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UNI T WTH | NSTRUCTI ON PRE- DECODER BACKGROUND A
WPe@seeseor may execute instructions using an PCT/US2004/041687

i nstruction pipeline. The processor 5 pipeline mght

i nclude, for exanple, stages to fetch an instruction,

to decode the instruction, and to execute the

i nstDIRBEGH MEMORYhA GEESSSENT T YRETHENSERUCTION

instruction in the em;' , the next

sequential instruction canD?‘etg nul't aneousl y decoded

in the decode stage (and the instruction after that
BA@%E} [Jrul t aneously fetched in the fetch stage).

each stage maybe associated with nore than

one clock cycle (e.g., the 10 decode stage could

| NGA PR eRoPhiRy BR&RHENSH RGNS Rl REREGI L ABRineC ARR ppd

thesi{‘eJ sfages ybei ng associ at edn%lath onelcl%}g‘ﬁmgycl e)p. cessor
pipeBinc migkt id¢lide feraxamipfes bages tetfeigh sn amtructiom il derodotis vy

im0t S LS he LRSS, W b DR LSS 2 i

the S@e0EGstadtONMRMRKS seiéhtRl BEBESAIN FhBRGiHEtLEHMEALddALd in the
the 15 next sequential instruction should not” be

decedesstagedand e dnstrugiiumatien éha eambie siniultengouslyi feishedin the fetch

clated with a | or .branch instyuction)., In this
staof 2061 8 Epcl st Wb e B bR Yoo folgu@e’ he
decciledtdgeticotildshloésa pRYdde6de Sl o deebud ﬁ@%d; e dfMBese stages
. This situation, referred_to as_a "branc]
beingjagsncisdekvith anpelaek excle). Repayse differentnipglivefstaganeane of
. . . | PT TH W NGS 20
simiiite SR §35y Rt ekt bl T G5 may be
imptdvedist rates instruction pipeline stages. FIG 3 is a
bl ock di agram of an apparatus according to sone

e niagetr AR idisructidn Sdedoded, oWk Ok HO6&6H Mikht Bets@AMe that the
enbodi nents. FIG 5 illustrates instruction pipeline

nextsegefmniiabiveGrcdion ghewd sehke wivpwad (st when ths depaledgnstyictian is
assob 5 EERYEn 2 Emﬁpom%haihgﬁuc%%ﬁ? rlgll thd c'éé)e, f’n%%ct%ﬁ% ?lge{t Il?enéu%rently

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

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.
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
WOBDADeEE DESCRI PTION FIG 1 is a bl ock di agr ab@iS200/041687

apparatus 100 that includes a global nenory 110 to

store instructions (e.g., instructions that are | oaded

DETAIIED pEsgmpaiorenory 110 during a boot-up process).
The gl obal nmenory 110 may, for exanple, store to words

e.g., 100,000 5 words) with each word having n bits
FSG 1 wa blosls YiagrnDpf ascappreates 00xbataseludevrgloal ginaveory 110

to Stgr BARGHRRSE B ristionS ish G dpad fabiors BBR 80y 1] during a
boot- @ﬁﬁioceﬁmue glbsﬁl 1BéméryAr 0GRBS et x8mPIEs Kord @ veords (eog 100,000

processing elenent"s cache nenory). For exanple

Worés')Wiﬂbﬁ:aChlVYmdglaﬂagnbﬂ*é(@ﬂe?@)bﬂs)engl ne 120 may be used
to retrieve an instruction 10 fromthe gl obal nenory
110\ Ditiget Mismosndierss (DM Ajwnginhd 20 oy saqumtlaléy sdtrjened

N L e Ny = R AR
130 @t'é pticesdidelerieR(086 S5t ssiﬂglelteﬂ@ﬂt'sufaeh@meﬁ@@ly) For
RD) and a read addre RD ADDRESS) to

exarppley aregwitgerpiathi taithg A gléﬁm@ mep e ubrd togetgieveraminsiruction

rork 380 ARaRi1 I oA o5 RoP5GR 0 40 L R ve

and pratte addressi(3WR EYDRESS M odrdnSfet EHechitBlttiol $6 g 16d3€ memory 130
|nstruct|on ipeline 200 illustrated in FIG 2. Wile

via g1isbH oyBa BY¥R. 140 executes an instruction in an
executl on stage 230, the next s]&ﬂuenti al instruction

s Aspipgessamb eanyhencuss @aead sigepd (RB) ard ag@sl agddigss (RD

B S g B v
pathsﬂékg@rmysdi)&4am(thtﬁi @dcitk the inBEetiona NTe iproke pérformance, the

especially at.  relatively h cl o rates. For
procss@sﬁﬁrﬂ%mav FXEEE lﬁﬁtﬁ@thﬁ%ﬂ%@thq ms}@tcga@ gipelipe 2¢f) dustpated in
FIGt(%%\mllﬂg ‘ﬁ% 1‘)&}5&%@& ﬁ@eﬁxéaﬂé’é (f{e J:?’lﬁctlog?]r‘f !31}] g’%ﬁh@?ﬁ 5tH§§ ﬁﬁ] the

nextrseq;wnnelsmstnﬁ:tloh mdqmultmeeuél(}ﬂ)scdded padédodt ktagés 2005 222 @nd the

an.instructi
1nstruct10n after that is 31mu1taneously fetched in a fetch stage 210).

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 (CO 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

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
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."
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into a "pre-decoded" instruction and another clock
cycle (C3) to convert the pre-decoded 25 instruction
WO 21108/060760npl et el y decoded instruction that carCtiBS2004/041687
executed. After an instruction is decoded, the
processor 140 m ght determ ne that the next
Sequeitinglthd MghbatGfbedhchidblay BIts Mgy BeSouE e degfoBmance of the
“when the decoded instruction is associated with a )
progessqy 140. Borerampledf partiallner commetelyj decodeglsastructions were stored in

Instructions that ar urren i ;
the BT SHORT T o I o S EE bl SO BRERE HEaThPERR: 200
andtthemihee|of Beandh d2RY slolwowll @6 kediged.eThé pidtdeabdediasthietions,
as a result of fetching and decoding an instruction

hoveeter, wanld b vignifieardlydaizeethan the qriginal insgructiom sFonsxample, a 32-bit
. . S 0 [1US2Q04/ 6
s R PR o ALPOLORRNS, BB A Ry o
impidtticglas tpidadodedinstritionp irothe $iubal hdéthorf-010 @xa tcauseithe
partially or conpletely decoded instructions were
mergeryragep that weyld bgirepued womdt be tpedargehe pre- decode
stages 220 coul d be renoved from pipeline 200 and the

nurt36r 3 & a blogk dipgeran afasappestyiotllOcpcperdingfgosenre empodiments. As
- i j . . Yy | . .
v SFPRURE 4T G]Sri PIOARU S PO ey e 10 via
inp @athe Xestptding & tAR-dmbodimes] iowadvie) theDYA uhia 320 alse includes an
. hundred bits after it is decoded. As a result, it may
instRigtion Risrdscefierdp Prdesods thedBHBEAN nstructions in the

gl cbal nenory 110 (e.g., because the merm,r¥ area t hat
wodile: s 2 wﬁOﬂébatmgbf saformed by thedyM Ayt 320 aegogding to some

| i '
R e L
hardvesteiesofiivatd (iIndieding ei@scodes,tor acbinbivmtibn offhardwarsand softivare.
ForRaulayibca Iprge B Bayay 356 o mTherg O Y hoh Sxacuted by a

e PR SRtk s WSl

uni 0 ' . ' ts. t
of AR R fisRhcHdGs HeioRront HRAAL e 109} e AR 320
therh@re disesdes tisoiktnaation @t 4@4. UheigMA cnio 320 epy, for esample, partially or
tion of hardware For exa

C I na d software. . | e,
con@f%raxgecqéé&hm%i}% Db BEmdscnded imsirhesiod i Rivided from
the WVER ufi 858 tE4 1241 Remory 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
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
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
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machi ne result in performance according to any of the
enbodi nents descri bed herein. At 402, an instruction
W0 2005/06a76eved from the nenory unit 310. The DMACTEHS2004/041687
320 then pre-decodes the instruction at 404. The DVA
unit 320 may, for exanple, partially or 20 conpletely
furtAGq AUz %hd §15¢ HLRE 101 mé¥noAB0 ﬁlf%lt\/ﬁée%tg%‘?ﬁ&gased further to
instruction is provided from the unit 320 to a
stork edully deneded in8B0ctam).a processi ng el enent. Referring
again to FIG 3, a processor 340 can then retrieve the
pr e 6 asiadexampde pfiat apparatusciPlttha indudds anglobal ynegady &ia to

storg ﬁgt{it‘ ihgtpitlcglﬁnlﬁ g%tg[rrqﬁﬁ% %qg%)@leZ%ﬁquS&p%rlgls tj %té@égng?ge 620 sequentially
retrRVSAHE IRASt 0BG A WEBrublich pVRIcbite 108t $22 PréiE @AY each
pre-decoded the instruction, the nunber of clock

instpigtipetp gangrate @ d-Hilpretdeeodsd deserysioon (egz0on eache missas er by
cQ e ded instyuction (the branch delay slots
50 %%%%§38§d€§¥gco19”%@s%educed as conpared to FIG 2,
and_t erfor ce of, the processor y be. .
A g A e aSe APPRTHE A0 A Bic e address
(WRA@SISRESS Y thaAk &L tiRRsdbcdded SsBhStionto@-1084 eetbry 630 via a g-bit
instructions (and the nenory unit 310 still stores the

outmirapthe rThe doqagmeaiors 03¢ mey bador example,atwoeasser carhrythat can store

[ ' r may .be. Lim.te [ f t DVA
SRR M MO N T
instidfi®e). Notdrthayddake!thy/ inSiredtion Ry b&a predesarrdey fiay de Woger

2005/ 066766 PCT/ US2004/ 041687 further (although the

thangy (eg. pecapse the prgrdesadask ipstgwtionisgatgen Bwa theoniginal instruction).
The FREHEERER sttt led 81K o bt PRERA Koomprie, o vt

exedutiah uhit cbntslsisighatyl andalr flapsrory 6 10 to store n-bit
i nstructions according to sone enbodi nents. A DVA

engi pcés3Or banmen thealusy a réadrstinal @IBSaridnEp-bitséddeddi38 ERD
and instruction pre-decode | ogic 622 pre-decodes each

ADDREBR)trebieve pregairered msEuciions fropytae fsebersaory 630 via a g-bit
pal] S S0 oS s RE D BAE S MY oo e gmovtr

(RISG)ydevive that ereautasrindteiciognasing féRer pipelise fadeistas N(Sjlhgz&ed to FIG. 2
address  (WR Al S) to transfer the pre-decode
(e.gj ﬂwmﬁlw $e.01 B Brange HelRY sletspsiqcinted yithidecoding are no

longer required).

FIG. 7 is a block diagram of a system 700 according 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.

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
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-
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10 out put path. The local nmenory 630 may be, for
exanpl e, a processor cache that can store 2P words

WQ s/ okrave been pre-decoded (e.g., a ten-bit WGT/BS2004/041687
address coul d access 1,024 instructions). Note that
because the instruction has been pre-decoded, g may be

dechd 198 instrhbidhs nar{@prgwde ?&C@éb‘éﬁed StridftRng &Pﬁﬁﬁﬁﬂ)le DSPs (e.g.,
Instruction is larger than the original instruction).

DSPhirgugb-RERNMisdctordancgoritvany oftthe embodiments desribled herein.
menory 630 may conprise, for exanple, 15 execution
uniThedoliowing iltlqumﬁsszaeinw zddiﬁdrab@nbddlmﬁmtseé“hese dotdt waystitute

o don epmessioe sty o e Selledin he B el oAERnd thr

marfy’ &Hérteﬂ?oohﬁﬁéﬂts E'i‘%ﬁ%ﬁéibl@3@uﬁh& Atldubh the ﬂéﬁb@mg-ré?ﬁ’oodlments are
processor 640 may conprise, for exanple, a Reduced

brleﬂnsltesqnﬂved dor mtyﬂbmﬁkdied it Flesm) wilbwidsestatibhove t@m&k&e&ly

i nst.r.uctions usin ine sta as_co
changfS i et S, o ebo§ UESerBIOE |0 5o BirdYER A Ge SRTBRF
emHddanGHs SR Alisht@ing. associ ated with decoding are no
| onger required). FIG 7 is a block diagramof a
SY A8y Q@orﬁ@ Gﬁfbgﬂiﬁﬂanfﬂlﬁg BBerEdtR OB Mcteinla DMA unit 1ncludes
particu the system 700 is a wireless device with
an mi@mal m@tru@m mﬁdbccaht dhgimstragyion Pre=decogdst eanld 0Btead pe betemal to

the DREA SHRTPpEexeRnt® iR shickhf o MEISNA iR BB P bormpletety

dec6dt ah ifdthuRtioSa it et gkt SrofldmemorByReMaDAHS pﬁé&%lﬁg%lement
Random Access I\/termr SDRAM unit 720, and a

MorpgygrpHiiongh S@nﬁp@h@ entsthaye bemiedescritd with a 861G implementation,

somg Q)'tr %ll %ﬁ %eﬁgfﬁ%[tgae %rlg&i lltlerélu g{ngﬁﬂ% ﬁﬁﬁ&f‘gﬁa 3%12% fn%ﬂﬁ}qg

integtddtdiedits. PCI Express 1. 0" (2002) The SOC appar at us
710 may be, for exanple, a digital base band processor
30 with a global nmenory that stores Digital Signal
Processor (DSP) instructions and data. Mbreover,
MU Tthe RbCoriMMRAGh SRS dBRYIbEEhdrEiR\Ae $IMSTY ToiCthE 961&}30%6 em
the gl obal nenory, pre 4 WD 2005/ 066766
illugtetipuPosarsehillrd in thecstiwilt geognizs frem this description pthevi de

emb%ﬁﬁneql?sﬁl%%ggﬁ;)&% IEéﬁC‘;V tﬁ) ff’caﬂylﬁ%énﬁl aﬂegﬁpﬁ%ﬁglltgd bnlyl%?Pile

I'n accor nce w
claimgbodi nent s descri bed her ei n.
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The followng illustrates various additional

enbodi nents. These do not constitute a definition of
W@Ldospesed bl e enbodi ments, and those skill ed iRCT/HS2004/441687

wi |l understand that 5 many ot her enbodi nents are

possi bl e. Further, although the follow ng enbodi nents

ar eppf AR yrdasmh ped for clarity, those skilled in

the art wll understand how to make any changes, if

necessary, to the above description to accomobdate

t hese and other enbodi nents and applications.

Al %ﬂ%tﬁ@d@o gﬁgg'g_ments have been descri bed wherein
a es

unit 1’nc 10 an internal instruction
DL S RE R HprPfdocoder coul ¢ | st eac
o R kil dutoutivdo b BRbl PoocbyNni RHE =2 ©1 Y
ot onstgRes B BRSBTS BB rg R B o o

pro&¥sking RPNt ation, sone or all of the elenents
descri bed herein mght be inplenmented using multiple

15 integrated circuits. The several enbodi nents
descri bed herein are solely for the purpose of

| | 1 usThembMbd oPehiR Nswhkieln Qi providify cvitprides btoring the pre-
recogni ze fromthis description other enbodinents nay

decpédedonsttuction th memeryriogalito dhg propessing¢leaenér at i ons
limted only by the 20 claims. 5 WD 2005/ 066766
PCT/ US2004/ 041687 WHAT IS CLAIMED | S: 1. A net hod,
conprising: retrieving an instruction froma nenory
uni3.; The pethod o€ cldim g, whereinrthe¢ preeddcodeduinstauationég s completely

. it d I di h - decoded
decpRRLIPEETOR 1 PR e ST hY (e bRy HaBss uni t Lo a

processing elenent. 2. The nethod of claim1, wherein
said providing conprises storing the pre-

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. The method of claim 1, wherein the processing element is a reduced instruction

set computer device.

7. The method of claim 6, wherein the pre-decoded instruction comprises

execution control signals.
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10 decoded instruction in menory local to the
processing elenment. 3. The nethod of claim 2, wherein
wWa pwspécédecoded instruction is a conpletely RIEDOROM/041687
instruction to be executed by the processing el enent.
15 4. The nmethod of claim1, further conprising:

decpdAngppdigubr@niepged i nstruction at the processing
el enent; and executing the decoded instruction via a

pr %ﬁﬁﬁﬂrpaﬂi 06kédiPe arPinstiRioN8EdA8 nRindty ahi 1, further
conmpri sing: 20 loading instructions into the menory

uni g 4 - :
1 GRS oy R Rt AERRER S Rt FRAGEA o pretiitode the
instruesibnimidi on  set conputer device. 25 7. The nethod of
claim®6, wherein the pre-decoded instruction conprises
ex eanudutjourt pathrid podvidé g ped-decoded/ifsiRBfion GGy 66 direct memory access
. PCT/ US20Q4/ 041687 8. An apparatus, conprising: an
unif t3 3 ATOGESHAS F1™EBL i ve an i nstruction froma nemory
unit; a direct nmenory access unit including an
i nstruction pre-decoder to pre-decode the
instruction; and 5.an qutput path to provide a
pr e dBrerpparafysaticladin; & Aurthes GOMRESIBET ect menory access
unit to a processing element. 9. The apparatus of
cl athﬁm,rnomwmhéqaur&@ﬁ@rth%mgtpatth}e menory unit coupl ed
to the input path. 10 10. The apparatus of claim?9,
further conprising: the processing elenent coupled to
the output path. 11. The apparatus of claim 10,
whellei Thetappagius of skim@, Birthgeeamprisitigides a | ocal

the processing element coupled to the output path.

11. The apparatus of claim 10, wherein the processing element includes a local

memory to store the pre-decoded instruction.

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

instruction pre-decoder.

13. The apparatus of claim 10, wherein the input path has n bits, the output path
has q bits, and n <q.

14. The apparatus of claim 10, wherein the direct memory access unit, the memory

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

15. The apparatus of claim 10, wherein the processing element is a reduced

instruction set computer device having an instruction pipeline.

7



15 nenory to store the pre-decoded instruction. 12.

The apparatus of claim 10, including a plurality of
Wproseesshg el ements, each processing el enentPGEUSRH04/041687

associated with a direct nenory access unit that

i ncludes an instruction pre-decoder. 20 13. The

apparatus of claim 10, wherein the input path has i

bits, the output path has q bits, and n < gq. 14. The

appgy. kv ariRfe, 6bBpMiAP. Wherein the direct nmenory
access unit, the nmenbry 25 unit, and the processing

el em&fagaﬁﬁgm H@Hng BroRd theb&ImakETiont HE hen l%TcuIéaeo a

apparattus of claim310, wherelin the processing el enen

maghsneareswdtimdbel follomgng:uct i on set conput er device havi ng
an instruction pipeline. 7 W 2005/ 066766

5 PCT/ US2e#tied#ip6Ri/ingnicfion fronea tiemlogy uwignpri si ng: a
storage nedi um havi ng stored thereon instructions that
when exgeeddechding the insibiioreatrasditdet memotshaccesd drdthand):
retrieving an instruction froma nmenory unit,
pr e- decqgovidirighthe presdocuddd iastnation fidnt etdirgeimEnmoBCaREs unit
unit, and _providing the pre-decoded instruction from
t heO dF LS B RISHPNaccess unit to a processing
el enment. 10 17. The article of claim 16, wherein said
provi di ng conprises storing the pre- decoded
instruction in rrermré |l ocal to the processing el enment.
I

10 18. 17T hsgnlepfielaim he) whsreig said ngrwEaE crampisss tering be pre-
decdd A ih S TbliON fa mer]ﬁgr}ﬁfacél% 'ﬂ[e%%&egﬁng rel%m%%g oder; and

18. An apparatus, including:
a global memory to store instructions;
15 an instruction 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.

19. The apparatus of claim 18, further comprising:

20 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.

20. The apparatus of claim 18, wherein a pre-decoded instruction comprises

25  execution control signals.

21. A system, comprising:

a multi-directional antenna; and



a processor, wherein the instruction pre-decoder is to
pre-decode an instruction as it is being transferred

WO 2064166 gl obal nmenory to the processor. 19. PGRUS2004/041687
apparatus of claim 18, further conprising: 20 a direct
menory access unit to arrange for the instruction to
be felpbh@URhalings dlfé%t mBieRAccBRMMthatthnddd to

arrange for a pre-decoded i'nstruction to be provided

to the g ] to r8&ivel AEinSRRFOA KN Qnenhddl %&8

wherein a pre-decoded I nstruction conprises

execut i le_d& i ng: a

mul 1 - ciPaag g PR AR o esd 03%%5%@%%

PCT/ US2 WY

access. i e arh SBrRc BialR Mgl 58 prd BB clement
instruction froma nmenory unit, an |nstruction
pre-decoder to pre-decode the instruction, and an

R AT AR o

V\,herel n the apparatus is a digital base band
processor 23. The system of claim 22, wherein the

o ot eSS AR RERRl b At B Wil ik RpRE Bfhned as

syst%M&InSJTéﬂlﬁ a code-di vi SI on multiple access base
stati on.

24. The system of claim 21, wherein the system is a code-division multiple access

base station.





