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A COMPUTER SYSTEM AND METHOD OF OPERATING THE SYSTEM

The present invention relates to a computer system
and to a method of operating the system.

Continuity of personal computers is desirable such
that when a power supply for the personal computer is
turned off and then is subsequently turned on again,
the system is restored to the state established
immediately before the power supply was previously
turned off for permitting processing being executed at
the time when the power supply was turned off to
continue.

The advent of small sized, battery driven
computers has resulted in portable computers which can
be used irrespective of place and time, for example,
while waiting for trains or aeroplanes, in free time
before the start of meetings, etc. However, it is
often difficult to complete all the procedures for the
required processing in such a limited period of time.

On these occasions, such computers would become more
convenient to use, if the suspended processing could be
continued later in any free moment, even after the
power supply had been turned off and then on again.

Meanwhile, if the battery voltage drops too low
(LOW BATTERY) during periods of use or because a power
switch is inadvertently left on by the user, processing
needs to be suspended under such non-chargeable
conditions and then resumed later after re-charging. 1In
the worst case, all of the data may be lost in the
course of processing due to cut off of the power supply.
It is desirable, therefore, for the power supply to be
turned off -after the current state is saves and for the
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The present invention relates to a conputer system and to a nmethod of
opefatiffg the system Continuity of personal conpu
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restored to the state established 10 i medi ately before the power supply
was previously turned off for permtting processing being executed at
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The advent of ?SETBA ozeﬁchﬁ%thye c36ng1 t‘i%?l 15 conputers has resulted in

portabl e conputers whi used irrespective of place and tine,
for exanple, B wildaibe sgerof nomithe @boyenopltige SONEANNAEY ofne
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to conplete aII the procedures for the
5 the convenience of portable computers, in particular.

Realisation of continuity absolutely requires the
system state at the point when the power supply is
turned off to be held. That is, the contents_of a main
memory, the setting condition of I/O ports, the state
of a CPU, etc. must be held. The setting condition
(status) of the I/O ports specifies in turn the
condition of hardware at the time when the power supply
is turned off. The condition of the hardware can be
stored as information in the main memory, and so the
retention of data in the main memory will be considered

10

15
. herein.

With the conventional continuity techniques, the
retention of data in the main memory has basically been
realised by back-up of the power supply for the main
memory. Specifically, power is supplied continuously
to the main memory, comprising an SRAM, even after
turn off of the power supply in order to retain the
contents of the SRAM. Alternatively, if the main
memory comprises a DRAM, a periodic refresh is effected
even after turn off of the power supply.

. However, such continuity techniques give rise to
the following éroblems:-

(1) . The system cost is increased as a result of the
complexity of the circuit configuration and the
specialised design of the devices employed.

(2) Data cannot be preserved in the long term using
only battery cells.

Thus, the resulting system is expensive and does
not satisfactorily accomplish continuity.
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case, all ta na processi ng due to
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pover supply 4@iR8rsal cohih ngtgfgygggﬁ( the current state is saves and
for thes According to one aspect of the present invention,
there is provided,a computer system having means for
preserving the state of the system for future
processing, characterised in that the preserving means
comprise detecting means for detecting an event
&0 indicating a process for saving the system state is to
be started, system state saving means responsive to an
instruction from the detecting means for generating for
supply to an external store a data output representing
the contents of a main memory, I/0 status and CPU
status, and system state restoring means operable to
read aut from the external store data previously stored
therein for restoring the contents of the main memory,
I/O status and CPU status to a previous condition.
As described in detail below, the system can
achieve not only continuity relative to the state
established when a power supply was last turned off but

15,

20

also continuity by restoring the system to the state it
was in at a yet earlier time. '

It is a preferred feature of the present invention
that the system can operate in a continuous manner by
recording the system state, at the time of turning off
the power supply or at a time instructed by the user,
into the external store and then restoring the recorded
earlier state upon turning on the power supply or upon

25

an instruction from the user.
30 Thus, the processing occurring immediately before
turn off of the power supply may be executed continu-
ously.

According to another aspect of the present
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suspended processing to be continued follow ng clearing; ~:; ; Of
t hé 'LON*BATTERY condi ti on. As wil'l be seen from they aquq,.cfh
continuity of

’-CD-.

a conputer is one of the crucial factors in inproving

the conveni ence of portable conputers, jn particular.
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invention, there is provided a method of preserving the
state of a computer system for subsequent processing
characterised by detecting an event indicating a process
for saving the state of the computer system is to be
started, generating in response to the detection a data
output for supply to an external store, which data
output represents the contents of a main memory, I/O
status and CPU status, and subsequently reading out
from the external store data previously stored therein
for restoring the contents-of the main memory, the I/0O
status and the CPU status to a previous condition.

The present invention will be described further,
by way of example, with reference to the accompanying
drawings, in which:-

Figure 1 is a block diagram illustrating the basic
structure of a computer according to the present
invention;

Figure 2 is a block diagram illustrating a first
embodiment of save process start detecting means of the
computer;

Figure 3 is a block diagram illustrating a second
embodiment of save process start detecting means of the
computer;

Figure 4 is a block diagram illustrating a third
embodiment of save process start detecting means of the
computer; '

Figure 5 is a block diagram illustrating a fourth
embodiment of save process start detecting means of the
computer;

Figure 6 is a diagram for explaining the operation

of a save start command detection processing program

shown in Figure §5; .
Figure 7 is a block diagram illustrating a first
embodiment of system state saving means of the computer;
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‘Real i'sation of continuity absolutely requires the system state at the
point when the power supply is turned off to be held. Tharﬁls,.the
contents of a main menory, the setting condition of I/Ckpqrts ~the
state 10 of a CPU, etc. nmust be held.5 The setting condition P
(status) of the I/O ports specifies in turn the condition of
hardware at the tine when the power supply Is turned off. The
condition of the harBiguze dhrishea block diagram dsljugtgatano® iseqand min
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consi dered . her ei n. h the conventlonal continuity
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ggw 5CO§BI‘6|C!ST h;agﬁ%ﬁ&'fi ?q”ﬁféﬁ ecfilacéjxna;[nll A e’ratmg a Oflrs ain
embodiment of post save processing means of the '
computer;
Figure 11 is a block diagram illustrating a
second embodiment of post save processing means of the

10 computer;

Figure 12 is a block diagram illustrating a first
embodiment of restore process starting means of the
computer;

Figure 13 is a block diagram illustrating a second

15 embodiment of restore process starting means of the

~ computer;

Figure 14 is a block diagram illustrating a first
embodiment of system state restoring means of the
cémputer;

20 Figure 15 is a block diagram illustrating a second
embodiment of system state restoring means of the
computer;

Figure 16 is a block diagram illustrating a third
embodiment of system state restoring means of the

’s computer;

Figure 17 is a block diagram illustrating a first
embodiment of post restoration processing means of the
computer;

Figure 18 is a block diagram illustrating a second

30 embodiment of post restoration processing means of the

computer;

Figure 19 is a block diagram illustrating in
greater detail one embodiment of computer according to
the present invention; and
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Referring initially to Figure 1, a computer
according to the present invention comprises generally
save process start detecting means 11, which manage and
determine the timing at which the system state is to be
saved. The save process is triggered by one of the
following: turning off a power switch, the occurrence
of a LOW BATTERY condition, or an instruction from the
user, etc.

When a decision to save is made by the save
process start detecting means 11, system state saving
means 12 are arranged to supply data relating to the
system state to an external store that will not lose the
data even if the system power is cut off.

Post save processing means 13 then perform any
processing required after the system state has been
saved, for example, turning off the power supply,
continued processing, initialisation, etc. Usually,
the post save processing means 13 initiate turn off of
the power supply.

Subsequently, restore process starting means 14
are activatgd, after raising the system or upon an
instruction from the user, in order to activate system
state restoring means 15.

The system state restoring means 15 read out the
data relating to the earlier system state stored in the
external store and sets such data in the system for
restoring the previous state.

Post restoration processing means 16 finally re-
start the previously interrupted process in -the restored
system state. As an alternative, however, it is
possible for a user to interrﬁpt the process altogethgr.
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The present invention seeks to solve the problens

According to one aspgct of the present invention,

there is provided a conputer system having nmeans. for
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Since each of the means employed in the present
invention can be implemented in various ways,
preferred embodiments of these means will be described
first, following which typical configurations for the
overall computer will be described by way of example.

A first embodiment of the save process start
detecting means 11 is shown in Figure 2, and comprises
a power switch 21, a power switch state detector 22,
an interruption controller 23, and a power off
detection processing program 24.

When the power switch 21 is turned off by the
user, the power switch state detector 22 detects the
turn off of the power switch 21 and issues to the
interruption controller 23 a signal for requesting an
interruption in accordance with the cut off of the
Upon receiving that signal, the interruption
controller 23 causes an interruption indicating cut off

power. |,
of the power. The power off detection processing

program 24 is responsive to the interruption to detect
turn off of the power switch 21 in software terms and

‘carries out the necessary process steps to activate the

system state saving means 12 (described later).

A second embodiment of the save process start
detecting means 11 shown in Figure 3 comprises a power
switch 31, a switch state port 32, a system timer 33,
an interruption controller 34, a timer routine 35, and
a power off detection processing program 36.

.When the power switch 31 is turned off by the
user, the switch state port 32, which is connected to
the power switch 31 and which is capable of reading the
state of the power switch using a program, indicates
turn off of the power switch 31. Further, the system
timer 33 sends an interruption request signal to the
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'preserV|ng the state of the systemfor future processing,
charactérised in that the preserving nmeans conpri se detecting neans
for detecting an event 10 indi cating a process for saving thé system
state is to be started, system state saving neans responsive to an

I nstruction fron1the"detecting means for generating for supply to an
external store a data output representing the contents of a main
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then to call the power off detection processing program

36. The power off detection processing program 36
reads the switch state port 32 and activates the system
state saving means 12 (described later) if the power
switch 31 is turned off, but returns the control back
to the timer routine 35 to terminate the timer
interruption if the power switch 31 is turned on.

While the first embodiment of the save process
start detecting means 11 is activated in response to the
interruption caused upon cut off of the power, the
15 - second ,embodiment of the save process start detecting

means 11 detects cut off of the power only at certain
intervals during the timer interruption.
A third embodiment of the save process start
detecting means 11 will now be described with reference
20 to Figure 4. This embodiment comprises a power switch
41, a switch state port 42, a keyboard 43, a keyboard
data receiving unit 44, an interruption controller 45,

10

a keyboard interruption routine 46, a keyboard data
reading routine 47, a power off detection processing

25 program 48, and a keyboard data buffer 49.

In this embodiment, when the power switch 41 is

turned off by the user, the switch state port 42, .
connected to the power switch 41 and capable of reading
the on/off state of the power switch using a program,

30 indicates turn off of the power switch 41. Further,
when any key on the keyboard 43 is depressed, the key-
board data receiving unit 44 receives data from the key-
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‘was i'n at a yet earlier tine. It is a preferred feature of the
present ‘i nvention 25 that the system can operate in a contipyeds manner,

by recording the systemstate, at the time of turning otﬁ:ﬂ'ét;i'ﬁe4i
. . . A .

power supply or at a tine instructed by tge user, into the exteérnal

store and then restoring the recorded earlier state upon turning on

t he power supply or upon an instruction fromthe user.

Thus, the proc | c 609+ Lat before. 4 of the
o ool SESSE0 S RELAT TR EhA<ORLY £y aeprebld 88 Shadle
to anot her asp@ckeybopid ppréseneceiving interruption request signal to

the interruption controller 45. The interruption

controller 45 causes a keyboard input interruption to
5 activate the keyboard interruption routine 46, so that
the keyboard data is read out of the keyboard data
recéiving unit 44 and loaded into the keyboard data
buffer 49. The keyboard data loaded into the keyboard
data buffer 49 is read out by the keyboard data reading
routine 47 upon a request from a user program. The
keyboard data reading routine 47 reads out the keyboard
data and supplies it to the user program when keyboard
data is present in the keyboard data buffer 49, but
informs the user program of the absence of a key input,
or waits until there is a key input and the keyboard
data 'is entered into the keyboard data buffer 49, if
the keyboard data buffer 49 is vacant. The decision
whether to return the null state or wait for entry of
the keyboard data is determined by the function of the
keyboard data reading routine 47 or by the instruction
from the user program. After reading the keyboard data,
or immediately before indicating to the user program
that the keyboard data buffer 49 is vacant, or during
the wait for the next keyboard data to be loaded into
the keyboard data buffer 49, the keyboard data reading
routine 47 calls the power off detection processing
program 48, which reads the power switch state port 42

10

15.

20

25

and ‘which then activates system state saving means 12
(described later) if the power switch 41 is turned off.
While the second embodiment of the save process
start detecting means 11 detects cut off of the power in
association with the timer interruption, the third
embodiment of the save process start detecting means 11
features the detection of cut off of the power in

30
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I nvention, there is provided a nethod of preserving the

stdte of a conputer system for subsequent processing ed py
detecting an event indicating a process for saving theﬂf}§§¢ ﬁhé)l_
conputer systemis to be 5 started, ®§@nerating in response to th
detection a data output for supply to an external store, which data
out put represents the contents of a main nenory, 1/0O
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association with the keyboard data reading program
called by the user program most frequently.

A fourth embodiment of the save process start
detecting means 11, which is shown in Figure 5,
comprises a keyboard 51, a keyboard data receiving unit
52, an interruption controller 53, a keyboard inter-
ruption routine 54, a save start command detection
processing program 55, and a keyboard data buffer 56.

In this embodiment, when any key on the keyboard
51 is depressed, the keyboard data indicating that that
key is depressed is transmitted by the keyboard 51 to
the keyboard data receiving unit 52, which in turn
sends a keyboard data receiving interruption request
signal to the interruption controller 53. The inter-
ruption controller 53 activates the keyboard inter-
ruption routine 54, so that the keyboard data is read
out of the keyboard data receiving unit 52 and loaded
into the keyboard data buffer 56, following which the
keyboard intérruption routine calls the save start
command detection processing program 55. The save start
command detection processing program 55 monitors the
contents of the keyboard buffer or other data concerning
the keyboard, for example concerning keyboard status,
and calls the system state saving means 12 (described
later) when a specified state arises.

The save start command detection processing
program 55 detects the specified state in the following
manner: with reference to Figure 6, a keyboard
status byte 61 includes a first bit 62 serving as a
shift key status bit, and a second bit 63 serving as a
control key status bit.

When during the keyboard interruption routine 54,
a character such as "A", for example, is depressed on
the keyboard and received as input data, the received
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status and CPU status, and subsequently readi ng out fromthe external

store ddta previously stored therein 10 for restoring the contents of

the main nenory, the I/O status and the CPU status to ﬁ?d:bwrbu$' A
condi ti on. The present inventildn will be descrlbedJﬂOJRhéd',iJi“
by way of exanple, with reference to the acconpanyi ng drawi ngs, in

whi ch: - 15 Figure 1 1is a bl ock dlagran1lllustrat|ng the basic
structure of a CHHRR %éé &G disndorsiechd nfoe gedeyboard bufder 64 and,

Figure 2 is a tasacdhedlfagfaamlldgutstdtﬁtﬁa@&e%fl i%ls locatiembeditkeat +@f save
DS ook o adfart i AR ¥4, S sphdcac s Wibobisesr sopspinsrbuncs
start detecti ngheandbftiieh@iext received data indicates a shift key
being depressed (turned on), this data is not loaded

into the keyboard buffer 64, and the shift key status

bit 62 as the first bit of the keyboard status byte 61

is set to 1. Upon receiving the data indicating that

the shift key has been released, the shift key status

bit 62 is set to 0. Thus, the shift key status bit 62
takes 1 while the shift key is being depressed, but 0
when it is released. Likewise, the state of a control
key is indicated by the control key status bit 63.

Assuming that the instruction provided from the user to
start the save processing is indicated by the fact that

5

10

15
. “"the shift key and the control key are depressed simul-

taneously and the character "A" is further depressed",
the save start command detection processing program 55
checks firstly whether the shift key status bit 62 and
the control key status bit 63 are both set to 1 (turned
on), and secondly whether the data within the keyboard
buffer 64 pointed by the buffer top pointer 65 is "A".
If the above three conditions are all satisfied, the
system state saving means 12 (descrlbed later) is
called. _

As will be. apparent from the above description,
while the first to third embodiments of the save process
start detecting means 11 detect turn off of the power
switch, the fourth embodiment detects an instruction
input by the dser from the keyboard.

In a case where the first to third embodiments of
the save process start detecting means 11 are modified
by replacing the power switches 21, 31 and 41 with
system voltage detecpion command switches, which detect

20
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‘conputer : Figure 4 is a block diagramillustrating a third
enbodi mént of save process start detecting means of the 25 . ~conputer,
Figure 5 is a block diagramillustrating a fourth enbodLﬁ?nt of, save
process: start detecting nmeans of the 12conputer; 30 FlgUTe 6
i s a diagramfor explaining the operation of a save start conmand
det ecti on processi ng program shown in Figure 5; Figure 7
is a block di aglestrirasiyaei dgcaedsesin voltagabuuenehheoSYsyemen1state

saving neans OkoiR8geCAPHpS below a certain reference level and which

operates similarly to the power switches 21, 31 and 41,

the system state saving means 12 (described later) can

5 still be activated in the same manner. The system

voltage detection command switches in this instance may
have a structure which takes into consideration charac-
teristics of battery cells, the system state, time
dependent variations in the decrease of the system
voltage and other factors, such switches having the
object of detecting a state when the charge capacity in
the battery drive system has been lowered, before shut
down of the system.

Referring now to the system state saving means 12,
information relating to the system state, including the
contents of a main memory, 1I/0 status concerning the
setting of I/0 ports and hence the condition of devices
in the system, the CPU state, etc., must be saved.

The I/0 status in terms of the setting manner and values
of the I/0 ports, and hence the condition of the
devices, must be explicitly stated. In terms of
information, however, the I/0O status can be handled in
a2 like manner to the information representing the state
of the main memory and the CPU. Various means for out-
puttlng such information into an external store will now
be described.

A first embodiment of the system state saving
means 12 is shown in Figure 7 and comprises a system
saving program 71, a hard disk drive 72 having a system
state store region 73, a main memory 74, a CPU status
store 75, and an I/0 status store 76.

When the sjstem saving program 71 is activated,
the contents of the main memory 74, the CPU status
store 75 and the I/O status store 76 are transferred

10
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enbodi mént of system state saving neans of the conputer;
9 is a block diagramillustrating a third

Figure 8 is a block diagramillustrating a second

savi ng nmeans of the conputer; 5 1¥Figure 10 is a bl ock diagram

il lustrating a first
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into the system state store region 73 within the hard
disk drive 72 as an external store. After completion
of this outputting task, the control initiative is
transferred to post save processing means 13 (described
later).

The contents of the main memory 74 are basically
only required to give information sufficient for
realising system continuity. In general, the memory
information that does not concern the continuity process
itself needs to be saved in the state established prior
to activation of the save process start detecting means
11.

The CPU status store 75 gives information with
which the system state restoring means 15 (described
later) can restore the CPU state, existing at the time
of the last or yet earlier turn off of the power switch
or at the time instructed by the user, when the poWer
switch is next turned on or when the user next provides
an instruction.  Generally, the CPU status is stored.
in a stack of the main memory 74, and hence is saved at
the same time as the contents of the main memory 74.

The information in a speci&i register etc. within the
CPU is saved separately.

The I/O status store 76 gives information about
I/O ports and the devices in the computer, which
information is capable of setting the I/O ports and the
devices and then restoring the I/0 ports and the
devices, to their state at the point immediately before
activation of the aforesaid save process start detecting
means 11, when the power switch is next turned on or
when the system state is restored upon an instruction
from the user. Those parts among the I/0 information
which remain unchanged irrespective of turn on/off of
the power switch are not required to be saved.

This Sheet Has Been Replaced
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‘conputer; Figure 11 is a bl ock dlagran1|IIustrat|ng a

second enmbodi nent of post save processing neans of the 10 . uter
g g
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Figure 12 is a block diagramillustrating a first

restore process starting neans of the 14 conputer; guﬁmﬁj;;
I s a bl ock diagran1i||ustrating a second 15 enbodi nent of restore
process starting neagg of th conput e ure 14 is a

bl ock diagramill ust F,ﬁgsgeplﬁggte Stor%nﬁ%ﬂ%%%nz3dV1§9%¥ &

restoring meandisk fbgve 72 haﬁnbupeélt?Oreserved aEIQWéetﬂﬁéléfa bl ock
g;:g;ag}'LLgStiSEEEQl §?§$leng, wEIRQd et o 5 SR A LESEQTI NG
the addltlonal information necessary for completely
5 saving the contents of the main memory 74, the CPU
status store 75 and the I/O status store 76 under
control. Hence, the region 73 is separate from the
region for storing DOS as well as the programs and data
utilised under DOS. Thus, the system state store
region 73 is fixedly maintaining within the hard disk
drive 72 for being read by system state restoring means
15 (described later) for restoring the system state.

A second embodiment of the system state saving
means 12 shown in Figure 8 comprises a system saving
program 81, a hard disk drive 82, a system state store

. file 83 residing in the hard disk drive 82, a main
memory 84, a CPU status store 85, and an I/0 status
store 86.

In the embodiment shown in Figure 8, when the
system saving program 81 is activated, the contents of
the main memory 84, the CPU status store 85 and the I/0
status store 86 are transferred, in the form of one
file, to the hard disk drive 82 as an external store.
This file is the system state store file 83. While the
main memory 84, the CPU status store 85 and the I/O
status store 86 are the same as those described in
connection with the first embodiment of the system state
saving means 12, the present embodiment of the system
state saving means features the system state store file
83 instead of the aforesaid system state store region 73
to store the relevant information.

Storing the system state in the form of a file can
increase the number of states logically stored. This
makes it possible to restore the system not only to the
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"Figure 16 is a block diagramillustrating a third enbodi nent of

system State restoring neans of the 25 conput er; Figure 17
is a block diagramillustrating a first enbodi nent of post
restoration processing neans of the jEonputer; 7~ TFigure 18 -
is a block diagramillustrating a second enbodi ment of post

restoration processing neans of the conput er; Figure 19

is a block di ag{:g,gyé*y&{ H{le t KT C_ed'rt}g;g nent of
conput er accordin ﬁé %% sennt\el‘%{i/%ﬁt%%% d

las turned off or at the time lnstructed by the user,

but also to a state existing at the time of a yet,

earlier turn off of the power switch or at any time

5 instructed by the user. Handling in the form of a file
also readily permits the deletion or correction of the
information stored. In the case of restoring the

system to the state existing at a point earlier than the
last turn off of the power switch, however, it is
required for the system state restoring means 15
(described later) to execute the processing without

10

leaving any contradictions, because of the probability
of changes in the contents of the external store.

A third embodiment of the system state saving
means 12 will now be described with reference to Figure
9. This embodiment comprises a system saving program
91, a floppy diskette 92, a system state store region
93 as a specific-area in the floppy diskette 92, a main
memory 94, a CPU status store 95, and an I/0O status
store 96. ’

In this embodiment, the hard disk drive 72 in the
first embodiment of the system state.saving means 12 is
replaced by the floppy diskette 92. Information such as
the contents of the main memory 94, the CPU status

. store 95 and the I/0 status store 96 is saved in a like
manner as in the aforesaid first embodiment.

While the hard disk drive 72 is fixed to the
computer body, the floppy diskette 92 is not fixed to
the computer body and can be replaced as a recording
medium. According to this embodiment, although the
system state store region 93 is fixed in one floppy
diskette, multiple system states can be recorded and
retained using a plurality of floppy diskettes. 1In this

15.

20

25

30

respect, similar considerations as in the second
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"6 ' Figure 20 is a block diagramillustrating in greater
det'ai | anot her enbodi nent of conputer according to the. present

i nventi on. Referring initially to Figure 1, a conguter
according to the present invention conprlfgs general ly ’

embodiment of the system state saving means apply.

Respective embodiments of the post save processing
means 13 will now be described with reference to Figures
10 and 11. '

The embodiment shown in Figure 10 comprises a
power supply unit 101, an electric power switch 102 and
an a power off program 103. The power supply unit 101
supplies power to the system. The electrical power
switch 102 is connected to the power supply unit 101 and
is capable of disconnecting the power supply unit 101
using software. When the power off program 103
initiates turning off of the electric power switch 102,
the power supply unit 101 is disconnected and the supply
of power to the system is cut off. Thus, this embodi-
ment of the means 13 permits the power supplied to the
system to be cut off by means of software.

The embodiment of the post save processing means
13 shown in Figure 11 comprises a processing select
program 111, a processing determination program 112, a
continuation program 113, a system initialisation

10

15.

20
program 114, a power off program 115, a power supply

unit 116, and an electric power switch 117.
This embodiment represents post save processing

means which enable the type of processing to be selected
25 upon an instruction from the user after saving the
system state into the external store. In this
embodiment, three choices as to the type of processing
to be selected are provided. The processing select
program 111 gives the user a display of the typés of
processing, which may be executed after saving of the
system state, and prompts the user to select any one of
the choices for instructing which type of processing is
to be executed. If the instruction from the user is
appropriate, the processing determination program 112

30
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-5 - save process start detecting nmeans 11, which manage~apd. .
determme the timng at which the systemstate is to be {J?:{savedﬁ-H,Ihe
save process is triggered by one of the f ol | owi ng: tur himg 'offi &,
power switch, the occurrence of a1 OW BATTERY condition, or an

i nstruction fromthe 10 user, etc. When a decision to save
I's made by the save process start detecting neans 11, system state

savi ng eRacscéd ahe proaegsingopsoPppin s@lectedati iy tbishe
system state to.an, ext rnaE not, |l o ggta even if

h N
the system poSfBPOPLBERE: of bgtggfléwgﬁgméﬁﬁg? ggﬂtggstgf %?%%sneans 13 then

pr océs
perform any procepsdngsaragoféqueded after the system state has been

orocessi ng, 1 0l ol RUEEBHY Ehe SOfalPrGEeStER stter SatBI0 " Mo essi ng
neans 13 initi{@e tanatddflisé the system and raise it from the
beginning; and
(3) cut off the-power.
Depending on which of the three choices is
selected, the continuation program 113, the system
initialisation program 114 and the power off program 115
are executed, reéspectively.
The continuation program 113 allows the same
processing as was being executed before activation of

10

the save process start detecting means 11 to be
continued. 1In this case, it is necessary to elimipate
the event which caused the save process start detecting
means 11 to be activated, or to prevent the save
process start detecting means 11 from being operated -
again immediately.

The system initialisation program 114 initialises
the system. 1In practice, the control initiative is
advanced to an initialisation routine prepared before-
hand. '

15

20

The power off program 115 cuts off the power for
‘the system in a like manner to the aforesaid post save
processing means 13.

The restore process starting means 14 serves to
activate the system state restoring means 15 (described
later) upon turning on the power for the system or upon
an instruction from the user. i

A first embodiment of the restore process starting
means 14 shown in Figure 12 comprises a power on

25

30

processing pfogram 121, a boot strap loader 122, and a
process start determination program 123.
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't he power supply. - Subsequently, restore process starting neans

14 are activated, after raising the systemor upon an .

instruction fromthe user, in order to activate system 25 state ~
restoring nmeans 15. The systengstate restoring négh& ;5~nead %
out the data relating to the earlier systemstate stored in the ? "'*~
external store and sets such data in the systemfor restoring the
previous state. 30 when thePeyste@Sbolall @8 RLPEBSSLAY NMRARS éaefrl Bal Iy

re- start_the previousl |nterrupted process .in the restored

system state. HOHRPSINGBFLOEAR LgdweFarts; ppegating to perfogmi 8 a user
to interrupt thmgiowmetkaldfogdiehelystem, confirm and fixedly define

the configuration, as well as initialise the I/0 ports
5 and the devices, such as RAMS, making up the system.
Messages or the like are delivered, as required, to
report the system state. The boot strap loader 122 is
activated to load an operating system. After loading,
the control initiative is usually transferred to the
10 loaded operating system or to the loader contained
therein for raising the operating system. 1In the
present instance, however, the control initiative is
advanced to the process start determination program 123
to confirm whether the processing can be continued, the
15 process start determination program 123 checking whether
' the system state has been saved by the system state
saving means 12. If so, the system state restoring
means 15 (described later) are activated after
receiving an instruction from the user for confirmation,
or directly. The system state restoring means 15
(described later) can be activated either after waiting

for confirmation by the user or without conditions. 1In

20

the former case, the user determines whether to execute
the processing continuouély, whereas in the latter case
- the processing is continuous at all times.

Figure 15 shows a second embodiment of the restore
process starting means 14. The second embodiment
comprises a processing start program 131 which is
provided as one of the commands for DOS and which runs
the system state restoring means 15 (described later) if
the system state has been saved by the system state

saving means 12. If the system state has not been

30

saved, the processing start program 131 issues a
message or the like to inform the user that the system
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-7 : Since each of the neans enployed in the present

i nVenti 6n can be inplenented in various ways, preferredrenbedlnents
of these nmeans will be described first, follow ng whigh, nxpltal ;
configurations for the 19 Tats

state cannot be restored.

The system state restoring means 15 will now be
described, a first embodiment of these means being shown
in Figure 14. The first embodiment of the system state
restoring means comprises a system restoring program
141, a hard disk drive 142 having a system state store
region 143 as a specific area therein, a main memory
144, a CPU status store 145, and an I/0 status store
146. '

10 This embodiment of the system state restqring
means 15 co-operates with the first embodiment of the
system state saving means 12 in tandem. When the
system restoring program 141 is activated, the system
restoring program reads the system state, which has
been saved by the system state saving means 12, out of
the system state store region 143 within the hard disk
drive 142, thereby restoring the system state including
the contents of the main memory 144, the CPU status
store 145 and the I/O status store 146 to the preceding
condition. The CPU status is completely restored to
the original state in the final step of the post
restoration processing means 16 (described later).

Also, the I/0 status is mostly restored by the means
15, but may be changed until the final step of the post
restoration processing means 16 (described later), such

15,

20

25
changes being co-ordinated by the post restoration

processing means 16 to restore the I/0 status completely
to the previous condition.

A second embodiment of the system state restoring
. means 15 shown in Figure 15 comprises a system restoring
30 program 151, a hard disk drive 152, a system state
store file 153 constituting a file in the hard disk
drive 152, a main memory 154, a CPU status store 155,

and an I/0 status store 156.
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‘overal |l conputer will be described by way of exanple. ~ ~ Afirst
enbodi mént of the save process start detecting nmeans 11 [i s-shown iny, |

Figure 2, and conprises a power switch 21, a power switchH sthte v/
detector 22, an interruption contropper 23, and a power off

detection processing program 24. 10 When the power switch 21 is
‘turned off by the user, the power switch state detector 22 detects

t he turn of f ofhiseenby&imeintteh Pheaggstémustat® téstoring

accor dance wi { REERS CaroRPFases (thsthe SahaRa’ oddiment o Mt thae " "
signal, the iayerempstane savingomeans| b2 28 tamdes. an Wiererthetion
oo 30 $u's38Een rosedbub oo RatEln The PONCLRIdcdR! el phagEns) 1
the power switERSRAringsprogwam ibinteads the system state, which has

been saved by the system state saving means 12, out of

the system state store file 153 within the hard disk

drive 152, thereby restoring the system state including

the contents of the main memory 154, the CPU status

10 store 155 and the I/0 status store 156 to the previous
condition. The restoring method is the same as that
which takes place in the aforesaid first embodiment of .
the system state restoring means. As stated in
connection with the second embodiment of the system

15 state saving means 12, there are a plurality of system
state. store files in some cases. In such cases, it is
necessary to adapt the system restoring program 151
either for restoring the system state that was saved the
last time, or for displaying the list of files to the
20 user to prompt selection of any one list.

A third embodiment of the system state restoring
means 15 is shown in Figure 16 and comprises a system
restoring program 161, a floppy diskette 162, a system
state store region 163 constituting a specific area in
the floppy diskette 162, a main memory 164, a CPU
status store 165 and an I/0 status store 166.

. This embodiment of the system state restoring
means co-operates with the third embodiment of the
system state saving means 12 in tandem. When the
system restoring program 161 is activated, the system
restoring program 161 reads the system state, which has
been saved by the system state saving means 12, out of
the system state store region 163 within the floppy

diskette 162, thereby restoring the system state

25

30
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.20 - carries out the necessary process steps to activate the system
state saving neans 12 (described later). A second enbodi nent of
t he save process start detecting neans 11 shown in Figqne:8=eonﬁrPsbs
a power switch 31, a switch state part 32, a systemtimef: 33, .25

an interruption controller 34, a tiner routine 35, and a power off
det ecti on processing program 36. When the power switch 31 is
turned of f by imeluding tlgercorttentsMdic tint atad npaemoly, LfMdi,ch the €®bnect ed

State of the PEVEPSWTaRE danand T AR RS sFortae e Bl o he
power swi tch 3previdus tdwnditidm sygitanrestorjxrigrrmetglgdsésdg;k@n same
interruption r§§u€ﬁ$t5$ﬁﬂgﬂ ééiéé“blace'in the first embodiment of the
system state restoring means 15.

Two embodiments of the post restoration processing
means 16 will now be described with reference to Figures
17 and 18.

The first embodiment shown in Figure 17 comprises
a continuation processing program 171. After the system
state has been restored to the previous condition by the

system state restoring means 15, the system control is

5

10

advanced to the continuation processing program 171.

The continuation processing program 171 co-ordinates any
changes in the system state restored by the aforesaid
system state restoring means required to bring it into
the final state allowing continuation processing, and
then advances the system control to the point
immediately following that at which the save process
start detecting means 11 was operated. At this time,
the system is already restored to the previous state,

so the program which was previously being run is now

15

20

finally run in a continued manner.
The second embodiment of the post restoration
prbcessing means shown in Figure 18 comprises a
25 processing select program 181, a processing deter-
mination program 182, a continuation processing program
183, and a continuation break program 184.

This embodiment allows the user to instruct which
type of processing is to be executed, after the resto-
ration of the system state by the aforesaid system state
restoring means 15. In this embodiment, there are
provided two choices as to the type of processing to be

selected. The processing select program 181 gives the

30
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8 -~ , interruption controller 34 at certain intervals, where-

upon the interruption controller 34 causes a tiner |nterruption I n

response to the interruption request, the tiner routlnq 3§ |s- L

activated first to carry out the 22 \.:\1 N
'n \ [ S

user a display of the types of processing executable
after restoration of the system state, and prompts the
user to select one of the choices for instructing which
type of processing is to be executed. If the
instruction is appropriate, the processing deter-
mination program 182 executes the proceséing program
selected. In this embodiment, the following types of
processing are offered:
(1) restore the system to the previous state for
10 realising continuation of the processing; and
(2) break continuation of the processing and then
return to the command mode of DOS.
Depending on which of these two choices is
selected, the continuation processing program 183 and
15, the continuation break program 184 are executed, respec-
tively.
The continuation processing program 183 is the
same as the aforesaid continuation processing program
171 in the manner in which the continuation of the
processing is realised. The continuation break program
184 returns the processing to the usual command mode of
DOs. Accordingly, continuation of the processing is
suspended.

20

A typical computer incorporating the above
05 individual means together will be explained below with
reference to Figure 19.

The computer comprises a power switch 191, a
switch state port 192, a system timer 193, an inter-
ruption controller 194, a timer routine 195, and a
power off detection processing program 196. The
computer further comprises a system saving program 197,
a hard disk drive 198, having therein a system state
store region 199, a main memory 1910, a CPU status

store 1911, an I/O status store 1912, and power supply

30
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‘necessary processing such as up-dating of a counter and 5 then to cal
the power off detection processing program 36. The power off
detection processing program 36 reads the switch state port ~32-and-
activates the system state saving geans 12 (described later) if the
power switch 31 is turned off, bug returns the control back 10 to
the timer routine 35 to termnate the tiner interruption if the power
switch 31 'SuhﬁEnqglgnhavinﬁ an elec%?&kepbuﬁrfbﬁi cAmRodikmBAbapiet Ne save
process start detect] g means I's"activated I n response to the

i nt err upt i onofaksEaingortéuthef powprt uppdenithd913 by BERBRdC&nbodi nent

of the save BoZe¢eazTestarh geweet bB¢ prograffadisléoderetssthdt seitchf the
power only at certain i nterva

S during the tlggr i nterruption.
A third enbodi®Hént oft PR¥SZ.PB Processingpprogram 1 Pect?nb° ans 11 will
now be descr ishe@aprlioadeef @eence a processing start program 1918, a

> system restoring program 1919 and a continuation
processing program 1920 are also provided.
The above configuration combines the following
embodiments of each of the basic means:
(1) The save process start detecting means 11 shown in
10 Figure 3;
(2) The system state saving means 12 shown in Figure
7;
(3) The post save processing means 13 shown in Figure
10;
15 - (4) The restore process starting means 14 shown in
Figure 12;
(5) The system state restoring means 15 shown in
Figure 14; and
(6) The post restoration processing means 16 shown in
20 Figure 17.
Operation of this embodiment of the computer will
now be described.
When the power switch 191 is turned off by the
user, the switch state port 192, connectéd to the power
25 switch 191 and capable of reading the state of the power
switch using a program, indicates the turn off of the
power switch 191. Further, the system timer 193 sends

an interruption request signal to the interruption
controller 194 at certain intervals, so that the inter-

30 ruption controller 194 causes a timer interruption. In
response to the interruption request, the timer routine
195- is activated to carry out the necessary processing
such as up-dating of a counter and then to call the
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20 - to Figure 4. Thi s enbodi nent conprises a power sw tch 41, a
switch State port 42, a keyboard 43, a keyboard data recejying unit
44, an interruption controller 45, a keyboard interruéfjbﬂéﬁdqtihe\x
46, a keyboard data r eadi ng routigg 47, a power off deretti o il <
processi ng 25 program 48, and a keyBdard data buffer 49. In
this enbodi nent, when the power switch 41 is turned off by the user

Copale o +EEMBRPBEE Bcepsicy ERBRREATISLBrbBgaAOlSS. S 68 G4l
program 30 offj detestdont pracessiny pRegpamel9§wreadsthe syikcher,
when any keys@Bteh@dkey9ard GBehS idepseaitdwelin@ok@¥tect thebs@adedata
receiving unit 44 receives data fromthe key- .

of the power switch and continue the processing, and
activates the system saving program 197 if the power
switch 191 is turned off, returning the control back to
the timer routine 195 to terminate the timer
interruption processing if the power switch 191 is
turned on.

The system saving program 197 supplies the

contents of the main memory 1910, the CPU status store
1911 and the I/0 status store 1912 into the system state
store region 199 within the hard disk drive 198 as an

external store. After completion of that task, the

10

power off program 1915 is activated. The main memory
15 - 1910, +the CPU status store 1911, the I/O0 status store

1912 etc. are as explained above in relation to the

first embodiment of the system state saving means 12.

The power supply unit 1913 supplies power to the

system. The electrical power switch 1914 is connected
20 to the power supply unit 1913 and is capable of dis-
connecting the power supply unit 1913 by means of
software. When the power off program 1915 turns off the
electric power switch 1914, the power supply unit 1913
is disconnected and the supply of power to the system
25 is cut off.

Next, when the system power is turned on, the
power. on processing program 1916 starts operating to
perform a basic check of the system, confirm and
fixedly define the configuration, as well as initialise

30 the I/0 ports and the devices, such as RAMs, making up
the system. The boot strap loader 197 is then
activated to load an operating system (DOS). Subse-
quently, the process start determination program 1918
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9 ' board 43 indicating that that key is depressed and sends a

3

keyboard data receiving interruption request signal to the
interruption controller 45, The |nterrupt|on controb+e# #5. causes a
keyboard input interruptionto 5 bevate the keyboard interruptlonﬂ i
routi ne 46, so that t he keyboard gata is read out of the keyboan&l_
dat a

is activated to check whether the processing can be
continued. If so, the control is advanced to the
system restoring program 1919.

The system restoring program 1919 reads the system
state, which has been saved by the system saving
programe 197, out of the system state store region 199
within the hard disk drive 198, thereby restoring the
system including the contents of the main memory 1910,
the CPU status store 1911, the I/0 status store 1912,
etc. to the state at the point when the power switch was
10 last turned off. The various considerations in
restoring the contents of the main memory 1910, the CPU
status store 1911, the I/0 status store 1912, etc. are
as set forth in connection with the system state
restoring means 15.

In order for the system restoring program 1919 to
restore the system state completely by returning the
control to the point under the command executed when the
power was last cut off, i.e. immediately after
interruption of the timer routine 195, without any
20 contradications, the final state is co-ordinated by the

continuation processing program 1920.

In this way, continuation of the processing with
continuous execution can be achieved whereas otherwise
the processing would be suspended mid-way by the cut off

25 of the power.

Another embodiment of computer according to the

present invention will be described with reference to

15

Figure 20.
This embodiment includes a power switch 201, a
30 power switch state detector 202, an interruption

controller 203, and a power off detection program 204.
The. present embodiment further includes a system state
saving program 205, a hard disk drive 206 having a
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Tecei'ving unit 44 and | oaded into the keyboard data buffer 49. The
keyboard data | oaded into the keyboard data buffer 49 is read out by
t he keyboard data readi ng routine 47 upon a request from-a-user .. .
program The keyboard dat a readi%% routine 47 reads out the keyboard
data and supplies it to the user programwhen keyboard data is

present in the keyboard data buffer 49, but I nfornms the user program

of the absen f i : [ | ts sg:fétdl ; | S KB | Nput -
and the keyb%gFg?mQSK%*ﬁhgg%%? gﬁ%§r§§7i%$%gﬁh éﬁ%%gsgﬁﬁ%ta buff €r 49,
i f t he 3k BAiGa NENOIWa 208f c2 FFU Stakasnstonee 288%i siddh I/0 whet her

to return thetithls Hedre 201001 1 of ProRtigaind select Progrb@rd data is
determ ned by the function of 'the 20 keyboard data readi ng routine 47 or

by the instrREOHFSing detergingtd ofs &rFragy 48124 t & S¥ g the keyboard
dat a, iori HiTedaalieiny prefg@iam i2odiscat iangdwer e fusRtogYang 1204,
> a power supply unit 2015, and an electric power switch
2016 capable of turning off the power supply unit using
software. A processing start program 2017, a system
restoring program 2018, 'and a continuation processing
program 2019 are also included.
10 The above configuration combines the following
embodiments of each of the basic means:-
(1) The save process start detecting means 11 shown in
Figure 2; ' |
(2) The save start saving means 12 shown in Figure
15 . 8;
(3) The post save processing means 13 shown in Figure

11; '

(4) The restore process starting means 14 shown in

Figure 13;

20 (5) The system state restoring means 15 shown in

Figure 15; and
(6) The post restoration processing means 16 shown in

Figure 17.

Operation of this embodiment will now be

25 described.

When the power switch 201 is turned off, the
power switch state detector 202 detects this and issues
to the interruption controller 203 a signal for
requesting an interruption in accordance with the cut

30 off of the power. Upon receiving that signal, the
interruption controller 203 causes an interruption
indicating cut off of the power under. In response to
the interruption, the power off detection program 204
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that 'the keyboard data buffer 49 is vacant, or during the wait for
t he next’ keyboard data to be | oaded into 25 t he keyboard :.data buffer
49, the keyboard data reading routine 47 calls the[ﬁowenreff v
detection processing program 48, ,whi ch reads the power: shkjig sLa;e
port 42 and which then activates system state saving means
(described later) if the power switch 41 is turned off. VM|Ie

the second eghadiHeAt tak 59§téﬁ\vsamage§§o ram zostafé d@twatea nmeans 11
detects cut off of h? agpwer in SSOCIahIOH e tiner
r

interruption, the € stem sagipgqPReAraps 20 eSEB lﬁ?o Bes start |
detecting neaoatéhts of theemhihemehbeydedecti eneotrPuustathisoktobe power in

209 and the I/0 status store 2010, in the form of one
file, to the hard disk drive 206 as an external store.
This file is the system state store file 207. After
completion of that task, the processing select program
2011 is activated. The main memory 208, the CPU status
store 209 and the I/0 status store 2010 are as explained
in relation to the system state saving means 12. Also,
the considerations in handling the file are as discussed
with reference to the second embodiment of the system
state saving means 12.

10

The processing select program 2011 gives the user
a display of the choices in the type of processing which
15 - can be .executed after saving of the system state, and
then waits for an instruction from the user. In this
embodiment, the following two choices of types of
processing are provided:
(1) initialise the system and raise it from the
20 beginning; and
(2) cut off the power.

Depending on which of the two choices is selected,
the processing determination program 2012 activates the
system initialisation program 2013 or the power off

25 program 2014. The system initialisation program 2013
initialises the system. In practice, the control is
advanced to the initialisation routine prepared before-
hand. The power off program 2014 operates the electric
power switch 2016 to disconnect the power supply unit

30 2015, so that the supply of power to the system is cut
off, as with the foregoing embodiment.

Subsequently, when the system power is turned on
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-10 - association with the keyboard data readi ng program call ed
by 't he User program nost frequently. A fourth enﬁbdinent of the
save process start detecting neans 11, which is shown in Figure 5, 5
conprises a keyboard 51, a-keyboard data ece|V|ng uni t 52, an
i nterruption controller 53, a keyboard |n% ruption routine 54, a
save start command detection processi ng program 55, and a keyboard
data buffer 56,

to raise the system, the processing start program 2017
is activated with a command from the operating system,
which in turn activates the system restoring program
2018.

The system restoring program 2018 reads the system
state, which has been saved by the system saving
program 205, out of the system state store file 207
within the hard disk drive 206, thereby restoring the
system state including the contents of the main memory
208, the CPU status store 209, the I/O status store
2010 etc. to its condition at the point where the power
switch was last turned off. The considerations in
restoring the contents of the main memory 208, the CPU
status store 209, the I/O status store 2010 etc. are as
set forth in connection with the second embodiment of

10

15. .
the system state restoring means 15. Also, the

considerations in the case when a plurality of system
state store files are included are as explained in
relation to the second embodiment of the system state
restoring means 15.

In order for the system restoring program 2018 to
restore the system state completely by returning the
control to the point following the command executed
immediately before the power was last cut off, 1i.e.
immediately after interruption of the power off
detection program 204, without any contradictions, the
final state is co-ordinated by the continuation
processing program 2018. |

While various embodiments of the present 1nventlon
have been described above, it will be understood taking
into account the practical implementation of the
respective means and combinations thereof that many
other embodiments are possible in addition to the

20

25

30

illustrated ones. For example, the external store is
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-I'n this enbodi nent, when any key on the keyboard 10 51 is depressed,
the keyboard data indicating that that key is depressed is
transmtted by the keyboard 51 to t he keyboard dat a- receiving unit
52, which in turn sends a keyboard data receiving interruptiqQn=|_
request signal to the interruption &ntroller 53. The inter- 15
ruption controller 53 activates the keyboard inter- ruption routine
54, so that the keyboard data is read . out .of .t he keyboar.d data
receiving unit Qé%z%ﬁT39§§d§8 hard glﬁﬁt3rﬂH@ské§gogg898§t§¥58fPEFVS§/

foll owi ng whi claridhanay includeyligakdridst er copbiaet ddsk deievekl,sttpessave
start cQEmRnd el S0ah BLAEESHNGPLOYLAM AR peTHELEYEaRHALE 20
comand det ection ‘processi“ng pr ogram 8 Rontors Che contient of the
keyboar d buf f edegenstense dat &heoneednifog reducinghéhkejibfarmatfion exanpl e

concer nisng keyhgayd st at us,

In any event, however, the present invention can
provide an inexpensive and reliable means of realising
continuity for a computer, so that it is possible to
fully take advantage of the portable nature of small
sized, battery driven computers which are likely to

10
become more commonly used in the future. The invention
makes it possible to improve the performance and
convenience of such computers.

15, ,
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‘and calls the systemstate saV|ng means 12 (descri bed | ater) when a
speC|f|ed state arises. . The save start command detection
processi ng

manner :
I ncl udes a-fir
second bit 63
during the keyboar

n All

data,

for exanpl e,
the received

1.

progran155 detects the specified state in ‘the, fol:l:owizng

cedj gure 6, a _keyboard Stat'ub byt § ,G‘lL
|ng as a 30 shift key status bit, and a
contr ol key status bit. When
nterruptlon rout|?F a character such as
i s depressed on nML§wboard and recei ved as input

A computer system having means for preserving the

5 state of the system for future processing, charac-
terised in that the preserving means comprise detecting
means (11) for detecting an event indicating a process

for

saving the system state is to be started, system

state saving means (12) responsive to an instruction

from the detecting means for generating for supply to an

external store a data output representing the contents
of a main memory, 1I/0 status and CPU status, and
system state restoring means (14, 15) operable to read

from the external store data previously stored

therein for restoring the contents of the main memory,

status and CPU status to a previous condition.
A system according to claim 1 characterised in

that the event indicating a saving process is to be
started comprises one of a demand for turn off of a

power supply and an instruction from a user.

A system according to claim 1 characterised in

that the system state restoring means are operable in
response to one of turning on of a power supply and an
instruction from a user.

A system according to claim 1, 2 or 3 charac-

terised in that the system state restoring means are

operable to select among data representing successive
earlier conditions for the contents of the main memory,

I/0 status and the CPU status for restoring the

contents of the main memory, the I/0O status and the CPU
status to a selected earlier condition.

10

out
15.

I/0

2.
20

3.

4.
25

the
30

5.

A system according to any of claims 1 to 4 charac-

terised by means for controlling processing after the

previous condition is restored to provide continuity
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"character data is loaded into a keyboard buffer 64 and, as the final
i nput character, i tThidoneahiis®edfebiicd t he keyboard buffer 64 is

i ndicated by a buffe 65. | f the next recelved data ;
i ndicates a shift ke u$ udepressgg (turned on), this: daLa,ls-nqt
| oaded into t ffer 64, and the shift key status '
bit 62 as the first bit of the keyboard status byte 61 Is set to 1
Upon recei vi ngwtihd gabaessdngaleadihfato the previous condition.

6. A method of preserving the state of a computer

system for subsequent processing characterised by

detecting an event indicating a process for saving the

state of the computer system is to be started,

generating in response to the detection a data output

for supply to an external store, which data output

represents the contents of a main memory, 1I/0 status

and CPU status, and subsequently reading out from the

external store data previously stored therein for

restoring the contents of the main memory, the I/O

status and the CPU status to a previous condition.

7. A personal computer system in which a power supply

can be turned off by software, characterised by save

15 process start detecting means (11) for detecting a

. demand for turn off of the power supply or an

instruction from a user, system state saving means (12)
responsive to an instruction from the save process start
detecting means for outputting data in a main memory,
the system condition of I/O status and CPU status to an
external store, post save processing means (13) for
turning off the power supply after the system condition
has been fully output to the external store by the

10

20

system state saving means or for continuing processing
05 in response to the next instruction from the user,
system state restoring means (14, 15) for reading out
the system condition output at the or a still earlier
time to the external store, the system state restoring
means being activated after turn on of the power supply
or when the user instructs and being arranged to set
data into system sources including the main memory, the
I/0 and the CPU for restoring the system condition, and

post restoration processing means (16) for controlling a

30

program after the system condition is restored to

LR O AR



the shift key has been released, the shift key status bit 62 is set
to'0. thus, the shift key status bit 62 10 takes 1 whiletheishift
key is being depressed, but O when it is released. <Likewsg|\ f%he
state of a control key is indicated2by the control key status b|t
63. Assum ng that the instruction provided fromthe user to 15

start the save processing is indicated by the fact that "the shift
key and the comandlingeyafr §hdepoéptedustnmafter the commandssyspaddetie
character "A" i frghat d sgye a

detection processfﬁe Q?ger§96§§§§Qng Staﬁ cﬂégﬁfrggltﬁ%hé%hgggnﬁeglﬁlft key
status bit 62 &%l 1d: tlmf-hercémrr SRIKE}NGt auuspspgegslageasspﬁdsag teo 1
(turned 20 @) .instdceeeandkymvegbhgsethe data within the keyboard
buffer 64 pointed by the buffer top pointer 65 is "A". If the above
three cgnditions are all satisfied, the

10
15
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'system state saving neans 12 (described later) is called. 25

As wi || be apparent fromthe above description, while the first to
third enbodi nrents of the save process start detecting\neans 11 detect
turn.off of the power switch, the f@srth enbodi ment detect.s an: = :

I nstruction- i nput by the user fromthe keyboard. 30 - i.::l[ilp-=a
case where the first to third enbodi nents of t he save process start
detecting neans 11 are nodified A B By Tt ®lRad Ty t he power switches 21,
31 and 41 with system vol tage detection conmand sw tches, which

det ect

A COMPUTER SYSTEM AND METHOD OF OPERATING THE SYSTEM

The invention provides a computer system in which
the state of the system at a particular point can be
preserved for subsequent processing. The system
comprises detecting means (11) for detecting an event
indicating that a process for saving the state of the
system is to be started, and system state saving means
(12) responsive to an instruction from the detecting

10

means for generating for supply to an external store a
data output representing the contents of a main memory,
I/0 status and CPU status. System state restoring

- means (14, 15) are operable to read out from the
external store data previously stored therein for
restoring the contents of the main memory, the I/O
status and the CPU status to a previous condition. Post
restoration processing means (16) are also provided for
controlling processing after the previous condition is
restored to provide continuity with processing leading

15

20
to the previous condition.
25

[Figure 1]

30
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12 - electrically a decrease in voltage when the system vol t age

dr ops bél ow a certain reference | evel and which oper at es S|n1IarIy to
t he power switches 21, 31 and 41, the systemstate sayi-Ag : neahs 1
(described later) can 5 still be activated in the sane nhnnep:l ,T
system vol t age detection command switches in this instance may ‘/
have a structure which takes into consideration charac- teristics of
battery cells, the systemstate, tine
[ Turn-off of power switch
Low Battery, Instruction from user
i
——]]

—f—‘fhz

—73

v

( Power-off
Processing instructed by user

. . Power-on
Instruction from user)

y

A

|15

16

V

(.Continued Processing
Processing Instructed by user

Fz¢. I
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. dependent variations in the decrease of the system 10 vol t age and ot her
fattors® such sw tches having the obj ect of detecting a state Whiﬁ
t he charge capacity in the battery drive system hag been, Iow@red /03)
bef ore shut down of the system F@ferrtpg«q MLIO its q
system state saving neans 12, information relating t0'th Systéﬂk
state, including the contents of a main nenory, |/0O status.
concerning the setting of 1/Q_ports and hence the condition of
devi ces in the system the state, etc., nust be saved. The
/O status in terns of the s I ng manner and val ues 20 of the 1/0
ports, and hence the condi #fon of the devices, Just be explicitly
st at ed. In terns i PFerratton—Rowever, the |f O st can be
handl ed in a like manner to the infarmation represeﬂTT%ggfhe state

of the main nenory and the CPU. Various ndans for out-

Py \’\ 23 |

Fz6.2

———f——cr”z; ,/,,/fﬂ?

8~

If OFF / ?é
- 36 o

F IG ¢ 3 This Sheet Has Been R
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putting such information into an external store will now 25 be

descri bed. A first enbodi nent of the system state saving

means 12 is shown in Figure 7 and conprises a system ,savi ng..program
71, a hard disk drive 72 having a system state store;regi on-73, rb
mai n menory 74, a CPU status store 75, and an |/O status'stdre" 76t
When the system saving program 71 is activated, the contents of th
main menory 74, the CPU status store 75 and the I/O status store 76
are transferred

/47 42

45 44
48 ~ e

/

AN 7

VA
| 7 User 49

Fz¢. 4
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13 . into the systemstate store region 73 within the hard

disk drive 72 as an external store. After conpletion of this
outputting task, the control initiative is transferred to post save '
processing neans 13 (described 5 | ater). T The "contents :0 //3
the main nenory 74 are basically only required to 94ve i-nf oy mati on
sufficient for ' real i sing systemcontinuity. In general, the nenory
i nformati on that does not concern the continuity process

55 79

53

s | l\jﬂsz

Fz6- &

CLL
65— AT

64—

Fz6. 6
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10 ¢« itgself needs to be saved in the state established prior to

activation of the save process start detecting means

The CPU status store 75 gives information with
state restoring neans 15 (described 15
existing at the tine

power sw.tch

11.
whi. ch the system

later) can rest0¥elthetCPU 5t

of the last or yet earlier turn oft ' of ‘t he- AB
or at the tinme instructed by the user, when the power’

switch is next turned on or when the user next provides an
instruction. Generally, the CPU status is stored 20 in a stack of the-
main menory 74, and hence is saved at 7Vhe same tinme as the contents
of the main nenory 74. The |nfornat/9ﬁ a special register etc:

wi thin the CRY—+s—saveql separ atedy- +ae— /O status store
76 gives information about 25 | /Ofports and the devices|in 9Qf
conputer, which

L — 75

3 s
FzG. 8
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.information is capable of setting the I/O ports and the

then réstoring the 1/0O ports and the
poi nt inedi ately before
start detecting means 11, when
when the systemstate is restored upo
Those parts anong the 1/O information
i rrespective of turn on/off of

be saved.

—

devi ces and

devices, to thehr St-ate .at {he

activation of the aforesajd.saME'piqce§s

t he power switch i s next “turned on
n an instruction fromthe user.
whi ch remai n unchanged
the power switch are not required to

s

94

>

Tttt

[

103

F:6./0
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. 14

formatting,

i nformati on necessary for conpletely 5

menory 74, the CPU

. The system state store region 73 within the hard
di 3k drive 72 has capacity reserved at the tine of
which is sufficient only to store

o -.agi cal
L e iaddi 1

savi ng the contents of the
status store 75 and the I/O status store 76

ma7/3

under control. Hence,
region for storing DOS as wel|

the region 73 is separate fromthe
as the prograns and data utilised

under DOS. Thus, the system state store 10
mai ntaining within the hard disk

region 73 is fixedly

[ .

112

/

13 114

FIG.

116

Yiovd b

1]

This Sheet Has Been Re‘ilaced _




drive-72,for being read by system state restoring neans 15

(described later) for restoring the systemstate. A second
enbodi ment of the system state saving means 12 shown in Figure 8
conprises a system saving 15 program 81, a hard disk.drive 82, -&
system state store file 83 residing in the hard di sk dlee~82g_a
mai n menory 84, a CPU status store 85, and an 1/ O status

store 86. I n the enbodi ment shown in Figure 8 when the 20
system saving program 81 is activated, PRESETPRents of the main
menory 84, the CPU status store 85 and the It/ O status store 86 are
transferred, in the formof one he hard disk drive 82 as
an external store. This file is|the systen state store file 83.
Wi | e the main nenory 84, the CPU status stere-$5 fnd the 1/0 25

10

_ | ~ 123
—

Processing instructed
by user ¢

%3

To system state restoring means

F16. /2

137

!

To prompt for DOS
after displav of To svs
messace means

Fz6./3

tem state restoring
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stat,us sjore 86 are the sane as those described in connection wth

the first enbodi nent of the systemstate saving nmeans 12, the

present enbodi nent of the system state saving neans .featuges the
system state store file 83 instead of the afonga%déQanéhﬁ$ﬂate

store region 73 30 to store the relevant information. ' =~ ''%¢ &

Storing the systemstate in the formof a file can I ncrease the ¥013
nunber of states logically stored. This makes it possible to restor

the systemnot only to the

4]

R | 144 |

,_/7 , 145

/i

—146
142
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1. 55
/ 153 156

152
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.15 . . state existing at the tinme when the power sw tch was

last turned off or at the tine instructed by the user, . but also to a
state existing at the time of a yet earlier turn off of the power’
swtch or at any tine instructed by the user. Handling in the f?YT
of afile also readily permts the deletion or correction.of. t he /
information stored. 1In the case of restoring the ~ systen1vd t e
state existing at a point earlier _ than the | ast turn off of the

power switch, however, it is 10 required for the systemstate restoring
means 15

6T

104

?/ . 165

/

163 166
162

FiG. /6
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_(described later) to execute the processing w thout | eavi ng any
contradictions, because of the probability of changes in the
~contents of the external store. A third enbodi.neni: :of ; the
‘system state saving 15 neans 12 will now be descri bed wit h-riefeighice to
Fi gure 9. This enbodi ment conprises a system saving program
91, a floppy diskette 92, a systemstate store region 93 as a
specific area in the floppy diskette 92, a nain menory 94, a CP !:5
status store 95, and an |I/O status store 96. 20 In thy
enbodi nent, the hard disk drive 72.in the first enbodi nent of the
system state saving neans 12 is repl aced by the floppy diskette 92.
I nformati on such as t he conterts—of—the—main nenory 94, the CPU
status 25 store 95 and the I/ Ojstatus store} 96 islzf ed in alike

b e

162 SR

83 184
Fz6./%

i



.manner as in the aforesaid first enbodi nment. Wiile the hard
disk drfve 72 is fixed to the conput er body, the floppy diskette 92
is not fixed to t he conputer body and can be replaced as:-a recording

medi um According to this enbodiment, although the 304;‘r?‘y§1 mishdte
store region 93 is fixed in one floppy di skette, Ffﬁﬁﬂe’ﬁciﬁgdr-,g%/
states can be recorded and 'retg??ed using a plurality of floppy [3
di skettes. In this res ct,'sJ ar considerations as in the second

o —192 |
196 195 194 193
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197
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/ 1 1910
1915 L1914
/ 01 1917
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VA9 1918 1917 Pever-o
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.16 . . enbodi ment of the system state saving neans apply.

Respective enbodi nents of the post save processing ﬂeans 13 mAII now

be described with reference to Figures ~ 10 and 11. 5 The '

enbodi nent sho in Figure 10 conprises a power supply unlt fbl ~an

el ectric power switch 102 and an a power off program 103. The

power supply unit 101 supplies power to the g}i The electrlgég

power switch 102 is connected to the poweg supp unij t 12? d 10 /55
=)

I s capabl e of disconnecting the power- suppl to-+64—

' ,/42614

,———12613
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?05 I 208

20171 —
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2012 209
|
2013 }070
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—2018
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usi ng software.

off of th
di sconnect

(D

ed GREPHAQEEL@]HEQTS
Thus, thiE] badecgiien 1faged ..TEND pafedt.he...

to the (] ClagS) em pagedercub pafed .y ’
', eémbodi ment @bfﬂm(z(gosg?ggam..nbggigeas._l,.n.g means ﬂ%s %‘-’ﬁc?wrP“gedp'[ giﬁ iea

Sovraet wS
~\Wen the power off program 103 initiates turning

oner tf)h h?é@%&%@kNTﬁH%:l@l IS%;
oke t aed&&

ans 13 {

he of gm §n(€t)i'6 %l d 22 4BP)dgtd »2.

SG of

conpri ses | R6QAERES] N @I..c.g.tto aged .>..Rrlogr Btlessi Ri§° %4346 Faged .
det er m naf QP LRIk B 8 continu t|o ogram 113, ¥ tem

i ni t | a| | S'J ............................. wer Off 7 r&é‘ é.fﬁv llgLC@IB’BV\)g gupp‘ -y
unit 116, and an electric power SMAtCh 117. Thi s enbodlnent

represents post save processing means whi ch enabl e t he tyg
processing to be skl|COMRGTER SYSTEM MR METHOP ueF | ORERAEANEHEHE ¥SEEMer

saving the

10

15.

20

25

30

system state into the external store. In this

The present invention relates to a computer system
and to a method of operating the system.

Continuity of personal computers is desirable such
that when a power supply for the personal computer is
turned off ‘and then is subsequently turned on again,
the system is restored to the state established
immediately before the power supply was previously
turned off for permitting processing being executed at
the time when the power supply was turned off to
continue.

The advent of small sized, battery driven
computers has resulted in portable computers which can
be used irrespective of place and time, for example,
while waiting for trains or aeroplanes, in free time
before the start of meetings, etc. However, it is
often difficult to complete all the procedures for the
required processing in such a limited period of time.

On these occasions, such computers would become more
convenient to use, if the suspended processing could be
continued later in any free moment, even after the
power supply had been turned off and then on again.

Meanwhile, if the battery voltage drops too low
(LOW BATTERY) during periods of use or because a power
switch is inadvertently left on by the user, processing
needs to be suspended under such non-chargeable
conditions and then resumed later after re-charging. 1In
the worst case, all of the data may be lost in the
course of processing due to cut off of the power supply.
It is desirable, therefore, for the power supply to be
turned off -after the current state is saves and fo; the

This is the replacement sheet
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enbodi nent, three choices as to the type of processing to be

sel ected are provided. The processing sel ect program 111 gi ves the
user a display of the types of 30 processing, which my be executed
after saving of the system state, and pronpts the user to select any
one of t he choices for instructing which type of processing is

to be executed. If the instruction fromthe user is appropri ate,

t he processing determ nation program 112 2

éuspended processing to be continued following clearing
of the LOW BATTERY condition.

As will be seen from the abdve, the continuity of
a computer is one of the crucial factors in improving
the convenience of portable computers, in particular.

Realisation of continuity absolutely requires the
system state at the point when the power supply is
turned off to be held. That is, the contents of a main
memory, the setting condition of I/0 ports, the state
of a CPU, etc. must be held. The setting condition
(status) of the I/0 ports specifies in turn the
condition of hardware at the time when the power supply
is turned off. The condition of the hardware can be
stored as information in the main memory, and so the
retention of data in the main memory will be considered
herein.

With the conventional continuity techniques, the
retention of data in the main memory has basically been
realised by back-up of the power supply for the main
memory. Specifically, power is supplied continuously
to the main memory, comprising an SRAM, even after

10

15

- 20

turn off of the power supply in order to retain the
contents of the SRaM. Alternatively, if the main
memory comprises a DRAM, a periodic refresh is effected
even after turn off of the power supply.

- However,. such continuity techniques give rise to
the following problems:- .
(1) . The system cost is increased as a result of the

25

complexity of the circuit configuration and the
specialised design of the devices employed.
(2) Data cannot be preserved in the long term using
only battery cells.
Thus, the resulting system is expensive and does
not satisfactorily accomplish continuity.

30
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17 < executes the processing programselected. In this

enbodi nent, the follow ng three choices of types of processing are

of fered: (1) continue the sane processing after saving; (2)
initialise the systemand raise it fromthe : begi nning; and

(3) cut off the power. Dependi ng on which of the three choices
IS . sel ected, the continuation program,113, the system 10
initialisation program 114 and the power off program 115 are

execut ed, respectively. The continuation program 113 all ows the
same The present invention seeks to solve the problems

mentioned above, and to provide a continuity method
which is inexpensive and reliable, as well as a more
universal continuity system. '

According to one aspect of the present invention,
there is provided,a computer system having means for
preserving the state of the system for future
processing, characterised in that the preserving means
comprise detecting means for detecting an event
10 indicating a process for saving the system state is to
be started, system state saving means responsive to an
instruction from the detecting means for generating for
supply to an external store a data output representing
the contents of a main memory, I/O status and CPU
status, and system state restoring means operable to
read out from the external store data previously stored
therein for restoring the contents of the main memory,
I/0 status and CPU status to a previous condition.

As described in detail below, the system can
achieve not only continuity relative to the state

15,

20 .
established when a power supply was last turned off but

also continuity by restoring the system to the state it
was in at a yet earlier time. _

It is a preferred feature of the present invention
that the system can operate in a continuous manner by
recording the system state, at the time of turning off
the power supply or at a time instructed by the user,
into the external store and then restoring the recorded
earlier state upon turning on the power supply or upon
an instruction from the user.

25

30 Thus, the processing oécurring immediately before

turn off of the power supply may be executed continu-
ously.
According to another aspect of the present

This is the repiacament shaet
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processi ng as was bei ng executed before activation of t he save

process start detecting neans 11 to be 15 continued. In this case, it
is necessary to elimnate. t he event which caused the save process
start detecting means 11 to be activated, or to prevent the save
process start detecting nmeans 11 from bei ng operated again

I mredi ately. 20 The systeminitialisation program 114 initialises
thée system |In practice, the control inithative is advanced to an
initialisation routine prepared before- hand. The power
of f program 115 cuts off the power for 25 the systemin a |ike manner

to the aforesai diposhtseng there P&OSES$idedNBanetdsd of preservingThRe

restore process %%agting means 14 serves tof b activgte thgsgxsten1
state restoring ahe ?d%%%??%%ﬂ system for subsequent proc ng

characterised by detecting an event indicating a process

for saving the state of the coméuter system is to be
5 started, generating in response to the detection a data
output for supply to an external store, which data
output represents_the contents of a main memory, I/O
status and CPU status, and subsequently reading out
from the external store data previously stored therein
for restoring the contents of the main memory, the I/O
status and the CPU status to a previous condition.

10

The present invention will be described further,
by way of example, with reference to the accompanying
drawings, in which:-

18 Figure 1 is a block diagram illustrating the basic
i structure of a computer according to the present
invention;

Figure 2 is a block diagram illustrating a first
embodiment of save process start detecting means of the
computer;

Figure 3 is a block diagram illustrating a second

embodiment of save process start detecting means of the

20

computer; :
Figure 4 is a block diagram iliustrating a third
embodiment of save process start detecting means of the
computer; '

Figure 5 is a block diagram illustrating a fourth
embodiment of save process start detecting means of the
computer;

25

Figure 6 is a diagram for explaining the operation
of a save start command detection processing program
shown in Figure 5;

Figure 7 is a block diagram illustrating a first
embodiment of system state saving means of the computer;

30
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| at e¥) upon turning on the power for the system or upon an

I nstruction fromthe user. A first enbodi ment of the restore
pr.ocess starting means 14 shown in Figure 12 conprises a power on
processi ng program 121, a boot strap | oader 122, and a process start
determ nati on program 123. , 18

5

10

15

20

25

30

Figure 8 is a block diagram illustrating a second
embodiment of system state saving means of the computer;

Figure 9 is a block diagram illustrating a third
embodiment of system state saving means of the computer;

Figure 10 is a block diagram illustrating a first
embodiment of post save processing means of the
computer;

Figure 11 is a block diagram illustrating a
second embodiment of post save processing means of the
computer;

Figure 12 is a block diagram illustrating a first
embodiment of restore process starting means of the
computer;

‘ Figure 13 is a block diagram illustrating a second
embodiment of restore process starting means of the
computer;

Figure 14 is a block diagram illustrating a first
embodiment of system state restoring means of the
computer; ,-

Figure 15 is a block diagram illustrating a second
embodiment of system state restoring means of the
computer; |

Figure 16 is a block diagram illustrating a third
embodiment of system state restoring means of the
computer; .

Figure 17 is a block diagram illustrating-a first
embodiment of post restoration processing means of the
computer;

_Figure 18 is a block diagram illustrating a second
embodiment of post restoration processing means of the
computer;

Figure 19 is a block diagram illustrating in
greater detail one embodiment of computer according to
the present invention; and
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When t he system power is turned on, the power on processi ng program
121 starts operating to performa basi ¢ check of the system confirm
and fixedly define the configuration, as well as initialise the 1/0
ports 5 and the devices, such as RAMS, nmeking up the system

Messages or the like are delivered, as required, to report the
system state. The boot strap | oader 122 is activated to | oad an,
operating system After | oading, the control initiative is usually
transferred to the 10 | oaded operating $ystemor to the | oader contained
therein for raising the operating system In the present instance,
however, the control |n|t|at|ve IS advanced to the process start

det ermi nation programFegire 20 is @ bock @iamiaeri ks iy can be

continued, the greater detail another embodiment of computer according
to the present invention.
Referring initially to Figure 1, a computer
according to the present invention comprises generally

3 save process start detecting means 11, which manage and
determine the timing at which the system state is to be
saved. The save process is triggered by one of the
following: turning off a power switch, the occurrence
of a LOW BATTERY condition, or an instruction from the

10

user, etc.

When a decision to save is made by the save
process start detecting means 11, system state saving
means 12 are arranged to supply data relating to the
system state to an external store that will not lose the
15 ' gata even if the system power is cut off.

Post save processing means 13 then perform any
processing required after the system state has been
saved, for example, turning off the power supply,
continued processing, initialisation, etc. Usually,

20 the post save processing means 13 initiate turn off of
the power supply.

- Subsequently, restore process starting means 14
are activated, after raising the system or upon an
instruction from the user, in order to activate system

25 state restoring means 15.

The system state restoring means 15 read out the
data relating to the earlier system state stored in the
external store and sets such data in the system for
restoring the previous state.

30 Post restoration processing means 16 finally re-
start the previously interrupted process in.the restored
system state. As an alternative, however, it is .
possible for a user to interrupt the process altogether.
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process start determ nation program 123 checki ng whet her 15 t he
system state has been saved by the system state saving neans 12. |If
so, the systemstate restoring means 15 (described |later) are
activated after receiving an instruction fromthe user for
confirmation, 20 or directly. The systemstate restoring neans 15
(described later) can be activated either after waiting for
confirmation by the user or wi thout conditions. In the former case,
t he user determ nes whether to execute t he processing continuously,
whereas in the latter case the procesking is continuous at al
tines. Figure 15 shows. a second enbodi nent of the restore
process starting nmeans 14. The seﬁfgglenbodinent i ses a

processing start prograh Rl SRfEP e means RARLAYSI %ﬁe r? PR ¥hmands

for DOS and whi chinwestion can be implemented in various ways,

preferred embodiments of these means will be described

first, following which typical configurations for the

overall computer will be described by way of example.

A first embodiment of the save process start
detecting means 11 is sho&ﬁ in Figure 2, and comprises
a power switch 21, a power switch state detector 22,
an interruption controller 23, and a power Off
detection processing program 24.

10 When - the power switch 21 is turned off by the
user, the power switch state detector 22 detects the
turn off of the power switch 21 and issues to the
interruption controller 23.a signal for requesting an
interruption in accordance with the cut off of the

15 power. Upon receiving that signal, the interruption
controller 23 causes an interruption indicating cut off
of the power. The power off detection processing
program 24 is responsive to the interruption to detect
turn off of the power switch 21 in software terms and

20 carries out the necessary process steps to activate the
system state saving means 12 (described later).

A second embodiment of the save process start
detecting means 11 shown in Figure 3 comprises a power
switch 31, a switch state port 32, a system timer 33,

25 an interruption controller 34, a timer routine 35, and
a power off detection processing program 36.

When the power switch 31 is turned off by the
user, the switch state port 32, which is connected to
the power switch 31 and which is capable of reading the

30 state of the power switch using a program, indicates
turn off of the power switch 31. Further, the system
timer 33 sends an interruption request signal to the
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the systemstate restoring nmeans 15 (described later) if the system

state has been saved by the systemstate saving neans 12. |If the
system state has not been saved, the processing start program 131
I ssues a message or the like to informthe user that the system
19 ‘

8

interruption controller 34 at certain intervals, where-
upon the interruption controller 34 causes a timer
interruption. 1In response to the interruption request,
the timer routine 35 is activated first to carry out the
necessary processing such as up-dating of a counter and
then to call the power off detection processing program
36. The power off detection processing pfogram 36
reads the switch state port 32 and activates the system
state saving means 12 (described later) if the power
switch 31 is turned off, but returns the control back
10 to the timer routine 35 to terminate the timer
interruption if the power switch 31 is turned on.

While the first embodiment of the save process
start detecting means 11 is activated in response to the
interruption caused upon cut off of the power, the
15 second embodiment of the save process start detecting

means 11 detects cut off of the power only at certain
intervals during the timer interruption.
A third embodiment of the save process start
detecting means 11 will now be described with reference
20 to Figure 4. This embodiment comprises a power switch
41, a switch state port 42, a keyboard 43, a keyboard
data receiving unit'44, an interruption controller 45,
a keyboard interruption routine 46, a keyboard data
reading routine 47, a power off detection processing
25 program 48, and a keyboard data buffer 49.
In this embodiment, when the power switch 41 is
turned off by the user, the switch state port 42, .
connected to the power switch 41 and capable .of reading
the on/off state of the power switch using a program,
30 indicates turn off of the power switch 41. Further,
when any key on the keyboard 43 is depressed, the key-
board data receiving unit 44 receives data from the key-
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state cannot be restored. The system state restoring neans 15

w |l now be described, a first enbodi nent of these neans bei ng shown
in Figure 14. The first enbodi nent of the systemstate 5 restoring
Means conpri ses a systemrestoring program 141, a hard disk drive
142 having a system state store region 143 as a specific area
therein, a main nenory 144, a CPU status store 145, and an I/0O
status store 146. 10 This efbodi ment of the system state
restoring means 15 co-operates with the first enbodi nent of the

ot ooram 1411 o ahoRsa o4, Legiedytidntiae {RELAEE ingaopriy ahdTaadc HHASO
system state, whackeppsard data receiving interruption reguest signal to
the interruption controller 45. The interruption
controller 45 causes a keyboard -input interruption to
5 activate the keyboard interruption routine 46, so that
the keyboard data is read out of the keyboard data
receiving unit 44 and loaded into the keyboard data
buffer 49. The keyboard data loaded into the keyboard
data buffer 49 is read out by the keyboard data reading
10 routine 47 upon a request from a user program. The
' keyboard data reading routine 47 reads out the keyboard
data and supplies it to the user program when keyboard
data is present in the keyboard data buffer 49, but
informs the user program of the absence of a key input,
or waits until there is a key input and the keyboard
data is entered into the keyboard data buffer 49, if
the keyboard data buffer 49 is vacant. The decision
whether to return the null state or wait for entry of
the keyboard data is determined by the function of the
keyboard data reading routine 47 or by the instruction

15

20
from the user program. After reading the keyboard data,

or immediately before indicating to the user program
that the keyboard data buffer 49 is vacant, or during
the wait for the next keyboard data to be loaded into
the keyboard data buffer 49, the keyboard data reading
routine 47 calls the power off detection processing
program 48, which reads the power switch state port 42
and ‘which then activates system state saving means 12
(described later) if the power switch 41 is turned off.
While the second embodiment of the save process
start detecting means 11 detects cut off of the power in
association with the timer interruption, the third
embodiment of the save process start detecting means 11
features the detection of cut off of the power in

25

30
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been saved by the system state saving neans 12, out of the system

state store region 143 within the hard disk drive 142, thereby
restoring the system state including the contents of the nmmin nenory
144, the CPU status store 145 and the I1/O stdtus store 146 to the
precedi ng 20 condi tion. The CPU status is conpletely restored to -

the original state in the final step of the Ybst restoration
processi ng neans 16 (described |ater). Also, the I/O status is
nostly restored by the neans 15, but may be changed until the final

step of the post a@ocxatrm origdth dIhQ)rltB:;émn'@; Greteen o €8l b QIR | at er ) ,

such chan te @y} on

processi ng neansgcia; to r toreqﬁ;&aIt %ﬁé{?us&% ﬁr@% ¥ to the
previ ous condition. A fourth embabigwaitt @ﬁ)d@hﬁreﬁﬁv%fprtcﬁ?%%/sﬁt@ﬁ%t ate
restoring d&fﬁt@cﬂr@ St 1M Fi G £cHL 51 & S & &F isyfdeetB J est ori ng

comprises a keyboard 51, a keyboard data receiving unit
52, an interruption controller 53, a keyboard inter-
ruption routine 54, a save start command detection
processing program 55, and a keyboard data buffer 56.
In this embodiment, when any key on the keyboard
51 is depressed, the keyboard data indicating that that
key is depressed is transmitted by the keyboard 351 to

10

the keyboard data receiving unit 52, which in turn
sends a keyboard data receiving interruption request
signal to the interruption controller 53. The inter-
ruption controller 53 activates the keyboard inter-
ruption routine 54, so that the keyboard data is read
out of the keyboard data receiving unit 52 and loaded
into the keyboard data buffer 56, following which the
keyboard interruption routine calls the save start

15

command detection processing program 55. The save start
20 command detection processing program 55 monitors the
contents of the keyboard buffer or other data concerning
the keyboard, for example concerning keyboard status,
and calls the system state saving means 12 (described
later) when a specified state arises.
25 The save start command detection processing
program 55 detects the specified state in the following
manner: with reference to Figure 6, a keyboard
status byte 61 includes a first bit 62 serving as a
shift key status bit, and a second bit 63 serving as a
control key status bit.
When during the keyboard interruption routine 54,
a character such as "A", for example, is depressed on

the keyboard and received as input data, the received

30
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30 . program 151, a hard disk drive 152, a system state store

file 153 constituting a file in the hard disk drive 152, a main
mepory 154, a CPU status store 155, and an |/ O status store 156.
20

11

10

15

20

25

30

character data is loaded into a keyboard buffer 64 and,
as the final input character, its location within the
keyboard buffer 64 is indicated by a buffer top pointer
65. If the next received data  indicates a shift key
being depressed (turned on), this data is not loaded
into the keyboard buffer 64, and the shift key status
bit 62 as the first bit of the keyboard status byte 61
is set to 1. Upon receiving the data indicating that
the shift key has been released, the shift key status
bit 62 is set to O. Thus, the shift key status bit 62
takes 1 while the shift key is being depressed, but 0
when it is reléased. Likewise, the state of a control
key is indicated by the control key status bit 63. '
Assuming that the instruction provided from the user to
start the save processing is indicated by the fact that
"the shift key and the control key are depressed simul-
taneously and the character "A" is further depressed",
the save start command detection processing program 55
checks firstly whether the shift key status bit 62 and
the control key status bit 63 are both set to 1 (turned
on), and secondly whether the data withiﬁ the keyboard
buffer 64 pointed by the buffer top pointer 65 is "A".
If the above three conditions are all satisfied, the
system state saving means 12 (described later) is
called. '

As will be. apparent from the above description,
while the first to third embodiments of the save process
start detecting means 11 detect turn off of the power
switch, the fourth embodiment detects an instruction
input by the user from the keyboard.

In a case where the first to third embodiments of
the save process start detecting means 11 are medified
by replacing the power switches 21, 31 and 41 with
system voltage detection command switches, which detect
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Thi s enbodi nent of the system state restoring means co-operates with
t he second enbodi nent of the system state saving neans 12 in tandem
When t he systemrestoring program 151 is activated, the system5
restoring program 151 reads the systemstate, which has been saved
by the system state saving neans 12, out of "the system state store
file 153 within the hard disk drive 152, thereby restoring the
system state including the contentsigf the main nmenory 154, the CPU
status 10 store 155 and the 1/O status store 156 to the previous
condition. The restoring nethod is the same as that . whi ch t akes

pl ace in the af @lexairddallyt acdeationse inf voltage therns e myitamn

restoring nmeans. ., S%@%ﬁé'ﬁ%low a cetPANSC L Midde i e3e & which

enbodi nent of the’sy
operates 51m11arly to the power switches 21, 31 and 41,

the system state saving means 12 (described later) can
5 still be activated in the same manner. The system
voltage detection command switches. in this instance may
have a structure which takes into consideration charac-
teristics of battery cells, the system state, time
dependent variations in the decrease of the system
10 voltage and other factors, such switches having the
object of detecting a state when the charge capacity in
thé battery drive system has been lowered, before shut
down of the system.
Referring now to the system state saving means 12,
information relating to the system state, including the
13 contents of a main memory, I/0 status concerning the
setting of I/0 ports and hence the condition of devices
in the system, the CPU state, etc., must be saved.
The I/0 status in terms of the setting manner and values
of the I/O ports, and hence the condition of the
devices, must be explicitly stated. In terms of

information, however, the I/O status can be handled in

20

a like manner to the information representing the state

of the main memory and the CPU. Various means for out-

éutting such information into an external store will now
25 be described.

A first embodiment of the system state saving
means 12 is shown in Figure 7 and comprises a system
saving program 71, a hard disk drive 72 having a system
state store region 73, a main memory 74, a CPU status
store 75, and an I/0 status store 76.

When the system saving program 71 is activated,
the contents of the main memory 74, the CPU status

store 75 and the I/O status store 76 are transferred

30
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15 ° state saving neans 12, there are a plurality of system state

store files in sone cases. In such cases, it is necessary to
adapt the systemrestoring. program 151 : either for restoring the
system state that was saved the last tinme, or for displaying the
list of files to the 20 user to pronpt selection of any one |ist.

A third enbodi mrent of the systemstate restoring nmeans 15 i s shown
in Figure 16 and conprises a system Laestorlng program 161, a fl oppy
di skette 162, a system state store region 163 constituting a

specific area i the . flop di skette 162, a _main nenmory 164, a CPU
status store 16§n§§dtgﬁ FﬂétgFaF%ét§téFQIFBGEglOH 73 withinpghe Bagddi nent
of the system sdas& deswer 72gas an emm&m&aQOSQm&hatesm@ﬂét1dmmﬁﬁﬂﬂw$n

enmbodi ment of tRe hj SE aV|n mean v%en t he
30 systen1restorﬁﬁg° h%%& %a%gﬁg act| 8& r° §§ g&ye is
transferred o post save proce551ng means 13 (described

5 later).

The contents of the main memory 74 are basically
only required to give information sufficient for
realising system continuity. In general, the memory
information that does not concern the continuity process
itself needs to be saved in the state established prior
to activation of the save process start detecting means
11. '

10

The CPU status store 75 gives information with
which the system state restoring means 15 (described
later) can restore. the CPU state, existing at the time
of the last or yet earlier turn off of the power switch
or at the time instructed by the user, when the power
switch is next turned on or when the user next provides
an instruction.  Generally, the CPU status is stored.
in a stack of the main memory 74, and hence is saved at
the same time as the contents of the main memory 74.

The information in a special register etc. within the

15

20

CPU is saved separately.

The I/O status store 76 gives information about
I/0 ports and the devices in the computer, which
information is capable of setting the I/O0 ports and the
devices and then restoring the I/0 ports and the |
devices, to their state at the point immediately before
activation of the aforesaid save process start detecting
means 11, when the power switch is next turned on or
when the system state is restored upon an instruction
from rhe user. Those parts among the I/0 information
which remain unchanged irrespective of turn on/off of
the power switch are not required to be saved.

25

30
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restoring program 161 reads the system state, which has been saved
by the system state saving neans 12, out of the system state store
region 163 within the floppy di skette 162, thereby restoring the

system state

10

15

20

25

30

21
14

The system state store region 73 within the hard
disk drive 72 has capacity reserved at the time of
logical formatting, which is sufficient only to store
the additional information necessary for completely
saving the contents of the main memory-74, the CPU
status store 75 and the I/0 status store 76 under
control. Hence, the region 73 is separate from -the
region for storing DOS as well as the programs and data
utilised under DOS. Thus, the system state store
region 73 is fixedly maintaining within the hard disk
drive 72 for being read by system state restoring means
15 (described later) for restoring the system state.

A second embodiment of the system state saving
means 12 shown in Figure 8 comprises a system saving
program 81, a hard disk drive 82, a system state store
file 83 residing in the hard disk drive 82, a main
memory 84, a CPU status store 85, and an I/0 status
store 86.

In the embodiment shown in Figure 8, when the
system saving program 81 is activated, the contents of

" the main memory 84, the CPU status store 85 and the I/O

status store 86 are transferred, in the form of one
file, to the hard disk drive 82 as an external store.
This file is the system state store file 83. While the
main memory 84, the CPU status store 85 and the I/0
Status store 86 are the same as those described in
connection with the first embodiment of the system state
saving means 12, the present embodiment of the system
state saving means features the system state store file
83 instead of the aforesaid system state store region 73
to store the relevant information.

Storing the system state in the form of a file can
increase the number of states logically stored. This
makes it possible to restore the system not only to the
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i ncluding the contents of the main nenory 164, the CPU status store
165 and the I/O status store 166 to the previ ous condition. The
restoring method is the sane as that which takes place in the first
enbodi nent of the system state restoring nmeans 15. Two
enbodi ments of the post restoration processing means 16 will now be
described with reference to Figures 17 and 18. The
first enbodi ment shown in Figure 17 conprisé$ a continuation
processi ng program 171. After the system 10 state has been restored
to the previous condition by the . systemstate restoring neans 15,
the system contr§Fafg existingqahnEba témehwhesnthguROrEA ﬁWég§§sWﬁ§

program 171. lastTharaeat bpeabroAtPEAECESMBY iRER#hakd 7 byCeher dsBat, es
any 15 changgse! D1E0ee YS! SULRLALS LETh" oY BYo' DEnd' OE°82Y e
earlier turn off of the power switch or at any time
instructed by the user. Handling in the form of a file
also readily permits the deletion or correction of the
information stored. In the case of restoring the
system to the state existing at a point earlier than the
last turn off of the power switch, however, it is
10 required for the system state restoring means 15
(described later) to execute the processing without
leaving any contradictions, because of the probability
of changes in the contents of the external store.
A third embodiment of the system state saving
15.- means 12 will now be described with reference to Figure
9. This embodiment comprises a system saving program
91, a floppy diskette 92, a system state store region
93 as a specific area in the floppy diskette 92, a main
memory 94, a CPU status store 95, and an I/0O status
store 96.

In this embodiment, the hard disk drive 72 in the
first embodiment of the system state saving means 12 is
replaced by the floppy diskette 92. Information such as
the contents of the main memory 94, the CPU status
store 95 and the I/0 status store 96 is saved in a like
manner as in the aforesaid first embodiment.

While the hard disk drive 72 is fixed to the
computer body, the floppy diskette 92 is not fixed to
the computer body and can be replaced as a recording
medium. According to this embodiment, although the
system state store region 93 is fixed in one floppy
diskette, multiple system states can be recorded and
retained using a plurality of floppy diskettes. In this
respect, similar considerations as in the second

20

25

30
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system state restoring neans required to bring it into the final
state allow ng continuation processing, and t hen advances the system
control to the point i medi ately following that at which the save
process start detecting neans 11 was operated. At this tinme, 20

the systemis already restored to the previous state, so the program
whi ch was previously being run is now flnaIIy run in a continued
manner . The second enbodi ment o}ft he post restoration
processi ng neans shown in Figure 18 conprises a 25 processi ng sel ect

onti puat i on proceiisaghBle Fhrthe systanztOatn SaRiRd: ftaet cpBtea
program 184. Respecsieebenboditents ovf the psst savengtocessinngch
type of proceSSIHﬁ%ég t93bﬁ1df%ﬁ&569es§£%§£i$93 &féﬁoieggrencergélPfg@éeéhe

system state by t oresard system

5 The embodiment shown in Figure 10 comprises a
power supply unit 101, an electric power switch 102 and
an a power off program 103. The power supply unit 101
supplies power to the system. The electrical power
switch 102 is connected to the power supply unit 101 and
10 is capable of disconnecting the power supply unit 101
using software. When the power off program 103
initiates turning off of the electric power switch 102,
‘the power supply unit 101 is disconnected and the supply
of power to the system is cut off. Thus, this embodi-
15 ment of the means 13 permits the power supplied to the
system to be cut off by means of software.

The embodiment of the post save processing means
13 shown in Figure 11 comprises a processing select
program 111, a processing determination program 112, a
20 continuation program 113, a system initialisation

program 114, a power off program 115, a power supply

unit 116, and an electric power switch 117.

This embodiment represents post save processing
means which enable the type of processing to be selected
upon an instruction from the user after saving the
system state into the external store. In this
embodiment, three choices as to the type of processing
to be selected are provided. The processing select
program 111 gives the user a display of the types of
processing, which may be executed after saving of the
system state, and prompts the user to select any one of
the choices for instructing which type of processing is
to be executed. If the instruction from the user is

appropriate, the processing determination program 112

25

30
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rest-ori ng means 15. In this enbodi ment, there are provi ded two
choices as to the type of processing to be sel ected. The processing
sel ect program 181 gi ves t-he 22
user a display of the types of processing executable

17

executes the processing program selected. 1In this
embodiment, the following three choices of types of
processing are offered:
(1) continue the same processing after saving;
5 (2) initialise the system and raise it from the
beginning; and
(3) cut off the power.

Depending on which of the three choices is
selected, the continuation program 113, the system
initialisation program 114 and the power off program 115
are executed, respectively.

The continuation program 113 allows the same
processing as was being executed before activation of

10

the save process start detecting means 11 to be
continued. In this case, it is necessary to eliminate
the event which caused the save process start detecting
means 11 to be activated, or to prevent the save
process start detecting means 11 from being operated -

15

again immediately.
The system initialisation program 114 initialises
20 the system. 1In practice, the control initiative is
advanced to an initialisation routine prepared before-
hand.

The power off program 115 cuts off the power for

the system in a like manner to the aforesaid post save
23 processing means 13.

The restore process starting means 14 serves to
activate the system state restoring means 15 (described
later) upon turning on the powér for the system or upon
an instruction from the user.

30 A first embodiment of the restore process starting
means 14 shown in Figure 12 comprises a power on
processing program 121, a boot strap loader 122, and a

process start determination program 123.
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after restoration of the systemstate, and pronpts the user to sel ect

one of the choices for instructing which type of processing is to be
executed. If the 5 - instruction is appropriate, the processing deter-
m nation program 182 executes the processing program sel ect ed. In
this enbodinment, the follow ng types of processing are offered:

(1) restore the systemto the previous stagg for 10 real i sing
continuation of the processing; and (2) break continuation of the
processi ng and then return to the conmand node of DOCS.

Dependi ng on which of WhéﬁethéDngQéﬁeﬁo%ér is turfebeehed, thBepower on
continuation proceSS|ng.Rrogran1 83 gnd 15 .the cqntlnuat|o¥ br eak
program 184 are B%8EGTR4RI BEREEam 121 stargg gperating to peryprm a

continuation probasicnghpeRgofnmA83svs$téMe confirm and fixedly define
the configuration, as well as initialise the I/O ports
5 and the devices, such as RAMS, making up the system. -
Messages or the like are delivered, as required, to
report the system state. The boot strap loader 122 is
activated to load an operating system. After loading,
‘the control initiative is usually transferred to the
10 loaded operating system or to the loader contained
therein for raising the operating system. 1In the
present instance, however, the control initiative is
advanced to the process start determination program 123
to confirm whether the processing can be continued, the
15 process start determination program 123 checking whether
the system state has been saved by the system state
saving means 12. If so, the system state restoring
means 15 (described later) are activated after
receiving an instruction from the user for confirmation,
or directly. The system state restoring means 15
(described later) can be activated either after waiting

for confirmation by the user or without conditions. 1In

20

the former case, the user determines whether to execute
the processing continuouély, whereas in the latter caée
the processing is continuous at all times.

Figure 15 shows a second embodiment of the restore
process starting means 14. The second embodiment

25

comprises a processing start program 131 which is
provided as one of the commands for DOS and which runs

30 the system state restoring means 15 (described later) if
the system state has been saved by the system state
saving means 12. If the system state has not been
saved, the processing start program 131 issues a

message or the like to inform the user that the system
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sanme- as the aforesaid continuation processing program 171 in the

manner in which the continuation of the processing is realised. The
continuation break program 20 184 returns the processing to the usual
command node of DOS. Accordingly, continuation of the processing
S suspended. A typical conputer incorporating the
above I ndi vi dual neans together wll be explained below with 25
reference to Figure 19. The codfuter conprises a power switch
191, a switch state port 192, a systemtiner 193, an inter-

ruption controller 194, a tiner routine 195 and a power off

det ection proces?Fﬁ epF@GPQﬁ?%@GFQSt?HSd3O conputer further conprises a

system savi ng program THé, system stahar ge@icdritig weahdB,15haMillg nichebei n a
system state desc%&%@ﬁ,rggEQQS%Q%mb%dgﬁggtn%gn%%e%%“%eg%éjgéi%%ag%%wn
in Figure 14. The first embodiment of the system state
reétoring means comprises a system restoring program '
141, a hard disk drive 142 having a system state store
region 143 as a specific area therein, ‘a main memory
144, a CPU status store 145, and an I/0 status store
146.

10 This embodiment of the system state restoring
means 15 co-operates with the first embodiment of the
system state saving means 12 in tandem. When the
system restoring program 141 is activated, the system
restoring program reads the system state, which has
been saved by the system state saving means 12; out of
the system state store region 143 within the hard disk
drive 142, thereby restoring the system state including

15

the contents of the main memory 144, the CPU status
store 145 and the I/0 status store 146 to the preceding
condition. The CPU status is completely restored to
the original state in the final step of the post
restoration processing means 16 (described later).

Also, the I/O status is mostly restored by the means
15, but may be changed until the final step of the post
restoration processing means 16 (described later), such
changes being co-ordinated by the post restoration
pProcessing means 16 to restore the I/0 status completely
to the previous condition. |

20

25

A second embodiment of the system state restoring
means 15 shown in Figure 15 comprises a system restoring
program 151, a hard disk drive 152, a system state
store file 153 constituting a file in the hard disk
drive 152, a main memory 154, a CPU status store 155,
and an I/O status store 156.

30
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store 1911, an I/ O status store 1912, and power supply
23 unit 1913 having an electric power switch 1914 capabl e of
turning off the power supply unit 1913 by neans of

20

This embodiment of the system state restoring
means co-operates with the second embodiment of the
system state saving means 12 in tandem. When the
system restoring program 151 is activated, the system

5 restoring program 151 reads the system state, which has
been saved by the system state saving means 12, out of
the system state store file 153 within the hard disk
drive 152, thereby restoring the system state including
the contents of the main memory 154, the CPU status
store 155 and the I/0 status store 156 to the previous
condition. The restoring method is the same as that

10

which takes place in the aforesaid first embodiment of .
the system state restoring means. As stated in
connection with the second embodiment of the system
15 state saving means 12, there are a plurality of system
state store files in some cases. In such cases, it is
necessary to adapt the system restoring program 151
either for restoring the system state that was saved the
last time, or for displaying the list of files to the
user to prompt selection of any one list.
A third embodiment of the system state restoring
means 15 is shown in Figure 16 and comprisés a system
. restoring program 161, a floppy diskette 162, a system
state store region 163 constituting a specifié area in
the floppy diskette 162, a main memory 164, a CPU

20

23 status store 165 and an I/0 status store 166.

_ This embodiment of the system state restoring
means co-operates with the third embodiment of the
system state saving means 12 in tandem. When the

30 system restoring program 161 is activated, the system

restoring program 161 reads the system state, which has
been saved by the system state saving means 12, out of
the system state store region 163 within the floppy
diskette 162, thereby restoring the system state
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software. A power off program 1915 controls the switch 1914. A power

on processing program 1916, a boot strap | oader 1917, a processing
start program 1918, a 5 . systemrestoring program 1919 and a
continuation processi ng program 1920 are al so provi ded. :

The above configuration conbines the foll ow ng enbodi nents of each of
t he basi c neans: (1) The save process, start detecting neans 11 shown
in 10 Figure 3; (2) The system state saving neans 12 shown
in Figure 7; (3) The post save processing neans 13 shown
in Figure includi The: T RRsxSy St ti ng dreayp 14
shown in e uIgi’]iq.lugr e@ﬁ_co@x@ents tq-%]g‘[agfgt em st atsleaa{'es'[tg}l ng

means 15 shown i@tatusgétore 165 and the I/O status store 166 to the
previous condition. The restoring method is the same
as that which takes place in the first embodiment of the
system state restoring means 15. |
Two embodiments of the post restoration processing
means 16 will now be described with referenée to Figures
17 and 18.
The first embodiment shown in Figure 17 comprises
10 a continuation prqcessing program 171. After the system
state has been restored to the previous condition by the
system state restoring means 15, the system control is
advanced to the continuation processing program 171.
The continuation processing program 171 co-ordinates any
changes in the system state restored by the aforesaid
13 system state restoring means required to bring it into
the final state allowing continuation processing, and
then advances the system control to the point
immediately following that at which the save process
start detecting means 11 was operated. At this time,
‘the system is already restored to the previous state,
so the program which was previously being run is now

20

finally run in a continued manner.
The second embodiment of the post restoration
processing means shown in Figure 18 comprises a
25 processing select program 181, a processing deter-
mination program 182, a continuation processing program
183, and a continuation break program 184.
This embodiment allows the user to instruct which
type of processing is to be executed, after the resto-
ration of the system state by the aforesaid system state

restoring means 15. In this embodiment, there are

30

provided two choices as to the type of processing to be
selected. The processing select program 181 gives the
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Figure 14, and (6) The post restoration processing nmeans 16

shown in 20 Figure 17. Operation of this embodi ment of
the conputer will now be descri bed. When the power switch
191 is turned off by the user, the switch state port 192, connected
to the power 25 switch 191 and capable of reading the state of the power
switch using a program indicates the turngff of the power switch
191. Further, the systemtinmer 193 sends an interruption request
signal to the interruption controller 194 at certain intervals, so

that the inter- r a IdiRPYIAY IR [8pekd b P 5 ingraxaautabiliept i on.
195 i activat AFSF CHAGP 'r%fﬁroﬁﬁptfn%%}“e“ ot g and o, che
up-dating of a améed edo amﬂ.etdlﬁlmrieo afaldhd h:ho:.ces for instructing which
type of processing is to be executed. If the
instruction is appropriate, the processing deter-
mination program 182 executes the processing program
selected. In this embodiment, the following types of
processing are offered:
(1) restore the system to the previous state for
realising continuation of the processing; and
10 (2) break continuation of the processing and.then
return to the command mode of DOS.

Depending on which of these two choices is
selected, the continuation processing program 183 and
the continuation break program 184 are executed, respec-

15. tively.

The continuation processing program 183 is the
same as the aforesaid continuation processing program
171 in the manner in which the continuation of the
processing is realised. The continuation break program
184 returns the processing to the usual command mode of
DOS. Accordingly, continuation of the processing is
suspended. '

20

' A typical computer incorporating the above
individual means together will be explained below with
25 reference to Figure 19. _
The computer comprises a power switch 191, a
switch state port 192, a system timer 193, an inter-
ruption controller 194, a timer routine 195, and a
power off detection processing program 196. The
30 computer further comprises a system saving program 197,
a hard disk drive 198, having therein a system state
store region 199, a main memory 1910, a CPU status

store 1911, an I/O status store 1912, and power supply
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24 . power off detection processing program 196. The poﬁer
of f detection processing program 196 reads the switch state port 192,
when it is allowed to detect the state

23

unit 1913 having an electric power switch 1914 capable
of turning off the power supply unit 1913 by means of
software. A power off program 1915 controls the switch
1914. A power on processing program 1916, a boot _
strap loader 1917, a processing start program 1918, a

3 system restoring program 1919 and a continuation
processing program 1920 are also provided. _
The above configuration combines the following
embodiments of each of the basic means:
(1) The save process start detecting means 11 shown in
10 Figure 3;
(2) The system state saving means 12 shown in Figure
7;
(3) The post save processing means 13 shown in Figure
10;
15 (4) The restore process starting means 14 shown in
Figure 12;
(5) The system state restoring means 15 shown in
Figure 14; and
(6) The post restoration processing means 16 shown in
20 Figure 17.
_ Operation of this embodiment of the computer will
. now be described. _
When the power switch 191 is turned off by the
user, the switch state port 192, connected to the power
25 switch 191 and capable of reading the state of the power
switch using a program, indicates the turn off of the
power switch 191. 'Further, the system timer 193 sends

an interruption request signal to the interruption
controller 194 at certain intervals, so that the inter-

30 ruption controller 194 causes a timer interruption. In
response to the interruption request, the timer routine
195- is activated to carry out the necessary processing
such as up-dating of a counter and then to call the
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of the power switch and continue the processing, and activates the
system saving program 197 if the power 5 switch 191 is turned off,
returning the control back to the timer routine 195 to termnate t

timer
on.

interruption processing if the power switch 191 is tur

The system saving program 197 supplies the 10 cont ent

of the main nenory 1910; the CPU status store 1911 and the 1/0
status store 1912 into the systemstate store region 199 within th
hard di sk drive 198 as an external store. After conpletion of that

task, the

power off program 1915 is activated. The main nenDry

1910, the CPU 0 d t
as expl ai ned ab%&?e:fﬁ oiftefl g?lt%%%ﬁgn #}% ds@ﬁ#gal;ﬂr%g%a?r[q :h%l%)

enbodi nent of tHe syst

state saving nefAd getection procespiag,progratpfidf Fhads dfe SHRSRs

power to the

10

15

20

25

30

state port 192, when it is allowed to detect the state
of the power switch and continue the processing, and
activates the system saving program 197 if the power
switch 191 is turned off, returning the control back to
the timer routine 195 to terminate the timer
interruption processing if the power switch 191 is
turned on.

The system saving program 197 supplies the
contents of the main memory 1910, the CPU status store
1911 and the I/0 status store 1912 into the system state
store region 199 within the hard disk drive 198 as an
external store. After completion of that task, the
power off program 1915 is activated. The main memory
1910, the CPU status store 1911, the I/0O status store
1912 etc. are as explained above in relation to the
first embodiment of the system state.saving means 12.

The power supply unit 1913 supplies power to the
system. The electrical power switch 1914 is connected
to the power supply unit 1913 and is capable of dis-
connecting the power supply unit 1913 by means of
software. When the power off program 1915 turns off the
electric power switch 1914, the power supply unit 1913
is disconnected and the supply of power to the system
is cut off.

Next, when the system power is turned on, the
power.on processing program 1916 starts operating to
perform a basic check of the system, confirm and
fixedly define the configuration, as well as initialise
the I/0 ports and the devices, such as RAMs, making up
the system. The boot strap loader 197 is then
activated to load an operating system (DOS). Subse-
quently, the process start determination program 1918

he
ned
S

e
15

ar e
em
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system The electrical power switch 1914 is connected 20 to the power
supply unit 1913 and is capable of dis- connecting the power supply
unit 1913 by neans of . software. When the power off program 1915 turns
of f the el ectric power switch 1914, the power supply unit 1913

I s disconnected and the supply of power to the system 25 s cut off.
Next, when the system power is turned on, the power on processing
program 1916 starts operating to per fZfk m a basic check of the system
confirm and fixedly define the configuration, as well as initialise
30 the I/O ports and the devices, such as RAMs, naking t he
system The bodts @qtdyatesido pieqk whather the &EQW%&“I o&?*%akaean

operating syst ederQ@@uedSUb%Q' so, tw%ﬂ’d’roi hes H@ERsSedttd tthe
determ nation progra
f% tem reé%orlng program 1919.
The system restoring program 1919 reads the system
state, which has been saved by the system saving
programe 197, out of the system state store region 199
within the hard disk drive 198, thereby restoring the
system including the contents of the main memory 1910,
the CPU status store 1911, the I/O status store 1912,
etc. to the state at the point when the power switch was

10 last turned off. The various considerations in

restoring the contents of the main memory 1910, the CPU
status store 1911, the I/0 status store 1912, etc. are
as set forth in connection with the system state
restoring means 15.

15 In order for the system restoring program 1915 to
restore the system state completely by returning the
control to the point under the command executed when the
power was last cut off, i.e. immediately after
interruption of the timer routine 195, without any
20 contradications, the final state is co-ordinated by the

continuation processing program 1920.

In this way, continuation of the processing with
continuous execution can be achieved whereaé otherwise
the processing would be suspended mid-way by the cut off

25 of the power.

Another embodiment of computer according to the
present invention will be described with reference to
Figure 20.

This embodiment includes a power switch 201, a

30 power switch state detector 202, an interruption
controller 203, and a power off detection program 204.
The. present embodiment further includes a system state
saving program 205, a hard disk drive 206 having a
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25 - I's activated to check whether the processing can be
continued. If so, the control is advanced to the systemrestoring

pr.ogram 1919.

system

10

15

20

25

30

The systemrestoring program 1919 reads the

26

syétem state store file 207 as a specific area therein,
a main memory 208, a CPU status store 209, an I/0
status store 2010, a processing select program 2011, a
processing determination program 2012, a system |
initialisation program 2013, a power off program 2014,
a power supply unit 2015, and an electric power switch
2016 capable of turning off the power supply unit using
software. A processing start program 2017, a system
restoring program 2018, and a continuation processing
program 2019 are also included.

The above configuration combines the following
embodiments of each of the basic means:-
(1) The save process start detecting means 11 shown in

Figure 2;

(2) The save start saving means 12 shown in Figure
8;

(3) The post save processing means 13 shown in Figure
11;

(4) The restore process starting means 14 shown in
Figure 13; '

(5) The system state restoring means 15 shown in
Figure 15; and

(6) The post restoration processing means 16 shown in
Figure 17. o

Operation of this embodiment will now be
described. _

When the power switch 201 is turned off, the
power switch state detector 202 detects this and issues
to the interruption controller 203 a signal for
requesting an interruption in accordance with the cut
off of the power. Upon receiving that signal, the
interruption controller 203 causes an interruption
indicating cut off of the power under. In response to
the interruption, the power off detection program 204

iy
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state, which has been saved by the system saving 5 progranme 197, out
of the system state store region 199 within the hard disk drive 198,
t hereby restoring the system i ncluding the contents of the main
menory 1910, the CPU status store 1911, the I/O status store 1912,
etc. to the state at the point when the power switch was 10 l.ast turned
off. The various considerations in restoring the contents of the
mai n nenory 1910, the CPU status store 1911, the I/O status store
1912, etc. are as set forth in connechhon with the systemstate
restoring nmeans 15. 15 In order for the systemr.estoring program
1919 to restore the systemstate conpletely by returning the

control to the panat tuaderchteheyeeaﬁiaadvengcptr@@rwﬂ\erzotshare actipewrsd was

Lgﬁtlﬁgtlggf m;ihoutnnﬁglatel¥em saglng prog@%%?&%%tguppqae%h% L} mer

contents of the main memory 208, the CPU status store
209 and the I/O status store 2010, in the form of one
file, to the hard disk drive 206 as an external store.
This file is the system state store file 207. After
completion of that taék, the processing select program
2011 is activated. The main memory 208, the CPU status
store 209 and the I/0 status store 2010 are as explained
in relation to the system state saving means 12. Also,
10 the considerations in handling the file are as discussed
with reference to the second embodiment of the system
state saving means 12.
The processing select program 2011 gives the user
a display of the choices in thé type of processing which
15 can be executed after saving of the system state, and
then waits for an instruction from the user. 1In this
embodiment, the following two choices of types of
processing are provided:
(1) initialise the system and raise it from the
20 beginning; and
. (2) cut off the power.

Depending on .which of the two choices'is selected,
the processing determination program 2012 activates the
system initialisation program 2013 or the power off

25 program 2014. The system initialisation program 2013
initialises the system. In practice, the control is
advanced to the initialisation routine prepared before-
hand. The power off program 2014 operates the electric
power switch 2016 to disconnect the power supply unit

30 2015, so that the supply of power to the system is cut
off, as with the foregoing embodiment.

Subsequently, when the system power is turned on
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20 -~ contradications, the final state is coordinated by the

continuati on processing program 1920. In this way, continuation
of, the processing with . continuous execution can be achi eved whereas
ot herw se t he 'processing woul d be suspended m d-way by the cut off 25
of the power. Anot her enbodi ment of conputer according to the
present invention will be described with reference to Fi gure 20.

Thi s enbodi nent includes a power swtch 20128 30 power switch state
detector 202, an interruption controll er 203, and a power off

detection program 204. The present enbodi ment furt i ncl ude
system state to FAlisfy theoFYERer0s5, then BreHSSdinG F\Féf%oé’ sza?a”

is activated with a command from the operating system,
which in turn activates the system restoring program
2018.

The system restoring program 2018 reads the system
state, which has been saved by the system saving
program 205, out of the system state store file 207
within the hard disk drive 206, thereby restoring the
system state including the contents of the main memory
208, the CPU status store 209, the I/O status store
2010 etc. to its condition at the point where the power
switch was last turned off. The considerations in
restoring the contents of the main memory 208, the CPU
status store 209, the I/0 status store 2010 etc. are as
set forth in connection with the second embodiment of
the system state restoring means 15. Also, the
considerations in the case when a plurality of system
state store files are included are as explained in
relation to the second embodiment of the system state
restoring means 15.

In order for the system restoring program 2018 to
restore the system state completely by returning the
. control to the point following the command executed

immediately before the power was last cut off, i.e.
immediately after interruption of the power off

10

15

20

25 detection program 204, without any contradictions, the
final state is co-ordinated by the continuation
processing program 2019. _

While various embodiments of the present invention

20 have been described above, it will be understood taking

into account the practical implementation of the
respective means and combinations thereof that many
other embodiments are possible in addition to the
illustrated ones. For example, the external store is
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26 - system state store file 207 as a specific area therein, a

mai n nmenory 208, a CPU status store 209, an 1/0O status store 2010, a

processi ng sel ect program 2011, a processi ng determ nati on program

2012, a system initialisation program 2013, a power off program 2014,
29

not limited to hard disk drives and floppy disk drives,
and may include IC cards, compact disk drives, tapes,
etc. The system state to be saved can be determined in
dependence on the need for reducing the information

5 stored.

'~ In any event, however, the present invention can
provide an inexpensive and reliable means of realising
continuity for a computer, so that it is possible to
fully take advantage of the portable nature of small

10 sized, battery driven computers which are likely to
become more commonly used in the future. The invention
makes it possible to improve the performance and
convenience of such computers.

15.

20

25

30
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5 « a power supply unit 2015, and an electric power swtch 2016

capabl e of turning off the power supply unit using software. A
processing start program 2017, a system restoring_program 2018, and
a continuation processing program 2019 are al so included. 10

The above configuration conbines the follow ng enbd $ﬁ$ﬂﬁhsh&n

t he basi c neans: - (1) The save process start detect

shown in Figure 2; (2) TH@ save start

shown in Figure 15 8; (3) The post save proceSS|ng

shown in Figure 11; é4% The restore process startlng
means 14 shown in , Flgure 18: Lok I M(8§) The system state

restoring nmeans 15 shown in

1. A computer system having means for preserving the
5 state of the system for future processing, charac-
terised in that the preserving means comprise detecting
means (1l1) for detecting an event indicating a process
fcr saving the system state is to be started, system
state saving means (12) responsive to an instruction
from the detecting means for generating for supply to an
external store a data output representing the contents
of a main memory, I/0 status and CPU status, _and
system state restoring means (14, 15) operable to read
out from the external store data previously stored
therein for restoring the contents of the main memory,
I/0 status and CPU status to a previous condition.
2. A system according to claim 1 characterised in
that the event indicating a saving process is to be

10

15.

started comprises one of a demand for turn off of a
power supply and an instruction from a user.

3. A system according to claim 1 characterised in
that the system state restoring means are ope:able in

20

response to one of turning on of a power supply and an
instruction from a user.
4. A system according to claim 1, 2 or 3 charac-

25 terised in that the system state restoring means are
operable to select among data representing successive
earlier conditions for the contents of the main memory,
the I/O status and the CPU status for restoring the
contents of the main memory, the I/O status and the CPU

30 status to a selected earlier condition.

5. A system according to any of claims 1 to 4 charac-

terised by means for controlling processing after the

previous condition is restored to provide continuity

[T
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Fi gure 15; and (6) The post restoration processing neans 16 shown

I n Fi gure 17. Qperation of this

be- 25 descri bed. : When the power switch 201 eg E 1
t he power switch state detector 202 detects this an oot

the interruption controller 203 a signal for request qulm
Interruption in accordance with the cut 30 of f of the p

receiving that signal, the i nterruptiddn controller 203 causes an

i nterruption i ndicating cut off of the power under. In response to

the interruption, the power off detection program 204
P with processing %eadlng toptﬁ% previous condition.

6. A method of preserving the state of a computer
system for subsequent processing characterised by
detecting an event indicating a process for saving the
state of the computer system is to be started, |
generating in response to the detection a data output
for supply to an external store, which data output
represents the contents of a main memory, I/O status
and CPU status, and subsequentlf reading out from the
external store data previously stored therein for
restoring the contents of the main memory, the I/0O
status and the CPU status to a previous condition.

7. A personal éomputer system in which a power supply
can be turned off by software, characterised by save

10

process start detecting means (11) for detecting a
15 demand for turn off of the power supply or an
instruction from a user, system'state saving means (12)
responsive to an instruction from the save process start
detecting means for outputting data in a main memory,
the system condition of I/0 status and CPU status to an
external store, post save processing means (13) for
turning off the power supply after the system condition
. has been fully output to the external store by the

system state saving means or for continuing‘processing

20

- in response to the next instruction from the user,

25 system state restoring means (14, 15) for reading out
the system condition output at the or a still earlier
time to the external store, the system state restoring
means being activated after turn on of the power supply

10 or when the user instructs and being arranged to set

data into system sources including the main memory, the
I/0 and the CPU for restoring the system condition, and
post restoration processing means (16) for controlling a
program after the system condition is restored to
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27 » and then the system saving program 205 are_activated

The system savi ng program 205 supplies the contents of the nmin
menory 208, the CPU status store 209 and the I/ a ,
in the formof one file, to the hard disk drive 2 a
store.

32

continue at the point just after the command suspended
by the save processing start means at the or the still
earlier time or for carrying out processing according to
an instruction from the user.

10

15

20

25

30
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5 -~ This file is the systemstate store file 207. /WTTH——~——~—tﬁﬁp+e%+eﬂ

of that task, the processing sel ect program 2011 i g&zt d The
main menory 208, the CPU status store 209 and the |
2010 are as expl ai ned inrelation to the systen1stat

12. Also, 10 the considerations in handli3ng the file ar

with reference to the second enbodi nent of the system state saV|ng
means 12. The processing sel ect program 2011 gi ves the user
a display of the choices in the typaad grocessi@grfwhi ch 15 can be
executed after saving of the system'state, and then waits for an
I nstruction fromthe user. In this enbodi nent, the follow n
choi ces of types & COMPUTER C3XSEEIM AND émmmc@E:OPERATIWi)mﬁgﬁ'ﬁEMse
the systemand raise it fromthe 20 begi nni ng; and

5

The invention provides a computer system in which
the state of the system at a particular point can be
preserved for subsequent processing. The system
comprises detecting means .(11) for detecting an event
indicating that a process for saving the state of the

L system is to be started, and system state saving means
(12) responsive to an instruction from the detecting
means for generating for supply to an external store a
data output representing the contents of a main memory,
I/0 status and CPU status. System state restoring

13 means (14, 15) are operable to read out from the
external store data previously stored therein for
restoring the contents of the main memory, the i1/o0
status and the CPU status to a previous condition. Post
restoration processing means (16) are also provided for

20 controlling processing after the previous condition is
restored to provide continuity with processing leading
to the previous condition.

25
{Figure 1]

30
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(2) cut off the power. Dependi ng on which of the two choices

is selected, t he processing determ nation program 2012 activates the
systeminitialisation program 2013 or the power off 25 program 2014.
The systeminitialisation program 2013 initialises the system In
practice, the control is advanced to the initialisation routine

pr epared before- hand. The power off program 2014 operates the
electric power swi tch 2016 taq di sconnect the power supply unit 30
2015, so that the supply of power to the systemis cut off, as with
t he foregoi ng enbodi nent. Subsequently, when the system power

is turned on

Turn-off of power switch
Low Battery, Instruction from user

&

—] ]
\ ~f—"J2?
R

3

Power-off
Processing instructed by user

Power-on
Instruction from user

y

4

15

Y

l

. Continued Processing
Processing Instructed by user
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28 - to raise the system the processing start program 2017 is

activated wwth a command fromthe operating system which in turn
activates the systemrestoring program 2018. 5 The system
restoring program 2018 reads the system state, which has been saved
by the system saving program 205, out of ‘the systemstate store file
207 :

' 2

21
S

P
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FIGURE 2
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W thin the hard disk drive 206, thereby restoring the system state
i ncluding the contents of the main nenory 10 208, the CPU status store
209, the I/O status store 2010 etc. to its condition at the point
where the power switch was last turned off. The considerations in
restoring the contents of the main nmenory 208, the CPU status store
209, the I/O status store 2010 etc. are as set forth in connection
with the second enbodi nent of 15 3 the system state restoring neans
15. Also, the considerations in the case when a plurality of
system state store files are included are as explained in

relation to the second enbodi nent of the systemstate restoring
means 15. 20 _ In order for the systemrestoring program 2018 to
restore the systemstate conpletely by returning the

If  OFF
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control to the point follow ng the command execut ed i mredi ately
before the power was | ast cut off, i.e. i medi ately after
iaterruption of the power off 25 detection program 204, w thout any
contradictions, the final state is coordinated by the continuation
processi ng program 2019. VWi | e vari ous enbodi nents of the
present invention have been descri bed above, it will be understood
t aki ng 30 into account the practd cal inplenentation of the

respective neans and conbi nations thereof that many ot her

enbodi nents are possible in addition to the illustrated ones. For
exanple, the external store is

/ ~ | —— *i?
_—>5]
FIGURE 5
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29 not limted to hard disk drives and fl oppy disk drives,

and may include |IC cards, conpact disk drives, tapes, etc. The
system state to be saved can be determined in dependence on the need
for reducing the information 5 stored. In any event,
however, the present invention can provi de an i nexpensive and
reliabl e neans of realising continuity for a conputer, so that it is
possible to fully take advantihge of the portable nature of snall
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10 . sized, battery driven conputers which are likely to becone

nore comonly used in the future. The invention makes it possible to
i nprove the perfornmance and conveni ence of such conmputers. 15.
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30 . CLAI VE: 1. A conputer system
havi ng nmeans for preserving the state of the systemfor future processing,

t he preserving nmeans conprising detecting nmeans (11) for detecting an event
i ndicating a process for saving the systemstate is to be started, and
characterised in that the preserving nmeans further conprise systemstate
saving mans (12) responsive to an instruction fromthe detecting neans for
generating for supply to an external sBore a data

power-on

d
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Processing instructed

by user To svstem state restoring means
FIGURE 12 '
To precmgt £or DOS ..
after cdisplay of ’ To svstam state restoring
message means :
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out put representing the contents of a main nenory, 1/0O status and CPU
status, the external store having a storage area of predeterm ned capacity
for conpletely storing the contents of the main nenory with said capacity
bei ng fixedly maintained separate fromthe storage capacity for saving
prograns and data, and system state restoring nmeans (14, 15) operable to
read out fromthe external store data previously stored therein for
restoring the contents of the main nenors, | /O status and CPU status to a
previ ous condition. 2. A system according to claim1l further
characterised in that the event indicating a saving process is to be
started conprises one of a demand for turn off of a power supply and an
instruction froma user. 3. A system according to claim1 or claim?2
further characteri.sed in that the systemstate restoring neans are operable
in response to one of turning on of a power supply and an instruction from
a user. 4. A system according to claiml 2 PZ‘]?’ further characterised in

that the syst'em
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state restoring neans are operable to sel ect anong data representing
successive earlier conditions for the contents of the main nenory, the I/0O
status and the CPU status.to a selected earlier condition. 5. A system
according to any of clains 1 to 4 further characterised by neans for
controlling processing after the previous condition is restored to provide
continuity wth processing |l eading to the previous condition.
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31 6. A nmet hod of preserving the state of a conputer system for
subsequent processing including detecting an event indicating a process for
saving the state of the conputer systemis to be started, characterised by
generating in response to the detection a data output for supply to an
external store, which data output represents the contents of a main nenory,
I/ O status and CPU status, the exteﬁTaI store having a storage area of
predet erm ned capacity for conpletely storing the contents of the main
menory with said capacity being fixedly maintained separate from t.he
storage capacity for saving prograns and data, and subsequently readi ng out
fromthe external store data previously stored therein for restoring the
contents of the main nenory, the 1/O status and the CPU status to a

previ ous condition. '

——I31

182

/ Cé | 75/4

FIGURE 18

This is the replacement sheet

Date: ‘1 Q) MAR 1997



o L——]92 |
196 195 194 193
S~
197

;98 q. 1910
1915 1 _1914
( ﬁ 1911
[ 1912
199 | . |
. 1919 1918 1917 P°wer'°'79]6

)

1920

This is the replacement sheet

FIGURE 19 sate: 10 MAR 1997



13

o —1—202

2019

This Is the teplacerhent sheet

FIGURE 20

Date: -.

10 Mg 1qgy



v

ToC775-4 THa3

30
- CLAIMS:

1. A computer system having means for preserving the state of the system for future
processing, the preserving means comprising detecting means (11) for detecting an event
indicating a process for saving the system state is to be started, and characterised in that
the preserving means further comprise system state saving means (12) responsive to an
instruction from the detecting means for generating for supply to an external store a data
output representing the contents of a main memory, /O siatus and CPU status, the '
external store having a storage area of predetermined capacity for completely storing the
contents of the main memory with said capacity being fixedly maintained separate from
the storage capacity for saving programs and data, and system state restoring means (14,
15) operable to read gut from the external store data previously stored therein for
restoring the contents of the main memory, I/0 status and CPU status to a previous

2. A system according to claim 1 further characterised in that the event indicating a
saving process is to be started comprises one of a demand for tum off of a pawer supply
and an instruction from a user. _

3. A gystem according to claim 1 or claim 2 further characterised in that the system
state restoring means are operable in response to one of turning on of a power supply and
an instruction from a user. o

4, A system according to claim 1, 2 or 3 further characterised in that the system
state restoring means are operable 1o select among data representing successive earlier
conditions for the contents of the main memoary, the I/O status and the CPU status to a
selectad earlier condition,

5. A system acconding to any of claims 1 to 4 further characterised by means for
controlling processing after the previous condition is restored to provide continuity with

processing leading to the previous condition, REPLACEMENT SHEETS  §G

[3 Description : paged ..... to paged......
% Claim(s)  :paged .2¢. to paged .31.
I Drawing(s) : paged ..... to paged ...
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6. A method of preserving the state of a computer system for subsequent processing
including detecting an event indicating a process for saving the state of the computer
system is to be started, characterised by generating in response to the detection a data
output for supply to an extemal store, which data output represents the contents of a
main memory, I/0 status and CPU status, the external store having a storage area of
predetermined capacity for completely storing the contents of the main memory with said
capacity being fixedly maintained separate from the storage capacity for saving programs
and data, and subsequently reading out from the external store data previously stored
therein for restoring the contents of the main memory, the 1/0 status and the CPU status
to a previous condition,
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ABSTRACT

A COMPUTER SYSTEM AND METHOD OF OPERATING THE SYSTEM

The invention provides a cdmputer system in which
the state of the system at a particular point can be
preserved for subsequent processing. The system
comprises detecting means (11) for detecting an event
indicating that a process for saving the state of the
system is to be started, and system state saving means
(12) responsive to an instruction from the detecting
means for generating for supply to an external store a
data output representing the contents of a main memory,
I/0 status and CPU status. System state restoring
means (14, 15) are operable to read out from the
external store data previously stored therein for
restoring the contents of the main memory, the I/0
status and the CPU status to a previous condition. Post
restoration processing means (16) are also provided for
controlling processing after the previous condition is
restored to provide continuity with processing leading
to the previous condition.
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