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BACKGROUND This invention relates to stalling a programmable 5 processor.
"Pipelining" is a technique used in conventional progranmabl e processors,
such as digital signal processors, in which instructions #8 JNe2Bpped in
execution in order to increase overall processing speed. el i ned 10
processor MYWEAYy processes instructions in a nunber of PQEJ:@ "68

i nstruction noves fromone stage to the next according to a systen1c|ock
which typically has a clock rate determ ned by the sl owest

pipeline. While processing instr §§§§§5£§ﬁ§ﬁﬁ$ﬁgs’ call ed W@Mﬂ“ﬂﬂ“ﬂﬁﬁ
soneti nes prevent the next inst truction streap
executing. For exanple, a data hazard arises when an i nstruction depends
on the results of a previous instruction that has not finished fromthe

pi pel i ne. Hazards, therefore, cause the pipeline to 20 "stall" and reduce

t.he pipeline's performance. One conBBEKEBPUNDon is a hardware addition
called a

This invention relates to stalling a programmable
5 processor.

“Pipelining” is a technique used in conventional
programmable processors, such as digital signal.processors,
in which instructions are overlapped in execution in order
to increase overall processing speed. A pipelined

10 processor typically processes instructions in a number of
stages. An instruction moves from one stagé to the next
according to a system clock, which typically has a'clock
rate determined by the slowest stage in the pipeline.

While processing instructions, conditions, called

15 “hazards,” sometimes prevent the next instruction in the
instruction stream from executing. For example, a data
hazard arises when an instruction depends on the results of
a previous instruction that has not finished from the
pipeline. Hazards, therefore, cause the pipeline to

20 “stall” and reduce the pipeline’s performance.

One common solution is a hardware addition called a
pipeline interlock, which detects a hazard and stalls a

pipeline until the hazard has cleared. Typically, the
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pi peline interlock, which detects a hazard and stalls a pipeline until the
" hazard has cleared. Typically, the *@0002* 06 JUN 2005 XS 02/ 057907
PCT/ USOL/ 46899 5 10 15 20 pipeline interlock stalls the pi pBi& BN 3308

i nserting o o3@e@ba! instruction, comonly called a "NOP, " p8&ffushHshdhd €S
no operation fromthe pipeline but consunes a slot in the instruction

stream SUMVARY According to a first aspect of this invention, there is
provi ded a nethod conprising: during a first clock cycle, pre-detecting a

hazard copdiellamheminitie 1ddk Relalned tHeOGRTFN indUsy Nth e S€EQGUa Cl OCk
cycl e, generatlng a set of stall signals that |nclude |nd|V|duaI signal s

that are ReGHI ¥ J %nﬁgg fy P ASH d Ling one
or nore sta esgo eS pi B:gclq"l né accor %ﬁ%aq é{:ga set of s %ﬁj ég%FSS
wher ei n Mh%% %%%rg ﬁ%adfrom the pipeline but consumes a slot in the

insfructlon stream.
SUMMARY

According to a first aspect of this invention, there
is provided a method comprising:

during a first clock cycle, pre-detecting a hazard
condition within a pipelined processor;
10 during a second clock cycle, generating a set of stall
signalé that include individual signals that are
respectiyely specific to stages of the pipeline; and

stalling one or more stages qf the pipeline according
to the set of stall signals, wherein when the hazard
15 condition is detected in stage M of-the pipeline, where M
is a positive integer, generating the set of stall signals
comprises generating the set of stall signals to stall

stage 1 through stage M+l wherein stage M+l is downstream

of stage M.

20



condition is detected in stage Mof the pipeline, where M is a positive

i nteger, generating the set of stall signals conprises generating the set
of stall signals to stall stage 1 through stage M+l wherein stage Mtl is

downstream of stage M 2 02 JUN 2005 According to a second asP8cdUtoiBhi s
invention, there is provided an apparatus conprising: a pipeline having a
nunber of stages; and a stall controller conprising: 5 a condition

det ection circuit Pagaptddochgt & pree-seatarst aspdrdz afd Wormliinwntdienngthefe r st
clock cycle; and a stall generator adapted to generate a set of stal

si gnal s that iisnglreda dertliad dipalarsitgnalcontgrtsiatg:  respectively specific to
stages of the pipeline upstream 10 and downstream of the hazard condition,

during a second ¢ oakOWGlL HRASY o dlibdetectahdwzardhdto stall one or

nore downstream stages of the pip€line by preventing a stage from storing

information froma pr.ewi,0 1,299 AN o 418Ut J nserting nonoperati ona
instructions into% ﬁ:'é: :érs?sqscruc I on sotn)r(‘Mealm A(;q'cordi ng to a third aspect of

this inve?tion, tEFQ%an%£¥H”Qé¥§%éﬁé%”§f¥2di’“ﬁdéﬁé&é to pre-detect a
hazard condition during a first clock cycle; and
a stall generator adapted to generate a set of stall
signals that include individual signals that are
respectively specific to stages of the pipeline upstream
10 and downstream of the hazard condition, during a second
clock cycle based on the detected hazard, to stall one or
more downstream stages of the pipeline by preventing a
stage from storing information from a previous stage and
without inserting nonoperational instructions into the
15 instruction stream.
According to a third aspect of this invention, there
is provided a system comprising:
a Flash memory device; and
a processor coupled to the Flash memory device,
20 wherein the processor includes a pipeline having a
plurality of stages and a stall controller comprising:

a condition detection circuit adapted to pre-detect a

hazard condition during a first clock cycle; and

2a



a Flash nenory device; and a processor coupled to the Flash nenory device,
20 wherein the processor includes a pipeline having a pIuraIity of stages
and a stall controller conprising: a condition detection cir Eﬁﬁged
to pre-detect a hazard condition during a first clock cycle QUE

JUN 2006 a stall generator adapted to generate a set of stall signals that
i nclude individual signhals that are respectively specific to stages of the

pi pel i ne upstreama atGldowrsigreamrofaddpt dthzaay Gyedrmrtitdd N, setlird Mgstta Second
5 clock cycle based on the detected hazard to stall one or nore downstream

stages of th%lghraqlsl R athGlnedivae StrdilviRiha 108 g0 dihtvikh the hazard
condition was detected, and all stages downstream of said one stage.

According to %skswt&hfe%p%tecqffl@t% Iqentd UE dihie rﬁgélQHé %ergagf an

[
apparatus for ertin where Ni1s a p05|t|ve
between a first, instr tlon ﬁi%%e coQg |n%% uctlon in.a pipe

processor, t & d %9 &’s risi r%"ga £ TCorfdift T on det e%"ﬁltﬂ’? & r% rcelﬁ%nogdapt ed

to assert: 15_a stall enerate si gnal response top a pre- detection of a
hazar d COﬁle#@ﬁk\ﬂﬁﬁ}QJﬂ§%%%6ﬁH%he detecteéxhazaré)to stall one or

more downstream stages of the pipeline including stalling
one stage in which the hazard condition was detected, and
all stages downstream of said one stage.

According to a fourth aspect of this invention, there

10 is provided an apparatus for inserting N, where N is a
positive integer, stall cycles between a first instruction
and a second instruction in a pipelined processor, the
apparatus comprising a condition detection circuit adapted
to assert:

15 a stall generate signal, in response to a pre-
detection of a hazard condition, when the second
instruction is within stage M and the first instruction is
present in any stage between stage M+l and stage M+N, where
M is a positive integer; and

20 a stall hold signal when the second instruction is
present within stage M+l and the first instruction is
stalled between stages M+2 and M+N+1l and stage M+l is

downstream of stage M.
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instruction is within stage Mand the first instruction is present in any
* stage between stage M+l and stage MEN, where Mis a positive integer; and
20 a stall hold signal when the second instruction is present within stage
Mrl and the first instruction is stalled between stages M2 gl JivkMNpds and
stage Mtl is downstream of stage M 2b 08 JUN 2005 According to a fifth
aspect of this invention, there is provided a nethod for inserting N stal
cycles between a Atecstdimgtteicdi dhfeindaspsecovtl thisrimvenvion, atpepel i ned
processor having a plurality of stages conprising: 5 asserting a stall

generate signal bRovL3OQNSendnéd %E-ﬂ%@fﬁi&? ¥f sBalBzayd1 69ndit,08n Ween
the second instructionis within stage Mand the first instruction is

posi L1ve |t CUErs: G0 BESer TR o ol TORS o SPgRal WRSnctre Steoniied ©

positive integers,; asserting a s

instruction i t wWithin st |, and_the first instruction i
Stal | od bot wdBiOETSEes WRS At IARRTS Gy OF U W] TLRBRALES bam of st age

M and stalling one or npre stages. of the gipe]ine in 15 response to the

stall genérate si FaFCEMNg e 3t3}} $Rpgrate signal in response to a

pre—-detection of a hazard condition when the second
instruction is within stage M and the first instruction is
present in any stage between stage M+l and stage M+N, where
M and N are positive integers;

10 asserting a stall hold signal when the second
instruction is present within stage M+l and the first
instruction is stalled between stages M+2 and M+N+l and
stage M+l is downstream of stage M; and

stalling one or more stages of the pipeline in
15 response to the stall generate signal and the stall hold

signal.
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signal. 2c 0 6 JUN 2006 5 10 15 DESCRI PTI ON OF DRAWNGS Figure 1 is a bl ock
diagramillustrating an exanple of a pipelined programrabl e processor
according to an enbodi nent of the invention. Figure 2 is a block diagram
illustrating an exanple pipeline for the programuabl e process '8 Q%&g

is a block diagramfor one enbodiment of a stall controller. gure IS a
schematic diagramillustrating an exanple enbodi nent of a stall generator.
Figure 5 is a schematic diagramfor one enbodinent of an in instruction

tracking circuit. Figure 6 is SChe”BESGRﬁb@ﬁbﬁ”b%obﬁg%%;§¥80di”E”t of a
condition detector generator for a ure 7 is :
schematic di agram f@yqene £Mpg é]n@ﬂgcgf ggglql GgrdE ctor é{pg:ﬁx%g‘p% of

two-cycle stall. Flgure 8 I's scC enatlc ram

condi tion det%p%& Jf¥néﬁ‘$$8¥E fnsp AL processor according to an

embodiment:of the invention.

5
Figurg 2 is a block diagram illustrating an example
pipeline for the programmable processor.
Figure 3 is a block diagram for one embodiment of a
stall controller.
0 Figure 4 is a schematic diagram illustrating an

example embodiment of a stall generator.
Figure 5 is a schematic diagram for one embodiment of
an in instruction tracking circuit. |
Figure 6 is schematic diagram for one.eﬁbOdiment of a
s condi;ion detector generator for a single-cycle stall.
Figure 7 is schematic diagram for one embodiment of a
conditioﬁ detector for a two-cycle stall.

'Figure 8 is schematic diagram for one embodiment of a

condition detector for an N cycle stall.
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2d <08 JUN 2005 WD 02/ 057907 PCT/ USO1/ 46899 DESCRIPTION Figure 1 is a block
diagramillustrating a progranmabl e processor 2 having an execution

pipeline 4 and 5 a control unit 6. Control unit 6 controlmph ‘{w of
instructions and data. through pipeline 4. For exanple, d r{?

processi ng‘,(p&/@qg&n_strupti on, control unit 6 may direct th§C¥,%gj] H309
conponents © he 'pi peline to decode the instruction and correctly perform
t he correspondi ng 10 operation including, for exanple, witing the results
back to nenory. Instructions may be |oaded into a first stage of pipeline
4 and processed through the subsequent stages. Each stage processes
concurrently with the other stages. 15 Data passes between the stages in

pipeline 4 in accordance wth a S%ikggg&bgﬁih The results of the
instructions energe at the end of i e 4 in rapid succession.
Stall controller 8 may_detect a hazard conditjon and, asserts one or nore
stall signals tBigeae| 1pipehi Rboak Azagpemgbkivshedtbedod, stall controller

8 synchronously generates the stall signals according to system cl ock 9.
Figure 2 iptogtamnablenpesaepber p? pkévihegancevecihion pipeline 4 and

5 a control unit 6. Control unit 6 controls the flow of
instructions and data. through pipeline 4. For example,
during the processing of an instruction, control unit 6 may
direct the various components of the pipeline to decode the
instruction and correctly perform the corresponding

10 operation including, for example, writing the results back
to memory.

Instructions may be loaded into a first stage of
pipeline 4 and processed through the subsequent stages.
Each stage processes concurrently with the other stages.

15 Data passes between the stages in pipeline 4 in accordance
with a system clock. The results of the instructions
emerge at the end of the pipeline 4 in rapid succession.

Stall céntroller 8 may detect a hazard condition and
asserts one or more stall signals to stall pipeline 4. As

20 described below, stall controller 8 synchronously generates
the stall signals according to system clock 9.

Figure 2 illustrates an example pipeline 4 according

to the invention. Pipeline 4, for example, may have five



to‘the invention. Pipeline 4, for exanple, may have five 3 06 JUN 2005 WD
02/ 057907 PCTI US01/ 46899 stages: instruction fetch (IF), instruction decode

(DEG), address calculation (AC), execute (EX) and wite b@%#&m
o | e,

Instructions may be fetched froma nenory device such as,

i N Mendgy BlesAgy i Nstruction cache during the 5 first staggyrfish)dado fetch
unit 11 and decoded during the second stage (DEC) by instruction decode
unit 12. At the next clock cycle, the results are passed to the third
stage (AC), where data address generators 13 cal cul ate any nmenory

a0dr eoses sty OB ORAY 244 | (TG LA 2ERCHLERRe 2 B8E) { .

execution unit 15, perforns a speci at1on suc anpl e,

addi ng or tJ ol yi u s. Executio it 15 may contain

speci al i zeaé{q;yaerg wac‘?/é{el ofra/%er gpsr#)n’g ?%eecu(t)kpeer Q'E)?)gn%n%nﬁhﬁ? nB,aCE(I)I(WE)(aITpl e,
one or rnore rit rr.eticloicuitsh%%SfdéALUEé, floati ng-point units (FPU)
and barrel O S, M3, R tSE Ry BERPRY | @AVEES eRBENt BN unit 15

such as the addresses generated by data address generators 13, data

retri eved A0 R%ANRYS, IRdr RRIEQLY @F i&VenTiowsuhen ceghetdusing thering
the final stage (WB), the results are 20 witten back to data nenory or to
dat a & egi Siierst stage (IF) by fetch unit 11 and decoded during the

second stage (DEC) by instruction decode unit 12. At the
next clock cycle, the results are passed to the third stage
(AC), where data address generators 13 calculate any memory
addresses to perform the operation.

10 During the execution stage (EX), execution unit 15,
performs a specified operation such as, for example, adding
or multiplying two numbers. Execution unit 15 may contain
specialized hardware for performing the operations
including, for example, one or more arithmetic logic units

15 (ALU’s), floating-point units (FPU) and barrel shifters. A
variety of data may be applied to execution unit 15 such as
the addresses generated by data address generators 13, data
retrieved from memory 17 or data retrieved from data
registers 14. During the final stage (WB), the results are

20 written back to data memory or to data registers 14.

The stages of pipeline 4 include stage storage
circuits, such as stage registers 19, for storing the

results of the current stage. Stage registers 19 typically



The stages of pipeline 4 include stage storage circuits, such as stage
registers 19, for storing the results of the current stage. Stage
registers 19 typically 4 08 JUN 2006 WO 02/ 057907 PCT/ U801/¢1§8‘ﬁm hgch the
results according to the systemclock. Stage registers 19 celve the

stall si whi ch control whether or not stage regi g latch
Ig@ @/035%07 Fég@ﬁ?lﬁ%ﬁ%r 8

the resu rom the previous stage. In this manner, stal
may 5 synchronously stall one or nore stages of pipeline 4. Notably,
controller 8 effectively freezes pipeline 4 wthout inserting

non- oper at{ opaj, &nétfgs&iegsa&é §%§ B&“ERetgﬁg%gﬁt§88&k9” §§§§ m In

addition, as discussed I1n nore detal el ow, s contro 8 may
detect a hazard, condjtion one oy, nor ycles pri to,_the condition
arising sUCRSLRAE St aPI SePhRal s Fab T ver Gt afh By 88k ForErPom
storage <circuits, such as flip-flops, which are capable of supporting
hi gh fan- otReERgEi PENRAESSLRUPL RRPMBERIS 159 pipEFhnkhe Besdlrst f&omt ai n
additional hardware to tenporarily store the results of an operation until
the stallthendrevbpupostaager &Ri Shés Wagonees, 3stald ppotkodiagr &mmay

il lustrating one
5 synchronously stall one or more stages of pipeline 4.

Notably, controller 8 effectively freezes pipeline 4
~ without inserting non-operational instructions (“NOPS”)
into the instruction stream.
In adaition, as discussed in more detail below, stall

10 controller 8 may detect a hazard condition one or more
cycles prior to the condition arising such that stall
signals 18 may be generated by outputs from storage
circuits, such as flip-flops, which are capable of
supporting high fan-out requirements. Furthermore,

15 pipeline 4 need not contain additional hardware to
temporarily store the results of an operation until the
stall condition no longer exists.

Figure 3 is a block diagram illustrating one
embodiment of stall controller 8. Stall controller 8 may

20 include stall generator 32, condition detector 34, and
instruction tracking circuit 33. As described in detail
below, instruction tracking circuit 33 outputs one or more

stage indication signals 36 that indicate the presence of




enbodi nent of stall controller 8 Stall controller 8 may 20 include stal
generator 32, condition detector 34, and instruction tracking circuit 33.
As described in detail below, instruction tracking circuitg@3yNupgsits one
or nore stage indication signals 36 that indicate the presence of 5 0 8
JUN 2005 wW®oe379677907 PCT/ US01/ 46899 one or nore types of POHUSME6BENS inN
t he various stages of pipeline 4. For exanple, instruction tracking
circuit 33 nmy assert a particular stage indication signals 36 when a
branch instruction is within the address cal cul ation (AC) 5 stage of

pi pel i ne #neGoremgrey typest rafctinat tucicidomy in rche tvaBidesestsgéheof
presence of various types of instructions that, when present in certain

st ages, cipdated imehazar Faoradidngire, rfﬁﬂhﬁ&éﬁh¢hFE&&@Elﬂgtélﬁéaik Bgr one or
nore cycles. 10 Instruction tracking circuit 33 asserts stage indication

signal s 3Gads et i2lgar fiaAard CRUSI G AdSE S UES ) °£‘§?1f1$?¥" 36hGREgh ot he

various stages of pi peline 4. Condition detector ecel ves stage

1l ) O AR S K o 141 o5y WIEL NS0 AL £0La L6, B EBETERCO! (e

instructi ons varl ous stage of I'ne cause hd2al i f

Sso, the nurgo%re ooff B’lpe a&. pi peline 4 needs to be

Generally, instruction tracking circuit 33 detects the
presence of various types of instructions that, when
present in certain stages, create a hazard condition
requiring pipeline 4 to stall for one or more cycles.

10 Instruction tracking circuit 33 asserts stage indication
signals 36 as potentially hazard causing instructions flow
through the various stages of pipeline 4. Condition
detector 34 receives stage indication signals 36 and
determines whether or not the presence of the instructions

15 in the various stage of pipeline 4 cause a hazard and, if
so, the number of cycles that pipeline 4 needs to be
stalled. Condition detector 34 may assert hazard condition
signals 35 for one or more cycles when a hazard is detected
in pipeline 4. Stall generator 32 receives hazard

20 condition signals 35 and, based upon the detected hazards,
may assert stall signals 18 to stall one or more stages of

pipeline 4 for one or more cycles.



stalled. Condition detector 34 may assert hazard condition signals 35 for
" one or nore cycles when a hazard is detected in pipeline 4. Stal
generator 32 receives hazard 20 condition signals 35 and, ?ﬂ'Uﬁﬂg t he
detected hazards, may assert stall signals 18 to stall on r #D e stages
of pipeline 4 for one or nore cycles. 0 8 JUN 2005 WO 02/ 057907

PCT/ US01/ W&wsﬁ%ure 4 is a schematic diagramillustrati nﬁcyHSMﬁﬂ e
enbodi ment of stall generator 32. Stall generator 32 may receive a nunber
of hazard condition signals 35, such as stall-condition-1 through

stal |l -conditi ons sser%j(ra]ad when f)Jr respective statl

8 ughi{h.S may be . f
condition has beeltqet et et TS/ CBRH ¢ i GHE Bt bHUSYHEa5HRI | #But si gnal s
are for exenplary purposes only; for exanple, stall generator '32 may
recei ve ar§X3fiRbReremiodiment ik stall ¢nRF2EORS3Z or Stablvaenensterages of
pipeline 4. 10 In response to hazard condition signals 35, stall generator
32 may gend? deay sreté¢lvd ghnatemlddr tof shazd rd pteeditntor. sBymkls geber at or 32
may produce a plurality of stall signals 18, which correspond to the
stages of syiipeds netalll Fosnexaigh el vhesugh tfedl Stedbhdronsht 8 pnwiien 15
stall-condition-2 is asserted, and processor 2 is not in reset, stal
genergt or W2y By A5§6Fted hehsh ad | rdbp OB PP stall condition has been
detected by condition detector 34. The input signals are
for exemplary purposes only; for example, stall generator
32 may receive any number of different stall conditions for
the various stages of pipeline 4.
10 In response to hazard condition signals 35, stall
generator 32 may generate stall signals 18 to stalll
pipeline 4. Stall generator 32 may produce a plurality of
stall signals 18, which correspond to the stages of
pipeline 4. For example, when either stall condition_1 or
15 stall_condition_2 is asserted, and processor 2 is not in
reset, stall generator 32 may assert the stall wb output
signal, resulting in a stall of the WB stage of pipeline 4.
Notably, the stall wb output signal is used to generate
stall output signals for earlier stages of pipeline 4, such
20 as the stall ex output signal. More specifically, stall
generator 32 asserts the stall_ex output signal when

stall_condition_3, stall_condition_4 or stall_wb is

asserted and processor 2 is not in reset. 1In this manner,



signal, resulting in a stall of the WB stage of pipeline 4. Notably, the
stall _wb output signal is used to generate stall output signals for
earlier stages of pipeline 4, such 20 as the stall ex outpug@sjgnams Mre
specifically, stall generator 32 asserts the stall-ex output signal when
stal | - conWiota2@579®7 stall-condition-4 or stall_wb is asser pegd gfldyopcessor
2 isnot inreset. In this manner, - 7 06 JUN 2005 WD 02/057907

PCT/ US01/ 46899 a stall in the WB stage forces a stall in the EX stage.
Stall generator 32 simlarly generates the stall ac and stall _dec signals

based on ianddgdideint trex B congk t fONGe8SaWeth1 8Sigt @hEsEknslt_gﬁ@r stages of

pipeline 4. 5 Figure 5 illustrates an exanpl e embodi ment of truction
tracking @y tgeaeeztgr@r pjpvéﬂﬁ‘ﬁléf Cgehdph£aL1 PReS S 36,44 the
illustrated enbodi nent, i nst ruc??onety esé%ragﬂgegrgrg%ht—ofea ClaI t hough

the inventdiQn 'ée@q':tlds ﬁg ael as4 s&ghinéé?%rél léogﬁtéraggkl ng CI rcuit 33 10

provi des three'output I gnal's |nd|cat|ng feghdifieps as
i nstructi 1Y RE; té%ﬁﬁIYPE%gn N?T TYPE EX and | NST_TYPE1L WB. These
signal s i narcare tH esth Sti9St Phsb+RetiBR fype within the AC, EX

and \WWB stage, respect] velf/
5 Figure ustrates an example embodiment of

instruction tracking circuit 33 that provides stage
indication signals 36. 1In the illustrated embodiment, two
instruction types may be monitored, although the invention
is not limited as such. Instruction tracking circuit 33

10 'provides three output signals indicating the presence of a
first instruction type: INST_TYPEl AC, INST_TYPE1l EX and
INST_TYPEl_WB. These signals indicate the presence of a
first instruction type within the AC, EX and WB stage,
respectively.

15 In addition, instruction tracking circuit 33 provides
a single output indicating the presence of a second
instruction type: INST_TYPE2 AC. This signal signal
indicates the presence of a second type of instruction
within the AC state of pipeline 4.

20 Instruction tracking circuit 33 receives a number of
inputs including INST_TYPEl DEC and INST_TYPE2 DEC. These
instructions are provided by decode logic within control

unit 6 and are asserted when a first instruction type or a



15°In addition, instruction tracking circuit 33 provides a single output

i ndicating the presence of a second instruction type: INST_TYPE2 AC. This
signal signal indicates the presence of a second type of ig§gﬂmc?hgn
within the AC state of pipeline 4. 20 Instruction tracking circui 3

recei ves wougrsggo7of i nputs including INST_TYPE1L _DEC and pipiisdiYREge DEC.
These instructions are provided by decode logic within control unit 6 and
are asserted when a .first instruction type or a 8 0 8 JUN 2005 WD 02/ 057907
PCT/ US01/ 46899 second instruction type is present and decoded within the

decode st agfsod®Siest ued Yon Bojde Of s t BesSent 0BRL Sq8EEedURL LAL R hQ ensure
that the instruction in the decode stage is valid and has not

been’ * ki | Icatkaad o5t RIAMRL e by 81 §py | Nshppt bene SLLgAM changi pgedue to a

branch condition, e Instructron has no in the
decode st o dhe.presence of _.a first instruction type cayses,an asserted
signal to é%}ﬁi;ﬁ%aE?w%ﬂﬁﬁf?rﬁp%%rF%% b?siFFﬁtl?Pobg Bﬁeage?ﬂ%einstruction
flows throwgqé?ipeline_4. The 10 asserted signal is further qualified at

each stage®te%§ n¥ afddidi3nd hasdree Beenhekabtedd. t fpe eramphetPyiction is

detected in the decode stage and propagated
5 the instruction stream changing due to a branch condition,

and that the instruction has not been stalled in the decode
stage. The presence of a first instruction type causes an
asserted signal to propagate through the series of flip-
flops 51 as the instruction flows through pipéline 4. The
10 asserted signal is further qualified at each stage.
Similarly, the presence of the second type of
instruction is detected in the decode stage and propagated
through a single flip-flop to provide the output
INST _TYPE2 AC. The progression of the second type of
15 instruction could be monitored through all of the stages;
however, the example described below detects the presence
of the second type of instruction within the AC stage.
The example circuits described below illustrate
example logic for stalling the second type of instruction
20 within the AC stage when the second type of instruction
follows the first type of instruction in the instruction

stream and inserting one or more “bubbles” between the



through a single flip=flop to provide the output |INST_TYPE2_AC. The

" progression of the second type of 15 instruction could be ﬁD@I{j gbﬁ@hrough
all of the stages; however, the exanple described bel ow det

presence _of the second type of instruction within the AC stage. The
exanpl.e cEWPP%escribed below illustrate exanple | ogic PCIFUSHLA$89ng t he
second type of instruction 20 within the AC stage when the second type of
instruction follows the first type of instruction in the instruction
stream and inserting one or nore "bubbles" between the - 9 06 JUN 2005 WO
02/ 057907 FREIIBHYPSsoD Sesbractipe ardj kber férpbntyne ofie first type of
instruction. Figure 6 is a schematic diagramof exanple circuitry 60
within condistouctibomctor 34 for detecting a hazard and 5 stalling
pipeline 4 for a single cycle. Mre specifically, circuitry 60 generates a

stall conditiorFsggnal 6 ssch sshemathiccapdytbmnos e&aﬁbgureiécuﬁQ&gstal|ing
the AC stage of pipeline 4 for a single clock cycle when the second type of

instructiogo fwldions Ebsaitish bypecebri 98t EHet HaRebRihhealBalASh Ueld ON
stream Notably, condition generator 60 generates sta I-conéltlon-S

synchy onousd ¥ S84 L0BE1ine 4 for a single cycle. More specifically,

circuitry 60 generates a stall condition signal, such as
stall_condition_5 of Figure 4, for stalling the AC stage of
pipeline 4 for a single clock cycle when the second type of
instruction follows the first type of instruction in the

10 instruction stream. Notably, condition generator 60
generates stall_condition 5 synchronously such that .
stall _condition_5 is provided directly from a clocked
storage circuit, such as flip-flop 65.

In the illustratéd embodiment, the circuitry 60

15 inserts a single bubble between the first instruction and
the second instruction as the instructions propagate
through pipeline 4. AND gate 66 asserts
STALL_GENERATE_SIGNAL 62 when an instruction of type 1 is
in the AC stage, an instruction of type 2 is in the decode

20 stage and the instruction of type 2 is a valid instruction,
has not been stalled and has not been killed. At the next
clock cycle, as instruction 1 and instruction 2 propagate

to the AC and EX stages respectively, storage circuit 65
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stall-condition-5 is provided directly froma clocked storage circuit,

" such as flip-flop 65. In the illustrated enbodi nent, the cirgc itry 60 15
inserts a single bubble between the first instruction and

instructi instructions propagate through pipelin te 66
assert.s gg%fﬁf%%ﬁERATE SI GNAL 62 mﬁe% an |nstrugt|gnpof FS%“§@M§*&?n t he
AC stage, an instruction of type 2 is in the decode 20 stage and the
instruction of type 2 is a valid instruction, has not been stalled and has

not been k A o] I ion 1 and tnstruction
2 propag at%gkggefhgTégg ENE§A§Fa§ggﬁ¥gsggc?§9eﬁa£EH?%rage CIrCUIt 65 - 10
0 6 JUN 20 CT/ 6899 | at ches.STALL GENERATE' S| GNAL 62
and output§é§¥§Lgaﬁ§iéﬁ$ﬁ€E i Pe6858%850§232 ARt CPReNREXT CLPE&K

cycl e, assunlng that a, stall condltlon is not present in the EX stage or

| oner st agB¥cd pFﬁéPWﬁBg4thFﬁeaa§§éﬂﬁl ﬁn916F°8TAELn€EhEF¥ﬁ€R¢5l@auses t he

second instruction to stall in the AC stage while the first+instruction
propagat esthe EXhetwBespigéowehessbygesnoér pipglanbuBlbl ehbetesenttiba two
instructions. If, however, there had been a stall in the' EX stage, AND

gate 67 wookdsSmavd_aoNeiTedNSPAbkulklesDLBeCNALond instruction to stall

in the AC stage while the first instruction propagates to
the WB stage, thereby inserting a bubble between the two
instructions. If, however, there had been a stall in the'
EX stage, AND gate 67 would have asserted STALL_HOLD_SIGNAL

10 64 while the first instruction was stalled in the EX stage
and the second instruction 2 stalled in the AC stagé.
STALL_HOLD_ SIGNAL 64 causes storage circuit 65 to ﬁaintain
STALL_CONDITION_S signal until the first instruction is no
longer stalled in the EX stage, at which point a single

15 bubble is inse;ted between the instructions during the
following clock cycle. The stall ex input to AND gate 67
ensures that when the EX stall is released,
STALL_HOLD_SIGNAL 64 will be deasserted in time so as to
not insert an extra unwanted bubble.

20 Figure 7 is a schematic diagram of example circuitry
70 within condition detector 34 for detecting a hazard and
inserting two bubbles between a first instruction and a

second instruction when the first instruction is of type 1

- 11 -



1064 while the first instruction was stalled in the EX stage and the
second instruction 2 stalled in the AC stage. STALL HOLD _ &\ Ay ggscauses
storage circuit 65 to maintain STALL-CONDI TION-5 signal until the first

i nstruct i WO 62951907 | onger stalled in the EX stage, at whi clrcpaisoi/aggosi ngl e
15 bubble is inserted between the instructions during the follow ng clock
cycle. The stall-ex input to AND gate 67 ensures that when the EX stall is
rel eased, STALL-HOLD-SIGNAL 64 will be deasserted in tine so as to not
insert anaext rtheussdret] indthhetizth RQWE t7 46 2, schepati ¢ di agr am of
exanple circuitry 70 within condition detector 34 for detecting a hazard

anpl _ | W . ( :
and i nsergiield i 10upbl Eisr hgtmeem @ Jﬁa{ﬁts'Eﬁéry&éw@ﬁﬁgvé@%cﬁﬁﬁﬁggge VO

instruction when the first instruction is of type 1 -

021 057907 JRETRESAVABIhand difie AEEaNG ddshidel boMhbe BlnLyRe.2. (hBr e

specifically, circuitry 70 sta second T ns i on-i st age
until the fi.rst.,instruction has conpleted the wite back stage. 5 In the
iIIustratg&ﬁﬁﬁu?|€kﬂ#§a%ﬁﬁLL-GENERATEJSIGNAL 72 is asserted when a valid

and qualified instructjon of t(Pe 2 is present in the decode stage of
pi peldi ne 4 and In the 1illustrat embodiment, STALL_ GENERATE SIGNAL

72 is asserted when a valid and qualified instruction of
type 2 is present in the decode stage of pipeline 4 and
instruction of type 1 is present in the EX stage or the AC
stage qf pipeline 4. Thus, during subsequent clock cycles,

10 STALL_GENERATE_SIGNAL 72 causes storage circuit 75 to
assert STALL_CONDITION 6 signal. Assuming that a stall
condition does not exist in a lower stage of pipeline 4,
two bubbles are inserted between the first instruction and
the second instruction. The second instruction is allowed

15 to propagate through pipeline 4 when the first instruction
clears the WB stage.

STALL HOLD_SIGNAL 74, however, is asserted when the
second instruction type is present in the AC stage and the
first instruction type is either stalled in the WB stage or

20 present in the EX stage. STALL_HOLD_SIGNAL 74 causes
storage circuit 75 to maintain STALL_CONDITION_ 6 signal
until the first instruction clears the WB stage. The

stall_wb input signal to AND gate 76 ensures that when the
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instruction of type 1 is present in the EX stage or the AC stage of

pi peline 4. Thus, during subsequent clock cycles, 10 STALL GENERATE_SI GNAL
72 causes storage circuit 75 to assert STALL _CONDI TI ON 6 signal. Assum ng
that a stall condition does not exist in a |ower stage of gyg peNi 4, two
bubbl es are inserted between the first instruction and the secon

i nstruct i We.02D8®0%3econd instruction is allowed 15 to propaREr/ESeimesesgh

pi peline 4 when the first instruction clears the WB stage.

STALL- HOLD- SI GNAL 74, however, is asserted when the second instruction
type is present in the AC stage and the first instruction type is either
stall ed i 'WB hetadB stsageeloya < pr3ilili_ HOLD I @R Lt ayevi BTAbé 'HOLD SI GNAL 74
causes storage circuit 75 to maintain STALL _CONDI TION 6 signal: until the
first instdaiddrt&d eid scine B £4 age . ndheinsé at | ambek hpalt usigmesédt o AND
gate 76 ensures that when the - 12 0 6 JUN 2005 WD 02/ 057907

PCT/ USOL/ 46891 B stall is rel eased, STALL-HOLD-SIGNAL 74 wll be
deasserted in time so as to not insert an extra unwanted bubble. Figure 8

|s a schematic Pi@%f‘r% of o exapl &bl { CUh 4 ¥ S 80 T OLaip P dE LELL RYya stall

condition in stag star | ] ng

5 80 for pre-detecting a stall condition in stage M, stalling
the second instruction in stage M+1l, inserting N bubbles
between the first instruction and the second instruction.
STALL_GENERATE_SIGNAL 82 is asserted when an instruction of
type 2 is within stage M and an instruction of type 1 is

10 present in any stage between stage M+l and stage M+N.
Similarly, STALL_HOLD_SIGNAL 84 is assérted when an
instruction of type 2 is present within stage M+1,.i.e.,
the stage immediately following the stage in which the
stall condition is pre-detected, and an instruction of type

15 1 is stalled in any stage between stage M+Z and stage
M+N+1l. The stall stage(M+N+1l) input to AND gate 85 ensures
that when the stall of stage M+N+1l is released,
STALL_HOLD_SIGNAL 84 will be deasserted in time so as to
not insert an extra unwanted bubble.

20 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 can be
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the second instruction in stage Mrl, inserting N bubbles fween the first
“instruction and the second instruction. STALL- GENERATE- S MUN

assert edvofeens@or i nstruction of type 2 is within stage Mendsalesoo
instruction of type 1 is 10 present in any stage between stage Mt and
stage MEN. Simlarly, STALL HOLD SIGNAL 84 is asserted when an
instruction of type 2 is present wwthin stage Mtl, i.e., the stage

i mredi at eimp feldredndir he Wi agey rohl wde drhe 1 fdBhdic@ngbhépPm i s
pre-detected, and an instruction of type 15 1 is stalTed I n any stage
between $hagR cﬁ,{ggl i . Jihe I i hput to AND
gate 85 ensur essw?ct hat ﬁhﬁest%égés}?%l Idlr(}%%'ését%g%rﬁ%%%hg%%%%% d,

STALL- I i e deasserted in tinme so as t not insert an
extra m&%%“ﬁ#’e&% {)Paerl%jsoour}sa ré)]tﬁfl%n]nt%s%‘fsﬁmt? n\e%%?ﬁ)n #9e been
descri bed. .For. exanpl e, a single machine instruction has been described
that condiildHAT P - dat™h BHRRSEEt b nthe PERFSTBPL andly abelat a

regi ster. The processor can be - 13 0 6 JUN 2005 WO 02/ 057907
PCTAUSOLFASEIFT R eneRReRE Y rievice i etychfasyatBhash memoi ngdeenee al

pur pose conputing systens, digital processing systens, |aptop conputers,
personal odl @i tstlatdssisAradnrs d»e s)mamiky (SRAM), that may store an

operating system or other software applications. These and

other embodiments are within the scope of the following

claims.
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cellul ar phones. In such a system the processor may be 5 coupled to a
menory device, such as a Flash nenory device or a static random access
menory (SRAM), that nmay store an operating systemor other software
applications. These and other enbodinments are within the scope of the
followwng clains. 0 6 JUN 2005 CLAIMS: 1. A nethod conprh% ng: during a
first clock cycle, pre-detecting a hazard condition wthi aJ@Nﬁﬂﬂined
processor; during a second clock cycle, generating a set of stall signals
that include individual signals that are respectively specific to stages
of the pipeline; aBHAEMAF|ing one or nore stages of the pipeline according
to the set of stall signals, wherein when the hazard condition is detected
in stage Moflthe pipethnd, comheieiMiis a positive integer, generating the
set of stall signals conprises generating the set of stall signals to
stall stage 1 throaghistyagefMitwbeoekncgtage pMridésedovngt senaratdst age
M 2. The nmethod of claim1l further conprising: during the first clock

gYSLE’ gener atbRgieishalkth9gngrpi gesi88al ptoc8:3bk; t he pipeline for one

during a second clock cycle, generating a set of

stall signals that include individual signals that are

respectively specific to stages of the pipeline; and
stalling one or more stages of the pipeline

according to the set of stall signals, wherein when the

hazard condition is detected in stage M of the pipeline,

where M is a positive integer, generating the set of

stall signals comprises generating the set of stall

signals to stall stage 1 through stage M+l wherein stage

M+1 is downstream of stage M.

2. The method of claim 1 further comprising:

during the first clock cycle, generating a stall
generate signal to stall the pipeline for one clock
cycle; and

during the first clock cycle, generating a stall
hold signal based on the hazard detected to stall the

pipeline for one or more additional cycles.

15



cycle; and during the first clock cycle, generating a stall hold signal
based on the hazard detected to stall the pipeline for one or nore
additional cycles. 15 08 JUN 2005 3. The nethod of claim1, wherein said

stalling conprises preventing a stage from | atching reSU|t§lﬁémW‘ﬂl$
previous stage. 4. The nethod of claim1 further conprising: eterm ni ng

whet her a current stall condition already exists in the pipeline; and

del aying the stall signal based on the determ nation. 5. The method of
claim1l further conprising storing the stall signal in a storage circuit
when the det eZted Thazagthe@quf resaimrd thaerelsisie sy@l&irgal | of the

pi peline. 6. An apparatus conprising: a pipeline having a nunber of stages;
and a stall comproséerprevpnisngga atzoaditoonlaetking onesuttsi fradapt ed
to pre-detect a hazard condition during a first clock cycle; and a stal
gener at or adaptedi dos genggate a set of stal

4. The method of claim 1 further comprising:
determining whether a current stall condition
already exists in the pipeline; and
delaying the stall signal based on the

determination.

5. The method of claim 1 further comprising storing the
stall signal in a storage circuit when the detected
hazard requires more than a single cycle stall of the

pipeline.

6. An apparatus comprising:

a pipeline having a number of stages; and

a stall controller comprising:

a condition detection circuit adapted to pre-detect
a hazard condition during a first clock cycle; and

a stall generator adapted to generate a set of stall
signals that include individual signals that are

respectively specific to stages of the pipeline upstream

16



signals that include individual signals that are respectively specific to
stages of the pipeline upstream 16 08 JUN 2005 and downstream of the hazard
condition, during a second clock cycle based on the detected hazard, to
stall one or nore downstream stages of the pipeline by prevsntinsﬂﬁ st age
fromstoring information froma previous stage and wi t hout 0 BnddY g
nonoperational instructions into the instruction stream 7. The apparatus
of claim®6, wherein the stall controller conprises an instruction tracking
circuit having one or nore stage indication output signals indicating a
presence of omedofowpsereyPest ofhe|nazaidt FORSLTHOR hed$¥ Hig@sa ofeEhed
pi peline, and further wherein the condition detection circuit pre-detects
the hazard babedkonythe stage ¢ndikatiencouepuazdyhal 8¢ 8taTheompparat us
of claim®6, wherein the stages conprise pipeline registers having wite
enabl e i nput smépe dewrsvecihessiqbts SfgtiadspiPelThe lapparatast bigchai m 6,
wherein the stall controller receives a clock signal and synchronously
generates thessigl! £8b@N3tSrac§0i AE BB 0ibher £bACK psé@hadhs stage and
without inserting nonoperational instructions into the

instruction stream.

7. The apparatus of claim 6, wherein the stall
controller comprises an instruction tracking circuit
having one or more stage indication output signals
indicating a presence of one or more types of
instructions in the stages of the pipeline, and further
wherein the condition detection circuit pre-detects the

hazard based on the stage indication output signals.

8. The apparatus of claim 6, wherein the stages
comprise pipeline registers having write enable inputs to

receive the stall signals.

9. The apparatus of claim 6, wherein the stall
controller receives a clock signal and synchronously
generates the stall signals according to the clock

signal.
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170 8 JUN 2005 10. The apparatus of claim9, wherein the stall controller
conprises a storage circuit adapted to output the stall signal at | east
one cycle of the clock signal after detecting the hazard condition. 11.
The apparatus of claim®6, wherein the stall generator 1is adapted to output
stall signals for stages 1 through M+l of the pipeline when the condition
detection unit detects the hazard condition in stage M wit® oUM 2008 a
positive integer. 12. The apparatus of claim6, wherein the condition
detection unit includes a stall generate output signal to stall the
pi peline for one clock cycle and a stall hold signal to stall the pipeline
for one or nore additional cycles. 13. A systemconprising: a Flash nenory
devi ce; and alpr otessappepaphedof octhemFP ashherebrn ytievéitell wherein the
processor includes a pipeline having a plurality of stages and a stal
control |l er cogpfitsdhyer 18o0br Ik 2005t arsgadeitoni tedd@spton toroutpuadapt ed
to pre-detect a

the stall signal at least one cycle of the clock signal

after detecting the hazard condition.

11. The apparatus of claim 6, wherein the stall generator
is adapted to output stall signals for stages 1 through
M+1 of the pipeline when the condition detection unit
detects the hazard condition in stage M, where M is a

positive integer.

12. The apparatus of claim 6, wherein the condition
detection unit includes a stall generate output signal to
stall the pipeline for one clock cycle and a stall hold
signal to stall the pipeline for one or more additional

cycles.

13. A system comprising:

a Flash memory device; and

a processor coupled to the Flash memory device,
wherein the processor includes a pipeline having a

plurality of stages and a stall controller comprising:

18



hazard condition during a first clock cycle; and a stall generator adapted
to generate a set of stall signals that include individual signals that
are respectively specific to stages of the pipeline upstream and
downstream of the hazard condition, during a second clock cycle based on
the detected hazard to stall one or nore downstream stages L ﬂ‘l’fb%pel i ne
including stalling one stage in which the hazard condition was detected,
and all stages downstream of said one stage. 14. The system of claim 13,
wherein the stall controller conprises an instruction tracking circuit
havi ng one ora @Preélsiagedeharehol onl beeputadrphal ste MRFeadeheCh dresence
of one or nore types of instructions in the stages of the pipeline, and
further wherehamzéahé condition ddetegt# ohicst culechreydetecandt he hazard
based on the stage indication output signals. 15. The system of claim 13,
wherein the stagesaceoupiisgenprpedbrnedapygedt eosgaerage wi set enfibseal bput s
to receive the stall signals. 19 06 JUN 2005 16. The system of claim 13,
wherein the stajhatontret! enclugseingsvadehdeki ghgnal tiagd syachronously

generates the stall signals according to the clock signal
respectively specific to stages of the pipeline upstream
and downstream of the hazard condition, during a second
clock cycle based on the detected hazard to stall one or
more downstream stages of the pipeline including stalling

one stage in which the hazard condition was detected, and

all stages downstream of said one stage.

14. The system of claim 13, wherein the stall controller
comprises an instruction tracking circuit having one or
more stage indication output signals indicating a
presence of one or more types of instructions in the
stages of the pipeline, and further wherein the condition
detection circuit pre-detects the hazard based on the

stage indication output signals.

15. The system of claim 13, wherein the stages comprise
pipeline registers having write enable inputs to receive

the stall signals.
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17: The system of claim 13, wherein the stall controller conprises a
storage circuit adapted to output the stall signal at |east one cycle of
the clock signal after detecting the hazard condition. 18. The syst em of
claim 13, wherein the stall generator is adapted to output al | s nal s
for stages 1 through M1 of the pipeline when the condition eﬂ@% n unit
detects the hazard condition in stage Mwhere Mis a positive integer. 19.
The system of claim 13, wherein the condition detection unit includes a
stall generate S|%nal to stall the pipeline for one clock cycle and a
stall hold sighal TheoSEshen @ﬁe%@bréllge ferohe brenpralhdePrtbailetycl es.
20. An apparatus for inserting N, where Nis a positive integer, stal
cycl es betweercaeivestai asockicsionahnand sgechndndnsty ueenenaias atpepel i ned
processor, the 20 08 JUN 2005 apparatus conprising a condition detection
circuit adaptedliosagsels:aacstalhggenetiasecsograsighallresponse to a pre-
detection of a hazard condition, when the second instruction is within
stage Mand the first instruction is present in any stage between stage
M- and stage MtN,

17. The system of claim 13, wherein the stall controller
comprises a storage circuit adapted to output the stall
signal at least one cycle of the clock signal after

detecting the hazard condition.

18. The system of claim 13, wherein the stall generator
is adapted to output stall signals for stages 1 through
M+1 of the pipeline when the condition detection unit
detects the hazard condition in stage M where M is a

positive integer.

19. The system of claim 13, wherein the condition
detection unit includes a stall generate signal to stall
the pipeline for one clock cycle and a stall hold signal

to stall the pipeline for one or more additional cycles.

20. An apparatus for inserting N, where N is a positive
integer, stall cycles between a first instruction and a

second instruction in a pipelined processor, the

20



where Mis a positive integer; and a stall hold signal when the second
instruction is present wwthin stage Mtl and the first instruction is
stal l ed between stages M+2 and M:tN+1 and stage Mrl is downstream of stage

M 21. The apparatus of claim 20, wherein the stall generator further
conprises a clocked storage circuit to output a stall cEBINCNGI gnal
based on the stall generate signal and the stall hold signal. 22. The
apparatus of claim21 further conprising a stall generator adapted to

generate a set of stall signals based on the stall condition signal. 23.
The appar at us?RP2ER B Q0P T+ The? 2 oRPREST hon afetemst PucE I BALEF acki ng
circuit having one or nore stage 21 06 JUN 2005 indication output signals

i ndi cati ng a pilacepdetofadperbr nore types of instructions in the stages
of the pipeline, and further wherein the condition detection circuit
asserts the stall geseadligansrgbal sagwal heistadspdwse tsignatebased on the
stage indication output signals. 24. A nethod for inserting N stall cycles
between a firgétethsdfiucti onhandra sescondidbmstwiet i Oe i fle@ofpd pel i ned

processor having a plurality of stages conprising:
instruction is within stage M and the first instruction
is present in any stage between stage M+l and stage M+N,
where M is a positive integer; and
a stall hold signal when the second instruction is
present within stage M+1 and the first instruction is

stalled between stages M+2 and M+N+1 and stage M+1 is

downstream of stage M.

21. The apparatus of claim 20, wherein the stall
generator further comprises a clocked storage circuit to
output a stall condition signal based on the stall

generate signal and the stall hold signal.

22. The apparatus of claim 21 further comprising a stall
generator adapted to generate a set of stall signals

based on the stall condition signal.

23. The apparatus of claim 20 further comprising an

instruction tracking circuit having one or more stage
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asserting a stall generate signal in response to a pre-detection of a
hazard condition when the second instruction is within stage Mand the
first instruction is present in any stage between stage Mtl and stage M+N,
where M and N are positive integers; asserting a stall hold siggainviegs t he
second instruction is present wwthin stage Mtl and the first instruction
is stalled between stages M2 and MrN+1 and stage Mtl i s downstream of
stage M and stalling one or nore stages of the pipeline in response to
the stall generate signal and the stall hold signal. 25. The nethod of
claim 24, furim@iczbhprieihgut 221i96a SN 2ODG2ElBEK? NRrePRNGE aPf Gepepht e
signal and the stall hold signal into a storage circuit on a first clock
cycle; and ourputtivigea sfalhstonditioon shghla¢ $rapes hef stloe agepetineuit on
a second clock cycle. 26. The nmethod of claim 25 further conprising
generating aanetroeftkeéal vhsrghal shbaseddobnishedstatticonditcaent signal.
27. A method as in claiml, wherein said generating

asserts the stall generation signal and the stall hold

signal based on the stage indication output signals.

24. A method for inserting N stall cycles between a first
instruction and a second instruction in a pipelined
processor having a plurality of stages comprising:

asserting a stall generate signal in response to a
pre-detection of a hazard condition when the second
instruction is within stage M and the first instruction
is present in any stage between stage M+l and stage M+N,
where M and N are positive integers;

asserting a stall hold signal when the second
instruction is present within stage M+1 and the first
instruction is stalled between stages M+2 and M+N+1 and
stage M+l is downstream of stage M; and

stalling one or more stages of the pipeline in
response to the stall generate signal and the stall hold

signal.

25. The method of claim 24, further comprising:
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conprises, based on said pre-detecting, determining a set of signals to be
produced, wherein said set of signals which may have a single individual
signal for each stage of the pipeline, or signals for fewer stages then
each stage of the pipeline. 28. An apparatus as in claim6, Bhﬁhg' sai d
stall generator determ nes said set of signals to be produc% on
said detecting by said condition detection circuit, and where said set of
signals may include a single individual signal for each stage of the

pi peline, 23 06 JUN 2005 or signals for fewer stages then each stage of the
pi peline. 29. A syeterkandihhelafad 139enmer et nSs@ia! staf | theeher bt or

determ nes said set of signals to be produced based on said detecting by
sai d conditiormobietetynah 1eiecai $tonnde whkreuthi onsatfbfski ghatk my
include a single individual signal for each stage of the pipeline, or
signals for feywiestages then each stage of the pipeline. 30. The nethod
as in claim1, wherein said stalling conprises freezing pipeline

operations W thoutohfisetting anooeperash@nelonhnsigrgl i oASmi the &borage
Instruction stream

circuit on a second clock cycle.

26. The method of claim 25 further comprising generating
a set of stall signals based on the stall condition

signal.

27. A method as in claim 1, wherein said generating
comprises, based on said pre-detecting, determining a set
of signals to be produced, wherein said set of signals
which may have a single individual signal for each stage
of the pipeline, or signals for fewer stages then each

stage of the pipeline.

28. An apparatus as in claim 6, wherein said stall
generator determines said set of signals to be produced
based on said detecting by said condition detection
circuit, and where said set of signals may include a

single individual signal for each stage of the pipeline,
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31: An apparatus as in claim1l, wherein said stall generator creates
signals that prevent a pipeline from saving values of a previous pipeline
and wi thout inserting nonoperational instructions into an instruction

stream 24 06 JUN 2005

or signals for fewer stages then each stage of the

pipeline.

29. A system as in claim 13, wherein said stall
generator determines said set of signals to be produced
based on said detecting by said condition detection
circuit, and where said set of signals may include a
single individual signal for each stage of the pipeline,
or signals for fewer stages then each stage of the

pipeline.

30. The method as in claim 1, wherein said stalling
comprises freezing pipeline operations without inserting

nonoperational instructions into an instruction stream.

31. An apparatus as in claim 1, wherein said stall
generator creates signals that prevent a pipeline from
saving values of a previous pipeline and without
inserting nonoperational instructions into an instruction

stream.
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