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10

Background of the Invention

As data processors are used more and more in real-time control
systems, new techniques are required to ensure the efficient use of system
resources. For example, in many multi-tasking systems, there are several

15  tasks trying to share some of the same system resources, such as memory

| storage, a printer, or a port to a display screen. It is crucial in such multi-

tasking systems that the shared system resources are used in the most
efficient way possible. For example, if multiple tasks are sharing a
resource, there must be a way to indicate which task is currently using the

'20 resource and whether that task is performing a function that must not be
disturbed. Semaphores are used for this function in many multi-tasking
systems

Semaphores are a type of ﬂag or status indicator that reflects the
present status of a system resource. Usually the status information in a

' 25  semaphore indicates whether or not the system resource is presently being
used. In some multi-tasking systems, the semaphore may also include
information about which task is using the resource, and possibly even the

-type of function being performed on the resource. '
For example, a particular location in memory can be designated as
30 the location of the semaphore for a shared variable X. If any task wants to
use the shared variable X, that task must read the semaphore for the
shared variable X by reading that particular location in memory. The
variable X semaphore contains information on the status of the variable X,
such as whether the variable X is currently reserved-for exclusive access by
35 a particular task. If the variable X semaphore indicates that the variable X
is currently reserved and is thus busy, the new task must wait. The new
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and i s thus buégemaphoneto changerits status to busy araven-available. The waiting
task has thus effectively locked the variable X resource for its own use. No
other tasks can use the variable X while the variable X's semaphore
indicates that the variable X is being used. Once the waiting task has
10 = finished using the variable X, it writes a new value to the variable X
semaphore location in order to change the variable X semaphore to
indicate that the variable X is once again available.
There is a significant problem that arises in systems that use
semaphores to allocate shared system resources. The problem arises when
15 more than one task is polling the semaphore of a shared resource to see if
the resource has become available yet. For example, assume task #1 and
task #2 are both polling the variable X semaphore. Task #1 is the first to
read the variable X semaphore after it has been changed to indicate that the
variable X is available. Task #2 now reads the variable X semaphore and
20 also learns that the variable X is available. Neither task #1 nor task #2 is
aware that another task is competing for the use of the variable X.
~ If task #1 receives an interrupt, task #1 must execute a software
interrupt routine before resuming where it left off. Meanwhile, task #2
writes a value to the variable X semaphore to indicate that the variable X is
25 now busy. Task #2 then proceeds to use the variable X. Task #1 finishes
its interrupt routine and resumes where it left off in its software program.
Task #1 left off knowing that the variable X was available. Task #1 thus
writes a value to the variable X semaphore to indicate that the variable X is
now busy and then proceedé to try to use the variable X. But the variable X
30 is already being used by Task #2. Thus a collision results. Asa
consequence, the variable X may be corrupted and tasks may receive the
incorrect value of variable X. Thus, an approach is needed which allows
multiple tasks to effectively and efficiently share common resources.
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task ‘can continue to poll the variable X semaphore by periodically reading
the variable X semaphore to see if the variable X is still being used or if
it has becone avail able. Once the variable X semaphore indicates that the
variable X is no 5 longer reserved and thys available, the waiting task
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10 FIG. 4 illustrates, in tabular form, one embodiment of a sequence of
instructions to perform a test and set function in accordance with one
embodiment of the present invention;

FIG. 5 illustrates, in tabular form, one embodiment of a sequence of
instructions to perform an exchange memory operand function in

15 accordance with one embodiment of the present invention; and

FIG. 6 illustrates, in tabular form, one embodiment of a sequence of
instructions to perform an increment memory-based counter function in
accordance with one embodiment of the present invention.

20 Detailed Description

Description of the Figures

FIG. 1 illustrates a data processor 10. In one embodiment, data
processor 10 includes a central processing unit (CPU) 12, memory 14, bus
interface module 16, and other modules 18, which are all bi-directionally

25 coupled to each other by way of bus 20. Bus interface module 16 may be
coupled external to data processor 10 by way of external bus 26. Other
modules 18 are optionally coupled external to data processor 10 by way of
one or more integrated circuit terminals 28. Memory 14 is optionally
coupled externally to data processor 10 by way of one or more integrated

30 circuit terminals 24. Central processing unit 12 is optionally coupled
external to data processor 10 by way of one or more integrated circuit
terminals 22. .

Still referring to FIG. 1, alternate embodiments. of the present
invention may use any type of structure for data processor 10. In addition,

35 data processor 10 may perform a wide variety of functions. For example,
data processor 10 may use a RISC (Reduced Instruction Set Computer)
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42. CPU control circuitry 42 is bi-directionally coupled to instruction pipe
30, instruction decode 32, registers 34, and ALU 40 by way of control/status
10 signals 58 in order to provide control information and to receive status
information. Instruction pipe 30 receives instructions by way of bus 20.
Instruction pipe 30 may store one or more instructions that are to be
executed. Instruction pipe 30 provides instructions to instruction decode
circuitry 32 by way of conductors 54. Instruction decode circuitry 32
15 decodes the instructions it receives from the instruction pipe 30 and
provides the output to CPU control circuitry 42 by way of condtictors 56.
CPU control circuitry 42 includes exception control circuitry 44, interrupt
control circuitry 46, and counter/timer circuitry 48.
In one embodiment of the present invention, interrupt control
20  circuitry 46 is bi-directionally coupled to counter/timer circuitry 48. CPU
control circuitry 42 receives one or more interrupt request signals from bus
20 by way of interrupt signals 50. Other modules 18 (see FIG. 1) or circuitry
coupled to external bus 26 (not shown) may be the source of one or more
interrupt requests received by CPU control circuitry 42 by way of interrupt
25 signals 50. CPU control circuitry 42 may provide one or more interrupt
acknowledge or other interrupt related signals to bus 20 by way of interrupt
signals 50. CPU control circuitry 42 may optionally receive one or more
exception occurred signals by way of exception signals 52. In some
embodiments of the present invention, CPU control circuitry 42 may
30 provide to bus 20 one or more exception acknowledge or other exception
status signals.
Still referring to FIG. 2, in one embodiment of the present |
invention, exception control circuitry 44 is coupled to exception signals 52
and interrupt control circuitry 46 is coupled to interrupt signals 50.
35 Exception control circuitry 44 and interrupt control: c1rcu1try 46 are both
coupled to conductors 56 and control/status signals 58. Interrupt control
circuitry 46 may optionally include override circuitry 47. In alternate



FIG "1 illustrates, in block diagramform a data processor 10 in
accordance with one enbodi nent of the present invention;, FIG 2
illustrates, in block diagramform a portion of central 5 processing unit
(CPU) 12 of FIG 1 in accordance with one enbodi ment of the present
invention; FIG 3 illustrates; in tabular gorm one enbodi nent of a del ay
interrupt recognition instruction in accordance w th one embodi ment of the
present i nventéembodirfents of thie| jreseant inviention; everride cirguitsy 47 gnay bene
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values. The output of ALU 40 is coupled to registers 34 by way of
conductors 64 in order to provide output values from ALU 40.
10 FIG. 3 illustrates one embodiment of a delay interrupt recognition
instruction that may be executed by CPU 12 of FIG. 2. '
FIG. 4 illustrates one embodiment of a sequence of instructions that
may be used to perform a test and set function using the delay interrupt
recognition instruction of FIG. 3.
15 FIG. 5 illustrates one embodiment of a sequence of instructions that
 may be used to perform an exchange memory operand function using the
delay interrupt recognition instruction of FIG. 3.
FIG. 6 illustrates one embodiment of a sequence of instructions that
may be used to perform an increment memory-based counter function
20 using the delay interrupt recognition instruction of FIG. 3.

Operation of the Preferred Embodiments

The operation of the preferred embodiments will now be described.
In one embodiment, the present invention provides an efficient method

25 and apparatus to delay interrupt recognition for a controlled interval,
either for a predetermined period of time or for a predetermined number
of instructions, so that a read/modify/write sequence of instructions can be
performed without dedicated instructions which define the modification
operation.

30 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 types of
information, such as data, addresses, control, or status. The terms "assert"
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,

35 respectively. If the logically true state is a logic level one, the logically false



FIG 1 illustrates a data processor 10. In one enbodi nent, data processor
10 includes a central processing unit (CPU 12, nmenory 14, bus interface
nodul e 16, and ot her nodul es 18, which are all bi-directionally 25 coupl ed
to each other by way of bus 20. Bus interface nodule 16 nmay be coupl ed
external to data processor 10 by way of external bus 26. O her nodules 18
are optionally coq&big external to data processor 10 by way of one or nore
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In one embodiment of the present invention, the predetermined
number of immediately subsequent instructions during which interrupt
10  recognition is delayed may be a fixed value (e.g. four instructions).
Alternate embodiments of the present invention may fix this
predetermined number of instructions to be any positive integer number.
One embodiment of the present invention illustrated in FIG. 3 delays
recognition of interrupts for the four instructions which are executed
15 immediately after execution of the delay interrupt recognition instruction
(IDLY4). Thus, the delay interrupt recognition instruction is executed, A
then during the following four instructions no interrupts are recognized
and interrupt recognition begins with the initial execution of the fifth
instruction following the IDLY4 instruction.
20 Note that some embodiments of the present invention may count
the instructions executed as part of exception processing as part of the
predetermined number of subsequent instructions, while other
embodiments of the present invention may not count the instructions
executed as part of exception processing as part of the predetermined
25 number of subsequent instructions.
In a first embodiment of the present invention, interrupt
recognition is inhibited or delayed during execution of a predetermined
number of instructions after the delay interrupt recognition instruction
has been executed. This predetermined number of instructions during
30  which interrupt execution is inhibited or delayed may be defined in a -
variety of ways. For example, the delay interrupt recognition instruction
itself may include a field which defines the number of instructions during
which the recognition of interrupts is delayed (e.g. see optional specifier
field 70 in FIG. 3). In alternate embodiments, a control register (e.g. one of
35 - registers 34 in FIG. 2) which is programmable by the user may contain a
value which determines the predetermined number of instructions
during which the recognition of interrupts is delayed. Alternate




may be a SIMD (Single Instruction Miltiple Data) processor, may perform
fioating point arithnetic, may performdigital signal processing

conput ations, etc. 5 FIG 2 illustrates a portion of CPU 12 of FIG
1. In one enbodinent, CPU 12 incl udes inst5uction pipe circuitry 30,
instruction decode circuitry 32, registers’34, arithnetic logic unit (ALU)
40, and CPU control circuitry 42. CPU control circuitr
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couPt €€ 190 instruction | I;ip%I 30 uh{s%c%i%h Ig;g 30 then provides this instruction to
instruction decode circuitry 32 at the proper time. Instruction decode
circuitry 32 then provides the appropriate decoded signals for the delay
interrupt recognition instruction to CPU control circuitry 42 by way of
conductors 56. CPU control circuitry 42 will then use interrupt control
15 circuitry 46 to delay recognition of interrupt requests which are received by
way of interrupt signals 50. CPU control circuitry 42 will delay recognition
of interrupt requests for a predetermined number of instructions. CPU
control circuitry 42 may use counter/timer 48 and information received
from instruction pipe 30 and instruction decode circuitry 32 by way of
20 signals 58 to determine how many instructions have been executed
immediately subsequent to execution of the delay interrupt recognition
instruction. _
For some embodiments of the present invention, particularly those
using a pipelined processor architecture, CPU control circuitry 42 may
25 count only subsequent instructions which have completed execution, or
may count any subsequent instructions for which a predetermined stage
has been reached during the fetch, decode, execute cycle of each
instruction. : '
_ Instead of delaying the recognition of interrupts for a predetermined
30 number of subsequent instructions, alternate embodiments of the present
 invention may define a predetermined period of time in which interrupt
recognition is delayed. In these alternate embodiments, a counter or timer
(e.g. counter/timer 48 in FIG. 2) may be used to count a predetermined
number of clock cycles or to count a predetermined number of
35 nanoseconds during which interrupt recognition is delayed.
In one embodiment of the present invention, if the delay interrupt
recognition instruction delays recognition of interrupts during execution



control circuitry 42 receives one or nore interrupt request signals from
bus 20 by way of interrupt signals 50. O her nodules 18 (see FIG 1) or
circuitry coupled to external bus 26 (not shown) nmay be the source of one
or nore interrupt requests received by CPUgcontrol circuitry 42 by way of
Interrupt 25 signals 50. CPU control C|r6ﬁ|try 42 nay provide one or nore
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10 instruction.

In one embodiment of the present invention, CPU control circuitry
42 begins counting the interrupt non-recognition interval after execution
of the delay interrupt recognition instruction has been completed.
However, in alternate embodiments of the present invention, CPU control

15 circuitry 42 may begin counting the interrupt non-recognition interval at
any point in time after the decoding of the delay interrupt recognition
instruction has begun.

For some embodiments of the present invention, any type of
instructions may follow a delay interrupt recognition instruction.

20 However, in some situations, placing instructions that require a significant
number of cycles, such as a divide instruction, in the instruction sequence
following a delay interrupt recognition instruction may result in an
interrupt latency that is too long a period of time. In order to address this
problem, some embodiments of the present invention restrict the type of

25 instructions that may immediately follow a delay interrupt recognition
instruction. For example, referring to FIG. 3, the four instructions
immediately following the delay interrupt recognition instruction may be
limited to single cycle arithmetic or logical instructions, branch
instructions, and load or store instructions. The purpose of restricting the

30 instructions during which interrupt recognition is delayed is to reduce the
maximum interrupt latency period of time. Alternate embodiments of the
present invention may or may not limit the types of instructions during
which interrupt recognition is delayed, and thus may or may not limit the
types of instruction that may follow a delay interrupt recognition

' 35 instruction. The specific set of instructions which may follow a delay
interrupt recognition instruction may vary for diffei'ent processors 10, and
in some embodiments may be user programmable.



enbodi nents of the present invention, override circuitry 47 may be |ocated
el sewhere in CPU control circuitry 42. CPU control circuitry 42 may
optionally be coupled external to data processor 10 by way of integrated
circuit termnals 22. Registers 34 are bizgirectionally-coupled to 5 bus
20 in order to receive and provi de data vaFues. Registers 34 include

regi ster 36. Register 36 includes a condltlon bit 38. Registers 34 are
coupl ed to ALU 40 biligeateienchodiments of dhe presendinviention neay b affegtad by
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enbodi nent of aobe*qma dc@ecbexmmqmc and tbus met process them as well, during the
interval in which interrupts are not being recognized. . In addition,
10 alternate embodiments of the present invention may handle different
| types of exceptions differently as well. For example, the delay interrupt
recognition instruction (IDLY4) illustrated in FIG. 3 allows the occurrence
of non-trace and non-breakpoint exceptions to clear condition bit 38 (see
FIG. 2) during the interval in which interrupts are not being recognized,
15 while trace and breakpoint exceptions do not affect condition bit 38.

In some embodiments of the present invention, a mechanism may
be used to re-allow interrupts during the interrupt non-recognition
interval subsequent to the execution of a delay interrupt recognition
instruction. For example, counter/timer 48 may be used to detect that an

20 interrupt of a particular level has been pending for a predetermined period
of time during the interval, and thus needs to be recognized before the
interrupt non-recognition interval is over. Thus in some embodiments of
the present invention, interrupts may be re-allowed using override
circuitry 47 even while execution still remains within the interrupt non-

25 recognition interval (i.e. as defined by a predetermined number of
instructions, clock cycles, or nanoseconds). If interrupt recognition is re-
allowed, the current instruction may be interrupted mid-stream or may be
allowed to continue and complete execution before interrupts are again
recognized. |

30 Some embodiments of the present invention may delay the
recognition of all interrupts, while alternate embodiments of the present
invention may only delay the recognition of interrupts which are below a
predetermined interrupt level. The predetermined interrupt level may be
specified in any manner. For example, the predetermined interrupt level

35 may be specified as part of the delay interrupt recognition instruction
format itself, may be specified by storing a value in a user programmable
register, may be specified by providing a value by way of integrated circuit




may be used to perform an increment menory-based counter function 20 using
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instructions affect the condition bit 38 in FIG. 2. For example, referring to
FIGS. 4-6, in one embodiment of the present invention, the IDLY4
10  instruction asserts the condition bit 38. Then if an exception occurs during
any of the four subsequent instructions, the instruction that was executing
when the exception occurred will negate the condition bit 38. Thus an
instruction that is normally defined to never clear or negate the condition
bit 38 (e.g. a load instruction) may now clear the condition code bit 38 if an
15 exception occurs during execution of the load instruction when the load
instruction is one of the four subsequent instructions after the IDLY4
instruction. The IDLY4 instruction may thus affect the manner in which a
subsequent instruction (e.g. a load instruction) affects the condition bit 38.
One purpose for using the condition bit 38 in this manner is to indicate
20 that the four subsequent instructions were not executed in an indivisible
manner and that exception processing may have affected a shared
resource.
Note that the sequences of instructions illustrated in FIGS. 4-6 all
include a check of the condition bit 38 to determine if an exception has
25 been received and processed during the four non-exception processing
instructions after the IDLY4 instruction (i.e. branch to
SEQUENCE_FAILED if the condition code bit 38 equals zero). If an
exception has been received and processed after the IDLY4 instruction, the
"BF" instruction will branch to a subroutine of instructions called
30 SEQUENCE_FAILED, which may be used to indicate that the four
instructions after the IDLY4 instruction were not executed in an
indivisible manner and that the exception processing may have affected a
shared resource, such as a semaphore.
FIG. 4 illustrates a series of instructions which use the delay
35 interrupt recognition instruction (IDLY4) illustrated in FIG. 3 to perform a
test and set function. The test and set function i]_ltiétrated in FIG. 4 tests a
memory operand to determine if the memory operand's present value is




-6- state will be a logic level zero. And if the logically true state is a

logic | evel zero, the logically false state will be a |logic |evel one.
Referring to FIG 3, in one enbodi nent of the present invention, a delay
interrupt recognition instruction (e.g. |D4Y4) may be used to cause 5

interrupt recognition to be delayed for a Predetern ned nunber of
I nstructions | a processQr us a |load/store arc ectyre such as .data
processor 10 |4l§§¥95a?§ "&WI'EF 1€ MEIRYOPE glﬁ‘ﬁ ﬂ{‘e%?i‘efﬁinb‘?‘%sent
Id nventi 32 th heoﬂoﬂﬁdﬂieﬁlt ) ratidbee sef). imwlltwé %immmmnﬁbns mBﬁsTuwedons
uring ich in upt re n | aye ue
(e.g. four ms’F‘rﬁﬁ'i% %‘fﬂ%?&r %‘o"ﬂﬁ’?g sgﬁ?ﬁg%}@g {éﬁqﬁi i on
may fix this pvddetﬁomdmdmembq dheidelay interougst tevognitiony instaidtione
.integer nu f | ' LR FIG
ggog tloﬁ-ﬂ?fﬂb@s@ﬁ 3'e PFe aﬁ%ﬁ?tteét@fﬂ‘%étcfﬂpbﬁ&fﬂﬁ mﬁ@ffaijmba

3 delays r |nterrupts I oNns are
execut ed 15 mnmhmdmlslb mannex sothab the semaphaes ¥glueris aiatigorryried P t i on

i nstruction (I Pgl frerent thisk vﬁﬁa\ Sty tmﬁé boftvar€ $86ANs iREstr AV HATARY | S
execut ed, then uring.,the foll ow ng gﬁlnstructlons no |nterrupts are

recogni zed and ‘FW"@F‘rG}S’t e?%?BEﬁ%"‘PF‘dW Rt PSTAUPRe initial execution of
the fifth Note that the instruction sequence illustrated in FIG. 4 actually

10 performs the set operation before performing the test operation. This is
possible because the IDLY4 instruction may be used to ensure that both the
set and test operation will be completed before another task is allowed to
interrupt, and because the semaphore value in this case has only two
possible values, namely all ones or all zeroes. So if the semaphore's initial

15  value was all ones, the step of setting the semaphore will not change the
semaphore's value. Note that alternate instruction sequences which
perform a test and set function may instead perform the test operatlon
before the set operation.

FIG. 5 illustrates a series of instructions which use the delay

20 interrupt recognition instruction (IDLY4) illustrated in FIG. 3 to perform
an "exchange memory operand with register operand" function. The
"exchange memory operand with register operand” function illustrated in
FIG. 5 effectively moves a value called "EXCHANGE_VALUE" from its
initial location in memory, into register R1, and then to the location of the

25 semaphore value. Note that the location of the semaphore value is
pointed to by a pointer called "SEMAPHORE". The semaphore value is
moved from its initial location in memory to the register R3. In the
particular sequence of instructions illustrated in FIG. 5, the final "OR"
instruction performs no useful operation other than completing the

30 sequence of four instructions after the IDLY4 instruction, and thus
discontinuing the delay of interrupt recognition. Therefore, the final
"OR" instruction has the same effect as a no operation (NOP) instruction
and may be replaced with a different instruction.

FIG. 6 illustrates a series of instructions which use the delay

35 interrupt recognition instruction (IDLY4) illustrated in FIG. 3 to perform
an "increment memory-based counter” function. ‘The “increment
memory-based counter" function illustrated in FIG. 6 effectively moves




instruction followi ng the IDLY4 instruction. 20 Not e that some
enbodi nents of the present invention nmay count the instructions executed as
part of exception processing as part of the predeterm ned nunber of
subsequent instructions, while other enbodi nts of the present invention
may not count the instructions executed as part of exception proce55|ng as

part of the predeterm ned nunber of, s yent instructi.ons. first
embodi ment of emaphone Y%%rff?’@nltsmri %%Ebﬁ}ﬁl??%mftg’ lieg}ﬂﬁﬁ d or

dﬁl a)éeld dur i ngarek ghei lifdteftiends m@dahapnofeedalmrﬁ;eaddﬁ\ oner N(bﬂe_(ll_ﬁlat did er
the delay int tor nitio nst uc.tlor is
predeterm nede{?ﬁﬁﬁ S%g E‘PF%F@{ m@tﬁf%ﬁéﬁ%fﬂ execution
i s inhibited o!fSEMARHOREly Hee dnxfrenmdttech senm.phoee wabde isathen Fovedkbagk e,

t he delay it e nclude a field

whi ch defi ng(;s ﬁg&ﬁ{s ir:!rt’o mfahﬁgtl?uctgm lgurl ng %%&EY cognl tlé)n of
interrupts is del ayMﬂIQeﬂ'g?— presend jnyentign bﬂ%(‘?ﬁ?ﬂéﬂuﬁf@eé

al ternat e enbogifgRince todpeeifid &hbbaﬁhéﬁ&r fafther nioHifichtions aﬁdgl sters 34 l n

FIG 2) which |s progran t he, user 0, n
det er m nes t hellRPH Ih'ﬁﬁ@aleﬂ dP these § é‘C‘PI @"ﬁ r&uﬁ ’r?éo\t/%?ﬁ Eﬂdﬁ:%md'
recogni tion of thereforeihat this ﬂﬁﬂe&}!ﬁﬂ isAldtelimated to the particular forms
10  illustrated and that the appended claims cover all modifications that do
not depart from the spirit and scope of this invention.




-7- enbodi nents of the present invention may use any type of nethod for
sel ecting the predeterm ned nunber of instructions, such as, for exanple,
provi ding the predeterm ned nunber of instructions by way of integrated
circuit termnals or by way of a mask pro 3ammble st or age devite—5

I n one enbodi ment of the present |nvent|ogf

I f the del ay |
recognition instruction delays recognition of interrupts d 'ﬁﬂH mHHmHH",
of a predeterm ned nunber of subsequent instructions, the ¢
illustrated in FIG 2 functions in the fgllowng manner. The del ay
interrupt recognition instruction is reMgfrom bus 20 by way of 10

I nstruction pipe 30 n e 30 t he rovides this.instrugtion to
natruct i on dcbode Avpetiad ot afectnd Rubssasel iR aiotsSing ih aufolte
circuitry 32 then ppmcessos, tdrm mshtg)the sttepsdécoded si gnal s for the del ay

I nt errupt cognition ingt t of
conductors 6. CPU controlci rg%%te % ‘ﬁ?% ﬁﬁd H‘{errup rol 15
circuitry 46 to del ay recognlfqrmnaI)f111$1111t:l@ilq'lfl,|pﬁt ¢feﬁl¢&4t§ pmcewoare recel ved
by decoding the one or more of the plurality of instructions

L

1H

which are received; :
executing the one or more of the plurality of instructions
10 - which are decoded;
receiving a predetermined instruction which is one
instruction contained within the instruction set;
decoding the predetermined instruction; and
in response to said decoding, delaying processing by the data
15 ' processor of any exception which the data processor
encounters for either a predetermined number of
instructions following the decoding of the
predetermined instruction or for a predetermined time
interval following the decoding of the predetermined
20 instruction. |

2. The method of claim 1 further comprising the step of:
executing the predetermined instruction prior to delaying
processing of any exception.

3. The method of claim 1 wherein the step of delaying processing of
any exception further comprises the step of:
delaying processing of any exception until completion of
_ execution of four subsequent instructions processed by
30 ' the data processor following decoding of the
predetermined instruction.
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way of interrupt signals 50. CPU control circuitry 42 w II del ay

recogni tion of interrupt requests for a predetermnm ned n

i nstructions. CPU control circuitry 42 may use counter/ ”I IH ﬂ!i””"l
i nformati on received frominstruction pi pglequo ‘and i nst ruet I on deco
circuitry 32 by way of 20 signals 58 to erm ne how many instructions
have been executed i nmedi at el y subsequent to execuﬂé‘an of the delay

i nterrupt reco@nl t | Bhe methed @fidaim govh 9@% thesten elaying P%eﬁ@gé?ft
i nvention, parti culﬁ}héxéé}qiiﬁlm@) ﬁgég ﬂﬁa_dst@?Qﬁessor architecture, CPU

control circuitry 42 'ma count. onl ubs | nst | whi ch have
conpl et ed execution, or Hﬁ?gcﬁ)ﬂ‘h‘t‘n ﬁ?ss%ﬁ'?@'ﬁtfgn‘? @t B‘Ff‘g]e??ﬁm\ﬂﬁ ch a

predet ermi ned stage has been ﬁnﬁechﬁékvdm&ohqwﬁjtgtlﬁeﬂebodnl\gcmﬂme execut e

cycle of eagch instruction. In Lof ' recogni tion of

I nt errupt s%fcor a predeterm neﬁéef%q 1;{)%3 ﬁ%%t Lés}gquent I nstructions,

al ternate enbodi nents of the present invention nmay define a predeterm ned
period of 11Mesin WihE ndiAbA'dfint 360H nget.?@nes dafing Prdcdigsific b

alternate errbodl ments, a counter or ti nt er r 48 | G 2)
may be used to counthexd iﬁale@FWﬁé@nﬁLﬁﬁéphgﬂ RCQ‘}W@S ghe sepRfunt a

predeterm ned nunbegelking processing in response to only interrupt condition
10 exceptions.

6. A data processor, comprising:
instruction execution circuitry which executes a

predetermined set of instructions, the predetermined

15 set of instructions including at least one instruction

| which, when executed by the instruction execution

circuitry, causes the data processor to delay recognition
of an interrupt condition associated with operation of
the data processor for a predetermined number of

20 instructions following execution of the at least one
instruction.

7. The data processor of claim 6 wherein the predetermined number of
instructions for which the data processor delays recognition of an
25 interrupt condition is user programmable by a user of the data
processor.

8. The data processor of claim 6 wherein the predetermined number of
instructions is four.
30
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35 nanoseconds during which interrupt recognition is detayed. Th one

enbodi nent of the present invention, if the delay inter hdng
i nstruction delays recognition of interrupts during exemﬂlgﬂlin:mﬂwﬂl_@“la
pr edet er mi ned nunber of subsequent dock cyfé_es or nanos ) L *
control circuitry 42 illustrated in FIG 2wl use counter/tiner 48 to
count nanoseconds or_ clock cycles rather than the nunber of instructions
bei ng execut ed®- Aghidata Procespor, COMPIMIBE) e nechani sm such as the 5

i nist ruction i thsel f (e.g.ireptuctioal exepatiohicreuliirg| whith éxectité8 a 3), a register
val ue or anot her programmabl e_nef hod maw b . Vi) of
nanoseconds or the nunber of B t%%ﬂn&é §eg oﬁ@%‘%&?ﬁﬁ%@ﬂ%ﬁﬁ%@%‘;ato
determne the I ength of the isatefiinstraotiong indliiding at leastipne instruction be
recogni zed £ ol | ow ng executi o t At | & :
instruction. In one enbodi mn?fhg%’t‘ﬂge%%g%ﬁeaiﬁgﬁ%ﬁ% é%érﬁaﬁl%ﬁ _
circuitry 42 begins counting cimeuitry, sausgstthestata preeasser o 1(15'1‘39‘9ci)l}’after
execution delay processing of an interrupt condition associated

with operation of the data processor for a
predetermined number of instructions following

10 "~ execution of the at least one instruction, the delay
being made conditional by type of instruction which is
being processed within the predetermined number of
instructions following execution of the at least one
instruction.

15 ' _

10.  The data processor of claim 9 wherein the type of instruction which
will cause the data processor to cease delaying processing of the
interrupt condition comprises an instruction within the
predetermined set of instructions which is not a single cycle

20 instruction, a branch instruction or a load or store single operand
instruction.

11.  The data processor of claim 9 wherein the delay is additionally made
conditional on how many instruction cycles that an interrupt
25 condition has been delayed in addition to the type of instruction
which is being processed within the predetermined number of
instructions.

12.  The data processor of claim 9 further comprising;: .
30 a status indicator is set to a predetermined logic state by the
data processor when the at least one instruction is
executed.

13. The data processor of claim 12 wherein the status indicator further
35 comprises a condition code register having a condition bit that is set
to the predetermined logic state when the at least one instruction is
executed. |
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of the delay interrupt recognition instruction has been conpl eted. However,
in alternate enbodi nents of the present invention, CPU CW
circuitry 42 may begin counting the interrupt non-recognl m&ﬁﬂfrval

any point in tinme after the decodi ng of thﬁédel ay interru ﬂﬂu
i nstructi on has begun. For sone enbodi menfs”of the present«i H"I

type of instructions may follow a delay interrupt recognition |nstruc I of.
20. However, in sone situations placing instructions that require a

signi ficant nujiperaqfats t8 0§%ﬁ3ﬁ divide instruction, in the
i nstruction sequence% Il ovm n fgnt errugg%ﬁgcogm tion.i itruct | on

may result in an |nterruﬁttu¥18‘f@¥ tpﬁmnmg Ra$§ apredetesmipe

order to address this probl enintepral; aglodi nents of the present |nvent|on
restrict t type of 25 |nstruct|onsthat ma | tely follow a del ay
interrupt rkcognition i n{RSERGHOR, ‘&5‘?‘3}3"% ?OQFI G 3, the
four instructions i medi at el ypteﬂétermn@dm mfeiruyructmes; esie@gpmmedn
instruction may be limted tosét' Spﬁ%#'Pbﬂa%blha% ¢ 1&{st|09@' ﬁg&uch%ﬂe

i nstructions, branch instructions i nStructi ons
purpose of restricting the 30Whlﬁbtwb§-t1|%ﬁ§u@drbﬁdhmﬂﬁuﬁiﬂféﬁ?‘%ﬁé&tmn

recognition is delayed is to Eﬁ@ﬁ'ﬁf}r (ch@sdiPike BHTh iptbesssbPto Halagrogeitiond of
time. Al te{&ate enbodi nents of .t he Pt

of an mterrupt condition associated with operation of
the data processor for the predetermined time interval

following execution of the at least one instruction.

15.  The data processor of claim 14 further comprising:

15 override circuitry for overriding delaying recognition of the
interrupt condition before expiration of the
predetermined time interval, the overriding occurring
when one or more of a predetermined set of multiple
cycle instructions is decoded during the predetermined

20 time interval and the predetermined time interval has
transpired for a predetermined minimum amount of
time.

16. The data processor of claim 14 wherein the instruction execution
25 circuitry further comprises:
a condition code register having a condition bit which is set to
a predetermined logic state to indicate that servicing of
an exception condition was allowed to occur.
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presént invention may or may not linmit the types of instructions during

which interrupt recognition is delayed, and thus may or nmay not fimt—the

types of instruction that may follow a del ay interrupt reco

i nstruction. The specific set of instructigns which may fol mm”n &mlmu ,!l'
I nterrupt recognition instruction may var?ﬁf]or di fferent proeessor :

I n sonme enbodi nents may be user programabl e. -9- Alternate enbodi ments

of the present invention nmay be affected by exception processing in

di fferent waysyz | A idaga gg@@g@p@b rigif@ present invention illustrated in
FIG 3, exceptions are

d d tak du
which interrupts are nota-i!i‘é‘i1 g‘?ﬂ"?ﬁ’&g% g?nﬂse%l?r}]gﬁﬁ&&g eé{ér%eodl ment s

of the present invention nay ﬂﬂémﬂ and yet not process exceptions which
ot hor al 1 ePat o enboat eSO eBhEh ey WHRK pREuS £7 VP 10
process themas wel |, during ptedetermeined| satrofmstmctlnn%rﬁhem@dat@nnnedbel ng
recogni zed. In addition, set of instructions including at least one instruction
which, when executed by the instruction execution
circuitry, causes the data processor to conditionally
10 delay recognition of an interrupt condition associated
with operation of the data processor for the
predetermined time interval following execution of
the at least one instruction, the delay in recognizing an
interrupt condition being made conditional by type of
15 instruction being processed during the predetermined
time interval following execution of the at least one
instruction.

18.  The data processor of claim 17 wherein the type of instruction
20 processed during the predetermined time interval which may
override continued delayed recognition comprises an instruction
within the predetermined set of instructions which is not a single
cycle instruction, a branch instruction or a load or store single
operand instruction.
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10 alternate enmbodi ments of the present invention may handl e different

types of exceptions differently as well. For exanple, the delay interrupt

recognition instruction (IDLY4) illustrated in FIG 3 allo
of non-trace and non-breakpoi nt exceptions §_o cl ear condi tm'ﬂ@muﬂﬁﬁm
FIG 2) during the interval in which intertupts are not bel rg ¢ ) o*

15 while trace and breakpoi nt exceptigns do not affect condition bit 38. In

some enbodi ment% of Atdata Precesser, GmPHISIBE: a nechani sm may be used to
re-allow interrupts durizgitdteudtivredéctder for deesditig dneor murerofad plurality

subsequent to the execution of,a del I nter t recognition in uction.
For exanple, counter/timer 4805395?‘5’&%5‘3Mﬁ’&i‘g%f@c?nﬂﬁ%{uﬁtﬁoﬁaefﬁre%%pt of
a particular |evel has been peifhi thg data propessdet er mi ned period of tine
during thednterval, and Lo I j t | upt

non-recogni‘tion interval TS OVer. NS bodi ments ¢ .present
invention, interrupts may be ¢re grmoxsjof theplurality pfinstractions y even

whil e execution still remai nsphyéd Bbéh HBEodeH: @ndupt non- 25 recognition
interval (i.e. as defined by a_predete m ned nunher ructions, clock

) of, iRs
cycles, or nanoseconds) .2 ptatpsflagdopindicatingap e'tmggéﬁﬁf&}a@a, t he
current instruction may be i ngerididiphewithinti detanprocessur, tee status\dgt o

continue apd conplete executign bef ohthdd ke h Bl fairer 308 st

predetermined one of the plurality of instructions .is
decoded before a second predetermined one of the
plurality of instructions is decoded, the status flag being
modified in a second manner if the first predetermined

15 one of the plurality of instructions is not decoded
before the second predetermined one of the plurality of
instructions is decoded.

-

20. The data processor of claim 19 wherein the first manner in which
20 the status flag is modified is the same as the second manner in
which the status flag is modified.

/
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recogni zed. 30 Sonme enbodi nents of the present invention may del ay
the recognition of all interrupts, while alternate enbodi nents of the
present invention nay only delay the recognition of interrupts which are
bel ow a predeterm ned interrupt |evel. Thesgpredeterm ned interrupt |evel
may be specified in any manner. For exanpl €, the predeterm ned interrupt

| evel 35 nmay be specified as part of the delay interrupt recognition
instruction format itself, may be specified by storing a value in a user

programmabl e regi A METHOD ANBPAPPARATUS FORABFEGTING SUBSEQUENDI

integrated circuit - S-gr%lng a

val ue in a nmask progr%ﬁ%mﬁ&@ﬁ§m&ﬂﬁﬁmﬁ erngt)ﬁe enbodi nment ,

the present invention allows a first instruction to change the nmanner in

which a subssequent instruction 5- affects a status flag. In one enbodi ment

of the present i nvention, the exe t n 0 I nterrupt recognition
instruction (1DLY4) illustrated Abstiale Of etle Bistfdslte

A method and apparatus affects subsequent instruction processing
in a data processor (10). In one embodiment, a delay interrupt recognition
10  instruction (IDLY4) is executed by data processor (10) to delay or
conditionally delay interrupt recognition for a controlled interval, either
for a predetermined period of time or for a predetermined number of
instructions, so that a read/modify/write sequence of instructions can be
performed without dedicated instructions which define the modification
15 operation. The IDLY4 instruction may affect the manner in which
subsequent instructions affect a condition bit (38). The condition bit (38)
may thus be used to determine if exception processing occurred during the
interrupt non-recognition interval after execution of the IDLY4
instruction.
20
(FIG. 2 to accompany abstract.)
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in FIG 3 may change the manner in mhlch one or nore subsequent
i‘nstructions affect the condition bit 38 in FIG 2. For exanple, referring
to FIGS. 4-6, in one enbodi ment of the present invention, the IDLY4 10
instruction asserts the condition bit 38. Then if an exception occurs
during any of the four subsequent instructions, the instruction that was
executing when the exception occurred w lkpnegate the condition bit 38.
Thus an instruction that is normally defined to never clear or negate the
condition bit 38 (e.g. a load instruction) may now cl ear the condition code
bit 38 if an 15 ,gxception occurs,during execution of t

when t he | oad in§? Pion IS oneig' hegfour subseq Tﬁ“@faﬁgPﬁgsgﬁ

the IDLY4 instructi]o The IDLY4 instfuction may thus affect t he manner |n
whi ch a subsp S ' . ETTp t he

condi ti on bi thi s manner

sequent i nptructions werp npt executed

is to indicae 20 \that th faur %ik
in an indivifsipl e manner d [ haf Li on prpcessi ng may hpvelaffected a
shared resodrce. Not e t hat the Gf]inptructions illjfstlated in

FIGS. 4-6 al| [ nMEMORY chick| diN Eie(ﬁﬁld)t onfbit 38 to detprn ne if an
exception has R5 been recfived a esspd Huring the fouj npn-exception
processi ng 14 ‘%%iﬁéplz BUS' EéanggL

| ] | INTERFACE /
j E j [_ MODULE F:— >

¢ BUS_20 —\ i

— :

OTHER
MODULES
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instructions after the IDLY4 instruction (i.e. branch to SEQUENCE FAILED if
t'he condition code bit 38 equals zero). If an exception has been received
and processed after the IDLY4 instruction, the "BF'" instruction will branch
to a subroutine of instructions called 30 SEQUENCE_FAI LED, which may be
used to indicate that the four instructions after the IDLY4 instruction
were not executed in an indivisible mann and that the exception
processi ng may have affected a shared resource, such as a senaphore. FIG 4

illustrates a series of i®S&ructions which use the delay 35 interrupt
recognition instruction ( Y4) illustrated in FIG 3 to performa test and
set function. The test aﬁiuﬁﬂ function illustrated in FIG 4 tests a
menory operand to deterrh&i{iif the nenory operand' s present value is al |
zeros, and changes the nmengBy oRerand's value to all ones (i.e. all bits of
t he menory operand are seEﬂEE'Thu the series {f instructions illustrated in
FIG 4 may be used to per®apm a test and set fiunction on a senaphore val ue
stored in nenory. The defay=fmterropr—TCCoyrTiron ;II%LIUbL;UII
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5 (1DLY4) may be used to ensure that the test and set function is performed
I n an indivisible manner so that the semaphore value is not corrupted by a
different task which interrupts the software routine illustrated in FIG 4
bet ween the test operation and the set operation. Note that the instruction
sequence illustrated in FIG 4 actually 10 perforns the set operation
before perform ng the test operation. Thigmés possi bl e because the 1DLY4 -

i nstruction may be used to ensure that. bo the set and test operation wll
be conpl eted before another task is allowed to interrupt, and because the
semaphore value in this case has only two possible values, nanely all ones
or all zerpes. So It the semaphore™s rnitral I5 value was all ones, tne

step of sef tiDhYdhe senaDELAY INTERRUPTCREQOOGNI TEONCINSTRUETEONAl ue. Note

that alterhate instruction sequences which performa test and set function

s ok OBSRAL AN CADSES INTIIHU, T CGEREELONS 725 e GEEAYES: EDRoRHE
Egigﬁghégo1 instructFQbLQMﬂ@“ﬁ)4iINSERUGIEQNSn"FIG. 3 to performan

menory opel ASSEMBEERh regi ster operand" function illustrat éd in FIG 5
effectivel ysywmaes a YpLyg cal l ed "EXCHANGEVALUE" fromits

DESCRIPTION: THE IDLY4 INSTRUCTION CAUSES INTERRUPT RECOGNITION
TO BE POSTPONED FOR FOUR ADDITIONAL INSTRUCTION BOUNDARIES,
THUS ALLOWING AN UNINTERRUPTIBLE INSTRUCTION SEQUENCE TO BE

EXECUTED FOR CRITICAL VARIABLE UPDATES IN A MULTI-TASKING
ENVIRONMENT. |

CONDITION CODE: THE CONDITION BIT 38 IS INITIALLY SET TO 1 BY
EXECUTION OF THE IDLY4 INSTRUCTION. IF AN EXCEPTION OCCURS
DURING THE EXECUTION OF THE FOLLOWING FOUR INSTRUCTIONS
(OTHER THAN A TRACE OR BREAKPOINT EXCEPTION), THE CONDITION

BIT 38 WILL BE CLEARED, ALLOWING FOR DETECTION OF AN
INTERRUPTED SEQUENCE.

RESTRICTIONS: THE INSTRUCTION FOLLOWING AN IDLY4 INSTRUCTION
SHOULD ONLY CONSIST OF SINGLE CYCLE ARITHMETIC OR LOGICAL
INSTRUCTIONS, BRANCH INSTRUCTIONS, AND LOAD OR STORE
INSTRUCTIONS. ALL OTHER INSTRUCTIONS ARE NOT GUARANTEED TO
BE UNINTERRUPTIBLE IN ORDER TO MINIMIZE THE EFFECT ON
MAXIMUM INTERRUPT LATENCY. ANOTHER IDLY4 INSTRUCTION IN THE
SEQUENCE WILL BE TREATED AS A NO OPERATION (NOP) INSTRUCTION.

INSTRUCTION FORMAT:
¥4 ¥ 12 11 10 9 8 7 6 5 4 3 2 1 0
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initfal location in menory, into register RL, and then to the |ocation of
the 25 semaphore value. Note that the location of the semaphore value is
pointed to by a pointer called "SEMAPHORE'. The semaphore value is noved
fromits initial location in nmenory to the register R3. In the particul ar
sequence of instructions illustrated in FIG 5, the final "OR' instruction
perforns no useful operation other than | eting the 30 sequence of four
instructions after the I1DLY4 instruction, and thus discontinuing the del ay
of interrupt recognition. Therefore, the final "OR' instruction has the

sane effect a *ﬁﬁﬁ*ﬁiﬁiﬁﬁ ced with a
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FIG 3 to per [ ent menoify- hased coynt gg'&furcti on. IThe
"increnent ne Rber' funcgcn illusirﬁtg(ﬂ:in FIG 6 Jeffectively
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and then increments the semaphore val ue by addi ng one. Note that the

| ocation of the semaphore value is pointed to by a pointer called
"SEMAPHORE". The increnmented semaphore value is then noved back 5 into its
initial location in nenory fromthe register R3. Wiile the present

I nvention has been illustrated and described with reference to specific
enbodi nents, further nodifications and irggovenents will occur to those
skitled in the art. It is to be understood, therefore, that this invention
is not limted to the particular forms 10 illustrated and that the
appended cl ai [re=—egver—ret=—t— it St GO Si the spirit
and scope of this|invdgntiongo -13- |}n A~netlhod of I ng
subsequent ingdtrudtion prodddsidg i n|a2datla pme®esqor, corprisijng the steps
of : receivingla prledetlggm €@ i st r ugtgzon; de€@i ng Wwie" prledet gr mi ned
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exception which the data processor encounters for a predeterm ned nunber of
i hstructions follow ng the decoding of the predeterm ned instruction;
receiving a second instruction; and based on an execution tinme of the
second instruction, determ ning whether exception processing is to be

real |l oned. 2. The method of claim 1 further conprising the step of:
executing the predeterm ned instruction pgkpr to del ayi ng processing of any
exception. 3. The nethod of claim 1 wherein the step of delaying

processing of an exception further conprises the step of: delaying

processi ng of arng=—eees f our
subsequent instrjuctijons pr fol | pwi ng decodi ng
of the predeternj [ aif|g 1 erein
exception proce i hst@&ict]on is a single
cycle instructign, r pto s| ngl e operand
I nstruction. 5. | Th Waer el B st by dEl ayi ng
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| ptersrupt condition exceptions. 6. A data processor, | np@L Lk -
rm %cg %fb—l \Q}

instruction execution circuitry which executes a predete

“instructions, the predeterm ned set of instructions incl ud| o@FC‘

i nstruction mhlch when executed by the instruction executlon C|rc try,
causes the data processor to conditionajd.y delay processing of !a@ Qf’_)r$errupt

condition associated with operation of the data processor

predet ermi ned nunber of instructions follow ng execution of the at |east

one i nstgucti on, Anghebdfaffdotihgsubsegientinstidtionprdcebying iiedah proteésotiCt i on

which is _bein ocesse within the predetermned nunber of Instructions

fol | ow n§ %R%%ﬂgil}? he at |east one instruction, wherein the type of

i nstruction which \mdeivmauptedeﬂeﬂnnhadalsnudmssor to cease del ayi ng

processi ng of the Iq w Ses an instruction within the

predeterm ned set OPéI nséjﬁugfélac% |cIr?1 I'S ndt a single cycle instruction,

a branch instructi émresponsetesaid decoding delaying procspsingbiithe data processor of an

exception which the data processor encounters for a predetermined

" number of instructions following the decoding of the predetermined
instruction;

receiving a second instruction; and
based on an execution time of the second instruction, determining whether
exception processing is to be reallowed.

2. The method of claim 1 further comprising the step of:
executing the predetermined instruction prior to delaying processing of any
‘exception.

3. The method of claim 1 wherein the step of delaying processing of an exception
further comprises the step of:
delaying processing of any exception until completion of execution of four
subsequent instructions processed by the data processor following
decoding of the predetermined instruction.

4. The method of claim 1 wherein exception processing is not reallowed if the second
instruction is a single cycle instruction, a branch instruction or a load or store single operand
instruction. '

5. The method of claim 1 wherein the step of delaying processiﬁg by the data processor of
any exception further comprises the step of delaying processing in response to only
interrupt condition exceptions. '

6. A data processor, comprising: .
instruction execution circuitry which executes a predetermined set of .
instructions, the predetermined set of instructions including at least one
instruction which, when executed by the instruction execution
REPLACEMENT SH EET circuitry, causes the data processor to conditionally delay processing of
an interrupt condition associated with operation of the data processor
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instruction. 7. The data processor of claim6 wherein the predeterm ned
nunber of instructions for which the data processor delays recognition of
an interrupt condition is user programmable by a user of the data
processor. 8. The data processor of claim®6 wherein the predetern ned
nunber of instructions is permanently fjgxed at a value of four. 9. A data
processor of claim6 wherein the at |east one instruction has a mmenonic
“MDLY4". 10. The data processor of claim6 wherein execution of the at

I _efllst bonte i n;st auct i on dftriafigedbteraynad mmsises bfipstriictions foltosving pxecotion of then

W e treated as a no eration instryctd on. I of
claim6 wherein the del ﬁﬁg?séo’é%m*’?‘%’r?&f%dﬁ%gge%%ﬁéﬁgngﬁﬁgﬁwggﬁy

i nst LUCt i on C]YCI es t hat imtructivnewhickis teingiprocessedhwithindbeipredetaymained pumber ¢ i on
to the type of instructj ' ' ' lchdtiofe ifdBruct

predet erm ned nunber of bf@gﬁﬂl}fg@? gﬂ}s%%%#&g,&ﬁgﬁggawgggggr - of c%(lméi m 6
~further conprisi ngwherein the e of dnstmction whichavill cguse the dafa PEVGESTPE L0 PRASF ¢
state by the data DI Oceagyin _%be&iﬂ%]@ﬂthbﬁﬁ&&umendiﬂaﬁmpﬁ@@ahsnmﬁoﬁed.
13. T_he data processor of ¢l |m§q1d§ er mgghe status jnd.cator.further -
conprises a condition cyd@mn g mﬁ\?ﬁﬁﬁt Wﬁ?qso\pgﬁlﬁﬂgsqq{&sq C&¥Cto
the predeterm ned | ogi Cinstruction, a branch instruction or a load or store single operand

instruction.

7. The data processor of claim 6 wherein the predetermined number of instructions for
which the data processor delays recognition of an interrupt condition is user
programmable by a user of the data processor.

8.  The data processor of claim 6 wherein the predetermined number of instructions is
permanently fixed at a value of four.

9. A data processor of claim 6 wherein the at least one instruction has a mnemonic
“IDLY4”.

10. The data processor of claim 6 wherein execution of the at least one instruction during
delay processing of an interrupt condition will be treated as a no operation instruction.

11. The data processor of claim 6 wherein the delay is additionally made conditional on
how many instruction cycles that an interrupt condition has been delayed in addition
to the type of instruction which is being processed within the predetermined number
of instructions. '

12. The data processor of claim 6 further comprising:
a status indicator is set to a predetermined logic state by the data processor
when the at least one instruction is executed.

13. The data processor of claim 12 wherein the status indicator further comprises a
condition code register having a condition bit that is set to the predetermined logic
state when the at least one instruction is executed. :
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state when the at | east one instruction is executed. 14. A data
processor, conprising: a timer for determ ning passage of a predeterm ned
time interval; instruction execution circuitry which executes a

predeterm ned set of instructions, the predeterm ned set of instructions

i ncluding at | east one instruction whicfs. when executed by the instruction
. execution circuitry, causes the data processor to delay recognition of an
interrupt condition associated with operation of the data processor for the
predet er m.ned datarotesb@| verhpriisthg:owi ng executlon of the at |east one

I nstruction; and oy e n cognition of
the interrupt cond® t?ﬂnbeﬁ? ‘F'Drr' """"ﬁ%?‘?f% efi% S “g‘ﬁéﬁé lﬂ?‘f’@g tinme
“interval, the over msﬂun@om@mutmmron&tanwhnh egecutesracpredeternpnestizet of ni ned set
of multiple cycle instr

P y e tu Wgﬁ&{%%g@nﬂ%‘d sk ihdtfuchb gﬁpiﬂlg'h‘%‘i'ea%i&%

interval and the predetermne as trans I re
predeterni ned ni ni num adistretion whichewhen executed by the 1nstruct10n execution

circuitry, causes the data processor to delay recognition of an interrupt |

condition associated with-operation of the data processor for the
predetermined time interval following execution of the at least one
instruction; and

override circuitry for overriding delaying recognition of the interrupt condition
before expiration of the predetermined time interval, the overriding
occurring when one or more of a predetermined set of multiple cycle
instructions is decoded during the predetermined time interval and the
predetermined time interval has transpired for a predetermined
minimum amount of time.

15. The data processor of claim 14 wherein the predetermined time interval is based on
clock cycles.

16. The data processor of claim 14 wherein the instruction execution circuitry further
comprises: '
a condition code register having a condition bit which is settoa predetermined
logic state to indicate that servicing of an exception condition was
allowed to occur.

17. A data processor, comprising:

a timer for determining passage of a predetermined time interval; and

instruction execution circuitry which executes a predetermined set of
instructions, the predetermined set of instructions including at least one
instruction which, when executed by the instruction execution
circuitry, causes the data processor to conditionally delay recognition
of an interrupt condition associated with operation of the data
processor for the predetermined time interval following execution of
the at least one instruction, the delay in recognizing an interrupt
condition being made conditional by type of instruction being
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15. The data processor of claim 14 wherein the predetermned tine interval
is based on clock cycles. 16. The data processor of claim 14 wherein the
instruction execution circuitry further conprises: a condition code

regi ster having a condition bit which is - set to a predetermned |logic state
to indicate that servicing of an exceptign condition was allowed to occur.
17. A data processor, conprising: a tinmer for determ ning passage of a
predetermned tine interval; and instruction execution circuitry which
execut es a predet er m negréuebsediduting theiprédedstminéd ime tetohlefollowiig exetutivh
instructions including a&. I eqﬁt one .i%@t .uction which, when executed by the
i nstruction execution c® glﬁ ??s e fi® data processor to conditionally
del ay recogniti on ofthessin thettgpe ofinstruetion pravessed daring thegredetérnmipet tithe on  of
the data processor for t edet erm .4 | / oY) ion
of the at |east one ins%ﬁvﬁgﬂm%g%ﬁ%éﬁu?g%%%@fﬁ fﬁg&%%ﬁ%&ﬁ?’gi%%
condi tion bei ng made cordiinstyation withinthe predetermimed setiof instrairtiens which is not

a single cycle instruction, a branch instruction or a load or store single

operand instruction.

18. The data processor of claim 17 wherein the instruction execution circuitry further
comprises:

a condition code register having a condition bit which is set to a predetermined logic state to
indicate that servicing of an exception condition was allowed to occur.
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-16- -processed during the predetermned tinme interval follow ng execution
of the at | east one instruction, wherein the type of instruction processed
during the predeterm ned tine interval which may override continued del ayed
recognition conprises an instruction within the predeterm ned set of
instructions which is not a single cycle~l#frstruction, a branch instruction
or a load or store single operand instruction. 18. The data processor of
claim 17 wherein the instruction execution circuitry further conprises: a
condition code regj Vi [ 1] |t | | F

predet erm ned | o&%ﬁﬁﬁﬁn&?@%&%égéﬁﬁﬁlﬁ SMQ%W

condi tion was al | oweINSTRUCTION PROCESSING IN A DATA PROCESSOR

5 _
Abstract of the Disclosure

A method and apparatus affects subsequent instruction processing
in a data processor (10). In one embodiment, a delay interrupt recognition
10  instruction (IDLY4) is executed by data processor (10) to delay or
conditionally delay interrupt recognition for a controlled interval, either
for a predetermined period of time or for a predetermined number of
instructions, so that a read/modify/write sequence of instructions can be
performed without dedicated instructions which define the modification
15 operation. The IDLY4 instruction may affect the manner in which |
subsequent instructions affect a condition bit (38). The condition bit (38)
may thus be used to determine if exception processing occurred during the
interrupt non-recognition interval after execution of the IDLY4
instruction.
20
(FIG. 2 to accompany abstract.)
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