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particular, to methods for performng prefetches within a | oop. Background
Art. Currently avail able processors run at clock speeds that are
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dat a t hat sigAicaally RERR tHiRaRe cloEIESHteAYativhigh GitRTagdciatdd terdulies pdrate.cln t he
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The advantages of storing data in caches arise from their relatively small size and
their attendant greater access speed. They are fast memory structures that can provide
data to the processor quickly. The storage capacities of caches generally increase from
L0 to L2, et seq., as does the time required by succeeding caches in the hierarchy to
return data to the processor. A data request propagates through the cache hierarchy,
beginning with the smailest, fastest structure, until the data is located or the caches are
exhausted. In the latter case, the requested data is returned from main memory.

Despite advances in the design of memory systems, certain types of programming
structures can still place significant strains on their ability to provide the processor with
data. For example, code segments that access large amounts of data from loops can
rapidly generate mulitple cache misses. Each cache miss requires a long latency access
to retrieve the target data from a higher level cache or main memory. These accesses can
significantly reduce the computer system’s performance.

Prefetching is a well known technique for masking the latency associated with

moving data from main memory to the lower level caches (those closest to the
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resources). A prefetch instruction is issued well ahead of the tinme the
targeted data is required. This overlaps the access with other operations,
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instructions bring with them their own potential performance costs.
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Each cache |ine typically includes sufficient data to provide arr
el enents It ??%fetvﬂpqaéh?sowberr the carresRREdingdo Sﬁé"s%ncevteseﬁéldaeégseeé%& need

to issue gp, ﬁyﬁgl}’m}f{ F&{u@tlﬁgﬂ eal 10b) RelaQOR gerlethtb BhinecBRRSY AL iBGuidan:, many
recﬁ) e val caﬁ

prefetch sts Tn a short 1nte ( degrade system performance. Each
pr ef et ch megwestraifiorsdiesclrzanbwpmfetclies int feéativptymbeggntervalsaor y conmuni cati on

channel, increasin he | at enc r demand ,fetches and,ot her operations
that use this gﬂﬁﬁ@%“ﬁ'ﬁﬁ“%ﬁ?{?g&ﬁ}a &}ﬁ&%@“ﬂfﬁ {hf’ﬁ?c’é"e&??é €38 onﬁﬁﬁi pul at ed
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m sses for these prefetches tend to occur at the sanme tinme, further
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oad A]) prolcgsasgr-rl?m(erln)ory communication channel, increasing the latency for demand fetches
and other operations that use this channel. In addition, where multiple arrays are
manipulated inside a loop, prefetch operations are provided for each array. Cache misses
for these prefetches tend to occur at the same time, further burdening the memory
subsystem with bursts of activity. One method for dealing with some of these issues is
loop unrolling.
A portion of an exemplary loop (I) is shown below. The loop loads and
manipulates data from five arrays A, B, C, D, and E on each loop iteration.
@ Orig_Loop:
load A(I)
load B(I)
load C(1)
load D(I)

load E(1)

branch Ong_Loop



load (1) load D(1) Iload E(I) branch Orig_Loop 2 1 5 SEP 2003 WO QO 7388/
PCT/ USO0/ 13165 Fig. 1 represents loop (1) followng its nodification to
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| oops. Summary of the Invention The present invention reduces the

i nst ruct i pefasheadiviy that¢an aperohekn thetreembiyihanfiedr sof t ware data pref et ches.
Regi ster rotati,on,is used to distr.ibute prefetche . oop
" eéﬂcalhﬁg'a ‘H%a%%%' t0 &?mwi)aé]lnétre uepgdtaPt rgfeg:\ﬁggls 3 gl'cglfc\t/ageﬁhl:

iterations, r c stued rn-an
| t er at i onprefdt¢hesScakiildte ehd predivate Selfuds o QliccPdsOG iRRIdNe & gAE drsPploprige
anounts of data fromw thin loops. In accordance with the, pres
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oper at  onc e aars Qe R et dind SHU di RS R e R o U6 R O
enbodi mentheddop.he i nvention, the register that paraneterizes the prefetch
The present invention addresses these and other issues related to implementing
prefetches from loops.
Summary of the Invention
The present invention reduces the instruction overhead and improves scheduling
for software data prefetches. Register rotation is used to distribute prefetches over
selected loop iterations, reducing the number of prefetches issued in any given iterauon.
It is particularly useful for programs that access large amounts of data from within loops.
In accordance with the present invention, data is prefetched within a loop by a
prefetch operation that is parameterized by a value in a register. Data targeted by the
prefetch operation is adjusted by rotating a new value into the register.
For one embodiment of the inven}ion, the register that parameterizes the prefetch
operation is a rotating register that indicates the address to be prefetched. Rotating a new
value into the register alters the prefetch target for a subsequent iteration of the loop. For
another embodiment of the invention, the register is a rotating predicate register that
activates or deactivates the prefetch operation according to the current value of the

predicate it stores. Rotating a new value into the register activates or deactivates the

prefetch operation for the next iteration of the loop.
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operation is a rotating register that indicates the address to be 15SEP 003
prefet chgdy ooRegedt 1 Ng @ new value into the register alterpcthgodisgéet ch
target for a suggsequent iteration of the | oop. For another enbodi nent of
the invention, the register is a rotating predicate register that activates
or deactivates the prefetch operation according to the current value of the
predicate it stores. RotatiBrebDesenipftonef thalkyapiresr egi ster activates or

deactivates t pref et ch_operation for .ne |t i . the |oop. 3
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Detai |l ed Descri on o nvention The foll ow ng di scussion sets forth
nunmer ous iapatiohintaydied mnplsmentedr ovi de a t hor ough under st andi ng of the

i nvention. However, those of ordinary skill .in the ar havi t he benefit
of this discl g‘ﬁr%_}s QﬁPWCWBW%t@gt%_BFFhP%" ?%%dre?f]feo%imrr%/e rgﬂe%} acti ced

Wi t hout tRE&RiARBEpocEssiit prefetched RomddithinQroop/ar i ous wel | - known net hods,
procedures, conponents, "and circuits have not been described in detail in
order to focus attention oRetailpdDegeripfiasolhedpeensioBsent i nvention. The
present invention.supports effi ¢ L 0g: L iddE

I nstruction o@éﬁ' ??Zlgg}%%éfg?uﬁﬁlro Bg%tg??kﬁéﬁéggﬁggwggydﬁﬂgg? F \/\lc%,r1 e data
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I npl ement ed _during | oop operations. Methods in _accordance wth tthed pr esent
i nvent i orhayingifve SERseiad s disslopwrei WULARPTSRIAIA ! REIPLNHE™ MY W RIATE®
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t han

components, and circuits have not been described in detail in order to focus attention on
the features of the present invention.

The present invention supports efficient prefetching by reducing the instruction
overhead and improving the scheduling of software data prefetches. It is particularly
useful where data prefetching is implemented during loop operations. Methods n
accordance with the present invention altow prefetches to be issued within loops at
intervals determined by the cache line size and the data size being requested rather than
by the loop iteration interval. They do so without expanding the code size or adding
costly calculations (instruction overhead) within the loop. Rather, a prefetch operation
within the loop is parameterized by a value stored in a selected register from a set of
rotating registers. Pefetching is adjusted by rotating a new value into the selected
register on each iteration of the loop.

For one embodiment, the register value indicates an address to be targeted by the
prefetch operation. Where the loop includes loads to multiple arrays, a prefetch
instruction is targeted to-prefetch data for a different array on each iteration of the loop.

The size of the rotating register set is determined by the number of arrays in the loop for
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by the loop iteration interval. They do so w thout expanding the code5SEpen)
or addi ng, 5@% Ii cal cul ations (instruction overhead) within the | oop.

Rat her, a 8 BTh operation wthin the |oop is paranet erﬁq@eﬁoﬂﬂ"”lﬁs val ue
stored in a selected register froma set of rotating registers. Pefetching
I's adjusted by rotating a new value into the selected register on each
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Dependi ng on t he number. of _arra%/s to be prefetched, the size of their data
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nore than one pr@hLALEELAE %x'ﬁ%éli nb ke 462%?&”%?g&mcg@'reéiﬁeﬁmatél‘eglrt]cglo

controlling the frequency of prefetches each array, reuse o

pr ef et ch iimstuction isogatédon oubffiapdeedingne tesvahedubads.t Hehe loop prciuties afinglee
program code i.n nenory, For. ap alternative enbodi nent, .the reqgister is a

pr edi cat e 3@y !f"sopé?”héﬁ}l‘odaéa brigacsdcthe Hr?fg‘(‘:k‘d’&t‘l’”ﬁﬂoﬂ eanfs st vyRd Eﬂ’ %Blffteépcor di ng
to the valigg, itdralidsdsy inltaitzlfp the ARatiflEhiddRteRe 85tBG aBpropFib@Y,. FTHMN Whi ch dat a
is | oaded, the prefet’ch instruction can be activated for selected |oop

i t er at i onglipynates tedahdant prefethle raquiests thag may ddigentreted adies the eckplipaoishures el y.

cache |1 ndupeia et L rar ElErirai sy Gk foopric B iR P SRR AL LTt e

| oop i ncl yhlefgtchhdthitiBnsdnh A BE pafivldidrizee by RERL Ritedpredisdis HpistarnSRBgisteDe
paraneterized by associated predicate registers. Register rotation

det er ni neJORHPR HelsFrames whighrietetrdy instcaipnisy Isstivated By vhash WFRYQR BF ay on
each looﬁoéﬁﬁ&%ﬁ&fn Persons skilled in the art and having the benefit of
this disclosure wll recognize that the exenplary enbodi nents may be
modi fi ed and cdrdesanedkilled ac termnoatek avinpahe basditiot s dsddosuahival fenognize

particul ar, conput er system and the nature_of the pgrogram code. ,h The present
i nventi on fhwﬁ%%xqmwﬁr@ﬁwaﬂms w%&a@ﬁﬁﬁ%fn% _'%%swéﬁ‘b?ﬁwﬁ[%ﬁ“ |

regi ster neigdtdelRvaitdle InEpAHENISEMutéritySichl HAUSShAYe of B frbGamlcddat i on
refers to a method for inplementing register renamng. In register

rotation, the vEHeusssest srventiommay dpawplemsated in a system that provides support for

register rotation. For the purpose of this discussion, register rotation refers to a method
for implementing register renaming. In register rotation, the values stored in a specified
set of registers are shifted cyclically among the registers. Rotation is typically done
under control of an instruction, such as a loop branch instruction. For example, a value
stored in register, r(n), on a current iteration of a loop, is shifted to register r(n+1) when
the loop branch instruction triggers the next iteration of the loop. Register rotation is
described, for example, in 1A-64 Application Instruction Set Architecture Guide,
published by Intel® Corporation of Santa Clara, California. A more detailed description
may be found in Rau, B.R., Lee, M., Tirumalai, P, and Schlansker, M.S. Register
Allocation For Software Pipelined Loops, Proceeding s of the SIGNPLAN °92
Conference on Programming Language Design and Implementation, (San Francisco,
1592).

The number and type of registers available for rotation may vary with the register

type. For example, Intel’s 1A-64 instruction set architecture (ISA) provides 64 rotating
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set of registers are shifted cyclically anong the registers. Rotationji§EP 2003
typically done wunder control of an instruction, such as a | oop branch

i nstruct POPYR¥Y exanple, a value stored in register, r(RFT/USPO/BBIGErTent
iteration of a loop, is shifted to register r(n+l) when the |oop branch
instruction triggers the next iteration of the |oop. Register rotation is

descri be cture
G de, - gUE i AR, Binehfor PoAnd BBt IR Ui L B 0071 )
nore det abtaedg@esml Imrp@sla regmtyrsbénftlﬁmnﬂdm 1S Rawp tobhifkety-sieef thil128 Fendiamel ai ,
P., and Schl ansker, g_&l ster Allgcatjon For_ Software, Pipelined Loops,
Pr oceedi er“’%OSGfre%'ﬁ‘érSSP@\Fﬂ_ ined 30 rtgiss Kotateg LsnRcTRl BYPATATCAtTRH§uage Desi gn

and | npl Q!E%BE@} @]Imll;?éa&gﬁ ancisco, 1992). The nunber and type of
regi sters avail e for rotation may vary with the register type. For

exanpl e, | ntelFig. 2 i oOHocindingraat ofoomesmtbodiménittof atsystem(A08A) wihicdvibdes 64
rotating 5 1 5. SEP.2003 WO 0 |73897 gCT/ U?BS/ 1% % pr edi cat?g0 reqi ster,
ni net y- siBE¥BE IVEREPT P8 b BB’F?.‘F T 2gHET HeFsd RFQFSa it

rotating @&RsH2 700HAPRS Couphéll Bis§EEm Ibgic 208 thibn $Rs beo BhAgL Y- Si x of
the 128 generlgﬁlali pur pose rpggil tstsgrsmmatg/]icbe deflglﬁelgl ?%nr]ot ?ﬂe Rot at i ng

gener al pueposbusel§ids Sestemat( typtalivealss mchudes gfa@blc@fsyﬂemﬁng pegiphsala bl ock

di agram o stem. 2 resent I nvention
g bo | B (R SPe B niPh B BTG iy EB 585 0G5 i - merory
270 that are cmuodhe@logee efibotRRR Nt 08 bfocdRr 20T RURAc Aot GiliGiTteRbSceBP 0aRd a
menory bus 284. System 200 t p| cal(m al so includes a graphics-system and

per i pher affirst ¢asbe € )32)20(41@[1:03 20, aryl eeshellnd)cacechesopiigiier 3984 em
| 290
o 2 g 5o RO SNSRI 1

cache (L2hpwa) caelréeveand pﬁichsrmﬁﬁmlonsamﬂ 18 updste o atdhitetteral 2aé: asPr ocessor
202 typically also includes other c ele hown) to retrieve
and pr oc8¥TYHOpS ﬁ'&tff"‘b‘ﬁg gHW‘i”H’%ﬁ‘dg&L P’Easgen%t"ﬁ?‘t‘ée? G‘i‘%%c%’f‘:&flé"%"ss‘”

i NSt ruct i APSan@NRaih Fhd Gy 27@UE2 ‘E%rﬂblrﬁiﬁ' wetth BRRSER cﬁﬁ‘: cékfso%Za

bet ween processor 202 and nmai n nmenor 70. L2 cache be on a
di f f er entinoyhigh tdsabupcotedlsn2 6@y alsp mavmgectlhe flaseofxdata bﬁwpcmLBeacf@Go may

or asent |+ AT Fanc SR 0R o Gup e e pa 0P U GRS ENE nonor y
syst em oroftt RemRirReR §3%®m or the processor.

L0 cache 220, L1 cache 230, L2 cache 240, and main memory 270 form a
memory hierarchy that provides data and instructions to execution resources 210. The
instructions operate on data (operands) that are provided from register files 214 or
bypassed to execution resources 210 from various components of the memory hierarchy.
A predicate register file 218 may be used to conditionally execute selected instructions in
a program. Operand data is transferred to and from register file 214 through load and
store operations, respectively. A load operation searches the memory hierarchy for data
at a specified memory address, and returns the data to register file 214 from the first level
of the hierarchy in which the requested data is found. A store writes data from a register
in file 214 to one or more levels of the memory hierarchy.

For the present invention, portions of register files 214, 218 may be rotated by a
register renaming unit 216. When execution resources 210 implement a loop in which
prefetches are managed in accordance with the present invention, the prefetch operations

are directed to different locations in a data region 274 of ﬂaemory 270 by rotation of the
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LO cache 220, L1 cache 230, L2 cache 240, and main nenory 270 forma}S EP 2003
menory hierarchy that provides data and instructions to execution resoErcng
210. Thew‘?%ﬁs%"cti ons operate on data (operands) that ar ECHREIVEIES from
register files 214 or bypassed to execution resources 210 from vari ous
conponents of the menory hierarchy. A predicate register file 218 may be

used to CR{&} .ti%ljs.o '?ﬂgieypr%?ch Rratih€ foSe a}rgf p@gqg Eﬁé‘ér inBre 1BwREAGCaRes Oper and

data is transferred t'o an romregi ster through | oad and store
oper at i on220,2898pehticukdycan/bvel meacksapeuiaklydy lsahinstesionha tine dwop/whingthar chy

for data at a specified nenory addres and returns the data t.o register
file 214 FYEFHPPRUDE IR itgraknns 2 SRat ﬁﬁ"ér‘&?’&ﬁﬁ}??%gwfr&ﬁe‘?% Prefgiibbed dat a
i's found. | A4055 wahﬁﬁﬁmqa& éa&@geef{;ﬂeguﬁ;t&red ih Bn fstrictickfregRn@NE opr nMOT €

| evel s of the nenory erarchy. e present invention, portions of
regi ster friehesy 218 du@dBexmytibre Thtyaneyl bbyupplied dgmainanemenafidmg neni t  216.

When executjon resources 2 10 | ement I in which prefetches are
managed iHOIQEEeJPEf&ﬂ@’eSWﬁCMC g}!‘?éé gﬂ%s’gﬁ?ﬂpyﬁﬁ%ﬁﬁoﬁn)t he prefetch operations
are directed tEnFHofdfxﬁéxﬁEBfﬂh@??ésbmﬁvéﬂ?ioﬁ AR RS B spebffiObodeBE@NONtL 70 by
rotation of the 6 WD 00/73897 1 5 S E P 2003 PCINSO0/ 13155 regi sters.

These pr eféthdhe opdarstending thabpessensrskylleddn she a5t ankbayingbe denedivof Byel caches
220, 230, where th can be accessed.qui ckly by | pad ins j 1n the
Coop vhendiRBSSTES ML LG ORRR BOPERR: Frar drr shihess o aggmans T EINERhT o0
that i npl gfEpintirelepedmahventi®@adi ng, and mani pul ating the data are
typically stored in an instruction region 278 of mnmenory 270 during

execut i on. Theneeyntsdimensof thecpressnhinvantiamis ifustragmby thbfpllowingsadee nenory
structuresé@?{nq_ di sk, floppy disk, CD, etc.). Enbodi nents of the present

i nvention € 11lustrated by specific code segnents w th the understanding
that pers@idps skilled in the=adtreanof B@vwiX)g the benefit of this disclosures
wi |l recogni ze nunerous vari at,ions t hese code segnents that fall within
the spirit of the pr esentr@ﬁ\ﬁéﬂlieﬁ%ﬂ‘%&g&errbodi ment of the present

irZ?/egt ngr ie:si l):‘ USEE Ir ig()ed r@y=talagre§pj)f@w4@g code segnent: (11) (Ila) Loop:
r44 = address of B(1+X)
r45 = address of A(1+X)
(Ila) Loop:
Prefetch [r45]
r40 = r45 + INCR

load A(J)
load B(J)
load C(J)
load D(J)
load E(J)

IJ=1+]
branch Loop

A, B, C, D, and E represent arrays, the elements of which are accessed from
within the loop portion of code segment (I1) by the corresponding load instructions.

When prefetching is synchronized properly, the data elements targeted by these loads are
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r4a2 = address of D(l+X) r43 = address of C(1+X) r44 = address of B{§KKP 2003
r45 address of A(l +X) Prefetch [r45] r40=r45-+I NCR IoadBAi)(si%{ lIpad B(J)
| oad C(JWOVEA®'D(J) |oad E(J) J=J+1 branch Loop A, B, C “BUSHHIP'E
represent arrays, the elenents of which are accessed from wthin the |oop
portion of code segnent (I1) by the corresponding |oad instructions. Wen
pr ef et chi ng . ' r ' Ss bacggberbsbyrcéNese

| oads ar eﬁ\%%@g?%g%‘%g@é@%h@ %@gag%gﬁh%gaﬁg%@ﬂi?%é%vai | able in a | ow

| evel cachith [ewdceanidoencylgp) d et drawohyciss.obessisrsegmentdBdtthisns r esour ces
with | ow access | atency,

£.0. a qne or t cl es,. I.n,code pent (11),
this is aconpbsheHye t1§5|aBEr1°Pﬁg‘anﬁ[}F6£$’ia%é‘”%&ff&eégxf%ﬂ%aggg"r%%ss of f set
X, and ad AT in&r]@nent, INCR. In the disclosed | oop, when the current

. crefrent, A
| oop iteration iI’s operating on elenent (J) of the arrays, the prefetch
targets el emenin hé ticlastd idup, whemthe duerent, [0Xp iteration éneperating onrrlement (b array

| ts by which the t ted el t | th .
o oot  XoF @pAESEN{ RIREHILRE HEFBELTOOE 8l P Sl BE oron
JHXis i nnﬁl?ﬁer on%Jag clgﬁ?éhtst lé}eth:ﬁQhé B gi9dd ABmenrfoR¥NE tHeRurredtelemantuén of X
r o cycC

depends on € nunb les requited to inplenent each_iteration of
code segmeffect(Xirdpresents thhdeadatnermacessary toreasunerskreghataalement Jhtiman i n

. F le, if d t (11 | ' | iy 10
T ook cycPisde AR togi s eains Broeeceye Sb€ e Bf GrusPnds bbb fles dt

menory, t@gcla{ £hEF& 1 ipidifeft ehdERdralidPsiaiode Begtherit (H), land thedbentyifarar get  an
elenent that 1s

returning data from the main memory. For example, if code segment (II) completes an

iteration in 10 clock cycles and it takes 100 clock cycles to return a cache line from
memory, the prefetch in the current iteration of the loop should target an element that is
at least 10 elements ahead of that in the current iteration of the loop.

For each iteration of code segment (I1), the prefetch instruction targets an address
specified in r45. Here, 145 is a virtual register identifier that points to a value in a
physical register. The correspondence between the physical register and the virtual
register identifier is provided by the register renaming algorithm, which in this case is
register rotation. For code segment (1), r41 — 45 are initialized to addresses of elements
in arrays E - A, respectively. The values in these registers are rotated on each iteration of
the loop, when the loop branch instruction is executed. Register rotation adjusts the
array to which the prefetch instruction applies on each iteration of code segment (II).
This eliminates the need for separate prefetch instructions for each array and the
bandwidth problcrﬁs associated with bunched prefetches. It aiso allows the frequency
with which prefetches are issued for a particular array to be adjusted to reflect the size of
the cache line returned by prefetches and the array stride.

The assignment instruction, r40 =r45 + INCR increments the target address of
the array for its next prefetch and returns it to a starting register in the set of rotating
registers. In code segment (1I), the prefetch targets an element of a given array every 5
iterations — the number of loop iterations necessary to move the incremented array

address from r40 back to r45. As a result, a prefetch targets elements in arrays A, B, C,



at least 10 el enents ahead of that in the current iteration of the I105)§.P2003
For each iteration of code segnent (Il), the prefetch instruction targ Es
an addrewo oospewi fied in rd45. Here, r45 is a virtual regi BCBUSIASHS fier
that points to a value in a physical register. The correspondence between
t he physical register and the virtual register identifier is provided by

the register renam ng al.gotit ich in this | i r tion.
For ¢ odesé o g:SP?‘E“F‘%i e r-aﬂ'f%l%ygeflé' SRR tlthg |°V%1§§‘§%6’!“3%¥""§§ & grt's]?é‘f 6@%%% nts
in arraysg'Gierafon.r €spectively. The values in these registers are rotated on

each iteration of the |oop, when the [oop branch instruction is executed.
Regi st er r ot at Thninstimesnt ¥alup én e pssignmentingmctipe dppeagepe e fRleViRgt i on

applies on _each iteratiop.of code segment (Il i iJa t he need
for separBV ¥ pFEY éﬁ%ﬁlzf HEEhFﬁé?C}?c(c)L € For egao&éaé%’;p 5‘3}{‘}3‘33’-? Iﬁ}g%de%?lﬁoﬁ?\n%cfit h

probl ens iasa@sisaictdest lidt forehes) g6, tht alimbeherarrals thak sauirk bofstchdsgN)y aguency
with which prefetches are issued for a particular _array to he adjusted to

reflect tthesigefaride) ofitheamarelements £M)eThe pachedipesizerdiy ety isdMe5dS ar r ay
stride. The assignaent..i ruction. R4 =cr RCR,th N therd ar get
addr ess otP’g n{’lﬂ%’ca {rrlgﬁ}'g?éorg%h %ﬁﬁ}é%g mn lf:e & Eﬁ%{%\rgvidet urt%fsﬁ?[te&??}pge’st aFti ng
regi ster i gachBeing @ 60byteo{lakicny datadgiajuired forl harcndeNsed)yend echlgrayt he
prefetch targets an elenment of a given array every 5 iterations - the
nunber of clewept s 8diasidhs B¥ecessary to move the incremented array address
fromr40 back to r45. As a result%lpl;_ GleH targets elenents in arrays A,
B, C 8 15 SEP 2003 WO 00/ 73897 US00/ 13165 D, and E on 5 successive

i t erati onBer the@boveap@aipte, INERcy5t@1/8 bd@i nning with array A on the 6th
iteration. The increpment value in_fhe assjgnnent .instruction depends. on the
fol | owing par SRBPBASASIHS ‘;%"? E%‘G’ﬁflgf"h%m%;&ﬂ’ég%ché"?‘é’tcﬂ?'ﬁe atcﬁ‘i’goé'gagﬁa@}‘ ef et ch
(L); the nuphein fle addt& %Bﬁﬁl@fe‘?&k‘d@) R shb&ificd QhiabasSe. prefetch [heped badieds) of
arrays that re(ilui rﬁea pre?etc es (N); gndSlp the size (gstrljri de)_t[m?gthe array

el ement s {ddressthaemanhdror itese 15 A% thti pefttch and assignment igerucyons ¢#8 Beunber  of

iterations for ich a single line f.etch provi e | e, where
a cache |15 CF@%& aBy"l"écEmf’Ecm—gnéHﬁe, et sty mlpea(ﬂ’g%?b'é[gﬁ; %‘Fmgé?{fp i g;?/,gp (N = 5),
and each @iandle, 18 BFR Mo irstctiits 88 Ido (HaPinay bbleeitided/bylpréferch s ],afand
exanple, INCR = 5*64/8 = 40. Certain |ISAs, e.g. the A-64 | SA provide
prefetch mestrddctrAdns t hat automatically

Table 1 shows the iterations of Loop (11} for which elements of array A are
prefetched, the current element of A when the prefetch is launched, the address of the
element to be prefetched, and the elements of the array returned by the prefetch. Table

entries are suitable for the case in which X = 20.

J | CURRENT | PREFETCH | CACHELINE
ELEMENT | ADDRESS CONTENTS
0 A(0) A(20) A(16)-A(23)
5 A(5) A(25) A(24) - AQRI)
10 A(10) A(30) A(24) - A(31)
15 A(15) A(35) A(32) - A(39)
20 A(20) A(40) A(40) - A(4T)
25 AQ25) A(45) Af40) ~ A(47)
30 A(30) A(50) A(48) = A(55)
35 A(35) A(55) A(48) — A(55)
40 A(40) A(60) A(56) - A(63)
a5 A(45) A(65) A(64) = A(7T1)
50 A(50) A(70) A(64) — A(71)
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increnent the address to be prefetched by a specified value, e.g. prief 593'11]03
[target S)?gre_z{%% address increnment. For these | SAs, the g_rﬁg%ﬁgc{} gnd

assi gnme PEEBlicti ons can be repl aced by a an auto-i ncf ’b &t et ch
instruction and a MOV instruction. For exanple, the first tw instructions
in loop (Ha) may be replaced by prefetch [r45],40 and nov r40=r45. Table |
shows the iterations of Loop (I1) for which elenents of array A are

prefetched, the current elenment of A when the prefetch is |aunched, the
address of t he Theimsieert embodied jresrdstsegraent (Hhdossigeneipiesemededindanle arr ay

t d fetch...T t 1 it : i n which
L0 s RS R Bl B e P IR A St Db AfofAafpel 1 91 €
0A( 0) A( 20 )1A( skB)e ACRSHindsAk TRe 2Rrdhed dn theAC320™ 1IN ) 4A{"IRYAlRd) - A(31)

15A(15)A(35)A(32)-A¥39) 20A( 20) ) - A(47) 25A(25) A(45) A(40) --A(47)

A(40) A(40
30A( 30) A( Boyugdeg) pre %Qt%)ar%w%;dmgsé the agynbet of Ay cAMGUDICRITEET W S6) -

SEp 7003 Rek CEIbE s e R B AR R ey Tloes
gener at e $ortof edundbaby is, poweadrcdigsificdly lessabpl that dthased Waempleédiches atehe

10" h 25th, 35* and 501h iterations target the sane cgc e.lines gs those
| aunched &#nched on gyverp geration. 3k addition, M5 RToFasEaT R YoRE! e[%&h‘h‘r’?d ?ﬂtﬁ}ﬂf‘% et ches

are genergtiﬁ%w%uﬁﬁtpﬁmgﬁcyf array elements returned in a cache line

is inconmensurate w nurber of iterations between prefetches. The
Another embodiment of the present invention is illustrated by the following code

segment:
(1) p4l = true

p42 = false

p43 = false

p44 = false

p45 = false

p46 = false

p47 = false

p48 = false

r4 = address of A(1+X)
5 = address of B(1+X)
r6 = address of C(1+X)
17 = address of D(1+X)
r8 = address of E(1+X)

(I1la) Loop:

(pal) prefetch [r4), 64
(p42) prefetch {15], 64
(p43) prefetch [r6], 64
(p44) prefetch [r7], 64
(p45) prefetch [r8], 64
p40 = p48

load A(J)




| evel of redundancy is, however, significantly |less than that obta| pp ]
prefetches are |aunched on every iteration. In addition, the processmS TTZ@
i ncl ude WOJI0E38%3 i dentify and elimnate redundant prefet BEBEYS00AIbEher
enbodi ment- of the present invention is illustrated by the foll ow ng code
segnent: (1l11) (lIlla) Loop: p4l = true p42 = false p43 = false p44 =

false p45 = false p46 = fal %dBZ7 = false p48 = false r4 = address of
A(1+X) r5 = address of B(Il+ ré6'= address of C(lI+X) r7 = address of
D(I+X) r8 = address of E( 1+Xboae|0:41)) prefetch [r4], 64 (p42) prefetch

[r5], 64 (p43) prefetch [r6] 64 p44) prefetch [r7] 64 (p45) prefetch
[r8], 64 p40 = p48 |oad A(J) OféDLJ)s SEP 2003 WD 00/ 73897 PCT/ USOQY 13165

load B(J) load (J) Iload D({h4 gy

J=J+1
branch Loop

Prior to entering the loop (I1la), a set of rotating predicate registers, p41-p48 are
initialized so that at least one predicate represents a logic true value. In addition, each
register in a set of non-rotating registers, r4 -~ 18, is initialized to a prefetch address for
one of the arrays, A — E. Here, X represents an offset from the first address of the array.
As in the previous embodiment, it is selected to provide enough time for prefetched data
to be returned to a cache before the load targeting it is executed.

The loop (I11a) includes a predicated prefetch instruction for each array. The true
predicate value moves to successive predicate registers as the predicate registers rotate
on successive loop iterations. On each iteration, the prefetch instruction gated by the
predicate register that currently holds the true value is activated. The other prefetch
instructions are deactivated (predicated off). Of the 8 predicate registers in the set, only
5 gate prefetch instructions. The last three are dummies that allow the prefetch
frequency for an array to be synchronized with the cache line size and the array stride.
For the disclosed embodiment, a prefetch is activated once every eight iterations by
rotating the true predicate value through a set of 8§ rotating predicate registers. This
makes the number of iterations between prefetches (8) equal to the number of array
elements returned by a cache line (8), eliminating redundant prefetches.

For the disclosed embodiment, the activated prefetch instruction automatically
increments the address in the corresponding register by 64 bytes, e.g. 8 array elements.
For other embodiments, the same operations may be accomplished by a simple prefetch
instruction (one without an auto-increment capability), and an assignment instruction (r4
=14 + 64) as in code segment (11).

Following the predicated prefetches, the assignment instruction, p40 = p48
rotates the value in the last predicate register of the set back to a position from which it

can begin to cycle through the set of predicate registers again. An embodiment of code

R



rotating predicate registers, p4l-p48 are initialized so that at assg)’:IPoer[J,J
predi cat ¥ &P18%%ents a logic true value. In addition, eachCTH& in a
set of non-rotating registers, r4 -- r8, is initialized to a prefetch
address for one of the arrays, A- E. Here, X represents an offset from
the first Y/ L L QUSor SR & follbwi
selected { prng\%/lﬁlagfdseér?gﬁlg[ﬂégtsnﬁg Itsl(%‘fm%)we thrgﬁﬁeﬁ}‘%g#ac’ toQgéelﬁggi ufr ned nt?go a
cache bef osrepdrhendtmadori:argeting it is executed. The loop (llia) includes a
predi cated prefetch instruction for each array. The true predicate val ue
nmoves to successive predi cat(%“sr)é’ﬁf”@tegr”é‘ca%otﬁé—ﬂgé@i cate registers rotate
on SUCCGSThé/i—‘Aléaqu 4168 Aldv e pfdiGaGRitlaliSiRhiieBe ilhPRmRhRUYysinglet r uct i on
gated by the predicate regqi stgr that currently holds the true value is

act i vat edinstrhetiot, lperot prie26000000008, twhidt ingtiedizes B4 ldedote) andalptigymaeriieait ed
off). O the 8 pr?qi cate registers in the set, only 5 gate prefetch

i nstructi G@&CHE213%st three are dunmies that allow the prefetch frequency
for an array t ié?g_iﬂ%bic%‘ﬂt edbhifh 4 HRIOAGDE ih hdtdrdangewandhd presan r ay
stride. For the disclosed enbodinent, a prefetch is activated once every
ei ght it eirentors fdnexequting sofrgatetmpefietches fromdtitan e lacyl Referseatsgingdhsoepof 8

rotating predicate registers. .This makes the. nunb Ofy | 1.0, t ween
prefetc he§°‘(“_§)“_°3ﬁ’ﬁﬁ§i‘°m ﬁéetrﬂfﬁﬁtéfm%fcggﬁ?%ﬂf midialesd 19 _' rFeO% Egnrg%lcb]%%ga ache
line (8), g@hdrilireghicAdmhPHY BFEAIzcBMaMRNEHRS prefth ddikesdessell ths edaysbodi ment
the activated prefetch Tnstruction automatically _increnents the address in

t he corr eslpstraieddyrcodt segment (115 A kgrmativelye rejating Riedigstc SFEHEHIBAY Ddor ot her

enbodi nent s,. the sane er at .ons ' . | refetch
I nstructi 6‘?#"616%@ t&d?qglﬂ%?ggugﬁr 233 t:o‘i""lmral T@%ﬁ%&@%@ﬁﬁﬁ? t;‘/e)t% Igsn Cgﬁhgégi gnnent
i nstructi QMustarkd i cbde segfirtht @R).1 Ih thRdeses aeivenatirglgeneraFoigistens ag t he

predi cated prefetches, the assignnent instruction, p40 = p48 rotates the
val ue in tHBahzgsto giedistaretet s85s BRTE¥e set back to a position from

which it can %?}QEQIH@QT{PQW@%}%S%@P%%&@% Of mPhedho@bE hE A ThéfeSiR0al N.

An enbodi nent SEP 2003 PCTNSQQ 13 t 65 segnent
(111) basédprefettiee 320f6rdan Srayrdeyignated émergh thheotatig igaiviensetuSongiselpsed

follown . - . :
ortowng embodiments, this is accomplished through prefetch instruction(s) that are parameterized

| oad E(J) J=J+ | branch Loop Prior to entering the loop (Isla), a szt
I
&

by one or more of the rotating registers. For code segment (II), the target address is the
parameter and the general register specifying the target address parametgrizes the
prefetch. For code segment (111), the predicates associated with the prefetch instructions
are the parameters, and the predicate registers that hold these values parameterize their
associated prefetches. In each case, altering the value in the designated register changes
the array targeted by the prefetch operation. Following the prefetch 320, the address of
the array(s) for which the prefetch is performed is adjusted 330 to point to the cache line
containing the next element to be prefetched for the array(s).

Any instructions in the loop body, such as the load instructions and any
instructions that operate on loaded values, are executed 340 on each iteration of the foop.
While these are shown to follow prefetching 320 and adjusting 330 in Fig. 3, their
relative order in method 300 is not important. The remaining instructions may be
executed before, after, or concurrently with prefetching and adjusting the current array
address. On each loop iteration, a termination condition 350 is checked and the loop 15

terminated 370 if the condition is met. 1f additional iterations remain, registers are
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conmpare. instruction: (p48) conp.eg.unc p40, p0 = r0,r0. The 1A-64 | SASSEBN
al lows tRegpsebrate initialization to be inplemented by 3Sif&of316s
instruction, pr.rot = 0x20000000000, which initializes P41 to true and all
other predicate registers to false. Fig. 3 is a flowhart representing a
met hod 300 in accordance with the present invention for executing software
pr ef et chesotfited 760d hpdatathepopleicBefistretiem farthanext Merdtioopandtbe toapns of net hod

300, a set of rotating regissters is initialized 310. For exanple, rotatin
qener al r EGEEts Denegfing OF Hia Camu o r Ty MG €0 FeESi5ss Bt d OORs ¥ ea of

the arraygheAthe lobp wehidfiRd BHdiEeHs segment (11). Alternatively, rotating
predicate registers may be initialized to logical true or false values, to
activat e sel eclbdppasettenedntiongbususappontssiigient prefaictingfreth wWithigadeopdyment

I11). In_thi , - ting, .al i st initialized to th
Hrst prorcbemediietameionds e mRaPe iR At iaricSus PERbRRAE e Poop
portion ofteABbANATROY £286MPAshed Wil etdaNBingithe EdRisplecdTalle 4@ dror an array

designated through the rotating register set. For disclosed enbodinents,
this is atsmasingdhethstrhetingbyepheafle fictet phtatngre@isies) is tmtializedeashbong st er i zed
by one or _nore of the rotating.reqi.sters. For codg,se nt .1 he target
e ess 1 BRPRErefoich HRED a1 R BRBHERBiprln GPER SRR drd M 5, oo
addr ess padgadters e OpeRsioh e 1Y gERidiNnsthRtiof@Y . & egariet fddrkss, adthe/NORi cat es
associated with the prefetch instructions are the paraneters, and the

pr edi cat eSBYi sediustednsthawseistarhassoiaed Pasupesssine fleratioes eiHbe loopaddsci at ed
pref et che -eac alteri h I | J egi ster
Changes PRt iFa RS e rigfoy it dy iRl R s dpl pFa AL BRRL e <01 2

prefetch pRFetching fesvithin Hfoopt he array(s) for which the prefetch is
performed is agj,hUStEd 330 to_point to, the cac i cont ai ni ??ﬂﬁt he next

he 1]
el enent to be 6ﬁi‘%!ﬂﬁé‘aemBPd‘WEtsé}aV§9?e§BPr°ﬂf49§f%‘léllr‘]’;ﬂ?% thsraenea! {RBIESo0p
pody, Suche R grlint 93thildhS Fdichl AifieAnE DY of LABHELELIMRRe dtngAper al e on

| oaded val ues,” are execute on ea Iteratioh of the loop. ~ Wiile these
are shownbenefftoff Hoswdisclebet clvilhgc@Rizeamadifidjtiests iand v&3Qions oFthgse 3, t hei r

|l at | i thod 300 i | tant. Th i ning jnstructi
oy be. e PECRRERIIE a1 AR iSRRG YR TRCPRCErt W) and

adj usti ngid a6 [s"IRMe PERIR By thdshpRRded (imgach loop iteration, a termnation
condition 350 is checked and the loop is termnated 370 if the condition

is met. If additional iterations remain, registers are 12 wo oon3897



Z5SEP2003 PCTI USOQ 13165 rotated 360 to update the prefetch instruqtﬂ' Qﬂ’
for the next iteration, and the loop is repeated. Depending on the'"“?"“ 003
conput er system enpl oyed, registers nay be rotated even when the |oop
termnation condition is nmet. The present invention thus supports efficient
prefetching fromwithin a | oop, by reducing redundant prefetches and

di stributigg1 [efe,tcg,activity across multiple loop iterations. This is
acconpl i sh sH¥Meddkpandi ng the code size of the loop or increasing the

instructi o? over healg. A setf OE. rotating registers is initialized, and one
or nore prefet HIFHEE FAPFEIGhingidpicOMPREINE o are paraneterized by one or

T e i AR e REE Al SRR AR ST, .0
%ﬁ)iitogSg?axzvé’\fﬁ{%_%éééé%f%ﬁneép%%&@ﬁi%ﬁ{g R gl ements prefetching from o -
the gener afosBa RS 36 SRt 3 BB M ke £ 2T86Bhns siil1ed in the art
oF SOTPU el ARl Wl K REASH e hpblih dagghapes vilT
o ooy ARG AR s BB S 2.
to indicat gﬁ%ﬁiﬁgﬁf&ﬂ%ﬁg?%&eg%d%é {}'lg}agtk ﬂgﬁgﬂy%hggﬁgﬁ%{? ‘?g‘gb‘tﬁﬁeesrsp?ef etch

operation §onhtfgsthifay! array; loading data for one or nore arrays,
including the first array; and executing a register rotation to indicate a

prefetch operat TROmeMod oNEMIrA R iNereid exdddBnf B ki derbrabédiprisepher ei n t he
rotating register stores an array address and initializing the rotating

regi ster chgRmentifigth dddfbd i therdidiig megifkd 18 Goine @ SV eleevf dtfiress  of the
first array. 3. The nethod of claim2, wherein executing a register
rotation camgsesd®s: increnmenting the address in the rotating register to
point to a new elenent of the first array; and

rotating an address associated with a new array into the rotating register.

4. The method of claim 1, wherein the rotating register is a designated register of a

set of rotating registers, and initializing the rotating register comprises initializing the

designated register to point to the first array and initializing other rotating registers of the

set to point to comresponding other arrays.

5. The method of claim 1, wherein initializing a rotating register to indicate a

prefetch operation to a first array comprises initializing the rotating register to activate a

prefetch operation that targets the first array.

6. The method of claim 5, wherein the rotating register is a predicate register and

the prefetch operation is activated by writing a specified logic value to the predicate

register.

7. The method of claim 6, wherein executing a register rotation comprises rotating

the specified logic value into a predicate register that activates a prefetch operation to the

new array.
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rotating an address associated wwth a new array into the rotating register.
4. The method of claim1, wherein the rotating register is a designdt®ed-p 7))
register of a set of rotating registers, and initializing the rotating
regi ster conprises initializing the designated register to point to the
first array and initializing other rotating registers of the set to point
to correspondi ng other arrays. 5. The nethod of claim1, wherein
initializithg a 4 secshedigr peibichieg elemeits fiooni pluzalitpelfedrmysthomethadi on to a
first array conprises initializing the rotating register to activate a
prefetch C®8PA¥INEh that targets the first array. 6. The method of claimb5,
wherein the rotating register is a predicate register and the prefetch
oper at i on 1FInEcE pRefRteyfopgn glementrf 28 s ehat isspesibed trangh@erefstchhe predi cat e
register. 7. The nmethod of claim®6, wherein executing a register rotation
conpri ses REAMRTg the specified logic value into a predicate register

et hod { or1o1s G FORGEAEh OF R H S A ABYGral | Ly of arrays, the method
hrough = JoHSTEE LR ProsEhRRRERier BHARRYe (ot PoPREHBach of the plural |ty of -
o The mothod” cneapafih of Sofl offeon B s Ur ch v R AP I SLEG (1 o
array. | andTEES RS BB e b et RispraBe B ft R B PERTIRER ¢ he
oredl Cat e g alool e ) B8 oA ABERHE B OBl MBS pord Rinel g BRES ! €1 1 m

9, wherein adjustin erpre para r ses ™ MnoVi ng new’l ogi c

val ue {0t ot N PeGRR 81 610 WHerchod BinB o prt Al et bomBhiges ™t Nod

cl aim 8, erein the prefet par anet arra ress stored in a

desi gnated rot %&umgﬁﬁamgt%vamqtd:ﬁé Fedftate -%%f%gaﬁ%mﬁa ses i ssuing

the prefetch to an elenent of the array indicCate e address. 12. The
net hod of 1ql ai Mhé netiesilAmaE] Wheicidlie pRgetek iaineRr Raharay addre Qi Ees

rotating an address associated with another array into the designated
rotating rggidedigiated rbtatind eRdter0shd igduinl ik prefbrtngorfiprisas ROUTRE theipiéfetch
to an element of the array indicated by the address.
12.  The method of claim 11, wherein adjusting the prefetch parameter comprises
rotating an address associated with another array into the designated rotating register.
13. A method for prefetching data comprising:
issuing a prefetch that is parameterized by a rotating register;
adjusting an address targeted by the prefetch; and
rotating a new value into the rotating register to indicate a next prefetch.
14.  The method of claim 13, wherein issuing a prefetch that is parametenzed by a
rotating register comprises issuing a prefetch having a target address specified by a value
in the rotating register.
15.  The method of claim 14, wherein rotating a new value into the rotating register

comprises rotating a new target address into the rotating register.

16.  The method of claim 13, wherein the rotating register is a rotating predicate
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issuing a prefetch that is paraneterized by a rotating register; adjustin
an address targeted by the prefetch; and rotating a new val ue into theSEP 2003
rotating register to indicate a next prefetch. 14. The nethod of claim 13,
wherein issuing a prefetch that is paraneterized by a rotating register
conprises issuing a prefetch having a target address specified by a val ue
in the rotating register. 15. The nethod of claim 14, wherein rotating a
new val ue TegiSiETEAG ISSBNgRipRfeichgbmpBses isoimg aipsefstich dranis gatpddyrmawedicate) et
address into the rotating register. 16. The nethod of claim 13, wherein the
rotating r¥gedirtheirgtaging gredicaiegegiseti cate 15 1 5 SEP 2003 regi ster and

i ssuing a f)ref etch conprises issuing a prefetch that is gated by a

predi cat e ‘&t or Eoe method of elaimd p.fyripreamprisiag inddalizingra sey of rofating peaditets of
claim 16, further conprising initializing a set of rotatin redi cate

regi sters WEISIETS WyP Logiarafuss %ﬂeaF%tofm%dwmnésm lpgistasyallg\ o | ogic true
val ue.) 18,_ The_net hod OF_ claim 17, wherein rotating a new value into the
rotating rbyi st &re MEBRAPS claim | hrwherein retpling 4RFve vValut Tilssthe FRIAHPETREISERL  of
rotating predicate registers. #9. The g@tho of .claim 17, wherein the
nunber of {FERIISELRTOL SIO8ISVA S RNQPE hedel & TOQBRRPIRILGHE MEBISIES r equency
with which the issued prefetch is to be gated on by the predicate

regi ster. BB, Thee methpddf dhioe | Biwhetdn theimumbenofi fivedieate registegs métipligedsis i s a

predi cate H ﬁ% r Y the. prefetch, if ? edi cat e val ue
is true an‘gf?nu el%fq)}egs@%%ugg%i&@%vc ChilFe {Sguéaﬁpé? otfgéstﬁﬁggil’%%?gbga e is fal se.
21. The ngirbdidatetegidter m 13, wherein the rotating regi-ster specifies a
target address of one of a plurality of arrays and rotating a new val ue
into the rdkatiThy methodeokglaioohh wheedn the sotatingwuggiater sragpredicateiregisterthmt one of
the arrays into the rotating register. 22. A machine readabl e nmedi um on

whi ch- ar e 3tiystegthe paafetgh ifjagsiored Rredicale value isiqeccandawllifies theprefeishdlohe t o

i npl enent a nmethod conprising: issuing a prefetch operation that is

par anet er i pipdica ihiplfeegi ster;  adjusting an address targeted by the

Do o T o B0l A 1820l 1 HLR S Bt bl o
claim 22, ovlm%rfgippurziaﬁ@ %if an}% and ?gtg&r?gha i \rzﬁ;[xé 1Mo the rotating register comprises
rotating a target address for one of the arrays into the rotating register.
22. A machine readable medium on which are stored instruction that may be
executed by a processor to implement a method comprising:
issuing a prefetch operation that is parameterized by a rotating register;
adjusting an address targeted by the prefetch operation; and
rotating a new value into the rotating register to indicate a next préfetch
operation.
23.  The machine-readable medium of claim 22, wherein issuing a prefetch operation
that is parametenized by a rotating register comprises issuing a prefetch operation having
a target address specified by the rotating register.

24, The machine-readable medium of claim 22, wherein the rotating register is a

predicate register and issuing a prefetch operation comprises issuing a prefetch operation
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that is paraneterized by a rotating register conprises issuing a prefetch
operation having a target address specified by the rotating registgry SEZ40
The machi ne-readabl e nedi um of claim 22, wherein the rotating register is a
predi cate register and issuing a prefetch operation conprises issuing a
prefetch operation 16 15 SEP 2003 that is gated by a predicate stored in
the predicate register. 25. A conputer system conprising: a processor to
execut e i riBatiugatledbsa pepditaie siaredinthe predisateitegister- st ored i nstructions that
may be executed by the processor to inplenent a nethod conprising: issuing
a pref et cHoperaETBRLEHYSICSCONMNAIEE er i zed by a rotating register,

adj usting an address targeted by the prefetch operation; and rotating a new
val ue i nt & RIARES§A5HQ Exesyternyustiens: 8l  ndi cate a new prefetch operation. 26.
The conputer system of claim 25, wherein issuing a prefetch operation that
is par an@BEMIRYPrpyhish prssipredyigsiriciions biat manps sxcsuted by (heRJOEsITdd et ch
operation,hai/i ng a target address specified by the rotating register. 27.
The conpuﬂ’@?cgi?gf%meﬂpdgp‘é‘ipﬁf‘%ﬂ wherein the rotation register is a

predi cate. rl[%gitalstec{q%nd i Ssui.n refetc eration conprises issuing a

. a h .o
prefetch &p8 Aperauon pupisp cé"”'ﬁF‘émgé‘ft@mégt‘Bg’éﬁ“i n the predicate
register. 28..A co ter system . conprising..a prpcessor having a set of
rotating ?éb‘f%?geﬂégjdgﬁamég k/hetpgmgtflipggguo& g’b‘fam i ncl udi ng instructions
that are executgbl.e by th rogessorn to..initiallze fir of the
rotating regi s{%rgténﬁ %X?%ﬁi%%:]% o g‘%ﬁ%@& %ﬁ'%eﬁééﬁl |c3% at"%wapm@eﬁhect ed array;

execute a E&gﬁ&;ch to the selected array; and rotate val ues anong the
gl ste

rotating P rs to indicate a prefetch operation to a new sel ected

O 261 R e 1 i M B b PSS TS
a set of QhfatbfrizEdBy & Bdtatig REKRY Sortprises issuing a prefetch operation having a
target address specified by the rotating register.
27.  The computer system of claim 25, wherein the rotation register is a predicate
register and issuing a prefetch operation comprises issuing a prefetch operation that is
gated by a predicate stored in the predicate register.
28. A computer system comprising:
a processor having a set of rotating registers; and
a memory to store a program including instructions that are executable by the
processor to:
initialize a first of the rotating registers to indicate a prefetch operation to a
selected array;
execute a prefetch to the selected array; and
rotate vajues among the rotating registers to indicate a prefetch operation to a
new selected array.

29.  The system of claim 28, wherein the rotating registers are general rotating

registers that are initialized with values that point to a set of arrays, the set of arrays
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15SEP7003 i ncluding the selected array and the new sel ected array. Sg %QE
systemof claim?29, further conprising an instruction that is execut él“ : 9113
the processor to increment the value in the first of the rotating

regi sters. 31. The systemof claim 28, wherein the rotating registers are a
set of predicate registers that are initialized to values representing

| ogi cal true or logical false states. 32. The systemof claim 31, further
conpri si ndneudiag thsfsefnciedaraly apg dreaqemosiected ¥@Ych  data from a correspondi ng
set of arrays, each of the prefetch operations being gated by a
correspondithg o syptervff GRiwdio Birder e seesan igruchpn hayisedsRuadledyai m 28,
wherein the instruction to rotate val u%s appng the rotating registers

i ncl udes &M BYSCHPHIIACTERERTHE YaIBRIn B Iistpbhegoiaing Bisterai m 33, wherein the
R TR CHIRER Y T E IO AR S
Ut o0 SRS BRI Bl R bR iSRS bl

32.  The system of claim 31, further comprising a set of prefetch operations to fetch

data from a corresponding set of arrays, each of the prefetch operations being gated by a

corresponding one of the predicate registers.

33.  The system of claim 28, wherein the instruction to rotate values among the

rotating registers includes a loop branch instruction.

34.  The system of claim 33, wherein the processor executes a prefetch to the new

selected array after it executes the loop branch instruction.

35.  The system of claim 34, wherein the instructions cause the processor to repeat the

execute and rotate operations until a loop termination condition is detected.



