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| MPLI CI' T DATA TYPE BI TS FOR SI MD OPERATI ONS Rel at ed Pat ent |ication This
patent appM&M¥4184! is related to U.S. Patent Application Ser|(£f)1rI/U$38’.29]79

09/ 169, 865, entitled "Scalar Hardware for Perform ng SIMD Operations”,

filed on Cctober 12, 1998) and assigned to the same assignee. Background of
the I nvention Techni cIMPEIr&TION DRSVEMEBRATA TYPESHTS KOR SIMID QRERATIONISSY st ens f or
processing data and) in particular, to systens for processing data through
single-instruction multiple data (SIMD) operations. Background Art

Processor designers are al ways | &slatedyPptent vepplicatioenhance t he perf ormance
of m croprocessors. Processing nultiple operands in parallel provides one

avenue for gaini addi tjonal perfor e f t oday;.s hi ghl. timzed
processors. In cg?wéipﬁkg{)%ﬂ?@ﬁm%é‘tlﬁé?]raﬂ?'lﬁlgoap'stri%eﬁ]?g‘#%‘?las“%%&“élr]gghi cs
operations, the same operations) is performed repeatedly on each of a large
nunber of op&l EEs0> patitled eplae a{c‘rW%fqr%%ggﬁﬂFlﬂgpsmthGFﬂ“OPﬁeﬁr“?ﬂ/\?'bl ement s
of a first matrix are nultiplied by corresponding colum elenents of a
second nat riQctabet 2hé99% s0d ningpegrothesemeassgraenmed (nmul tipl y-accunul ate).
By providing appropriate scheduling and execution resources)

mul tiply-accunul at e operations be i npl ted concurrently on nultiple
sets of row col urm operands. Thi c&ﬁb?%’%ﬂ%ggq%ﬂw{mas vect or processing or
single instruction) multiple data stream (SI MD) processing to distinguish

it fromscal ar orT&hAGLEFENS tThe GEds@N inn DOk Ee18kdt & Sle@RMof Ploekdksind REESRI NJ.
2 5 APR 2003 WD 007 471069 PCT/ US99/ 29179 In order to 1 nplenent Si VD

operations effjciently, ' L: ' t. - i

oD ot on®, S GHELSIE iR MBLRRUN LGNS SR IR RS
operate on a med dat a bl ock, which includes two 32-bit operands. In this
exanpl e, e WETACPYy- accunul ate instruction) V-FMA (f, , f2 , f3),

mul tiplies each of a pair of 32-bit operands stored in register f1 with a

correspondi ng pai BaReratdd i FBhédsiR e SERTE arel AIwhTiodkial fb2wando2dHsct iR
resulting products to a pair of running suns stored inregister f3. In

other words ’peg%manjéc} c?ftncﬁ'&f\o rbdsd Ese I?rggés§i§1grn§ultiél’c. og)eifa%ds inaISIZQZ-lﬁ% Ph{l’ﬁ%s Ragked

format that “provi WO operan rom edch régister entry

processor has sufficient resources, it rocess, t or. nor acked data
bl ocks, €. g. MEBY log EaiiE-AddBIqel D fnrrancray R SRAN S Wik puge dproRssEors.
operands are routed to different execution units for processing in parallel
and subsequeistiRip qoayaek Bdthepraticy calcalatigns ndagraphicyPResHing. thaS¥A%I ve and
scientific programrmng, not all operations are SIMD operations. Mich of the
sof t war e exewpgtaidniy) igemtarmed pepeplodly qureacke o6 8la ze owpbérsd operasts. ukari ons t hat
perform scal ar operations. That is) each source register specified by an

i nstructi on edaaiphs inAatrdpRnRIplicatandtheack elanget of £§iss trarris peandliiplieddy t he
instruction receives one operand. 1n the above exanple, a scalar

f1 oating- poi d¥freBpdrdid do1aRR dPHeatse fiaRddndGhateiR, anS1iMesifing pfodiub@)araTy
multiply a single 64-bit operand stored in

summed (multiply-accumulate). By providing appropriate scheduling and execution

resources, multiply-accumulate opcrations may be implemented concurrently on multiple
sets of row-column operands. This approach is known as vector processing or single
instruction, multiple data stream (SIMD) processing to distinguish it from scalar or

single instruction, single data stream (SISD) processing.

MR D

#1AR1ARY



register f1 with corresponding 64-bit operand stored in register f2 gngARRIZI0)
the product to a running sumstored in register f3. Each operand processed
by‘rthe S- FVEO &% Uction is provided to the FMAC unit in an Puﬁ%‘é@@@am
format. The register file that prQvjdes source.operands.to and recejve
results fromthe é&‘é@ﬁf jorP ?‘ﬁ’?‘g %8%&%&?@?'5‘5% Haa‘ﬁﬁ%‘@f?? y prpvided to
processor's die area. Available die area is a scarce resource on nost
processor chisexeqpiontraseirees s 8npaghied c 84ia dpEnaty heicarmple; &R URIPrOFRSSYTEBRYSt er
file for each major data type. For exanple, a processor typically has -2

2 5 APR ?003oiht@oinai mgRe PEith bidsROWRARh78clodm tivb Gathitropepoidnt I i exheplef bl e
that stores both packed and unpacked fl oating-point operands. Consequently)

packed and upRaclaatPPLAGIERIAL SRSl GNAFMMA {f { f.1, 1 X ARISAE efdrzéith p@0irst er
entries, despite the flact that a packed operand includes two or nore

conponent opegs Pr.ovi di i - k n ed
operands. or oo ob eras HeRaM cBHReL A S0P RRne Br BOEFECRAE: HPRRSH
performance scal ar. and vector processing is to include separate scal ar. and
vector execulGBHFETdniR ?d%ﬁhﬁﬁéglﬂf‘&@éo%’fsgt‘ﬂiaé’agﬁﬁf‘ﬁ’é&% sugsisiIed e s isE for
and scal ar execut.i on units can each be optim zed to process data inits

cor r espondi nij dtbemmerdsi dasa isptarréth hadegisipadk eld) bk pee prakedfornméhasr obl em
with this approach is-that the additional execution units consune silicon
di e area, whpolvides twao bptrahdsfebiy epele od gty epogiitthe yrocésRomittdistiffticrt @esources,
provi di ng appropriate execution resources, high performance processors nust

i ncl ude nMecham3ProdQE whé BPRAS pidcRed Bk bldased fandr wipasked Heanand data
efficiently. Thése mechani sns include those that transfer operand data to

th i st ' ' ; oy , ._and
er Pt AR OTIAL S ESRERTRL 8 RO MRl oy 3RS 21

resources. The present invention addresses these and other problens wth
currently avil H%E@i@ ngwgﬁ?pagg?ﬁ?réf@ﬁcfﬁmﬁyhe | nvention A systemis

provi ded that supports efficient processing of a floating point operand by

setting an inpli cibedin grhaPicderRRRI ARG cieRid E\ifahyﬁjn Inof all @pedaliGnoper and
is loaded into a register file entry. -3 2 PR 2003 WO 001A 069

PCTl 099/ 291 R bbpBERBRLANARN Bt Ll SoftS R S bgggrl{a}zlﬁgmog;g%ggo&g- poi nt

operand is retrie ing into a regliste ected bits
of the floating-poaint operand are tested) and an 4nplicit bit associ ated
W th the r gt et MsuBRbR b delotm ik eREoRr LR SobeBuiea EE 11 o
state. For one enbodi nent of the invention) the floating-point gperand is a
packed oper atRECH IS {YiaRdNEIHEEIOR fISTE ONGAPETARE ARG At t2ERSE IR SPfiteq Pwthe
register file entry includes an inplicit bit for each conponent operand.
The i npli ci tingirectiopreceivesmpomgatand. In the above example, a scalar floating-point multiply-
accumulate instruction, S-FMA (f}, f3, f3), may multiply a single 64-bit operand stored in
register f; with corresponding 64-bit operand stored in register f> and add the product to a

running sum stored in register f3. Each operand processed by the S-FMA instruction is

provided to the FMAC unit in an unpacked format.

The register file that provides source operands to and receive results from the
execution units consume significant amounts of a processor’s die area. Available die
area is a scarce resource on most processor chips. For this reason, processors typically

include one register file for each major data type. For example, a processor typically has
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operand is set when the selected bits indicate that the component opériafRR 2003
is nokmalized. The present invention thus allows the normal/denorml status
of an oper¥®0%43d04%e det er mi ned when the operand is | oaded i MCAUYNHE2HEYi st er
fi*le and tracked through an inplicit bit associated with the correspondi ng
regi ster fil@ediatpg-mhnigesisieaiiiminasspre bpddackedrnd baparsed &loaing-RPRY | ogi c
in the operand delivery nodul e, which transfers the operand fromthe

regi ster fil@perandsh€omxeprnilprpagkéd andSinpedket! loperopdsraan desgliddvery imthdgimei s
on a critical (bypass) path for the execution unit, processor performance
nmay be si gnidiiaRisteriefieaVespiBitiethctRa Grpaped dpe@hd trtudas awb g sofdre

present invention may be understood with reference to the foll ow ng

drawi ngs in i i ments are indicated by |ike nunbers. These

drawi ngs ar ee/ggé%g\%ehleg%r%ldfél | ustrate sel ected enbodi nents of the present
invention and are not intended to limt the scope of the invention. Fig. 1
is a block diagraRofidiag Ekeationgespotdat feepacketi iand uspeskaehvparamdscocatkance wit h
the present invention. 2 5 APR 2003 WO OO .it069 PCT/ US99/29179 Figs. 3A

and 2B repr esgfmiah€e/bbs: chiiflndss. fOhe _waf@%‘reﬂd@ﬁ&hI%msﬁﬁimfe%&ﬁ&da%d_vector

respectively, in an entry of the register file shown in Fig. 1. Fig. 3is a
bl ock di agram representing the operat,o f er del.j ver dul e . a
packed operapnra‘.:es’%“& 15)P lngﬂlegeéfa?aggllgtscﬂ%ra%rd glﬁ%tg cxgﬁ@goen néeél ?e'yn%%[ldk%%ﬂﬂls
operand delivery system shown in Fi q 1. Fig. 5is a cjrcuit, diagramof one
enbodi ment  APPFRShduHthecsins 2B SFRIMRFAETUEIOR HBIHCANagh B ORUMIBEH 49 PIOgFsS

Di scussion of the Invention The follow ng discussion sets forth nunerous
speci fi c detdt? in iocqrespprting fermst.d g packindlandsireackied grespectively rhe mrablgm
However, those of ordinary skill in the art) having the benefit of this

di scl osur e) withthisapppeattaisahsthat addigonahwentiionuniayotsenpr di¢drcde awat woioh
these specific details. In addition, various well-known nethods)

procedures, i§QBRNCNYDreddss cdrmbdity have not been described in detail in
order to focus attenfion on the features of the present invention.
Processor architectures typically specify a format for storing data in

on- chi p resour cesln siditiomto preyidetzappfiprial. exqhition resguiseshigh pesidroanest i s

sel ected to accommpdate the various data types handl ed by the processor's
executi on r geocesses)mas ivehhde msclanisnarfor trdnafeyringiool patkiedmnd sepacked ppevamals s
the data. The data types to be accommodated may be, for exanple, those

speci fi ed byda&EEfficidrdtyl 98fese hieehdnidnls intladelabst tharrdasladyerbhdaita fgthpoi nt
arithnmetic. Aregister file format supports efficient processing by storing

-S 25 APF%eQQQ:% A0 ﬁxl%ﬁgceegpslrﬁg%&?%&%chy, e.g. caches, and those that transfer

operand data from the register file to the execution resources.

The present invention addresses these and other problems with currently

available SIMD systems.

Summary of the Invention

A system is provided that supports efficient processing of a floating point
operand by setting an implicit bit for the operand “on-the-fly”, i.e. as the operand is
loaded into a register file entry.
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operand data in a format that is readily accessed and processed by th?5APRZ%3
executi on resources, For scal ar processing, each operand is stored as an
unpacked op¥PARH%h the register file format. Here, "unpackddT¥¥¥eéf¥°to a
data format that allows, no nore than one opera .0 be. represented b at a
" & register i1 & amTmeERgyd AR M-RRGL 8 doalifeatink BRUARE Rap e P
singl e precision unpacked operand) one doubl e precision_unpacked operand,

or one doubl éoaéikrtgéﬁgbﬁmﬁkséféif%? BRI NDRERELP 5196 thgnfdoRime-Rodwyi esnd g ©sisdi ry
in the processor.'s register file format. For vector processing, nultiple
conponent opendnusnpli@t pr aspaedd iwithathp aglistat fipentand sethaberf ileseleoted bitk agl e
register file entry. Accomodati ng packed and unpacked operands in one size
regi ster entnyameaRttd hat the operands are mapped to the register entry
differently. The different mappings nay be reflected in the resources that
transfer operands from e.g., a cache to the register file and those that

t ransfer oper ands For ora ernlodimgnisafahe frivemtianothe lvasrgcunt operred surpaeked The
different operand formats for vector and scal ar operations may al so be

refl ected i nobtrenékeciitivdes rvas oumorscontpenae bpyeands and dxaspiser fik gnagked
operand having two 32-bit conponent operands may be processed using two

32-bit exeCUtixiléPLEHc%‘%tirﬁ;gliﬁ('biﬂftﬁ%&?@orﬁﬁﬁ%ﬁ{ etaRd!l MBe $APRCIBYREET J@b{pot?x%nt_
processed as a single-64-bit operand by a 64-bit execution unit. In this

exanple) thr i r e ] I t - hi ctor_executign units
and one. 64 borad [FeP Dbt St 8 ol ot 8 i cthon REQ R g B Gt

pi peline) but only two operands are ever processed in parallel by the

pi pel i ne. The addiThi@Rakntexasitivh Guslblvs CRAISHABIMbAERA]GUSUSH dnCspRraideo BEea
and power. An alternative to providing two vector execution units is to

modi fy the sgalahined S/AEf tHRMbpeRnt if RaBEPRRSEe RYideSPabLAd nﬁ&%d\&ﬁ&ggan
operands. This approach elimnates the 2 57APR 2003 WO 00/ 410

PCT/ US99I 291 r . - [ [ ver,

modi fyi ng. ¢ nRRaT s sheiReE i heEpbbRlin S EBIE ADRY, Pois FUMTE e
unpacked operands. The present jnventjon prqvjdes a system.that processes
it o pr ovi Helertioh SERS AR U loBkad POTRERS bt amiins SRR Benters he
significantly increasing the silicon die area of the processor or degrading
t he processoPPFapbirpwrtharrgistaile e reerutian wnit. ASinge the apsiandgiclive ude is
determines inplicit bits for the conponent operands of a packed operand
on-the-fly") oragritiad (bypasypekeidr dperxaadionsinit gardechsonpeofoamancet myy bé t he
register file froma nmenory |ocation, such as a cache. The inplicit bits
are associ at eignificaftly ngproegi. ster file entry) and they indicate the
correspondi ng conponent operands are normal) denormal, or zero (nornmalized
status). Inplicit bits may al so be_determ ned for unpacked operands)

al though they are not used forBgi¢hDesruintionof dheDsavwest t hese oper ands.
When an instruction refers to the register file entry, an operand delivery

mechani sm convert ?hépﬁgé@%ﬂ{iox?f}g{?%@‘Enéér&lﬂ&cﬁwﬂﬂ%f@%ﬁ%’?cf)gmg?%lm&@éa f or mat

sui tabl e for processin y a sca execution unit. livery

system may i npl enent rand . .conversi.o bit:steering.to avoid | oading

The. syst em wiEit SR BTHAR SEREN afitiea © LG hiRR S ThesHfines 8 e

i npact of operand conversion on _the systems . . )
provided to illustrate selected embodiments of the present invention and are not intended

to limit the scope of the invention.

Fig. 1 is a block diagram of a floating-point execution system in accordance with

the present invention.



performance) while preserving the scal ar execution unit's perfornan02 RPR2%3
unpacked data. For one enbodi nent of the present invention, the scal ar
execution 0P PVPP&r ates in conjunction with a vector executlp&ﬁfléﬁ?i9’[’91t78

process packed op ran converte d and, an unco rted conponent
operand are pr OVI ?‘g af‘%ggsrﬁ%ﬂssaf’tmé{ﬁgj \/@E‘g E’%‘R@W?SH d B#fk Opem“g
respectively, for proceSS|ng For one enbodi nent of the |nvent|on) t he

oper and del i v’épgﬁtwekyhmﬂnsqntﬁyrﬂflthmezglsmrtfﬂesté:e*m imdigrlaces and inverters that
convert one of 2 5 APR 2003 WO 00/ a1069 PCT/ US99l 29179 the conponent

ds int | t t hout f t t
esour ces. | Thi s i ik vt PPER EAPEAM hiuetdty PG TRAC BP S del g Fodbe”"
operations. The scal ar execution unit nay be a floating-point

mul ti pl y- accORalPagkedApeiané ( FMAC) optini zed to process an unpacked operand
in aregister file format (RFF). The vector execution unit may be an FMAC

operand i n a packbl dat ACrayEERery e R AR PR R AR oBL RN e AT e

i ncl ude a hav] an addltlonal leg to deliver bit resteered traces to
the scal ar ex Wgﬁgdnlt and an inverter to nodify selected bits of the
conponent operand for processing as an unpacked operand. Fig. 1 is a block
di agram of a floatrtansldop&lmu.[sm& 48 I LhBbaink nwrfh@wug;uf(eanucmé@%m eng
the present invention.” System 1 includes a floating-point register fi
110, an operq%d deJivgry nDduIe 120, a primary FMAC 130) a secondary FNAC
140, an outp YdoRvébsion nodul e 150, and a | oad conversion nodul e 160.

Al so shown is a cache 170 to provide operand data to register file 110

t hrough | oad conversion nodul e 160. Cache 170 represents a structure in a
hi erarchical nmenory systemthat stores data for processi.ng by floating
poi nt system |00 and ot her processor resources (not shown). Data is
typically stored in the nenorPetajledddsqussionsf g knviebtigt s prescri bed by the
| EEE fl oating point standard di scussed above. For the disclosed enbodi nent

of system 100, pr ‘rﬁ%fo\ﬂo@%m 13085 gagmsriaigaggmc%e&%ﬂ% bihyfud £01 Ster

file ("unpacked") rmat econ esses Co ent operands

f ked e 2 :
19i Ig 2?8 '?o g%%{‘:‘ggfgéc er j}&@ Il%l/ﬁ:rél i9hp e o(,s:ggﬂgrtd@aryéhu m reg| st er

2003 WO 00141069 PCTI US991 29179 In the di scI osed enbaodi nent of sy stem I 00,
register filBavingthehenefdof thinifiselopuser i appesciainthal bg l&&@tXOF@?aYd}?éJracuced

embodi nent, each entry 112 has an associated inplicit bit 1 14 which may be
set to indi cwitbowthbesh specifat detaitsorle dddition.sswiobaveld-kneyingnathodsnprogedui®s, i s
normalized. Inplicit bits are defined) for exanple) in the |IEEE std. 754.

An inplicit behporeytsphamdapbitnetlewict been dzecritddnideien andtr to foruaagmdive dn
operand to characterize the operand for processing. For exanple) an

i nplicit bi t BYahEs §6he bRsbiidhfdkignt hat data is in

Processor architectures typically specify a format for storing data in on-chip
resources, such as register files. This register file format is selected to accommodate the
various data types handled by the processor’s execution resources, as well as any
ancillary information used to process the data. The data types to be accommodated may
be, for example, those spcciﬁed.by IEEE 754-1985, the IEEE standard for binary

floating-point arithmetic. A register file format supports efficient processing by storing
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normal farm For scal ar operations, operand delivery nodule 120 provi desPRaN)3
unpacked fl oating-point operand fromregister file 110 to primary FMAC 130.
The unpack®¥O8pelshd is stored in register file 110 in a rediGE??#7178
format. For vector operations, operand delivery nodule 120 retrieves a
packed oper af#cperdgiadpEnatithatds 1epdily aenevedtagd prrsesedpp HiErRxeeBand to an
unpacked operand, and provides it to primary FMAC 130. The second conponent
operand i s presoucesl t o secondary FMAC |40. Primary FMAC | 30 is thus shared
bet ween vector and scal ar operations, while secondary FMAC 140 provides the
addi ti onal execution resource for vector ogperations. Results generq}ed by
FMACs 130 and 140 FSF &C3YUPBPEdsing. (AT PRErRE AVEPIEH ahathidrkediensrangpn the

reconbi nation into a packed data format. For one enbodi nent of the

i nvention) ar¢gpeasilefeingolisres uopaqked” thdera té 2 datn Hormanthpt HAG g oteghan
operand delivery nodul e 120 prior to repacking. The bypassed data may

under go addi ohobpdrapd acesbigemyd pyidarriy arbAtiedSIR ewirl hBoit exfaindpid, alpeddagsor
repacked by conversion nodul e 150 and subsequently unpacked by operand

delivery nody#® st2@mmbahg &xe@e g&@ﬁio‘#dn%&%ﬁ%%ertaﬂ@, dnBBUEbIE QRIS on
(packed to unpacked data) fromthe bypass path. System 100 i § shown havi ng

a single floatin Qi nt pipeline ut the present inyention is not. Limited
Co singre pi noihe Spdeuhndtone BolyR shiehdfy PBRRN hRRE bk e fes st s’ S
APR 2003 V4' O 001 41069 PCT/ US99/ 29179 addi tional pipelines to provide
super scal ar NG R§-Hpesicators RISk dlaiormas . Foriysgtos @PC%S%gdPUMFeeCWW
instructions may be processed in parallel. Mre generally) persons skilled
in the art woptrandcagmproedediata pdegsepopssent thanfitem 2 ingleaggister filephtwent ed in
floating point systens configured differently than system 100. Fig. 2A
shows one enbedomeiidatfig packddpad kepackpe bperdnddQA0 ohtiside regjtes teatry tnelns thar that
("RFF operand) that is suitable for use with the present invention. RFF
operand 200 iop&lahi@esre tnappitd iheapgsket &l 2ikRlendl, TKOQMRRNt hriaBpMpe Ry band a
sign field 230. For one enbodi ment of the indention, S|gn|f|cané field 210
is 64-bits, ' ' i i ' i ity
g, 28 shove Baetinuh frdlubésipbfudbiotohBrandlhiod OB o% LG (Sl rhjshfcnt
format ("PDF operand”) that is suitable for use with the present invention.
The di scl oseg’dgﬁf)tb"di“ Her et SfB‘H’é%};?rfag‘éf?éﬁ'%‘8It%@‘§c‘f‘f9“§gs°é’r’i‘ifssecond
conponent operands 260(a) and 260(b), respectively. In the foll ow ng

di scussion, the i ng@xifféretll GRPAM fdRhAS For RALYr hfdlsdafir Ap&rhiidiBUhSalo be
particul ar conmponent operand 260. A bl ock of unused bits 270 i's al so shown

i n PDF oper a%e%ég'in“%égutséiﬁ %gc e hEmaddad ﬁo?efﬁxgﬂ?tg,%gﬁltﬂﬁ% Aok to

fill the register file entr conponent opera des a

mantissa fie .. an_exponent field.264, and a.signa.hi.e . r e
enbodi ment ) o 39%ic e BRES Farlds 318 g g’,“Sé">§6g’ﬁé’fﬁfb‘4%§%‘2‘§°é‘ég‘?‘fs%@
bits wi de, and s:gn field 266 is 1 bit wide. In t%e discho%$ﬁ,enbod'gent,
each conponeHbPassES QRGN he SABE YT FRBCPRIBIFSFAdFA AiSHE DOT-RY OPYRARAPY &s
specified) for exanple, in | EEE standard 754-1985. Al so shown in Figs. 2A
and 2B are i Apibilgxeciiansynitl 1ln thistexampler dressdiffeieat exgewiantngta civorBghis vestors j | e
entry 112 (Fig. 1). Inmplicit bits) 114 may be used to indicate whether a
conponent opexantoh Snkesiral Ge GiRHiR oM. exEQNtioANMite i pebvidudifonéachiexémmibst er
file 110) inplicit bits my be determned as data is witten to register

entry 112 of piRh&1RE ohllylt@ooperands are ever processed in parallel by the pipeline. The

additional execution unit consumes precious silicon die area and power.

An alternative to providing two vector execution units is to modify the scalar

execution unit to process both scalar and vector operands. This approach eliminates the



2 5 APR 2003 CVO 00/41069 PCT/US99/29179 110, i.e. "on-the-fly". Thi < 5 APR 2003
elimmpates the need for additional logic in operand delivery nodule 120 to
det er mi ne tweowmanéeal / denormal status of an operand, whi ch wolFTdUIMIZH178] ow
processi ng of vector operands. For exanple, evaluating the nornal/denornal
status of a ceoapizment obihevandr oxecdsbi veitsy Hovénaanadifying tHecscrlagunit & s OR
gate in a critical path of operand delivery system|20. For register file
entries 1 12 valyahahdggrddpns satorandcpas keshchaboprasdsas i n Figs. 2A and 2B;
respectively) inplicit bits 114, e.g. bits 82 and 83 are set as foll ows
when the data is witten to register file 110: IF (data [62:55) _ "0 : :

8), THEN dat a( 83) Thepggsemligpention previflesa ysiegothagprosesses data p@)vjdetiERacked
data[82) _ "0, ELSE '1. Here) I and 'O indicate binary one and binary

zer o) respectantehpackEdformas effitientiyrevithoof signifit it yloreasingthelsilicdnaiélarea of
conversion nodul e 160 may i npl ement the above operations using a pair of
8-input OR gakEsrocds®dr dPHRERLRG (80 BrdRBREH: PBRS mPinct QRENFRRYSHS 0 3Rgul e 160
i ncl udes traces that transfer "exponent) significand, and sign bits from an
entry of cac [ 4 ' Lt S ' tar try 112
(Fig. 2) of ? g%\?% %IE RP?PIE Jfff: . ‘#ﬁ??ﬁ%h@% rg’* thgaécoﬁlll%iegtgcfpgmlngsgg% F(gﬁdto one
the exponent bit traces of one of th onponent operands, and e out put of
Lhe OR gate. CBEBhHBHED s Ad Fripe Paried SDRGRT ot WA T Th Bomg B esaio s
operand. For this enbodinent, the inplicit bit is set to one if any of the
exponent bi t ilofromifememaponesiiong pehas@ ceehen drhezambicit jbigp fecdssobpted wathdhe
avail abl e to operand delivery nodule 120 to provi de conponent operands 260
in a format sthittatfile ehoy, qodabesinditgte thotorespomling coapmnenperapiran ol has
a mantissa field 262 that accommodates 23 bits. A 24 bit significand nay be

formed 2 536RRmMANG3 zM0 (RONA:LRE sty UsRdicA Bl IndyalaPReqdi MdndRr

associated inplicit bit to the 23 bit mantissa as the nost significant bit.
In the disclgqg L TRNL h $heyQRY 88315004 i § dat a
200. However, ?%lecg{rgg%%'s é’?":‘?%".'?. ed Eyt éet edrr%uﬁl ééﬁﬁgﬁ“‘g‘f‘i?"gf‘t@g{m for
each operand wgitéen to register file 110, and ignoring them when a RFF
data 200 is Bglrﬁ& Sprocessed. For one enbodi nent of the invention, one of
conponent operands 260 is converted to an RFF operand for processing by

primary FMAC 130) vaueh dnhastaidiien réfersne iRt gioRe fiddiéhtiys aRbpstafi@deliverpecondary
FMAC | 40 for processing. Fig. 3 is a schematic representation of the

operations i L i I y
ormat ted darscr RS S0 oD ool R FoME ke d chelal Bl S o s

inplicit bit 114 is .copbined wth data.from cao ngnt erand 260 ich
2" conver t e T HEROgp Sy Bt R R R MR e SRR et
feature of the present invention i.s that,this conversion, prqQcess . be

| ol ement ed RPURBLECTVGHIATRY - RaRDE ureidiSadinh dje BoRaeyiBALPYondda¥iadi ng
its performance on scal ar operations. Conponent operand 260(b) is provided
t o secondar y gates. This significantly reduces the impact of operand conversion on the system’s

performance, while preserving the scalar execution unit's performance on unpacked data.

For one embodiment of the present invention, the scalar execution unit operates
in conjunction with a vector execution unit to process packed operands. The converted
operand and an unconverted component operand are provided to the scalar and vector
execution units, respectively, for processing. For one embodiment of the invention, the

operand delivery mechanism includes bit-steering traces and inverters that convert one of



FMAC 140 for processing, which nmay be optinm zed to process operands 2@!??%%3
component format. Wile FMAC 130 is shown processing the upper conponen
operand (26Q(@)4ei00f the packed operand, this is not necessargT/U0yE9179
general ly, any of the conponent operands of the packed operand may be

sel ected for tHeQdtripdgehCofeMGs 1136 .2 sEQlar ormaewhpeliIRAlficahtl§ Radind Vg éxediion
operand delivery nodul e 120 acconpli shes data conversion by bit steering
packed operapd,20s i pkiQ xff‘{hrH'BFk%Eka%Q %@gsepser?&%m&% &XArBb&Iusat a from
mantissa field 262(a) and inplicit 8 may be convened to RFF
signiftcand data (significand field 210) Slnllarly, data from exponent
field 264(a) nmay. ke ccdyesxeedidrourFRagbparikatingladiat ek phrertunfulad cthod) .
Data fromsign field 266 (a) may be mapped to an RFF sign bit (sign field

240) . The va[FMAT)RAVEES ©prode8Psn @ﬁ@aekéd?oper%]cﬁnépglagpﬁlewl(@pﬁ9The
PCT/ US991 29179 considered in greater detail below using the exenplary data

formats provided éx@cnﬁt?&l bjrnﬁ%x g'ﬁc‘%tﬁMKb%zt tgﬁﬁa?& fized & rgé)ed% )%Qﬂgﬁo ent

Conversi on The exe ment Of “conponent® Operan udes a

23 bit mantlssa eId z? g%one ”bOd'[r%;aa Fthel ion) data
from mant i ssﬁp?’F Gé"(d RACERhoRTA ‘c“oa%ﬂ‘i ta fogmet {F %‘9."1’ gy
prependi ng an assom ated inplicit bit 14 to the MSB position of a 23 bit
mant i ssa fr ofsloGrpmedule mantnchsls: %Mél}ﬂh%% amppdliianpl lgp pepdivebbibresteeredzer oes
to the | east significant bit of the mantissa to forma 64-bit RFF
significand. trB:etsmtkmestlahgcfamubﬂnenmmﬁl:sasavar&r summaify sdattddrbiffadfitie 1, whi ch
indicates the bits) input to primary ( 1) FMAC 130 fromregister entry 112)
the functionc@thpdde@e Bpdrasd forphGeeSHng 6€a0hingabeedbgetahdf or scal ar

i nstructions, and the source of the bits) for vector instructions. Table 1
BITS AT 1" FNAC I NPUTBI T FUNCTI ONSOURCE BI TS FOR SCALAR | NST. SOURCE BI TS
FOR VECTOR | NST. [ 6&J Il ibdck dgrpmf agdBnfieg-paoy syseam 0@ thiaf is suitable for
bits[62:40J[ 5a: 32] [ 39: 0JLower si~nificand bits[39:0J'0 :: 40(81 ~Sien

bi t[ 81 J[ 63Jinfidemeonttin s gvesEnivinivéraidnh SysteapHItaincdadssaafl @tinpeomanezistadilpr i nt
inregister file 1 10, i.e. register entry 112, their operands are mapped

to different]{n, taf opbran@@eRVay nedule/ 1201 2 primhr BRI 350 , QS8 EbrRAABOENVIRENT 40, @4
RFF oper and 200 and PDF operand 250, the inplicit bit is specified by b|t

63 and Dbit fb@t?utr &%8@{% nlx? dule h@o%@l%ow &&ngqmﬂ@@fﬁe P&y, hAQ@tsﬁov‘;rPfs

operand delive may enpl oy a exer to se ect
the appropri {. rce bit for i,nput. to Intr C|n itional
2:1 MJIX | nt‘ga ﬁ% rovm:1 pcr%‘gtd%getr? r‘r" lsm 11?19 t?rguﬁll ‘%m%’ %@gmfzoads
operand - (ﬁé %003 WO 00/ 4109 PCT~U899n 9179 deI i veré}éérmdul e 120
and sl ows thla6 2y OgePrasants 3 ryeiiiein 3Hicrarpicq Saeamany SyLe it stores data

for processing by floating point system 100 and other processor resources (not shown).
Data is typically stored in the memory system in the data formats prescribed by the IEEE

floating point standard discussed above.

For the disclosed embodiment of system 100, primary FMAC 130 processes
unpacked operands in a register file (“unpacked”) format. Secondary FMAC 140
processes component operands of a packed operand. Operand delivery module 120

couples data from register file 110 to FMACs 130 and 140 in the appropriate formats.



performance for both scalar and vector operations. For one enbodi nent! DAPR 2003
the invention, bit steering is acconplished by providing an additional |eg
to an exi swiow/430d MIX (Fig. 4) in operand delivery nodul e PLO/USHT29179
bypassing data {late bypass 4:1 MJX). This elimnates the need to add an
addi ti onal MJX toli te dial@epambobietantefhsyseg S0 redidtdreild 100 afathdedVBGIHERO.
Exponent Conversion For the disclosed enbodi nent) RFF and PDF exponents are

expressed 1 e}e3isarentfesdithl ebeBhe HhBS@ment REHAntd QN e RGEPLLYESR tHBLK BB ES

may be taken into account when converting the PDF exponent (field 264) to

an RFF expon fiel ) odi.ment , . t REE. bi as_val ue ks
FFFFh and thg%ﬁél%ﬁn&%’ %eg uttao F@EC?%%%]&H%&%ﬁorggbno%g%tm%? ges"l?%rrcnlsr?ﬁé?zs
precision real nunmbers in. the IEE& stagﬁard. The difference between these
val ues is FPRUMalizRe Hppicdiilk o €*BpigendholrEhand: Frga plish - bi t
exponent value in PDF exponent field 264 to obtain the RFF exponent. A

pr obl em wi t hmajbg cappngdohith g cempendnt opsrphdiyem arpagkkdenpeiandti ehatagierizsdabh
between register file I 10 and primary FMAC 130. The additional gate del ay
i n operand deperaed forpasbgbsingl 2ordxgmptte an irhglidhetif MENBOSR t@fndsaatel itmn dhOds firor
bot h vector and scal ar operations. An alternative approach to adjusting
exponent bi aggsiglsma nates the need for an adder. Table 2 summarizes the

bi as adj ustment process performed to convert a PDF exponent to an RFF
exponent for the case where the bias difference is FF80h. Here) EO through
E7 are the 8 bi t sFonsdeRF oparpooresnopéried delp@dy(mpdwad2@prbvitled ad udpatkdd 1 1 0 O
0 00OO is FF80h expressed in binary. As indicated in Table 2, exponent
conver si on cAgathiy-geihi épeethdfyorh Ryt fig 1100 SriMaSAEN30DITthe WRBacked E7 ) in
PDF exponent field 264(a)) replicating it in the next 9 bit positions of

t he RFF ex p%é_)?;/%ﬂﬁncf {sis®dred %ng%i)stc‘?"ﬁqic Fﬂﬁﬁﬁiaqggi{sﬁ?ﬁrc%mat.zﬁgr e@?o%%gémx%'cant

d.ilox® P US99/ 29179 unrnverted S h b (E7) to the nost signi

bit position_ of ! tion e.aceo i sh W th
an' i bver t er Sk SEERAET8 RS R BRIl I 1SRRI SR e
performance i npact of the inverter on operand delivery.nodule 120

DFT frar y ENACTAP TRt SREriTh 20 Apack s 0 E 0. 814 PISYSIY H R PEIGrak WA 130,

t 1098765a321 OST1' VI D EXp. ) ) )

. E7TEGESEAE3EY hitecond semaenant pparand 1sau00dabirsseand gy N C)I 03 |Pripgary FMAC

j EE JETE6ESA E3E?EI EO The approach summarized in Table 2 does not work for
singl e preci 53(is thhendare bemnwerdnerestor Bad srabaloperatityes; whitayecbadargd EMACi14d by
the value of the associated inplicit bit 114, and conversion nay be

i npl enent ed piolitgs ehesafditvsaEe ttatideresoutbef e ¥eadeserdtiohs.st eeri ng di scussed
above is summarized in Table 3. Table 3 EXPONENT Bl TSBI T FUNCTI ONSOURCE

BI TS FORSOURCE BI TSAT 1 FMAC | NPUTSCALAR | NST. FOR VECTORI NST. [ 6: 0) Lowcr c¢X
bi t s[ 70: 64] [ 61: 55ReasBrMragt by EMGs13P 70d $40 4rg sgupled tpiopgpyy capvegsion
bits[80j[621 Here) "#" indicates that the bit is inverted. The exponent
bits are nunibedels F5Orfoprecombipatiaminta 8patkedidataifornani For arsenitiodgnertyiof thef t he
exponent field. Fig. 4 represents one enbodi nent of operand delivery nodul e
120 that is mwedtddi, @ blypassuse cbuples putpmeiasofrorh pvintagy FMAST 130 icbpeemdnd

fl oati ng-poi nt pipelines, pipe0 and pipel) -1 S

delivery module 120 prior to repacking. The bypassed data may undergo additional
processing by primary FMAC 130 without first being repacked by conversion module

150 and subsequently unpacked by operand delivery module 120. This bypass loop

eliminates the input conversion (packed to unpacked data) from the bypass path.

System 100 is shown having a single floating-point pipeline, but the present

invention is not limited to single pipeline systems. It may be replicated in one or more
-9-



2 5 APR 2003 WD 00/ 41069 PCTI US991 29179 respectively. The present i ngenipronil
is not limted to the particular nunber of pipelines enployed in the
processor. Whe94dp&9cl osed enbodi nent of operand delivery mod&CE/UHPH231AE] udes
a‘4:1l early bypass MUX (EBPM 410, a 6:1 m ddl e bypass MJX (I\/BPQ/D 420, and

a 4:1 | ate byfsadenahpreingprprarade supsrscaliydlossiaamont y At aparationst <l hdeiscitobed
above, operand delivery nodule 120 converts a 32-bit conponent operand
260(a) from ar packedoomsRDE i @penantt 26Cssaitio parel!l8R Mpte gampaadke dersonsRERled
operand 200. EBPM 410 receives cached data for pipe0 and pipe 1 at inputs A

and B. Wi teinha@knd\auaccfogﬁmttmnrtaemsﬂeanielvafnorairﬁ%obeambl&h@ﬁea ifayaibg poaupl ed
into operand deliver nodul e 120 through inputs and D. A control input of

EBPM 410 sel o i B, CO or Dto be provided to MB
PM 420. Wpﬁ%gns?%égfygg@ﬁ{}gm&gﬁnﬁ'%@ ﬁ% at input E. Bypass data from
one stage of pipe0 and pipe 1 is received at inputs F and G respectively.
Data froma | oad B@n¥aRRtwS b ergbedimEnt ciian Rinpadkcavper@h®00 ir 5 rdpen&ifled at
inputs Hand I, respectively) and data fromregister file 110 is received

at input J. 2 i - [ E,
e I LR K R T UL N T b S I A

from anot her , st age ~of pi peQ a [ 1 at input and, N,. r cid vel y.
| nput K of L%%”g@'scsr%géﬁ%%nﬁg%lg 218 §'oaﬁ‘1%?5ﬁ"ﬁ§6%t “ro O?Jng 2 gep ?T:efag.é%q. nlgor%f’%ck
440) which i epents the conversjons described above for vector .

operati ons. ?‘ﬁg?ﬂg‘e&‘lﬂf\}@W%‘b‘}"e?‘gBi feand deld 2 '%?%E‘Iks'&ﬁﬂorieﬁ‘& igler0dh 17
inverter and bit steering traces to reformat data from upper conponent

oper and 269( biys, end REFidkit 280 iFone bixanpl e) bit-steering bl ock includes |ogic
and traces to convert a 23-bit PDF mantissa to a 64-bit RFF significand and

to convert an 8- bjt exponent. to a 17-bit F ex nt wth a readjusted
bi as. For scal ar g‘ﬁe?&?b%‘ﬁg?"q ?{BE?&TG'?)‘P%E@W‘E ﬁefaégg‘ggé%afgf%dfq’“&ﬁ BM
420 wi thout intervening bit-steering or inversion. Data from gne of inputs
Kor -16 2 @wapzmégx/&batdeﬁm@é@fopeqqw@mezg&srgt pvertiqe: oliedsriessdpr i mary
FMAC 130 according to whether packed or unpacked data) respectively, is

bei ng pr ocess®bodimant ¢fRinbprdandei0 in¢lugisdirstpndseenndracabopbit opsraads 8ed(ahnd
unconverted data is provided to primary FMAC 130 by selecting the

appropri at e amj260(t9, mspdctivelys e cid fobdbying Hiscassadr, dwsindat & droppadrunddsst er fil e
110 or any of the relatively early bypass stages to be converted at LBPM

430. In the gositPRalstRIFIRE aRRIculdr2bRpoERasseralind 260RLA biaktef uMugddchithi27ay be
converted by replicating each input w ?h a correspondi ng bit-steering bl ock

4- 40. "bwevefs’al%ofsthﬁwnﬁﬁgﬁ @Fa%d?%&i DRKLS bl}{ls_@';}g dgﬁc?%a%cg??&%qt eirﬂ{dst Y

the | ate bypass ere 1s no need to unpack it. 0 1onal” I egs and
bit steering 0 440 .on_ LBPM 43 be avoi ded., sEQr._gne enbodi nept, ,of
oper and- del 2819 TE s reei S8ty Bydimbeinfl Nekon 250 a0 Prsc R sBRR 30
[ 1 Fig. I ). B 1 h f
via bypass 982, Ic%ponen? ﬁeld%%’?,sasnd aGS?gan?c% %gcht)r oenc%lrjl;[b%lflignﬁex?t, mantissa field
262 is 23 bits wide, exponent field 264 is 8 bits wide, and sign field 266 is 1 bit wide. In

the disclosed embodiment, each component operand is in a single precision floating-

point format as specified, for example, in IEEE standard 754-1985.

Also shown in Figs. 2A and 2B are implicit bit(s) 114, which are associated with
each register file entry 112 (Fig. 1). Implicit bit(s) 114 may be used to indicate whether
a component operand is zero or denormal. For one embodiment of FP register file 110,

implicit bits may be determined as data is written to register entry 112 of register file
-10-



primary and secondary FMACs 130 and |40, respectively, before they azrxseAPR 2003
repacked into, e.q.) PDF format 250. In this enbodi nent, no Iohd
NSt 85‘%&5%4@3?’5’9. 5

expansi on 30 or its inputs is required for bypasse

shows one e i.nent qf ouytput conversion nodul e.150. The.disclo

orbodi ment - of Thdtptn-rier S5 ERBIr bt AE BAS SR, dafls ToUREE Saem 10
and bit steering block 520. Primary output MJX 510 includes inputs to
recei ve resulmosiufer 79 tpdeigamipe thane ey densamilasiateue! Freparayh whidsworiosl)
154) as well as special result encodings. For the exenplary data formats)
FMAC 130 pr ovlodesoeessiag bl ve@sr @gerandpaEbmedk afipfel} vapeirgnte 208n {182 néxinta) sfaass
both scalar and vector operations. In the latter case, bit steering block

S20 combi nes of ReopeRGKESkrARES R vefyOrNFM ACBILY WMCrdedPreViint DR 3a@ R R GEA
operand from secondary FMAC 140 to form a packed operand. -17_ 2 5 APR

2003 WO 001 4 P 1.2 peci al encodi ngs provided to primary
out put MJX Sia%g%ifﬁ%@ﬁ?@&gﬁ&%{éf@@&%l ts, such as zero) infinity, or a
maxi num real (largest representable floating-point value) in the register

file format. For Fberediske s edriesrbkiori shpathtasad packed s1@sandys heFigs. 2A
converted for vector operations, as necessary) using the bit steering

operations dgsfsp 20eME . il 4 RUOKLAL & SV ELS RD5 hped for
zero, infinity, an glpl\/‘laoe 'dﬂpglggﬁftgéf "t %(e)y grrgzy rgg ?mlsgnesn@elgwﬁﬁq’ggg ier
stages of op nd delivery.. | & ,120) since the.-necessary information is
avai l abl e reﬁ{é{?ils\/‘é’flgﬁle%grrlcgbﬁgreh@01}I oati ng- poi nt execution pipeline. No
additional delay is introduced into the critical path. For vector
operations, the resultsraldanrk?ssy=FMVAQ)IBAENN i ge8pRdarpLSHBVAC 140 are
repacked to provide the result as a PDF operand. In the disclosed

enbodi nent, the | ower j t.hey .8 ' ecei conponent
operand result from se?%rggg%?@%ﬁc ?40%)T %Eﬁg%{a:{%st %s';igﬁit‘e:‘]ﬁéant 32-bits
are provided, through bit steering) by the unpacked operand result from
primary FvacHemp! 1 anb Olipgiente binary eie andhinary zeraplespastivaly on- dependent
constants) e.g. in the disclosed enbodinent) these are ' 1 & 1003Eh. The
unpacked (RFF) ex t_ provi i F j.as of
FrBon el ative ¢ ofphat odbpiio Hsndh 05 e i sad SGnuiiSoR BRI LS
oper ands 260. i acked operand .250. .The excess bi is subtracted fromthe
unpacked opelBREMPRLAF AOGRARIoHORSISRE R BT Bcb- BB LOROKRIEH e COFRP AN esul
for packing. 1n the exenplary enbodi ment%o.thi s may be accofr}pl i shed by

addi ng the 2°@bedmsnepdptd eanversgmrmedle e ingluges trdges thad 43pHensxPeAtNtusi ng
the lower 8-bits of the result as the exponent for the conponent operand.
As before, t bignifioand msd sign ity fioe acantnypificstied 7(ite Heit cdroeapendgng biefields in a
floating-point pipeline with an additional adder, using the bit-steering
operation reprgsentded]2 (Figab) & rdgisted Blc 112. ThARPuZOOEeAh O @id 1OEplkdhbe 4
PCT/ LI S99/ 29179

one the exponent bit traces of one of the component operands, and the output of the OR

gate is coupled to the implicit associated with the component operand. For this
embodiment, the implicit bit is set to one if any of the exponent bits of the component

operand is non-zero.

Implicit bits are available to operand delivery module 120 to provide component
operands 260 in a format suitable for processing. For example, component operand 260

has a mantissa field 262 that accommodates 23 bits. A 24 bit significand may be formed

-11-



Bit Position t6 t5 1.~ 13 1211109 b 7 65 4 3 2 1i ORFF 75 APR 7003
Exp. EI6E7E6ES| i t E3E2EI EOCOnSt ant 0DO000000I 0000000Resul t" " 'ééf/ﬁ}:g@}-:r%QE?’E?’E'
EO As i ndit@P¥H%% Tabl e 4, exponent bits for the conponent' operand hay be

adi {1 on. | YCREHANER e SRARTNE] FTHGY: B0 Bt o FOGUG AT er B 8 e bhnt

bits of the unpacked operand result) with the 8 h bit inverted. The upper 8
bits) whi ch laike digtesed @mbadithentcdwseangeisiondpeeiaehord far BFRgetasi¥8wn i n Tabl e
2. Table 5 summarizes the bit-steering operation that packs an unpacked
operand r esHdwdvegMhloigltk ¥irpiifiedli30damidiniag ¢ompHoinsind 1 Bipfer eawtt apegutit from
secondary FMAC 140 to provide a packed operand result for vector

tions. E i FROM
ool 1 TS IR TSR MM S OSSR AL

of 2"~ CO[23)[81 JUnused constant (si n bit in RFF~--(80:64] Unused
const ant (ex bit For enéERpediGRInBof thebntenfion, dnt cCOpBhoukn62pdvBRIs@O01S CO exp(
~ 1 ][61l:55)Remainin ex bits of 1° CO(70:64]-[54:32] Mantissa bits of 1"

CQ(62: 40) - ( Fdnieriedno Bh RFFUpedandFer bdtdsia: BBk FMALZ 180, &d the other
(31: 2A] [22: 0JMaNtissa bits of 2% €O (22:0] -19 ° 2 5 APR 2003 O 00l 41069

PCT/ U591 29179k operhl 14 566113410 <L OIRAD B A LORHARGDrocdiBRYI T DILS from 1

FMAC' refers a operand result- generate y pnmary FMAC 130, and
"Result bits from2 FMAC' refers to the conmponent operand result generated
by the secondary H§/#8Gsla3btherthatic eprdsaitmiomsitheloperaticnsaémelzuicactdihy dpasmnBMAC)
additional control signals are
delivery module 120 to provide properly formatted data to FMACs 130 and 140. In the
disclosed embodiment, an implicit bit 114 is combined with data from component
operand 260(a), which is converted to an RFF operand for processing by primary FMAC
130. One feature of the present invention is that this conversion process may be
implemented without loading primary FMAC 130 and, consequently, degrading its
performance on scalar operations. Component operand 260(b) is provided to secondary
FMAC 140 for processing, which may be optimized to process operands in that
component format. While FMAC 130 is shown processing the upper component

operand (260(a)) of the packed operand, this is not necessary. More generally, any of the

component operands of the packed operand may be selected for routing to FMAC 130.

For one embodiment of the invention, operand delivery module 120 accomplishes
data conversion by bit steering packed operand 250 into an unpacked operand 200. For
example, data from mantissa field 262(a) and implicit bit 114 (I1) may be converted to
RFF significand data (significand field 210). Similarly, data from exponent field 264(a)
may be converted to RFF exponent data (exponent field 220). Data from sign field 266

(a) may be mapped to an RFF sign bit (sign field 240). The various conversion steps are
-12-



provided to the FMAC to nodi fy operation of the unit. For exanple, t%éi¥mhﬂw3

may be used to convert floating-point operands to integer o e
conversio'Wﬁﬁwmﬂg9applied to both vector and scal ar operand?g%ﬁﬁg§g¥%p
and a

n

shifting required for the vector and scalar cases is different,

separ at e conf?rﬁfcgé‘? Srepisr gf‘rtﬁa‘%ﬁlé’&"Pﬁi“%&]‘etfs‘FmPﬁ%td%ﬁg‘f‘B{afsoﬁ’fo‘é}é%%‘Ui ngly.
The mul tiply accunul ate operations di scussed above) e.g. those involved in
mat ri x nul ti pPryeeatiosnigniigsodhdnadBe transformations) are processed without
any such internal nodifications of the FMAC units. There has thus been
provi ded a syste or _vector i.ONS USi

f or i S t
conbi nati on of SM%&?%W&%‘W@%% °£ﬁ%'ﬂﬁ?“68fng%%fﬂch onal

execution hardware that nust be added to the_systemis reduced, while the
per f or n~ance2@#(2} elugenp 28 babaaaniissdAclZ0d(br E0f enemmbodiman of thsdnwpsieem
enploys a register file having an inplicit bit for each conponent operand
of a packed dpefmmimaitissadct!cddhiz(e) siconvaredito am&Fidesificagd byt @) peptndag bn
conponent operand for denornal/zero status during the | oad operation and to

set the assogjsaie@diimplitie bit ktio AECOSHI faglidon oha 28 ditdharARch RoM@BkPbnent
execution unit are provided for each pipeline in the system An oOperand

delivery nodpl,e n
execution units.

a packed operanpsfgo
unpacked opel"aRESdi

scal ar
unit.

m ni nmal
oper ati ons.

execution unit for

WO 00/ 4l 069 lﬁ&ﬂ/bﬂﬁsbe‘ii’.ﬂg_hw@de
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As noted above, while these operands share the same footprint in register file 110, i.e.

register entry 112, their operands are mapped to different bits of register entry 112.

In the disclosed embodiments of RFF operand 200 and PDF operand 250, the

implicit bit is specified by bit 63 and bit 83, respectively. In order to accommodate both

data formats, operand delivery module 110 may employ a 2:1 multiplexer (MUX) to

select the appropriate source bit for input to FMAC 130. Introducing an additional 2:1

MUX into the logic chain between register file 110 and FMAC 130 loads operand
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120 and primary FMAC 130 is not significant.

Table 2
Bit Position |16 |15 |14 [ 13 112 11 1009 18 17 |6 |5 |4 |3 12 |1 |0
SIMD E;cp. ' ‘ E7 |E6 | ES | E4 [ E3 [ E2 | El | EO
Constant o v fr v fur o fr fe fr vl Jo o fo jo fo |o o
Result BNl BBl B EE|EE [E |B |ES |B4 |E3 JE2|ElfE0

The approach summarized in Table 2 does not work for single precision
denormal numbers. Denormal numbers may be identified by the value of the associated
implicit bit 114, and conversion may be implemented using a software handler. The

exponent bit steering discussed above is summarized in Table 3.

Table 3
EXPONENT BITS BIT FUNCTION | SOURCE BITS FOR | SOURCE BITS
AT 1° FMAC INPUT SCALAR INST. FOR VECTOR
INST.
[6:0] Lower cxp bils [70:64] (61:55]
{15:7] Middle cxp bits [79:71] [62# :. 9]
[16] Upper cxp bits {80} [62]

Here, “#” indicates that the bit is inverted. The exponent bits are numbered for primary

FMAC 130 beginning with the first bit of the exponent field.

Fig. 4 represents one embodiment of operand delivery module 120 that is suitable
for use in a processor having first and second floating-point pipelines, pipe0 and pipel,
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L0s10%re: ()~ AN () 39S (hast BOE L T R o MO D2l Trom
10% 1 10%& () - #10%m&' ()-!! 10%& () -1 10%r& () - S@LO%&' () - & 10%m& ()--! T Q'
" dE_@ 10y 93 padwe of PDFlave1angs&0 (ntoyani§oliruipacked quovgvgopgrang A8me, () -
10%m&' () - " REVAWEXHYHE #r ##bC 10f #10%& () - 10%r& () - (3ml0%r&' ()- 10m 10m

100’ () tosae () FEROUE (57 EERIRRRL ey Rkl BEsbhipd L ot yirie

10%r&' ()-s!10%& ()- 10%rm& iz)gjx! 10%m& §u)1_ s!110%m& ()-4' """ %y(())dEbC
10* &' 10%T&! ( ?4%4%%}@ pg backRRd BYHRP IS RIPEO TR t(ﬁ)zoypleiem)@ﬁpwn%@w&- 0-))
))*j*****dE:/ 10m 10mY910%m&' ()-5:!10%m& () -
module 120 through inputs C and D. A control input of EBPM 410 selects data from one
of inputs A, B, C, or D to be provided to MBPM 420. MBPM 420 receives data from
EBPM 410 at input E. Bypass data from one stage of pipe0 and pipel is received at
inputs F and G, respectively. Data from a load converter (not shown) for pipe0 and
pipel is received at inputs H and I, respectively, and data from register file 110 is

received at input J. A control input of MBPM 420 selects data from one of inputs E, F,

G,H,I, orJto be provided to LBPM 430.

LBPM 430 receives bypass data from another stage of pipe0 and pipe 1 at inputs
M and N, respectively. Input K of LBPM 430 receives data from MBPM 420 through
bit steering block 440, which implements the conversions described above for vector
operations. In the above-example, bit-steering block 440 includes an inverter and bit-
steering traces to reformat data from upper component operand 269(a) to RFF data. For
example, bit-steering block includes logic and traces to convert a 23-bit PDF mantissa to
a 64-bit RFF significand and to convert an 8-bit PDF exponent to a 17-bit RFF exponent
with a readjusted bias. For scalar operations, input L of LBPM 430 receives data from

MBPM 420 without intervening bit-steering or inversion. Data from one of inputs K or
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fLf 109& () - s pooxddqd)te LBPM 430 via bypass 160 (Fig. 1). Bypass 160 captures the outputs of

primary and secondary FMACs 130 and 140, respectively, before they are repacked into,
e.g., PDF format 250. In this embodiment, no additional expansion of LBPM 430 or its

inputs is required for bypassed data.

Fig. 5 shows one embodiment of output conversion module 150. The disclosed
embodiment of output conversion module includes a primary output MUX 510 and bit-
steering block 520. Primary output MUX 510 includes inputs to receive results from
primary FMAC 130 and various FPU resources (FMISC) 154, as well as special result
encodings. For the exemplary data formats, FMAC 130 provides a result as an unpacked
(RFF) operand 200 (82-bit) for both scalar and vector operations. In the latter case, bit
steering block 520 combines the unpacked operand from primary FMAC 130 with a

component operand from secondary FMAC 140 to form a packed operand.
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for the component operand. As before, the conversion may be accomplished without
loading the floating-point pipeline with an additional adder, using the bit-steering

operation represented in Table 4.
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example, they are provided by the lower 8 exponent bits of the unpacked operand result,
with the 8" bit inverted. The upper 8 bits, which are ignored in the conversion operation,
are not shown in Table 2.

Table 5 summarizes the bit-steering operation that packs an unpacked operand

result from primary FMAC 130 with a component operand result from secondary FMAC

140 to provide a packed operand result for vector operations.

Table 5
PACKED FUNCTION OF PO RESULT BITS RESULT
OPERAND BITS BITS FROM 1° FMAC | BITS FROM
2’ FMAC
(83] Implicit bit of 1" CO (63 -
[82] Implicit bit of 2™ CO - [23)
[81] Unused constant - -
{sign bit in RFF)
(80:64] Unused constant - -
(exp bits in RFF)
(63) Sign bit for 1* CO (81]
(62] MSB of 1" CO exp (71
[61:55) Remaining exp bits of 1" CO [70:64)
[54:32) Mantissa bits of 1* CO [62:40] -
(31 Sign bit for 2" CO . {32
[30:23) Bits of 2™ CO Exp e (31:24)
[22:0] Mantissa bits of 2™ CO - [22:0)
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For certain instructions executed by the FMAC, additional control signals are

provided to the FMAC to modify operation of the unit. For example, the FMAC may be
used to convert floating-point operands to integer operands. The conversion may be
applied to both vector and scalar operands. The bit shifting required for the vector and
scalar cases is different, and a separate control signal is provided to adjust FMAC
operation accordingly. The multiply accumulate operations discussed above, e.g. those
involved in matrix multiplication and coordinate transformations, are processed without

any such internal modifications of the FMAC units.

There has thus been provided a system for processing SIMD or vector operations
using a combination of scalar and vector execution units. The amount of additional
execution hardware that must be added to the system is reduced, while the performance
of the scalar execution hardware is preserved. The system employs a register file having
an implicit bit for each component operand of a packed operand. A load conversion unit
includes logic to test each component operand for denormal/zero status during the load
operation and to set the associated implicit bit accordingly. A scalar and a vector
execution unit are provided for each pipeline in the system. An operand delivery module
provides data from a register file to the scalar and vector execution units. For SIMD
operations, the operand delivery module retrieves a packed operand from the register file,
converts a component operand to an unpacked operand via bit steering, and provides the

unpacked operand to the scalar execution unit for processing. A second component
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4, The method of claim 1, wherein the register entry is an 82 bit register entry that
accommodates two 32 bit floating point operands and each of the bits is set to a first state if the

exponent bits indicate the associated operand is denormal.

5. A method for loading a packed operand into a floating-point register file entry, the
method comprising:

copying significand bits and exponent bits for each component operand of the packed
operand to corresponding fields in the register file entry;

determining if each component operand is normalized; and

setting to a first logic state a bit associated with each component operand that is

normalized.

6. The method of claim 5, wherein determining if each component operand is normalized

comprises testing the exponent bits of the component operand.
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9. A processor comprising:

a data cache,

a floating point register file including a plurality of entries, each entry having one or more
associated bits to indicate if an operand stored in the entry is normalized; and

a load converter to copy significand and exponent bits for each of a plurality of operands
in a packed floating-point operand from the data cache to one of the register file entries, to test
the exponent bits of each of operand of the packed floating point operand and to set a

corresponding bit to a first or second logic state according to a result of the test.

10. The processor of claim 9, wherein the load converter includes an OR gate having a

number of inputs equal to the number of exponent bits to test the exponent bits of each operand.

11. The processor of claim 9, wherein the load converter includes test logic for each

component operand.
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