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e(ﬁ/ 91PHATTERY OPERATED COVPUTER GPERABLE RRDBA ﬁ\‘-ﬁLUW
OPERATI'NG SYSTEMS DESCRI PTION This invention relates to the fiel'd of data
processing, and, nore particularly to method and apparatus for
initialization of a power nanagenent systemin a battery operable conputer
- that can operate.under a plurality of operating systenms. RELATED

APPLI CATI ON Attention is directed to our copendi ng European patent:

appl i cati B Pree concurrently herewiti and claimng priority ‘from
Application serial nunber 847,118,filed in the US on 25 January 1991. The
above rel ated application i"'s directed to a battery operated conputer having
~a sophi sticated power_/ managenent system  Such conputer has two
processors, a main pr%ﬂé‘?&roz’&ﬁﬁ@ B%IEF!H(H)&B%‘I Gessor (PMP). The -
mai N processor operates UNEEURALIEY ©enO¥ERATING SWSTEMSI at i ng system and

provi des overall control of the conputer Eor executing application

DESCRIPTION

This invention relates to the field of data processing, and, more
particularly to method and apparatus for initialization of a power
management system in a battery operable computer that can operate under

a plurality of operating systems.

RELATED APPLICATION

. Attention is directed to our copending European patent application
filed concurrently herewith and claiming priority from Applicaticn

serial number 647,118, filed in the US on 25 January 1991.

The above related'applidétion is dir=scted to a battery operatasd computer
having a sophisticated power /management.system. Such computer has two
processors, a main processor and a power management processor (PMP). The
. main processor operates under the control of an operating systenm and
'p:ovides overall control of the computetr for executing application

’

. programs. The main processor zlso assists

-

n power management by

executing power management interrupt handlers and controlling z power
control register to turn power on and off to various devices. The power
management processor monitors ambient temperature and humidity; and -
battery condiﬁiohs, and generates intarrupts as a result of
predetermined changes. Such processor also controls charging of the
béttery. Logic means are responsive to predetarmined conditicrs to also

generate interrupts.

An interrupt controller is connected to the main processor.ané receives
the power management interrupts (PMIs). %hen ;uch a %pmputer ig turned
on or is rebootad, it is necessar¥.to initiaﬁ%ﬁEmth tsystem ark

“the PMIs. This enablement links-the apcrepriate interrupt handlers s



sprogr ans.

regl ster to turn power

The main processor also assists in power nmanagenment by executing
power management interrupt handl ers and controllina a power control

Such processor also controls charging of the bat tery- togrc ﬁéaﬂg“are
responsive to predetern1ned conditions to al so generate |nterrupts An

i nterrupt eostepidoar

¢hanges.

I s"connected to thezmain processor and receives the

power managenent interrupts (PMs). Wen such a conputer is turned on or

r eboot ed,

: It Is necessary to initialize the systemand enable the PMs.
Thi s enabl enment |inks the appropriate interrupt handlers to 2 the PM's.
I n a priortler PMbat Tery poper atredbaddapyitoperageconfputer | yPQWélFBl\MYrrb@I%IIBPC-

model PC-Convertible computer, the initialization including PMI
enablement was done during a power on self test (POST). This method can
not be used with 0S/2 because a protect mode interrupt Handler is not
loaded until after the 0S/2 kernel loads. The prior art technique would
aliow power managément interrupts to occur during the 05/2 load process
and since no handler is available at that time, suéh interrupt would

cause the processor to become unstable and crash.

According to the present invention there is provided in a battery
operated computer having a main processor, a main memory for storing
application and operating system programs for execution by said
processor, and a memory device for storing a basic input output system
and power management interrupt handlers, the improvement comprising:
initialization means operated in response to turning on said computer
and rebooting said computer after it has been turned on, to sequentially
load into said main memory a preselected one of a real mod% operating
system or a protected mode operating. system, and to thereafter
selectively utilize sald basic input output system to enable power
management interrupts in accordance with which one of said operating

systems is loaded into said main memory.

'Further according to the present.invention there is provided a method of

initializing a battery operated computer having a main processor, a main
memory for storing application and operating system programs for
execution by said processor, and a memory device for storing a basic
input dutput system and power management interrupt handlers, said method
comprising the steps of: executing a power on self test program; updn
completioﬁ of said test loading into said main memory a preselected one
of a real mode operating system or a protected mode operating system;

and thereafter selectively utilizing said basic.input output system to
enable power management interrupts accordance with which one of said

4™ "‘_' _.'.‘:':vs .
operating systems is loaded into said-main memory. ' n

ThlS Sheet Has Been' Rep
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convertible conputer, the initialization including PM enabl enent was done
during a power on self test (POST). This nethod can not be used with OS/ 2
because a protect node interrupt handler is not |oaded until after the OS/ 2
kernel |oads. The prior art ‘techni que would al |l ow power managenent
cinterrupts to occur.during the 0S/.2 | oad grocess and since no handler is
i avail abl e atBadh3-%0Pne, such interrupt wodll d cause the processor to becomne
; unstabl e and crash. SUMVARY OF THE INVENTION It is an object of the present
L invention‘to aneliorate one or nore di sadvantages of the prior art. |
- According to one aspect of the present .invention there is provjded. :
battery opefig-ell TofpRhost Lagprt s‘ifnérLaitﬁ’éx r?pﬁﬁ)t(?gs%%’}puﬁifere%?‘glf‘ﬁ tg‘ereal
node and i niveptidrgchedl node; a main nenory for storing application
programs and an- operating systemfor execution by said processor, said
oper ati ng -system bei ng one of -a group of a disk operatinng system ( DOS)
execut abl e Hig.i Agissai fllawveahampiEluwst ropiegatpeortddn o8i themamvenpiocessor and a
mul titaski ng operating system (MOS) executable in said protected node of
operation of said main processor; a read only memory (ROM stori nig a
plurality otefeowing newdgeblentdravingss Uptg- hhraghe g Ly PRIME  # coTPwies: 1hdher
managenment §RAR%s fd} which are more fully disclosed in the above identified

apﬁlication to which reference may be had for further details not

disclosed herein. Computer 10 comprises a main processor 12 coqnected to

-a system bus 14. A main memory 16 is connected to bus 14 for storing

application operating system and appiicationﬁprqgraﬁs.fo; execution by

.processor 12. A read only memory (RQM) 18 is also connected.to bus 14

and comprises or stores a POST program 20 and basic I/O operating system

(BI0OS) programs 22. Such BIOS programs include a power management (PM)

BIOS comprising various interrupt handlers for handling the various

PMIs.

Computer 10 is selectively operable with power from a battery 11 or from
an ac power source (not shown). Battery 11 is connected to a power
distfibﬁtion’sYStem'(PDS) 24 which operates under the control of .
settings of a power control register (PCR) 26. ‘PCR 26 is connected to

bus 14 and is set or controlled by processor 12 executing PM BIOS.

A power management proceséor (PMP) 28 is connected by a bus 30 to bus 14
and together with processor execute and perform the power management
functions for operating computer 10. PMP 28 is also connected to a
keyboard 32'and in addition to performing the PM functions PMP 28

manages the keyboard.

A plurality of sensors 34 are connected to_fMP 28 to monitor or méésure
environmental and battery conditions including ambient temperature and
humidity, and battery voltage, current, and temperature. In response to
such measurements, PMP 28 determines the energy level of battery 11 and
generates a low battery signal on line 36 when the battery becomes

discharged and needs replacement or recharging. FMP 28 also generates a
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poni toring environmental and battery conditions in said conputer and
genelating power managenent interrupts (PMs) in response to predeterm ned
changes in said environnental and battery conditions; and initialization
means operative in response to turning on said conputer to |oad one of said
. operati ng;Bygi R and place said conpuger in readiness for execution of an
~application program said initialization nmeans conprising a pewer on self
test (POST)™program stored in said ROM freans, sai d POST program being .
executed by said main procéssor in response to said conputer being turned
on, to t@slsoSthdteCONRH-GSt WekIIOUEigHaabbh NGNS BHadwit ShetOadi 1GatERRY
oper abl e when_sai d POST program has .conpl eted, to, l.0oad ne@f sai d
ober at i EESEE o AEtreRR PG hG R HRdGhy oty SO RLCR: APPRPR LSS (e set up
whi ch deisfetingsonhineil tiiexat iargMUX 4Ra Eyrsbesnosherd condiuives pmobiicebe
operat ed_ynder ;. fir %}.«% ' QC%E I ed into
sai d - mai %%en%r%a%og%ng%%_ ggﬁﬁrg i %&%I Fﬁi Said ﬁﬁggglrhﬁsﬁ@g to said
PM s; antf/Racbrdrimtss onpdnad|4é when sanad sNBgnigas 1ePO9Igaeke¢ipmlo sai d
Ml N jndicating when the computer 1id has been opened or closed, a NOT DOCKED

signal indicating the computer is not connected to a docking station, a

TOD ALARM signal generated at a preset time of day, and a MODEM RING

signal generated when a modem rings for transmitting information to

computer 10.

wﬁUX 40 has two add;tidhal input lines 46 and 48. Line 46 recéives a
signal SYSTE& VOiTAGE when the system voltage is at or above a
predetérmined level (5 volts). It is used when a discharged battery is
replaced by a charged battery and the system voltage becomes normal upon
connection to the charged battery. It is also used when the computer is
in a suspend mode and is then attached to an ac power source. Line 48
transmits an A/M signal when the position of a switch 50 is changed.
Switch 50 has two settings or positions, an "automatic" and a "manual"
whiéh allow the user to seiect a preset speed at which to run processor
12 or to allow the computer to automatically-select the processor

running speed.

Thus, MUX 40 receives a plurality of interrupts or requests therefor. _
MUX 40 polls the input lines on a round robin basis and when it notes an
active signal on one of the lines, it outputs onto lines 52 a power
management .interrupt (PMI) along with a three-bit code identifying the
specific interrupt. Lines 52 are connected to interrupt controller 54.
The interrupt request from MUX 40 is transmitted on a specific one of
plural iﬁterrupt réquest linéSJiﬁfo controller 54. In response to
reéeiving the“interrupt from MUX 40, controller 54 transmits an
interrupt request to processor 12 on one of lines 56. When processor 12
is able to handle the interrupt, it acknowledges such request and then
controller 54 transmits to the processor a vector identifying the

specific PM interrupt handler for processing such interrupt. Processor
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smenory to first load a power nmanagenent driver and to then enable said PMs
and link said PMHroutines to said PMs. According to anot her aspect of
the present invention there is provided a nethod of initializing a battery
operated conputer having a main processor operable in a real node and in a
pr ot ect ed gpggnfa in memory far storing application programs and an
operating sSystem for execution by said processor, power nanagenent neans
for monitoring environnental and battery conditions and generati ng-power
managenment interrupts (PMs) in response to predeternined changes in said

envi-L:onmenkathdiedp b tdceb ¥ses0 0l lde e RRMAIAr I BRHIGH LY mﬁ%u@@\ﬂt storing
power managenent Lnterrupt handlers (PMHs) for handling said PMs, said

met hod coifSFPEIRGLY he OBY #qYS 151 théx%ﬁl?@cﬁsi)&ﬁé?“%’ﬁsi% at &Y (POST)

pr ogr am wiinletiupes afdvienpediniedaiil¥ds; upon conpl etion of execution of said
POST program 'loading into said main nmenory an operating systemfromthe
group of a disk operating system (DOS) executable in said real node and a-
mul ti t askiprgcegseral2 ngcsirstisetwd Vs ofe:'cniieatmh;ﬂ:si, mas&blllepaod ect ed node, the.

oper at i NG gyskafeh o b3 bpaded REkNG. dehenh 0 P K5t LI Alfler

thereafter enani I'Ng sa accordance w h on
oper at i ng isyiniiglis ﬁwyadia@nl. mrowket dtndd r-'rulnmmpytl\meﬂmweéaltbepr ocessor is

operative &Bﬁﬁte‘%ﬂ’i‘?'iﬂgléﬂszPMdSoﬁ@ step of such initialization involves
enabling PM interrupts. Thus, with reference to Fig. 2, when the
computer is powered on or rebooted in step 62; POST routine 20 is first .
executed. In accordance with the above mentloned prlor art, the PC
Convertlble prior art POST ‘routine also performed step 63 to thereupon
enable PM interrupts during POST. However, such step precluded being
able to load and execute 0S/2. Therefore, step 63 is eliminated from the
POST routine 20 of the invention. Continuing with the operetion of the
inventiom,HUpon completion of POST 20, an operating system is loaded in
accordance with the system setﬁp. Thus, assuming DOS is the desired
operating system, step 64 loads it into main memory'for execution by
processor 12. After DOS is loaded, a DOS prompt appears on the display

--screen (not shown) and the computer in step 66 waits for a key stroke

from keyboard 32. When a key stroke occurs, step 82 processes the stroke
and upon completlon branches to step 66 to set up a loop for proce551ng
subsequent keystrokes. Had the PH interrupts been enabled by step 63 in
accordance with the brior art, such processing would have occurred
immediately following step 66. However, in accordance with the

invention, a plurality of other steps occur between step 66 and step 82.

Step 66 is processed by immediately making a BIOS call in step 68 to
issue a "wait for key" call v1a interrupt 16 and settlng processor
register AH to 0. PM BIOS 22 is then entered at step 70 by setting 2H=41
and issuing an int=15 call. Step 70 then routes or directs that step 72
be the next step. Step 72 decides if this is the first time this stringN
of code or routine is being executed since turnlng the power on or
rebooting the system. If so, step 74 enables power management 1nterrupt

in controller 54 by setting an input gate (not shown) connected to line
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thereafter execute one of said PMHs in response to am occurrence of one of
'said PMs. DESCRI PTI ON OF THE PREFERRED EMBCDI MENT( S) BC9- 91- 008

3 Fig. 1is a block diagramof a battery operated conputer enbodying the
invention; and Fig. 2 is a flow chart illustrating operation of the

i nvent i on. BRePET®%g now to the drawing$, Fig. 1 generally shows a conputer
10-t he details of which are nore fully disclosed in the above-identified '
appl i catlon to whi ch reference may be had for further details not d| scl osed
her ei n. Oﬁ ter 10_conprises a.main:progcessor 12 connected to stem bus

14. A nai R2nerot §eP1 82 KSR 3Bt & PegBt 1o G4t TGP S 0B, 91 Q‘P%;&P{%&tﬁa

oper at i ngssats e M stieg momhezcacttbpgl ;ﬂbB@’sﬁ)ﬁ‘BcI:ﬁ'ﬂcsGl)(ﬁ@ﬂﬁttﬁlﬂgbgffpp@@SS@rthéZ _ A
read only_ne ssgr(u connec

stores a POST pFogia 2"6 é’h'i:?rﬁ‘é%ﬁ Ak o&lgernats rhi:] &’git%n& BR6D 22> 5a ©"
returns to step 68. If the interrupt was caused by a keystroke, step 68 - -
brahches along line 80 to step 82 whereupon the keystroke can be
processed. If the interrupt was not caused by a keystroke, step 68
enters step 70 to repeat the process until a keystroke occurs.
If the computer is setup to run under 0S/2, then step 84 loads the

- appropriate portions of 05/2 into main memory. Step 84 then loads the PM

driver and enables PM interrupts in a manner the .same as that described
for step.74. Step:88 then loads any other drivers and the operating .. .- ...
system kernellis started in step 90. Step 92 is an idle task which is
entered from the kernel. Step 92 looks to see if the processor is busy
with other tasks. If the processor is not bﬁsy, step 92 requests by step
96 that the processor clocks be stopped as with step 76. When that is
done, step 94 returns to step 92. When an interrupt subsequently occurs,

the processor is started and the interrupt handled.

Thereafter, when computer 10 is operatlng under either DOS or 0S/2, when
"a PM interrupt occurs at 98 PM BIOS 22 is entered at step 100 to
_monitor the hardware activity. Step 102 decides if the hardware has been

idle (by looking at waiting interrupts in controller 54,for a period of

n seconds where n is a value selected by the user of given a system

default value. If.the hardware has not been idle, step 106 returns to

the application. If the hardware has been idle for the time beriod step

104 starts a suspend interrupt handler to switch computer 10 into the

suspend mode .

It should be apparent to those skilled in the art that many changes can
be made in the details and arrangements of steps and parts without
departing from the scope of the invention as defined in the appended

claims.



(BI OS) prograns 22. Such BIGS programs include a power managenent (PM "Bl CS

conpri sing vari ous ThiyfSheet Baman heeds for handling the various PMs.

Conmputer 10 is selec &E e with power froma battery 11 or froman
I'C

ac power source (not ry 11 is conne
di stribution system (PDS) oper ates undef{ THiE Sﬂﬁ&TrfﬂS BEENHI ti ngs
of a power control register (PCR) 26. PCR 26 is fonnecRERLAGEDUS 14{ and is
set or conggngeqm@y processor 12 executdng PM BICS. A pover—framsgenent
processor MP) 28 is connected by a bus 30 to bus. 14 and together with
processor execute and performthe power managenent functions for operating
conputer 10. PWMP 28 is also connected to a keyboard 32 and in addition to
perform ng the PM functions PVP 28 maragas t he keyboard. A plurality of
sensors 34 are connected to PVP 28 to nbnitor or measure environmental and
battery conditions including anbient tenperature and humdity, and battery
vol tage, current,a aadtetrqnmaa"mtem e:omwtei-e@@@ngea meis pebcsaasyremeii s, PVP 28

determ nesmé&%@yefgy'QYOJl % pﬁilcgifékegéé opera kag system programs for

execution by said processor, and a memory device for storing a basic

input output system and power management interrupt handlers, the

improvement comprising:

1n1t1allzat10n means oneratna in response. to turning on said
computer “and rebootlng said computer after it has been turned on, to
sequentially load into said main memory a preselectea one of a real mode
operating system or a protected mode operating system, and to thereafter
selectlvely utilize said basic input output system to enable power
management interrupts in accordance with which one of said operating

systems is loaded into said main memory.
2. A computer in accordance with claim 1, wherein:
said real mode operatﬁnd svstem is a disk operating system.’

A computer in accordance with claim 1 wherein:

(53}

said protected mode operating system is a mu‘t' asking cpersting

system.
4. 2 computer in accordancs with claim 3 whersin:

said initialization means loads a power management driver to enzble

said power management interrupts.
5. A computer in accordance with claim 2 wherein:

said system includes an interrupt controller having seleczively

enabled interrupt input lines;

U

A
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generates a | ow battﬁ )gh {I%%Len% lhdefte 36 when the battery becones

di scharged and needs rechargi ng_.PNP 28 also generates a
BC9- 91- 008 BI“E[“[M -4 PM soft YT Jl ) signal
ti meout, e A ' or | ow
: 40.

on line 34 when there

battery condition. The PMSI signal |s fed |nto : =Y

Vari ous (’)tg3 %_%lo%ﬁl tions produce signals that are analyzed Ry logic 38 to
produce-su SC n 8 resume (SIR |nterrLPpts on lines 44, -the signals being
a LI D PCSITION signal indicating when the conputer lid has been opened or
cl osed, a NOT DO_CKED signal indicating the conputer is not connected to a
docki ng statiop, ﬂréﬁM( n y, and
a MODEM RI NG srIt gna generat e §%{9‘;Harkeagl§ ea%”l&%dr?ﬂ% %o?ggc?gﬁgﬁggﬁ %‘pgg

i nf or mat i okines EwpeiesT RATGgeRk 4@*—%&3}3%% add| ti onal i nput lines 46 and
48. Line 46 receives a -

6. A computer in accordance with claim 5 wherein:

said initialization means sets up a loop to analyze plural
‘keystrokes, and said power management interrupts are enabled on a first

pass through said loop.

" 7. A computer in-accordancé with*claim 6 wherein said initialization -
means is operable to load a kernel of said protect mode opératinq system
into main memory, and set up a loop of'waiting for said processor to

become idle;

said processor being shut off when it becomes idle.

8. A method of initializing a battery operated computer having a main
processor, a main ﬁemory for storing application and operating system
programs for execution by said processor, and a ﬁémory device for
storing a basic input output system and power management interrupt

handlers, said method comprising the steps of:
- executing a power on self test program;

upon completion of said test loading into said main memory a
preselected one of a real mode operating system or a protected mode
operafing system;

and thereafter selectively utilizing said basic input output
system to enable power management interrupts in accordance with which

one of said operating systems is loaded into said main memory.

A



si gnal SYSTEM VOLTAGE when the systemvol tage is at or above a-

predeterm ned |evel (5 volts). It is used whenfesi=sgharged hattery is
replaced by a charged battery and the system ITH@&gsHbge "'””“‘ al  upon
connect+on to the charged battery. It is alsojused MpnAé fiter isin
a suspend node and is then attached to an ac pPOVET  SowE8_l I M8 -
transmts an A/ M signal when the p05|t|on of a svmtch 50 i sic aged Svmtch
50 has two settings or positions, an "automatic" and ‘a "manual" which allow
t he .user t &c%ellects a preset speed at whech to run processor 12 or to allow
the conputer to automatically select the processor running speed. Thus, MJX °
40 receives a plurality of interrupts or requests therefor. MJX 40 polls
the input lines on a round robin basis and when it notes an active signal
on one - of % he Themesthodtinoa¢qurdsnasnvbt! ichebn §2 compoimingmanagenent i nterrupt
(PM) along with a three-bit code identifying the specific interrupt. Lines"
52 are connected to interrupt controller 54. The interrupt request from MJX
40 is transni tStedinghin sspdcdompetasnebefiorpl 2aidl tesit és r%ﬁﬁu?eé’qu%ﬁlurqlﬁés into

controll elofgowek iR CLdtRrrupt handlers;

said processor being operable upon completion of said enabling
power management interrupts, to thereafter execute one of said power
maﬁagement interrupt handlers in response to a power menagement

interrupt. .

10. A method in accordance with claim 9 wherein said power management

interrupts are enabled.by enabling a line into an interrupt controller.

11. A method in accordance with claim 9 vherein said processor is shut
off after said power management interrupts are enabled, to conserve

pover.

This Sheet Has Been Re[ilaced
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sreceiving the interrupt from MJX 40, controller 54 transnjts an interrupt
request to processor 12 on one of lines 56. \Wen prg .S able to

handl e the interrupt, it acknow edges such request mﬂquﬁEEf? ge 54
transmts Eb-tetﬂeo ocessor a vector identifying theg| speciHgm. %5 Fjjupt
‘handl er for processing such interrupt. Iiroocessor jses
the desired handler in BIOS 22 and execufes. it accordingly. GJVl ously, the
above process presupposes that PMi nterrupts have been enabl ed. Procéssor

12 receives two types #Fltﬁ gmﬁﬁ Eﬁ&ﬁ kable. A PM
interrupt is a nmaskabl'e mg%rru V\ﬁen e conpu e?ﬂ?ésﬁalgm tially turned

on, or when it is subsequentnwmoﬁfelrERﬂ@Gcémér isinitialized and
one step of such initialization involves enabling PMinterrupts. Thus, with
reference to Fig. 2, when the conputer is 'Powered on or rebooted in step
62, POST routine 20 is first ABSTRACT .. .. . :

Power management.interr'upt enabling is done after completion of POST by
loading either DOS or 0S/2 operating systems in accordance with
whichever operating system the computer is setup to operate under.
After being loaded, the operating system then enables the PMIs. This
provides a very sirﬁple solution that allows the PMIs to be used in a

_computer operable under a plurality of operating systems.

-_
This Sheet Has B
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pa
gecut ed. In accordance with the above nentioned prior art—the PC
nvertible prior art POST routine also performed step 63 to thereupon
enable PMinterrupts during POST. However, such step precluded being able
to load and execute OS/2. Therefore, step 63 is elininated fromthe POST
routine 20 of the invention. Continuing with the operation of the
i nvention, upon conpl etion of POST 20, an oper ating systemis | oaded in.
accordance with the system setup. Thus, T&dsuni ng DOS is the desired
operating system step 64 Toads it into nmain menory for executi en by
processor 12. After DOS is | oaded,- a DOS pronpt appears on the display
screen (not shown) and the conputer in step 66 waits. for a key stroke from
keyboard 32. VWen a key strokefoccurs;—sStep processes the stroke and
upon conpl etion Br anches torgt €p 66 ROMset upja | oop for processing _
subsequent keystj okes. Had t\e|PMinterru ts lpeen enab st p 63 in
accor dance th the prior aft,- su\(jhp%qcm ld h écurred : -
i mredi ately [fol | ogfAIH step 56. | Ho ) ac¢ordance with The |nvent|on a

plurality of ot her s ocfur | bet D 6 and step 82. Step 66 is
processed b nﬁ@@@é maki n a! MIeS cdiT & ep 68 to 10 |

. L 26
T S 7
* ' VE 3 PCR
14
- \ L _. VL
MAIN ' S -
30 |
 PROCESSOR , 24| PDS
7y
34 \ 1 1\‘
56 L
SENSORS  [€&&—— BATTERY
54 : -
- 28~ ‘&-
INTERRUPT
CONTROLLER —>|  PMP (—} —. KEYBOARD
A PMSI | | LOWBATTERY \- 32
'(' — LID POSITION
40 SR 44 NOT DOCKED ...
~ MUX LOGIC | Top ALARM
< SYSTEM ' MODEM RING
VOLTAGE\L 1
A, 46 8’/ -
AM _ |

47" e
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1ssue a "wait for key" call via interrupt 16 and settlng processor
AHto 0. PMBICS 22 is then entered at step 70 by setk I ng
an int=15 call. Step 70 then routes or directs that q-p||§§HEETHASBM _

step. Step 72 decides if this is the first time this tri nREMLACERe or W
“routine is belng executed since turning2{he power on or-Tebooting tHe .-

syystem |f so, bl es pomer nterrupt Tn control | er 54
by setting an |n
6 52. If step 72 resu

not shofi@ ) “1ine BC9- 91-008

n a nega i on or upon conpletion of ..
step 74, §3ep-76—then
' processor ‘u\t EngpmerrL(pRl@Rwam:

regi ster

§§

ops processor by shuttlng of f power to the
S § €0ts PM BIOS 22 and
returns to s € | nTterruptrjwas y

step 68

branches al ong | ne 80
If the interrupt was not caus

s .
gO ste ereupo
causdd by a Heeysite
64 : - -

e can be processed.

84
N )
DOS LOAD 0S/2 LOAD
68 ,L - | oy
\ 66y . l %
WAITFORKEY [* WAIT FOR KEY OS/2 PM DRIVER 567
(INT 18, AH=0) AT DOS PROMPT LOAD- <
: _ P ENABLE PM
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. enfers step 70 to repeat the process-until a keystroke occurs If the
conputer is setup to run under OS/ 2, then step 84
portions of OS/2 into main nenory. Step 84 then [ES&

enables PMinterrupts in a manner the sane as thdt descrr bed for sfep 74.
Step 88 then loads any other drivers and the operatli nq.g JYR1996 k¢ el is
- started in step 90. Step 92 is an idle sk which ifs entered frof fhe
otner t§

kernel. Step 92 | ooks to see if the processor is jbusy=w

the processor is not busy, step 92 requests by stjep 96 that :
cl ocks be stopped as with step 76. Wen that is done, step 94 returns, to
step 92. Wen an i » is stiited
and the interrupt %ﬁmwgbmmmgﬁﬁémﬁg@rau ng under
either DOS or OS/2, when a PMinterrupt occurs at 98, PMBICS 22 is entered
at step 100 tq nonitor t HRLHRAIJEAN-OFQRERAFINGSYSTEMS deci des i f t he

har dware has been idle (by |ooking at waiting interrupts in controller
54,for a period of n seconds where n is a value selected by the user or
given a apsteAacefault value. If the hardware has not been idle, step 106
returns to

Power management interrupt enabling is done after completion of POST (20) by loading
either DOS or OS/2 operating systéms —in accordance with whichever operating system the
computer is setup to operate under. After being loaded, the operating system then enables
the PMIs (52). This provides a very simple solution that allows the PMIs (52) to be used in
a computer operable under a plurality of operating systems.

Fig. 1



the application. If the hardware has been idle for the R@
" 104 starts a suspend interrupt handler to switch conput ¢r
suspend node. It should be apparent to those skilled infthe art that y
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wi t hout departing fromthe scope of the i%&entionjs def i In the
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of said nmain plr Wwp-@guh_a muT T t aSKi ng qj&-lati ndSyst em (MOS) execut abl e
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o‘F“"’o’bE’ration of said main processor; a read only nenoryr
plurality of power managenent interrupt handling (PMH)
managenent neans for nonitoring environnmental and batt
sai d conputer and generating power nmanaggnment interrupts]|(P
to predeterm ned changes in said environmental and batfedy

initialization neans operative in response to turning .
| oad one &ie BMId. oberariargars ybatterys operatesd|camputes) specifivally ¢he IBM e@stien S | or
execution of an application program said initialization nEanms—conps-s
a power offonxegtible spmpyicsTihepiniiplization inchuding) PYH; enabloment aves, denei durb@Sa
program bei n ' ' gcessor _in response to said conputer

bei ng tur ngg’bﬁ?le{é tggtsa’v@hdg I nF rd\ﬁ"‘? %Bpréﬁﬁgwlﬁgo%@i?cms% ?I@G&!idng
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MEMDry t OpfRAKY Gnd 3irde Y Rarididd #s! AVai1stE Gt 'BM: Hirhe) WukR Sitelfipt Hotid Ve the

processor to become unstable and crash.

SUMMARY OF THE INVENTION

| It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a battery
operated computer comprising: a main processor operable in a real mode and in a
protected mode; a main memory for storing application programs and an operating
system for execution by said processor, said operating system being one of a group of a
disk operating system (DOS) executable during said real mode of operation of said main
processor and a multitasking operating system (MOS) executable in said protected mode
of operation of said main processor; a read only memory (ROM) storing a plurality of
power management interrupt handling (PMIH) routines: power management means for
monitoring environmental and battery conditions in said computer and generating power
management interrupts (PMIs) in response to predetermined changes in said
environmental and battery conditions; and initialization means operative in response to
turning on said computer to load one of said operating systems and place said computer
in 1;eadiness for executioh of an application program, said initialization means
comprising a power on self test (POST) program stored in said ROM means, said POST
program being executed by said main processor in response to said computer being
turned on, to test said computer without enabling said PMIs; loading means operable
when said POST program has completed, to load one of said operating systems into said

main memory in accordance with a system setup which determines which operating



ahd second neans oper abl e when said MOS has been | oade
menory to first |oad a power managenent driver and to
PMs and link said PMHroutines to said PMs. 8 2.
accordance with claim 1 conprising: anaterrupt contrjolll er "connect ed|t (
sai d processor and having a selectively gated PM i nput} |4%re—for—Tecel vi g
said PMs, said interrupt controller being operative tqg transmt _a .
i nt errupt SYHema5aid GempUsE Wyill\hecppesated updgr; ifissumeans aper: 5aid PPSthasst

cnal o saaeeiraed 915 a 5ol ot ki B ol Lniond b
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routine a conput
said PMIH routines to said PMIs.

According to another aspect of the present invention there is provided a method of
initializing a battery operated computer having a main proceSsor operable in a real mode
and in a protected mode, a main memory for storing application programs and an
operating system for exeéution by said processor, power management. means for
monitoring environmental and. battery conditions and generating power management
interrupts (PMIs) in response to predetermined changes in said environmental and
battery conditions, and a read only membry (ROM) storing power management interrupt
handlers (PMIHs) for handling: said PMIs, said method comprising the steps of:
executing a power on self test {(POST) program withbut enabling said PMIs; upon'
completion of execution of said POST program, loading into said main memory an
operating system .from the group of a disk operating system (DOS) executable in said
real mode and a multitasking operating system (MOS) executable in said protected mode,
the operating system to be loaded being determined by system setup; and thereafter
enabling said PMIS in accordance with which one of séid operating systems is loaded
into said main memory whereby said processor is operative upon enabling said PMIs to
thereafter execute one of said PMIHs in response to an occurrence of one of said PMIs.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)



been turned on, said PMs are enabl ed by said wait-on-key routine. 4. A
conputer in accordance with claim3 wherein: said secol ﬁfm .‘.TO re
to load a kernel of said MOS into said main nenory bef S

power nenagenment driver, and said second” neans is furthet operable aftpr
enabling said PMs to thereafter stop said processor apdjavaizNen1997 |
interrupt. 5. A nethod of initializingg‘ ttery operat d_corrputer hayi hg
a mai n processor operable in a real A in a protgctedTDAE, a nmaln

f t arq LCAt .and an operating systemfor
gﬁgﬁfﬁ’i o(rjlibfl %gﬂ.’dgﬁﬁfgﬁéef%%gré?p‘%&%%@na‘é@mnt rregns for nonitoring
envi ronment al , ¥iin PAdceSyoy @%ﬁlémqﬁgg@gg%%gtggﬁb #@)@ec%"iﬁﬁdemnage”em

interrupts (PMs) in response to pre anges 1 n Said _
envi ronment al a afginbaleimdiy fof Hbring AFpliciien proSathsOAHdY alEsPRtating s ifgfi Ng
power managenent interrupt handlers EzPM Hs) for handling said PMs, said
met hod coeqecitiom @yt kaid sprepesssorf, : safk @petating systeabeingromeebf at @vup (SO Tdisk
program wi t hout enabling said PMs; upon conpl etion of execution of said
POST pr ogeperating ayistery (DOB) exdoutabld duringsaid real apmieadf operatiod @ said mdih e
group of a disk operating system (DOS) executable in said real node and a
mul ti t askPiogesspennd papultifaskiag, qperatingesysieox QWOS) executable in said protected mode

of operation of said main processor;

J

a read only memory (ROM) storing a plurality of power manegement interrupt

| handlmg (PMIH) routines:

power management means for monitoring environmental and battery conditions in
said computer and generating power management interrupts (PMIs) in response to
predetermined changes in said environmental and battery conditions;

and initialization means operative in response to turning on said computer to load
one of said operating systems and place said computer in readiness for execution of an
application program, said initialization means comprising;

a power on self test (POST) program stored in said ROM means, said POST
program being executed by said main processor in response to said computer being
turned on, to test said computer Without enabling said PMISs;

loading means operable when said POST program has completed, to load one of
said operating systems into said main memory in accordance with a system setup which
determines which operating system said computer will be operated under;

i first means operable when said DOS has been loaded into said main memory to
enable said PMIs and link said PMIH routines to said PMIs;

and second means operable when said MOS has been loaded into said main
memory to first load a power management driver and to then enable said. PMIs and link

said PMIH routines to said PMIs.
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node, the operating systemto be | oaded being determn
and thereafter enabling said PMS in accordance wth [
operating systens is |oaded into said nmagn nmenory wher
operative upon enabling said PMs to thereafter execut
I n response to an occurrence of one of said PMs. 6.
accor dancé. wi tA aingiuter5 imheecerdanceaiwith adaiputle comprigings
controller having a PM line for receiving said PMs, and said PMs are
enabl ed byoBRactadgtossaiidi pragessor iand hasing 4 seleativelyt gateshPMI|input litier fowghcaiving PM
line. 7. t hod [ n, accordance wth claimb5 conprisjng shutting off said

A ) . .
processor 53 RMIs, sad imtersupt congrglen being @Revative, fo trgnsmit doPMJ determipt to said

processor when said PMI input line is gated;

A method in

said first and second means being operable to gate said PMI input line and thereby
enable said PMIs.

3. A computer in accordance with claim 2 comprising:

a power management basic input output system (BIOS) stored in said ROM and
including a callable wait-on-key BIOS routine forming part of said first means whereby
in response to a first instance of calling such wait-on-key routine after said computer has
been turned on, said PMIs are enabled by said wait-on-key routine.

4. A computer in accordance with claim 3 wherein:

said second means is operable to load a kernel of said MOS into said main memory

before loading said power management driver, and said second means is further operable
after enabling said PMISs to thereafter stop said processor and await an interrupt.
5. A method of initializing a battery operated computer bhaving a main processor
operable in a real mode and m a protected mode, a main memory for storing application
programs and an operating system for execution by said processor, power management
means for monitoring environmental and battery conditions and generating power
management interrupts (PMIs) in response to predetermined changes in said
environmental and battery conditions, and a read only memory (ROM) storing power
management interrupt handlers (PMIHs) for handling said PMIs, said method comprising
the steps of:

executing a power on self test (POST) program without enabling said PMIs;

upon completion of execution of said POST program, loading into said main
memory an operating system from the group of a disk operating system (DOS)

executable in said real mode and a multitasking operating system (MOS) executable in
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said protected mode, the operating system to be loaded being Lﬂiﬁnnm_bl_m

setup;

and thereafter enabling said PMIS in accordance with which one of said operating
systems is loaded into said main memory whereby said processor is operative upon
-enabling said PMISs to thereafter execute one of said PMIHs in response to an occurrence
of one of said PMIs.
6. A method in accordance with claim 5 wherein said . computer comprises an
interrupt controller having a PMI line for receiving said PMIs, and said PMIs are
enabled by gating said PMIs into said interrupt controller through said PMI line.
7. A method in accordance with claim 5 comprising shutting off said processor after

said PMIs are enabled, until an interrupt occurs.
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