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nunbers is very X R] &)ku ERSION OFERATIONSCHh nurrbers as
mul ti byte integers or nmu y ractions, e menory required for storage
I s excessive. Also, when the nunber of significant bits required is small,
the wuse of a nultibyte representation is wasteful of nmenory. In addition,
nost very large or very smal | nunbers do not require the precision of a
mul ti byte re@EEENOSTH fVRNTeOR( f i ci ent representation of very large or
very small decim nunbers Is tloating point notation or format. In digital
systens, floating Tie esiaﬂf fratenition iseincthenfieldpel tomputeri sperations oat at i on.

Fl oating point is use for perform ng operations that require many

preci se cal culwhberssin bmahy dermpts; imdluding conveysiaphkibetweep foxmatson.

Figure 1 shows base 2 representations of the nunber 6 in both floating
point and integer formats. Nunber 106 is a base 2 floating point

BACKGROUND E INV ON

In some computer applications, the required range of numbers is
very large. While it is possible to represent such numbers as multibyte
integers or multibyte fractions, the memory required for storage is
excessive. Also, when the number of significant bits required is small, the
use of a multibyte representation is wasteful of memory. In addition, most
very large or very small numbers do not require the precision of a
muliibyte representation. A more efficient representation of very large or
very small decimal numbers is floating point notation or format. In digital
systems, floating point format is the counterpart of scientific notation.
Floating point is useful for performing operations that require many
precise calculations, such as operations in a graphics application.

Figure 1 shows base 2 representations of the number 6 in both
floating point and integer formats. Number 106 is a base 2 floating point
representation of the number 6. Number 108 is an integer base 2
representation of the number 6. Numbers in floating point format are
always aligned on the left, that is, they are always normalized so that only
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
-



representation of the nunber 6. Nunber 108 is an integer base 2

repr esent atyw@bySg204 he nunber 6. Nunbers in floating point f@OoTAISo8H%I56

al ways aligned on the left, that is, they are always nornalized so that
only one, non-zero nunber appears to the left of the decimal point as in
nunber 106. Integer representations, on the other hand, are aligned on the

right, thathe Sumbde withbPIRAHIEatidY B S nitfnted rref,ghféaf’ed b'the Bas00s si bl e

to represent e nunber

wi t hout mul tdigdd &ai rc;imvéiy Steps! 1@ and I12SHRW BBwdHlodtiey Paﬁﬁ fdhber 106 i
power. Steps 110 and 112 show how fl oati ng point nunber 106 is converted to

the base 10comvertyel to' tie basleclisintdgerdist. Stépsstidarid W16 shewchowlidteder
converted to the base 10 integer "6". Processors that perform

fl oating polQf isogavvertednto thedhrasel 10/integer@e. speci al fl oati ng poi nt
circuitry to performoperations such as addition, subtraction, etc. Because
it is not necessBrgcegsorsithat performofloating point eparations typicslly dndudesed f or
every applicatiqn.that may be executed gn a processor, processors have the
capability %Hecﬁﬁr ARG BoBH AUy o ReriRrm opsEatignsoutchnes additiomunbers or

i nt eger nunber,s. .Conversions between the two formais are_therefore often
requigr ed. A@lek%té%‘?’f‘% C'CBWF§£FF pet ﬂ?ﬁ?ﬁ@‘?ryl?%ef%\%’teﬁ‘t g%ﬂe?hﬁﬁﬁfol’fﬁ')nver si on

between Tl oah}{idr28) BL 204 for every application that may be executed on a
processor, processors havé the capability of performing operations using
either floating point numbers or integer numbers. Conversions between
the two formats are therefore often required. As seen by a comparison of
number 106 with numbér 108, conversion between 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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i nteger formatg involves shifting the deciml point to the right or left.
Fl oati ng poi wio®smsiabnetic units in typical processors incl ud®CFRisO9/09156
circuits. For exanple, a nultiplication operation is equal to a shift of
one bit position for every nultiplication by 2. Preferably, existing
floating point arithnmetic circuitry could be used for both perform ng
floating poi nécotbhtibatly perfuRfi apeeitionsIth siRple prédidor TRy pémitveen
floating point and int'eger fornats. This is not a straight orvvard process,
however, becaumsmbeledoesthet hate the reduitethtlabi widthoto peffomatdongersions. f or nat
is not the same as the number of si gnificant bits for a correspondi ng

i nt eger f or nefhisis betausedheshifsmghttordeft of dherfipating poimictequied3sy the
significant bits converts to a floatin oint format with a 23-bit

manti ssa. | n UWergpnaaay beso large amtos Etmtsmldmd@eqfthn availablestatang poi nt
arithmetic unit _tg p oce s floating point nunbers during processing is not
adequat e to pRAtNeRlAMEM AT E ANAEIN TION ¢ ng poi nt and integer formats.
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operation. The apparatus comprises right shift circuitry that receives a
number in the floating point format, wherein the right shift circuitry
includes additional register positions to accommodate a shift beyond a data

path width required by an arithmetic operation.

F N E DRAW

Figure 1 shows differences between a floating point format and an
integer format.

Figure 2 is a block diagram of a floating point arithmetic and
conversion unit according to one embodiment of the present invention.

Figure 3a is a diagram of a floating point format to integer format
conversion operation when the 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.



pat h. SUMMARY OF THE | NVENTI ON A floating point arithnmetic apparatus

for conver wogyspgder s between an integer format and a fl oalpichae9bdiss
format, wherein a conversion operation requires a greater data path width

than a arithnmetic operation. The apparatus conprises right shift circuitry
that receives a nunber in the floating point format, wherein the right

shift circuitry Fipidten Adkghhd el a 5AEEESEEIrBaS bl ommodate a
shift beyond a daitgeili path w dlgri; requai red %(g/ alrl{ag?h%dr%eaﬁ%%gégat i on. BRI EF
DESCRI PTI ONerabodlilnedRAW NGS Figure 1 shows differences between a

floating point format and an integer format. Figure 2 is a bl ock

di agram of a f| oBigurg 6nisiabloak ididgeaim of arﬂlaﬁonmm&afdmgqe%@ ng to one
enbodi nent of the present invention. Figure 3a is a diagramof a

floating poemboidiment. t o i nteger format conversion operation when the
floating point exponent is less than 23, according to one enbodi nent.
Figure 3b is a diagramof a floating point format to integer formt

conver si on gpi_wgmgmm\_\‘ oating point exponent is greater than or
equal to 23, according to one enbodi nent. Figure 4 is a diagram of
an i nteger for Mely{ ol 0ld A BRbMbd HeBlscABBY Gt SoRPRiriiesiing cCOT di N9

between an integer format and a floating point format using a floating

point arithmetic unit. According to the present invention, a modified

floating point arithmetic unit allows for performance of conversion

operations that would not be possible in an unmodified unit. In one

embodiment, the floating point arithmetic unit operates on single

precision floating point numbers. A data width of an unmodified single

precision floating point unit is inadequate to perform conversion

operations between single precision floating point and 32-bit integer

formats because a maximum possible shift left or right exceeds the

unmodified data path width. In one embodiment, additional bit positions

are added to operational units and data paths of the floating point

arithmetic unit to accommodate the maximum possible shift required by a

conversion operation. The additional bit positions enable the floating

point arithmetic unit to be easily used for conversions both from floating

point format to integer format and from integer format to floating point -

format. A circuit is provided to latch numbers coming into the floating

point unit for conversion in a particular manner. A circuit is also provided
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Figure 5 js a diagramof a selection circuit according to one enbodi nent.

Figure 6 iswWolbeglkz di agram of a selection circuit accordi Ngp&pussH91se
enbodi ment . DETAI LED DESCRI PTI ON An apparatus and net hod are

descri bed that allow conversions between an integer format and a floating
point format using a floating point arithnmetic unit. According to the

present invent) . i £ . floafl] ' it ' I k.. all for
Pert or mance o rine iR deiunl 4 Rhirbar 87l o e iR S A Sl dilBe
unnodi fi ed ugl_if. ..In pone engodi ment, the.floatjng, ppint arithnetic unit
operates on ’%@‘\eor‘%r"é&gﬁr RERNVREPIOR ORETAtIanRYy lewex dlegikcygles.n of an
unnodi fied single precision floating point unit is inadequate to perform
conversi on Figure 2 is a block diagram of a floating point arithmetic unit 300

according to one embodiment of the present invention. In this
embodiment, floating point unit 300 performs addition and subtraction on
floating point numbers in a single precision format. Floating point unit
300 includes duplicate sets of functional units to perform parallel
operations on two sets of floating point operands. Duplicate, parallel
functional units are designated in Figure 2 with like numbers, for example
304a and 304b. Floating point unit 300 can therefore perform parallel
operations on packed data formats, for example, as required by single
instruction muiltiple data (SIMD) operations. Because functional units "a"
are equivalent to functional units "b", only functional units "a" will be

described.

Control unit 302 includes circuitry for controlling the operation of
functional units within floating point unit 300. For example, control unit
302 receives instructions and determines which functional units must be
used, and in which manner, to carry out an instruction. Functional unit
308a is a mantissa comparison, multiplexing, and right shifting unit. The
comparison capability of unit 308a is only needed in addition and
subtraction operations. Specifically, when exponents of two floating point
operands are equal, it is necessary to compare mantissa portions in order to
determine the smaller mantissa and arrange operands so as to avoid a

negative result.



operations between single precision floating point and 32-bit §nteger

formats be Xi mum possi ble shift left or right excegs id¥8oo156
unnodi fi edqgg?gls%gﬁ wi dth. In one enbodiment, additional bit positions

are added to operational units and data paths of the floating point
arithmetic unit to acconmodate the maxi mum possible shift required by a

i tH L | i it is f. .ng
boint ar it hmet | o LinoneraoRtare) (HIF a08 fopRPiret A Bofoddifis sARHEED, | g
poi nt f or mattotdetehRECWhieK Eﬁaﬂieam%éf exporin?9Th the'cdBd of andrﬁﬁﬁ'#e eﬁ%apo' nt

format. A circuit is provided to |atch nunbers conmng into tl ting
poi nt unit foperation detivesn itwoaflpatihg point oﬁé!‘lﬁl@l’s,4 exXpéndrit WompSreddntit

provi ded receives an exponent 1 and an exponent 2 from an operand 1 and an
operand 2, respectively. In this embodiment, in the case of a conversion
operation, an exponent of an incoming floating point number to be
converted to an integer format is compared to a predetermined number for
the purpose of determining whether a conversion operation will require a
shift beyond data path space normally allotted for single precision floating
point numbers in floating point unit 300. As will be explained more fully
below, floating point unit 300 includes additional data path space in each of
its functional units to accommodate shifts beyond a normal single
precision floating point capacity. In addition, according to one
embodiment, 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 precision floating point data path capacity is
adequate to perform the conversion. Another constant is used for the case
in which the conversion operation will require a shift beyond the normal
data path capacity required for single precision floating point numbers.

Exponent subtract unit 306a, in a conversion operation, performs a

subtraction between an exponent of an incoming floating point number to
be converted and a constant. As is known, constants used for conversion
between a floating point format and integer format contain an exponent
field that contains a predetermined number and a .mantissa field thatis
filled with zeros. The constant takes the place of a second floating point
operand in a conversion operation in floating point unit 300. The constant -

is a predetermined number whose value is dependent on a specific
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to nore qwckly determ ne a nunber of bits to be shifted and a direction of

shift in orq,%gg /Es2@Lr form a conversion operation in fewer clBCRUSIHODES.
Figure 2 is 'ock diagramof a floating point arithnmetic unit 300
according to one enbodi nent of the present invention. In this enbodi nent,
fl oati ng point unit 300 perfornms addition and subtraction on floating

t nmb 00
poi nt number g o, Tek %ﬁ#ﬁ?@éct%% g%gcﬁlﬁ%mﬁi 284d."YsBYf the *é h%tan@

i ncl udes dupl*3 ate sets 0 units to perform paral oper ati ons

on two sets alloWsodki dovRediah t6 DRI FeHfsrmdl i floatiRg poRielhi!300f URGhipNal
units are designated in Figure 2 with |ike nunbers for exarrpl e 304a and

304b. Fl oati egnhaeliffentitie aﬁﬁrecﬁontcbﬁsﬁhelalsopmmﬂemaohfaal | &4 is kpewalinons on
packed data formats, for exanple, as required by single instruction

mul tipl e dat ¢hé attyprocgssorst commonBe cepreserituexponents! inun biased #brmarEhis
equi valent to functional units "b", only functional units "a" will be
descri bed. means thabatconstamtivalg0is adddditiean ecivaliexpyndrdrsoctinat the | i ng t he

operation of
biased exponent is always a positive number. The value of a bias depends
on the number of bits available for representing exponents in the floating
point format being used. The bias and constant are chosen so that the
smallest normalized number can be reciprocated without overflow. For
example, in a common external format, -126,4 is the maximum negative
value representable. In this case, a bias of +127,4 is added to the exponent.
Commonly, in processor internal formats the actual bias is larger because
the exponent field is larger than that of an external representation.

Still referring to Figure 2, exponent subtract unit 306a is used to
subtract an exponent of an incoming floating point number from a
constant (where the constant includes a constant plus a constant bias}) in
order to determine how many positions to the right the floating point must
be shifted in order to right align the number for integer format.

Mantissa addition unit 312a is used for adding floating point
numbers in an addition operation. Mantissa unit 312a can also be used in a
conversion operation for complementing a negative number. As is
known, floating point numbers are always represented by positive fractions
in the mantissa with a sign bit indicating the sign of the number. Incoming
negative integer numbers may need to be converted to positive numbers
for floating point representation.

- Mantissa leading zero anticipation (LZA)/left shifting unit 314a is

used for left shifting in the case of a conversion from integer to floating
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functional units within floating point unit 300. For exanple, contral unit
302 recei vagolohgézps/Ct i ons and determ nes which functional unidiyssepdishe
used, and in which manner, to carry out an instruction. Functional unit
308a is a mantissa comparison, nultiplexing, and right shifting unit. The
conparison capability of unit 308a is only needed in addition and

Subt T act | OpgRAT a0t 314a SPERbNISA! banetlifiteURBRES® WhehPlekl 93K figs Poi Nt

operands are equal, it is necessary to conpare n&ntissa portions in order

to determ nedrpesfoRined in'®bhvErRIGH Srodh TARGRr o) ToARAS ﬁ&gﬁ%&&izﬁgfﬂéx% a

negative result. .

Exponent  coamtieipationtcififdtry wfpamie 314a detérngines tia alintbdrrofozedes té ghelet er mi ne
which is the | arger exponent. In the case of an arithnmetic operation

bet ween t woleft ofiailefimust dtif apresultant floating puintcnumbee isinot noedalized. an
exponent 1 and an exponent 2 from an operand 1 and an operand 2,

respect i vel The numbersotlasdingraaros isrtramsmittesetoexponent\adjustamibBdbat i on, an
exponent of__an inconjng floating point nunber to he converted to an integer
format is cBxPeRey aQjust ppeRilarereives thepumbesofilpeding zearee apd shifter ni ni ng
whet her a cgnversi,on operation will require shift beyond_data path space

normal 'y al PBH‘%@SS?%PWr@C?%%‘qﬁ ﬂ}ﬁﬁﬂ@t%lﬂﬁ’ﬂn pHupbes. i n floating

point unit 300. ﬁisgd’rmélsja_l’gea ceﬁ(aoglrgrinnﬁﬁsgr%%%gfaur{ |c>¥eraﬁon to convert a floating
point number having an exponent that is smaller than a certain number to
an integer number according to one embodiment. In this embodiment,
floating pint unit 300 is designed to operate on single precision floating
point numbers with 23-bit mantissas. Therefore, in this embodiment, the
certain number is 23. If an exponent of an incoming floating point number
to be converted has an exponent that is greater than or equal to 23, it is
possible that conversion will require 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.
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bel ow, floating point unit 300 includes additional data path space in each
of its functwoyvejseiepi ts to accommodate shifts beyond a nor malpCTrusg$/«9is6
precision floating point capacity. In addition, according to one

enbodi ment, one of two conversion constants is used in a floating point to
I nt eger conversion operation. One conversion constant is used for the case
I n which nornal si . | 1S4 fl ' ' P, ' |
adequate to perf orhgnqtlﬁéﬂ %ﬁé@@%ﬁ&%@?ﬂ‘&? 8 %@%&%&ri %@%@%&E‘ k%esi%ase
in which the PARE 8 ﬂ?‘h? 4/1\4"?1 KM o -009r mal
data path caﬁgﬁl. ty ?e%%ﬁ‘?’e tcl)éraﬁg} g lgﬂ?)rem s?%@%ﬁ?ﬁgygg?rﬁ{egﬁﬁg%ers.
Exponent subiNwmber 802 alifihclidesPart RRYEAEMORelAPPRE ih Mis ERbbaIAERE
subtraction between an exponent of an incomng floating polnt nunber to be
converted andnéludes30difs thas indicierPowes 16 WHIth the athritizsa PORIGH f ON
between a floating point format and 1 nteger format contain an exponent
field that conmbers602 jsrtecss enisediein thisitembadithenthetmantisda podionhat i s
filled with zeros. The constant takes the place of a second floating point
operand in aindudes thei]" bitarnd ﬂmfﬂanﬁOhéh!ﬂq?.nﬁhpdihitismone-b&(binit;e const ant
is a predeterm ned nunber whose val ue is dependent on a specific

- 6- apteger immadiately te thenjeft of animpliestdeginad point (prdlpatinge of t he
constant allows the conversion to_be perforpmed in floating point_unit 300.
In this point) as shown, for example, in Figure 1, item 106. In other embodiments,

the one-bit binary integer is implied and not explicitly shown as it is in this
embodiment. The fraction field contains a binary fraction of 27 bits. The
"O" bit is a single bit that indicates whether a mantissa overflow exists in
the number represented. In binary floating point formats such as the one
shown, some numbers cannot be represented with just the exponent field,
the J bit, and the fraction field. For example, in a floating point operation
adding the numbers 1 and 1.5, the resultant number 2.5 requires that the O
bit and the J bit contain a 1 and a 0, respectively. Numbers that have an
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
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enbodi nent, the conversion constant also includes a bias. As is known in

the art, prRpEG9FsRHF conmonly represent exponents in a bi aseq,é]%m,oﬁﬁgs
nmeans that a constant value is added to an actual exponent so that the

bi ased exponent is always a positive nunber. The value of a bias depends on
t he nunber of bits available for representing exponents in the floating

[ f sbai T ' . . .chose t hat the
Bl | est norues: FoppcHRcallyy 3R sRiemBAMENS PRl Hoibt axgt a0t periorms,
le, i : e Ve
VAl b T epr oobmetoms orf Mle PreciSioPHloptiae TR fubbers!r WRHGHY 20045,
exponent . Cstovagd gapdcityp floaAg PoihhRitBY0 dovlld ot aEBﬁ-a?é’lg:jﬁr?er‘f&h‘?s is |arger

because the exponent field is I'arger than that of an ext

repr esent at ¢anversion operatiohs oneframbiers) that fequired @ shifk o Aanlefs ublrighat unit
306a is used to subtract an exponent of an incom ng floating point” nunber
from a cons®¥en a certairenumberofdhib positiorisudes a constant plus a const ant
bias) in order to determ ne how many positions to the right the floating

poi nt must be shit theicase insleatedoin Figrre éajgwadtﬁ;in?abeapddcdyd_' df?ilighﬂ.te_r

f t. . ' addition unit 312a is used for_adding oat i ng
pgirﬁ nunbeﬁlgfﬁe%%bz?@aa@m'm%émﬁmlsmtqcmllmsqd b&Q?lbscdheal so be used
' ' ti f I ting a negative nunber. As is
nown, 11 oaPBIBBIRdesH IR and sqthe FeaKByimamsihle Wit sight isavithite | ons

' h i i ' ide kN I ng.the sign of the nunber,, I ncom ng
Ingg;t ?v??%@é%ﬁwﬁb%b@éggﬁ%eggﬁoc eegh\‘}%‘%etaﬂ%l’ iIPi'\‘zé‘ H€Fs for
floating po@;g};’ the ReS I i ABer is round: * lj n er tbl | pation
(LZA)/left shifting unit als USed T o T s THE o of a
conversi on fHeOkhowhogay. The' fiRAl327Bit integer is available at the outputs of

floating point unit 300, for example, in a register such as register 606.

9

Figure 3b is a diagram illustrating an operation to convert a floating
point number having an exponent that is greater smaller than a certain
number to an integer number according to one embodiment. In this
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
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point. Unjt 314a is also used to anticipate |eading Gs. Wien a left shift
has been peniovessdod N a conversion frominteger to floati ng porasgs/rsadi ng
zero anticipation circuitry of unit 314a determ nes the nunber of zeros to
the left of aleftnost 1 if a resultant floating point nunber is not
normal i zed. The nunber of |eading zeros is transmtted to exponent adjust

uni t 310a. Ee&wabnaé&ﬁanm;ﬁ%aéé@of s%hye%?c&mﬁ%rﬂ@fmhmﬁg Zer os

and shifts the nunber as necessary to nornalize the oati ng pol nt nunber.

Figure 3a i snambeaof dit pbiitidhs That@rebe shidted! fight. L R €689 ¥RbodamehOahing

poi nt nunber having an exponent that is smaller than a certain nunber to an
i nteger nunbmaximan guntbdrds ¢the nemlsst oibit positionsietwebe dheP it ahd ahéi ng
pint unit 300 is designed to operate on single precision floating point
nurmber s wi t hrigBtrhost bituof iths additiorel é6ur bits showhiin mghtoshiften?04.t retlver t ai n
nunber is 23. |If an exponent of an incom ng floating point nunber to be
convert ed haeasgrofex praximum ishift irighdr ne reundingnisperfaymed. t Themfore thes

possi bl e that_conversion will require a shift right beyond the normal data
path width 0&R8 fieldneedonotbe preservedicln Hhis gase, the contred unisofiflagting nt
oMt i S BB SRR GRS e epben ks 6865t o
Floating poipl  HaIRS' s S02virfudt iR 1enrg).i i ?snnci)tnﬁeeczggs%lry ft(l) %ae%f.o% Ipo%nrginfgor mal

or use actual GRS bits because the initial GRS bits(before the start of a

conversion operation) are known to be zero. Therefore, the bits potentially

shifted beyond the rightmost bit of right shifter 704 (and "lost") are known

to be zeros and do not have to be accounted for by 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-



according to one enbodi nent. The internal format of floating point nunber
602 is a foxgeyseezWhi ch floating point unit 300 operates, agEr/dédofgsfsg from
an external format that is output fromor input to a processor including
floating point unit 300. Several external formats are known. Conmonly
external format conformto an Institute of Electronics and El ectrical

Engi neers (hﬁﬁ@erwabfé;rﬁtﬂfexig%“?\eTmté)?g&?@ﬁl&mgtéiéﬁhlﬁgt Bfaidsed M th

di fferent external "and i nt formats. _ _
- 8- type of irlseridtion received. M@éas@foffdm%hﬁgﬁeﬁ'tatcomggﬂ& 602 the
| eftmost fiel'd contains a sign bit indicating whether nunber 2 1S

posi tive ornuagsdrifrom teper forfitatatosfloatig poast foinexPAoshg Pothfluhftat, in
this enbodi ment, includes 10 bits that indicate a power to which the

manti ssa poB@0 tatchés incobingatgmber 402 be asabsadipn the tightmestisitioftimbérhe
mantissa portion includes the "J" bit and the fraction field. The J bit is
a one-bit b the tightmestbit of she additional|hit addéd 4o therpight of dee GRS

i

i nt floatin i .nt shown, for exanple, in Figure 1, item 106. In
ot her (e(;{)odhﬁﬁw%?ef{) ﬁél?‘@)ﬁé@ ﬁfmﬁiwjﬁm&%%@%rfomed by 1ef shigeer 404, theplicitly
shown as it_is.in this emodi nent, The fraction field contains a binary
fraction of resyl }stiganéﬁge do tounder 4@83 ilﬂdiﬁés embogiment, ﬁﬁ%ﬁ?’é%?@\ﬁei her a
Tant| sea OvEETARN Ellh Sl BohiRs BOTRPLniRIE ST bk ribBiAs, taddAT

406 could be in a same unit as left shifter 404. Resultant floating point

number 408 is output from rounder 406. Figure 4 does not show every
intermediate operation that may be required in a conversion from integer
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. In 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-



shown, some nunbers cannot be represented with just the exponent field, the
J bit, and twe9edseaox i on field. For exanple, in a floating poPCI/USYNOLESI on
addi ng the nunbers 1 and 1.5, the resultant nunber 2.5 requires that the O
bit and the J bit contain a 1 and a 0, respectively. Nunbers that have an
overflow condition are not in the "normalized" floating point format.

Nor mal i zed fl oat i ThispsthbBbdiméneinclhutidsufiesadvanedgecofOgracefifily Rahdkin©thet, a
value of 1 in the J bit, and a binary value in the fraction field that

i ndi cates a (esewf the marimomihegadtitenmtegeroenmbes bis sputatcsa donversion The
"GRS" field includes 3 bits that are used for rounding control as is known
in the art. Opera@@s. bint thiarembddingend; the maximpunm ndgative kyteger comekdntml ue
stored in the GRS bits is used by a rounding circuit in floating point
arithetic oflerng peink arithoeehs unitao0Iwithia Fiinehe £ bitraf laff shifterAgs

pr edet er m ned t hod., . In this enbadi nent, additional, storage
capacity is ?ﬂgge@ﬂmi’ﬂ the Jihit qukﬁ ﬁlfﬁﬁﬁgorﬁ@éﬁﬁw&%aﬁé{ﬂmeﬁossi bl e
nunber of bi ositipn . -.9-

Shifts. SpeciPbLaPt shange when complimenied ASSEoH BhEMEE AUBRI0 perf or ms

o or age. capatiyP T BRER 1B inarter SoB ey Ret Con o & Der form
conver si on ORer,AkLoRSs Y WEbELRe LR eRUERH 1R e adflst B AGKng" 11 oMt
post t'i ons.

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.

-13-



In the case illustrated in Figure 3a, the additional capacity of right
shifter 604ypfogkkaft i Ng point unit 300 is not actually used kegasproisse
exponent is less than 23 and so the naxi mum possible shift right is within
the area shown as the GRS field. After shifting takes place in right
shifter 604, the resultant nunmber is rounded in rounder 605 using the GRS

of 1 0ating poi niiiiedsE704 RS i bl HBpomitd sk Fopenenb st or
. . . . . . vert a

?Iogéti ng po?%gnnégarﬂ%g ?ﬂg an ex:c?%ir%nt l‘t'éthcj’ar{ @&ﬁ%%’o&?gﬁﬁgﬁ%ﬁ: a

certain numpRifdrthedlis &H%ﬁﬁhﬁ&f&hﬁaﬁﬁﬁ !q'(;igg{-égeﬂ&ea e éePsf&{‘E?néthI hi s

enbodi ment, i ncom ng fl oating poi er 'S a sing precrision

floating poicomprisedest 4 kohstahtbidacples DB, forMbis'eiboditndrlie 23 Rl difighoi Nt O
be shifted 31 bit positions in order to convert floating point nunber 702

to an int egpretisiomefloatingpeint niimisér isgtheanaxinymint Auiriber offisit Pogitivhssi ngl e
precision floating point nunbers, a maxi numshift of 24 bit positions is
permi tted i hak ey be shifted avithautishiftingyintottbetGRS @eBl.f Multipldtors70&hasecause

h field b f i In this enbodiment, it i

Goterm ned dpRuHcrBangser sd Ky S r°%&?4§%h§a%@é§§oaene ?a%ﬁé‘éna{aetc'afion
L on. i i ned 1f.it is

Get or i nod. PhEHRRSAROEIK. B 4 Rl Eve S rerslon copgian thet, ?Héﬁ'é¥ tion

h i AN d the, GRS field, "virt i fting" an

LUt ual T odiERLehiEng dht, fHkIGES Held.and o ik, o e right pl e RS Belihr

- 10- 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. In this embodiment, use of

Ky 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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conversion constant conprised of a biased constant plus the maxi mum nunber

of bit posity@bssgmt can be shifted right. In this enbodi neptT/US9M156
maxi num nunber is the nunber of bit positions between the J bit and the

rightnmost bit of the additional four bits shown in right shifter 704. In
the case of a maxi mum shift right, no rounding is perfornmed. Therefore the

GRS field need noguhga @ GR&AYASB }'\i\g‘oﬁ@% d %ﬁé&?v&s‘)%ﬁoﬁlenf'ﬁi%h&fe floating

point unit 300 generates a signal to di e roundrrng circuitry (this

may be ref erggshrieht 3Sis \thé baie expofehiitbreivet] Hybsilitradt RERERFB. [SubR&ict Or M
roundi ng or use actual GRS bits because the i'nitial GRS bits(before the

start of a ceinseit 708 alsopracaivies the aucpitnefthuliipleror 204. Dependét @pohhe bits
potentially shifted beyond the rightnost bit of right shifter 704 (and

"lost") are theoomitput dfenabiplexartidsublracthzisonit Z08operdomns atsabtfactiohyfbi t s
in a GRS field. The result of the conversjion operatjon is a final 32-bit
i nt eger t hat S¥ROTEREY oM ortméu‘a@%‘ffmrs%ﬁxmwil OBPRONGAE 2- 300, for
exanple, in a register :such as register 706 ure 4 is an

706, Fi
i |1ustrati onMyfitiplexenvdParesives the atpwt of sbtrgel circayit 26 Bd dhe guep eki si on
LTy TRobe! Rl 0% A RiRabL oekeoion e e hcsh "
poi i adder PLte GHERIcAR foBunehE Spefasionrketbes Prafentd is grester thah |0
ticipati t I £J.1 it 4a, L i {1 404 i.ncl ddi ti I
b1t poorti ongt £8P Pt Tdhédese BLt sohYesftn anmbf 2R “Tou

addi ti onal - bidnigid b§Psighl HaP thateteb WARREFERSHAA APHAPURIA BF Lo the

equal to K. In the case of a conversion operation, if exponent 1 is greater
than or equal to K multiplexor 710 will output the 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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31 bits. The additional bit positions prevent a possible shift of

signifi canYR, %;9}5& Lbnto the exponent field of the resultant fpEaUsPEES Nt
nunber, wh %80t d cause a neani ngl ess nunber to be created. According to
this enbodinent, floating point unit 300 determ nes howto |atch an

I ncom ng -11- nunber by
det er m ni ngnt TRIESERL the incom ng signal that.indicates a type of
instruction received. In the case of an instruction to convert a nunber
frominteger format to floating point foLl!ﬂlltmlu u L Hi nt unit 300

- latches i ncom noApARES blailedS®: as to ali ! bit of nunber 402
with the rightnost bit of the additional bit added to the right of the GRS

field in left shifterAd4idativy pointaviftirnétic hppREItHS FHEEoertidl! niiiibeker 404,

the result is transferred to rounder 406. In this enbodi nent, rounder 406

I s a separ dietweehtar irttegéd foxmatcanzba floatingl pSid format) twileerefrvhodi nent s,
rounder 406 could be in a sane unit as |left shifter 404. Resultant floating
poi nt nunbetord@ssion aperptionfrequires argrentetQliata fpagh veidéh dhars anaxithahetic every

i nternedi ate operation that nmay be required in a conversion frominteger
format to foperabiop, gomprisivghat. For exanpl e, mantissa addition unit 312a
may be required to, convert a negative jinteger nunber. fromits 2's

conpl i ment r epr e&ight shifp gircaitgn tat reeeiygs adwwmbes iy the Bpatingmaint on

e, { e ePeBoib right Snife Aty Tl dy S1dFEnat Syt Ons are
positions to accommodate a shift beyond a data path width required by an
arithmetic operation.

2. The apparatus of claim 1, further comprising a selection circuit
that aligns an incoming 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 an arithmetic operation.

4. The apparatus of claim 3, wherein the selection circuit is a
multiplexor that causes the apparatus to latch an incoming number so as to
fill the additional register positidns when the current operation is a
conversion from the integer format to the floating point format.

5. 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 operation requires a shift beyond the data path width

required by an arithmetic operation.
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Figure 5 js a diagramof a selection circuit used to-direct floating point
unit 300 to webgbe2en | ncom ng nunber _in a particular way. |nPCIMUS9/09156
enbodi ment, the selection circuit omﬂl "Il ﬂuwlﬂlrlmjes a multiplexor 500
controlled by integer convert signat'® b =L ruction received by
floating point unit 300 is an integer convert instruction, integer nunber
506 is selected tg, be ThaeG réﬂﬁs@f%l&i?ﬂ&?hx@i@%bﬂ\gﬁgﬁ%%%ﬂshiﬁn this
case, latch integer signal "506 is output on output 510 Of | tiplexor 500.
In the case wbatel airéhiesi thag indicatestzonifiibed of bitopusitichfori Srighfishifgd by an
I nstruction or the case where a floating point arithmetic operation is to
be perfornedin¢latdémygr convert signal 502 is not active and latch floating
poi nt signal 504 is output. -12-

Thi s enbodi nent i adinstieelectien gitvaittthateselécty eitber an lexponent! ¢fryflohtingase of
t he maxi mum negati ve_integer nunber as_input to a_conversion operation. In
this enbodi niPeint nwaben e beaddedto anothar gating Peint nwmber ppiWPng poi nt
arithnmetic unit 300 with a J1 ig the Obit_of left shifter, 404 and, a zero
in the J bit eSPongtk canstantsyalues, basgdbupgn; égﬁ pPRataiis ifcperforming

change when conpljnented. Therefore, when the nunber arrives at rounder
206, "1t " appe 2RoATTTRIG APRRANCR B ACARICFTER SRETERAT Rounder 406 wil |
therefore shift the, BuRes: &dlt adlheldds nd Ao exB8hitonstant values

and outputs two difference values, wherein the subtractor circuit separately
subtracts an exponent of the floating point niumber to be converted from
each of the two exponent constant values, and

a second selection circuit that selects 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 fo a certain number.

7. The apparatus of claim 6, wherein the first 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.

8. A processor comprising:

a floating point circuit that performs arithmetic of floating point
numbers and conversion of numbers between a floating point format and
an integer format, wherein a data path width required for a conversion
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poi nt exponent accordingly so that a c float| ng poi nt representation
i s producedvoggrse202 Figure 6 is a bl ock nww mlmﬂect | PTTRUS99MYIss t hat
determ nes whet her an incom ng floatings be converted w |
require a shift of nore than 23 bit p03|t|ons (i"n this enbodi nent usi ng
single precision floating point nunbers) and enabl es virtual ~shifting

accor di ngl y opehaticieisgidatér thanCa datdpath Gddwh fe foroearitmeLef 2
conversi on operation by sinultaneousTy cal cul at both of two possible
nunbers of lmpler@nmtﬂmrﬂoaﬁngmoaiw ¢iredt comprising vvay, a data dependency is
renoved. Specificall I S not necessary to walt for the result of a

subtracti on oper &t t Mm‘mﬂﬂm teqeivies adiioating peirariibpo tebes,
determ ne whether the result is negative or positive, and then conplinent
as necessar fomeﬁs@awheaemoﬂ\ee@ghs amm@encludes additienaldbit positions r cui t

poi nt addi ¢ ?«ha' ol onsebyBoenh giv%%”émpﬁsnﬁaekr&%“ﬂm&h?&&er ands
poi nt addi e

by shiftin unber_ having th nent, to match the smal ] er
eiponent bg ﬁﬁlf‘l He{lz?{‘egpﬁ gﬁﬁ °65‘§él 1572 gemiyersion gretatian, as

S °Lf82¥? iﬁqﬁg i B FERRARR b dafing POl Bl &be Siipentedanor 702"
gﬁsalr Pfﬁﬁnsst i c oper a&%ﬂva\ﬁen tipoperé‘? Onﬁﬁﬁ@@%mgdr&?& ssents an exponent of

a left shift circuit that receives 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.

9. The proceséor of claim 8, further comprising a right shift
control circuit coupled to the right shift circuit that generates an indication
of a number of bit positions to be shifted right, comprising:

a first selection circuit that selects 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 circuit that receives the two exponent constant values
and outputs two difference values, wherein the subtractor circuit separately
subtracts an exponent of the floating point number to be converted from
each of the two exponent constant values, and

a second selection circuit that selects one of the two difference values
as an indication of a number of bit positions to shift right based upon
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performed s an _arithmetic operation. K represents—a conversion constant
conpri sed of wop sssad2ant bias plus 23 y i i odi ment. 23 FCEUSHINGIEG| €

" precision floating point nunmber is th "Mﬂ!éqm@ ) of bit positions that
can be shifted wi thout shifting into the« #1Ml tipl exor 704 has

I nputs exponent 2 and Klerr]. Exponent 2 is the same exponent 2 as is input

allous vt 1t uareShe e REeeh® of EHREREE, GMEEL T B8 SRIRR r) ot o
the GRS fi el dgrehferithaf 1 ¥8 Fhe aldefialin nh%&}. plus the constant bias.

Because there'is a differehce of 4 between err] and K, a shift of 7

addi tional bit posig.i OrFhé prbdessbr 6hilairh ™) wherer @kt WoRBEh dirchit S used.
In this enbodi ment, use of Klerr] allows bits to be shifted through the GRS

field and thecomptisesohabd rdultiplexqrssthiat each thodses betwbén afconkers@his fi el d.
Both multiplexors 702 and 704 are controlled by a signal that indicates
whet her the icmstandtanch ahsexponent of anarithneticusperandor an arithmetic
instruction. If the instruction is a conversion instruction, nultiplexor
702 outputs K and Hul t i Fhe poecessar oficlpimsiOkmeherdin thel mghtoshifti comdirdl 700 i s
- al so conprised of two subtraction circuits that performtwo subtraction
operations si%"éhﬁ‘éﬁh@'?@’mﬂl@@ﬁhctor 706 has exponent 1 on one input.
Exponent 1 is the exponent of. a second arithnetic operand when the

operation is an ar? PHRERFHon Gircultithat syhiracks,an exponentofithe floasingpeinst t he
fl ti [ t t ed,. t he. t,i ' I S
operat on' DSERARRED B SReRERE fiorn e ot PTG GPrstont L BIGHE & HrRy (
796 per for e Hift\Hlu@ aAHOLI S the bxgBt AR 97 tnd AbRARE 'Sotfe RumBePts 33! o1 ©f

exponent 2 from expon
converted from a second conversion constant to produce a second shift

value, and

a second select circuit coupled to the subtraction circuit that selects
one of the first and second shift values to transmit to the right shift circuit.

12.  The processor of claim 11, wherein the floating point circuit
further comprises a comparator that outputs a signal that indicates whether
the exponent of the number to be converted is greater than or equal to a
certain number, wherein the signal controls the second select circuit such
that if the exponent of the number to be converted is greater than or equal
to the certain number, the second shift value is selected by the second select
circuit, the second shift value being greater than the first shift value.

13. A method for using a floating point arithmetic circuit to
perform a conversion between a floating point format and an integer
format, comprising the steps of:

receiving a floating point number in the floating point arithmetic

circuit,
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-14- Subtract circuit 7#@'&”?] t that recei ves:
exponent 1w3‘@y5§2@xponent 1is the sa m”m[mrlmed brcpuksydEse
circuit 706. Subtract circuit 708 also reteivew put of nultipl exor
704. Dependent upon the output of nultiplexor 704, subtract circuit 708
perfornms a subtraction of exponent 1 fromK[err] or a subtraction of
exponent 1 from gepeftning?whethiria phifk operatibrl f&filin’btd ARgR A AbAt
subtract circuit 706 and the output of subtract Circuit 708. Ml tiplexor
710 is cont pointddr integestepraseritation iwill caatse bitsito ewhifted dbeybndm biti t hnet i ¢
operation, whether exponent 1 is greater than or equal to exponent 2. In
the case ofpaswon\mpsemtexbbyan extremeCrightmaosttbib bf the fipating ppimt  t hat

i ndi cat es whet her exponent 1 is greater than or equal to K In the case of
a conver si oORUBMR8Tati on, if exponent 1 is greater than or equal to K

mul ti pl exor 710 w ||, out t he dlfference of .exponent ‘1 and Klerr], as a
ri ght shift cont# lsa ﬁa orgerréa%rreﬂngﬁd&? a@@aap?lp@lmg

Shi 1t cont 1 BRI A fpte aﬁfamsﬁeg'f&%éf“e AR RE st anc@ﬁ@aé{té?ﬂé

in a

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 the steps of:

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.
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read only nmenory (ROM. The present—inventi on has been described in

terms of speqd éemsesgabodi ments. For exanpl GH mlmr‘\l\‘um‘/e HaUs90esiss | bed
1

whi ch use particular floating point or int particular bit
fields and nunbers of bits. The invention, viever , "is*not linted to these
specific formats. Various nodifications and alteratlons m ght be nade by

those skilled in the arﬁ@h}}élﬂ?& c{i% wgwi\@%ttﬂ@uﬁgg& hufitrSEQP®-of the

i nvention as set forth ow ng cl ai
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conversion operation requires a greater data path width than a arithnetic
operation, c I.SLNg: right shift circuitry that receiveés a nunber
in the floatﬂj%);% #dralt format, wherein the right shift circui PEFUSAYINSES
additional register positions to accombdate a shift beyond a data path
width required by an arithnetic operation 2. The appar at us of
claim1, further conprising a selection c?ﬁ%uit that aligns an incom ng
nunber according to whether a current operation is a conversion operation
or an arithmetic operation. 3. The apparatus of claim2; further
conprising left shift circuitry that receives a nunber in the integer
format, wherein the left shift circuitry includes additional register
positions to accommbdate a shift beyond the data path width required by an

arithnetic operation. 4, The apparatus of claim3, wherein the
selection circuit is a multiplexor that causes the apparatus to latch an
i ncom ng nunber so as to fill -the additional register positions when the
current operation is a conversion fromthe integer format to the floating
poi nt format. 5. The apparatus of claim1, further conpri sing:

a rounding circuit that receives a converted nunber for rounding, and
control circuitry that generates a disable signal to the rounding circuit
when a conversion operation requires a shift beyond the data path wi dth

required by an arithnetic PUOATING POINT INTEGER
- 16- . 106
| 110\’\ 1.100 X 22 18— — 1100
~— 1+11x22 M 2242142064
M2~~~ 15X4=6y 16 ~— 44240=64g
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6.

The apparatus of claim 2,

further conprising right shift

contr ol

circui try 't hgfo dopdbgat es a nunber of bit positions for a righicTasbhise

i ncl udi ng:

a first selection circuit that selects either

an exponent

of a floating point nunber to be added to another floating point nunber or
two exponent constant val ues based upon wpit her the apparatus is performng
an arithnetic operation or a conversion operation,

circuit that

a subtractor

di fference val ug
exponent of e
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a floating point circuit that perforns arithmetic of floating point. nunbers
and convergl Qa.of, nunbers between a floating point formt anErd§yoldissger
format, mhereln a data path width required for a conversion

-17- operation is greater than a data path width required for an
arithmetic operation, the floating poigf7 circuit conprising, a right
shift circuit that receives a floating point nunber to be converted,
wherein the right shift circuit includes additional bit positions to the
right of a rightnost bit of the floating point nunber to be converted, and
wherein when an operation to be perfornmed is a conversion operation, the.
right shift gircuit latches the floating poi nt nunber to be converted so

that the addi&i onal bit @siti ons are unoccypi ed, and a left shift
circuit that gpcelves i nt egerSGnunber to Qﬁ converted, wherein the |eft
shift circui tdﬁd udenél ti ona%oblt posd@ns to the right of a rightnost

~bit of the i @t o be nverted l-_l-_qu wher ei n when the operation
to be perfor is a c ¢Er si on eratlon tge left shift circuit |atches
the integer r@rber so % the a d|t| onal bids positions are occupied.

I

9. The proéessor of cl@im8, further corrp‘?|5| ng a right shift control
circuit coupled to t he] rig shift circuit that generates an indication
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of a nunmber of bit positions to be shifted right, conprising: a
first selectji ppui t that selects either an exponent of a gdpgdobaonspoi nt
nunber to be added to another floating point number or two exponent
constant val ues based upon whether the floating point circuit is performng
an arithnetic operation or a conversion gperation, a subtractor
circuit that receives the two exponent constant values and outputs two

di fference val ues, wherein the subtractor circuit separately subtracts an
exponent of the floating point nunber & be converted fromeach of the two

exponent constant yalues, and. a 4bcond selgetion circuit that selects
one of the two di f%rence v%ues as nd| cati o@ of a nunber of bit
positions to shlft lght ba Eupon “_
- 18- whet hen:bhe exBBent of G®e floatt Epm nt nunber to be
converted is great %han oft gnual t@ Ehe a ce gl n nunber. 10. The
processor of claimd, wherefnXhe fisH sel ecti ol circuit conprises two
mul tipl exors that Qich chooseg bet we conver sghn constant and an
exponent of an arithmetic operand. o 11 The processor of claim 10,
wherein the right shift confrol ,T;l rcwﬁfurt}?\ r conprises:
1:
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a subtraction circuit that subtracts an exponent of the floating point
nunber to bwooomsdsted froma first conversion constant to pﬁ&‘}%ﬁm 5fi rst
shift value and subtracts the exponent of the floating point hu 8 be
converted froma second conversion constant to produce a second shift

val ue, and a second select circuit sy-f)upl ed to the subtraction circuit
that selects one of the first and second shift values to transmt to the
right shift circuit. 12. The processor of claim 11, wherein the

floating point,circuit further conprises a conparator that outputs a signal
t hat i ndi cat escwhet her the exg@nent of the nunb& to be converted is
greater than o%equal to a cﬁ ain nuﬁ)er, wh&P@n the signal controls the
second select g rcuit such if tha exponelﬁ f the nunber to be
converted is gikater than orc&fual t 05 he certgﬁ nunber, the second shift
value i s selecied by the se@id sel ec& circui EEhe second shift val ue

bei ng greater Emn the first $ift value. o13. A nethod for using a
floating point arithnetic g if to performa &nversi on between a
floating point format an irﬁger format, conprising the steps of:
receiving a floating pofnt puni in the floating point arithnetic circuit,
det er m ni ng whet her shift operﬁtion required to align a floating
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point for ,integer representation will cause bits to be shifted beyond a bit
position repmasosmseer by an extrene rightnost bit of the fl oatpawgusyoiovise
nunber , if it is determned that the shift operation required to
align a floating point for integer representation will cause a bits to be
shifted beyond the bit position, using a @ cond conversion constant to
determ ne a nunber of bit positions to shitt, else, using a first
conversion constant to determ ne the nunber of bit positions to shift,
wherein the second conversion constant is larger than the first conversion

constant. 14. The nethod of claim 13, further conprising the steps
of : if the second conversion constant is used to determ ne the
nunber of bit positions to shift, shifting bits of the floating point
nunber right to fill additional bit positions outside of a rightnost

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 performrounding on a resultant integer nunber. 15.
The nethod of claim 14, wherein the step of determning conpri ses
conparing an exponent of the received floating point nunber with a
predeterm ned constant that is derived using a maxi mnum nunber of bit
positions that can be shifted before bits are shifted beyond the extrene
rightnost bit of the floating point nunber.
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- 20- 16. The nethod of claim 15, wherein the integer nunber

Is a 32- biwonystez, the floating point nunber is a single g;(ﬁ% '
floati ng point nunber, and the maxi mum nunber of bit positions |ss¢d9i%gl.56
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A floating point arithmetic apparatus for converting numbers between an integer format (706) and a floating point format (702), wherein’
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shift beyond a data path width required by an arithmetic operation,




