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(1 ' A DATA PROCESSI NG SYSTEM HAVI NG IPOS COPY
A" SELF- ALI GNI NG STACK PO<NTER , AND METHOD THEREFOR

5 Field of the Invention The

present invention relates in general to a data processing system and

nore particularly to a stack pointer in a Qgta processing system g 0§?49A
Background of the Invention ata processi ng systens,

pointers are hardware registers typl cally used as a nenory address

poi nter for defining the "AWATA PROCESSING SYSTEM/BRAVMING ar i abl es and
tenporary storage. Tradition rs within the
programm ng nodel is used bﬂﬁﬁ'ﬁ%ﬁ%‘?‘&‘&gﬂgﬁfﬁmﬁm stack pointer.
In many systens, the stack poi nt ANDMETHOID THEREFORused by the

i nstruction set during the execution of certain Operations. General ly,
this address register defines the top of a current stack frame wher e
oper ands cah be passed between functions by "pushing".-the data onto

Field of the Invention

The present invention relates in general to a data processing system,

and more particularly to a stack pointer in a data processing systém.

10 - : Background of the Invention

In data processing systems, stack pointers are hardware reglsters
typically used as a memory address pomter for defining the memory
locations for program variables and temporary storage. Traditionally, one
or more registers within the prdgramnﬁx{g.model is used by the hardware as

15  the system stack pointer. In many systems, the stack pointer is implicitly
used by the instruction set during the execution of certain operations.
Generally, this address register defines the top of a current stack frame
where operands can be passed between functions by "pushing” the data onto
the memory stack. This push operation can consist of decrementing the

20  stack pointer and then copying the data to the location defined by the new
stack pointer address. After the data has been used by a routine, the data is
deallocated by simply incrementing the stack pointer to return it to a
previous value. This process is known as "popping" the stack.

Since these stack pointers generally define the memory addresses,

25 user programs routinely manipulate the contents of the stack pointer which
- defines the top of the stack. Operands of various sizes, such as bytes, words,
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dhe nmenory stack. This push operation can consist of decrenenting the 20
stack pointer and then copying the data .to:the |ocation defined by the new
stack pointer address. After the data has been used by a routine, the data
S deal | ocated by sinply increnenting the stack pointer to return it
to a previous value. This process ig2known as "poppi ng" the stack.
Since these stack pointers generally define the nenory addresses, 25 user
programs routinely mani pul ate the contents of the stack pointer whi ch
defines the tlopgefortdseetst, aidy bOpashedonté thestacksothaethe mpodif the stadles,

wor ds, (2) | ongwor ds,
etc., may be mayipeindite enyradlosvable alignment attanyt imeofProkessoramthich  nay
p0|nt to any allomable al i gnnment at any ting. Processors whi ch provi de

aut omati ¢ harPRe e@&ﬁrpmatlc é\ﬁr@wyr@ﬁwﬂﬁ ofiany operangd size PRANY Operaaddr ess
ﬁlégP?SRLda[faci«?:'@%ﬁ% g e Ui STPRArt oBRUSRRIRL A PROHRA fgaid
Coperand & 3;“"’“ S ettt eragiySadireds 568 PGt %%p%‘n% B B ghal 1 1 e
byt ¥, it | i gned
Tt The monor yPeuddy, " HREt By s ity defRel] o ar PAHRRE fBodstd"®
definition re &aﬂ@sﬂe? Fbggfﬁnﬁousa:{igéen bit word operan® ¥ aRERGE FYRES

i ncl ude hard e suppor or var ypes
memory byte address is 0-modulo-2 and a thirty-two bit longword is aligned

if the memory bye address is 0-modulo-4. Alignments which fail this
10  definition result in misaligned operands.

Most processors include hardware support for various types of
exception Iirocessing. These exceptions, also known as faults, typically
include interrupts, system calls, and arithmetic error conditions. Other
exceptions may also occur. Generally, when an exception is detected, the

15 processor will create a special exception frame on the top of the system stack
detailing the context of the machine at the time of the fault. After this
exception stack frame is created, the processor passes control to a special
exception handling routine by transferring control to the instruction address
specified by the exception type. Generally, the exception handling routine

20 will process the fault, perhaps initiating some type of corrective action, and
then return to the application executing at the time of the exception.

Most processors employ some type of special error detection so that
certain catastrophic fault conditions occurring during the processing of any
other exception will produce a total system failure and simply cause the

25  processor to halt. Often included in this special set of catastrophic fault



exception processing. These exceptions, also known as faults, typically

I nclude interrupts, systemcalls, and arithnmetic error conditions. O her
exceptions may al so occur. Generally, when an exception is detected, the 15
processor will create a special exception frame on the top of the system

stack detailing the context of the mgghine at the time of the fault.
After this exception stack franme is created, the processor passes
control to a special exception handling routine by transferring

control to theonditionsds ithe aligrment of the syptem Staekt fhyintéreorexertpiri on t ype.
General ly, the exception handling routine 20 wll process the fault,

per haps i ni t i houndadesrelnt opderdio compensate forathis possibilifly, prior atteaysterhsirn to
the application executing at the tinme of the exception. Most
processors enhavy implemented severpbdifferent selutinnscwhich require atsignificanér t ai n
catastrophic fault canditions Qccurring during the processing of any

ot her excepti EWWFIOfMéH@é'ea%OS% e+ et Brioy ast selytionsgequiradse the 25

29500 40 Hokdin S5k e Bl e Erihed Sl bR e
oL s SRR 5 B RSB Mo B SBL 8
a significant W?%ﬁél%%ﬁte &F 3P d08Er. This SEATRhE mBBE tyBidally Rfines the

sol utions req
level of privilege associated with the executing program, and in its simplest

form usually con_sisfs of two levels of privilege: supervisor (most

10 privileged) and user (least privileged). Execution in supervisor mode
provides complete access to all the resources of the system, while user mode
execution is denied accesé to certain hardware resources. In addition, many
‘processors provide dedicated hardware circuitry to enforce a r’eqﬁired |
alignment of the stack pointer in the data processing system. Note, in each

15 of the prior art solutions, the dedicated hardware circuitry and the
corre_éponding overhead costs are required.

For data processing systems which are unable tc; implement such
expensive hardware circuitry, software solutions have been developed.
When using such a software solution, concurrent exceptions are not

20 allowed. Stated another way, once an exception has been taken by the data
processing system, other exceptions are not allowed. In this situation, if
another exception may not be masked and is asserted, then the status and
program counter information of the machine context will be overwritten.
Thus, the data processing system will be unable to return to the state before

25 the first exception was processed. In this second type of prior art system, the
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5. hardware circuit which ensures that no operands will be m saligned. These
solutions have typically inplenented nultiple stack pointers based on the
operating node of the processor. This operating node typically defines the
| evel of privilege associated with the executing program and in its

si npl est formusual ly consists of tmoﬁbevels of privilege: supervisor
(nost 10 privileged) and user (least privileged). Execution in supervisor
node provi des conplete access to all the resources of the system

whi | e user npdelata Frocesemgt systerhds UgabRdtoceftetivelyopesiessiall exae
resources. In additi

Il on, many processors provi de dedi cated hardware
circuitry to erbarectlya required al i gnment of the stack pointer in the
data processing system Note, in each 15 of the prior art solutions, the
dedi cat ed hardwar e dreseritipsionar sdhations require eigmificintcadditionebliasbsare ar e
required. . . For data processi r;?ﬂsystems whi ch are unable to
i mpl ement  such circuitry o canteetly westaraa dlabd pradessing systenn4e its dnitiad istate affgve
been devel oped. When using such a software saqlution, concurrent
except i ons reanoexcgptlowls@m?edsmd paoeﬁsmﬁlﬁm?@re@né@eérﬁmém fon has
been taken by the data., processing s em, ot her exceptions. are not
2l Lowed. I'n ¢ hiseluson thich allpps & desighet HE Hieda@upIasRoag SYBIEoh L0 aRLaallng
is asserted, then the status and roar.am, count.er i nf ormat i of the
mchi ne. cont extntie s Bafdiaes Bippart fof P WisaliBmete AR o8l Shourite
will be unable t d e r LrLgt L on was
processed. In t tsﬁ‘:ée(g%t%(# r?’f/:%agﬁg Lﬁﬁ@?ﬁ?g&g@k}gﬁ&%ﬁ all ex%éﬁ ﬁBﬁé,
regardless of system stack pointer alignment, and recover the initial state

10  after exception handling.

Brief Description of the Drawings

FIG. 1 illustrates, in block diagram form, a data processing system in
accordance with one embodiment of the present.inverit_ion;
15 FIG. 2 illustrates, in block diagram form, a portion of the central
processing unit of the data processing system illustrated in FIG. 1;
FIG. 3 illustrates, in block diagram form, an operand fetch circuit of
the'central processor unit illustrated in FIG. 2;
FIG. 4 illustrates, in block diagram form, a register file circuit of the
20 operand fetch circuit illustrated in FIG. 3} '
FIG. 5 illustrates, in block diagram form, an address generation/
execution circuit of the central processor unit illustrated in FIG. 2;
FIG. 6 illustrates, in block diagram form, a portion of an other
execution engine of the address generation/execution circuit illustrated in

25 FIG. 4



(4) data processing systemis unable to effectively process all
exceptions correctly. Present prior art solutions require
significant additional hardware ci rcui try to correctly restore a data
processing systemto its initial state after an exception is asserted
and processed. Therefore, a need exists fog solution which allows a
desi gner of the data processing systemto St ionally I ncl ude a

har dwar e support for operand m salignnment while sti I | ensuring t hat
the data processi ng Figs 76ltusrhtescivl bloek|diagraon €66 pa btrosaaRidfAbexce tlon
regardl ess of system stack pointer alignnent, and recover the initi state
10 after excepidkdfrainerfdl anslurality of stack pomter (SP) register valuedjranelf
Description of the Draw ngs FIG 1 illustrates, in block

di agram form a dat ¥k SGHustra@s,sgtsbbnkrdlagram farmpa dtamcmrmdframe;eceptxon
enbodi nent of the present I nventi on; FIG 2 illustrates, in

bl ock di agr am fstack anmvm@hnmludesea &mbﬁlformat figldocessing unit of the
data processing systemillustrated in FIG 1, FIG 3 |

il lustratesd in bl ock di agramform an operand fetch circuit of t he
central processor unit illustrated,in FIG 4
illustrates, in block di agrih?q“cﬁlﬂﬂolhofgfﬁ g'ieé?rrFﬁilFén'E?‘rhéﬁ‘r"ftsof t he 20
operand fetch circuit illustrated in FIG 3; FIG 5
illustrates, in bl oamajpmgenfriﬂwnnonaprmddeﬁaaimlp&oeéssmhnd methodeofit i on
circuit of the central processor unit illustrated in FIG 2;

FIG 6 illustr apesating ahdats procesgirgnsysbenn inavhivhia single syatemtstack pointer

may be used to create records of both system and user stack operations when

10 hardware support for alignment of such stack operands is optional. The
single system stack pointer is implemented as a self-aligning stack pointer.
Stated simply, this self-aligning stack pointer automatically aligns itself to a
nearest 0-modulo-4 address below the current address setting such that no
alignment system errors occur even when there is no hardware support for

15 misaligned operands. Once the automatic alignment has occurred, the data
processor of the present invention stores a four bit format field in an_
exception stack frame to indicate information about the alignment of the
stack pointer at the time of the fault. When the exceptien has been serviced
and a return from exception (RTE) instruction is executed, the processor

20  uses the four bit format field stored in the exception stack frame to restore
the stack pointer to its original value at the time of the exception.

The present invention provides a data processor and method of
operation in which a single stack pointer is used to support both the
supervisor and user stack areas of a data processing system. Furthermore, in

25 the present invention, hardware dedicated to operand misalignment may be



execution engine of the address generation/execution circuit illustrated in
25 FIG 4; (5)

FIG 7 illustrates, in block diagramform ‘a structure of an exception
stack frame for a plurality of stack pointer (SP) register values; and

FIG 8 illustrates, in block diagramform structure of an exception
stack frane V\/mchlncludesafour bit format field. 5 _
Description of the Preferred Enbodi nents The present invention
provi des a dat implemnented, bt ds rot hegliicdd. The abjilétyasf this singdé stapk qurinterte
systemin which a single system stack pointer may be used to create
records of bot alignstsehi duringexception progessing allowsisandafa procssoretoserzuee t
for alignment of such stack operands is optional. The single system
stack pointer ithat thel datepredessingsystem will got eyperiende :poaﬁashrop ic errofSifaired
sinply, this self-aligning stack pointer autonmatically igns itself to a
near est O- noduleescepmpe@gsbehﬂw %éta@krp@nteraamgbs@%d anyreta@n ofthe no
al i gnment system errqrs ogcur | when re IS no hardvvareéﬁugii)ort' for 15

m sal i gned PpePiesent n:m%%h%av guen rﬁf‘éﬁlssﬁ‘ééncEE%ﬁeF -he data
In a following discussion, the connectivity and operation of the data

processing system which implements the present invention will be

provided in greater detail.

10 Connectivity of the Present Invention
In the following description of the connectivity of the present
invéntion, the term "bus" will -be used to refer to a plurality of signals or
conductors which may be used to transfer one or more various fypes of
information, such as data, addresses, contro], or status. The terms "assert"
15 and "negate" will be used when referring to the rendering of a signal, status
bit, or similar apparatus into its logically true or logically false state,
respecti;/ely. If the logically true state is a logic level one, the logically false
state will be a logic level zero. And, if the logically true state is a logic level a
zero, the logically false state will be a logic level one.
20 Furthermore, the symbol "$" preceding a number indicates that the
number is represented in its hexadecimal or base sixteen form. The symbol
"%" preceding a number indicates that the number is represented in its
binary or base two form.
Referring now to FIG. 1, FIG. 1 illus&ates a data processing system 5 in

25 accordance with one embodiment of the present invention. Data processing
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pyocessor of the present invention stores a four bit format field in an
exception stack frane to indicate information about the alignnent of the
stack pointer at the tine of the fault. Wen the exception has been

serviced and a return fromexception (RTE) instruction is executed,
t he processor 20 wuses the four bit format fgi eld stored in the exception
stack frane to restore the stack poi n{ r toits original value at the

time of the exception. The present invention provides a data

processor and @%&ﬁﬁﬁt@ 5 a data PRSCedsdroahdl af&Brrial Yedeldpni sRah 7 EDatas

used to support supervi sor and user stack areas-of a data
processi ng Sysgﬂﬂhedééi‘ BHAEReS a dydtet budoRtRIRP B, h PreBissef coldd), AV\ilhfe
e

dedi cated to operand m sal i gnment nay be

(6) i npl efBatRA12, buslave nisduleddy armaster Brodaile!14) sindfa débusg Siodile 10.
stack pointer to align itself during exception processing allows the
data processor Systemdursscontrollertéiis ¢dupledta aprexterrsil g vicestnemillistratedt
experience a catastrophic error if an exception occurs while the stack
poi nter is B sdierem)dia @ek-BusorSystem husscontrolierdhis ¢oupled itoslasiel module 12
subsequent |y be djscussed_in greater detail. . In a fol |l ow ng

di scussi on, ~ t hansoslase mnodule ﬁ?hﬂlaom%%nni? SBus ima slave modude bysi ng

syst em whi ch i | ements the esent inyeption wll be rovi ded j
g?/e ater detail. ystemq)us controller 8 is coup\fe to processor core 9 and aster module 14

via an M-Bus 23. M-Bus 23 is a master module bus. -
Processor core 9 comprises a central processing unit (CPU) 2, a
10 memory management unit (MMU)/controller 4, and a memory 6. An
operand misalignment unit 5 may also be selectively included in processor -
core 9. Centrali;rocessing unit 2, MMU/ controller 4, memory 6, and debug
module 10 are each coupled to one another via a K—Bus 25. Both central
processing unit 2 and memory 6 are also directly connected to
15 MMU/ controller 4. MMU/controller 4 provides information to a
remaining portion of data processing system 5 via a M-Bus 23. Central
processing unit 2 is coupled to debug module 10 to provide an Internal
Control Bus. CPU 2 also receives a Reset signal from an external device (not
illustrated herein). Debug module 10 bidirectionally communicates to an
20 external development system 7 using the external control bus. External
development system 7 is an optional device external to data processing
system 5.
FIG. 2 illustrates a portion of CPU 2 in greater detail. CPU 2 includes a
register 208, an instruction fetch pipeline 210, a buffer 216, an operand
25 execution pipeline 220, and a mﬁltiplexer (MUX) 222. Instruction fetch



10 Connectivity of the Present |Invention
In the follow ng description of the connectivity of the present

invention, the term"bus" will be used to refer to a plurality of signals
or conductors which may be used to transfer one or nore various types
of i nformati on, such as data, addresseg?, control, or status. The terns
"assert" 15 and "negate" will be used when referring to the rendering of a
signal, status bit, or simlar apparatus into its logically true or

| ogically fal S?iﬁéﬁﬁ@ 210 comprées @l ingihuctiohfaddiesd g&u&aﬁbﬁ difcugt 208m | S a

| ogic level oné, "the logically fal se .State wil'l be a logic |evel zero.
And, if the | oghstehittion fetehximuét 20, a FIFQ insteactioncbuffer 206;a0d 4 heultiplexer

| ogically false state will be a logic |evel one. 20 Furt hernore, the
synbol ."$" pre@ifi nydditionzbly; opertirchexecutiont pipedine 220 connprisesi an opprarsknt ed
in its hexadecimal or base sixteen form The synbol "% preceding -a
nunber i ndi cat detchreitcuih212; ampsldriess generationy exedute circuit 214, andarpipelinease
two form Referring nowto FIG 1, FIG 1 illustrates a data

processi ng Bystcomt®lilegiex218ccor dance with one enbodi nent of the present

i nvention. Data processin
(7) PT O fnstruction address generation circuit 202 of instruction fetch pipeline

210 provides the Instruction Address signal to multiplexer 222. Multiplexer
222 selects between instruction addresses from instruction fetch pipeline 210
and operand addresses from operand execution pipeline 220 for subsequent

10 transactions on K-Bus 25. Register 208 outputs a KADDR (K-Bus Address)
signal. Instruction fetch circuit 204 of instruction fetch pipeline 210 is
coupled to operand fetch circuit 212 and buffer'2i6 to recéive a buffered
KRDATA signal. Instruction fetch circuit 204 is coupled to operand fetch
circuit 212 to provide an Instruction Fetch Address. Instruction fetch circuit

15 204 is also coupled to FIFO instruction buffer 206 and multiplexer 219 to
provide an Instruction Buffer Write Data signal. FIFO instruction buffer 206
is coupled to multiplexer 219 to provide an Instruction Buffer Read Data
signal. Multiplexer 219 is coupled to operand fetch circuit 212 of operand
execution pipeline 220 to provide an Instruction signal.

20 Pipeline control logic 218 of operand execution pipeline 220 is

coupled to operand fetch circuit 212 to provide an Exception Processing

signal. Pipeline control logic 218 is also coupled to address _
generation/execute circuit 214 to provide a control bus. Pipeline control
logic 218 is coupled to both operand fetch circuit 212 and address generation

25 /execute circuit 214 to provide a Vector signal. Address generation/execute
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5.conprises a data processor 3 and an external devel opnment system 7. Data
processor 3 includes a systembus controller 8, a processor core 9, a slave
nodul e 12, a slave nodule 13, a master nodul e 14, and a debug nodul e 10. _
System bus controller 8 is coupled to an external device (not illustrated 5
herein) via an E-Bus. System bus controlleg)8 is coupled to slave nodule 12
and slave nodule 13 via an S-Bus. The S-Bus'is a slave nodul e bus.

System bus controller 8 is coupled to processor core 9 and nmaster nodule 14

via an M Bus 23ircldti21d Sfoperandraxetetio 220 is coupled to miltiplexaa22cteyr €
9 conprises a central processing unit ( 2, a 10 nenory managenent unit
(MW) / cont r ol | providecard OperandAddress\signal. Aspeellreildressgenpration/execduté nmay
al so be selectively included in processor core 9. Central processing
unit 2, MW comwincuiti2id ig couplest to buffen216 tieproyide an Operansl WriterRatazsignal.
coupled to one _another via a K-Bus 25. Both central processing unit 2

and menory 6 aBufferdd6égprovidesa KRIPAJiA (KBusiRead Mgta)sighal ard a,KWDATA
MW control Ler 4 proyides_infornmat.i o] remai nj tio dat a
processi ng §yst(5n£‘55 %%%L%M:%?gﬂ‘e KRD‘%%W n'f“E‘g BDR
coupled to debug dul e 10 .t,o,prqyide an I nternal Control Bus. CPU 2
al so receives é@gg%ﬁr"spﬁch‘éﬁie?l&ﬁg'g‘l‘s ernal device (not i |l ustrated
herein). Debug nodule-~1Q .Ri di rectional onuni es to an. .Lxier nal
Govel onmrent sust em Fics BiluStE opdPid el A2 %R grpaffh debail ™ Opebilia
devel opnent s | | A t . t sin
System s oY Tt chrouly 212 GRhbiSE: (RS 2L FridplEell QPR 228% 0
detail. CPU 2 i ' | 0yt i ' '
270, & buf fer EPIATIC228, 2 progfint cBlnicdogfer 1397 A UAHIBIELE!Z MEDOHOLS.,
(MJX)  222. 1Hns thifiglexer’ 281¢ A multiplexer 3 (MUX) 232, an adder 233, a register A 34,
and a register B 236. |

An Instruction signal is provided to register 224 from multiplexer 219
of FIG. 2. Register 224 of FIG. 3 is coupled to a first input of multiplexer 1
226 and the Vector signal is coupled to a second input of multiplexer 1 226.
15 Multipiexer 1226 provicies constants and immediate operands, as specified
by an instruction stored in register 224, to multiplexer 2 230 and multiplexer
3 232. An Execute Result signal is coupled to register file 228 and to each of
multiplexer 2 230 and multiplexer 3 232. Register file 228 is coupled to
multiplexer 2 230 to provide an "A" sighél and is coupled to multiplexer 3
20 232 to provide a "B" signal. Additionally, register file 228 provides an
SP(1:0) signal. The SP(1:0) signal provides bits zero and one of a Stack
Pointer value stored in register file 228. Multiplexer 2 230 is coupled to
register A 234 and multiplexer 3 232 is coupled to register B 236. Register A
234 provides a RA signal. Register B 236 provides a RB signal. The RA and



(8) pi peline 210 conprises an instruction address generation circuit
202, an instruction fetch circuit 204, a FIFO instruction buffer 206,

and a mul tipl exer 219. Additionally, operand execution pipeline 220

conpri ses an operand

circuit 214, and a pipeline 5 control [|ogqig) 218. I nstruction
address generation circuit 202 of instruction fetch pipeline 210
provi des the Instruction Address signal to rultiplexer 222. Miltipl exer
222 sel ects betRiksignaisareyptavided dsl registesed input opdrands ito adtleéssh pi pel i ne

210 and operand addresses from operand execution pipeline 220 for
subsequent 10 generation/{exesutencikcuiti21L5. Regi ster 208 outputs a KADDR
(K- Bus Address) signal. Instruction fetch circuit 204 of instruction

fetch pipeline 210 ikhe

216 to receive

Fet ch Address.

@ Prograng n

| nstructi gn ch circuit 15 204 js al sp, co ed to FI FO
ey uet | orBbuPBRIOC RISt 253, Pritsher counder seister pRpBriead B (PRSI | i on
Buffer Wite a siagnal. JFIFO instructj on buffer 20 [ 0 dto
ol 1ol exer - 218 GuReRe a2 pREMAR  at e ofadien203. | RaSCRAEL b

Mul ti pl exer 21
execution pipel

BIGIHE S ekPoRRERAAT prfbiatn ol vilde Wi B0, )

control "l ogic %ﬁn@&eﬁ%&f?&oﬁ)& ;‘g%gn ' E?léi& 2310 ASCPU 2 éx8HiNesd 10

operand fetch circurt

10

15

20

to prov eption Processi ng
instructions, the contents of program counter register 229 represent the

instruction address for the instruction stored in register 224.

FIG. 4 illustrates register file 228 in greater detail. Register file 228
generally comprises all the programmable general-purpose machine
registers implemented in CPU . Register file 228 is typically comprised of a
multiplicity of registers, such as a register 240, a register 242, a stack pointer
244, a multiplexer 246, a multiplexer 248, and AND gate 272, and an AND
gate 274. The Execute Result signal is provided to each of register 240,
register 242, and stack pointer 244 The contents of each of register 240,
register 242, and stack pointer 244, as well as the contents of other registers
not specifically illustrated herein, but included in régister file 228, are
provided to each of multiplexers 246 and 248. Multiplexer 246 provides an
"A" signal and multiplexer 248 provides a "B" signal.

Stack pointer 244 is a programmable register defined as a system stack
pointer which provides a low order two bits of the contents of the stack
pointer register as SP(1:0). These low order bits define the byte address

within a thirty-two bit wide address space. The SP(1) signal provides bit one

fetch circuit 212, an address generation/ execute

trustionl Betch AAddressisignabiscpravidedite afirst inpubof f er
a buffered KRDATA sigpal. Instruction fetch circuit 204
i s coupled to opultiplexer{3ly An outputofimultiplexer %;’rlowm@vadﬁcf



signal. Pipeline control logic 218 is also coupled to address
generation/execute circuit 214 to provide a control bus. Pipeline control
logic 218 is coupled to both operand fetch circuit 212 and address
~generation 25 /execute circuit 214 to provide a Vector signal Address
gener ati on/ execut e g%) (9)
circuit 214 of operand execution pipeline 220 is coupled to multiplexer 222
to provi de an Qperand Address signal. As well, address

gener at i on/ exe@fteEStack Poinfed Waluedtbréd it etiekgsbihter MU of regibbert file@8yi de an
Operand Wite Data signal. Buf fer 216 provides a KRDATA (K-Bus Read

Dat a) signal arSindlafliDAthe SP(OXsignal Providebbizersi afwbtackpointet vialue Kigeéd A,
KWDATA, and KADDR signals are provided to K-Bus 25. FIG 3

illustrates opana;Mbh‘pbnﬂhemZMcmﬁ register file ZﬁSeaThe SBét) signal @ppravided to a fisstch
t 212 26
egistor 111 o 28Ut Gt ANDIENE 27 AR theCRTCrRAORER CesonE, (Il s Providetp 2

230, a 10 multi pI exer 231, a_nmultiplexer 3 (MJX) 232, an adder 233, a
regi ster A 34, second ipputo ﬁé@i&g@eﬂégénoutputofANbpg\ateﬂggmgwgk stogatnl

s provided to register 224 fr | exer 9 El G Regi st.er
224 of FIG 3 i@PHBG%P@@“P&e’@f st Aﬁiﬂ&amgly ﬁ?ﬂﬂ’@ gighyal 5 provided f a first
input of AND gate 274 and the Exception Processing signal is provided to a

H

second input of AND gate 274.
FIG. 5 illustrates address generation/execute circuit 214 in greater
10 detail. Address generation/execute circuit 214 comprises a multiplexer 4
250, a multiplexer 5 252, a logic circuit 253, an arithmetic logic unit (ALU)
254, an ther execute engines circuit 256, a st;tus register 257, and a
multiplexer 6 258. A
The RA signal provided by operand fetch circuit 212 is coupled to
15  multiplexer 4 250, other execute engines circuit 256, and multiplexer 6 258.
The RB signal provided by operand fetch circuit 212 is coupled to
multiplexer 5 252, other execute engines circuit 256, and multiplexer 6 258.
Multiplexer 4 250 and multiplexer 5 252 are each coupled to ALU 254. ALU
254 is coupled to multiplexer 6 258 to provide the Execute Result signal.
20 Multiplexer 6 258 provides an Operand Address signal.- An output of ALU
254 is the Execute Result signal and is coupled to an input of multiplexer 6
258. Multiplexer 6 258 then provides an Operand Address signal. Logic
circuit 253 is coupled to status register 257 and status register 257 provides an
SR (Status Register) signal. This is the programmable register defining the

25 processor privilege level and miscellaneous control functions. It may also



226 and the Vector signal is coupled to a second input of nultiplexer 1
226..15 Mul ti'pl exer 1 226 provides constants and i nmedi at e oper ands, as
speci fied by an instruction stored in register 224, to nultiplexer 2
230 and mul ti pl exer 3 232. An Execute Result- signal is coupled to
register file 228 and to each of nulﬂj | exer 2 230 and mnultipl exer 3
232. Register file 228 is coupled to ﬁzltiplexer 2 230 to provide an
"A" signal and is coupled to nultiplexer 3 20 232 to provide a "B" signal.
Addi tionally, g ;&\awgf ad ﬂi@g?a’&sﬁr@fbﬁ@&m@fd in othe?R{réhfldctaras ahd ditienally,
Sf(l.g)_5|gna! prOVI‘fS bits zero and one of a Stack Poi nter val ue
stored in regigesSP(id) i tHAPCi ind tRSORi (Statas Regibter) signal aregi st er
A 234 and nultipleégr)S 32" i's coup edpto regisﬁér B 236.1$ggi§?er 29

234 provi des apfvidednalothéicgxetute efgitiab circuiti2fiés Q@ttied exegutel engihes Eitcuaitd

(10) _ RB signals are provided as registered i nput operands to address
gener at i on/ exe256 pravidesiah Qpérand Write Data sighal andsan Execute Reaudhsigngl.ess

signal is provided to a first input of mul ti pl exer 231. An output of

mul ti pl exer5 231 i s BiG:6 illustrates theypther ®xecute engines cigguit 296 ;_rzsreqt%éfeaﬂ.

counter register provides a PC (Program .Coung er. | gnal _gs, an ut

and to an i npuOthér exegute enginesgeul %éq@mafoglg g%‘},gaam;lg}egelé%@%

sequenti al rogram counter I ith i
q T O er 261, and 4 Jegioter'263. The S¥(11) signal is provided to an input of

logic 259. An output of logic 259 is coupled to multiplexer 260 to provide a
Format signal. The SR, PC, Format, Vector, and SP(1:0) signals are provided

10  to multiplexer 260. Multiplexer 260 is coupled to register 262. Register 262
provides the Operand Write Data signal. Additionally, the RB signal is
provided to register 261. Register 261 provides a Retrieved Format signal -
and also provides the Execute Result signal.

15 Description of Operation

During operation of data processing system 5, processor core 9 uses K-

Bus 25 to connect CPU 2, MMU/Controller 4, and memory 6. Additionally,
_in the pfesent invention, a user may choose to include operand
misalignment unit 5. If operand misalignment unit 5 is included in data
- 20 processor 3, K-Bus 25 connects it with each of CPU 2, MMU/Controller 4,

and memory 6. In the present embodiment of the invention, K-Bus 25 is a
high speed, single-cycle access bus. Memory 6 may include random access
memory (RAM), read only .memory (ROM), cache blocks and any
combination thereof. All other system modules and peripherals are

25 coupled to processor core 9 via M-Bus 23. M-Bus 23 is an internal multi-



connected to a second input of multiplexer 231. As CPU 2 executes
Instructions, the contents of program counter register 229 represent the 10
i nstruction address for the instruction stored in register 224,

FIG 4 illustrates register file 228 in greater detail. Register file 228
generally conprises all the progranmabl e ggyeral-purpose machi ne

registers inplenented in CPU . Register file 228 is typically conprised of
a multiplicity of registers, such as a register 240, a register 242, a

stack pointer ghastefdfhis whith isiudled?8pe?fdim dafd! trahpleex Biitidthd bpoae D gat e
272, and an AND gate 274. The ecute Result signal is provided to

each of regi Stl@ﬁﬂﬁ?ﬁ. bus mastesi Systeridiis eordrollecd providesrmaltiple Faactions.
contents of each of register 240, regi ster 242, and stack pointer 244,
as wel | as theSystemebus coftrollee8 preyidesarsinterfacenbetvegarcirttenl IM-Bus 23
illustrated herein, but included in register file 228, are.20_ provided to
each of multi pamdéhe egtegnalnB-Busgif thelexternek BrBumexigisovAdditianally, system bus
signal and nultipl exer 248 provides a "B" signal, t ack poi nter
244 is a plogreontroller § sefives @s agfsrcphpaintfor ceptrpling all data transgw ewhi ch
provides a |low order two bits of the conte:ntsl t he stack

regi ster as SPBus-0)lhetgrBus if difed taconpeetssign ?% Viene ?aéw@ggléﬁ gﬁr‘flhi h
a thirty-tuo bidy o e UG sbd GmtucitioR cRHh, M HIR3r tn Gata
| processing system 5.
In the present invention, data processor 3 has several layers of bus
10 bandwidth to provide a cost-effective mechanism for data transfers.
Processor core 9 is interconnected with a high-speed, single cycle K-Bus 25 to
maximize perform!an-ce. For transfers not directly coupfed to this high-
speed bus, M-Bus 23 provides béndwidth from any of th_e internal bus
masters such as processor core 9 and master module 14. System bus
15 controller 8 provides a connection between the internal M-Bus 23 and the
external E-Bus (if present), while also providing a control function for all
data transfers on the low-cost, lower bandwidth S-Bus for slave peripheral
modules such as slave modules 12 and 13. Debug module 10 is connected to
K-Bus 25 to allow non-intrusive observation of all processor-irﬁtiétéd
20 memory accesses. Debug module also provides the connections to the
optional external development system 7. External development system 7 is '
typically connected during program debug and development during system
integration testing. Data processor 3 is connected to external development
system 7 to communicate information. External development system 7

25 communicates with data processor 3 via the External Control bus.



of a Stack Pointer value stored in stack pointer 244 of register file 228.
Simlarly, the SP(O signal provides bit zero of a stack pointer val ue
stored in stack pointer 244 of register file 228. The SP(1) signal is
provided to a first i nput of AND gate 272 and the Exception Processing
signal is provided to a 5 second input OPA ND gate 272. An output of AND
gate 272 is coupled to an I nput of nultiplexer 248. Additionally, the
SP(0) signal is provided to a first i nput of AND gate 274 and the
Exception Processi ndDatigged followingydisedssion about opefRivt\6f dataroeés gate
274. FIG 5 illustrates address generation/execute circuit 214
in greater 10 gigtahl5, adsitne thatge aserdf daota sor 3 hanudétetrhinexbthati ses a
mul ti pl exer 4 250, a nultiplexer 5 252, a logic circuit 253, an
arithnetic | ogi averhead (césfs)associateds5uithatheatevice shoaddthe redyiced and hasiopteds6,
a status register 257, and a mul tipl exer 6 258. The RA

si gnal provi dedompbm@:ttddatetpmceﬂsm gi withont pperandrmisalignment unitt5. prevter
4 250, other_ execute engines circuit 256, and nmultiplexer 6 258.

RB si gnal pPoviWete yyplﬁs@%ted inedata processor 3 pperand muisalignment unit 5 would

255, © Ml pieide ogiosieuiy herWes) CEL 2 gnsck B2 hat World BPEPRL U
Rosul t ~si gnal . Beraligmed eeniupt iy G P Opnianid aﬁr&e&‘@@ Ral © an
?5&3{“ of m’?HJ: pwg%@f?éen ;ego@.g,&gég% FrisRiged %e%g%@%‘@ﬁ A ferR Eii’ﬁv%oer and
A !

A ot at osr oy SG8Ges, Hobbidobndiid ih R HRGEH SARDHANKE: P S L

s the ProoiATHGl fadragba A ARpleRaE oRE mRRgRARA Bt ihedg) evel and

m scel | aneous control functi ons
processor 3.

. As previously discussed, by failing to implement operand
misalignment unit 5, a prior art data processor would generate an exception
upon any attempted reference to a misaligned operand. If the misaligned

15 reference occurred as part of the exception processing for another type of
fault, then the catastrophic double fault condition occurs. For most data
processing systems, such double exceptions are treated as éatastrophic
failures and often result in the data processor being halted until the system
is reset. As previously mentioned, the present invention recognizes this

20 problem and has provided a stack pointer which is self-aligning and,
therefore, ensures that no misaligned references will be generated by CPU 2
in response to an exception. Operation of processor core 9 and CPU 2 of the
present invention will now be described in greater detail.

While data processor 3 is operating, processor core 9 controls

25 execution of the program and responds as required to external interrupts.



(12) be known as the processor status word in other architectures.
Addi tional ly, the SP(1:0) signal, the PC signal, and the SR (Status
Regi ster) signal are provi ded to other execute engines circuit 256.

O her execute engines circuit 256 provides an Operand Wite Data signal
and an Execute Result signal. 5 FI 6 illustrates the other
execute engines circuit 256 in greater det |?. O her execute engines
circuit 256 conprises a logic 259, a nmultiplexer 260, a regi ster 261,

and a register @PQ.2 1 ddd % quiddlRlanidSefficievityeprdcessihstitietions fwith the
| ogic 259. An output of logic 2 I s"coupled to nultiplexer 260 to provide

a For mat susgnefl instrtetioR. fefeG Il:\»mifmlme 210\aed ogerm&ﬁﬁbﬁ)pipbuﬁé 2202a11a
provided 10 to nultiplexer 260. | tiplexer 260 is coupled to register
262. Register 2B2 presenfpembodimenhef theinvehtivn,tiastartionifgtchl pipeline 210
Additionally, the RB signal is . E;-;OVi ded to register 261. Register 261
provi des a Ret rargl opefamdrexectitipmapipeline 220carelindependandand decaupled: e
Result signal. 15 . L. ) Description of Operation
During oper &ion of lRuriageprrationninsiyuation @,tdbpmgﬁ)fm:ﬁf%fe@hﬁ es K-
Bus 25 to connect CPU 2, MMJ Controller 4, and nsn%}g/ 6. ,Addi tionally,
instructions for execution in processor core 9. Instruction address
. generation circuit 202 forms a prefetch address to be used in accessihg a next
instruction. The prefetch address is provided to register 208 via multiplexer
222, The prefetch address is provided to K-Bus 25 as the KADDR signal.
10 CPU 2 initiates the required K-Bus 25 transfer to fetch the instruction located
-at the address defined by KADDR. The desired instruction may be located in
memory 6, slave module 12, sla'vé module 13 or a device connected ”t-o the E-.
Bus, if present. Regardless of the location of the desired ihstruction, the data
is eventually routed back to CPU 2 via the KRDATA (K-Bus Read Data)
15 signal. The KRDATA signal provides the instruction to buffer 216. Buffer
216 subsequently transfers the fetched instruction to instruction fetch circuit
204. Once the fetched instruction is provided to instruction fetch circuit 204,
instruction fetch circuit 204 provides the Instruction Buffer Write Data
signal to either FIFO instruction buffer 206 or multiplexer 219. FIFO
20 instruction buffer 206 is bypassed and the Instruction Buffer Write Data
signal is provided directly to multiplexer 219 when operand execution
pipeline 220 is waiting for a next instruction. Otherwise the Instruction
Buffer Write Data signal is provided to FIFO instruction buffer 206 and then

~ to multiplexer 219.



in the present invention, a user may choose to include operand

m salignment unit 5. If operand m salignment unit 5 is included in data 20
processor 3, K-Bus 25 connects it with each of CPU 2, MVJ Controller 4,

and nenory 6. In the present enbodi ment of the invention, K-Bus 25 is a

hi gh speed, single-cycle access bus. Menorygp nay include random access
menory (RAM, read only nenory (ROVM, cache bl ocks and any conbi nati on
thereof. Al other system nodul es and peripherals are 25 coupled to
processor core 9 vi FrohBusultiplexer @19 ofdnstrustion fetchnpipetinkt210, the

(13) master bus which Is used to performdata transfers initiated by
one of nuIhstpuetidm sigrad e psovidedtterbdth pipeline cbnirol bgic 218 ded opérand! e
functi ons. System bus controller 8 provides an interface between '

i nternal M Bus fetgh circuit2tR ofieperanst exdcutiop pipeline 280. Additioanllg, Bus
exists. Additionally, systembus S controller 8 serves as_a focal point

for control|indngiruction fetch gigouit 204,0f insérustion fetchppipeline=214) pravides thed to

Carial comni dBRRUFHG BRI Addzes g ioapernd fefsh circuit 4. Foisi ng

Tlyers of bus Foetryckon el RS semAlin iseh torP I PhoR REv BB Taniet o

transfers. register 229 value in response to change-of-flow instructions, such as taken
branches. Por simple instructions involving register operands, the operand
execution pipeline acts as a two-st_agé pipeline. In the first stage, pipeline

10  control logic 218 decodes the instruction and provides control information
to operand fetch circuit 212. Concurrently, operand fetch circuit 212 accesses
the requ1red values stored in register file 228. In the second state, pipeline
control logic 218 provides control signals to address generation/execute
circuit 214 to perform the required data operation on the registered input

15 operénds, RA 234 and RA 236 using ALU 254 or the other execute engines
256. The resulting data is provided on the execute Result signal and
typically written into register file 228 at the conclusion of the machine c;rcle.

In the present embodiment of the invention, pipeline control logic

218 will assert the Exception Processing signal to indicate that an exception

20 has occurred. As an example, an exception may be generated in response to
an external interrupt request. Generation of an exception in a data
processing environment is well known in the art and will not be discussed
in further detail herein. When the exception occurs, data processor 3 no
longer executes normal processing. Rather, data pmceééor 3 must access and

25 execute a special exception processing routine. During the transition from



Processor core 9 is interconnected with a high-speed, single cycle K-Bus 25

to maxi m ze perfornmance. For transfers not directly coupled to this

hi gh- - speed bus, M Bus 23 provides bandwi dth from any of the internal
bus masters such as processor core 9 and naster nodule 14. System bus
15 <controller 8 provides a connection bet(w)en the internal M Bus 23 and

t he external E-Bus (if present), while ‘al so providing a control
function for all data transfers on the | owcost, |ower bandw dth S-Bus

for slave peri plggfill processiiipdid ?&giﬁéﬁ ?écédsﬁtg? QPUQ ¢fsdatd procesbdr 3/ekutes

nmodul e 10 is connectéd to us 25 to all'ow non-intrusSive observation
of all proc essméﬁeﬁﬁ@h&iaélﬂfrmlﬁchsaeﬁdse irfomgtiondietailirigs theptiedes
t he connections to the optional external devel opnent system 7.

Ext er nal devel groeessos gentext in sgstem memaiyc aThg actiral enemdryl lodatipnsrmay e
debug and devel opnent during system I ntegration testing. Data
processor 3 i s memory bedlave medulenl?, slave: {13 or a device eannected to the E-
comuni cate_i nformati on. External devel opnent system 7 25 commruni cates
with data pPocder 3 via the External Control bus.

(14) Dur,i fol ,owi ng di scussi on, about, operati.on of data,,
processi ng systB ,eda’éb%‘:‘%r%%‘i‘t BrofS&or .B‘a’c‘%tl §E‘§§§d|“ erfxception
e e e M stacl: et WA &%) fardSs 8F bR RSkt bl St Bl b

the exception occurred. This exception stack frame is placed on the "top" of
the current system stack residing in system memory. As has been

10 previously discussed, since operands may reside at any byte boundary, the
hardware stack pointer may point to any byte boundary at the time the
exception is detected. In the present embodiment of the invention, in
which no operand misalignment unit is implemented, if the stack pointér is
misaligned at the beginning of exception processing, the attempted creation

15 of the exception stack frame will produce another exception and cause a
catastrophic double fault condition which will halt the system's operation.

To ensure that system operation will not be halted due to a

misaligﬁed stack pointer at the time an exception is detected, the present
invention has implemented a circuit and method for correcting such

20 situations. When an exception occurs in the present invention, CPU 2 of
data processor 3 first examines a current value of a stack pointer register 244.
CPU 2 then automatically aligns it to the nearest 0-modulo-4 address below
the current value. Once this adjustment is complete, CPU 2 stores an 8-byte
stack frame which includes the type and location of the exception in system

25 memory, which may be memory 6, slave module 12, slave module 13, or



to inplenment data processor 3 without operand misalignnment unit 5. If it 5
were inplenmented in data processor 3, operand msalignnent unit 5 woul d
provide logic circuitry between CPU 2 and K-Bus 25 that woul d intercept

m sal i gned references output by CPU 2. Operand m salignnent unit 5

woul d then reconfigure the m saligned Hﬁeﬂgwces to a series of aligned
references. However, assune in the present enbodi nent of the invention, 10
the user does not inplenent operand msalignnment unit 5 in data _
processor 3.  another deviés coirtsoted b Yhel EsBuss STHe 8biite atddknffaine inelildugant
oper and m salignment unit 5, a prior art data processor would generate
an exception four bpoforava field emhichdcordhimseinfermation abeat tlymatignpentod . thef
the msaligned 15 reference occurred as part of the exception processing
for anot her typstadkfpointer dtathettimerofithe lexceptient Tbishoperatiop will aoit be

condition occurs. For_ nost data processi ng systens, such doubl e
exceptions aredeﬁ@&b%ﬁnhgfmtﬂﬂphi C failures and often result in

t he data processor %ng halted unt,il the system, is_ reset. As
previously Penti onedVheRangexcephon;if generaseds e £outrol lagie 218 Assexts theind

P y _ SEBHOR; i BERETRRCs BIFS: ote
nures that nore DR TRYSrlg, Sl £ priagrindd Patpnd fetgh YRR AT
oresent 1 nvent AHOPR IR RS o JoBic 2 SRl pfitnes an exdepdol
whi | e data brOSEsIontd SnARPEaLIAR oGS5 Ale S5 SySkelP BABb, IPhich mey

execution of tRAE*program and responds as requite “ext ernal 1’
be memory 6, slave module 12, slave module 13, or another device

10 connected to the E-Bus. . During execution of this exception sequence,
pipeline control logic 218 enables operand fetch circuit 212 and address
generation/execute circuit 214 to generate write cycles on K-Bus 25. The
write cycles will write the information necessary to form the stack frame
discussed above into memory 6. Noté, the term stack frame may be used

15. interchangeably with the term, exception stack frame.

When generating the stack frame, pipeline control logic 218 first
provides control information which enables stack pointer register 244 of
register file 228 (illustrated in FIG. 4) to output an "adjusted” stack pointer
value to multiplexer 246. This adjustment process involves truncating the.

20 current value of the stack pointer register 244 to the nearest 0-modulo-4
address by forcing the low-order two bits to zero. This truncation operation |

is performed by AND gates 272 and 274. During normal processing, the
Exception Processing signal is negated and, therefore, AND gates 272 and

274 simply pass the current value of the low-order two bits, SP(1:0), of stack
25 pointer register 244. Once an exception is detected and pipeline control logic



(15) CPU 2 is provided to quickly and efficiently process

I nstructions with the use of instruction fetch pipeline 210 and
operand execution pipeline 220. In t he present enbodi ment of the

i nvention, instruction fetch pipeline 210 and operand execution

pi peline 220 are i ndependent and decoupleqigﬁ Duri ng operation,

I nstruction fetch pipeline 210 prefetches I nstructions for execution
in processor core 9. Instruction address generation circuit 202 fornms

o o o0 A8t o TR PR, s Rl o oS AN el 997,
Pt ates o he. vl 2rLaradonsas karpq Herdsy Creatidech0Tednieed A0RreS8n | ooat ed
o ALl A e B
data T TR o ST eRtedi EpaRi s s AfitRRoReE poRpeb it bidited
Bt rer ' 8030 AFAETRRT S Ifith, BARK} I8 Jalie ISiel dipuk B Bihfpledeh 2

i nstruction fetﬁ@ -‘ﬁ‘id ' the ‘ﬁalu@%i°’{3%'&[‘f5%§ﬁ&hﬁ%w3t ruction is

provided to instruction fetch circul I nstruction fetch circuit

204 provides the | ”Wﬂﬁrhcﬁuéfeﬁrs%k %Bh{i@i' Falue is Eéiﬁ?%aﬁé_feﬁé&ff?ém':' FO
instruction buffer 206 or nul ti pl exer 219. FIFO 20 instruction buffer 206
i s bypassed andepisted filt 2280 rogidterf Ac234)\hnileiphene® 226 genergiesa dohstind \of ded
directly to multiplexer 219 when operand execution pi peline 220 is

wai ti-ng for a re%tTheeonstant,od, isGher trarsferréd to multiplexer232 and Bubdezjuentlyt e
Data signal is provided to FIFO instruction buffer 206 and then to

mul ti pl exerl021%tored in register B 236. At this point, the adjusted stack pointer value is

stored in register A 234 and the constant, -4, is stored in register B 236. The
adjusted stack pointer value corresponds to the "X" illus&ated in the
various examples illustrated in FIG. 7.
Next, register A 234 provides the adjusted stack poinfer value to

15 multiplexer 250 of address generation/execute circuit 214 via the RA signal.
Similarly, register B 236 provides the constant, -4, to multiplexer 252 of
address generation/execute circuit 214 via the RB signal. ALU 254
subsequently sums the two values to provide an output having a value of
the adjusted stack pointer value (X) pius the -4 constant, i.e., (X-4). The

20 output of ALU 254 is provided to multiplexer 258 via the Execute Result
signal. From multiplexer 258, the X~4 value is provided to multiplexer 222
as the Operand Address signal. Multiplexer 222 provides the Operand
Address signal to register 208. In this manner, the operand address for the
K-Bus 25 cycle to perform the first thirty-two bit exception stack frame store

25 is generated.



(16) From nul ti pl exer 219 of instruction fetch pipeline 210,

t'he I nstruction signal is provided to both pipeline control |ogic 218
and operand fetch circuit 212 of operand execution pipeline 220.

Addi tionally, instruction fetch circuit 204 of instruction fetch

pi peline 210 provides the 5 |Instruction Eggfh Address signal to operand
fetch circuit 212. This I nstruction Fetch Address signal is used to

establish a new program counter regi ster 229 value in response to
change- of - f | ow i nst rpd Xonaddedss ahse isoddse tprovidear@ﬁnt?di\»saExediﬂcé Restilt signal to
I nstructions involving register operands, the operand execution

pi peline acts aaukiplerers23and ithen torfegister A234.i Attthe istege of pirpendt itiiri
control logic 218 decodes the instruction and provides control information
to operand f et aycle, register 24 234 StoresitheeX4 yaluepmdaregistet Bi236istanes the 12

accesses the required values stored in register file 228. In the
second state, mopstanie-4. Agaiprpipeling eghtrob legio 2d8ipreyidesncardrolsinforahation
address generati on/ execute circuit 214 to performthe required data

operation oft tehichgnablesregisigtA 334 tpprovides theXod yaluestormultiplexer 230 af U

254 or the other, execute en

on the execute it g%‘i‘ﬁﬁggi‘zg%‘{“te CH‘EZ: o |2éllh‘fel§/ rtﬁﬁs M é%a&agﬁg%lg’; gﬁ\"/giig'}%ge

22 2L Lhe cong] 43k o i FBEILRE £1E) Sulipengr 252 of ablnb® P o5
generation/execute circuit 214 via the RB signal. ALU 254 subsequently
sums the two values to provide an output have a value of _thé current stack

10  pointer value (X-4) plus the -4 constant, i.e. (X-8); The output of ALU 254 is
provided to multiplexer 258 via the Execute Result signal. Multiplexer 258

| _provides the Operand Address sigf—lal to multiplexer 222 and then to register
208. In this manner, the operand address_for the K-Bus 25 cycle to perform
the second thirty-two bit exception stack frame store is generated.

15 Additionally,' the X-8 value pré;vided on the Execute Result signal is written
into stack pointer register 244 to reflect the top of the system stack at the
conclusion of the exception stack fréme writes.

While the addresses required to write data are being génerated, the
data to be stored in the exception stack frame must also be accessed. As the

ZO X-4 address value is being formed, the PC value is provided to other éxecute
engines 256. The PC value is a program counter value of the faulting
instruction. The value of the PC defines the instruction address of the
instruction currently in operand execution pipeline 220 and is accessed from

operand fetch circuit 212.



218 will assert the Exception Processing signal to indicate that an
exception 20 has occurred. As an exanple, an exception may be generated

in response to an external interrupt request. Ceneration of an
exception in a data processing environnent is well known in the art
~and will not be discussed in further (dgfail herein. Wen the exception
occurs, data processor 3 no | onger executes normal processing. Rather,

data processor 3 nust access and 25 execute a special exception processing

routine. During the WhafitheiprogtdriWalue is generated and provided to other execute
(17) normal processing to exception processing, CPU 2 of data

processor 3 cr engites 256 viartheXRE igmal, thedRR valwnis provided sy asultiplexer 260

i nformation detailing the current processor context in system nmenory.
The actual mendogether avitlvithe statud eegister (EB)rwalues the Farmain(Butalue? and|thee
modul e 13 or a _device connected to the E- 5 Bus, | ncl uded in
the current prdesten(V) valuensfheofRwalueds genenatecdh it teaponse to statet ack frane
is a current address of an instructiqn being executed at the tinme

excepti on ogcuiiRtamatignsgenaraed by Al 2R4 of address ganesaiionsexesete logic 2¥ﬁt-he
br evi oust y i & AReSate IiorBatiR PRaREcorpy ALY APAdb ot Iosi diadit 253 via
the Execute Result signal. Logic circuit 253 processes the state information
to provide a status value which is stored in status register 257. Status
register 257 subsequently provides the status value to other execute engines
10 256 via the SR value.

The Vector value is generated by pipeline control logic 218 to indicate
the type of the current exception. -This value will be subsequently .used to
access a vector defining the instruction address of the exception handling

.software routine. . ,
15 The Format value is a four Bii_: field which defines an alignment of
‘the stack pointer at the time the exception was asserted. The Format value
is generated by logic 259 in response to bits ;me and zero of the stack pointef
~ value at‘ the time of the exception, i.e., SP(1:0). The following table indicates
the relationship between the stack pointer values and the format values

20 effectuated by logic 259.



~

har dware stack pointer may point to any byte boundary at the time the
exception is detected. In the present enbodi nent of the invention, in

whi ch no operand misalignnment unit is inplemented, if the stack pointer is
m sal i gned at the begi nning of exception processing, the attenpted creation
15 of the exception stack frame will prodg@og another exception and cause a

cat astrophi c double fault condition which will halt the system s operation.
To ensure that system operation will not be halted due to a m sal i gned
stack pointer at the t| me an exceptlon |s det ect ed t he present

T CE ) ' OfTecting sucm 20
PQP &nat%%rs |nS gﬂlpégﬁg toi vention 2 of
?‘n . curren a ptack pol regl stjer
AT 6;@% brck pofaril
the current val ue sk ment is conpl ete qruU

t he exception fn system 25nermry, sl ave nodul ,
sl ave nmodul e 1B, or 0100 (18)
anot her devi ce] connected to the E Bus The 8 byte stack frame 1 ncludes a

four bit for field w@kh cont ail RriginabBPadi on aboup the alif§i¥ent of tjhe

si tuati ons. ‘
data processor] 3
244. CPU Pp
addr ess bel ow
2 stores an 8-

stack pointer pt the tine of the ¢xception. This operption will now be
10 Original SP - 10 0110
11 Orig’Eal SP-11 0111
Table 1

Therefore, with reference to Table 1, when SP(1:0) has a binary value
5 of %00, logic 259 pfovides a format field having a corresponding binary
value of %0100. Similarly, when SP(1:0) has a binary value of %01, logic 259
provides a format field having a binary valﬁe of %0101. When SP(1:0) has a
binary value of %10, logic 259 provides a format field having a
corresponding binary value of %0110. Additiona]ly, when SP(1:0) has a
10 binary value of %11, logic 259 provides a format field having a binary value
of %0111. This format field of the exception stack frame will later be used by
the processor to restore stack pointer register 244 back to its orlgmal value
once the exceptmn has been processed by the handler routing.
When the exception is being processed, pipeline control logic 218
15 provides control information (not illustrated herein) to enable multiplexer
260 to provide one of the SR, PC, Format (F), and Vector (V) values to
register 262. First, pipeline control logic 218 provides control information
which enables multiplexer 260 to select and transfer the PC value to register
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described in greater detail. 5 When an exception i s generated,

pi peline control logic 218 asserts the Excepti on Processing signal
and provides it to operand fetch circuit 212. Addi tional ly, pipeline
control logic 218 concurrently executes an exception sequence to save
a current processor state into system nme ) whi ch may be nenory 6,
sl ave nodul e 12, slave nodule 13, or another’” device 10 connected to the
E-Bus. . During execution of this exception sequence, pi peline control

logic 218 enablzg, qReneREkibRE 262 CthePC valkicisiprdvidéd €5 buffer 216 via the
generation/execute circuit 214 to generate wite cycles on K-Bus 25. The

wite cycles wiDpetsnd WritecDataf signalt i Buffec2istrnydtived e PChealaé a6 K-Bus 25
di scussed above into nenory 6. Note, the termstack frame nay be used 15

i nt er changeabl wiaithe KWDAFTAN(K-Busdirite Dathpsignial.aBabsequently, the PCNaalue is
generating the stack frame, pipeline control logic 218 first rovi des
control infor mstored inhtehmenaddyclocation kiefimedt ky the X4 veluedanasrrently
register file 228 (illustrated in FIG 4) to output an "adjusted" stack
poi nt er 5 vgeneratedrin thefitsk Smipgaryclshi s adj ust nent process invol ves

Ao 10 e 20, B desond e s o T e e s,

o e O SR o ouid BT S oA A i

of i ho | ow or adrNNRISRRT 260 &5 pfla anq praxpie s IR RS (i Vefs (Y5 e

an exception i s, 4eLeed ‘fgg@@g 28hP ‘T}rbﬁ{erecgigﬁa{‘ 9ko ! #3'SR, Format, and Vector values
10 are concatenated in an order illustrated in FIG. 7 and provided to buffer 216

-

via the Operand Write Data signal. Buffer 216 then drives the concatenated
value to K-Bus 25 via the KWDATA (K-Bus Write Data) signal.
Subsequently, the Format/Vector/Status Register value is stored into a
system memory location defined by the X-8 value concurrently generated in

15  the second timing cycle.

| After the exception stack frame is generated and the PC, SR, Format

and Vector values are stored in system memory, the exception ls then
processed by data processor 3 At this point, the Vector value provided by
pipeline control logic 218 is provided to multiplexer 226 in operand fetch

20 circuit 212. From multiplexer 226, the Vector value is provided to
multiplexer 230 and then stored in register A 234. From register A 234, the
Vector value is provided to multiplexer 250 via the RA signal. Concurrent
with the Vector generation, a Vector Base Régister (VBR) is read in other
execute engines 256 and sent to multiplexer 232 via the Execute Result

25 signal. The VBR provides the ability to "relocate” the exception vector table



(19) 218 asserts the Exception Processing signal, the outputs of AND
gates 272 and 274 are forced to zero, thereby creating a O-nodul o-4
addr ess. Additionally, stack pointer register 244 outputs the

| ow- order two bits, SP(1:0), to other execute engines 256. The

adj usted stack pointer is provided 5 t q2 l'tiplexer 246, which passes
this value on the A output to nultiplexer 2 230 and then the value is

| oaded into register A 234, Wil e the adjusted stack pointer

val ue is bei ng vithits fies spstefir oemory. TheiVBRvalud és gakd throaghshaltiplerér,
mul ti pl exer 226 generates a constant of "- 4." "The constant, -4, is

t hen transferr @32tandridaded inte register B1236 uTheVieutot yali@ isthen sdmmedagitht er
B 236. At this point, the adjusted stack pointer value is stored in
regi ster A 234 thaWBRaabumin AU 254 toigenetate adveéator eddease whichdefiriscthe

adj usted stack pointer value corresponds to the "X" illustrated in the

vari ous exanpl decationyin the system memory containing the insfryctionagddress whick4
provi des the adjusted stack pointer yalue o nmul ti pl exer, 250 of address
gener at i on/ 8xe&QrEesppnds te ﬁzqsmﬂatq¥%m%n € sum Pr(’f?lla?qi Ry ALU 256 18t er

geﬁg?altoir 8}1} gizcﬁ?Be'%%%?‘5‘@?@&#%%?&?&%%&0&%@ isalgilgiorvgi?sg &Buent I y
S e e ORI B0 LT YATENE, bRl 258 prdfifle e
vector address as the Operand Address signal. The Operand Address signal
is subsequently provided to multiplexer 222. From multiplexer 222, the
10  vector number is output as the KADDR signal by buffer 208. The KADDR
signal is used by K-Bus 25 to read the desired exception vector.
~ The retrieved vectdr is transferred to buffer 216 via the KRDATA
signal. Froni buffer 216, the retrieved vector is provided to bperand fetch
circuit 212 by the KRDATA Buffer signal. The KRDATA Buffer signal is
15 connected to the Execute Result signal to transfer the retrieved vector. The
retrieved vector is subsequently provided to multiplexer 230 and stored in
register A 234, From register A 234, the retrieved vector is provided to
‘multiplexer 250 via the RA signal; Multiplexer 250 transfers the retrieved
vector to ALU 254 where it is summed with zeroes produced by multiplexer
20 252 under control of pipeline control logic 218. ALU 254 essentially passes
the retrieved vector onto the Execute Result signal where it provides an
input to multiplexer 258 and then multiplexer 222. The retrieved vector is
then loaded into KADDR register 208. This address represents the
instruction fetch address for the starting instruction for the exception



20 out put of ALU 254 is provided to multiplexer 258 via the Execute
Resul t signal. Fromnultiplexer 258, the X-4 value is provided to
mul ti pl exer 222 as the Operand Address signal. Miltiplexer 222

provi des the Operand Address signal to register 208. In this manner,
t he operand address for the K-Bus 25 @ggle to performthe first
thirty-two bit exception stack franme store 25 1is generated.

(20) The X-4 address value is also provided on the Execute
Resul t signal tlandling prograim| Erom régister208; tenexeeptioni fetchr addiddd is At t he
start of a next timng cycle, register A 234 stores the X-4 val ue and
regi ster B 236 provides] thK-Bus 25ciathelADDR gigaah, pi pel i ne control 1ogic
218 provides control information 5 which enables register A 234 to

provi des the X-4 valAg theinitial ingtructiorpfetchofor the softiaresprogram for handling

generation/execute circuit 214 via the RA sigpal. Simlarly, register
B 236 provi des thA@xcepiion is made and, data retpirEsd: thejpshnctiondada is provided

Jime the s vaaskdo Pt dyiadhe kRHA TRl Spesidealy ot REEATA S end ac
10 pot nier val e 08 PSR RSN, bttt RSN )
Mul ti pl exer 258 e then gated through multiplexer 219 (optionally using FIFO instruction
buffer 206) to load the fetched instructions into operand execution pipeline
220. The process described in detail above initiates and executes the software
10 program for handling the exception.

When the software program for handling the exception is completed,
data processor 3 will cease exception processing and return to normal
processing. In order to return to normal processing, the context in which
data processor 3 was operating before the exception occurred must be

15  restored. Therefore, the program counter, the status register, and the stack
pointer must be restored to the original values they had before the exception
occurred. The unique use of the exception stack frame for storing the ._

- format field which defines the alignment of the stack pointer at the time of
the exception is essential for correct and efficient restoration of data

20 processor 3 to the previous state.

| The last instruction in the software prograni for handling an
exception must be an RTE (Return from Exception) instruction. When the
RTE instruction is executed, the two longword values stored on the
exception stack frame (as illustrated in FIG. 7) will be retrieved. To retrieve

25 these values, a current stack pointer value is retrieved from stack pointer
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provi des the Operand Address signal to nultiplexer 222 and then to register
208. In this manner, the operand address for the K-Bus 25 cycle to perform
the second thirty-two bit exception stack frame store is generated. 15
~Additionally, the X-8 val ue provided on the Execute Result signal is
witten I nto stack pointer register %ﬁ&)to reflect the top of the
system stack at the concl usion of the exception stack frame wites.
Wil e the addresses required to wite data are being generated, the

data to be st orregister 24deoferepister file 228:cRefmeaiberpatthecbeginhingiof hesstftwie

the 20 X-4 address value is being forned, the PC value 1s provided to other
execut e erayxecedon fhogiam, Be valuecofi thestarlopoimter was 68, \Altheugh thée
faul ting instruction. The value of the PC defines the instruction
address of t he stack ateasmnay bej usedcior tempoyanyrstorageadiaring execution of the i ne 220
and is accessed from operand fetch circuit 212, .
(21) excepiien thaadlinggprogrony, (fhe stack-peinier-mush agpiroconfain ayalueer
RO or S R RS B e Bl ol ol B
::gr ?Eelts p(() E)s eV? Luét'pgﬁe% Eé‘ ?nulﬁple%%ciﬁrto(l;@ C(\)/r?tlrrlljlfriica-{tréﬁ via th3 A %iginsal.g T &' ed
signal is provided to multiplexer 230 and then transferred to register A 234.
At the same time, multiplexer 226 generates a constant value of +4. The
constant value, 4, is transferred from multiplexer 226 to multiplexer 232 and
10  stored in register B 236.

In a next timing cycle, the contents of register A 234, the X-8 value, are
provided to multiplexer 258 by the RA signal. Mu]tiplexer 258 then
provides the X-8 value to multiplexer 222 via the Operand Address signal;
From multiplexer 222, the X-8 value is stored in register 208. The X-8 value

15 is subsequently provided to K-Bus 25 via the KADDR signal. Data is then
accessed at the address location in system memory specified by the X-8
value.

Concurrent with the formation of X-8 as the operand address, register
A 234 containing the X-8 value and register B 236 containing the +4 value

20 are respectively transferred to multiplexer 250 and multiplexer 252. Under
control provided by pipeline control logic 218, multiplexer 250 and
multiplexer 252 transfer the X-8 value and the constant 4 to ALU 254. ALU
254 adds the two values to generate a result of X-4. The result is provided to
the Execute Result signal which then transfers the X-4 value to multiplexer

25 230. Multiplexer 230 provides the X-4 value to register A 234. .



5 information generated by ALU 254 of address generation/execute |ogic
214. The state information produced by ALU 254 is output to logic
circuit 253 via the Execute Result signal. Logic circuit 253 processes
. the state information to provide a status value which is stored in.
status register 257. Status regi ster (22?27 subsequent|ly provides the
status value to other execute engines 10 56 via the SR val ue.

The Vector value is generated by pipeline control logic 218 to indicate

the type of the cur rmn@cgwﬂ@n?, whéhithe ddUdr@s\btdtidrespadificlibpthe X-gsed
to access a vector defining the instruction address of the exception

{1010 whi ch defines an Sr1onmont o " the St ACk poI Nt el &t LhG | no i he
exception was dBwecFormat, Wectdip amd SR alales are providerd tabudfeb2160da ¢hes59 i n
response to bits one and zero of the stack pointer value at the tine of
t he exception, KBDABEsigmal, Brem buffes il gtheFormat, Vectareand SR walues are
refe :c gtci 82? Qidgbseérggﬂecttggn%&l%%ifex%?izgaeorf (;/paelrgﬁg fatrt]:ﬂ éipc?:i{ (2)1r2n3ita t\ilael ﬁ&fsferz 0
(22) KRDATA signal and the Execute Result signal. These values are then gated
in register B 236. From register B 236, the Format, Vector and SR values are
provided to multiplexer 252 via the RB signal. The entire contents of
register B 236 are subsequently passed through ALU 254 without
10 modification and processed by logic circuit 253 to provide a status value.
The status value is then stored in status register 257 to indicate an operating
context of data processor 3 when the exception occurred. Similarly, from
register B 236, the Format value is pro_Vided to other executé engines 256 via
the RB signal. The Format value is subsequently. stored in register 261.
15 Ina subsequent timing cycle, the X-4 value stored in register A 234 is
provided to multiplexer 258 by the RA signal. The RA signal transfers the
X-4 value to multiplexer 222 and then to register 208. The X-4 x.ralue is
subsequently provided to K-Bus 25 via the KADDR signal; Data is then
accessed at the address location in systeni memory specified by the X-4
20 value. .
Referring again to FIG. 7, when the address location specified by the
X-4 value is accessed, the program counter (PC) value is accessed. The PC
value is provided to buffer 216 via the KRDATA signal. From buffer 216,
the PC value is provided to operand fetch circuit 212 via the Buffer

25 KRDATA signal. The PC value is gated onto the Execute Result signal and
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Qiginal SP(1:0) at the SP at the First For mat Time of the

Exception I nstruction of the Field

Excepti on Handl er 00 Oiginal SP - 8

0100 01 Oiginal SP - 9 0101
10 Original SP - 10 (28) 0110 11
Original SP - 11 _ 0111

Table 1 : Therefore, with reference to Table 1, when SP(1:0) has
a binary val ue routef tomiifltiplexgr 23258 hprevitiisl passed andridadedeindo begistey B1236.
correspondi ng bi nary val ue of 99100. Simlarly, when SP(1:0) has a

bi nary val ue ofAethdis poinfi in 5@, registepAo0234l eentnitimHtheaX-4 value dral register B 266 y
val ue of %9©101. Wien SP(1:0) has a bi nary val ue of %0, |ogic 259

provi des a f or mentdinsthe mew pgogram counterrasklyessdi ng bi nary val ue of %9110.
Additionally, when SP(1:0) has a 10 _binary value of %1, |ogic_ 259

provides a fornat filglthemexttimingeyele thesegister B 23grvalye, jcon the new
field of thg exception stack amne will lLate (Proc,essor
t

to restore Stad¥OBHRROUIRR f@?srzair%m@ tqt’) g%‘%?@?%ﬁssv'gh{fgfd ress ghee
h [ b h dl er ' . .

(he. except on Nigg et dr o8 523 M Ao AN . OOUL IO sr cignat ST

control informagh oiyd{ Mo relidtdr RIS Thili ks HRARAS WS irBeidctibhtfdress to

resume execution after processing the exception. The KADDR register 208 is

then used to access the desired instruction from system memory to resume
10 - the execution of the program. The desired instruction is returned on
KRDATA, passed through buffer 216 into instruction fetch circuit 204.

In a subsequent timing cycle, the Format value is retrieved from
register 261 via the Execute Result signal. This value is then sent to
multiplexér 232 and loaded into register B 236. At this time, register A 234

15  still contains the X-4 value, and register B contains the Format field. In the
next timing cycle, the contents of both niultiplexer 250 and multiplexer 252
are provided to ALU 254 which sums the two values, i.e., X-4 + Format.
| The summation recreates the original stack pointer value at the time
of the exception. The ALU output is gated onto the Execute Result signal

20 and stored in stack pointer register 244 of register file 228 as the current stack
pointer. . .

At this point, the data processor 3 has completely restored the state of
the machine back to its value at the time of the exception: the instruction
fetch pipeline 210 is fetching instructions at the restored program counter

25 value, and the stack pointer register 244 has been restored to the value at the



260 to provide one of the SR, PC, Format (F), and Vector (V) values to
regi ster 262. First, pipeline control |ogic 218 provides control

i nformati on whi ch enabl es nmultiplexer 260 to select and transfer the
PC val ue to register ' (23)
262. Fromregister 262, the PC value is pr@9)ded to buffer 216 via the
Operand Wite Data signal. Buffer 216 then drives the PC value to K-Bus 25
via the KWDATA (K-Bus Wite Data) signal. Subsequently, the PC value is
stored in the rianenof theexreptionicTheself{alighineg dharacteristics of ¢the cament 5

generated in the first timng cycle. During the second timng
cycl e, in whi cinvertion @nabile thesstack poirten te @automatically aligndtselfito the heagest
218 provides control .information which enabl es mul tipl exer 260 to

sel ect and tr arfsmeadule agtdress bglaw the cumieat giackdpoipter setting yehemant o
regi ster 262. From r,egi_ster,ZG ,..the SR Format,, and Vector v I%(f; 10 are
concat enat ed i fX§aPBPRd$ regen -rg‘h&i‘ @fception RPCES: data 216

o e P M il LS, B e Sk bR B BB
st R AL B A5 SER SnlE R R ARG

15 the second Ihisgii%ﬂe&ya(iltﬁe time the exception was received. The addition of the

format field to the interim X-4 value of the stack pointer provides a unique

and efficient method for returning the stack pointer to its initial value.

10 Consider the following example taken from a well-known
benchmark:
Instruction Address " Opcode | .
$00005064: - mov.b (a0),~(sp) #copy byte from
15 - source to stack
$00005066: brab L%1 #continue at L%1

The contents of the stack pointer before executing the instruction at
address $00005064 is $00006ed0. The mov.b opcode at address $00005064
20 copies one byte of data (let the data be $aa) from a source location defined by
the contents of register a0 onto the system stack and decrements the stack
pointer by 1. At the conclusion of this instruction, the stack pointer value is
$00006ecf.
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After the exception stack franme is generated and the PC, - SR, For mat

and Vector values are stored in systemnenory, the exception is then
processed by data processor 3. At this point, the Vector val ue provided by
pi peline control logic 218 is provided to nultiplexer 226 in operand fetch
20 circuit 212. Fromnul tipl exer 226, the(39ector value is provided to

mul tiplexer 230 and then stored in register A 234. Fromregister A 234, the
Vector value is provided to nultiplexer 250 via the RA signal. Concurrent
wi th the Vector gendsuppase amintettupt requestRbgh sutivedVBR)sing the sxecution loér
execute engines 256 and sent to nultiplexer 232 via the Execute Result 25
signal . The VBthrinsnrueiéomnéaddmss&mg%o%épdmp@stpm@d d service the infermupt
tabl e ) L. (24 . within the
syst em menory. reguesisAs thejatersuphexceptiondis progessedpthedollowing exseption

| oaded into regi ségﬁ_ B 236. The Vector value is then sumed with t he
VBR val ue i n ASRISHFamS §&TeRt8Ee 4 vector address which defines the

| ocati on in5the syste nory cortai ning the instruction address which 5
corresponds*to the ge%%sﬁ exc B on. The sum provided by ALU 254 is

provided to nultipl exe Whe rj 0 S _| [ to

mul tipl exer 258 by pi p%?‘lfdr@ge%‘lont r%gﬁmgg?c#@%@??ﬁ&%igp ‘J‘gggg‘%eﬂg ovVi ﬁ%OSOSI he

vect or address as the m@% Ad%@ﬁﬁmg%%tmm&gaﬁ%@éﬁd Addr ess si gnal
$00006ecc  $——aa #data copied by mov.l opcode

where the stack pointer register value at the beginning of the
10 exception handling software program is $00006ec4.

After the interrupt request is serviced, the exception handler executes
an RTE instruction. The 32 bits of data at the top of the stack is fetched and
the Format, Vector and SR fields processed by the CPU 2 as previously
described. The interim X-4 address of $00006ec8 is formed and temporarily

15 saved in register A 234. The instruction address of $00005066 is fetched from
location $00006ec8 and used to establish a new instruction stream.
Concurrently, the saved format field (§7) is summed in ALU 254 with the
contents of regisfer 234 ($000006ec8) to form the restored stack pointer |
($00006ec8 + $00000007 = $00006ecf), which is loaded into the stack pointer

20 register 244 of the register file 228. Control then resumes with the execution
of the instruction at address $00005066.

In summary, the present invention provides a data processor and
method of operating a data processing system in which a single system stack
pointer may be used to create records of both supervisor and user stack

25 operations when hardware support for alignment of such stack operands is
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I s subsequently provided to multiplexer 222. From nul ti pl exer 222, the 10
vector nunber is output as the KADDR signal by buffer 208. The KADDR
signal is used by K-Bus 25 to read the desired exception vector.

The retrieved vector is transferred to buffer 216 via the KRDATA

signal. From buffer 216, the retrieved ve_crﬁq; I's provided to operand fetch
circuit 212 by the KRDATA Buffer signal. e’ KRDATA Buffer signal is 15
connected to the Execute Result signal to transfer the retrieved vector.
The  retri eypibnaictThe siﬁﬁwgsstémesﬁﬂypbixﬁét éefinpleniatited Risex Sélf-aH _
stored in register A 234. Fromregister A 234, the retrieved vector is
provided to  stackipbiriterwhick attomatitiily BREgas dtself .toMihéanesieG-anodhlo-4
transfers the retrieved vector to ALU 254 where it is sumed with
zeroes producechddressibeliogt theecuizéntaddress settingnsuahl that npi system errorstocotir

| ogic 218. ALU 254 essentially passes the retrieved vector onto the

- Execut e Resul t etegnwhenttbere istng havdweze support for misaligredroperandsx ¢Pnee ghe
and then nul tiplexer 222, The retrieved vector is then | oaded into
KADDR r egi sPer aujgmatiq alighyaenthas eprursedy therdata processar of the psesenét ch
address for the startin instfgt{ﬁ_ti,o? for é exception,

handl i ng pr ogr RVERHBH SIIES & Jig format am exeeRtion stagk frame do

provided to K- Bllleaiczaﬁe\fxl\ or}x{]a%ioﬁA%tsﬁ\%nﬁkgnm' ent of the stack pointer at the time of

the fault. When the exception has been serviced and a return from
exception (RTE) instruction is executed, the processor uses the four bit
10 format field stored in the exception stack frame to restore the stack pointer
* to its original value at the time of the exception. The implementation of
the invention deséribed herein is provided by way of example anly and
many other implementations may exist for execuﬁrig the function described
herein. For example, the constant generated and used to create addresses for
15 the exception stack frame is not constrained to be -4, but méy be any number
desired by a designer or user of data processing system 5.
While the present invention has been illustrated and described with
reference to specific embodiments, further modifications and
~ improvements will occur to those skilled in the art. It is to be understood,
20 therefore, that this invention is not limited to the particular forms
illustrated and that the appended claims cover all modifications that do not

depart from the scope of this invention.
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As the initial instruction fetch for the software program for handling
the exception is made and data retrieved, the instruction data is provided
5 back to CPU 2 via the KRDATA signal. Specifically, the KRDATA signal is
provi ded by buffer 216 to instruction fetch circuit 204. Fetched

I nstructions are then gated through (B#_)ti pl exer?Tngi ng
FI FO i nstruction buf fer 206) to | oad the fetchedj _ ' m“‘“E
operand execution pipeline 220. The process deSCl‘!!ﬁm“m““u“ ove
initiates and executes the software 10 pOLATMS f or hanal | kg the* exteption.
When the software program for handling the exception is conpleted,

data processor 3 will cease exception processing and return to nornal
processing. In order to return to normal processing, the context in_which
dat a processor13 wad methed fomjoperfating a Heta-pranessing system, reomprisingrihe) 5

restored. Thereforeste?F% program counter, the status register, and the
st ack goi nter nmust g'e restored to the ori
n

. . ot I nal values, they had before
t he excepti weceivinga firstsighalindicating,a %rﬁtep %‘ﬁgs%ﬁ'ﬁﬁh??‘

for storing the f or geéurdrb@ d which defines the alignment of the stack
pointer at the time of, . t he excepiion i sential . for. corr and
efficient restorati WW%?&FW)%’FE%@%%X?E@E%% ?@Paﬁké?ﬁ’ﬁffg rg%%%ri‘

The |ast instructi oalighirighthesaitrent addresgvalnd t a meartist Ggmadulo-4 addrespt i on
must be an RTE (Return frb Vgﬁgn r%gl)[ a#igfésrs%hgrﬁn&men t he RTE

I nstruction is executed, ?R;e Tongword val ues 'stored on the = . =
exception $0ack frastoring aiformet field ¥alue in &memoyy, theformat field dpdicating

retrieve 25 these val uesy fafief ! wiltR the Rithi2htadditadvalte wid alyeetl bt om
stack pointer the time of receiving the first signal indicating the first
predetermined condition has occurred.

15 2.  The method of claim 1 wherein the first predetermined condition is a
exception processing condition.

3. The method of claim 1 wherein a step of aligning, further comprises
the steps of:
20 negating a predetermined portion of the current address value
retrieved from the stack pointer register.

4, The method of claim 1 further comprising the steps of:
receiving a second signal indicating a second predetermined
25 condition has occurred;
retrieving the format field value from the memory; and
restoring the current address value to the stack pointer register.
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tegi ster 244 of register file 228. Renenber, at the beginning of the
sof twar e execution program the val ue of the stac er vvas X-

Al t hough the stack area may be used for terrporary rag

execution of the exception handling program the: s nust
again contain a value 5 of X-8 as the RTE(33)struct|on b M‘Mﬁ The
stack pointer value is provided to multiplexer 246 to betco

via the A si gnal The A ..Signal is provided to nmultiplexer 230 and then
transferred tod® T eqi 4 datayprogassor, comprisings sarre time, nultiplexer 226

generates a const anpyy shéhs¥or provilife a plur d
transferred fromnultipl efgr 2#0 n%l tli)pl exer 2 andﬁg'leésatﬂ re(!lﬂmf?hty
regi ster B 236. ﬁtt timng cycle, the contents of register

A 234, the X-8 val ueontabbmeans fbf‘détéiﬁﬂn Wehdn BhesRepHeR ﬁﬁ?};é}ﬁh has
si gnal . |VLI|§I pl exer 258 exer 222

é d and™2 estheX IuetQ
via the Opérand Address chﬁg? an PrOIYF ﬁﬂ?ﬁﬂ%?&?%?ssmsél iDal ue is
stored in register 208. TWspoxse thetete; 15 is subsequently provi ded to K-Bus

20 V2 Lhe KIODR o 88kistdi bR ldichff a curreiRARRES Ve dee U ERE, REAT T O

in system menory spec t
with the formation of X- %@Pmubpmmnm@wrmob@ st er A 234

LR T o e et it er b et il ahe iy o
control provi ded by pi pef{itenta 11 to eszentrglsmegna for .
mul ti pl exer 252 transf erréchiarﬁ(g&hu@lx t@didﬁd?&s@ﬂ@sél 5.1 $hé Dok direaift ALU
,[234 adds the two values é&e&%?e%%gdﬁymes etc@rfren éddl-ggg va u?eu fcl)f?n %;10\” ded
adjusted address value; and
a format generation circuit coupled to the register for receiving at
15 least the first portion of the current address value, the format
' generation circuit modifying the first portion of the current
address value to generate a stack alignment value to indicate
an alignment of the current address value when the exception
in operation has occurred.

20
6. The data processor of claim 5 further comprising a memory coupled
to the format generation circuit for storing the stack alignment value.
7. The data processor of claim 5 wherein the current address value is
25 stored in the register when the exception in operation has occurred

and been completed.

8. The data processor of claim 5 the adjusted address value is a nearest 0-

modulo-4 address less than the current address value.
30
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sthe Execute Result signal which then transfers the X-4 value to nultipl exer
25 230. Multiplexer 230 provides the X-4 val ue ro—regrsha'rﬁﬂ—%ﬁ———

(27) Referring to FIG 7, when the add |f|ed
by the X-8 val ue i s accessed, the Format (F), L@m M ﬂli&
val ues are accessed. The Format, Ve@4)r, and ided to

buffer 216 via the KRDATA signal. From buffer 216, the Format, Vector,
and SR val ues are prow ded to multiplexer 232 of operand fetch circuit
212 via the Bﬁ—fferA atamﬁasarsttcgnpnsmga t he Execute Result signal. These

val ues are then gapggkrol meahQ fbﬁghﬁéﬁ‘un% £ $Rst itOTupEYigHa®r B 236, the
Format, Vector and SR¥ ues are

ovi ti exer 252 via the
RB signal . The ent A8 @Fﬁrsreasterforﬁt@ansta@ﬂg%gmmecgm drassy
passed through ALU 254 waldeut 10 nodification and processed by |ogic

2 d | d

cireuit 2% 1o Proyiuds & ehat S8.RHE e conrebiSnBlll M3 ARG R 1O
D the Format ”vélhﬁee.x“@}?&’j' ?‘;‘m‘f‘z;;g;:‘g; Sgﬁm‘;‘%fg*;?‘;"ﬂ‘g ?

e nt ¥ 1 cirg it

RB signal. The Format va 'S su Sequen 15
In a subsequent tining eleating amedwsued/add@suwdtwand regi ster A 234 is

provided to multi phpavertes clituittBupfed i@ stalk polifter régidter foR Pededving! 4'€
10 second portion of the current address value, the converter
| circuit generating a format field which, when summed with
the adjusted address value will generate the current address
value.

15 10. The data processor of claim 9 wherein the format field is stored in a
memory of the data processor.

11.  The data processor of claim 10 wherein the format field is retrieved
from the memory of the data processor and used to restore the
20 current address value to the stack pointer register.

12. The data processor of claim 9 wherein the adjusted address value is a
nearest 0-modulo-4 address value less than the current address value.
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#§X-4 value to nmultiplexer 222 and then to register 208. The X-4 value is
subsequently provided to K-Bus 25 vi-a.the KADDR signal. Data is then
accessed at the address location in systemnenory specified by the X-4 20
val ue. Referring again to FIG 7, when the address |ocation
specified by the X-4 value is acces¢83), the programcounter (PC) val ue
I s accessed. The PC “value is provided to buffer 216 via the KRDATA
signal. Frombuffer 216, @ the PC value is prqvided to operand fetch
circuit 212 via the BuffeA DATARBROCESSING SYSFEMCHAVING s gated onto the

Execute Result signal and _ FN‘]’#H) | exer 232, where
It is passed and | oaded int%sr%uf éLéF]\Eh&%éS’fﬁéKtPR thrs point in tine,
regi ster A 234 contains the X-AXWWWDQ@EREFO@‘ 236 © contains the

new program count er address. In the next tinming cycle, the
regi ster B 236 value, containing the new 5 programcounter address, is

transferred to nmultiplexer 258. This, address .l.S then transferred to
nul ti pl exe"?d 222 via the Operand A&F&&%iﬁg‘ﬁﬁlsméw i t is | oaded into
regi ster 208. This address defines the instruction address to resumne
execution after processing the exception. The KADDR register 208 is

then used to accesy yhg Pisvebstt (3 fhplbthe:Al o Sifle )Rt SERIODSink& (22355
create records of both supervisor and user stack operations when hardware
support for misalignment of such stack operations is optional. The single

10  system stack Pointer is implemented as a self-aligning stack pointer which
automatically aligns itself to a nearest 0-modulo-4 address below a current
address setting such that no alignment system errors occur even when there
is no hardwafe support for misaligned operands. Once the automatic
alignment has occurred, the data processor stores a format field in an

15 exception stack frame to indicate information about the alighment of the
stack pointer at the time of the error. When the exception has been
serviced, the processor uses the four bit format field stored in the exception
stack frame to restore the stack pointer to its original value at the time of the
exception.

20 Figure 4 accompanies this abstract.



10_:tHe execution of the program The desired instruction is returned on
KRDATA, passed through buffer 216 into instruction fetch circuit 204.

I n a subsequent timng cycle, the Format value is retrieved from

regi ster 261 via the Execute Result signal. This value is then sent to
mul ti pl exer 232 and | oaded into register B 236. At this tinme, register A

234 15 still contains the X-4 value, and register B contains the Fornmat
field. In the next timng cycle, the ggtents of both nultiplexer 250
and nul ti pl exer 252 are provided to ALU 254 which suns the two val ues,
i.e., X-4 + Fojmmat. The summation recreates the original stack
pointer value at tRe tine of the exception. The ALU output is gated
onto the Execute Result signal 20 and stored in stack pointer register 244
of register[tile 228 as the current stack poi nter. At 5t his
poi nt, the Pata procespor .3 has conpletely restored the state of -Ehe
machi ne back to_its vatEeBUSthe time of the exception: the instruction
fetch pi pel rna&ﬂo is yetching instructions at the restored program counter
25 value, hnd]the st@?tﬁxnnt r register 244 has been restored to the
val ue at thg SY ti of the excepti d@®-BUSe sel f-aligning
characterisfichk of tHBUQurrent}® TV TR pornter to
automatical |y pli GONTRGILUER o {he neqﬁﬁst 13, :
| SLAVE SLAVE !
MODULE MODULE I
|
M—BUS —1
\‘23 |
:
B -9 |
MEMORY MANAGEMENT :
2+ UNIT/CONTROLLER 4 , {
cNRAL | XV L viasTer
PROCESSING] | OPERAND | MEMORY MODULE
UNIT (CPU) ‘—’IMISALIGNMENTI"J"’
-FIG.2 | UNIT ! 6 %
9T K-BUS|~25
y
DEBUG |
J) MODULE (I_IT
\ - F 10 |-
e —1 | |—ExTERNAL
- CONTROL
RESET
SNz

EXTERNAL DEVELOPMENT SYSTEM
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0- nDdqu 4 address below the current stack pointer setting when an
exception is received. Wien the exception has been processed and data 5
processor 3 is beginning to operate in a nornal node of operation, the

st ack poi nter nust be returned to its original value, even if that

val ue was m saligned at the tine the exception was received. The
addition of the format field to the interimX-4 value of the stack

poi nter provides a uni que and effici & nethod for returning the stack
pointer to its initial value. 10 Consi der the fol | ow ng exanpl e
taken froma wel | -known benchmar k: I nstruction Address
Opcode $00005064: movb (a0, Al RORFION OF

byte from 15

source to s$tac $00005066: brab L%
#conti nue at L_ STRUCTION Ttﬁ contents off the stack pointer bﬁ}lore
executing fhe GHr EJHE&;Ngt oaddress $0(005064 i s $00006edO.”The novb

opcode at &ddress $00005064 20 copies one bytle 'gt t he data be
$aa) from g source |ocation|defined g% f register aO
onto the system stack and decINSJRUETty[QN ter by 1. At the
concl usi onfof this instructijon, ADPRESSack lpoi lue is $00006ecf .
GENERATION 1 22 |
202
' KADDR
INSTRUCTION REGISTER |———*
INSTRUCTION FETCH e 208
STE DATA —T
WRIT {1 INSTRUCTION
206 < BUFFERS
] FIFO | ADDRES
| INSTRUCTION K-BUS —~,
BUFFER _—1- BUFFER . - 25
_ 219 KRDATA
Iy e R e
EXCEPTION '
PROCESSING, INSTRUCTION READ DATA
\ .
| k i ! | KRDATA
OPERAND BUFFER
_ FETOH . ) KWDATA
B | [
LOGIC ADDRESS L~ OPERAND '
GENERATION/ ADDRESS
EXECUTE
FIG6 214 :
' — — OPERAND
OPERAND CONTROL WRITE DATA
EXECUTION
PIPELINE 220
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(3Q) Suppose an interrupt fequest then arrived, causing the
execution of the instruction at address $00005056 to be postponed to
service the interrupt request. As the interrupt exception is
processed, the follow ng exception stack frame is created: 5
Addr ess Dat a $00006ec4  $70780008 #format = $7, vector =
$078, status = $0008 $00006ec8  $00005066 #i nstruction
addr ess $00006ecc  $-aa #dggf@ copi ed by nov.1 opcode
where the stack pointer register value at the beginning of the 10
exception handling software programis $00006ec4. After the
interrupt request is serviced, & he exception handl er executes an RTE
instruction. The 32 bits of at the top of the stack is fetched and
the Format, Vector and fiEQ&& processed by the CPU 2 as previously
descri bed. The interi addekss of $00006ec8 is formed and tenporarily
15 saved in register ZB234. instruction address of $00005066 is
fetched from | oc §¥b$51546ec8 and used to establisﬁ?a new
i nstruction stream ncyrrently, the saved format fgeld ($7) is

he

sumred in ALU 254 with Y
formthe restored stack
which is | oaded into thg
file 228. Control then r
at address $00005066.

a data processor and f
whi ch a single system st

regegt er 244 of theg
execut &pn of the |
i nvent @M provi des

Easinghsgsten1in
o
\

~—

EXECUTE
RESULT
(FROM{ 214)

REGISTER FILE

FIG-4
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234

| REGISTER
U

lRA
Y
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poLntér may be used to create records of both supervisor and user stack 25
oper ati ons when hardware support for alignnment of such stack operands is

(31)

self-aligning

optional .

near est O-nodul o-4
no systemerrors occur

m sal i gned oper ands.

processor of the present

an exception stack franme to
of the stack pointer at the tinme of
been serviced and a return from

execut ed,

herei n. For
for 15 the
any nunber

Once the 5 automati c46i gnnent has occurred,
i nvention stores a four

The single systemstack pointer is inplenented as a

stack pointer which automatically aligns itself to a

address bel ow the current address setting such that
even when there is no hardware support for

the data

bit format field in

i ndi cate informati on about the alignnent

the fault. Wien t hepAePORTION 'GP
exception (RTE) instrucghg f

the processor uses the four bit 10 format field sf%gggswERPE}LE
exception stack frane to restore the stack poi nEKECUTE to its ori
value at the tinme of the exception. The inpl enerRESljon of
i nvention described herein is provided by way of ejanple only and
ot her inplenmentations may exi st for executing the f

1 nal
th
many .

uncti on descri bed

p

0 =

exanpl e, the constant generated and usdgd to creatq addresses
pxception_stack frame s not constraineq to be -4, put may be
des{r e;lzhg a desi ;ne;,zztz user of d%\a p;,(mqssiekg system 5.
|rec1sTER |- REGISTER|--- POINAR
- . EXCEPTION
SP(0) SP(1) | PROCESSING
TN
31
I
272 - 274
R l
\  MUX 245 \ MUX 248
sP(1)-] [~SP(0)
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Wil e the present invention has been illustrated and described with
reference to specific enbodi nents, further nodifications and

i mprovenents will occur to those skilled in the art. It is to be
understood, 20 therefore, that this invention is not limted to the
particular forns Il lustrated and that the appended cl ains cover all
nodi fi cations that do not depart fromthe scope of this invention.

(32) dai5@ 1. A net hod for operating
a data processing system conprising t he steps of: receiving a first

condi ti on has retrieging a currert address value f
SR
storing a fornat} field Jal Je ||259 mefory, tmformat field 1 I
4 FIG.6

stack poi nter(F S )
ﬂu ] wx / 256 OTHER
EXECUTE
\ ARITHMETIC LOGIC /

signal within 5 a processing s)RAem indicatRBg a first predetRCni ?‘?O)
near est O no -4 addrdqss next to the current address val ue; an
ENGINES
\  UNIT (ALU)

Yy 1

MUX '
I eI R
g Y N 7 Y
OPERAND EXECUTE 2% 27 OPERAND
ADDRESS RESULT ~ DATA
(TO 222) (TO 212) - WRITE
A PORTION OF
VECTOR
OTHER EXECUTE  wree |V R

ENGINES 256

\ l l/ V261

.| REGISTER
260

N
259 FORMAT 262

SP(1:0) LOGIC
>~ | CIRCUIT REGISTER
l |
OPERAND " EXECUTE
WRITE DATA RESULT
(TO 216) (TO 232)
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i ndi-cating a manner in which the current address value was aligned at the
time of receiving the first signal indicating the first predeterm ned

condition has occurred. 2. The nethod of claim1 wherein the first
predeterm ned condition is a exception processing condition. 3. The

met hod of claim1 wherein a step of aligning, further conprises the steps
of : negating a predeterm ned portion of the current address val ue
retrieved from t he stack 80| nter register.6/64. The nethod of claim1
further conpr|S| ps of: recejving a second signal within the

data processing systen1|ng* ti se redet erm ned condi ti on has
Tﬁ E% gﬁa

estoring the current adoress mﬂ—r&; XCEBITHAN "STRER FRARE

(33) X—-4 PC

o ="

SP(1:0)=%01

X-8| F/v | SR
X—4 PC
%
IIXII/ /
SP(1 0)=%10
x-8| F/v | SR
X—4 PC

oL

SP(1:0)=%11

X-8| F/v
X—4

N

P
s %%

F1G. 7

4 BIT 3 0
FORMC:
VECTOR |, . SR
w (12) (16)
PC

FIG.S
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5. "A data processor, -conpri sing: bus neans for prOV|B’ng : IPOS COPY
plurality of address values and a plurality of data values to the data
processor ; control neans for determ ning when an exception in
operation has occurred and providing an exception processing signal in
response thereto; -, aregister for indicating a current address val ue
‘accessed when the .exception in operation has occurred;: a togic—
circuit coupled to the register for recelxégg a first p

current address: value and coupled to the rol - means 'Im;a !’j, E”“!!I
exception processing signal, the logic circuit . selectlve

current address value to forn1an adJusteqzﬁgg@ess val ue; and a formt
generation circuit coupled to the register Tor receiving at |east the first
portion of the current address wvalue, the format generation circuit

nodi fying the first portion of the current addreéess value to generate a-
stack al i gnment] val ug methsdlferéserating d & c@fssﬁl ﬁwmmbngff@siﬁg%heal ue
when t he excep%&g& P operation ‘has occurre Re data processor of
claimb5 further %% i sing a Ly pl ed to the format generation-

circuit for storing HCRENENE& 1&3"'%@ thin the ﬁaPTOCPﬁﬁngaiYaﬁt?mocessor of
clai m 5 wher ei rintieating adirst pretetesmired eonditiondizsoceurtéd; regi ster when

the exception in Opetre%é%g@%uﬁ%ﬁk' hHareRhIRE Forh UBlagk§sbinter register;
: : aligning the current address value to a nearest 0-modulo-4 address
next to the current address value; and
storing a format field value in a memory, the format field
indicating a manner in which the current address value was aligned at
the time of receiving the first signal indicating the first predetermmed
condition has occurred.

2.  The method of claim 1 wherein the first predetermined condition
is a exception processing condition.

3.  The method of claim 1 wherein a step of aligning, further
comprises the steps of:

¢ "negating a predetermined portion of the current address value
retrieved from the stack pointer register.

4.  The method of claim 1 further comprising the steps of:
receiving a second signal within the data processing system
indicating a second predetermined condition has occurred;
retrieving the format field value from the memory; and
restoring the current address value to the stack pointer register.
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8. °~ The data proce.sso} of claim5 the adjusted address value i s a nearest
O nodul 0-4 address | ess than the current address val ue.

(34 9. A data processor, conpri sing: contral nmeans for generating
a first data processor interrupt signal; a stack for
storing and providing a current address val ue havi ng | al"ﬂlnﬂlnunrmwd
second portion; alogic circuit coupled to the'cohtrbl medhs sf or
receiving the first interrupt signal and c led to the stack pointer for
receiving a first portion of the current atidress value, the logic circuit
creating an adjusted address val ue; and a converter circuit coupled
"to the stack pointer register for receiving a second portion of the current
addrezs valhueh hg can ;@’gcﬁké&ub ting a format field which, when
- sunmed with the adjuste ress va F t ddress
~value. 10. The dat§ ﬁF ‘Rﬁ@ﬁi?ﬁaﬁﬂbgga%ﬂﬁﬁggﬁﬁéb

stored in plurality of data values to the data processor;
control means for determining when an exception in operation has
occurred and providing an exceptlon processing signal in response
thereto;
a register for indicating a current address value accessed when the
exception in operation has occurred;

a logic circuit coupled to the register for receiving a first portion
of the current address value and coupled to the control means for
receiving the exception processing signal, the logic circuit selectively
modifying the current address value to form an adjusted address value;
and

a format generation circuit coupled to the register for receiving at
least the first portion of the current address value, the format generation
circuit modifying the first portion of the current address value to
generate a stack alignment value to indicate an alignment of the current
address value when the exception in operation has occurred.

6.  The data processor of claim 5 further comprising a memory
coupled to the format generation circuit for storing the stack alignment
value.

7.  The data processor of claim 5 wherein the current address value is
stored in the register when the exception in operation has occurred and
been completed.

8.  The data processor of claim 5 the adjusted address value is a
nearest 0-modulo-4 address less than the current address value.
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a menory of the data processor. 11. ‘The data processor of claim10
whet-ein the format field is retrieved fromthe menory of the data processor

and’'used to restore the current address value to the stac

val ue.

(34)

9. A data processor, comprising:

register. 12. The data processor of claim9 whereinit d _addr ess
value is a nearest O-nodul o-4 address value |ess than t’ I' i'ﬁ” ﬂl’"’S

control means for generating a first data processor interrupt

signal;

a stack pointer register for storing and providing a current address

value having a first portion and a second portion;

a logic circuit coupled to the control means for rece1v1ng the first
interrupt signal and coupled to the stack pointer for receiving a first
portion of the current address value, the logic circuit creating an

adjusted address value; and

a converter circuit coupled to the stack pointer register for
receiving a second portion of  the current address value, the converter
circuit generating a format field which, when summed with the adjusted

address value will generate the current address value.

10. The data processor of claim 9 wherein the format field is stored in

a memory of the data processor.

11. The data processor of claim 10 wherein the format field is
retrieved from the memory of the data processor and used to restore the

current address value to the stack pointer register.

12.  The data processor of claim 9 wherein the adjusted address value
is a nearest 0-modulo-4 address value less than the current address

value.
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