;uve3e- F- C. B6NT4=5Bz WD 02/ 8873 PCT/ USOL/ 47626 EXCEPTI ON HANDLI NG I N A

Pl PELI NED PROCESSOR BACKGROUND This invention relates to exception

handl i ng i nwe 2/4g¥79cessor. A progranmabl e m croprocessor, spel/aei/fretd gi tal
signal processor, typically includes exception handling hardware for
dealing with errors that nmay be encountered while processing instructions.
For exanple, the processor so nay encounter illegal instructions
(unsupported opcodesEXxCEPSADNGARNDLDNG! UNt AORSPELDREDUBROORSSORat access
protected areas of menory, 1lTegal nenory addresses, bus errors and the
like. In the event such an error is detected, the exception 15 handl er
hRardware typically invokes a correspondi ng software routine, often referred
to as an error handler, for respondi2%¥%§E¥¥§¥§rror condi tion. -1 WO
02/ .48873 PCT/USQ /- 471 >2G DESCRI PTI NGS Figure 1 is a block
diagramillustratjng an exanpl e of rqgr ammahbl e processar canfi gured
according to an di%vn%natcffoq hreejiaﬂiﬁpesnt' oﬁa.xqoeaﬁlé%’r 3“3? ¢ Bf'oék di agram
illustrating an exanpl e execution pipeline of the programmabl e processor.
Fi gure 3 is RIYEARCMi agr am of an exception pipeline according to an

enbodi nent of the invention. Figure 4 is another circuit diagramof an
exception 10 pi pél igroagetal gy i et erdssti e ruddf ashe iddwenilon

DESCRI PTION Figure 1 is a block diagramillustrating an exanple of a

pr ogr anmmabl es ipyrocle ysoyceatapd e d- ol dedid) el rexioefds anscegh: iaac drahidig rico an
enbodi mrent of the invention. Processor 2 may include execution pipeline 4,
exception pipgldwerd Al Uiy Wil & rdXeatdtomay) B! i dhnmripve a
nunber of pipeline stages for concurrently processing nore than one

while processing instructions. For example, the processor

10 may encounter illegal instructions (unsupported opcodes),
misaligned instructions, instructions that access protected
areas of memory, illegal memory addresses, bus errors and
the like.

In the event such an error is detected, the exception

15 handler hardware typically invokes a corresponding software
routine, often referred to as an error handler, for

responding to the error condition.
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20 instruction. Instructions nmay be |loaded into a first stage of execution
pi peline 4 and processed through subsequent stages. Data may pass between
the stagegoidfd7gel ines 4 during a cycle of the system Therhasphisss of an -
2 WO 02/8873 PCT/U SO01 /7C26 instruction nmay energe at the end of the
pipelines 4 in rapid succession. Control unit 6 may control the flow of
instructions and/or data through execution pipeline 4 according to a 5

system cl ock. For exanpl e, d::rEl gg EES Brgge%g: Bg of an instruction, control
unit 6 may direct the variou f 4 to decode an

i nstruction andrLoir&ct | ¥s PerdDsEk tdhea &4k eSPPNEE A DRST A | Qbbded ugk ng,

for exanple, witing the results back to nenory. |0 The various stages of
execution pipeld Nends SBY  piHed f@%ff%m%‘deé%@é &Pﬁ#'t}éo& generate one
or nore exception signals 17, ich may be 1 n the TOrm of  an exception code
. represent Iﬁg/oed%er?tp ttil%JlfrEveeﬁtfrf’cEn condition. Exception pipeline 5 may
have a number of pi pelTnée stages for 15 receiving the exceptions from
execution pipeljine 4 and, propagating. the exceptions jn sync with the

i nstructions respONsT g?el$o"?‘ p‘%g%%]f n‘gl"’l%éa%rjrlofu%%ﬂl’r‘% ! EARRER i bed in
detail below, exception pipeline 5is "interlocked" wth execution pipeline
4 to ensureHatleheL BReEbie 076 Fhrovierruannay baghr exeepe¥ on pipeline 5
remai n synchronized with the instructions flow ng through execution

pi peline 4. ForFexanpl 8,is fchrotat | diondimi oh anisesepini @xeciie bingi pel i ne
- 3

according to an embodiment of the invention.

Figure 4 is another circuit diagram of an exception

10 pipeline according the an embodiment of the invention

DESCRIPTION

Figure 1 is a block diagram illustrating an example of
a programmable processor adapted to handle exceptions
15 according to an embodiment of the invention. Processor 2
may include execution pipeline 4, exception pipeline 5 and
control unit 6.
Execution pipeline 4 may have a number of pipeline
stages for concurrently processing more than one
20 instruction. Instructions may be loaded into a first stage
of execution pipeline 4 and processed through subsequent
stages. Data may pass between the stages in pipelines 4

during a cycle of the system. The results of an



WO 02/ -48873 PCT/ USOL/ ~7&G 4, exception pipeline 5 may stall for an equal
nunmber of cycles. Figure 2 is a block diagramillustrating an execution

pi peline {y& @839 ammabl e processor according to an 5 enediy®nlQf the
invention. Control unit 6 nmay assert control signals 18 to contro? the flow

of instructions and data through execution pipeline 4. Pipeline 4, for
exanpl e, may have five stages: instruction fetch (IF), instruction decode

DEC), add | O | cul ati AC t d,wite back, (WB
fnst%uc?io%@g %ngg?gﬁéﬁeéggféﬁl tng ecgngegFéﬁhEEEﬁg%g}g?ﬁﬁgek np?e, mai n

menory 8 or froman instruction cache during the first stage (IF} by fetch
unit 11 anB2BieofBECBEFLAG t he second stage (DEC) by instruction decode
unit 15 12. At the next clock cycle, the results are passed to the third
stage (AC), whefendapd zddteSsmg¥nepatsps tBenfijowabfuliastranyioesory

. addresses to performthe operation. During the execution stage (EX),
executi on andfo#5dataythenhighmeeaeudionopepepenat toascspathfi ed Ay the 20
i nstruction such as, for exanple, adding or nultiplying two nunbers.

Executi on ypktedSclB¥kGONFaknespapial i aediRgr dnar grbeespentopsi gg the
operations 1 ncluding, for ' exanple, one or nore arithnetic logic units

(ALU s), T%Hszruc¥EbH?(%%%%rBQTﬁH§91%-63926i259€tEHQ-QQEEBanitS (FPU and

barrel shifters. A variety

components of pipeline 4 to decode an instruction and
correctly perform the corresponding operation including,
for example, writing the results back to memory.

10 The various stages of execution pipeline 4 may, in the
event of an error condition, generate one or more exception
signals 17, which may be in the form of an exception code
representative of a particular error condition. Exception
pipeline 5 may have a number of pipeline stages for

15 receiving the exceptions from execution pipeline 4 and
propagating the exceptions in sync with the instructions
responsible for causing the error conditions. As described
in detail below, exception pipeline 5 is “interlocked” with
execution pipeline 4 to ensure that the exceptions flowing

20 through exception pipeline 5 remain synchronized with the
instructions flowing through execution pipeline 4. For

example, if a stall condition arises in execution pipeline



of data may be applied to execution unit 15 such as the i addresses
generated by data address generators 13, data retrieved fromnenory or data
retrievedwiyr@nggata registers 5 14. During the final stagecgWBhiskéte back
unit 16 may wite any results back to data nenory or to data registers 14.
The stages of pipeline 4 include storage circuits, such as pipeline
registers 19, for storing any results of 10 the current stage. Stage

regi sters 19 i | atch.the.result cording to the system cl ock

St age regiéteé%g% €i%%eP%%e?h%ec%n??%lSg?gﬁa 3F 18T TR udiWPoneCor nore
stall signals, which control whether or not stage registers 19 latch the
results frofri®2- previous stage. In this manner, 15 control unit 6 may
synchronously stall one or nore stages of pipeline 4. As described in
detail bel ow, ektepteod pfpelPheck gFﬁgna@ iflﬁ$tnatb@@iw@semaﬂmtb¢nsignals
18 and synchronously stalls with execution pipeline 4. The various stages
of executipipdliediie 4 paygl2nganbe aprocaesor AVcer@keeptd o Si gnal s
(EXPS) indicating an error condition has been detected within the
correspondéigosinget &ortexampientiehch oshtrdl wRyt asseiy Seepf the
exception signals 17 when a msaligned instruction is - WO 021. 18873

5
PCT/ U SO1 £d6RBoensognteseds Decodee #hiteide ﬁﬁawaéﬁeiﬂsg@ég%dgﬁpéigﬂdsi gnal

17 when an unsupported (illegal) Instruction opcode Is Dat a

address ge g{gt@ﬁ§%&%%2§%?§gfgé§e§9 gxception signal 17 when an illegal

menory address TIs utfon unit 15 may assert an exception
signal 17 when an operation_results in an error cgndition, such as an

overfl ow condi tTORELIWFEt & bEek SRATLAB’ nBYY aB3¥F t Th¥e eX2¥RF on si gnal 17

when an instruction attenpts to wite results to a protected area of

nmenory. TheReterebienafeted (T5iedinskrexbhprad§Cpde poRES) omydaaes

represent only a subset of errors that nay arise during the execution of an
10 calculation (AC), execute (EX) and write back {(WB).

Instructions may be fetched from a memory device such as,
for example, main memory 8 or from an instruction cache
during the first stage (IF) by fetch unit 11 and decoded
during the second stage (DEC) by instruction decode unit

15 12. At the next clock cycle, the results are passed to the
third stage (AC), where data address generators 13 may
calculate any memory addresses to perform the operation.

During the execution stage (EX), execution unit 15,

may perform one or more operations specified by the

20 instruction 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 (ALU’s),



instruction. Figure 3 is a block diagramillustrating an exanpl e exception
pi peline 5 having a plurality of stages. 15 Exception pipeline 5 may have,
for exa , knstruction fetch (IF) stage, a decode ( - an
addressnggﬁéﬁﬁgv?on (AC) stage, an execute (EX) stage anggg%aﬁﬁﬁgﬁg%ck (W\B)
stage. Each stage of exception pipeline 5 may receive one or nore
exceptions 17 froma correspondi ng 20 stage of execution pipeline 4. For
exanple, the |F stage, of exception pipeline 5 y receive one or nore of M
except i ons- 4T 1S °%&Ee%?+%§ &EP%E 1 hapresethetE s an 2 wrieyn
02/ 8873 PCT/USOL/ ~7C21> N bit exception code. Therefore, pipeline registers
32 may _ bef dpsdirapibetapphied b texeeupheml yeit Eactush agre Wie excepti on
pi peline 5 includes an exception selection unit 31 for selecting a highest
5 priorityaddceptepnoene bet pdsisedda va t ddd sebs egrent atstagel 3 Fotatexanpl e,
. instruction fetch selection unit 31A selects one of the M exceptions that
may arise ifétthevdd stagendhoexceptdHba pipetiae=d.rddhe setecteghdtfers
exception is stored within stage register 32A upon the next clock cycle. 10
Depengli ng oy, t h@up{mfrtﬁa Pinéi"est‘@(]ﬁvdle oufR EXCRPLt ONSaciegode sl gefion unit
31B selects either: (1) one of the Mexceptions 17B that may arise during
t he decod e..of i L peli 4, ) e tion, d
W thin stase fagal 2SN Pk B e S et Pl e SR OB LB Fon
pi peline 5  Decode selection unit 31B stores the sel ected exception in
pi peline s%%ge register 32B. In this manner, exceptions propagate through
the various stages of exception pipeline 5 in sync with the various
i nstructions propRgataagst hf odgpeexeeut i BRCHRPRI §HRr2Pe 41 pguhhSi nstructi on
is conmmtted during the wite back stage of execution pipeline 4, a
cor r espondswngh exsepipehinayrepisgers r b ekeepsionipy pehy neeSubns t e
exc_code :

10 the current stage. Stage registers 19 typically latch the

results according to the system clock. Stage registers 19
receive the contrel signals 18, including one or more stall
signals, which control whether or not stage registers 19
latch the results from the previous stage. In this manner,
15 control unit 6 may synchronously stall one or more stages
of pipeline 4. As described in detail below, exception
pipeline 5 (Figure 1) also receives control signals 18 and
synchronously stalls with execution pipeline 4.
The various stages of execution pipeline 4 may
20 generate one or more exception signals (EXPS) indicating an
error condition has been detected within the corresponding
stage. For example, fetch unit 11 may assert one of the

exception signals 17 when a misaligned instruction is



output, for use by control unit 6 and exception handl er 8 WO 02/.18873
PCT/ USOL/ ~7(2fi invoking a corresponding error handling software routine.

I n one en?ngﬂg 3, the process of servicing an exception 13548 al
stages betore the exception enmerges fromthe WB stage and the appropriate

service routine is invoked. 5 Figure 4 is a block diagramillustrating a
circuit 35 of exception pipeline 5 for controlling the flow of exceptions
t hrough the vari t ages |5Iustr€tﬁg in Figure 3. As described.in getai
bel ow, cir&OFY"3 eﬁ? pagat 68°6ne"d r B2 ExBRPET bn P eGiEEPE I PRr BhERE
series of flip flops to 36; the exception requests correspond to the
. exception %5d%§e5r%BaBQFPH§°ﬁFFH|ﬁléiﬁéﬁ%?ohnﬁFBEFFHQDSOEFOﬁPgaﬁe 3. The

exception requests are qualified as the propagate through circuit 35 with
the sanme cdacededsi ghats agddrhas generatorhelBloayoésiastranti ons through

. execution pipeline 15 4. For exanple, a first fetch exception signal is
qual i fied wiktbpaibmwossygaal $7 ¢hEnaahkillégsiognehoriyndiaakspgivhet her a
corresponding instruction is will not be conmtted in the WB stage due to a

changg in ppspnueliongklbewriaAduh2} as5"8hal hssstgnah, ekBdheabhngitRg:20
correspondi ng instruction has stalled in execution pipeline 4. Wen these

conditi ons; 0,00k &K1 She;hbechekebuexeephi 0n SLOBA! cbal aehedsfnl Lip- 11 op

36A. In the event o stall con |t|on owever, the output oOf

36A TS _ Yam overflow condition. Write back unit 16 may assert an

exception signal 17 when an instruction attempts to write
results to a protected area of memory. These errors are

10 listed for exemplary purposes only and represent only a
subset of errors that may arise during the execution of an
instruction.

Figure 3 is a block diagram illustrating an example
exception pipeline 5 having a plurality of stages.

15 Exception pipeline 5 may have, for example, an instruction
fetch (IF) stage, a decode (DEC) stage, an address
calculation (AC) stage, an execute (EX) stage and a write
back (WB) stage. Each stage of exception pipeline 5 may
receive one or more exceptions 17 from a corresponding

20 stage of execution pipeline 4. For example, the IF stage
of exception pipeline 5 may receive one or more of M

exceptions 17A. Each exception 17 may be represented by an



WO 02/-18873 PCT/US01/.17&2G fed back and sel ected by a multipl exer be
| atched at the follow ng clock cycle. In this manner, the exception

requests wipfj4edAar ! ocked with the instruction flow through,cqﬁgg 498
pipeline 4. 5 Simlarly, an exception request generated at the decode stage

is ORed with an output of flip-flop 36A to produce a conbi ned decode
exception request, which is simlarly qualified wwth the kill and stal
condi tion iﬁn ls. In this nner excggtion request si&nals na% 10 enter
circuit 35 artany*StREE AnGCBropayAtESt ot Rl i PLRF b 6EFUhT EEES t fig May
correspondi ng instruction is killed within the execution pipeline 4. In
this eventPetR@PaRteppfoftrediest Pitoverwpritbheand renmoved from circuit
35. The output of flip-flop 36D is again qualified with 15 not stalled and
not killed for Eaehwitagebaékescapeliorheipetpue dfincledeés 88 is an

- exception-req signal 19 that is received by exception handler 8. In
response, exception bhahdteioB unvokads forosebspoidyng kxgepston handling
sof tware routi ne based upon the current exception code 16 20 supplied by

exception prpeting &x€EptigHr €o3bebhBosghtpotn ! sustsgtesti sefhgure 4, the
i nput exception signals axe pre-qualified with an instruction valid signal

t t ' L$4 | . 2 8
PCT/ USGL SO C S TR ~ VAN o Cr gty bebt on. orogion M Cr i Pdhecks: i o

supported By the {N8thuekion:$8hOLnRECSESSOL:2e N LKE 1F stage of

exception pipeline 5. The selected IF exception is stored
within stage register 32A upon the next clock cycle.

10 Depending on the priority of the various exceptions,
decode selection unit 31B selects either: (1) one of the M
exceptions 17B that may arise during the decode stage of
execution pipeline 4, or (2) the exception stored within
stage register 32A propagated from the IF stage of

15 exception pipeline 5. Decode selection unit 31B stores the
selected exception in pipeline stage register 32B.

In this manner, exceptions propagate through the
various stages of exception pipeline 5 in sync with the
various instructions propagating through execution pipeline

20 4, As an instruction is committed during the write back
stage of execution pipeline 4, a corresponding exception
may emerge from exception pipeline 5 on the exc code

output, for use by control unit 6 and exception handler 8



t he ot her exception signals, however, the fetch exception signal is not
qualified with a valid instruction signal. 5 This ensures that exceptions

arising gy pamste | F stage are correctly serviced regar dpeppsmfsrgdset her
valid instructions are fetched. The corresponding instruction as it

propagat es t hrough execution pipeline 4, however, is marked as an invalid
instruction. |0 Various enbodi nents of the invention have been descri bed.

For exa”ph%vo%lﬂgo%ﬁas S Yﬂesc %%p L1 RRe LI Q0 R %E%%%tlng

exception requests e proc sSor may b€ i mplernented in

a varlety of syste di eneral purpose co ting syst

digital proceséiﬁ Qfﬁ@%#? %gpt5ﬁ0€§ﬁﬁutgpgerﬁéFn%ﬁaPndl§¥ %l§?3|stants
(PDA's) and cel lul ar phones. In such a system the processor may be coupl ed
to a menPFIdeNi SEViRdh SIS 98 SR Tfe bty SFSPREE 08r cHIe RS & ToENEH®M access
menory (SRAM), that stores an operating systemand other 20 software
applicati s S TRiges @rahd-hot RaD ropydditee Mg Vice wiouiimet He soopkedt. t he
following clainms. - 10 WO 02/ -@873 PCT/ USOL/ ~7C26 What is clainmed is: 1
1. Asnethod comfgusiendt i pr ddessd mg agir aimdiiiocttiran ing a eXdecutiiconSpi pel i ne
of a 3 programmabl e processor; and 4 propagating an exception of the

instructi oF tuceydh can i pRXGeR IT0FoR Rt 1afinhe ner aaesser. 1 2. The
met hod of claim 1, processing an instruction in 2 the execution pipeline

COMPI | Se5 HRPAAING AR ch WY CicR Wiguah Nisiages of (bhegrgeuti on

pi peline, and 9 further wherein propagating the exception status of the 5

instructi %n i IAS gj[% (‘i%[)e ﬁhrofqﬁal N n%e(ior%pr Icﬁif‘-ﬁhog%g%g&%% 6 the %éceptl on

status of “the ‘©nstFuction stageé e “ex Hihe.
3. The method of claim1 further CO”p“fﬂdg% recei ving the 2 exceptlon from

the executifoMYFiHEHNRP ERt: SASHUGTF S a series of flip flop

10 36; the exception requests correspond to the exception

codes propagating within exception pipeline 5 of Figure 3.
The exception requests are qualified as the propagate

through circuit 35 with the same control signals 18 that
control the flow of instructions through execution pipeline

15 4. For example, a first fetch exception signal is
gqualified with a two signals: (1) a “kill” signal,
indicating whether a corresponding instruction is will not
be committed in the WB stage due to a change in instruction
flow, and (2) a “stall” signal, indicating the

20 corresponding instruction has stalled in execution pipeline
4. When these conditions do not exist, the fetch exception
signal is latched by flip-flop 36A. In the event of a

stall condition, however, the output of flip-flop 36A is



- The net hod of cl ai

3 exception within the exception pipeline. 1 4. The nethod of claim 3,
wherein receiving the exception 2 conprises receiving an exception code
fromone Qip@@8sBl urality of stages of the execution pipelddi@ysofdsh2furt her
4 wherein storing the exception includes storing the - m WO 02/.18873
PCT/ USO1 /~7G2G 5 exception code within a corresponding stage of the 6
exception pipeline. 1 5. The nethod of claim1 further conprising
propagat i N BHCIEXaePt s s0NIasE Didud #41 Ne:&Xa8Pt] Sropl Peld Ngye Wherein 3
t he exception request bit represents an error condition for 4 an
instructi b e in t.age 5 cut i pipeline. 1 6.
%ﬂéﬂﬁna(f& %r%ﬁ%@bo?ripfi%?lnsgqé%%%’ng@%%eé%é%&leop i on pipeline
when the executi.on pipeline is stalled. 7.. The method of claiml1, further
conpri si ngreccfueeasﬁSngé)%??elrét%&%% ]fei%nwj\%q? R e &%%H?rbn&p‘?“beﬁ?ﬁ%u%en a3
- correspondi ng instruction within execution pipeline will 4 not conplete
execut i on.SHCBIC Yy RPARHbESf4 cl aim 4, further conprising servicing 2 the
exception when the exception has propagated through a 3 | ast stage of the
exception pipel$ieilagly, TOheeretivdbnirededst Igendmeriedc r ogagati ng the 2
exception through the exception pipeline conprises - 12 WO 02/.18873
PCT/ USO1/ -digisefe 3sisdect s noRedhev Dfh samumibigsutof o xEepp+Hsp ad6stiages of the
4 exception pipeline based on a priority associated with the 5 exceptions.

1 10. The giddioce of chibimdd @u@dbdd yéngephitoRxeepieon, alhLostages of the
exception pipeline to ensure the 3 correspondi ng instruction has not been

term nat edy; i 1 N A1BEPOSH OF 1 0k 8K Lics 1 LA RETs COMPri.Sidg: ayal i fying 2

the exception at stages of the exception pipeline, except 3 an instruction

fetch st by ' 4. 1 ' ' lid 1 12. A
appar at us COTT S nor® 2 ahe YR one b B 19 Fedimef o SR Y st ages to

3 execute one or nore,instructions concurrently; and 9 an_exception
pi petf ne fﬂgﬁ% %%%Erféfagt%ssq%g% ‘i‘)‘i“g %g%%etb‘?i%wsp'r&?ﬂ’ti ng from
t he execution of the 6 instructions.

36D unless the corresponding instruction is killed within

the execution pipeline 4. In this event, the exception
request is overwritten and removed from circuit 35.
The output of flip-flop 36D is again qualified with
15 not stalled and not killed for the write back stage. The
output of circuit 35 is an exception req signal 19 that is
received by exception handler 8. 1In response, exception
handler 8 invokes a corresponding exception handling
software routine based upon the current exception code 16
20 supplied by exception pipeline 5 of Figure 3.
Although not illustrated in Figure 4, the input
exception signals are pre-qualified with an instruction

valid signal to ensure that the exception is associated



1 13. The apparatus of claim 12, wherein the execution 2 pipeline and the
exception pipeline each have N stages. - 13 * WD 02/8873 PCT/USt 11L~7&2( 1

14. The appapagds of claim 12, wherein the stages of the %Cgﬁf’sﬁﬂﬁ‘}.o%‘
pi peline include pipeline registers to store 3 exception codes. 1 15. The

apparatus of claim 12, wherein the exception 2 pipeline includes a nunber
of storage circuits to propagate 3 an exception request bit. 1 16. The

appar at us \gfe1e Qi gl g Whie{ &l Fudtheorst ages. Ofard hgn & Sxaendd Oafhaqi pgline and
the execution pipeline are 3 controlled by one or nore stall signals. 1 17.

The appar i wﬂg; in e ceives a kill..signal to
. reset the e eog{ﬁegdnadr}g]q%%%tl |tﬂ%ﬁ%?%acgjgﬁgfoacteusssooﬁ 2Zc'l ailﬁnr11 Jﬂfe further
conpri sing.,an exception handl er receiving the exceptiqn request bit from
3 a last sthgerY heg(ce%qélp?r? ot Fipet 1 rféc?we%’ﬁrg. 5 %ptpcj} a?}ifggl‘btfl‘?ﬂ aim 12,
. wherein the stages of the 2 exception pipeline include selection logic to
sel ect oné@na g Hditferdii! 190y DA s Hri iy sivel ated with
4 the exceptions. - 14 WO 02/.48873 PCT/USOL/ ~7&QRG 1 20. The apparat us
of cl@i m Thisprarsines Hialh apesepfiee oriexideptdwnim gl N isidarle | ogic
to qualify the exception 3 request bit to ensure the instruction is a valid
4 i nstructdmn corkrdasl node tresred eragarad bgs s lo2 Iwhek Isyastwmicbnpri sing: 2 a
Fl ash menory device; and 3 a processor coupled to the Flash nenory devi ce,

9 wherei n e AOCESSEOratNCE ST RN EXEE W d O P RRYINE A Nd-H1 gh narber  of
stages to execute one or nore Instructions 6 concurrentl Y, and an exceptli on

pi pel i ne havi éggg);r p&g@é . LXC t'ﬂnis‘l, sulting from
t he execu??con&%%l‘ t he |%ﬁ?€§(z1??%ﬁesé@a%ﬂ2) heflsr;?/és(t@ﬁ]}})f C E%'?’mllegl, wherein

t he executn'\ orr]{éaci{ paeg iapne 3&@%%5&?@& n pi peline each have N stages. 1
mcz1,

23. The system of clai erein e srfages of the 2 exception pipeline

i nclude pipeline registers to store xception codes - 15
10 Pt P I]\/arl 5 emboélments o) §%e fhven ion have been

described. For example, a processor having an exception
pipeline for propagating exception requests has been
described. The processor may be implemented in a variety of
systems including general purpose computing systems,

15 digital processing systems, laptop computers, personal
digital assistants (PDA’s) and cellular phones. In such a
system, the processor may be coupled to a memory device,
such as a Flash memory device or a static random access
memory (SRAM), that stores an operating system and other

20 software applications. These and other embodiments are

within the scope of the following claims.

- 10 -



WD 02/ 8873 PCT/USQOL/.t7C26 1 24. The system of claim 21, wherein the
exception pipeline 2 includes a nunber of storage circuits to propagate an
3 excepti@iyd2agAst bit. 1 25. The system of claim 21, wheiqiioi/M26t ages
of the 2 exception pipeline and the execution pipeline are 3 synchronously
controlled by one or nore stall signals. 1 26. The system of claim 21,
wherein the processor further 2 conprises an exception handl er receiving

t he exceptirdx 34 eguestediisfroma |ast stage of the exception pi peline. -
16 .A(.As_.Ar.Asr.A . A As.A;s.As. A(. A(s. A(L. A As. A(".A u 67:

I JU6#J]- }3<snh Aﬂﬁ;ﬁlf Clc&lla{f g%fgg% ca] ca] ca] ca] c”al] caU] ca] ca] c: a] cRa] ca] ca]

- caJca ca]ca]ca]c ca]caU]ca]c a,<EP"’ O\ @z *e,
t{vql gb calcalca cal ca cajcalc ca] ca] ca] ca
| call ] ca ca] Ul CH0L Koy bay e 14 wartion 1 oSSR Falc < gl ool
.| X@&Nmt|v | fa\Wca ca]caLﬂca]ca]cIggcaLﬂca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca]tal c® R t caAr%] cal cal =x| & M, ) | | w mhc”~Y] ] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
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7 the exception pipeline.

1 3. The method of claim 1 further comprising receiving the
2 exception from the execution pipeline and storing the

3 exception within the exception pipeline.

1 4, The method of claim 3, wherein receiving the exception
2 comprises receiving an exception code from one of a

3 plurality of stages of the execution pipeline, and further
4 wherein storing the exception includes storing the
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1 5. The method of claim 1 further comprising propagating

2 an exception request bit in the exception pipeline, wherein
3 the exception request bit represents an error condition for
4 an instruction within a corresponding stage of the

5 execution pipeline.

1 6. The method of claim 1, further comprising stalling the
2 exception pipeline when the execution pipeline is stalled.
1 7. The method of claim 1, further comprising clearing the
2 exception within the exception pipeline when a

3 corresponding instruction within execution pipeline will

4 not complete execution.

1 8. The method of claim 4, further comprising servicing

2 the exception when the exception has propagated through a

3 last stage of the exception pipeline.

1 9. The method of claim 1, wherein propagating the

2 exception through the exception pipeline comprises
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1 11. The method of claim 1, further comprising qualifying
2 the exception at stages of the exception pipeline, except
3 an instruction fetch stage, to ensure the corresponding

4 instruction is valid.

1 12. An apparatus comprising:

2 an execution pipeline having a number of stages to

3 execute one or more instructions concurrently; and

4 an exception pipeline having a number of stages to

5 propagate exceptions resulting from the execution of the
6 instructions.

1 13. The apparatus of claim 12, wherein the execution

2 pipeline and the exception pipeline each have N stages.
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1 15. The apparatus of claim 12, wherein the exception

2 pipeline includes a number of storage circuits to propagate
3 an exception request bit.

1 16. The apparatus of claim 12, wherein the stages of the

2 exception pipeline and the execution pipeline are

3 controlled by one or more stall signals.

1 17. The apparatus of claim 15, wherein each stage receives
2 a kill signal to reset the exception request bit.

1 18. The apparatus of claim 12, further comprising an

2 exception handler receiving the exception request bit from
3 a last stage of the exception pipeline.

1 19. The apparatus of claim 12, wherein the stages of the

2 exception pipeline include selection logic to select one of
3 a number of exceptions based on a priority associated with
4 the exceptions.
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1 21. A system comprising:

2 a Flash memory device; and

3 a processor coupled to the Flash memory device,

4 wherein the processor includes an execution pipeline having
5 a number of stages to execute one or more instructions

6 concurrently, and an exception pipeline having a number of
7 stages to propagate exceptions resulting from the execution
8 of the instructions.

1 22. The system of claim 21, wherein the execution pipeline
2 and the exception pipeline each have N stages.

1 23. The system of claim 21, wherein the stages of the

2 exception pipeline include pipeline registers to store

3 exception codes
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2 exception pipeline and the execution pipeline are
3 synchronously controlled by one or more stall signals.
1 26. The system of claim 21, wherein the processor further
2 comprises an exception handler receiving the exception
3 reguest bit from a last stage of the exception pipeline.
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