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1 ~ METHOD AND SYSTEM FOR SI NGLE CYCLE DI RECT EXECUTI ON OF  zres
FLOATI NG PO NT STATUS AND CONTROL "REG STER | NSTRUCTI ONS FI ELD OF THE

| NVENTI ON The present invention relates to a nmethod and system for
executing floating-point status and control register ("FPSCR")

I nstructions and nore particularly to a method and system for direct
execution of FPSCR instructions which kxecutes the FPSCR instructions wth
fewer delays and allows for symetric floating-point execution pipelines.
BACKGROUND OF THE | NVENTI ON Conventional floating-point standards,

such as the A 754519 d r Bl

Fl oat i ng- Poi nm#ﬁe@@?ﬁ%‘ﬁéé}%nggﬁﬁ%ﬁgﬁQ&gﬁ{&? g%szggé‘%gmf ng be
provi ded for edfHOATRNGoPOINTCEPATINS tAND CRNTBOIuREGISTERXBRPTBUGLIINS us
flag nmust be provided for data overflow Wen set, the status flag

I ndicates that the specified exception has occurred. Certain
conventional standards, such as the | EEE standard, also specify that the

user shal lpipg.ppbireTtie ieeENGION O alter the status flags individually.
Furthernore, the |IEEE standard specifies that the user should be able to

save and restore all status flags at one tine. Some conventi onal
systens util i zeThe fdresénihihyeitidn sélatesst@ndnathptiranld system for executing

floating-point status and control register ("FPSCR") instructions and more
particularly to a method and system for direct execution of FPSCR
instructions which executes the FPSCR instructions with fewer delays and

allows for symmetric floating-point execution pipelines.

BACKGROUND OF THE INVENTION

Conventional floating-point standards, such as the ANSI/IEEE
Standard 754-1985 IEEE Standard for Binary Floating-Point Arithmetic
("IEEE standard") require that a status flag be provided for each type of
exception that can occur. For example, a status flag must be provided for
data overflow. When set, the status flag indicates that the specified
exception has occurred.

Certain conventional standards, such as the IEEE standard, also
specify that the user shall be able fo test and to alter the status flags
individually. Furthermore, the IEEE standard specifies that the user
should be able to save and restore all status flags at one time.

Some conven'gional systems utilize a floating-point status and control
register ("FPSCR") to store the status flags. The FPSCR is controlled by

FPSCR instructions. FPSCR read instructions allow the system to read, or
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regi st'er ("FPSCR') to store the status flags. The EPSCR is control|led by
FPSCR i nstructions. FPSCR read instructions allow the systemto read, or

2 nove data from the FPSCR Simlarly, FPSCR wite instructions allow
the systemto nove data to the FPSCR For exanple, the FPSCR may be
controlled by a set of six FPSCR instructions. Four of these instructions
wite or nove data to the FPSCR The tdwo of remini ng FPSCR i nstructions
read or nove data fromthe FPSCR Conventional fl oating-point
systens inplenment the FPSCR instructions by wholly placing the FPSCR

I nstructions i Ioat'. P ala]Maly 1,0 the
FPSCR i nstT ru%ct‘iq%tﬁas i *ifg?iggf:?y execﬁttyégﬁ%%gﬁggk?%(ségﬁ 'flléﬁmﬁ | C pﬁ aced
in series s;g)dﬁié}ngb‘??&}eoakta“& P{lé‘ FPRCIET MY 9:§am;31€e thE b%okﬁ ffod S
typically ace ter e oat 1 ng-poi nt _execution 1 ogi c vert €ess,

addi ti onahyygdiet 3 &dx FHER 1hoGhetionS! heuplo@qadsé méthacabﬂwxn& &p al I ow
the FPSCR instruction to pass through the pipeline.

pi pel i nes fifve AStaCRNMRNFPSOR. SPisd %M&eﬁmmfngBSCRhﬁstﬂﬁﬂi&r%t ﬁtd:aSCR
| ogic for passing the FPSCR i nstruction through the pipeline is provided
I n both pimpetel dels. frdnsiisd FPSKR Nng symmetric pipelines is sinpler to
design since pipelines are sinply replicated. However, since FPSCR

i nstructions odéanverdianal flceiting-ipaintf systemsgmpdément thet FESCRons, the

dedi cated FPSCR logic in the pipeline will. be largely unused. In addition,
instructions by wholly placing the FPSCR instructions in a floating-point

execution unit pipeline. However, the FPSCR instructions are typically
executed by FPSCR execution logic placed in series with the pipeline. In
other words, the FPSCR execution logic is typically placed after the
floating-point execution logic. Nevertheless, additional dedicated FPSCR
logic must be placed in the pipeline to allow the FPSCR instruction to pass
through the pipeline.

If the pipelines of the conventional system are symmetric, the
dedicated FPSCR logic for passing the FPSCR instruction through the
pipeline is provided in both pipelines. A system having symmetric pipelines
is simpler to design since pipelines are simply replicated. However, since
FPSCR instructions occur more rarely than floating-point instructions, the
dedicated FPSCR logic in the pipeline will be largely unused. In addition,
because FPSCR instructions still require serialization, the additional
dedicated FPSCR logic will provide little performance gain.

Where symmetric pipelines are used, each symmetric pipeline may have

is own FPSCR execiition logic provided after the pipeline's floating-point

execution logic. However, the pipelines may also share FPSCR execution



because FPSCR instructions still require serialization, the additional

dedi cated FPSCR logic will provide little performance gain. Wer e
symmetric pipelines are used, each symetric pipeline may have is own
FPSCR execution | ogic provided after the pipeline' s floating-point
execution |logic. However, the pipelines may al so share FPSCR execution

3 | ogi ¢ placed after both floating-pai nt execution units. There is a

di sadvantage to having synmetric floating-point execution units with only
one FPSCR execution logic in series with both pipelines. That is, the FPSCR

execut | 0”1%‘19;?%%@ EYt%E'Cl?AtlhyfIP%iﬁgc SﬁB'tee?&eQ £i8HS¢ni {’ S%é%lsr yctions can be

I nput to t execut1 on rom ei t er pilpellne erefore, the

FPSCR exegqlddiankRge Go Ba¥in g Sydithirt OneHAETHOf WHecBtIBhPGhH § Sribh %w'es the
FPSCR i nstruction and account ‘for any timng differences. :

convent i 0Bak FPSUR BkedaCioR0BELY IABEFies witBaidtAGipeiifbs. PTRA! id)ehe Fpsemch
systens, an FPSCR instruction is issued to only certain pipelines. Thus,

onl y t hesexptywbn 1€gicCiantydiitaltie ticrat@thglecEGdchage FPSUR ipdtsabtigns RhanARSCR
instruction through the pipeline. Because all FPSCR instructions are
passed t hirqughtatle FRSECRiegetutien logr fhodi edher] piRSGR. | Dggrefore,t the
pipeline is used nore frequently than dedicated FPSCR |l ogic in each of the
synmet r i c FESSd) precutiouldgisemusele able dddieteyninesebinhspinsiing provifes the
nunber of % pelines, such as a single pipeline, provide the FPSCR

i nst ruct i BRSCR inriptior andapeqwH fa@ny timpertiftarengetution logic is | ess

conpl ex. However revi ous| stated, non-symretr.i ¢ pipelines add
P ° ional Ly oo oA

ther cogventlona stems use non-s etric floating-point
pipelines. In such systems, an FPSCR instruction is issued to only certain
pipelines. Thus, only these pipelines contain dedicated FPSCR logic for
passing the FPSCR instruction through the pipeline. Because all FPSCR
instructions are passed through a single pipeline, the dedicated FPSCR
logic in the pipeline is used more frequently than dedicated FPSCR logic in
each of the symmetric pipelines would be used. In addition, because only a
limited number of pipelines, such as a single pipeline, provide the FPSCR
instruction to the FPSCR execution logic, the FPSCR execution logic is less
complex. However, as previously stated, non-symmetric pipelines add
complexity to the design because the system cannot be provided simply by
duplicating a single execution pipeline.

FPSCR instruction execution may cause multi-cycle delays, regardless
of whether a floating-point execution unit pipelines in the system are
symmetric. This is because an FPSCR instruction is a serializing
instruction. A serializing instruction is one which must have at least

portion of the pipeline free in order to run correctly. An FPSCR



conpl exity to the design because the system cannot be provided sinply by
duplicating a single execution pipeline. FPSCR i nstruction execution
may cause multi-cycle delays, regardless of whether a floating-point
execution unit pipelines in the systemare symetric. This is because an
FPSCR instruction is a serializing instruction. A serializing instruction
is one which nust have at least portich of the pipeline free in order to
run correctly. An FPSCR 4
instruction is typically followed by a series of floating-point

I nstructi cmgFhu Qﬁggscg%gl) ﬁ%ﬁcﬁl 9D 1y gesre![_ I I%ﬁﬂga ggg) it may al '_ter
oa 0|n

settings in sub equen I nstructi ons

d d. , o o f th
epen %It r@%&bl]ﬁs Fggggﬁ \n‘égﬂ&%ws 19@ {nﬁ‘ﬂthgeﬁ tdde #Ngapaithion of the

pi peline be uction free during executien. If this

portion ofsetttsﬁgeuaeénm?s @Rng%éi mﬁch%tmgqusﬂt floRGhEUS6 N N8 s ARt RMGESS
i ncorrect settlngs in the Because stages in the plpellne

nmust be keapipeaRen AWipirdgulsatidt FRSCRS insthatidiSeRiinss tHet 11N paftion of the
floating-point pipelines are typically deep, a multi-cycle delay is

i nt r oduceibylinaeHik&GRei FESCRAhstrructibnube faéd Hanipy ekdmtk®SCREithsd r uct i on
can be executed relatively quickly by the FPSC. execution |ogic, delays
are i ntrodrdibnast the piRIGR insot fide, ocsulpmsmiest inftrootions m@aypa@edssne. For
conventional fl oating-point pipelines which have nmany stages, this del ay

i s great erincorrect setfipegsridithgl JPS@Rat is needed is a system and nmethod for

executing
Because stages in the pipeline must be kept open during execution of

the FPSCR instruction and floating-point pipelines are typically deep, a
multi-cycle delay is introduced by each FPSCR instruction. Thus, although
the FPSCR instruction can be executed relatively quickly by the FPSCR
execution logic, delays are introduced as the FPSCR instruction passes
through the pipeline. For conventional floating-point pipelines which have
many stages, this delay is greater.

Accordingly, what is needed is a system and method for executing
FPSCR, instructions having reduced delay. It would also be beneficial if the
method allowed for symmetric floating-point execution pipelines, making

design of pipelines simpler. The present invention addresses such a need.

SUMMARY OF THE INVENTION

The present invention provides a method and system for pro.vidi.ng
direct execution of a serializing instruction in a processor. The processor
has the serializing instruction and a nonserizalizing instruction. The

processor includes execution logic having a pipeline for executing the

This Sheet Has Been Replaced
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FPSCR i nstructi ons havi ng reduced delay. It would al so be beneficial'if t he
met hod al |l owed for symmetric floating-point execution pipelines, naking
design of pipelines sinpler. The present invention addresses such a need.

SUMVARY OF THE | NVENTI ON The present invention provides a nethod
and system for providing di rect execution of a serializing instruction
in a processor 5 5

Accordi ngly, the invention discloses a systemfor providing direct
execution of a serializing instruction in a processor, the processor

i ncl udi ng 0N Lagi i.hg I J ‘ i rializing
instructi orgﬁi%%gdlgz%%ulglsgrn q}(;(;énf'c ﬁecphg?én% Bg a?%{)gfc:iﬁg?é Hp%? ﬁste Bgﬁ%@m i on

uni t, the HoRsEd Bkbiiigh hgr it d: Qb th st AL AORRH IS LKL L T 0N,
the system conpri sing: separate logic, different fromthe execution
logic, formepauhhdGyat&h doflgriddBecdgilbingCtid Berih RAnE @i tidi]
instruction being a floating point status and control register (FPSCR)

i nstruct i ofbcoghtzifgPichendd1galizing ingtidS{dn e pstitling) the Gofse@Blzing an

i nstruction queue, coupled directly to the separate logic and to the

execut i on insgpnactior 66 thé @xergtiontlbgld)eansd prakvidihgghiensirialidih grinstithetion
nonseri alizing instruction, recognising the serializing instruction and

t he nonserticathez seppraistlogict i dhe pardalizingginsteugtioms by ex¢dutedgrithorst r uct i on
to the execution logic, and providing the serializing instruction to the
separate Pryiding theserishising ingfirugtieg torkher piPel®8- i s executed wit hout the
serializing instruction being provided to the pipeline of the execution

| ogi c. Agperdipgdet thensustem and aedbed disclgpeddrersin, pfwvprasegtdi r ect

execution of a.serializing,. instryction in roc ,. the processor

ncl udi ng BYEBLEPORTTYERE Yinertipd Fotea aegufigh of EPSCR mstrudtions.
Delays due to FPSCR instructions are reduced, thereby increasing overall
system performance. In addition, symmetric floating-point pipelines are

possible, making the system design more simple.
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executing a nonserializing instruction, and separate logic different from

t he execution | ogic for executing a serializing instruction, and an

i nstruction queue coupled with the execution | ogic and the separate

| ogic, the execution logic including a floating-point execution unit, t he
nonserializing instruction being a floating-point instruction and the
serializing instruction being a floa@ing poi nt status and control

regi ster (FPSCR) instruction, the separate | ogi c being FPSCR execution

| ogic, and the instruction queue capable of storing the serializing

i nstructi ofp a0 JRECREPERIN B DY DRSHTNGST on, the nmethod conprising the

steps of: 5a a)
recogni zi ng t hepspRireal iZh Mgh N&VEIUBIccRMiagram of ) prde8§ &G Ninalidinlghe
nonserializing instruction; c) providing the nonseriati zi ng

i nstructi dlodtng Asoinkett.i on [ ogic fromthe instruction queue
and d) providing the serializing instruction to the separate |ogic
directly from tRigure 2 is a high leval blecki diagrpm gé 2 Beatidhgtpdiiveusérinal i zi ng
instruction is executed w thout being provi ded to the pipeline

of the exeangerdantoyid the method Andos¥iite.t o t he system and net hod

di scl osed herein, the present invention provides direct and faster
execution of FPSERrersis #dlpelndiagnamydapieting enepmbrdinegitafa pyslemfer
reduced, thereby increasing overall system erfothnce. | n addition,

synmet ri ¢ PIERHRGET HR6R prigactivas ?%C%Eigg?eowét, MR chandywystt desi gn

nore sinpl e.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to an improvement in execution of
floating-point status and control register ("FPSCR") instructions. The
following description is presented to enable one of ordinary skill in the
art to make and use the invention and is provided in the context of a patent
application and its requirements. Various modifications to the preferred
embodiment will be readily apparent to those skilled in the art and the
generic principles herein may be applied to other embodiments. Thus, the
present invention is not intended to be limited to the embodiment shown but
is to be accorded the widest scope consistent with the principles and
features described herein.

Figure 1 is a block diagram of certain relevant components of a
processor system 10 for processing information in accordance with the
present invention. In the preferred embodiment, processor 10 is a single
integrated circuit superscalar microprocessor. Accordingly, as discussed

further hereinbelow, processor 10 includes various units, registers,



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a high level block

di agram of a processor including a floating-point unit. Figure 2 is
a high level block diagramof a floating-point unit in accordance with the
met hod and system Figure 3 is a bl ock diagram depicting one

enbodi mrent of a systemfor executing an FPSCR instruction in accordance
with the nethod and system DETAI LED/ DESCRI PTI ON OF THE | NVENTI ON

The present invention relates to an inprovenent in execution of
floati ng-point status and control register ("FPSCR') instructions. The

foll ow d | pti ' ted to. bl .Of ' Kill inth

art o maRSRER (RERERIES, AR CTiST Sire oof ANk AN RPRL Rt of B
t to makE ARt LSBTPRE™ i | RSPk of a

brerorr e DEBAIRLFOGAY " A BLIATE bk, BT D IPPER 4 D 1 1C ot

‘and the  g80eLii6y BF bRELRLES RFHnBntRY it8uaiy ved rilb@rifkhssme R Aenis -

Thus, the ™ present invention IS not intended to be limted to the
enbodi mentthehiEebMLnit 361 0 be accorded the w dest scope consistent wth
the principles and features described herein. Figure 1 is a bl ock

di agram of cer thigtiree] a¥pitits CuEpRipePpotntobnt 1pirogesser deysi enTRE for
processing information in accordance with the present invention. In the

pr ef err ed fivdtdaig eoint ymit ¢4s sontalfs itwodfled timg epoinh eregretied uoitsg (HFRUA 38
superscal ar m croprocessor. Accordingly, as discussed further hereinbel ow,
processor &gl FREIRI4es eachilmying mi floatinggpaindexecution pipeline. In addition,
floating-point unit 14 has an FPSCR 37 containing the status flags.
Instructions to be executed are provided to the floating-point unit 14
through the instruction fetch/dispatch unit 30. The instruction
fetch/dispatch unit 30 places instructions in the floating-point queue
("FPQ") 34. In a preferred embodiment, FPQ 34 is speculative, out-of-order
gueue, Both floating-point arithmetic instructions and floating-point
status and control register instructions are placed in the FPQ 34. The
FPSCR instructions control the FPSCR 37.
An FPSCR instruction in the FPQ 34 is dispatched to an FPUA 38 and
FPUB 40 for processing by the floating-point execution unit pipeline of the
corresponding FPUA 38 or FPUB 40. The floating-point execution unit
pipeline through which the FPSCR instruction passes must contain dedicated
logic for passing the FPSCR instructions through the pipeline. If, for
example, dedicated FPSCR instruction logic was placed in b-oth the FPUA 38
and FPUB 40, symmetric pipelines would be provided with each pipeline
carrying FPSCR instructions. If dedicated logic was provided in only one of

the FPUA 38 and FPUB 40, the pipelines would be asymmetric and only a



7 buffers, menories, and other sections, all of which are forned by
Integrated circuitry. As shown in Figure 1, processor 10 includes a
plurality of execution conponents, including the floating-point unit 14 and
the integer unit 16. Figure 2 depicts floating-point unit 14 in
greater detail. The floating-point unit 14, contains two floating-point
execution units, FPUA 38 and FPUB 40, 8ach havi ng a fl oati ng- poi nt
execution pipeline. In addition, floating-point unit 14 has an FPSCR 37
containing the status fl ags. Instructions to be executed are

provi ded t qﬁgg -Rp' i 95%¥;the i nstruction
fetch/di;ﬁ%?gggﬁﬁ%% 0@8 .ebgﬁgﬁ?g§tloﬁu&?gtc di spatch unit 30 pl aces

i nstructions i NohBg ohl FA§EAIMRHVtICH &Basded ildlolghithd ﬁigzna@eéfeﬁmﬁ 38
enbodi ment, FPQ 34 is specul ative, out-of-order queue. Both:floating-point

arithmeti cod FRUBIGY byntherBdidadad 1618c P@hs IFPSUR inStrabtiof Hah! 94 ckeGU ey
I nstructions are placed in the FPQ 34. The FPSCR instructions control the

FPSCR 37. FPSCR exdtutRoORgit plddect irogerias tith FPUA34E8 o FRERAOChEH the an
FPUA 38 and FPUB 40 for processing by the floating-point execution unit
pi pel i ne ogpipehiaes dor rtbe RTAA 88 SARUAPIE 40 aFPS3miietrid) ethieinotite BHUAOIGhand
execution unit pipeline through which the FPSCR instruction passes nust
cont ai n debREBt tcan egrh Haye BESSGRrrachéionHoeR rar tlarad effer dtheodhe t he
pipeline. 1f, for exanple, dedicated FPSCR instruction |logic was placed in
both t he HRJAA338 and the FPUB 40 or can share a single FPSCR execution logic. If the
pipelines for the FPUA 39 and the FPUB 40 are asymmetric, then FPSCR
execution logic would be provided after only one of the FPUA 38 or FPUB 40.

FPSCR instructions are serializing, requiring that a portion of the
floating-point execution unit pipeline after the FPSCR instruction must be
open for the FPSCR instruction to be executed. In addition, FPSCR
instructions are typically the first instruction of a series of
instructions. Often, stages of the pipeline are open prior to such a series
of instructions. As a result, the pipeline is often open prior to the FPSCR
instruction.

Although an FPSCR instructions can be executed by passing the FPSCR
instruction through the floating-point execution unit pipeline, one of
ordinary skill in the art will recognize that executing the FPSCR
instruction in this manner causes multi-cycle delays. Because an FPSCR
instruction is serializing, a portion of the pipeline behind the FPSCR
instruction must be kept open during execution of the FPSCR instruction.

Subsequent floating-point instructions cannot begin execution until the

FPSCR instruction has completed, thereby causing delays. Typically,



and FPUB 40, symmetric pipelines would be provided with each pipeline
carrying FPSCR instructions. |f dedicated |ogic was provided in only one of
the FPUA 38 and FPUB 40, the pipelines would be asymmetric and only a
singl e pipeline would carry FPSCR instructions. Once an FPSCR
instruction is passed through the pipelyne of FPUA 38 or FPUB 40 by the
dedi cated logic, the FPSCR instruction can be executed by FPSCR execution
|l ogic placed in series with FPUA 38 or FPUB 40. IF the pipelines for the
FPUA 38 and FPUB 40 are symmetric, then the FPUA 38 and FPUB 40 can each

have FPS It .ca ed. after it _or th FPUA 38 and t he FPUB
40 or caﬁggﬁgkogﬁné?%‘ﬁﬁgb&ngxégﬁ on ar%ggll'eé?ﬁf’?f% ﬁ%ep’pffﬁléTlpﬁe ¥6r t he
FPUA 39 argidhetfBuBctrdy gymetric, then FPSCR execution |ogic would
be provi ded aﬁer o%ey gneg% the FPUA 38 or FPUB 40. - FPSCR

i nstructions ane s$Rimdricbifeiinks tHe bi8/i04A! af PPSERAA 5B i
fl oati ng- poi nt execution iﬁﬁﬁ pi pel il!r)1e z;f ter at he FPSCRa“?%)St r&g%'?%ﬁhrﬁ}g “bhe

open for tplipeldRSeRdi wsd this Heditated P SERe tolie For Iphsadih the EPSHISCR
instructions are typically the first instruction of a series of

I nstruct i dmstruCtiventhreughethatd fpipbingiopdy infreguendyen THatds, the diic@teser | €S
of instructions. As a result, the pipeline is often open prior to the FPSCR
i nstructi GWSCR logic falrtgamsiyrg dhe HPSCR iinstruetionotisroagh the pitetitecd byed
passing the FPSCR instruction through the floating-point execution unit
pi pel i ne, fehenky a pentiomef) th« FPSGH) insfeugtipnaiissuad sbgei eeeht piptelimeecut i ng
the FPSCRreceives only the portion of the total number of FPSCR instructions. The
FPSCR. execution logic may also be made more complex because the FPSCR
execution logic may need to determine which pipeline is providing the FPSCR
instruction. If asymmetric pipelines are provided, the utilization of the
dedicated FPSCR logic is higher, but the design of the pipelines becomes
more complex. Both symmetric and asymmetric pipelines are subject to
delays caused by the FPSCR instructions.

The present invention provides for a method and system for direct
execution of FPSCR a instruction in a processor. The processor has the
serializing instruction and a nonserializing instruction. The processor
includes execution logic having a pipeline for executing the nonserializing
instruction. The processor also includes logic separate from the execution
logic for executing the serializing instruction. The method and system
comprise recognizing the serializing instruction, recognizing the
nonserializing instruction, providing the nonserializing instruction to the

execution logic, and providing the serializing instruction to the separate

logic. The serializing instruction is executed without providing the



instruction in this manner causes nulti-cycle delays. Because an FPSCR
instruction’'is serializing, a portion of the pipeline behind the FPSCR

i nstruction nust be kept open during execution of the FPSCR instruction.
Subsequent floating-point instructions cannot begin execution until the
FPSCR i nstruction has conpl et ed, thereb% causi ng del ays. Typically,

fl oati ng- poi nt execution unit plpellne§ are relatively deep, causing these
del ays to be several cycles. If symmetric pipelines are provided, an
FPSCR may pass through either pipeline and use the dedicated FPSCR | ogi c

for passing_the.FPS struct.ion, t ough that pipeline only infrequently.
That is, %é' agfﬂi?%d{‘%ucﬁ f ‘passi ng the FPSCR instruction

el e o LhEhd Becken #ﬁl%ntio%wﬂm RUBILth pherdd'8r EFRRAilEL | ONS

I ssued since eac I he” recelves only e portiron o nunber

of FPSCR it i g@&,hgql@s Sg%%utﬁ%%e%%gut 1B%el8P] ndRY RSP sRROSR, TRE e

conpl ex becaus execution | ogic may need to determ ne whic

pi peline i tREOVIEHAG, Fo& Iz hat Eﬁlfsrxﬂ&ﬂioarhndf(s:%§€él’ﬁ7mr dper@iddel i nes are
provided, the utilization of the dedicated FPSCR |ogic is higher, but the

desi gn of dfbertpidlg! foRathbBLAQHRS of Mokt xaiP liextruBeibh s seEl misc and
asymetric pipelines are subject to delays caused by the FPSCR
i nstructi disating-point Tnétsphesiapt anothentriwbgqr of pijedirfesr. #n melididan ard syst em
for direct execution of FPSCR a instruction in a processor. The processor
has t he preferred embodiment contains dual execution units and two pipelines which

are each two stages deep. However, nothing prevents the use of another

number of execution units or pipelines, or pipelines of another depth.

To more particularly illustrate the method and system in accordance
with the present invention, refer now to Figure 3 depicting a block diagram
of a one embodiment 100 of such a system. Many of the components of the
system 100 have already been depicted in Figure 2. These components are
labeled similarly to corresponding components in Figure 2. For example, the
FPQ is labeled FPQ 34 in both Figure 2 and Figure 3.

The FPQ 34 contains both FPSCR and floating-point instructions. In
contrast to conventional systems, FPQ 34 does not provide FPSCR
instructions to the pipelines of either FPUA 38 or FPUB 40. Neither FPUA
38 nor FPUB 40 contains dedicated FPSCR logic for passing the FPSCR
instruction through the pipeline. As a result, the pipelines for FPUA 38
and FPUB 40 are symmetric, at least with respect to their lack of dedicated
FPSCR logic for passing an FPSCR instruction through the pipeline.

Instead of passing the FPSCR instruction through one of the

floating -point pipelines, the FPQ 34 provides the FPSCR instruction



seriali'zing instruction and a nonserializing instruction. The processor

I ncl udes execution logic having a pipeline for executing the nonserializing
i nstruction. The processor also includes |ogic separate fromthe execution
| ogic for executing the serializing instruction. The nethod and system
conprise recogni zing the serializing instruction, recognizing the
nonserializing instruction, providing tlhe nonserializing instruction to the
execution logic, and providing the serializing instruction to the separate
| ogic. The serializing instruction is executed wi thout providing the

10 ializi | nst ti th | pel i Th t ti
Wil be deSlebRate Roeuie TP &P erstuihl Ip6lHio- A o maoiity BRcvaseBLfon "
Wil be d B P fg-pei'nt At * RS .

Fevogn o CRATEEeeu IR FERE L RRbeAstbt, ' RIGdAL o tiacb B0 aetes the

recogni ze fhat "CAFS Aet ho an et ectivery Tor ot
ano her mmBee o e e o B i Bl S8 ai s

dual execubidlidbd FPUANSE b¥FPUPAbif38padBirtd) thé FPSEAt I dtPhcBibAGESodBRMhe
However, nothing prevents the use of another nunber of execution units or

pi pel i nes, pselpicpel i nes of anot her depth. To nore particularly
illustrate the nethod and systemin accordance wth the present invention,
refer now t o Fi QUeeFBSadapestddutipnaldyie A0 dxaguten thef FRSCReiratbactioent 100 of
such a system Many of the conponents of the system 100 have al ready been
depi ct ed i mpEatimgeei2he bies FPSGHIHEActhe ERR: Array 44, or the control register 120,

depending on the FPSCR instruction. The FPSCR execution logic 110 is

capable of executing the FPSCR instruction in a single cycle without

requiring a portion of a pipeline behind the FPSCR instruction to be open.

Thus, delays introduced by passing an FPSCR instruction through a

floating-point execution pipeline are reduced.

To ensure correct execution of all instructions, the FPQ 34 still

treats the FPSCR instruction as a serializing instruction. In other words,

the FPSCR instruction should still not change settings in the FPSCR 37

which prior dispatched floating-point instruction may use. Thus, in a

preferred embodiment, the FPQ 34 does not issue the FPSCR instruction

until prior dispatched floating-point instructions have finished execution

and are architecturally committed. If the FPQ 34 did not treat the FPSCR

instruction as serializing, the FPSCR instruction could alter settings upon

which a prior floating-point instruction depends. That is, if the prior

floating~point instruction was not architecturally committed before the

FPSCR instruction was issued, the prior floating-point instruction might

use incorrect data. Thus, the preferred embodiment issues FPSCR



| abel ed simlarly to correspondi ng conponents in Figure 2. For exanple, the
FPQ is | abeled FPQ 34 in both Figure 2 and Figure 3. The FPQ 34
contains both FPSCR and floating-point instructions. In contrast to
conventional systens, FPQ 34 does not provide FPSCR instructions to the

pi pelines of either FPUA 38 or FPUB 40.12Nei t her FPUA 38 nor FPUB 40
contains dedicated FPSCR | ogic for passing the FPSCR instruction through
the pipeline. As a result, the pipelines for FPUA 38 and FPUB 40 are
symmetric, at least with respect to their |ack of dedicated FPSCR |ogic

for passiftalcfibrE Bl 2b1diCh 8P dibpAUBB At #16athh PGIdIAL instructionkNiivead of
passi ng the FPSCR i nstruction through one of the floating-point pipelines,

the FPQ 3Bcét @¥edtted BRd ISR RechtdllyCEbmMitted. Because thelFPSCR Y tO
separate FPSCR execution logic 110. As a result, the system 00 direct

execut es insr&&iR6HR is pehnevally gt grecaddd thyofloatingdpseititsinetrmediinees, blie FPSCR
execution logic 110 does not require dedicated logic in one of the

pi pel i nesr#iPidk i3S olioweRUbYy 40sdrdes phifkiatip g-peirtPBERructdens cthisrfeatumugh t he
pi pel i ne. The FPSCR execution logic 110 executes the FPSCR

i nst ruct i ofthe prdéained embédiment gloepPICR gneraly FHpsciAthapeniprmgnce nf

control register 120, depending on the FPSCR instruction. The FPSCR

execut i onthgvetemd0@s capabl e of executing the FPSCR instruction in a

single cycle without requiring a_ portion of i peline_behind the FPSCR
i ns? ruct ?lon t OT&)@ g%%ﬁR i%struct?on i£ provided to ?hcf m%ve to floating-point

status and control register ("MTFPSCR") logic 114 in the FPSCR execution
logic 110. The source data for the FPSCR instruction is provided by the FPR
array 44. The MTFPSCR logic 114 merges the source or data provided by the
user, called immediate data, with the appropriate FPSCR value.

The MTFPSCR logic 114 provides the merged result to the selector 116.
In a preferred embodiment, the selector 116 is a multiplexer. Where the
MTFPSCR logic 114 provides the merged result due to a valid FPSCR
instruction, the selector 116 selects the outpﬁt from MTFPSCR logic 114 to
write to the FPSCR 20. If the system accesses the FPSCR 20 due to a valid
floating-point arithmetic instruction, then the selector 116 selects the
output from the execution unit status flags merge logic 112. This
cooperation between the FPQ 34, and the FPSCR execution logic 110 allows
the FPSCR instruction fo be executed in a single cycle.

In a preferred embodiment, the FPSCR execution logic 110 also
executes an FPSCR instruction which moves data from the FPSCR 20, for
example to the control register 120 or the FPR array 44. When data is moved

from the FPSCR 20 to the control register 120, the FPSCR execution logic



Thus,'delays I ntroduced by passing an FPSCR instruction through a

fl oati ng- poi nt execution pipeline are reduced. To ensure correct
execution of all instructions, the FPQ 34 still treats the FPSCR
instruction as a serializing instruction. In other wirds, the FPSCR

I nstruction should still not change setigings in the FPSCR 37 which prior

di spatched floating-point instruction may use. Thus, in a preferred
enbodi ment, the FPQ 34 does not issue the FPSCR instruction wuntil prior
di spatched fl oating-point instructions have finished execution and are

ar chi t ect Weahk Whe Al Tal&rhh td FPSER F@ movel hdAatd 16 ahe lARtFTH R ister

I nstruction as serializing, the instruction could alter settings upon

whi ch a prizer afﬂméwmw@h@fdaw% tHE tFIYTR @pendhe MIEPSICR 1ddic 112 fiohvedes
floating- poi nt instruction was not architecturally comitted=before the

FPSCR i nsta neddt@wt sSlRSFPSSBER), ahé theiapprobomte rigtpdrah theSEFSCR.i20nisni ght
use incorrect data. Thus, t he preferred enbodi nent issues FPSCR

12 i nstpnestidexhdo dhkcoattrarremister H0s p&ovkequéntdps ithg-FRECR exestitiont i ons
have been executed and architecturally conmtted. Because the FPSCR

i nstructi daglcslifepen &l ysatbto precwigertl BPSUR instryctionntiniansingle cyoles, but
rather is followed by a series of floating-point instructions, this feature
of the pr éf’éh?‘é'ﬁﬂé?rﬁ‘ﬁéﬁmﬁ?e deasssing ge&ﬂqséfﬁwnam@éwm throyehfdr mance of

t he system 100 he FPSCR instruction is provided to the nove to

f1 oati ng- ;fé‘?ar“ring §i°é¥lh§x§ﬁ‘éf“%h’tnr‘6P11?"é§}est er ("MIFPSCR') logic 114 in the

FPSCR execut| OnA method and system has been disclosed for direct execution of an

FPSCR instruction. Because the system and method execute the FPSCR
instruction using separate FPSCR execution logic 110, the FPSCR instruction
is executed in a single cycle. By bypassing the execution unit pipeline, the
method and system provide significant improvement in the number of cycles
required to execute the FPSCR instruction. For example, in a preferred
embodiment having dual two-deep floating-point execution pipelines,
conventional approaches would have a two cycle execution latency for
FPSCR instructions. In contrast, the method and system achieve a one cycle
execution latency. If the method and system are used in a processor having
a deeper pipeline, even greater reduction in delays are achieved. In
addition, the method and system allow the processor to have symmetric
pipelines without dedicated FPSCR logic for passing the FPSCR instruction
through the pipeline. Thus, design of multiple floating-point execution
pipelines is simplified.

Although the present invention has been described in accordance with

the embodiments shown, one of ordinary skill in the art will readily



| ogi c 110. The source data for the FPSCR instruction is provided by the FPR
array 44. The MIFPSCR | ogic 114 nerges the source or data provided by the
user, called immediate data, with the appropriate FPSCR val ue. The
MIFPSCR | ogi ¢ 114 provides the merged result to the selector 116. 1In a
preferred enbodi ment, the selector 1163i4s a nultiplexer. Were the MIFPSCR
| ogic 114 provides the nerged result due to a valid FPSCR instruction, the
sel ector 116 selects the output from MIFPSCR logic 114 to wite to the
FPSCR 20. If the system accesses the FPSCR 20 due to a valid

floating- E%b@%ni%' {ATEhbEe IcBald Yelvaiatibii o thE eRBlBEhH sl %ﬁ&&ct s the

out put fromthe execution unit status flags nerge logic 112.

cooper at i QarhaidReRollte bERAtRMh tROEpiNe ahBXdB3peXECitel PFbnd uﬁvéz;ﬁoﬁl | ows
the FPSCR instruction to be executed in a single cycle. R

pref err ed AshodinElRt  mdie rfodBGEEh 12es thalyOve hiagie (b3l d0e aifmdueaqe,,;cakﬂp uﬁlﬁhé:PSCR
instruction which noves data fromthe FPSCR 20, for exanple to the contro
regi st er 520 withéutedépi-ting dyom 4he\Wpdnitdatdasesperol/ gtk appendédieldidSCR 20 to
the control register 120, the FPSCR execution |ogic

13 reads the data fromthe FPSCR 20, noves the data to the control
register 120, and rewites the data to the FPSCR 20. The MIFPSCR | ogic 114
provides a reset of the FPSCR 20, and the appropriate data fromthe FPSCR
20 is provided to the control register 120. Consequently, the FPSCR
execution logic 110 can be used to execute all FPSCR instructions in a
singl e cycle,



without the delays due to passing an FPSCR instruction thr oy‘lﬂm ll l “ lllllll
fl oati ng- poi nt execution unit pipeline. A nmet hod and'#

di scl osed for direct execution of an FPSCR instruction. Because the system
and net hod execute the FPSCR instruction using separate FPSCR execution

| ogic 110, the FPSCR instruction is exgcuted in a single cycle. By
bypassi ng the execution unit pipeline, the nethod and system provide
significant inprovenent in the nunber of cycles required to execute the
FPSCR i nstruction. For exanple, in a preferred enbodinent having dual
two-deep floating-point execution pipeliaggpggconventional approaches woul d
have a two cycle execution |atency for FPSCR instructions. In contrast,

t he met hodypadisyaiaoy gehi eve a one cycle execution latency. If the method
and systemare used in a processor having a deeper pipelinet: even greater
reduction in del ays are agisg¥fsa £oi prodidiih i Giredthskcatibadbrad desiBEsp al | ow
the processor to have symetric pipelines wthout dedicated FPSCR | ogic
for passi ngstiectid?SGRal predcessért,Othe phscisgbr idupingebkecutidh Usgic dasiigy aof

mul tiple floating-point execution pipelines is sinplified. Al t hough
t he pr esenpipehinerfiorcixdeasinges motsecinlibbd instacctdrdatioe system coperising :
enbodi nents shown, one of ordinary skill in the art will readily

14 recogni ze t hat logher sepanate fhem\theieneicutiontlogichforrdxediubimgt theand t hose
variations would be within the spirit and scope of the present invention.
Accor di ngl Serigtigipenipgtructian;otd may be made by one of ordinary skill in the

an instruction queue, coupled to the separate logic and the
execution logic, for storing the serializing and nonserializing instructions,
providing the nonserializing instruction to the execution logic, and
providing the serializing instruction to the separate logic so that the

serializing instruction is executed without being provided to the pipeline.

2. The system of Claim 1 wherein for a nonserializing
instruction provided to the execution logic prior to the serializing
instruction being provided to the separate logic, the instruction queue
provides the serializing instruction to the separate logic after the

execution logic has completed executing the nonserializing instruction.

3. The system of Claim 2 further comprising a floating-point
status and control register ("FPSCR"); and
wherein the serializing instruction is an FPSCR. instruction and

wherein the nonserializing instruction is a floating-point instruction.
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art without departing fromthe spirit and scope of the appengm 1T |

CLAI M5 VWhat is clained is: 1. A system for providing di m‘["mlm""m"llll
execution of a serializing instruction in a processor, the procéssér * 5 =
i ncludi ng execution |ogic having a pipeline for executing a nonserializing
instruction, the execution logic inclugéng a floating-point execution unit,
the nonserializing instruction being a floating-point instruction, the
system conpri si ng: separate logic, different fromthe execution

| ogic, for executing a serializing instruction, the serializing
instruction being a jI oat ' t I Lster:., (FPSCR

i nstruction, thegseﬁfdr at e"l[‘ﬁg&g'%lt%gioﬁg&é@ﬁgi%gﬁﬁlgnse gg%%;l% ﬁcd( ) an
instructi Q@mpedss. coupled directly to the separate logic and to the
execution logic, for storing both the serializing instructien and

nonseri al i zi ng i Nst rGd @9 logi6 TP ProvUinkhe firs€irbablitan)OtHoEEEUICt | On and
the nonserializing instruction, providing the nonserializing instruction
to the exeewhitent bepghg profildd fvitle FPSCR ifStid adniglizif g MStrwtiorowritest he
separate logic so that the serializing instruction is executed w thout the
serial i zi ng thesFPSICRL. on being provided to the pipeline of the execution

| ogi c. 2. The system of claim 1, wherein for a nonserializing
instruction provided to the execution logic prior to the serializing
instruction being provided to the separate logic, the instructjon queue
provi des the serial i%i ng Thetsviséeneh ¢lgin Hewherpin fhe FRYFR lariudeste

execution | ogic has conpl eted executing the nonserializing instruction.
plurality of status flags; an

wherein the separate logic comprises:
status flag logic coupled to the execution logic for
providing a second resultant if an exception has occurred;
selector means coupled to the move to logic, the status
flag logic, and the FPSCR, the selector means for providing the first
resultant if the serializing instruction writes to the FPSCR and is valid,
the selector means for providing the second resultant if the serializing

instruction is not valid.

6. The system of Claim 5 wherein the selector means is a

multiplexer.

7. The system of Claim 6 wherein the execution logic
comprises a plurality of execution units, each execution unit having an
execution unit pipeline.

8. The system of Claim 7 wherein the processor includes a
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3.
nove to PPSCR | ogic for prOV|d|ng a first resultant to the
resultant being provided to the FPSCR if the serializing instrt ctlon

Ll

wites to the FPSCR 4, The system of claim 3, wherein the FPSCR
includes a plurality of status flags; and wherein the separate | ogic
conpri ses: status flag logic coupled to the execution | ogic
for providing a second resultant i f an exception has occurred; and
sel ector means coupled to the nove to FPSCR | ogic, the status flag | ogic,
and I(Pg, P§CR. the selector neans for providing the first resultant
if the seriali’zing I nstruction wites to the FPSCR and is valid, the
sel ector means ‘IlﬂéretiﬁQYlbcgéfﬂrg.‘aeeloglc exec?@EOM Al AiARtinsfrub@nseraal i zi ng
instruction is not valid The system of claim4, wherein the

sel ector MBAgR bgcla d}'udHel ab@x,er. 6. The system of claim 5, wherein
the execution |ogic conprises a plurality of execution units, each
execution unit having an execution unit pipeline. 7. The system of
claim6, wherein the processing includes a clock; and wherein the

separate | ogi c execl®es tAemsdrodafdrzprmyiditegg direet epecution of ngserialjzibg of
t he cl ock.
instruction in a processor, the processor including execution logic having a
pipeline for executing a nonserializing instruction, and logic separate from

the execution logic for executing the serializing instruction, the method

comprising the steps of:

a) recognizing the serializing instruction;

b) recognizing the nonserializing instruction;

c) providing the nonserializing instruction to the execution
logic; and

d) providing the serializing instruction to the separate

logic, so that the serializing instruction is executed without being provided

to the pipeline.

10. The method of claim 9 wherein when step (c¢) precedes step
d), step d) comprises:
dl) waiting until the nonserializing instruction execution is

complete before providing the serializing instruction to the separate logic.

11. ‘The method of Claim 10 wherein the processor further

includes a floating-point status and control register ("FPSCR"); wherein the

This Sheet Has Been Replaced

T




8. A nmethod for providing direct execution of a serializi ] 1

in a processor, the processor including execution |ogic ha“ﬂmnwumglmmeull
for executing a nonserializing instruction, and separate | oyic diff &reht *
fromthe execution logic for executing a serializing instruction, and an
instruction queue coupled with the exet®tion |logic and the separate |ogic,
the execution logic including a floating-point execution unit, the
nonserializing instruction being a floating-point instruction and the
serializing instruction being a floating point status and control register

(FPSCR) i nadditlih PnstifetREPAS &) #PseE tnh2lblohPaER whXRaHEN | 0gi c, and

the instruction queue capable of storing the serializing instruction and
t he nonsericide#idlfih g IhsHGckRR. istd) ElodBhBOgotANMBELAidH.he steps of:

a) recogni zing the serializing instruction; b) reeogni zi ng the
nonserializing instruction; C) provi di ng the nonserializing
instruction to the execution logic fromthe i nstruction
gueue; and di2. pfhe metigpad ok Ciam Bl whenegin tisd prodessor timclukes a
separate logic directly fromthe i nstruction queue, so that
t he seri aldle¢khgthemathed funther ecrepxising Hhe strn obekaguting the serializing
provided to the pipeline of the execution |ogic. 9. The met hod of

clai m 8, RetBigtiothihastivglecsyelefddescletlep d), step d) conpri ses:

dl) waiting until the nonserializing instruction execution is conplete
before providing the serializing instruction to the separate

| ogi c. 18 10. The nethod of claim
9, wherein the processor includes a clock, the nethod further conprising
the step of executing the serializing instruction in a single cycle of the
cl ock.
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