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fetch and decode the first instruction of the interrupt service routine
before execution can begin. Pro- Technical Field
cessor efficiency is reduced because the processor Is forced to remain idle
during change of flow operations This invention relates generally to data
proces-   5   caused by the program counter substitution. Finally, sing
circuitry, and more particularly, to the execution  delay is encountered
when executing the RTI instruc- of interrupts in a data processor.
tion due to time required to restore the processor's previous status
conditions and effect the change of Background Art
flow to the normal instruction stream. 10      Others have minimized
overhead associated with Data processors are typically asynchronously
this method of interrupt processing by reducing the interrupted by
peripheral devices during the execution  number of registers saved when
interrupts occur. of sequences of program steps. Interrupt requests are
Others have simplified the steps required to obtain the commonly handled by
one of two ways or variations  starting address of the interrupt service
routine. thereof. A first method commonly implemented by   15  Instead of
using a scheme to calculate the address of processors is a vectored
interrupt with program    the interrupt service routine, others have stored
the counter substitution. In this method, an interrupt  starting address in
a fixed location in program memory request is not serviced Immediately but
is made pend-  or simply forced the processor to immediately jump to ing
until the occurrence of an instruction execution  a fixed location.
Although such techniques minimize boundary. Therefore, the current
instruction is  20  interrupt overhead, inefficiency still exists.
Instruction assured of completing execution before servicing the  fetch,
decode and execution mechanisms In modem interrupt. At the instruction
boundary, the contents of  processors are often pipelined so that
Instruction pre- a program counter contains a return address which  fetch
mechanisms can be overlapped with instruction points to the next
instruction that would normally be  execution to fetch and decode
instructions in adv- executed if no interrupt occurred. The return address
25  ance. As a result, the instruction pipeline is normally and varying
amounts of other information are then  full when an interrupt request is
received. Therefore, automatically saved in a stack memory. Other infor-
instructions in the pipeline have to be discarded upon mation which may be
saved includes condition code  execution of an interrupt and delay is
encountered registers, data registers and address registers. A  with an
Instruction fetch, decode and execution at a starting address of the
interrupt service routine Is then   so  different address associated with
an interrupt service substituted for the previous program counter to effect
routine. This change of flow operation causes lost a change of flow to the
interrupt service routine. The  execution cycles in pipelined data
processors. substitute value for the program counter may be gen-   A second
common method of executing Interrupts erated in various ways. A common
approach Is for the  is known as instruction jamming. In this method, an
processor to generate an interrupt acknowledge sig-  35  interrupt request
is not serviced immediately but is nal. In response to the interrupt
acknowledge signal,  made pending until an instruction execution bound- the
interrupting peripheral provides an Interruptvector  ary. Upon completion
of the current instruction, the number which directs the processor to look
up a start-  processor provides an interrupt acknowledge signal ing address
of the interrupt service routine in a mem-  to a peripheral device. In
response, the peripheral ory table. The starting address of the interrupt
service   40  device which is requesting the interrupt provides a routine
is loaded Into the program counterand the first  single instruction such as
a jump to subroutine instruction of the interrupt routine is fetched,
decoded  instruction which is jammed into an Instruction regis- and
executed by the processor. Execution of a return  ter. The execution of the
jump to subroutine instruc- from interrupt (RTI) instruction completesthe
interrupt  tion loads the program counter with the starting service
routine. The RTI Instruction effects restoration   45  address of the
interrupt service routine. Upon comple- of the previous status of the
processor and reloads the  tion of the interrupt service routine, an RTI
instruction program counter with the return address before nor-  would load
the return address back into the program mal program execution is resumed.
counter. If the jammed instruction is not a jump to sub- The previously
described method of interrupt    routine instruction, the jammed
instruction will exec- execution is slow because of the existence of  50
ute as a single instruction service routine with an additional overhead
cycles required to process the  implied return from interrupt (RTI). During
instruction interrupt. An uncertain amount of delay in servicing an
jamming, the old contents of the program counter are interrupt is always
encountered waiting forthe current  temporarily held constant This allows
the normal pro- instruction to complete execution. Determination of an
gram to continue execution without a return address. initial Interrupt
address is also inefficient because of  55  In the instruction jamming
technique, the pro- the time required to retrieve interrupt vector infor-
cessor waits until the current instruction completes mation. Further, after
a starting address has been  execution before the interrupt acknowledge
signal loaded into a program counter, time is required to  fetches the
jammed interrupt service routine instruc- 2    
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also waits until the end of execu-  instructions complete execution and
before the pre- tion of the jammed Interrupt service routine instruction
fetched interrupt instruction or instructions are before fetching the next
instruction of the normal pro-  decoded to determine whether a most
recently pre- gram. Both of these change of flow operations result  fetched
interrupt instruction is a multiple word instruc- in wasted overhead
cycles. Further, In an instruction   5   tion which is not completely
prefetched. jamming interrupt system, the Interrupting peripheral  These
and other objects, features and advan- device must be designed for the
specific processor in  tages will be more clearly understood from the
follow- order to provide a valid jammed interrupt instruction  ing detailed
description taken In conjunction with the with correct electrical timing.
This limits the compati-  accompanying drawings. bility of some
commercially available processors with  10 various peripherals.
Brief Description of the Drawings Brief Description of the Invention
FIG. 1 illustrates in tabular form the flow of instruction processing in a
known data processor; Accordingly, an object of the present invention is
15  FIG. 2 illustrates in tabular form the flow of to provide a data
processor with improved interrupt    instruction processing in another
known data pro- service.
cessor, Another object of the present invention is to pro-  FIG. 3
illustrates in tabular form the flow of vide an improved means of
interrupting the execution   instruction processing in yet another known
data of a data processor program to service a requesting   20  processor;
device.                                                FIG. 4 Illustrates
In block diagram form a data pro- According to the invention, there is
provided a     cessor using instruction prefetch redirection in method for
eliminating execution cycles in a data pro-  accordance with the present
invention; and cessing system as defined in claim 1 and a data pro-   FIG.
5 illustrates in tabular form the flow of cessor control unit as defined in
claim 4.     25      Instruction processing in the data processorof the The
Invention provides an improved means to         present invention. minimise
overhead execution cycles lost in a data pro- cessorwhen fetching and
decoding instructions while  Detailed Description of the Invention
interrupting and returning to a main program being executed by the data
processor.                30      Shown in FIG. 1 is an instruction flow
diagram of As defined in the claims, and without prejudice to  a known data
processor without instruction prefetch- the scope thereof, the invention
provides, in one form,  ing used in many commercially available data
proces- a control unit for providing instructions to a data pro-  sors.
Eighteen instruction cycles are illustrated in cessor for execution. The
control unit selectively pro-  which an interrupt instruction, i, is
executed during the vides prefetched normal Instructions in an absence of
35  execution of instructions n-1, n, n+1 and n+2. An inter- an interrupt
request from a peripheral device. A pre-  rupt request may be received from
a peripheral device determined number of prefetched interrupt Instruc-  at
any time during the execution of normal program tions are provided in
response to an interrupt request.  instructions. For purpose of
Illustration only, assume The prefetched instructions are decoded before
being  that at some point during the execution cycle of provided to the
data processor. Likewise the invention   40  instruction n (instruction
cycle six) an interrupt provides, a method to eliminate overhead execution
request is received. The data processor system of cycles in which no
instructions are being executed by  FIG. I functions In a mannerso that
interrupt requests the data processor. The overhead is associated with  are
made pending until the beginning of an instruction interrupting instruction
flow to execute an interrupt  execution boundary so that completion of a
current service routine in response to an interrupt request A   45
instruction execution is guaranteed. Servicing inter- request is received
by Interrupt control circuitry to  rupts at instruction cycle boundaries
allows the state interrupt normal Instruction flow from the control unit
of the processor to be defined at the end of each to the data processor.
Normal instruction prefetches  instruction. A known machine state also
simplifies the are redirected to provide at least one interrupt instruc-
information which has to be saved before an interrupt tion prefetch. The
interrupt instruction prefetch or pre-  50  is serviced. However, several
cycles of delay may fetches are initiated before the prefetched normal
exist before an interrupt request is actually ack- instructions complete
execution and before decoding  nowledged. Associated with each instruction
are whether a most recently prefetched normal Instruction  three distinct
operations which are a fetch, a decode Is a multiple word Instruction which
is not completely  and an execute operation. As can be readily seen, for
prefetched. The interrupt instruction prefetch is then  55   each cycle in
which an instruction is executed, there redirected to continue providing
normal instruction  are two cycles, each marked by an "X", during which
prefetches. The normal instruction prefetches are   no instruction
execution is taking place. Delay is also initiated before the prefetched
interrupt instruction or  encountered In interrupt execution resulting from
3    5                   EP 0 247 175 B1                     6 



fetching an interrupt starting address or vector num-  device occurs at
some point in time during the execu- bercorresponding to the interrupt
program to be exec-   tion cycle of instruction n (fourth instruction
cycle), uted (not shown in FIG. 1). During each Idle execution  Again, an
interrupt instruction is not fetched cycle represented by an "X", either a
fetch of an    Immediately but is fetched after completion of the cur-
upcoming instruction is occurring or a decode of an   5   rent instruction.
By having a prefetching capability, an upcoming instruction is being
performed. Interrupt  instruction can be executed while another instruction
instructions (i) and return from interrupts (RTI) are  is being decoded
while yet another instruction is being typically processed by the machine
In the same man-  fetched. However, in the cycles when thefirst interrupt
ner as all other normal program instructions. In add-  Instruction is
fetched and decoded, no instruction may tion to delays associated with
interrupt requests, the   10  be executed. As a result, a total of four
cycles exist data processor of FIG. 1 has two cycles of overhead  around an
interrupt instruction execution during which associated with every
execution cycle and is ext-  no instruction execution occurs. Instruction
prefetch- remely inefficient.                                ing is not
effective at eliminating overhead cycles dur- Shown in FIG. 2 is an
instruction flow diagram of  ing change of flow  operations. Nevertheless,
another known data processor without instruction pre-  15  instruction
prefetching substantially reduces the num- fetching using a different
interrupt technique known  ber of instruction cycles required to perform
the same as instruction jamming interrupts. As can be readily  number of
instructions as required by the processors seen, with instruction jamming
only fifteen instruction  of FIGS. 1 and 2. cycles are required to perform
the same number of      Shown in FIG. 4 is a program control unit 10 for
program Instructions and an interrupt instruction   20  a date processor in
accordance with the present which are performed in eighteen instruction
cycles in  invention. A program counter 14 has a first terminal FIG. 1. For
purposes of illustration only, assume that  coupled to an inputof a program
memory 15 via a pro- an asynchronous interrupt request is received at
gram address bus 16. Program memory 15 has an some time during the
execution cycle of instruction n  output coupled to a first Input of a
prefetch register 18 (sixth instruction cycle). Again, an interrupt request
is  25  via a program data bus 19. A first output of prefetch made pending
until the end of execution of the current  register 18 is connected to a
first input of an instruc- instruction. In processors using instruction
jamming,  tion decoder 22. An output of instruction decoder 22 an
Interrupting peripheral must place a valid instruc-  is connected to. a
first input of an Instruction register tion into an instruction registerof
the processor to jam  24. A second output of prefetch register 18 is
connec- an interrupt instruction into the processor. The pro-  30  ted to
second inputs of both instruction decoder 22 cessorwould acknowledge the
peripheral device with  and instruction register 24. A control output of
instruc- an interrupting status code. Therefore, the interrupt-  tion
register 24 Is connected to a first Input of program Ing peripheral must be
processor specific. Although  counter 14. A stack memory register 26 has an
only one instruction Is executed every three instruc-  input/output
terminal connected to a first input/output tion cycles, no return from
interrupt instruction has to  35  terminal of program counter 14. A second
input of pro- be executed when an interrupt instruction is jammed  gram
counter 14 is connected to both an input of an into an instruction
register. Therefore, three less  incrementer circuit 28 and program address
bus 16. cycles are required to execute the same number of  An output of
incrementer circuit 28 is connected to a instructions as compared to the
processor of FIG. 1.  first input of a prefetch counter 30. An output of
pre- However, overhead cycles also exist in this technique   40  fetch
counter30 is connected to program address bus because an interrupt
instruction is not fetched and  16. An Interrupt request signal is coupled
to an input decoded until an instruction cycle boundary, and a  of an
interrupt prefetch control circuit 34 and to a first normal program
instruction is not fetched and     Input of an interrupt address generator
circuit 36. An decoded until completion of the interrupt service  output of
interrupt prefetch control circuit 34 provides routine.
45  an interrupt fetch signal and is connected to a second Shown in FIG. 3
is a low diagram of yet another  input of interrupt address generator
circuit 36, to a type of known data processors having an instruction
second input of prefetch counter 30 and to a second pipeline architecture
with prefetching of instructions.  input of a prefetch register 18. In the
data processor of FIG. 3, instructions are pre-  In operation, initially
consider control unit 10 func- fetched so that the instructions are
available at the   50  toning without interrupt requests. Instruction
register time the instruction needs to be decoded. The pre-  24 stores an
instruction awaiting execution by the fetching technique eliminates the
delay associated  data processor which is the next instruction to be with
fetching and decoding of instructions. This   executed by the data
processor. Program counter 14 assumes that instructions are executed in
sequence.  functions to store and couple an Instruction address Only twelve
instruction cycles are required to execute  55  for an instruction
immediately successive to the the same number of instructions executed by
each of  instruction in instruction register 24 to program mem- the
processors of FIGS. 1 and 2. For purpose of illus-  ory 15 via program
address bus 16. Program memory tration, assume an interrupt request from a
peripheral  15 is a memory which provides program instructions 4    7
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to be executed by the data processor corresponding  vided addressesfor has
actually beenrequested.The to program addresses. Stack 26 is a storage
register  interrupt fetch signal actually controls when interrupt which can
selectively store and provide the address  address generator 36 is allowed
to provide interrupt contents of program counter 14. Prefetch counter 30
addresses to program address bus 16. The interrupt functions in a manner
analogous to program counter   5   fetch signal also disables prefetch
counter 30 from 14 except prefetch counter 30 points to one instruc-
providing instruction addresses to program address tion address ahead of
program counter 14 and func-  bus 16 when interrupt address generator 36 is
acti- tions to provide an instruction address to program  vated. memory 15
on the program address bus 16. When the     A predetermined number of
Interrupt instruction prefetch counter 30 couples the next instruction
fetch  10  addresses may be jammed into the instruction stream address to
program memory 15 via address bus 16,   via program address bus 16 and
program memory 15. prefetch counter 30 simultaneously couples the next
Even though Interrupt addresses are actually being instruction fetch
address to both program counter 14  provided by interrupt address generator
36, several and incrementer 28 via address bus 16. Incrementer
Instructions may be executed by the data processor 28 Increments the
fetched instruction address by one   15  before the interrupt routine
execution begins due to and couples the incremented instruction address to
the time required to fetch and decode the interrupt prefetch counter 30
which is updated. In this way, pre-  Instruction. Interrupt prefetch
control circuit 34 and fetch counter 30 functions to always point to two
interrupt address generator circuit 36 can selectively instruction
addresses in advance of the instruction  jam a predetermined numberof
instruction addresses being executed by the data processor. Prefetch  20
required to service any type of interrupt into the counter 30 is the normal
source of instruction fetch  instruction stream. As the interrupt addresses
are addresses when instructions are processed in sequ-  jammed into the
instruction stream and coupled to ence. Program counter 14 is an alternate
source of  instruction register 24, the contents of program instruction
fetch addresses when change of flow oper-  counter 14are held constant by a
hold signal provided ation occur. Therefore, before an instruction is
stored   25  by instruction register 24 In response to an interrupt by
Instruction register 24, instructions from program  signal. It should be
noted that program counter 14 Is memory 15 are coupled to prefetch register
18 and  not held constant immediately after receipt of an Inter-
instruction decoder 22. Prefetch register 18 and   rupt request signal but
continues to increment and be instruction decoder 22 function In
conjunction to  processed by instructions until the end of the last
selectively store and couple a decoded instruction to  30  instruction
before execution of the interrupt routine. instruction register 24. In this
manner, control unit 10  The Interrupt fetch signal also functions to
indicate functions to process and provide instructions of a pre-  that the
Instruction in prefetch register 18 is an inter- determined program for
execution by a data pro-    rupt instruction. Both the contents of the
interrupt cessor.                                            instruction
and the interrupt signal indication are Assume now that a peripheral device
which is  35  coupled to instruction decoder 22 and then to instruc-
coupled to the data processor desires to interrupt the  tion register 24.
Upon receipt of the interrupt signal, data processor operation to request
service from the  instruction register 24 provides the hold signal to pro-
data processor. The peripheral device provides an  gram counter 14. As soon
as the interrupt address or interrupt request signal which is coupled to
both inter-  addresses have been provided by address generator rupt
prefetch control circuit 34 and interrupt address  40  36, the Interrupt
fetch signal disables address generator circuit 36. Interrupt prefetch
control circuit  generator 36 and enables prefetch counter 30. Once 34
functions to recognize the interrupt request of a  the interrupt routine
has finished execution, prefetch peripheral device and to effect a
redirection of the  counter 30 will be pointing toward the next instruction
fetching of instructions performed by prefetch counter  in the normal
program which will continue being pro- 30. Interrupt prefetch control
circuit 34 accomplises   45  cessed by the data processor. Prefetch counter
30 is this function by providing an interrupt fetch signal  again allowed
to provide normal program instruction which effects a fetch redirection for
a predetermined  addresses from program address bus 16 and program number
of instruction word fetches and controls the  counter 14 no longer has the
value stored therein prefetching mechanism. The interrupt fetch signal is
held. coupled to interrupt address generator 36, to prefetch   50  Each of
the circuits forming control unit 10 of FIG. counter 30 and to prefetch
register 18. In response to  4 may be readily implemented with known
commer- both the interrupt request signal and the interrupt  cially
available circuits. Interrupt prefetch control cir- fetch signal,
Interruptaddress generator36 generates  cult 34 may be implemented in many
ways. Control interrupt addresses indicating where the interrupt  circuit
34 could bedesigned to temporarily redirect the instruction or instructions
reside in program memory  55  instruction fetch stream for a fixed number
of fetch 15. The interrupt request signal indicates to Interrupt  cycles
such as one or two. Control circuit 34 could address generator 36 which one
of the interrupt    also be implemented using registers so that for each
routines which address generator 36 has been pro-  interrupt a
predetermined number of fetches could be    9                   EP 0 247175
B1                   10 programmed. Alternatively, counters could be used
in  cations which require instruction word sizes greater 



control circuit 34 to count a predetermined number of  than two, additional
storage registers may be pro- interrupt Instruction fetches. Many other
ways may be  vided in the instruction pipeline. provided to provide the
described functions required    Secondly, all the instructions which are
proces- of control circuit 34 and address generator 36.  5   sed typically
have an op code portion and an infor- Shown in FIG. 5 is an example flow
diagram of   mation portion. The op code portion is always present
instruction cycle execution using control unit 10 of  in the first word of
the instruction. The information por- FIG. 4. As can be readily noted, a
plurality of succes-  tion is contained in the first instruction word and
fol- sive instructions may be executed between an inter-  lowing
instruction words, if any. The instruction rupt request which occurs at
some point during the   10  register 24 must determine whether an op code
pre- execution cycle of instruction n (instruction cycle  sent in the
instruction register should start execution four). Unlike previous
circuits, the present Invention  or be aborted. The instruction register 24
receives the functions to execute normal program instructions and  decoded
instruction length from instruction decoder asynchronous interrupt requests
without losing any  22 and an indication of the presence of an interrupt
cycles as overhead. When an interrupt request is rec-  15  Instruction in
prefetch register 18 via the interrupt sig- ognized by control unit 10,
control unit 10 immediately  nal from the prefetch register 18. If the
instruction is redirects the instruction fetching without waiting until
completely contained in instruction register 24, the the end of an
instruction boundary. Similarly, upon  instruction may start execution. If
the instruction is not completion of the fetches of the interrupt service
completely contained in instruction register 24 and routine, the
instruction fetch stream is immediately  20  requires a following
instruction word from prefetch redirected and normal program  instructions
are     register 18, the interrupt signal from prefetch register fetched
and decoded before completion of the inter-  18 indicates whether the
prefetch register 18 contains ruptservice routine. Since instruction
address fetches  the following instruction word. If the interrupt signal
are not effected on instruction boundaries, overhead  indicates a normal
instruction fetch, the new instruc- associated with waiting until current
instruction   25  tion may start execution since all instruction words
execution is complete before beginning interrupt ser-  have been fetched.
If the interrupt signal indicates an vising is minimized.
interrupt instruction fetch, the new instruction must be Overhead has been
eliminated by the present     aborted and the first instruction word
refetched after invention due largely to the fact that instruction pre-
the interrupt instruction fetches are completed. In this fetches may be
performed withoutwaiting for comple-  30   example, to refetch the aborted
instruction word pro- tion of a currently executing instruction. Since
gram counter 14 would be used instead of prefetch interrupt instructions
are jammed into the pipelined  counter 30 for the first normal instruction
fetch. The instruction stream as soon as possible after an inter-  aborted
instruction causes one lost execution cycle rupt request, some necessary
constraints on circuit  but has negligible affect on performance because
operation exists. It should be readily understood that  35   most
instructions are only one word in length. If all the constraints are
dependent to a large degree upon  instructions are one word In length,
instructions are the particular circuitry chosen to implement the pre-
never aborted. sent invention and the contraints may therefore vary
Thirdly, assume now that some of the instructions accordingly.
which occur in the normal instruction stream are Firstly, In order to
guarantee that a currently  40   change of flow instructions which cause
the instruc- executing instruction is able to complete execution  tion flow
to change direction. For example, a change without a portion of the
instruction being left unexec-  of flow instruction may cause program
execution to uted or lost, all instructions must have a word size no  jump
to a predetermined subroutine In program mem- larger than the number of
registers placed in the   ory 15. A change of flow instruction typically
causes Instruction pipeline between program memory 1 5 and   45  the data
processor to discard the contents of prefetch the data processor. This
guarantees that any instruc-  register 18 and to couple a jump address to
program tion which has started execution will complete execu-  counter 14
via program address bus 16. Whether or tion because all of the instruction
fetches for that  not an instruction is a change of flow instruction or a
instruction have already been made. In the illustrated  normal Instruction
may be readily determined from the form of control unit 10, the number of
registers be-  so   op code portion of the instruction by instruction tween
program memory 15 and the data processor is   decoder 22. If an interrupt
signal is received by two represented by registers 18 and 24. Therefore, no
instruction register 24 when a change of flow Instruc- instruction
processed by control unit 10 may be larger  tion is in instruction register
24, the contents of pre- than two words in size. However, this Instruction
size  fetch register 18 may not be discarded as previously limitation is
not significant in data processors such as  55   described for normal
instruction processing. Other- microprocessors (MPU), reduced instruction
set com-  wise, the interrupt instruction present in prefetch regi- puters
(RISC) or digital signal processors (DSP)    ster 18 may be permanently
discarded and an which typically use single word instructions. For appli-
interrupt request ignored. 6    11              EP 0247175 B1
12 Lastly, change of flow instructions such as a jump  tion prefetch
immediately after the at least one 



to subroutine may also occur in the interrupt Instruc-  instruction cycle
duration of the control signal (Hold) tion stream. In a preferred form, the
number of inter-  to continue providing normal Instruction prefetches, rupt
fetches is typically only one or two fetches. This  said normal Instruction
prefetches being initiated bef- allows a fast interrupt service routine
where one   5   ore said at least one prefetched interrupt Instruction
instruction suffices to service the interrupting    completes execution.
peripheral. For longer interrupt service routines, a   2. The method of
claim 1 further characterised by: jump to subroutine instruction is placed
as the first    Initiating the at least one Interrupt instruction
instruction In the interrupt instruction stream. This  prefetch before
decoding whether a most recently causes a change of flow to a longer
interrupt service  10  prefetched normal instruction Is a multiple word
routine which is executed as a normal Instruction  instruction which is not
completely prefetched. stream. If the instruction op code present in
instruction  3. The method of claim 1 further characterised by: register 24
is a change of flow instruction and it is also  initiating said normal
instruction prefetches an interrupt instruction, the contents of prefetch
regi-  before decoding whether a most recently prefetched ster 18 may be
discarded if the prefetch register con-  15  interrupt instruction is a
multiple word instruction tains a normal instruction. If prefetch register
18  which Is not completely prefetched. contains an interrupt Instruction,
the contents of pre-  4. A data processor control unit (10) for providing
fetch register 18 may not be discarded. As previously  prefetched normal
instructions for execution bya data discussed, this insures that Interrupt
requests are not  processor which can be interrupted by an interrupt
discarded.                                     20  request signal to
provide at least one prefetched inter- By now it should be apparent that a
control unit for  rupt Instruction while minimising instruction execution a
processor which minimizes overhead has been pro-   cycles lost as overhead
during an interrupt, compris- vided. The control processor effects maximum
utill-  ing: zation of the functions of an associated processor       a
program address bus (16) forcommunicating during each instruction cycle. As
such, a very fast  25  normal instruction addresses and interrupt
instruction interrupt service for use with one word or two word  addresses;
instruction sets commonly used by MPU, RISC and          program address
storage means (14) coupled DSP data processors can be efficiently
implemented.  to the program address bus (16)  for selectively receiv- ing,
storing and providing normal instruction addres- 30  ses; Claims
prefetch address storage means (30) coupled to the program address bus (16)
for selectively storing 1. In a data processing system having a data pro-
and providing normal instruction addresses; cessor for executing
instructions and a control unit     incrementer means (28) having an input
coup- (10) for providing said instructions to the data pro-  35  led to the
program address bus ( 16) and cessor, said control unit (10) selectively
providing pre-  an output coupled to the prefetch address stor- fetched
normal instructions in an absence of an     age manes (30) for selectively
incrementing instruc- interrupt request from a peripheral device and provi-
tion addresses stored by the prefetch address storage ding prefetched
interrupt instructions in response to  means (30) to a successive
instruction address; an Interrupt request, a method for eliminating execu-
40  said data processor control unit (10) being tion cycles in which no
instructions are being exec-  characterised by: uted  by the data processor
associated with              interrupt control means (34) for providing an
interrupting instruction flow to execute an interrupt  Interrupt fetch
control signal in response to detecting service routine in response to an
interrupt request,  the Interrupt request signal and before decoding
wherein a request from the peripheral device to inter-  45  whether a most
recently prefetched normal instruction rupt normal instruction flow from
the control unit to the  is a multiple word Instruction which is not
completely data processor is detected, said method character-  prefetched,
said interrupt fetch control signal control- ised by:
ling when a predetermined interrupt address or providing a control signal
(Hold) for duration of  addresses of at least one instruction cycle in
response to the  50    a plurality of interrupt addresses Is provided to
request to interrupt normal instruction flow;       the program address bus
( 16); redirecting normal instruction prefetches for      interrupt address
means (36) coupled to both the at least one instruction cycle in response
to the  the program address bus (16) and interrupt control control signal
(Hold) to provide at least one interrupt  means (34) for selectively
providing a predetermined Instruction prefetch, said at least one interrupt
instruc-  55  interrupt address or addresses of a plurality of the tion
prefetch being initiated before said prefetched  interrupt addresses to the
program address bus (16) normal instruction's complete execution; and
In response to both the interrupt request signal and redirecting said at
least one interrupt instruc-  the Interrupt fetch signal; 7    11
EP 0 247175 B1                  12 Lastly, change of flow instructions such
as a jump  tion prefetch immediately after the at least one 



to subroutine may also occur in the interrupt instruc-  instruction cycle
duration of the control signal (Hold) tion stream. In a preferred form, the
number of inter-  to continue providing normal instruction prefetches, rupt
fetches is typically only one or two fetches. This  said normal instruction
prefetches being initiated bef- allows a fast interrupt service routine
where one   5   ore said at least one prefetched interrupt instruction
instruction suffices to service the interrupting    completes execution.
peripheral. For longer interrupt service routines, a   2. The method of
claim 1 further characterised by: jump to subroutine instruction is placed
as the first    initiating the at least one interrupt instruction
instruction in the interrupt instruction stream. This  prefetch before
decoding whether a most recently causes a change of low to a longer
interrupt service  10  prefetched normal instruction is a multiple word
routine which is executed as a normal instruction  instruction which is not
completely prefetched. stream. If the instruction op code presentin
instruction  3. The method of claim I further characterised by: register 24
Is a change of flow Instruction and It is also  Initiating said normal
Instruction prefetches an Interrupt Instruction, the contents of prefetch
regi-  before decoding whether a most recently prefetched ster 18 may be
discarded if the prefetch register con-  15  interrupt instruction is a
multiple word instruction tains a normal instruction. If prefetch register
18  which is not completely prefetched. contains an interrupt instruction,
the contents of pre-  4. A data processor control unit (10) for providing
fetch register 18 may not be discarded. As previously  prefetched normal
instructions for execution by a data discussed, this insures that interrupt
requests are not  processor which can be interrupted by an interrupt
discarded.                                     20  request signal to
provide at least one prefetched inter- By now it should be apparent thata
control unit for  rupt instruction while minimising instruction execution a
processor which minimizes overhead has been pro-   cycles lost as overhead
during an interrupt, compris- vided. The control processor effects maximum
utili-  Ing: zation of the functions of an associated processor       a
program address bus (16) for communicating during each instruction cycle.
As such, a very fast  25   normal instruction addresses and Interrupt
instruction interrupt service for use with one word or two word  addresses;
instruction sets commonly used by MPU, RISC and          program address
storage means (14) coupled DSP date processors can be efficiently
implemented.  to the program address bus (16) for selectively receiv- ing,
storing and providing normal instruction addres- 30  ses; Claims
prefetch address storage means (30) coupled to the program address bus (16)
for selectively storing 1. In a data processing system having a data pro-
and providing normal instruction addresses; cessor for executing
instructions and a control unit     incrementer means (28) having an input
coup- (10) for providing said instructions to the data pro-  35   led to
the program address bus ( 16) and cessor, said control unit (10)
selectively providing pre-  an output coupled to the prefetch address stor-
fetched normal instructions in an absence of an     age manes (30) for
selectively incrementing instruc- interrupt request from a peripheral
device and provi-  tion addresses stored by the prefetch address storage
ding prefetched interrupt instructions in response to  means (30) to a
successive instruction address; an interrupt request, a method for
eliminating execu-  40  said data processor control unit (10) being tion
cycles in which no instructions are being exec-  characterised by: uted  by
the data processor associated with              interrupt control means
(34) for providing an interrupting instruction flow to execute an interrupt
interrupt fetch control signal in response to detecting service routine in
response to an interrupt request,  the interrupt request signal and before
decoding wherein a request from the peripheral device to inter-  45
whether a most recently prefetched normal instruction rupt normal
instruction flowfrom the control unit to the  is a multiple word
instruction which is not completely data processor is detected, said method
character-  prefetched, said interrupt fetch control signal control- ised
by:    - -                                     ling when a predetermined
interrupt address or providing a control signal (Hold) for duration of
addresses of at least one instruction cycle in response to the   so   a
plurality of interrupt addresses Is provided to request to interrupt normal
Instruction flow;       the program address bus ( 16); redirecting normal
instruction prefetches for      interrupt address means (36) coupled to
both the at least one instruction cycle in response to the  the program
address bus (16) and interrupt control control signal (Hold) to provide at
least one interrupt  means (34) for selectively providing a predetermined
instruction prefetch, said at least one interrupt instruc-  55  interrupt
address or addresses of a plurality of the tion prefetch being initiated
before said prefetched  interrupt addresses to the program address bus (16)
normal instruction's complete execution; and        in response to both the
interrupt request signal and redirecting said at least one interrupt
instruc-  the interrupt fetch signal; 7    13                 EP 0 247175
B1                  14 program memory means (15) having an input
umadressiert wird, um wenigstens einen Unterbre- 



coupled to the program address bus (16) and an out-  chungsbefehl im voraus
zu holen, wobei dieser Vor- put for providing prefetched normal
instructions and  gang  vor der volistindigen  Ausruhrung  der prefetched
interrupt instructions in response-to nor-  vorgeholten, normalen Befehle
in Gang gesetzt wird, mal instruction addresses and interrupt instruction
5   und addresses, respectively;                                dal das
Imvorausholen des wenigstens einen first instruction storage means (18)
having an  Unterbrechungsbefehis unmittelbar nach der Zyklus- input coupled
to the program memory means (15) and  dauer des Steuersignals (Festhalten)
fir mindestens the interrupt control means (34), for selectively receiv-
einen Befehl umgelenkt wird, um welterhin normale ing, storing and
providing instructions and providing  lo   Befehle im voraus zu holen,
wobei dieser Vorgang an interrupt acknowledge signal indicating that an
eingeleitet wird, bevor die Ausfuhrung des wenig- interrupt instruction is
stored;                  stens einen Im voraus geholten Unterbrechungsbe-
instruction decoding means (22) having a first  fehis beendet ist. input
coupled to the first instruction storage means  2. Verfahren des Anspruches
1, femer dadurch (18) for receiving the interrupt acknowledge signal, a
1s  gekennzeichnet, dag das Invorausholen des wenig- second input coupled
to the first instruction storage  stens etnen Unterbrechungsbefohis vor dem
Deco- means (18) for selectively receiving an instruction,  dieren in Gang
gesetzt wird, ob der neueste, im and an output for selectively providing
decoded   voraus geholte, normale Befehl mehrere Wrter ent- instructions;
and                                 hit, die nicht volistAndig Im voraus
geholt sind. second instruction storage means (24) having  2z  3. Verfahren
des Anspruches 1, ferner dadurch a first input coupled to the output of the
instruction  gekennzelchnet, daB das Invorausholen der norma- decoding
means (22), a second inputfor receiving the  len Befehlevorder Decodlerung
in Gang gesetztwird, interrupt acknowledge signal, an output for
selectively  ob der neueste, im voraus gehdte Unterbrechungs- providing
decoded instructions to the data processor,  befeht mehrereWorterenthilt,
die nlchtvollstandig Im and an output for providing a control signal (Hold)
for  25  voraus geholt sind. duration of at least one instruction cycle in
response  4. Steuereinhelt (10) eines Datenprozessors zur to the request to
interrupt normal instruction flow, for  Beschaffung Im voraus geholter,
normaler, frr elne holding constant the contents of said program
AusfOhrung durch elnen Datenprozessorvorgesehe- address storage means (14).
ner Befehle, die durch eln Untertirechungs-Anforde- 30  rungssignal
unterbrochen werden konnen, um wenigstens elnen im voraus gehodten
Unterbre- Patentansprfiche                                  chungsbefehl zu
schaffen, wahrend die Zyklen der Befehisausfilhrung, die wahrend elner
Unterbre- 1. Verfahren zur Ausschaltung von Ausftrungs-  chung aligemein
verlorengehen, mogilichst klein zykIen bei einem datenverarbeitenden System
mit ei-  35  gehalten werden, nem Datenprozessor zur Befehisausffihrung und
mit       mitProgrammadressen-Sammelleitungen (16) elner Steuereinheit (10)
zum Beschaffen der Befehte  zurn Obermitteln normaler Befehlsadressen und
f2  fOr den Datenprozessor, die belm Ausblelben elner
Unterbrechungs-Befehisadressen, Unterbrechungsanforderung aus elnem
peripheren          mit elnem Programmadressenspeicher (14), Gerat je nach
Wahl irn voraus geholte, normale  40  der zum  wahiwelben Empfang, Speichem
und Befehle und auf eine Unterbrechungsanforderung hin  Beschaffen normaler
Befehisadressen an den Pro- im voraus geholte Unterbrechungsbefehle
beschafft,  grammadressen-Samnmelieltungen (16) angeschlos- wobei vom
Datenprozessor gerade kelne Befehle     sen ist, ausgefu-hrt werden, die
dem Unterbrechungsbefehls-      mit elnem Speicher (30) fOr Im voraus
geholte fluB zugeordnet sind, um in Abhinggkeit von einer  45  Adressen,
der zum  wahiwelsen Speichem  und Unterbrechungsanforderung eine
Unterbrechungs-    Beschaffen nornaler Befehisadressen an den Pro-
Serviceroutine auszuftihren, und wobei eineAnforde-
grammadressen-Sammelieikungen (16) angeschlos- rung aus dem peripheren
Geratwahrgenommenwird,    sen ist, um einen FluR normaler Befehle aus der
Steuerein-       mit elnem Schrittschalter (28), dessen Eingang heit zu dem
Datenprozessor zu unterbrechen,  so  an den
Prograrnmadressen-Sammlileitungen (16) dadurch gekennzeichnet,
und dessen Ausgang an dern Speicher (30) frjr im vor- daBL in Abhangigkeit
von der Anforderung,    aus geholte Adressen angeschlossen bst, um die
eWnen normalen BefehlsfluB zu unterbrechen, ein    BefehIsadressen, die von
diesem Speicher (30) Steuersignal (Festhalten) wfhrend einer Zeitspanne
gespelchert sind, wahlweise auf esine nachfoligende von mindestens einem
BefehIszyldus beschafftwird,  55   Befehisadresse weiterzuschalten,
gekennzeichnet daB beim Auftreten des Steuersignals (Fest-       durch sine
Unterbrechungs-Steuerung (34) halten) des lmvorausholen normaler Befehle
wh-    zur Blidung sines Unterbrechungshol-Steuersignals rend  des
mindestens  elnen  Befehiszykius       bei der Wahmehmung des
Unterbrechungs-Anforde- 8    rungssignals und vor der Decodierung. ob der
neue-  d'interruption par un peripherique et pour foumir des steim voraus
geholte, normale Befehl mehrere Wr-  instructions d'interruption prelues en
reponse a une 



ter enthalt, die nicht volistAndig im voraus geholt sind,  demande
drinterruption, pour llminer des cycles wobei das
Unterbrechungshol-Steuersignal elne      d'execution pendant lesquels il
n'y a pas d'instruo- Steuerung vornimmt, wenn ein oder mehrere vorher-   5
tions executees par le processeur de donn6es asso- bestimmte
Unterbrechungs-Adressen auf die Pro-    cie au d6roulement d'instructions
d'interruption pour grammadressen-Sammelleitungen (16) gelangen,
executerun programmede priseen charged'interrup- durch sine
Unterbrechungsadressen-Einrich-   tion en r6ponse A une demands
d'interruption, dans tung (38), die sowohl an den Programmadressen-
lequel une demnande du p6ripherique pour inberrom- Sammelleitungen (16) als
auch an der Unter-  fO  pre le deroulement normal des instructions de
iMunitf brechungs-Stouerung (34) angeschlossen ist, um    de commands au
processeur de donn6es est d6tec- wahlwelse eine oder mehrere
vorherbestimmte        tee, ledit proced6 etant caractefise en ce qu'U
Unterbrechungs-Adressen In Abhangigkeit sowohl    consists a: von dern
Unterbrechungs-AnforderungssignaI als          foumirun signal de commando
(Maintlen) pen- auch von dem Unterbrechungsholsignal an die Pro-  15  dant
une duree d'au mo-ms un cycle d'lnstruction en
grammadressenr-Sammelleitungen (16) anzuliefern,  r6ponse a la demande
d'interruption du deroulement durch elnen Programmspelcher (15), dessen
normal d'instructions; Elngang an den Programmadressen-Sammelleitun-
r6orienter les pr6lectures d'instructlons norma- gen (16) angeschlossen
ist, und dessen Ausgang der  les pendant au moins un cycde d'instructfon en
Lieferung im voraus geholter, normaler Befehle und   20  reponse au signal
de commando (Maintien) pourfour- im voraus geholter Unterbrechungsbefehle
In Abhan-  nIr au moins une prelecture d'lnstructlon d'Interrup- gigkelt
von normalen Befehisadressen bzw. Unter-  tion, au  moins ladite prelecture
dinstruction brechungsbefehis-Adressen dient,
d'interrupt1on 6tant dbciench6e avant quo ladite ex6- durch elnen ersten
Befehisspeicher (18), des-  cution de prelectures d'instructions normnales
solt ter- sen Eingang mit dem Programmspeicher (15) und mit  25  minee; et
a der Unterbrechungs-Steuerung (34) zum wahlweisen        r6orienter au
moins ladite pr6lecture d'instruo- Empfang. Speichem und Liefern von
Befehlen und    tion d'interruption aprbs la dureo au mohs d'un cycle zur
Schaffung eines Unterbrechungs-Anerkenntnissi-  d'instruction du signal de
commande (Maintien) pour gnals verbunden ist, des anzeigt, daP. eh
Unterbre-  continuer A assurerles prelectures d'instructions nor-
chungebefehi gespeichert wird,                3o   males, lesdites
prMectures d'instructions normaies durch eonen Befehisdecodierer (22),
dessen   dtantd6clenchees avant qu'au omins ladite excution erster Ehngang
an dem ersten Bofehisspeicher (18)  de prelectures d'instructions normales
soit terminee. zum Empfang des Unterbrechungs-Anerkenntnissi-        2.
Proced6 seoln la revendlcation 1, caract6rds6 gnals und dessen zweiter
Eingang an dem ersten    en outre en ce qu'il consists a: Befohisspelcher
(18) zum wahlweisen Emnpfang eines  35  deciencher au molns une prelecture
d'instruc- Befehis angeschlossen ist, und dessen Ausgang der  tion
d'interruption avant un decodage si une Instruo- wahlweisen Lieferung
decodierter Befehle dient, und  tion normale la plus recemment prelue set
une durch einen zweiten Befehisspelcher (24),    Instruction a plusiours
mots qui n'est pas complbte- J>        dessen erster Eingang mit dem
Ausgang des Befehls-  ment pr6lue. decodlerers (22) verbunden Ist, wobel
ein zweiterEin-  40  3. ProcedA selon Ia revendicatbon 1, caracteris6 gang
zum   Empfang  des  Unterbrechungs-          en outre en ce qu'il consists
a: Anerkenntnissignals, ein Ausgang zur wahlweisen         d6clencher
lesdites prelectures d'instructlons Lieferung decodlerter Befehle an den
Datenprozes-  normales avant un decodage si une instruction sor und ein
Ausgang zur Lieferung eines Steuersi-  d'interruption la plus recemment
prelue est une Ins- gnals (Festhalten) wahrend der Dauer wenigstens  45
truction A piusleurs mots qui n'est pas compietement eines Befehiezykius in
Abhangigkeit von derAnforde-  pr6lue. rung vorgesehen sind, einen normalen
Befehlsfluizu    4. Unit6 de commando de processeur de don- unterbrechen,
um den Inhaltdes Programmadressen-   nees (10) pour foumir des instructions
normales pr6- speichers (14) konstantzu halten.                 lues pour
leur ex6cution par un processeur de 50  donnees qui peut etre Interrompu
par un signal de demands d'interruption pourfoumir au moins une ins-
Rovendications                                    truction d';nterruption
prelue tout en ridulsant au minimum la parte de cycles d'executbon
d'lnstructions 1. Procdd6, dans un systbme de traitement de   en temps
systeme pendant une interruption, compre- donn6es comportant un processeur
de donn6es pour  ws  nant executer des instructions et une unit deo
commando      un bus d'adresse de programme (18) pour (10) pour foumir
s6lectivement des Instructions nor-  transmettre des adresses
d'instructions normales et males prelues en  I'absence d'une demando
des adresses d'instructions dInterruption; 9    17                 EP 0
247175 B1                 18 un moyen de memorisation d'adresse de pro-
vement une instruction, et une sortie pour fournir gramme (14) couple au
bus d'adresse de programme  s6lectivement des instructions decod6es; et 



(16) pourrecevoirsflectivement, memoriseretfournir    un deuxieme moyen de
m6morlsation d'ins- des adresses d'instructions normales;  -
tructlon (24) comportant une premiere entree coupide un moyen de
m6morisation d'adresse de pre-   5   a la sortie du moyen d6codeur
d'instruction (22), une lecture (30) coupl6 au bus d'adresse de programme
deuxieme entr6e pour recevoir le signal d'accus6 de (16) pour m6moriser
sblectivement et foumir des  reception d'nterruption, une sortie pour
foumir sleo- adresses d'instructions normales;               tivement des
instructions d6cod6es au processeur de un moyen de progression (28)
comportant une  donnees, et une sortie pour foumir un signal de entree
couplee au bus d'adresse de programme (16)  10  commands (Maintien) pendant
une dur6e d'au moins et une sortie coupl6e au moyen de m6morlsatlon   un
cycle d'instructlon en reponse a la demands pour d'adresse de prelecture
(30) pour faire progresser  Interrompre le d6roulement norrnal des
instructions, selectivement des adresses d'instructions m6mori-  pour
maintenir constant le contenu dudit moyen de s6es parle moyen de
m6morisation d'adresse de pre-  memorisation d'adresse de programme (14).
lecture (30) jusqu'A une adresse d'instruction qui suit  15 ladite unite de
commands de processeur de donn6es (10) etant caract6rts6e par un moyen de
commands d'interruptlon (34) J~'  pour foumir un signal de commands de
lecture d'interruptlon en r6ponse A la dtetction du signal de  20 demande
dinterruption et avant un d6codage si une Instruction normale la plus
r6cemment prlueh est une instruction a plusleurs mots qui n'est pas
complete- ment prelue. ledit signal de commando de lecture dinterruption
effectuant une commando quand une  25 adresse ou des adresses
d'interruption pred6termi- n6es d'un ensemble d'adresses d'interruption
sont foumies au bus d'adresse de programme (16); an moyen d'adressage
d'interruptfon (36) cou- pl6 A la Ibis au bus d'adresse de programme (16)
et  30 au moyen de commande dOinterruptbon (34) pourfour- nir selectivement
une adresse ou des adresses d'lnterruption pr6d6terminees d'un ensemble des
adresses d'interruption au bus d'adresse de pro- gramme (16) en r~ponse &
la fobis au signal de  35 demands d'interruption et au signal de lecture
d'interruption; KJ)       un moyen A m~moire de programme (15) comportant
une entr6e coupl6e au bus d'adresse de programme (16) etune sortie
pourfoumir des instruc-  40 tions normales pr6lues et des instructions
d'interrup- tion prilues en r6ponse A des adresses d'instructions normales
et a des adresses d'lnstructions dinterrup- tlon, respectivement; un
premier moyen de memorisation d'instruco-  4S tion (18) comportant une
entr6e coupl6e au moyen a m6moire de programme (15) et au moyen de commands
d'interruption (34), pour recevoir s6lecti- vement, m6morlser etfibumir des
Instructions et pour foumlr un signal d'accuse de r6ception d'interruption
50 indiquant qu'une instruction d'intenuption est memo- risee; un moyen
d6codeur d'instruction (22) compor- tant une premlere entr6e coupl6e au
premier moyen de memorisation d'lnstruction (18) pour recevoir le  55
signal d'accus6 de reception d'interruption, une deuxieme entrie couplee au
premier moyen de memorisation dinstruction (18) pour recevoir selecH- 10


