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Frrrrrrrrrrrr 1 * 166166* BACKGROUND  This invention relﬁkﬁz &&mkegister
nove operations for 5 a conputer. Many conventional progr B
processoMO iR as digital signal processors (DSP), inclRfdéU301P44%8ety of
i nternal registers for use when processing data. One type of register,
referred to as a data register, is primarily 10 used to store the results
of a current operation and to supply the results to subsequent operations.
The data registers are oft eREfTIFR NOVE QPERATIONG egi sters mﬂmﬂm‘n\mumml“l _
as aregister file. A second type of register is a pointer reg

15 is typically used to store an address. Unlike the data stored bysdshe
data registers, which is often provided directly to an execution unit

Wi thin the processor, the addressesackex@oNy the pointer registers are
primarily wused to retrieve data froma nenory system A group of 20

poi nter regi st e HftRAANLHIES H84 ack P@éi’%@élr r@oxﬁ)‘;ﬁ%%ﬁg@igﬂgrfggd a

nunber of general -purpose pointer registers. -
5 a computer.

Many conventional programmable processors, such as
digital signal processors (DSP), include a variety of
internal registers for use when processing data. One typé
of register, referred to as a data register, is primarily

10 used to store the results of a current operation and té
supply the results to subsequent operations. The data
registers are often grouped into a set of regis£ers
referred to as a register file.

A second type of register is a pointer register that

15 is typically used to store an address. Unlike the data
stored by the data registers, which is often provided
directly to an execution unit within the processor, the
addresses stored by the pointer registers are primarily
used to retrieve data from a memory syétem. A group of

20 pointer registers often includes a stack pointer, a frame

pointer and a number of general-purpose pointer registers.

I
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SUMVARY OF THE | NVENTI ON According to one aspect of this invention, there
is provided a nethod as defined in claim1l of the appended clains. 5
According to a second aspect of this invention, there is proviaﬂpApR od
as defined in claim6. According to a third aspect of this invention, ere
is provided a nethod as defined in claim9. According to a fourth aspect of
this invention, there 10 is provided a nethod as defined in claiml12.

According to a fifth aspect oét%@@éél i is provided an
apparatus as defined in clai : Ql The Elil\Iﬂﬁﬁqth aspect of this

| nvent i on, thereAich?ﬁ%?d‘Eg %ﬂeaéfs'g‘ék% 8% dafkned LAcGhal mc%%ael?ts
Ven asp ther s de

According to a se ect, I'S provided a systema fined in
claim25. 20,0, CARR,2005, M0,02(;295543PCE USA1431408 PESCRLBILANSOF
DRAWNGS Figure 1 is a block diagramillustrating an exanple of a

pi pel i ned pgogragnmabl e processor according to the invention. 5 Figure 2 is
a block diagramillustrating exanple pipelines for the programmble

processos. Figur@ascdrdisigdtar @ Eeosndankpeick! st tatisngnexanpbe, there
i npl enentations of register nove instructions according to
is provided a method as defined in claim 6.
According to a third aspect of this invention, there
is provided a method as defined in claim 9.
According to a fourth aspect of this invention, there
10 1is provided a method as defined in claim 12.
According to a fifth aspect of this invention, there
is provided an apparatus as defined in claim 16.
According to a sixth aspect of this invention, there
is provided an article as defined in claim 22.

15 According to a seventh aspect, there is provided a

gsystem as defined in claim 25.
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the invention. 10 DESCRIPTION Figure 1 is a block diagramillustrating a
programmabl e processor 2 having one or nore pipelines 4 andg @ apanigesol uni t
6. Proces¥0 022958 expl ained in detail below, supports maegrigol/31408
instructions for noving data 15 between a pointer register and a data
register. In particular, processor 2 supports a machine instruction,
referred to herein as the CC MOVE instruction, which noves data between a
poi nter register and a data r PRESREPTIONpeEFi DREWANGSC| ude a number of
har dwar e pi pelines 20 having a nunber of stages for processing
instructions. Tirdgusieages sTay HUCHIE SEL LM I 5ty t t ages
and forward resulgts to the next stage 1n agg‘g;%s'%ca\glvﬂq hg}g %&%&giﬁzo%
WO 02/ 2955 9 3%@%@ LR T t.s..of the ji.nstructions
ener ges até ?%egﬁgggi peli rf(eés 4 ﬁ?%%%%ﬁgc%}ﬁogﬁdl%&nm ofrh%nit 6 may
contr ol thgn@EEWigB.instructions and data through the various stages of

pi pel i nes 4. ring 5 the processing of an instruction, for exanple,
contrgl unit 6 na¥ di r,egt the various conponents of the pipelines to fetch
and d2code an i ASEPEEt PortS Fe tHe T3 dddorfdinaF ingpegzammie and wite
the results back to nenDr%.or |l ocal registers. 10 Figure 2 illustrates an
exanpl e of PAPELpBESné@r the programmable processor.

Figures 3 and 4 are flowcharts illustrating example
implementations of register move instructions according to

the invention.

10 DESCRIPTION

Figure 1 is a block diagram illustrating a
programmable processor.2 having one or more pipelines 4 and
a control unit 6. Processor 2, as explained in detail
below, supports machine instructions for moving data
15 between a pointer register and a data register. 1In _
particular, processor 2 supports a machine instruction,
referred to herein as the CC MOVE instruction, which moves
data between a pointer register and a data register.
Pipelines 4 include a number of hardware pipelines
20 having a number of stages for processing instructions. The
stages may process concurrently with the other stages and

forward results to the next stage in accordance with a



processor having a data address generation (DAG pipeline 12, an execution

unit (EU) pipeline 14 and a |oad/store (L/S) pipeline 16 ﬁrrﬁgg%ﬂ :
according to one enbodi nent of the invention. Each pipeli 8 ?Or

exanpl e, WO OU2HE st ages: instruction fetch (1F), decode (BREFUSMAGIH0Rss

cal culation and data fetch (AC), execute (EX) and wite back (WB). Wthin
DAG pi peline 12, instructions are fetched from nenory, or from an
instruction cache, .duri the | E sta 20 by fetch unit 21 and decoded
duri ng t hE1BE% SURIE" | AhRATOS (T B WSRO D8 1%t herts my
include a __set of pointer registers 22 for storing nenory addresses. At

t he next EP@CI?“@ycﬂlé?eJtW%égddbdfarM rIREFONBLOMnd any - 3 0 6 APR 2005
WO 02/ 29554 PCT/ US01/ 31408 poi nter addresses used by the instruction, may
be passed to tdentaRlstwye i mayAGEitpedl nechd 2fXaw daf &l resiciresisi geser at or
(DAG 23. DAG 23 may cal cul ate any additional nenory addresses that are

necessary ana pEtforthrdeyioperatvanm obs Thesge A0l 55681 1ys P4 Opagat engown
DAG pipeline 12 to be witten back to a pointer register 22.

Al termnat i @ley prAdtfesdiisd e td P NS SBYuPESén | OFdH Skpbide ddn¥ia1pahbe15 for
use by execution unit 25 or pass to L/S pipeline 16 via path 17 for

LS00, B e PR S Bl o SRS o R T TR, PSS
I ndex, ba%%fﬁ%’éﬁﬁ“ﬁghode an instruction, perform the corresponding
operation and write the results back to memory or local
registers.'
10 Figure 2 illustrates an example of a pipelined
processor having a data address generation (DAG) pipeline
12, an execution unit (EU) pipeline 14 and a load/store
(L/S) pipeline 16 arranged according to one embodiment of
the invention. Each pipeline has, for example, five
15 stages: instiuction feﬁch.(IF), decode (DEC), address
calculation and data fetch (AC), execute (EX) and write
back (WB).
Within DAG pipeline 12, instructions are fetched from
memory, or from an instruction cache, during the IF stage
20 by fetch unit 21 and decoded during the DEC stage. In
addition, the DEC stage of DAG pipeline 12 may include a

set of pointer registers 22 for storing memory addresses.

At the next clock cycle, the decoded instructions, and any



specified n such as, for exanple, adding or 15 nu
nunbers. g&@@%{?&lsgﬁ unit 25 may conprise specialized har dvvd’tCéWSﬂil/_?Mr?S y
perform ng the operations including, for exanpl®e, one or nore arithmetic

|l ogic units (ALU s), floating-point units (FPU) and barrel shifters. Data

i sters : I within the st.age of 20 pipelines 4 and may
(rjfgrglect |y Sééﬁﬁg}ggxg@% %’r?elfniutsef{:)h\kﬁ 'L'E‘]))lg‘e Ilé‘%é:lrl‘ﬂ‘/:%re@ad’at% Hassaitlito on,
data may bg retrieyed fromdata nmemory 18 based on a menory address
gener at ed ﬁ?e é&G%S",geoer@a?é‘@ S1P&d 13@d s & s tdmted aduresmoigdrayrates st er 4
WO 02/29554 0 6 APR 2005 PCT/USO1/31408 22, and propagated to the VB
stage. Dur {RBSI hé3vB HAGYE3 malye Gadsuliag eofanyh @ dajidriainadn mEmee Witten to
the destination. The WB stage has two paths for storing the results.

Qut put 26 adgrbesesathed when ndvessasyl to et forf itHL B Mala, menory 18
or to data registers 24. Qutput 27 naécbaaigapled mh?P t he resriég g;e

i n- t orpesat eddresgiest &ix opH d i i
mlofztegsor Zhrray al | owgsoftv\gr g’%agplr@?gations tqg@rr%{/lgj%&&%% 3#2;)%(%{ Ibye bet ween
10 poi nt erwtegtehepack? tand g%ti?lt%‘?:g'r% rs%e%4'22':.urtArl%rerJr:%ra%ivteqe ,C%hlveo\/E
I nstruction nmay all ow procesSors to nove the

instructions may pass to EU pipeline 14 via path 15 for use

i [ EX st , execution unit 25 may performt
regi sters. During the st age X Eyﬂgﬁgm%\o

by execution unit 25 or pass to L/S pipeline 16 via path'?7
.for loading data from memory 18. In one embodiment, DAG 23

10 may include circular buffer addressing registers used as
pointer registers, such as index, base and length
registers.

During the EX stage, execution unit 25 may perform the

specified operation such as, for_example; adding or

15 multiplying two numbers. Execution unit 25 may comprise
specialized hardware for performing the operations
including, for example, one or more arithmetic logic units
(ALU’s), floating-point units (FPU) and barrel shifters.
Data registers 24 are located within the EX staée of

20 pipelines 4 and may directly supply execution unit 25 with
locally stored data. 1In addition, data may be retrieved
from data memory 18 based on a memory address generated by

DAG 23, or based on an address stored in a pointer register



data based on the state of condition flag (CC_FLAG 29, which is typically
set by a previous instruction, such as a conpare instructiaqn @igﬁ%, ot her
| ogi cal operations or 15 operations that directly set the _ﬁ 9.

CC- FLAG ™D 0229§54e stored as a single bit within a storagBCEUSBUIMI8 such
as a status register or flip-flop, and may be set when the CWP
instruction, for exanple, exits the EX stage. Figure 3 is a flowhart
illustrating an exanple 20 process 30 by which control unit 6 inplenents a
CC MOVE ReehPRE ProPRgeltiesh tendhet W8 ssagee r Byrdner the FRysitmas,

regi ster 22 and the destination register is a data register 24 according
t o one entbéi mresulter ofesdhe3@pesaddpnamagd be riv®ed2A20%5% 0 6 APR 2005
PCT/ USO01/ 31408 with reference to a nove instruction that is conditioned

upon CC FhAGt2fakdiong sdthe MBieteige g RENE patdls’ WHr oy lthe
condi ti oned upon CC _FLAG 29 being cl'eared, although the scope of the

present igueRhicQn | DuRhd 28 R iHe dHadled WEReHUne BRGANSS LAG 29 is
often set when the prior instrdction exits the EX stage, pipelines 4 may

&2 Fiac RS TERE Rt PR v i WSt AR Aed Rt A | BrPee e
Stage, conr ol WL O hecl abe, LAl VS I A S0 SIRRLe the

registers 22.
The CC MOVE instruction supported by processor 2 may |
allow software applications to move data directly between
10 pointer registers 22 and data reglsters 24. Furthermore,
the CC MOVE instruction may allow processors to move the
data based on the_state of condition flag (CC_FLAG) 29,
which is typically set by a previous instruction, such as a
compare instruction (CMP), other logical operations or
15 operations that.directly set the CC_FLAG 29. CC_FLAG 29
may be stored as a single bit within a storage circuit,
such as a status register or flip-flop, and may be set when
the CMP instruction, for example, exits the EX stage.
Figure 3 is a flowchart illustrating an example
20 process 30 by which control unit 6 implements a CC MOVE
machine instruction when the source register is a éointer
register 22 and the destinétion register is a data register

24 according to one embodiment. Process 30 is explained



pass the stored address to the AC stage upon the next clock cycle (31).
During the AC stage, control unit 6 may direct DAG 23 15 tq ¢ QPRe2oth t he
addr ess tsvpﬁyz%_si stage without nodification (32). AlternapCreky/31408
pointer registers within DAG 23 (not shown), control unit 6 may enabl e
their output in the AC stage. During the EX stage, the address may
propagate tq, ,20 execution unit 25 via path 15. Control unit nmay direct
execution UM FSEETF I 3 HEOBRIdERSErEGt Lo Y25t Agecondtihdghed

nodi fication (33). 6 0 6 APR 2005. WD 02/29554 PCT/ US01/ 31408 In the WB
stage, contPAR HHFIEGERP deringri sett hizowstat o tlie GRoTs AGHRY rtbthioh
execution unit 25 and decide whether to enable or disable the wite to the

data regi sheys b4 deastid iomddeisdrat @ Fiac heo Ge fhdG2akagse 1D
control unit 6 selects the appropriate data regi;%gr 24aang' é%%§§§9Fhe

addr ess vi zheutsptipe?®@ A e prldsddt Si ARENE on s gggrffrgig% ggcgg%sg from

a pointer register 22 to a data register 24 1n- response-
instrgcti opeshlalcably, in order to nove data froma pointer register 22 to
a data 10 register 24, the address may be propagated across pipelines 4.

BAG pi e 1 e 122468 Sy B 4, SER o v e mb e 'y b
written toig%%%u% Té§(2£1é24the EX stage, pipelines 4 ma ti
y partially
process the CC MOVE instruction prior to the writing of
CC_FLAG. More specifically, when the CC MOVE instruction
10 is in the DEC stage, control unit 6 may speculate that move
may occur and enable the output of pointer register 22 and
pass the stored address to the AC stage upon the next clock
cycle (31).
During the AC stage, control unit 6 may direct DAG 23
15 to forward the address to the EX stage without modification
(32). Alternatively, for pointer registers within DAG 23
(not shown), control unit 6 may enable their output in the
AC stage.
During the EX stage, the address may propagate to
20 execution unit 25 via path 15. 'Control unit may direct
execution unit 25 to forward the address to the WB stage

without modification (33).



if the condition flag is set. Because pipelines may be 15 physically
separated within a processor, there may be del ays when pﬁ&p&ﬁbﬂmﬁg dat a
from orwopepessine to another. Therefore, the address prepeabEsi4og0m t he
DAG pipeline 12 to the EU pipeline 14 prior to the WB stage in order to
reduce the risk that the address is correctly witten to 20 data registers
24. Figure 4 is a flowhart illustrating an exanple process 40 by which

control unit I neye iWP| erwnd, ac&: MEVEanBChi ARy BSLEWEHIKQN tHen the source
register is a data - 7 0 6 APR 2005 WO 02/2955Z PCT/ USO1/ 31408 regi ster 24

and t he sttetdd Nt iCW) FIGYE SA$Iwishfn POkBERE ohCELEEEH 522 ACHYdi tO one
enbodi ment. During The EX stage, control t%ﬁtggikagseégb g%?héﬂ%utput of

the dat ' oW NGs t d data to propagate from EU
pi pel i nZeh%jcqv{eO% ?)6,6?62%?%%% neé! gl%%l%a ﬁglgrf'ﬁ'f) . ODEF‘Fn&at%ﬁ‘e WB st age,

25 of ESSITGTRE APTIN Snatin ShakRe stk bner CEOPERRGE%Am At (34 { 6
(%) " hEOpEA At b A L "Bt aRRYOPFbpEgatathr BROEU kA4 rndd 1o
DAG pipeline 12 prior to the WB stage in order to allow the address to be
wri tt envxd bGedl rithe addfistereiz2outpubn2éedodi nelin EXisstageeary dmcl ude
t hree substages, to provide the data at
address may be copied from a pointer register 22 to a data
~register-24'inmresponse-to~a CC“MQVE'instructibﬁ:”"NﬁtEﬁly,
in orderx tb move data from a pointer register 22 to a data
10 register 24, the address may be propagated across pipelines
4. More specifically, the address may bé propagated from a
first pipeline, DAG pipeline 12, to a second pipeline, EU
pipeline 14, where it may be written to data registers: 24 -
if the condition flag is set. Becauge pipelines may be
15 physically separated Qithin a processor,’there may be.
delays when propagating data from one pipeline to another.
Therefore, the address propagates from the DAG pipeline 12
to thé EU pipeline 14 prior to the WB étage in order to
reduce the risk that the address is correctly written to
20 data registers 24.
Figure 4 is a fléwchart illuétrating an example

process 40 by which control unit 6 may implement a CC MOVE

machine instruction when the source register is a data



15 the WB stage. The followi ng exanples illustrate the syntaﬁéigh %&Woking
the CC I\/O\(gormﬁgsne I nstruction although the scope of the p F ‘
i nvention 1S no imited inthis respect: if CC pl=ri1; MyvePETIS0L31448
register to pointer register 20 if 'CC rO=pl; Mve from pointer register to

data register when CC is false In a typical application, a programer

devel ops a f Fcation or.suproutine that may invoke a - 8 0 6
APR 2005 \J/fi:%%(@)&zs/Ez%?iﬁ%gar‘;1 5/ 392087 EQPRt EPIHBYET obEr &t PEANLAWOI vi ng bot h
a pointer e E§H§r ?nd a data register, such as the CC MOVE instruction
descri bed ABHVE “SThé? prafgff gd&? et embadinenEware application in
assenbly |l anguage, as illustrated in the 5 exanple above, or in a

hi gh-1 evel soft&&é%%l- Nt ftagonpeortrod uypptchl hyyi syaised. teedr ocess
the high-level software application and generate the appropriate machine

i nstruct i oR¥tPHt moddwdlaty regisieng24 hea DoWENE HRENERErelNSaHUC i N
for conditionally noving data between a pointer 10 register and a data

regi sber .. pappogstentfobnreBU sp0feliree i DY epd | BAGhEYE P e i .. For
exanpl e, a single machine instruction has been %e@%r?ﬁgdléhggg g%%h

The processer mmy be 1LY npl erentod LS VeehERbE fhibCP fed Heraamige
gener al the state of CC_FLAG 29 within execution unit 25 of EU
pipeline 14 (42). Based on the state of CC_FLAG, control.
unit 6 may write the data to the appropriaté pointef
10 register 22 via output 27 (43). As discussed abo%e, fhe
data ﬁay propagate frém EU pipeline 14 to DAG pipeline 12
prior to the WB stage in order to allow the addresé to be
written to pointer registers 22. In one embodiment EX
stage may include three substages, td provide the data at
15 the WB stage. |
The following examples illustrate the syntax for
invoking the CC MOVE machine instruction although the scope
of the present invention is not limited in this respect:

if CC pl=rl; Move from data reglster to pointer register

20. _ %f 1CC r0=pl; Move from pointer register to data register when CC.
is false : ' '

In a typical application, a programmer develops a

software application or subroutiﬁe that may invoke a



purpose conputing systens, digital processing systens, |aptop conputers,
personal digital assistants (PDA's) and cellular phones. IggsaApomssystem

t he procepg@sésgy be coupled to a nenory device, such as 1¥%§
menory-devi ce 20 or a static random access nenory (SRAN@,]$HE SF%?%S an

operating system and other software applications. These and other
enbodi nents are within the scope of the followwng clains. - 9 0 6 APR

2005 VD 021 i PGRGHE03p 334 0BoRL MYB1 Jind BELHOH SBTRELST 051 2iLgeel vi ng
a machine instruction; and in response to the nachine instrucglon, novi ng

data 3 beimeeh daflfEeistes) SLebnand endat@ i6PESLALLPARRI QN @ 4 state
of' a condition flag; erein the pointer register conprirs 4 portion of a

first regigd&lrfide ratenfro econd registe f'ge .11 conprising
the data register, t%@g?lfst %ég?%?%?aT??E B nﬁrl%eut 8 BPTEWa&8dr ess
generationlJilcgnwggneratingmgginiers," 3 and, wherein the pointer

regi ster antne TRg7eP Yea1gha®ed 3Fthihuatrreedninsthges of

di fferent epi pel.i ned - )

5 xample above, or in a high-level software language. A
compiler is typically invoked to process the high-level
software application and generate the appropriate machine
instructions for processor 2, including the CC MOVE machine
instruction for conditionally moving data between a pointer

10 register and a data register.

Various embodiments of the invention have been
described. For example, a single machine instruction has
been described that conditionally moves data between a
pointer register and a data register. The processor may be
15 implemented in a variety of systems including general
purpose computing systems, digital processing systems,
laptop computers, personal digital assistants (PDA’s) and
cellular phones. In such a system, the processor may be
coupled to a memory device, such as a FLASH memory device
20 or a static random access memory (SRAM), that stores an
operating system and other software applications. These

and other embodiments are within the scope of the following

claims.



units of a processor.. | 231 2 3 2. The nethod of claim11, wherein noving
the data cl des copying a nenory address. fromthe pointeggraRR 20er to
the data r@& 4 3. The. method of claim1, wherein novi ng POTEUSHAL38408

i ncl udes copylng the data fromthe data regi'ster to the pointer register.
4. The nmethod of claim|1 further including selecting a 2 first path when
the pointer register-.is a source for the 3 data and selecting a second path
when the daﬂé_gﬁﬁjster is. 4 the source for the data. - 10 0 6 APR 2005
WO 02/ 29554 PCT/ US01/ 31408 1 5. The nethod of 'claim 1 further including
propaght i nglt he faf§ttRAoGEAPEASEREcUti on unit without nodification. .6. A
met hod conprisin 2 rece|V|§%€Hlnach|ne instruction; 3 enabling an output

of a pointer reg???@ﬁvdﬁgiﬁn B¢ LlRStrackdemin@ichst ructi on, wherein the

ointer register,
P 9 ihS response to the machine 1nstructlon, moving data

3
‘between a p01nter register and a data register based on a

é state of a condition flag;

> wherein the pointer register comprises a portion of a
first register file separate from a second register file

1 eomprising the data register, the first register file being

2 ? used by an address generation uniﬁ in generating pointers, "

3 and wherein the pointer register and the data register are
located within different stages of different pipelined

. units of a processor. |

) 2. The method of claim 1, wherein moving the data

3 includes copylng a memory address from the pointer reglster

to the data reglster

1

5 3. The method of claim 1, wherein movihg the data

3 includes copyiﬁg”the.data from the data register to the

' pointer register. | |

1 4. The method of claim 1 further including selecting a-

2 first path when the pointer register is a source for the

3 data and selecting a second path when the data register is.

4 the source for the data.

- 10 ~



5 ‘adapted to store a nenory address; 6 propagating the nmenory address

t hrough an execution .7 unit wi thout nodification; 8 deteypigFRQYIe State
of a congydontesks ag; and 9 witing the nenory address t o apcirUsowAgesst er
based on 10 the state. 1 7. The method of c¢laim®6, further including
propagating 2 the address froma first pipeline to a second pipeline. 1 8.
The nmethod of claim6', further including setting the 2 condition flag
during the execution of a previous 3 instruction. 0 6 APR 2005 WD 02/ 29554
PCT/ USO01/ 31408 1 9. A nmethod for noving data in a processor havi'ng a 2

I lit f [ : t t
Pt Rrst % ol o p%;€%€%gfd§?§%%%%?ﬁlgﬁ Py’ pspRsd? By 2% ccona
6 I t te back st 8
ol t g ¢ AR FRERAT R FEateEEn) BRAF i bR RF nmgglltfﬁgaété@&nd
pi peline. 1 10. The nmethod of claim9. further including: 2 determining a

state of a condition flag; and 3 witing the data to the pointer register
based on the 4 state. o

1 6. A method comprising:
2 receiving a méchine inst;uction;
3 enabling an output of a pointer register designated by
4 the machine instruction, wherein the pointer register is
5 adapted fo store a mémory address;
6 . propagating the memory address through an execution
1 unit without modification}
8 determining a'state of a condition flag; énd
) , writing the memory address to a data register based on
io the state;
1 7. Thé method of claim g, further including-propagating
2 | the address from a first piﬁeline to a second pipeline.
1 8. The method of claim 6, further including setting the
2' condition flag during the execution of a previous
3 instruction.

- 11 -



1 11. The method of claim 9, wherein the pointer register 2 and data

regi ster qccu di fferent stages of the first and second pi pe PrAfRR 200 12.
A net hod prq%é?/?sﬂg data in a processor having a 2 pluralitpcafuspipsiosnes,
each pipeline having a wite back 3 stage, 'the nethod conprising:. - 12 1
6 APR 2005 . WD 02/29554 -PCT/ US01/ 31408 4 enabling an output of a pointer
regi ster igifir%& 5%%# e%ine; [opaggting an address fromthe first

pi pel ine to'a 7 8€eDH ‘%Ei 2T i ARVHPEoFEE aDwai PEOSESION dgeviafg tehe first 8
pi peline; and 9 mgiting the address to a data register located within 10
the sécond Bipedisey af iwirghinast Bompotsdhgim 12 further including: 2
determ ning the state of a condition flag; and 3 witing the data to the
poi nt & regi st eretFAskbth@ran heutgust afea datd. regibeeretipodiaigicl aim 12
wherein the pointer register 2 and the data register occupy different

stageg of tdigpdlimd; 3 and second pipelines. 15. The nmethod of claim 12 ,
wherein the pointer register 2 is located in a stage prior to the data

register. 1 propagating data from the data register to a second
6 pipeline prior to a write back stage of the first pipeline;
7 and
8 writing the data to a pointer register located within'

9 the second pipeline.

1 10. The method of claim 9 further including:

2 determining a state of a condition flag; and

3 . writing the data to the pointer register based on the
4 state.

1 11, The method of ¢claim 9, wherein the poihter register
2 and data register 6ccupy different stages of the first and
3 second pipelines.-

1 12, A method for moving data in a processor having a

2 . plurality of pipelines, each pipeline having a write back
3 stage, the method comprising:

- 12 -



2 3 16. An apparatus conprising: an address generation unit conprising a
pointer register; a data'register in a register file separ §tge APRE5 he
poi nter rgeiheésy and - 13 0 G APR 2005 WO 02/29554 PCT/ piSPaskselidgs 1 a
control unit adapted to conditionally nove data 2 between the data

regi ster and pointer register in response 3 to a single nmachine

I nstruction; wherein the pointer register and the data register are 1

| ocatgd Wi Lhin GAAbELRY! Rt B0ER.Q ol Lobodideseeandsad RPY NGS. 17 The
apparatus of clarm urther tonprising a drgitafF “srgnal” processor

i ncl udi ng the. . address generation unit, the 2 register file, the control
unit,~ and %?%%}hn%bupling the 3 first and second pipelines to communicate

an address from4 1 2 . . .
6 propagating an address from the first pipeline to a

7 second pipeline prior to a write'back stage of the first

8 pipeline; and

9 writing the address to a data register located within
10 the second pipeline.

1 13, The method of claim 12 further including:

2 determining the state of a condition flag; and

3 writing the data to the pointer register based on the
4 state.

1 14. The method of claim12 , wherein the pointer register
2 and the data register occupy different stages of the first
3 and second pipelines.

1 15, The method of claimi12 ., wherein the pointer register
2 is located in a stage prior to the data registerx,.

16. An apparatus comprising:

1 _ .
an address generation unit comprising a pointer
2 [}
register;
3

a data register in a register file separate from the
pointer register; and

- 13 -



3412 3the pointer register of the first pipeline to the data register
of the second pipeline. 18. The apparatus of claim 16 further conprising a
path coupling the first and second pipelines to conmunicate data fromthe
data register of the second pipeline to the pointer registerggf p{@? dg5i rst’
pi pel i ne, weo0idoss4¢ 0 6 APR 2005 WO 02/29554 PCT/ USOl/31408€£ /bgb P1e '
apparatus of claim 17", wherein each pipeline 2 includes a TES01434408
stage; and further wherein the path 3 conmmunicates the address to the
~second. pipeline prior to the wite back stage. 1 20. The apparatus of

clai m18,, wherei nn%ac pi peline 2 includes a wite back stage, and further
wherein. the p&tF° r@@ﬂﬁ‘\i&'tcétd@@tt% tateondi tthmnd I Instmaprpeddre prior to

the 4 wj k. stage. 1 21., The apparatus of claim 16 further including
an b%%wgg% t%e %%ta register and pointer register in response
3 to a single machine instruction; |

wherein the pointer register and the data register are

located within different stagés of first and second

1
pipelines.
3 .
17. The apparatus of claim 16 further comprising a digital
1  sighal processor including the address generation unit, the
5 registe: file, the control unit, and a path coupling the
3 f}rst and second pipelines to communicate an address from
) the pointer register of the first pPipeline to the data
- register of the second pipeline.
1
, _ . . o .
18. The apparatus of claim 16 further comprising a path
3 ‘ ; ' | | '
coupling the first and second Pipelines to communicate data
4 | | .
from the data register of the second pipeline to. the
pointer register of the first pipeline,.
1
2
3

- 14 -



2 ‘execution unit adapted to propagate the data fromthe 3 ppgHeRr 200809 Ster
to the wign2Resds stage without 4 nodification. 1 2 3 4 5 Gcigshy/siis
article conprising a nedium havi ng conput er- executable instructions stored
thereon for conmpiling a software program wherein the conputer-executable
Instructions are adapted to generate a single machine instruction to cause
a' progranmpapl e phecegparatas ogndildienall,y wiwses dataadetyese) 8nRoi Nt er
register and a data register, wherein the instruction causes the - 15 WO

027 29854 11 3:04808PR F09BPETENSAHHA0RAN QAN iy S OOESE0L Lo chor var d

the data between a data -‘address generation pipeline and an execution unit

pi pel g ne. ZémmJHEcQEEECkﬁeogdﬁkégg'%%’tﬂﬁ“gé%éhéfEiﬁéfﬁﬂgcﬁéggr to

4 the write back. stage.

1 20, The apparatus of claim 18,, wherein each pipeline

2 incluqes a write back staée, and further wherein the path

3 commgnicates the data to the first pipeline prior to the '
4 write back stage.

1 21, The apparatus of claim 16 further including an

2 execution unit adapted to propagate the data from tﬁe

3 pointer register to the-write back stage withoﬁf

4 modification.

1 22. An article comprising a meaium having computer- N

) executable instructions stored thereon for compiling a

software program, wherein the computer-executable

’ instructions are adapted to generate a single machiné

4 instruction to cause a programmable processor to

5 conditionally move data between a pointer register and a

6 data.regigter, wherein_the_instrugtiqplcapses the

i . :

-~ 15 =



2 causes the programmabl e processor to nove the data fromthe 3 data
register . tEF gointer register; 123456 24. The articl@es oPRcll& m 22,
wherein th§0825$§ sor conprises a digital signal processor PETAISOnA1408ChI Ne
i nstruction causes the processor to select a first path when the pointer
register is a source for the data and a second path when the data register
is a source for the data. 25. A system-conprising: 1 a nenory. device; and 2

a digrtal si “a'rgr Ssorogggﬁogd § Oe b 116 PR DL détgeﬂéEﬁeeﬂhSrSBE the

processor i Adir B85S 7 generation uni rrsing a p0|nter

regi ster, Qgﬁl r§ ﬂtwng%{ggﬁ Erads! Séﬁé‘éﬁfoﬁrﬁﬁﬁhﬁlggi%@ﬂ
a CO

regi ster, uni t to.conditionally nove data between
the data register and poi nter - register in response to a.single nachine
I nstruction, wherein the

1 23, The article of claim22 , wherein the instruction
2 causes the programmable processor to move the data from Ehe
3 data reéister to the pointer register.
1 24, The article of claim 22, wherein the processor
P comprises a aigital signal processor and the machine
3 instruction causes the processor to select a first.path
when the pointer register is a source for the data and a
¢ second path when the data register.is a source for the
® data. |
6
25. A system comprising:
1 | a memory device; and
2 ' a digital signal processor coupled to the memory
'3 device, wherein the.processor includes an address
. genefation unit comprising a pointer register, a data
! register in a register file_separate from the pointer
® register, and a control unit adapted to conditionally move
6 data between the data register and pointer register in
7 response to a single machine instruction, wherein the

- 16 -



1312341234123 4 W 02/29554 0 6 APR 2005 PCT/US01/31408
pointer register and the data register are |ocated wthin different st ages
of first and second pipelines of the processor. 26. The system of claim25
further conprising a path coupling the first and segonﬁ p}gglhm@§mﬁo_ t
conmmuni ¢ <address fromthe pointer register of the ne to
t he dat a%é&?@%sg? of the second p!opel”i ne. 27., The system g{:'f}glsg#/%%%
further conprising a path coupling the first and second pipelines to
conmuni cat e data .

1 pointer register and the data registér are located within
2 ~ different stages of first and second pipelines of the
. processor.
3
26. The system of claim 25 further cbmprising a path
1

coupling the first and second pipelines to communicate an

2
address from the pointer register of the first pipeline to
5 .
the data register of the second pipeline.
4
27.. The syétem of claim 26 further comprising a path
1 s Y ] : » .l »
coupling the first and second pipelines to communicate data
2 .
~from the data register of the second pipeline to the
3
pointer register of the first pipeline.
4 ' '
28. The system of claim 26, wherein each pipeline includes
1 , ' '
a write back stage, and further wherein the path
2
communicates the address to the second pipeline prior to
3
the write back stage.
4
- 17 -
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.fromthe data register-of the second pipeline to the pointer register of
the first wioulsm. 28. The system of claim 26, wherein eachlfi PR 286
includes a wite back stage, and further wherein the path {33408es
the address to the second pipeline prior to the wite back stage. - 17 .1
2 3 4 WD 02/29554 0 6 APR 2005 PCT/US01/31408 1 29. The system of claim 27
, Wwherein each pipeline includes 2 a wite back stage, and further wherein
the path 3 comruni cates the data to the first pipeline prior.to the 4
write iback gt ag Jhe systemof -clajm25 further including an
executi on 2%' un?ﬁhéadéa}g?té%’gt%fp?%ihﬁagﬁe' t Heedsia rach pieeicims eindlnegkst er
to the wite Rack tq@g m@thout mopdi fication. 1 31. The system of claim25
, wherein the menor Vitdgep apfpfusthest whereiandhm peagss nenory. 1 32.
The. 3ysten1of claim?25 , wherein the nenory device 2 conprises FLASH

TBMOr communicates the data to the first pipeline prior to the
4 write back stage.
1 30.

The system of claim 25 further including an execution

2 unit adapted to propagate the data from the pointer

3 register to the write back stage without modification.
1 31. The system of claim 25 , wherein the memory device
2 comprises static random access memory.

1 32. The-system of claim 35 , wherein the memory device
2 comprises FLASH memory.
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