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| NSTRUCTI ONS BACKGROUND This invention relates to executing nmulti-cycle
i nstructi wpod4s9m progranmabl e processor.
a mcroprocessor for a conputer or a digital signal processing system nmay
machi ne i nstructions in which a single

machi ne instructions directs the processor to performnultiple operations.

support one0SH9/aAWROLY PAHBBI - cycl e”

A progranmabl e pFEGESHIQEI06SUCh a

For exanple, a typical nuftimgyekeciBehi PRstRSEFESHEON is a Load Miltiple
in which the processors perfUTWF’H‘SETTES‘U$‘§UH§‘UperatiOn ' wmmmm to
a single machine instruction. Another exanple is a "Push- Poa\“mm\“mm\ﬂ
instruction that directs the processor to push or pop nultiple rgghsters to

or froma stack. Because nufti-cycl BAERERPUBPiI ons pack nultiple operations
) they typically reduce code size and
i nprove operatiDhab ehfentéonyreiatbes poogresubbhe pubeesspele 1 PCT/ USO

into a single machine instruction,
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instructions in a programmable processor.

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 example, a typical
multi-cycle machine instruction is a Load Multiple in which
the processors performs a series of load operations in
response to a single machine instruction. Another example
is a “Push-Pop Multiple” instruction that directs the
processor to push or pop multiple registers to or from a
stack. Because multi-cycle instructions pack multiple
operations into a single machine instruction, they
typically reduce code size and improve operational

efficiency of the programmable processor.
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~ v -1 WO 02/ 46920 - 10559/ 276W1/ P9283 PCT/ USOL/ 46706 DESCRI PTI ON OF
DRAWNGS Figure 1 is a block diagramillustrating an exanple of a

pi pel i nedwpr@@sagmebl e processor according to an enbodi mpatr/uso1/idres
invention. 5 Figure 2 is a schematic illustrating an exanpl e execution

pi pel i ne ageesdiTagol @oam embodi ment of the invention. Figure 3 illustrates
an exanple state diagramfor pushing nultiple registers onto a stack. 1o

Figure 4 illustrates an exath ot ghe ﬁl grgﬁh%Q&Ggopplng mul tiple

registers off a stack. Fig | e state diagram for
execution of a Link |nstruct| n. Figur | ustrates an exanple state

di agram for 15 S@HR i bt HF2 -cﬁlgqm At e 2 R e f*r’%“%l%c matic
diagramillustrating an exanple enbodi mrent of a stall controller. Figure 8

is atim iy RERRF T RTreP AP ke READISOFi ARFXBLNG &0 sthemat i ¢ di agram
of an exanple circuit 20 for generating a stall signal for multi-cycle
i nstructi amhodiment of the invention.

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 v address generation
circuits. - 2 WD 02/ a6920 10559/ 276W01/ P9283 PCT/ USOL/ 46706 DESCRI PTI ON

Figure 1 w® @/dedmck diagramillustrating a programrabl e prrgaesshdueidet hat
supports a nunber of nulticycle machine instructions. Processor 2 includes
an.5 executdson/piguolyree8d 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. During the processinghgfe@prfasi ruction, control unit 6 may
direct the various conponents of theprpettne to decode the instruction and

| 0 correctly peg{gég%tgei ogrBigggdhgggggsr?Ekggtkgggﬁging, for exanpl e,

. Wwiting the resu ack™to nenory. ructions nay Foaded into a first
stage of pipeline 4 and processed tp ough the subsequent stages, Each stage
Uypi cal | y BFogseaebl8npaPPEREPY i tRSEHE BPREFS 18 SPEHES. OPaFilphsses

~ between the stages in pipeline 4 in accordance with the system clock
signal . Theveksupaghgnet hBstrycELERFonsPEABRHECHL 2t hBCEHEesfaRkhe pipeline 4
in rapid succession. As described in detail below, processor 2 supports a
20 nubber ekenqutioncpipeliinst Auenidoascohhrpéspontebt o Gonbmbli uoytl 6
instruction, stall controller 8 may stall one

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

v in order to prevent pipeline 4 from fetching and decoding



or nore stages of pipeline 4 by asserting stall signals 9 in order to
prevent pipeline 4 fromfetching and decoding - 3 WO 02/ 6920 -

10559/ 27 MR9Hd3 PCT/ USOL/ 46706 additional instructions.pciidsiaghal |1 ng a
portion of pipeline 4, mufti-cycle instruction (M) controller 5 may
assert Ml 1wsisgnaiewoY/eed3di rect pipeline 4 to performv additiona
operations defined by the current nmufti-cycle 5 instruction. Figure 2

|1 st at e @ik EXAND! £ pEPRLEDSnS, ARRECE NOLLOLERG A INEPLLOR. o Pel i ne 4

may have, for exanp Ive stages: instruction instruction
decode (DE ddress cal cul ation (A execut ) _and |te back (WB).

. to Instrucé?%%glﬁiygbem?£fﬁh%ﬁcg?o%?%%ﬁ%ﬁ€+9nd§%¢£é‘%ﬂ%ﬁr§21e¥o$ BXAnpl e,
main menory or an instruction_cache during the first stage (IF) by fetch

unit 11 anfSREBMGL d8iFRgLené 3R oRHTRERgRIPDERIC LY FASPREEPTBN decode
unit 12. At the next clock cycle, the results are passed to the third stage

15 (AC), whdditieralagdetatigepedafbred 1By chheutareennymubhbrgyaber esses to
performthe operation. During the execution stage (EX), execution unit 15,
perfosns aispecuétednoperati on such as, for exanple, adding or nultiplying
two nunbers. Execution unit 15 may contain 20 specialized hardware for
perform ng the ppghati Pnsllustrates 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 resulgs 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




i ncluding, for exanple, one or nore arithnetic logic units (ALU s),
floating-point units (FPU) and barrel shifters. A variety of data may be
applied twosAgshi on unit 15 such as - 4 WO 02/: 16920 -pCT/US01/46706

10559/ 276W01/ P9283 PCT/ USOL/ ~6706 t he addresses generated by data address
gener at or sadb3 9/ gatwaLyetoszeved from nenory or data retrieved from data
registers 14. During the final stage (WB), the results are witten back to

dat . . 1 o ) ti
ol £ p o g abdre8las GEhaEEtea gy Sy MUAESLYCLELIRtELS 130 BELE S over
executin remains stalled in the

sever al clocg cgcl S,._VWen an_ M i$ L %v I, t
. decode st afe-bt %?%effﬂ@ BEWRFY ORI £ L SV e AT FOR t FRRR " T8 LS ERRF down
pi peline 4 under 10 control of MCl controller 5. M _controller 5 operates
accordi ng t%- a Rurbes bRej fitBphaftagat éMBhchiRRsrepubEser e ovhi Fler
instruction decode unit 12 to dispatch a nunber of operations over a nunber
of clock cyatkstdudihg memoeyeecnt fondatat hegMterdslstall controller 8 may
stall one or nore stages of pipeline 4 by asserting stall signals 9 in
ordersto prevenk mipeliogclef instiettchongvandveecasdi malatgiei onal
instructions. Mre specifically, the stages of pipeline 4
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
multiple “sub instructions” are sent down pipeline 4 under
10 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
execution of the MCI.
15 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
include storage circuits, such as stage registers 19, for
20 storing the results of the current stage. Stage registers
19 typically latch the results according to the system

clock. Stage registers 19 receive the stall signals 9,

which control whether or not stage registers 19 latch the -



i nclude storage circuits, such as stage registers 19, for 20 storing the
results of the current stage. Stage registers 19 typically latch the

results ageQidicsy@ to the system clock. Stage registers 1®gregiMercs he
stall signals 9, which control whether or not stage registers 19 latch the
- 5 WO 0B546078W0L /AR839/ 276WD1/ P9283 PCT/ USOL/ 46706 results fromthe
previous stage. In this manner, stall controller 8 nay stall one or nore

stages of pipeliderfohNtRel §80P1SEs OrAg8I tInCRl 8 haRhEHCI LM 1 Exanpl es
of multi-cycle instructions supported by 5 processor 2 i nclude a

netrubti oro R TR PanpaRhAl Tr o e Thg: Trolten SrratfoErRBBeERe R e o

f 1 to N dat i st . and/ i nt i st . Th
PushPopMLi 11 BPEPPRRAI hS StARt bl TR-Thel BEEEUEELERye for 10 a number of

cl ock cycles equal to the nunber of registers being accessed. The foll ow ng
il lustrates an BXamplespasnmidtiTpyel frathf heushiPREctrpported by
[--sp]=(r7-r4,p5-p0) In this exanple, a single machine instruction directs
15 prdcessproespopusdhinobndeat aPuegPepnst{ple thacuihe r ¥pshndction,

a Link instruction and an Unlink instruction. The
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 éush
multiple machine instruction:
[-—-spl=(x7-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 (pO 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

5 operates according to state diagram 30 in response to a



six pointer registers (pO through p5). Cenerally, a single nmachine
instruction may specify zero or nore data registers and zero or nore

poi nter rw@i@l4928, as long as at | east one register is spegriused4678€ Fi gure
3 illustrates an exanple state diagram 30 for a state nachine within M
control | eno5s9/arepastrongs nul tiple registers onto a stack. As descri bed
below, MCI controller 5 operates according to state diagram 30 in response

to a - 6 1, MORAKAGIRD RCH NS Gr 6406 rd k0T RABVEH PR Hawsh nul tipl e

instructi(?n In order to push one or nore registers. Wile operating

according to.state diagr. . cont r Vi ert. r re M
. signals 7rz?gllr%%lfcﬁ'ng%%&&%ﬁ:ﬁlﬁ%n&é{gﬂvﬁnﬁi tgglalrsec S cf%alca%g::arnpf o 5
generate pjpeline caontrol_signals far dispatchin ush of a.pata
regi st er, -3 HREG S1Bh 4SS 'c‘??edior%é?%rgéicoﬁesrl%%so gener at e
pi peline control signals for dispatching a push of a pointer register. In
addi ti on, IM9lusHma ¢ |1RUSH BRRF skl o WG FEeRHralli R 10
initializes a counter whose count indicates which data register to push, or
a P REG PRESELECE Fiigrelindatoniiel aioesl s tpwuiagpaidsiac cunuimdiat es
whi ch pointer register to push. M controller 5 may al so assert a M
PRESTALL s giida thejiglidectandtal PUSHDIBRED | wigral 0 withicit adirqutpel i ne 4 on
the follow ng clock cycle. The follow ng table sumarizes the conditions
that causgyddgdusiy MY tddd & state pechidiecdit M1 Logidod [ 5 to

transition fromone state to another and the correspondi ng output signals
that are %Sisseﬂé[te&iweg eplpslll Sof a pointer register. In addition, MCI

[a)

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 that directs stall controller 5 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




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 instruglg @keddoe! d that indicates a starting data regi strriginemp, PR is
an _ 7 _ WD 02146920 - 10559/ 276W1/P9283 PCT/ USOL/ 46706 i nstruction
field that ipnth/catws./aosg3arti ng pointer register to push, D TAG represents
the current data register being pushed, P TAG represents the current
pointer . reQirstefhiRel g AUShed: DV Ja2RICRERES e gy g dat a 5
register in the range of avail able data registers, P represents the

maxi mum poi I..regist hn t I f i l.ahl i_nter, registers:
. PATHOOND! T EReEb R T RSt ﬁ&(’a%%tri%&e%nﬁ’%s T SR
DR=DMAXasser t PUSH DREG34C! D &P & PR= assert PUSH PREG34DD & P &
DR=DVAX- 1a§§§ﬁ?§@§Hbﬂ§@@a§’é’bﬁ% Ec?-lgP E@@éﬁ&@%&n sEMEBEEY BREBSSE D &P
. & PR=PMAX- lassert PUSH PREGassert PREG PRESELECT34F D &P & DR=DMAX

&asser t PUSHeOREERR= pixey GNsiesh s MAREUIIE PRREEIAHSD tepmg xpramvaRteas ser t PUSH
DREGassert D REG PRESELECTassert MCl PRESTALL34H D &P & DR<DMAXassert PUSH
DREGasser t DeBEG tRRESEL EFassergeMelf RRESTALI datlaPs e i FAGKBYARMAK
assert PUSH DREG -a WD 02/ N6920 PCT/ US01/ 46706 - 10559/ 276W1/P9283 5 (P &
D TAGDVAX)easeelidnds RiHe RERESHmCHhasserdr MelgiRRReTTANL 348! Rakgk &£
PR<PMAX- lassert PUSH PREG assert P REG PRESELECTassert MCI PRESTALL34J'D &

P & DR=DMAX.gass@ile RldShREGRRIRMMassert D REG PRESELECTassert MC
PRESTALL34KPR=PMAX- 1assert PUSH PREGassert P REG PRESELECT34LP & D TAG=DNVAX

gassert PUW&PWSE_EGaaaeM ME—PRESTACESAP &
D TAG-DVAX| 82ttt PUSH DREECDPAGIONRXasser t [ D REG PRESE BEraanp

TAG<PMAX- 1assenypPUSH RBEGassash RuBREGo PRESELERdbassert MCI PRESTALL340D
TAG=DVAX- 1| & ! Passert| PUSH DREGassert D REG PRESELECT Table 1 Initially,
MCI controller 5 start3NFRYBREIQAIT state unt{l an instruction is fetched

by fetch uprt—%mandecodsd DyREERREE UMt 1P LE e qeHS tTom 15 hot a
n. 3BT BU§VYP & Pﬁeb%? Fg?égﬁ: PUSH>bREE

5 PushPopMil tipl'e i nsfruction, contro returns
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

34F’ 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 ((!P & D _TAG<DMAX-1) | assert PUSH DREG




to the WAIT state as indicated by path 34A. _ g _ WD 02/:16920
10559/ 276W01/ P92E3 PCT/ USOL/ a6706 |If the instruction is a PushPopMiltiple

i nstruct iwoo2Rs00nly instructs processor 2 to push a singlcgndeiacHegi ster,
the state nmachi ne asserts a PUSH DREG signal and returns to the WAIT state
via path 34Bssifrewde/Hongsruction 5 is a PushPopMiultiple instruction that
instructs processor 2 to push a S|ngle pointer register, the state nachine
asserts t e PUSHPREG (?I%H%I DM%R? s tO %%s@é%'ﬁ’?%t?PﬂE%ﬂﬂﬁdT 34C |If
the instryction specifies poshing two data 10 registers or-two polnter
regi sters,| state machi ne changes states to thassstea:ttem:ZARRESS‘tAatLe 32C,

fa I’YDI'\I’\I no-tranciti Anc 1 hoca ot ﬁf Qc_ \/l .o hﬁfh r4D or
LA 3 CI QAT LT UITY

' 34F, and dssert® t he BOSH_ BRéGpgfayéﬁ “Whi | e Eﬁéﬁﬁqﬁ<5%%%}ﬁﬁ§Gthe state 32A

or the PU$H PREG signal while 15 transitioni Ngsk@dth® RFd ©REIELECT
addition, (while trangsitioning along path 34D| the stafe nachi ne assertls the

D REG PRESELECT si gnal |n|t|aI|Z|ng t he count@ﬁsﬁﬁitMQQﬁRRﬂﬁgﬁlﬂhich dat a
registers ety —whietransttoning—at ot s

QIIDILIUIIIII 34— t+he-{st at e
_EEEéCf si gnal| &5 .a|P?“H3mFﬁé count er] t hat

machi ne agser the 2
i ndi cat es {whi ch poi n{ @er<pegixsters to push. 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.



The state machine returns to the WAIT state fromthe ' state 32A via path
34E. During this transition, M - 10 WO 02/ 46920 PCT/ USOL/ 46706

10559/ 276|@ld2R39#83 controller 5 again asserts PUSH DREG angmvgassents D REG
PRESELECT, causing decode unit 12 to dispatch the push of another data

regi ster. fissb)ardwpy/sdee3state machine returns to the WAIT state fromthe
state 32C via 5 path 34G During this transition, MI controller 5 asserts

ot hor oo and BROSRL ! 2nBr FECL PR, S Tpp CRVBLAGL EXBEU( LR0CHALL R L0, PUSh

anot her pointer regi Ster. pre 1Tnstraction réquires

instructiqg decofe unit 12 to disgatch éhg push. of threg or, ] O nore data

. registers, PfheC’t %t NHEERFHE PFRREFPPHNE FPORPERe?VAFRISEaPR %0 the state
32B via path 34H During the transition, MI controller_ 8 asserts PUSH DREG
si gnal andregsetes, DEREG PRESEPEEFINR 2@ SFAGT 8xecBYPBnPRRFt S1%n2d #0gh a
first data register. In addition, MC controller 5 15 asserts MC PRESTALL
si gnal cause¢bgresatp thatWakTest8teovsaaphtbneddr nbfetkeagestoficpipsaline 4
on the follow ng clock. For exanple, in one enbodinent, stall controller 8
asserts STAklaDB@shbPosMaltiphe tlrsbdecsiagethétpipstroetd. pfocessort be
state 32B, MCl controller 5 continues to push 20 data registers until two

registers £enBhshte Bengushgdinter exgimbter,i théhethbsthuehing called for
six data registers to be pushed, MCl controller 5 traverses path 34l three
times, pushiog,@sdaha ﬁﬁghiﬁﬁﬁGeQQBngingnduggkhrﬁgeté {tte WAIT state
via path 34C.
If the instruction specifies pushing two data
10 registers or two pointer registers, state machine changes
states to the state 32A or state 32C, 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 from the

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

- 10 -



WO 02/ 46920 " 10559/ 276W1/ P9283 PCT/ USOL/ 46706 current data register to be
pushed equal s the maxi num avail abl e data regi ster (DVMAX) m nus one, i.e.
when two Qf@/ke@i sters remain to be pushed. Wil e traverpgitagsopaéios 34!
MCI controller 5 asserts 5 the PUSH DREG signal, the D REG PRESELECT si gnal
and t he MdosPRES®BAbL/=i2gnal . When two data registers renmain to be pushed,
MCl controller 5 transitions to the state 32A via path 340 whil e pushi ng
one of the L] i it N [ r Y MCI controller
céﬁﬁ?ﬁf}@gﬁgg%gifﬁgééé§£§s PYSH "IREE Snd T @OSLL4 PEs

5 deasserts I nstructi on decoder 12 receives a new

instructi t after M controller, 5 has traversed th 34E and
. has pusheg&ﬂﬁgiFgggﬁ%ﬁégTdaf%g?%%?s?%?%d%ﬁ%?+%r+€,é?o?l%Piﬁgapg%ﬁUItipIe
instruction that 15 requires instruction decode unit 12 to dispatch the
push of t &R Pf ndnethberndatkar egPsthrs: t%%m%%%fgyna ¢ ndt2r@nsitions from
- the WAIT state to the state 32D via path 34J. During the transition, M
control | erm&kinerret PUSHHPRECIe| YhET abatesEeemnstize REGQPRESFEEG2 causi ng
20 execution unit 15 to push a first pointer register. In addition, M
contrel | erpdtlas3ée6t s Mok i PRESTA: Lt sagaaticausM@] stmttolbatrdl deseBtso
stall one or nore stages of pipeline 4. In the state 32D, MCl controller 5
pushes - 12ysH PREG and deasserts P_REG_PRESELECT, causing execution

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 8 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 -



WO 021 46920 10559/ 276W1/ P9283 PCT/ USO1/ 46706 pointer registers by
traversing path 34N until two pointer registers renmain to be pushed. Wile
traversi ngoRaiske284N, MClI controller 5 asserts the PUSH DRp@Taisenaéost he D
REG PRESELECT signal and the MCl-PRESTALL signal. Once 5 two data registers
remain to besydenewl/REI83controller 5 transitions to the state 32C via path
34K whil e pushing a pointer register. During this transition, M

control | er cB-dearsabis MoRRESTAL pol Bubhich WRNASS, cRLPRLKIRuA, esumres
operation on the next clock cycle after controller 5

transitiongd, EQaLHFn §|t| n%t%la(gﬁﬁ%3 P%gd ggza?u%heda%ﬁe %enalnlng

. poi nter registe 6t h anctre ity ﬁgpNUItlple
|nstruct|og Bec%fé nultlple dat a reghfters and rultiple pointer

regi sters. eF& [7 E S FarE T PR Mk fh Pie P3RS desi gned to first push the
data registers, followed by the pointer registers, although the invention
is not limted ygléﬁcﬁraﬁ@ﬁséngu§ﬁtﬁuﬁﬁﬁpl CInSPRLEOLoRTt BaB SEEEEST i es
pushing a single data register and a single pointer register, MI 20

contr &8l | er thet PHRE DREGS stignialde §m@t@_BZG_ERESEéEﬁT3$Egnaﬂdaa@s@hﬁs t he
PUSH- DREG signal to push the data register. Next, MCl controller 5

transiti onsciaeRESCALNLE sWANh1St ati@eny itwopaialt a34egard cpys hematine tpobet er

regi ster. - 13

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

10 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 8 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_



WO 021 : 16920 10559/ 276W01/ P9283 PCT/ USO01/ 46706 For a Push Miltiple that
speci fies pushing one data register and nore than one pointer register, M
control | esygpozigeegasi tions to the state 32D via path 343" angessltmet he
PUSH- DREG si gnal, the D REG PRESELECT signal and the 5 MCl _PRESTALL signal

t o push t heosdayzraweniesteeé8. Next, MCI controller 5 pushes all but two of the
pointer registers by traversing path 34N, pushes a pointer register

by

traversin 4 i r ing the
WA T st ot P BoreBver A Rs TS R 5 %%%‘%ﬂﬁ% F 3 SOhALEL BRS EFHIE

instruction that specifies pushin ta registers and af | east one
. pointer reﬁ?%%%ﬁ%rghffm%bﬂtegl?%rgg %h5|§b%ﬂ tHa %ﬁsk?gtﬁagQE§%$a pat h
34H and asserts the PUSH DREG signal, the D REG PRESELECT signal and the
MOl PRESTAfEL s?@%%FO%%e{55pﬁ§ﬁe5F$lF%% B2 H_PREF stkgnakexthe Mt control ler
- 5 pushes all but one of the data registers by traversing path 34l"'. If the
i nstructi o _RpecPRESBLECE| sgPea poimd ckhe F 5t BRESDAbR plLghal, Mdhce
controller 5 pushes the final data register by traversing path 34M and
pushi iig t hewsi dgte peghster2oremgistes by pusivedsi NI pabhtB84E et Herw se,
MCl controller 5 pushes the final data register by traversing path 34L and

pushes thetﬂyhéieianOtateherggaﬁéesgcbvlér@a@mssmg PRiDe padNihd a
necessary, followed by 34K and 34G -
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 -



WO 02/ 46920 r 10559/ 276W1/ P9283 PCT/ USOL/ 46706 Figure 4 illustrates an
exanpl e state diagram 40 of a state machine within MClI controller 5 for

poppi ng MWlotdaRkeer egi sters froma stack. MCl control |l er 5 pefiafdi/gco6
according to state diagram 40 in response to a 5 PushPopMultiple

i nstructi ol0ISRAL7@Pe&cP92a88s one or nore registers to be popped froma stack
in menory. Wile operating according to stage diagram 40, MCl controller 5

may assert one pgrNHI Byl Mﬁngmaha zhaecgggwgléspglgp%gg 8h9“8£ whi ch

directs pipeline 4 to pop a data register and GS|gna whi ch

di t t t |1 5
-y assert PP Fet, bR R BALE Bhel BOLALEE rels 268K HET ELesgiegl e
whi ch dat ter. RESELECT I tial
Count er t &t PR 5 B°APChRBoP RGP 150r BOFSPBFit 8¢ gopshHCPoEBAEFol | er 5
may al so assert Ml PRESTALL signal to stall E@gel ine 4 on the follow ng

cl ock cycl®ehe TRSEoPRBGI fgorabt etBanhaREGeBRERBLEGRIFiPBAL Bhdt thause M
controller 5 to transition between state of state 20 diagram 40 and the

correSpond!@f_BREPTALBI ghghslt hat pusk bbeedatd, rebiseeD.i sNartj nHCLucti on
bit that indicates a data register is to be popped, P is an instruction bit
t hat controller 5 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 registers, 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. WNext, 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.

- 14 -



indicates a pointer register is to be popped, DRis an - 15 WO 02/ 46920
PCT/ USOL/ 46706 - 10559/276W)1/P9283 instruction field indicating the | ast

dat a regi gigarkeopop fromthe stack, PR is a instruction frcalukoimsiosati ng
the |l ast pointer register to pop fromthe stack, D TAG represents the

currtent datmsspegieaberrdzesng popped, P TAG 5 represents the current pointer
regi ster being popped, DVAX represents the maxi mumdata register in the

range of availaple,data §eghstetseant PGS EDr £5LRL Sal b, IRX) FUOE PRI Nt er

regi ster in the range of availl e pointer registers
. PREPNRXasSBIT PEPVHRECHCl b Ab & DR ERRKISLETE POP: DRECAER" &1 BB FRLPAAX. 1
assert assertPOP PREG P REG PRESELECT44Enoneassert POP PREA4F!' P &D &
DR=DVAX- | 2532+ #L8%8 of F PP DREES I REK PREGELECTUAF D RPPTICBR-DVAX &
PR=PMAXassert POP PREA4Gnhoneassert POP DREGA4HP & D & PR<PMAX- lassert assert
assert POP #REG @ IREG: PRESEL ECHL MIr aPRESTL | 4asPON &P 8O PR<PMAXassert POP PREG
" 5 PushPopMultiple instrucfion that specifies one or more
registers to be popped from a stack in memory. While
operating according to stage 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. In 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 -



WO 021 46920 10559/ 276W01/ P9283 PCT/ USO1/: 46706 assert P REG PRESELECTassert
MCI PRESTALL441 ((!'D & P TAGPR+1) ~assert POP PREG D & P TAGPR)) assert P
REG PRESHygGhagsert MCI PRESTALL44J! P & D & DR<DMAX- lasserdctRide/Mfoéasser t
D REG PRESELECTassert MCl PRESTALL44J'D & P & PR=PMAX &assert POP
PREGDR<DVAX&S 8 &1 16WP1 RBGS PRESELECTassert MCI PRESTALL44KD TAG=DR+lassert POP
DREGassert, D REG PRESELECT44LD & P TAG=PR & DR<DMAXassert POP PREGassert P

REG PRESELE(J@sset { oM 1 ERESTALAAMA & thd AGER & R-DMY@SSE Lo EQP
PREGassert P REG PRESELECTA4ND TAGSDR+lassert POP DREG assert D REG.

PRESELECT t | 1) 44 TAGEPRt I t. ssert P REG
. PRESELECT T2 etlgg Sn‘? Tl flj% klg @ C@x%?%f%%fb%%}?%f s“?%f?%gg%| State
until an ipstructjon is fetched by fetch unit 11 and decoded by decode unit
12. 1t thelaHstPRARFSR FEITGESD €O 18P Wo’“z?%@%cdk ‘35’@@‘?276%1/ P9283
+ PCT/ USO1/ 46706 PushPopMul tiple instruction, MCl controller 5 returns to the
VWAI T st at ereRTr¢ 7RI Eat Blile bgupreht 4data | Feghet ehseeing iRPPredae P_TAG
PushPopMul tiple instruction that directs processor 2 to pop a single
poi nt&r regptesestanthaocdarant epgpitees, réqbi stontbolierpdppederddr POP
DREG signal and returns to the WAIT state via path 44B. If the instruction
is a Pop Mipiesen€onmRadmanimimsiistst segpi ocessds €hé ordoge ao8i ngl e dat a
register, MCl controller 5 asserts the POP DREG signal and returns to the

VAI'T stat ey i vag1 palift44keglEtéhe ANgt BMLk | Pﬁ%@@@@ﬁﬁée@h@%ﬂ&nﬁm
poi nter registers or data poOinter registers, ] controller 5 changes

states to Oﬁ‘gx}é%?t;?egf@g%hgﬁ%ﬁe4:.2&géeéPeﬁéi’féE{leVMir?@éPs 44D or 44F.

MCl contr ass
registers:
PATH CONDITIONS OUTPUT
447 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
44F’ 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

- 16 -



15 POP PREG si gnal

si gnal

transiti oQig\3/4@3deng path 44D, M
initializing a counter whose count

si gnal
registers

105 5p 037 6WSIL ned2as| vy,

In addition, while

initializing a counter

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

- 17 -

instruction is not a

while transitioning to the state 42A or the POP DREG
while transitioning to the state 42C.
controller 5 asserts thedi/d$e6RBESELECT
i ndi cates which pointer 20
while transitioning along path 44F, M
controller 5 asserts the D REG PRESELECT si gnal,

whose couni i hdicatey which data Tegisters t 227926,
. rt P REG %ﬁ#$?1$@?
10559/ 276\W01/ P9283 PCT/ USOL/ 46706 After popping"#%e first o
pointer registers, IV[:I control I er 5 returns t|caddertWVMdIL SRRaEtsa['}tn:]Dmth
. State 42A = “"*“ 4 Ri-s—t+ahsi-t-ga—Mo—control ler
asserts PQP_P and a@as%e&rt&@%@WEE&ELEC@S%E%%&QWP@&CM| on u it 15
to pop angther point e*rﬁg egistieNe>pR)i | arly, gfisls Roppigies; thig:d % t he
two data rlegisters, NMCl conttoller returns |to the WAIT state roni e
state 42C|vi a path 44G During this transitigmssditt ¢k IRRBSTALLL asserft s
POP DREG gnt—deassertrs—H0—bREGPRESEHECH—egusihg—exeeution—unt+—15-+0 pop
anot her ddta r@g‘?ster. Bd &ngdi e instarﬁj%eﬁtbnpqu’%qw res
instructign decode unit 12 to dispatch the pgmgfeddreRrReEy RSt €r
registers,| MCl contrgller 5 transitions from - T
assert MCI_PRESTALL
443’ 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
441, 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



15 the WAIT state to the state 42B via path 44H During the transition, M
controller 8 asserts POP PREG signal and asserts P REG PRESELECT, causing

execut i onyijalsechd t0 pop a first pointer register. |In addipcrake1/Moe
controller 5 asserts MIl PRESTALL signal causing stall controller 8 to 20

stat| one xssepzewel agpes3of pipeline 4 on the follow ng clock. Once in the
state 42B, MCl controller 5 continues to pop pointer registers until only
two poi nt e, ie8b kel 815 2B Ast Lube; PRPPRET EQRc fXAIRE S5 Lot lhgsipgtruction
o M BT B D OC PRP PR SR FIRTRL % hr s B8]

poi nter regist to, be pushed,. ntroller traverses path 441 three
. tines, pogﬁh%dﬁ%f%o?% %? #%g%%?%%géggﬁb¥iﬁ%%hu%?%l the current pointer

regi ster to be pped equal s the naxi num avail abl e pointer 5 register
(PMAX) i nus onﬁf ’in?%.%n%’é‘h‘:%ﬂnprn‘?e?ug}%ﬁ?E”F%JrElh%e‘?ra’r‘hs‘%u%l%pped.

~ Wil e traversing path 441, MC controller 5 asserts the POP_PREG signal

t he P REGPRESEIECGICES ghabcapdor hé Wl PPRESTALRI ¢ gpal nteheregwdt®bdi nt er
registers remain to | 0 be popped, MCl controller 5 transitions to the state
42A V5 a padid 4O adid erpopptags pnECOHf coherobhar nb ngs perns ea P@HI BREEGS.
During this transition, MI controller 5 deasserts MCl PRESTALL.

I nstructi ogi glegnderid 12e t @ERE VES BhBEWAINSEtaEE | VDaOpathessycl eTaf tpe MO

controller 5 has

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

15 POP_ PREG 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

20 registers to pop. 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.

- 18 -



15 traversed path 44E and has popped the renai ning poi nter register.
Simlarly, for a PushPopMiultiple instruction that requires instruction

decode Unyig ghiesz® di spatch the pop of three or nore data rediwdeglsrosand no
poi nter registers, MCl 20 controller 5 transitions fromthe WAIT state to

the state ﬂo%@wiawpa}zﬂmzéél During the transition, MCl controller 8 asserts
POP DREG signal and asserts D REG PRESELECT, causing execution unit 15 to

pop a fi st poi ALec, T e0bSiAY- tho2Birst 0F02h46950 g;gf’égg?g%ggg
PCT/ USOL/ =46706 Tnh ﬁdg f?? 5 H}? contro asse gél gnal
causi ng st (lr_(i: ontroul to stall, on e e ne4 In
_state 42Dﬁ | CRBREY Fér 5 poPE dat g EQ fulede E@,Qg g’v’/ &ﬁg the 44N
until two data registers 5 remain to be popped. Wile traver5|n path 44N,
Ml cont r of $2rVE2 gR3ERt 44Ehe WWE@%FgEéPnS%EéOID RECE PRESEE! gnal
»and the MCI _PRESTALL signal. Once two data registers remain to be popped,
MCI controag@ln5a$$entstP@HgPREGthedsdaaésaztBngRE@LBRﬂaﬂLHhT1e poppi ng~a
‘lo data register. During this transition, MC controller 5 deasserts M
PRESTALL. dMohstngtereétetidbntbebtt LAnsot popsahothée YAl dtstategisBepat h 44G
and pushes the remaining data register. In addition to the above
functional §i1¥i18rly, 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 8 asserts POP_PREG signal and
asserts P_REG_PRESELECT, causing execution unit 15 to pop a
first pointer register. In 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

- 19 -




15 PushPopMultiple instruction may specify nultiple data registers and
mul tiple pointer registers to be popped. Generally, state machine 30 is

desi gned %J;_'Eg% pop the pointer registers, followed by theg/dia6706
regi sters, although the invention is not Ilmted as such. 20 ' For a

PushPopMul toisph £27i6nst fe9ess on t hat speC| f| es popping a single pointer
regi ster and a single data register, controller 5 tranS|t|ons to the

state 420 gg?4$£ qggb SENESqi fgﬁ%gﬁﬁg pop the - 21
VO 02/ tegéoﬁfg‘g AN P oe PCi‘%%l%SEOél 06 r}i}nter regl ster. Next, MO
controller 5 tr |t| nsrbacrkstot V)g tsﬁatetw at h 44« assertsthe

- POP. DREG TN poper T 1 7 Gl L brivis SeBniai i

instruction that specjfies 5 popping one pointer register and nDre t han one
dat a regi RSN LRBHFRT 13CH $ 3B ¥ lohls §RP 1 Qnk LAV RE a path 440"

. and asserts the POP-PREG signal, the P REG PRESELECT signal and the

MCl - PRESTAL&g s tgmal t@ dopapopprd mmkﬁ thyimpemumnedal M le grinteer 5
pops all but 10 two of the data registers by traversing path 44N, pops a
dat a 5egi stefidyet r 6BMAS) nolpad hoddK Anel. pogisent hewd gsiimadm regi sters and
returns to the WAIT state by traversing path 44G Finally, for a Pop

Mil tipl e thahaspeesd fbeSpHePed Ng

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 8

asserts POP_DREG signal and asserts D REG_PRESELECT,

causing execution unit 15 to pop a first pointer register.

- 20 -




15 multiple pointer registers and at | east one data registers, M
controller 5 transitions to the state 42B via path 44H and asserts the
POP- PREG wigdiake2and t he P REG PRESELECT signal to push a facraisopéms er
regi ster. Next, MC controller 5 pops all but one of the pointer registers
by 20 travessprayeépattro4ds. |f the instruction specifies a single data

regi ster to be popped, MCl controller 5 pops the final pointer register by

mre S0 hor ki e B e R e oS BB T A PR ™
[ h I h 44 d

pops the AT HRS dEeut  SoheRRHtE e 1R At S nt X aRe Pe bR eE o

foll owed 44K and 44G. Addi tj onal exanpl es of |nstruct|ons that direct 5

pi pel i ned DIRREEERrd 2 t%np%F?E?n4%ﬁ¢tM%?ec%&Eﬁ%&¥%ﬁs5aB%%?d@%Eato t he

- invention are the Link instruction and the Unlink instruction. The Link

i nstructi oregEstegps cay | Yragedsiwngned Bl okdMgurt shibkwait daka apelg tabees

pi peline processor 4 to push a return address for a subroutine on a stack,
push 40 a femaen pod berpoppédie sthtke toaeethingtpath pbidi eMCIo the frane
poi nter and update the stack pointer based on a frane size for the

subrout i nego@Sr SPEST f § edls byrt Bet hasPORCHRE®. sTheanltk i nstruction is used
when exiting the subroutine and causes pipelined processor 2 to restore the

return 15 @dﬁpﬁgjﬁf{éégﬂméfeﬁgﬁst aﬁ&swéeméfeplsﬁ@m]powaﬁalandoﬁ@étore the

frame pointer omt stack? The follow ng exanples illustrate the Link

and Unllnk 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 pushes 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

- 21 -



instructions: link 1234; 20 unlink; Figure 5 illustrates an exanple state
diagram 50 for a state machine within MCl controller 5 for carrying out the

oper ati ongoQh/skdde Li nk command. Wi |l e operating accordi ngpctARo1/46790
02/ 46920 10559/ 276W01/ P9283 PCT/ USO / 46706 to stage di agram 50, MCI

cont rol | ernnoSsoeyeassacks®ne or nore MCl signals 7 directing pipeline 4 to
perform a corresponding operation In addition NCI controller 5 nay assert

(ne VPRSI Sl ip Stallopuiel | 08 don It (o s datley,

summari ze e outp SI gnal s That are assert whi | €

tran5| tions thro e machl ne THClJTP S| GNAL54ANone54BPUSH RTS,
. PRESTRﬁﬁ_ }@&%&ﬁp"‘at ﬁ‘ts‘h OATES g0l e 3 | f

the present instruction is not a link connand then IO stat e machi ne
directs MBNERWDITRS B FeItitP%o the WAIT state via path 54A. If the
.instruction is a Link instruction, MI controller 5 transitions to stage
52B via path 5®maral WQBMmh@PlBHmmW,tMM§p@CﬁEMe unit 12 to
di spatch a push of the return address on the 15 stack. In addition, Ml
cont rol | erpdpraisRerdrse Nibi PRESTAM G dtoestaid npopel thsen dorosn ddiea f ol | owi ng -

cycle.
’ register, MCI controller 5 transitions to the state 42D via
path 443’ 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 push a first pointer register. Next, MCI
controller 5 pops all but one of the pointer registers by
20 traversing path 44I. If 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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Next, MCl controller 5 transitions to state 52C via path 54C, asserts

PUSH FP, causing decode unit 12 to - 24 WO 02/ 46920 10559/ 276W)1/ P9283
PCT/ USOl/W@]ﬁleospatch a push of the frame pointer regi stpefr/iMgobhe stack
and asserts MCl PRESTALL to stall pipeline 4 on the follow ng cycle. M
control | er1055p hamswor sr9@B8i ons to state 52D via path 54D and asserts MOVE_SP
TO_FP, causing 5 instruction decode unit 12 to dispatch a nove of the

content's Qe ol Ak £P151GEpL CS! EIndP o {LATRLOLILET, %egi ster.

Finally, MI contr er 5t anS|t|onstot e WVAI'T st eV|a ath 54Eand
asserts UPDATE SP, causjing struction decaod un| to di's

_subtract ort3fRFALY rRAk" 4%@ nri)?%s %acr&&p as]b%%f% gﬁ/ythe

i nstruction. re 6 il %rate an exa e dlqgran160 for a state

machi ne w??ﬁ‘?ﬁ’%ﬁn%oﬁ’ﬁﬂﬂ&?l INGLY pecess “'t“’t‘Fedo Hh A1O4®f the

< Unlink command. The follow ng table 15 surrmarl zes the output signals that
are asserted whdel vcpnabnexampees 50f r Emst fueHsonhrivhgfh $teeet nachi ne 60:
PATHOUTPUT SI GNAL54ANone64BLOAD RTS, MCI PRESTALL64CLOAD SP64DUPDATE FP
Tabl e5 4 | fpipel nedeptocassonct i bn perhotm amlinip hk opemeniond hen state
machi ne 60 directs MCl controller 5 to return to - 25
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 address for a subroutine on a stack, 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 10559/ 276W01/ P9283 PCT/ USOL/ 46706 the WATT state via path 64A
If the instruction is an Unlink instruction, MC controller 5 transitions
to stage woMksoPat h 64B and asserts the LOAD _RTS si gnal ,pcaatsel/¢ros
instruction decode unit 12 to assert control signals that 5 cause a return
address taosestvewerrameed fromthe stack as follows: BETS = [FP + 4]. In
addition, MCl controller 5 asserts MCl PRESTALL to stall pipeline 4 on the
fol |l owi ng C nt I idi tate 62C via io
pat h 64C aﬁ% éétg%%ér\lteéiigﬁlsg?’ C%%i%%n%ﬂ%{%%tgl orﬁggaegc%s Ui P to assert

control signal at, cause ih .setting of the stack pointer as follows: SP
.= FP + 8. ﬁ%m@ Wn%fﬁnt o(?}%‘?c%l?‘?aﬁfsl?‘? TS Datk ROFIMER VAN T state via
path 64D and asserts, UPDATE-FP, causing Z5 instruction decode unit 12 to
assert corfQoreRYrAIRI t PR EHIRR: t hEP fREC R ntMe T tePBer o bketed fiRavn t he
. stack as follows: FP=[FP]. Figure 7 is a schematic diagramillustrating an
exanpl e erbvR¥enthefMGI pRRESHILbfskgrdl tomtall epimeloe Stall controller
8 may receive a nunber of input signals, such as stall _condition-1 through
stal I5conditionlige fidil tdwimey teeb s seurinedr When the espenit Vel giald ©onei ti on
has been detected. The input signals are for exenplary purposes - 26

are asserted while MCI controller 5 transitions through

state machine 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. If the instruction is a Link
instruction, MCI controller 5 transitions to stage 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. Iﬁ 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

- 24 -



WO 021 46920 PCT/ US01/ 46706 10559/ 276W01/P9283 only for exanple, stal
controller 8 nmay receive any nunber of different stall conditions for the

various Siygapmsob pipeline 4. In response to the input st aldresendsioson
signals, 5 stall controller 8 may generate stall signals 9 to stal

pi pel i ne 410s5SbatiswoantaasBl er 8 may produce a plurality of stall signals 9,
which correspond to the stages of pipeline 4. For exanple mhen ei t her

st al | condaié %?05 Lahl foggétfggmg 8lﬁ§ gr&gg?Fgmg gar 2 is not

in 10 reset, troI may ass rt S|gnal
resul ting stall _of t ﬁ? L p n ably, the staII wb
. out put Slg%5?8¥ aﬁgeasﬁsrggn g%éggggﬁ Lotg % g%gﬂé?@ £Bf” daPli EPest ages
of pipeline 4i such as the stall _ex outiut signal. Mre specifically, stal
15 control fetlevirgerysiene ¥ehl Forkrobipat Ss bﬂaltﬁﬁéﬁlE%anﬁ tendi tion 3,
- stall condition 4 or stall wb is asserted and processor 2 is not in reset.
In this nesheke a2Btulip pathhedWBandagesevkse¥OWESSE| TOi APt hea&Xisgage.
Stall controller 8 simlarly generates the stall ac and 20 stall dec
si gnat s babesit onct hdepdadedé hazar 2 cbadilspaschsaweblreasfsthkls in |ater
stages of pipeline 4. \Wen conditions arise that cause the decode stage to
stall, statbneentsobketh8 8856kt oiheest abhide6rmeb 8heNAkame Bdinter
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 machine 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 machine 60 directs MCI controller 5 to return to
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WD 02/ =46920 10559/ 276W01/ P9283 PCT/ USCL/ 46706 whi ch causes MCI

5to stall.

asserts th@hgﬂw*#PDggé?ég

earlier stages 0

controll er

More specifically, MZ controller 5 does not transition from
its curreglo®i@d/ When stall dec nti is asserted. Stall tipgpagsosiss@slit 72
of stall controller 8 receives 5 the MCI _PRESTALL signal from M
control | eridssanshewon/Fe@sponse, asserts the MCl - STALL signal. OR gate 70
recei ves the M _STALL srgnal provided by stall timng circuit 72 and

L BRI R <

|ne ure

'£HQ ;R§t9&8g98n5199§ and the

I'a ranrr?lustrating

that stall olle advant of detectl nstruction
.prior to t%% oﬁ%sgfﬁﬁga%? aéﬁ%r?ﬂag eBraeFr?BS?ﬂg?gﬁs p%F?%?n;nce of

pipeline 4. In one 15 enbodi nent re-decoder in the I F stage of pipeline

4 decodes %%Bht}arR%Fhuéﬁﬁoﬁngnes§?ég§ EBe| FePDLRER Ehendécodrusibge. If an

- MCl instruction is pre-decoded,

t he pre-decoder asserts the~MCl - PREDECODE

signal . Oninperfotioni agcefieckniheh2t he apberhsceutrpbnshonatst bhahe 20
decode stage, the MCl-STALL-1ST CYCLE signal is asserted, which is a
fl opped vecsusa af réberMChIBREDECODEsi goaket ST&LeédcHndbmother sbapkossdes

the MCI - STALL signal based on the ORing of the MCl _STALL_FI RST CYCLE si gnal

and the -

10

15

20

£811ows: RETS = [FP + 4]. In addition, MCI controller 5
asserts MCI_ PRESTALL to stall pipeline 4 on the following
cycle.

Next, MCI controller 5 transitions to state 62C via
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
instruction decode unit 12 to assert control signals that
cause the frame pointer to oe 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.
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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WO 02/ 6920 10559/ 276W1/ P9283 PCT/ USOL/ a6706 MClI _STALL REMAI NDER si gnal .
The MCI - STALL REMAI NDER signal is a flopped version of MCl-PRESTALL that is

control | eoug/qkdre state logic of MOl controller 5 as descrpdaatkodedé.
Figure 9 is a schematic diagramof an exanple stall 5 timng circuit 72 for

gener at i ngldgsh/SAbL/¥926m t he MCl ° PREDECCODE si gnal received fromthe
pre-decoder and the M " PRESTALL signal received from M controller 5.

During thegfq§st c a i LONgi S.4, N . gdec stage, OR
gate 92 asc')slféH,s f\/%%-%%%%%ﬁév\heﬁt%%g fb?g%gggiélg ?/elrﬁasl# orné%%lﬁgl Q&%EDECODE IS

asserted apd fherecig. e | being. executed.. For MCl instructions
. that requite n%?egfhgﬁgg%ggé%a%%agngggdégﬁ??st$%¥n%h%iY%ﬁf?u%Zsb%%%Fates
t he renainifg Stail c¥§les based upon the MCI PRESTALL signal received from
MCl controft ePtBS 4B Frgure 10 is a schematic of an exanple data register
+ address generation circuit 100 forlgeneratin? a data register value (D TAG
representing the?ctefRraRseata Eegi shpwrttatabl paenditben poppealls D TAG may
include a plurality of data lines, such as three data |ines, capable 20 of
i ndi cati ngskathngenbfotben Beyayt geneFatepashlbpeianabmns? toretail 100
counts up froma starting data register to the maxi num data regi ster. For
pop operatpopsligér¢ui t SEQ01 countsolbvn 8 hmaygbrédecs angelur@Pity of
stall signals 9, which correspond to the stages of pipeline
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 the 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 signals 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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WO 02/ 46920 10559/ 276W1/ P9283 PCT/ USOL/ 46706 of registers to the |last data
register. More specifically, on the first cycle, multiplexes 102 sel ects

bet ween awgsj4g8s dat a register (DVAX) or a starting datapgggaiseiféreé r om an
instruction field (DR), such as data register five, 5 based on whet her

PPM SELECT1 0550y ztewos/meesert ed for push operations and deasserted for pop
operations. The D REG PRESELECT out put signal provided by MCl controller 5

enables mulhiphedesad0hute seheebiile ubpuleofy mulhbplexgs 1p2 Loy, the

first cycle o instruction and the output 0 rage Ci 4rt 108
for the regaining, c ﬁLes. Tae output, of nujtiplexes 104, D TAG is
. increnenteﬂg%rcagE¥é ffed 963d85E §H3SY b%ﬁd'ﬁ@“PﬁRﬁSﬁEﬁfﬁ&iaﬁHaFﬁd back
to storage circuit_ 108 The output signal, D-TAG is fed to instruction
decode uni ¥P¢R dtalb_depePrheld #8FSHECA ng or popping registers and is
- also fed back as an input to the state control logic of M controller 5.
Figure 11 is a Stakhntining aarenahpl2 pbistailreghtrelledds esscgimesati on
circuit 110 for outputting a 20 pointer register value (P TAG representing
t he carrentheoM@I ePRESOABLesitoabefpashedI ocopoppeller Sbmahay 1w circuit 100
of Figure 10, circuit 110 counts down through - 30 WO 02/t 6920
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. 1In 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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- 10559/ 276W1/ P9283 PCT/USO / d6706 the range of registers for pop
operations and counts up froma starting pointer register for push

oper at i ongo oYagd2@us enbodi nents of the invention have beepcdaseiiudes. For
exanpl e, a pipelined processor has been 5 described that includes a reset
uni t that Pr5o9yae@oarP@eBput reset signal to at | east one stage of an
execution pipeline. The reset unit handles reset requests, such as hard

resets, soutirssels SndacbEA!segnaeseloncaicd EREL R¥ARTNBANI D94AN)
assigned priority. TO The procesSor can be inptenented In a varle?y of

system | neh il sgopengr oL BULRORE GOIPURLBGSYSLATE O LSk prggeRsino

. systens, |aptop conputers, persona assl's
phones. |In_such_a_syste tge ocessor e coypled to.a nory devi ce,
15 such as " FT &% enéﬁ%gé d v¥§ 8?n§rg}g$¥c?r3ﬁd%§?%€%@§§ 8%y (SRAM) ,
- that stores an gperating,systemor other software applications. These and
ot her enbodi ments9%Fe % thi A PRBeBREHe Biaghanfof| ani pyaePienatallal WO
02/ 6920 PCT/ USOL/ 46706 10559/ 276W01/ P9283 What is claimed is: 1 1. A nethod
conpr ¥ si ngtimingcel yengta7Aufor- ggubeat by r¥eii 9RALh Arpmpehéned 3
processor; 4 stalling the multi-cycle instruction in a stage wwthin 5 a
pi pel i ne dfCh PREBECORH pigunaispeceanddbfismutng protdcadbiiey ahd the
instructions to subsequent
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_PREDECODE 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
register 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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7 stages in the pipeline while the multi-cycle instruction is 8 stalled. 1
2. The nethod of claim1 further conprising detecting a 2 stall condition

prior to fWerRdeeg the nufti-cycle 3 instruction. 1 3. The pgaidelueiescl ai m
2, wherein detecting a stall 2 condition conprises: 3 determ ning whet her

t he recei verbsonstawocypems3conpri ses 4 a nmufti-cycle instruction; 5
determ ning a nunber of registers specified by the 6 nufti-cycle

instructio ; h o] aj co .81 PG 7 3 WO
02/ 46920 1@%5%?%%%%%%?gg%sggﬁc;?%ch?E%G%géiggééés2@§¥§nggEC%?%%% b

signal at |east t cycles.3 prior.to the letiopn of the multi-cycle
. instructi ond &hG ﬁgﬁggsgg?%?ngmggéfgﬁFngg§§?p§?£?8g§tb8 Be8Yche prior to 5
the conpletion of the nulti-cycle instruction, 1 5. The nethod of claiml,
wher ei n stBR¥iAYTt HetRCregipherudBYAEl aPFi AgSERELIMRY FAta HegsBEeEt age of
- the 3 pipeline. 1 6. The nethod of claim1l, wherein issuing a plurality of
2 instructfoes anclngssupsignngiehd $BRe,i Avchuesi data negbete8 6iveines
when the nmulti-cycle instruction is stalled. 1 7. The method of claim6,
wherebn i ssasad ¢ohewbatbe? PBNt SETECOn ahhahbés~abksertred E£oel pdek i ssuing a
push 3 instruction. 1 8. The nethod of claim1l, wherein issuing a plurality

of 2 instr éi@ﬂﬁoh§CbﬂdeaehsgukagdafagnF@p 8beghtisngnt 3 instructions
when the multi-cycle instruction is stalled. 1 9. The method of claimS8,

wherein issuin n ke LN [ [ ugdesyissui ng

i nstructions th@engﬁeamg§%§ %Eggogﬁgggg/%%%5%%/%825%8%%I?§E%§?46706 3
push a return address.for subroutine _on_a ack, sh.,a 4 fra oi nter
on the sta%%?tﬁ%géeﬁ gtSEE%%SFnPEEE%BE?ﬁEISlﬁaaﬁ% ﬁggﬁFErtgﬁdoﬂ Hite the
stack pointer based on a fr%n% 6 iize for the subrqutine,_1 10. The net hod
of clai m 19t wWhHetBtRIPESEi h§2atpFurari £yT8F SYFHEtL PhcERoMSTi ncl udes i ssuing

instructions according to a
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 £he 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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. nmethod of craim

3 state machine. 1 11. The nethod of claim11, wherein stalling the nulti 2
cycle instruction conprises asserting a stall signal when 3 the nulti-cycle
i nstructiwo @Resofi es at | east one of 4 popping and pushi pgETVENIE46706&N one
register. 1 12. A nethod conprising: 2 receiving a nufti-cycle instruction
di recting @539 @bl reedspr ocessor to pop one or nore registers froma 4
stack; 5 stalling the mufti-cycle instruction in a stage within 6 a
pi peline ofn@ pipeliHed-O5OCESSON 0 AN &SSH RS PAAH abd e OF
instructions to s% sequren 8 stage(')s ir?loltzheﬁpﬁ%% ne accor%’%ﬁ/n%é)t%pa state
machi ne. - | 276) P9283 PCT/ USOL/: 1G706 1 13. The

t én 5 1%%%?@5%%%%%%%&%%?-%?/%I%uﬂé i?%??ah%%?rb%' specifies
poppi hg two registers, issuing a 3 urality of jnstructions conprises:
transitioning f %m%u?i?f%*m%‘g%t% og% 152 VR @ RS PR ng an
-instruction a first pop instruction;, and 6 transitioning fromthe second
stat e backdeeci¥heedirstoy xamplend iRERehENed REerrP 90D hastherrion. 1 14.
The net hod of claim 12, wherein when the nulti-cycle 2 instruction
speci§i es ¢poppriged htleet oinobudes eg)i seeets dmbm that gpacki dandan ssui ng a
plurality of instructions conprises: 4 transitioning froma first state to
a second séwtuBngeSet SSLGNFL afo | MStIeLst oPnd dtdPd POPan NSkeMetiom; 6
i ssuing a nunber of pop instructions until two 7 registers remain to be
popped; 8 4ia08{hdoni fgefFOBRE hen SECRANIBL At FedOr Brdfid Sk ST Bl &cl? A0d
i Ssui ng anot'’her pop instruction to pop the second to |0 |ast register; and
11 transi ty.onin t hj b . the {1 12_s d
Ssui ng o R PerFERt | act ot et ne aaf Atk e, E ¥ G0 46020

10559/276V®1/P9%§3 12 , .
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 operating system or other
software applications. These and other embodiments are

within the scope of the following claims.
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345678910 11 12 13 14 15 16 17 18 19 20 PCT/ US01/ 46706 15. The
nmet hod of claim 12, wherein when the multi-cycle instruction specifies
poppi Ng WotdhRkLedata regi sters and nultiple pointer regi $lcanssol/iens a
stack, and issuing a plurality of instructions conprises: transitioning
froma firsissstztewot cp8second state and issuing an instruction a first
instruction to pop a pointer register; issuing a nunber of pop instructions
until one pointes £e9igtgrisenmains to be popped; transitioning fromthe
second state to a third state and i ssuing another pop instruction to pop
the final pointer register; issuing a nunber of pop instructions until two
. data yegisfers i t gd; transitioning fromthe third state to
a fou%th s%éte‘%ﬁ@@¢géﬂi§88§rgggg nstruction to pop the second to | ast data
registfer; and transitioning fion1the fourth stafe back to the first state
. and i%suing a pop ThitPecti BRI EL PEPLE nERFEEECTHLSR 1R R PERelinad The
met hod of claim 12, wherein stalling the nmulti2 cycle instruction conprises
asser?ing Rrete¥$°%i gnal when - 36 WO 02/ 46920 10559/ 276w01/ P9283
PCT/ USOL/ 46706 3 the nufti-cycle instruction specifies popping nore than
one régister. 1styllimgethednebbhprévthey: idstecetiomgim austageywlehin
instruction directing a 3 pipelined processor to push one or nore registers
on a stacka hipdbihe ngftaephpélineycheotdsSistictamy in a stage within 6 a
pi peline of a pipelined processor: and 7 issuing a plurality of push
instrgctions toissbsegue l§r§i§\9§50fniﬁé‘@r@éi@f&)ﬁé‘etélc%gé@_geﬁﬁ’ a state
| -

machine. 1 18. The nethod of claim 17, wherein when the nuf cycle 2

| NSTIHCET O, SPECT 11 S LUSIHOY: AN PO SLRL Sl L8541 001 Bs P RLHI BT 1Y Of

i nstructions tonprises
8 stalled.

1 2. The method of claim 1 further comprising detecting a

2 stall condition prior to decoding the multi-cycle

3 instruction.

1 3. The method of claim 2, wherein detecting a stall

2 condition comprises:

3 determining whether the received instruction comprises
4 a multi-cycle instruction;

5 determining a number of registers specified by the

6 multi-cycle instruction.

1 4. The method of claim 1 further comprising:
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4 transitioning froma first state to a second state and 5 issuing a first
push instruction; and 6 transitioning fromthe second state back to the
first 7 s{vaigngéd i ssuing a second push instruction. 1 19.pchisoméied of
claim 17, wherein when the nufti-cycle 2 instruction specifies pushing
three or nmsswe*gdmuen’szaen - 3 stack, issuing a plurality of instructions
conprises: - 4567B9101112 13123 4 567 89toll 12 WO

02/ 46920 10559/ oV LLPIZ83 Pg;éU§gg 464 ngiag kng Brgg%?efirst state

to a second st a@e ané ISS§I ng an |nsér UC??OI’I a pus Ugtl on,

b f h t til t int
pushed? {rBREPE] 5 o1 PORPLRG GBcoha cErare? 3”595 Pr APEEERETARR/ | 8881 ng

anot her push instruction to push_the second to |ast register; and
transftioning fPBATERECEALr @ stalé BAERaloathdepPEsPnet S¥E18nATES5ULRg a

- push instruction to push the |ast register. 20. The method of claim 17,
wher efn whehet hempliptionyefethasmrlétroncdpeshbrescplohing multiple dat a
registers and nmultiple pointer registers on a stack, and issuing a
plurality of instructions conprises: transitioning froma first state to a
second state and issuing an instruction a first instruction to push a data

regisier; bssuiDHeamBUABAr o8f cRHSR LNSkhEeEiANStHNYEhgORBedAt? regi ster
remai ns to be pushed; transitioning fromthe second s?ate to athird state

W0 027 460207 IDR8S 25BN 1B R Pr UG A308 T o 295 55 SrRunber of push-

instrgctlons UTII| two 14 pointer registers remains to be pushed,
pipeline.

1 6. The method of claim 1, wherein issuing a plurality of
2 instructions includes issuing the same instruction a number
3 of times when the multi-cycle instruction is stalled.

1 7. The method of claim 6, wherein issuing the same

2 instruction a number of times includes issuing a push

3 instruction.

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

3 instructions when the multi-cycle instruction is stalled.
1 9. The method of claim 8, wherein issuing a number of

2 different instructions includes issuing instructions to
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15 transitioning fromthe third state to a fourth state 16 and issuing a
push instruction to push the second to last 17 pointer register; and 1B
tranS|t|qungah@n1the fourth state back to the first 19 sgicalikodti¢hos SSui ng
a push instruction to push the last 20 pointer register. 1 21. The nethod
of cl ai m lihsseneremon/esx2aBl ing the nulti2 cycle instruction conprises
asserting a stall signal when 3 the nufti-cycle instruction specifies
pushi fg han,. i r 1.2 r i an
execu?ionq%?%%l?n gﬁﬁnéggkg%ﬁrg ft? %?bﬁ?%gggé %ﬁandggggﬁn1#{$hcgcle
instructio copntroll adapt e asse sta to stall a
. nuftlycyclg %@%t%% Q%ﬁ %nen?%rF 9°6n %Yetﬁe é?%gegob? Stion
pi peline, 7 wherein the M controller i ssues a, plurality of a i nstructions
to subsequbFRTS{RGERTPR ARG BPS@F?nEhﬁh%Fa?hepglﬁﬂ?¥lb%§%¢e°¢n%t?ﬁ%@?on i's
- stalled. - 39 WD 02/ N6920 10559/ 276W01/ P9283 PCT/ USO 1/ N6706 1 23. The
appar &t us dfze| 89w bhef suphevténeprising a stall 2 controller receiving the
MCI controller stall signal from3 the MCl controller and generating a
plurality of stall 9 signals to stall the stage holding the M instruction
and 5 prior stages in the pipeline. 1 24. The apparatus of claim 22,

wher ein t hgo MCl TE®NkEBhbEr 02 tﬁa@ﬂapteﬂhéﬁeiﬁsﬂgsﬁbﬁgS@”plhﬁ&liﬂytbﬁn a
nunber of times 3 when the multi-cycle instruction is stalled. 1 25. The

apparat us pfsChabfldes YAEIEhDs! DEsHiho CORLEPLLEr 025! Soadpplad {8 dssue a
push Instruction to direct t pi peline to push a p Ura Ity of registers.
26. The app ratus of claim?22, wherein the MCl controller 2 is adapted to
|ssue a nut ?a%h%?erent instructions when 3 the multi-cycle instruction
is stall ed. 1 27. The apparatus of claim?22, wherein the MCl controller 2
is adapted to issue instructions to push a return address 3 for a
subroutine on a stack, push a franme pointer on the - 40 WO 02/ 46920
PCT/ US01/ 46%06 l@%S@ﬁ?h@@@QfP9263m4lstﬂhﬁrehﬁvétél%%@@ktbélm@b?lto t he
frame pointer and update 5 the stack pointer based on a frane size for the
subroaiti necycle instruction comprises asserting a stall signal when

3 the multi-cycle instruction specifies at least one of

4 popping and pushing more than one register.

1 12. A method comprising:

2 receiving a multi-cycle instruction directing a

3 pipelined processor to pop one or more registers from a

4 stack;

5 stalling the multi-cycle instruction in a stage within
6 a pipeline of a pipelined processor; and

7 issuing a plurality of instructions to subsequent

8 stages in the pipeline according to a state machine.
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1 28. The apparatus of claim 22, wherein the MCI controller 2 asserts the
stall signal when the multi-cycle instruction 3 specifies either popping or
pushi ng n@ig2ldgend one 4 registers. 1 29. A system conpri Sipggyusdiaeiob ash
menory device; and 3 a processor coupled to the Flash nenory device, 4
wher ei n t heogsPdees®OrrPd28el udes an execution pipeline having 5 a plurality
of stages and a nmulti-cycle instruction (MCl) 6 controller adapted to
assery a sfall sj ' stal L= | & LIS ction: within one of
fho Stages of thalg exagtt o bl bal 12k VARELE np B tREhOERL BALE, O
adapted 9 I .a_pLuralli of Insiructions to, subseguent stages 10 in
. the p?peli%gsgiéﬁgfﬁg ﬁ§?€%¥%§%IBOPR%?9u VP ohSPE519 8t af PRWIRG B0. The
syst em of ciain#ZQ, m?erein t he, processor further 2 conprises a stal
cont r ol | erPLRERTVFRGOE haPREFUEbRORS| FRPPBLERSf | signal fromthe MO
-controller and generating a - 41 W O 021 46920 - 10559/ 276W01/ P9283
PCT/ US01/ 46706 Brapsrhiernyneffsem| ¢ 5igphl stabestald seeondageatel aindg t he
5 MCl instruction and prior stages in the pipeline. 1 31. The system of
cl ai n629, wbeuibng &heiiEtruohionl defirst2padaphetirtotisspeahdie sane
instruction a nunber of times 3 when the nulti-cycle instruction is

stalled. 1 32. Thensysiening €ranMmR9, s¥ben@i rihe Ptk coptept| erris 2
adapted to issue a nunber of "different instructions when 3 the mufti-cycle

inStr9CtiOQtéﬁeséﬁblfgsu§n§3a g@&oﬁasﬁ§g19ﬁsﬁ£@é€%38: wherein the M
controller 2 asserts the stall signal en the mufti-cycle instruction 3
specifies at | east one of popping and pushing nore than one 4 registers. 1
34. A nethod conprising: 2 receiving a link machine instruction; 3 stalling
the mufti-cycle jnstruction_in a,stage within 4 a pipeline of a pipelined
proce%sor;fénd ghﬁx%%E?Pﬂgofh%l??ﬂkfgns¥$%ﬁ?+%nw%?giE%%i%ﬁlE?b¢%$% ity 6 of
instructions to subsequent stages in the pipeline 7 according to a state
machi Ae. instruction specifies popping three or more registers from

3 a stack, and issuing a plurality of instructions comprises:
4 transitioning from a first state to a second state and
5 issuing an instruction a first pop instruction;

6 issuing a number of pop instructions until two

7 registers remain to be popped;

8 transitioning from the second state to a third state

9 and issuing another pop instruction to pop the second to

10 last register; and

11 transitioning from the third state back to the first
12 state and issuing a pop instruction to pop the last

13 register.
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- 42 WD 02/ a6920 10559/ 276W01/ P9283 PCT/LTSA /a6706 1 35. The net hod of
claim34, wherein issuing a plurality of 2 instructions conprises: 3
transiti owion@iks2om a first state to a second state and 4 iPEIVTIOY46M06
instruction to push a return address on a stack; 5 transitioning fromthe
second st a5 27®WohiB9¢88t ate 6 and issuing an instruction to push a frane
pointer on the 7 stack; 8 transitioning fromthe third state to a fourth
state; 9 angs | SSPHOGEFnbASHE USTAOR 19, Wk\{@ré‘m%t@%np&&@tﬁﬁlEP—&§§lé° frame
pointer; and il transitioning fromthe fourth state back to the first 12
state,and | j [ I ; o [ a on a
Frane ol 26 Soen Py o PR EE P T b HPE T £ L PR PG e PR 558"
met hod conprising: 2 receiving, an unlink nmachjne instruction; 3 stalling
the bl {1 -RYEFEPTReRPHRET BT AL SC T AGEIGI Pi ALACk R T HESHRY 2 pi pel | ned
- processor; and 5 executing the unlink instruction by issuing a 6 plurality
of in&trudc®lwrliby sehseyBbreckicResCPAP¥hEes: 7 pipeline according to a
state machine. - 93 WO 02/ 46920 10559/ 276W1/ P9283 PCT/ USO /46706 1 . 37.
The n®thod of ctuamsB6iombeyefrnomssufhygsia ptaral toyaofe@ondsstatei and
conprises: 3 transitioning froma first state to a second state and 4
i SSui g anisfnsimgicin ohnbruesioneaafiestr insdti @ssom rom pop stpokntér
transitioning fromthe second state to a third state 7 and issuing an
instrycti ofedPst@sfore a stack pointer; and 8 transitioning fromthe third
state back to the first 9 state and issuing an instruction to restore a

frame, poi nter t t he . I 81 0g: te
nachi%e | ogi c t%F%%%€¢o$ ?ﬁ%gggs%%ngg%ff§?39%€5$%#§t§8g¥1sﬁ%gg%%%%?%gns in
a pipeling%ﬂ;rocessor in 4 sponse to.,a nulti-cycle machine instruction;

and 5° an aRFESESHehePation %n ¢ RORBERH to generate

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

12 pointer register;

13 issuing a number of pop instructions until two data
14 registers remains to be popped;

15 transitioning from the third state to a fourth state
16 and issuing a pop instruction to pop the second to last
17 data register; and

18 transitioning from the fourth state back to the first
19 state and issuing a pop instruction to pop the last data
20 register.

1 16. The method of claim 12, wherein stalling the multi-
2 cycle instruction comprises asserting a stall signal when
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6 register addresses for use during the execution of the sub? operations. 1
39. The apparatus of claim 38, wherein the address 2 generation unit

conpri seswe dRver for increnmenting or 3 decrenenting a egnyE0i/4670¢1 St er
address. - 44 WD 02/ 46920 - 10559/ 276W1/ P9283 PCT/ USOL/: 16706 1 40. The
appar at us wfssefziewoBBe928herein the address 2 generation unit conprising a
cl ocked storage circuit to 3 store a current register address. - 45

.Aa3. A LA : _ 1 e A A A A .

s, AL e e TS e e SR sl p ptlingIgfe than one

s.A.A LA @%‘&ﬁ‘.A‘.A‘.A(Q.A&L
: "@&OlALNyzﬁ yt 0j e” ZU] cal] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] cTa] ca] cfa] cha]c”a]lca]calcalcalcalcaUcal CKMWSCG . [ \ m
zupkfa\W ] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca
-]ca]ca]c“glca]caLﬂca cal] ca]ca] ca]jcal m cdj kO
1 7. A method comprising:

2 receiving a multi-cycle instruction directing a

3 pipelined processor to push one or more registers on a

4 stack:;

5 stalling the multi-cycle instruction in a stage within
6 a pipeline of a pipelined processor; and

7 issuing a plurality of push instructions to subsequent
8 stages in the pipeline according to a state machine.

1 18. The method of claim 17, wherein when the multi-cycle

2 instruction specifies pushing two registers and issuing a

3 plurality of instructions comprises:

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

6 transitioning from the second state back to the first
7 state and issuing a second push instruction.

1 19. The method of claim 17, wherein when the multi-cycle

2 instruction specifies pushing three or more registers on

3 stack, issuing a plurality of instructions comprises:
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17 pointer register; and

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

20 pointer register.

1 21. The method of claim 17, wherein stalling the multi-

2 cycle instruction comprises asserting a stall signal when
3 the multi-cycle instruction specifies pushing more than one
4 registers.

1 22. An apparatus comprising:

2 an execution pipeline having a plurality of stages;

3 and

4 a multi-cycle instruction (MCI) controller adapted to
5 assert a stall signal to stall a multi-cycle instruction

6 entering one of the stages of the execution pipeline,

7 whereiﬁ the MCI controller issues a plurality of

8 instructions to subsequent stages in the pipeline when the
9 multi-cycle instruction is stalled.
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1 36. A method comprising:

2 receiving an unlink machine instruction;

3 stalling the multi-cycle instruction in a stage within

4 a pipeline of a pipelined processor; and

5 executing the unlink instruction by issuing a

6 plurality of instructions to subsequent stages in the

7 pipeline according to a state machine.
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