetmprmal

conversi on f L s . I i int £ or.mat. .For exanpl e,

nmanti ssa adocliirati hﬂfmlt Cét}g%é%ggletqgfe&r%g tlepérf% séort(l:(glr?\? 5%‘%&53?})&%& nt eger
nunber fromits ZxsoaPAPkil r n i : sign
representation req?i red %ol?ﬁgléto%f?némgbihﬂtﬁ.%hv%g%agg)ﬁe?%tg%%%#%@%%di ate
operations aubtraéfion &etivBeRtant &xpditeritrbredt i ' ine boidt AhAGeaof a
selection circuit used to di rectﬁfl oating pﬁbr{?ﬂﬁfli)&ééo%lp?éﬁﬁ g{tl@%eggb

i nconi ng nuibkesonivertad patd & @onatantayAs iNkidws, eBROEhIRAled tdtecctRleBGHRON
circuit of Figure 5 includes a multiplexor 500 controlled by integer
convert si ghgtwedra fidating postirfoctriasrandeireegedfdyndtl @atiintarpekpénert t 300
is an integer convert instruction, integer nunber 506 is selected to be

| at ched in tisld phatreontaingvinpredeteypinedinumbertirs e asantidsatfidldi theeger si gnal
506 is out pmjﬁgn out put 5%%60f mul tiplexaor 500. In the case where a
floating pofh€dtithresger 1bgrpasargtakes thegplace @f mysesand fiatingt peint or t he
case where a flcr)l;aqting cpoi nt .arithnet.ic operation is to be perforned,

i nteger conYBFEATY Hha CORYSISION RRETAHPNE Herf Mg POt yRi430Ag The senstpghal
504 is outpt - 99156202 2.5 SEP, 2002 PC T/US99109156_ Thi s

embodi nent ﬁ%lpdé%%tep%}gn %Cg\?gﬁz%edewgf)sﬁrvé’};ﬁtﬁ??p tidy2 SReCifiSse of the
maxi mum negative integer nunber as input Lo a conversion operation. In this
enbodi nent, the nmaxi num negative integer Cones into floating point
arithnmetic unit 300 with a "1" in the Obit of left shifter 404 and a zero
inthej bit of left shifter 404. The nmaxi num negative integer does not
change when conplinented. Therefore, when the nunber arrives at rounder
406, it appears as if an overflow condition exists. Rounder 406 w ||
therefore shift the nunber right and adjust the floating point exponent
accordingly so that a correct floating point representation is produced.
Figure 6 is a block diagramof a selection circuit that determ nes whether

o, I o v e o o I T Y




" Both multiplexors 702 and 704 are controlled by a signal that indicatlésSEP 2002
whet her the Lygtion is a conversion instruction or an ari%ﬂ,ﬁf i

. instruction. ??J/?dﬁ’e’ instruction is a conversion instruction, P é‘%’ﬁ%‘i%r
702 outputs K and nultipl exor 704 outputs K~. Selector circuit 700 is al so
conprised of two subtraction circuits that performtw subtraction

oper ati ons Ség'u tractor 706 has exponent | on one input.

.t aneously. Su
Exponent | i$ Pfﬁ%aqgibgﬂ%ﬁfa%?&aas%a(,rf)‘ﬁﬂlaé&PFﬁPr’éFF%d~oﬁ€5|eaﬂfdhﬂk®m5tam
operation is I |G- i_ion. and expgqnent 1 i.s the exponent of the
flooati ng poi %IMS%%? Hﬁgé%é&ggéngérpteéféarmgnmtpﬁga%ﬁﬂ%P&t“i"oHn}tstPcBhﬂéﬁsi on
oper ati on. i | 1i.plexor 702 subtract circuit
786 perforns%glig? %ielﬁgrégEggté)gg%ﬁ%rpgénégé%ﬁlgéthil%Tdothrﬂ 35r 43S LUBTPRER tHn of

exponent 2 firemmex ﬁor&-conﬁﬂonllyzrteﬁr R@Qﬁg&éﬁ&ﬂ'?@%@%%uﬁg/ 09156

Subtract circuit 8 has one inpu at receives éxpone Yponent

1 is the sanmeanpeinent corgahyesdubls SHEBA 26 arCidtGY] L@Gh Ci rui t
C ub)s a8 an7%c2f-iﬂl Dée%%gznt@dqtha@(f{\%

708 al so receives the output of rmnultiplexor ent upon e out put

of nul ti pl exvirsetéxpenthitriaalways s piobitii@SAbEA! The & 23O bt gq;iggaepgnggponent
1 fromKv or a subtraction of exponent 1 from exponent 2. Miltiptexor 710
recei ves t heOhothenumifersofbitaeraitible fiort refliésenttthgd Bﬁp&h&rﬂytian\e%t{@g:t
circuit 708. Miltiplexor 710 is controlled by a signal that indicates, in
the case of RRINAfoIMMeb¢ingoseratTherbianmatmonstapamethodern soghepiter t han or
equal to exponelrllt 2. Inth casg of a conversion operation, 710 is

control | ed BY"A S Qieamalizsd numpPencan baHesipepcated onsheut overfimeat Bor t han or

equal to K case of a _conversi.on ope ign, if exponent 1 is greater
tﬁan or equa‘%’éa{ﬁo‘hﬁ' H}uFt?%?@?&re"%’if‘ailifpfmﬁﬁt'ﬁ%wt‘ﬁéh@iimﬁ“@gl#mwegaté@gnent 1
and K' as a 4 I tyoh.. Lf _exponent I'S.Nno eater than or equal
to K, multi p\{%ﬁ%?e@ﬁ%@%&aﬁfe’?w Jp})llljc‘t éatsﬁ’ea %i‘q‘sf rerde Brd 5 HoHie expoRent. asqa
right shift com i val ues. K and Kv are stored
inga read only %%y,yi?g%s?d}ﬁ@f%ﬁggfe% #E\?ltei%g%to%?l?é%s bgﬁéﬁg?fe ST3U58d i n

terms of spehefdxpoREROBEIEN BredithaBXATPbE i ve, been descri bed
whi ch use parti ggl ar floating %oi nta or 1nt gag}??%g\ram srségglgtaglgf‘ti cular bit

fields and nunberSilbfefbiring td Feyuire 2o BkpEent RAMRMRE unkS308lis! iddit @d to these
specific formats. Various nodifications and alterations m ght be made by

t hose ski | | sttbtract he exponsnt bbah idegrairng Agafingrpdihe napibdrt frapdascope of the
invention as set forth in the following clains. _y 6_ 2 5 SEP 2002 Wat
is claimed iC9nstEnt Awhiesethe gomssamtt inghidesree torstampphat alsofistane b ki Ng
nunbers betwegn an integer format including a |east significant bit

posi ti on an®Tder tQ detargipsihaw mamapositionadp rthe atglexibenBod tipg iHdionmand  a
fraction portiqn erei,n a conversion operation requires a greater data
path width tfaHube %é%ffiﬁ@f%lieﬁ\f aglgﬂtfﬁﬁét%b@p@ramm,r forndt.f | oati ng poi nt

it hmet i . ising: .right. shift. circuitry t. ei nb
o the f1oattng MRRESARARORGn 4P ishiber tghaceling (lastiapery | nel udog. |
ddi ti onal j : L ki ivght..of the.right most itio
oqui 1 od by TR PESIinRaP Atk oferhlign! MBhRa 1F 3168 shd aran e ised Wiyt
hift b : i i ' int arithmeti
oper ot on " soRvERich BRlepaibiltsh Laiplanithiile 3 ned e BB AF it Moni 11

circuitry tgrradUlatih md ! i . e .
significant bit positi og]nﬁﬁgsin#éﬂgér??rrg?qglg?%ﬁrf%%’te?ﬁtieﬁﬁ %)gg%gﬁgee %g&tl%%s
exponent poiihithe mdntidsa witkhesighdaeindeating m@aiginn@fnwmn{wﬁ%cbﬁﬁgg a
first magnitude, and to produce a nunber wth the | east significant brt

posi ti on havieggtive seteged naimigrsendy deéd ¢o det cdrvemedhe posisiveahigbaent i n
response to the exponent portion having a second magnitude different from
the first mighfloating poinThepresemtetivns of claim 1, further conprising a
first selection circuit operable to align a nunber according to whether a
current operat i oMantigsaclgndingsiesn appisinpatioon(lefApfetirshifting itnitcdlidmai on. The
apparatus of cl a}i nleé f_L#r,t her conprisjing left shift circuitry that receives
a number i nUsRe Iphiedhehitting iathe Gase @f # conketsign from finteger ¢aiftoayinignc| udes
additional register positions to accommpdate a shift beyond the data path
width required by a floating point arithistic operation. 4. The apparatus
of claim3, wherein the first selection circuit is a multiplexor that
causes the apparatus to latch an incom ng nunber so as to fill the
additional register positions when the current operation is a conversion
fromthe integer format to the floating point format. The apparatus of
claim1l1, further conprising: a rounding circuit that receives a converted
nunber for rounding, and




“control circuitry that generates a disable signal to the rounding ci rzhiSEP 2002 |
when a conv j ~16 2 5 SEP 2002 operation requires a shif ond the
data path V\nﬁl tﬁg?zeodui red by a floating point arithnmetic opergFitrg‘%gy/%?b%n
apparatus for converting nunbers between an integer format and a floating
poi nt format including an exponent portion and a fraction portion, the
apparatus c I iy RQ: ifter to receive a floating point nunber in said
fl oati ng popﬁp{tf ?ﬁg‘ﬁﬂ\%ﬁgﬁ ﬁesltonu? etosﬂ?sflé’tat? IRadiRe 9s 2 d¥hen arit shifgiheser
posi tions tgedhgett i position required.by a floating
point arit hABt| ?eo%cggﬁqunngtkg) né’gégg%%g\elriegﬁrgm ﬁg;ﬁ"?& P& iRRAANG £€50 pat h
wi dth requi sRciBY BNl diPakit%o PRAf31aL] i "ALLBR: o LidSt el ection
circuit to ali g? a nur%ber1 r\?\ng?h respect&%}gﬁ%\hgesadgirﬁf%ﬁgﬁ Oféﬁfoétté’ré‘ﬁosi tions

accor di ng t efywehHeftréost ur it %niesgnﬁhahﬁoﬁﬁniésgé’i?nt%Uxﬁ@éﬁ%irﬁ)t% |20 or a

conversi on operation; a second sel ection cuit to select either an

exponent of The fluwabéengf paiditg rerdels frandiideded ekBoAdM N60sf LAALIIAY, PO nt
nunber or two exponent constant val ues based upon whet her the current

operation iExpenent adjuet iitdidaatreivesitha raonber 6f Radeiieséiosand shifts
subtractor to receive the two exponent constant values and to produce two
di fference \Ng Membey asumcessAry g rormexkiznene flohtingepdihbatimitgerpoi Nt nunber
to be converted fromeach of the two exponent constant values; a third

sel ection circui F1gBesd 8 dingeawy illustrating e operasinretosednrest aslanting

i ndi cation og.&? nun‘ger of. bit positions to shift right based upon whet her
the exponen?® S THEPET BaVingy 2B ROTADHbRAt iscstBallenthasr 2 eertrin gradtesrtot han
or equal to,a. i.n er; _and shift control upit to control the
shifter to %‘ﬁi"%% %F?éi&rﬁg%b%%qpfﬁw %’a?geoefmgﬂ‘émf‘?%at p%ﬁ“f)émﬁoqﬂ\mér into
the additi opgdiid LSt Bhi ik sed ich.of the two difference

val ues is sel ect%gj. Tﬁe“?@%&%ﬁ%ﬁ%@ @1 gﬁ%%@ OtraPBle PRSI EBAINg el ect i on
circuit conpsinesirhbést whd23800Rdnklbid. P RGhid | plyexor
havi ng inpﬂ?és conprising an exponeﬁtl of an é?ﬁlrf?ﬁeﬁé ﬁﬂ%‘%@%&%éﬂgt “first

exponent caestamtnutabeeis 2he I586 eREoRBht bPaBXAEoRANG MY aki |l ng
the exponent of the arithnetic opergand and a seconaggl%géﬂgtﬁ&egﬁgﬁ%

val ue, the thibescorvrttebbendnraxponpherortsis paviteg titar PkgEA] ioB ¢ fshat

i ndi cates whether an instruction being executed is an arithnetic

i nstruct i orP@sible dbat eorvaspiomwill wequipa.a shift right beyond the normal data
path width of a floating point unit designed to perform floating point
arithmetic.

Floating point number 602 is a number to be converted that is
latched into right shifter 604 of floating point unit 300 as shown. Floating
point number 602 is a number in an internal floating point format
according to one embodiment. The internal format of floating point
number 602 is a format on which floating point unit 300 operates, and
differs from an external format that is output from or input to a processor
including floating point unit 300. Several external formats are known.
Commonly external format conform to an Institute of Electronics and
Electrical Engineers (IEEE) specification. The present invention can be used

with different external and internal formats.

-8-




"-17 2 5 SEP 2002 8. A processor conprising: a floating point circuld SEB2002
perform ari WHT%%j of floating point nunbers and conversion S
bet ween a floa h?gozpoi nt format, including an exponent porti ggf@zsgplg&ﬁ
fraction portion, and an integer format, wherein a data path wi dth required
for a conversion operation is greater than a data path width required for
an arithnetic operation, the floating point circuit conprising: a right
shift circuit to lpeesipdernal formahg! portingnpeine numbdres@otheckef teniost tedd ei n
the right shif%ﬁici rcui t .i.ncl udes addjtional Dbjt gosjti ons to the right of a
ri ght most bi*PTEHNE ReSIBN JF iMCABNAW Rethss MurgberbPoimrosire oamegative.ei n
when an operat i t.a,b erfornmed i s a conversipn qperatiop, the right
shift ci rcuﬁ%ﬁn;%t (r:hG@g Eﬁf‘fg IplHdep A ‘ff&i’?ﬂe'ﬁffﬁﬁﬁgeb l’gé[:‘l,so?f\‘}gP?éBe%b that the
addi tional Bif i r i ed; f. hift circuit.to receive an
i nt eger nunbeér utH ?62 %Eﬁb@rﬁgg{&g\%gr&;@ﬂeﬁ Eoe{"l%é#}} ﬁ'éelﬁ’\‘af‘%éﬁ pgrion HEI udes
addi tional Bimb&assdz ag bO rhiReqr itghth; j: it..0f the |nteger
nunber to be converted, andrv\ﬁgre! nh%g%"%hogl%g}eigg&&ﬁéé%é_%eepopr&oporrred is a
conversi on epaudes ee "I'MAt bRA theFrddiidy field. L The) blies at&?e-hﬂttﬁﬁﬁér number o
that the additional bit positions are occupied; and a right shift control
circuit to ¢oepenimnhediataittoshifleftaifr auimplieddbcpubl PBirtNbedRfatiRgTDer with
a least significant bit position having a Fi rst alignnent in response to
t he exponenpopah) taschosyn t foe exaomlenin fgure Ntdnen0b.avh Rgheér émbotirmaas) t ude,
and to output an integer nunber with a |east significant bit position
havi ng an al“i‘@ﬁﬁéﬂ’t‘t Biteryriatrger ris impie df and nos exphicitptshown aespisrinahiso sai d
exponent portion, havi ngngoa_econd n?(gni tude. The processor of claimS8,
wherei n t he eFIRAAIMERtS ¢ pRIAPN dield GPatans erRiragoitpetiar of 27 bitshtFhect i on
circuit to subtract an exponent .of . the floating point nunber to_ be
converted fr@mtbéta’ﬁ ¢ 5{“33‘6%\% t SRdicaies ‘é(lfl‘FaEed PRFGESeA gverflow exists in val ue

dt bt t f ot floati i, nt nber to b t ed
rom 8 secoftt BoRE-EReERedadt Toent DaoRte P uRLATAn puth pake onind o

| ect ci ' ti I [ | ect . Gh
et and SRoNE’ SR YRS HRD! BE ceBPeRhii it fisd SufEfoSEfchnli 10

The processeie Phitchalnth, frakiesietield. heof ksz%hg@ iRY f‘i'&a%éﬁwett eré@ﬁr(e

conprises a conparator to output a signal that | ndicat

exponent of adimgthdauniberbd AV S, thel resulgirRalifhbéd @B refuREd MatltRe ©
certain nunber, wherein the signal controls the select circuit such that if

t he exponenbitafind Hee hbitbemtaio Hé awhy € tespectivelyedtiembebathrhaagual to the
certain nunber, the -18
overflow condition are not in the "normalized" floating point format.
Normalized floating point format includes a value of zero in the O bit, a
value of 1 in the J bit, and a binary value in the fraction field that indicates
a power of two to which the number must be raised.

The "GRS" field includes 3 bits that are used for rounding control as
is known in the art. The GRS bits are the guard, round, and sticky bits. The
value stored in the GRS bits is used by a rounding circuit in floating point
arithmetic operations to round a resultant number according to some
predetermined method.

In this embodiment, additional storage capacity is present in right

shifter 604 to accommodate a maximum possible number of bit position

-9-




"2 5 SEP 2002 second shift value is selected by the select circuit, t@e SEP 2002

second shif us being greater than the first shift val ue. _
. processor crgvn%rg%%t?%'g a floating point unit to performarit hn@#{:us??m””

floating point nunbers and conversion of nunbers between a floating point
format, including an exponent portion and a fraction portion, and an
integer formgt,, t fl, atlyn%ﬁp int unit including: a right shifter to
receive a fl SngeRfSiEal i tB s emBediBavk floating\prinkupit 30 pexfhrmshi f t er
i ncludes additional bit positions.to.the right of rightnpst bit of the
floating poi APCRGMREOR Sprlféeé?fﬁ?/léﬂrbﬂ?a%%l R%‘l‘é‘r%‘ilﬁ‘ n Yiihepkadditienalo be

f d i I ti t i gh hift tches the floati
boi nt number P50 Gr (BACCE ARt vbHPOReAN Bbr BiretdbBerm are
i ed; i oSNd : ' ' tq b ted,
wneroih the TaT RS oRpHch? R Rd AL aHE LA o S BREYERL o

a rightnost vdr ketthmh hﬁhﬁ;@rofm&%it;&spe converted, and wherein when the
operation to be performed is a conversion operation, the left shifter

| at ches the integgt &wmrillﬁggrhtw_tiﬁh@uwgé,tth@@aai%ﬁal&@gakirg%? rigift
occupied; a first selection circuit to select either an expohent of a

floating poishiftan6B&iof fhabmgasisied undt 3000is et attuedlyl nedisdausayrder or two
exponent constant val ues based upon whether the floating point circuit is
perform ng aexpomiertinedéss thpar2 amdh sortha maxirems ipmssibpe shift eight 4 seiktinact or
to receive the two exponent constant val ues and to output two difference
val ues, wheréierareashoun pathe CRefaldat After shifting ¢akesaplac pomightt sbiftehe
floating poi nkmber to be ¢ nv,ertedC;ro_m each of the two exponent

const ant val & the Teutitant ameet ivreunded in raundes 685 tusing the Gl bitadn

di fference val ues as an_ indicati of .a nunper of pit positions {o shift
ri ght based UsoM' WKBtHAY: ¢t é@(ﬂ%‘)?é}ﬁ‘tt IREBEhHE Wag‘_aPF%@f %Si%tphktﬁrﬁ r to be
converted is r . e l.to,a .certai.n nunber: and a. right shift
control cir c%‘?{tﬁt?%ﬁggwt@gﬁt %p R’e%;iliaeé(ﬁkn%gﬂ Fetees EIbEHr%L?é Feedier éhgporti on
bits into the addgf)l Dit It I f t .fference
val ues i s sel ect g!c:iltglu?g%lb‘llgg %%%gée@s@?%g? ﬁ;ﬁ:g gf‘%dbf\f?h%éggphbgﬁeéﬂﬁpgépg

sel ection cip&it tnuTABBY ha®iel 1P eNBbhEM EX%PES ot hees en a
conver si on c%nstant and an xpor?gﬁt of an érfgt ?rr%rtlﬁggg%grandsscfgarﬁenet hod
for using adhedetrng apoimegar himibet iaecdrdingitd oh® epeSdABra. JaNked si on

between a floating point format and an integer format, conprising:
embodiment, incoming floating point number 702 is a single precision
floating point number that, in one case, may require the floating point to be
shifted 31 bit positions in order to convert floating point number 702 to an
integer format. In prior floating point units that operate on single
precision floating point numbers, a maximum shift of 24 bit positions is
permitted in order to avoid overflowing into the GRS field. This is because
the GRS field must be preserved for rounding. In this embodiment, it is
determined whether an operation to be performed is an arithmetic
operation or a conversion operation (as explained more fully below). If it is
determined that the operation to be performed is a conversion operation
that requires a shift into and beyond the GRS field, "virtual shifting” and

"virtual rounding" are enabled. Virtual shifting uses a special, larger

-10-




.19 2 5 SEP 2002 receiving a floating point nunber in the floating?§gErty0n;

arithnetic ci | determ ni ng whether a shift operation r i Q _align
.the floati r%é%%#?ﬁéi nunber for integer representation will c g_g/ed’sgglagr}ﬁi cant
bits to be shifted beyond a bit position represented by an extrene
rightnmost bit of the floating point nunber, if it is determ ned that the

shift operation required to align the floatjng point nunber for integer
r epr esent at GO SHi'P C(,Oé’lﬁ?é‘ta‘rwnﬁgf%é Pgabtéa%efﬁ feRsdanlep Bisdthenmagimuposi t i on,

. e . . ! b f bi it

Vo ohi o ardEber By Bicnsipel %l % é’lﬁ?éé%éﬁiaflr?&uaé%ﬁqqxﬁgqtg&%u:nSQE
bi it i s j . rsion,c ant, 1s | arger

Chan the f RefutrOnBiiul io 1€ rilbde o SERANERS et ReRlnf DB Ak dener

o) %o iR HIEE Atk SARNRIRN WCORSLRM A kiR 9DE! Th 16| n°

nunber of bit positions to s fting por nt

nurber ri ghiasé of fai flaxa@dind sRITRkighit! n&?@&ﬁd’iiﬂg%s %ﬁjrggeé@f TheldrBY ERST

rounding field of a floating point representation, generating a disable

signal to &GRBiedd mgedinatibd prdvatvddidirceiiesadeh e &&&répuﬁdid?msaﬂxgglit i's
not required to performrounding on a resultant integer nunber. 15. The
met hod of qainhunit, 30fhgereiratestresighebtoodisalsleehairoiindirgoepenisss(thizpaii ng an
exponent of the received floating point nunber with a predeterm ned

const ant t g referrgé tp\asdvidsiah goundimg) mitns motirecesshrpitd peofoirt cnsndingt can
be shifted before bits are shifted beyond the extreme rightnost bit of the
floating pdrrtseranipal GROPitsThecapse thriinitialGRE hitsthefarrethe statthef 4 nt eger
nunber is a 32-bi.t nunber, the floating point nunber is a single precision

f1oating p&RYCHUNDOPETaieR: #re KAV MmimBsusaser Tdrergiore i bitopotentially - 20
- ASYE A AL Aliardd bePoRa inetighfost B of YifneShifter 7ba (Tad {558 A% Kows’

to be zeros and do not have to be accounted for b-y bits in a GRS field. The

result of the conversion operation is a final 32-bit integer that is available at

the outputs of floating point unit 300, for example, in a register such as

register 706.

Figure 4 is an illustration of a conversion from 32-bit integer format
to single precision floating point format according to one embodiment of
the present invention using floating point unit 300. Integer number 402 is
a number in 32-bit integer format coming into an input of floating point
unit 300. Floating point adder left shifter 404 is part of mantissa/left zero
anticipation/left shifting unit 314a. Left shifter 404 includes additional bit
positions to the right of the GRS field. In this embodiment, four additional
bit positions are provided to accommodate a maximum shift to the left of
31 bits. The additional bit positions prevent a possible shift of significant
bits into the exponent field of the resultant floating point number, which
would cause a meaningless number to be created. According to this
embodiment, floating point unit 300 determines how to latch an incoming

-11-
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2.5 SEP 2002
%-2?KZ| wr mh C N

. Tal oal cal calOPREAT cnal onall cal cal call 8] b nl g o) o CAkETRARIS calt
<CP\ kWs3{ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] calca] ca] ca]ca]ca] ca]ca]cna]calf=

| ca ca] cal c SPEUFEAGAF CATURL R G DL 1% 41 CEN) SAT G5y Chl CHIGHFCh] cal cal 2
b o USROG o Bl
L R L g A e ]

Ul ca] cal " n6AgY jatches incomi mber 402 so as to align the rightmpst bit of
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format to floating point format. For example, .mantissa addition unit 312a
may be required to convert a negative integer number from its 2's
compliment representation to absolute value and sign representation
required for floating point. These additional intermediate operations are
not pertinent to the invention.

Figure 5 is a diagram of a selection circuit used to direct floating
point unit 300 to latch an incoming number in a particular way. In this
embodiment, the selection circuit of Figure 5 includes a multiplexor 500
controlled by integer convert signal 502. If an instruction received by
floating point unit 300 is an integer convert instruction, integer number
506 is selected to be latched in the manner shown in Figure 4. 1In this case,
latch integer signal 506 is output on output 510 of multiplexor 500. In the
case where a floating point to integer conversion is required by an
instruction or the case where a floating point arithmetic operation is to be
performed, integer convert signal 502 is not active and latch floating point
signal 504 is output.
-12-
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This embodiment includes the advantage of gracefully handling the
case of the maximum negative integer number as input to a conversion
operation. In this embodiment, the maximum negative integer comes into
floating point arithmetic unit 300 with a "1" in the O bit of left shifter 404
and a zero in the J bit of left shifter 404. The maximum negative integer
does not change when complimented. Therefore, when the number
arrives at rounder 406, it appears as if an overflow condition exists.
Rounder 406 will therefore shift the number right and adjust the floating
point exponent accordingly so that a correct floating point representation is
produced.

Figure 6 is a block diagram of a selection circuit that determines
whether an incoming floating point number to.be converted will require a
shift of more than 23 bit positions (in this embodiment using single
precision floating point numbers) and enables virtual shifting accordingly.
The selection circuit of Figure 6 speeds execution of a conversion operation
by simultaneously calculating both of two possible numbers of bit positions
to be shifted. In this way, a data dependency is removed. Specifically, it is
not necessary to wait for the result of a subtraction operation performed on
two incoming operand exponents, determine whether the result is
negative or positive, and then compliment as necessary to obtain a correct
shift value.

The selection circuit of Figure 6 is also used in addition operations.
As is known, floating point addition operations typically align the
exponents of the two operands by shifting the number having the larger
exponent to match the smaller exponent before addition takes place. In the
case of addition as well as that of conversion it is necessary to determine a
correct number of bits to shift by performing a subtraction operation.
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Multiplexor 702 has inputs labeled exponent 2 and K. Exponent 2
represents an exponent of an arithmetic operand when an operation to be
performed is an arithmetic operation. K represents a conversion constant
comprised of a constant bias plus 23 for this embodiment. 23 for a single
precision floating point number is the maximum number of bit positions

that can be shifted without shifting into the GRS field. Multiplexor 704 has

inputs exponent 2 and K,,. Exponent 2 is the same exponent 2 as is input to
multiplexor 702. K, is an alternative conversion constant that allows
virtual shifting into the GRS field and into bits to the right of the GRS field.
In this embodiment, K,, is 31 plus the constant bias. Because there is a
difference of 4 between K, and K, a shift of 7 additional bit positions

(virtual shifting) is allowed when K, is used. 1;1 this embodiment, use of
K, allows bits to be shifted through the GRS field and the additional 4 bit
positions to the right of the GRS field.

Both multiplexors 702 and 704 are controlled by a signal that
indicates whether the instruction is a conversion instruction or an
arithmetic instruction. If the instruction is a conversion instruction,
multiplexor 702 outputs K and multiplexor 704 outputs K,,. Selector circuit
700 is also comprised of two subtraction circuits that perform two
subtraction operations simultaneously. Subtractor 706 has exponent 1 on
one input. Exponent 1 is the exponent of a second arithmetic operand
when the operation is an arithmetic operation and exponent 1 is the
exponent of the floating point number to be converted when the operation
is a conversion operation. Depending upon the output of multiplexor 702
subtract circuit 706 performs either a subtraction of exponent 1 from K or a

subtraction of exponent 2 from exponent 1.
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circuit 708 also receives the output of multiplexor 704. Dependent upon

the output of multiplexor 704, subtract circuit 708 performs a subtraction of

exponent 1 from K, or a subtraction of exponent 1 from exponent 2.

Multiplexor 710 receives the output of subtract circuit 706 and the output of

subtract circuit 708. Multiplexor 710 is controlled by a signal that indicates,

in the case of an arithmetic operation, whether exponent 1 is greater than

or equal to exponent 2. In the case of a conversion operation, 710 is

controlled by a signal that indicates whether exponent 1 is greater than or

equal to K. In the case of a conversion operation, if exponent 1 is greater

than or equal to K multiplexor 710 will output f-:he difference of exponent 1

and K, as a right shift control. If exponent 1 is not greater than or equal to

K, multiplexor 710 will output the difference of exponent 1 and K as a right
shift control. In one embodiment, constant values K and K, are stored in a
read only memory (ROM).

The present invention has been described in terms of specific
embodiments. For example, embodiments have been described which use
particular floating point or integer formats and particular bit fields and
numbers of bits. The invention, however, is not limited to these specific
formats. Various modifications and alterations might be made by those
skilled in the art without departing from the spirit and scope of the

invention as set forth in the following claims.
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L. A floating point arithmetic apparatus for converting numbers between an integer format
including a least significant bit position and a floating point format including an exponent portion
and a fraction portion, wherein a conversion operation requires a greater data path width than a
floating point arithmetic operation, said floating point arithmetic apparatus comprising:
right shift circuitry to receive a number in the floating point format, wherein the right
shift circuitry includes additional register positions to the right of the rightmost position required
by a floating point arithmetic operation to accommodate a right shift beyond a data path width
required by a floating point arithmetic operation; and
right shift control circuitry to control the right shift circuitry to produce a number in the
integer format with the least significant bit position having a first alignment, in response to the
exponent portion of the number received in floating point format having a first magnitude, and to
produce a number with the least significant bit position having a second alignment different from
the first alignment in response to the exponent portion having a second magnitude different from

the first magnitude.

2. The apparatus of claim 1, further comprising a first selection circuit operable to align a
number according to whether a current operation is a conversion operation or an arithmetic

operation.

3. The apparatus of claim 2, further comprising left shift circuitry that receives a number in
the integer format, wherein the left shift circuitry includes additional register positions to

accommodate a shift beyond the data path width required by a floating point arithmetic operation.

4. The apparatus of claim 3, wherein the first selection circuit is a multiplexor that causes
the apparatus to latch an incoming number so as to fill the additional register positions when the

current operation is a conversion from the integer format to the floating point format.

S. The apparatus of claim 1, further comprising:
a rounding circuit that receives a converted number for rounding, and

control circuitry that generates a disable signal to the rounding circuit when a conversion
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operation.

6. An apparatus for converting numbers between an integer format and a floating point
format including an exponent portion and a fraction portion, the apparatus comprising;

a shifter to receive a floating point number in said floating point format, wherein the
shifter includes additional register positions to the right of the rightmost position required by a
floating point arithmetic operation to accommodate a right shift beyond a data path width
required by a floating point arithmetic operation;

a first selection circuit to align a number with respect to the additional register positions
according to whether a current operation is an arithmetic operation or a conversion operation;

a second selection circuit to select either an exponent of a floating point number to be
added to another floating point number or two exponent constant values based upon whether the
current operation is an arithmetic operation or a conversion operation;

a subtractor to receive the two exponent constant values and to produce two difference
values by subtracting an exponent of the floating point number to be converted from each of the
two exponent constant values;

a third selection circuit to select one of the two difference values as an indication of a
number of bit positions to shift right based upon whether the exponent of the floating point
number to be converted is greater than or equal to a certain number; and ‘

a shift control unit to control the shifter to shift fraction portion data of the floating point
number into the additional register positions based on which of the two difference values is

selected.

7. The apparatus of claim 6, wherein the second selection circuit comprises first and second
multiplexors, the first multiplexor having inputs comprising an exponent of an arithmetic operand
and a first exponent constant value, the second multiplexor having inputs comprising the
exponent of the arithmetic operand and a second exponent constant value, the first and second
multiplexors having a control input that indicates whether an instruction being executed is an

arithmetic instruction or a conversion instruction.
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and an integer f(ormat wherem a da a path width requlred for a conversion operation is greater

than a data path width required for an arithmetic operation, the floating point circuit comprising:

a right shift circuit to receive a floating point number to be converted, wherein the right
shift circuit includes additional bit positions to the right of a rightmost bit of the floating point
number to be converted, and wherein when an operation to be performed is a conversion
operation, the right shift circuit latches the floating point number to be converted so that the
additional bit positions are unoccupied;

a left shift circuit to receive an integer number to be converted, wherein the left shift
circuit includes additional bit positions to the right of a rightmost bit of the integer number to be
converted, and wherein when the operation to be performed is a conversion operation, the left
shift circuit latches the integer number so that the additional bit positions are occupied; and

a right shift control circuit to control the right shift circuit to output an integer number
with a least significant bit position having a first alignment in response to the exponent portion of
the floating point number having a first magnitude, and to output an integer number with a least
significant bit position having an alignment different from the first alignment, in response to said

exponent portion having a second magnitude.

9. The processor of claim 8, wherein the right shift control circuit further comprises:

a subtraction circuit to subtract an exponent of the floating point number to be converted
from a first conversion constant to produce a first shift value and to subtract the exponent of the
floating point number to be converted from a second conversion constant to produce a second
shift value, and

a select circuit coupled to the subtraction circuit to select one of the first and second shift

values to transmit to the right shift circuit.

10.

comparator to output a signal that indicates whether the exponent of the number to be converted

The processor of claim 9, wherein the floating point circuit further comprises a

is greater than or equal to a certain number, wherein the signal controls the select circuit such that

if the exponent of the number to be converted is greater than or equal to the certain number, the
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11. A processor comprising a floating point unit to perform arithmetic of floating point
numbers and conversion of numbers between a floating point format, including an exponent
portion and a fraction portion, and an integer format, the floating point unit including:

a right shifter to receive a floating point number to be converted, wherein the right shifter
includes additional bit positions to the right of a rightmost bit of the floating point number to be
converted, and wherein when an operation to be performed is a conversion operation, the right
shifter latches the floating point number to be converted so that the additional bit positions are
unoccupied;

a left shifter to receive an integer number to be converted, wherein the left shifter
includes additional bit positions to the right of a rightmost bit of the integer number to be
converted, and wherein when the operation to be performed is a conversion operation, the left
shifter latches the integer number so that the additional bit positions are occupied;

a first selection circuit to select either an exponent of a floating point number to be added
to another floating point number or two exponent constant values based upon whether the floating
point circuit is performing an arithmetic operation or a conversion operation;

a subtractor to receive the two exponent constant values and to output two difference
values, wherein the subtractor separately subtracts an exponent of the floating point number to be
converted from each of the two exponent constant values;

a second selection circuit to select one of the two difference values as an indication of a
number of bit positions to shift right based upon whether the exponent of the floating point
number to be converted is greater than or equal to a certain number; and

a right shift control circuit to control the right shifter to output fraction portion bits into

the additional bit positions based on which of the two difference values is selected.

12. The processor of claim 11, wherein the first selection circuit comprises two multiplexors

that each chooses between a conversion constant and an exponent of an arithmetic operand.

13. A method for using a floating point arithmetic circuit to perform a conversion between a

floating point format and an integer format, comprising:
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integer representation will cause any bits to be shifted beyond the b1t position, using a second
conversion constant to determine a number of bit positions to shift,
else, using a first conversion constant to determine the number of bit positions to shift,

wherein the second conversion constant is larger than the first conversion constant.

14. The method of claim 13, further comprising:

if the second conversion constant is used to determine the number of bit positions to shift,
shifting bits of the floating point number right to fill additional bit positions outside of a
rightmost rounding field of a floating point representation, and

generating a disable signal to a rounding circuit that indicates that the rounding circuit is

not required to perform rounding on a resultant integer number.

15. The method of claim 14, wherein the step of determining comprises comparing an
exponent of the received floating point number with a predetermined constant that is derived
using a maximum number of bit positions that can be shifted before bits are shifted beyond the

extreme rightmost bit of the floating point number.

16. The method of claim 15, wherein the integer number is a 32-bit number, the floating
point number is a single precision floating point number, and the maximum number of bit

positions is 23.
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