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of register, referred to as a data register, is primarily
used to store the results of a current operation and to
supply the results to subsequent operations. The data
registers are often grouped into a set of registers
referred to as a register file.

A second type of register is a pointer register that
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 system. A group of

pointer registers often includes a stack pointer, a frame

pointer and a number of general-purpose pointer registers.



15 between a pointer register and a data register. In particular, processor
2 supports a machine instruction, referred to herein as the CC MOVE

i nstruct i wigonbisah noves data between a pointer register gudyesoddifs
register. Pipelines 4 include a nunber of hardware pipelines 20 having a
nunber of stages for processing instructions. The stages nmay process
concurrently with the other stages and forward results to the next stage in
accordance with a - 2 WO DE2CZI$STORCHFUDEAWINGS1 Q08 clock cycle. The
results of the instructions energes at the end pipelines 4 in rapid

succession. Congfohr&initi§ Aoy SORtEOAGEAR 1 00sOfat NS rusté ohs, pOd, dat a
t hrough the various stages of pipelines 4. During 5 the processing of an

i nstruction, i i : [ OoUs conponents
of the. pi poi 7 Hes! EOTR Soo CRMERLe Bk ey A S e
correspondj ng 1%)erati on and wite the results back to nmenory or | ocal

regi sters. %% 'Jg?f?e 2 illustrates an exanple of a pipelined processor :
havi ng a data address geperation (DAG pipeline 12, an execution unit (EU)

pi peline 14 andF“aglF%%td?s’t%r% Riogl diperimel b akrainked we® e ng to one
enbodi nent of the invention. Each pipeline has, for exanple, five 15

stages: i nztpetinen fer chhg |Fyogrundel ¢ DRG)Ges®lr ess cal cul ation and data
fetch (AC), execute (EX) and wite back (WB) . Wthin DAG pipeline 12,
instructions areifetededl dmdnd 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



menory, or froman instruction cache, during the IF stage 20 by fetch unit
21 and decoded during the DEC stage. In addition, the DEC stage of DAG

pi pel i ne Wo omysssncl ude a set of pointer registers 22 for mirowsongimenory
addresses. At the next clock cycle, the decoded instructions, and any - 3
WO U2/2'1 SS-4 PCTIU S(11 /31 QL18 pointer addresses used by the
instruction, may be passed to the AC stage via DAG pipeline 12 to data
address gerbsak ocy¢DAG) PlBe BAGIDPSs nay ot cin S wu@tyorad dirhd oad  aenory
addresses that are necessary to performthe operation. , 5 These addresses

My propageie ey DAGL phoe! 4 nen lap Dg beuvwdddesh back to a pointer register
22. Alternatively, the instructions may pass to EU pipeline 14 via path 15

'for use by exe%ﬁeﬁoynﬁﬁi%% ?ﬁafaéénﬁpoi-/t%é)im[xj%o\%?fzé@ié’ﬂﬁmp@f& 7 for

| oadi ng data from nenory 1 n ‘one enbodi nent, 0 may 1 nclude

circular b e i i S S, pol nter r.eqisters, such as
*i ndex, bas%ﬁéan%aﬁéei%kﬁgé@giEsl?%ri%g{ﬁ‘rléljn%g?(ﬂ%s E%# sqléjgeel,l Becut i WU 25
may performthe specified operation such as,_for exanple, adding or, 15
Tl 1Pl yi S WerRCRERHRS RR et R TN T2 28 1 ORI L Sti s 20t
hardware for perform ng the operations including, for exanple, one or nore
arithmetic® ITRY cALRPES TR URY1ous oefmprpe htotihs Rimm)inard tarrel
shifters.

fetch and decode 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: instruction fetch (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



Data registers 24 are |located within the EX stage of 20 pipelines 4 and may
directly supply execution unit 25 with locally stored data. In addition,
data may We 2ebisyeved from data nenory 18 based on a nmenorperagkdi B8EMHs
generated by DAG 23, or based on an address stored in a pointer register |,
- 4 WO 112/295y PCT/US01/31-1118 22, and propagated to the WB st age.
During the WB stage, the results of the operation may be witten to the

desti nat i gyointher WGt ageshagssdbpains froicsioridg, they nasyWdsseOutput 26
may be enabl ed when the results are 5 witten to data nmenory 18 or to data

registers g QUAUG2T RIS 101 6k WIEN 4 N8 LU S A I BN (O

pointer registers 22. The nstruction supported by processor 2 nay

al | ow soft i i V- | rectly. .be 0 i nter

regi sters G?n dat %%ﬁt%&%ﬁ%ﬁ%ﬁ%r%dﬁﬁe&@em i“nstruction
may al | ow cessors _.to nove the data based on the state of condition flag
(CC FLAG) JE*RiiTh Tt ypie TSP hy A pp‘?%@?%st}ﬁs‘metﬁﬁqld?ﬁ' such as a
conpare instruction (CVWP), other |ogical operations or 15 odperati ons t hat
directly SEteThedEE RS JPRY @EMAIB DD JRIP JPAG tvRal ige d SitRylke bit
wWithin a storage circuit, such as a status register or flip-flop, and may
be set wheirittferCM2éhste wipomtdnrrexatse, 22xi Al tdmadi wtlage .t gure 3
is a flowhart illustrating an exanple 20 process 30 by which control unit
6 i npl enentrss tar R IMOME may pass to EU pipeline 14 via path 15 for use

by execution unit 25 or pass to L/S pipeline 16 via path 17
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
reglisters.

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 stage 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



machi ne i nstruction when the source register is a pointer register 22 and
the destination register is a data register 24 according to one enbodi nent.
Process 3QR0 @93l ained - 5 WO 112/ 29i 5-4 PCT/ USO1 / 3pceiSovsifos
reference to a nove instruction that is conditioned upon CC FLAG 29 being
set; however, the nove instruction may be conditioned upon CC _FLAG 29 being
cl eared, although the scope of the present invention is not limted in this

5 respect.2Becans epEpitAEedOtoStREIRD SeigahemiPen@ris wmsifalgd j on exits
the EX stage, pipelines 4 may partially process the CC MOVE instruction

prior to tige Wdsings obs CoLELAG r ML 6n SREFI L Gt Yreithed {he CC MOVE

instruction 10 is in the DEC stage, control unit 6 may specul ate that nove

<may occur th t pyt &) i r-22 and pass_ .t he stored
addr ess to&?%teﬁi%ms %geeﬂlggnﬁ h%e‘;ﬁ%g?h %% o‘%:"l’f5 ?@%ﬁg(ﬁ‘ﬁ‘j_%f%% W]ee AC
stage, control. unit direct G 23 o forward the address to the EX
-stage Wthﬁ%?u%%lifi(gléﬁg%h % ﬂ?y%?e?%ﬁ%%lwe?g&%ﬁ?ﬁ‘é}ﬁ fi%ters

wi thin DAG 23 (not. shown), control unit 6 may enable their output in the AC
stage® Dur¥hbtter BX dab@enenasy abfr e5st o2 B ofR@ht ee kD 26 ex@EiRYon unit

25 via path 15. Control unit may direct execution unit 25 to forward the
addr ess t 021 hea¥\Boet eigab e d helen nbli¢ f festloh {B8)writtén to pointer

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 registers 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 pointer
register 22 and the destination register is a data register

24 according to one embodiment. Process 30 is explained



WO 112/29SS~ PCT/USOL /31 Q118 In the WB stage, control unit 6 may
determ ne the state of CC FLAG 29 within execution unit 25 and deci de

whet her twoapabdsg or disable the wite to the data regi st ecgnXb1aeed on
the state. If the CC FLAG 29 is set, 5 control unit 6 selects the
appropriate data register 24 and wites the address via output 26 (34). In
this manner, an address may be copied froma pointer register 22 to a data

regi ster 244M reSNEe o s GoMMms Neidticdn hatNotablonditi sigler to nmove
data froma pointer register 22 to a data 10 register 24, the address may

be propagaissh ags osgaPi el by 4se MO0 wPRG! [ 1O Inovd hen 8 eSS, ARy be
propagated froma first pipeline, DAG pipeline 12, to a second pipeline, EU

pipeline gy WerEodds PP WAL LD Foad @ LAU LA Aty | o iGNl LT on

flag is set. cause pipeline y physi € y 'separ at ed Wi

processor, _.there may be .del ays when, propagating data fromone pipeline to
anot her. THEF e1OTRS cfﬁet}hedcﬁ’ R obrgbe&ﬁ)tejsorf rlo%ri%e t'p?‘ge‘r’?n 1 to the -
EU piesgeline 14 prior to the WB stage in order to reduce the risk that the
address | F&HFIectly witten to 20 data registers 24. Figure 4 is a
flowchart illustrating an exanpl e process 40 by which control unit 6 may

i mpl ement a CC Bdxausmcii ndlAGs? ? uts | oftetheset heourloe peipster is a data

WO | 12/2955.1 PCT/U SII | /31-L08
instruction exits the EX stage, pipelines 4 may 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), contrel 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).



regi ster 24 and the destination register is a pointer register 28 according
to one enbodinent. During the EX stage, control unit 6 may enabl e the

out put ofwihpnodaua register 24, allow ng the stored data tppruds1Bi@pagate
fromEU pipeline 14 to DAG pipeline 12 via path 19 (41). During the WB

st age,

control unit 6 may determne 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 rmy:wsine dheydatebiordhadpPrond ate Aty {1k regi ster 22
via output 27 (43). As discussed above, the data may propagate from EU

pi peline 14 40, DS @k PRIARS d 2, H AN dpddie B ﬁlacg% n, Ogﬁr ciige al low the

address to be wittermto pointer registers 22. In one e

nt EX stage

may includg tél{ ee S ?s aaI?fes od Q lpsraq:)w det};t qﬂdatta at 5et Le wB stage. The

fol |l owi ng exarrp es 1l

ate t e synt ax nvo |ng MOVE machi ne

i nstruction altho h e scope t he resent invention is not limted in
X 4 Drasedie

this respe@diike

gse o it r el st(}%ﬁ' G- EdiStet lr*“ta*g'?"l%tuer 20

if I'CC rO=pl; Mve from poi nt er regl ster to data register when CCis false
In a%ypi GANEEDY Wt dh, S ey PRSI IGHe dlader amis taipldandn or
subroutine that may |nvoke a-g WO @QR129S5~ PCT/ US( 11/ 31-4t18 regi ster
nove oper atiidres rviod iddrdrot tvig poitner 2egidtler In this manner, an
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address may be copied from a pointer register 22 to a data
register 24 in response to a CC MOVE instruction. Notably,
in order to move data from a pointer register 22 to a data
register 24, the address may be propagated across pipelines
4. More specifically, the address may be 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. Because pipelines may be
physically separated within a processor, there may be
delays when propagating data from one pipeline to another.
Therefore, the address propagates from the DAG pipeline 12
to the EU pipeline 14 prior to the WB stage in order to
reduce the risk that the address is correctly written to
data registers 24.

Figure 4 is a flowchart illustrating an example
process 40 by which control unit 6 may implement a CC MOVE

machine instruction when the source register is a data



and a data register, such as the CC MOVE instruction described above. The
programmer may wite the software application in assenbly | anguage, as

i Il ustratwg oppodsipe 5 exanpl e above, or in a high-1level sofpcwai®ihsapguage. A
conpiler is typically invoked to process the high-level software
application and generate the appropriate machine instructions for processor
2, including the CC MOVE nmachine instruction for conditionally noving data
bet ween a yegjintterr 104 reagd siles duutkimadatan regiisdesr Mard qus mgrodi ment s of
the invention have been descri bed. For exanple, a single machine

i nstructi ardia:eers dasedidady thatorondidd onaddty, noves data between a
pointer register and a data register. The processor nmay be 15 inpl enented

in avariety ofnﬁiﬁf%é%&%a& 9enslalo PYIAQSEs g[gagftgdlja&qte;ﬁ%%ee"&

digital processing systens, |aptop conputers, pers assi stants

(PDA' s) and.cellular, .phones. 1n .such yst t he processor be coupl ed
to a memory’ glvtl coej:,a ts}gechcp & 4 F rrrgzrfjr f%ﬁ%ég eOrSté)rsetdag%tar arflom
access nmenory (SRAM, that stores, an olﬁerati ng system and ot her software
appl itati &@.P&ﬂ?é%ee LRI Gtth i R&HSH gt VAR I e % doFe REFER he
following clainms. _ g _ WO 112/ 29SS~ PCT/ USQOL1/ 31-4U8 What is clainmed is:
19 (41). During the WB stage, control unit 6 may determine
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 appropriate pointer
10 register 22 via output 27 (43). As discussed above, the
data may propagate from EU pipeline 14 to DAG pipeline 12
prior to the WB stage in order to allow the address to be
written to pointer registers 22. In one embodiment EX
stage may include three substages, to 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 register to pointer regilster

20 if 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 subroutine that may invoke a



1 1. Anethod conprising: 2 receiving a machine instruction; and 3 in
response to the machine instruction, noving data 4 between a pointer

regi ster \qo@2@9€@at a regi ster based on a 5 state of a condipCrwsof/bags 1 2.
The nethod of claim 1, wherein noving the data 2 includes copying a nenory
address fromthe pointer register 3 to the data register. 1 3. The nethod
of claim1, wherein noving the data 2 includes copying the data fromthe
dat a regi stegidtoet heode papatatiorgistelvidg oflhea npd hotk of redtdte t |
wherein the pointer register 2 and the data register are located within
different si@gesddtofrslyfsesentsptipeds nate e ot enProeesseh. 1 5. The
met hod of claim1 further including selecting a 2 first path when the

poi nter regi i rc r Dokl n i hg d path
hhen the data roatd, SoPYr L oThg ot a8 ey e P o L R, Doy

PCT/ USI | 1 ]%?1] 1 6..Th g % ' gltﬂ? Lncl wdi n ropagati ng
+2 the dat aé lr%ag%l%rg %&e%%%?ﬁf an n%ﬁ%}uga%;ﬁl |%:%%$tg%(.§l ™ %}p%\ met hod
conprising: 2 receiving a machine jnstructjon; 3 enabJri ng an out put of a
poi Nt er 1 oHF AT S RRETHRAIRE Y B PhEVHHCRT he S HEHT Ut R Uaer eith t he
pointer register is 5 adapted to store a nenory address; 6 propagating the
nenory addf @8Rl iF obht WAt exkEYit Fovekedinte REFRTE HhRlikichrlovel s
determning a state of a condition flag; and 9 witing the menory address
to a data seffiviee appkicobion ahd gengratd e Tppnephbutofmadtaing,
furtherincluding propagating2 the address froma firstpipeline toa second
pi pel i ne. 1li®st dinet et dofo of prded sFor f 2y tives i urtd nugli tige S&T tNONME tieezh rondi ti on
flag during theexecutionof a previous3 instruction. - 11 WO 02/ 29S5-1
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.



PCT/U SO1 /31.108 1 10. A nethod for noving data in a processor having a 2
plurality of pipelines conprising: 3 enabling an output of a data register
in first @ou@ekigne; , 5 propagating data fromthe data reagstansipsa
second 6 pipeline prior to a wite back stage of the first pipeline; 7 and
8 witing the data to a pointer register |located wwthin 9 the second

pi peline. 1 11. The nethod of claim 10 further including: 2 determning a
state of aygopditiensilag; ;and 3 witing the data to the pointer register
based on the 4 state. 1 12. The nethod of claim 10, wherein the pointer
regi ster 2, and i cupy different stages of the first and 3
secon pip%finegéﬁ%tégg %Eﬁéf%%gﬂgér novi ng data in a processor having a 2
plurality of pipelines, each_pjpeline havi a wite back 3 stage, the
netho% conprisiﬁ@?eévi§g a W@E&gﬁfzégépiuﬁggo%'7a§d9 to12 34
PCT/USI ) 1/ 31-4118 enabling an output of a pointer register in first

pi pel Pne; propadat FREPARSadEPeslef Parhine $+nFErupkheni neovéng dekand
pipeline prior to a wite back stage of the first pipeline; and witing the
addreés tobatdaea aeppsnber| vegtietew ehilnat Aetseteadispepebaned ¢4.aThe

met hod of claim 13 further including: determning the state of a condition
flag; sand staténgft ecdatiattont idapoi nter regi ster based on the state. 1
15. The method of claim 13, wherein the pointer register 2 and the data
regi ster occupy different stages of the first 3 and second pipelines. 1 16.
The nethod of claim 13, wherein the pointer register 2 is located in a

stage;priog to $+he fatR.H€9ESEeLim 1, wherein moving the data

2 includes copying a memory address from the pointer register
3 to the data register.

1 3. The method of claim 1, wherein moving the data

2 includes copying the data from the data register to the

3 pointer register.

1 4, The method of claim 1, wherein the pointer register

2 and the data register are located within different stages
3 of different pipelined units of a processor.

1 5. 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 -



1 17. An apparatus conprising: 2 a pointer register; 3 a data register; and
- 13 WO 1)2/ 295y PCT/U S111 /31 Q8 1 a control unit adapted to

condi ti on@id ga/2984e data 2 between the data register and pgidyyesoize@gster in
response 3 to a single machine instruction. 1 18. The apparatus of claim
17, wherein the pointer 2 register is located in a first pipeline and the
data 3 register is located in a second pipeline. 1 19. The apparatus of
claim 18, wherein the first and 2 second pipeline have a plurality of
stages, and further 3 wherein the pointer register and data register are

| ocated 4 in di r ages .t h IV I bel ine, 0.. The
appargtus %f cIéé%%ﬁ%&?%ﬁt%ﬁrcg%ﬁ%r?s#ﬁ%gﬁg%aﬁi?éﬁ%&éﬁJﬁ%@#?%é}%?gst and
second pipelines to_co nicate an 3, address framthe pojpfier register of
The Tir ot PEibetaie T A hes Atk PRbHET HTof HAREE GRACEFBEAEIRT: 1 91 “The
apparatus of claim 18 further conprising a path 2 coupling the first and
rsecond pipelines to communicate data 3 fromthe data register of the second
pipeline to the 4 address register of the first pipeline. - 14 WO

(12/ 21e. 1 PCT/ 183 Sn9ultad -4¢msrisPrg: The apparatus of clai m 20, wherein each
pi peline 2 includes a wite back stage, and further wherein the path 3
comuni cat es t hee@dtviss 4 amdbeisecomsitpageiome prior to 4 the wite back
stage. 1 23. The apparatus of claim?21, wherein each pipeline 2 includes a
writesback stagenal@Nthd Uik hettpher 8 Natheimedh SegDatami gaéegndteddafa to
the first pipeline prior to the 4 wite back stage. 1 24. The apparatus of

|l aim 17 f | | j I th
clal ”% ft:‘lél%r&ﬁécl‘lfﬁé ugh 00r @8t Lo 8 X EFHL Lo Ut d bmack ngg%é’%ﬁtﬁ%ﬁ?ﬂ e the

data from 3 pointer register to the wifte
5 adapted to store a memory address;
6 propagating the memory address through an execution
7 unit without modification;
8 determining a state of a condition flag; and
9 writing the memory address to a data register based on
10 the state.
1 8. The method of claim 7, further including propagating
2 the address from a first pipeline to a second pipeline.
1 9. The method of claim 7, further including setting the
2 condition flag during the execution of a previous
3 instruction.

- 11 -



4 nodification. 1 25. An article conprising a nedium having conputer 2
execut abl e instructions stored thereon for conpiling a 3 software program
wher ei n tyye B3RH3xYt er - executabl e 9 instructions are adapt e¢pdPu@siengte a
single machine 5 instruction to cause a programuabl e processor to 6
conditionally nove data between a pointer register and a 7 data register,
wherein the instruction causes the - 15 WO (12/215y PCT/US01/3l-108 1
programmakl ®. processosd tfof aidwd sy tdec daim 4 rgmecedddsthavpipeline to a
second pipeline. 1 26. The article of claim25, wherein the instruction 2

causes the, NiQgr arredt & {BOCASSH cdifo FPYELdhe data fromthe 3 data register
to the poiepnt er regi stese]&i 27. The rgﬁﬁti cl eéof claim 25, wherein the

processor 2 co i i peld chi he . nstruct] causes the 3
pr oc?:sor to se e%k?fgn?i%t&%%?ﬁfo%gﬁaﬁe% pset%%e“?/\hfejhpﬂtthe poi nt er
regi s{ er is, afour.ce for the data and a second 5 path through the pipeline
when the datReTelister is a 6 source for the data. 1 28. A system
conprising: 2 a nenory device; and 3 a processor coupled to the nmenory

devi ck, wher ei PIIRAFH OIS GHLF nkF e P htesIFTefStle? , 2 S22 r egi st er,
and 5 a control unit adapted to conditionally nove data between G the data
regi st er anideepbing riayise e wpltedporkestaga If sihgyl Sl psiclpireline;
instruction. - 16 WO (12/215-1 PCT/U S111 /31.108 1 29. The system of
claim 28, aMmerein the pointer register 2 is located in a first pipeline and
the data register is 3 located in a second pipeline. 1 30. The system of

cl ai g 29, wher %ﬁﬁhﬁ]f’iﬁétd@t{‘éj 56 CHNSL 2n td Petéd dies haw €] et abi tiyief
stages, and further erein 3 the pointer register and data regi ster are

located inyh diddstenti dpges. of the respective pipeline.

1 11. The method of claim 10 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 12. The method of claim 10, wherein the pointer register
2 and data register occupy different stages of the first and
3 second pipelines.

1 13. 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 -



1 31. The systemof claim?29 further conprising a path 2 coupling the first
and second pipelines to comunicate an 3 address fromthe pointer register
of the fiwgfo@opal ine to the data register of the second pgidaaisvBi1408 32.
The system of claim29 further conprising a path 2 coupling the first and
second pipelines to communicate data 3 fromthe data regi ster of the second
pi peline to the address register of the first pipeline. 1 33. The system of
cl ai my31, where} pLpeli Lngku it e nd further
wherreni;n t he pat%H%S%gﬁrr?m%ﬂi?cg%géu{t:hgka%?%ég?%w%%%%g%%nf g?%é?‘?ne prior to
4 thegwri t@é@ﬂg gt age. - 17 WO 02/ 29SS~ PCT/ US(11/31~118 1 34. The

syst em of Tarm 3 " wherein each pipeline includes 2 a wite back stage,
and fgrther wherein the, path 3 § nnunigates the.data tpo the first pipeline
prior°to the 4 RFPPRIBEERI sTRGRIIIC%E L5 E5Rt Ehiof RIRSHIDB FRrd her
including an execution 2 unit adapted to propagate the data fromthe
'poi nt ér 3 FREPREePIPBLiRe BF+PE back Yribe Weehovtagwdr®i khei Hhrsth 36. The
system of claim 28, wherein the nenory device 2 conprises static random
acces8 nenpipelingy.amfe system of claim 28, wherein the nenory device 2
conprises FLASH nmenory. - 18 .A U A3&Y.A 9Y. A & .A L2. A

&Y. A" 9 A9Y. Al 92. MOt Airdy . 0. d\dfdlibe A& Yt AU 2d N &2r APi s D D21 §cBEJ Sheeiyzupke [V
] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca
lcalie a] ctrd) seadsldapcpaljeh@lcta ,d:r " OP\ s

1 14. The method of claim 13 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 15. The method of claim 13, wherein the pointer register
2 and the data register occupy different stages of the first
3 and second pipelines.

1 16. The method of claim 13, wherein the pointer register
2 is located in a stage prior to the data register.

1 17. An apparatus comprising:

2 a pointer register;

3 a data register; and
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; s{vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l
ca] ca] ca]walogadaal cal cal] ca] ca] ca] ca! ( DEa=Pxz{ PCT/US01/31408
I'[tu{vqgl gb] X]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]
ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! J| - C9;

NPX{vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca] ca]£ ad et €l aaj o] o sied L bpecdrtditionally move data

13"]14& w nmhc”~Y] ]] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca % ca] ca] ca] ca] ca] ca] ca]

ca] caj ca] q Al £l €d Cl e £ el €Al £ G %A K! WY £ response

| wmhc”Y]]]ca] ca] ca] ca] ca] ca]ca] ca] ca] caU] ca] ca] ca ca] ca] ca] ca]cal ca] ca] ca]

Ici]l C?JQC%]I ﬁ %gél#f% %%fé‘lﬁﬁf%%$vﬁ$% vgl gb] X] ] ca] ca] ca] ca] ca] caU

] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]c
a] ca] ca! YBH WOOR &&&& M " " (?(t (}(((((
YA Y))) $* ****0e\ +{vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca
ca] ca] ca] dd ca)thg RRFTHT A gt a] V!‘faﬂl%;ed]r{:a]kl;@a ]Qllulllt?l]]fy ] &U]b j- ] s- U]
/[ 9%9©00111+3%4. 414;

4|\/I45H{6Q66pf@;tﬂrﬁtjEIZU]fcaJ]%%qfc%3] da} o ioed e au|resnl] o it djteaatal] ca] ca] ca] ca]
ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]cal p7z7}777778FOMBOL: :::: U

; =>>3>U77 @BNB{{BBCDHE- | Wwd gt Xiich 2] 4 oa]d ajigegd ldaldl ca] ca] ca] ca] ca] cal] caU] ca
] cal] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] cal] ca] ca
FF$FFGoHDI JJJJ. JIJKKKLRL>>u?7@BnB{ BBCDEF| wr | gb] Xi d_ZU] c] ca] ca] ca] cal] ca] ca]
ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca

Vit % #E,
e ()-F 7 1 (JF SO0 ()t o “HOR (21T R TS Shose ()-m
0%

Yl 0%
#1006 #( & S@C?]’b@é‘@»ﬁ%mz% %o%/é]%m 5 a0 C O (-
O3O10M & (J M Shel 60 100 () -1 A0 ()L <5 107008 () 83" 1008 {1 -
%0%& ()-3%109%& )‘E%ﬁl Y3M 10%&' ()-3& 109&' () - 3, 10%& () T
bCl V¥ 910%1*& cp) /Qt& S(t)agq_q) oy the respective pipeline.

1 20. The apparatus of claim 18 further comprising a path

2 coupling the first and second pipelines to communicate an

3 address from the pointer register of the first pipeline to
4 the data register of the second pipeline.

1 21. The apparatus of claim 18 further comprising a path

2 coupling the first and second pipelines to communicate data
3 from the data register of the second pipeline to the

4 address register of the first pipeline.
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10, 9T109%& () - F1&10%& ()- 3* $10%& () -, d: r}~?bd 10% & ()-s#H10% & ()-1Y
&10% (& ()- '3%0% (& ()-1410% & ()-1 m0% & () -
dEDQ L L0 (mdAL0% & () - LOA & () - YZLOK & () - YLO & () - IFCrIO8 ik

- SdEbC  *10% & ()-Y(z10% & ()- Y&L0% & ()- $ 10% & ()-Y' 10% & ()-f

109% & () - (aaB7C 10(9S10% & ()-!0 5&10% (& ()-Y 310% & ()- YF1Z10% & () -
/s 10% & ()-F- 109% & ()-=xnN FF %40% & ()- 9d0%& ()- 3F

109 &1 () - F22 10% B (2pPa PA0%4 &0 f ) c BALOM B [ ) whd 041 A O&A LN d;_)Ef@,\gffng/&ow
"10% & () - F& 10% & ()-39! 109% & ()-F: ! 10% & ()-3 10% &
"109% &' QEad EF 0 o1 .

L100/§ & 8 %3‘50% & E)WI?{%%%{%%)S« éE?TN/II%F %{%&@ ?,‘Eh f/i '%QIT'—'F%%TH}@% & ()-

it et T e S

10( 9S10% Fy5 X6p~} A?bCFF %0l
'1oc(y(& ()(85*8%/(‘&’}{3(38@ %’g/i(f(&lz*(‘-ie1 | }$10%(&' ()-! FOL0% (& ()-Fl 9 10% & ()-~)b
dEbCFF

1 23. The apparatus of claim 21, wherein each pipeline

2 includes a write back stage, and further wherein the path
3 communicates the data to the first pipeline prior to the
4 write back stage.

1 24. The apparatus of claim 17 further including an

2 execution unit adapted to propagate the data from the

3 pointer register to the write back stage without

4 modification.

1 25. An article comprising a medium having computer-

2 executable instructions stored thereon for compiling a

3 software program, wherein the computer-executable

| instructions are adapted to generate a single machine

5 instruction to cause a programmable processor to

6 conditionally move data between a pointer register and a
7 data register, wherein the instruction causes the

_15_



9401 ": 109% & ()-1" 1 10%& () -1 FZ10% & ()-F, "10% & ()-110% & ()-3 -10% & () -
"]1aBbCFF 940YY1 10% & ()-3@' 10% & ()-F

& @O & WwpohAdRIE & () -1 (' 10 & () -! F$"10% (& () -{\ =FF %¥cT/US01/31408

04 0%& () - &@L0Y8& ()- 10( 10( 10(9@O0% & ()-'V

594.0%6( 6( & ()-! C3L3M 109%(#(& ()- &?zdE{\=FF %F 10% & ()- "$10% & ()-Y
10% & () - FLO% & ()-Y 10% & ()- 104 & ()-27dE(\=FF 9%-+109% & ()-& 109 ()-

$ $1Q% & o'% 7 aHIAIE  )orBk A& ) -fo Mt Q& o )adBUM sl E /¢
10(, 9@ 0% & () - & 651094 & () MYS310% & () - YF110% & () - - T10% & () - 3

- 10% & ( Q% ) -1 &10%BA& 3f 10%&
"9l 1%%‘r& -1 lﬁg{ 1(])1%2[ 38%61%& ﬁjp%fﬁ%eéa” 103 10F 0 0

10%8 () - Fl & 10%8& () - s $10%18' () - F& 10%m& () - F! 10%r& ()-F

10%r& ()-T!'1119"t""dE4/ 103 10F +10% &' ()-3) 10%m& ()-F& 10%& () -
10%r& ()- F" 109%1&' () -3 . 10%1& ().- """ +#f #####dE: /| 10m

10m 310%€ q°) - I8l e e £ @ (323 "hErsviwe the fingtruction

10%h& ()-F9-10%& () - ######SVEIXY: [ 10nFY
causes the programmable processor to move the data from the

3 data register to the pointer register.

1 27. The article of claim 25, wherein the processor

2 comprises a pipeline and the machine instruction causes the
3 processor to select a first path through the pipeline when
4 the pointer register is a source for the data and a second
5 path through the pipeline when the data register is a

6 source for the data.

1 28. A system comprising:

2 a memory device; and

3 a processor coupled to the memory device, wherein the
4 processor includes a pointer register, a data register, and
5 a control unit adapted to conditionally move data between

6 the data register and pointer register in response to a

7 single machine instruction.
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109 ) - "BA0YRKS - sm& (Of J0sird 8 1 OARHRIOYF & HO it )y ' ARC
10m ! 109&' () - | 109& () 109&' ()-!1109%& ()-!11 $10%& Ep)

| 0 3**** n 0 0
S0 5SS L R i A0 e P15 1

‘"10%33()‘19}9%3305@8(2 FZI0%& )-%%O(V 1(%-I&lO‘V«&'() F$

109%& () -D-] - p- 32K )- 10 10

1 30. The system of claim 29, wherein the first and second

2 pipeline have a plurality of stages, and further wherein

3 the pointer register and data register are located in

4 different stages of the respective pipeline.

1 31. The system of claim 29 further comprising a path

2 coupling the first and second pipelines to communicate an

3 address from the pointer register of the first pipeline to
4 the data register of the second pipeline.

1 32. The system of claim 29 further comprising a path

2 coupling the first and second pipelines to communicate data
3 from the data register of the second pipeline to the

4 address register of the first pipeline.

1 33. The system of claim 31, wherein each pipeline includes
2 a write back stage, and further wherein the path

3 communicates the address to the second pipeline prior to

4 the write back stage.
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