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Another approach to conserving energy in data processing systems is shown
in both U. S. Patents This invention relates to data processing ap-
4,279,020 and 4,455,623. In the former, when the paratus and a method for
stopping a system clock    central processor completes operation, it
provides in a computer, and more particularly for stopping a   5   an
output signal to a power-down sub-circuit of a system clock in a battery
operated computer to      power supply which then removes power from the
reduce power consumption.                           central processor. In
this manner, power is not In the data processing environment, a large
supplied to the processor when it is not operating. percentage of a central
processor's time is spent in  In the latter, the current consumption of a
micro- idle loops waiting for one or more I/O devices to  10  processor is
decreased by a switch which connects complete an operation or for further
input to the   it to a power supply only when a control signal is processor
from an operator. In a system where AC    received which indicates that the
microprocessor is power is being used to provide power to the central  to
execute a program. Specifically, an electronic processor, the time spent in
idle loops is not very  switch is used to switch to a non-conductive state
critical. However, in an operating environment  15  unless a control signal
is received. For software wherein power is being supplied to the central
programs which require a greater time for execu- processor from a battery,
time spent in idle loops  tion than the duration of the control signal, the
by the central processor needlessly wastes battery  microprocessor supplies
a signal to the electronic power. Consequently, it would be desirable to
pre-  switch thereby keeping it in the conductive state vent a central
processor from performing idle loops   20  until the software program has
been fully executed. while waiting for the completion of an operation by  A
similar approach is shown in U. S. Patent an I/O device or when waiting for
further input to  4,203,153. the processor from an operator. As small
comput-        U. S. Patent 4,409,665 discloses the conserva- ers.
especially those which are portable, become    tion of power in a
calculator having a memory more prevalent, the need to conserve battery
pow-   25  utilizing  CMOS  circuits.  Incorporation  of two er becomes
increasingly important.                  switched voltages and a single
non-switched volt- Typically, a battery operated computer uses      age
enables power to be switched off to the cal- complementary
metal-oxide-silicon (CMOS) circuits   culator's logic, display interface
and keystroke de- to reduce power consumption. However, in order to   tect
circuitry, while power is maintained to the take full advantage of these
CMOS circuits, the   30   memory. In other embodiments, multiple modes
circuits need not be clocked when their usage is    such as off mode,
display only mode, process only not required. As is well known, the
characteristics  mode, and a display and process mode are used of CMOS
circuits provide very low standby power     to optimize power dissipation.
The calculator pow- consumption when they are not being clocked. In     ers
up into the display mode until a keystroke is order to fully realize this
power saving advantage,  35  detected. At that time, power is supplied to
the application programs and the operating system       processor until
completion of the processing. This software that are running on the data
processing    power conservation is effected using a first power system
must be able to stop the system clocks      switching means connected to a
first circuit group then the central processor is waiting for the com-  and
to a power consumption controller, and a sec- pletion of an I/O operation
or for further operator   40  ond power switching means connected to the
pow- input.                                              er consumption
controller and to a second circuit U. S. Patent 3,941,989 discloses one
method      group. for reducing power consumption in calculators
US-4,293,927 discloses a power consumption wherein lower duty cycle power
and lower duty       control system for electronic digital data processing
cycle clock pulses are supplied during the calcula-   45  devices which is
provided with a counter circuit to tor display mode. While the calculator
is in an     update a time count operation and to count a giver execute
mode, continuous power and a high rate      time every time any one of the
keys in the key clock are supplied. If an execute mode is not       input
section is depressed. When none of the keys initiated within a selected
time interval, the duty  in the key input section is depressed before the
cycle of both the power and the clock are lowered   so  counter circuit
finishes the count of the given time, oven further than that provided
during the display  the oscillation operation of the oscillator circuit
mode.                                              which supplies the clock
pulse to the data process- U. S. Patent 4,435,761 disclose a data process-
ing device is stopped. ing apparatus having both a data transmitting and
The method and apparatus according to our receiving unit for transferring
data, and a process-  55  invention are defined in the attached claims. ing
unit for processing the data. Means are pro-        Means are provided for
disabling the clocking vided for stopping the supply of a control clock
at the conclusion of a processing operation and for signal while the
transmission of data is in progress.  enabling the clocking of the
processor using inter- 2    



3                 EP 0 229 692 B1                     4 rupts from any one
of a plurality of sources. These     Referring now more particularly to the
draw- interrupts include direct memory access (DMA) in-    ings, the
overall system of the invention is shown terrupts, as well as I/O
interrupts which occur when  in Fig. 1. System bus 44 provides data commu-
an I/O device needs services. The I/O interrupts    nication among
interrupt controller 12, CPU  11 invoke short routines located in either
ROM or in a   5   through bus control 29, sleep clock control 32, main
application program that are used to service   direct memory access
controller 13, system RAM an I/O device. The I/O devices include a display,
15, system ROM 16, keyboard controller 17, sys- printer, diskette drives, a
keyboard, and commu-    tem timer 18, diskette controller 19, real time
clock nication devices such as a modem and a RS232        21, modem 22 and
RS232 communication interface communication interface, and a system timer.
to  23, display controller 14, printer interface 24, and A function is
provided which provides applica-   expansion connector 36. Note that there
is data tion programs and operating system programs run-    communication
between keyboard controller 17 ning on the computer system  with a method
to       and keyboard 28, between diskette controller 19 specify the
stopping of system  clocks and the      and diskette drives 26 and 27,
between printer central processor until a specified event which had   15
interface 24 and printer 37, as well as between been requested occurs or
until an optional time-out  display controller 14 and display 25 and
display period has expired. In this situation, the event is  RAM 34.
Expansion connector 36 provides commu- defined as one that results in
either a system      nication with other I/O devices not shown in Fig. 1.
interrupt from one of the plurality of I/O devices or  Direct memory access
(DMA) controller contains from a DMA operation.
20   both clocked and unclocked sections, i.e., some In operation, hardware
which is used to stop     sections of controller 13 require continuous
cloc- the system clocks is first armed. This arming does  king while others
do not. not in itself stop the clocks but rather enables them   Sleep clock
control 32 is essentially a switch to be stopped at a later time. If an
interrupt is then  mechanism. System clock 33 provides a clock in-
received, it will be processed and the arming   25   put over line 50 to
sleep clock control 32. During a mechanism will be reset. However, if an
interrupt   normal clocking operation, sleep clock control 32 does not
occur after arming, within a specified time  passes this clocking signal
over output 40 to bus period, then the system clock will be stopped. The
51. As can be seen, the clocking signal is provided system clock will then
be restarted upon the re-    to CPU 11 as well as to the remainder of the
ceipt of an interrupt - either in the form of a direct  30   devices on bus
51. During non-clocking time memory access or from an I/O device.
periods, no clocking signal is provided from output In order that the
invention may be fully under-  40 of sleep clock control 32. Note that a
clocking stood a preferred embodiment thereof will now be    signal is
provided at all times over bus 53 to described with reference to the
accompanying        keyboard controller 17, system timer 18, diskette
drawings in which:                             35  controller 19, modem 22,
RS232 communication Fig. 1 is a functional block diagram of the sys-
interface 23, printer interface 24, display controller tem according to the
present invention.           14, and expansion connector 36. These devices
are Fig. 2 is a flow chart of the overall operation of  continually clocked
by system clock 33. It is only the system according to the present
invention.      CPU 11, system RAM 15, DMA con-troller 13, and Fig. 3 is a
flow chart of a function depicting   40   bus controller 29 to which the
clock signal from operation of the system as it waits for a speci-  system
clock 33 is turned on and off, thereby fied event.
saving power. Fig. 4 is a flow chart for comparing the bytes
Interrupt controller 12 receives interrupts from comprising a received
event to the bytes of a     printer interface 24, modem 22, and RS232 com-
predetermined event.                         45   munication interface 23,
real time clock 21, diskette Fig. 5 is a flow chart depicting the testing
of the  controller 19, system timer 18, and keyboard con- bits of a
predetermined event with the bits of a  troller 17. An interrupt request is
sent from interrupt received event.
controller 12 over line 52 to sleep clock control 32. Fig. 6 is a flow
chart of the operation of the    When this occurs, sleep clock control 32
provides system according to the present invention just  50  over output 40
a clocking signal out over bus 51. prior to and just after the stopping of
the system  Interrupt controller 12 also provides an interrupt clock.
signal as well as a non-maskable interrupt (NMI) Fig. 7 is a flow chart of
the operation of the    signal to CPU 11. Finally, whenever a direct mem-
system according to the present invention as it   ory access request is
received by DMA controller awaits a keyboard interrupt.                 55
13, it outputs over line 60 a DMA request to sleep Fig. 8 is a flow chart
of the system according to  clock control 32. Sleep clock control 32 then
pro- the present invention as it awaits a diskette interrupt. 3    



5                 EP 0 229 692 B1                    6 [err] a clocking
signal over output 40 onto bus 51.  32 by issuing an ARM and STOP I/O
command This occurs whenever an I/O device requires direct  over bus 44
which causes sleep clock control 32 to memory access.
stop providing a clock on bus 51, thus suspending Sleep clock control 32
continues to supply the  processing of CPU 11 after the I/O instruction.
CPU clock over bus 51 until the "Wait for External   5   11 will stay
unclocked until an interrupt or DMA Event" code executing in CPU 11 from
ROM 16        request is received by sleep control 32, at which issues an
ARM and STOP CLOCK I/O instruction.      point clocks are again provided on
bus 55. This will These instructions cause data to travel over bus 44
cause CPU 11 to resume instruction processing of to sleep clock control 32.
Sleep clock control then  the event determination routine. Since a wait for
stops clock output 40, causing the clock signal on   10  any event was
requested in this case, control is bus 51 to stop. This suspends execution
of CPU 11  returned to the top of the dispatched as shown in and other
associated components. If an interrupt or  Figure 2. DMA request is
received after the ARM instruction     The flow chart of Fig. 3 explains
the operation has been issued but before or during the issuance  of the
system as it awaits an external event or until of the STOP CLOCKS
instruction, the sleep clock   15  an optional time-out period has expired.
In the control 32 will not honour the STOP CLOCKS in-     system of the
present invention, such an external struction and the clock on bus 52 will
continue to  event is defined as one that results in either a run causing
the CPU 11 to continue execution after  system interrupt or in a DMA
operation, either of the STOP CLOCKS instruction.
which causes a clocking signal to be restarted to The general operation of
the system  of the   20  those non-continuously clocked devices in the sys-
present invention may be explained with reference  tem. The computer code
used to carry out the to Fig. 2. At a time when CPU 11 is executing an
operation of Fig. 3 is contained in system ROM 16. application program or
an I/O task, it waits for a  The particular code may be called by another
task to be performed by one of the I/O devices.    program residing in ROM
16 or may be called by The dispatching of such a task by the operating   25
an application running in RAM 15. system  running on CPU 11 is included as
an           A wait for specific event flow is shown in Fig- example and
does not form a part of the present    ure 3. As indicated in decision
block 61, a deter- invention  and  will not be discussed  further
mination is first made as to whether or not a time- hereinafter. CPU 11
goes through a series of deter-  out function has been requested. A
time-out func- minations. In decision block 41, a determination is  30
tion is used only by certain ones of the I/O devices made as to whether or
not the communication       in the system. For example, diskette controller
19 queue is empty, i.e., whether modem 22 or RS232    requires a time-out
because if either one of diskette communication interface 23 require an
operation to  drives 26 or 27 were to malfunction during a read be
performed. If either do require such an opera-  or write operation, then
CPU 11 could wait indefi- tion, i.e., the communication queue is not empty,
35  nitely for an event that will not occur due to an then as shown in
block 46, CPU 11 dispatches       error. If a time-out function is used,
then if a read using its operating system the communication task  or write
operation is not completed within the allot- which is to be performed.
However, if the commu-  ted time-out period, then the CPU 11 clock is
nication queue is empty, then a second determina-    restarted by timer 18
and the code in ROM in- tion is made. In this case, as shown in decision
40  dicates a time-out error to the application program block 42, a
determination is made as to whether or  or operating system, thereby
allowing corrective not the video queue is empty. Once again, if it's
action to be taken. Consequently, if a time-out has not, then CPU 11
dispatches a video processing     been requested, then as shown in step 62,
a time- task as shown in step 47. However, if the video    out counter is
set in RAM  15 and a time-out queue is empty, then a determination is made
as to  45  requested flag is set to be active. If no time-out has whether
or not the printer queue is empty. If it is  been requested or the time-out
counter and flag not, then as shown in step 48, a printer processing  have
been set, then a determination is made as to test is dispatched from CPU
11. Upon the printer   whether or not the system is waiting for any event
queue being empty, the queue of keyboard control-  to occur, or if a
specific event is being waited for. If ler 17 is next checked as shown in
step 45. Once  50  any event is being waited for by the system, then again,
if the queue is not empty, then CPU 11      as shown in block 64, the sleep
clock control 32 is dispatches a keyboard processing task as shown in
armed and in block 65 sleep clock control 32 stops step 49. Finally, if all
of the queues which are to be  the system  clocks. The CPU execution will
be checked are empty, signifying that CPU 11 need     suspended in block 65
until an external event, not dispatch any tasks to the I/O devices, then
55  interrupt or DMA request occurs. At that time, CPU CPU 11 goes into a
mode where it waits for an      11 instruction execution is resumed and
control external event. The "Wait for External Event" rou-  passed back to
the program requesting the wait for tine is then entered. It will ARM sleep
clock control  external event. 4    



7                  EP 0 229 692 B1                     8 --   However, if a
specific event within the system    out by the system. However, if the
answer to is being awaited, then two additional determinations  decision
block 77 is no, then a second determina- must first be made. In decision
block 66, a deter-   tion is made in decision block 81 as to whether or
mination is made as to whether or not the specific   not a time-out flag
has been set, i.e., has the wait event being waited for will be compared
with a pre-   5   time limit expired. If the answer is yes, then in step
existing mask. This determination is used to com-    82 a time-out return
code is set and the program pare the predetermined mask on a byte basis
with     requesting the wait is notified. However, if time-out the event
being waited for. In other words, a pre-   has not occurred, then as shown
in step 83 the determined byte of data describing the occurrence    routine
shown in Figure 6 is executed which stops of a specific event, or specific
events, is compared   10  the clock and then checks for the time limit
expira- on a byte basis with the events which occur in the   tion after the
clock is restarted by an external event system. If this is the case, then
as shown in step   (DMA or interrupt request). A similar operation 67, the
flow chart will continue to Fig. 4 which will  takes place when the
incoming data is compared be explained in more detail hereinafter.
with the predetermined mask to determine if they However, if the answer to
decision block 66 is  15  are not equal. This is done in decision block 76
no, then a determination is made in decision block   and a no here
indicates that the event, i.e., a not 68 as to whether or not the
predetermined event      equal has occurred and a good return code is set
which is being awaited will be compared on a bit     and the program
waiting for the event is notified of by bit basis with any occurring events
in the sys-  its occurrence. If the data in the mask are equal, tem. If the
answer to decision block 68 is yes, then   20   which is not the sought
after event, then the time- as shown in step 69, the logic will continue to
the  out flag is examined as was done previously. flow chart shown in Fig.
5. However, if the answer       Note that event occurrence data may be set
by to decision block 68 is no, then an invalid request  an I/O interrupt
service routine or directly by an I/O has been received by CPU 11 and an
error is          device itself through an I/O read or direct memory
returned to the application program or operating   25   access. system
requesting the wait. Summarizing, decision        The flow chart of Fig. 5
explains the operation block 66 determines whether or not any occurring
when the event occurrence data is compared on a events are to be compared
on a byte basis with the   bit by bit basis with the predetermined event
which predetermined event which is being waited for.      is being waited
for. The operation of the flow chart Decision block 68 makes a
determination as to  30   of Fig. 5 is identical to the operation of the
flow whether or not the occurring event will be com-      chart of Fig. 4
except that bits are being compared pared on a bit by bit basis with the
predetermined   rather than an entire byte. Consequently, decision event
upon which the system is waiting. The com-     block 87 functions the same
as decision block 75 pare byte approach is useful when one specific
except that the answers depend upon whether or event is being waited for,
and the compare bits  35   not the bits being compared are equal or not
equal. approach is useful when a select set of events is    That is, if the
bits being compared in decision being waited for.
block 87 are equal, then decision block 89 is The flow chart of Fig. 4
depicts the comparison   reached. However, if the bits being compared in of
an incoming data request with a predetermined       decision block 87 are
not equal, then decision event mask when the two are to be compared on a
40   block 88 is reached. If an equality is required as is byte basis. In
step 73, the sleep clock arm control  by decision block 89 and it is
achieved, then step of sleep control 32 is enabled. Recall that this is  93
performs the same function as step 79. Simi- the first part in the two part
process for stopping  larly, if an inequality is required and it is
received, the system clock 33 to the non-continuously cloc-    then step 92
performs the same function as step ked devices in the system. Next, in step
74, the   45   78. The operation of decision block 91 as well as data to
which the event occurrence data is to be     steps 94 and 95 is the same as
decision block 81 compared on the byte basis is read from the speci-   and
steps 82 and 83 respectively. fied location in either system RAM 15 or from
the        The process by which sleep clock control 32 location in the
specific I/O device that has been    halts the output of system clock 33 to
the non- requested. In decision block 75, a determination is 50
continuously clocked devices in the system  is made as to whether the two
pieces of data are to     shown in the flow chart of Fig. 6. Step 101 in-
be compared for an equal or a not equal. If an       dicates that a stop
clock command is issued to the equality is required, then this
determination is     stop clock circuitry within stop clock control 32.
made in decision block 77 as to whether or not the   Note that if the stop
clock circuitry has not been event data is equal to the predetermined data
55   previously armed, or has been disarmed by an (mask). If an equality
exists, then as shown in step  event already occurring, then no stopping of
the 79, the predetermined event has occurred and a       clocking signal
from output 40 will occur. After the good return code is set and the
operation is carried  sleep clock 51 has been restarted, i.e., sleep clock
5    



9                 EP 0 229 692 B1                     10 32 has once again
begun outputting the clocking     returned to the sleep routine, thereby
rearming the signal over output 40 to the clocked devices in the    sleep
clock and determining that the keyboard system by either a DMA request or
by an interrupt   event has occurred. request, then decision block 102 is
reached. As         Similarly, the operation of an application pro- can be
seen, if a time-out has not been requested,   5   gram running on CPU 11 is
detailed in the flow then system operation returns to decision block 67
chart of Fig. 8 while the program  is accessing in Fig. 4 or 69 in Fig. 5.
However, if a time-out has  either of diskette drives 26 or 27. In step
121, the been requested, then a time-out counter is checked  executing
program  sends commands to diskette in decision block 103 as to whether or
not it is    controller 19. When the last command has been equal to 0. If
the time-out counter is not equal to 0,  10  sent to diskette controller
19, it begins performing then once again system operation returns to de-
the required operation on one of diskettes 26 or 27 cision block 67 or 69.
However, if the time-out     independent of CPU 11. Diskette controller 19
will counter is equal to 0, then as shown in step 104 a  notify CPU 11 of
the completion of the operation or time-out flag is first set. After the
time-out flag has  if an error occurs using an interrupt request been set
in step 104, then system operation re-  15  through interrupt controller
12. In step 122, the turns once again to either decision block 67 or 69.
executing program  invokes a "wait for external The flow charts of Fig. 7
and Fig. 8 explain the  event" routine and specifies a return operation
operation of the system while a program running     when a diskette
interrupt received flag has been on CPU 11 is waiting for a keystroke to
occur or for  set. When using diskette controller 19, a time-out [err] of
diskette drives 26 or 27 to be accessed,   20  period is set to cause the
wait to be aborted if the respectively. The flow chart of Fig. 7 details
the  event being waited for has not occurred within that operation of the
system of the present invention as  time-out period. In step 123, the stop
clock control the program running on CPU 11 awaits a keystroke    circuitry
is armed, but the system clock continues from keyboard 28. In step 111, the
running pro-     to be provided over output 40 to the non-continu- gram
invokes a wait-for-keyboard-event function by   25  ously clocked devices.
In decision block 124, a specifying that the program wait for a compare not
determination is made as to whether or not a equal. That is, the keyboard
buffer start is not    diskette interrupt bit has been set. If the bit has
equal to the keyboard buffer end, thereby signify-   been set, then this is
an indication that a diskette ing that keyboard data has been received.
This      interrupt has been received by interrupt controller result
describes a keyboard event. Additionally, no   30  12 and so the "wait on
external event" routine is time limit is set for this keyboard event to
occur. In  exited in order to check to see if the diskette step 112, the
sleep clock control circuitry is armed  operation has been completed. but
the system clock continues to be provided over      However, if the
diskette interrupt bit has not output 40. In step 114, the start and end
pointers of  been set, then a signal is sent to sleep clock a keyboard
buffer (not shown) are compared. If the   35  control 32 to stop outputting
a clocking signal over start and end pointers are not equal, then this is
an  output 40. The stopping of the clocking signal indication that the
awaited for keyboard data has   continues until either the next direct
memory ac- heen received and there is no longer a need to       cess
request or until an interrupt request is re- [err] for a further keyboard
event. Subsequently,     ceived by CPU 11. Attendant with the stopping of
the keystroke which has been entered is pro-  40  the clocking, the
execution of CPU 11 is stopped cessed. However, if the pointers are equal,
then as  until either the DMA request or an interrupt request shown in step
115, the system clock output over     is received. When either of the above
two events line 51 is halted by sleep clock control 32. Addi-  occurs, then
the execution of CPU 11 is resumed tionally, as shown in step 116, the
execution by    as shown in step 128. In step 129, a determination CPU 11
is stopped until either a direct memory   45  is made as to whether or not
either of diskette access request or an interrupt request is presented
drives 26 or 27 were the device requesting the to sleep clock control 32,
which in turn resumes    interrupt. If so, then an interrupt handler for
one of the outputting of the system clock over output 40    diskette drives
26 or 27 will set the diskette inter- to bus 51. In step 117, CPU execution
is resumed     rupt received bit. Finally, in step 130 after the after the
receipt of an interrupt, and in step 118,  50  interrupt has been handled
and processed, control the scan code of the keystroke which was just
is returned to the wait for external event routine to received will be put
into the keyboard buffer and   determine that the event has occurred. The
wait the end pointer of the buffer will be incremented   routine is then
exited. thereby making the start and end pointer of the buffer not equal.
After the keystroke has been   55 processed. step 119 indicates that
execution is 6    11                EP 0 229 692 B1                      12
Claims                                                4. The method as
claimed in any preceding claim 



further including the step of detecting whether 1. A method of reducing
power consumption in a           said interrupt was generated by a system
timer battery operated information processing sys-          circuit. tern
by stopping and restarting the clocking of   5 a central processor in said
information pro-      5. The method as claimed in any preceding cessing
system, the system including a mem-           claim, wherein said step of
stopping said sup- ory, a plurality of I/O devices which may or
ply of said clock signal said first time further may not use a time-out
function, and a clock          includes the step of issuing a stop
instruction control circuit for providing a clock signal to  10  to said
central processor unit. the processor, said method being character- ized by
the following steps:                      6. The method as claimed in claim
5 further determining whether the I/O devices queues            includes
the step of determining whether said are not empty, in which case a
processor task         interrupt or said request was said desired is
dispatched, or if the I/O queues are empty,   15   event. setting the
processor in a mode where it waits for an external event to occur, such
event        7. The method as claimed in claim 5 or 6 wherein being one
that results in either a system inter-     said stop instruction is a first
stop instruction rupt from one of said I/O devices or a DMA            and
wherein said step of stopping said supply request, and, when the processor
is in said   20      of said clock signal said second time further mode,
includes the step of issuing a second stop a) selectively establishing a
desired event        instruction to said central processor unit. from said
a plurality of said events to con- trol the supply of said clock signal to
said   8.  Apparatus for reducing power consumption in central processor;
25       a battery operated information processing sys- b) arming said
clock control circuit which         tem by stopping and restarting the
clocking of enables the supply of said clock signal to         a central
processor in said information pro- be stopped;
cessing system, the system including a mem- c) determining subsequent to
said arming           ory, a plurality of I/O devices which may or step
whether said desired event has oc-   30       may not use a time-out
function, and a clock curred;
control circuit for providing a clock signal to d) stopping said supply of
said clock signal       the processor characterized by: to said central
processor in response to said      means for determining whether the I/O
devices arming step and said desired event has not         queues are not
empty, in which case a proces- occurred, and if said desired event has oc-
35   sor task is dispatched, or if the I/O queues are curred after said
arming and before said           empty, setting the processor in a mode
where stopping, ignoring said stopping whereby           it waits for an
external event to occur, such the supply of said clock signal will continue
event being one that results in either a system to be provided to said
central processor;          interrupt from one of said I/O devices or a e)
disarming said clock control circuit in  40     DMA request; response to
the occurrence of an interrupt         means for selectively establishing a
desired generated by an I/O device or a DMA re-            event from said
a plurality of said events to quest once the supply of the clock is stop-
control the supply of said clock signal to said ped;
central processor; f) starting the supply of said clock signal to   45
means for arming said clock control circuit said central processor in
response of said         which enables the supply of said clock signal
disarming step whereby instruction execu-          to be stopped; tion in
said processor is resumed.                 means for determining subsequent
to said ar- ming step whether said desired event has oc- 2. The method as
claimed in claim  1 wherein   50        curred; said step of establishing
said desired event          means for stopping said supply of said clock
further includes a step of associating a pre-        signal to said central
processor in response to existing mask with said desired event.
said arming step and said desired event has not occurred, and if said
desired event has 3. The method as claimed in claim 1 or 2 wherein   55
occurred after said arming and before said said step of establishing said
desired event         stopping, ignoring said stopping whereby the includes
the step of associating a group of bits     supply of said clock signal
will continue to be with said event.
provided to said central processor; 7    13                 EP 0 229 692 B1
14 means for disarming said clock control circuit        sitifs
d'entr6e/sortie ne sont pas vides, auquel 



in response to the occurrence of an interrupt          cas il est envoy6
une tfche de processeur, ou generated by an I/O device or a DMA request
si les files d'attentes d'entree/sortie sont vides, once the supply of the
clock is stopped; and         fixant le processeur en un mode ou il attend
means for starting the supply of said clock    5      l'apparition d'un
6venement externe, cet eve- signal to said central processor in response of
nement 6tant un 6v6nement qui provient soit said disarming step whereby
instruction execu-        d'une interruption du systeme depuis l'un des-
tion in said processor is resumed.                    dits dispositifs
d'entre/sortie soit d'une deman- de DMA et, lorsque le processeur se trouve
9. Apparatus as claimed in claim 8 wherein said  10       dans ledit mode,
means for establishing said desired event fur-          a) etablir
s6lectivement un ev6nement re- ther includes means for associating a
pre-ex-           quis a partir de ladite pluralit6 desdits ev6- isting
mask with said desired event.                    nements afin de contr6ler
l'application dudit signal d'horloge sur ledit processeur central; 10.
Apparatus as claimed in claim 8 or 9 wherein   15       b) exciter ledit
circuit de controle d'horloge said means for establishing said desired
event          qui permet l'arr~t de l'application dudit si- includes means
for associating a group of bits          gnal d'horloge; with said event.
c) determiner, apres ladite etape d'excita- tion, si ledit 6v6nement requis
est apparu; 11. Apparatus as claimed in any preceding claim 8   20       d)
arr6ter ladite application dudit signal to 10 further including means for
detecting             d'horloge sur ledit processeur central en whether
said interrupt was generated by a sys-          r6ponse a ladite 6tape
d'excitation et audit tem timer circuit.
ev6nement requis qui n'est pas apparu, et si ledit 6venement requis est
apparu aprbs 12. Apparatus as claimed in any preceding claim 8   25
ladite excitation et avant ledit arrOt, ne pas to 11 wherein said means for
stopping said              tenir compte dudit arret ce qui fait que ledit
supply of said clock signal said first time fur-        signal d'horloge va
continuer a etre appli- ther includes means for issuing a stop instruc-
que audit processeur central; tion to said central processor unit.
e) d6sexciter ledit circuit de contr8le d'hor- 30         loge en reponse a
l'apparition d'une inter- 13. Apparatus as claimed in claim  12 further in-
ruption  engendree  par  un  dispositif cludes means for determining
whether said               d'entre/sortie ou d'une demande DMA une
interrupt or said request was said desired              fois arret~e
l'application de l'horloge; event.
f) d6marrer l'application dudit signal d'horlo- 35         ge audit
processeur central en reponse a 14. Apparatus as claimed in claim  12 or 13
ladite etape de d6sexcitation, ce qui fait que wherein said stop
instruction is a first stop           l'execution de l'instruction dans
ledit pro- instruction and wherein said means for stop-            cesseur
est reprise. ping said supply of said clock signal said sec- ond time
further includes means for issuing a   40   2. Proc6de selon la
revendication 1, dans lequel second stop instruction to said central
proces-      ladite 6tape 6tablissant ledit evenement requis sor unit.
comprend en outre une 6tape d'association d'un masque pre-existant audit
6v6nement re- Revendications
quis. 45 1. Proced6 de r6duction de la consommation            3.  Proc6d6
selon les revendications 1 ou 2. dans d'energie dans un systbme de
traitement de            lequel ladite etape d'etablissement dudit eve-
donnees commande par batterie en arretant et          nement requis
comprend l'tape d'association red6marrant la synchronisation d'un proces-
d'un groupe de bits audit 6venement. seur central dans ledit systeme de
traitement   50 de donnees, le systeme comprenant une m6-         4.
Proced6 selon l'une quelconque des revendi- moire.   une   pluralit6   de
dispositifs           cations pr6c6dentes, comprenant en outre
d'entr6e/sortie qui peuvent, ou non, utiliser une     l'6tape de d6tecter
si ladite interruption a ete fonction de dMlai d'attente, et un circuit de
engendree par un circuit synchronisateur du controle d'horloge pour fournir
un signal d'hor-  55  systeme. loge au processeur, ledit proced6 6tant
carac- terise par les 6tapes suivantes: determiner si les files d'attentes
de dispo- 8    15                 EP 0 229 692 B1                      16
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V     cations precedentes, dans lequel ladite 6tape          signal
d'horloge va continuer a 8tre applique darr&t de ladite application dudit
signal d'hor-      audit processeur central; loge une premiere fois,
comprend en outre                des moyens pour desexciter ledit circuit
l'6tape de d6livrer une instruction d'arr~t a    s    de contr8le d'horloge
en r6ponse a l'apparition ladite unit6 centrale de traitement.
d'une interruption engendree par un dispositif d'entr6/sortie ou d'une
demande DMA une fois 6. Procede selon la revendication 5, comprenant
arretee l'application de l'horloge; et en outre l'6tape de d6terminer si
ladite inter-          des moyens pour d6marrer l'application ruption ou
ladite demande 6talt l'6v6nement   10      dudit signal d'horloge audit
processeur central requis.                                               en
r6ponse a ladite 6tape de desexcitation, ce qui fait que l'ex6cution de
l'instruction dans 7. Proc6de selon les revendications 5 ou 6, dans
ledit processeur est reprise. Iequel ladite instruction d'arret est une
premi&- re instruction d'arret et dans lequel ladite etape   15  9.
Appareil selon la revendication 8, dans lequel d'arr~t de ladite
application dudit signal d'hor-    lesdits moyens pour etablir ledit
ev6nement loge une deuxieme fois comprend en outre             requis
comprend en outre des moyens d'asso- I'etape de d6livrer une deuxieme
instruction          ciation d'un masque pr6-existant audit evene- d'arret
a ladite unite centrale de traitement.        ment requis. 20 8. Appareil
de reduction de ia consommation           10. Appareil selon les
revendications 8 ou 9, dans d'6nergie dans un systeme de traitement de
lequel lesdits moyens d'etablissement dudit donnees command6 par batterie
en arr~tant et         ev6nement requis comprend des moyens d'as- en
red6marrant la synchronisation d'un proces-       sociation d'un groupe de
bits audit 6v6nement. seur central dans ledit systeme de traitement   25 de
donnees, le systeme comprenant une m6-         11. Appareil selon l'une
quelconque des revendi- moire,   une   pluralit6   de   dispositifs
cations pr6cedentes 8 a 10, comprenant en d'entr6e/sortie qui peut, ou non,
utiliser une        outre des moyens pour d6tecter si ladite inter-
fonction de delai d'attente, et un circuit de         ruption a ete
engendree par un circuit synchro- contr6le d'horloge pour fournir un signal
d'hor-  30  nisateur du systeme. loge au processeur, caract6ris6 par: des
moyens pour determiner si les files       12. Appareil selon l'une
quelconque des revendi- d'attente de dispositifs d'entr6eesortie ne sont
cations precedentes 8 a 11, dans lequel lesdits pas vides, auquel cas il
est envoy6 une tache         moyens d'arrdt de ladite application dudit si-
de  processeur ou  si les  files  d'attente   35      gnal d'horloge ladite
premibre fois, comprend d'entr6/sortie sont vides, fixant le processeur
en outre des moyens pour d6livrer une instruc- en un mode ou ii attend
Vapparition d'un ev6-        tion d'arrOt a ladite unite centrale de
traite- nement externe, cet 6v6nement 6tant un 6ve-           ment. nement
qui provient soit d'une interruption du systeme  depuis  lun  desdits
dispositifs   40   13. Appareil selon la revendication 12, comprenant
d'entr6e/sortie soit d'une demande DMA;               en outre des moyens
pour determiner si ladite des moyens pour 6tablir selectivement un
interrruption ou ladite demande etait l'ev6ne- 6v6nement requis a partir de
ladite pluralit6         ment requis. desdits 6venements afin de contr6ler
l'applica- tion dudit signal d'horloge sur ledit processeur   45   14.
Appareil selon les revendications 12 ou 13, central;
dans lequel ladite instruction d'arret est une des moyens pour exciter
ledit circuit de          premiere instruction d'arr8t et dans lequel les-
contr6le d'horloge qui permet l'arret de l'appli-     dits moyens d'arrbt
de ladite application dudit cation dudit signal d'horloge;
signal d'horloge ladite deuxieme fois com- des moyens pour determiner,
apres ladite  so      prend en outre des moyens pour d6livrer une 6tape
d'excitation, si ledit 6v6nement requis         deuxieme instruction
d'arr&t a ladite unit6 cen- est apparu;
trale de traitement. des moyens pour arr8ter ladite application dudit
signal d'horloge sur ledit processeur cen-  Patentanspriiche tral en
r6ponse a ladite etape d'excitation et   55 audit evenement requis qui nest
pas apparu,       1. Verfahren zum  Verringern des Leistungsver- et si
ledit evenement requis est apparu apres         brauchs in einem
batteriebetriebenen Informa- ladite excitation et avant ledit arr8t, ne pas
tionsverarbeitungssystem  durch Anhalten und 9    17                 EP 0
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neuerliches Starten der Taktgebung eines Zen-    3  Verfahren nach Anspruch
1 oder 2, bei wel- tralprozessors in dem  Informationsverarbei-
chem  der Schritt des Festsetzens des ge- tungssystem, wobei das System
aufweist: ei-          wtinschten Ereignisses den Schritt des Zuord- nen
Speicher, eine Mehrzahl von l/O-Einrich-         nens einer Gruppe von Bits
dem Ereignis um- tungen, die von einer Zeitsperrefunktion Ge-   5     falt.
brauch machen k6nnen oder nicht, und eine Taktgebersteuerschaltung zum
Liefern eines      4. Verfahren nach irgendeinem der vorgehenden
Taktgebersignals an den Prozessor und das            AnsprUche, das femer
den Schritt des Erfas- Verfahren durch die folgenden Schritte ge-
sens umfafit, ob die Unterbrechung von einer *      kennzeichnet ist:
70       Systemzeitgeberschaltung erzeugt wurde. Ermitteln, ob die
Warteschlangen fir die I/O- Einrichtungen nicht leer sind, wobei in diesem
5. Verfahren nach irgendeinem der vorgehenden Falle eine Prozessortask
zugeteilt wird oder,        AnsprOche, bei welchem der Schritt des erst-
falls die l/O-Warteschlangen leer sind, Setzen       maligen Anhaltens des
Zuleitens des Taktge- des Prozessors in einen Modus, wo er drauf   15
bersignals ferner den Schritt des Ausgebens wartet, daB ein auBeres
Ereignis auftritt, wobei     eines Stopbefehls an die Zentralprozessorein-
ein solches Ereignis ein solches ist, das entwe-     heit urnfait. der zu
einer Systemunterbrechung aus einer der l/O-Einrichtungen oder zu/einer
DMA-An-      6. Verfahren nach Anspruch 5, das ferner den _   forderung
fuhrt und wenn sich der Prozessor in  20    Schritt des Bestimmens umfalt,
ob die Unter- dem genannten Modus befindet,                        brechung
oder die Anforderung das Ereignis a) Selektives Festsetzen eines
gewUnschten        war. Ereignisses aus einer Mehrzahl der Ereig- nisse,
urn das Zuleiten des Taktgebersi-       7. Verfahren nach Anspruch 5 oder
6, bei wel- gnals an den Zentralprozessor zu steuern,  25     chem der
Stopbefehl ein erster Stopbefehl ist b) Vorbereiten der
Taktgebersteuerschal-          und bei welchem  der Schritt des Anhaltens
tung, welche es ermoglicht, daI das Zulei-        des Zuleitens des
Taktgebersignals das zweite ten des Taktgebersignals angehalten wird,
Mal ferner den Schritt des Ausgebens eines c) nach dem Schritt des
Vorbereitens Be-          zweiten Stopbefehls an die Zentralprozesso-
stimmen, ob das gewUnschte Ereignis statt-  30    reinheit umfait. fand, d)
Anhalten des Zuleitens des Taktgebersi-     8  Einrichtung zum Verringern
des Leistungsver- gnals an den  Zentralprozessor entspre-
brauchs in einem  battereiebetriebenen Infor- chend dem  Schritt des
Vorbereitens und           mationsverarbeitungssystem  durch  Anhalten dem,
daBl das gewUnschte Ereignis nicht  35        und neuerliches Starten der
Taktgebung eines stattfand, und falls das gewOnschte Ereignis
Zentralprozessors in dem Informationsverarbei- nach dem Vorbereiten und vor
dem Anhal-           tungssystem, wobel das System aufweist: ei- ten
stattfand, Ignorieren des Anhaltens, wo-       nen Speicher, eine Mehrzahl
von l/O-Einrich- durch das Zuleiten des Taktgebersignals an        tungen,
die von einer Zeitsperrefunktion Ge- die Zentraleinheit weiter
aufrechterhalten   40    brauch machen k6nnen oder nicht, und eine wird,
Taktgebersteuerschaltung zum  Liefern eines e) Entscharfen der
Taktgebersteuerschal-           Taktgebersignals an den Prozessor, gekenn-
tung entsprechend dem Auftreten einer Un-          zeichnet durch:
terbrechung, die von einer l/O-Einrichtung         Mittel, um zu ermitteln,
ob die Warteschlangen oder einer DMA-Anforderung erzeugt wird,  45      fir
l/O-Einrichtungen nicht leer sind, wobei in sobald das Zuleiten des
Schrittpulses ange-       diesem Falle eine Prozessortask zugeteilt wird
halten wird,                                      oder, falls die
l/O-Warteschlangen leer sind, f) Starten mit dem Zuleiten des Taktgebersi-
Setzen des Prozessors in einen Modus, wo er gnals an den  Zentralprozessor
entspre-           darauf wartet, daB ein duieres Ereignis auftritt, chend
dem  Schritt des Entscharfens, wo-  50       wobei ein solches Ereignis ein
solches ist, das durch eine BefohisausfUhrung in dem Pro-          entweder
zu einer Systemunterbrechung aus zessor wieder aufgenommen wird.
einer der l/O-Einrichtungen oder zu einer DMA- Anforderung fUhrt, 2.
Verfahren nach Anspruch 1, bei welchem der            Mittel zum
selektiven Festsetzen eines ge- Schritt des Festsetzens des gewUnschten Er-
55      wunschten Ereignisses aus einer Mehrzahl der eignisses ferner einen
Schritt des Zuordnens         Ereignisse, um das Zuleiten des Taktgebersi-
einer vorher vorhandenen Maske dem  ge-              gnals an den
Zentralprozessor zu steuern, wunschten Ereignis umfai3t.
Mittel zum  Vorbereiten der Taktgebersteuer- 10    19                 EP 0
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* C   L   M   S * schaltung, welche es erm6glicht, daIc das Zu-        des
Zuleitens des Taktgebersignals das zweite ~-'  leiten des Taktgebersignals
angehalten wird,           Mal ferner Mittel zum Ausgeben eines zweiten
Mittel, um nach den Schritt des Vorbereitens         Stopbefehis an die
Zentralprozessoreinheit auf- zu bestimmen, ob das gewinschte Ereignis
weist. stattfand,                                   5 Mittel zum Anhalten
des Zuleitens des Taktge- bersignals an den Zentralprozessor entspre- chend
dem Schritt des Vorbereitens und dem, daB das gew~nschte Ereignis nicht
stattfand und falls das gewOnschte Ereignis nach dem    10 Vorbereiten und
vor dem Anhalten stattfand, Ignorieren des Anhaltens, wodurch das Zulei-
ten des Taktgebersignals an den Zentralpro- zessor welter aufrechterhalten
wird, Mittel zum  Entsch~rfen der Taktgebersteuer-  15 schaltung
entsprechend dem Auftreten einer Unterbrechung, die von einer
l/O-Einrichtung oder einer DMA-Anforderung erzeugt wird, so- bald das
Zuleiten des Schrittpulses angehalten wird und
20 Mittel zurn Starten mit dem Zuleiten des Takt- gebersignals an den
Zentralprozessor entspre- chend dem Schritt des Entscharfens, wodurch eine
Befehisausf0hrung in dem Prozessor wie- der aufgenommen wird.
25 9. Einrichtung nach Anspruch 8, bei welcher das Mittel zum Festsetzen
des gewanschten Ereig- nisses ferner Mittel aufweist, um eine vorher
vorhandene Maske dem gewtnschten Ereignis  30 zuzuordnen. 10. Einrichtung
nach Anspruch 8 oder 9, bei wel- cher das Mittel zurn Festsetzen des
gewUnsch- ten Ereignisses Mittel aufweist, um eine Grup-   35 pe von Bits
dem Ereignis zuzuordnen. 11. Einrichtung nach irgendeinem  der vorgehen- '
den AnsprUche 8 bis 10, die ferner Mittel auf- weist, um zu erfassen, ob
die Unterbrechung   40 von einer Systemzeitgeberschaltung erzeugt wurde.
12. Einrichtung nach irgendeinem  der vorherge- henden AnsprOche 8 bis 11,
bei welcher das   45 Mittel zurn erstmaligen Anhalten des zuleitens des
Taktgebersignals ferner Mittel zum Ausge- ben eines Stopbefehis an die
Zentralprozesso- reinheit aufweist. s0 13. Einrichtung nach Anspruch 12,
die ferner Mittel aufweist, um zu bestimmen, ob die Unterbre- chung oder
die Anforderung das gewUnschte Ereignis war. 55 14. Einrichtung nach
Anspruch 12 oder 13, bei welcher der Stopbefehl ein erster Stopbefehl ist
und bei welcher das Mittel zurn Anhalten 11    


