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WD 2005/ 066766 PCT/U82004/041687 DI RECT MEMORY ACCESS UNIT W TH I NSTRUCTI ON
PRE- DECODER BACKGROUND A processor nay execute instructions using an

i nstruction pipeline. The processor 5 pipeline mght include, for exanple,
stages to fetch an instruction, to decode the instruction, and to execute
the instrucVP3MS%E78 e the processor executes an i nst r uc®CEASER4/O41ARY
execution stage, the next sequential instruction can be simultaneously
decoded in the decode stage (and the instruction after that can be

associated w  n IR RIENDRTACCESENIr W IRRRERAION oo o o

i nclude a pre-decode stage and a PRIJIECG@DER each of these stages being
associated with one clock cycle). Because different pipeline stages can

si mul t aneously work on different instructions, the performance of the
processor BRAYCKGROUND oved. After an instruction is decoded, however, the
processor mght determne that the 15 next sequential instruction should
not be executed (e.g., when the decoded instruction is associated with a
junp or branch Arpseqessor msiy)exequte inpiructionssesing aisipstiuction pivelingit The proeessarent | y

in the dec t e | Thi s
situati %n ng]r‘&q&%ﬂr@hdg’sﬁg%cﬁg tgg& é]g%%{ns%tfoghtglcie%&e tﬁgy reduce the
per f or ”Bncﬁmﬁﬁctiohemmrteféﬂéaﬁ the uBEthiBnDEﬂGH tﬁ’a' ﬁ&eﬁr %&t&?ﬂ/ﬁbﬁ‘ctﬁﬁ il G|
is a block diagramof an apparatus, FIG | ustrates instruction pipeline

stages. FI the exequsion sigee,dhe pexhspaupntisl H’éh‘“‘ﬁ]@ﬁéﬁ%\bﬁ §maléfemqs'§lagieefa¢e§@hﬁl
embodi ment §e codg%tg% @na%heain%%{cﬁ&&iaﬁ&mw% ARGy R eheaﬁmﬁedchLG 5

illustrates I nstruction pl I ne stages accor |ng to” sone enbo
FIG 6 is stagexdiop thatodaclnstaggmpay be associated mithmgpre thas @me cloek ogélenéang. sthe

10 decode stage could include a pre-decode stage and a decode stage, each of these stages

being associated with one clock cycle). Because different pipeline stages can
simultaneously work on different instructions, the performance of the processor may be

improved.

After an instruction is decoded, however, the processor might determine that the
15  next sequential instruction should not be exe‘cuted (e.g., when the decoded instruction is
associated with a jump or branch instruction). In this case, instructions that are currently
in the decode and fetch stages may be removed from the pipeline. This situation, referred

to as a "branch misprediction penalty,” may reduce the performance of the processor.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 is a block diagram of an apparatus.
FIG. 2 illustrates instruction pipeline stages.
FIG. 3 is a block diagram of an apparatus according to some embodiments.
FIG. 4 is a method according to some embodiments.
FIG. 5 illustrates instruction pipeline stages according to some embodiments.
25 FIG. 6 is an example of an apparatus according to some embodiments.

FIG. 7 is a block diagram of a system according to some embodiments.
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FIG 7 is a block diagramof a system according to sone enbodi nents. 1 WO
2005/ 066766 PCT/ US2004/ 041687 DETAI LED DESCRIPTION FIG 1 is a bl ock

di agram of an apparatus 100 that includes a global nenory 110 to store

i nstructions : instructions that are | oaded into the %I obal nenory 110
during a b\Y@tzW.f%’“f?%cess) The gl obal nenory 110 may, f8FTARHYPESTstore in
words (e.g., 100,000 5 words) with each word having n bits (e.g., 32 bits).

A Direct I\/Em)ry Access (DVA) engine 120 may sequentially retrieve
i nstructi oPETAILDEDIDESGRITIONenory 110 and transfer the instructions to a
| ocal menmory 130 at a processing elenent (e.g., to the processing elenent's

cache nenory). .eX an nzbit in ut th t engin 20 may
e useq Lo 1 bt FLyd iSA iRl diaeditn B tprrBi 0 el ishdel § elRVR SRR AZ o
engi ne 120tgWpte id@ActisiR (&g \Mirstrictiong Bt are\F3ded a6l th gldHal theaidey ERPRR a
ADDRESS) to transfer the rnstruction to the local nenory 130 via an n-bit

out put pat hootappresssys dhe glpbyakmemenydd Ouay, for esample; sgmm Rids (egd 180, QQ,Qad
dd RD truct f t he | ocal
rerory 390 "o st VOiRb e S TERL BB, || "3 Tyl hen’ execute ¢he

i nstructions. e perf essor 1 execut e

I nstructions usgrpglrn%%ﬁ&i/ g{sm)ﬁép égégéﬁ?q%ﬁg?ég't%vﬁ FIG 2.

Wil e the pispe@Ra9froRrifle gmﬁluhaﬁo@moraﬁd frigsférakie instr@tiof fCdlotalindiicige 230,

the next sequential instruction is S|nultaneousl% decoded i n decode stages
€

220, 222 ( AMatiasocessisg elgmenids. gaﬁ?f#ﬁ‘??&ﬁsm%el%m?ﬁ} aghednamery).fethed in a

than one crimpiesLbitliph jeifl i PADYL s} PHPRIT Y ORaR) iR nsthllod 1 ©

exanpl @0 i froiftke giopallmerror100i TheDMAEagine 120 ﬁhﬁheﬁ use\d weitosignal YWIRYs ar e
required to fetch I n uctl CO and_ C 1) imla decodi an
i nstructi oﬁn‘{ %HUFer %ﬁ% ‘gbb%&ﬁ& B transler thy fl%ﬂ WVL%/}"%]S‘P%{P%W;\%O

i NStructi 0ig an n-bit output path.

A processor 140 can then use a read signal (RD) and a read address (RD
ADDRESS) to retrieve sequential instructions from the local memory 130 via an n-bit
15 path. The processor 140 may then execute the instructions. To improve performance, the
processor 140 may execute instructions using the instruction pipeline 200 illustrated in
FIG. 2. While the processor 140 executes an instruction in an execution stage 230, the
next sequential instruction is simultaneously decoded in decode stages 220, 222 (and the
instruction after that is simultaneously fetched in a fetch stage 210).

20 Note that a single stage may be associated with more than one clock cycle,
especially at relatively high clock rates. For example, in the pipeline 200 illustrated in
FIG. 2 two clock cycles are required to fetch an instruction (C0 and C1). Similarly,
decoding an instruction requires one clock cycle (C2) to partially translate an instruction
into a "pre-decoded" instruction and another clock cycle (C3) to convert the pre-decoded

25 instruction into a completely decoded instruction that can be executed.

After an instruction is decoded, the processor 140 might determine that the next
sequential instruction will not be executed (e.g., when the decoded instruction is
associated with a jump or branch instruction). In this, case, instructions that are currently
in the decode stages 220, 222 and the fetch stage 210 may be removed from the pipeline

30  200. The clock cycles that are wasted as a result of fetching and decoding an instruction

that will not be executed are referred to as "branch delay slots."

2
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into a "pre-decoded” instruction and another clock cycle (C3) to convert the
pre-decoded 25 instruction into a conpletely decoded instruction that can be
executed. After an instruction is decoded, the processor 140 m ght determ ne
that the next sequential instruction will not be executed é&. ., when the
decoded insWﬂﬁeﬁ’@Ws associated with a junp or branch®CH F‘g’é@fléﬁ"). In
this, case, instructions that are currently in the decode stages 220, 222
and the fetch stage 210 may be renoved fromthe pipeline 30 200. The cl ock
cycl es that areRgaegiegithgaumberefihranchidelay slofs may o vretbe aerfermance ofdthe uct i on

that will | . . I P
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i nprove t hehepglobad mrivae 100, théyprepicomiestages 20coulddre remangd fomipipebiae 20&I |y or
conpl etely decoded i nstructipns re stored, in he gl.ob menory 110, the
pr e- decode 38 Q’Qé%mﬁ’fm}clﬁﬁmé‘ ‘%@yrsg‘ﬁﬁwgﬂdg’?Bﬂuﬁ?dpe’h}erigg‘ﬁe?f’aéegﬁtf“f‘ﬁé’nﬁu nber of
branch del t . : - N Eedrh 129k
however,g V\D%ﬁfvg{“ﬁ’eéglmg#ikg llg(h:lgirft'é1 f@}u ar gr]'éh-rmfﬁ] kﬁl@%ﬁﬁgﬁﬁg}dﬁaﬁof nst rlﬁg’t% i 3()2ﬁl.)lt For
exanpl e, a iBPubtion might haveaine dnndredhits 4ftey & indesotiedr dhealrdsult, St mybe it is
decoded. As a result it be impractic 0 stor ecoded i ngtructions
- Che gl oBmPaREeR o Hate epaeq nupfls Bt pbel BeBpty Hlodeer mereusiea be
requi red Weunthr Greh ¥t WultBde refphifed wouldbtobllag¥). di agram of an apparatus 300
according to some enbodi ments. "As 10 before, "a DVA unit 320 sequentially
retrieves instrgedi PRS 16K QiR R oY apfatdus300 aétcrdg to k&R EmBédithentdC QT di ng
to this enbodi ment, however, the DVA unit 320 also i'ncludes an instruction
pr e- ded@de before, pMAcmiti2 0t shquentially rgtriev eminstructionsfromy agmerperyouittdviaay be

performed b h uni t 0 of.di to. s odj ts.. Not.e that any
b the. et MRRNL Pals coopoy i s BRRRHAE bR F PTGl TN i RIS A e o
(i ncl udi ng instwERsEOsedecsler fo frevdbésds thedifistalctiimr dwar e and software.  For
exanpl e, a storage nedium may store thereon instructions that when executed

by a FIG. 4 is a method that may be performed by the DMA unit 320 according to some

embodiments. Note that any of the methods described herein may be performed by
15 hardware, software (including microcode), or a combination of hardware and software.
For example, a storage medium may store thereon instructions that when executed by a

machine result in performance according to any of the embodiments described herein.

At 402, an instruction is retrieved from the memory unit 310. The DMA unit 320
then pre-decodes the instruction at 404. The DMA unit 320 may, for example, partially or
20  completely decode the instruction. At 406, the pre-decoded instruction is provided from
the DMA unit 320 to a local memory 330 at a processing element.

Referring again to FIG. 3, a processor 340 can then retrieve the pre-decoded
instruction from the local memory 330 and execute the instruction. FIG. 5 illustrates an
instruction pipeline 500 according to some embodiments. Because the DMA unit 320

25  already pre-decoded the instruction, the number of clock cycles required for the processor
340 to generate a completely decoded instruction (the branch delay slots CO through C2)
may be reduced as compared to FIG. 2, and the performance of the processor 340 may be
improved. Moreover, since only the local memory 330 needs to be large enough to store
pre-decoded instructions (and the memory unit 310 still stores the smaller, original

30 instructions), the resulting increase in memory area may be limited. If the DMA unit 320

completely decodes an instruction, the number of branch delay slots may be reduced even



machine result in performance according to any of the enbodi nents descri bed
herein. At 402, an instruction is retrieved fromthe nenory unit 310. The
DVA unit 320 then pre-decodes the instruction at 404. The DVA unit 320 may,

for exanpl ew(ggﬁ/i?}%l |y or 20 conpletely decode the ins”é)%%{/%ﬁﬁd4{0’§‘1£§ 406, the

pr e- decoded {4n is provided from the DVA unit 3 &l menory
330 at a processing elenent. Referring again to FIG 3, a processor 340 can

then retrieve the pre-decoded instruction fromthe |ocal nenory 330 and
execut e t hdusthesi(althonglthe se@f the Ipeal memory 230 might pepsite bedncsepspd fiatherfe 500

according t | . . Because the DVA unit 320 25 al ready
St AR Rl
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than n (e.g., because the pre-decoded instruction is larger than the original instruction).

The pre-decoded instructions stored in the local memory 630 may comprise, for example,

15  execution unit control signals and/or flags.

A processor 140 may then use a read signal (RD) and a p-bit read address (RD
ADDRESS) to retrieve pre-decoded instructions from the local memory 630 via a g-bit
path. The processor 640 may comprise, for example, a Reduced Instruction Set Computer
(RISC) device that executes instructions using fewer pipeline stages as compared to FIG. 2
20 (e.g., because at least some of the branch delay slots associated with decoding are no

longer required).

FIG. 7 is a block diagram of a system 700 acéording to some embodiments. In
particular, the system 700 is a wireless device with a multi-directional antenna 740. The

system 700 may be, for example, a Code-Division Multiple Access (CDMA) base station.

25 The wireless device includes a System On a Chip (SOC) apparatus 710, a
Synchronous Dynamic Random Access Memory (SDRAM) unit 720, and a Peripheral
Component Interconnect (PCI) interface unit 730, such as a unit that operates in
accordance with the PCI Standards Industry Group (SIG) document entitled "PCI Express
1.0" (2002). The SOC apparatus 710 may be, for example, a digital base band processor

30 with a global memory that stores Digital Signal Processor (DSP) instructions and data.

Moreover, multiple DMA engines may retrieve instructions from the global memory, pre-

4
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10 output path. The local nmenory 630 may be, for exanple, a processor cache
that can store 2' words that have been pre-decoded (e.g., a ten-bit wite
address could access 1,024 instructions). Note that because the instruction
has been pre; g may be larger than n (e.g., becﬁ%ﬁ%} - decoded
instructionaﬁgﬁﬁggggﬁ than the original instruction). T e‘pﬁ%gggggﬁéd
instructions stored in the |l ocal nenory 630 may conprise, for exanple, 15

execution upit, control signals and/or fl . A processoy, t hen use a
Fead i gnal epedy heEE P A PEicATe e 0ey RefruloBRIeRy il DSFS (e

pre- dec odecbsplsthfdﬁgﬁ DR fih 86BotddBcd AR hnyBITRE YmbBGtHm¥hid desdhibBd herefddt . The
processor 640 may conprise, for exanple,” a Reduced Instruction Set Conputer

RI SC) devi ce t b s QAdtiof TREL
(RI'SC) device f'ﬁ% f%ﬁﬁgg gﬁlshg%; Uachis Qi agbécﬁffﬁﬁtfsp{rﬁgée' 3ot hagg@gssl ot s

conpared to FIG , cause at least sone o branc
associ at ed adefinitive ofdil pgssible embodimentyend tleage skilel in the &t will uadasthhdthit di agr am

20071 &7 wiTdD ut GRS LB RS RO LR aongh fhe. R fing ergtinnets 2 ¢ o
700 may be,brieflyy d8EABRY for cRiriE WssPMiled Rthdvatt WilPhdef\taRSow eiNe Aagse

station. 25 The wirel ess device includes a System On a Chaiﬁ é‘SOC) appar at us
710, a Syrrhangsad{inecEssaniathrabersrdeseription tarogpminodapitiosp angdpther720, and a

Per i pher al onent .l onnect (PCl) interface unit 730, such as a unit
t hat oper ate&%%ﬁﬁmnsc% ragéﬁécagﬁﬁ%?th the PCl Standards Industry Goup (SIGQ

docunent entitl "PCl Express, 1.07 2 T oC .ap tus. .710.may be,
for exanple, a gﬁ&ioll%(}f Soﬁléeg%me%’a%%t?%‘&gogg‘? 21%56“}3&%[@1%& F@%@?‘ 'HEHBF d‘fshat
stores 13 gidndhtespalifstrudtion pasdebdérDERInstrastion sré-dedvdepevtldiikRad bdbiteanas ,
mul tiple DVA engines nmay retrieve instructions fromthe gl gbal nenory, pre-

4 WD 2005/ CbePBER paitr/ Fesexawplyqa oeiy exteraalda dhe IMA wait may padially onepmpletelyi de
r e- decodedsy . aat i ik 1§ ] . I n
o - ecodeb bty LA TRAL LG E5F3 kg 8 A B
Moreover, although some embodiments have been described with a SOC implementation,

some or all of the elements described herein might be implemented using multiple

15 integrated circuits.

The several embodiments described herein are solely for the purpose of
illustration. Persons skilled in the art will recognize from this description other
embodiments may be practiced with modifications and alterations limited only by the

20 claims.



The followng illustrates various additional enbodi mrents. These do not
constitute a definition of all possible enbodi nents, and those skilled in
the art will understand that 5 nany other enbodi nents are possible.
Further, although the follow ng enbodinments are briefly described for
clarity, those skilled in the art will understand how to make any changes,
if necessary, to the above description to acconmopdate these and ot her

enbodi m%m&?ﬁ%mﬁﬁ ns. Al though some enbodi nents have been descri bed

wherein a 10 an internal instruction pre-decoder, the

i nstruction pre-decoder could instead be external to the DVA unit. For
exanple, a unit external to the DMA unit may partially or conpletely decode
an instruction, asmbtholi Tomphsidgt ght” froma menory external to the processing
el ement. Moreover, although sone enbodi nents have been described with a SCC
i mpl enent at i omgtriegipgen enstrctiornfromirememeryeutis descri bed herein nmi ght be

i mpl enent ed using L ti Ie%.5 Lntegrated circuits. The several enbodi nments
described her & %%?%B%VV rflﬁtfoqﬁg "E{?Ftp‘ﬂggoﬁ’faccﬁslu& t#¥tion. Persons
skilled in ther@nlini tht Freceescdcinkir@tiohnfrémd@s Cditdet h@an&tygs‘dcesse[mmbr@nts

may be practiced with nodifications and alterations limteéd only by the 20
clai ns. Proyegsing sle@leat, MEREre®: the . pracessing edkment roomipsisesga reduaeid emstnggtian set

instruction froma ne uni,t ; e-decodi ng the instruction at di rect
morory acemBUter ipies it pifsortd IHECHOR CRPHIS AL RBTBH R t he
direct menory access unit to a processing elenent, wherein the processing
el ement conprises a reduced instruction set conputer device and the

pre- decoded i RstThectiethodcofipltdimes, sherin iseid poniding compmaéss stoping Tthe pret hod

of claim]1, erein.said providi onpri ses storing the pre-
d%coale\:ﬁa nstruction in memory loceﬂ(‘%ot € processing eltement.g P

3. The method of claim 2, wherein the pre-decoded instruction is a completely

decoded instruction to be executed by the processing element.

4. The method of claim 1, further comprising:
decoding the pre-decoded instruction at the processing element; and

executing the decoded instruction via a processor pipeline.

5. The method of claim 1, further comprising:

loading instructions into the memory unit during a boot-up process.

6. An apparatus, comprising:

an input path to receive an instruction from a memory unit;

a direct memory access unit including an instruction pre-decoder to pre-decode the
instruction; and

an output path to provide a pre-decoded instruction from the direct memory access
unit to a processing element, wherein the processing element comprises a reduced
instruction set computer device and the pre-decoded instruction comprises execution control

signals.
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decoded instruction in nenory |local to the processing elenent. 3. The nethod
of claim2, wherein the pre-decoded instruction is a conpletely decoded
instruction to be executed by the processing elenent. 4. The nmethod of claim
1, further conprising: decoding the pre-decoded instruction at the
processing el enent; and executing the decoded instruction via a processor

pi peline. 5. The nethod of claim1, further conprising: |oading instructions
into the nmenory_unit during a boot-up process. 6. An apparatus, conprising:
an input pat h’t 5h§ arparares eftlapse.furher SAMPFISINEa nenory unit; a direct nenory

access unit i l I I re-decoder to pre-decode the

i nstruction; g%d“%haglul?gﬁ&gge{dﬁgﬁ%qugﬁgg a pre-decoded instruction from
the direct nmenory access unit to a processing el enent, wherein the
processi ng elgn%nt conpriseﬁ,a reduced instruction set conputer device and
the pre- decod&d nharnarates ofclaiBhpripgher cem@eisiigon control signals. -6 7. The

appar at us of %é}é{&éﬁng%{e&%&C‘?Lﬂjg%m(’%é;gﬁt{’ﬁﬁ&ﬁ“mmry unit coupled to the

i nput path. 8. e appdratus o alm €r conprising: the processing
el ement coupled to the output path. 9. The apparatus of claim8, wherein the
processi ng el t includes _a local nenory to store the pre-decoded

i nstruction. %geﬂ‘Fh%pp&E?é‘é? &f (daipy 8¢ I"ﬁ}efﬁl&tg? REPEEsiRg eepentr Bicludgs @f local

pr ocessi ngen%&@@g}%&ithg?@%egpg%gﬁ§%&gn.el enent being associated with a direct

menory access” uni S an Instruction pre-decoder.

10. The apparatus of claim 8, including a plurality of processing elements, each
processing element being associated with a direct memory access unit that includes an

instruction pre-decoder.

11. The apparatus of claim 8, wherein the input path has n bits, the output path has
q bits, and n < g.

12. The apparatus of claim 8, wherein the direct memory access unit, the memory

unit, and the processing element are formed on an integrated circuit.

13. The apparatus of claim 8, wherein the processing element is a reduced

instruction set computer device having an instruction pipeline.

14. An article, comprising:
a storage medium having stored thereon instructions that when executed by a
machine result in the following:
retrieving an instruction from a memory unit,
pre-decoding the instruction at a direct memory access unit, and
providing the pre-decoded instruction from the direct memory access unit to

a processing element, wherein the processing element comprises a reduced



11. The apparatus of claim8, wherein the input path has n bits, the output
path has q bits, and n < q. 12. The apparatus of claim8, wherein the
direct menory access unit, the menory wunit, and the processing el enent are
formed on an integrated circuit. 13. The apparatus of claim8, wherein the
processing elenent is a reduced instruction set conputer device having an
instruction pipeline. 14. An article, conprising: a storage nmedi um havi ng
stored thereon instructions that when executed by a  nmachine result in the
fol |l owing: refBStEGHNY ssh GoRyusic dpyRe f 3emthe rﬁr%%yoct@ﬁi AnstiYEEOny ROHMITISES t he

i nstruction agX§MQEﬁg§hﬂqgﬂg%%'access unit, and providing the pre-decoded
instruction fromthe direct” nenory access unit to a processing el enent,

wherein the processing el enent conprises a reduced -7 instruction set
conput er devi%e agd t he pre-decoded instruction conprises execution control
signals. 15. The I8¢ tard¢le off clainyildy whersipesaid providigg soBpriges stosBapine Jue

Stori g WhedRl fisu B LA IHGA IOl RoIBRE Mh@hal 10 the processi ng

el enent. 16. An appar at us, i ng: nenory to store instructions;
an instruction pre-decoder; and a processor, wherein the instruction
pre-decoder is to pre-decqde an instruction as it is being transferred from
the gl obal nenBrineBPapEs.JREd88or, wherein the processing el ement

conprises a rg flnf.eﬂl%t& HedibRNnsekn&put er device and the pre-decoded
i nstruction conmprises execution con%ro’ signals. 17. The apparatus of claim
16, further canpstsictigi pre-decoder; and
a processor, wherein the instruction pre-decoder is to pre-decode an instruction as
it is being transferred from the global memory to the processor, wherein the processing

element comprises a reduced instruction set computer device and the pre-decoded

instruction comprises execution control signals.

17. The apparatus of claim 16, further comprising:
a direct memory access unit to arrange for the instruction to be retrieved from the
global memory unit and to arrange for a pre-decoded instruction to be provided to the

processor.

18. A system, comprising:
a multi-directional antenna; and
an apparatus having a direct memory access unit that includes:

an input path to receive an instruction from a memory unit,

an instruction pre-decoder to pre-decode the instruction, and

an output path to provide a pre-decoded instruction to a processing
element, wherein the processing element comprises a reduced instruction set
computer device and the pre-decoded instruction comprises execution control

signals.

19. The system of claim 18, wherein the apparatus is a digital base band processor.
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a direct nmenory access unit to arrange for the instruction to be retrieved
fromthe global nenory unit and to arrange for a pre-decoded instruction to
be provided to the processor. 18. A system conprising: a multi-directional
antenna; and an apparatus having a direct menory access unit that includes:
an input path to receive an instruction froma nenory unit, an instruction
pre-decoder to pre-decode the instruction, and an output path to provide a
pre-decoded instruction to a processing elenent, wherein the processing

el ement conpr 28eEhasystean et elajmdPr wheticonths gigital bagsurand necsssd igdermedeas a
pre-deco | ruction conprises execution control signals. 19. The system
of claingﬁg?ﬁ§ﬁéf§ﬁh the apparatus is a digital base band processor. -8 20.
The system of claim 19, wherein the digital base band processor is fornmed as
a systemon a chip. 21. The systemof claim 18, wherein the systemis a
code- di vi si on2kulke pyster Of slpdm” 18 geheraim thepsystenis a code-division multiple access

base station.



