Qﬁ!JUL 206 WO 02/ 46920 PCT/ US01/ 46706 10559/ 276W1/ P9283 MULT-CYCLE
I NSTRUCTI ONS BACKGROUND This invention relates to executi g1%mtﬂﬂkycle
‘i nstructi onWQ /48939 ogr ammabl e processor. 5 A programmabl e prOTESEMET06SUCH

as a mcropr r conputer or a digital signal processing system:
may supportf%%?%iswfr?gf%gﬁﬁul ti-cycle"” machine instructions in which a

single machine instructions directs the processor to perfor rr]mtmn“"mmwmumi
operations. For exanple, a typHURTI$OYELE! INSYRUETTONBI Ne ins
Load Multiple in which the processors perforns a series of |oad epgeati ons

Iin response to a single machine instruction. Another exanple is a

"Push-Pop Multiple" instruction that giﬁggts the processor to push or pop
multiple registers to or froma 15 st 2 se nulti-cycle instructions

pack nultiple operatipns into a single nmachine instruction, they
typical ly reduce LRventhon Fpkabes ober axpenbingentitieagylef the

progranmabl e processor. :
instructions in a programmable processor.

5 A programmable processor, such as a microprocessor for
a computer or a digital signal processing system, may
support one or more “multi-cycle” machine instructions in
which a single machine instructions directs the processor
to perform multiple operations. For exémple, a typical

10 multi-cycle machine instruction is a Load Multiple in which
the processors performs a series of load operations in
response to a single ﬁachine instruction. BAnother example
is a “Push-Pop Multiple” instruction that directs the
processor to push or pop multiple registers to or from a

15 stack. Because multi-cycle instructions pack multiple
operations into a single machine instruction, they
;ypically reduce code size and improve operational

efficiency of the programmable processor.
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-, 1 WD 02/ 46920 PCT/ US01/ 46706 10559/276W)1/ P9283 DESCRI P‘iﬂ\l\)uzm
DhAMVNGS Figure 1 is a block diagramillustrating an exanple of a
“pipelined p 24A%28bl e processor according to an enbodi nent POf/UBEKR6706
invention. 5 Figure 2 is a schematic illustrating an exanple execution

pi peli ne acé&Pag 581 4hP28Rbodi nent of the invention. Figure 3 illustrates
an exanple state diagramfor pushing nultiple registers onto a stack. 10
Figure 4 illustrates an exanpl OESCRI®TION CFMDRAWINGPPI ng nul tiple
registers off a stack. Figure 5 ilTustrates an exanpre state diagram for
execution of a Li WSt UL i ®Nb1 e K bk | I exanple state
diagram for 15 ggﬁiution of an UnIiﬁ%f?gg%éu%?%%%?EEFgﬁgea7ng§a§pi8h8§atic
di agram il | ystgiadd ' f a stall coptroller. Figure 8
is g tini nglé;isg'ggré;%%@ B Sia uﬁaglg:%)ra %?Qés% g%?%oﬁd?"%gaggcﬂﬁrrat i ¢ di agram

of .an examlgufddiitide &P (R SEPELALLN9 @ stall signal for milti-cycle

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

Figure 3 illustrates an example state diagram'for
pushing multiple registers onto a stack.
10 Figure 4 illustrates an example state diagram for
popping multiple registers off a stack.
Figure 5 illustrates an example state diagram for
execution of a Link instruction.
Figure 6 illustrates an example state diagram for
15 execution of an Unlink instruction.
Figure 7 is a schematic diagram illustrating an
example embodiment of a stall controller.
Figure 8 is a timing diagram for a stall generator.
Figure 9 is a schematic diagram of an example circuit
20 for generating a stall signal for multi-cycle instructions.
Figures 10 and 11 are schematic diagrams of example

address generation circuits.



Figures 10 and 11 are schematic diagrans of exanple address generﬁi!on
circuits. - 2 WD 02/46920 PCT/US01/46706 10559/ 276W01/ P9288. | ON
"Figure 1 i swaobMex diagramillustrating a programabl e propesssiyrsdat
supports a nunber of nulti- cycle nmachine instructions. Processor 2

i ncludes an 19583/@26WP0iP988Pel ine 4 and a control unit 6. Control unit 6
controls the flow of instructions and data through pipeline 4 in
accordance with a system cl ock. Duri pgistheppiegessing of an instruction,
control unit 6 may direct the variouS conponents of the pipeline to decode

the instruction g u’l% cpryect lyy far a{?r? r ndi ng operation
I ncl udi ng, for exg%p e, witing the ré%ﬁ% sjggé%ﬁﬁgﬁﬁéﬁ5%?. | nstructions
may be | oad [ first_stage of, pi.peline 4 and processed thrqugh the
subsequent g’%é’&elsa. alb%sps’f%%ee %.%gﬁﬂoff pTR %d’r’l’é”g}errerﬂflyl%ttlﬁ t he
other 15 stages. Data passes between the stages in pipeline 4 in
accor dance W< @ SMHITUCEI Y . PARCSSSAA t& dgrcludes iamst ruct i ons
energe at the end of the pipeline 4 in rapid succession. As described in
det ai | Sbel oRXeSUGdds i ki dt tand a mpntnaderurgft ful t iCantsiad unit 6
instructions. In response to a
controls the flow of instructions and data through pipeline
4 in accordance with a system clock. During the processing
of an instruction, control unit 6 may direct the various
components of the pipeline to decode the instruction and
10 correctly perform the corresponding operation including,
for example, writing the results back to memory.
Instructions may be loaded into a first stage of
pipeline 4 and processed through the subsequent stages.
Each stage typically processes concurrently with the other
15 stages. Data passes between the stages in pipeline 4 in
accordance with the system clock signal. The results of
the instructions emerge at the end of the pipeline 4 in
rapid succession.
As described in detail below, processor 2 supports a
20 number of multi-cycle instructions. In response to a
multi-cycle instruction, stall controller 8 may stall one

or more stages of pipeline 4 by asserting stall signals 9

in order to prevent pipeline 4 from fetching and decoding



multi-cycle instruction, stall controller 8 may stall one or nore stages
of pipeline 4 by asserting stall signals 9 in order to prevestJyi F0Bine 4
“fromfetchiW@@H@2decoding - 3 08JUL20 WD 02/ 46920 PCTI USGEdE6S0/a6706
1055Q/276Wﬂ%#§?2 3 additional instructions. After stalling a portion of
pi pel’i ne 4, ?2'89R %Rt ruction (MCI) controller 5 may assert M
signals 7 and direct pipeline 4 to perform additional operations defined
by the curHaﬁdiﬂﬂqnabytmetﬁuéhﬁommctimﬂtefﬁgUiBl£n§|éQﬁéf@iSﬁ 8f exanpl e
pi peline 4 according to the invention. Pipeline 4 may have, for exanple,
five stagepipeisineicd) anufet<hdyélE)ind ho 0 ddr ess
gepip j By é )1n$@§ﬁéﬁlﬁéﬁ V\gl'@fgogﬁé?g@ r 8 B8y be

cal cul ation (AC), execute (EX) and wite back ( ctrons

fetched fromgsdmmiyr devdger § 4 eq;?g%i i p menpLy or an

i nstruction cache during %he ??pgﬁés?%éégﬁl yf %P%h %n??rﬁ ™@nd decoded
during the : hnsfruction decode unit 12. At the next

cl ock cycle, ;E?&%ﬁ%@%&ﬁ%@e«%ﬁwﬁﬂ R R SEEERP S ks —cyipbee data
addresgsgenerators 13 cal cul ate any nmenory addresses to performthe

operation. DIiHYFHERxecution stage (EX), execution unit 15, performs a

specified operatigon such as, for exanple, adding
Figure 2 illustrates an example pipeline 4 according

to the invention. Pipeline 4 may have, for example, five
stages: instruction fetch (IF), instruction decode (DEC),
address calculation (AC), execute (EX) and write back (WB) .

10 Instructions may be fetched from a memory device such as,
for example, main memory or an instruction cache during the
first stage (IF) by fetch unit 11 and decoded during the
second stage (DEC) by instruction decode unit 12. At the
next clock cycle, the results are passed to the third stage

15 (AC), where data address generators 13 calculate any memory
addresses to perform the operation.

During the execution stage (EX), execution unit 15,
performs a specified operation such as, for example, adding
or multiplying two numbers. Execution unit 15 may contain

20 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 15 such as



or multiplying two nunbers. Execution unit 15 may contain 20 specialized
hardware for perform ng the operations including, for exanple, one or nore

“arithmetic logic units (ALU s), floating-point units (FPU) wa&grﬁ
shifters. A variety of data nmay be applied to execution unit u as 4

08 JUL 2005 the addresses generated by data address generators 13, data

retrieved fromnenory or data retrieved fromdata registers 14. During the
final stage (WB), the results pass through a unit 16 and are witten back
to data nenory or to data 5 registers 14. A multi-cycle instruction behaves

as mul tiple A@&E Held Ogéné’%]@@d‘gjkﬁtéré%%? d?e]&r?éjxe?t%@@el?f plpgline 4
over several tclock cycles. én a i s executing, 1 remains stalled in
the d d t f_pipeli 4 while 10 ltiple “sub inst t] "

sent dowrF B RTTe 7 URABFTOBHT oF 61 WA TLORIT o & EMACHLRETER | er 5
operates _ according to a nunber of internal state nmachines in order to
direct instrudtiolidctotiet it 99299 HBhatlthe L erinbet P%S dper@tdns over

a nunber of clock cycles during the 15 execution of the MZ. Stall

control | e @ ¥ayl6tang e Wrinpee BRakeso ofatpipenere @r byo adaezting stal
signals 9 in order to prevent pipeline 4 fromfetching and decodi ng

addi ti onategisters 14.

A multi~cycle instruction behaves as multiple
instructions being issued from the decode stage of pipeline
4 over several clock cycles. When an MCI is executing, it
remains stalled in the decode stage of pipeline 4 while

10 multiple “sub instructions” are sent down pipeline 4 under
control of MCI controller 5. MCI controller 5 operates
according to a number of internal state machines in order
to direct instruction decode unit 12 to dispatch a number
of operations over a number of clock cycles during the

15 execution of the MCI.

Stall controller 8 may stall one or more stages of
pipeline 4 by asserting stall signals 9 in order to prevent
pipeline 4 from fetching and decoding additional
instructions. More specifically, the stages of pipeline 4

20 include storage circuits, such as stage registers 19, for
storing the results of the current stage. Stage registers

19 typically latch the results according to the system



instructions. Mrre specifically, the stages of pipeline 4 20 include
storage circuits, such as stage registers 19, for storing the results of
"the current stage. Stage registers 19 typically latch the results
according to the system 08 JUL 2005 cl ock. Stage registers 19'§qﬁgjyu5the
stall signals 9, which control whether or not stage registers 19 latch the
WO 02/ 46920 0 6 JUL 2006 PCT/ USOL/ 46706 10559/ 276W)1/ P9283 results from
the previous stage. In this manner, stall controller 8 nay stall one or
nore stages of pipeline 4 in a response to a multi-cycle instruction.
Exanpl es of ltis e i i ons ted b r ocessor include a
PushPopI\/U@t?cg?é n%%%?céner%%zﬁ%%ig%rg%gf‘?énkﬁ?ens#%‘lc i On° atd” arr Unl i nk
instructiaon. The PushPo |tiple instruction djrects ocessor 2 to push
or pop fHYFR TP N Yat !F\%ﬁ%t% sn%%oﬁﬁg%o??ﬂje?t?re%iﬁ er&tch TiRe
PushPopMul ti ple remains stalled in the decode stage for 10 a nunber of

cl ock cycles equal to the nunber of registers being accessed. The
following illustrates an exanple push nultiple machine instruction: [--sp]
_(r7-r4, p5-p0) In this exanple, a single machine instruction directs

- 5a -



15 processor 2 to push four data registers (r4 through r7) arﬁg \.@TX i nter
ruet1-on

registers ( rough p5). Cenerally, a single machine inst y
speci fy zer@%o‘le/}ﬁ‘%ﬁe data registers and zero or nore point ACTYEHIL66s, as

| ong -as at | lhgter is specified. 20 Figure 3 illustrates an
exa?rpl e statlg%g?gég?g%lé%ﬁ gr a state machine within M controller 5 for
pushing nmultiple registers onto a stack. As described bel ow, M

controll er %é%ﬂﬁﬁ%uﬁ%O%cEB?dPﬁ%V%®u§tét@g@iagIantBDSimamnsppHSEalD a- 6
06 JUL 2005 push nmultiple instruction in order to push one or-nore

registers. \§RMerobkent 8 myancebalil ngne costmére débgyesn 89, pipbliconirohler 5
may assert one or nore MCl signals 7 including a PUSH DREG signal, which

directs decaderesprse Stgemeamnal €ipepelé EnsOrié0iosi gnal s for dispatching a
push of a data register, and a PUSH PREG signal, which directs decoder 12

to generate pipelHnensled rof HiOPBLSyEDE i0dSPAEDLAY %M&poi nt er

register. In addition, MCl controller 5 nmay assert a ECT
|

si gnal & hat ddiddAld 265 Ay t i ndj.cat es, whi ch dat a
regi ster top;%sh, or a P_R%G_%T%LE% gn'@?l %tmaéf}}ﬁrf‘? at TSR imt er

'S0 assert a3 PRt il S e (B S R an cothel or 6 1o
PushPopMultiple instruction directs processor 2 to push or
pop from 1 to N data registers and/or pointer registers.
The PushPopMultiple remains stalled in the decode stage for

10 a number of clock cycles equal to the number of reéisters
being accessed. The following illustrates an example ﬁush
multiple machine instruction:

[(--spl=(xr7-r4,p5-p0)
In this example, a single machine instruction directs

15 processor 2 to push four data registers (r4 through r7) and
six pointer registers (p0 through p5). Generally, a single
machine instruction may specify zero or more data registers
and zero or more pointer registers, as long as at least one
register is specified.

20 Figure 3 illustrates an example state diagram 30 for a
state machine within MCI controller 5 for pushing multiple
registers onto a stack. As described below, MCI controller

S5 operates according to state diagram 30 in response to a



15 stall pipeline 4 on the followi ng clock cycle. The followi ng table
summarizes the conditions that cause the Push Miultiple state machine in
MCI controller 5 to transition fromone state to another and trﬁ JUL 2006
correspondi ng out put signals that are asserted, where Dis 20 an
instruction bit that indicates a data register is to be pushed, Pis an
instruction bit that indicates a pointer register is to be pushed, DR is

an instr i i h .ndj es.a t] a_regjst o push, PR
'S an - POND ek e SERCLERE IRt UBh 1 e teh TRRES 5 7BREh  po2aa
instruction field th% igdi cales a starti n(g.ﬁ;l)oi prer éegi ster to SUSh, D

- TAG repr]é%%ﬁgef%é culi}?’ ft °REt 3 ?’Ié%i%?%?r el %g %u%ﬁ% © ?’iﬁﬂa?‘eg ésents
the current_pointer_ _register being pushed, DVMAX represents the maxi num
data 5 rebé@%t%?n?ﬁo%%%rrﬁnﬂéyoi“s%g?I%‘B?eoﬂalf‘%r‘?e%?gt%%%?am represents
the maxi mum poi nter register in the range of available pointer registers:
PATHCONDI T BYUANOPBERpuUsShonalt i phepondlrecst s uderedeB4BD BOP &

DR=DMAXasser t PUSH DREG
5 generate pipeline control signals for dispatching a push of

a data register, and a PUSH PREG signal, which directs
decoder 12 to generate pipeline control signals for
dispatching a push of a pointer register. 1In addition, MCI
controller 5 may assert a D REG PRESELECT signal that

10 initializes a counter whose count indicates which data
register to push, or a P_REG_PRESELECT signal that
initializes a counter whose count indicates which pointer
register to push. MCI controller 5 may also assert a
MCI_PRESTALL signal 17 that directs stall controller 8 to

15 stall pipeline 4 on the following clock cycle.

The following table summarizes the conditions that

cause the Push Multiple state machine in MCI controller 5
to transition from one state to another and the
corresponding output signals that are asserted, where D is

20 an instruction bit that indicates a data register is to be
pushed, P is an instruction bit that indicates a pointer
register is to be pushed, DR is an instruction field that

indicates a starting data register to push, PR is an



34C' D &P & PR=PMAXassert PUSH PREG 34DD & P & DR=DNAX—IasseLt__ ?, U
assert DREG 34ENoneassert PUSH DREG 34F! D &P & PR= -lasser
"PREG assertga£EEE§§ESELECT 34F D &P & DR=DMAX &assert PUSH DRECI/PROIfAGE06

34GNoneasser 182 Phu2 /84483 & P & DR<DIVAX- lassert PUSH DREG assert DREG
PRESELECT assert MCI _PRESTALL 34H D & P & DR<DMAXassert PUSH DREG assert DREG

PRESELECT assert MGl PRESTAL | P& ) TAG<DVAX- 1) |assertPUSH DREG - 8
WO 02/ 46920 Eﬁﬁ&%@fﬁ%@ﬁm%ﬁﬁéﬁ@é%%%‘ﬁﬂéiﬁﬂi§s|ﬂ:HQQ£twngapmiquan&

D TAG<DW%X))asser%gDREG PRESELECT assert MO PRESTALL 34JID & P &
PR<PMAX- 1assEPPLPERK BREBUSSgeD TAGREEPMRESHIECthe current data

register being pushed, P_TAG represents the current pointer
register being pushed, DMAX represents the maximum d;ta

5 register in the range of available data registers, PMAX
represents the maximum pointer register in the range of

available pointer registers:

PATH CONDITIONS OUTPUT
34A Not a push multiple None
instruction

34B D & !P & DR=DMAX assert PUSH_DREG

34C !D & P & PR=PMAX assert PUSH_PREG

34D D & !P & DR=DMAX-1 assert PUSH_DREG
assert D REG_PRESELECT

34E None assert PUSH_DREG

34F !D & P & PR=PMAX-1 assert PUSH_PREG
assert P_REG_PRESELECT

34F7 D & P & DR=DMAX & | assert PUSH DREG

PR=PMAX

34G None assert PUSH_PREG

34H D & !P & DR<DMAX-1 assert PUSH_DREG
assert D_REG_PRESELECT
assert MCI_PRESTALL

34H' D & P & DR<DMAX assert PUSH DREG
assert D_REG_PRESELECT
assert MCI_PRESTALL

341 ((1P & D_TAG<DMAX-1) | |assert PUSH DREG




assert MCl PRESTALL 34J'D & P & DR=DVMAX &assert PUSH DREG PR;E&hﬁ@:Zﬁbt
DREG PRESELECT assert MCl PRESTALL 34KPR=PMAX- lassert PUSH P P
"REG PRESELEWD ®46$20& D TAG=DMAX &assert PUSH DREG P_TAGPMAXpeHE5d1/46708EC
PRESELECT assert MCl PRESTALL 34MP & D TAG=DVMAX &assert PUSH DREG
P_TAG=PNAXask¥¥5P/ 37 6P RRBBEL ECT 34NP_TAG<PMAX- lassert PUSH PREG assert P
REG PRESELECT assert MCI PRESTALL 340D TAG=DVAX-1 & ! Passert PUSH DREG
assert DREG|PRESELECT Ta® & b Imad<pMaR),) MCI CG T 5! o
WAIT state funtil an irgtructrbn i's fetghed by ?%ﬁ%%fﬁdat qr%ﬁEFE%E%%de
by decode urfit 12. If tthe instruction is not a |ASESHPAECLI PRESTALL

i nstructi on, e METOMty G T SRSy TS ot YWALTF—state—as indicate
by path 34A| - 9 &l TS §2fa b8 B i lusOL/ 4@tRert PUSH_PREG
assert P_REG_PRESELECT
assert MCI_PRESTALL

3437 D & P & DR=DMAX & s assert PUSH_DREG

PR<PMAX assert D_REG_PRESELECT
| assert MCI_PRESTALL
34K PR=PMAX-1 assert PUSH_PREG
assert P_REG_PRESELECT
34L P & D_TAG=DMAX & assert PUSH_DREG |
P_TAG<PMAX assert D_REG_PRESELECT
assert MCI_PRESTALL
34M P & D_TAG=DMAX & assert PUSH_DREG
P_TAG=PMAX assert D_REG_PRESELECT
34N P_TAG<PMAX-1 assert PUSH_PREG

assert P_REG_PRESELECT
assert MCI_PRESTALL

340 D_TAG=DMAX-1 & !P assert PUSH_DREG
assert D _REG_PRESELECT
Table 1

Initially, MCI controller 5 starts in the WAIT state
until an instruction is fetched by fetch unit 11 and
decoded by decode unit 12. If the instruction is not a

5 PushPopMultiple instruction, the MCI controller 5 returns

to the WAIT state as indicated by path 34A.



10559/ 276W01/ P9283 |If the instruction is a PushPopMiultiple i nstruch'ﬁn,
but only instructs processor 2 to push a single data registd|§~ﬂ“e ate

‘machi ne assWOt02/4692PUSH DREG signal and returns to the WAI T pepiSorydsdosPat h
34B. .If the instruction 5 is a PushPopMultiple instruction that instructs
processor 2 105894A7$HO%/®32881 e pointer register, the state machine asserts
the PUSH PREG signal and returns to the WAIT state via path 34C. |If the

i nstruction speci¥f esheushsbgutvRofaia A0Ph8HPSHIKS LY LRy
regi sters, state machi ne changes states to thebstat eb%%ﬁgrg%gp%t%éogzc,

respectivel Youtlhehlpt 8h S PRERENErHEBBSLLI 9N$ ! ese ates via path 34D
or 34F, and asserf% t he PUSH rG si gnal m%?lgu%ga%sﬁibg Fn&atﬁo the state

32A or the RIGH RREG L Qna L .lransitioning the state 32C. In
addition, while tr a'n?%?o%?%géaﬁ%égl%% ﬁsgﬁﬁgst ﬁepbggLBRﬁ'ﬁ'cﬁFLHﬁa&s§éﬁit s

the D REG PRESELECT signal_ipitialjzing the counter that indicates which
dat a registégg E?ﬁnEﬁLé@frﬁégil§€atﬁiV a pabRsPtBeni A§ shengnpsrbc8dbn t he
state nmachine asserts the 20 P_REG PRESELECT signal initializing the

count er® t hattS i FUSHRPYA EHPPei Heekruefienctbatoipathucthepsbatesorchi ne
returns to the WAIT state fromthe state 32A via path 34E. During this
transition, BaClpPushi® single pointer register, the state machine

asserts the PUSH_PREG signal and returns to the WAIT state
via path 34cC.
If the instruction specifies pushing two data
10 registers or two pointer registers, state machine changes
states to the state 32A or state 32¢C, respectively. The
state machine transitions to these states via path 34D or
34F, and asserts the PUSH_DREG signal while transitioning
to the state 32A or the PUSH_PREG signal while
15 transitioning to the state 32C. 1In addition, while
transitioning along path 34D, the state machine asserts the
D_REG_PRESELECT signal initializing the counter that
indicates which data registers to push. Similarly, while
transitioning along path 34F, the state machine asserts the
20 P_REG_PRESELECT signal initializing the counter that
indicates which pointer registers to push.
The state machine returns to the WAIT state froﬁ the

state 32A via path 34E. During this transition, MCI

- 10 -



09JUL?3S controller 5 again asserts PUSH DREG and deasserts DREG
PRESELECT, causing decode unit 12 to dispatch the push of another data
‘register. Similarly, the state machine returns to the WAIT staﬂsJULthe
state 32C via 5 path 34G During this transition, M controller 5 asserts
PUSH PREG and deasserts P_REG PRESELECT, causing execution wunit 15 to push
anot her pointer register. For a PushPopMiultiple instruction that requires

instruction decode unit 12 to di spatch the gush of three or 10 nore data

regi st er sCOMHeC 5t aF e° naghF Re@$F Rt t FORE_PREM 2hd d9@FTestate to the state
32B via path 34H. During the transition, MC controller 5 asserts PUSH DREG
si gnal and RHSsBRESE PRESELECTIegadsi wylbxbeutPoRispatchsthe push a
first data register. In addition, MC controller 5 15 asserts MC PRESTALL
signal cauwssimgoStahdticentdatbere@isberst abimbhaerdy, nohe stages of pipeline
4 on the followng clock. For exanple, in one enbodi ment, stall controller

8 assertma&Ifhe DECitRsstal théhratecedetst agemothpi pehtsesde vace in the
state 32B, MCl controller 5 continues to push 20 data registers until two

registerspsemesnct o berpyghedis Eoanexemphe, Mbt theckosieucti gesgathed for
six data registers to be pushed, Ml controller 5 traverses path 341

three tinpgsy Ppshkngnad dalastpgisherrashetiBerUntihsif§ axddution

unit 15 to push another pointer register.
For a PushPopMultiple instruction that requires
instruction decode unit 12 to dispatch the push of three or
10 more data registers, the state machine transitions from the
WAIT state to the state 32B via path 34H. During the
transition, MCI controller 5 asserts PUSH DREG signal and
asserts D _REG_PRESELECT, causing execution unit 15 to push
a first data register. In addition, MCI controller 5
15 asserts MCI_ PRESTALL signal causing stall controller 8 to
stall one or more stages of pipeline 4 on the following
clock. For example, in one embodiment, stall controller 8
asserts STALL DEC to stall the decode stage of pipeline 4.
Once in the state 32B, MCI controller 5 continues to push
20 data registers until two registers remain to be pushed.
For example, if the instruction called for six data
registers to be pushed, MCI controller 5 traverses path 34I

three times, pushing a data register each time, until the

- 11 -



$6JUL20 current data register to be pushed equals the maxi rum avail able
_data register (DVAX) mnus one, i.e., when two data registers renmain to be
pushed. While traversing path 341, MCl controller 5 asserts 5 tﬂﬁl

PUSH- DREG signal, the D REG PRESELECT signal and the M PRESBA 4FEha|.
When two data registers remain to be pushed, MZl controller 5 transitions
to the state 32A via path 340 while pushing one of the renmaining data
registers. During this transition, MC controller 5 deasserts is M

PRESTALL.CH S Huctqtoh ERILYRTE 19° ree Ve d ¢V HisthadiadHdR the cycle

after MClI controller 5 has  traversed path 34E and has pushed the remaining
data reg&erabis makad|yeoizien FMPopgMMEs pPeei nste uct Ve tHae 15
requires instruction decode unit 12 to dispatch the push of three or nore
poi nter rayisteesistees stemaimachile peskeditions fromthe WAIT state to
the state 32D via path 34J. During the transition, M controller 5
asserts PUSHRREC: st ganad r ehcky asset t 34 P, RES RRRSEEETler CRUSS Sigr 29 execution
unit 15 to push a first pointer register. In addition, MZ controller 5

assefts Mye ARESTAMAES] 91@hal catise Ng E@l PREOMEOT | £1g8at 0agdyathe ONE or
nore stages of pipeline 4. In the state 32D, MCl controller 5 pushes - 12
MCI_ PRESTALL signal. When two data registers remain to be
pushed, MCI controller 5 transitions to the state 32A via
path 340 while pushing one of the remaining data registers.
During this transition, MCI controller 5 deasserts
1C MCI_PRESTALL. Instruction decoder 12 receives a new
instruction on the cycle after MCI controller 5 has
traversed path 34E and has pushed the remaining data
register.
Similarly, for a PushPopMultiple instruction that
15 requires instruction decode unit 12 to dispatch the push of
three or more pointer registers, the state machine
transitions from the WAIT state to the state 32D via path
34J. During the transition, MCI controller 5 asserts
PUSH PREG signal and asserts P_REG _PRESELECT, causing
20 execution unit 15 to push a first pointer register. 1In
addition, MCI controller 5 asserts MCI_PRESTALL signal
causing stall controller 8 to stall one or more stages of

pipeline 4. In the state 32D, MCI controller 5 pushes

- 12 -



I,$ JUL ?10 6 WO 02/46920 PCT/ US01/ 46706 10559/ 276W01/ P928 pghnﬁﬁ‘
.registers by traversing path 34N until two pointer register 8 to be
pushed. Whwoeozt46820er si ng path 34N, MCl controller 5 assertecwbsniRsasl DREG
signal, the D REG PRESELECT signal and the MCl _PRESTALL signal. Once 5 two
data regi st¥589/&PHPH/BA38Be pushed, Ml controller 5 transitions to the
state 32C via path 34K while pushing a pointer register. During this

transition,pdlitepnieglséeers beosseet siMyl pPRETMilunt 1t Bivs PBOAGEY
pi peline 4 resunes operation on the next clock cycle after controller

5 10 has traggistensdrinalietdibd shaheayi aypaly S46vandihgspapiohed, the

remai ni ng pointer register. In addition to the above ty, a

PushPopMul tjpt ecéﬁlélt__éilféi.ogl gg/eﬁp%c{ﬂgs?g%gq%ﬁ%g%%ﬁaieg{':ﬁt ers and

multiple pointer registers. neral |y, & 30°1'S designed to

first push LSters ol | d b h | r regi sters, although
t he inventiéighéiﬁékéﬁﬁﬁﬁit%ﬁg%% s%%%&§$%rggi¥ﬁgﬁgmgifi5+8gFistr96FFon t hat
speci fies pushin single data regi ster and a siqgle poi nter register,

a.
MO 29 con?Y%I@%?aSr?Q%% SFF oM LP  HR Re aPeshedy MGI paeRtsatlesnd asserts
the PUSH DREG signal to push the data register. Next, M controller 5
transitionstharfltbornct@arlfesstatee 32C via path 34K while pushing a

pointer register. During this transition, MCI controller 5
deasserts MCI_PRESTALL. In this manner, pipeline 4 resumes
operation on the next clock cycle after MCI controller 5

10 has transitioned to the WAIT state via path 34G and has
pushed the remaining pointer register.

In addition to the above functionality, a
PushPopMultiple instruction may specify multiplé data
registers and multiple pointer registers. Generally, state

15 machine 30 is designed to first push the data registers,
followed by the pointer registers, although the invention
is not limited as such.

For a Push Multiple instruction-that specifies pushing
a single data register and a single pointer register, MCI

20 controller 5 transitions to the state 32C via path 34F’ and
asserts the PUSH_DREG signal to push the data register.
Next, MCI controller 5 transitions back to the WAIT state

via path 34G and pushes the pointer register.

- 13 -



via path 34G and pushes the pointer register. - 13 WD 02/46920
10559/ 27601/ P9283 .16 JUL 2006 PCT/US01/ 46706 For a Push w8 gl P88

‘speci fi es PYOHRMHEP28ne data register and nore than one poi ntEET/HSANGIR' -
MCl control | itigns to the state 32D via path 34J' and asserts
t he: PUSH_DR@%SS?Z%-;‘{W,%Q?E%8%_REG_PRESELECT signal and the 5 M _PRESTALL
signal to push the data register. Next, MCl controller 5 pushes all but two

of the pointer refpstarBubh Mbulaiplei BhapaishbeZdMicRUSRET AP UL & 1/ €0i St er
by traversing path 34K and pushes the |ast pointer ?egigtgf%%$1 %HﬁLnning

the VAT st ategiytér axedsinbgePshbn3dte 18iELR2! L¥yifQL 2 hPopul ti pl e
I nstruction that specifies pushing nul%isle dafég%ggfgfeﬁgia 8%§Fq

one poi nt ers egrsd €161 oNVE! £608RhEOL 5abRhansit | the state 32B via
path 34H and asserts the PUSH_DRE%?EFQ%EP,OiéhéggﬁRé%fPRégéLEé?e§¢§nal and

cont ol Ter & puaate et pefondls (efler b’ Bbec BRBSEERLE: Shipnpinsadskhg pat n
pitnea? ot L TR RSl PR BT ity Feor g oot
34M and pushi ng- the single pointer
controller pushes all but two of the pointer registers by
traversing path 34N, pushes a pointer register by.
traversing path 34K and pushes the last pointer register
and returning the WAIT state by traversing path 34G.

10 .Finally, for a PushPopMultiple instruction that
specifies pushing multiple data registers and at least one
pointer egisters, MCI controller 5 transitions to the
state 32B via path 34H’ and asserts the PUSH_DREG signal,
the D REG_PRESELECT signal and the MCI_PRESTALL signal to

15 push a first data register. Next, MCI controller 5 pushes
all but one of the data registers by traversing path 34I’.

If the instruction specifies a single pointer register to
be pushed, MCI controller 5 pushes the final data register
by traversing path 34M and pushing the single pointer

20 register by traversing path 34G. Otherwise, MCI controller
5 pushes the final data register by traversing path 34L and
pushes the multiple pointer registers by traversing paths

34N if necessary, followed by 34K and 34G.
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20 Yegister by traversing path 34G O herw se, MZ controller 5 pushes the
final data register by traversing path 34L and pushes the nmultiple pointer

regi sters by traversing paths 34N if necessary, followed by %@FJgﬂqgﬁgG. -
14 $6JUL206 Figure 4 illustrates an exanple state diagram 40 te

machine within MCl controller 5 for popping nultiple registers froma
stack. MCl controller 5 operates according to state diagram 40 in response
to a 5 PushPopMul tiple instruction that specifies one or nore registers to
be popped froma stack in nmenory. Wiile operating according to state

di agram 40, MIigereroliblustraegs asseexample oftape ed MBYram ghdl of 7a
including a POP DREG signal, which directs pipeline 4 to pop a data

regi st er, st ant FOMPREG 3igndC] edmichodleech sfor pedbppend hol popla

pointer register. In addition, M controller 5 may assert a D REG
PRESELECTr &g pstedr$ nf tomal & zétigeca. count ecohbadl1énds capesatds ch data regi ster
to pop or a P REG PRESELECT signal initializing a counter that indicates

Whi ch poidd@srdsnd egb S €atd 0dPOPratdo CONt FOLbEKsS ¥BYaal so assert M
PRESTALL signal to stall pipeline 4 on the followng clock cycle. The

oL 20 A SRUTER | £C5 DR, ST S 5B £ AU, SOEEOl er S T
registers to be popped from a stack in memory. While
operating according to state diagram 40, MCI controller 5
may assert one or more MCI signals 7 including a POP_DREG
signal, which directs pipeline 4 to pop a data register,

10 and POP_ PREG signal, which directs pipeline 4 to pop a
pointer register. 1In addition, MCI controller 5 may assert
a D REG_PRESELECT signal initializing a counter that
indicates which data register to pop or a P_REG PRESELECT
signal initializing a counter that indicates which pointer
15 register to pop. MCI controller 5 may also assert
MCI PRESTALL signal to stall pipeline 4 on the following
clock cycle.
The following table summarizes the conditions that
cause MCI controller 5 to transition between state of state
20 diagram 40 and the corresponding output signals that are
asserted, where D is an instruction bit that indicates a
data register is to be popped, P is an instruction bit that
indicates a pointer register is to be popped, DR is an

- 15 -



20 di agram 40 and the correspondi ng output signals that are 3ﬁ€er ed. . Wher e
Dis an instruction bit that indicates a data register ist éUL yoed, P
“is an instrWOREMP2Bit that indicates a pointer register is RATNRIIAEPpPed,

DR is an - 02/ 46920 PCT/ USO1/ 46706 10559/276W1/P9283
instfuction%isggggf%§#§>€P g the last data register to pop fromthe stack,
PRis a instruction field indicating the |ast pointer register to pop from
the stack, BNStATCHipncfbeld imdicatieptthatlasegisterrdeisigepoppasop P
-TAG 5 represents the current pointer register being popped, DVAX
represents thmeomebhenstaeka PROLSt&rinstiiecicnaeiofq ﬁ—y@ié@@iﬁ‘? dal &

regi sters and PVMAX represents the maxi num pointer register in The range of

avai | abl e palddierpot et 61 £661sPATHEENDLT| ENSOUTRLT, d4Opoty appep multi ple

None instruction 44BP & D & PR=PMAXassert POP PREG 4

DR=DNAXasseQe%?%43§%%46&&’é%f%éhé*ﬁﬁ%ﬁ”&égf@%@%tbeing popped, P_TAG

5 represents the current pointer register being popped, DMAX
répresents the maximum data register in the range of
available data registers and PMAX represents the maximum
pointer register in the range of available pointer

registers:

PATH CONDITIONS OuUTPUT

44A Not a pop multiple None
instruction
44B P & !D & PR=PMAX assert POP_PREG
44C !P & D & DR=DMAX assert POP_DREG
44D P & !D & PR=PMAX-1 assert POP_PREG
assert P_REG_PRESELECT
44E none assert POP_PREG
44F !P & D & DR=DMAX-1 assert POP_DREG
' ' assert D_REG_PRESELECT
441’ D & P & DR=DMAX & assert POP_PREG
PR=PMAX
44G none assert POP_DREG
44H P & !D & PR<PMAX-1 assert POP_PREG
assert P_REG_PRESELECT
assert MCI_PRESTALL
44H' D & P & PR<PMAX assert POP_PREG
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POP' PREG assert P REG PRESELECT 44Enoneassert POP PREG 44F!PD§BH§¥k
DR=DMAX- lassert POP DREG assert DREG PRESELECT 44F' D & P & gns
‘assert POP WREH4OPVAX 44Gnoneassert POP DREG assert POP PRERCT/USPHEID &
PR<PMAX- 1lasser ELECT assert MCI PRESTALL 44H D &P &
PR<meassef%%BEff7$§Eg/§£%§ WD 02/ 46920 10559/ 276W01/ P9283 8 JUL 20
PCT/ US01/ 467206 assert P REG PRESEILECT assert MO PRESTALL 441((!D &
P_TAG-PR+1) Iassert PQP PREG (D & P_TAG-PR)) assas$eft REREGEERESEIECT

assert MCI_PRESTALL

441 ((!D & P_TAG>PR+1) | assert POP_PREG
(D & P_TAG>PR)) assert P_REG_PRESELECT
assert MCI_PRESTALL
443 !P & D & DR<DMAX-1 assert POP_DREG

assert D REG_PRESELECT
assert MCI PRESTALL

447’ D & P & PR=PMAX & assert POP_PREG
DR<DMAX assert P_REG_PRESELECT
assert MCI_PRESTALL
44K D_TAG=DR+1 assert POP_DREG
assert D_REG_PRESELECT
44L D & P_TAG=PR & DR<DMAX |assert POP_PREG

assert P_REG PRESELECT
assert MCI_PRESTALL
44M D & P_TAG=PR & DR=DMAX |assert POP_PREG

assert P_REG PRESELECT

44N D_TAG>DR+1 - : assert POP_DREG

| assert D_REG_PRESELECT
assert MCI_PRESTALL
440 P _TAG=PR+1 & !D assert POP_PREG

assert P_REG_PRESELECT
Table 2

Initially, MCI controller 5 starts in the WAIT state
until an instruction is fetched by fetch unit 11 and

decoded by decode unit 12. If the instruction is not a
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assert MCI PRESTALL 44J!P & D & DR<DMVAX- lassert POP DREG assert DREG
.PRESELECT assert MCl PRESTALL 44J'D & P & PR=PMAX &assert POP PREG
DR<DMAXassert P REG PRESELECT assert MCI PRESTALL 44KD TAGtDR+%g§ g

DREG assert DREG PRESELECT 44LD & P TAG-PR & DR<DMAXassert POP é assert
P_REG PRESELECT assert MCl _PRESTALL 44MD & P TAG-PR & DR=DMAXassert POP
PREG assert P_REG PRESELECT 44ND TAG>DRtlassert POP DREG assert DREG
PRESELECT assert MCI PRESTALL 440P TAG=PR+1 & ! Dassert POP PREG assert P

REG PRESHLEGIpJ@ih £ Zo1 81 10 LYot M4, Cl@@ir@érlltefoﬁléfaédéco fhe AT state

until an |nstruct|on is fetched by fetch unit 11 and ed by decode

it 12, I theck nSELUEUL 9N 3 D@ 5y e BiAUL 2005

If the instruction is a PushPopMultiple instruction
that directs processor 2 to pop a single pointer register
5 and no data registers, MCI controller 5 asserts a POP_DREG
signal and returns to the WAIT state via path 44B. If the
instruction is a Pop Multiple command and instructs
processor 2 to pop a single data register, MCI controller 5
asserts the POP DREG signal and returns to the WAIT state
10 via path 44C.

If the instruction specifies popping two pointer
registers or two data registers, MCI controller 5 changes
states to the state 42A or state 42C, respectively, via
paths 44D or 44F. MCI controller 5 asserts the POP_PREG

15 signal while transitioning to the state 42A or the POP_DREG
signal while transitioning to the state 42C. 1In addition,
while transitioning along path 44D, MCI controller 5
asserts the P_REG PRESELECT signal initializing a counter
whose count indicates which pointer registers to pop.

20 Similarly, while transitioning along path 44F, MCI
controller 5 asserts the D REG_PRESELECT signal,
initializing a counter whose count indicates which data

registers to pop.
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PushPopMul tiple instruction, MZ controller 5 returns to the WAIT state as
i ndicated by path 44A. |If the instruction is a PushPopMiltiple instruction

"that directs processor 2 to pop a single pointer register 5 aﬂﬁggﬁ %ﬁ#a
registers, MCl controller 5 asserts a POP DREG signal and retu I e

VWAIT state via path 44B. If the instructionis a Pop Miultiple conmmand and
instructs processor 2 to pop a single data register, MC controller 5
asserts the POP DREG signal and returns to the WAIT state 10 via path 44C

1 f the instrquf@gkS@§§é§ﬁ§5tﬁép9iﬂgkt&9 P0L N5 péfﬁ@éfefé%?étéFQ,data

regi sters, MCl contro changes states to the state 42A or state 42C,
respecti v , . Vi.a hs. 44 r_44F roller asserts the POP PREG
15 signaﬁﬁ%%i?%p%$%ﬁ§%¥i%n{%%8¥%st%% %%%I@ggéﬁF%ét?hgr?mI; Ei?a%?gna
while trapsjitioning to the state 42C . In additipn, while transjtioning

al ong pat¥ra4pa t%oﬁ%?oll PEENG 5 %?tEr?%%l?%ﬁﬁaiﬂﬁﬂES§Eﬁéﬁoi}%ﬁaﬁ
initializing a counter whose count indicates which pointer registers to
pop. 20 SI¥Atardgsenhs | ROF  BREF t #0%i Hep aF OReS pRt REA4PRENEIECEontrol ler 5
asserts the DREG PRESELECT signal, initializing a counter whose count

i ndi Tat escaind ohg dexecutegi sters 19 poppop adothdg pelner register.
Similarly, after popping the first of the two data
registers, MCI controller 5 returns to the WAIT state from
the state 42C via path 44G. During this transition, MCI
controller 5 asserts POP_DREG and deasserts

10 D REG_PRESELECT, causing execution unit 15 to pop another
data register.

For a Pop Multiple instruction that requires
instruction decode unit 12 to dispatch the pop of three or
more pointer registers, MCI controller 5 transitions from

15 the WAIT state to the state 42B via path 44H. During the
transition, MCI controller 5 asserts POP_PREG signal and
asserts P _REG PRESELECT, causing execution unit 15 to pop a
first pointer register. 1In addition, MCI controller 5
asserts MCI PRESTALL signal causing stall controller 8 to

20 stall one or more stages of pipeline 4 on the following
clock. Once in the state 42B, MCI controller 5 continues
to pop pointer registers until only two pointer registers

remain to be popped. For example, if the instruction
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Afteer popping the first of the two pointer registers, M controller 5
returns to the WAIT state fromthe state 42A via path 44E. During this
transition, MCl controller 5 again asserts POP PREG and dea‘s@euul_s MMHREG
PRESELECT, 5 causing execution unit 15 to pop another pointer register.
Simlarly, after popping the first of the two data registers, M
controller 5 returns to the WAIT state from the state 42C via path 44G
During this transition, M controller 5 asserts POP DREG and deasserts 10
DREG PRES%@ £EHSE 1Y ﬁéﬁ%‘éf%‘e?‘ﬂé%eﬂ§ £0 ponyG Lherycflata register.

For a Pop M |pIe instruction th reqwres |ns ctlon decode unit 12 to

di spatch the _Pqpl %hrge Of . ore. ﬁ % sters, controller 5

transiti o%%mf rom 15 WAT T s%a?e to {] H&%sm%o%%% " 42H Duri ng
the transition, controller b asserts PREG signal ,and asserts P
REG PRESE?_CEWeJ&a{I%‘?h%t%&e%%‘E? onni turitsljto%% a4 sE’OJp‘b'f‘Fl’Eer register.

In addition, MCl controller 5 asserts M PRESTALL signal causing stal
control | FeBLIBEDOCRtRE | PRPRESr SHpR bS SERAY 83 BINWN eV 2 hbARl @ P Het €5 | owi ng
clock. Once in the state 42B, Ml controller 5 continues to pop pointer
regi st ersregisteon(HMAXD poins epne egi s¢ er swhernbved poliiee poppedst&os
exanple, if the instruction - 19 #0JUL2006

remain to be popped.

While traversing path 44I, MCI controller 5 asserts
the POP_PREG signal, the P_REG_PRESELECT signal and the
MCI_ PRESTALL signal. When two pointer registers remain to

10 be popped, MCI controller 5 transitions to the state 42A
via path 440 while popping one of the remaining pointer
registers. During this transition, MCI controller 5
deasserts MCI_PRESTALL. Instruction decoder 12 receives a
new instruction on the cycle after MCI controller 5 has

15 traversed path 44E and has popped the remaining pointer
register.

Similarly, for a PushPopMultiple instruction that
requires instruction decode unit 12 to dispatch the pop of
three or more data registers and no pointer registers, MCI

20 controller 5 transitions from the WAIT state to the state
42D via path 44J. During the transition, MCI controller 5

asserts POP DREG signal and asserts D_REG PRESELECT,

causing execution unit 15 to pop a first pointer register.
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called for six pointer registers to be popped, MCI controller 5 traverses
_path 441 three tinmes, popping a pointer register each tinme, until the
current pointer register to be popped equals the maxi mum avaliéleiui mnter
5 register (PMAX) minus one, i.e., when two pointer registers o0 be
popped. While traversing path 441, MCl controller 5 asserts the POP PREG
signal, the P REG PRESELECT signal and the MI PRESTALL signal. Wen two
poi nter registers renmain to 10 be popped, MI controller 5 transitions to

the staterg2fyqvi fopatiic #40:-MPLE €1 8PPPI 29s0Pes Orfaci heRESTRL D Qgglﬁ% nter

registers. During this transition, M contro |l er 5 deasserts

PRESTALL. d h |
af ter %@%% 4eLLon, CEgRren, 12, BCEL VSRR, et RFLMEL 90, 8, (B oyl e

renalnlng ter register arI for a PushPopMul tiple instruction
that re ?% l?%sfruc??oﬁtﬂEﬁog%DunM QO?Brﬁrzﬁﬁtghp?B% g%ﬁaof three or
nore data registers and no pointer registers, 20 controller 5

tran5|t|oﬁ%g¥$%%¥¥h%YV@¥§V§¥é%@gtBthe4§NaP%tlh2EW9l@ab@tﬁegngteEﬁrlng t he
transition, MCl controller 5 asserts POP DREG signal and asserts DREG
PRES‘ELECTJ;em@iémstcngbeXE@Dpédn unhtlésStraveopinagfpash HONNtMEIregi ster. - 20
440 JUL 2005

controller 5 asserts the POP_DREG signal, the

D REG_PRESELECT signal and the MCI_ PRESTALL signal. Once
two data registers remain to be popped, MCI controller 5
transitions to the state 42C via path 44K while popping a

10 data register. During this transition, MCI controller 5
deasserts MCI PRESTALL. MCI controller 5 then transitions
to the WAIT state via path 44G and pops the remaining data
register.

In addition to the above functionality, a

15 PushPopMultiple instruction may specify multiple data
registers and multiple pointer registers to be popped.
Generally, state machine 30 is designed to first pop the
pointer registers, followed by the data registers, although
the invention is not limited as such.

20 For a PushPopMultiple instruction that specifies
popping a single pointer register and a single data
register, MCI controller 5 transitions to the state 42C via

path 44F’ and asserts the POP PREG signal to pop the
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In addition, Ml controller 5 asserts MC PRESTALL signal causing stal
.controller 8 to stall one or nore stages of pipeline 4. In state 42D, M
controller 5 pops data registers by traversing path 44N until two data
registers 5 remain to be popped. Wiile traversing path 44N, JUL 2008
controller 5 asserts the POP DREG signal, the DREG PRESELECT igna+ and the
MCI PRESTALL signal. Once two data registers renmain to be popped, M
controller 5 transitions to the state 42C via path 44K whil e popping a 10

dat a reqi i st i ti@n, ot | : € MCI
PRESTALE?(SN%EJC%%%%%Q?%€£5 i r%ﬁgi?%\rsg?gé% hée gi‘LA?LSTSls?g egvllgété]f)ath 44G

Flnct i ond 7 (/.2 ALG! PLSRPOpM (FPIE | At rERTTon nhy: ShRRPomA LPRb dat a

registers and nultjple gointer.re isters to be popped. Generally, state
machi ne 3 §p%%%ibﬁ%dd 2f1T9tShop-the pointer registers, followed by the
data registers, although the invention is not |imted as such. 20 For a
PushPopMul ti pl 2°F ndt PR PopM hiat P 5P etn § F B4Ct Bl pt PRjt aSREAHT B Poi nt er
register and a single data register, Ml controller 5 transitions to the
state 42@pRingpathe 4AFinted besesterthed RO PREG S| gnal davapop the - 21
98JUL2006
register, MCI controller 5 transitions to the state 42D via
path 44J’ and asserts the POP_PREG signal, the
P_REG_PRESELECT signal and the MCI_ PRESTALL signal to pop
the pointer register. Next, MCI controller 5 pops all but
10 two of the data registers by traversing path 44N, pops a
data register by traversing path 44K and pops the last data
register and returns to the WAIT state by traversing path
44G.
Finally, for a Pop Multiple that specifies popping
15 multiple pointer registers and at least one data registers,
MCI controller 5 transitions to the state 42B via path 44H’
and asserts the POP_PREG signal and the P_REG PRESELECT
signal to pop a first pointer register. Next, MCI
controller 5 pops all but one of the pointer registers by
20 traversing path 44I. TIf the instruction specifies a single
data register to be popped, MCI controller 5 pops the final

pointer register by traversing path 44M and popping the

single data register by traversing path 44G. Otherwise,
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pointer register. Next, MC controller 5 transitions back t”gjm g T

.State via ﬁ%ﬁh 44G asserts the POP DREG signal and pops the data

regi ster. 0264680 hPopMul ti pl e instruction that specifies PEVBSHHSHE one

poi nfer regisdRl Pdid1 PPt han one data register, M controller 5

transitions to the state 42D via path 44J' and asserts the POP PREG

signal, the REG P ELECT signal and the MCI PRESTALL signal to po t he
g REfeHchE g pop

poi nt er regMQEeF9nRE9 BREr bheeflBabop’inferphegisterobyf the data
registers by traversing path 44N, pops a data register by traversing path
44K and popgr@ﬁerﬁasg nath 44bghndepopadthetmuhtipdet Het¥Ardgisasesbyy
traversing path 44G Finally, for a Pop Miultiple that specifies popping 15
mul ti pl e potnaeerskéggspethsaddNaifl rastssaeydafallegedt 24K, andChagontrol | er
5 transitions to the state 42B via path 44H and asserts the. POP PREG

signal and the PAREG:PGESELELAmpsegnaf iRsPPRcRibhESEhRLI AL 8b LTI Ster.
Next, MCl controller 5 pops all but one of the pointer registers by 20 -

traversing pabby ffdg #Eo&@gsbﬂsﬁrﬂstf?ﬁgféﬁﬁ 'ﬁig:%li;feswgkstig@%a register

to be popped, MCl controller 5 pops I na olnter regrs by
Cain g FREB-AENG2RE PRROI ROk IEon LAY End % ink Pht FhclYoh" BXE" BhAY
Unlink instruction. The Link instruction is typically used
when invoking a subroutine and causes pipeline procéssor 4
to push a return address for a subroutine on a stadk, push
10 a frame pointer on the stack, move the stack pointer to the
frame pointer and update the stack pointer based on a frame
size for the subroutine, as specified by the instruction.
.The Unlink instruction is used when exiting the subroutine
and causes pipelined processor 2 to restore the return
15 address from the stack, restore the stack pointer and
restore the frame pointer from the stack.
The following examples illustrate the Link and Unlink
instructions:
link 1234;
20 unlink;
Figure 5 illustrates an example state diagram 50 for a

state machine within MCI controller 5 for carrying out the

operations of the Link command. While operating according
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WD 02/ 46920 PCTI USOL/ 46706 10559/ 276W1/P9283 MCl controller 5 pops the
final pointer register by traversing path 44L and pops the nmultiple data
registers by traversing paths 44N if necessary, followed 44K

Addi ti onal exanples of instructions that direct 5 pipelined processor 2 to
performnultiple operations according to the invention are the Link
instruction and the Unlink instruction. The Link instruction is typically
used when invoking a subroutine and causes pipeline processor 4 to push a

return adds ess, {Orq o GLbh oLl | %P%@n@f@}?fer PiShs 1 0x &s & F @B PO pL €r on the
stack, nmove the stack pointer to the franme pointer and update the stack

fied b h
st et T B s | e e Bl B Lo e PR & by out | ne
and causes el |n rocessor 2 to res%gre the r #urn %5 dre s fromthe
st ack, re%cflgl?g Js?(gc(ﬁp%ﬁ??ﬁ%? antl® TSPt HE T r ERREpor hEer frf‘%}‘nthe

stack. The follomﬁn exanpl es |Ilustrate the Link and. Unlink instructions:
link 12342SS9pC yhire e L =7 Ry eAkk |?Jr%ﬂa?%ss%"ﬁuex%%ﬁﬂel%‘%a‘ﬂe di agram 50 for

a state machine within MCI controller 5 for carrying out the operations
of the Link coimaniolwviegopabhei figarebzels nghe output signals that

are asserted while MCI controller 5 transitions through

state diagram 50:

PATH OUTPUT SIGNAL
54A None
54B PUSH RTS, MCI PRESTALL
54C PUSH_FP, MCI PRESTALL
54D MOVE SP TO FP
54E UPDATE SP

Table 3

If the present instruction is not a link command, then
10 state machine directs MCI controller 5 to return to the
WAIT state via path 54A. TIf the instruction is a Link
instruction, MCI controller 5 transitions to state 52B via
path 54B and asserts the PUSH RTS signal, causing decode
unit 12 to dispatch a push of the return address on the
15 stack. In addition, MCI controller 5 asserts MCI PRESTALL
to stall pipeline 4 on the following cycle.
Next, MCI controller 5 transitions to state 52C via

path 54C, asserts PUSH FP, causing decode unit 12 to
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- 23 | JUL 2006 to state diagram 50, MCl controller 5 may assert one or
.nmore MCI signals 7 directing pipeline 4 to performa corresponding
operation. In addition, MCl controller 5 may assert the M PRﬁng#h.ZMS
signal to stall pipeline 4. 5 The follow ng table summarizes the" Out put
signals that are asserted while MCl controller 5 transitions through
state di agram 50: PATHOUTPUT SI GNAL 54ANone 54BPUSHRTS, MClI PRESTALL
54CPUSHFP, MCI PRESTALL 54DMOVE- SP- TO- FP 54EUPDATE SP Table 3 If the

present idisdgaicdi on hi$sMObr achd NKr Ot d PeReg 1O St aber sreghi ne directs
MCI controller 5 to return to the WAI'T state via path 54A. If the

MO control ler 5 to return to tl i | o
525 via PAL BAB S BReer (o e VR R o1 Ghbl DHST NG hetBaE e it 12

Contr o chOsPalEP, e Bl B ROER. Y L6, 12 S AE ol RO ot
g
cyele. Nexts M 8L 08t b 203 14008 L WSVR  §o %5 ¥ 2 causing
5 instruction decode unit 12 to dispatch a move of the
contents of the stack pointer register to the frame pointer
register. Finally, MCI controller 5 transitions to the
WAIT state via path 54E and asserts UPDATE SP, causing
instruction decode unit 12 to dispatch a subtract of the
10 frame size from the stack pointer as specified by the
instruction.
Figure 6 illustrates an example state diagram 60 for a
state machine within MCI controller 5 for carrying out the
operations of the Unlink command. The following table

15 summarizes the output signals that are asserted while MCI

controller 5 transitions through state diagram 60:

PATH OUTPUT SIGNAL
64A None
©64B LOAD_RTS, MCI_ PRESTALL
64C LOAD_ SP
64D UPDATE_FP
Table 4

If the present instruction is not an Unlink command,

then state diagram 60 directs MCI controller 5 to return to
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path 54C, asserts PUSH FP, causing decode unit 12 to - 24 88JUL?nb6
_dispatch a push of the frame pointer register onto the stack and asserts
MCI PRESTALL to stall pipeline 4 on the follow ng cycle. q¢§yghj¢!55
then transitions to state 52D via path 54D and asserts NDVE—SP

causing 5 instruction decode unit 12 to dispatch a nove of the contents of
the stack pointer register to the frame pointer register. Finally, M
controller 5 transitions to the WAIT state via path 54E and asserts

UPDATE- SRy & apisi MOs t 4 Sty LSt hopy degode ppi ind2; 4o fiSpateh; & sybtract of
the 10 frane size fromthe stack pointer as specified by t% |nstruct|on

Fi gure g/[gAcon% ﬂﬁﬁr&gtf e S&&E@rgifgragn@&ig ¢ fons t?%ga%]: ne

within carryl ng our operati ons o
ssorted Ul 1AL %&w%?%%%?éﬁ?s @‘]ﬁq&g G ¥iafo G uer i 60;
PATHOUTPUT SI GNAL 64ANOne 64BLOAD RTS, MCl PRESTALL 64CLOAD SP 64DUPDATE FP
Tabl e 4 1instruction decode unit 12 to assert control signals that
5 cause a return address to be to retrieved from the stack as
follows: RETS = [FP + 4]. 1In addition, MCI controller 5
asserts MCI PRESTALL to stall pipeline 4 on the following
cycle.
Next, MCI controller 5 transitions to state 62C via
10 path 64C and asserts LOAD SP, causing instruction decode
unit 12 to assert control signals that cause the setting of
the stack pointer as follows: SP = FP + 8.
Finally, MCI controller 5 transitions back to the WAIT
state via path 64D and asserts UPDATE FP, causing
15 instruction decode unit 12 to assert control signals that
cause the frame pointer to be loaded from the stack as
follows: FP=[FP].
Figure 7 is a schematic diagram illustrating an
example embodiment of a portion of stall controller 8.
20 Stall controller 8 may receive a number of input signals,
such as stall condition_1 through stall condition 8, which

may be asserted when a respective stall condition has been

detected. The input signals are for exemplary purposes
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If the present instruction is not an Unlink command, thenvaéahgldh@gran160
directs MCl_controller 5 to returnto - 25 (Og.JUL20 the LB a
path 64A. MOOMBRhstruction is an Unlink instruction, M PEBAISPHIGTRG 5
transitions 1595?}2%?01({%533 ia path 64B and asserts the LOAD RTS signal,
causing instruction decode unit 12 to assert control signals that 5 cause
a return address to be to retrieved fromthe stack as follows: RETS = [FP
+ 4]. In ad®@iYon fvCiexadmiel 19218 conterald evCi8 pPRESTAIdedve strat | pi pel i ne
4 on the following cycle. Next, M controller 5 transitions to state 62C
via 10 pat mteamf abisfierentOsaSl, amditiprndoiadHorOaeade stdyds 12
to assert control signals that cause the setting of the stack pointer as
follows: SPof ERpeldndiqally, MC controller 5 transitions back to the
VWAIT state via path 64D and asserts UPDATE FP, causing 15 instruction

decode unit 12 t @raSSRydorm P lend Anghst tg%%}ll %5% Lgi}qga(#oi nter to

be | oaded fromthe stack as follows: "FP=[ €mat i c

R P o LUy R T VR

such as st al1:>|i'pceq.r:‘L iet i4qn- JSttarlrlou rllxtslr:to‘fjll.lllt-:‘_rccém;riatyi C1')>r11':_08ducvg1iaCrllolu:cality of

stall signals 9, which correspond to the stages of pipeiine

4. For example, when either stall_condition 1 or

stall_condition_2 is asserted, and processor 2 is not in

10 reset, stall controller 8 may assert the stall wb output
signal, resulting in a stall of the WB stage of pipeline 4.
Notably, the stall wb output signal is used to generate
stall output signals for earlier stages of pipeline 4, such
as the stall ex output signal. More specifically, stall

15 controller 8 asserts thg stall_ex output signal when
stall condition_3, stall_condition_4 or stall wb is
asserted and processor 2 is not in reset. In this manner,
a stall in the WB stage forces a stall in the EX stage.
Stall controller 8 similarly generates the stall_ac and

20 stall dec signais based on independent hazard conditions as
well as stalls in later stages of pipeline 4.

When conditions arise that cause the decode stage to

stall, stall controller 8 asserts the stall_dec mci signal,
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may" be asserted when a respective stall condition has been detected. The

_input signals are for exenplary purposes - 26 18 JUL J VK‘;ZI 6§ﬁ$
PCT/ US01/ 46706 10559/ 276W1/ 29283 only; for exanple, stall dﬂ{ er 8

may recei ywo anyso2nunber of different stall conditions for PAEUSSH46306s

stages of pipeline 4. In response to the input stall condition signals, 5
stal | cont rlobs®ef27ewom\pog@herate stall signals 9 to stall pipeline 4. Stal
controller 8 may produce a plurality of stall signals 9, which correspond

to the stagas < daiudld MCT LoltFo EXGHTS eco WAL E] t Mdrstepécbivalipn- 1 or
stall-condition-2 is asserted, and processor 2 is not in 10 reset, stal

controller rdt I . S ' | al
of the WB st‘?: a%r?oé}ﬁzoﬁple?% E %ééﬂg I\%#\gb%%rpﬁ%l% %%{ﬁ%%%f%% rr:sa)léa% used

to generate, stall .qutput signals for_earlier stages of pipeline 4, such
as the stmwh99<ﬁﬁﬁﬁiaééﬁ@ﬁﬁ#{likﬁ%ﬁ%fﬁﬁgficaIIy, stall 15 controller 8
asserts the stall ex output signal,K when tall-conditiop:-3, .

stal | - condi ti on-3Fadrl tEmingueizcublshs %Hﬂl%r%%%gg%fl?rig ot theT eset .
In this manner, a stall in the WB stage forces a stall _in the EX stage.
Stal | Tont ridié MCTB RRESTALL ys jama} af semi el scantratlend® and, in

response, asserts the MCI_STALL signal. OR gate 70
receives the MCi_STALL signal provided by stall timing
circuit 72 and asserts the STALL DEC signal, thereby
stalling the decode stage and the earlier stages of

10 pipeline 4.

Figure 8 is a timing diagram illustrating that stall
controller 8 may take advantage of detecting an MCI
instruction prior to the decode stage of pipeline 4 in
order to increase performance of pipeline 4. In one

15 embodiment, a pre-decoder in the IF, stage of pipeline 4
decodes an MCI instruction one stage earlier than the
decode stage. If an MCI instruction is pre~decoded, the
pre-decoder asserts the MCI_PREDECODE signal. On the
following clock when the MCI instruction moves to the

20 decode stage, the MCI_STALL_1ST_CYCLE signal is asserted,
which is a flopped version of the MCI_PREDECODE signal.
STALL controller 5 provides the MCI_STALL signal based on

the ORing of the MCI_STALL FIRST CYCLE signal and the
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20 'stal |l _dec signals based on independent hazard conditions fi n% as
stalls in later stages of pipeline 4. Wien conditions arise% ép cause the
decode staw® @264692t al | , stall controller 8 asserts the stalPCEES01/38706
signal, - 27 8JU.= WD 02/46920 PCTI US01/ 46706 10559/276W)1/ P9283 which
causes MOl &ORRSYBT6WHL/BO9383 stall. More specifically, M controller 5 does
not transition fromits current state when stall dec nti is asserted.

Stall tininYCTi BTALL_REMAINDER Isigonilr.ol ITtre $10Te®TiAIES REMATNOENCS 1 GRESTALL
signal fromMC controller 5 and, in response, assert$ the MC _STACL

signal . OR gate £Qoppeacinas ildie JHCMATT ARy siad i e HaroMisded v oshalyl Kt M ng
circuit 72 and asserts the STALL _DEC signal, thereby stal Inf%%éﬁ'g'%g 8 code

stage and tRgeearhigr I]'I%tg%%e%fogﬁcl&grog rrg}riféaAes Eggﬁ%&i%%f Li,ging di agram

illustrating that sta contr ntage o §ECEEr | ng an

MCI  instruction 1oL 1,0 st.h ode .st age _of__pi ine 4 in. order _to

i ncrease perfor nggrgl‘élggf t9piJ'p§e;%’| %g%f%alt cogg'afgagh% didPe FrampLs, é—gaé&'oder in
the IF_ stage of pipelin % ecodes an NClI instruction one stage earlier
than thRe dg&H&IBgngﬁé.‘uﬁf &n I08 geRematdnido MGLs STAEIyExomedhet he

MCI_PREDECODE signal received from the pre-decoder and the
MCI_PRESTALL signal received from MCI controller 5. During
the first cycle that én MCI instruction is in the decode
stage, OR gate 92 asserts MCI_STALL when the flopped

10 version of MCI_PREDECQDE is asserted and there is no
‘current MCI being executed. For MCI instructions that
require more than one stall cycle, stall timing circuit 72
generates the remaining stall cycles based upon the
MCI_PRESTALL signal received from MCI controller 5.

15 Figure 10 is a schematic of an example data register
address generation circuit 100 for generating a data
regiéter value (D_TAG) representing the current data
register to be pushed or popped. D TAG may include a
plurality of data lines, such as three data lines, capable

20 of indicating a range of data register.

For push operations, circuit 100 counts up from a
starting data register to the maximum data register. For

pop operations, circuit 100 counts down through the range
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pre-decoder asserts theMZl PREDECODE signal. On the follow ng clock when
.the MO instruction nmoves to the 20 decode stage, the MJ _STALL_1ST_CYCLE
signal is asserted, which is a flopped version of the M _HEQBCCIS
signal. STALL control ler 5 provi des the MCl _STALL signal based on _the

OR ng of tWOORMEFI2BTALL FI RST CYCLE signal and the - 28 $$ PAI/USMA6TR6

02/ 46920 PCT/ USQ1/ 46706 10559/ 276WD1/ P9283 MCI _STALL_REMAI NDER si gnal . The
Ml STALL_RENAPRDINRCL Rt is a flopped version of MO _PRESTALL that is
controlled by the state logic of M controller 5 as described above.
Figure 9 i ofa sehbsbers toaghamlastadabxanpybstenl| Mdrei sprgificedilyy,72
for generating MClI _STALL fromthe MCl _PREDECODE signal -received fromthe

pre- decoderomnehé hei et PRESEALmust gphexeectOedeleegsMoktaeshral | er 5.
During the first cycle that an MCl instruction is in the decode stage, OR

gate 92 aszfgsiﬁn%' ﬂéLke&ﬁsee&h?nmEpsg 40s¥8E8hag QEtHCEeBBE@EQwE i s

asserted a ere 1s no Ccurrent MI being executed. I nstructions
the. r ermai ni FeCRt 211 168 QF%@%@E‘#S%%E'( ﬁﬁé?REPEBREETREE% .-‘f%%g% HEE AR T om
M3 coptrol 8l 8 onduhelc? BBy’ 8eflfCURLLE 96 21-2XTH Fo1PLRHeY Ster
operations and deasserted for pop operations.
The D_REG_PRESELECT output signal provided by MCI
controller 5 enables multiplexer 104 to select the output
of multiplexer 102 for the first cycle of an MCI
10 instruction and the output of storage circuit 108 for the
remaining cycles. The output of multiplexer 104, D_TAG, is
incremented or decremented by adder 106, depending
PPM_SELECT, and fed back to storage circuit 108 The output
signal, D _TAG, is fed to instruction decode unit 12 of
15 pipeline 4 for pushing or popping registers and is also fed
back as an input to fhe state control logic of MCI
controller 5.
Figure 11 is a schematic of an example pointer
register address generation circuit 110 for outputting a
20 pointer register value (P_TAG) representing the current
pointer register to be pushed or popped. Similar to

circuit 100 of Figure 10, circuit 110 counts down through
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address generation circuit 100 for generating a data regist §|Mﬂ19ﬂ‘
(D_TAG representing the current data register to be pushed or popped.

D TAG nay Rﬂ%PUﬂ@”& plurality of data.lines, such as threePEBUSOVI6T0s,
capabl e 20 i ndi i range of data register. For push operations,
circuit 1009§%%ﬂ?g&%%/?§%§%51 starting data register to the maxi num data
regi ster. For pop operations, circuit 100 counts down through the range -
29 $8 JUL £be WengE 440 X3IRGHeySO fo46TOP OPeSBSADTR\\ADAPERRNtal uwpegi st er s
to the last data register. More specifically, on the first cycle,
mul ti pl exer £10M @elsders ilngt wodmter megimtard®or peghsbperRMOKs .0r a
starting data register froman instruction field (DR), such as data

regi ster five, 5VaasetsornboelimehtBPMISELECTLAvehitabn BadeS®eegd for push
operations and deasserted for pop operations. The D REG PRESELECT out put

si gnal provydedriyeMC qg&tgth%geS %n?gbgqigghtb&h%é%%o%gﬁa%opgg ect the

out put of nultiplexer 102 for t firs cycle of "a I'nstructi on and

mul 1 pPoxer ST05 - TEepAGR s Lo iEe & £odRe YR MRl BBy iinserti0s,
dependi ng ngkgg%Eggbe%n%iB%%lb%gka&ol%%%Ea %ecgE%thO%OgnTgiegﬂgg%%
pipeline. The reset unit handles reset requests, such as
hard resets, soft resets and emulation resets, as a reset
event having an assigned priority.

10 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,

15 such as a Flash memory device or a static random access
memory (SRAM), that stores an operatiqg system or other

software applications. These and other embodiments are

within the scope of the following claims.
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signal, DTAG is fed to instruction decode unit 12 of 15 pipeline 4 for
.pushing or popping registers and is also fed back as an input to the state
control logic of MCI controller S. Figure 11 is a schematic of fgljukaﬂﬂie
poi nter register address generation circuit 110 for outputting a 20

poi nter register value (P_TAG representing the current pointer register to
be pushed or popped. Simlar to circuit 100 of Figure 10, circuit 110
counts down through - 30 1S JUL 2001 WO 02/46920 PCT/ US01/ 46706

10559/ 2760MATIW9283 the range of registers for pop operations and counts up
froma starting pointer register for push operations. Various enbodi nents
of the invention have been described. For exanple, a pipelined processor
has been 15 deschébeddt bahprbsinges a reset unit that provides an out put
reset signal to at |east one stage of an execution pipeline. The reset

unit handl es resetiveqyest fulsuchydse hatdrneseds, 1805t pigeet seand
enmul ation resets, as a reset event having an assigned priority. 10 The

processor, can.be,joplemented in a variety of systems including general
pur pose conputing systens, digital processing systens, |aptop conputers,

per sonal detecting the multi-cycle instruction prior to a decode

stage within a pipeline of the pipelined processor;
stalling the multi-cycle instruction in the decode
stage; and
issuing a plurality of instructions to subsequent
stages in the pipeline while the multi-cycle instruction is

stalled.

2. The method of claim 1 further comprising:
deasserting a pre-stall signal at least two cycles
prior to the completion of the multi-cycle instruction; and
deasserting a stall signal at least one cycle prior to

the completion of the multi-cycle instruction.
3. The method of claim 1, wherein issuing a plurality of

instructions includes issuing the same instruction a number

of times when the multi-cycle instruction is stalled.
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digital assistants (PDA' s) and cellular phones. In such a system the
.processor nmay be coupled to a nenory device, 15 such as a Flash nenory
device or a static random access nenory (SRAM, that stores an operating
system or other software applications. These and ot her errbod'._?emgi 208
within the scope of the following clains. 06 JUL 2005 CLAIMS: 1. A net hod
conprising: receiving a nulti-cycle instruction in a pipelined processor;
detecting the nulti-cycle instruction prior to a decode stage within a

pi peline of the pipelined processor; stalling the nmulti-cycle instruction
in the detode The¢agethaddofsslahyg 3, ppheatinyisfuingtthet sams to subsequent
stages in the pipeline while the nulti-cycle instruction is stalled. 2.
The met hothsfretaionlafnuhber cbnpimssngncldeéassessuhggaappesstall signal

at least two cycles prior to the conpletion of the multi-cycle instruction;
and deassgstingtaostall signal at |east one cycle prior to the conpletion
of the multi-cycle instruction. 3. The nethod of claim1l, wherein issuing a
plurality of instructions includes issuing the same instruction a nunber

5. The method of claim 1, wherein issuing a plurality of
instructions includes issuing a number of different

instructions when the multi-cycle instruction is stalled.

6. The method of claim 5, wherein issuing a number of
different instructions includes issuing instructions to
push a return address for a subroutine on a stack, push a
frame pointer on the stack, move a stack pointer to the
frame pointer and update the stack pointer based on a frame

size for the subroutine.

7. The method of claim 1, wherein issuing a plurality of
instructions includes issuing instructions according to a

state machine.

8. The method of claim 1, wherein stalling the multi-
cycle instruction comprises asserting a stall signal when
the multi-cycle instruction specifies at least one of

popping and pushing more than one register.
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of tinmes when the nulti-cycle instruction is stalled. - 32 06 JUL 2005 4.
.The nethod of claim 3, wherein issuing the sanme instruction a nunber of
times includes issuing a push instruction. 5. The method of claiml,

wherein issuing a plurality of instructions includes issuingug pggﬁﬁ% of
different instructions when the multi-cycle instruction is st H 0. The

met hod of claimb5, wherein issuing a nunber of different instructions

i ncludes issuing instructions to push a return address for a subroutine on
a stack, push a frane pointer on the stack, nove a stack pointer to the
frame poigter Anpethedt eOPRE181BEk pointer based on a frame size for the
subroutine. 7. The nethod of claim11, wherein issuing a plurality of
instructi ons i petedesngssuinngtinsyclet inasractbedi Agreéotangsaate nachi ne.

8. The method of claim1l, wherein stalling the nulti- cycle instruction
conpri sespassethédgpaoseéakbrstgnpbpwbra ot heonsl tegtyteesi Asbmugt i on
specifies at | east one of popping and pushing nore than one register. - 33
IS JUL ,'s8acA; met hod conpri sing:

detecting the multi-cycle instruction prior to a
decode stage within a pipeline of the pipelined processor;

stalling the multi-cycle instruction in the decode
stage; and

issuing a plurality of instructions to subsequent

stages in the pipeline according to a state machine.

10. The method of claim 9, wherein when the multi-cycle
instruction specifies popping two registers, issuing a
plurality of instructions comprises:

transitioning from a first state to a second state and
issuing a first pop instruction; and

transitioning from the second state back to the first

state and issuing a second pop instruction.
11. The method of claim 9, wherein when the multi-cycle

instruction specifies popping three or more registers from

a stack, and issuing a plurality of instructions comprises:
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receiving a nulti-cycle instruction directing a pipelined processor to pop
.one or nore registers froma stack; detecting the nulti-cycle instruction
prior to a decode stage within a pipeline of the pipelined processor;
stalling the multi-cycle instruction in the decode stage; arggitutily a
plurality of instructions to subsequent stages in the pipeline according
to a state nmachine. 10. The nethod of claim9, wherein when the nmulti-cycle
instruction specifies popping two registers, issuing a plurality of
instructions conprises: transitioning froma first state to a second state
and issuing aransitpoplngsirerta ohlrandstab@sioi antegondostahe sedond
state back to the first state and issuing a second pop instruction. 11.
The net hodsoiind adm Bnswherceionwhehitde popptinsychetiomst ructi on specifies
poppi ng three or nore registers from a stack, and issuing a plurality of
instructions cosPiis@sa numder JOE 2006insansttions ngnftomwacfirst state to

a second state and issuing an instruction a first pop instruction; issuing
a nunber 0f;POP-1 HSEEHELAONS MOthbphd; registers remain to be popped;
transitioning from the second state to a third state
and issuing another pop instruction to pop the second to
last register; and
transitioning from the third state back to the first

state and issuing a pop instruction to pop the last

register.

12. The method of claim 9, wherein when the multi-cycle
instruction specifies popping multiple data registers and
multiple pointer registers from a stack, and issuing a
plurality of instructions comprises:

transitioning from a first state to a second state and
issuing a first instruction to pop a pointer register;

issuing a number of pop instructions until one pointer
register remains to be popped;

transitioning from the second state to a third state
and issuing another pop instruction to pop the final

pointer register;
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transitioning fromthe second state to a third state and issuing another
_pop instruction to pop the second to l|ast register; and transitioning from
the third state back to the first state and issuing a pop ;ﬂéﬁr ction to
pop the last register. 12. The nethod of claim9, wherein Jﬁhezﬂs
mul ti-cycle instruction specifies popping nultiple data registers and
multiple pointer registers froma stack, and issuing a plurality of
instructions conprises: transitioning froma first state to a second state
and issuing a first instruction to pop a pointer register; 1issuing a
nunber of pop ITSEINEtd omdMRAE | PL oPRP poR EBYCE RSt et bnB¥Pisd2Ba be popped:;
transitioning fromthe second state to a third state and issuing another
pop instrirdisrerd popaihe fona¢ ppepeder register; - 35 08 JUL 2005
i ssuing a nunber of pop instructions until two data registers remains to
be popped; tr atsatsoni ogifigofirdthetihdi tidi sdaseate wofaufdhrsh ateatand
i ssuing a pop instruction to pop the second to |last data register; and
transiti cihdngi $$@Mghe poOprihsstateibackot fop hehdi s6tond to last

data register; and

transitioning from the fourth state back to the first
state and issuing a pop instruction to pop the last data

register.

13. The method of claim 9, wherein stalling the multi-
cycle instruction comprises asserting a stall signal when
the multi-cycle instruction specifies popping more than one

register.

14. A method comprising:

receiving a multi-cycle instruction directing a
pipelined processor to push one or more registers on a
stack;

detecting the multi-cycle instruction prior to a
decode stage within a pipeline of the pipelined processor;

stalling the multi-cycle instruction in the decode

stage; and
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state and issuing a pop instruction to pop the |ast data register. 13. The
_method of claim9, wherein stalling the nulti- cycle instruction conprises
asserting a stall signal when the nmulti-cycle instruction specifies

poppi ng nore than one register. 14. A nethod conprising: regg gbpm

mul ti-cycle instruction directing a pipelined processor to push one or
nore registers on a stack; detecting the nulti-cycle instruction prior to
a decode stage within a pipeline of the pipelined processor; stalling the
mul ti-cycle instruction in the decode stage; and - 36 |l JUL 2006 issuing
a plurality ofipishng nstplierabhkytof shibskglesit rechbens i kot hebpepetnhe
according to a state machine. 15. The nethod of claim 14, wherein when the
mul ti - cycdteagesnsin uche opigpecnd i ascpusimagté wo segistesshand. i ssuing a
plurality of instructions conprises: transitioning froma first state to a
second state and issuing a first push instruction; and transitioning from
the second state back to the first state and issuing a second push

instruction. The method of claim 14, wherein when the multi-cycle
instruction specifies pushing two registers and issuing a
plurality of instructions comprises:
transitioning from a first state to a second state and
issuing a first push instruction; and

transitioning from the second state back to the first

state and issuing a second push instruction.

16. The method of claim 14, wherein when the multi-cycle
instruction specifies pushing three or more registers on
stack, issuing a plurality of instructions comprises:

transitioning from a first state to a second state and
issuing a first push instruction;

issuing a number of push instructions until two
registers remain to be pushed;

transitioning from the second state to a third state
and issuing another push instruction to push the second to

last register; and
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16." The nmethod of claim 14, wherein when the nulti-cycle instruction
.specifies pushing three or nore registers on stack, issuing a plurality of
instructions conprises: transitioning froma first state to a second state
and issuing a first push instruction; issuing a nunber of p#ghJuL 2008
instructions until two registers remain to be pushed; transitioning from
the second state to a third state and issuing another push instruction to
push the second to last register; and - 37 !8 JUL Mtransitioning from
the third state back to the first state and issuing a push instruction to
push the |ast t¥apssteening frpm Heehbyled srafen Rackvwherehe Hhedtt he
multi-cycle instruction specifies pushing multiple data registers and

mul tipl e poite eandegsstieng anpaskt aekirapdiossud nguahptiuealasy of
instructions conprises: transitioning froma first state to a second state
and issuregistérrst instruction to push a data register; issuing a nunber
of push instructions until one data register remains to be pushed;
transitioning fromthe second state to a third state and issuing another
push instruction to push the final data

17. The method of claim 14, wherein when the multi-cycle
instruction specifies pushing multiple data registers and
multiple pointer registers on a stack, and issuing a
plurality of instructions comprises:

transitioning from a first state to a second state and
issuing a first instruction to push a data register;

issuing a number of push instructions until one data
register remains to be pushed;

transitioning from the second state to a third state
and issuing another push instruction to push the final data
register;

issuing a number of push instructions until two
pointer registers remains to be pushed;

transitioning from the third state to a fourth state
and issuing a push instruction to push the second to last
pointer register; and

transitioning from the fourth state back to the first
state and issuing a push instruction to push the last

pointer register.
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regi ster; issuing a nunber of push instructions until two pointer
registers remains to be pushed; transitioning fromthe third state to a
fourth state and issuing a push instruction to push the second to | ast

poi nter register; and transitioning fromthe fourth state back,t tgﬁgfirst
state and issuing a push instruction to push the last pointé 8#@51 r. -
38 1 8 JUL ?.06 18. The nethod of claim 14, wherein stalling the nulti-
cycle instruction conprises asserting a stall signal when the multi-cycle
instruction specifies pushing nore than one registers. 19. An apparatus
conprising: an execution pipeline having a plurality of stages including a
decode stage; and a nulti-cycle instruction (MCl) controller adapted to
detect a h8iltiTkychethadtelicclonmptiorwherehe dbgbdéngt biye mahdiassert a
stall signal to stall the nmulti-cycle instruction entering the decode stage
of the exegdléoinsprpetior, cohpretast besdEtiagnarothel s55H8% @hehurality
of instructions to subsequent stages in the pipeline when the nulti-cycle
instructioneimubtalé@ble instruction specifies pushing more than one

registers.

19. An apparatus comprising:

an execution pipeline having a plurality of stages
including a decode stage; and

a multi-cycle instruction (MCI) controller adapted to
detect a multi-cycle instruction prior to the decode stage
and assert a stall signal to stall the multi-cycle
instruction entering the decode stage of the execution
pipeline, wherein the MCI controller issues a plurality of
instructions to subsequent stages in the pipeline when the

multi-cycle instruction is stalled.

20. The apparatus of claim 19 further comprising a stall
controller receiving the MCI controller stall signal from
the MCI controller and generating a plurality of stall

signals to stall the decode stage holding the multi-cycle

instruction and prior stages in the pipeline.
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20." The apparatus of claim19 further conprising a stall controller
.receiving the MCl controller stall signal from the MI controller and
generating a plurality of stall signals to stall the decode stage hol di ng
the multi-cycle instruction and prior stages in the pipeline88 J#o 2088 JUL
2005 21. The apparatus of claim 19, wherein the MC controller is adapted
to issue the sane instruction a nunber of tines when the nmulti-cycle
instruction is stalled. 22. The apparatus of claim 19, wherein the M
controller is adapted to issue a push instruction to direct the pipeline
to push &bl urBiretyrerrakgsseérslary. 15hevhppatat theofiCEl apnt 19l laker ein
the MCI controller 1is adapted to issue a nunber of different instructions
when thelisnddaptydl eoi hssnacthensamesinbtedct 2dn Fheumppar afusinéscl ai m
19, wherein the MCI controller s adapted to issue instructions to push a
return adei€ssthé onuatsubyoléi DRsdAuat sbAacks pushladiranme pointer on the
stack, nove a stack pointer to the frane pointer and update the stack

poi nter based on a franme size for the subroutine. 25. The apparatus of
claim19, wherein the MCl controller asserts the stall signal when the

pgg;;;gygéf.in@ﬁéugﬁggpatégeskf£f§iﬁiib?rwﬂgpgiﬂgtﬁé REShLOg. PBY gL han one
is adapted to issue a push instruction to direct the

pipeline to push a plurality of registers.

23. The apparatus of claim 19, wherein the MCI controller
is adapted to issue a number of different instructions when

the multi-cycle instruction is stalled.

24. The apparatus of claim 19, wherein the MCI controller
is adapted to issue instructions to push a return address
for a subroutine on a stack, push a frame pointer on the
stack, move a stack pointer to the frame pointer and update

the stack pointer based on a frame size for the subroutine.

25. The apparatus of claim 19, wherein the MCI controller
asserts the stall signal when the multi-cycle instruction
specifies either popping or pushing more than one

registers.

- 40 -



- 40 1 0 JUL 2005 26. A systemconprising: a Flash nenory device; and a
.processor coupled to the Flash nenory device, wherein the processor

i ncl udes an execution pipeline having a plurality of stages,'gﬁc d@ﬂf a
decode stage, and a nulti-cycle instruction (M) controller e o]

detect a nulti-cycle instruction prior to the decode stage and assert a
stall signal to stall the nulti-cycle instruction wthin the decode stage
of the execution pipeline; wherein the MC controller is adapted to issue
a plurality of instructions to subsequent stages in the pipeline when the
nulti-cydi%-ih%t$1ﬁﬁ¢%wﬁ¢@@§i%im@d. 27. The system of claim 26, wherein the
processor further conprises a stall controller receiving the M

control l er stalTlasigmedmérpndehnecdlandntrol |l er and generating a plurality
of stall signals to stall the decode stage holding the nulti-cycle
instruction and préocEsséagesuped heo pheerineh ménmodhedsystem of cl ai m 26,
wherein the MCl controller is adapted to issue the sane instruction a

glugber ofyHd Fesn WeNotbhee sBbE it YTh@ed NSt raedd @i b Sigdl ede naddngOs JUL

a plurality of stages, including a decode stage, and a
multi-cycle instruction (MCI) controller adapted to detect
a multi-cycle instruction prior to the decode stage and
assert a stall signal to stall the multi-cycle instruction
within the decode stage of the execution pipeline; wherein
the MCI controller is adapted to issue a plurality of
instructions to subsequent stages in the pipeline when the

multi-cycle instruction is stalled.

27. The system of claim 26, wherein the processor further
comprises a stall controller receiving the MCI controller
stall signal from the MCI controller and generating a
plurality of stall signals to stall the decode stage
holding the multi-cycle instruction and prior stages in the

pipeline.

28. The system of claim 26, wherein the MCI controller is
adapted to issue the same instruction a number of times

when the multi-cycle instruction is stalled.
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29." The system of claim 26, wherein the MCI controller is adapted to issue
.a nunber of different instructions when the nulti-cycle instruction is
stalled. 30. The systemof claim 26, wherein the MCl controller asserts
the stall signal when the nulti-cycle instruction specifies§gtJile@s one
of popping and pushing nore than one registers. 31. A method conpri sing:
receiving a nmulti-cycle, link nmachine instruction; detecting the

mul ti-cycle instruction prior to a decode stage within a pipeline of a

pi pel i ned processor; stalling the nmulti-cycle instruction in the decode
stage; and executing the link instruction by issuing a plurality of
instructions to subsequent stages in the pipeline according to a state
machi ne. B2. Thee neydioen odf cthaim 326, whieeréin i Slseli MYI acphuraliéy of
instructions conprises: - 42 80 JUL 'i transitioning froma first state to

a second sdatte@ntb issuwng ambastsECHl PhetONPUSHsBriict UbMs agidegss on a
stack; transitioning fromthe second state to a third state and issuing an

instructione e Pushe e & aiRs PRLSE 85n ODs T BEa1 BEACK;

30. The system of claim 26, wherein the MCI controller
asserts the stall signal when the multi-cycle instruction
specifies at least one of popping and pushing more than one

registers.

31. A method comprising:
receiving a multi-cycle, link machine instruction;
detecting the multi-cycle instruction prior to a
decode stage within a pipeline of a pipelined processor;
stalling the multi-cycle instruction in the decode
stage; and
executing the link instruction by issuing a plurality
of instructions to subsequent stages in the pipeline

according to a state machine.

32. The method of claim 31, wherein issuing a plurality of

instructions comprises:
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transitioning fromthe third state to a fourth state and issuing an
dnstruction to nove a stack pointer to the frane pointer; and
transitioning fromthe fourth state back to the first state and issuing an
instruction to update a stack pointer based on a frame size spB@i JUlc@By
the multi-cycle machine instruction. 33. A nethod conprising: receiving a
mul ti-cycle, unlink machi ne instruction; detecting the nmulti-cycle
instruction prior to a decode stage within a pipeline of a pipelined
processor; stalling the nulti-cycle instruction in the decode stage; and
executing the thdnpktieirgcfron dyfissui agabe pdurabecyndfstaserasvti ons to
subsequent stages in the pipeline according to a state machine. - 43 98
JUL 20 34isShengethodnstrethion3Be mhehednréssunngddressrahi aysohck;
instructions conprises: transitioning froma first state to a second state
and issuing anramsitiiching foomesher eecdonet vt at8ddsessthiom atasback;
transitioning fromthe second state to a third state and issuing an
instructi 9Nt Os$@sHQr &naistBEKcPObAt €6, p@BH a frame pointer on the

stack;

transitioning from the third state to a fourth state
and issuing an instruction to move a stack pointer to the
frame pointer; and
transitioning from the fourth state back to the first
state and issuing an instruction to update a stack pointer
based on a frame size specified by the multi-cycle machine

instruction.

33. A method comprising:
receiving a multi-cycle, unlink machine instruction;
detecting the multi-cycle instruction prior to a
decode stage within a pipeline of a pipelined processor;
stalling the multi-cycle instruction in the decode
stage; and
executing the unlink instruction by issuing a
plurality of instructions to subsequent stages in the

pipeline according to a state machine.
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transitioning fromthe third state back to the first state and issuing an
Jdnstruction to restore a frame pointer fromthe stack. 35. An apparatus
conprising: state machine logic to control issuing of a plurality of
sub-operations in a pipelined processor in response to a nultggcyst! 008
machi ne i nstruction being received and stalled in a decode stage within
t he pi pelined processor where the nulti-cycle instruction is first
detected prior to the decode stage; and an address generation unit adapted
to generate register addresses for_use during the execution of the sub-
operation3?- - THie meghg@of 8k3inthd3 appacheis bFselnyng 35lunkbieynofhe
address generation unit conprises a counter for incrementing or
decrenentimgt aucurorntcompgirsses: address. 37. The apparatus of claim 35,
wherein the address generation unit conprising a clocked storage circuit
to store a cutremiiteghbherfacdr&ssirst state to a second state and
issuing an instruction to restore a return address from a
stack;
transitioning from the second state to a third state
and issuing an instruction to restore a stack pointer; and
transitioning from the third state back to the first

state and issuing an instruction to restore a frame pointer

from the stack.

35. An apparatus comprising:

state machine logic to control issuing of a plurality
of sub-operations in a pipelined processor in response to a
multi-cycle machine instruction being received and stalled
in a decode stage within the pipelined processor where the
multi-cycle instruction is first detected prior to the
decode stage; and

an address generation unit adapted to generate
register addresses for use during the execution of the sub-

operations.
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36. The apparatus of claim 35, wherein the address
generation unit comprises a counter for incrementing or

decrementing a current register address.

37. The apparatus of claim 35, wherein the address

generation unit comprising a clocked storage circuit to

store a current register address.
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