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BACKGROUND OF THE | NVENTION 5 1. FI ELD OF THE | NVENTI ON: The present

i nvention pertains to the field of conputer systens. Mre particularly,
this invention relates to the dynam c managenent of processor performance
and power consunption in a portable conputer 10 system 2. -BACKGROUND
Recent portable conmputer systens such as |aptop computers 15 and pal ntop
conputers typically contain a central processing unit and a variety of

I npuVout put devi ces such as a keyboard a display devi ce, and nass st orage

devices. Typically, suqy rﬁ“;@ ppattery
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5 1.  FIELD OF THE INVENTION:

The present invention pertains to the field of computer systems.
More particularly, this invention relates to thé dynamic management of
processor performance and power consumption in a portable computer

10 system. :

Recent portable computer systems such as laptop ccmputers

15 and palmtop computers typically contain a central processing unit and a
variety of input/output devices such as a keyboard, a display device,

and mass storage devices. Typically, such a portable computer system
includes a battery subsystem that provides power to the computer
 system while alternating current power is not available. Such a battery
20 subsystem is typically capable of supplying a limited amount of
electrical current to the computer system before requiring a recharge or
replacement. | |

Such a prior portable computer system typically provides a
25 variety of mechanisms for minimizing the electrical current consumption:
_in the computer system. For example, such systems usually implement
sleep modes and standby modes for the input/output devices that
reduce electrical current consumption while the input/output devices
are not in use. [n addition such prior systems typically provide a clock

30 speed control mechanism for the central processing umt

‘Typically, the central processing unit in such a system consumes
less electrical current at lower processor clock speeds. Unfortunately,
such lower power consumption is typically achieved at the expense of



repl acenent. Such a prior portable conputer systemtypically provides a 25
variety: 3& ggchanlsns for mnimzing the electrical current consunption in
the compu?@P¥& em For exanple, such systens usual |y i npPEREISPSAI6ER
modes and standby nodes for the input/output devices that reduce el ectrical
current consunption while the input/output devices.are not in use. In

addi tion such prior systens typically provide a-clock 30 speed control
mechani sm for the central processing unit. Typically, the central _
processing unit in such a systemconsunmes_|ess electrical current at |ower
processor clock speeds. Unfortunately, sudh |ower power. consunption |s
typically achieved at the expense of. WO 95/ 35540 - y
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consequence, t@ecrease inthe processor clock speed. Asa consequence the user of :
- such a prior portable computer system must typlcally_ choose between a
5 high performance, high power consumption' state for the computer
system or a low performance low power consumptlon state for the
computer system.

The consequences of slower processor clock speeds in such a
10 computer system depends upon the function being performed by the
executing program. The user typically does not perceive a significant
reduction in performance during interactive functions while the
processor is runmng at a slow clock speed -However, the user does
perceive a sngmfrcant degradatlon in performance during processor
15 intensive functrons at a sIow clock speed Such processor mtenswe
functions are also referred to as processor bound functrons

For example, the user f'ypically'does not perceive a Significant

degradation in performance if the proces'sor is set in a slow clock speed

20  during interactive data entry and typing functions in a word processing

application program However, the user does percerve a slgnmcant_

degradation in performance during processor bound functions such as

the reformatting of pages, the rendenng_ data to a printer, the drawing
complex diagrams or the reindexing data bases. -

ln such a prior system the user may select a maxrmum
performance level by settrng the processor clock speed to a high
frequency. -in such a maxrmum performance mode, the user perceives
maximum performance durmg processor bound functions.
30 Unfortunately, the user typically experiences a srgnlflcantly reduced
battery life in such a high performance mode.

On the other hand, the user may select a maximum conservation
mode by setting the proce_'ssor clock speed to a low frequency. In such




such a prior portable conputer systemnust typically choose between a 5

~ high perfow@%ﬂohl gh power consunption state for the conp uSIETE® OF 2@
Ikow per formance, [ow power consunption state for the conputgééiysten1 The

consequences of slower processor clock-speeds in such a 10 conputer system
depends upon the function being perforned by the executlng program The .
user typically does not perceive a significant reduction in performance
during interactive functions while the processor is running at a sl ow cl ock
speed. However, the user does perceive a siiwnficaﬂt degradation in
performance during processor 15 intensive Tunctions at a slow cl ock speed.
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degradation in perfenmance: diringrprosessos sxoursh funictians: in Gushsacmaximune

reformattinggof- &b?’%?vaﬁ&henféﬁ%de“ ng data to a printer, the draw ng conpl ex
di agranms or the reindexing da a bases.

In some prior portable cbmputer systems, the user. typically
selects a desired processor clock speed using a function key sequence
or a control panel graphical select function. Some prior portable

10 computer systems allow the user to set.the processor clock speed at
any time without restarting. the computer system. Nevertheless, such
typical prior processor clock speed control mechanisms are too
cumbersome to provide the user with any useful control over the

. balance between processor performance and system power
15 consumption. -



25 I'n such a prior system the user nmay sel ect a nmaxi num perfornmance | evel

by setti gep aa{ocessor clock speed to a high frequency. +§B§H%QWQWHBX|num E

perfornance no t he user perceives maxi mum perfornmance
processor bound functions. 30 Unfortunately, the user typically

experiences a significantly reduced battery life in such a high performance

node. On the other hand, the user nmay sel ect a maxi num conservati on node by

setting the processor cIock speed to a | ow frequency. |In such WO
95/ 35540 PCT/ US95/ 07668 3 a

conservation node, the user typically exﬁerlences extended battery life
W t hout a percelvable deoradatlon I n cerfornance during interactive
functions. Unhaaiileas Reslay Qo tk $% ficant degradation in

per f or mance durlng processor bound functlons fn such a maxi.mum.5
conservati on node.

One object of the present invention is manage a balance
between performance and power consumption in-a computer system.

L

4

5 - -
_ Another o'bject of the present invention is to enable application
programs in a computer system to select high performance modes of a
processor during processor intensive functions. . :
10 3 Another object of the present invention is to enable application | ‘ |

programs in a computer system to select power conservation modes of
a processor during non processor intensive functions.

‘A further object of the present invention is enable a computer
15 system user to select processor clock frequencies for a set of
performance modes of a processor. |

Another object of the present invention is to provide an
accelerate button graphical interface that enables a user to increase the
20 processor clock frequency during processor intensive functions.

These and other objects of the invention are provided by a
computer system comprising a clock generator circuit having a clock
: speed register and circuitry for generating a processor clock signal at a
25 frequency determined by the clock speed register. The computer
| system further comprises a processor coupled to receive the processor
clock signal to synchronize the procéssor. The processor executes a
performance manager program that writes the clock speed register

: according to a performance state selected by an application program

30 executing on the computer system.

The processor writes the clock speed register with a value
specified in a performance state table maintained by the performance
manager program. The performance state table stores a set of clock




In sone prior portable conmputer systens, the user typically selects a
desired prqaessRksc! ock speed using a function key sequence gormsskRéesO!

" fanel graphical select function. Some prior portable 10 conputer systens
allow the user to set the processor clock speed at any tinme wthout
restarting the conputer system Nevertheless, such typical prior processor
cl ock speed control nechanisns are too cunbersone to provide the user with
any useful control over the bal ance between processor per f or mance and
system power 15 consunption. - WO 95/ 355
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is to enabl e apjprocessarn

Other objects, features and advantages of the present invention
5 will be apparent from the -accompanying drawings, and from the
detailed description that follows below.



programs in a conputer systemto select high performnce nodes of a
processoy, duri. processor intensive functions. 10 Anot her obj ect of
t he presiﬂﬂéﬁqgﬁgnfion is to enabl e application prograns_ir? . r
systemto sel ect power conservation nodes of a processor during non
processor intensive functions. A further object of the present invention is
enabl e a conputer 15 system user to select processor clock frequencies
for a set of perfornmance nodes of a processor. Another object of the
present invention is to provide an accel erate button graphical interface

t hat enabl es a user to increase the 20 érocessor cl ock frequency during
processor intensive functlons These and ot her objects of the invention are
provi ded by aBRIERE S < g DRAWINGS)ck generator circuit having a
cl ock speed reglster and C|rCU|try for generatlng a processor clock signal
at a 25 frequenc et erm ned t he, cl.ock s regi ster. The caonputer
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signal to synuhﬁramoneuntﬂm i ows:wrtheTbecmhpanymgr deawitgisein whigh flikemance
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Figure 1 illustrates a computer system for one embodlment
which comprises a processor, a clock generator circuit, a non-volatile
memory, and a memory subsystem a g
10 o - ¢
| Fiure 2 is a block diagram that illustrates the software
architecture of the computer system for one embodiment which includes
a performance manager, an operating system, and a set of application
programs;

15
Figures 3a-3b illustrate a control panel generated on a display
device by a performance control panel which is an application program
that enables a user of the computer system to select from a set of
‘predetermined frequencies of the processor clock;
20 ' .
Figure 4 illustrates an information window for a word
processing application program that provides an accelerate button;

Figure 5 is a flow diagram that illustrates the handiing of the
25 processor performance states by an application program for one
: embodiment;

Figure 6 is a flow diagram that illustrates the functlons of the
performance manager for one: embodlment




30 execut ] ng on the conputer system The processor wites the clock speed

regi ster wigwsmsegy ue specified in a performance state tabl epERUSYsarésed by
the performance nanager program The performance state table stores a set
of clock WD 95/ 35540 _
- PCT/ US95/ 07668 5 frequencies that correspond to a set of performance states
for the processor. Other objects, features and advantages of the present
invention 5 wll be apparent from the acconpanyi ng draw ngs, and fromthe
detail ed description that follows below. 7 WD 95/35540
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DETAILED DESCRIPTION

_ Figure 1 illustrates a comEuter system 10 for one embodiment.
- The computer system 10 comprises a processor 12, a clock generator
- 5 circuit 14, a non-volatile memory 16, and a memory subsystem 18. The
' computer system 10 further comprises a set of input/output devices
including a disk subsystem 20, a keyboard and mouse subsystem 22,
and a dlsplay 24

10 ‘The processor 12 communicates with the non-volatile memory
16, the memory subsystem 18, the disk subsystem 20, the keyboard
- and mouse 22, and the display 24 via a system bus 28. The computer
system 10 further comprises a battery subsystem 26. The battery
subsystem 26 supplies an electrical direct current to the computer

15 system 10 via a set of poWer lines of the system bus 28.

The non-volatile memory 16 provides a storage area for a basic
.mputloutput software (BIOS) for the computer system 10. The BIOS of
the computer system 10 includes basic driver routines for controlling

20 hardware functions of the disk subsystem 20, the keyboard and mouse
22, and the display 24. In addition, the BIOS of the computer system 10
includes a set of driver routines for accessing a clock speed register in
the clock generator ci rcuit 14. :

25 The memory subsystem 18 provndes storage areas for an
operatmg system, application programs, and device driver programs
and other associated data structures for the computer system 10. For
one embodiment; the memory subsystem 18 comprises a dynamic
random access (DRAM) memory subsystem.

30 . S - _ . :

-The disk subsystem 20 provides large scaie mass storage to the
computer system. 10 for programs and data. The keyboard and mouse
subsystem 22 enables user interaction with the 'computer system 10.

- The display 24 provides display functions for the computer system 10.



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is illustrated by

way of e ; d not limtation in the figures of the ac Wy
dramﬁngs§¢¥3#§§%ﬂ like 5 references indicate sinilar'elengﬁ?ggg%#éﬁhrl'

which: Figure 1 illustrates a conputer system for one embodi ment which
conprises a processor, a clock generator circuit, a non-volatile nenory,
and a nenory subsystem 10 Figure 2 is a block diagramthat illustrates the

software architecture of the conputer systemfor one enbodi nent which

i ncludes a performance manager, an operatjng system and a set of _ :
application prograns; 15 Figures 3a-3b i 1§ ustrate a control  panel generated
on a display device by a performance control panel which is an application

programt hat enables a user of the conputer systemto select froma set of .

predeterm ned fr _equﬂ‘i@?lb%kgerféigld?rcﬂ%ﬂﬁslwgéﬁ%'fés 8%brbtessdt clodk BagbF at es
an information w hdow for, wPr o _ e e . o
_ the processor 12. The processor clock 32 is coupled to a clock input
pin (CLK PIN) of the processor 12. The processor clock 32
5 ‘'synchronizes the processor-12. The frequency of the processor clock
‘32 determines the rate at which the processor 12 fetches and executes
instructions.’ : - - S | .

- -The processor 12 fetches an instruction stream from the ‘memory
10 subsystem 18 over the system bus 28. The processor 12 executes - |
each instruction in the instruction stream. - The processor 12 maintains
data structures in the memory 'subsystem 18 according to the
application programs, the device driver programs, and operating
" system being executed. S
The clock generator circuit 14 is coupled to a crystal device 30.
The crystal device 30 ‘enables generation of the proc‘éssor clock 32
'_a'ocordirig to the contents of a clock speed register contained in the
_ ‘clock generator circuit 14. The processor 12 controls the frequency of
20 the processor clock 32 by writing to the clock speed register in the clock.
 generator circuit 14 over the system bus 28. -

The crystal device 30 oscillates at a fixed predetermined
~ frequency when electrical current is applied. The clock generator circuit
25 14 adjusts the frequency of an oscillating signal generated by the
crystal device 30 according to the contents of the clock speed register.
For one embodiment, the processor 12 writes to the clock speed
register to divide the'frequen'cy of the oscillating signal generated by
the crystal device 30 by one, two, four;:or eight. - The processor 12 also
30 writes to the clock speed register to stop the processor clock 32. '

, Figure 2 is a block diagram that illustrates the software
architecture of the computer system 10 for one embodiment. The
software implemented on the computer system 10 includes an.



processing application programthat provides an accelerate button; Figure 5

Is a flow dwodsagsqsphat illustrates the handling of the 25 preeaasH86766s

performance states by an application programfor one enbodinent; Figure 6 _

is a flowdiagramthat illustrates the functions of the performance manager

for one enbodi nent . WO 95/ 35540

PCT/ US95/ 07668 7 DETAI LED DESCRI PTION Figure 1 illustrates a conputer

- system 10 for one enbodiment. The conputer system 10 conprises a processor
12, a clock generator 5 circuit 14, a non-yol atile menory 16, and a rrermry

subsystem 18. The conputer system 10 further conprises a set of

I nput/ out put devi b e
SUbsystem 22, " anaParalrGLsIfeBtas. ahd's S5 S0 AobRABSTRAIAS LAY
with the non- \_/ol af iapplioationy programs 50 and 52 and associated device driver
programs. The software architecture of the computer system 10 ailso
includes a set of basic input/output software (BIOS) 40.

The operating 'system”48 and the application programs 50 and
52 and associated device drivers are loaded from the disk subsystem
20 and are executed from the memory subsystem 18. - For one
. embodiment, the operating system 48 is Microsoft Windows.
10

The operating system 48 provides a set of system services to the
application programs 50 and 52 including memory management and
multi tasking functions. The operating system 48 enables the
application programs 50 and 52 and associated device driver programs

15 to access the input/output devices of the computer system 10 through
the BIOS 40.

The BIOS 40 includes basic hardware driver routines for

accessing and controlling the disk subsystem 20, the keyboard and

20 mouse 22, and the display 24. The BIOS 40 also includes a clock -

generator driver 42. The clock generator driver 42 comprises a set of

hardware driver routines for accessing a clock speed register 34 in the
clock generator circuit 14. |

.25 The software architecture of the computer system 10 further
comprises a performance manager 44, a performance control panel 54,
and a performance state table 56. For one embodiment, the
performance manager 44 is an extension of the operating system 48
that is loaded from the __disk_ subsystem 20 and executed from the

30 memory subsystem 18. The performance manager 44 processes
| requests from the application programs 50 and 52 to change the
performance state for the processor 12.



16, the menory subsystem 18,  the di sk subsystem 20, the keyboard and nouse
22, and the display 24 via a systembus 28. The conputer system 10 further
conpri seWOIS35%40ery subsystem 26. The battery subsystem 2 PCIAPIPISI0EES8an
electrical direct current to the conputer 15. system 10 via a set of power
| ines of the system bus 28. The non-volatile nenory 16 provides a storage -
area for a basic input/output software (BIOS) for the conputer system 10.
The BI OS of the conputer system 10 includes basic driver routines for
controlling 20 hardware functions of the di sk subsystem 20, the keyboard
and nouse 22, and the display-24. In addi®tion, the BIOS of the conputer
system 10 |ncI udes a set of driver routines for accessing a clock speed

5 ggl sterdl n t{le cl pok o@eeémiboonmehruwtie JappIR:"atlon proglrams{rsooandsaesystem
rovi des stora ear [ -anh ope | I-ca
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the performance manager 44 specifies either a high performance state,
a medium. performance state, or Iow performance state for the

processor 12

The performance manager 44 accesses the performance state |
10 table 56 to determine the processor clock 32 frequencies that ‘
: correspond to the high, medium, and low performance states of the
processor 12. The performance manager 44 then invokes the routines
of the clock generator driver 42 to program the clock speed regrster 34
| - for the specrfred frequency of the processor clock 32 |
15 |
: For another embodiment, a cursor monitor 46 monitors a cursor
generated on the drsplay 24 by the operating system 48 or a cursor
generated on the display 24 by one of the applrcatlon programs 50 and
| 52. In this embodrment the cursor monitor 46 monitors a set_cursor
20 system call to the operating system 48 to determme the type of cursor
displayed on the display 24. The cursor monitor 46 hooks to the _
~set_cursor system caII to detect changes to the cursor display by other
application programs or driver programs executmg on the processor 12.

25 A cursor generated on the display 24 in the shape of an hour
glass indicates that the processor 12is executlng processor intensive
software. The cursor monitor 46 generates a set _performance state
sys_tem_ ca_ll to the, performance manager 44 to step up the performance

| state of the processor 12 to the high 'p'erformance' state if the hourglass

30 cursor is being generated on the dlsplay 24. The cursor monitor 46

' thereafter executes a set performance state system’ call to the
performance manager 44 to restore the performance state of the
processor 12 to the low performance state after the operating system 48
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conput er system 10 for prograns and data. The keyboard and nouse subsystem

22 enabl es woeo$/33s8é eraction with the conputer system 10. ThepgirgRbsiresst
provi des displ.ay functions for the conmputer system 10. WO 95/ 35540

PCT/ US95/ 07668 8 The cl ock generator circuit 14 generates a processor clock
32 for the processor 12. The processor clock 32 is coupled to a clock input
pin (CLK PIN) of the processor 12. The processor clock 32 5 synchronizes
the processor 12. The frequency of the processor clock 32 determines the
rate at which the processor 12:fetches andig¢xecutes instructions. The
processor 12 fetches an instruction streamfromthe nmenory 10 subsystem 18
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nmenory subsyst erthedisple¥ &4di ng.t o the application prograns, the device
driver progranms, and operating o '

Figures 3a-3b illustrate a control panel 70 generated on the

- 5 ‘display device 24 by the performance controi panel 54. The

' performance control panel 54 is an application program that enables a

user of the computer system 10 to select from a set of predetermined

frequencies of the processor clock 32 that correspbnd to the high,

medium, and low performance states of the processor 12. The

10 performance control panel 54 employs the display and interactive input

functions provided by the operating system 48 to generate the control
panel 70 and to enter the processor clock frequencies. |

- For the example control panel 70 user selection shown in

15 Figure 3a, the high performance state of the processor 12

corresponds to the processor clock 32 frequency of 25 MHz. The

medium performance state corresponds' to the processor clock 32

frequency of 20 MHz, and the low performance state corresponds to the

processor clock 32 frequency of 15 MHz. The pulldown menu areas

20 71-73 of the control panel 70 enable the user to select from a set of four

predetermined frequencies for the processor clock 32 as shown in
Figure 3b. -

_ - For one embodiment, the predetermined frequencies available
25 through the control panel 70 include the oscillation frequency of the
- crystal device 30, 1/2 the oscillation frequency of the crystal device 30,
1/4 of the oscillation frequency of the crystal device 30, and 1/8 the
oscillation frequency of the crystai device 30. The controi panel 70
enables the user to select any of the predetermined processor clock 32

30 frequencies for each of the high, medium, and low processor states.

The user employs a set of pulidown menu areas 71-73 of the
control panel 70 to select a desired processor clock 32 frequency for
each of the high, medium, and low performance states of the processor



system bei ng executed. 15 The clock generator circuit 14 is coupled to a
crystal . device 30. The crystal device 30 enabl es generation of the
processoﬁ”@P@%ﬂ“@Z according to the contents of a clock speel/usesimssser
contained in the clock generator circuit 14. The processor 12 controls the
frequency of 20 the processor clock 32 by witing to the clock speed.
register in the clock generator circuit 14 over the systembus 28. The
crystal device 30 oscillates at a fixed predeterm ned frequency when

el ectrical current is applied. The clock generator circuit 25 14 adjusts
the frequency of an oscillating signal g&Rerated by the crystal device 30
according to the contents of the clock speed register. For one enbodi nent,

the processor 1122 W iriedémum pbﬁoﬁhaﬁbesraewe Scééﬁr f@nsiam U&euréaequency
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selects the slowest processor clock 32 frequency for the hrgh medlum
~and low processor states of the processor 12 In addltlon the user can
select the processor clock 32 frequencres for the high, mednum ‘and low
processor states of the processor 12 to scale the balance between
maximum performance and maxnmum power conservatlon for the

10 computer system 10 as deslred o - - . 4

The performance control panel 54 transfers the clock speeds

- selected through the control panel 70 to the performance manager 44.

The performance manager 44 then stores the selected clock

15 frequencles for the hlgh medium, and low performance states in the

performance state table 56. The performance manager 44 accesses

the clock speeds from the performance state ‘table 56 as

set _performance state system calls are received from the apphcatlon

programs 50 and 52 and the cursor monltor 46. The performance

20 manger 44 then uses the clock generator driver 42 to write the

' appropriate value into the clock speed reglster 34 to set the selected
processor clock 32 frequency.

For another embodiment, the cIock speeds for the performance
25 state table 56 are selected by a clock speed function in the BIOS 40 that
: enables user selectlons of clock speeds via command mput

The application programs 50 and 52 generate an mformatlon

window on the display 24 while executlng a processor intensive

30 function. The information window enables the user to accelerate the
processor clock 32 frequency during the processo_r intensive function.

Figure 4 ||Iustrates an mformatlon wmdow 80 for one
embodiment. The application program 50° is a word processing

~a
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operating wod: 8, and a set of application prograns such s | 68of
application prograns 50 and 52 and associ ated device driver "programns. The
software architecture of the computer system 10 al so i ncludes a set of
basi c i nput/output software (BIOS) 40. 5 The operating system 48 and the

"~ application prograns 50 and 52 and associ ated device drivers are | oaded
fromthe di sk subsystem 20 and are executed fromthe nenory subsystem 18.
For one enbodi nent, the operating system is Mcrosoft Wndows. 10 The
operating system 48 provi des a set of system services to the application
progranms 50 and 52 i n¢l udi ng nenory mana enent_%gg_nulti taskigg functi ons.

i |
The operating s@pplicatian thateg e%the informatioRwingoy, §0-0n ihe
associ ated devi gispidy 24" while@ Performing a spell check on a document. The spell

check function on a document is an example of a processor intensive
function performed by the application program 50.

The information window 80 enables the user to accelerate the
spell check function by selecting the accelerate button of the
information window 80 using the keyboard and mouse subsystem 22.
The information window 80 also enables the user to cancel the spell
10 ~ check function by selecting the cancel button of the information window
80 using the keyboard and mouse subsystem 22 |

If the user selects the accelerate button of the information

window 80, then the application program 50 executes a

15 set_performance_state system call to the performance manager 44 to

step up the performance state of the processor 12 to the high

performance state. After completion of the processor intensive spell

check function, the application program 50 executes a

set_performance_state system call to the performance manager 44 to

20 restore the processor 12 to the low or medium performance state of the
processor 12.

Figure 5 is a flow diagram that illustrates the handling of the

processor 12 performance states by the application program 50 for one .

25 -embodiment. At decision block 100, the application program 50

determines whether the user has initiated a processor intensive

function of the application program 50. If a processor intensive function

has not been selected at decision block 100, then the application

program 50 continues execution at block 102. [f a processor intensive

‘30 function is selected at decision block 100, then control proceeds to
block 104. - '

At block 104, the application program 50 executes a
set_performance_state system call to the performance manager 44 to



15 to access the input/output devices of the conputer system 10 through
the BI OS : Bl OS 40 i ncl udes basic hardware driver roytj r
accessindégﬁagggﬁtrolIing t he di sk subsystem 20, the keybogkhﬂgﬁﬂ$ékp nouse
22, and the display 24. The BI OS 40 al so includes a clock generator driver
42. The clock generator driver 42 conprises a set of hardware driver
~routines for accessing a clock speed register 34 in the clock generator
circuit 14. 25 - The software architecture of the conputer system 10
further conprises a performnce nanager ﬁg, a performance control panel 54,

~and a performance state table 56. For o enbodi nent, the performance
manager 44 is an extension of the operating system48 that is | oaded from

| p '
the disk subsmnupot%cpeﬁeﬂnaeaefsmmg the PrRGATSPrsiBsie i high The
pegf grzrrfmcehwméﬁﬁ@r@swsrwwr?ﬁféaﬁplﬁdﬁrbhmram@u pefformediens 50
an °°¢ angl_%ctesgotpl?l{en%rivrreapucn%ti%astp%clfloerd'By -ﬁw? ussr.>°°" 2.

5 At decision block 106, the application program 50 determines
whether the prdces‘éor intensive function is complete.  If the processor
_intensive function completes at decision block 106, then control
proceeds to block 108. At block 108, the application program 50
‘executes a set_performance_state system call to the performance

10 manager 44 to restore the performance state.of the processor 12 to the '
' iow performance state or the medium performance state as required by
the application program 50. Thereafter, the aipplication program 50

continues.execution at block 110. ' '- :

15 Figure 6 is:a flow diagram that illustrates the functions of the

' performance manager 44 for one embodiment. - At block 140, the
performance manager 44 initially reads the clock speed for the low
performance state from the performance state table 56. Thereafter at
block 142, the performance manager 44 invokes. the clock generator

20 driver 42 to write the specified clock speed-for. the low performance
state to the clock speed register 34 of the clock génerator circuit 14.

At decision block 144, the performance manager 44 waits for a

“set_performance_state system call from the ‘application programs 50

25 and 52 and the cursor monitor 46 to change the performance state of

the processor 12. If a set _performance__state-sYstem call to the

performance manager 44 is received at decision block 144, then control
proceeds to block 146. | '

30 At block 146 the performance manager 44 reads the clock speed
for the performance state specified by the set_performance_state
system call from the performance state table 56. Thereafter, at biock
148, the performance manager 44 writes the specified clock speed from
the performance state table 56 to the clock speed register 34 by



‘WO 95/ 35540 PCT/ US95/ 07668 10 For
one enbodwevdzssadhe application program; 50 and 52 execut e PCT/US95/07668
wsetperformancestate systemcall via the operating system48 to request
changes in the processor performance state by the performance nmanager 44.
The setperformance_state systemcall to 5 the perfor mance manager 44
specifies either a high performance state, a nedi um performance state, or
| ow performance state for the processor 12. The perfornance manager 44
accesses the performance state 10 table f56 to determine the processor
clock 32 frequencies that correspond to the high, nmedium and | ow

perf or mance S! fhvalaflg th IRER" %g?étoi?dnvme4§rerfr%rs§§@9 wgsﬁg&%ﬂb gen

i nvokes the routine ener at or e cl ock
. speed regi st er MANAGRT t4f rOHATISt |T@dd96§¢ﬁl@nekpcbf 1é4de tor U@é%sféf anetherz2. 15

For anot her eniggfligmfrmahceUstafs sySten eall.46 nonitors a cursor. generated on

the display 24 by the operaling system 48 or a cursor generated on the

di splay 24 by one of the application prograns 50 and

5 In the foregoing specification the invention has been described

| with reference to specific exemplary embodiments thereof. It will,

however, be evident that various modifications and changes may be

made thereto without departing from the broader spirit and scope of the

invention as set forth in the appended claims. The specification and

10 drawings are accordingly to be regarded as illustrative rather than a
restrictive sense.



52. In this enbodi nent, the cursor nonitor 46 nonitors a setcursor

system cau,%gé;:ﬁé gl operatl ng system 48 to determ ne the typg ?ﬂ@s%‘g’tggﬁ%rsor

di spl ayed "0 spl ay 24 The cursor nonitor 46 hooks to

systemcall to det otr gy qur sor di spl ay by other application
progranms or driver f" ing |pn the processor 12. 25 A
cursor generated on: the oF"sPr'r ' he shape of -an—heur—glass indicat es
that the processor TZ 1s executing processor i ntensi ve software. The cursor .
moni t or :46 generates a set performance stgate system 'mallﬂj”"tr mance
manager ‘44 to step up the performance state of the: pF e high

performance stzie if _the hourglass 30 cursor is being generat ed*on"the -
di splay :24. Th r. monitor 46 thereafter executes a set performance
state system MIhat iscclainmedpie: f or mance nmanager 44 to restore the performance
state of the processor 12 to the |ow perfornance state after the operating
system 48 WO 95/ 35540

PCT/ US95/ 07668 1or ttkcamwtaesystempco@pasmgéo or 52 renoves the hourgl ass

cursor fromg . clock generator circuit having a clock speed register and circuitry
- for generating a processor clock srgna! at a frequency determined by
" the clock speed register; - - -
processor coupled to receive the procéessor clock srgnat such
that the processor clock signal synchronizes the. processor, the
10 . processor coUpled to fetch and execute a performan'ce-manager |
program that writes the clock speed register according to a performance
state selected by an application program executmg on the computer
system.

15 2. ' The computer system of claim 1, wherein the processor writes
the clock speed register with a value specified in a performance state
table maintained by the performance manager program.

< The compUter system of claim 2, wherein the performance state
20 table stores a set of clock frequencies that correspond to a set of
performance states for the processor..

4. The computer system of claim 3, further comprising a
performance control panel program for execution on the co'mputer

25 system that enables a user to select the clock frequencles for the
performance states of the processor.

5. The computer system of claim 4, wherein the performance
manager program writes the clock speed register with one of the clock

30 frequencies corresponding to a high performance state specified by a
system call from the application program as the application program
begins a processor intensive function.
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the di splay 24. Figures 3a-3b illustrate _a_ cont. el 70 generated on
the 5 di wwbesssiavice 24 by the perfdirm@@_rcem.;g)g,ggﬁn@ SRCT/USHR07668
iperformance control panel 54 is an agpli camﬁn.m(ggram. hat enabl es a user

of the co el ect trom-a=set—of—=predel ernm ned frequencies
of the proce 2 t hat correspond ‘'to the High, medium and | ow
performance m %iH (up*lltcessor 12. The 10 performance control panel
54 enpl oys.t teractive input functions provided by the

operating system 48 to generate the contrdV panel 70 and to enter the
processor clock frequencies. For the exanple control panel 70 user

r0cossor 19 Co%t o pangecPHpRtE sy Ste h"%'aﬁ” e it e

or cloc 5 Th
nmedi um per f or neM@BAGEH PEOFEN Mﬁg% %E%Qé{ﬂr%@ﬂ'b@ﬁgﬁ éeq%‘ﬁcy ofe
20 MHz, and thefrbquencieéccoraesperﬂngeocmrowsmﬁutmarmeta@ters@e@ﬁm bylack 32

eauency o 3 elitbm, B4l ' 8 it prireh stlna E%'“‘S”PP g e

for the prodessendsaqiecessersniansive unctiogure 3b.

7. The computer system of claim 4, wherein the performance

manager program writes the clock speed register by invoking a clock

generator driver program of a set of basic input/output software for the
10  computer system. - ' '

8. The computer system of claim” 4, wherein the application

program generates an accelerate button on a display device, such that

a user selects the accelerate button to cause the performance manager

15 program to write the clock speed register with one of the clock

~ frequencies corresponding to a high performanbe state of the
processor. o

9. A method for managing performance and power consumption of |
- 20 acomputer system, comprising the steps of: _

generating a processor clock srgnal ata frequency determined
by a clock speed register;

synchronizing a processor of the computer system with the
processor clock signal; '

25 writing the clock speed reglster accordlng to a performance state

selected by an application program executing on the computer system.

10. The method of claim 9, wherein the step of writing the clock
speed register according to a performance state selected by an

30 application program comprises the step of wntmg the clock speed
register with a value specified in a performance state table maintained
by a performance manager program.
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For onF enbodi ment, the predeterm ned. frequenm es available 25 through the
contro anel - 70 |ncI ude the oscillation frequency of the ¢ Vi ce :
30, 1/2 VXM | afior : ~of the crystal- device 3o"£’i"i’§e%‘t’q -
oscillation frequengy'di SHtEETCtFA@B@kNdw ce 30, and 1/8 the oscillati on
frequency of the crstal al deracesS0. The

[ control panél 70 emables—t he user
to select any of the pred red=prdcessor c yenci es for
each of the high, medium and’l ow processor ste”"ﬂ" iﬁ”ﬂ ons a set
of pulldown nenu areas 71-73 of the contr pangl 0 to ® desired
processor clock 32 frequency for each of 1 ghe hi-gh, medi um and | ow
performance states of the processor: WO 95/ 35540 ..

PCT/ US95/ 076681112 1Phe Imethaxi ol cigiey 10y mhereir the mognmetatqzab@ al ways
desired, then Sffesgs & areénser k reli8néias tha calfeenlo & Serst Sarbrmangncy T or

t he "hi gh, medi essor states of the processor 12. On t
ot her ‘hand, |f3t%7&$§@fmpme§$°rpower is al way's deS| red, then the user

5 12. The method of claim 11, further comprising the step of selecting
the clock frequenctes for the performance states of the processor using
a performance control panel program executed on the computer
system.

10 13. The method of claim 12, wherein the step of writing the clock
~ speed reglster accordrng to a performance state selected by an
| .appllcatron program compnses the step of wntlng the clock speed

_regrster with one of the clock frequencles correspondmg to a high
performance state specrfled by a system ‘call from the application

15 program as the application program beglns a processor intensive

function.

14. The method of claim 12, wherein the step of writing the clock
speed reglster accordrng to a performance state selected by an

20 application program compnses the step of writing the clock speed
register with one of the clock frequencles correspondlng to a low
performance state specified by a system call from the application
program as the applrcatron program ends a processor intensive
function.

15. The method of claim 12, wherein the step of writing the clock
speed regtster accordmg to a performance state selected by an
application program comprises the step of mvoklng a clock generator
: driver program of a set of basic mputloutput software for the computer
30 system.

16. The method of claim 12, further comprising the step of generating
an accelerate button on a display device, such that a user selects the
accelerate button to cause the performance manager program to write
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5 selects the slowest processor clock 32 frequency for the high, nedium
and | ow pr gfpesREsest at es of the processor 12. In addition, tHRerUs»sH76EHEAN
sel ect the processor clock 32Freguencies. for the high, medi um and | ow
processor states of the procgsdois lZ_t,bL, are=t+he bal ance bet

per f or mance and maxi mum powej At i.on .’3&)&*' #he 10 conputer system 10
as desired. The performance con S, .'-’354 trnsfers thﬁm“ mnﬁﬁ‘“ﬂum
sel ected through the control panel 70 to tHeSpaerformance Em
performance nanager 44 then stores the selggt ed clock 15 frequéncies *for
t he high, nmedium and | ow performance states in the performance state tabl e

56. The perfor ce ger 4 acce S s f

per f or mance stgﬁﬁetggqa 5%"%1% se?%'é ?or C g{ é‘ s(/w;et Cejﬁto%al Iq}se(iare recel ved
from the appl i czoresppndiggaosm bigh:patfarmance state efiiheqgprogesseror 46. The
performance 20 nmanger 44 then uses the clock generator driver 42 to wite
the appropriate value into the clock speed register 34 to set the sel ected
processor clock 32 frequency. For another enbodi ment, the cl ock speeds for
the performance 25 state table 56 are selected by a clock speed function
in the BIOS 40 that ' N : '
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énabl es user selections of clock speeds via conmmand input. The application
prograns 39o384ssag denerate an information wi ndow on the di poragesieyessi | e
executing a processor intensive 30 function. The information w ndow -
enabl es the user to accelerate the processor clock 32 frequency during the
processor intensive function.” Figure 4]iA Bustrates an information w ndow 80
for one enbodi nent. The application program50 is a word processing WO
95/ 35540 _ ' PCT/ US95/ 07668 13
application programthat generates the information wi ndow 80 on the display
24 while performng a spell check on a docunent. The spell check function
on a docunent is an exanple of a processor intensive function perforned by
the application program50. 5 The infornmation wi ndow 80 enables the user to
accel erate the spell check.function by selecting the accel erate button of
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informati on wi ndow 80 using the keyboard and nouse subsystem 22. The

i nformati og WSBQQW 80 al so enables the user to cancel the spelrhussforeeheck
function by selectlng the cancel button of the information wi ndow 80 using
t he keyboard and nouse subsystem 22. If the user selects the accelerate
button of the information window 802 ¢hgn the application program 50
executes a 15 setperformancestate systemcall to the perfornmance nmanager
44 to step up the performance state of the processor 12 to the high
performance state. After conpletion of the processor intensive spell check
function, the application program 50 executes a set performance state
systemcall to the performance nmanager 44 to 20 restore the processor 12
"to the |l ow or nedium performance state of the processor 12. Figure 5is a
flow diagramthat illustrates ‘the handling of the gocessor 12 perfornmance
~states by the application program 50 for one 25 engodi ment. At decision -
bl ock 100, the application program 50 determ nes whkt her the user has
initiated a processor intensive function of the application program50. |f
a processor intensive function has not been selectéuoat deci si on bl ock 100,

t hen the applicati oj _ EQ
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program 50 conti nues execution at block 102. If a processor intensive 30
function i swapdspssepd at deci sion block 100, then control _promgglg_’éggock
104. At .block 104, the application program 50 executes a

set performancestate systemcall to the perfornmance nmanager 44 to WO

95/ 35540 3/6 PCT/ US95/ 07668 14 step up
the performance state of the processor 12 to the high performance state.
Thereafter, the application program50 perforns the processor intensive
function specified by the user. 5 At decision block 106, the
application program 50 determ nes whether the processor intensive function
is conplete. If the processor intensive function conpletes at decision

bl ock 106, then control proceeds to block 108. At block 108, the
application program 50 executes a set performance state systemcall to the-
performance 10 nanager ﬁmﬁggﬁﬁyruﬁa:ﬁn : HErREneEsratepf the
processor 12 to the s i

Performce States
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Figure 3a
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I'ow performance state or the nedi um performance state as required by the
appl i cati ow@osigssagn 50. Thereafter, the application program pSr/pesXigr64scs
execution at block 110. 15 Figure 6 is a flow diagramthat

illustrates the functions of the perfozggpﬁf manager 44 for one enbodi nment. -
At bl ock 140, the performance nanager iMmtially reads the clock speed
for the | ow performance state fromthe performance state table 56.

: Thereafter at block 142, the perfornmance nanager 44 invokes the clock
generator 20 driver 42 to wite the specified clock speed for the | ow
performance state to the clock speed register 34 of the clock generator
circuit 14. At decision block 144, .the performance nanager 44 waits for a
set performancestate systemcall fromthe application prograns 50 25 and
52 and the cursor nmonitor 46 to change the perfornmance state of the
processor 12. If a setperformancestate systemcall to the performance
manager 44 is received at decision block 144, then control proceeds to

~

bl ock 146. 30 At bl ock 146 the performance manager 44 reads the clock .

speed for the performance state specified by the setperfornmancestate system
call fromthe performance state table 56. Thereafter, at block

S a0 03 - - apongen

- pell ch Document

%

Select Accelerate to increase
processor speed. '

S R s gy

Figure 4



148, the performance manager 44 wites the specified clock speed fromthe

- per f or mancwokakaoet abl e 56 to the clock speed register 34 bypermus¥épiied 35540
PCT/ US95/ 07668 15 invoking-the clock geger tor driver 42. Thereafter, the

performance manager 44 returns to decis dh bl ock 144 to wait for another

set performancestate systemcall. 5 In the foregoing specification
‘the invention has been described with reference to specific exenplary"
enbodi nents thereof. It will, however g evident that various.

nodi fications and changes may be nade i t hout departing fromthe
broader spirit and scope of the invention]as set forth in the appended
clains. The specification and 10 draw nggd are accordingly to be regarded
"as illustrative rather than a restrictivejgense. _
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- What is cl woostsisass: 1.

PCT/ US95/ 07668 CLAI M5

A conputer system conprising: 5 peposeshésk

generator circuit having a clock speed register and circuitry for
. generating a processor clock signal at @ fgequency determined by the clock

" speed register;

-~ such that the processor clock signal

processor coupled to receive the processor clock signal
synchroni zes the processor,

the 10

processor coupled to fetch and execute a perfornmance manager program t hat

wites the clock speed reégi

by an application program executing o

' conputer system of ‘claimil,
regi ster with a val ue speci

“the perfornmance manager program 3.

ster accordipg

wherein t
fied in a perf
The

wherein the performance st
that correspond to a set of
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perforrrance_si_al_es_M_Locessor 4. The conput ;mmﬁmm\-’\d’f’“i@ifall rlh
3, further conprising a performance control panel pro ramfg,r7 @cuh@on ton

t he conput e“ﬁﬂu enabl es a user to sel ect| tDme cl.ock requenci es
for the per’ ﬁmuﬁmﬂgnlﬁ t he processor. 5. The

enr of
claim4, whereih the "peff ot mance manager programwites the clock speed
regi ster with one of the clock 30 fregqgencies corresponding to a high
performance state specified by a systemcall fromthe application program
as the applGLAMSon program begi ns a processor intensive function. VO
95/ 35540 PCT/ US95/ 07668 17 6. The
conputer systemof claim4, wherein the perfornmance nanager programwites
the cl ock $ieetds clagned &: with one of the clock frequencies corresponding to
a |l ow performance state specified by a systemcall fromthe application
program as the application program

1. A computer system, comprising:

clock generator circuit having a clock speed register and circuitry for
generating a processor clock signal at a frequency determined by the clock speed
register;

storage means for storing processor instructions;

processor coupled to the clock generator circuit to receive the processor
clock signal such that the processor clock signal synchronizes the processor, the
processor coupled to the storage means to fetch and execute a performance
manager program that writes the clock speed register according to a
performance state selected by an application program executing on the computer

system, the performance state having been selected from a performance state

_table maintained by the performance manager program.

2. The computer system of claim 1, wherein the processor writes the clock
speed register with a value specified in a performance state table maintained by
the performance manager program.

: 1.
3. The computer system of claim ,2,’ wherein the performance state table
stores a set of clock frequencies that correspond to a set of performance states

for the processor.

4, The computer system of claim 3, further comprising a performance
control panel program for execution on the computer system that enables a user

to select the clock frequencies for the performance states of the processor.

5.. The computer system of claim 4, wherein the performance manager
program writes the clock speed register with one of the clock frequencies
corresponding to a high performance state specified by a system call from the
application program as the application program begins a processor intensive

function.

| AMENDED SHEET




5 ends a processor_intensive function. 7. The conputer systemof claim
4, vVner m!lﬁ erformance manager programwites the groek—Speed Fegrsta)

by invo &M’Hﬁ rator driver program of a set fﬂ?é—ép@ ENJUS :
sof t war ex mput er system 8. The conput e syst—e?hN@)V 189%i m 4,
wherein the appl i'cafi oh program generates an accel eratg Q@Lﬁteﬁ -0 a drspl,ay
device, such that a user selects the acgglerate button '
per formance manager 15 programto wite the clock speed regl ster W|th one
of the clock frequenci es corresponding to a high perfor mance state of the
processor-ue?.ér toPrR)QnérOE SBRAGF Waife'd] %g@%ﬁ]etﬁé‘ e%%%n&é’r?ﬁ ket on of

20 a conp syst em corrpr sing the steps generating a processor
cl ock si gnarogtama Writeguthec plogkt araednmmsttgr avith ook ehdbel ¢leck Sreguencies

< gnal . 25 ShreloBhGIBE BT i peRBrRie ke MUSTRL YL skMErTEAF R e oK

per f or rranc eapplivétiors qiregfamd asy then apptixiatmat program ogndsmae peaxiessorg menslm

conput er syfs'%gtrnm

7. The computer system of claim 4, wherein the performance manager
program writes the clock speed register by invoking a clock generator driver

program of a set of basic input/output software for the computer system.

8. The computer system of claim 4, wherein the application program
generates an accelerate button on a displéy device, such that a user selects the
accelerate button to cause the performance manager program to write the clock
speed register with one of the clock frequencies corresponding to a high

performance state of the processor.

9. A method for managing performance and power consumption of a
computer system, comprising the steps of:

generating a processor clock signal at a frequency determined by a clock
speed register;

synchronizing a processor of the computer system with the processor
clock signal;

writing the clock speed register with a value specified in a performance

state table maintained by a performance manager program, the value

corresponding -aeeerding—to a performance state selected by an application

program executing on the computer system.

10. The method of claim 9, wherein the step of writing the clock speed
register according to a performance state selected by an application program
comprises the step of writing the clock speed register with a value specified in a

performance state table maintained by a performance manager program.

” AMENDED SHEET




107 “The met hod of claim9, wherein the step of witingith
regi ster according to a performance state selected by an 3

~ program p of witing the clock speed r¢ig ste

speC|f| mﬂﬁ “l IﬂMMHMEe state tabl e nmaintained by a pe &r HAREE panager!
program * c¢WOL95¢ 35540
PCT/ US95/ 07668 18 11. The nethod of claim 10, wherein the performance
state table stores a set of clock frequencies that correspond to a set of
per formance states for the processor.. 5 _12. The nmethod of claim 11,
further conprising 'the step of selectinésthe cl ock frequencies for the
performance states of the processor us@ng a performance control panel
program executied orThéanethmolibt iclaigs gefiwhedeinithe peRermapresiaie é‘l’@?m 12,
wherein the Stsg redig e}%{ {)f Qggﬁ %qﬁbﬂﬁ%ﬁﬁ%ﬁé‘éﬂoﬁb% PEQBIPeribrirante

per formance st
states forthe processor

5 12. The method of claim 11, further comprising the step of selecting
the clock frequencies for the performance states of the processor using
a performance control panel program executed on the computer

system.

10 13. The method of claim 12, wherein the step of writing the clock
speed register according to a performance state selected by an
application program comprises the step of writing the clock speed
register with one of the clock frequencies corresponding to a high
performance state specified by a system call from the application

15 program as the application program begins a processor intensive
function.

1;1. The method of claim 12, wherein the step of writing the clock
speed register according to a performance state selected by an

20 application program comprises the step of writing the clock speed
register with one of the clock frequencies corresponding to a low
performance state specified by a system call from the application
program as the application program ends a processor intensive
function.

15. The method of claim 12, wherein the step of writing the clock
speed register according to a performance state selected by an
application program comprises the step of invoking a clock generator
driver program of a set of basic input/output software for the computer

30 system.

16. The method of claim 12, further comprising the step of generating
an accelerate button on a display device, such that a user selects the
accelerate button to cause the performance manager program to write

| AMENDED SHEET




application- mﬁe step of witing the cIo:lﬁq %‘v‘&e@;‘@{
wi t'h one of timmmﬂu"m es corresponding to a high perforrIa-I\cNeuf
speci fied by Wﬂ,ﬂm the application 15 progr EerFié _____

- fre
appl i cation progr&m beg! ns$ a*processor intensive function| CTRE WEEHGH

of claim 12, wherein the step of witing the clock speed register according
to a performance state selected by an 3@ application program conprises the
step of witing the clock speed register with one of the clock frequencies
corresponding to a | ow performance state specified by a systemcall from
the applic r 618§l TofreSPSHIMSS €6 a

i ntensi ve ?hér’]%ﬁogn%’fgmfgétérhﬁgﬁgﬁe‘hgghgfelg}aglq%q%gh wher ei ﬁsthe step of
writing théigh perkoroyapee stasgiof the precessofli ng to a perfornmance state sel ected
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(57) Abstract

A computer system (10) is disclosed comprising a clock generator circuit (14) having a clock speed register (34) and circuitry for
generating a processor clock signal (32) at a frequency determined by the clock speed register (34), wherein the processor-(12) executes |
a performance manager program (44) that writes the clock speed register (34) according to a performance state selected by an application
program (50, 52). The application program (50, 52) selects the performance state to maximize performance during processor intensive
functions and to maximize power conservation during interactive functions.




