WO 02/ 029557 PCT/ USO01/ 42533 RESETTI NG A PROGRAMVABLE PROCESSCOR BACKGROUND
This invention relates to resetting a progranmable processor. A

pr ogr ammewbe2eBeEssor, such as a m croprocessor for a cecpUiser/41383 a
digital signal processing system typically supports one or nore

mechani snms for initializing the processor into a known state. For exanple,
conventional processors often include an interface pin to support a "hard

reset” in response to aRE@ﬁ?%Iﬁétﬁ0@RObﬁAﬁQQELEO@RocﬁggﬁﬁntiOnal processors
support a "soft reset” 1 i T iated by software
running on the processor. DESCRI PTION OF DRAWNGS Figure 1 is a bl ock
diagramillustrating an exanple of a pipelined programrabl e processor
according to the invention. FigureBRCKERQUEBhenatic illustrating an
exanpl e execution pipeline according to the invention. Figure 3 is a

timng di agram fuishenvehkashr atiagesheéo resetting a programmable

processor.

A programmable processor, such as a microprocessor for
a computer or a digital signal processing system, typically
supports one or more mechanisms for initializing the
processor into a known state. For example, conventional
processors often include an interface pin to support a
“hard reset” in response to a reset button. In addition,
conventional processors support a “soft reset” in which the
reset process 1s initiated by software running on the

pProcessor.

DESCRIPTION OF DRAWINGS

Figure 1 is a block diagram illustrating an example of
a pipelined programmable processor according to the
invention.

Figure 2 is a schematic illustrating an example
execution pipeline according to the invention.

Figure 3 is a timing diagram further illustrating the

reset process.



reset process. - 1 WD 02/029557 PCT/ US01/ 42533 Figure 4 is a schematic
diagramillustrating exanple circuits for resetting the processor

accor di ngwoeuokssTi nvention. Figure 5 is a flowhart il | u®CratsSongsan
exanpl e process for resetting the pipelined processor. DESCRI PTION Figure
1is a block diagramillustrating a programable processor 2 having an
execution pipeline 4 and a control unit 6. Control unit 6 controls the
flow of instructions and data through pipeline 4 for every clock cycle.
For exanple, during the processing of an instruction, control unit 6
directs the vargolis £Omponent sonalalhe BipELINe 10, decnde,d he dstLuction
and correctly performthe correspondi ng operation 1ncluding, exanpl e,
witing the results_back to nmenory. lnstructions are Joadgd i.nto a first
stage of pipefine® %O%nﬂe%?%%%%%e%h? RoUGR T he SUBREqUEht "2t Hyes. Each

st age prqﬁgggggiggncurrently with the other stages. Data passes

Figure 5 is a flowchart illustrating an example

process for resetting the pipelined processor.

DESCRIPTION

Figure 1 is a block diagram illustrating a
programmable processor 2 haviﬂg an execution pipeline 4 and
a control unit 6. Control unit 6 controls the flow of
instructions and data through pipeline 4 for every clock
cycle. For example, during the processing of an
instruction, control unit 6 directs the various components
of the pipeline to decode the instruction and correctly
perform the corresponding operation including, for example,
writing the results back to memory.

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

between the stages in pipeline 4 in accordance with a



between the stages in pipeline 4 in accordance with a 2 WD 02/029557

PCT/ US01/ 42533 systemcl ock. The results of the instructions energe at

t he end owotohe2955pel ine 4 in rapid succession. Reset unit PBTIGSeE4#2533
processor 2 in response to three types of reset requests: (1) a hard reset
(hard-reset), typically caused by a user cycling power or pressing a
reset button, (2) a soft reset (soft-reset), typically initiated by

sof t war e appliGatd Qs Xl | g PN PrOCaSRON nod riaitd dnd) e@zﬁb%@'a’ﬁ or reset,
typically iI'ssued by an in- circuit hardware enmulator (1 CE). Reset unit 8

detects a  ,reset.conditi ﬁ(ﬁ({j fri it andler; 44 of the reset
request. I%:vheente danodfgdrﬁél?t&l nc urlaé;sgllggi%@(r}ir recelé\%lno’g];;n and handling all
system events that occur. wthin processor 2 nd, as_explai,ned.in detail
bel ow, handl es esfeeiée‘{mrfe\c,ﬁ.]e% Seﬁ% B HY gHE pr i%rlir% yrees\peonrfs.e Iﬁoggcrher
illustrates an exanple pipeline 4 according to the jnvention. Pipeline 4,
for exanplie/PHasLT ¥RSCtEeRFse st hst Flktd It PR AT hstTi”t i on decode

(DEC), address calculation (AC), execute (EX) and wite back (WB).
typically caused by a user cycling power or pressing a

reset button, (2) a soft reset (soft reset), typically
initiated by software applications executing on processor
2, and (3) an emulator reset, typically issued by an in-
circuit hardware emulator (ICE). Reset unit 8 detects a
reset condition and informs event handler 14 of the reset
request. Event handler 14 includes logic for receiving and
handling all system events that occur within processor 2
and, as explained in detail below, handles a reset request
as a high-priority event.

Figure 2 illustrates an example pipeline 4 according
to the invention. Pipeline 4, for example, has five
stages: instruction fetch (IF), instruction decode (DEC),
address calculation (AC), execute (EX) and write back (WB).
Instructions are fetched from memory, or from an
instruction cache, during the first stage (IF) by fetch
unit 21 and decoded during the second stage (DEC). At the

next clock cycle, the results are passed to the third stage



I nstructions are fetched fromnenory, or froman instruction cache, during
the first stage (IF) by fetch wunit 21 and decoded during the second stage
(DEC). AtwDhe/2938xt cl ock cycle, the results are passed t®@Crhsot/insssl st age
- 3 WD 02/029557 PCT/ USCQL/ 42533 (AC), where data address generators 23
cal cul ate any nenory addresses that are necessary to performthe
operation. During the execution stage (EX), execution unit 25, perforns

t he specif (&) opetiaté ofasachddses$ Ofepxedmd €s 23@&1@%%@&%%%@ t wo
nunbers. Execution unit 25 nmay contain specialized hardware for pertorm ng

the operatd@iifessde| gk P0ard Ofic SXSIPE L. £ ONGe B o AR N AT b HABL | Gy | 0gi C uni ts
(ALU s), floating-point units (FPU and barrel shifters. A variety of data

may be applied 5&%?%0%4) oL, Ui &5 29 Sﬁ&gcibvggm%)t heegggggisgr@su g€e£§t ed by

dat a address gener rs 23, data retri r'om menory or aTetrieved

fromdata regl S, . 24, mrlgjg%;dthe fi,nal stage (WB), the results are

{
witten tpa% cés%rgs(r:la{f%e Bhory t PGt PR g ST rES 24t OFHEE of

pi peline 4(5 clude storage cjrcuits 27, such as flip-flops, for storing
"valid bi t2%5HHi Satf tIplying two numbers. Execution unit 25 may

contain specialized hardware for performing the operations
including, for example, one or more arithmetic logic units
{ALU’ s), floating-point units (FPU) and barrel shifters. A
variety of data may be applied to execution unit 25 such as
the addresses generated by data address generators 23, data
retrieved from memory or data retrieved from data registers
24. During the final stage (WB), the results are written
back to data memory or to data registers 24.

The stages of pipeline 4 include storage circuits 27,
such as flip-flops, for storing “valid bits” indicating
whether the instrpction held by the corresponding stage is
a valid instruction and should be processed. Initially,
fetch unit 21 sets an instruction’s corresponding valid bit
when the instruction is successfully fetched and decoded.
The valid bit propagates through the storage circuits 27 of
pipeline 4 as the instruction is processed.

In order to effectively and quickly reset the

processor 2, and to reduce the often excessive power



whet her the instruction held by the corresponding stage is a valid
instruction and should be processed. Initially, fetch unit 21 sets an

i nstruct iwo'0g/02956T espondi ng valid bit when the instructi @eaTisoswssessful |y
fetched and decoded. The valid bit propagates through the storage circuits
27 of pipeline 4 as the instruction is processed. In order to effectively
and quickly reset the processor 2, and to reduce the often excessive power

- 4 VIO 0202904 iRAT/ SO f2533 + CoNSWPtiBn durd g /58l JLS€4 unit 8
clears the vali bits when a reset event is accepted by reset handl er.

Vb g en ¢ ° € eline 4.
re spegitically, ar%esteﬂ“lelégﬁco;ﬁf%ﬁ%ﬁeﬁ?gefﬁﬁ]ﬁﬁpdf&. phpeld ne

whi ch clears storage circuit 2 ereby 1'nvalidating the
instruction held wi.thin the |F stage. During subseq t k .cycles, the
storage GHCHTES DT Yo ﬁ?ﬁ??{ﬁ%ﬁ%?%dj§?§§%§géﬁﬁﬁ% egﬁgéﬁﬁﬁﬁﬁl RESET i s
deasserted, effectively invalidating the contents of pipeline 4. Figure 3

is a tinm mgRfddicat f ot $19ast rSiaRES et T Feidet? prifcdde i4F response to

a reset condition including,
stage, thereby invalidating the instruction held within the

IF stage. During subsequent clock cycles, the storage
circuits 27 of the remaining stages are cleared until
SE_RESET is deasserted, effectively invalidating the
contents of pipeline 4.

Figure 3 is a timing diagram further illustrating the
reset process in response to a reset condition including,
for example, a hard reset, a soft reset or a reset from an
emulator. Notably, reset unit 8 is responsive to the
length of time the RESET REQ signal remains active and, in
particular, is adapted to hold SE_RESET active after the
reset signal has been removed in order to ensure pipeline 4
is fully initialized. More specifically, reset unit 8
assets SE_RESET for at least N clock cycles after the reset
request is deasserted, where pipeline 4 is N stages deep.

As discussed in detail below, reset unit 8 and event
handler 15 support a synchronous reset in that a reset
request is treated as a high-priority event that may reset

processor 2, depending on the priority of any other pending



for exanple, a hard reset, a soft reset or a reset froman enulator.

Not ably, reset unit 8 is responsive to the Ilength of tinme the RESET_REQ
signal rewein®296tive and, in particular, is adapted to ROTAWSBE4RESET
active after the reset signal has been renoved in order to ensure pipeline
4 is fully initialized. More specifically, reset unit 8 assets SE RESET
for at least N clock cycles after the reset request is deasserted, where

pi peline 4yiLstN skagesedaers AssdhsaHssedqinqdghaiih1bekowrihgsgh unit 8 and
event handl er 15 support a synchronous resef in that a resefl request is

treated a Lah-priari t d di

i o el 0 1R e
i gure S t i il Lustrati . I di f

Feget uni {o8SERASCUBH RaRdIer LLEIORe BRI HBAt A GBCErroba) dhe T eset

unit 8 interacts with event handler 14 to ensure that a single cycle pulse

on any ofVERE PEEELSIngdt £0i $NSULEI Ehéht ot §iRGLRy CYELE PHAGS PRI FPYl i ze

pipeline 4. Reset unit 8 has three inputs for receiving three types of
reset condit itbasreBARDIRPSES, is sufficient to fully reset and

initialize pipeline 4. Reset unit 8 has three inputs for
receiving three types of reset conditions: HARD RESET,
SOFT RESET and EM RESET. In addition, reset unit 8
receives EM_RESET CLR that is asserted when the emulation
reset request has been cleared, respectively.

Event handler 14 includes two registers: ILAT register
41 and IPEND register 42. The ILAT register 41 includes a
number of bits for storing requested events that have not
been serviced. An “event” is any action or occurrence to
which processor 2 must respond including, for example,
entering emulation mode, interrupts and exceptions. ILAT
register 41 is cleared when the event is taken by event
handler 14. 1IPEND register 42 is a status register that
includes a corresponding bit for each event. Once
processor 2 accepts an event and, for example, invokes a
corresponding service routine, event handler 14 sets the
appropriate bit within IPEND register 42 and clears the

corresponding bit in ILAT register 14. Event handler 14



SOFT RESET and EM RESET. In addition, reset unit 8 receives EM RESET CLR
that is asserted when the enmul ation reset request has been cleared,
respect i WebDy2/08s6nt handl er 14 includes two registers: |LACTrESgi/$1583 41
and | PEND regi ster 42. The |LAT register 41 includes a nunber of bits for
storing requested events that have not been serviced. An "event" is any
action or occurrence to which processor 2 must respond including, for

exanpl e, enLariyg t%@ls%lt% HRde o &@%W%%ﬁ@@re@e%' gn%he' LALn ¢l €gi ster
41 is cleared when the event is taken by event handl er | PEND reglster

42 is a st%Egicre@dﬂfyhéﬂygfuﬂﬁgludes a correspondi ng b|t for each event.
Once processor accepts an event and, for exanple, invokes a

correspondi ng service o utj.ne, .event handl er 14 sets the appropriate bit
S hi e CPEND 46 £re AP C en Y SFiho DG A S fanGERG i € PRSPLAT I ogi St o1
14. Event handler 14 6 WD 02/029557 PCT/US01/ 42533 clears, the status
bit of | PENB tegiSstiére £2ammen Mg esfemriosdtyi e¥endut Midhr @d¥ns. In one

enbodi nent, event handler 14 treats a reset
emulation mode having a higher priority. When a reset

event 1s received and processor 2 is in emulation mode, the
reset event is not taken until processor 2 exits from
emulation mode.

When HARD RESET is asserted for at least one clock
cycle, signal 43 clears the reset event bit of IPEND
register 42, thereby clearing any pending reset events.
Next, after a second clock cycle, signal 49 sets the reset
event bit within ILAT 41 to record the pending reset event.
Event handler 14 accepts the reset event when processor 2
is not in emulation mode and asserts RESET MASKED REQ 46 to
indicate that reset unit 8 may generate a reset pulse.

More specifically, AND gate 45 drives RESET_MASKED REQ 46
high when: (1) ILAT register 41 indicates that a reset
event has been accepted, (2) processor 2 is not in
emulation mode (EM MODE) and (3) there is not a current
emulation request (EM _REQ). Reset unit 8 latches

RESET MASKED REQ 56 into a series of storage circuits 47



event as the second highest priority event, with only enulation node
having a higher priority. Wien a reset event is received and processor 2
is in emnwateoewsabde, the reset event is not taken until PoTAISer$2583 2 exits
from enulation node. When HARD RESET is asserted for at |east one clock
cycle, signal 43 clears the reset event bit of IPEND register 42, thereby
clearing any pending reset events. Next, after a second clock cycle,

signal 49 3RS f he J88elyc1RENtcRidi N tdH REdAT 4l HO JB8GA/A ddie ypending
reset event. Event han&ier 14 accept’s the reset event when processor 2 is

not in emiation made, s Asert RESELAMMSIER 76Q 46 o Jugl cate that

reset unit may “gener a rese ul'se. re specific D gate 45

drives RESET MASKED REQ 46 high en: (1) ILAT reqgister 41 jndicates that
a reset event TeEn raecsceécptcg)dq,ﬂ(%‘)onpr]n%é’sos Onzgeiq% df?gieqﬁr?d’erﬁﬁsaeﬁ on node
(EM MODE) and (3) there is not a current _enulation request (EM REQ . Reset
unit 8 | attds RESETIMEIEDS RESG 38 MHT dSdiq &Lt stforfdge oi rcddi ts 47 -
7 WD 02/ 029557 PCT/ USOL/ 42533

the case of a hard reset, AND gate 48 drives HARD RST FEDGE

44 high when a falling edge is detected on HARD RESET.
Alternatively, EM RESET CLR is asserted when an emulation
reset request is cleared, respectively. Assertion of
either of these two signals causes AND gate 44 to output a
zero, thereby clearing the reset event bit within ILAT
register 51. This in turn clears RESET_MASKED REQ 46 and,
N clock cycles later, clears SE RESET. In this fashion,
reset unit 8 holds SE RESET active for N clock cycles after
a reset condition is removed.

IPEND register 42 is cleared when SE RESET is
deasserted and when the RST EXIT signal is asserted,
typically upon the conclusion of an event handling service
routine by the execution of a return from interrupt
instruction (RTI).

Figure 5 is a flowchart illustrating an example
process 40 for resetting processor 2. First, reset logic 6
receives a reset request, such as a hard reset request

generated when the user presses a physical reset button.



over N clock cycles, causing SE RESET to be active for N clock cycles
after RESET_MASKED REQ 56 is deasserted. Wen the reset condition is no

| onger deweamRmezbssTeset wunit 8 instructs event handl er 14PCo/tShE#®sS3BE
RESET. In the case of a hard reset, AND gate 48 drives HARD RST_FEDGE 44
hi gh when a falling edge is detected on HARD RESET. Alternatively,

EM RESET CLR is asserted when an enul ation reset request is cleared,

respect i vty ¢ ASSSF ti.0R Ofes 'tf@%@%ﬁbeﬁ@sé%ﬂ@n@ fefazem D gate 44

to output a zero, thereby cleari the reset event bit wthin ILAT

regi ster is in turn clears, RESET. MASKED REQ 4 nd, N c¢]ock cycles
ater: ol cbnNlfeadblt g SR O SERR T D Aol S0REaeT
active for N clogé c%cles after a reset condition is_ renpved, .] PEND

regi ster 4TS AeEfed Wheh 'St REETF 5 Heastertdrahd wierPdRe =t Exi T
signal is asserted, typically upon the conclusion of an event handling
service rRASHaBIL theSekectlie orPRFCRIFRERUALYE rbtn TR Briepistehstt uction
(RTI). Figure 5is a flowhart illustrating an exanple process 40 for
resetting @f czessorhandRerst4d tesetcoongi the event request (51).

After receiving the reset request and updating ILAT
register 41, event handler 14 checks whether processor 2 is
in emulation mode or whether an emulation request is
pending (52). - When no longer in emulation mode, and no
emulation request is pending, event handler 14 marks the
reset event as accepted by setting the appropriate bit of
IPEND register 42 and clearing the appropriate bit of ILAT
register 41 (53).

Next, event handler 14 asserts SE RESET (54) and
monitors the reset requests to detect when the reset
request is removed. For example, a software reset request
typically lasts for a single clock cycle but a hard reset
request may last many clock cycles depending on how long
the user presses the reset button.

After the reset request is removed (55), reset unit 8
holds SE_RESET for an additional N cycles to propagate
cleared valid bits through pipeline 4, thereby marking the

stages of pipeline 4 as invalid (56). As described above,



receives a reset request, such as a hard reset request generated when the
user presses a physical reset button. 8 WD 02/029557 PCT/US01/ 42533 Next,
for hard wesewn29séquests, reset unit 8 resets the | PEND r egiraiset/42423 t o
clear the reset event bit one clock cycle after receiving the hard reset
request. In addition, reset unit 8 sets the appropriate bit in |ILAT
register 41 of event handler 14 to record the event request (51). After

recel Vi ng e dissled QAUIARE A YAHNG AT Jads Rl Al Aventy handl er

14 checks er processor in emulation node or er an enul ation
el at 1 on PERueSt T N g QURRS ATl B AL E T KE The Thsal BUGht as
e appr opiasH BIAE SRR L4955 ot L4 (SHVCIA TRt Hand er 14
asserts SE-RESET (54) and nonitors the reset requests to detect when the
reset redgifestsedrts dim\RERETof> Ox &l irelsigfe ark aeessds rigiiestha ypical |y
| asts for a single clock cycle but a hard reset

initialized state by issuing a reset address to fetch unit

21 (58). The reset address is typically the starting

address for a reset service routine and may be read from a

vector table or external input pins. When the reset

service routine finishes execution, event handler clears

the appropriate bit of IPEND register 42 to indicate

completion of the reset process (59).

Various embodiments of the invention have been

described. For example, a pipelined processor has been

described that includes a reset unit that provides an

output reset signal to at least one stage of an execution

pipeline. The reset unit handles reset requests, such as

hard resets, soft resets and emulation resets, as a reset

event having an assigned priority.

The processor can be implemented in a variety of
systems including general purpose computing systems,
digital processing systems, laptop computers, personal

digital assistants (PDA’s) and cellular phones. 1In such a

system, the processor may be coupled to a memory device,

- 10 -



request may | ast many cl ock cycles depending on how |l ong the user presses
the reset button. After the reset request is renpoved (55), reset unit 8
hol ds SE WB3E/M2456T an additional N cycles to propagate clpearusdi/¥aBid bits
t hrough pipeline 4, thereby marking the stages of pipeline 4 as invalid
(56). As described above, - 9 WD 02/029557 PCT/ US01/ 42533 the cleared
valid bits prevent instruction fetch unit 21 fromfetching instructions,

causi ng pLOe@sQr a2 FIQsEORRHE y |3 ROWST sdUkibRg of eselior/bleks cycles,
reset unit 8 deasserts SE RESET (57) and plpellne 4 proceeds fromthe

initialized stale By SSLE'h%Qh%tro%%%t a%d%%%%rt g g GRS 2he(58) . The

reset addiess i’s typi éll e starting I a reset service

routine and may be read fr0n1a vector table or exter nput i ns. \Wen
the reset §5WéF@eaP€ iR 130 sh e@fe@ﬁ%ISR%egvgﬁg ﬁ&ﬁﬁl 8I§ars t he
appropriate bit of |PEND reqlster 42 to indicate conpletion of the reset

process (%9Fhivatibeuscomsod for LOMd N9 FREMSn have been descri bed.
For exanple, a pipelined processor has been

- 11 -



described that includes a reset unit that provides an output reset signal
to at | east one stage of an execution pipeline. The reset unit handl es
reset regweIL®29ssuch as hard resets, soft resets and enulpaTiusnl/#x3®ts, as
a reset event having an assigned priority. The processor can be
inplenented in a variety of systens including general purpose conputing
systenms, digital processing systems, |aptop conputers, personal digital

assi stants (PDfhs)k anrd geliddsar; ghones. In such a system the processor
may be coupled to a nenory device, - 10 WD 02/029557 PCT/ US01/ 42533 such
as a FLASH nenory device or a static random access nenory (SRAM, that

stores an oper%thrég: SYStem Qther software applications. These and ot her
enbodi rrents are In thep%;lcoglte&eof the following claims. - 11 WO

02/ 029557 PCT/ USOl/.42533 Wat i t i ng:
receiving a reduest to & easeﬁeqélepsfcpgﬁ r%%ﬁr C%jc §§e&l%%0p%drocc%@3rs

clearing a valid bit within a stage of the pipelined
processor in response to the reset request; and

propagating the cleared valid bit to subsequent stages

of the pipelined processor.

2. The method of claim 1 further including handling the

reset request as a high-priority reset event.

3. The method of claim 2, wherein the reset event has a

priority lower than at least one other event.

4., The method of claim 2 further including accepting the
reset event based on priority levels of other pending

events.

5. The method of claim 4 further including synchronously
generating a system reset signal when the reset event is

accepted.

- 12 -



clearing a valid bit within a stage of the pipelined processor in response
to the reset request; and propagating the cleared valid bit to subsequent
stages oWwothe29sspel i ned processor. 2. The nmethod of cl ai ®CI/UdSor/43583

i ncluding handling the reset request as a high-priority reset event. 3.
The met hod of claim2, wherein the reset event has a priority |ower than
at | east one other event. 4. The nethod of claim2 further including

accepting ¢ he miRsefc@veNtobasied O pPrivdddh |g€é_\/rﬂ4r%19ﬂcn<ﬁtﬂ}?é fRendmng
events. 5. The nethod of claim4 further including synchronously

generatin ysi: e 'ﬂ%ﬁlnﬂﬂﬁﬂ: %%ﬂﬁ | - 12
WO 02/ 029%%%%%@0‘%7 i%g%%l . The ne%ﬁldsrl?q%ﬁ% m ,ﬂﬁhter?ééi g%r%%rati ng
the system reset, signal, i ncludes synchronousl| enerating the system
reset si grfal® esﬁgél%]ur"ﬁﬁrbna chu%atﬁa% Orf(e)saet ar]'yeoh S srea(ﬁleﬁhceafsgt/ %he cl ock
cycle. 7. The nethod of claim2, wherein handling the reset

least one clock cycle.

7. The method of claim 2, wherein handling the reset
request as an event comprises setting a bit within an event

received register (ILAT).

8. The method of claim 7, wherein handling the reset
request as an event further comprises clearing a bit within
an event status register (IPEND), prior to setting the bit

within the ILAT register.

9. The method of claim 1, wherein receiving a reset
request includes receiving one of a hard reset request, a

soft reset request and an emulation reset request.

10. The method of claim 1, wherein the pipelined processor
has N stages, and further including propagating a cleared
valid bit to the subseguent stages for at least N cycles of

a clock signal.

- 13 -



request as an event conprises setting a bit wwthin an event received
register (ILAT). 8. The nethod of claim 7, wherein handling the reset
request awoanp/ozssent further conprises clearing a bit w thiPeT/tzsn1/€58ht
status register (IPEND), prior to setting the bit wthin the |ILAT
register. 9. The nmethod of claim1l, wherein receiving a reset request

i ncl udes receiving one of a hard reset request, a soft reset request and

an emul ation ressl FeaSstor 10a1thes methach&f & dindher&igt

pi pel i ned processor has N st ages, and further |nclud|ng propagatrng a

ol ook si gﬁré S B 0 7hes RETRD D A3 15 o Fat a8 ol ai m 3
further cor rising accepting the reset event after hlgher-prlorlty event s

have been °SSErViT®ed. 12. A nethod conprising: receiving a request to reset
a pipelined processor; and

12. A method comprising:

receiving a request to reset a pipelined processor;
and

handling the reset request as a reset event having an

assigned priority.

13. The method of claim 12, wherein the reset event has a

priority lower than at least one other event.

14. The method of claim 12, wherein receiving a reset
request includes receiving one of a hard reset request, a

soft reset request and an emulation reset request.
15. The method of claim 12 further including accepting the

reset event based on priority levels of other pending

events.

_14_



handling the reset request as a reset event having an assigned priority.
13. The nmethod of claim 12, wherein the reset event has a priority |ower
t han at |we/oznse7 ot her event. 14. The nmet hod of cl ai m 12 PCRAESOE#2333
receiving a reset request includes receiving one of a hard reset request,
a soft reset request and an enul ation reset request. 15. The method of
claim12 further including accepting the reset event based on priority

I evel s of @theﬁh@eﬁgkﬂgd %fe@&§1m 1é4fu¥€h@%/93855é18§7/9%@%&6%5&%1y16 The

met hod of cIa|n112 further i ncludi ng synchronously génerating a system

reset signal 1 ?%%%m?¥%ggtlél ﬁ%ﬁthgq t%é rgg@tngbgﬁg 9% claim 12,
Pﬁe re | ﬁC

wher ei n hgﬁ8F|ng request udes synchronously generating the
system reset %nal when a duratlon of a hard reset request is at |east
one clocka€§8P§e 18. The nethod of claim 12, wherein handling the reset
request as an event conprises setting a bit within an event

17. The method of claim 12, wherein handling the reset
request includes synchronously generating the system reset
signal when a duration of a hard reset request is at least

one clock cycle.

18. The method of claim 12, wherein handling the reset
request as an event comprises setting a bit within an event

received register (ILAT).

19. The method of claim 12, further comprising accepting
the reset event after higher-priority events have been

serviced.

20. The method of claim 12 further including:

clearing a valid bit within a stage of the pipelined
processor when the reset event is accepted; and

propagating the cleared valid bit to subsequent stages

of the pipelined processor.

- 15 —



received register (ILAT). 19. The nethod of claim 12, further conprising
accepting the reset event after higher-priority events have been

servi ced.wP®2/014587 net hod of claim 12 further including: clpeanisng4z3yalid
bit wwthin a stage of the pipelined processor when the reset event is
accepted; and propagating the cleared valid bit to subsequent stages of
t he pi pelined processor. - 15 WD 02/029557 PCT/ US01/ 42533 21. The net hod

of claim 33, whekeidthbe Rispelliangd 1207 QeRssan hae Niglkagesq and further
i ncluding propagating a cleared valid bit to the subsequent stages for at

| east N %.yg%lc%%.s%fr aCS! “Rlckst%ig%%al anf £ h%&pﬁrn@:tl'ﬁa%e i rﬂo?a@%:ti‘fi‘l@ a

execution-pipelineg having a plurality of stages, n the stages

i nclude storage circuits.for storin valid. bits; reset .unit. _hayj ng an
output r e§3teagfie&1glaicl&gﬁletd %o t%t eS%éofee FESn Sﬁclar?eel%i r%%t téﬂj‘tclrleeaarshct \hﬁe valid

bit of at |east ,
cycles of a clock signal.

22. An apparatus comprising:

an execution pipeline having a plurality of stages,
wherein the stages include storage circuits for storing
valid bits;

a reset unit having an output reset signal coupled to
the execution pipeline to clear the valid bit of at least
one of the storage circuits; and

a control unit adapted to propagate the cleared valid

bit through the storage circuits of the execution pipeline.

23. The apparatus of claim 22, wherein the reset unit is
adapted to assert the reset signal in response to one of a
hard reset request, a soft reset request and an emulation

reset reguest.

24. The apparatus of claim 22, wherein the execution

pipeline comprises N stages and the reset unit is adapted
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one of the storage circuits; and a control unit adapted to propagate the
cleared valid bit through the storage circuits of the execution pipeline.
23. The awpaearass7 of claim 22, wherein the reset unit is PadaOELRBD assert
the reset signal in response to one of a hard reset request, a soft reset
request and an enul ation reset request. 24. The apparatus of claim 22,
wherein the execution pipeline conprises N stages and the reset unit is

adapt ed -tolélss\éQtoaf%Z%ﬂeﬂ:@ 1/42533 1taAsseldydike rarset signal for
at | east cycles of a clock. The apparatus of claim 22, wherein the

execution Cﬁgllne has N stages and the reset unit conprises: N1
serially coup ed storage circuits adapted to propagate the reset signal; an
OR gate receiving the reset signal fromthe serially coupled storage
units; and a storage circuit adapted to receive an output of the OR gate

n rovi he r i gnal h i.on
and pro de t e eesa%pasragcuas ot ctlael eXZeCUtwhOereln the execution

pipeline has N stages and the reset unit comprises:

N-1 serially coupled storage circuits adapted to
propagate the reset signal;

an OR gate receiving the reset signal from the
serially coupled storage units; and

a storage circuit adapted to receive an output of the
OR gate and provide the reset signal to the execution

pipeline.

26. A programmable processor comprising:
an event handler having an event status register
(IPEND) adapted to procesc a reset request as an event
having an assigned priority, wherein the reset request is
one of a hard reset request and a soft reset request; and
a reset unit adapted to output a system reset signal

when the event handler accepts the reset event.

27. The programmable processor of claim 26 wherein the

event handler comprises:
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pi peline. 26. A progranmmbl e processor conprising: an event handl er having
an event status register (IPEND) adapted to process a reset request as an
event hawDng/ozessassi gned priority, wherein the reset req®€stusis4256he of a
hard reset request and a soft reset request; and a reset unit adapted to
out put a systemreset signal when the event handl er accepts the reset
event. 27. The programabl e processor of claim 26 wherein the event

handl er compri sgseverk? rdQ 02/ P2965%RET/ (USAL)43533 nam: eyant T ecei ved

regi ster (ILAT) having a bit indicating whether the reset event is pending;

and an ey, r%%&:attgéléﬁ theeggﬁ%%;t.}g gjé:é\g@lthwg&gi n%%déﬂ r'i catd ng whet her the

][eset event accep : e progra ocessor of claim 27
urther including: an execution pipelin Eld}‘ﬁ\}ﬂ ng a .plurality of stages,
wher ei n each st%%‘?ﬁ& & %lfsagtéeogji%‘?ﬁ t& Jt gjraivr%dlga a (%Dolrt?/espondi ng valid
bit, and further wherein the execution
indicating whether the reset event has been accepted.

28. The programmable processor of claim 27 further
including:

an execution pipeline having a plurality of stages,
wherein each stage has a storage circuit for storing a
corresponding valid bit, and further wherein the execution
pipeline is adapted to receive system reset signal to clear
the valid bit of at least one of the storage circuits; and

a control unit adapted to propagate the cleared valid

bit through the storage circuits of the execution pipeline.

29. The programmable processor of claim 28, wherein the
execution pipeline has N stages and the reset unit

comprises:

N-1 serially coupled storage circuits adapted to
propagate the reset signal;

an OR gate receiving the reset signal from the

serially coupled storage units; and
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pipeline is adapted to receive systemreset signal to clear the valid bit
of at least one of the storage circuits; and a control unit adapted to
propagat ewote/ozdseared valid bit through the storage circecrasof/42sbe
execution pipeline. 29. The programuabl e processor of claim 28, wherein
the execution pipeline has N stages and the reset unit conprises: N1
serially coupled storage circuits adapted to propagate the reset signal

an OR gate recgi Whgde Jiaseli tSigRtld M theciser iadl ot tgauplord wior age
units; and - 18 WD 02/029557 PCT/US01/ 42533 a storage circuit adapted to

recei ve apgoutpul ofy ey QR 9ake AN Prove Whe teseksiana to the

executi on pi pel'ine. nmethod conprising: receiving a request to reset
a processor, _h ving an N stage pipeline; generating a reset signal in
response FoPheeset request; and

30. A method comprising:

receiving a request to reset a processor having an N
stage pipeline;

generating a reset signal in response to the reset
request; and

synchronously asserting the reset signal for N cycles

of a clock after the reset request is cleared.

31. The method of claim 30, wherein receiving a reset
request comprises receiving one of a hard reset request, a

soft reset request and an emulation reset request.

32. The method of claim 30, and further including clearing
valid bits within the stages of the pipeline in response to

the reset signal.

33. The method of claim 30 and further including
propagating a cleared valid bit the pipelined processor in

response to the cleared valid bits.
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synchronously asserting the reset signal for N cycles of a clock after the
reset request is cleared. 31. The nethod of claim30, wherein receiving a
reset rew0eM296MPri ses recei ving one of a hard reset requadisp1/&s3xoft
reset request and an enul ation reset request. 32. The nethod of claim 30,
and further including clearing valid bits within the stages of the

pi peline in response to the reset signal. 33. The nmethod of claim 30 and
further including propagating a cleared valid bit the pipelined processor
in response to the cleared valid bits. - 19 WD 02/029557 PCT/ US01/ 42533

34. A net@gg cgggﬁggﬂggyccﬁ¥§g§@ .a request to reset a processor; updating

a bit within an event pehding register to indicate a reset event is

currently pendiqg; g@Pating a bit w%thin n event status regi ster when an
event handl er AcCEpt S the resdicEvent : "aisert iNGE7e%%t signal in response

to the accepted reset event; | . . .
updating a bit within an event pending register to

indicate a reset event is currently pending;

updating a bit within an event status register when an
event handler accepts the reset event;

asserting a reset signal in response to the accepted
reset event;

invoking a reset service routine when the reset signal

is deasserted.

35. The method of claim 34, further comprising asserting
the reset signal for N cycles of a clock after the reset
request is cleared, wherein the processor includes an N

stage pipeline.

36. The method of claim 34, further comprising:

clearing the bit within the event pending register
when the reset request is cleared; and

clearing the bit within the event status register when

the reset service routine terminates.
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i nvoking a reset service routine when the reset signal is deasserted. 35.
The method of claim 34, further conprising asserting the reset signal for
N cycl es wDoa/ozds6Ttk after the reset request is cleared, WROEESIN4ABE
processor includes an N stage pipeline. 36. The nethod of claim 34,
further conprising: clearing the bit within the event pending register
when the reset request is cleared; and clearing the bit wthin the event

status regi;st erphe c HAe JeS8ts 190 M CeHadima Hee ldlidiat 8atus20 WO
02/ 029557 PCT/ US01/ 42533 37. The nethod of claim 34, wherein the event

status r gt%ias%sg{?g %%a%%%%% 638l BQURRts eSS § Aot | east one

cycl e of me claim 34, and further i ncluding
clearing valid bits wi.thin the stages of the pipeline in response to the
reset si gﬂaﬂa.s%é).neAcs%fs]teerﬁfcoarrpcr%%cﬁﬁg: a nermory devi ce;

38. The method of claim 34, and further including clearing

valid bits within the stages of the pipeline in response to

the reset signal.

39. A system comprising:

a memory device;

a processor coupled to the memory device, wherein the
processor includes an event handler adapted to process a
reset request as an event having an assigned priority,
wherein the reset request is one of a hard reset request

and a soft reset request.
40. The system of claim 39, wherein the processor includes
a reset unit adapted to output a system reset signal when

the event handler accepts the reset event.

41. The system of claim 39, wherein the event handler

comprises:
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a processor coupled to the nenory device, wherein the processor includes
an event handler adapted to process a reset request as an event having an
assi gned woioe24sy7 wherein the reset request is one of aPharusor/ese:
request and a soft reset request. 40. The system of claim 39, wherein the
processor includes a reset unit adapted to output a systemreset signal
when the event handl er accepts the reset event. 41. The systemof claim

39, wherein thepwspthhandlerye LBy eSS 11hlr) W02/ P2955% PCT/ USO1/ 42533
an event received register (ILAT) having a bit indicating whether the reset

event Is &%Lét%éirrﬁg?%hea&e%’%e St ds d RSty JJREND); hawi ng a bit

i ndi cati ng he reset event has been accépted. ~ 42. The system of

claim 39 further_ including; an execution ni i V| plurality of
stages, whereidt eeévcef?%stsgcgaet%sasre lsstucoerrag(ellc‘{‘!C| rc?uir}}ea‘{‘lg}d S (%D?thﬁg a

correspondi ng valid bit, and further wherein the execution jpeline is
adapt ed tolr}cgééiﬁﬂé“%y“ébteeqﬁer%sté}e iRl YT &S Peen acceptdd P

42. The system of claim 39 further including:
an execution pipeline having a plurality of stages,
wherein each stage has a storage circuit for storing a
corresponding valid bit, and further wherein the execution
pipeline is adapted to receive system reset signal to clear
the valid bit of at least one of the storage circuits; and
a control unit adapted to propagate the cleared valid

bit through the storage circuits of the execution pipeline.

43. The system of claim 42, wherein the execution pipeline
has N stages and the reset unit comprises:

N-1 serially coupled storage circuits adapted to
propagate the reset signal;

an OR gate receiving the reset signal from the
serially coupled storage units; and

a storage circuit adapted to receive an output of the
OR gate and provide the reset signal to the execution

pipeline.
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the valid bit of at |east one of the storage circuits; and a control unit
adapted to propagate the cleared valid bit through the storage circuits of
t he execuwDor/opispel i ne. 43. The system of claim 42, wher @Ca/ushe483Ecut i on
pi peline has N stages and the reset unit conprises: N1 serially coupled
storage circuits adapted to propagate the reset signal; an OR gate
receiving the reset signal fromthe serially coupled storage units; and a
storage circuit adapted to receive an output of the OR gate and provide
the reset signal to the execution pipeline. - 22 WD 02/029557

PCT/ US01/ 42533 7HE. sJheenyster 9imchal yBOre WAL BE Nb M6 EAB Y cdevice
conprises static random access nenory. 45. The system of claim 39, wherein

the menory_devicg. s COPRLE €5, ELARHLEBIDE Ymeno25.

45. The system of claim 39, wherein the memory device

comprises FLASH memory.
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