FLOATI NG PO NT PROCESSOR W TH REDUCED POWER
REQUI REMENTS FOR SELECTABLE SUBPRECI SI ON BACKGROUND

WO 0@0Ap12k6 oat i ng- poi nt processors are speci al i €US2007/062908
conmputing units that performcertain mathenati cal
operations, e.g., multiplication, division,
trigononetric functions, and exponential functions, at
hi gh speed. Accordingly, powerful conputing systens
often incorporate floating-point processors, either as
part of the main processor or as a coprocessor. A
floating-point representation of a nunber conmonly
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immediately to the left of the blnary point, is 1mp11ed. Higher precision results in a
higher accuracy, but commonly results in increased power consumption.

[0003] The performance of floating-point arithmetic operations can entail
computational inefficiency because floating-point processors are comnonly limited to
the precision provided by either the single format, or both the single and double formats.
While some applications may rcquire these types of preeision, other applications may
not. For example, some graphics applications may only require a 16-bit mantissa. For
these graphics applications, any accuracy beyond 16 bits of precision tends to result in
unnecessary power consumption. This is of particular concern in battery operated
devices where power comes at a premium, such as wireless telephones, personal digital

assistants (PDA), laptops, game consoles, pagers, and cameras, just to name a few. Ifit
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of the one or more floating-point numbers, the floating-point controller being further
configured to remove power from one or more components in the floating-point
processor that would otherwise be used to store or process the one or more excess bits.
The floating-point processor further includes a floating-point operator configured to
perform the floating-point operation.

[0006] Another aspect of a floating-point processor having a precision format is
disclosed. The floating-point proccssor includes a floating-point rcgister having a
plurality of storage elements configured to store a plurality of floating-point numbers,
and a floating-point operator configured to perform a floating-point operation on the one

or more of the floating-point numbers stored in the floating-point register. The floating-
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to descnbe these embodiments are capable of modification in many respects.

Accordingly, the drawings and the detailed description are to be regarded as illustrative

in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 1s a functional block diagram illustrating an cxamplc of a floating-
point processor with selectable subprecision;
[0010] FIG. 2 is a graphical illustration of an example of a floating-point register

file used in a floating-point processor with selectable subprecision;
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processor to support the selected subprecision, greater efficiency as well as significant
power savings can be achieved.

[0015] FIG. 1 i1s a functional block diagram illustrating an example of a floating-
point processor (FPP) 100 with selectable subprecision. The floating-point processor
100 includes a floating-point register file (FPR) 110; a floating-point controller (CTL)
130; and a floating-point mathematical operator (FPQ) 140. The floating-point
proccssor 100 may be implemented as part of the main proccssor, a coproccssor, or a
separate entity connected to the main processor through a bus or other channel.

[0016] The floating-point register file 110 may be any suitable storage medium. In

the embodiment shown in FIG. 1, the floating-point register file 110 includes several
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example, t e su premsmn select bits may be used to remove power from the floating-

point register elements for the bits that are not required for the subprecision selected.
The subprecision select bits may also be used to remove power from logic in the
floating-point operator FPO 140 that is not used when the selected subprecision is
reduced. A series of switches may be used to remove and apply power to the floating-
point register elements and Jogic in the floating-point operator 140. The switches,
which may be internal or external to the floating-point register 110 and the floating-

point operator 140, may be field effect transistors or any other type of switches.
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shown), which are known in the art, and which are configured to execute other types of
floating-point mathematical operations. These computational units may include, but are
not limited to: a floating-point divider configured to perform floating-point divide
instructions; a floating-point square-root extractor configured to perform floating-point
square-root extract instructions; a floating-point exponential operator configured to
execute floating-point exponential instructions; a floating-point logarithmic operator

configured to perform instructions for calculating logarithmic functions; and a floating-



connections 134, 135, 136, 137, 138 and 139, as
illustrated or nay be coupled via a bus or any ot her
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[ 0020] The adder 142 nay be a conventiona
pdihbarigogemeiritt cpdohéer, coofifimgdr édl pawiqrer fiostmgioandford calculating

ri i ations in a floating-point format. The

ﬁ%ﬁiﬂ{)?lgﬁceﬁmgﬁgl{sﬁay be a conventional floating-point
(0621 i pl Diferericamfibagliments b.ﬁtlm.eﬂcfemimgmdimthn@smolﬁﬁ may include only
mgey lo%*' é)rlnlg,? c%éai(lga%ﬁhg?gglgg &%}I{D Alé}?ﬁtﬁ%{%’%{i%végg{)ﬁgﬁ%ply tﬁeh hdder 142
amal hemilkiplieatd nay cadicindide paé bt alorp etidaiovgetwivahti®ial subunits

| ogi c.that generat.es partial products, and a nunber. of
it HRAieD TRUoPS TGt RN Gs el ngF B JERaY info standard
fdr0@aP kn d\Wbiuh&erk dliat Soudd 1heirkytlObdsyd @ adsieifiddduadihgdnode. Well-

mul tiplier 144 are shqwn. in FIG é the floati n%-ﬁoi nt . )
IRyET SEBHE SIS PSS TRV B S oPHEIPISETD RO G 20 combinatorial
10gOEirie \WhY als¥idbiteane teWer 140 dethdrhultiphék M ch are

configured to execute other types of floating-point

L0026 he mat? dRYStElt Iy Ffs ! threllestiogmnintppaaler 1dNiisconplpd to the

floiredgUpkSint Riplistar 810 dol thihi A chéh idtrubOSt b8 v8QRichled floating-point
di vi.d configured to performfloating-point divi

d
opgation; the seisvard cpmpatetinpal putitn i-esthgAdder &bt op therukfiphier 144, can

2Ok Bth Qe 118aReS bOmMddiQat HRIrRPsAY oS AISAE Bpdi@Rds stored in one or
extract instructions; a floating-point exponenti al

mepRehihe register logatiens REGbxecuREG N 0at i ng-point _

ne : i : i AO=00i Nt
T SN e o 6 8 ! S, o o
mext cefraputpgonabgupity hpi thef dletingpointaederatdrl dd40i ngpoienecute the
. i i t i R r .
L L AT —
sybpoR2diomiéiteticd by tharoaingepiist aimtiolier iB@aThoguipot ntay be sent back

[ onl one, or , or all of
o HRRRL PR TRl N 4 FroBflct Ol Pina BT 00 81 D
[M28Er 1M2araeohbbdienentibf ihel fleatingpbimeyroeastr 101 |lauadivene selectable
nyenti onal sgb{ggiofﬁs such.

e EY <54 RATY AT <ot PERBRN AL, ol A EABYE ppgpions under
pRirdth dohrot esub explained abandahe ifrigtbns prvidedutode Floating-point
p%?g:gt%s& wp FrR%pg\iﬁcrlsgeuLtprggrgr%gna%?e gogt%?l Ci!i glldec%n{a%%ggltﬂg subprecision
select bits. The subprecision select bits are written to the control register 137, which in
turn controls the bit length of the mantissa for each operand during the floating-point
operation. Alternatively, the subprecision select bits may be written to the control
register 137 directly from any suitable user interface, including for example but not
limited to a monitor screen / keyboard or mouse 150 shown in FIG. 1. In another
embodiment of the floating-point processor 100, the subprecision selection bits may be
written to the control register 137 directly from the main processor, or its operating
system. The control register 137, which is shown in the floating-point controller 130,
may reside elsewhere as a stand-alone entity, integrated into another entity, or

distributed across multiple entities.



circuit elenments such as bit-inverters, multiplexers,
counters, and conbinatorial logic circuits are al so
wo p@7aoeds i n t he adder 142 and the nul tiplier BREWDS2007/062908
[0023] As illustrated in FIG 1, the floating-point
operator 140 is coupled to the floating-point register
file 110 so that for each instruction of a requested
fl oati ng-poi nt operation, the rel evant conputationa
unit, i.e. the adder 142 or tshe nmultiplier 144, can
receive fromthe floating-point register file 110 one
or nore operands stored in one or nore of the register
[0025dat | dhe RBEEGeision scleet BEGKay DOkEd l_tlpcmdu@cthcvpmgision of the
t hl%ggfgﬁlé:angg Ilr gmctg eu%:n[aﬁgllai)l nzrckh%%lle tmr eagl ﬁlilgty Of lv‘?ays In one

enfticaliEinig tlmﬂmﬁtmggﬁﬂﬁto@ntrdﬂﬁ l‘ﬁi))/mey( eemsteqaot\am to be removed from the
I nstructilons, o

e, request ed a oi nt . oper at
R BB 8BRSt CQUIBY SR LECEP Bl Bfuired o
m&t thdrpreblsiiat sprgifieaibytthe @niﬁp‘remheh sd136t bilsheBpuhp v ck@yple, if each
RS N R T T U T
re@ﬁm&d‘lﬁ)rfﬂll@ﬂbhtgﬁg ﬁkﬂhﬂ%pe@zitﬁﬁﬁ% SOI‘-biﬂsg Gnly&hﬁ Qfdo‘ﬂz&ﬁ@ﬂy SLgmﬁcant bits

nmode may be us reduce t on of
OSTeSSra b rag 8 o PGP S o AR MRS DU SgR ARG Ferdy. Power
caBSo Lt RlR A SELARIRY RoattRepdinSidpiitdr DB es QM* @edein@inid}e14 fraction
floating-point processor 100 may .i nc] ud

bifsr d§ i HRBF R e (O OF e é’b?‘i‘t“ﬁ?lﬁlilh‘é 1??1‘@&2?86% g Bim the 15

MS®s&Ethd kﬂa%tlssﬂhﬁllﬁlﬂ;bféﬁﬁﬁécﬁ | Eﬁth‘éQhﬁ&t cald, tpowRk Snaddf Hvet Iteﬁfbved from
to the control gllster 137, which in turn confrol

the floaing-ppits g@gﬁst@f eImeNtf o the Sdeastsigaifasind bkt APy of fhggfraction.
[Obﬁgl f1 qatidRdidR0 ﬂ{%t 10@@@5%&‘ Eﬂatn@ S8R M40 Bfesponding to the

recl sion se ect " bits may vvrlttentothe control
eXCesfi mwefrlsswltdeq pet fequife @ﬁ’W&hy Téﬂus,t POVE WEigs may be achieved by

rehﬂ)tvﬁ{g er tonHfik %ﬂg‘boa:ﬂg%éﬁ%ﬁn Q)%Era@&lk Ao tﬂldtt 1%?112&& thused as a

noni tor screen use 150 shown in
regult pfithanobhrecisemiyetictednt  of the f1 oati ng- poi nt

es 0
RS0, 0t LUFAYRAl SELAPEMSERG ML, JBY iins ot
adufifiion ppoeates ovith powet beiop e;cmctmgysap@hemto chmc doribe dloating-point
ister 137 | shomn inthe.floatin
oRg 6%:’}: ol f L Ipai%col arha%gGr éSI ?ptual erlléusgéﬁ?ea a?%(g gm pomt addition
o;ﬁﬁittdrywﬁhntvegnpﬁtdﬂ)atmg-@oﬁn @ithderse3nl etn}d 3@, edﬂ:lsd‘halrmmd by the

SSHSE R R B SO0 28] ARG Ry e o

nithbat 309 2p0i304 Hape bRtddyrbee hilignad o hﬁataﬁutﬁaﬂm@ riedd e done. The
vari ety of

AR e R TR B TER b OB bR Do o
succession of stages, referred to in FIG. 3A with reference numerals 310;, 310, . . .,
310;, . . . 310,. In accordance with standard convention, the floating-point register
stores in order the bits that make up each number, ranging from a rightmost LSB to a
leftmost MSB. Each successive one of the stages moving from right to left across the
FIG. 3A involves bits that have an increased significance compared to bits involved in
the preceding stages.

[0029] In the example illustrated in FIG. 3A, the selected subprecision is
represented with a line 305. Power may be removed from the logic used to implement
each stage to the right of the line 305. The carry-out C from the last powered down

stage 310; is forced to zero. Power is supplied only to the logic used to implement each



floating-point register elements for the excess bits
of the fraction that are not required to neet the
w@e@ciltgi2oen specified by the subprecisioti sel eRCT/D51087/062908
By way of exanple, if each location in the
floating-point register file contains a 23-bit
fraction, and the subprecision required for the
fl oati ng-point operation is 10-bits, only the 9
commonly significant bits (M8Bs) of the fraction are
required; the hidden or integer bit makes the tenth.
Power can be renoved fromthe floating-point register
stagb dgoehd $cff of thdne 30Ri b RIGLAAf, rtiac pownrcdi tiits prbvidaeé to the active
ne or npre |nstru |ons I Sl Nncrease
siopfs DEThit FlonpRa R PRoNREL TSI b e RGeS panorel 322
wIﬁeqhler @thowleied s Ipabiided easies spgeewithayober reemmmddare shown as
om t he floatl gﬁlregister el ements for the 8
c“F%ﬁs?“@ﬁEﬁW??% %? (LSBs) of the fraction. [0027]

[0030]2ddFIGOBB ib econegittali dlagram fllueRitinggam eiuﬁhple pﬁraaﬂ&[tmg—pomt

140 correspondlng o the excess
mylEgliFAten PR ONTHIEE PSRt Rt ?f@gvehh Iﬁ@g ﬁf’%\?ela %ﬁ floating-
poiifIBpetAer. mﬂoitﬁlgtﬁlﬁnﬂ @gitplicitidtGpdrhtaat isRgrPahed in the floating-
operator. 140 that renmains unused E a result

posrublap@&al@r MULeisberadn Y 8o28]With ecterrop gmaﬂ%lni‘é‘fn udf is in the

mélkipEEAML 4 bitstdngihi ABodh o@@wbﬁl B pewkiea @b‘wﬁg ﬁmcﬁhg significant
addi ti on operation wi.th power elng sel ect
[

POR{SHISPEFLE-0 Blwwénvlﬁp%lﬁ?ém Hall oty “ﬁtF“épéP’a‘F Ssically a series of

adBA{dnk Cot Qiftel! foatBb-foRRCERLYE! YIi |thé‘§ﬂﬁ@1ta?e%l @mbochment binary
f1 oati ng- poi nt addltlon operation wt

myltighedting- S olrormedbersene k- @hm@mwa@éém 2 and ﬁakcblé Frydpfier 404,
us% L @ﬁlf@ gh@ %%i& q?&h‘l ec*l“ﬁé %ﬁlft—@zch §dy t‘c&@xﬁkﬁ%rm@: Ye replaged by a

sumed he two nunhbers

B@ﬂhkhﬁwawmmeadyw@&ﬁdE@M@ﬁ&mﬁﬂ@BHWEWhﬁb shlftlng _
[opﬁi;] : uﬁsd oNGhe LG bF Q%tahﬂg-peﬂlt N4d &%ngﬁ;%'iﬂt QRifation is

preci sion no erforne
pesfocmed s esenés Q;&s-.tws 111us¢¢cd edFi@ 3B dFHG) 1I3A wWi419-m. Assuming

fo{— Efn%zr:lg S gtggtugegtﬁl 31%(% hgl %,n(?/nee nga’mgl]pg?%uct is gene:f’g‘tgd1 for every

ACE W th
bif inoiat: mngﬂphcrmo&lr egagiad prcstum: €20-i heingaencrated doiring at ¢vatcsponding

stzf kmig t ﬁ%g'Bva g{h&}%@lt gilcr[i]lglg 0 o g]cgrf'rgft;% 315 {trl'tézptarﬁa%B roc?uc"fl consists
orfly 0fM0k; ifhke Valut of thedlsit BsE itshedrfesfonddy pavial yﬁﬁlubh IISSi copy of the

b A S SR W GRS S0pY Fhgn BHUR mutcpti

biXaiiPkvaidhl & us hﬁs@bﬁﬂ:dl, At Gzhlc'iﬁsthet Her&finesbees on to the next stage.
e Bl Stheh et B e e b o bR . TS palY product

associated with bit 0 in the multiplier is left—shlfted zero bits, and the partial product

associated with bit 1 is left-shifted one bit. The partial products or shifted floating-point
numbers 420-i are added together to generate the output value 430 for the
multiplication.

[0032] In the embodiment illustrated in FIG. 3B, the selection of a desired reduced
precision by the controller 130 is indicated with a line 405. As in the case of floating-
point addition, described in conjunction with FIG. 3A, power may be removed from the
logic used to implement the stages to the right of the line 405. Power is only applied to

the stages that are actually needed to support the selected subprecision, i.e., the stages to



each stage to the right of the Iine 305. The carry-out
Cfromthe | ast powered down stage 310 i forced to
waerg/10Rosver i s supplied only to the | ogi c useRCT/US2007/062908
i npl enent eachstage to the left of the line 305. In
FIG 3A, the powered bits provided to the active
stages of the floating-point operator are shown as Xs,
usi ng reference nuneral 322, while the unpowered bits
provided to the stages withjipower renoved are shown as
circles, using reference nuneral 324. [0030] FIG 3B
is a conceptual diagramillustrating an exanple of a
the fdfoaf t'hrctgm@caiom IAFIG] i) ihatbite prepesddol the peivtivdaeegic arc shown

ei ctivel lied to,l,0 the,floatin
os Ynriiicoe bt Biovidrab oG JOT Aerer Protred e itles.
[0031]9]|er atflkﬁ Bednﬁ/fl'rf%r F%} g, for. Ftlhgf&iﬂc baikl pﬂ)fdﬁﬁt n20-1, the log,|1c for a
mul tiplier shown |n ref erence. nuner.a
muniy of i N, pAP BN TIE FupiEEs] 402 i LosTarad- e dik second

par@il preah&, ﬁférloEi% PPV @k d9\Wh })0\9&1@\1' @ sr@Ni F&C@Btm-th partial
power savin B|nar%/ mul ti ication as illustrated in
i

pmml@ orgghified agfintgapqny uRobey é%O-e% the dogie deis 2 sy (Negm*1) of

bits, SRk ﬂﬁn? ‘Péf@?en@é‘ﬁ@:%é&l 4k it hepdkiiat mat adn@abeehiiENtis chosen
bi nary |ication is performed between a k-bit

so that thﬂ mcesm oﬁ@lz reMAningstpges ipptadyerssly dbstedusi ng a
[00§m ft 'Pﬁbdo@ggt ‘Ef%ﬁﬁ@ %ﬂﬂﬁn% Hfn %1{15 ﬁBatﬁ{gdpﬁanﬁlﬁglfbhﬁHﬁ described

be re gori th
abqg@ohers aish it mmumher pﬁbitﬁrthai{la@aqql chq ﬁmtl ﬁéﬁ@aw@t@r of the two

inplt 9&1{1&%%?9@1&0@&@{ Zlﬂe%né#n AR Hé[ @Héd&%ﬁt%ﬁﬁ@@ﬂ may

IS perrorne seri es st ages, US rate
be Fh®atgBtogthe 4dlected subprecision A -amy o,&#gquﬁq@' thg putput value 430 that

aresfnngelsé Cthé %eltegt%h égﬁg&]p mggver glég.t&? o8 EgleraPea Q}l%ﬁt:étgél output

gener I’'n t

numtidr charq@mrtzaed by phe)&:hlmtecuﬁt@elsldmeiﬂgergm@mttb@omm Yejua430 may
corr.esp 410-. . | u

be Fﬂﬁntdeé o?P % 1‘?19 saltec ? re%%%nés p%nn d‘ﬁheé cg%er ﬁuté)uh its l?ss significant

thaﬁmm&eﬂécsecbpldeymmfnrﬁ}sy alsd bt hepyatned. of t he bit is 1, its

[00%%, [ ?;’Pﬁ% gﬁﬁ&%ﬁi}ﬁ{rfm{) :l oqgagr%ﬂd%c %l%%gy Of gfes, circuits, elements,

and/ef éorﬁﬁtbrfohfsdicsaﬂooﬂ ihwoaht@idonolitl fe cﬂ‘hm)ddnmlcnte rdideidscivihtivin may

whi S ass C|a ed, after which the operation 1

be gV 6 PREOHBSY T a8 ek b ACPSIOT PtigicRere gf @ geners

uﬁph@é pﬂﬁ:eysloeV‘@ dlg’iﬁl 8igahl picedssotDEP), aﬂ"@?&@ﬁ?dnﬁlspe;mﬁc integrated
tiplirer Is

uct associated with bit 0 in
cirguif fAém AetFig Sregrppeblegate aﬁ@yrfﬁﬁ’ﬁ ot Bepoerammable logio
cor3p&RGit ARG Lhtebbit trln$1§to¥ Qf)gms RQisktepsl t@ﬂﬁv&iibtoomﬂ'&ents or any
artlal roducts or, shif | oati ng- pQi nt_ nunber s

combafiont fsafdé%fiwse‘@hwfw g@n’éwaw% Aescebed Berei| b gencral-
pufpele pRIced B8 niiy!tel dhiG@hoBEssor, but in the alternative, the processor may be

any conventional processor, controller, microcontroller, or state machine. The
processor may also be implemented as a combination of computing components, €.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such configuration.

[0036] The methods or algorithms described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,

registers, hard disk, a removable disk, 2 CD-ROM, or any other form of storage medium



[0032] In the enbodinent illustrated in FIG 3B, the

sel ection of a desired reduced precision by the
waeonvnoi2ier 130 is indicated with a |ine 405. PST/UR001e52908

case of floating point addition, described in

conjunction with FIG 3A, power may be renoved from

the logic used to inplenent the stages to the right of

the line 405. Power is only applied to the stages that

are actually needed to suppori the selected

subprecision, i.e., the stages tothe left of the line

405. In FIG 3B 5 the bits provided to the powered on
knbwgiio the arts hewstosgzeXaediwim ey thieecdyiplest for thei rtedesser supl that the

d do ta h 3
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mt%ﬁ@ecp% BRafbhi Rhi @iy 88&t hgkss @%ﬁlﬂlﬂﬂﬁl&b statdlehid 38ther “one or
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knome belthetcedf prdimiany okill m tthe rpat jave |opprosHy WGepQEated herein by

I'GYC?éIH}g %ﬁg ﬁ?ymgnﬁ d 94 ﬁ:%egn tﬁj{epatsgédt Jﬂf tﬁglcﬁﬁh@d Moreover, nothing
precision. In et er case t out bits | ess

digilgrerifhiereintistitendedito beldsdicei¢d o eibe giudHc regardlesoop véiether such
.unpower ed. .. 351..T I I I

BRI LT B NBCINE, Ny UBbl N b8 tonsued wer

the grrpaisiens fdes di.Shed§1 12, cscixthqzm'agmplw tiiicsshihe clcmcnt is cxpressly

enbodi.nent s iscLosed ek b e J .
reﬁ%ﬁ“?ﬁ?ﬁ%gh‘? Bgraalls 1 O5ET ng pglr nlflqgér( S%Séas%%%%g%%ﬁ%lgg%g&? clement is
reGitecusigntheadhrper pepdop? ocessor, a digital signal

cessor (DSP), an application specific integrated
“gMﬂﬂﬁﬂﬂA%MEPG§ a field programmabl e gate array (FPGA)

or other programabl e | ogic conponent, discrete gate

or transistor logic, discrete hardware conponents, or

any conbi nation thereof designed to performthe

functions descri bed herein. A general purpose processor

may be a microprocessor, but in the alternative, the

processor may be



any conventional processor, controller,

m crocontroller, or state machi ne. The processor may
w@b@a/12¢6 | npl emented as a conbi nati on of conpRCT/N§2007/062908

conmponents, e.g., a conbination of a DSP and a

m croprocessor, a plurality o f mcroprocessors, one

or nore m croprocessors in conjunction wth a DSP

core, or any other such configuration. [0036] The

nmet hods or al gorithnms descrildegd in connection with the

enbodi nents di scl osed herein may b e enbodied directly

in hardware, in a software nodul e executed by a

processor, or in a conbi na€L&dM3$ the two. A software

nodul e may reside in RAM nenory, flash nenory, ROM

menoty, EPROVINERImerioprprovleairePoint egertion svittha flgating-point

rdt&Kor Bavii ¥aRbaud ‘i ﬁ%\(b or any other form of
pstor age rrlg%?urrknom ﬁﬁlﬁlﬁé% . Agstor age medi um may

be coupled to the processor such that the processor

can §°i 12, f SHPEEGIBAN 1558 Mhanalhg TR prcsisien fosrthe Sloating-point
opeRiost o6 age HE I+ f1dahi il | ¥ ofl e isi

e di um nay be integr al_n%%%%%eﬁ]g{%%ge’sg%rs.é O(())%l?(?tr ?%esubp recision
TeHHEDS JULRGRSRPTRNCEH i fpheachiof éhoeraiorambradiouting poi numbers;

provided to enable any person skilled in the art to

mek erefdovilse pbWer BoaseR ofl hiveé @ethbEnent@lih S floatin -point processor
nmodi fi.cations to these enbodi ments will be readﬁ y

thafsxonld ofhqryiseissuscd iq Fiprepriniogase therane qrrmoreisacese hiess and

princi ples defined herein may be applied to other

enbogtirfrentisg whd Hoatingdp@at bﬁﬁ@ﬁf)ﬁ Gt BBwePirkhbvaS FOEPRR one or
mof Lhe di stql osure. Thus, the present disclosure is not

Pt CRTEIYS be linited to the enbodi nents shown

herein, but is to be accorded the full scope

cons?.st enThavntdthdchel dhiai Isurthdedoriptisigf €465 6 g1daBn@Point register
wf?tll ntl.J;yn#e e singular i s not intended to nean "one

I8 DR Goe=tomRr SInatiie 9 PRGPY JRoE,SXecat biss bege stored in onc or
meat dfethe” amege leldidts, 'anfl Wh&E iUl W o Rfdre YBGHhLRRAL from which

equi.val ent g .t he el ements of the various enbodinents
p°8’%§ &iBey Ca ﬁ‘i‘fgﬁ‘éﬁ-f&{ﬁ StoRE ClRMEHOE LS PPReT TAPYE RESWPTST

| ater come to be known to those of ordinary skill in

the art are expr essly . ncgéfor ated herein by

r ef et encel DaAWthadeTidaim Buthes compepias msmesellodingsdnt operator
witl abgie . toMPEEBMET the A ' hetidsinl fle

to b@(i:i'édetlzl/i9 cat ed ton?%eh%%ﬁti%ée%g%l gtgcg @érﬁﬂe%ewg%r more
compererts SEqrp sviieh pewex i Tegravied ipeluflesed portiqrhef tiealogis. that would
otNRwidedlcMs8l ' jinder the

provi si ons ?E%e%ﬁgégnp%f%gf%%%? 6§Pagr aph, unl ess

the clenment is expressly recited using the phrase

"meapns fofy Ly C nod cl aj the .

el earrgnt iogh?{g%ithtogg) fl?ishﬁtr?g]at Qteh%éﬁggggglggtugﬁ aofp]g.’aimg'pomt operator
with logic to perform the floating-point operation, and wherein the one or more

components from which power is removed includes a portion of the logic that would

otherwise be used to process the one or more excess bits.

5. The method of claim 4 wherein the floating-point operation comprises
addition.
6. The method of claim 5 further comprising forcing a carry-out from the

portion of the logic to zero.



WHAT IS CLAIMED | S: CLAIMS 1. A nethod of performng a
floating-point operation with a fl oating-point
W@e@CAsROF havi ng a maxi mum preci si on conpri siPgr/us2007/062908
sel ecting a subprccision. |ess than the maxi mum
precision for the floating-point operation on one or
nore floating-point nunbers, the selection of the
subprecision resulting in one or nore excess bits for
each of the one or nore fl oatlBng-poi nt nunbers;
renovi ng power fromone or nore conponents in the
fl oati ng-point processor that woul d otherw se be used
to store or process the one or nobre excess bits and
perfermn [ P Wi t h
Fermyed 1o oek henp? e g 3hE el R R o sgmprise
mélﬁlpélp%ﬁlqn 1 further conprising using a floating-point
register with a plurality of storage el enents, the one
or nore excess bits being stored in one or nore of the
st or&ge ePefhenting; poartbrodessceihayinge mALinalm Fegofsion comprising:
conponents from which power is renoved includes the
storage e X S, bi-ts.
The net ho{qu{)%%? glt)g{t CBP ﬁ‘rﬂ? e?oq%i grcfgl ﬁeﬁeé ﬁudjpéemsmn less than
the [merstiingg poicision ey atfbxaﬁmgmhmw@ecattcm pxerofne ron bee floating-point
[ reln t he one
e O BB o o P Soa™ B15 for cach
of gbe tongrprafoteh ﬁoawg-mlnhMmbm;J dleoﬂhz&ﬂig-pcﬁnb%m&ﬂ@r being further

P [ e excess bits nmet hod_ of
Conrgﬁlr%ﬁalt% B&f‘ﬁgﬁ? p%or?f)r LS g U NGO TCPU‘QPPWE S 38i the fldating-point
Propesattbat wotld dtbgindset i pedfiorsrort lbe pideas ilRGmR@irHhore excess bits;
an@Peration, and wherein the one or nore conmponents from
whi ch power is renoved includes a portion of the logic

that would otherwi se be used to process the one or
nor e excessflbiting-pdnt Tiperatet fodfighred! 8 Mpetfoshertaé Nflbdigrg-point
Op];}a({)’%hl ng- poi nt operation conprises addition. 6. The
od of claim5 further conprising forcing a
carr -out fromthe portion of the logic to zero.7. The
d of Thee Sloptivg-phist provesdve dfl dain l‘&gﬁndlentcoﬁ@elﬁﬁﬂgl OMloating-

oﬁﬁqﬁ@ 520 %Mk ld Mok bPlordhe dihLOS!

P Proc lssor a 'u ati QP gr:t‘ﬁlfn gg eéem%rftg,nt Sg) ro[r é)iu?{a excess bits being
stored in one or more of the storage elements, and wherein the one or more components
from which power can be removed includes the storage elements for the one or more

excess bits.

10. The floating-point processor of claim 9 wherein the floating-point
operator comprises logic to perform the floating-point operation, and wherein the one or
more components from which power can be removed includes a portion of the logic that

would otherwise be used to process the one or more excess bits.

11. The floating-point proccssor of claim 8 whercin the floating-point
operator comprises logic to perform the floating-point operation, and wherein the one or
more components from which power can be removed includes a portion of the logic that

would otherwise be used to process the one or more excess bits.



a floating-point controller configured to select a
subprecision I ess than the maxi num precision for a
WO b@atdnge poi nt operation on one or nore fl oatPCQUROTI062908
nunbers, the selection of the subprecision resulting
in one or nore excess bits for each of the one or nore
fl oating-point nunbers, the floating-point controller
bei ng further configured to renove power from one or
nore conponents in the fl oatildg- poi nt processor that
woul d ot herwi se be used to store or process the one or
nore excess bits; and a fl oating-point operator
conf{%ur edhe dlgstingmomtt pwcedsontafnglapoi ht vapeciat thenfloSting-point
opthfior heRLLOYIRAL pBLPEGRSOT Of claim 8 fur ther
conprising a flo Png pol nt register having a
plurality of storage el enents, the one or nore excess

bi t s{pei n t in.qQn r r f.the, storage . .
0 Lot s e PR BB B e oo o
opgiaterhis fomber amdigoesdr enforeda carey-odefotdihe oMY the logic to zero

r the one or nore excess bits. 10. The
.W$+§§$$h§?£§ﬁﬁ Og?gcessor of claim9 wherein the

fl oati ng-point operator conprises logic to performthe

e . _ h
conpihent S0t PHERREH Bt P R 0B nbl GHhereiBl BigeGogins: pont
opprater innludés 4 Aeatimgpeint MattipMerl d ot herw se be used to

process the one or nore excess bits. 11. The
fl oati ng-poi nt processor of claim8 wherein the

f | oatd. ng- AdioatingpoirdipdsceSHMa 5:8% hdtinfunt Bre@RidsdMiEng:

fl oati ng-poi nt operation, and wherein the one or nore

conponent sof rom whi ch r can be renoyed includes a

po th)i on of 7P ﬁténq-g%@gregﬁg%mgoa %[Pﬁaé’t%log gopge slampentpconfigured
to ptooe @ phurblity cdifbatihgHoine nex®ess bits. 12. The

fl oati ng-poi nt processor of claim 1l wherein the

fl oating-pgint operator includes a floating-point . i

ndder | 33 RoRine PO Rt ot eliundrby £ B noint operation
onvithe romierortherd dbaiki fhgtipngipdintopeitad®ktored frutHeh@dating-point register;
angonfigured to force a carry-out fromthe portion of

he logic to zero when the power is renoved. 14. The
fl oati ng- poi nt processor of claim11l wherein the
f | oat i ng-pdloatinppeinaicontroliez| avtdigured loogldon @- pdbRicision less than

th%atxii&lulne rp'recision for a floating-point operation on said one or more of the
floating-point numbers, the selection of the subprecision resulting in one or more excess
bits for each of said one or more of the floating-point numbers, the one or more excess
bits being stored in one or more of the storage elements of the floating-point register,
and wherein the floating-point controller is further configured to remove power from the

storage elements for the one or more excess bits.

16. The floating-point processor of claim 15 wherein the floating-point
operator comprises logic configured to perform the floating-point operation, and
wherein the floating-point controller is further configured to rcmove power from a

portion of the logic that would otherwise be used to process the one or more excess bits.

17. The floating-point processor of claim 16 wherein the floating-point

opcrator includcs a floating-point addcr.



15. A floating-point processor having a maxi num
preci sion conprising: a floating-point register having
w@2@rnerlé ty of storage el ements configured toPGL/US®0E062908
plurality of floating-point nunbers; a floating-point
operator configured to performa floating-point
operation on the one or nore of the floating-point
nunbers stored in the floating-point register; and a
floating-point controller coridfigured to select a
subprecision | ess than the maxi num precision for a
fl oating-point operation on said one or nore of the
fl oat$-ng- EBP nitoatipgineing, prdsesseelafctiaom b whecin the floating-point
b Si ' ' r xcess bi for.
SRR BEREeGRR (okdt P0G FopBER BEGR3 b e Bic 10 zero
whenibepower frereorwecdr nore excess bits being stored in
one or nore of the storage elenments of the
floating-point register, and wherein the
f | oat%.ng- poe nloatipgtpoiit! processof wift biaitm c bh fwiguteiadtHeo floating-point
Y. fromthe storagge elenents for the one or
OPrr?ore @%@‘gggg@P?@‘?gﬁ%ﬂ“’“ﬁ@“@%aati ng- poi nt processor of
clai m 15 wherein the floating-point operator conprises
| ogi g, confyigured to performthe floating-point .
oper%(%'i on’ 1gon‘r’lél DG ROPEiPRO P RS S HGHOT R PESSHE b Femaprising:
is further configured to renove power froma portion
of the | ogiflpatihgpoimduglstet hexfigiaed be stosed Hlorafity06L 88ating-point
ne or nore excess bits. 17. The floati ng-point
proceéssor of claim 16 wherein the floating-point
operator includes a floating-point adder.18. The
f | oat i ng- pdloatingpoiné operntmfhayimy Mgld codfegueeditd perform a floating-

it Rk P ' her configured to force. .
pop ok I e SRORE AL of R HO A RO BbS Sk My roating:
poitgeistesranids renoved. 19. The fl oati ng-poi nt processor

of claim 16 wherein the floating-point operator

i ncludes 2 dfJLQAL] ' iplier. 20 A -

f1 oati ng- pggoﬁﬁﬁ%h’g%ggggg&ﬁ%‘%ohgggmr%% Sr?ﬁ?’ﬁt O BPPLgegyion less than

the ongr e grecsion. dat ianfogoigapoine gipstation can fsaiguess ok Gnore of the
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logic that would otherwise be used to process the one or more excess bits.

n

21. The floating-point processor of claim 20 wherein the floating-register
comprises a plurality of storage elements configured to store the floating-point number,
the one or more excess bits being stored in one or more of the storage elements, and
wherein the floating-point controller is further configured to remove power from the

storage elements for the one or more excess bits.

22, The floating-point proccssor of claim 20 whercin the floating-point

operator includes a floating-point adder.

23. The floating-point processor of claim 22 wherein the floating-point
opcrator is further configured to force a catry-out from the portion of the logic to zcro

when the power is removed.



poi nt register; and a floating-point controller

configured to select a subprecision |less than the
woreooronri@r eci si on for a floating-point oper at PORUS2IV07/062908

said one or nore of the floating-point nunbers, the

sel ection of the subprecision resulting in one or nore

excess bits for each of said one or nore of the

fl oati ng-poi nt nunbers, and wherein the floating-point

controller is further confidgéred to renove power from

a portion of the logic that woul d otherw se be used to

process the one or nore excess bits. 21. The

floating-point processor of claim20 wherein the

floghing-register conpr %ﬂn _noint

el onint < e PP eI PSR it Wi o BherSled 188 Tloating poin
opditisbenclutidsea (ﬂmetmg-pumt emelnphss mdtm)vml ingemeyréonn portions of
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renmove power fromthe storage elenents for the one or
nore excess bits. 22. The floating-point processor of
clai m 20 wherein the floating-point operator includes
a floating-point adder. 23. The fl oating-point
processor of claim 22 wherein the floating-point
operator is further configured to force a carry-out
fromthe portion of the logic to zero when the power
is renoved. 24. The fl oati ng-point processor of claim
20 wherein the floating-point operator includes a
floating-point nultiplier, and power is renoved from
portions of elenments conprising partial products
within the floating-point nultiplier.



