WO 02/ 29557 PCT/ US01/ 42533 RESETTI NG A PROGRAMMABLE PROCESSCOR BACKGROUND
This invention relates to resetting a progranmable processor. A
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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 suﬁport a
“hard reset” in response to a reset button. In addition,
conventional processors support a “soft reset” in which the
reset process is initiated by software running on the

processor.

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 02/29557 PCT/US01/42533 Figure 4 is a schematic
diagramillustrating exanple circuits for resetting the processor
accordi ngvo 02/24367 i nvention. Figure 5 is a flowhart il| uBCT/ABOINMDSIBN
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

di rects the vafilgusecdnpenentssheok tilkee diispelaime 1t asteaadagt Beampstr ucti on
and correctly performthe correspondi ng operation including, for exanple,
witing thkercestlst $hadkedaa vRDrYie brstedelbrons cakgihgadedthato a first
stage of pipeline 4 and processed through the subsequent stages. Each
stage progesses soncurrently 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 haviﬁg 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 02/29557

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

the end ofoohespi peline 4 in rapid succession. Reset unitP8resiefss3
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 applystatn ciscéxecThiengesnlpsooéssbe iBstandtfd8hsaamenykabor reset,
typically issued by an in- circuit hardware enmulator (I1CE). Reset unit 8
detects a rtasekncordi tihen pane linkornsneveapt dhandkess14nof the reset
request. Event handler 14 includes logic for receiving and handling al

system events thaksReCHnhiW BhirR sREACE$SLEsZ0raRds nase8¥Bhakned tﬂre@t ai |
bel ow, handles a reset request as a high-priority event. Figure 2

|IIustrates §%§§x?gpk%8%%p%gl s%sa039rd5ng rhoﬁEEEE)QKggalggsegzpel|ne 4,

for exanple, ive stages:. Instr |on fet'c I'nstructiroh decode

(BEQ), addr?%%ccﬁﬁ§”2%h%%% %@C%’u%égcg§gl&ng powerw%%tgrgggkn 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. Evené 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). Awohm2958EXt clock cycle, the results are passed tpCTHSo42533d st age
- 3 WD 02/29557 PCT/USQOL/ 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 speci f(R€d ropéraei datsuehdaessf genexahpke, 23addilngletenahyi pkybng two
nunbers. Execution unit 25 nmay contain specialized hardware for performng
t he oper atidomessisckhditngref aecexaapleooperdermotreabpbhaetiba.l ogic units
(ALU s), floating-point units (FPU and barrel shifters. A variety of data

may be appliedpheigyeeuti ereunic cA5s8HER 38x) | hexaddeessesngenesated by
data address generators 23, data retrieved fromnenory or data retrieved

from dat aggggio%gr $helépePdiiRg bg%égitmeh §£éﬁea§y\§£ort anfﬂgﬁg',ts ar e

witten ack to data nenory or to data registers . The stages of

P oor oe Egkifiaide aliotage, hboUlbe nffiber3!"eRRLELBR' LARE: 250ka}! O N
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 vom0%2%56T respondi ng valid bit when the instructiparisoigazessessful |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 WD 02rng8BPtRCT/ d8oirg2588etcomsgrpt hontdlr chgaresehe wedét unit 8
clears the valid bits when a reset event is accepted by reset handl er.
More spebitscahky, ar esetturven8 issuesecaptedsbly (SkeREGEAY1t0. pMpeki ne 4,
which clears storage circuit 27 of the IF stage, thereby invalidating the
i nstructi gpebelrd cwiltili, nreber Lhist 8gessdei Agrsybsequenkeskoskreycl es, the

storage circuits 27 of the remaining stages are cleared until SE_ RESET IS
deasser eds pghfige! kel kAvahbdatl Bgothee ORLERLS 9f 0BT pRLI AR 4. Figure 3
is atimng dlagranlfurther illustrating the reset process |n response to

a reset Cg@gggtO@he@%£§daﬂgalldatlng 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 revabnsartive and, in particular, is adapted to hol/@S@AE2RBSET
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 pel i ne 4 esel\N st ajesudeep. iAsa df sloarssietc i di aetan | i bel ow,atriasetaunit 8 and
event handl er 15 support a synchronous reset in that a reset request is

treated as exdghe psmesdivesyefdr tHed e fRyn T€SBlanPrOAESS Harkil dependi ng on
the priority of any other pending - 5 WD 02/29557 PCT/US01/42533 event.

Figure 4 isna sebeimiie dhagham i Lhaists Al ok @M, SXAITRLG RN, for
reset unit event handler 14. As explained in detail below, reset

on any | of tﬁ&*? e%%%@%%%ﬁfﬁ%a%ﬁ%‘? o o TR rla BN T Ty Dl o

P;gg{lggngl et un|t 8. has éh{ge 'f%“%fgﬁé”toffafﬁ‘“f‘ égwgﬁatypes of
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. IPEND 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,
respecti wedy2299ent handl er 14 includes two registers: |LAIT/USQI/REr 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, edeearisng térulsdteitors idde ofi APENDUptyiandreX@ephieanshel bAEntr egi st er
41 is cleared when the event is taken by event handler 14. |PEND register
42 i s a skatrtys ckegicsittdmne Ratturn’cl udes a corresponding bit for each event.
Once processor 2 accepts an event and, for exanple, invokes a

correspondi ng S@r wnee eﬁr@gdﬁ%,nteV%%n@aﬂ%ane%1%6%%5*&% a8pREQpriate bit
wi thin | PEND regi ster 42 and clears the corresponding bit 1 n I LAT register

14 Event handl et 14, @on\aohqg/h%%@gregyl US01,42533, 6lears, the status

e
bit of IPE regl ster 2 when the eve service rodtine re s. In one

enbOdlnentmuﬁ %g%nh%gpe hav1 trea%s

%er prlorlty When a reset
event is 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 emwabmssnode, the reset event is not taken until POTOsEsRes3 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,

si gnal 49 cseirs M led oiois ety c lesentcahisti ng Sl RESEAT t41 bko alcegekd shbheypendi ng
reset event. Event handler 14 accepts the reset event when processor 2 is

not in emyialdoryPde ardcasserdry RESEEDVABKEDCREQ 46 Qe rRdi cate that

reset unit 8 may generate a reset pul se. More specifically, AND gate 45

drives RESET N&ﬁ%%DtB%Qfggeé“d#%d@%%%n @%)nbLﬁgnégglﬁ%% c%%d'nglggEes that

a reset event has been accepte processor ati on node

EM MODE 3), th t t . emul EM REQ . Reset
Ui t 8 | ateHes & RESET ASKED RO S T o 14” e Fee%ar SErBFRba ol nuits a7 -

7 WO 02/%%557 PCT/ USOL/ 42533
e 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. 1In 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 daveotr/zds7reset wunit 8 instructs event handl er 14r¢TDUSHIRRF3I3SE
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 vBeyt, Afoer heod okseti rhgneetst heseetwonstgdaksseanseseAND gate 44
to output a zero, thereby clearing the reset event bit within | LAT

regi ster 5PENDhirggistkur A2ckearieRESERcMASKED BEEh86babdoneNcthbegk cycl es
| ater, clears SE RESET. In this fashion, reset unit 8 holds SE RESET

active fong;%|@%KeQYQb@§i§Eh rtnd heset reqBdi tbQheLs.refmveddi L PEND
register 42 is cleared when SE RESET is deasserted and when the RST EXI T

signal is.assertede 8tgekgakhx.ggsggbgﬁaegnﬁheskﬂnIBATagegégegrh@@d'ing

service routine by the executi return frominterr instruction
(T LB Bl 5L 008 Lol LML B0, BB, PR 5 SD 40 T
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 02/29557 PCT/ US01/ 42533

Next, forwharehsseset requests, reset unit 8 resets the | PRENDSoRQSt er 42
to 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
recei vi ngthhecileseedr glest band ppdathhgihkATuctéghstetcdlunevent handl er
14 checks whether processor 2 is in enulation node or whether an enul ation

request i sropetidtngihb2)nsWherthionkpngetsiAgepubatsebrmdes apfshfe
emul ati on request is pending, event handler 14 marks the reset event as

accept ed bysgepbiag Hﬁ@iﬁﬁpﬁ:@g@kat eabitrofy cLBEND registern4g gnd clearing
the appropriate bit of ILAT register 41 (53). Next, event handler 14

asserts SEaRESET+E54k %@gETE&BHZ;’éﬁgf BEpLesBE hegugslaqloggdshech when the

reset request IS renove a so € reset request typically

lasts forigi%hggkgegl%%Et%y%§eigg5i%ghgrgegg%egddress 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. In 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 SEWRESHDSEDr an additional N cycles to propagate cbenusa/42833i d bits
t hrough pipeline 4, thereby marking the stages of pipeline 4 as invalid
(56). As described above, - 9 WD 02/29557 PCT/US01/ 42533 the cleared
valid bits prevent instruction fetch unit 21 fromfetching instructions,
causi ng procssssr a2 HlaStomamesy |deyd qgower adstiand o esedomAltcersN cycl es,
reset unit 8 deasserts SE-RESET (57) and pipeline 4 proceeds fromthe
initializeekmtrat € IRAM)sSUiEG & tesat aaddpesatiagf efychamnicdr o2he58). The
reset address is typically the starting address for a reset service

routine ard fmkRe apgad Jaamm . Vatiee habl otdk rexh®oiahdntrut i ns. Wen
the reset service routine finishes execution, event handler clears the

appropri atg &t ofhol RENRS € shfy ¢4 11Q1hRdicgatigs conmpl etion of the reset

process (59). Various efbodi nents of the i'nvention 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 regw@st/zsssuch as hard resets, soft resets and enubar/iose/a268et s, as
a reset event having an assigned priority. The processor can be
inplenented in a variety of systens including general purpose conputing
systens, digital processing systens, |aptop conputers, personal digital
assi stants ( PDAIs)t drid delimgcarigphones. I n such a system the processor
may be coupled to a nenory device, - 10 WD 02/29557 PCT/ US01/ 42533 such
as a FLASH nenory device or a static random access nenory (SRAM, that
st ores an loper & imeghoystommpori sdtrfyer sof tware applications. These and ot her
enbodi ments are within the scope of the following clains. - 11 WO
02/ 29557 PCT/ US@HeA2E33 Wiaiquesitclta) madtSa bipA 1MRichoeh eRRs0; Ng:
receiving a request to reset a pipelined processor;

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 o¥Oobhespi pel i ned processor. 2. The net hod of cl ai PCT/USIr42B3Y

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
accepti ngéthe Thesaetdednptfbasedmoh,prheretiy bevekstdfigother sgehdinng
events. 5. The nethod of claim4 further including synchronously

gener at i ngeaesystigmaledeclsdgsakynwbamohbaslgsgbnevedingsthacegptes. - 12
WO 02/ 29557 PCT/ US01/ 42533 6. The nethod of claimb5, wherein generating

the systemeseeset gaiadnahehneal udestsyAcBEOROUskY generatbpdethe;gygtem
reset signal when a duration of a hard reset request is at |east one clock

cycle. 7.;IhermphiRod kb kckgim.2, wherein handling the reset

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 subsequent 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 asoamessent further conprises clearing a bit w t hpar/vae/es:nt
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 at ilén r &%et meddgestof £0aiThd, mfulrGtieaf comairisingwherepnihbe

pi pel i ned processor has N stages, and further including propagating a

cl eared waki delictt tewerhe afibseguenkrsbagesitgr catnkeastvhl eyehes of a
clock signal. - 13 WO 02/29557 PCT/ US01/42533 11. The nethod of claim 3,
further cesepriigicldly accepting the reset event after higher-priority events
have been serviced. 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 Ive@ast2938®2 ot her event. 14. The net hod of cl ai m 12PCMUSoI¢i2R33
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
claim 12 further including accepting the reset event based on priority

| evel s of 16t-hefhgemdithpd @ferntlsin 124 funbhe2/ 2863 7dRET/ U$Qth43033s1146. The
met hod of claim 12 further including synchronously generating a system
reset siggahewhédnphe rsgettereventeti sigaatephed. thé. rEeetneibad of claim 12
wherein handling the reset request includes synchronously generating the
system regetepsegnal when a duration of a hard reset request is at |east
one clock cycle. 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 cedw@02295be net hod of claim 12 further including: cbemuUsoig2a33valid
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 pipelined processor. - 15 WD 02/29557 PCT/US01/ 42533 21. The net hod
of claim Z,. wigreeinetthvel pifpelliaied 12or obessdn ltase Misteddesd and further

i ncluding propagating a cleared valid bit to the subsequent stages for at

least N opelessofr &ad Cktsigg! .andl fuAf happanhatl usl iGN RIrcYRGLidy a
execution pipeline having a plurality of stages, wherein the stages

i ncl ude sStQlAGR CivaUid $iftor StAd NG \Rlld tDiskSiged Fset nidy hayi ng an
out put reset signal coupled to the execution pipeline to clear the valid

bit of at Jeasls 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 request.

24. The apparatus of claim 22, wherein the execution

pipeline comprises N stages and the reset unit is adapted

- 16 -



one of

23. The
the res
request
wher ei n
adapt ed
at | eas
execut i

the storage circuits; and a control unit adapted to propagate the
cleared valid bit through the storage circuits of the execution pipeline.
apparaases of claim 22, wherein the reset unit i s pafaptiedsizo assert
et signal in response to one of a hard reset request, a soft rese
and an enul ation reset request. 24. The apparatus of claim 22,

the execution pipeline conprises N stages and the reset
‘ol G sswWDt0 2205 RCHIYSRLY 42633t fleaassdr cyidles efeta s

unit is
i gnal for

t Ncycles of a clock. 25. The apparatus of claim 22, wherein the

onclpigkel i ne has N stages and the reset unit conprises:

N-1

serially coupled storage circuits adapted to propagate the reset signal
receiving the reset signal fromthe serially coupled storage

OR gate
units;
and pro

and a storage circuit adapted to receive an output of the

Vi%%.th%h%e%%bé?éyﬁg &f)éﬂginﬁé%gu%%%gein 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
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 procesé a reset request as an event
having an assigned priority, wherein the reset request

one of a hard reset request and a soft reset request; a

OR gate

the

is

nd

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:

- 17 -
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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 havo nz29r7 assi gned priority, wherein the reset reqpepUSIIH253BNe 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 conpri ses:event? raMi0A P ASyA RCEH USABT4253Findn se\tdnt recei ved

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

and an eveniisltaties wiegindercHd RENDt hadmg & Biendiinddi Gald ng whet her the
reset event has been accepted. 28. The programrabl e processor of claim27

further includingyan exeGid PRl e pidiy)Ng -3 Rlurakd;ty of stages,
wherein each stage has a storage circuit for storing”a corresponding valid

bit, and filll{cfi rti%?_:;ervﬁferfhte e greqtdQn 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 wvalid

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 avo hp2asberared valid bit through the storage circeCT/@Sai425633e
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 rece Atnyadee aigseti tsiggratdd am treeeiver iaal lop tpaiiplosd t$icor age
units; and - 18 WD 02/29557 PCT/ US01/ 42533 a storage circuit adapted to
recei ve amrougnd 0fd thevidR gale mndiprsaynde the thesekesh@nah to the

execution pipeline. 30. A nethod conprising: receiving a request to reset
a processgyigraviged an N stage pipeline; generating a reset signal in
response to the reset 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 raqoexLIssoNpri ses receiving one of a hard reset repOPEB)1/4253350ft
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 W) 02/29557 PCT/ US01/ 42533
34. A netisd cenpdtiony compadisvintg a request to reset a processor; updating
a bit wwthin an event pending register to indicate a reset event is

currently penmﬂgyeﬂﬂyﬁgidugégdggt\Mglyégéyuﬁ¥gggeggg&gs regi ster when an
event handl er accepts the reset event; asserting a reset signal in response

to the accepte%pdé%%%b QL 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 requestvis 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 v oz2956Dck after the reset request is cleared, MBUSITM2EI3E
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
st at us redi’st erThsherethose afesdia igerdd,c evhregugtiim e hiee leviemat escatus20 WO

02/ 29557 PCT/ USO1/ 42533 37. The nethod of claim 34, wherein the event

status regicsistfed S supgalaed el g aselet equests te%ixSis:  Foralat | east one
cycle of a clock. 38. The nethod of claim 34, and further including

clearing nealdtd fid £ Withigy theisgages of the pipeline in response to the
reset signal. 39. A systemconprising: a nenory device;
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 handl er adapted to process a reset request as an event having an
assi gned wo bp24ssy, Wwherein the reset request is one of aPOBRUMIWLSHt
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 thherevernthardledvedc orgyiisses: (IIAT) WAvA26295%4 tPCT/ US01/ 42533
an event received register (ILAT) having a bit indicating whether the reset
event is pendicdimandiheameayvenie Htaaidts gvegitstier pehBENG); hawvi ng a bit

i ndi cati ng whether the reset event has been accepted. 42. The system of

claim 39 furthgﬁ1idvéﬂﬂﬂgﬂﬁtu%nr%%ﬁg*ﬂéﬁﬂ]ﬂyﬂmﬂ)iﬂ%vﬁgﬁi@gb@tplurality of
stages, wherein each stage has a storage circuit for storing a

corresponding al;i g Wh%th%@dﬁ%@wﬂg§éqM¥yéﬂﬁ1H%@eb%é%CgEE%%te%hp6|ine IS
adapted to recelve systemreset signal to clear
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 execwoomgsspel i ne. 43. The system of claim 42, wherBCTVUSOI@I26836ecuUt | 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 W 02/29557

PCT/ USO1/ 42533 Th4 .syEens yst efhadin &%1 mhd%einhéhei metbe ymelewiyedevi ce
conpri ses static random access nenory. 45. The system of claim 39, wherein

the Menoryoaewices GRS @S nbloASH JBRIFRN emory3

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

comprises FLASH memory.
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